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COMPOUND Techni cal Field The present invention
relates to a process for progucing a peptide

t hi oester conpound. Background Art Many proteins

existing in vivo are glycoproteinﬁ, .grotekns having
ol i gosaccharide chains. Qigosaccharide . chai |H
gl ycoproteins work in sudFSeRWBII®Mat t hey ~wm “mnwmw
the three-dinmensional structures of the prote .
regul ate solubility, and inpart protease resistancd

, . : He
t heregoHoD tFOIS BIEYHREE 3ﬁé§¥¥ﬁ t

ol i gosacchari de chai nsﬂlgﬂrﬂ gl ycopro %.ﬂ@%@%ﬁ%mwm
in |life phenonena such as fertilization or

differentiation, signal transduction, canceration,
iPRGuviedd ulRdrelpt ot ein  transport, and regul ation of

bi ol ogi cal activities. Thus, oligosaccharide chains
bondedh€oPgeEsERitNS nYkay ian redpeetanb BObeotBs¥aEheus
physj ol.ogi cal functions. However, these
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they are classified into various categories. Under
the circunstances, it is therefore eﬁtregely hai

'ff'dyg” t @ cdentify which oligosaccharide c .
g?fﬁtturgdigrknvolved in a life phenonmenon. Synthesis
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proteins having oligosaccharide chains. Oligosaccharide
chains in glycoproteins work in such a way that they
maintain the three-dimensional structures of the proteins,
regulate solubility, and impart protease resistance
thereto. It is now becoming evident that the
oligosaccharide chains in glycoproteins are involved in
life phenomena such as fertilization or differentiation,
signal transduction, canceration, intracellular protein
transport, and regulation of biological activities. Thus,
oligosaccharide chains bonded to proteins play an
important role in various physiological functions.
However, these oligoéaccharide chains have diverse
structures, and they are classified into various
categories. Under the circumstances, it is therefore
extremely difficult to identify which oligosaccharide

chain structure is involved in a life phenomenon.

Synthesis of glycoproteins or glycopeptides having an
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ol i gosaccharide chain with a single structure is also
i ndi spensabl e for elucidating such functions. At I
present, glycoproteins can be expressed by biol ogi ca
approaches using protein expression, although ]
gl ycoproteins having an oligosaccharide chain with a
uniformstructure are difficult to obtalnihlhg:nggg,
| haye been made in recent years on reci
iﬁg%??% Cgéﬁfﬁggigggfn YEyBopepingdés strgtyooer bseahso

I E ' char.i.d chain wth a single
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:ﬁzyn%??E and cheﬂical met hods (Pat h? %gcunen %?. g
amd @l pyesesshdnide syina hesizi Mga aus] fbMhat€ficture are
glycopeptide by applying a solid-phase peptide
syht hegtkt nee Hotaon a @repdedborteypast udlileg0$RERN Haede made
chain (Patent Docunment 2). If glycopgptldes can.be
pol ﬁﬁgé?rk%d{eéf%? gt g‘%%@f@ﬁ@@schehmmb synthesis of

i %ﬁpa ide chajn with a single structure wll be
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(Cys) as an N-termnal am no aci PdBTRE¢SHg for

tHviegeationg at 1die Gl B1S.a bidn %‘?H{airgﬁ c:f\gnmlheexs—itsype
met hods general Iy used are solid- phase synthesis
Petiisedacolirdlde mhalive thawhkiadn Bangsa Ns a raw material
from a chicken egg by combining enzymatic and chemical
methods (Patent Document 1) and a process for
synthesizing a sialylated glycopeptide by applying a
solid-phase peptide synthesis method to a complex-type
oligosaccharide chain (Patent Document 2). 1If
glycopeptides can be polymefized, large glycoproteins
havingvan 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.




term nal protected ami no acid onto an insoluble resin
support, removing the protecting group in the am no
acid, and then sequentially elongating a peptide
chain. Exanples of a nmethod for producing the peptide
having thioester at the C-tefninus i nclude a method

whi ch involves perform ng thioesterification during
peptide excision froma solid phase and a method

whi ch aRioIdre syl s inmfhdds Gerenriliayl wardband solid-
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excision froma solid phase. However, I's ne_qbd has
neéweymp Yo b feres metthio S a0 QT SRHRRS AHO it i dd 8NRY; Ad)
the inmobilization of a first amno acid onto a
resionstare ats|tihghtCramenimeat iiorclofdeand M dERIdSqdWH ng
the condensation, and the poor reactivity of the
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@add.i ons, and a uniform o!igosaccharide chai n
structure cannot be secured in the

For example, a method which involves producing a
peptide using a safety catch linker on a solid-phase
resin and allowing a thiol compound to act thereon (Non-
Patent Documents 1 and 2) is known as a method fof
performing the thioesterification during 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 oligosaccharide chain in a glycopeptide is
unprotected, alkylation performed for activating the
safety catch linker also alkylates the sugar hydroxyl

group easily. Thus, dealkylation treatment must be




obt ai ned gl ycopeptide. To solve this problem it is
suggested that the hydroxyl group of the

ol i gosaccharide chain is protected in advance.
However, this approach is not efficient due to
addi ti onal protection and aeﬁrotectlpn steps. A
strong acid such as 95%trifluoroacetic acid or

hyd en flugride is usually used for excising a .
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e inorgeatiac e din (RANdOr a¥eksben (MR- Batent . i
Docunent 6) have been reported as nethods for
&R §ihfd d ptduke ta erdi tsisdrial- hasedies] ks ng a

ak acid wi thout causing deprotection. However, the
£§¥ﬁ8&qﬁﬁﬁﬁ?z§qq9%yl resin cannot produce
egcoReg . des havi.ng an unprotected hydroxyl gr oup.
On the o%%nghﬁﬁag %HQH aSgPy&opspfiveropsepiepared or

' e TS, s a.solid phase, the use of 1%
'il}h AQg)gtr?%o tf'ﬂgg) ?ilg% tl%e %gﬁu)?&gb’ e b‘?ie(%e % OTASKELFAIVE Peptide

 5QUH EE cau the partial -
Fombval “of proreet: g aroupiors Fhe bt fioe sfaguch

shabng. ackar ipephiee EBEOEEF%EEEE% oRe g;%r%tt'r%‘é' CURA
the protection of the thio group o ter
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inkage in glycopeptides. A method using a trityl resin
as a solid phase and acetic acid for excision (Non-Patent
Documents 3, 4, and 5) and a method using a 4-
hydroxymethyl—3—methoxyphenoxybutyric_acid-modified resin
(HMPB resin) as a solid phase and 1% trifluoroacetic 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




deprotection during excision leads to fatal outcones.
Accordingly, these nethods are not sufficient for
producing a peptide having a carboxyl group, which is
used as a raw material in the production of a peptide
having thioester at the C-terminus. A thioester form
of a peptide can be produced by reacting a peptide
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(PyBOP) / di i sopropyl ethylam ne (DI P as a condensi ng
atpamtotiertdiarh|dumimey haae iREM1 daNen-tRatgit, 100 R s |
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terminal amino acid racemization. For circumventing
racemization, a method which involves replacing a C-
terminal amino acid by glycine (Non-Patent Document 7), a
method using benzotriazol-1-yloxy-
trispyrrolidinophosphonium hexafluorophosphate

(PyBOP) /diisopropylethylamine (DIPEA) as a condensing
agent in dichloromethane (DCM) (Non-Patent Document 8),
and a method using 2- (1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU)/DIPEA as a
condensing agent in tetrahydrofuran (THF) (Non-Patent
Document 9) have been reported. However, the method
which involves replacing a C-terminal amino acid by
glycine has a natural limit to the types of peptides that

can be produced. Moreover, glycopeptides having a

hydroxyl group that is not protected with a protecting
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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




t hi oester compound, with racem zation reduced, which
is applicable to a non-glycosylated peptide or even
to a glycopeptide having an oligosaccharide chain,
particularly, an oligosacchgr%dg chain with an
unprot ected hydroxyl group. Disclosure of the

I nvention The present invention relates to the
fo[lomﬁngﬁ?invention: a process for producing a

pEpEF denE DB Ert 3HRPBUNWRick hiw sanrkicatl eyto a non-

Lsing: (A f tide b l'id-phase
SIPReEy 1% ad hentLds e e Pk o ?eoo%h?ceclé’p%éq % i o0
t as,.a solid phase;
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pepiidewith et uh SRSt OFES ﬁ&&a}ﬁ%&%g romdilute
Su

hydrochloric acid, dilute furi'c acid,” formc acid,
and doettherncl) doar prfodiee prepepitl devieawiidg ds to |
carboxyl group at the Gtermnus; and 8 (C) reacting
aPY oY e conpoerrs s fdr tEf peirntdey girodudithd a @Epttide
the presence of a condensing agent in a solvent: Rl '
HE 1 Q4B {iorpeRoynd ( i tiharagemiRia riey axasiveedh, Ghich is

al kyl . ar ,. R2 represents hydr ogen atom or Cl_4
aﬁ%%/g@l?olg p:° aehd“g“'rijﬁf%%“é%t%t PeRfticferrofevER 2.2
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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 thioester compound,
characterized by comprising:

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

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

at the C-terminus; and



produced under particular conditions using a

particul ar solid-phase resin can be excised fromthe
solid-phase resin to thereby produce a peptide having

a carboxyl group at the C-termnus, with protecting
groups in the side chains mafnf ai ned, wit hout

i nfluencing the oligosaccharide chain structure. The
present inventors have further found that a thio
conpoulfd CERRHERg 1DVt eb ertp@md heith tereripeptide at -

cgﬁgox§l géo%ﬁ of the obtained peptide at a | ow

t elpetr @t Or'e ¥th Hhfe Bresiire f & gadanaiing agsmdensi ng
aggpgeﬁg:thereby produce a peptide thioester compound,
with the C-termnal racem zation of the peptide
reduced. The process for producing a peptide thioester
conpouR® according to the present invention conprises
the ste f: (A feormng a peptide by a solid-phase
Sy Rb-heigi cHJSH aresin nodified with a linker
9 repre ed by the fornula (1) as a solid phase;

(B) cleaving the bond be en the solid phase and the
peptide wth at |east one acid selected fromdilute

derochlqgjc acid, dilute sulfuric acid, gornic acid,
TSR it ACPFeSEOLS GdGee &LFt SdOUWay Rigrapresents a

at the G termnus; and (C reacting a
tqﬁi; !é&;:‘%éonn%tgﬁg Wit ha(eik%’%t%%%t anh (i tFRKE N Hean

P as & @ gondensing agent in a solvent. Step
(A): Peptide formation In this step, a resin nodified

g&th ghlel pesenteRheTRReE Eﬁv%h%oﬁgﬁn%%%t(%)ﬂé%€¥§gt

produced under particular conditions using a particular

solid-phase resin can be excised from the solid-phase
resin to thereby produce a peptide having a carboxyl
group at the C-terminus, with protecting groups in the
side chains maintained, without influencing the
oligosaccharide chain structure.

