5METHOD FOR NATI VE LI GATI ON OF POLYPEPTI DES FI ELD OF THE | NVENTI ON 10The
present invention relates to a nethod for native ligation of polypeptides.
The invention also relates to functionalized pol ypeptides useful for

i npl enenting this nethod for native ligatfon, as well as a nethod for

manuf acturi ng these functionalized pol ypeptides. The invention also relates
to an am ne conpound as well as a functionalized resin, useful for

15i npl enenting the method for manufacturing functionalized pol ypepti des.
TECHNI CAL BACKGROUND The synthesis of pol ypeptides by conventi onal
sol i d- phase nethods, am no acid by amno acid, is limted by |ow yields
when t he pol ypeptides 20 synthesized are of |arge size. For overcom ng

this limtation, assenbly of two poI ypeptldes by chem cal ligation, in
order to produce a IM neral, it
is desirable for the et game : ligation to
be native, i.e. to correspond to the natural structure 250f the

pol ypepti des. Currently the main nmethod for native ligation is that

of Kent and Dawson, which is described for exanple in docunents WO 96/ 34878
and WO 98/ 28434. This nethod is based on a chenopsel ective reacti on between

a (Cterm nalpglELD OEStHE INYENTIEONAND a cystei nyl peptide. The mai n drawback
300f this nmethod i.s that nufac ure f t he thioe des.r UII’
conpl ex theni cal §§%‘%ﬁ imvaftion AF %t??et%ne?t m%t?‘ﬁ@t ngd n?b"%o'@i%ﬂe&
St audi nger | immjpapmldeslefhe imethtion atsac retates o \\h&ionai2ed palypepi s Li8&RIRO0.
This conpris f t t a e

TP 1 S5y HBBRMAing itfs RRARBA! At AlkRES o, 1 Bya%d 92 dliflod or .

hydr ol ysi s of the d reag en n am-de ‘bond.
difficult torﬁ@mfglctuﬂngrthea@dgmtloatahse@lp@lypeptldes Fhe rinvantiopt #led, retiéesr i bed

in document W@ aﬂozhﬁﬁg%&n bénc*Pa§§dw8f‘ é@ast nma:t.eha%oﬁ K80 éﬁéfgl("fbf;h an

amne in a reaction of ecar ?@é ative_condensat | However, eto
aci ds ar® nolBPERENINgNepethgdifer panufaciuring Pﬁ%tZ@tdeo%{YFbeRt@eisncorporate
in peptides. Mreover, this third method is difficult to apply in peptide

synthesis |la t t equipped with means for carrying out
conpl ex organt wGﬁd}UNB There is therefore a real need to

devel op a new net Abe $wﬂhe&tsquacﬂ}'pejﬂweerb)obopvm}tm’qaﬂ isoid-phake ahefrodbpt h
effective ang ghiPd&d tyPahfim SN tis limited by low yields when the polypeptides
20 synthesized are of large size. For overcoming this limitation, assembly of two
polypeptides by chemical ligation, in order to produce a longer polypeptide, is
known.
In general, it is desirable for the bond between the polypeptides
assembled by ligation to be native, i.e. to correspond to the natural structure
25 of the polypeptides.
Currently the main method for native ligation is that of Kent and
Dawson, which is described for example in documents WO 96/34878 and
WO 98/28434. This method is based on a chemoselective reaction between
a (C-terminal) thioester peptide and a cysteinyl peptide. The main drawback
30 of this method is that manufacture of the thioester peptides requires complex
chemical processes.
An alternative method is so-called Staudinger ligation, described in
documents WO 01/68565 and WO 01/87920. This comprises reaction of a
phosphinothioester with an azide and hydrolysis of the combined reagents to
35 form an amide bond. This method is difficult to apply on an industrial scale.
A third method, described in document WO 2007/037812, is based on
reaction of an a-keto acid with an amine in a reaction of decarboxylative
condensation. However, the keto acids are molecules that are difficult to




i ncluding on an industrial scale. SUMVARY OF THE | NVENTI ON The
i nvention relates firstly to a nethod for manufacturing a 10pol ypepti de of
formula: (I111)X1-X"-X2 X1 and X2 each representing a peptide
fragnent, and X' representing an am no acfd residue conprising a thiol
function, said nethod conprising at | east one step of ligation reaction
bet ween a pol ypeptide of fornula: 15(1)X1-N(CH2CH2SH) 2 and a pol ypeptide of
formul a: (11)Maruiagiure and to ingarperdte dn teerlidesnioneonsit this Haird ingethodnis
reaction is C@imduﬂotocwpnf% Bé{)ﬁtge'aé @grf]meagl [4BERIOISS ﬂ{atfé?ﬁrﬁHt %quﬁﬂ)e(dr \)v]ith
|

Into contact with }he ol.ype forrr_ulaé‘ll), In the presernce or at

| east one conp§aAY ?frﬁfﬁryﬂﬁaﬁfegomﬂ'@wgﬂmlﬁﬁwa 8§6fds. 25According to an
enmbodi ment, X2 rethweni'rsStheréfgm iadeed! megaier d@f/elbp{éﬂﬂe{ﬁ\f1 héthod for nlatiE/e 2
X21-(XiiizXi')1l=3 n n, bein n_int I eat e n Qr .equa o 3,
each( XI, : I > f L)rl}q]aﬁgﬂ ?hPeyRePUYs rv?’}glgﬁ 'Bet?%ﬁg%ef?'é{ﬁaaqé SFBBF&?%dmﬁﬂﬂaﬂtam no

aci d resi due ipelgingsdmgndedusttidlisshlel. uncti on, and each X, for i an integer
conprised between 2 and n, representing a peptide fragnment; the nethod
conprising, before the step of Ii(_:i_ation reacti on between the pol ypeptide of
formula (I) R INVENETIOBr mul a (11), a succession of n-2 steps
of ligation reactithe Hhbéntior Nre3dted @fstlyl 8t ROMERRE! IfON . maRAlfdctdihd N4 eger
conpri sed bet ween 1 aann-Z,I bei ng a 35ligation reaction between a
pol ypept i te o‘fOY%erpg%’leaE PRAURE X" - X11- N( CH2CH2SH) 2

() - X4-X"-Xz

X1 and X; each representing a peptide fragment, and X" representing
an amino acid residue comprising a thiol function, said method comprising at
least one step of ligation reaction between a polypeptide of formula:

15 ()] X1-N(CH2CH,SH),
and a polypeptide of formula:
(n  H-X"-Xa.

According to an embodiment, the ligation reaction is carried out by
bringing a polypeptide of formula:
20 K\S
(I XN
S
into contact with the polypeptide of formula (Il), in the presence of at
least one compound that reduces the disulphide bonds.
25 According to an embodiment, X, represents a peptide fragment of
formula
(V) X-(X"-X{)i=3..n
n being an integer greater than or equal to 3, each X", for i an integer
comprised between 3 and n, representing an amino acid residue comprising
30 a thiol function, and each X/, for i an integer comprised between 2 and n,
representing a peptide fragment; the method comprising, before the step of
ligation reaction between the polypeptide of formula (1) and the polypeptide of
formula (ll), a succession of n-2 steps of ligation reaction, the j-th step of
ligation reaction, for j an integer comprised between 1 and n-2, being a
35 ligation reaction between a polypeptide of formula:
(V)  H-Xu"-Xn4'- N(CH2CH2SH),
in which the amine function and/or the thiol function of residue X," is
protected, and a polypeptide of formula:



in which the am ne function and/or the thiol function of residue Xn_j" is
protected, and a pol ypeptide of formula: 3 (M) H (X "-X '")F(n-1-F1).. to

forma polypeptide of formula: (M) H(Xi"-Xil)i=(n-j)...n _ t he
pol ypeptide of formula (VI1) undergoing deprotection of the thiol Sfunction
of the residue Xn; at the end of the ligation reaction. According to

an enbodi ment, one or nore of the n-2 steps of ligation reaction between
t he pol ypeptide of(Mbr (& "§)=@nd..t he pol ypeptide of formula (V) is

carried out by bripgi td figf ormul a: 10(V' )H Xn1"-Xn_j'-Ninto
contact with the pfg)%gﬁa?‘?ﬁ%%@%?o‘?fﬁ@'a(w)H(x, "X )i=(n-j+1) .. n
j being an int eger( é% 'i(éieg(ibm—v\een 1 and n-2, in the presence of at
15l east oneI cormoluthd psdwe;rtra@ucﬁméhhfﬂaqvﬁylmaelfbbi@g)ruémotectlion of'Elhé thiotl_ de
i nvention. a rela to Xo) ar acturing a cyclic polypepti
of formis (aefotbite'Rsfyi Rttt b8 faglionteattRivent  and .
representi ng an arAcrordiogdo ramsenhbednoanty oseray raotehobihef Mcst'epe,ofs’.igbﬂ?mret hod
conpri sing at 0 ' g r ' f Y, | 0
Formil o | (x1 ) FEga FeahRebohbERie br RRFML IR ot B0t JRabephe or
embodi ment , tfREMVIRGM) is €arriedeuidhy binging i ralyrrptideyoffermdiang a pol ypept i de
of formul a:

S

10 (V')  H-X,.,’-X -’—Nﬁ\'
- n-j \\/S
into contact with the polypeptide of formula:
V) H-(X"-X{)i=(n—j1)...n
j being an integer comprised between 1 and n-2, in the presence of at
15 least one compound that reduces the disulphide bonds.
The invention also relates to a method for manufacturing a cyclic
polypeptide of formula:

(X) i X2 ]

20 Xz representing a peptide fragment, and X" representing an amino
acid residue comprising a thiol function, said method comprising at least one
step of ligation reaction of a polypeptide of formula:

(Xl)  H-X"-X,-N(CH,CH,SH),
with itself.

25 According to an embodiment, the ligation reaction is carried out by
bringing a polypeptide of formula:

f\s
(XI' H-X"-XN '
S
30 into contact with at least one compound that reduces the disulphide

bonds.

According to an embodiment of any one of the preceding methods, the
ligation reaction or ligation reactions are carried out in an aqueous medium,
preferably at a pH comprised between 6.5 and 8.5, more particularly

35 preferably between 7 and 8, and ideally of approximately 7.5.

According to an embodiment of any one of the preceding methods, the
ligation reaction or ligation reactions are carried out in the presence of at
least one compound that reduces the disulphide bonds, selected from tris(2-



(XI") HX"'-X2-N 30into contact wth at | east one conpound that reduces the
di sul phi de bonds. According to an enbodi ment of any one of the
precedi ng nmethods, the ligation reaction or ligation reactions are carried
out in an aqueous medium preferably at a?pH conprised between 6.5 and 8.5,
nore particul arIy 35preferably between 7 and 8, and ideally of

approxi matel y According to an enbodi nent of any one of the
precedi ng net%é@xyqthblmh@@hmﬁa 4-scapiopbenylpgetia anid; cdithigtbraitodr beozylr i ed

out in the prméﬂfma@gngtm,;(ﬁ@ég tmgoporrpound t hat reduces the disul phide
bonds, selected fr m tri s{l Ahcar box et h Pphosphl ne,
4- er capt ophenyl ac€l§ EV&R gnfqﬂ erﬁlr%IPFﬁ ’ﬁot% olypeptqe Ofr@rr@é.‘ﬁ an and ni xtures

t hereof. The invend) on )(1uN(¢'H§CH§|a)2es to a pol ypeptide of fornmnula:

(1) Xi - N( GH2CH2SH) fornmul a: )X1-N r-NS in which X1 represents a
peptide g:agrrent 2%&25%’3‘5‘&%9 to an enbodl ment, X1 conprises between 2 and

300 am no acid residues, grably between 5 and 100 am no aci d residues,
nore particul arly(pyef Rf;‘\b‘étween 8 and 50 amino acid residues.

The invention al so Trel at s\t 0.9 nethod for manufacturi ng a pol ypepti de of
formul a: 15(1) X1- N( CH2CH2SH) X1 representing a peptide fragnent,

conprising at Ieas,ﬁmx; %brgéermgmpéﬁlc@/ﬁléé}ﬂéhﬁ and one step of
C-termng|l functiagpali 0, an epbodi ment, the

step of peptide sy épg t%raé‘c%ﬂggd'frf?é‘t$bﬁ°'6‘i°”§g%%’??"ﬁ%{’l 2409 00 afnieo st ep
of peptide s;admeesldueﬂpprefesabw epotymeplande 100 drampubaid (esiduesl- @idre

particularly preferably between 8 and 50 amino acid residues.
The invention also relates to a method for manufacturing a polypeptide
of formula:
15 H X4-N(CH,CH2SH),
X1 representing a peptide fragment, comprising at least one step of
peptide synthesis and one step of C-terminal functionalization.
According to an embodiment, the step of peptide synthesis precedes
the step of functionalization; the step of peptide synthesis supplies a
20 polypeptide of formula:
(IX) X4-OH
preferably comprising protective groups on its amine and carboxylic
functions, with the exception of its C-terminal carboxylic function; and the
step of functionalization comprises:
25 — reaction of the polypeptide of formula (IX) with the amine
compound of formula:
(VI NH(CH2-CH2-S-G1);
in which G, represents a protective group, said protective group
preferably forming a thioether, thioester or disulphide function, and
30 more particularly preferably being the triphenylmethyl group, in the
liquid phase, to form the polypeptide of formula (1);
— optionally deprotection of the polypeptide of formula (I).
A subject of the invention is also a polymer resin support for solid-
phase synthesis of polypeptides, comprising a main skeleton and NH-
35 (CHCH2-S-Trt-),  functional groups or NH-(CH,CH,-S-Trt-CO-NH-),
functional groups, where Trt represents a triphenylmethy! group optionally
substituted with one or more substituents, in particular selected from the
substituents chlorine, methoxy, methyl, fluorine and cyano; in which the NH-



preferably conprising protective groups on its am ne and carboxylic
functions, with the exception of its Ctermnal carboxylic function; and
the step of functionalization conprises: 25reaction of the polypeptide of
formula (1X) with the am ne conpound of f®rmula: (VII11)NHCH2-CH2-S-Gl)2 in
which Gl represents a protective group, said protective group preferably
formng a thioether, thioester or disulphide function, and 30nore

particul arly (e(diabt tbeifnactional areynseate beungitogheupairi akeleton byuhe

phase, to ford hepHeRlIRERY| geolﬂis,f&rml mﬁ{)@mzcﬂn}-;ﬂw—'dd-mﬁf HyREfioR Of

t he pol ypepti de of fo%rrulgéh}. ) A subj ect of the inverfion is also a

pol yner resi nd"O4Bp&FE OPHR dof %WH&%@'@W%@?StW@f?FB@%@HPﬁdeS, conpri si ng

NH (ORGP S T 100 ML Hunct Foral gt piea IIFTERISSin CUBHRTL R sold-

tri phen;/::_gret r&ﬁés&%ﬁﬁo&%ﬂ%ppﬁsgt F?'Ugﬂﬁin\%i% mqjﬁeskg[e?ﬁqna@ s@b‘g%‘{“ﬂent s,

i n particul ar(G&Gts8d i+ p niunhorsal bgitdupse ot ;G@%Nr(l@dgﬂmjf-ﬁowp(Dn&ltth)b,

fl i d ATORgY i = S - i roups

o bound o Cheighal gtolhCREER? T reprst SR iRonEhinelitn ¢ib6b Gitbnafy e

NH- ( CH2CH2- S-SHbstitateduwiiip ongnet inderal subsiiventar é ieutinulaio selestasaimons ke¢ et on
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support for solid- . ase s : ,

ke ot ontina IRaeRE Fpeee. S¥oRsio beRtnd (a5t ghoteErgpcive aroups: s

tGZ_— Aﬁ- N- I( CJ-ltZCEbIﬁFG%eﬁtst aﬁ@dmge)nlzatbnnoga;maﬂecgwgpmp WO @ﬁmfmhfﬁ@ﬂrlngl‘?%ﬁeﬁt .
ri phenyl me r ,

0 part) our s Lol EMPHEBR e TR EE dlplts PR Tulllol WReta'

fluorine and skelaien byatheetra siphenylmethyb gearpsoorthiel GoeAA-INHC HpE€ HotGal iy

b i bV upss e ; g 0 r a

ot ot 6t ve gr oo 2 cGhT iR Bl HeentoR) B B EEPD. BeTe) ,

functi ontl gr%'ﬂn'B? %P¥PHound to the main skeleton by the two triphenyl nethyl

groups or 'lt(hle GZ-%cblrcﬂ@*&@-anserﬁbb@@\éﬁw-bﬂtﬁ@@éﬂeﬁﬁ%{ticﬂ\%gupély?fé@ Reind to
the mai n ske ] am.ne aroups. ccordin o, an,
enbodi Iment oﬁﬁﬁﬁgng*%’tg%éﬁ@'w%iegan b%F?'%&fe‘f“z%Whg&ﬁbm@Pet H%'gﬂﬁriY}?fg'Q& et on
is selected fotyathyienpoglyselyrerikjoseol yalyetiytemiedepolpestert haterneolanidk,

|1 ul , ; yeste o] ]
ool ydi ot hy@%'ﬁ%{'ﬁeﬁ,b’ggw&%hw %%'X%ﬁ\g'%cﬁ b pbf@gl g@!ﬁt "ol FRRPIYMeT,
20pol yet¥yl eRelvgtipene p@lwalcpcg}}'@ﬁfv@mg@p@pmmegké eletons and dlarivatives/es
t her eof . theredf. subj ect of the invention is also a nethod for

ggr;;ggt Iu(rjlegg goﬁg %gﬁ?&{ o ”'leSIIJrP\Pe%rti%nf Psr as%I Iad_r'ﬁeQﬁgg fso¥nrtng%a:‘asctt?rfing a
polymer resin support for solid-phase synthesis of polypeptides, comprising:
— supplying a polymer resin;
25 — functionalization of the polymer resin by reaction with the amine
compound of formula:
(VIII')  NH(CH2-CH2-S-H),
According to an embodiment of the method for manufacturing the
polymer resin support, the method comprises, prior to the step of
30 functionalization of the polymer resin:
— supplying an amine compound of formula:
(VI NH(CH2-CH,-S-Gy),
in which G; represents a protective group, said protective group
preferably forming a thioether, thioester or disulphide function, and
35 more particularly preferably being the triphenylmethyl group;
— deprotection of this amine compound to obtain the amine
compound of formula (VIII').



supplying a polyner resin; 25- functionalization of the polyner resin by
reaction with the am ne conpound of fornula: (VIII")NH CH2- CH2-S-H) 2
According to an enbodi ment of the nmethod for manufacturing the polyner
resin support, the nethod conprises, prio? to the step of

30functional i zati on of the polynmer resin: supplying an am ne conpound of
formula: (VII1)NH CH2- CH2-S-Gl) 2 i n which GL represents a
protective gr oup, Aegardingote@ni eabgdingnip oéftee apethodofari manafadtudeg Hbe,

t hi oester or b@ﬁmed@fngﬂglral(gn and 35nore particularly preferably bei ng
the triphenyl rre?hyl rou forot ection of this am ne conpound to gbtain
t he ani ne conpound™ of ?orsﬁﬁ.ﬂ aol Vungtignalizgtion - preceggs othe ngftepo dn Pepbidai nent

of the method for nargyhmégqgl ng the pol ypeptlde of formula (I): the step
of functionalization gede (£8; tlde synthesis; 5- the step of
functionali zati on co u5‘8 ﬁg '3’?10 ﬁ'&eﬁm d to a polymer resin
support conprising a 'rralamupkeg amwmmmda&lﬂi—t()@—ﬁﬂymesm'sm-smpbttrMmpmmhg

NH- ( CH2CH2- S-
Po supply a primer suppd A e AfEF N'FPQ@“%@H‘)?%- R T S H

pol yner resin support cdprN&l- (’@"zCHHSnTIE‘ é‘ﬂdm)zanﬂmc'ﬂonal groups, as

G2- AA-N- (CH2CH2- S-Trt -) %és@ﬂﬁéd apale Qb%‘t‘]?ﬁlﬂ primer support or
@2- AA- N- $CHZCHZ S-Trt-CO-NH-)2 functiona rou crl bed. above;

the step'df peptide syntSHQQl NE IITERSUBP uc‘e’gkcgl'ﬁr? 8f yéréﬁfprqsﬁb§uﬁw
am no acids on the pri rr&:onmﬂsmgta main skeléonoand N@,-AA-NA CHIGHL-BET— Qf

corpri ses biingi ng the DA r abPHPSLpBbr Y ENESHEE S THOSh BfiTho

acid halide or with an émﬁ@nabgw@ﬁdaadeacmbanhabm@ agent, preferably

sel ected from PyBQP, tROBie YBRRide™@rhesis comprises a succession of couplings
15 of amino acids on the primer support.

According to an embodiment of this method, the coupling of an amino
acid to the polymer resin support comprises bringing the polymer resin
support into contact with an amino acid halide or with an amino acid and an
activating agent, preferably selected from PyBOP, BOP, PyBROP, more

20 particularly preferably PyBROP.