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

The process for producing a peptide thioester
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



HO-CH2 O{-CH2 C \ n R2 (1) wherein Rl represents
ClL 4 alkyl group, R2 represents hydrogen atomor Cl 4
al koxy group, and n represents an integer of 1 to 4.
The Cl1_4 al kyl group refers_tg l'inear or branched

al kyl groups having 1 to 4 cafbon atons, such as

met hyl, ethyl, n-propyl, isopropyl, n-butyl,

isobutgl, s-c-butgl, and_tert- butyl groups. The Cl.4
af kB%Y a?Bﬁg byrehe fermpihraflbrapranchkid phiexy (B)

1 ¢ b t h th
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nodified wth a repr esen

nayidge @13@&@%@1&&&& aé/@ichabf&rﬁ%'a[b And 88L&t ic acig
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aci d- benzhydryl am ne) andlﬁbPB-NBHA %ﬁﬂmﬂ “the C
(weFyErey nendy (C)3-remt thing phertoxy/butdhigdund with the
aci d- nethylbenzhydrylan1ne) resins. In glycopeptide
pﬁ?ﬁﬂﬂc@@ o a0 gin YW Sweinl &bleepresienceant hecos@@nsing
IS obtalned by reacting the am no group of an
rES Y anuf act ur ed by Novabi ochen) with
t he carboxyl group of a carboxylic acid conpound
represented by the fornula (2) in the presence of a

cefugdr @) Orpéi-gﬁ’h_q:%’l%d}gn A9 according to am dation

reaction previously knomn In the art (in this context,
PEGA resithikekeep,t e Resasr wbaredenr QRth- %! 1inker

i

represented by the formula (1) is used:

R‘l
HO—CHZb-o—éCHA—C_
n
RZ

wherein R' represents C,_, alkyl group, R? represents

(1)

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

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

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

butoxy, and tert-butoxy groups.



ol yethyl eneglycol): RO Ho---CHZ O qCF+n COH R2 (2)
ahe¥einyR1, %2Y ané n are the sane 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 %ﬁ}ﬂ-alkyl group is
preferable. A resin wherein Rl is a methyl group, R2
is a hydrogen atomor Cl_4 alkyl group, and nis an
i nt egetPOreS iR WAL vt avileferkinier Aemsisemhed dhy the

- ' I , R2 is a hydrogen atom or
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wherein R2 is the sane as I
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as a solid phase for peptide production.” Exa es t
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steps (a) to (e) : (a) reacting, through .

ebt AT TRARGAC theodiyetr bxyl 2 driaiplyofsweikl dbhkefesin can
ietgl epr.esent ed the formula (1) in the resin

modi 1T et WHFR He 195 @ned e setr@ding ke amino group of

an amino-PEGA resin (manufactured by Novabiochem) with
the carboxyl group of a carboxylic acid compound
represented by the formula (2) in the presence of a
dehydration condensing agent according to amidation
reaction previously known in the art (in this context,
PEGA resin refers to bisacrylamidoprop-1-yl

polyethyleneglycol) :

R'qQ
HO— «i::>>__ a_ﬁ
CH;, o—écm —C—OH
R? (

wherein R?, R?, 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,;_4 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!
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formula (1) with the carboxyl group of an am no acid
havi ng an am no group protected with a protecting
group; (b) renoving the protecting group in the am no
group to forman unprotected.am no group; (c)
reacting, through am dati on, IS unprotected am no
group Wi th the carboxyl group of an am no acid having
rotectg anm no _group; (d) renoving the protecting

gr up PBCEB nPEAYP unRr ot dWdHfgRR @teuporasd-+ alXyl
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| ehue i HerbBal) (3) | 88| Saet dA a),
tyrosi ne (Tyr) egé?ne Df%§§%f9 %£§€E¥%§$s argi ni ne

(Arg), jhistidine (H's), aspartic acid (Asp), glutanmic
acid (Gu gl utamne (d n) threonlne (Thr),

cystei ne hi_api , yl al ani ne

( PHE) T Q%E%ng\ﬁpan Pro). Exanpl es
of the prptecting groupocan include protecting groups

such as B:fl uorenyl net hyl oxycar bonyl (Rrepe)
t - butyl oxycar bonyl (Boc), carbonate-containing (e.g.,

At Oy Ger ‘EZ%”%&.]% Qe °%)s) paGyl (e.g., acetyl),
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allyl, and ben groups S°VRtroduce t he protectlng
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|fcomeriyd nehhyils Wealicel b alild GaERANaLE g sl um
hydrogen carbonate. The reaction may be perforned at
Prosl G ompr ef er abl y at

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

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

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

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

(d) removing the protecting group to form an

unprotected amino group; and
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roomtenperature, for approximately 1 to 5 hours. 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 am no abﬂdzabcordlng to the nethod
descri bed above or a nmethod known in the art.
Alternatlvely, t hose conner0|ally avai |l abl e can al so

be usetf) S@?ﬁﬂ@sﬂ%ft% stepfolaciahdald)ngtar et once to
gEgQup rote d wth an Fnoc 13 group can incl ude

FIToe - Sg 5 €Asn, Fnoc-Val, Froc-LlLeu, Fnoc- IIe

Fnoc- . F Fnoc-
Froc- A %m S R T &d) ueib e Ttﬁﬁe I?ﬁ’i&gwﬂﬁmds
Fapsqdet , i eri
gﬁféﬁ??qs) %/gn Etiée: o) {S{;t%gl{as ar?raglm ngqéi1 “d 1%

i BSeDHucesbitagl hy {RshhereDy:mE ofuce a napt rgéé haviNg

cysteine at the N-term nus. This peptide can used

assokedctuprenlle o, bel moipd e(h )t h @y papidde rp}m)ol glycine

ester conpound in native chem cal |igation.

gl GEosy | bitskhani s Jaci alrg imine cthman |, di:lsgmﬂg@amp@

chaln i s bonded to an am no acid can be used to
%@l%rm (Aaslﬁ)l y(ﬁ)bétﬁﬁmkfé dd n@Eiwe, glutamine (Gln),

| ate no_aci d, i ntyoduced at an arbitrary
p05| o|SI'}c;n m&kﬁr pept Sftueelrbeha{qys Thé“egqriﬂéﬁ‘sly}%t@’éﬁta)m no

A hySehd é“OEPkPe%”'tcr‘ifrp"’Er ';%’p ! rﬁs e Lt bro) .

has any nurber of Sugar resi

can i meaHge ed Blfglahg%%%%cuﬂg gQiohgo?ﬁg‘ﬁCEg::gl +chai

rich in mannose a COITp ex-t o0osaccC Chal n
e tregrta 18§ @jricuReisthcf &alsaqtl%erer{ %{ecé@s;l%}xﬁéberbonyl

ol i gosacchari de chai n nonreduci ng end

(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 reaction by the addition of 9-fluorenylmethyl -
N-succinimidyl carbonate and sodium hydrogen carbonate.
The reaction may be performed at 0 to 50°C, preferably at
room temperature, for approximately 1 to 5 hours.

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

commercially available can also be used. Examples of an

amino acid having an amino group protected with an Fmoc
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(Figure 1), a hybrid-type oligosaccharide chain
conprising a hi gh-mannose structure mxed with a

conpl ex- type oligosaccharide chain, an NIinked

ol i gosaccharide chain in Whiﬁh_asparaglne IS

N-gl ycosyl ated on its side dttain ami de group, and an
O linked ol igosaccharide chain in which an al cohol in

a serine or threonine side chain is glycosylated.
SPEQTR | cax Pl ede t Fep@ofekanfmertAgie, Bmogy Yeos Hratedleu,

| | ped in WO 03/008431. Anong them
R BL S PR A TS oﬂrrﬂmmccw?mhampcam Froc-
i [ | e. Eor exanp an
oG pe el SRR o Botyrgetmy Srognans.
SPbd COpE) Oridb O1 et SOritbd Norde P &CF00 GhQUP such as

a benzyl group is particularly preferable,” which is

repr eshyntted ey (dyes )f @afilibe (lechedl ¥EOREPEIESO acid to
conpri sing such disialo- or nonosial o-oligosacchari de

dhai ntadeibek-ed phimai e hondesd-dhemiaiice a pafterdadlitiving
gl ycopeptide. O-C-O HO HO pH HOm . HO O NHAc AcHNHO

G HRH 35 5 N/teuouigis 0 ODi® @epHiNH Gah HEHuRe&d as

' ' CHO NHACc NHAc HO H O COON HO O HO-O
}gﬂ%rggé%nt to é% 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 glycosylated 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 nonreducing end
(Figure 1), a hybrid-type oligosaccharide chain
comprising a high-mannose structure mixed with a complex-
type oligosaccharide chain, an N-linked oligosaccharide
chain in which asparagine is N-glycosylated on its side
chain amide group, and an O-linked oligosaccharide chain
in which an alcohol in a serine or threonine side chain

is glycosylated. Specific examples thereof can include



HOn~,.. HO O NHAc AcH H OH O (4) The esterification
reacti on of the hydroxyl group of the |inker noiety
in the resin with the carboxyl group of the am no
acid having a protected anlngtgroup can be perforned
usi ng, for exanple, a dehydr 4 6n condensi ng agent
such as 1-nesitylenesulfonyl-3-nitro-1,2,4-triazole

( MSNT or diisopropyl carbodiimde (D PCD') and
'§§§C%%¥£Kr%gya5%?¥%9h%% g?%?ré&%@pi@ W@yob/@©$ﬂ@1tfnﬂmong
rgﬁé,g éi{‘sf‘af' Ilglrphase cojaurm washing the.resin with
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t & pn@cig a3l es. of the sol vent for
mﬁﬁilnéycan indi ££¥%%%%? " 2- proﬁgﬁb Plegndrpem

B cHatde SEh t t
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therein can i nclude DMSO

a2 bec peridrprmet ettt & twi ti0G piedarab gRbug ogmh as a
te erature for approximtely 10 n1nutes to

zyl ;ﬁlé?lé?altﬁ WETi aplao mtefieralf e, mvmhtcﬁs :Etso 24
I n Hgls pr.ocedure, unreacted hydroxyl groups on

ours.

rh(_:feoresgoefr}toe (¥ & henyE il el Acet P alzdobeptdappi ng
ceti.c anhydride or the |ike. The renoval of

q%g proteé?ﬁ%ﬁ*bfgﬁﬁ'qﬁ’ ¥ ANS Lo igapascharide

ReT19r B 4 Wi cid or base. For
exgﬁble, when%§§¥%§ﬂ%ecf¥l %ﬁf%t Fhdt gk le

glycopeptide.

N
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HOm..
AcH e Ho 0> NHAc

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 1—mesity1enesulfonyl—3—nitro—l,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,



a base such as piperidine or norpholine can be used.
This procedure is preferably perforned in the presence
of a solvent. Exanples of the solvent can include
DVSO, DWVF, and nethanol. The am dation reaction of
the unprotected amino group Wwth the carboxyl group
of any amno acid having a protected amno group is

regeggbly ﬁgrforned in t he gresence of an activator
and” a 8ol vBNT 1 NEXAnpPL¥eRE ERLuBEPR vaf ofhe aamime | aidid
dtﬁgg%@$exylcarbodiinide (DCC), 1-ethyl-3-(3-

di met am nopr opyl ) car bodi i m dehydrochl ori de

(Wsd |'ﬂ§é|a)m ledé, e P Nasy Rjg}[tg/lfcg‘_z v%“:s}fll%%P c)dn include DMF,

car bonyl d| i m dazol e 16

Cy apopbasehp nah @ m@EPC)ExanﬁijﬂéﬁQ{fO@HeC%r&Qz@dtmf%ef
(DIPCl), benzotriazol-i-yl oxy-

{31 899¥ v g di Ine phrosd oad Ldn tieseed 1 wos aphDsPhade DMSO, DMF,
(PyB(P) 1- hydr oxybenzotri azol e (HOBt),

d%%ucd‘hﬂ Mede t(ildfSumay bai metifdramdiepy i diongoeoc,
(DNAE hydr oxy- 7- azabenzotri azol e (HOAt),
‘%&Fﬁ#tihaﬁtr m M (Wﬁljatuﬁsﬁéﬂtﬁi Lﬁﬂmvemtely 10
égi # F+benzotr|a oI-I 1,1,3,
rﬂf i arrert%y SN ]d% R PHERYe 1015

(n{razahe qﬁgl -yl)- 1 1, 3, 3-tetranet hyl uroni um
hexafluorophosp onate (HATU), O0-benzotriazol-1-yl-

1,1, 313 kalika suce gl rafsl t A TBLY)
and 3, 4- dﬁﬁy r o- 3- hydroggh%%%£gd1%%%%%%§% u32|ﬁ? the

(hitd .pHacmIBes dfsd e a8t fdic! CH
sul foxi de (DVMSO, N, N-di net hyl faor mam de d(ég‘;/;': ﬂ%ﬁg an

diashtisr emetvithrielq REMtheTHe kanount of t he acti vat or
used is 0.1 to 20

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

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

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

Examples of the activator can include
dicyclohexylcarbodiimide (DCC), l-ethyl-3-(3-
dimethylaminopropyl)carbodiimidehydrochloride (WSC/HC1)

diphenylphosphoryl azide (DPPA), carbonyldiimidazole



equi val ents, preferably 0.5 to 10 equivalents, nore
preferably 0.8 to 5 equivalents, with respect to the
anount of the carboxylic acid conpound represented by
the formula (2) The react[oq can be perforned in the
sol vent and may be perforned £ 0 to 50C, preferably
roomtenperature, for approximtely 10 to 30

at
hour s referably for approximtely 15 mnutes to 24
hg§P§§' FeRYEr CYRBRRRPSPhPRAE©r MRIEPEh, a col urm for

i d- is.i ferabl e, bec i t
e TR
] I N foup ca e
L7 TopesTRYCh oL BLh LR, AR SN cipncn)

exchpdesxybeat derfaxbid afome) d Hﬂ%)@ﬁ@@i ri[;l‘r)rc_ib? o{HOSU) ,

cleaving the peptide chain fromthe resin. a

odl itértehalcari nosyeri e | (oNARle, N NeFdkoacifls such as
dilute hydrochloric acid and dilute sulfuric acid,
aFRPbeREYoxiA 2@l @ cl HRASUC sk dxorp tch seicd el cand( rassrie ),
acid. Exanples of the dilute hydrochloric acid or

R Luqnarherohicf RER R ud e alil Hachesant: il 2 1 -an-yof ) -

' i [ furi id having a normality
ol e ST Sy G b e G R I 6 BT O-

i acet. cid ] referable. The
'z:{r;]’t;-unc'zﬁtaI o% thteekclaégzlso _uls_§’gl) 'iclsajﬁo%’ap'}r 'r&ﬂe_alﬁt%}yqq‘?ﬁjt‘?ﬁt .
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preferably approximately 10 to 1000 equiva
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) .

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

synthesis is preferable, because it can be used directly

in subsequent solid-phase synthesis.



This reaction is preferably perforned in the presence
of an al cohol. Exanples of the al cohol include |ower
al cohol s such as nethanol, ethanol, and propanol, and
hal ogenoal cohol s such as t[iﬁguqroethanol (TFE) and
trichl oroethanol. Anong thesé ‘al cohol s, nethanol or
trifluoroethanol is preferable. Trifluoroethanol is

partigul arly preferable. The proportion of the al coho
used %gf FEWVEL O thS RReE eqtiere asup Gakh e pes frgmed

V. , e preferably 0.8 to 1.2 volunes of the
alﬁjcl:%?s s\/\ﬁ% “fagépaesctﬁ?%\yﬁ' vol ume of the acid.

Mor eover, an organi c solvent such as DCM DM, or DVSO
may al so be used, if necessary, in this reaction. The

st (Bf: thepside eitcustsh is not particularly
limted and nay be approximately 0.1 to 100 vol unes

with Trespeentt withvenueeid itherafietablile foeaehe@Ring

may be perfornmed at 0 to 50C, preferably at room

e drenturde dhwyimpiraxithe etesih t oE3@mphesr £ Lhet Bicsd
a peptide having a carboxyl group at the

way,
(’.‘;l%eéir fiafl s e dse Witehade o igtse pyad) :asPrdsdudts on of

| de .t hi.oester. conpound A thiol conmpound can be
a%\ﬁg Y A ¢ %&%%@dllﬁéﬁﬁcdéc{#dawm eri al

' dn t r ce f_a condensing agent in a
E%P%gﬁshfépfﬁgggﬁfﬁ%ggéﬁ%§%§“u6é§FFﬂ£Eﬁﬁ%ﬁ?é%%ﬁﬂ G&ter
xalnip e 103 HHAU 1 1RRIMRRE-h1 1 f%m%% o‘i‘org?l.lqlillrt]:de can

i ncl ude benzyl nercaptans or | ower anethiol's

(Eelgur e Edre tiicaluden dire tpreidy ol ubliceD o FT8Y IV oric
at arbitrary position(s) in the phenyl ring,

acid or sulfuric acid having a normality on the order of
0.01 to 2 N, preferably 0.05 to 1 N. Among these acids,
acetic acid is preferable. The amount of the acid used
is not particularly limited as long as 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 halogencalcohols such as trifluoroethanol (TFE) and
trichloroethanol. Among these alcohols, methanol or
trifluoroethanol is preferable. Trifluoroethanol is
particularly preferable. The proportion of the alcohol

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



any nunber of substituents such as hal ogen atons
(e.g., fluorine, chlorine, bromne, and iodine),

| oner al kyl groups having 1 to 4 carbon atons (e.qg.,
met hyl and ethyl groups), alkoxy groups having 1 to 4
carbon atons (e.g., nethoxy-and ethoxy groups), and a
nitro group. Anong 19 these thiol conpounds, benzyl
nerfaﬁtan is particularly preferable. The anount of

t AR PAFD ROhpoRiel @5l Yy Hetd 1 2 luresmi ol end s,

p ly. 10 to 80 equivalents, nore preferably 20
t%f%%&ggu‘iy%/éll ehT IOk t TP rbsHREi™e f hpiiamidnt of the

raw Mo Pert] Ao At ALY 20 SSERSE Ve o

amount of the 't hi ol” conpou

ams@xhaptLl o 0 i yal gnt s o f the thiol .
conpound, is preferably used fosrégr)'[égugllnngtt}tlhse reaction.

C- t er Mhealamonate kifz athe0 B Ak ehite yaeat isde 1Rl 63,9t

t he sol vent used include THF, DCM DI\/BO',no a%d DN%P arly
Arigiig- ahend DMY il prrafendiece I5xanml e afod RS lumes with
condensi ng agent. can i nclude HOBt/DI PCl and

ByIEID pA.l pirBomeDIgfEA S qeriaf.erabl e, The ratio of

HOBt/DgPCI used may be 0.1 to 10 equival ents,

pr ef er8fl Y5108 Baygbeyvarshosmedoat Optef 80aM)y 0. 8
jvalents of DIPCI with respect to 1

te%ﬁ]f\?gﬁagﬁy \éf% ARG RN Sof TeyBePPIORERAtSdY o 30

by sl to 10 equivalents, preferably 0.5 to 5

equi valents, nore preferably 0.8 to 1.2 equivalents

of DI PEAtWi Ehwh9SP8ChebPide CHN, VAL EQL .. The
proportion of FEBt ugg% ﬁai be 1ﬂ%og28g£bg¥§5£pgroup at

the C-terminus can be obtained.

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 thiocester 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, chlorine, bromine, and iodine), lower alkyl
groups having 1 to 4 carbon atoms (e.g., methyl and ethyl
groups), alkoxy groups having 1 to 4 carbon atoms (e.g.,

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



equi val ents, preferably 3 to 15 equivalents, nore

preferably 8 to 12 equivalents, with respect to 1

equi val ent of the raw material peptide. 20 The

proportion of PyBOP used may 1 to 10 equivalents,

preferably 2 to 8 equivalents,” nore preferably 3 to 6

equi valents, with respect to 1 equivalent of the raw
éeriag Ee tide. In this reaction, a dehydrating

ZE AP shRACLsCEmPRBNEE ul BENEYbveersapt ahet abbgrusedlarly

PeptL em zation occurs when the Cterm na

c§?%£§§?§§gacid of the raw material peptide is

| ¢ f reaction | bl
acti vaged ﬂgﬁﬁé?6¥(%q§iE%fé%“%éﬁﬁéﬁﬁ&}ﬁgéﬁEﬁ;k“%%1%rﬂ?

performed by m xing the raw ma

t ho ol egoipaLEd: andptbear-adt, ngo t hig 8@0Q82?§%fgn@g?n%ore

thereto. The reaction may be perforned

tenpeerable 20 £4090 tegOGrapsrt €l abiﬂh'ﬁ@gl%é’cﬁ 108, 1

for approximately 30 minutes to 2 hours. e ratio of
reEehVFee R oro bf theier e pha tter Dt goeyetti den. tHhe-tireseifly, an
invention is reduced and is usually 6%or |ess,

PrefEishls AR | 5 stheilel F et emedind 2% 0eférms] y
icul arl referably O to 1% Best Mde for
R B 10 R G o (BitAROF 1 e piieseht
'JWE' id | i hed ith reference to
IExarrpIderssm wbévﬁ/%ﬁgfﬁf%ﬁgsseednﬁoﬁ MEMG 6P | s dt-terminal

irdcnded didhed iTHd §bdd dhese Exanpl es by any
means. Fnoc-protected am no aci ds used are known in

the aEkampiesCaif beeCedI®esiallskdayaichalee 19 PHRRAT ¢fhso
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easily by introducing an Fnoc group into am no aci’'ds.
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 & equivalents, 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, more
preferably 8 to 12 equivalents, with respect to 1

equivalent of the raw material peptide.

\
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21 Moreover, Fnoc-Ala, Fnoc-Asn, Fnoc-dy, Fnoc-Leu,
Frnoc- Met, Fnoc- Phe, Fnoc-Pro, and Fnoc-Val nean that
the am no group of each amino acid is protected with
an Fnoc group. Boc-Cys(Acm Jgans that the cysteine
amno group and thiol are protected with Boc and
acet am donet hyl groups, respectively. Fnoc- Arg(Pbf)
nmeans

( 4,6, 7- _
pent ani}%ﬁoolz%%%%r&fofpm s1sad M5y IDearlgite i
haath 19a 1 &R &r g i -ani no_grou rotected with an
F?%L(I: gr oupt.:é' %g%ﬁ%s%?@‘%)t%nﬁ Tg?i‘g]c‘f‘-é?}("{i BUY°FRan
t e £ & Reb Byri N0t o 06 O Pfa £AGH any i d and the
aspartic acid J%- or g|all.lt am ¢’ %{\%q;‘/&%s rebé(}&yrrogjroup
equvolet eof wihd Fa0oma Bl 4 Briehiutad | groups,
respectively. Fnoc-Cys(trt) means that the cysteine
am no 1gr 6dA3 sangacttiion, arce dehydeettetg WgkhtFREHARE 5
trité%/l groups, respectively. Fnoc-Lys(Boc) neans that
£ %% H-evthd % -Rie frraploupseaat.e pepteakedacetiiBat ion
Fég)ccu and .Boc groups, respectively. Fnoc-Ser(tBu),
oy MBS o SRRy (@RDeXYdds e tdfe tand now
r gy oups of .each am no acid are protected
\?ﬁtheﬂ)é%o?gaéntd‘g{er ity 12 Gro@Ed r eIpeEEfQERY. tBeCcrEBGLtion
ard preBes)A %Jﬁé he l.eucine.am no group is
F e/ 4 tblyp.ml(’%cr)lcg) E}lf’se( BGY) dalhat

protected wth a Boc gro .
peptlije Rdtar taRd tIHdT RJNPRAWRS 2ALE tRLAL %%td?%l%w& na

t
Boc group. Lys(Boc) neans that the l'ysine s-a

§ovdEriss ngr eecttethewieth .2 Bas 868D oBORaFYEET,
means N-t-Boc-1, 3- thiazolidine-4-car boxy?lgcl ac?é.}formed

Fiir 6t BeypeTpt(rBupf ando Ser 0PEY) pFEEErABEy LHS to -10°C
EédfOXé| %r_oug of each am no aci dp is protected with"a ™'
Ft 2BREGKLBRGERY BPsPintfesetns22Bours.
The ratio of racemization of the peptide obtained in
the present invention is reduced and is usually 6% or

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

particularly preferably 0 to 1%.