The invention also relates to a method for manufacturing a polypeptide

of formula:

NS
\\/S
in which X; represents a peptide fragment, comprising a step of
oxidation of a polypeptide of formula:
h X4-N(CH2CH,SH),
preferably in contact with air, or in the presence of |, or of diamide,
30 and in a buffer, said oxidation step preferably being preceded by a step of
manufacture of the polypeptide of formula (l) according to the method
described above.
According to an embodiment of the method for manufacturing a
polypeptide of formula (Hl) or (X), the latter comprises a step of manufacture
35 of the polypeptide of formula (1) and/or (V) or (XI) which is according to the
method for manufacturing the polypeptide of formula (I) described above, or
a step of manufacture of the polypeptide of formula (I') and/or (V') or (XI')

N XN
25



20particularly preferably PyBROP. The invention also relates to a
met hod for manufacturing a polypeptide of formula: r-Ns (1')X1-N 25
in which X1 represents a peptide fragnent, conprising a step of oxidation
of a polypeptide of formula: (I)XL1-N CHZC?!ZSH) 2 preferably in contact wth
air, or in the presence of 12 or of diamde, 30 and in a buffer, said
oxi dation step preferably being preceded by a step of manufacture of the
pol ypept i de oRcaosdingl @ the metbed dohgnanyfaguringtthedpelygeptidse of fouwela (1)
According to @scgipBadipeeet of the nmethod for manufacturing a pol ypeptide of
formula (111) or (X), the |latter conprises a step of manufacture 35 of the
pol ypepti de of forfi aNVentighdpse (eiates tox § Wethad, iorac'@éﬂblfﬁﬁ?@ﬂtf& tfe
nmet hod for nysherariceuticy dongpazitiorpedhpasingt forrm: a EI) desg/rl bedva;)ove, or
a step of . manufacture_of the pol ypept) de formula I'Q{) nd/ or or
(XI') 7 %ccordi ng_tdn%)ﬂléftaﬁ&”ﬁgd EFO °4¥Hﬁ8€ Rt APFHG NGhet oﬁ?‘?péﬁﬁ%’é’ oPr
formula (1') descri bedamifackeiring a polypeptideveiforotulal @8) rarl 6X)esidsoribedret hod
for manufacturing a phakBageyti cal conposition conprising: 5- nanufacturing
a pol ypeptide according to the nmethod for manufacturing a BOl ypeptide of
formula (111) or (X) feeaeatingdhighpolpentide with mmeael wootehpsapoagedisallyle
with one or nore pharggeepiableadjuyamecept abl e adj uvants. 10The invention
also relates to a_nethod for nuf act yri n dj agnostic devi ce conpri sing:
manuf act (ti ng a polFpERENERN Qgg’orreéﬁa}ﬁﬁtfl?@ ’?‘ﬁg‘%ﬁ)ﬂdﬂa'ﬂg?cw&'ﬁgfaaé’ﬁgppﬁ@?a
pol ypepti de afeviaercorhprigingl) or (X) described above, and 15- formulating
this polypeptide in g,iqrmehhlab ep&%e&'ioaegngéédrgin'dsetb the method for
manufacturing a polypeptide of formula (lll) or (X) described
above, and

15 — formulating this polypeptide in a form suitable for diagnostic use.

A subject of the invention is also an amine compound of formula:
(VHI") NH(CH,-CH2-S-Trt),

where Trt represents the triphenylmethyl group.

The present invention makes it possible to overcome the drawbacks of

20  the state of the art. More patrticularly it provides a method for native ligation of

polypeptides, which is both effective and simpler to implement than the
previous methods, including on an industrial scale.

This is achieved through the development of a reaction scheme in
which a polypeptide modified at the C-terminal end with a

25 bis(mercaptoethyl)amino group reacts with a polypeptide having a cysteine at

the N-terminal end (or another amino acid comprising a thiol function) to form
a native amide bond.

According to certain particular embodiments, the invention also has
one or preferably several of the advantageous features listed below.

30 - The method of ligation according to the invention optionally uses
unprotected polypeptide reagents, in particular when a single
ligation is carried out. The use of protected polypeptides is difficult
owing to their low solubility, and because in addition it requires a
step of deprotection after ligation, leading to an additional cost and

35 the possibility of degradation. Conversely, the invention therefore
makes it possible to avoid the drawbacks associated with
protected polypeptides, in particular when a single ligation is
carried out. The method according to the invention leads directly to



A subject of the invention is also an am ne conmpound of fornula: (VIII")
NH(CH2- CH2-S-Trt) 2 where Trt represents the triphenyl nethyl group. The
present invention nakes it possible to overcone the drawbacks of 20 the
state of the art. Mre particularly it pr@vides a nethod for native
l'igation of polypeptides, which is both effective and sinpler to inplenent
t han the previous nethods, including on an industrial scale. This is
achi eved t hrough t he theviermatiemiof of nativedontoat ¥iehpeist ioh ligatien, without it

pol ypeptide nodified b"élné H@c&éa‘?}?m Bé‘ﬂ 6[]idd rb?bcﬁlon?a'?t r |Iﬂat10n
bi s( mer capt oet hyl ) am ng ﬁngt S a | ypept | avi ng cyst ei ne

at the N-terninal end Q%ﬁ'ﬁrhﬁc%ﬂtﬂ‘gc@n‘b"ﬁ 'QV%@*'% tShlPQﬁeq‘ aRdhe on)
to forma native am CLtSebQNCboerd@Snmddﬁﬂe@eWm l&h@ﬁréamy%@blc@rmﬁsﬂ;dmts

t he |nven,it| on al so h%sroone OIJ; refera L(}/B_l?eve al of the agvanlta h
features 1isted bel oW Uy W ér‘:ﬁ@?ﬁ% rodtgaUstg RN Pﬂ% 'P'Hlées
i nvention optionally Qi@@ptidepynﬂhestsed pol ypepti de reagents, in particular

when a single | 193! othd fefibh eI indReIBP HERIRIH L el Rg! ypgptjfes s

difficult owlngtothelr ow solu cause

requires a step of déﬁﬂﬁteé!ﬁ@foﬁheéﬁpé'delfrawﬂ@ﬁﬁ Th@\‘adhﬂ@ ischaneedith havnal

cost and 35 the posgedblrsétoothedp@hafitienof SRNE R Herl’é/é‘tﬂ/ésn(é%ﬁh'
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d

prot ect et pol ypepti i ACIHSr (P UPBMRREN WNIShh oM icéﬁﬁ oS Sydhesied
out. The nethod accordhsigetably.he invention | eads directly to 8 the

formation of a nativ t & o t,hout .t ,bein
necessary to carry og‘lsl%geprh(;)ltoefcgHe ﬁ) ﬁeéﬁ'dﬁ %ﬁé&ﬁg ca\ﬁ] qrecfe“r%d ?Utl g’batl on
according to the |nv@tﬂﬂd@ﬁd|f§8b@$1ecf0brenahmlas@smg lﬁmbylf:bemhw;dschmdlsitnyed
with chemcally 5tab|CQ)r1fsléaGéht‘Bﬂ%e ﬁ%tﬁb‘cﬂ’%cc&‘@l'l toatrh% ﬁﬂe’?ﬁ’ﬂo%%' H

usi ng conventi onal technlques synt I nventi aI owWs

the use Gf protei nog¥ic tHe ﬁé’t%?@éj f'B?U%t&‘ﬁ't h%/gqtlges(ﬁ PHRCEsERS i g@rrently
fragments. Thus, theggailabl®@o Theedmind Rk raaaouppr@phaté Relidesuppretsuare of

am no acid derlvatlv such as . 10keto acids for e whi ch
conplicates the synt EHQ%EH%SH%'%&% Iﬁ§ge V%’S’E@rﬁn? g?’%ﬁ%&pol ypepti de
reagents can be carr iTéd invntion prowidearfdr figationdn anfanumrrpbélunslwtgch is
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i nvention is conpat eréré%{%% ilﬁ isﬁé;wgﬁttgtr?a Ilgﬁ &d& @I’glrg. ';g%%t es‘B\?ﬁqe
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conpatible with the ?ﬁ'lc i "’EtyacﬁHt g‘btgl %ebe aHE#?ff C‘?rllﬂét'ons compatible

with complex polypeptides or proteins.
- The ligation reaction according to the invention offers the
25 possibility of self-ligation of a polypeptide, and therefore of
manufacture of cyclic polypeptides.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the monitoring, by RP-HPLC (reverse-phase high-

30 performance liquid chromatography), of native ligation between polypeptide
1c and polypeptide 2, to obtain polypeptide 3c, according to Example 7. The
bottom plot corresponds to the time point t=10 min; the middle plot
corresponds to the time point t=18 h; and the top plot corresponds to the time
point t=43 h.

35 Figures 2a and 2b show the monitoring, by RP-HPLC (reverse-phase
high-performance liquid chromatography), of native ligation between
polypeptide 1d and polypeptide 2, to obtain polypeptide 3d, according to
Example 7. Plot A corresponds to the time point t=0; plot B corresponds to




20proteins. The ligation reaction according to the invention can be
carried out efficiently at a pHclose to 7.5, i.e. under conditions
conpati ble with conpl ex pol ypepti des or proteins. The ligation
reaction according to the invention offer® the 25possibility of _
self-ligation of a polypeptide, and therefore of manufacture of cyclic
pol ypeptides. BRI EF DESCRI PTION OF THE FIGQURES Figure 1 shows the
noni tori ng, beREMEPPEINt rtEd &y, spiob Kawerigisgands 30 iher timenpoing t=3dui plot D

chr omat ogr aphadrresponBattb Yee kb biADIEEEA ERD pRRIEY B5PE dithatGoaRd thipd YRRt | de
2, to obtain ggk ébg)ptide 3c, according to Egarrpl e 7. Ff‘liﬁ]e bottomﬂg%ét
corresponds t5 ﬁﬁ time point t=10 mn; the mddle plot corresponds to the

time point 2t =18 h;Figufe tzlmeﬁh@\ns nh?tde@@hV@lawg&atsgsLﬁéwomé@ @pému@%%% h.

35Fi t ni t,Qring, -H PLC _(Leverse- S

i ghper ror e LR 1 PP ERR R apg .ot e Fie vt 128 Bl rediien

pol ypepti de 1d andriguresdptfoddc 3hot/\otlmbtmjn|itopog,ybyerRl?-¢l’ePl§{d,(reamm—ﬂhagetot

Exanple 7. Pl g ' int =0 .l ot. B.corr s to

o the time pary PeFORRERESC HaHD cBmetoRtaPRLY! ot~ Pyl D iodiiGELLERREET ' 2

corresponds tRPIYRRPtidendl gEdnpolyrsptide hdtoppbtair pelypeptisendé aeccarding: tore

For 5t he.peals ol ol yent L o e e R R e e
.pol ypepti oht ai ne L t=

ooy PR e BERPILER: B0kt ReMRsRetaR it ghenymRoPRIBE =g oyiipb &) phase

hi gh- per f or mmocrespdnds tb te timet pantetsBY; , anef ploEi strdspgatis A0 the timeepoint

pol ypepti de Itf_%fiﬁq pol ypeptide 2, to obtain polypeptide 3f, according to

Example 7. Plo corresponds to the tine point t=0; plot B corresponds to

10 the time poi nt Riguren3dpshawsCthe decepidied: mashespectromsdiynspectBirh;fopl ot D
corresponds e pB&k b BBlyBebitie BF6bined st tHbQﬁnéfﬁng f@?@P{F@%uFé%é)?e tinme
g d SS spectronetr

point t=27 h. Figure shows t he deconvol ut ed spectrum
for the 1pr?eak of pol ypeptide 3f obtained at the tine point t=27h (Figure
3c). 15 DESCRIESTRNTIONEBCEMAEDDHIENTSBF WENVENTION

A more detailed, non-limitative description of the invention is
presented below.
By "polypeptide" is meant, in the context of the present application, a
20 linear chain of amino acid residues (greater than or equal to two in humber)
linked together by peptide bonds. The "polypeptides” within the meaning of
the present application can therefore be for example oligopeptides, peptides
or proteins according to the generally accepted definition of these terms. The

amino acid residues present in the polypeptides according to the invention
25 can be selected from proteinogenic or non-proteinogenic amino acid
residues. Preferably, they are selected from the twenty proteinogenic amino

acid residues.
The notation of the polypeptides runs from the N-terminal end to the
C-terminal end. The amino acid residues present along the polypeptide chain
30 are designated according to the usual one-letter or three-letter code. An
amino acid residue is a polypeptide fragment of formula -NH-(CH-R)-(C=0)-,
in which R represents a side chain, different from one amino acid to the next.
By "peptide fragment” is meant, in the context of the present
application, a portion of polypeptide comprising at least one amino acid
35 residue. A peptide fragment, within the meaning of the present application,
can therefore be for example: a sequence of amino acid residues (such as
-AHG- or -Ala-His-Gly-) if the peptide fragment comprises neither the N-
terminal end nor the C-terminal end of the polypeptide; or a sequence of



A nore detailed, non-limtative description of the invention is presented
bel ow. By "pol ypeptide" is neant, in the context of the present
application, a 20 linear chain of am no acid residues (greater than or
equal to two in number) |inked together BY peptide bonds. The

"pol ypeptides” within the neaning of the present application can therefore
be for exanple oligopeptides, peptides or proteins according to the

gener al | y acc¥ptneraciéfresiduesnavng engroaptatitssN-tanminanentb (suchdas BsAldGesr

present i n 1t Ne-Maluieeny)) detheApEpidd Rgherk MBigeathaN-nniRafieR of hect ed
from proteino eni ¢ or hon-prot ei nogenrc anino acid residues. Pre eraply,
they are sel égﬂ%eﬁt&d@moﬂ?e equance o INEhageesidyss avig a greypdldts C-

The not ati on tefminaeenal (¢RePbsAASH GO or -AM-HREGN-O8NTF e peptid ﬂa?ﬁ\%nt _
end. The aci.d r i de chain

Ctermn i es) s present, ‘al ong t he pol ypep

30 are d(aagsi gn%'sfcsg@?gghﬂ"{%altq{@ %’?ﬁaﬂ’%mgﬂt'g?t er or three-letter code.
An am no acid residue is a pol ypeptide fragnent of formul a

-NH (CH R) - ( Geivie liddhioWls SR hiRLesents a side chain, different fromone

amno acid t . _ y. . peptide fragment” is meant, in the
context of the predeninveppen duevidas a nmrihed dar oatipe|ligptien i dfeodvpeptidsisng at
| east one amgi@onfihgto #hidhes belyReptadePidrih@id:r agnent, within the meani ng of
t he present appli gﬁ iorg( Aﬁ@ﬂwrﬁ:}‘lore be for exanple: a sequence of am no
aci d resl%ues (su as ™ 291a- Hi s-Ay-) if the peptide fragnent
conpri ses neirehets withea Polypeptidalof forthuter the C-terminal end of the
pol ypeptide; or a ﬁ)ﬁquehn_&a_ f 10 amno acid residues having a group at its
N-term nal end (séc a G- or HAla-Hs-Gy-) if the peptide fragment
conpri ses t hdo Rupplyrd pelypepiileodf folrvuleol ypepti de; or a sequence of amino
aci d residues havijg axgnoup, at its Ctermnal end (such as -AHG OH or
-Ala-Hi s-d y-0OH) imfgﬁt he peptide fragment 5conprises the C-term nal end of
the pol ylepti de. i RRIYPergids ehfoasmuib(ly sepinrises a peptiderfragmendnti Gaid
prlow des 3 mp}ebgdeff@lrgm@’qlﬂ aﬁnbrigg%;gtgg Ggftgﬂ)ﬁimap@nal &fethe ﬁ@%éétlid‘@) hRd whi c]b a
pol ypepti de or a: : reacts a pol ypeptide o
fornula: (I urﬁt%ngy@rqug %ﬁ%@*& F%EI}S‘? ictzﬂeefﬂ}'“?'o‘%%@urﬂ o %e)@f?@g)_ X2.
15The pol ypepermipatidn 6ébtheldninldcid oegidue esCdepripal pesifio@gnment X1 (said
pepti de fragnment LS er. [ _kRea pol yrepti de nd a
functional group - %ﬂ%ﬁééﬁgﬁ he 8??{13?%8%%&1%1%%0%8“'%1 Egnén?}l::O)
ter ni natlon &Ml aiGURo PaefeiRblka dydragencatos nbutappiienallyi @A arbherquept | de
fragment X1 sgb&itufifl fdran@pfitndipbMieconddy- antiheskritiviNo a person skilled in

the art, for example an acyl group and in particular an acetyl group. n is an

integer greater than or equal to 2. Each AA; represents an amino acid

residue.

25 An example of a polypeptide of formula (I) is polypeptide 1a (see

Example 3 below) of formula:

(e}
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In this example, the peptide fragment X, is H-GFGQGFGG.
The polypeptide of formula () preferably comprises between 2 and
35 300 amino acid residues, preferably between 5 and 100 amino acid residues,
more particularly preferably between 8 and 50 amino acid residues.
The polypeptide of formula (II) comprises a hydrogen atom and a
residue X" at the N-terminal end. The residue X" is an amino acid residue



20 term nal group, preferably a hydrogen atom but optionally also any
group substituting for the primary or secondary am nes known to a person
skilled in the art, for exanple an acyl group and in particular an acetyl
group. n is an integer greater than or egdal to 2. Each AA, represents an
am no acid residue. 25An exanple of a polypeptide of formula (1) is

pol ypeptide la (see Exanple 3 bel 0\_?9 of fornmul a: I'n this exanple, the
pepti de fragreanapnging & HPIQFfE(%FIQE misethiall fupefien danoin paiticulaa k@ p beta-
preferably C%fﬂ&ﬁ%l%ﬁ&ﬁﬁﬂ(l@ vﬂﬂ%w 2330 0h@ e siaudH 'dﬁ)rre?fr’aﬂg/et%ipr ﬁ?r’tﬁé’l y

ue r era

between 5 and 100 am no acid resi nore particul a bet ween

8 and 50 ami riRYSERING FPHIRN s Q?W%@WB%&"P ngtiom &'PrWFF'ﬁh@?lS? ﬂ&%ﬁ?ﬁ'ﬁj%%s a

hydr ogen atoma%u@f@rab b&e}ﬁtsﬂfehdsutﬂﬁéyét@hmregau@pd The resi d]ye Xt i's 22n

am no aci resi au S a (e unct,| on

in particlular be a rBBP%h%LﬂPﬁ‘Sg ‘Eﬂptpﬂnwm%ﬂ((ﬂtows\mﬂc@ﬂ@ﬁggotﬂep"?’gg'r”aﬁe X"

preferably refpnbsdamwtt)h'écmybéeea@aseepr@semtlm axygmimaresiduwe(Cys)ol function
whi ch th tg t yst

Fesi duey . EThr oughSieTi R 8! RPRIER, LEPRESRT| X, RbrdRemeyS Beffive

particul ar erffRgiNeRtawhickr cempripes ﬂfe@@ -tesmingl ransleait theagpdyn%ttca nfefmwl@lue

(Cys). (IPGS Yl é&gaﬂ ef fHé%rﬂmoaééuameé&aeés BPNE pokidepfiths, ee%(%@bﬁ%h% Reptide
fragnent, whic es the C-term nal d of the polypeptide of fornula
(11) as Wkl tﬁ@“‘&lamo &5t0U4he amino acid resi dues of this polypeptide, except

the N- 10t er mi nal Thespeptiele fragment XHs gletheifdem At AXZ'-Ys Yofis taheeddr m

AA2' AA3' . . d. grEup efera N i or - Ng2 up or
an -G or - AR PrgErab A GR N Rrs PR A Tapp R oD,
i s an i nt egereaghdapeasenting aoralkey|walarylgroup Baéhamintegeegresderthan am espuiaho
acid residueyg §5EB%hl¢9i'YrB§FEd§eﬂ?s of ahfhGiCRy ,@S|%Jleoref erably conpri ses

bet ween 2 and am no a resi dues referably between 5 and 100 am no
aci d restdues, nordepBelyperiids Py fﬁmlér(ﬁblweﬁ%@%é%?"@réﬁﬂ? Betwadnngd and d

resi dues. 300 amino acid residues, preferably between 5 and 100 amino acid residues,
more particularly preferably between 8 and 50 amino acid residues.
The polypeptide of formula (II) can for example be obtained by a usual
method of peptide synthesis, in particular a method of solid-phase synthesis.
20 It can also be obtained by means of a preceding native ligation (see below).
Each of the polypeptides of formula (I) and (Il) preferably comprises
only amino acid residues selected from the twenty proteinogenic amino acid
residues. However, according to a particular embodiment, the polypeptides of
formula (I) and (Il) comprise one or more non-proteinogenic amino acid
25 residues.
The amino acid residues of the polypeptides of formula (I) and (ll) can
optionally be protected by groups protecting the side chains.
For the ligation reaction to take place correctly, the presence of the
two free thiol groups on the polypeptide of formula (I) is essential. The
30 ligation is said to be native because the peptide fragment X; is linked to the
peptide fragment X"-X, by an amide bond.
It is possible to carry out the above ligation reaction by bringing the
polypeptide of formula (ll) into contact with a polypeptide of formula:

K\S
\_S

provided that a compound that reduces the disulphide bonds, which
can preferably be a thiol compound such as 4-mercaptophenylacetic acid

35 (I Xi-N



The polypeptide of formula (1) can for exanple be obtained by a usual

nmet hod of peptide synthesis, in particular a nethod of solid-phase
synthesis. 20lIt can al so be obtained by neans of a preceding native
ligation (see bel ow). Each of the pg&l ypeptides of fornula (1) and
(1) preferably conprises only am no acid residues selected fromthe twenty
pr ot ei nogeni ¢ _am no aci d residues. However, according to a particul ar
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pol ypeptlgie é féEPI s essential. The 30ligation is said to be
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reacti on 10° gl foithh 4 BencAUREPL leoalarhl R4 ddhipediie B forrie

I d f 1 : t
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Pr ef er aBby, ngthm@actlom S present, is used at a concentration conprised

between 1 and SOOppdtbrdify, RIFROR! Ghdh # ROPR&EEald ARelf aPRPEOAERIRIh 200

MM during thce:or%g?igécli Ot?etween 1 and 500 mM, for example at a concentration of
approximately 200 mM during the reaction.

Preferably, TCEP, when it is present, is used at a concentration

30 comprised between 1 and 200 mM, for example at a concentration of
approximately 80 mM during the reaction.

In the case where the N-terminal amino acid residue of polypeptide (1)
comprises a thiol function, the latter must be protected during ligation,
otherwise there will be a competing reaction of cyclization of the polypeptide

35 of formula (l). Alternatively, the alpha amine function can be protected in
order to avoid the cyclization reaction. It is possible for example to use
protection of the thiazolidine type, which protects the thiol and the alpha
amine simultaneously.