Best Mode for Carrying Out the Invention

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

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

introducing an Fmoc group into amino acids.
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that the imdazole nitrogen is protected with a trityl
group. Cys(trt) neans that the cysteine thiol group is
protected with a trityl group. A n(trt) neans that

am de nitrogen of glutam ne2 s protected with a
trityl group. Asp(OQ:Bu) and élu_(O: Bu) nean that the
aspartic acid I- or glutamc acid y-carboxyl group is
protected with a tert- butyl group. Cys(Thz) neans

1, 3- t MPAFQEd n§”P%§r1@on moc-Asgy, PHMPcmEdys Fmoc-Leu,

4 a dr ob nzofuran-
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used. Moreover, Ph represents a phenyl group,

raayst ddEntls serebanmytle grealipei tHHENGR AR5 JERAHM b
E;r%ﬁ(er AVANCE 400 (indicated in 400 MHz). An ESI nass
Q&‘éﬁ{%meﬁpmaﬂas E€qoicrard0ebipl meansantf azf 2y eds, 7-
ruker Daltonl cs, and a MALDI nmss spectroneter
éé@&' tehysie dhenactaimaned - oy 1Bankvar) arigrlrtions dmving
Di hydr ben20| c acid was used in matrix. Exanple 1
6‘ylr5€G&‘ I (91}”0@113 %Qﬁﬂc)te\ﬂaylmfa@eu Firmpca group.

?ﬂ*@%ﬁ?ﬁ?t%.%h% ﬁh MRS g Rt e ymino
?—Qﬁ)l; r%fy\rérﬂg%: Y3 R 5 SReh SRT0 AEPATE L5 Ag 1Y Bvpeyr
Sﬁ%‘“&?h;‘?ﬁgﬁ%?.*%?%%&é&ﬁﬁ kT R
BRR Cerut-putgiegpoaped respeetdokly), BRIcLBPsNEXEVU Beans
thgt 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 amiﬁo 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 €-amino groups are protected with a Boc group.
Lys(Boc) means that the lysine g-amino group is protected
with a Boc group. Boc-Cys(Thz) means N-t-Boc-1,3-
thiazolidine44-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



Tt

stirred at roomtenperature for 2 hours. The resin was
t horoughly washed with DMVF and DCM to obtain an
HWPB- PEGA resin, which was in turn used as a solid
phase for solid- phase synth %IS Frnoc- Phe (96.8 ny,
0.25 mmol ), MBNT (74 ng, 0.2 nol ), and _
N—nethylln1dazole (151, 0.19 mml) dissolved in DCM
( were placed in the col um for solid- phase
%e"sh% iR FRke i kE IPEeThaks serofected whoma trityl
wg erature for 2 hours. After stirring, the resin was
S

Af
& wi r?ﬁcﬁ\’ﬂar?be% Ebfte tHgHCY, @t@;}nﬁlwffélwcglgﬁf@dlp is
or
RN L UL 20l e e
l ou
Eel ow t%ﬁeclg%ngate a peptlg %1%%1& %A%}g% no é’l "roup.

(QLBW) adhd)QGE COPBRY Ghlt ath W tdhe alk E{%&ré)é‘jpd -
V\h/zz@dl ssol ved, together w th HOBt (33e8 EF P- oz

rgdolYareine &Rt RCly -3 HoxyQ. 25roupoliks, pirB:.t@MEeGl wrﬂt)n ARG rt -
activated for 15 mnutes, and the m xture was then
ﬁ?”arcyéd I%PYme ColEURRZ) ofeadlsi d- Bhade agpatiiesies 4ama rbonyl .

f 5 h Th th
(Pé%dfa roomﬁﬁd"@?&%%ﬁ 720% pi perloglr?]e/ o
dure vvas
peat hy(l]der@) yu%ag% er?s‘bﬂaq‘ﬂ oce
Fnoc- TﬁE%EBbEOQ%%%1%9”%ro%9%5§ggobk ggggdﬁ%fd( o?ﬂing

ng, 0.2 , Fnoc

Hics (& et Hokb 1 vithudl 2 % A8l )in RARE-38¢ (t ﬁli)cegr%étgvely,
ng, 0.25 mmol), Fnoc-Asp(QBu) (102.9 ng,

Ferpoane riceia 1(188 .a47anir, a il 2 i )ac1rd'§36;rf@edt% Qvf&'h these
%é%iéggﬁgg groups can be used. Moreover, Ph represents a
phenyl group, and Bn represents a benzyl group.

'H-NMR was measured using Bruker AVANCE 400
(indicated in 400 MHé).

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 pmol) was placed in a
column for solid-phase synthesis. The resin was
thoroughly washed with DCM and DMF and then fully swollen
with DMF. 4-hydroxymethyl -3 -methoxyphenoxybutyric acid

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



were used as the am no acids having an am no group
protected with an Froc group to forma. 19-residue
pepti de of Phe-Tyr (tBu) -Tyr (tBu) -Asn-Ala-H's
(trt) -Ser (tBu) H's (trt) 2/%sp (& Bu) -Leu-Asn-Tyr
(tBu) -Leu-Phe-Phe-Ser (tBu) Val - Ser (t Bu) - Asn on the
sol i d- phase resin. After washing with DCM and DVF, the

reS|n corresponding to 2 pnol of the 19-residue
PR i Miee el merpial £ el % o8 afl Eppertiomiol)ubdisgolved in

D5 Ll Cate BIAER yﬂ'r%ftﬁbmaqélawrr%?%gﬂel;o e dhigettire was
n wer.e
T ace s i o RS R o Dllodes T paen was
WHACs hee HNHQ %E’"Qr%@l W@%}E@B PEGA

0" ~-HO HO HOO O GHON NH ~~C OO NH AC

QG 11HO Wil At HNHO HO 10 used adh\a (11 DIFHEAL 658 éolld-
4 nmol) was added thereto, and the mixture was stirred

Rhagpmyeihesigure for 18 hours. After washing with
DMF, the Fnoc group was renoved with

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

An amino acid having an amino group protected with
an Fmoc group was dissolved, together with HOBt (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-




20% pi peridine to forma 20-residue peptide of Phe -

25 Tyr (tBu) -Tyr (tBu) -Asn-Ala-H s (trt) -Ser (tBu)

-His (trt) -

Asp( (1( Bu) ) Leu- Asn-Tyr (tBu)-L I Phe- Phe- Ser (t Bu) - Val -

Ser (t Bu) - Asn- Asn(d i gosaccharide chain) represented by

the formula (6) on the solid-phase resin. 0~ NH2 NO
.5~ HO OO NHAc 2 2 HOHOH' H- 4CHO H H H NH NH

59;16\#4?1”8 O' Fef: BHPI - ~0926/ MIONHACFRPIACSOF (TBHD K9 X. biOng,

QLRGSO BN N 1 IS
:_IEE@HE%H% @@"HZCO %&Nﬁzng%wﬁﬁtg—yaﬁ '(_ul_| m5|,2 I0_|22 lszmt:gl)
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 pumol of the 19-residue peptide was
transferred to an Eppendorf tube.

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

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

placed in the Eppendorf tube.
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AcHN HO ¢
HO (5)
DIPEA (0.68 pul, 4 umol) was added thereto, and the
mixture was stirred at room temperature for 18 hours.
After washing with DMF, the Fmoc group was removed with

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



H3 PEGA Reain M A Q= r v H2-0- Exanple 2 An

al i quot of the resin on which the 20-residue peptide
obtained in Exanple 1 was forned was taken into a
colum for solid-phase synthg%% Acetic acid: DCM
met hanol (= 5:4:1) was added ereto such that the
resin 26 was fully immersed in the solution. The

Xt S stirred at roomtenperature for 3 hours.
qurgéng@ﬁﬁ§(tPBhoeéa -ByatHisfbrt bnSeantBuheli sactkt pA

S j conce d, under _reduced pressure. The
Egkggguw?ééPdgsnﬁg SE |Eaub§hﬁwfh?(%§§éﬁﬁa>cﬁabnn

Ci8r (PBY) 4 solvent 1% aqueous
TFA?EO?U%I%%n “n g?¥§b$€§?ace%o%l$p?+%) hepErsented by
90hé0fogmaﬂaem$)ﬁoﬁ Ehe 680 #04: PrPsd 00asdp M n, flow
rate: O. 1 /mn) to obtain a 20- reS|due peptlde

represe y the formula (7). Thg,o ned peptide
had"ga clar oxyI group at the C t nu t he side
c gy rio: wgll OUPS nalntal k- MBb Cal cd f or
C279H382N320947.8. 2 [ M+3H] 3+ ”gvﬁ%é
O ,ONHR HO HO HOQ O Cj N
1U-H~ H N H1. NH

R A 0
HO, HO NH
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Example 2

o_@_

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

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



(Cr NHNH ~-

Jp OH OH NHAc OH NHAt HC O\\CG O
' 'O ~~- 111 H() 7 HO H

H2 -~ HOH | HQ HC T-0 o NH
AACN- - HOO HHHON 6 0411 NH NH HCH2 ~-~ INH H CH2
“NHy CR~{ fQ QHOCHNGHMCI-1-NCHNCH
HMCHNCHJ. HHHNGHICH H2 "2 2 |H3 H2 H2
jH2 2 2 \ \ \ NNH2 / / / N27 (7) Exanple 3 The

d t of acetic acid: DCM nethanol and the
TS PR hameEadd, FPEKAmprelatene dhmguature was

hours or to
eet LAt e el 5 858 1P e Romrers  capi iRy was
Eg§mo%@@0$%0911£9a@96ﬂ Cgﬁgsthéhgeggt{gglggfuge ﬁlggs
coul
concentrated under reduced pressure. The obtained

residue 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 =
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;79H;352N34004:

[M+3H]?* 1906.3, found. 1905.8
% oI
HOHO HO
Ma&%» 0, NHAc %“2 Hz %Hz
HN
Ao L= A N H @‘FEH-CHQO—Q-
OH OH OH NH
Qu mﬂsﬁ%ﬁ/ beon )
Ni

\
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obt ai ned. However, the condition of acetic acid: TFE

DMC gave a yield approximately 5 tines higher than

that given wunder the condition of acetic acid: DCM

met hanol. Furthernore, the dition of acetic acid:

TFE gave a yield approximately 8 tinmes higher than

that given under the condition of acetic acid: DCM

net hanol . Exanple 4 An HWPB- PEGA resin (25 nol) was

obtained in the sanme way as in Exanple 1 and used as (7)

a solid phase for solid-phase synthesis. Am no acids

wer e condensed thereon to forma peptide. The am no

aExsmgpadensati on was performed in the same way as in

Exanple 1. Froc-Ala (38.9 ng, 0.13 mmpl) was used as

t he fiThst mendend sadivérndndf GRRELRS Si VS

0.13 mmol ), N nethyllnldazolg§?7%glu g%M H}t%%ngqgand

O ((ESon 28ne Therd anmBamgids RN G Ha i 8¢t ed

awnno up. were sequentially condensed using HOBt
'i%g“lﬁi 1éFF%d?N5C Bl PGI2 :(619.82d 2 BoliF s o anRdtic

(46.1 ng, 0.13 nmol),
g@:cz ThY (E{n éu‘) 1(&30 ?ﬂgg 27 Qoprsmplespertsyelllye (b4 2
mmol ), Fnoc-Val (42.4 ng, 0.13 mmol), and

FnDc Ser(tBu) (47.9 nmg, 0.13 mmol) were sequentlally

used farpeendensati oppas,phe_amno acid
protected anino g%oughg ? ge%é%??d%e%Fbaﬁaf7an°Pﬁ€ be
ebsadzngld . f orm of gl ycosyl at ed asparagi ne (10 ng, 3.6

prmol) represented by the fornula (5), DEPBT (2 ng, 6
mol ), HOWPESr (0tB8 tondit poml ot 206k RMFadDal2rFh) MRECgave

used for 2 nol of the

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 amino acid and

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

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




resin. Boc-Cys(Acm (2.9 ng, 10 pnol) was then
condensed uqs/i S]g HOBt (1.36 ng, 10 pnol), DI PF:I (1.54
I, 10 nol), and DMF (0.25 nml). AcOH TFE = 1:1 (1 nl)
was added to the resin, and e mxture was reacted
at roomtenperature for 14 hours. The resin was
renmoved by filtration, and the reaction solution was

conce ed, .The residue was purified by HPLC
(Cadegfilgé%o%mn% TR A &}@F@qudqganymwmoup

Tl S JaeO IV A SRaUhL 8 ufind 0 g‘i‘%%'f cht® 10 n: 60: 4b

btain a
-mm®1 100p1 A&t fI wafe to o
9- res)llgue ﬁp(gpmg% 2 a€| n% ipror{“gc]b d %rl‘r%gg%%af%é T ch
i Eneeblsett@d bygt he. 13 onmel B, (Rloc F9lz NS Lg& J§0f
C155H249N18079S: [ Mt2H| +2 1830 3, found 1 31
A+ 13 g8 HO IO Hell (44 ~ r@;ocaAchlrﬁrlngO Hrddd - \%10'\'(42 4
HO \ XC-- H NHAC NNAc HO H At OH H NHAC (1 8)

qxel% mmol), and Fmoc-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 Hmol) represented by
the formula (5), DEPBT (2 mg, 6 umol), DIPEA (0.68 pul, 4
pmol), and DMF (0.12 ml) were used for 2 umol of the
resin. Boc-Cys(Acm) (2.9 mg, -10 pumol) was then condensed
using HOBt (1.36 mg, 10 pmoi), DIPCI (1.54 pl, 10 pmol),
and DMF (0.25 ﬁll) .

AcOH: TFE = 1:1 (1 ml) was added to the resin, and
the mixture was reacted at room temperature for 14 hours.
The resin was removed by filtration, and the reaction
solution was concentrated. The residue was purified by
HPLC (Cadenza column 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 = 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 Ci15sH249N15079S: [M+2H] *2 1830.3,

found. 1831.0.



The 9-residue peptide (8) (2 ng, 0.55 gnol) produced
in Exanple 4, a nolecular sieve (M5 4A (10 ng), and
benzyl nercaptan (2 |, 16.4 gnol) were stirred at -20C
for 1 hour under argon romri% a DVF solvent (85 1).
PyBOP (1.4 ng, 2.7 gnol) and ‘DI PEA (0.46 |, 2.7 gnol)
were then added thereto, and the m xture was stirred
for 4 hours. Diethyl ether (5 n1) was then added to
the reaction solution o preC|p| a conpo nd

i i ngo=5”0%

After t/tgratlo t he IIet

aqueodse‘adet oni il e sBlygion _ng_ggr »im

fﬁ%%égiﬁgggg o't he 6%téi§§b %ﬁeez Ff ﬁ@t”@“ o
queo A

95%% ~AFA  sol ution s added, and the m xture
was stirred ;ﬁ'{oon1 tenpepAture for 2 hours. The
resin wa Ve b fedyration, and the reaction
X B g € The concentrate was then
;,;:0@6aqueous acetonitrile solution and
{Ze*Umw ed™The freeze-dried product was purified
by HPLC (Cadenza colum C18 75 x 4.6 nmm devel opi ng
solvent A: 0.1% aqueous TFA solution, B: - 30 0.1% (8)
TFA acetonitrile: water = 90: 10, gradient A:B = 95:5
25:75, 15 mn, flowrate: 0.1 m/mn) to produce a
epinifie @aV|ng benzyl thioester at the C-term nus
( NH2-

A I Val
> ety whrehore PEBraE {8k BT PHE Porfubdols) Brpalced

lion EYG@p LieY/a , CaHmbp,edrnﬂiExN@mveNm%)CNA Nug BdY, an
~~-GWHIl~~ HN 1 N~ O~ 1H M-~N N M -44- 'HS
ReNEyNOMNHAGptan (2 pl, 16.4 pumol) were stirred at -20°C
for 1 hour under argon flow in a DMF solvent (85 ul).
PyBOP (1.4 mg, 2.7 pmol) and DIPEA (0.46 Ml, 2.7 pmol)
were then added thereto, and the mixture was stirred for
4 hours. Diethyl ether (5 ml) was then added to the
reaction solution to precipitate a compound. After
filtration, the pellet was collected using 50% aqueous
acetonitrile solution, and this pellet was freeze-dried.
To the obtained freeze-dried product, 95% aqueous TFA
solution was added, and the mixture was stirred at room
temperature for 2 hours. The resin.was,removed by
filtration, and the reaction solution was concentrated.
The concentrate was then dissolved in 50% aqueous
acetonitrile solution and freeze-dried. The freeze-dried
product was purified by HPLC (Cadenza column C18 75 x 4.6

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



)

A HN NOONGO-II TO HOONNOO NOO O NO NHAC Nwa<

HO H N NO O AcH NO OWNO NHAo NO (9) 1H NWR (400

MHz, 295 K in D20, HOD = 54.81) 7.53-7.33 (m 15H, Ph

x 3), 5.37 (d, 2H J = 11.7 Hg PhCH2), 5.29 (d, 2H,

J = 11.6 Hz, PhCH2), 5.11 (s,°"1H, Man4-H 1), 5.02 (d,

1H, GIlcNAcl-H 1), 4.92 (s, 1H, Man4'- H 1), 4.65-4.52
(m_3H _GIcNAC2, 5, 5'-H1), 2.91-2.78 (m .4H,

AnlpdfBA T5Rtentipiler 7tend: 20+ 1hededdignt A:B = 95:5
-H3eq) ... 2.389-2.31 (m 2H G n-yCH3), 1.83 (dd, 2H, J
:"12’@1:,751'3.115 NP NP FAte: HI3gdlymim 3@ mrodiige a

< . , = 6.51 Hz,. Thr-yCH3), 1.17
(oSt Sl endoce b ol Gund et sty B
- ) gl T s CAleh T Ple-Thr-clo-Ala-
e ks %%%Nh%ﬂ%%%ﬂ%@gs,&‘f\gﬁ (15 7HRr ein-Ala
Exesipt e, GrH qlepts e fhows dige &d Qﬁ&;m}l‘é/'f&frﬁwpa atof he
Cterminus (AcNH Hi s-Al a- Al a- Phe- COOH) was pr odﬂyced
according.to aj\l met hod pr%ihou Iy\rkaepj\%%n‘gjg ;&e irt
and a ray. mategi.al . . The, : Of DAL N S
y 4@(&0@),‘“83,‘& "1 R i g“gﬁ 0

NH

(9)

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

7.53-7.33 (m, 15H, Ph x 3), 5.37 (d, 2H, J = 11.7 Hz,
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, GlcNAc2, 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 (dd, 2H, J = 13.1, 13.1
Hz, NeuAc7, 7'-H-3.), 1.38 (d, 3H, Ala-BCHs;), 1.20 (d, 3H,
J = 6.51 Hz, Thr-yCH;), 1.17 (d, 3H, J = 6.40 Hz, Thr-
YCH3) , 0.95-0.80 (m, 12H, Val-yCH;, Ile--yCH,, -CHs)

ESI-MS: Calcd for Ci4sH223N1076S: [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



-3

and benzyl nercaptan (3.7 ng, 30 nol) were stirred at
- 20C for 1 hour under argon flowin a DVMF sol vent
(0.14 mnm). PyBOP (2.6 ng, 5 nol) and DIPEA (0.85 1, 5
prol)  were then added theretq, and the m xture was
stirred for 17 hours. Diethylr ether (5 M) was then
added to the reaction solution to precipitate a
d. After _filtration, the pellet was coll ected
%O%d%% R@iB iR rihe axd andmserhias yﬁelltaeft

ur i y HPLC = (Cadenza colum C18 75 x 4.6 nmm
dg?/te‘?]é]p"il{] % N EFPtAde 0016 HGuedus™EA, s¥SURAOK10BMT)

tril t 90: 1 dient, AAB
AP R 48 i, A iy ar»%ne%lqr@d at -
th t.th
o o PR AR R ol P Rbab AR, (81 2

relC)e)Ti ZHEOPN (8a% 2,05 Less) ESh- N@PEQ& ds%
C30LBENG05S: [ NEH 550278 onnd. TTEES 2 Evanhle I #mol)

gty | then cabiest tfhoematof, aamiapihejmz(x%aj‘ﬂlé IvllaEs Atdrred for
AI a Phe- COSBn) was obt ai ned by the sane procedures as

W s eDﬁeék’é’ép?thﬁéﬂ (Bhel) ewesi bheneapdedt tipetheas
cha ed to The obt ai ned conpound had t he same nass

spe %%&%.HF@&WW EPomd -r abfbesf

|rf_al ! %—? EX%E:H:?% The p%)tl de of

rmaetoaﬁcuﬁ%t s(oquu& STHRL BLiief 0B o %%D%Aﬁfﬁpm

stirred at OC for hour argon

s@acmza dohhnH )C1-8 BIsPQ 4(@ &d, g8 p(ﬂlgl B1vent 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.

ESI-MS: Calcd for C30H36NGOSS: [M+H]+ 592.3, found.
592.2

Example 7

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

racemization was 6%.



[, 10 nol) and benzyl nercaptan (3.7 ng, 30 nol) were

t hen added thereto. Subsequent procedures were .

performed in the sane way as indExarrpIe 6 to obtain a

nzyl thioester formof a peptide

l(Ji\cNI)il-Hls Al a- Al a- Phe- COSBrD%% I'ts yield was 75% f or

the use of 5 equivalents of HOBt and 98%for the use
qujval ents of HOBt. The obtained conpound had

?%’é ]ﬁ% ss spectrumas that obtained in Exanple 6.

The r ak] f.r mzation_was 5% in either case.
Exarrplélté1 QP% ﬁep &52 Tiay @&rab&ly"‘l Pheo (PO (thé mg, 1

Hi was produced

gt:“i%?? n%gégt‘l@‘( 2& “tl%o‘dc%}de?fo pr 57nc5’%ﬂ8 ih Hied @ larfd mg,
I t : ,

VB 4A (10 ey Tand 1bs" (I8,RE8 1 Boksi e seerry saow

ditn -2 MRIF arollverftougo unded] )ar gg@p&ovw g DI\/F ﬁ%oyeor 16
(0.14 nl). DPC (1.6 I, 10an and 2

#er,cdft amo(3. Andy bedyMokier cagitant hen 7aqg,ed FNCERN9 were
l@t tlogn glaj%sequent procedures were perfor med in
F%@ }hggqt@ -Ex@inpPeqgeent opobtadurasbeszyl performed

f f epti de (AcNH Cys-
O 2B S by 150 Expiie a6 b adenier derory ns

%%h%%sk%%sfogﬁ%%qpleg%%Féd%Llé%&pg%&ggh?g;éﬁSIghg}%%SBn).

was usea as a

syst beshg. wAgi ﬁg%a%ésltgﬁf &?ﬁs‘%%“%”“ al, ler%&%%%%egsfe%OBt

thereon to forma pept

auddea%afbﬁnthasuﬁérﬁﬁrﬁ@dehﬂlbggeﬁ§g90%6ﬁ0g§ I'Phe
Exanpl e 1.
obtained compound had the same mass spectrum as that

obtained in Example 6. The ratio of racemization was 5%

in either case.

Example 9

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

Cys-Glu-His-COSBn) .