Preferably, TCEP, when it is present, is used at a concentration
30conprised between 1 and 200 mM for exanple at a concentration of
approxi mately 80 nMduring the reaction. In the case where the
N-terminal amino acid residue of polypeptlidde (1) conprises a thiol
function, the latter nust be protected during ligation, otherw se there
w |l be a conpeti reaction of cyclization of the pol ypeptide 35 of
formula (1). Al terﬁm ligatiop, redetionlppefaratty takesuplece dm theahquid phvaseeanddni n

order to_avoighdiifafya! bihh0dodeanbith, L&r bRaRRRSIif] & bRosAIAIPhERLO use

protection of t@gwbla20| I'ne roteCts the he al pha
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a pH conp |sé§e%§p%\}1eae HéH%S {?d7 5 nore particularly preferably at a pH

conpri sed bet ween meamgaﬂoancéa@tldaalsl yraferablpHcairiegle dud at = temperatufide
ligation rea bl ri ou t rat S

bet ween 0O angédgg%é ?&g@éﬁl 0/ ﬁ(gl tf)gdcbréolrt]%r é“aea?'ﬁg%gr %ﬁ&pcq?é%é‘%c%gme
reaction ti n@ﬂ%oéﬂ]%@h’&f @eﬂ%ﬁdf eagtion tml&adjuet@dodep@rmgmm thedchaiceer
reaction Condjftréﬁ@énts% aiPRr P84 tRIrecdndiforfd T Hal §;9pr%§‘;atleotuﬂ@| &5 860 be

di t lts of | d chraomat ogra SS spectronetr
el ysi Sdur (AHLRFE AESSESh, ©oTHaS e | AaDIAreehpMAeg BPBRI Fy BES rom a
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mM during t he reac Ion “f nolar concentration between the
pol ypepti des of f&aehlief the polypeptities ofiiorimda (heandediy is prefembiy pleseabhy

compri sed betesioahirhtidide %%psr.sed etwedid.01 Gid 80 qﬁmawrag Mesrldgfl above
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t echni que. ZQII)FMmd@ﬂieqea@foralsgﬂ’ef@aBMdm;vwééa @@M@éalz supgepsi ve native
| i gations JThe.inventio possi roduce

pol ypept i des usi ng"§ '@%'855@%&0%@653865?&aqoiVSa?Ei"b er@{e‘("?an@' é‘sSt@QSEfrl bed
above. This payiflq:ﬂtmneofamprmxpjypenteie‘ off footniuéd (lipgbtaimeyt fookexaepld Bediqufdor

exanpl e poI YR [ﬁ'qu proxi mately 100 ami no acid
resi dues. ﬁact ? F%LFY 'yb{?%r”grrgﬁlu%act rag of pol ypepti des of

forrrula@o(l) and (II) by dlrect synthesis nmay have a low yield, and it is
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exiarrpl e, Ej hesussefort M@s@mﬂalelmtbﬁ rba?tg%ns)% d@%ﬁ@edd zabw%sr Has @néy)pﬂﬁﬂéal n a
pol ypept i de ; p am.no acpd resi
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35 makes it B rhan@abfhe & paggegmésd%f%wa@ 09 GRDUMY gﬂpﬁéaa/ 200

am no acid residues w thout requi irect synthesi
conpri si ng n®Y¥ENe$iaMay pAYR iEneeYigld@ngni wotheselgre @gv@rﬂiégeous X5 use two

or more than two successive ligations, so that only polypeptides comprising
for example less than approximately 50 amino acid residues have to be
30 synthesized directly.

As an example, the use of two successive ligations makes it possible
to obtain a polypeptide comprising approximately 150 amino acid residues
without requiring direct synthesis of polypeptides comprising more than
approximately 50 amino acid residues; the use of three successive ligations

35 makes it possible to obtain a polypeptide comprising approximately 200
amino acid residues without requiring direct synthesis of polypeptides
comprising more than approximately 50 amino acid residues.



14 Thus, the nethod according to the invention makes it possible to
obtain a polypeptide of fornmula (111) in which the peptide fragnent X2 is

of the form X21-X3"-X3"-...-Xn"-Xn" (n being an integer greater than or
equal to 3; each X', for i an integer bdfween 2 and n, being a peptide
fragnent; and each X ' 5 for i an integer between 3 and n, being a
residue X', i.e. an am no acid residue conprising a thiol function, and in

particul ar a cyst elfis, ribsi methed: @sediding tto thepinvention anakesddipossible dsi ng
n-1 successi V@otbln%t;:%éPnéié‘of)td‘rﬁfulé“gﬂijﬁw th’chHHéBb%HHégf‘ar??ﬁé@')@zﬁgmi‘ﬁel n

t hi the f
| i ngt ::g?]er eagfpf'gr ?(%S )Stn Xoh beiBg riniateges argadepthaneoisrayal tonds gaciva)

I(—I-vX1) >I—(IE] 1" N(Q{%r%i};dﬂﬁh&ég@rtﬁbtweehtﬂe?@@ Ine belmngl pa méyragﬁterﬁeam eé@lﬁ Xl a

i a i | on reaction is exac sane as

Gescti bec | n Phs 3 0patZBebE A5 T diing r%%%ﬂ%?f’p 3% G epnS acid

pol ypepti de (J"ESIfduerdemp(Mng) abthidl" fukctiah - Xnd- IDl(ﬂjpartlcular a Gysteinki edsifiwact i on
the N-t : i : ; i

or e N o b AdS S0 686 L) MEDABARLRE BTIE

pol ypept i de d¥ordsthepalyperjide abtained hgain tis C@&Qtﬁta/iﬁoﬁ”éut’dtere will be a

conpeting reacti ort“gf Mo 4B £y &)y gl Xhexpol ypept | g:nmhef aggt(;l ?OEV?LI .

Protectign of the |.id] net
At the elfd of the ﬁ‘is?&ﬂa{’%(f?%/@t?n t’W@'V@ﬁl‘?r}Pﬂf%ﬁ@Fl kAndb A Pel¥Papidey Ohei d
resi due Xn_l"fommnslta be deprotected in the pol ypeptlde of formula (VIb) in

order 25to allow t( gbf (ﬂ kow ﬂgt Im@ﬁtﬁe%@actl The second

| igation reaction ol ve&'! oh™t he ol ypept i de of formula: (Vb)
H X2' - X21- N( @Hﬂ@ﬂ?ﬂ;emther hawd amqlmmuamffmdat he pol ypeptide of formula
(VI b) obtained 3@ygyey.gusky. The thiol function of the am no acid residue

Xn- 2" nust be pro ct din the ol ypeptide of fornu (Vb), otherw se there
will be ® conpeti g"sr g%"t‘%@%@'%éﬁ |92<§f3'illbr‘ih%f33mt% %F%e‘?ﬁﬁ%@eéf inf el a

(Vb). Protecipronogd sédtiori. hmea@é telpreiuclion of fHY pslygastids offfermbr used for

this. The reactio at,l g pol ypeptide of fornmula (Vb) with the
pol ypepti de of 351r(‘\6|:2’|5n.|Hﬂ 3@’ en followed by deprotection of the

t hiol function of Thbéh@hfmmtlan iod the -tmminkal-a2dine furstiona ot thee fhidllfométivm
ligation reaghiqRe amine function) of the amino acid residue X,.." must be protected in
20 the polypeptide of formula (Va) during ligation, otherwise there will be a
competing reaction of cyclization of the polypeptide of formula (Va).
Protection of the thiazolidine type, for example, can be used for this.
At the end of the ligation reaction, the thiol function of the amino acid
residue X,.1" must be deprotected in the polypeptide of formula (VIb) in order
25 to allow the following ligation reaction.
The second ligation reaction involves on the one hand a polypeptide of
formula:
(Vb) H-Xp2"-Xn2'-N(CH2CH2SH),
and on the other hand the polypeptide of formula (VIb) obtained
30 previously. The thiol function of the amino acid residue X,»" must be
protected in the polypeptide of formula (Vb), otherwise there will be a
competing reaction of cyclization of the polypeptide of formula (Vb).
Protection of the thiazolidine type, for example, can be used for this. The
reaction of ligation of the polypeptide of formula (Vb) with the polypeptide of
35 formula (Vib) is then followed by deprotection of the thiol function of the
amino acid residue X,.2" prior to the following ligation reaction.



15 The followng ligation reactions are of the same type. Generally,
| igation reaction nunber j (for j an integer conprised between 1 and n-2)

i nvol ves a pol ypeptide of formula (V) HX'-X - N(CH2CH2SH) 2 5and a

pol ypeptide of formula: (VI) H (X "-X01=(1§-j+1).. to forma pol ypeptide of
formula: (VIl) HO(1"-X0i.(n-j)..n Finally, the last (i.e. the
n-1th) ligation reaction involves the pol ypeptide 10of fornula: (n)
X1- N( CH2CH2SH) 2 anthe Hellgwingpbgatiane reactiasnarer:of the sanfa Itypad- )Eemmanwv]l?i ch
represents h BN X " 1+ T X% an*@i i wde.
formul a: 15( Iellfgl%tl)b(‘ri&)%'a&%n )Fi?t_l.r%t.g@f((gjl fflor)lﬁh- 5( - éértleg(@BF@é&l'b%t\Hééh{Qﬁ%h%ﬁz‘?
Each successi0¥OIVeggRbyPentideaf§armya be carried out as described in the
section "native |i@gati quqjé."-p,g'_ymgnqgcdngmzl n part im(;ul ar, (}t my be t
advant ageous t o, car out | gation reaction nunber | or | an integer
20conpri s%d baél%gﬁf%egﬁge ?%r ‘bringing the polypeptide of formula (V)
into contact with (Mje pgoiXpe@iidenof fornmula: 25 (V' )HX'-Xn4-Nl S in

t he presence qf forenenti oned compounds that reduce
di sul phi de bot%g'?ﬁt%tpem tﬁeoéfiféltem%l?' formula (V') then being reduced in

0! YRER g re
situ and suppl yi ngVilhe Fb(%iyb&b{(d—ma of formula (V) for the ligation
reaction. Finally, the last (i.e. the n-1™) ligation reaction involves the polypeptide
10 of formula:

(h X1-N(CH2CH,SH),
and the polypeptide of formula:

(I  H-X"-X3, which represents here H-X"-X5'-X3"-X3'-...-Xp"-X,,',
to form the polypeptide of formula:

15 (my  Xq4-X"-Xs, i.e.

(M) Xq-X"-X2'-X3"-X3'"-...-X,"-Xp'

Each successive ligation reaction can be carried out as described in
the section "native ligation of polypeptides”. In particular, it may be
advantageous to carry out the ligation reaction number j (for j an integer

20 comprised between 1 and n-2) by bringing the polypeptide of formula (VI) into
contact with the polypeptide of formula:

(V) H-Xny"-Xn Nﬁ\S
“Anj ~An S

25 —
in the presence of one or more of the aforementioned compounds that
reduce disulphide bonds, the polypeptide of formula (V') then being reduced

in situ and supplying the polypeptide of formula (V) for the ligation reaction.

30 Production of a cyclic polypeptide by native self-ligation
The principles used for native ligation described above can also be
used for producing cyclic polypeptides, by native self-ligation of a polypeptide
(ligation of one end of the polypeptide with the other end of the same
polypeptide). In general, the invention thus proposes a method for
35 manufacturing a cyclic polypeptide of formula:

(X) i X"-Xz ]




30Production of a cyclic polypeptide by native self-ligation The
principles used for native ligation described above can al so be used for
produci ng cyclic polypeptides, by native self-ligation of a pol ypeptide
(ligation of one end of the polypeptide Wfth the other end of the sane

pol ypeptide). In general, the invention thus proposes a nethod for
35manufacturing a cyclic polypeptide of formula: (Qr X"-x2 16 ~ Wwhere
X2 represents a péﬁ%/ ¢eX1 repyasents anpaptide fregmestrang Xi repriesentscanl amisd due
?O?anI 2. ”?X?)ééllid_i;)(ﬂesfdll@tcbﬁgms aazrt@@\n?tflﬁﬁ&{dsﬂ; q;y Qéltrb%néﬁ K n tydgggf:%g g;
o]

formula (XI) Rﬂ\éf?ee(?% Bﬁb'?rses between 2 and 300 am no aC| d resi dues,
preferably betweenXx arkix1r00- N(mﬁg;ﬁgs,ld)zr esi dues, nore parti c_uI arly
preferably between ﬁ}@?ﬁj 50 ami no acid residues. The pol ypeptide of formula
(XI') conprises a f1 atomand a 10 residue X' at the N-term nal end,
X" havi ng the meanihepglypentidd of dorm@ar(by pederablyi uomp'rises@:ee/veemepamdie
fragment of t

equgl to 1 an eacl!{mAiéa%égldu @ﬁ?e‘fg}%g/ Bbt\gégg%déﬁﬁ ?quﬁﬁﬁ%%ﬁ{rﬁts peptl de
of formula (XT‘W%P%'N@H'@HVW@@W'V@@&W@#H§%ﬂ|¢15{ba@mwamd5€$@§€§lues sel ect ed

fromthe twenty prmeepa éBh@eaéT‘f&ﬂn@Féi Em‘ﬁifégenaéiéﬁf dhf%to a
particul ar enbo |rre o r{@?%%r?egtldg 8 h Xl r| ses one_or
nor e non?%r otrgf‘ @té igak gad,q shavmg e ii'Hf‘éJ eéb? oyesKeues
of the pol yperppreﬂ;ents‘ inf this'case & Yeptidarragpterntruilthy fdren NDQAAQT, B\ byhegreanps

protecting t '??Ia?ﬁ' g r@ﬁter%ﬂ%h AR5 gnﬁo %ﬁo%f)e;btr?%het?aab N 4fhino

Ilgatlon reac e polypepti
(X)) H X" - X2-aqidBist L!ﬁcontact with at | east one compound that reduces the

di sul phi de bonds, T‘Né' ﬁ&({d;(éptih’ Bfafcﬁ‘mu}'a g)glagﬁéi%rré@ Q:oﬁlikﬁ s orll fa‘?‘r?lhotat]d”@

ol ypepti de of fornu hen r |tu and supplies
Bo| ﬁ;egﬂf’de Spsilgem pele ted) Trogn % tvepin irsAteiRQAaNIorAMING itk rigsidussen

when the |igHdwevercactording fo aapartiedlapemisbdi®eht, the polypeptide of formula
(XI) comprises one or more non-proteinogenic amino acid residues.
The amino acid residues of the polypeptide of formula (XI) can
optionally be protected by groups protecting the side chains.
20 It is possible to carry out the above ligation reaction by bringing the
polypeptide of formula (XI'):

K\S
(XM H-X"-X>N '
S
25 into contact with at least one compound that reduces the disulphide

bonds, which is preferably as described above. In fact, the polypeptide of
formula (XI') is then reduced in situ and supplies the polypeptide of formula
(XI) for the ligation reaction.
In general, even when the ligation reaction is carried out directly
30 starting from the polypeptide of formula (XI), it is preferable if one or more of
the aforementioned compounds that reduce the disulphide bonds are used
during the reaction.
In general, cyclization of the polypeptide of formula (XI) is unaffected
by competing multimerizations, if the reaction is carried out in sufficiently
35 dilute conditions. It is possible for example to use a concentration of
polypeptide of formula (XI) comprised between 0.01 and 50 mM, typically of
approximately 1 mM (or optionally between 0.01 and 0.1 mM if there is a
serious risk of multimerizations).



30 starting fromthe pol ypeptide of formula (Xl), it is preferable if one
or nore of the aforenentioned conpounds that reduce the disul phide bonds
are used during the reaction. In general, cyclization of the

pol ypeptide of formula (XI) is unaffected’by conmpeting nultimerizations, if
the reaction is carried out in sufficiently 35 dilute conditions. It is
possi bl e for exanple to use a concentration of polypeptide of formula (XI)
conpri sed bet ween Mowpvgndthsopraierred manditionsosf uppiementatias pf themigation

optional Iy belaessn Brdthe e ab tAbsé HetHMR él§ov% ﬁ?ﬁhé’%@acglbﬁl%tﬁftmg from

mul timerizati ver, the preferred conditions

i npl enent at i d’%‘)lm?é)t'ppaé’ﬂcfqm‘l\{ﬁ%gélaf‘%”hre the same as those descri bed
above for the reacTheligatien treétglofnrdésdrlb%dpélbd\@@bh%f@fomfél{ Byl & stép ornd

(rry. . J [ on reactlon bed abhove can f ol | owed by a
step of 5pur iR‘f’E@?PJ&Hﬁ%i h‘? I%Clbcye?llyee% tﬁ ) ?Bﬁaﬂﬂﬂ(g??'}(?x%@m% R¥d

for exanpl e Uiguid olwiomathg iy ey rogyemy mthebysmi)tedumqme usual technique.

Met hod for manufacturing the pol ypeptides of formula (1), (V) and (XI) The

pol ypepti des of forrrula (I) (V) and (XI) are conpounds that are 10 useful
for inpl ementq€ 94 Tg NfaGtunng the pelveentisespifemuadl nd (XI5 ubj ect of

the i nvent ion is thes 96@6 @dé‘soot Iaﬁﬁﬁnepq y@ﬁ)péﬁdll@ﬂ @crefdé)rrrﬁﬂ&%d%' that %Ie of
)

f I h I h t hey
o e ) Vs sttt otie idaTionartsn dBLeibac 8o /b Sabietts of
formula (1) (afrthef inkBhtiormis ehénéforer alsxl bh)esenyolyyexstldemoﬁﬁomuﬂbe@)s {or afstep

of peptide sygthasi &y Nk a8t §RHOTaCueRr J nalsdiia tB % 10%9n . be
@Qs t t Y S§RE t he

The invention provi main variants o 'S e
first variantmapépetiuged.synt hesi s precedes functional | zat ion. According to

20 the second var Imt melfRd Fstenantdiesing o '&Y@#gﬁﬂ&%'&g‘éangﬁf 'g)) ?rngfgr o

second varia ssible to obtain ryiel

i mpl ement® on?%ﬁnnnlﬂZMQPF )Qﬁ) igxQlvgs two main SﬁﬁR?ordl ng to the first variant,

the first step (stepasfeppeipieplideyyntiesid; Indmakes it pos?l bl e tg obt aIR t he
pol ypeptide of formu P (I}H This step of peptide synthesis
can be carried out a%%%etpd(%( t%r{)nlgﬂ Hﬁ?m'zﬁ %’I}m to a person skilled in the
art. It can in paﬂ'lf\EOOI/%ntIdIiepr@ardedeoomaln varidres lof dis angthadeAacording to
preferably, kme fhg \?éﬂdnql syntfheSIs precedes HERBfdRAAYon  AGHAMNY &

syntheSIS coqprlses suc eSSIO
e second variant, peptide synthesis follows functionalization. The second

variant makes it possible to obtain a higher yield and is simpler to implement
on an industrial scale.
According to the first variant, the first step (step of peptide synthesis)
makes it possible to obtain the polypeptide of formula:
25 (IX) X4-OH
This step of peptide synthesis can be carried out according to any
method known to a person skilled in the art. It can in particular be carried out
in the liquid phase or, preferably, in the solid phase.
Schematically, the peptide synthesis comprises a succession of
30 couplings of amino acids starting from a primer (initial amino acid or peptide
fragment resulting from previous additions of amino acids) and deprotections.
More precisely, the peptide synthesis can comprise successively:
(a) supply of a peptide fragment having an unprotected N-terminal
end, and of an amino acid protected at its N-terminal end;
35 (b) establishment of a peptide bond between the amino acid and the
peptide fragment, at the N-terminal end of said peptide fragment;
(c) deprotection of the N-terminal end of the bound amino acid, to
supply the peptide fragment of the following step (a).