-

Frnoc-Leu (159.0 , 0.45 mml) was used as the first
ag?no acig and cggdensed using DCM (0.9 m) and DI EA
(204.1 1, 1.2 nmol) . Then, am no aCIFF haVISEnged
rotected amno group were sequentially con
5sing HOBt (101.% ng, 0.75 ﬁﬁb DIPCl (115.4
0.75 mmol ), and DVF (3 m)6 anc gr$5(253|§ ny, 0.75
I Froc Pbf 486 ny, nmo
E‘Qc’ T ?t@BArC%(%ﬁ lzfaq(ﬁjnlrtwmmms) 2% BEd-<@su( O Bu)
(319.2 ng, 0.75 mol ), Fnoc-Met (278.6 ng, 0.75
mmol ), Fnoc-Thr(tBu) (298.1 ng, 0.75 mmol ), Fnoc-
Gygdhpie {439.3 ng, 0.75 mml), Fnoc-Ala (233.5 ng,
0.75 muol), Fnoc-Pro (253.1 ng, 0.75 nmol),
Froc- uysigigyl Ak i4d e €Q§YQIF§DE%?1FWDC Pro 25%.1
mg, 0.75 mmol), Fnoc- Tyr (tBu) ) 2
Frokid G SUfor (810 P pighsd). AftAEY s qunées(:agg) were
(287.6 ng, 0.75 mmol), Fnoc-Cys(trt) (439.3
FRAYEN ALY Agndamed (308 my.o Eokm rarqiéptll%m)c Yak
(254. 6 g% 0.75. mol), Fnoc-Ser(tBu) (287.6 ng, 0.75

ot e qﬁﬂde%%EPPQ?lﬂ?S(PéhfqnmﬁQ irFrde Alane way as
(2332 e q_75 mml ), 34 Fnoc-Ala (233.5 ng, 0.75
ﬁhoﬁ%,n%%b Leu (187 ng, 0.75 nnDI) merg Sﬁquentlally
d iQn aci ds having a
pr ot et g 2ama LaPe o Bac Bt Sl e e -daea: Jal th Firot
ture
D N il A ?.C% e Dy

' d by
(2@4r.gagfli,on .30keg19n. The resin was then rennve
f||trat?bn The resin was washed with MeOH, and the

sol ut Thant haméonbd aasdschacenyr &t 8ot d8€§08RLALT 8160,
resi due was further

were sequentially condensed using HOBt (101.3 mg, 0.75
mmol), DIPCI (115.4 pl, 0.75 mmol), and DMF (3 ml) .

Fmoc-Pro (253.1 mg, 0.75 mmol), Fmoc-Arg(Pbf) (486.6

mg, 0.75 mmol), Fmoc-Tyr (tBu) (334.7 mg, 0.75 mmol),
Fmoc-Glu(OtBu) (319.2 mg, 0.75 mmol), Fmoc-Met (278.6 mg,
0.75 mmol), 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) , Fmoc-Pro (253.1 mg, 0.75 mmol), Fmoc-Lys (Boc)
(351.4 mg, 0.75 mmol), Fmoc-Pro (253.1 mg, 0.75 mmol),
Fmoc-Tyr (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),



Iti to obtain a
concentrated by the addition of benzene _
23- residue peptide having protected side chains

((Boc) Leu- _ _

- - - Bu) - Val - Asp(;Qt Bu) - Cys(trt)-Ser (tBu)
éll 3 ?IO:aB}J/?l - 'Sl's: (t(t lé?,l) iaPr 0- Lfg (Boc) -Pro-Ala-Cys
(trt) -

= 2 -Jyr (t Bu) - Ar g( Pbf) - Pr o- Leu- COOH)
(Tﬁ'géé%r%aewgﬁg%é‘%ggr é.r‘%m%lu ep@@@@qqomwgngrg,?ms
Nfxhg 1) M&M,séc?gie | rresrc%%an (35,5 |, 300 pnol)
were stirred a }§%§%¥d¥ PO UreufRiCesian ave ivhe

i ateids (H=35i ,_ 50 pnol) and DI PEA
?g‘.ﬁg&lﬂl, 50 SpSmI )qu\é/’e)rae %Cg'%%a%%)g e é’tlgfu%nd t he

. : , her wa
B@OWasDQMnrme¢err524hquq§.nﬁbeugglagge% ‘ o
?LELU added to the reaction solution to preC|p|Pa§§ a

CSifPSun@nd Afieemipitivrreatiazn reahe egeldtet- SRS refideseled o

[ . This pellet was concentrated. 95% aqueous
#%kngoBgEFﬁn ﬁﬁ§g5§dﬁastéddhé testheereadtdibiesolution.
st UL y@@ngedat roomtenperature for 2 hours
gﬁ% #ﬁ%ﬁ f rasz &N &gmoysd ?Hefﬂﬂéé@éi@nheggneoiagiﬁnras
Whkgd HP denza _col um C18 X 4.6 1
gg%??%;?&gﬁsggéghtgﬁg t ?1ﬁ?iaﬁé883t¢¢A¢§§lwﬁSon, B

P& i e T 90:10, gradient A'B =
80: 26} q0: 60 55 mr e tBHted fruidtie ol Erphen

. . : the
podentratpépbiydehbaybagc PEAZYE LLAL ester ggtain a 23.
g—terninus (Leu-AIa-AIa-VaI-Ser-VaF-gsp-

@@%@@mw&mmm@%%&@@%ﬁ&ﬁgq@&%%-

. _Pro-Leu-COSBn), which is represented by the for

%%ﬂ)%\law%]r uSeD(tBy) Réal cAop (DEBEN C@d [ ©F¢ ) 2§/é£’gtéﬁii§
fﬂ-aﬁg Cal cd for Cl18H181N2703454: [ M+2H] +2 1325.

ézu( t u)—Tyr(tBu)—Pro—Lys(Boc)—Pro—Ala—Cys(trt)—

Thr(tBu)—Met—Glu(OtBu)—Tyr(tBu)—Arg(be)—Pro—Leu—COOH)
(10) .

The obtained 23-residue peptide (10) (39 mg, 10
umol) , MS 4A, and benzyl mercaptan (35.5 pl, 300 pmol)
were stirred at -20°C for 1 hour under argon flow in a
DMF solvent (1350 pl). PyBOP (26 mg, 50 umol) and DIPEA
(8.5 ul, 50 umol) were then added thereto, and the
mixture was stirred for 2 hours. Diethyl ether was then
added to the reaction solution to bPrecipitate a compound.
After filtration, the pellet was collected using DMF.
This pellet was concentrated. 95% agueous TFA solution

was added to the residue, and the mixture was stirred at

room temperature for 2 hours and then freeze-dried.



found. 1325.3. 02H SH J' JyHIN~r H N N N N H2N N N JN
O HOHOHHH SOH'I_CO2HO \OHNH &"....~O / CN
HOO HNO=\_\ NNH2 HWM /NHZ HNO GHHNH HHI
HTSNNNNNNNRNH '~CH"rHH ~~55 HS S HO (11)
- 36 - Exanple 11 Cys(Thz) (46.7 ng, 0.2 mol) was
condensed to a 26- residue peptide bonded to a trityl
resin_(40 nDI as_a solid phase

(G u( r-pyerZ(q—Bil})qu AryatBwrsPronGififed 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 = 80:20 — 40:60, 15 min,
flow rate: 1.0 ml/min) to produce a peptide having benzyl
thiocester at the C-terminus (Leu—Ala—Ala—Val—Ser-Val—Asp—
Cys—Ser—Glu—Tyr—Pro—Lys—Pro—Ala—Cys-Thr-Met—Glu—Tyr—Arg-
Pro-Leu-COSBn), which is represented by the formula (11).

Yield: 20 mg

Ratio of racemization: 2% or less

ESI-MS: Calcd for C118H131N27O34S4 : [M+2H] *2 1325.1 ’

ﬂ&ﬂé

COzH

found. 1325.3.

R

llla—-
Ill-—-

HN.__NH,
Y o

7\ © -

HO

(11)



Lys (Boc) -Ala-Thr (tBu) -Au (OQBu) -Val-Arg (Pbf)
-{//aI(Thr)(tBu) -Val -Leu-Arg (Pbf) -dn (trt) -Al a-Asp
(&Bu) Ser (tBu) -@n (trt) -Val-Thr (tBu) -Qu
(GBu) -Ay-CO (Trityl resiy ). (300 ng, product from
Novabi ochem) using HOBt (27.0 ng, 0.2 nmol), D PCl
(30.8 1, 0.2 mol), and DMV (1 m). 1% TFA/ DCM

2 -
S tion .0 mM) was added to the resin, and the
mgii%rﬂr?geméi reacted at roomtenperature for 2

m nut resj S r ved hy filtration, and the )
r eact iQ:ié/ns ggﬁdtigdn&v\ﬁ%‘ e:ﬁ'?zal e W3sh Cﬁyt.’rqonedissfcfléimt;pglr?s 26
i Y& tines. . reacti

\rf\gﬁéi%ﬁcent r%?eg , rg(%%év\%? et %tﬁherr?sa’d'ﬂe@qm)o g9 a
ecipipladse a( tamylaig';flg;ﬁ)ojﬁl ed s chalns,,

?’T]e qgerfl et vvacghf:)ol |l ected using a soi%ﬁ‘l‘ on rgﬁ]oG 4

doft R atielr 1Thobt i )n- GLW2(Hme)i -dug -2eRy (Hsr)hay g

pr.ot ect ed side chains

EFY) - TG B f)BYLNtart ) -Ala-Asp (OtBu) -
(@?Qﬁaﬂ ;@oltr(Gl LB? sg(ngahc(:) Bﬁ a-Thr(tBu)-d l?( a BLLII) - Val -
Aifeg(@%‘g)-\‘&mﬂ%t()t%{ﬁlvan (G@P)A@@R@{tﬁ_?ﬁﬂ-r@??gt%o-ﬁdﬁ tyl

- - t) -Val-Thr u) -
%%Bi&% ’ gﬁbf-osg&}opr ) E’s-”?fébc.% %ﬁ(é}“{a |a11?gd>c,’zrfarw)eslisdm HOBt
nept iod‘?ng(l 2(],(,| R Iénpﬁ (|A31A (8201rrg), and t hi ophenol
(30.6 I, ’33))0 mog’) \r,gr i r'P8d 8a#l-28c2f el ) ho@nd DMF
undeil)argon flow in a DM 37 solvent (1.36 |). PyBOP
(8.6 ng, 50 nol) and DIPEA (26.0 |, 50 nol) were then

ddedl¥heFRYDCMasdl ibeon M Xt G f1 Yoga St 15569 £97 ¢ in,
ﬁours. Di ethyl ether was then added to tﬁe Feactt oh®s*h

3oduthenmiztpreciveist abacacdoapOrBEm tA&hbekatikkr 25108,
the pellet was collected usi ng DVF.
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
éoncentrated, 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 (Ot Bu) -Val -
Arg(be)—Val-Thr(tBu)—Val-Leu—Arg(be)—Gln(trt)-Ala—
Asp(OtBu)-Ser(tBu)—Gln(trt)—Val—Thr(tBu)—Glu(OtBu)-Gly—
COOH) (12). |

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

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



This pellet was concentrated. 95% aqueous TFA solsutl on
was added to the concentrate, and the m xtuLe vvaSi ]
stirred at roomtenperature for 2 hours. The rle o
was renoved by filtration, d the reacti ondso uI Lo
was concentrated. The concentrate was then disso

in 50% aqueous acetonitrile solution and e

f e freeze-dried product was pur
égﬁﬁ @d%?lz ol F¥BOBLY 875 x4, 60 mmﬂolde\é?aogll@@A
spié/ecpt f‘ 5q) Jp/ algueous TEA sol uti onh B: 0. éé)cgl:tie
acet oni'tri I'e> Nt Hen gﬁdé%ﬂderﬁ AR o

25 353 rel wAE r‘stifr}l%’&i riac;]ﬁl Og'lo]urm mD ﬁgh% ?rggg}g%ﬁggs then

i de havi ng phenyl ster R evIN
qi&g tHeu-rBactAlar SRI1TUR @ Gg% A Ihr - q
,(Ar \C/i;-lrt-gThr Val-é'-)elr_eu Arg-Qd n- Al a- As pél A-0Fal? FRmRguUn

A f@@@m@)thm tihe peldpresent %@1@%&'&% LQ; "Hé} DME .
3). \f eld: 5 Rati o of racen zation: 1% or -l €ss
%‘, 5\ Be a5t irafor CopPBIRANEE O135R aq{l%ﬁﬂ TER éél?&dﬂn

NH2 OH~S\ | HOH NHNN
@Q%n%dd%ég%BSEpg8coHCQHtreQH, 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% agqueous
acetonitrile solution and freeze-dried. The freeze-dried
product was purified by HPLC (Cadenza column Cl8 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 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 C128H204N360435,: [M+2H] *2 1499.7,
found. 1499 3.



.._ 0 HN ONH HN~-NHHN H2N NH HO HN O
II:IIICEIZCO/ZHO_I—|OBHN~H NHHIO HNHNCHNHHO O
O O HO HO2C NH CONH2 CONH2 H2N-<\ NH (13) Exanple 12
Cys(Thz) (46.7 ng, 0.2 mmol) Mes condensed to a I17-
resi due peptide bonded to a trityl resin (40 pnol) as

solid phase
?AI a- A a-'rl)'hr(tBu)-Tyr(tBu)-I\/bt-I\/bt-Gy-Asn- Gu (OBu)
-Leu-Thr (tBu) -Phe-Leu-Asp (QBu) -Asp (O Bu NHzf
Ser(tBu)-Ay-CO (Trityl ggesin)) (500 ng, product from

- 39
(S H OH
sl i A L 1 PGP
PN i B N i N
o} \1 o} 8 o} o} o} £ NH
Oz HOZC—/ “ o)

HO HO,C

CONH, CONH, HoN <

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



Novabi oche using HOBt (27.0 nmg, 0.2 mmol ), DI PC
(30.8 1, 8?2 mmlg), and DMF (1 m). 1% TFA/ DCM
solution 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 wth pyridlne. This reaction was

ed 5 times. The reaction solution was
c’%ﬁv . WG HEE W thang added rovelr)et ®IRCI (30.8

t tide havin rotected side chains.

preCIODI&t Ia“E‘i3 laag%gifi IR el 15“31 P}g a DMF sol uti (ﬁn and

ncentr 18-resi.due, pepti de having
g?otegﬁegbgg gﬁﬁgqf%wa?hzédﬁg t%lgk?hFFﬁBG) and the

Thr (1 Bu) - Phe-Le
Pl G e BB BT B

The abmaunaasl&fmeﬁkﬁuprQQUmQ%tﬁ%ﬁ) QH& Qﬁﬁlkgfwﬁid%“
(20 ng), and benzyl mercaptan (36.0 |, 300 prnol) were

§91N¢é@nawa82®GU&aallzhdUM1mmd@yraag@@ fl owiknraabVEon
solvent (1.36 |). PyBOP (8.6 ng, 50 gnol) and DI PEA
F?@ GePeaGdeﬁDKP“WEre Thenreaddeion heoktivioandakhe
xt.ur s stirred for 4 hours. Diethyl ether was
ﬁengﬁmgﬁdfoapﬁewﬁééEtWéﬁ §bent pddedo thegeitpl tat e a

on, the pellet was collected

%gg%gﬂ%wateA%tﬁep@&h%gga%ég cBH8EﬁFF§@e§1d§5%ﬁé&@§ousThe
554\15.@' Wé'soeolﬁ.gemea' ngaqgeghgngd' bILEL LEREY vas

added to the concentrate s stirred

abnteabratedpPebabyEg i hok 28h985§d dNBepeshA Was
reﬁnved gy HPlltratlcl)n and the rgac? En solﬁgléﬁgmas

pontentedt sfide4bhaThe CopsenhEAtf14es]1hbeR diagelved

i n 50% aqueous
Tyr (tBu) -Met -Met-Gly-Asn-Glu (OtBu) - -Leu-Thr (tBu) -Phe-Leu-
Asp(OtBu)—Asp(OtBu)—Ser(tBu)—Gly—COOH) (14) .

The obtained 18-residue peptide (14) (10 pmol), MS
4A (20 mg), and benzyl mercaptan (36.0 pl, 300 pumol) 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 pl, 50 umol) were then added thereto, and the
mixture was stirred for 4 hours. Diethyl ether was then
added to the reaction solution to precipitate a compound.
After filtration, the pellet was collected using DMF.
This pellet was concentrated. 95% aqueous TFA solution
(containing ethanedithiol (EDT)) was added to the
concentrate, and the mixture was stirred at room

temperature for 2 hours. The resin was removed by

filtration, and the reaction solution was concentrated.



acetonitrile solution and freeze-dried. The
freeze-dried product was purified by HPLC (Cadenza
colum C18 75 x 4.6 mm devel oping solvent A 0.1%
aqueous TFA solution, B: O. ;I%n TFA/ acetonitrile: water

= 90:10, gradient A'B = 95:5.°° -- 25:75, 15 min, flow

rate: O 1 m/mn) to produce a peptide having benzyl
oe t_the C-termnus

(% raa% 3SR -Versvseda in At Gaqudes Thr -

F’Jtee

- n whjch is represented
the forrrul a %on \ﬁrﬁBgfzﬁg Hd§d ofhe freeze-dried
R &Akjan I Cal cd far
csgH129|\|1902é’s“:f@tq[er\cxig%ﬁs @%B‘/g’@d@nzaf SHEMDEEB, 5 ¢ 4.6

@, 1B 10Ny N b1\
NH \OH v OHN c\)’écﬂgr\% \O/NI—1|%H gﬁ‘uoflérgf% S°1691|9N 6’

9 -330TFA/ddetiars tarile: water = 90: 10,

— 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 C39H129N1902984 : [M+2H] *+2 2056.8 ’
found. 2057.2.

O,H

gradient A:B = 95:5
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HO 02H

~ \ SNY_~-HYHN-H)-N_ ININOOOO

I(_|15) H41 - Exanpl ey13 1% TFA/ DCM sol ution was added to

a 22-residue peptide bonded to a trityl resin (ZEI'

nol) as a solid phase ((chLles (Boc) -Ala-Met-H s

t) -val-Ala-G@n (trt) -

SL?AI a- Val - Val - Leu- Al a- Ser (t Bu) - Ser (t Bu) - Arg(Pbf)-Qdy

“2ld s Al a-er (tBu) - Phe-d y- Cod(TLI tyl [efén&;s(rzggc?ga
bi ochem), and the nixture \

O et i m nytes. The resin was

f.ar 2 v
?tem\r/ggmgggryf@ﬁ?%ﬁl iﬁgﬁ,o TaH@St RdIrdatei 8n28okesiidnevas

ald ' idine. This reaction was repeated
etk st RO, TR LS el s
dese wagcmhe®s(&dﬁedAuBem%kQHH%(E&§9}%%E@%§§QGQ%QEEt?-

havi ng protected side chains. The pél |l et

- Viag -deDMA1asGkut(icon) aBd rqeREENRLAL 1 5001,
éDcﬂtOIa' ?g&ggﬂ Zgi dje pepti de havi ngrprot ect g% Si 52 Y
gﬁSrhEa(%aényécBbeyGAyacwmrityl resin)) (250 m

g

PRSHELLEY o0, B BiAhinhs | aoes Yhel inrarssantt Baror o ac
E?g&%%’ﬁﬁﬁ%‘i( %g%l\/ﬁ_g%n&/geigggkge ffe;s)imdyaaﬁﬁémcﬁved by
Thee oot 26A20aRd- ERS! PUE-PERY' 8810d0n (LS MU 2i2: .y
with pyridine. This reaction was repeated 5 times. The
reaction solution was concentrated, and water was then
added thereto to precipitate a peptide having protected
side chains. The pellet was collected using a DMF
solution and concentrated to obtain a 22-residue peptide
- having protected side.chains ((Boc) Lys (Boc) -Ala-Met -
His(trt)—Val—Ala—Gln(trt)—Pro—Ala—Val—Val—Leu-Ala—
Ser(tBu)—Ser(tBu)—Arg(be)—Gly-Ile—Ala—Ser(tBu)—Phe—Gly—
COOH) (1s6).

ESI-MS: Calcd for C170H245N2903,4S5 : [M+2H] *? 1652.0 ’
found. 1651.6

The obtained 22-residue peptide (16) (7.5 mg, 2.2
umol) , MS 4A (20.0 mg), and thiophenol (6.7 pul, 11.0
pmol) were stirred at -20°C for 1 hour under argon flow
- in a DMF solvent (300 ul). PyBOP (5.7 mg, 66.0 umol) and
DIPEA (1.7 pnl, 11.0 umol) were then added thereto, and

the mixture was stirred for 4 hours. Diethyl ether was

then added to the reaction solution to precipitate a



prol), Ms 4A (20.0 ng), and thiophenol (6.7 |, 11.0
gnol) were stirred at -20C for 1 hour under argon flow
in a DM solvent (300 ). PyBOP (5.7 ng, 66.0 nol) and
DIPEA (1.7 1, 11.0 nol) were Ehen added thereto, and
the m xture mas stirred for 4%héurs. Di et hyl ether was
then added to the reaction solution to precipitate a

42 conpound. After filtration, the pellet was
c%"i"]‘%%‘f : @§|tﬁ§ BNt TRtiiOnpethet pradetomeentpal edted
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conc tTate, & tpﬁ& e >‘8’1a§r goRaensrpEpdd a?5% cdEmeous
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50% aqueous acetonitrile solution an freezé&- dri eq.

Ttees ifir oeze nﬁmcﬁtéd)rhaﬁtfcltwmm | fainRd £y r’é%lc(élon
(Cadenza colum C18 75 x 4.6 nmm devel opi ng sol vent

/&0 1 t1i%ra (Ngeso (g TR ta tietd . on'I‘hB cOndémtrate was then
TFA/ acetonitrile: water = 90:10, gradient AAB = 95:5
disgolyed in B0 afqmuSr &cetoBitridlenispl utdopr agdce a

tlde havi ng pl thigester at the Cterm nus
%e 2R g Ise. ng Ya rﬂfaecﬁﬁled product was purified by

al - Val - Leu- Al a-Ser-Ser-Arg-dy-I1e-Al a-Ser-Ph
E{p%&“);% C\ﬁhlugﬁl i< 8 dgr ésén?e@mbydﬁﬁélpﬁﬁﬁgl golvent

‘ééf?"wé%Y'é%“%a’uf%o?‘g‘cR%%’ﬁ%éER@go 553 TniBhy o5 PenagEine:
waues -136216, dPadib¥ #H - 95.5 - 25:75, 15 min, flow
rate: 0.1 ml/min) to produce a peptide having phenyl
thiocester at the C-terminus (Lys-Ala-Met-His-Val-Ala-Gln-
Pro—Ala—Val—Val—Leu—Ala—Ser—Ser—Arg-Gly—Ile—Ala—Ser—Phe—
Gly-COSPh), which is represented by the formula (17).

Yield: 2 mg

Ratio of racemization: 1% or less

ESI-MS: Calcd for Cio3HiesN2s026S2: [M+2H]*? 1145.9,
found. 1145.7.
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NH"CH/ Il H~H r _r 0 HO OO (17) Exanple 14 An
HVPB- PEGA resin (50 nol) was gbtained in the sanme way
as in Exanple 1 and used as 4°s6l i d phase for

sol i d- phase synthesis. Am no acids were condensed
thereon to forma peptide. The am no acid condensati on
was perforned in the sane as in Exanple 1.
Frnoc- Phe (96.9 ng, 0.25 ) was ysed as.ithe first
am no acid and condensed usi ng MSNJ (74. , 0.25

), Nnethylimd I 44.% I 1@7.E pyol ), End
nmol ) nmet hyl i m dazo (V _ l H[BF .