30couplings of amno acids starting froma prinmer (initial amno acid or
peptide fragnment resulting from previous additions of am no acids) and
deprotections. Mire precisely, the peptide synthesis can conprise
successively: (a) supply of a peptide frd@rent having an unprotected
N-term nal end, and of an am no acid protected at its N-term nal end; 35(b)
est abl i shnent of a peptide bond between the am no acid and the peptlde

fragment, at the Nnt#enicase aneplighphased ppetide danthesiprdhe; péptjded épgotantt i on
of the N-ter ﬁ?nﬁ%eri&db&fnd Rea l%@li'@@uéﬁbr@%t ﬁ§'CdterFrf?na°1lé9Ri| Yheg |H%Q{p'p§ﬂ 5 o

fragment of t efotown& ste l% f8 caseo
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st ot oBSAEBeobuRal oRERABEL! pELERVIGRE  Bbhsblert JeB% Sallpichy | ene
gl ycol , cel | wagdimethylgeylaphideeang oésies tderivet ahergfrqmol ltam algo possible to
pol ydi met hyl agd, ﬁyé gﬁbg%eagpglragélb%sddg%rs s‘b@g Stuggf)ﬁf rom It is also possible to

use a silica ge The peptide
fragment and the sTchq aeemﬁagn@néandﬁh@@oﬂ@g@pn@ﬂ argdinkad dpgetber viat an
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di t th t b thesi.zed is
O eB P A TAE) R terB0BLLnY o iBs bR Rids sohe SyTbrsaes s < he
am nekf unct i dixedfort the Imklenmr&mod?blgrbupg &mkolmsmpbrt (rrotedtng @h@am.m@ it
t eit a r nst: ut e
flor rsntSl prl ner\fah{inm ?fhlfggf orHﬁové Cﬁé d?JWh %O{@ﬁwoé aﬂ%"‘%@%gp"&%@ 5\1 E
successi on ofaveiablei f@nst,hquﬂﬂpwngrr@ac@mmgvhlch constitutest the ﬁmtrm‘tm@f thdma
various COUD'thé‘%Ird?\ﬁﬁé laflfo alclds! e té’&%‘?&iﬁgt@ S Sutb R YPidalflons

conpound artlcul r a carbodiimde (for
di cycl oh"e'ixyl PR AR or  di | sopropyl car bodi i m de) in the presence of a

tri gzol et (for exampltlee bob%]sy oK thebedvidlly tausling rféfacﬂtoﬁ's/df fs><5id\7anta§<|90us to I
azabenzotri a 0S onl u or urQni um sa onz nucl eophi lic
ani on (for e %Q %Bt'f%t% dF' B?’%éléfr 8rc?@°9§@'d}c%‘?fa?éﬁ Qﬂﬁ
acids in the dﬁQMCmf‘@D(yb;arttbdmmlddew dﬁmpre;ayﬂupﬂb@damldb)f Irudne dRssence of aln
the case of &gl d RRASE SYAHBRS! S 1.1 Ogénmﬁi e

1 pI ing
reacti on has been carried out, separati on or cl ava 250f
the pol yept Pdabenzntiazalel o & pj@gpb@muns Oprttsonu@ru sabirof a non- nuql¢onm

course of th%nﬁirfg remaanwépﬂarrw [IRATUI Wut&ewtaw mMdialo 8868Sadiva

amno acids are a qt ectl roup, pr e¥ erably
an Froc gr ouB"{'@?l—aﬂ r|’le- ﬁﬂé 62’9&!&‘?%%5/?’} 8P eaa(i' éHeﬁg‘?%up
(tert- bu';]oxycar bohythe oasédﬁt?agsmld@plﬁéée( dynthesis, and once the last amlno aﬁld f
30nitrop eny (0] e chains o
the am o asCaup REPRAEROARES LRI ARG oyt 2 teackPpl Behyratil tof pioGugoe
coupl i n@5r eaef thengolpgeptite fmmnﬁr%bl@mlmbﬁssmmﬂéed fare groups, for exanpl e a
tert-butyl group fipmel difrsdaf i &%fgm%on lifg FEACHBR] e NtBFhihalendbbf th! S
case, once the last am npo acid couplin I on
e amino acids are advantageously protected by a protectlve group,
preferably an Fmoc group (9H-fluoren-9-yimethoxycarbonyl) or a t-Boc group
(tert-butoxycarbonyl) or NSC group (2-(4-
30 nitrophenylsulphonyl)ethoxycarbonyl).
Similarly, the side chains of the amino acid residues are preferably
protected during the various coupling reactions by one or more suitable
protective groups, for example a tert-butyl group for the chains comprising a
carboxylic function.
35 In this case, once the last amino acid coupling reaction has been
carried out, a reaction of deprotection of the side chains can be provided for.

It should, however, be noted that it may be preferable to keep all of the



carried out, a reaction of deprotection of the side chains can be provided
for. It should, however, be noted that it may be preferable to keep all of
the 19 protections (apart froman optional protection of the COCH function
at the Cend) with a view to the functior® ization step. At the end
of the step of peptide synthesis, the polypeptide of fornula (I1X) is
functionalized. 5The functionalization step conprises successively:

Optional | y priyoeations (apart fiennanegptional periectisn ehibepfoO@id funationcdt therGul a

Car banmt 65, m o e G on SR Pl o Y o the
;?(rar ?frgu'?o;(ycar borf) t(‘?%@\c/?f %ﬁﬁg@i‘?—fﬂeﬂg?%ﬁggtheﬁﬁy the PRReEHI® Ghjoermula
trifl uoroacet(yX) isrfutctignadipyd.met hyl group. Al so optionally, protection of
bol ypeptitie of 1 or 1 BEfogaRain Qtert EBAM LTS MEY: the: ami ne unct i ons
(preferably by means @ptianadly airotestipn adfeltiei Metegmimap €ndaofdthes polypeptiddatyl i c
o ecoro ro ooe STATUPOERD EideuPllp gl BRI,

and according to a sinpl i _ _
be supplied directly family of hercarbagates amidesroralkylaipues.and napartisylar c

functions are protected, fer-piBxjsHrbenyie! eqt-Bye) deprehest | Opoiiohsh-600H

function _of the G 20term nal gnd. Cﬁugl I n f'th ROl Efjjtlde of formula
(1X) with an anine cdﬁfﬂﬁ{ﬁ%y@r PBY iU rP@P&WfRI—&’@%?- Yfﬁ{é-t l@PYPGL being a
protective group. —25Alsn0bptimraaéllyypctﬂpcttdrecltﬁherfunétidrhaeofptbé)qim@blhfias oflthe g
Regardi ng the am ne . . i e ecte

f rgm t heggr oups supp%&ﬁﬁélﬁawq ﬁ%solé %gen#ﬂ: ﬂg%%é%g}n@%fogﬁo@@%p@@ba%&sév% or

di sul phi de (for examppeiauary. Blitthe samimeefiyyictionsi{praferablvibye meansi olitte | y
Compound. 30 1's bi s( {oars | DocilTe, BYOus) PHld of de T anlic, Rig@kifior
conpoun :

ma{nﬁod of preparat i okxampﬂeﬁgy Ei14 %Ggﬁg%ﬁﬂ %gu?@r mula (VIl11), reference
may be made to Eﬁanplﬂﬁemdmbw. and accéwlimgt to/ad osimplepdeAiboAgRENS| Yhe
resent during the c i e 1L.an . . . .

1I‘Oor exanpl ebengot ri azgﬁ%-egﬁq%ﬁﬁ%frﬁyl?r g?(? &?Ho?)%c?é’B%%q Sﬂﬁecg\é.m a form in
hexaf | uor ophosphat e MPyaBORY ozﬁrthe)rammnetandspglrhoolyilajfummbnspdmrpru}ected, by .
h fl hosphat e eq & ! ) W e thvate
exaf | uor ophosp gmgegéect% dgprro?é(dﬂoﬂ%f Y BDAA! finkliaidr RE!E

in the formof a hal rivative (1 n par ular rmof an
anmino acld fluoride BMHAA!®Ndaci d chloride), and the latter can be

preforned or — Coupling of the polypeptide of formula (IX) with an amine
compound of formula:
(VHI) NH(CH2-CH2-S-G1),
G4 being a protective group.
25 ~  Optionally deprotection of the polypeptide.

Regarding the amine compound of formula (VIll), G; is preferably
selected from the groups supplying a thioether, thioester (for example acetyl)
or disulphide (for example tert-butylsulphenyl) function. More particularly
preferably, G4 is the triphenylmethyl group. In this case, the amine compound

30 is bis({2-[triphenylmethyl)sulphanyl]ethyl})amine. Regarding a method of
preparation of the amine compound of formula (VIII), reference may be made
to Example 1 below.

An activator is advantageously present during the coupling reaction,
for example benzotriazol-1-yl-oxytripyrrolidinophosphonium

35 hexafluorophosphate  (PyBOP) or  bromo-trispyrrolidinophosphonium
hexafluorophosphate (PyBROP) or the C-terminal amino acid itself activated
in the form of a halogenated derivative (in particular in the form of an amino
acid fluoride or amino acid chlioride), and the latter can be preformed or



20 fornmed in situ using suitable reagents known to a person skilled in the
art. Anong the halides of am no acids, the amno acid fluorides are
preferred, preformed by reaction with 1,3,5-trifluorotriazine or formed in
situ with the aid of TFFH (tetranethylflG@rofornan1d|n|um

hexaf | uor ophosphate). 5In general, any reagent allow ng activation of the
carboxylic acid function of the amno acid known to a person skilled in the
art can al so feemervinstilyedsing ssiifable rRENtSTRIOVN HATApeBEm skilled i it @rence

may greotrrgfiﬁsfnmoﬁpa@ﬁal %lﬁélsgn'l‘é‘gﬂnﬂ?d a@ﬂ@é?ﬁ’écrégrﬁn&%&@?Iuérﬂég%?ésprgfe_;wt | des
B ooy ' T 0Py BT e asiN o thybeh G haral 7ineras TBHDRIbAMNRE aid

p][ e]t err efl ( Ic)af TFmeétetrhméthyllfl@érofé‘rmda‘rﬂlﬂﬂ‘hummﬁxiaﬂabtdﬁplhosbﬁ@te)t he pol ypeptide
(0] or nu IS | S _adyvant ageous,.at,.t ni age owea
step of p%rlflcatllﬁ 5% %ﬂ a%nﬁ%’gﬁﬂt 31T| Acpration, Cﬁ %\?g ‘ﬁiaphy.
According to fuhetlcs“eoblthe eannacioknowe tos pedsdmsklured)dummgrtacarﬂélso be

pol ypepti de of,fiQidad aubh hs HEBFUT ¥BFU R Z@?Pogtétg?ei?ﬁl%rn%gqq%? b[%hrﬁa&é ep of

peptide synthesis. hi's 'second varrant I's 2 ase. Thus,

the functiondPl z%tﬁn&?lesfoe;p%ﬁ@ﬁétaﬁpf%ﬁfﬁﬂ @éﬁﬁoéylﬁéﬁﬁls of Rﬁ#é@‘?ﬁngnd
priner solid sommes byf u@wafvmraws ops| AbEHEe! IFoNairae® S9boA BRIP Prkss)A

0 uoLe Bl of dHOE BBROTEORS oS Gancialy e RRALb S akbprataiaed) o
i sI pngl lb!i(;1 to use‘\tahf ealdrofblasémcmlonahﬁe?t@h}etemethémdgfp?palbéxdf f@rlmdﬂaglng on
Pat o hot yarsotauy RIS aaaRRaBeN S at 5 SEUORS prdliod BTGB &T b e
copol yner, pdh?é@ﬁyﬂoélﬁd fg:rwamq@i;yaquwdrmmt@wpphyner or aresin derl ved
25t herefrom AccHRIiR VRS ,thé h&o’?ﬁ'd' @aﬁH@ﬁfot tH&a%ét?wBHeforg Pé’d?ﬁ:m

are preferably, chl rot]g' phe é. | orotrit gr oups the

tri phenyldret lyneptigg ¢ #%{m%gsfﬁe %ltfﬂ @@%'Fﬂ'%ét@r pﬁ?ﬁ%’%uﬂ@t ﬁﬁ[i’eﬁfs in

]E)?rt i cul ar 3¢iemuec¢yﬁmmsx rrenmmﬁfnutua]gﬂam llscgb;ﬂreuﬂﬁ,thé@blwbh?smr’(w the
orine an s .of, sol i r styrene re

ha\lji ng tri tylfﬁ%ﬂ{&g‘?"ﬁ%orﬁ%@ﬁ 0(95%{3?? ¢l thigrirg ?‘i‘@%{}ﬁ %cgr%?i %{9 a%l@/rl'm%fsglsd de or

4- met hoxytri tsyppolrilfmrm deprevioksly fanctigrslizey sblid sepporbned. Sol i d supports of

i i ar e oy SBLEIGCS TR by nidis IRAPLE ST GbAR OB AR Ui 0

to anot her enbodi nent, the

groups &P t hé’O{YmerP'ieiﬁ’r@SWobe'ﬂgﬁé the f@rm @fl-pﬁmc'@)(b@ﬁd@r &ap exantpde dt ishe
SUbat s ent s e e I O Te b, (HToRTRY) Pbsed, on
substituents su

et hoxy. et R9NVBCRDIdh ety eSa ol oeh 48 b BB el P tRsier ot
g%rl gggslig 28 Eﬂ)lygmadel bedolydnnemglaah&amm@l bedlyethyIBGS 19§L§fcoll;iﬂlystyrene
Cromvat 71 x( £ PRSP PUBEIOR RERRR By oo BB el 8 48R derivea

use of %Ildtwpfmmts of this type reqw res a prelimnary step of
Sactivation of thMo‘Fé’é\Pé? %’é)%%h& p?)o}‘ﬂ*ﬁés"ﬂ‘nk?r &“\Dﬁt&ﬁdarﬁgﬁ%tfer%b&m

particul ar acgt brom for no groups in

Br-Trt-CO NFPh'°¥Q)Fr 'Rﬂetnﬂfrﬁ tonl & ﬁ'é'PEQi”EY eBEOYASH V\H’éﬁrﬁl g HirheryIngethihisor i de)
for nodi fyi ngptidreallyi slisstitgedupith iohd be rherens@hstituént€OiMigarticular selected

from the substituents chlorine, methoxy, methyl, fluorine and cyano.

30 As examples of solid support, polystyrene resins having trityl chloride,
2-chlorotrityl chloride, 4-methyitrityl chloride or 4-methoxytrityl chloride linker
groups may be mentioned. Solid supports of this kind are available
commercially, for example from Glycopep.

According to another embodiment, the solid support has linker groups

35 that are groups of the trityl-alcohol type, i.e. OH-Trt-CO-NH- groups, where
the triphenylmethyl (Trt) is optionally substituted with one or more
substituents, in particular selected from the substituents chlorine, methoxy,
methyl, fluorine and cyano. Solid supports having such linker groups are




10An activation step of this type is described for exanple in Harre et al.,
Reactive & Functional Polyners 1999, 41, 111-114. Alternatively, the
resin can be reacted directly with the am ne NH(CH2- CH2-SH)2 in the
presence of BF3.Et20, according to Singh21S. et al., J. Og. Chem 2004,

69, 4551-4554. 15The use of solid supports of this type nay make it

possi ble to use skel etons of resin of the geth | ene gl ycol or

pol yet hyl ene @gsgsibedfor @(ﬁmfééhent%b?"mﬂfr\@ﬁ 13 tiﬁ&eaﬂ)ﬂ%fi ,oangraepar i ng
| ong pol ypepté\ﬁﬁlﬁbFehaébﬁ\H'Per&ﬁW ”sfon e&Qr‘ﬁEl@' Nﬁt%’%e"%h%t%%tn ®2 gf]g@de _the

particles have a Dv50 ri sed between and I ned
as the 50th pRevIRYiene Q(B)frzpot' relihaHRPt® size distribution, i.e. 50% of the

particles have a ﬂﬂ@ub@lamdﬂd%p’mﬁté@%m ﬁ@réqml%sab%/relnﬁifﬁ@y skép

general , 50_ 1S har teristic of .the granulonetric profile (volurretrlc
distri but on)a%'fVa E ?Cg'ld&J It can be determ ned by | aser
granul onetry (for a meztdaebedutbmaﬂﬁ@nmatedcagelmy (5 pantiogla¢ fazetyd tsoméde)bliov e

25200 pm. The f by coupling
t he am ne conpound of %r‘?d;tﬂé WI@?&@ '&BQ% I—?Tg(é@[\lgpt he
af orement i oned sol d QHpWBhta qu@rmtedeagermﬁa@unaaw ar pxagh chioside) foe
LIRS B, P e e et 8
i n ic ecti rou

acid meddmin or aetbvqtlpmstteg ¥r?'? ‘Eﬁﬁ‘?‘g Qr}abewep '(E‘ aﬁ?ﬁt% ne,
whi ch woul d |Reattive &EunctdmaYProe,mensomg,lheﬂtﬂtml chl orlhde Igroups in )
excess are refer far 3 Lt D oet hanol . IS then
i mpor t ant tg add a tlbeg%éé’tﬁ)té neut‘? 498 Q%%%égpéﬁ?%db'tm gmwﬁ Ni_gﬁll_%e
provi ded t hatCprrgbﬁz it thenpesfsenhe of BiotEtoRabcewdingota SinghpSorat dlormOrgn

integral par tcrggmtm‘ﬁ@goquqr%qnt of the method for manufacturing 22 the
pol ypeptides of fornmul’a (1). Alternatively, the functionalized solid

support Ban be prép&r Ee€ i S&aémoaﬁdofsﬁbertm%may akes itt RPISdIR dadyse or

use in the ceretdnfoft hQSIﬁeQﬂndwe/aﬂS¢I9@ﬂ1y@°net Fgechmt bﬁdpél%tﬁmg a@ywu ng
i zed

Lgfyxlyfggf :;P%Ey %%P%%’%Jt \%h It? are -Ilzngref gt?l?atbllg WBr preparlng \ong pgﬁlpeptldes
than the resins of the polystyrene type.
Preferably, the particles have a Dv50 comprised between 1 and
20 1000 ym. Dv50 is defined as the 50th percentile of the particle size
distribution, i.e. 50% of the particles have a size below Dv50 and 50% have a
size above Dv50. In general, Dv50 is characteristic of the granulometric
profile (volumetric distribution) of the particles, and it can be determined by
laser granulometry (for a size below 200 um), or by sieving (for a size above
25 200 um).
The functionalized solid support is prepared by coupling the amine
compound of formula:
(VIII"Y NH(CH2-CH2-SH),
to the aforementioned solid support. The amine compound (VIII') can itself be
30 obtained by deprotection of the amine compound of the above formula (VIII),
in which Gy is a protective group.
Coupling is carried out in an acid medium in order to limit the risks of
unmasking the secondary amine, which would lead to secondary reactions.
The trityl chloride groups in excess are preferably neutralized, for
35 example with methanol. It is then important to add a base to neutralize the
HCI formed.
It can be provided that preparation of the functionalized solid support

forms an integral part of the second variant of the method for manufacturing



conprises a main skeleton (of polystyrene, polyethylene glycol-polystyrene,
pol yacryl am de, pol yethylene glycol, cellul ose, polyethylene, polyester,

| at ex, pol yam de, pol ydi net hyl acryl am de, pol yet hyl ene gl ycol - pol ystyrene
copol yner, pol yethyl ene glycol -pol yacryl 3% de copolynmer type or a
derivative 10 thereof, as required) and NH (CH2CH2-S-Trt-)2 groups bound
to the main skel eton by the two Trt groups, or NH (CH2CH2-S-Trt-CO- NH) 2
groups, boundhedalyreptidies afifematlen(|)olterrativaty, the funetionstized selid Elslpm@e

when the starddmge W@Qeé%%@!‘bén%@ afl srepﬁrétél t¥boR! t%%@?e#c?ﬁpﬁl se in I n

the above, Trt represents a tri rougotlon substltuted
with one or rRY¥exy tm%e‘?ﬁ(‘é)nﬂn Vﬁé‘?m cofl aﬂ“esgl'%t pddfar W@W@C@Gﬂgt theient s

chl ori ne, mtﬂmeptid%'swlfclorrﬁdla@ll)l ne a][ldf cyanoh T[]US t hi Sdpﬁl yner

resin support is e of fre i ol functions, an

secondar Sfpam ne fﬁ%q ‘gto(%il'é?ﬁ ?Pj‘ﬁyﬁ&f)ﬂ? ali /e pPEYﬁQ?r SR S%ﬁmﬁﬁ’aén

am no aci d i saroufdesda toainhekeletont(ob palysiyeens opdlgethyleper glycol-polystyrene,

Pr ef bly t

b ot ective oA holeRLRNE et tellhosd vfielhiighe “BilyeHier. latex,

sel ect ed frorRalyamige( 4. rﬂoﬂmﬁwwlﬁﬁh@%yl )é@lm@ﬂwmeoonglycpmdysyrm@ or

25 (pr of or abl o ﬁé‘ﬁP@%‘“‘f'ﬁ“%g'. QWWW'&‘”'%%FE@%”W& QueTRemer ol

parti cul H tﬁé @be%qf?ﬂﬁ're nf i ﬁlgT(Qg‘k&iE'%ﬂpéﬂé? gr%q%sn PfTBP B34 ni ne)
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T. G eene anét@tingenhd supportis Wﬂhéwl‘&l-stﬂcmol ﬂyne Preferably, the

amno acid is actiya h r f b
particul arly ef (Iafr{eégfes a}HrE])vtbh:Tﬁr ge;@gggwte aW@gﬁerﬁflm@fhyﬁcgro% IGn?IIy
hal i de, n pé%?’&’fw vithy gpeder (mor@ S'absftthtﬁrﬂe pegicHIas %ﬁi@ﬁsdtﬁsomhﬂweacw

group of the sabktitaeats chitmse dﬁ@ﬂwoxﬁ&ﬁbﬂ]yﬁmuabm@@r@ cfy%mts with the
secondary am ne fgﬂctu[ﬁrg (ﬁsent on. the functionali. Zﬁ,‘ ol i iL*F(%nort
forman am de bond"YAf &P R M'H)‘Iefrfﬁs!r?f SPHQO%H‘Fn%SSf@ y P& @ '3'10 the
| atter can orﬂﬂmatlmatsl yame basr sedomdary akfne functloﬁsns(dlsummalnyletlmamirm end
of the functig gtl on step, a polymer resin support is obtained, a

so-cal |l ed prlrrer su ort, conprising G- NH CHR- CON( CH2CH2-S-Trt-) 2 groups
(R repreédenting aﬂ'héfh A aEINg a§Idd§ connles)to thaifenctioaalized solisksurpArynat ed

G2- AA- N( CH2CH2- S- ?F"rréfe)éaolflﬁﬁeréﬁsﬁﬂﬁ%w g piBteclech it Ngs Aetdtniigsl QH@)b these

b d to the leton by the two Trt
&7 hh - ( CrOBRBBIVE Brasd KA 1% 1B IR<hS BseRecRo0t A bS8 AR BRleBied ne

t wo rI:IH f imct i;]rolnsthe 2-(4- nltrdpthe\mtylsluIdm)myeeﬁidx?darbbayl (NSC)groabesr Rmoc.
tri en et stituents
i bartlcutar se ELy et JfE o HRE bRl EEs M el o R e B ke hy
f I uori n@5and(wrpterablynal) e the furGtions presantion its sigerabgém mdumn-arrtlaﬂaathene

function proggffokee, YriHe, aréeﬁsn eaop udhR Eﬁ@gopérqmﬁe* ﬁﬁd ﬁnct. R

group of the am no been epro ecte I nal of t he

si de chai n RhStiding HHWRS‘Sad’erQCéW?oW@UM Qfawl%mta@mry h@ PEBAECt ed,

as nenti onedskibeyen thd Sarf hReferémi@@ce SMBP B niéuesf&béﬁarﬁp@ (dNtHc—h réferadenout
pr otective g

provect Ve, SLBHP Pl b SRadls PEbRE S iEel S oo TSt ke snd P "
descri béd abWds,JohreWiley @nSoostlhe. first enbodi nent, the initial primer
being supplied bypidigri, MRe Rifo GRIPIsEELthAtdd ' REPrSELSE SEBPBOP or of

BOP or more particularly preferably in the presence of PyBROP, or in the

form of a halide, in particular fluoride (i.e. a fluorine atom is bound to the acyl

group of the amino acid residue).

35 The amino acid reacts with the secondary amine function present on
the functionalized solid support to form an amide bond. After coupling of the

amino acid, deprotection of the latter can optionally be carried out.



200nce the last am no acid coupling reaction has been carried out, a
reaction of separation (or cleavage) of the polypeptide fromits soI I d
support is provided, and if necessary the appropriate deprotections, after
whi ch the polypeptlde of formula (1) is @tained. Just as for the first
variant, it is advantageous at this stage to provide a step of purification
of the corrpound 25for exanple by liquid chromat ography. Method for

manuf act uri ng t he @ensgausntieat b enst atithe funclionglivatiomstep Xl pglymer resin The

pol ypept i des @jfp d?fii%ﬁaiﬁwbd )a sfo\fca”e@ uhél shppBT fjdo(Pﬁt?rfs l?%@/zq\lﬂ HREC

h pt d
e ety ek et bl Sl o
bi car bonatfe bedrf als@tb@mwggmmaemm CHATBL,b&T magepté‘selaﬂﬁgl Bglnls ty
gg'?’?\??)il@pep%lpﬁ%saga rfeglrd %?ﬁ gé%‘l‘%nhgﬁ’g;l%%%*\': q@%‘%ék?ﬁpﬁ&@hg dR€can
be used for ptM@dEdlgrguasbanGzeﬁAwb(Qh@thie?Ert -GO+Nldxpngrioepé obosnd ¢erthag
pur poses. 24ma|n sken%cBﬁ%[yctﬁQ t@b%ﬁ—l?ﬁn&lo for manuf act uri ng pharmaceuti cal

conposi tions, 1In r more pharnaceutically acceptabl e
addi tives (includilhyilbhe recalied éhanhit danetes ealripheaymaihyligroupeontionady . As
exanpl es of FHWSH&R@MMW'O@GPQ%@ @0BstithahtsCan paﬁld&l%r%@l%gte%c%ﬁg'tﬁ& to

h dic d d t
ment i onell TIPSR SSERLGBENCSY. i tiei GNP b SDPEOK M EOESiABe ES
10The fol | owragr@eatmleshydmogehrat@nt loe anvermnenfumd(tubnutprd)temnﬁg ngrauip,
Ex le 1 rel
Rri phenyl met KoTreal BnanyTe tﬁ%* B pEh L SpEar i ofluh b ha aming ppig hes
Exanpl es 2 arhfesl Q’Q#HQQC@)S rﬁnaﬂafnmgmnmenafofawqaempémn Reofl theaminoramid a
F GFOQGRCLS: NoEkiaGE20tban GaahtaBe SrotdfSPORAbAeq BBogeneral forml a

bol ypept (e of T oriii RIS sumogiiméeéﬁ ABsadni M Rseiosy Ve Beaimy 5 ©
Exanpl es 4 aralscbah @bjbct of tHecinvantitrags gu@h of a functionalized resin, h?v;ng
c sul phany) ethyl a5 U584 AP Rer@h-STRLE e AR L SRR bl 7 o
whi ch a firstdesniilped abodeiis relatiod.to the first embodiment, the initial primer being
supplied by the amino acid coupled to the activated support.
20 Once the last amino acid coupling reaction has been carried out, a
reaction of separation (or cleavage) of the polypeptide from its solid support
is provided, and if necessary the appropriate deprotections, after which the
polypeptide of formula (I) is obtained. Just as for the first variant, it is
advantageous at this stage to provide a step of purification of the compound,
25 for example by liquid chromatography.

Method for manufacturing the polypeptides of formula (1), (V') and (XI")
The polypeptides of formula (I'), (V') and (XI') mentioned above can be
obtained very easily starting from the polypeptides of formula (1), (V) and (XI)
30 respectively by oxidation in the air, for example in an ammonium bicarbonate
buffer at approximately pH 8. Another advantageous possibility consists of
using iodine I, or the diamide H,NCO-N=N-CONH,.

Applications
35 The polypeptides of formula (I) obtained according to the invention can
be used for producing a bank of polypeptides, for example for screening

purposes.



Exanple 7 relates to preparation of the pol ypeptides |c

(H LKEPVHGG N( CH2CH2SH) 2) (SEQ I D No: 2), 1d (H | LKEPVHGAN( CH2CH2SH) 2) ( SEQ
ID NO 3), le (HILKEPVHGV- N(CH2CH2SH) 2) (SEQ 25 ID NO 4) and if

(H I LKEPVHGY- N( CH2CH2SH) 2) (SEQ I D NG 5)2,4 conmpounds corresponding to
general fornula (1) above, according to the second variant of the nethod
for manufacturing a polypeptide of fornula (1), described above

(sol i d- phase synt hEys) CamxadigPe I8 r disgdesfaro magafacturing pharmespetical ve

pol ypept i des ddmpoditicitd in %@nﬁﬂmdﬁdrhwﬁhQﬂié’@ﬁﬁ{drgeph%rﬁfac% ku cce fa

H- Cl LKEPVHGV- AA(ﬁJSE o‘é‘l‘g correspondi n ener a i to

supply resped Téeﬁo&‘ﬂtéﬁ'f‘g QF My E’Qg qurmeugtyya a%%ﬁ@owwlefb) @nd 3f

EaE& :4 EEgo géaam ples of pg)é&ﬁﬁlé@t&aﬂ ebmp@smbastth@t éatﬂgbeﬁdtéln@ﬂ d@gbkﬁﬂ?% de 1g

ound correspondin

gener al %ga\ltg?_{nunvae 'R%‘) gl%"ﬁ\?é ala&g%q%qt% apg tvﬁ‘ CIf&c AP, 'Baﬁt ttﬂ%

met hod for neneftiad.i ng a pol ypepti de of gener al forrrul a (Xl), described

above (solid-phas this pol ypeptide
grh;eyﬁd?ﬁélga e FdBl E ?r)g(f@béﬁ&ét%rk

to supply a cycli | ypeptrde corres eneral fornula (X) above.
25 Exanple 10 relates to oxi datlon of the pol ypeptides 1 ¢, id, le
and If to di tmmws (conpounds corresponding to general formula (1)

b . | at t i gat f de | th
o vyt e 4 (SeaneioR B abSiisfale T Ry anion BRRARIREIRS 1 {0 Suppry
a 5pol ypeplti de 5 EE@P® NO rdigles to prdpanatiores ofl2thel 3 cantbolkhdr ebigi{R-

t a
Lifi’ﬁéplivﬁey&ﬁ%é@g@%@% G e R T I
15 rel ates to theBXagled R endpdllgad joiihe ma@ntacxbtﬂrepof ?pgpkypdgtldadaBofo
forma pol ypegthds M- @FG@EQEG@ N@Hgémgsﬁ)}dgﬁéﬁm NGS 1 eécﬁ‘fe‘égohamg;e s .8

Ilgatlon of pol orma ept |

(SEQ I D Ro éfﬁ? fterma@p @t@@e/%ﬁcew%mt@ rha At Mawtpwgmfn%ho@ Her

N-t er m nal Cyrsérmfaetuﬂﬁgfai awmgEptideBof Tdiiula Y1)t kisefived dbovengiyuldcphade Wi th
two successi ? il g%él ons. The f| nal pol ypeptide 6-7-8 is a |Inear

pol ypepti de § P equence: RNC | | GKG RSYKGTVSI TKSG |

KCQPWSSM PHEHSFL Pgsammmmmﬁeﬁemmmmfewmamﬁmmmim he

cysteines sh ved in the ligations. 20Exanple 1:
‘Pi}év%w '}%%@bﬁ Pﬁéﬁgﬁﬁﬂé%h&)&{

preparation o nvl phanyl | et hyl pam ne 1.50 ¢
of bi s(20%chl or oet RYPTRIG ﬁeredféea t%ﬁﬁ@gar@ﬁan pf gbsegreatied rppmenysunadiafiei ol

(2 equi val enttse aftfed@ntidméd fidicBohAliZcactesrd ohﬂMﬂcﬁ‘ afﬂrgﬁésmﬁwa@a%ﬁféedmder
inert atnosphere. Wth magnetic stirrin r ous

di et hyl f or man deE¢BIPIE i & &HARP iR Hrﬁgérrai'QEt |Q§nﬂ?ﬁ xPéW@ePEdes’ZSWOQﬁ ed
down in an i dd(EEJBVHGG—M@leﬁ&Izsm{)g) OfSHQS8- D aNthi )¢l dfd5. éH-(IllNEHVHGA- ene

d
oy oo RREHOEPRSLES (SEA 8 Fo i Fe (INEKEPUHET AR i ol T 1
t hi n-1 agér cH? oM ogﬁ)aﬁﬁ? (TLG)- I KEBYIIGY-N(EHRdSD2) (68| |&CNQlt ®)/
triethyl am ngomBolinds /cdr on&lfnbefo ?@ré dél'f‘EE?muFah SéHdO%ntad Brcﬁﬁg%rﬁ{eed in

a rotary 30 evaporator. t al ne |sso In 50
mL of dichl o?%‘?ﬁé'{)qg‘éﬁféa’( eanathpﬁéobwﬁctugn@ﬂ P@MP@@'Q%PBB’W%&)W th a
5% aqueous saéstriben aﬁoxﬁéugemphﬁbes hoReRy. is then purified by silica gel
col um chr omat ogr uen hex | _EtOAc [/ r| e mn 8
P02 o) Mot ai FrADPE St %Sr%a?'gnﬁﬁﬁﬁﬁ%%&e%ﬁp& rruids 59§ e
anal ysi §0of fhwithr achaypéptides 2f of Famaula H-CILKERVHGU-NH, (SEQ ¢B NE:,6)
cycl ohexane I
7.41-7.37 (m Coféglfindin E&?e ?43}%38@3 U yggg%%?’f% pggg}eﬁ]}'dgﬂ%mz)
1.26 (s, 3&@01&@ FBIMSEQ ¢y 4b NO: 1
Example 9 relates to the synthesus of polypeptide 1g (H-CHHLEPGG-
N(CH2CH,SH);) (SEQ ID NO: 7), a compound corresponding to general
35 formula (XI) above, according to the second variant of the method for
manufacturing a polypeptide of general formula (XI), described above (solid-
phase synthesis); as well as cyclization of this polypeptide to supply a cyclic
polypeptide corresponding to general formula (X) above.



26 128.1; 126.9; 47.9; 32.6; MALD -TOF: 243.1 [Trt], 622.3 [MtH], 644.3

[ M-+Nal . Exanpl e 2: synthesis of the polypeptide H GFGQGFGG OH (SEQ I D NO
8) 51 g of Wang resin (charge: 1.1 mml/g) is put in a reactor and
solvated for 30 minin DMF. In parallel, 25n a flask under inert atnosphere,
3.27 g of Fnoc-d y-0OH (10 equival ents, 11 mmol) is dissolved in 100 nL of
anhydrous dichl oronethane / DMF m xture (99/1, v/v). A solution of 857 pL
of diisopropyl carbxamplei He relatasdel exdatinnsof hespolypentdasntes . T aadHydr ous
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chr omat ogr apiiy® ll@a‘td)rtSapl | lary el ectrophoresis. LC-MS anal ysis of t he

princi pal polypeptide is in agreement with the structure of the expected

poI ypepti de % 3F143N9010 35cal cul at ed 726. 32 Da [I\/H—l] observed 726. 50
220 ample dyprapasatiomehbisdd-[tinhenyinrethy sy lplsrmyllethwioe e (0. 14
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benzotri azol &( oxytr rroI i di nop osphonl um ex uorop losphat e (
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moni t or ed bytHﬂPJl@erTblerqmémgmyd@T[e;U(letuem fdy@mhehaﬁe Cplmhylngcéﬁa@@ i S
bol ypopt i do. ERRTRATEEE0, D Aer BR R e Sabnl Rupareietin s rory
preci pi 8at edevapbrattshethen whdendolid rrebia:mezﬂ eshyteret dissolved in 8@nfl ndf of a
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pol ypepti de. e solution tur

30 mn, the RAWEHSH$QldtEON 8f bHeB Tfaeeaoductmtble@mwffled tabaslucajgetmlumnzo
ether / hept Qﬂ@rﬁﬂtégﬁarpﬁy((eldenl) cychS!‘fé@@JeUl ECDALY thigtHyldrhingedreanyd & hery the

ol ypepti de t he abpve m ol ypeptide is
gol ﬁgl |pl Ized 4)3)\\,\/\%?@?1'”9 W@e&]\ﬂgwg't? REWP éﬁﬁ?}??f‘%gﬁeﬁdT gﬁ%?odﬁgt pl Is thlen
purifiedsby prepaTIarb analysBLdE theg pacldewitis ad folowd)% of buffer B in 40 mn,
f;g‘évh[f‘lt e 6 M/ Lo ?P}Qﬁ’qa"&e%{;f hSQarPeOP EPSRE/%E‘EASS/*WOQIT%WR""””

(300 M z CDC 3) 0 7.41-7.37 (m, 12H, Trt), 7.15-7.29 (m, 18H, Trt), 2.23-

2.36 (m, 8H, CHz), 1.26 (s, 1H, NH): 3C (75 MHz, CDCl;) 154.1: 129.8:




The anal ysis of the product is as follows. 1H NWR (500 MHz, DMVF-d7).

Phe2 (2.98, dd, IH Hp; 3.23, dd, 1H HP;, 4.63, m 1H, Ha; 7.19- 7.33, m
5H, Haom); G N (1.98-2.15, m 2H, HP;, 2.31, m 2H Hy; 4.37, dt, 30 1H,
Ha; 6.97, s, 1H, NH2; 7.57, s, 1H, NH2; &609, d, 1H, NH); Phe6 (2.98, dd,
1H, Hp; 3.23, dd, 1H Hp; 4.63, m 1H Ha); Ayt 3, 5 7, 8 (3.72-4.21, m
10H, Ha; 8.6, broad s, 3H, NH3+ terml:;. Bi s%trityl mer capt oet h I}J{am’ no
group: 2.22 (128.1H12819;4294828; MALDISIPF: 2484 (Gt I2822GHIM+H]'8 64443 2H,
CH2); 3.5 (t,\PHNaEH2); 3.58 (t, 2H, CH2). 35 13C NMVR (125 MHz, DMF-d7):
Phe2 (39.7, ; 57.5, Ca; Carom; CO; GAN(30.2, CP, 34.1, Cy; 55.9, Csg;
CO; Phe6 (39.7, CP;, 58.2, Ca; Carom; CO; dVY1,3, 5 7, 8 (Ca; CO.
Bis(trityl nerE)eHg:ﬁpletm)dvhﬂfzé'ﬁ%%fgheldeéﬁtiaell-?—'GlFfBQg‘iFg‘g-@éﬁ.(%gQ H%NO: 8) Mass
spectronetry: LG . cal c 1e . ; serye
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argon, the ar@qﬂuwaiémnbﬁmbe(ﬁ.zﬁq%i?buhhmoa)eﬂq 11'me. B CNIF aydfss ik and

vor i ot UndSRCUaTu RIS S JPS: StRinasfor Wadiol e ool NARITEEHS. oL
of 20 I uti diweshed witol5) maref BNMFed troL tdieliciesiomethhherarsiothedl disés uhaer 302 ,
i nut oo’ vF, Y2530 ThedBRl a3 1o Aindler 08 Gk ae Tyt
Chl or ani | anduahtifieatiopol ofr ithet dibenzeBieneepiparidinee geidestnodeaseda deirandary
e uney) ondRES gl pERG RIS 308 LA oS REBRBIR R 6, 1L 200,
di agr am?20 Solid-phase synthesis of polypeptides is carried out using the
Fmoc/tert-butyl strategy on Fmoc-Gly-Wang resin (scale of 0.5 mmol)
prepared as previously on a microwave peptide synthesizer (CEM pu
WAVES, Saclay, France). Coupling is carried out using a 5 times molar
excess of each amino acid, the activator HBTU (O-benzotriazole-N,N,N',N'-

25 tetramethyluronium hexafluorophosphate) is used with a 4.5 times molar
excess and the base DIEA (diisopropylethylamine) is used with a 10 times
molar excess. The final deprotection and cleavage of the polypeptide from
the resin are carried out with 30 mL of a TFA (trifluoroacetic acid) / TIS
(triisopropylsilane) / H,O mixture (95 / 2.5 / 2.5 by volume) for 1 hour. The

30 polypeptide is then obtained by precipitation in a diethyl ether / heptane
mixture (1 /1 by volume), dissolved in H,O and then lyophilized. The purity of
the polypeptide (79%) is determined by HPLC (liquid chromatography) and
capillary electrophoresis. LC-MS analysis of the principal polypeptide is in
agreement with the structure of the expected polypeptide (C3zsHs3NgO1qg

35 calculated 726.32 Da [M+H]*, observed 726.50 Da).

Example 3: liquid-phase synthesis of polypeptide 1a (H-GFGQGFGG-
N(CH»CH,SH),) (SEQ ID NO: 1)




29 AS-Trt Trt-SHI.TEA HNHN H2 Nd 1--"s Ta 1,, SH Sol i d support
ready for solid-phase synthesis of the peptides Exanple 6: coupling of

am no acids on the functionalized resin fromExanple 5 to supply primnmer
supports (functionalized resin bearing a2first am no acid) 5 0.5 mml of
Frnoc- AA-F (amino acid protected by an Fnoc group and activated in the form
of an acid fluoride) is solubilized in 2 nL of anhydrous DCM and added to

the resin from Exatfd @g5 ¢D. polspeptids . HFBEGRBFEGORT (REERt Y1 Ophd)i ne
(0.75 mmol) i@ ﬁﬂﬁlﬁﬁ%wh@ r&@&élh@&' I% Shi I hffinfim2 "ﬁﬂn%ghtt eéﬁﬁ%uéor

hours. The res nﬂldji en wash for 5x2 mnutes wt anh r ous and
e

3x2 m nutes osMaAvide éHMFF_)i Iaﬁ'ﬁn?’%H‘-cﬂfltﬁﬁtthﬁl%n'ﬂésﬁTg@l{gvﬁ%ﬁ%'ﬁB@ of
secondary amimgganoff isf ladaeﬂhldﬂth@nsdlﬂjlﬁ)rf eJith. stlrrl fg apaLf ondi-terhauge of

th V, S

di benzof U veroyPRBRIRRatice Saniated i PHEBhas: e o dh reRctionov
sol ution of phixturedame the mlorﬂfsThomO@eaimUeby saddm:g amaptediswDMF . 4The

di fferent amrggcﬁa&r? %%‘noﬂ#tcyr%lj L?nl ne, vali ne and tyrosine. A

charge of O 'S obtal ned yci ne; 124 mol / g for al anine;

0.115 mol /g for v1a?|41 489 an®fo. 1@3({211{ﬁ5|phgnylmethxl}sa@h@yllethyl})amIne (2

equivalents, 0.28 mmol) is added to the preceding reaction mixture. 32 pL of

10 DiEA (1.3 equivalent, 0.18 mmol) and 94.7mg of benzotriazol-1-yl-
oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) (1.3 equivalent,
0.18 mmol) are added to the reaction mixture. Coupling is monitored by
HPLC. The polypeptide resulting from this coupling step is then precipitated
and washed in a large volume of cold diethyl ether. The polypeptide is then

15 dissolved in a minimum amount of DMF, then precipitated and washed a
second time in diethyl ether.

12.2 mL of a TFA / TIS / water mixture (95 / 2.5/ 2.5) is added to the
protected polypeptide. The solution turns yellow immediately and quickly
fades. After 30 min, the polypeptide is precipitated in 300 mL of a cold diethy!

20 ether / heptane mixture (1 / 1). The solution is centrifuged and then the
polypeptide is washed twice with the above mixture. The polypeptide is
solubilized in water, frozen and then lyophilized. The product is then purified
by preparative HPLC (gradient: 0 to 40% of buffer B in 40 min, flow rate:
6 mL/min). 60 mg of purified polypeptide is then obtained after lyophilization

25 (total yield = 50%).

The analysis of the product is as follows.

'H NMR (500 MHz, DMF-d7).

Phe,; (2.98, dd, IH, HB; 3.23, dd, 1H, HB; 4.63, m, 1H, Ha; 7.19-
7.33, m, 5H, Hawom); Glng (1.98-2.15, m, 2H, HB; 2.31, m, 2H, Hy; 4.37, dt,

30 1H, Ha; 6.97, s, 1H, NH,. 7.57, s, 1H, NH3; 8.09, d, 1H, NH); Phes (2.98, dd,
1H, HB; 3.23, dd, 1H, HB; 4.63, m, 1H, Ha); Gly; 3 5 7 s (3.72-4.21, m, 10H,
Ha; 8.6, broad s, 3H, NH3™ term.).

Bis(trityImercaptoethyl)amino group: 2.22 (t, 1H, SH); 2.42 (t, 1H, SH);
2.68 (q, 2H, CHy); 2.81 (q, 2H, CHy); 3.5 (t, 2H, CHy); 3.58 (t, 2H, CH,).

35 3C NMR (125 MHz, DMF-d7): Phe; (39.7, CB; 57.5, Ca; Carom; CO);
Glns (30.2, CB; 34.1, Cy; 55.9, Ca; CO); Phes (39.7, CB; 58.2, Ca; Carom.;
CO); Gly 3,5 7 8 (Ca; CO).

Bis(tritylmercaptoethyl)amino group: 24.0; 25.0; 52.0; 53.0.