OH

DCM (1 m). Then, am (
anmi no group were sequential |y cdndeéns _Usi @9 N
(33.7 ng, 0.25 mol), DIPCl (38.51, Owg Hpmol ), an
DMF (1 m). 0

(17)

Example 14

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

Fmoc-Phe (96.9 mg, 0.25 mmol) was used as the first
amino acid and condensed using MSNT (74.0 mg, 0.25 mmol),
N-methylimidazole (14.9 upl, 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).



11 - 44 Fnoc-Asn (88.6 ng, 0.25 mml), Fnoc-Cys(trt)
(146.4 ng, 0.25 mol), Fnoc-Lys(Boc) (117.1 ng, 0.25
mmol ), Fnoc-Asn (88.6 ng, 0.25 mml), Fnoc-Ay (74.3
ng, 0.25 mol), Fnoc-Tyr(tBu) (114.9 ng, 0.25 mmmol),
Frnoc- Thr (tBu) (99.4 ny, O. mmol ), Fnoc- Lys(Boc)
(117.1 ng, 0.25 nmmol) were used as the am no acids
having a protected amino group to forma 9-residue

pept i BeoofAPhe (P8REOPG(t P35 MYRL) BoEgoc ASYis Fyt Ty 146.4

(tBu) -Thr (tBu) -Lys_(Boc n the solid- phase resin.
RSt e -#as ARG ) wi Fﬁ‘o%dv'é’&r{a‘)oﬁﬁ/F,(lﬁﬁelr Bgir nop25 mmo 1] |

orrespondi to 3 [, _of t 9- [ tid
FReePBR d4376' B9 elpesaorP s anEned Gig By agfe"®d. 25

L agi ] I d th -
FERAAOERe o O SERERR O STl oo
disssal wved ion 2BMmmoRYSO0Fmot-1y6285ch) (ware 1iphaced .i2s mmol)

the Eppendorf tube. HO HO ,, HO-% 0 NHAc O+ O-O
weh® Qsed QAs iheHa@inkdOad@did0 haRing iaf p¥btpcled* amino
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group to form a 9-residue peptide 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 pumol) represented
by the following formula (18) and DEPBT (3 mg, 9 umol)

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

Eppendorf tube.
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DIPEA (1.02 pl, 6 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-



00 O HOHO OH HO NHAc (18) DIPEA (1.02 I, 6 pnol)
was added thereto, and the m xture was stirred at room
tenperature for 20 hours. After washing with DMF, the
Fnoc group was renoved with gO%pl peridine to forma
10-resi due peptide of Phe- Ast? -~ 45 Cys (trt) -Lys
(Boc) -Asn-dy-Tyr (tBu) -Thr (tBu) -Lys (Boc) -
& gosaccharlde chain) on the solid- Ehase resin.
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aci ds. TFE = 1:1 (1 m) was added to the resin,

BmHCIthand1EMBte was reacted at roomtenperature for

20 hours. The resin was renoved by filtration, and

t he F@@@tkﬁm (307 ungonOwadScomedht r Bned-SerdbBain (3.9 mg,
14-residue Etlde having prot ected side chains

?CQ%?TW??ltly BeF £BY) (As mﬂsn?CPﬂéo@Q@éhar?&é Boc-

?-%ﬁ 3B%C???Thr(%ﬁgt5“"‘ wﬁﬁ?c&@ﬂyeeiéf.llir'h@sed for
8BhaLRed 18ar el due aﬁmd%_&é%l). (11.7 ng, 3 nol), M5

enzyl mercaptan 90 nol) were
stirrgdomt TEACG oI 1(i10rHI) UREEr 2 @886 OME | Pedin, and
the mixture was reacted at room temperature for 20 hours.
The resin was removed by filtration, and the reaction
solution was concentrated to obtain a 1l4-residue peptide
having protected side chains (Cys(Thz)-Gly-Ser (tBu) -Asp-
Asn(Oligosaccharide chain) -Lys (Boc) -Thr (tBu) -Tyr (tBu) -
Gly-Asn-Lys (Boc) -Cys(trt) -Asn-Phe-COOH) (19).

The obtained 14-residue peptide (19) (11.7 mg, 3
pmol), MS 4A, and benzyl mercaptan (10.6 pul, 90 pmol)
were stirred at -20°C for 1 hour under argon flow in a
DMF solvent (405 pl). PyBOP (7.8 mg, 15 umol) and DIPEA
(2.6 pl, 15 pumol) 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 separatéd from the
solution by filtration, and the pellet remaining on the

filter paper was dissolved in 50% agqueous acetonitrile

solution and collected. The collected sclution was



DMF sol vent (405 ). PyBOP (7.8 ng, 15 nol) and DI PEA
(2.6 1, 15 gnol) were then added thereto, and the

m xture was stirred for 2 hours. D ethyl ether was

then added to the reaction iglytion to deposit the
compound of interest as a peflet. This pellet was
separated fromthe solution by filtration, and the
pellet remaining on the filter paper was dissolved in
SORCEGEEGESdac eg Bhi eAVERUS SEF At Fohubhan cBRf e2fded tRethe.
coIIecEed sol ution. was .4 concentrat ed.. 95% aqueous
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devel opi ng solvent A 0.01% aqueous TFA solution, B: '

@181%sTRALagemaNi BevkeophabekoTv8at1fA,: ogvadi agueAuB TFA
80:20 -* 40:60, 15 min, flowrate: 1 mnm/mn) to
poddirdeona PBepli-@é shaFAgceconylt rilecewtserat 90hdo0,
Ctermnus (Cys(Thz)-d y-Ser-Asp-Asn(d igosaccharide
crgidd enty & Bhe- BPr: 2@ y> ASH: €9 5- Tysmisn- PhewCosen) , 1

MFha0] & PUPaLEn ZaPPhh \igs naade Peeeylekpiopgrer e
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chain) -Lys-Thr-Tyr-Gly-Asn-Lys-Cys-Asn-Phe-C0OSBn), which
is represented by the formula (20).

Yield: 3 mg

The ratio of racemization was 2% or less.

ESI-MS: Calcd for CiisHzoiN230¢7S3: [M+2H]*? 1646.1,

found. 1646.4.
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HS HO (20) Conparative Exarnple 1 A benzyl thioester
formof a peptide (AcNH Hi s-Al a- Al a- Phe- COSBn) was
obt ai ned by the sane procedures as in Exanple 7
except that PyBOP was changed to DEPBT (1.5Vhy, 5
nol) or HBTU (1.9 ng, 5 nol). Its yield 10% f or
the use of DEPBT and | ess than 10%for the use of

HBTU. Conparatpve Exanpl e 2 %
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Comparative Example 1

A benzyl thioester 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 pmol). Its yield was 10% for

the use of DEPBT and less than 10% for the use of HBTU.

Comparative Example 2

A benzyl thioester form of a peptide (AcNH-Cys-Cys-
Glu-His-COSBn) was obtained in the same way as in Example
9 except that the reaction temperature was changed to

30°C.




A benzyl thioester formof a peptide (AcNH Cys-Cys-

d u-Hi s-COSBn) was obtained in the sane way as in
Exanple 9 except that the reaction tenperature was
changed to 30C. - 48 The ratio of racem zation was
40% Industrial Applicability According to a process
of the present invention, a peptide having a carboxyl
group_at the Ctermnus, with protecting groups in

t he p@b?lHétéPd@fcﬁaFﬁ§lﬁﬁFhPalH@ﬁ 40%an be produced
for a non-glycosyl ated peptide or even for a

gl ycopepti de having an ol i gosacchari de chai n,

R%Eh%%%hgﬁ|Xﬁ$EQC%quQ% ccharide chain with an

unpr ot ectéd r oxyl up, without influencing its

0|'goﬁé@ébéihgetéhé'Bré&éggterthgu%£@§éﬁpr?nvéntlon, a
peptide thioester conpound wth tle CGterm na

pepeiideahboingl a thebpepli deotpnabe tpeoduecedmifie, with
obt ai ned peptide thioester conpound can be allowed to
acbtestanpgeptiodesf dagirbet peatidg €jdeashannk madntiaialed,
am no acid to thereby achi eve polynerization. As a
Feésube, Prafyeedl fospronernglivgesidasrd prp§dsiac oraeives

%haln wi,ith a single structure can al so be produced
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oligosaccharide chain structure. Furthermore, a peptide
thioester compound with little C-terminal racemization of
the peptide can be produced.

Thé obtained peptide thioester compound can be
allowed to act on a peptide fragment having Cys aé 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.



by the formula (1) as a solid phase; (B) cleaving a
bond between the solid phase and the peptide with at
| east one acid selected fromdilute hydrochloric
acid, dilute sulfuric acid, {&rnic acid, and acetic
acid to produce a peptide ha ng a carboxyl group at
the Gtermnus; and (C) reacting a thiol conpound with
the peptide at - 100 to OC in the presence of a
condensing agent in a sol¥eWMSRIO HOCH2 OqgCH2 \ C
_ (1) wherein Rl represents a Cl1.4 al kyl group, R2
represents a hydrogen atomor Cl.4 al koxy group, and
repr a 22, : S
drodnoriebatpeberoBtRackath, 2 biphiap cA1BERREE chbouna.
@hta@a@t%ﬁzeﬁh%&a%b%ﬁ%‘ingy conprising: (A) f0f m ng
a peptide by a Solid-phase synthesis method using a
resi n(Apdibiadnyi hpeptiakebyr &psesedt pasdysyhthesis
formula (1) as a solid phase; and - 50 (B) cleaving a
bettodetiseey theesdn tdopghidisedawdthhe lpeperdeeprelseated
| east one acid selected fromdilute hydrochloric
& Ghedifgmeilaul(flir pe aciselifophpeeaci d, and acetic

Cormodth, CERRTERRs! Bl BELELER LRTREI ST LAGECLT cn
R EOIGT, WA ACREPLLAR MR SILORK gloup
?@%ﬂ%cﬂﬁo@i%og%QQR'dllute sulfuric acid, formic acid, and
acetic acid to produce a peptide having a carboxyl group
at the C-terminus; and

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

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

solvent:

R'Q
Ho—CHZQ&QCHA—C_
n
Rz

wherein R' represents a C;.;4 alkyl group, R® represents a

(1)

hydrogen atom or C;.4 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




4. The production process according to any of clains 1
to 3, wherein the Ntermnal am no acid of the peptide

- is cysteine. 5. The production process according to
claim4, wherein the pepti has a thiol group of the
cysteine protected with a fat-soluble protecting

group. 6. The production process according to claim1l

or 2, wherein the resin nodified with a linker

repr eé%ht@de%‘yln$ he Penduipatyasn | %h%ns%%%phbm apdj phe

havi n roup bonded .to
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aleehgl 4c84. The production process according to claim

7, wherein the alcohol is halogenoal cohol. 9. The

BI. odaIchTOfe P8 OE€BSpacdatihggat peptadm thabesterwherpiound,
the solvent is at |east one selected fromN, N
dheethyketorrdnbye comgrilsipghykepygtiobi donbiol §dmpoond
The production process according to claim1l or 3,
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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) is performed in the
presence of an alcohol.

8. The production process according to claim 7, wherein
the alcohol is halogenoalcohol.

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.



10. The production process according to claim 1 or 3,
wherein the condensing agent is 1-
hydroxybenzotriazole/diisopropylcarbodiimide or
benzotriazol-1l-yloxy-trispyrrolidinophosphonium
hexafluorophosphate/diisopropylethylamine.

11. The production process according to any of claims 1

to 10, wherein the peptide is a glycopeptide.