It should be noted that for coupling the first amno acid to the solid
20support, other coupling agents can be used such as PyBOP, PyBrop, HBTU
etc. It was found that PyBrop gives the best results and allows direct use
of 30 the anino acids without the need 8 preactivation using an acid
fluoride (which is less practical experinentally). Exanpl e 7: solid-phase
synthesis of the polypeptides |Ic (HI|LKEPVHGG 5N(CH2CH2SH)2), Id

( H I LKEPVHGA- N( CHAdresIspeptrometry HLCHMSPOREN Qa2 (M $H) Z:)alcatlmiedf845 34

(H I LKEPVHGY- blg- dizseliy€d 845.42 DaPol ypeptide I ¢ (SEQ ID NO 2) is obtained
fromthe primer support prepared in Exanple 6 with glycine.

Pol ypeptide Id (SEQ 1D NO 3) is obtained fromthe priner support .
10pr epar ed uEfamm@I e 4 W tbpaitedtione. of ol yeepsndigy! € drivi@ | Doi@2-4) is

obtalnedgrorﬂ DROTr . | ared In Exanple 6 wth valTne.
Pol ypept i de i & i PRed from the primer support prepared

in Exanple 6 with t%zﬁm néa Tf%‘hEl&ynxthee;(%? 51 2t 5)as poluysxk phicdB.76ang loé

sunmari zed a%lE&é gﬂgﬁeaylm% s% Wéfhyf}%‘ﬂ%e WP £ hfdi asdheSVidhifish s ©f

the peptides T
mixture is left under stirring for 30 minutes. The solution is then evaporated to
dryness in a rotary evaporator, obtaining a white solid. The solid obtained

10 (compound of formula (VIII')) is solubilized in cyclohexane and evaporated to

dryness; the operation is repeated twice.

Example 5: coupling of the deprotected amine to the chlorotrityl resin
893 mg of resin (trityl chloride resin on skeleton of styrene copolymer
15 with 1% of divinylbenzene, 200-400 mesh, 1.4 mmol/g, marketed by Merck
under the reference 01-64-0074) is put in a reactor (1.25 mmol). Under
argon, the amine from Example 4 is solubilized in 5 mL of anhydrous DMF
and deposited on the resin using a gas-tight syringe. The reactor is stirred
overnight under aluminium foil. 40.5 pL of methanol (1 mmol) and 116.5 pL of
20 lutidine (1 mmol) are added to the resin. After solvolysis for 30 minutes, the
resin is washed with 2x2 minutes of DMF, 2x2 minutes MeOH, 2x2 minutes
DMF, 2x2 minutes 5% DIEA in DMF and finally 2x2 minutes DMF. Chloranil
and Ellman colorimetric tests reveal the presence of a secondary amine and
absence of free thiol on the resin.
25 The method for obtaining the functionalized resin of Example 5
corresponds to the following general diagram :




20The pol ypeptides obtained in Exanple 7 have the foll ow ng general
formula: 31 SH O HILKEPVHG NHN. 7-., N SHR=H 1l c R= CH3 id R= CH(CH3) 2
le R= p-OHPhCH2 | f The sol i d-phase synthesis of the various

pol ypeptides is carried out using the Fnd&/ tert-butyl strategy on the
respective resins fromExanple 6 5 (scale of 0.1 mmol) on a m crowave
peptide synthesizer (CEM p WAVES, Saclay, France). Coupling is carried out
using a 5 times nolar excess of each am no acid, the activat g([; HBTU i s used
with a 4.5 tinmes mol ar exces€land the base A is used V\nth 10 tines
nol ar excess. The final dep tegfti%ﬁ and/ﬁl eavagel ¥ the pdl ypeptide from
the resin 10 are carri Wi-t-h—%#0 of aTF—AEFFHS/DN/EJ 20 m xture
(92.5/2.5/2.5/2.5 by vol u ) or 1 hourLet/ ﬁol ypept i de’ s pen obt ai ned
by precipitation in 100 mf\e’f a di et hyl F heptane mixtufe (1/1 by

vol une), dissolved in H20 and then lyophilized. The purity of each

pol ypeptide is determ ned by HPLC (91% for 15 pol ypeptide Ic with a

gl ycine, 83% for pol ypeptlde id, 80%for le, and 88% for if). MALDI -TOF
anal ysi s of the pol ypep in agreement with the structure of the
expect ed pol ypeptide (Pept ?‘Ze Isb C47H81N13011S2 [ M+H] cal cul ated 1068. 6 Da,
observed 1068.5. Poly tide | g/ C48F183N13011S2 [ M+H cal cul ated 1082.6 Da,
observed 1082. 4. Pol yﬁggﬁl de Te 20C501- 187N13611 [I\/H—I] cal cul ated 1110.6

Da, observed 1110.5 Pol ype tide if C54H37N1301 cal cul ated 1174.6
Da, observed 1174. EVSer“eChqfﬁ@ bEEPpept i des are p r| fied onaa Nucl eosi |
C18 colum in acetonitrile-H20 (80-20) |’?1a FA 4ma adient fromO to
30%in 30 mn for polypeptide 1c and a grad.lz%nt rom0 to 10%in 5 nin and
then 10 to 25%in 2525 mn for polypeptldes idand |e. The purity
determ ned by HPLC is 96% for pol ypepti dg C vmlg n over all yield of 35%
97% for pol ypeptide Id with a yield of 3%d @?\g I pol ypeptide le with

X 0 solid-phase synf
a yield of 27%

of the peptides

Example 6: coupling of amino acids on the functionalized resin from Example
5 to supply primer supports (functionalized resin bearing a first amino acid)
5 0.5 mmol of Fmoc-AA-F (amino acid protected by an Fmoc group and
activated in the form of an acid fluoride) is solubilized in 2 mL of anhydrous
DCM and added to the resin from Example 5 (0.125 mmol). Then 82.4 L of
N-methylmorpholine (0.75 mmol) is added. The reaction is stirred at ambient
temperature for 2 hours. The resin is then washed for 5x2 minutes with
10 anhydrous DCM and 3x2 minutes DMF. Chloranil and Ellman colorimetric
tests show absence of secondary amine and of free thiol on the resin.
The final charge of the resin is determined by UV-VIS assay at 290 nm
of the dibenzofulvene-piperidine adduct released during deprotection with a
20% solution of piperidine in DMF.
15 This example is implemented with 4 different amino acids: glycine,
alanine, valine and tyrosine.
A charge of 0.15 mmol/g is obtained for glycine; 0.124 mmol/g for
alanine; 0.115 mmol/g for valine; and 0.107 mmol/g for tyrosine.
It should be noted that for coupling the first amino acid to the solid
20 support, other coupling agents can be used such as PyBOP, PyBrop, HBTU
etc. It was found that PyBrop gives the best results and allows direct use of




32 Exanple 8: ligation of polypeptides 1c, 1d and if with pol ypeptide 2
(HCl LKEPVHGV- NH21 The respective ligations of polypeptides 1c, 1d
and if obtained in Exanple 7 with pol ypeptide 2 (SEQ ID NO 6) are carried
out according to 5the foll owi ng di agram 30VSH H | LKEPVHG NH N/ + R r SH 10R=
H1C R= CH3 1d R= p-OHPhCH2 If | L KEPVHGV-NH2 o0 2 1 TCEP MPAA

the amino acids without the need for preactivation using an acid fluoride

(which is less practical experimentally).

Example 7: solid-phase synthesis of the polypeptides 1c (H-ILKEPVHGG-
5 N(CHCH>SH),), 1d (H-ILKEPVHGA-N(CH,CH,SH),), 1e (H-ILKEPVHGV-
N(CH,CH,SH),) and 1f (H-ILKEPVHGY-N(CH,CH,SH),)
Polypeptide 1c (SEQ ID NO: 2) is obtained from the primer support
prepared in Example 6 with glycine.
Polypeptide 1d (SEQ ID NO: 3) is obtained from the primer support
10 prepared in Example 6 with alanine.
Polypeptide 1e (SEQ ID NO: 4) is obtained from the primer support
prepared in Example 6 with valine.
Polypeptide 1f (SEQ ID NO: 5) is obtained from the primer support
prepared in Example 6 with tyrosine.
15 The synthesis of the polypeptides can be summarized as follows:

S TR, e . Solid-phase synthesis S%‘Trt\ —
J/ 7/ Fmocitert-butyl strategy I
3 ) »~ protected peptide -N A
L S——-TFT‘ T
~

Salid support ready for
solid-phase synthesis

of the peptides
SH
TFA
=~ peplide—-N’
._SH
20 The polypeptides obtained in Example 7 have the following general

formula;



Ro R= H 3c R= CH3 3d 20R= p- OHPhCH2 3f These |igations make it
possible to obtain the respective polypeptides 3c (of formula

H | LKEPVHGGCI LKEPVHGV- NH2, SEQ ID NGO 9), 3d (of fornula

H | LKEPVHGACI LKEPVHGV- NH2, SEQ I D NO. 10B%and 3f (of formula

H | LKEPVHGYCI LKEPVHGV- NH2, SEQ I D NGO 11). 25Ligation of polypeptide Ic.
336 ng of MPAA (2 mmol, 200 mM) and 234 ng of TCEP (800 pnol, 80 mVW) are
dissolved in 10 nL of 0.1 M phosphagg buffer (pH adjusted to 7.5). 10.2 ny
of polypeptide 1c is dissolved infthe m xture (7.2 pnol, 0.72 mM, this
solution is adq_?qi_h(%pv&é_.@ f pol ypeptide 2 H 30 Cl LKEPVHGV- NH2 (10.6

nol, 1.06 nmV e mxture aced under argon and then stirred at 37C
The product is then purifl E&P/E LC to give 5.9 ng of polypeptide 3c
(32% . Ligation of pol ypep rst, an MPAA/TCEP-FICl solution is

prepared. 33.52 ngy o A'A 35 and 57.54 nmg of TCEP.HCI are weighed in a
1.5-nmL pol ypropyl ene Wé@ % m. of 0. 1M phosphate buffer at pH=7.3 and then
140 pL of 6M NaCOH ar éa | eading to conpl ete solubilization of the
powders. An additi onR= @H(Gl;)oflesM NaCH i s added to adjust the sol ution pH
to 7.05. 33 FR= p-@HRIGCHaH | i gation reaction, 5.99 ng of pol ypeptide
1d and 9.05 ng of polypeptide 2 are weighed in the sane 5-nlL gl ass fl ask.
600 pL of the above solution is added. The reaction mxture is put under
argon in 3 vacuumTaegsoliccpbass synﬂnesiSpb‘éﬁmjvarioml polyipebtidés tis eaniest @utcal |y

controlled t b t

the reacti on%&ﬁuﬁ}%ﬁh@f%{]&ggv?ﬂéﬂg?g di‘?%?f;ﬁ_ ﬁve r%sp|9 écrr?sﬁ tE%{)e ?he
reaction ¥ adReale ¢fi ddenmalk an 3 miglowave, peplide AYO%&GF({ &RMINVYRVBS05
vol . % of TFA)Sacidy, Frahse)t D@Oéfr@g rseébrhéd"oh@ué &EFH—SEHHJQ% mb i eixeasd bP@§CK4 X 4
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The purity of each polypeptide is determined by HPLC (91% for
15 polypeptide 1c with a glycine, 83% for polypeptide 1d, 80% for 1e, and 88%
for 1f). MALDI-TOF analysis of the polypeptides is in agreement with the
structure of the expected polypeptide (Peptide 1c C47HgiN13011S2 [M+H]
calculated 1068.6 Da, observed 1068.5. Polypeptide 1d CsgHg3sN13011S2
[M+H]" calculated 1082.6 Da, observed 1082.4. Polypeptide 1e
20 CsoHs7N13011S; [M+H]" calculated 1110.6 Da, observed 1110.5). Polypeptide
1f Cs4Hg7N13012S, [M+H]" calculated 1174.6 Da, observed 1174.6).

The polypeptides are purified on a Nucleosil C18 column in
acetonitrile-H,O (80-20) in TFA, with a gradient from 0 to 30% in 30 min for
polypeptide 1c, and a gradient from 0 to 10% in 5 min and then 10 to 25% in

25 25 min for polypeptides 1d and 1e.

The purity determined by HPLC is 96% for polypeptide 1c with an
overall yield of 35%, 97% for polypeptide 1d with a yield of 31%, and 99% for
polypeptide 1e with a yield of 27%.



20Li gation of pol ypeptide 1f. First, an MPAA/ TCEP-HCI solution is
prepared. 33.63 ng MPAA and 57.37 ng of TCEP.HCI are weighed in a 1.5-nL
pol ypropyl ene tube. 1 nL of 0.1 M phosphate buffer pH=7.3 and then 140 pL
of 6M NaOH are added, |eading to conpl et 82di ssol ution of the powders. The
solution pHis adj usted to 257.05 with 6M NaCH. For the ligation
reaction proper, 97 of pol ypeptide 1le and 5 75 ng of polypeptlde 2 are
wei ghed in thExamnle §: rlmamramf nolme@tldsmﬂbm ] tider? i(sl-
added. The re@n_tp@nswqu/t_m_g is put under argon in 3 vacuurrl argon cycl es,
then placed in an1o bat h therrmstatlcall controlled to 3037C and sti rred
using a magnet i zed! farespective ligations 4of BOWPGP@d@ Ae. (1sbaed) Mopbiained in

sol ution of TEkEMpIEl 7 iwitrppolypbptide RUSER 1BANTS 6 dark captiEed d@xt\acbbro@rh\g $9da is
added. Af er tﬁ 3 ‘go 'ﬁlﬂgthe reaction mxture is transferred to a 15-nL

pol ypropy ene F B '3UA% i on flask is rinsed with 3.5 nL of buffer A
and 35acidified wwth 150 pL of TFA at 11_|0%|n Mgt er, which is also
transferred to the tube. 3 extragtlo (3 X 5.5)nL) are carried out with

et her. The aqueQusHRRASE | injectedANn preparative HPLC
(ambi ent tenperature, 230 nm re05| | C18 ¢ u 26 X 5= g Vbldf BeVAH,
100% 34 water containing O. 05&’0 TF fer B acebPonitrile/water 4/1
contalnl{pOOS%TEA flowgate.3 mM7mn, gradient 0 to 15% B in 15 mn,
then 15 to 100% B in 283 m@=CMoI|dJrre injected 4 ni). After

| yophi lization, 3.80 ng of gﬂ_ﬁg Ei poduct is collected 5(yiel d=54%) .
CO9H160N26024S [ M+H] cal cul ate 6’ 8, found 2130.2. Determ nation of

enantiomeric purity of Tyr: 1.25% D-enantj ocmr. Figures 1 to 3d illustrate
the monitoring of the ligation reaction flompiafie |igation of pol ypeptides
lc, 1d and 1f. 10 Exanple 9: solid-phase 'synthesis of polypeptide 1q

(H- CHHLEPGGN( CH2CHi f1 2) and cyclization @f this Pol ypeptide 1g (SEQ I D NO
7) was s&ﬁnt hesi zed as with pol ypepti deQlC.

H-ILKEPVHG-NH
Y N ILKEPVHGV—NH2
R o)

R=H 3c
R= CH, 3d
20 R= p-OHPhCH, 3f
These ligations make it possible to obtain the respective polypeptides
3¢ (of formula H-ILKEPVHGGCILKEPVHGV-NH;, SEQ ID NO: 9), 3d (of
formula H-ILKEPVHGACILKEPVHGV-NH,;, SEQ ID NO: 10) and 3f (of
formula H-ILKEPVHGYCILKEPVHGV-NH,, SEQ ID NO: 11).
25 Ligation of polypeptide 1c.
336 mg of MPAA (2 mmol, 200 mM) and 234 mg of TCEP (800 umol,
80 mM) are dissolved in 10 mL of 0.1 M phosphate buffer (pH adjusted to
7.5). 10.2mg of polypeptide 1c is dissolved in the mixture (7.2 umol,
0.72 mM), this solution is added to 15.3mg of polypeptide 2 H-
30 CILKEPVHGV-NH; (10.6 mmol, 1.06 mM). The mixture is placed under
argon and then stirred at 37°C. The product is then purified by RP-HPLC to
give 5.9 mg of polypeptide 3c (32%).
Ligation of polypeptide 1d.
First, an MPAA/TCEP-HCI solution is prepared. 33.52 mg of MPAA
35 and 57.54 mg of TCEP-HCI are weighed in a 1.5-mL polypropylene tube.
1 mL of 0.1M phosphate buffer at pH=7.3 and then 140 yL of 6M NaOH are
added, leading to complete solubilization of the powders. An additional 20 L
of 6M NaOH is added to adjust the solution pH to 7.05.



15The soli d-phase synthesis of polypeptide 1g is carried out using the
Frmoc/tert-butyl strategy (scale 50 pmol) on a mcrowave peptide
Coupling is carried out in the presence of HTBU as activating
agent (4.5 eq) and DI EA as base (10 eq). 3% the end of synthesis, the resin
I's washed with dichloronethane (2 x 5 nmL), with ethyl ether (2 x 5 nL),
then dried. The 20 final deprotection and cl eavage of the pol ypeptide are

synt hesi zer.
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containing 0.05 vol.% of TFA), which is transferred to the 15-mL tube. 4
extractions (4 x 4 mL) are carried out with ether. The aqueous phase is
acidified further by adding 150 uL of TFA at 10% in water. 4 new extractions
(4 x 4 mL) with ether are repeated.

The aqueous phase is then injected in preparative HPLC (ambient
temperature, 230 nm, Nucleosil C18 column 120 A-5 um, buffer A (water
containing 0.05 vol.% of TFA), buffer B acetonitrile/water 4/1 by volume
containing 0.05 vol.% of TFA, flow rate 3 mL/min, gradient 0 to 15% B in 15
min, then 15 to 100% B in 283 min, volume injected 4 mL).

After lyophilization, 8.5 mg of ligation product is collected (yield=77%).

Co3H156N26023S [M+H]" calculated 2038.16, found 2038.07.

Determination of enantiomeric purity for alanine: 1.76% D-enantiomer.

Ligation of polypeptide 1f.

First, an MPAA/TCEP-HCI solution is prepared. 33.63 mg MPAA and
57.37 mg of TCEP-HCI are weighed in a 1.5-mL polypropylene tube. 1 mL of
0.1 M phosphate buffer pH=7.3 and then 140 uL of 6M NaOH are added,
leading to complete dissolution of the powders. The solution pH is adjusted to
7.05 with 6M NaOH.

For the ligation reaction proper, 3.97 mg of polypeptide 1e and
5.75 mg of polypeptide 2 are weighed in the same 5-mL glass flask. 374 uL
of the above solution is added. The reaction mixture is put under argon in 3
vacuum/argon cycles, then placed in an oil bath thermostatically controlled to
37°C and stirred using a magnetized bar.

After 445 h, 78.6 yL (30 eq) of a 1M solution of TCEP-HCI in
phosphate buffer adjusted to pH=7.0 with 6N soda is added.

After 4.5 days, the reaction mixture is transferred to a 15-mL
polypropylene tube. The reaction flask is rinsed with 3.5 mL of buffer A and
acidified with 150 uL of TFA at 10% in water, which is also transferred to the
tube. 3 extractions (3 x 5.5 mL) are carried out with ether.

The aqueous phase is then injected in preparative HPLC (ambient
temperature, 230 nm, Nucleosil C18 column 120 A-5 um, buffer A 100%



5dissolved in 1 nmL of 0.1M phosphate buffer at pH 7.5 adjusted wth 6N NaCH
sol uti on. 1.0 ng (0.76 pnol) of polypeptide 1g is dissolved in the

m xture (764 pL, 1 mM), placed under argon and then stirred at 37C. The
reaction | eads exclusively to formation of the cyclic pol ypeptide 3g (SEQ
ID NO 12). 10Pol ypeptide 3g: cycl o( CHHLEPGG ; C35H49N12010S MALDI - TOF

anal ysis [M+H + cal cul ated 831. 1 observed 831.1. Exanple 10: oxidation of
pol ypept i des Water cantairingf09% TRA dvuffer & apetasirileSrter & INenta®ing 2,05 and

16) 15Pol ypePFAdmﬁMr&te 3 Ehi/mhiR, gﬂﬂuérft (P01 5% @m 5 HGH, tHén@‘?fH)HGO% BTr‘i‘ese
| zed  accor 6g{)to the fol [ owm ng general diagram:

Bglp%/f)ggt Il\lcsiasﬁ X OX(Y@“"H% nigcte e de = pepti de-dit hi azepane 02 ; t. a.
= pepti de-di t hiffrgpalephilization, 3.80 mg of ligation product is collected
5 (vield=54%).
CogH150N26024S [M+H]" calculated 2130.18, found 2130.2.
Determination of enantiomeric purity of Tyr: 1.25% D-enantiomer.
Figures 1 to 3d illustrate the monitoring of the ligation reaction for the

ligation of polypeptides 1c, 1d and 1f.

10
Example 9: solid-phase synthesis of polypeptide 1g (H-CHHLEPGG-
N(CH,CH»SH),) and cyclization of this polypeptide
Polypeptide 1g (SEQ ID NO: 7) was synthesized as with polypeptide
1c.
15 The solid-phase synthesis of polypeptide 1g is carried out using the

Fmoc/tert-buty! strategy (scale 50 pmol) on a microwave peptide synthesizer.
Coupling is carried out in the presence of HTBU as activating agent (4.5 eq)
and DIEA as base (10 eq). At the end of synthesis, the resin is washed with
dichloromethane (2 x 5 mL), with ethyl ether (2 x 5 mL), and then dried. The
20 final deprotection and cleavage of the polypeptide are carried out with 5 mL
of TFA/TIS/H,O/DMS mixture, 9.25/0.25/0.25/0.25 by volume for one hour.
The polypeptide is precipitated in 50 mL of an ether/heptane mixture (1/1),
dissolved in water and then lyophilized.
Polypeptide 1g: CagHsiN13010Ss, MALDI-TOF analysis [M+H]"
25 calculated 968.19, observed 968.2.
Polypeptide 1g is then cyclized to provide polypeptide 3g, according to
the following diagram :



Each pol ypeptide is cleaved fromthe solid support by the action of

TFA/ DMS/ Ti S/ H20 solution (92.5/2.5/2.5/2.5; v/v). The pol ypeptide is then

5 precipitated in a |l arge volunme of a diethyl ether/heptane m xture (1/1;
v/v) and washed tw ce using this soluti o The crude pol ypepti de

| yophilized after the cleavage step is then dissolved in a 0.1M solution of
anmoni um bi carbonate previously degassed for 105m n by bubbling with
nitrogen (1 nmg/nl). 10The nj xt/ rffﬁsLt]pe é_tﬁ{;&(rjmxi_gpﬁ%usl y at anbi ent
tenperature. The devel opnent’ o he Teaction hitored by MALDI - TOF nmass
spectronmetry until the reduced form ofj,the polypeptide in question has

di sappeared conpletely. The polypeptide is finally purified by RP-HPLC
(gradient eluent A (H20/0.05% TFA)/ el uent B (80849 acetonitrilel/ 20% H20/ 0. 05%
TFA): 0 to 10% 15in 10 min then 10%to 25%in 25 mn), then frozen and

| yophi l'i zed. The follow ng table su A& the results obtained
(MALDI - TOF anal ysis). Pol ypeptide m z [ MtHhe@kat.pHVsZ [ MFH] obs Final yield
(%9 1c 1066.6 1066.6 17 1d 1080.6 1080.6 133°de 1108.6 1108.6 23
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The conditions used for cyclization are identical to the conditions used
for ligation of polypeptide 1c to polypeptide 2.
33.64 mg of MPAA (200 mM) and 22.9 mg of TCEP (80 mM) are
5 dissolved in 1 mL of 0.1M phosphate buffer at pH 7.5 adjusted with 6N NaOH
solution.
1.0 mg (0.76 ymol) of polypeptide 1g is dissolved in the mixture
(764 uL, 1 mM), placed under argon and then stirred at 37°C. The reaction
leads exclusively to formation of the cyclic polypeptide 3g (SEQ ID NO: 12).
10 Polypeptide 3g: cyclo(CHHLEPGG); C3sH4oN12010S MALDI-TOF
analysis [M+H]+ calculated 831.1 observed 831.1.

Example 10: oxidation of polypeptides 1c, 1d, 1e and 1f to dithiazepanes
(SEQ ID NO: 13, 14, 15 and 16)
15 Polypeptides 1c, 1d, 1e and 1f are as obtained in Example 7. These

polypeptides are oxidized according to the foliowing general diagram :
0

0

SH
peptide” N7 NH,HCO; aq. 0,1M , )J\
: peptide N/\
Oz,t.a. S

SH
= peptide-dithiazépane



If 1172.6 1172.6 20 Exanple 11: |igation between pol ypeptide 1c and

pol ypeptide 4 20Pol ypeptide 1c (SEQ ID NO 2) is ligated to polypeptide 4
(SEQID NO 17), which is identical to polypeptide 2 except that the
N-term nal cysteine is replaced with a h@ﬁncystei ne. This reaction nakes it
possi ble to obtain polypeptide 5 (SEQID NO 18). The reaction diagramis

as follows: o0 7SHHS H | LKEPVHG NH--.., . w,+H2N 1....7SH Ic 1 TCEP MPAA SH
0 33.6 ng of MPAA (0.2 mmol, 200 mM) and 57. 4 wgeptiderdibRrzepare mol ,
200 M) are dissolved in 1 nL of 0.1 M phosphate buffer (pH adjusted to

ol ypept | de 4°( t+ HORICDOVLRE e Shiazpd Eorcthnphid Seoesridy Recagharsof ved
in the mxt ur'EF/(«wspuS/.HzUﬁeomtp@P9493.5/2.5%%6%5; wtrv).errihsre gglpg@p@ué fh@rﬂhéﬁi rred
ol ypept i e B Eobiptencs 48 kol o 4 et ope dshiifi apa e Bt ¥ opi o)
[ MtH 2010. 1Aarchweshed édice 260 this salntion. The crude polypeptide lyophilized after
the cleavage step is then dissolved in a 0.1M solution of ammonium
bicarbonate previously degassed for 10 min by bubbling with nitrogen
(1 mg/mL).
10 The mixture is then stirred vigorously at ambient temperature. The
development of the reaction is monitored by MALDI-TOF mass spectrometry
until the reduced form of the polypeptide in question has disappeared
completely. The polypeptide is finally purified by RP-HPLC (gradient eluent A
(H20/0.05% TFA)/eluent B (80% acetonitrile/20% H,0/0.05% TFA): 0 to 10%
15 in 10 min then 10% to 25% in 25 min), then frozen and lyophilized.
The following table summarizes the results obtained (MALDI-TOF

analysis).
Polypeptide ~ m/z [M+H] e  M/z [M+H]"ops. Final yield (%)
1c 1066.6 1066.6 17
1d 1080.6 1080.6 13
1e 1108.6 1108.6 23
1f 1172.6 1172.6 20

Example 11: ligation between polypeptide 1c and polypeptide 4

20 Polypeptide 1c (SEQ ID NO: 2) is ligated to polypeptide 4 (SEQ ID
NO: 17), which is identical to polypeptide 2 except that the N-terminal
cysteine is replaced with a homocysteine. This reaction makes it possible to
obtain polypeptide 5 (SEQ ID NO: 18). The reaction diagram is as follows:




10 Exanpl e 12: synthesis of polypeptide 6 (SEQ ID NGO 19) Pol ypeptide 6 has
the fol l ow ng sequence: NH2 15The resin described in Exanple 5 (0.5
mol, 0.175 mml/g) is conditioned in dichloronethane. Fnoc-Lys(Boc)-OH

(2. 342 g, 5 mmol) is dissolved in dichl oBdnet hane and a few drops of DMF to
aid solubilization, and then added to the resin. PyBrop (2.331 g, 5 mmol)
is dissolved in a n1 ni mum anount of dichl oronet hane and then added to the
resin. DI EA 20(2.613 nL, 15 mmmol) is then added to the resin and coupling
takes 2h. The 38 resin is then washed for 3 x 2 mnutes with

di chl oronet hane. The resin |s t treab w th 10% Ac20/ 5%

Di EA/ di chl or onet hane (10 my 2 mn) then (10 nL, 20 mn). The resin is then
washed for 5 x ﬁ"#ﬁEﬁ‘tﬁ%’ﬁ*w/[LkN i chl dr onetifang—I5Rolky ek | deH6G v—aasenbl ed
on a portion of the preceding|resd (0.25 |, 0.175 mmol/g) with a

pepti de synthesizer (CEM¢pWavesy” Sacl ay, France), using4the Fnoc/tert-butyl
strategy. Coupling is carried out wwth the amno acids (0.2 M 4 eq), the
activator HBTU (0.5 M 3.6 eq) and t e base DIEA (2 M 8 eq). The final
deprotecti on and cl eavage of the 85% de fromthe resin are carried out
wi th TFA/ TI S/ DVB/ t hi oani sol e/ H20 (90 MPBA2.5/2.5/2.5 by volume, 25 nl) for
2.5 h. The peptide is precipitated in cold diethyl ether/heptane m xture
(1/1 by volune), dissolved in a m niSme anount of water and |yophilized.
288 ng of crude peptide is obtained Fyi el d=32% . Cl120H216N36031S4 LC M5

[ MrH] cal cul ated (average nmass) 132 .5; observed 2788. 1. A portion
of polypeptide 6 is t DKE%OLQNI—ZIed bef re purification. For this,

pol ypeptide 6 (49.8 ny I cOH watter 4/ H (@ v1=)\|H It is5added
dropwi se to a sol ution of iodine inhAc water 4/1 (25 ni, "10° eq"). After
stirring for ctiqon mxtu tran rred to. a
separating 20 fur‘?’%eé Qﬁ%\gﬁé\ v(/Qt?e'i“”E‘éo {741)?9 SM) $a { AR Wt KCEMer
are cizrlled @012 hithot, ﬁOOmfILM) aTéeh@wlmt]ym nhﬁﬁeoiice 1f Nbpﬁbspmigl b!HlﬁmiTl gl—lled to
gi ve ny rifi - col umm:
A ant s dgbsrS B 5005 ig qtpodbbBlidTh (4 CRneLr Rivbaoh

cont ai ni rig 0.0 36lveRtideuttt ¢- -hBMatly sOHSIERI S N Hy) 16t piaiat ﬁ@ ﬂ)md)di)%afﬁ:A

gradi ent: 20 QAW pf tr%’é—é.%un? @24@83 m&?g o@ﬂﬁé@%@fgd ’%{q@ér%r% gndTg of

pure peptide i s obtalne

Pal cul ot ed ( 418 sifesdab sy Grbes prdushisfrapuriiss BoRP-HPLG (© give 3
of polypeptide 5 (29%). C91H152N25023S. MALDI-TOF MS analys:s

(monoisotopic) [M+H]" 2010.12 calculated, 2009.5 found.

10
Example 12: synthesis of polypeptide 6 (SEQ ID NO: 19)
Polypeptide 6 has the following sequence:

(o] 0
H H
H—IRN—N\)LIIGKGRSYKGTVSITKSGI—N\/U\N/\?

NH,

15 The resin described in Example 5 (0.5 mmol, 0.175 mmol/g) is
conditioned in dichloromethane. Fmoc-Lys(Boc)-OH (2.342 g, 5 mmol) is
dissolved in dichloromethane and a few drops of DMF to aid solubilization,
and then added to the resin. PyBrop (2.331 g, 5 mmol) is dissolved in a
minimum amount of dichloromethane and then added to the resin. DIEA

20 (2.613 mL, 15 mmol) is then added to the resin and coupling takes 2h. The



30Exanpl e 13: synthesis of polypeptide 7 (SEQ I D NO 20) Polypeptide 7 has
the foll ow ng sequence: QPWSSM | PHEHSF LPSSYRGKDLQEN-N HS 39

The resin described in Exanple 5 (0.5 mmul, 0.175 nmol/g) is conditioned in
di chl or onet hane. Fnoc- Tyr-OH (2.298 g, 53%ml) is dissolved in

di chl oronet hane (<5 nmL) and a few drops of DVF to aid solubilization, then
added to the resin. PyBrop (2.331 g, 5 mmpl) is dissolved in a mninum 5
amount of DCMeshuis fhem Wégéﬁdtféf Bwlee%nu’cesMlmd(cmca'gmamanelﬁhﬁrmsmns t hen

added to the thesitressd \mwnbw@\cgr@@/@ @Ef/\/dﬁlli‘l%rdrﬁé!hr'éggfgbhﬁmﬂt : 1@‘3/ AcZ(r)/ go/x
0 0
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then 3 x'2 ni QHS?H’ dr| ed The final deprotection and
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For this, 60 mL). The aqueous phase is frozen and lyophilized to give 44.1 mg of
crude peptide.
After purification by RP-HPLC (column: Atlantis dC18 OBD 5 um, 19 x
100 mm, 210-300 nm, buffer A 100% water containing 0.05% TFA, buffer B
25 CH3CN/water 4/1 containing 0.05% TFA, gradient: 20 to 40% of buffer B in
40 min, flow rate 25 mL/min), 7.2mg of pure peptide is obtained
(vield=14.5%) C120H214N35031S4 LC-MS [M+H]" calculated (average mass)
2786.52; observed 2786.33.

30 Example 13: synthesis of polypeptide 7 (SEQ ID NO: 20)
Polypeptide 7 has the following sequence:

OH

S

<j\ﬂ' N P

N —_—

N QPWSSMIPHEHSFLPSSYRGKDLQE NN \/s/
0

0



35 fragment 2 (51.8 ng) is dissolved in CH3CN (2.38 nL) and then 0.2 M
phosphate buffer pH=7.3 (9.50 nL) is added. It is added dropwi se to a
solution of 10 mMMdiamde in water (1.32 ni, 1 eq). After stirring for 15
mnutes, the reaction mxture is diluted3ith buffer A (1.8 nL) and
injected in 40 RP-HPLC (colum: Atlantis dCl18 OBD 5 pm 19 x 100 nm

210- 300 nm buffer A 100% water containing 0.05% TEA, buffer B CH3CN water
4/ 1 containi ng 0.08% TEAIN glesdribed : im3-xampsyHo(0Bunfral, B.175 aomaig), i$ | ow

25 L/ m dndits A td 1151 ' | k. A2
b3 szmToﬁ”é’E“"ﬂ“&% Vel fﬁﬂ°'®“§:§[‘§ﬁ?£'§§° ??&3?23%9‘235985 @Hg%[)z %7‘?{%9{_%679 38,
Exanpl e 14: dYrdicRieramethans (R8dpt) @dga (fewcsiopsne DM teqig sohibiizationhas
tP he fo:\ll OWI;Dnlqhéﬁ@fI_G@ﬁQo tAd redih. iﬁgﬁa@ﬁ 3814, 5m H&is@&NBEgR‘éE\ﬁ@mnl Ium0 -
QDGE- N o. Pol ypept,i S _asse on Novasyn resin (0.5 mol, .0.
mmol /g) W th %B@%&ggé%ﬁpﬁe@@&de ﬁl\oﬁa(?é - @ 558111#7;#10% MM i§si ng
t he Frnoc/t er tthbntagidedtto dbhe ggsin Gmdpdaupding dakes 2 ihed heuesin istthéhevastieddonci ds
0.2 4 t ' : ) 2 M 8
(eq). "\I{lhe fiGﬂ?aﬂ ngggggf;%%%/%ﬁ{ gﬁ-@loé%\;gag@é'ofhgh%g% %?ﬂ]déerh?rre%?}l&ff@ﬁsof%’n are

e
carried out %R/ EBVDEA( 10 :l(. 54 minkthens(10 ,Bamm,m@ resin i gherp. 5 h.

The peptide i\gadheRiGoPEHe2 BfiniitesavidPliehdréhBiangt her / hept ane m xture (1/1 20
by volune), dissolved in a mnimum amunt of ter and |yophilized. After
RP- HPLC Blri fi cat iFGYReRIdSC /1B BSTSIAle ooé‘mtagzpﬁffﬁedm rein 407 &Ml 1009

wat er cont ai . fgh Oﬁwrﬂﬁl%)Tﬁmn dichéide &y@tﬁ@%ﬁwa(@EMMWao?ﬂt 8iaolayg Feafised) TFA,
M 11 ow ratBg (e Pkl terbod| Jupfedy ToTRe"s bitued bk wBY' 48 afing ©°
iflomc: H NESidd (02 Micheqnthe activadocdBailk. M,sh6rad) mangd.tbe base DIEA (2 . . .,
-158-239. -4%58- éﬁ). The washing solvent (DMF) and the solvent of Fmoc-Met-OH
15 contain 1% of thioanisole for maximum avoidance of oxidation of the
methionine of the sequence.
The resin is separated into 2 after the glutamine in position 2
(0.25 mmol) in order to couple the Boc-L-Thz-OH manually. To do this, the
resin is washed for 4 x 2 minutes with DMF, weighed in DMF and divided into
20 2. HBTU (379.3 mg, 1 mmol) is dissolved in DMF (1100 uL). HOBt (135 mg,
1 mmol) is dissolved in DMF (500 yL) and added to the HBTU. Boc-L-Thz-
OH (233.29 mg, 1 mmol) is dissolved in DMF (500 pyL) and added to the
HBTU/HOBt mixture. DIEA (522.7 uL, 3 mmoil) is then added to the mixture.
It is stirred for 1 minute, then the mixture is added to the resin and coupling
25 takes 45 minutes. The resin is then washed for 4 x 2 minutes with DMF, 4 x 2
minutes with dichloromethane and then 3 x 2 minutes with Et,O and dried.
The final deprotection and cleavage of the peptide from the resin are
carried out with TFA/TIS/DMS/thioanisole/H,0 (90/2.5/2.5/2.5/2.5 by volume,
25 mL) for 2.5 h. The peptide is precipitated in a cold diethyl ether/heptane
30 mixture (1/1 by volume), dissolved in a minimum amount of water and
lyophilized. 369 mg of crude peptide is obtained (yield=37.6%).
C153H223N41044S4 MALDI-TOF [M+H]" calculated (monoisotopic resolution)
3467.54; observed 3466.0.
A portion of polypeptide 7 is then oxidized before purification. For this,
35 fragment 2 (51.8 mg) is dissolved in CH3CN (2.38 mL) and then 0.2 M
phosphate buffer pH=7.3 (9.50 mL) is added. It is added dropwise to a
solution of 10 MM diamide in water (1.32 mL, 1 eq). After stirring for 15
minutes, the reaction mixture is diluted with buffer A (1.8 mL) and injected in



- - -. L-+..j+ C....-Li.-..-- ,MM.-- w..- resolution) 3755.6;
observed 3755. 7 Exarrpl e 15: ligation of polypeptide 7 and of pol ypeptide 8
(in glove box) to obtain polypeptide 7-8 (SEQ ID NO 22) 30MPAA (33.70 np)
and TCEP. HCl (57.30 ng) are dissol ved in4g. 1 M phosphat e buffer pH=7.3
containing 4 Mguanidine HC (1 nL). The sol uti on pH is adjusted to 7.2

wi th 5N soda I%ZOO pL). The pol ypepti des@&{g and 8 (18.25 ng, 2 eq)
are wei ghed iMPtHIRLG aieelurameAArtisli0s<d vﬁumt Xpil @9 Myus 296+3A0 am, (309

PELC“TQﬁ § eiﬁuf@ﬂlg E@@'%evveﬁerpb@ﬁ(%ﬁhlhs @0926 hreed, Béffer @@Hﬁm%t@r 4?’0625 ]
| ater, 56 rrM‘iS”ﬁ@f‘Wl M%‘:?/ei F\txarﬁrﬂ‘é'ef‘h il ﬁ‘zgéte §ye‘é g‘f‘r‘ ing flJ&\g igte (1. 52
m) is addgd(zsmﬁ_lr;:hi)of Mhe migeacifi opure Xb@p&d@s ied] Ulsttaﬂﬂad 0 (;ablﬁﬁ:zﬁs%@t h
acetic a L r t re out
of the gléove %53’(*922 4i“§ ﬁe I\g§ J'ﬂﬁ haﬁﬁﬂ[ﬁ?%g ggc{@r H‘ﬁ?& %E@Z??u on
mxture is tr¥E@7e3B.for 20 minutes with TCEP. HCl (28 ng) bef or e purification
by RP-HPLC (Uptisphere 5C4 colum 27.5 cmx 1 cm 215 nm buffer A 100%

wat er cont ai rE}@E@EO&/%T] ;E@esg}ﬁfﬂﬁﬂi ,!E F%ﬂg-ggb ,@él%@ont ai ning 0.05% TFA,

gradient: Ot _ . of buffer B in 57
mn, flowrate 6 m9lyneptides hasthesfollpwing $raugnept i de 7-8 is 10obt ai ned

(yi el d=28 49 C306H461N87096S6 MALDI - TOF [ MtH] cal cul ated (average nass)
7077.8; observed 7078.5. Exanple 16: ligation of polypeptide 6 an

pol ypepti de 73H8 (in glove box) tq,obtain polypepti deSH6 -8 (§EQ I D NO 23)
15MPAA (33,74 ro) rards TCER; HCh 87754 sng)e are divssaol ved i p D41 M- bk
phosphat e buffer at pH=7.3 containing 4 M of guanidine HCI (1 nm). T
solution pHis adjusted to 7.2 with 5 N soda (220 pL). The pol ypeptides 7-8

(3.85 ng) and 6 (2.89 ng, 1.7 eq) are weighed in the_sanme tube and
di ssol ved with thgoé)fRﬁgg'Hﬁn@I dheasssoniied opn( Neyapyny . TERe resiict@enmmadt ur e

i's §0pl aced lé)"Q@rrﬁﬁélVg)aWItW& pelptlde A hdlesizér i CEffI\WUWNéB" Shclhiie Fraged)i on
L RN 1 K GREVIRET 0 PR PN STPIoa G UPg R S AE e s B BT SNPEY
RYEVCDI PQCSE¥cde2 025 U1 U8é ) il 2210/62a1SABVRL (0.5 MOR.6 Mehllandethe Waatddl Hpazer age
mass) 9640. 0}&/'!, é)téﬁ?.rYﬁg fi%gfj'ge&roteé]t?oncérﬁth 'X%avage of the peptide from the resin
are carried out with TFA/EDT/H,O/TIS (94/2.5/2.5/1 by volume, 30 mL) for
2.5 h. The peptide is precipitated in a cold diethyl ether/heptane mixture (1/1
20 by volume), dissolved in a minimum amount of water and lyophilized. After
RP-HPLC purification (Vydac C18 column 50 cm x 2 cm, 280 nm, buffer A
100% water containing 0.05% TFA, buffer B CH3CN/water 4/1 containing
0.05% TFA, gradient: 0 to 20% of buffer B in 10 min then 20 to 50% of buffer
B in 60 min, flow rate 30 mL/min), 272 mg of pure peptide is obtained
25 (vield=13%) C1ssH239N47052S4 MALDI-TOF [M+H]" calculated (monoisotopic
resolution) 3755.6; observed 3755.7.

Example 15: ligation of polypeptide 7 and of polypeptide 8 (in glove box) to
obtain polypeptide 7-8 (SEQ ID NO: 22)

30 MPAA (33.70 mg) and TCEP.HCI (57.30 mg) are dissolved in 0.1 M
phosphate buffer pH=7.3 containing 4 M guanidine HCI (1 mL). The solution
pH is adjusted to 7.2 with 5N soda (200 pL). The polypeptides 7 (8.5 mg) and
8 (18.25 mg, 2 eq) are weighed in the same tube and dissolved with the
previous solution (309 uL). The reaction mixture is placed in a bath at 37°C.

35 After 24 h, the reaction mixture is diluted with the same solution (300 uL).




1. Method for manufacturing a polypeptide of forrmula: 5(111)X1-X"-X2 X1 and
X2 each representing a peptide fragnent, and X' representing an amno acid
resi due conprising a thiol function, said nethod conprising at |east one
step of ligation reaction between a pol yﬂéptide of formula:

10(1) X1- N(CH2CH2SH) 2 and a pol ypeptide of formula: (11)H X"-X2. 2. Method
according to claiml1, in which the ligation reaction is 15carried out by

bringing a pol ypeptd adatsr, 56 miI @-methylydrexytarineoint 8t Muacetatéduffer at

P Y002, e LSRR oot e

reduced in siRN" Qg%t‘ﬁ@ﬁ ﬁ@?%@ﬁ'@l @5 1ds)- ﬁgﬁeﬁépd? af p7 f%'rtrleh@alctlaﬁtmlé re is

rzgaCt I 03 ? tukémmtaﬁcmédgnge tbeC|MPA)°\1I)S(0éxt%Ctédﬁ With EITQO(Z(Br)CWrﬁﬁﬁnTﬁea
tide fr Qr MU an .i

grgglto er t a}%mé{é%biﬁ"x e 3 t@%%tﬁg)iﬂ %HPU es W%P nTQEE’rﬁgLR%? Q%fg’?%veen 3

and n, repr emtflpa’gorarbya‘ﬁP#d)Pb@(wptlephelrtee5ﬁéacrolmrgn327t hicotl *f lieat,i 25 nand

each Xi*, foryjfeRnal %G’%e(/va%%cggmalrﬁﬁg @EBWB%A? ?Eﬁ’ern’B rCﬂhﬁ”(ﬂ@ﬁﬂﬁ%Pgl/?

pepti de fragrrent sai d i on
reaction bet ROSAIDKRE HBPYpERA; @I’@dd:ﬁntf@ﬂfhﬁp% @ﬂ 9“@’&5 2 ”ﬁGItW@B ita 086
formula (11),ofuHes BFS5PMIAT fIBw2ratd BRELAHIN). '434%'1%% rp@?@bbﬁgept.a@ 7-8hs step

o 1] goe " cRahs" babllzeh AR, aryTtaalinhs PRGN Tyt Siebistea ' "

N( CH2CH2SH) 2 (average mass) 7077.8; observed 7078.5.
Example 16: ligation of polypeptide 6 and of polypeptide 7-8 (in glove box) to
obtain polypeptide 6-7-8 (SEQ ID NO: 23)

15 MPAA (33.74 mg) and TCEP.HCI (57.54 mg) are dissolved in 0.1 M of
phosphate buffer at pH=7.3 containing 4 M of guanidine HCI (1 mL). The
solution pH is adjusted to 7.2 with 5 N soda (220 uL). The polypeptides 7-8
(3.85mg) and 6 (2.89mg, 1.7 eq) are weighed in the same tube and
dissolved with the aforementioned solution (115 pL). The reaction mixture is

20 placed in a bath at 37°C.

After 24 h, formation of the ligation product is observed, namely
polypeptide  6-7-8 of sequence: H-IRNCIIGKGRSYKGTVSITKSG
IKCQPWSSMIPHEHSFLPSSYRGKDLQENYCRNPRGEEGGPWCFTSNPEV
RYEVCDIPQCSEV-NH;

25 C18Hs248N1220127S7 MALDI-TOF [M+H]" calculated (average mass)
9640.01; observed 9640.1.




43 in which the am ne function and/or the thiol function of the residue
Xn..i" is protected and a pol ypeptide of fornula:

(MI)H (Xi"-Xil)Nn-j+1)...n 5to forma polﬁépeptide of formul a:
(MI)H(Xi"-Xii)k(n-j)...n the pol ypepti of formula (VI1) undergoing
deprotection of the thiol function of the residue Xn..j" at the end of the
| igation reaction. 10 4. Method according to claim3, in which one or nore
of the n-2 steps of ligation reacti on S&AIMSH the pol ypeptide of formula
(V) and the pol ypeptide of fornmula (VI) is carried out by bringing a

pol ypeptide of fornmula: 15 (V)HXn_j"-Xn_j'-Ninto contact with the

pol ypeptide of formula: (M)H (X "-X");=(n-j-F1)..n 20j being an integer
conprised between 4. andvigthdd fonmahefgut@se)a pofipeptidé ohfdmmang conpound t hat
reduces the disul phide bondi " S.X/P&,ggd for manufacturing a cyclic

pol ypeptide of fornmula: 25( B)r 12 1 X2 representing a peptide fragnent,
and X' representing anXamand Xgi daclkesiepoesesdingr as ipegtide t fnagihehtjnanhd oKX’

ol ypepti de of For mui &g s fing AR pothBRG eI oefiiAg'd b finclih,
saild method comprising at least one step of ligation reaction
between a polypeptide of formula:

10 (1 X4-N(CHCH;SH),
and a polypeptide of formula:
(1  H-X"-X.

2, Method according to claim 1, in which the ligation reaction is
15 carried out by bringing a polypeptide of formula:

/s
N\\/S
into contact with the polypeptide of formula (i), in the presence
20 of at least one compound that reduces the disulphide bonds,

the polypeptide of formula (I') being reduced in situ to the
polypeptide of formula (1) for the ligation reaction.

" X

3. Method according to claim 1 or 2, in which X; represents a
25 peptide fragment of formula
(V) X-(X"-Xi)i=3..n
n being an integer greater than or equal to 3, each X", for i an
integer comprised between 3 and n, representing an amino acid
residue bearing a thiol function, and each X/, for i an integer
30 comprised between 2 and n, representing a peptide fragment;
said method comprising, before the step of ligation reaction
between the polypeptide of formula (I) and the polypeptide of
formula (ll), a succession of n—2 steps of ligation reaction, the j"
step of ligation reaction, for j an integer comprised between 1
35 and n—2, being a ligation reaction between a polypeptide of
formula:
(V)  H-Xy"-Xno'- N(CH2CH,SH)



with itself. 6. Method according to claim5, in which the ligation reaction
is 3bcarried out by bringing a polypeptide of fornmula: (XI')H X'-X2-N 44
into contact with at |east one conpound that reduces the disul phide bonds,
t he pol ypeptide of forrmula (XlI') being rdduced in situ to the pol ypepti de
of fornmula (XI) for the ligation reaction. 57. Method according to one of
claine 1 to 6, in which the |igation reaction or ligation reactions are
carried out in an aquedtiswhishi Ing apriee duaelign andfprpthec dpt ferddiopeoivdee 6. 5
and 8.5, nore particul gekiquBnefl eialibiechef ween 7 and 8, and ideally of
approximately 7.5. 10 8. Met hod ag org' n% Ec_) one of clainms 1 to 7, in which
the ligation reaction (ﬂndl‘?eﬁkypﬁﬁt'&%ﬁ {qr We-are carried out in the presence
of at |east one conpound thgViret+O&S X he i sul phi de bonds,

sel ectedfrontris(2-car hyl ) phos.phi 4- 15ner capt ophenyl aceti ¢ aci d,
di t hi ot hrgei tol, benzyl Qﬁi%ﬁﬁtpéﬁfpfr@ﬁiogﬁrﬁ%at hereof. 9. Pol ypepti de of
formul a: (1) X1- N( CH2CHZ®BH) 2 ROGF-Xfi=fprmmul a: s (r) X1-Ni 25N CH2CH2SH) 2
or-N, in which X1 repr t r t ; - is
bound to the C=0 term ﬁ@f{btgﬁ/p%]pﬂtﬁﬁedfgﬁgrﬁ%l'ﬁg(%@ u;@%%ﬂ&(#rpg%'t%fpoeo r_%%rrent
X1 that is in Cternindniopddnetiopnof the residue X.;" at the end of the ligation

reaction.
10
4. Method according to claim 3, in which one or more of the n-2
steps of ligation reaction between the polypeptide of formula (V)
and the polypeptide of formula (V1) is carried out by bringing a
polypeptide of formula:
15
(V')  H-X,,-X -’—Nﬁ\$
g n-j \/S
into contact with the polypeptide of formula:
(V1) H-(Xi"-X{")i=(n-j+1)...n
20 j being an integer comprised between 1 and n-2, in the
presence of at least one compound that reduces the disulphide
bonds.
5. Method for manufacturing a cyclic polypeptide of formula:

25 X) [ XX

X2 representing a peptide fragment, and X" representing an
amino acid residue comprising a thiol function,
said method comprising at least one step of ligation reaction of

30 a polypeptide of formula:
(XI)  H-X"-X2-N(CH,CH,>SH);
with itself.
6. Method according to claim 5, in which the ligation reaction is
35 carried out by bringing a polypeptide of formula:
VY

(XI') H—X”-Xz—Nk/ 3



3010. Pol ypeptide according to claim9, in which X1 conprises between 2 and
300 am no acid residues, preferably between 5 and 100 am no aci d residues,
nore particularly preferably between 8 and 50 am no acid residues.
3511. Met hod for manufacturing a pol ypept#de of fornula: (I)X1l- N CH2CH2SH) 2
45 X1 representing a peptide fragnent and the - N(CH2CH2SH) 2 group bei ng
bound to the C=0 termi nation of the am no acid residue of peptide fragnment
X1 that is in Cterm nditopeentachnvitic aatplaast nepeatcaneeeiindorikats reguests phet i de
synt hesi s and one step : i f i | & ho8-(XI2heiNBt
according to claim11, (,)?ér}f]fl%gid%ﬁ;o{ﬁﬁg?@Few%ééﬁgggt?fggﬁgggt(ﬁg?gl rrggg%%% t he
step of functionalizat i”&ﬁft“i%g‘es@@ﬁp‘?ﬂt"%e?ftfp lay (A g the igaiiamn reaction.
pol ypeptide of fornula: 10(1X) X1-OH preferably conprising protective
groups on its am an rhoxylic functio Wth .t .exception .of .its
& erningl carboxyii o MABPRGEolfind fRaner s &b df e e jgansn
conprises: reaction of reaetignoloy digiatiodereaictions rare acqriizyl outt n tame agoeoes
15conmpound of formul a: : 25 - 568 BrhdHsMy 68nEk n a
protective group, sai dngéréd%@%ergrlgj% a;rpgecr%éﬁ i/s\@?‘ogm n nag’%l%@gt%'gf,
t hi oester or disul phi déhgrgneaitishlariinereferablypbetwyean 4r pyd p7.eped ddegibef ng
the 20tri phenyl net hyl gF,Fmimiabe g5 | i qui d phase, to formthe pol ypeptide
of formula (I1); optionally deprotection of the polypeptide of fornmula (1).
13. Pol yTPer resin support for solid-phase synthesis of polypeptides, 25
conpri sing a nmai n8kel Meathodratcdidifd ki 6H2- -claims) 2 tb Umdt iwhieh thy dgatsoror
NH ( CH2CH2- S- Trt - CO- NH- nct i I o

sl SoBh BeBORs ol ERFiell Oyl FRBETFERERG Plent s,

tri phenyl met hyl group optiona ed "W one or nore’
in particular sel ect edat rigast peesopdppune nthat oeduees dhe neishiphide rhsniag! |

fluorine and selected from tris(2-carboxyethyl)phosphine, 4-
15 mercaptophenylacetic acid, dithiothreitol, benzyl mercaptan and
mixtures thereof.

9. Polypeptide of formula:
() X4-N(CH,CH2SH),

20 or of formula:
. /S
(I  X-N '
S
in which X; represents a peptideﬁf\ragment and the group -
25 N(CH,CH,SH), or S

_N\\/é

is bound to the C=0 termination of the amino acid residue of
peptide fragment X, that is in C-terminal position.

30 10. Polypeptide according to claim 9, in which X; comprises
between 2 and 300 amino acid residues, preferably between 5
and 100 amino acid residues, more particularly preferably
between 8 and 50 amino acid residues.

35 11.  Method for manufacturing a polypeptide of formula:
() X4-N(CH2CH,SH);



30 cyano; in which the NH (CH2CH2-S-Trt-)2 functional groups are bound to
the main skeleton by the two triphenyl nethyl groups, or the

NH (CH2CH2- S-Trt - CO-NH) 2 functional groups are bound to the nain skel eton
by the two am ne groups. 3514. Pol yner redpPn support for solid-phase

synt hesi s of pol ypeptides, conprising a main skeleton and

&2- AA-N- (CH2CH2- S-Trt-) 2 functional groups or

@2- AA- N- ( CH2CH2- S- Tr t - ¢O- rerpeentingc @i paplidey fagmentward dherN(EEREERSHs a

e Taenter i oo, ghbupRicin Bolika UKL SHLPRrMARGNGE Bie BRfiRo acid
met hoxy, net hyl, f|uorirﬁggaﬁ@?waﬂ%frameéé%emﬂ%"h e RG! ResitioPesi due

ﬁpé ional 'y bearing one comprisirgy af @‘a@t:'ﬁhé%t@i Oﬂfpépti@ syﬁthEEB\rAﬁ_&ﬁEhé hsfaep
ydrogen atom or a groy otecting.the.amne function; in ich the

&2- AA- N( CH2CH2- S- m-)ﬁPEf?éh'%%{éﬁ‘%P&%B—’samgPe bound to the main skel eton by
the two triphenyl nethyl groups or the &-AA-N (CH2CH2-S-Trt - CO NH) 2
functional groups e t ' | gf 0 : O G oups.
15. Polymer resin %ppwnggc%?%{ﬂnlaa?{oongﬁgﬁmﬁ’Bnwo%i%?%%%%cﬁﬁé“%i n

skeleton is selected fsyithesis pergesiesr tee stapoof fendtianaligationsolhgesiep ehe

glycol, cellul ose, pol yephyéepatheBR! SUpplies a papptideldt fe@hiam de,

pol ydi me{ hyl acryl am de, pol Is(ghy er@agl ycol - pol ystyrene copol yner,

pol yet hyl*ene gl ycol - pol yacr¥ m @& Copol yner skel etons and derivatives

t hereof. 16. Method fopreferabiliactempriging podtgotive rgrsups sappits t amine sarkd d-

20phase synthesis of p Mﬂs&'d . ri: : il Nge &, po . resin;g
functionalization of t(r(}é po Mr:reﬁﬁrrcgéﬁ%pﬁ'{”mr 2@'& i%ﬁ%'% _Eﬁgtsgmbﬁgﬁé@ﬁgound
of formula: (VII1') NHC figdtipp; 2 tie sepid dureivoatizatipn eoropases: 16,
conprising, prior to the sdfRichf of tHChbR \é})ﬁ@@b‘f%m%lat(gzﬂ) RAhYIRS affrsd N:
suppl yi n% an am ne conpound of farml a: [11) NH(CH2-CH2-S-Gl1) 2
compound of formula:
(VI NH(CHz-CH2-S-G1);
in which G4 represents a protective group, said protective
group preferably forming a thioether, thioester or disulphide
function, and more particularly preferably being the
20 triphenylmethyl group, in the liquid phase, to form the
polypeptide of formula (1);

— optionally deprotection of the polypeptide of formula (1).

13. Polymer resin support for solid-phase synthesis of polypeptides,
25 comprising a main skeleton and NH-(CH,;CH,-S-Trt-),
functional groups or NH-(CH,CH,-S-Trt-CO-NH-), functional
groups, where Trt represents a triphenylmethyl group optionally
substituted with one or more substituents, in particular selected
from the substituents chlorine, methoxy, methyl, fluorine and
30 cyano; in which the NH-(CH,CH,-S-Trt—); functional groups are
bound to the main skeleton by the two triphenylmethyl groups,
or the NH-(CH,CH.-S-Trt-CO-NH-), functional groups are
bound to the main skeleton by the two amine groups.

35 14. Polymer resin support for solid-phase synthesis of polypeptides,
comprising a main skeleton and G;-AA-N-(CH,CH»-S-Trt-),
functional groups or G-AA-N-(CH2CH,-S-Trt-CO-NH-),
functional groups, where Trt represents a triphenylmethyl group



30in which Gl represents a protective group, said protective group
preferably formng a thioether, thioester or disul phide function, and nore

particularly preferably being the tri phe%l met hyl group;
deprotection of this am ne conpound to obPain the am ne 35conpound of
formula (VI11). 18.Method according to claim1l, in which: 47 the step of

functionalization precedes the step of peptide synthesis; the step of
functional i zation conprapéiesally ceubstitugdarVitihi e a6 d MAea Sybstivents, edn n

supplort Saccording to Cda%d[lléﬁ s%lecle'ii ﬁ&nSH@@rﬂggtlﬂr?%?fgﬂcgﬁmiaégE@reé@]x o
suppl ying a primer suppor ch.is | |
claim14; the step of P& %ﬂ dﬁ r?é‘aqoé:yéﬂ?rp%e'?pée £l @Ring acd
1Pcoupl i ngs o:‘Nhamhno acresiduem;ittwapylbwmgummrdr mdke phétebtivk m@msdl@g to
claim18,.in ich cou t r ort
conpri ses5 bri ngi ng the%’éﬂ‘%ﬁﬁ M@%})%ﬁ‘#rﬁ ép?o&ggﬁt ét%ttewntg M
acid halide or 15 wit iurmetioani ino wlich el GrrAdeN(OHRCHg-SagER):, fpln@.‘fcmadibl y
sel ected from PyBOP, B rtyhgul y a
Met hod for manufacturi ?3 a pOE@ & R? thé rﬁélh ﬂe@étﬁl@ bA;{X?éEII \z S in
which X1 represents a |§r qfﬂ’@“ﬁ ﬁ@\tpsa?fdth?h@rr“ﬁ\él( H2CH2- -Trt-CO-NH-

)2 functional groups are bound to the main skeleton by the two

10 amine groups.

15. Polymer resin support according to claim 13 or 14, in which the
main skeleton is selected from the polystyrene, polyacrylamide,
polyethylene glycol, cellulose, polyethylene, polyester, latex,

15 polyamide, polydimethylacrylamide, polyethylene glycol-
polystyrene copolymer, polyethylene glycol-polyacrylamide
copolymer skeletons and derivatives thereof.

16. Method for manufacturing a polymer resin support for solid-
20 phase synthesis of polypeptides, comprising:
— supplying a polymer resin;
— functionalization of the polymer resin by reaction with the
amine compound of formula:
(VIII"YY NH(CH2-CH2-S-H),
25
17. Method according to claim 16, comprising, prior to the step of
functionalization of the polymer resin:
— supplying an amine compound of formula:
(VHI) NH(CH2-CH2>-S-G1)2
30 in which G4 represents a protective group, said protective
group preferably forming a thioether, thioester or disulphide
function, and more particularly preferably being the
triphenylmethyl group;
— deprotection of this amine compound to obtain the amine
35 compound of formula (VIII').

18. Method according to claim 11, in which:



-N, group is bound to the C=0 termnation of the am no acid residue of
peptide fragnment X1 that is in Ctermnal position, conprising a step of
oxi dation of a polypeptide of formula: (1)X1-N(CH2CH2SH)2 preferably in
contact with the air, or in the presence4 f 12 or of diamde, and in a
buffer, said oxidation step preferably being preceded by a step of

manuf acture of the pol ypeptide of fornmula (1) according to the nethod of
claims 11, 12, 18 or 19: 359181%@#0‘&@&%@@&@ eeestesothes tgipnsf peptides,

conprising a step of rranufs@ﬁfﬂérs%;of t he pol ypeptide of forrmula (1) and/or
of clains 11, 12, 18 or 19 or a step of

[ h
El\sl) g;anl(ﬁ(laz:t 3(:;0;? ?get"golttegé%%t%fgfﬂa?tiqwiﬁﬁﬁ'%{‘ EPMPNEeRi/ or (V') or (XI')
according to the nmethod ofs Clcaumir@.arQ&thth?dftU ammwf rasit utf,-é;ihgsap%ort
pharmaceut i cal composition 5 . SI Ng;. .. u re pol ypeptide.
accordi nggto t he met hod of o%gggédl"iq gqgﬁjglﬁalgoor?%ﬁo?f%pyﬁ% p?lf%‘% p&’f)ﬁng
this pol ypeptide with one or orore pharnaceutically acceptabl e adjuvants. 10

23. Met hod for manufacturing ' (N Vd 1 SENQy mp :ur e of
a pol ypeptide according to t%gspr@?ﬁgg gﬁmgﬁeé@?’ogq)yﬁ%ﬁﬁt%opg or Z%Sm;nd
fornul ating this pol ypepti deSURP@ItBseaRding toaglpign ldi  di agnostic 15use.

— the step of peptide synthesis comprises a succession of
10 couplings of amino acids on the primer support.

19. Method according to claim 18, in which coupling of an amino
acid to the polymer resin support comprises bringing the
polymer resin support into contact with an amino acid halide or

15 with an amino acid and an activating agent, preferably selected
from PyBOP, BOP, PyBROP, more particularly preferably
PyBROP.

20. Method for manufacturing a polypeptide of formula:

20
. /s
) XN !
S
in which X repr?égnts a peptide fragment and the
NS
S
25

group is bound to the C=0 termination of the amino acid
residue of peptide fragment X; that is in C-terminal position,
comprising a step of oxidation of a polypeptide of formula:

(I X1-N(CH2CH2SH);

30 preferably in contact with the air, or in the presence of |, or of
diamide, and in a buffer, said oxidation step preferably being
preceded by a step of manufacture of the polypeptide of formula
(I) according to the method of claims 11, 12, 18 or 19.

35 21. Method according to one of claims 1 to 8, comprising a step of
manufacture of the polypeptide of formula (I) and/or (V) or (XI)
according to the method of claims 11, 12, 18 or 19 or a step of



10

15

22,

23.

48

manufacture of the polypeptide of formula (I') and/or (V') or (XI')
according to the method of claim 20.

Method for manufacturing a pharmaceutical composition

comprising:

— manufacture of a polypeptide according to the method of
one of claims 1 to 8 or 21, and

— formulating this polypeptide with one or more
pharmaceutically acceptable adjuvants.

Method for manufacturing a diagnostic device comprising:

— manufacture of a polypeptide according to the method of
one of claims 1 to 8 or 21, and

— formulating this polypeptide in a form suitable for diagnostic
use.



