S- al kyl - sul phenyl protection groups in solid-phase synthesis The present

I nvention relates to a nethod of on-resin disulfide-bond formation in solid
phase pepwodeocampdobesi s (SPPS), and to respective pepti geTgphoodropiiase
conjugates. A large variety of protection groups can be enpl oyed for
protection o f cysteine residues, e.gl trityl, acetam donethyl-, t-butyl,
trimet hyl acetam donet hyl, 2,4, 6-trinethoxybenzyl, nethoxytrityl,

t - but y| sghRDERNH heMI Pro@ OB Bl aYips iMsblidiphagt symthesis i s enpl oyed for sinple
protection during peptide synthesis. For protection of cysteines that are
subsequent|ly subjected to cyclization by neans of cystine formation,

acet am dﬁ{%r%éfﬁt 1696 on rBRRL B84 inethod P bR réli i M d koo OBkmgtidhin@datid on has
been nost ely enployed (Kanmber et al., 1980, Helv. Chim Acta 63,

899- 915; pheseteptadie synthgsis (SEBS) ang ferrespyctiveepaptide sqhidrbas ¢ cqmivgatess 199- 206) .
As ansdi sadvant age, the spectrum of side-product inpurities is substantially
enhariced by using iodine, oxidizing susceptible side noities chain

el sewher & Jargeoariefy gf protectionveoupssandgfemployed mpegeatign icf ¢y steine Kesidues,

| nportantly,. i dati.on w th_iodi fur the .aci
g\r/rg nt ual ?’%/X’B?'g ﬁ%ﬁaﬁ%&d@%ﬂi’yg't’ & g’% rf%o‘g&%}aggﬂ%ﬁglgﬁgﬁa Zidr g%u%%gﬁqéﬁ%gf tantly,
cl eavagemétherites) troutylhdplehgk. e t he net hod nust be applied as a late

finishing step i synthesis only, after cleavage fromresin, if used at all.
The prior art knows a nmultitude of oxidating agents, beside iodine, which

are pyldegio§tRbmald W thgtrdfl geygt is employedidrisinpld prosuaidredurisg papeidef r om
Al bericio et al., In: Chr%rél and V\ht'gte, ggs. . g'I\/DC Soéi d- t}ase Pepti de
Synt hesi ¥/nthegs FGPTRARTHASS FYSPFEEY 2508 et Bupigeigd 4o Cgﬁ Hh%ne i n
aequeousy bk b etys VB mApioh 2% slathid dngdtky] ¢acat)! slotectdd groap ‘afong @dgeidtine 5, 5' -
di t hi obi s(2-riitraobenzoic acjid), .iodipne, thalli gm H‘?&I )Lr.ifiuorgacetate,
al kyl t i efidasiopses e moshBiriye’ I&?XeQéKa@P?rFF Yo gk ‘ﬁ'eérﬂ‘f“p A§H? - DMSO
nedi at edggdXddaR|hah e At 1994 N, Peiide PRRILIKEs. 44, 199-206). As a disadvantage,
15  the spectrum of side-product impurities is substantially enhanced by using iodine,

oxidizing susceptible side moities chain elsewhere, too. E.g. Tyr, Met may suffer from

using iodine. More importantly, oxidation with iodine may set free HI, the acid then

eventually promoting deprotection of side chains and/or, most importantly, cleavage from

resin. There fore the method must be applied as a late finishing step in synthesis only, after

20 cleavage from resin, if used at all.

The prior art knows a multitude of oxidating agents, beside iodine, which are added for
allowing of cystine formation (examples derived from Albericio et 21., in: Chan and White,
eds., ‘FMOC Solid-phase Peptide Synthesis’, Oxford university Press 2000, p. 91 to 114:
25 glutathione in aequeous buffer, DMSO, potassium ferricyanide, Elliman’s reagent, 5,5’-
dithiobis(2-mitrobenzoic acid), iodine, thallium (II)trifluoroacetate, alkyltrichlorosilane-
sulphoxide, silver trifluoromethanesulphonate-DMSO mediated oxiclation in strongly
acidic medium.
Usually, all those methods give rise to undesireable, multiple side-products, require
30 extended reaction times in the range of 10-20 bours for optimum yield and hence give

ample opportunity to undesireable side-reactions.
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Usual ly, all those nmethods give rise to undesireable, multiple

si de-products, require extended reaction tines in the range of 10-20 hours
for opti nmon2yecalssboand hence give anple opportunity to umdesire@ableze

si de-reactions. Vol kner-Engert et al. (Surface- assisted catalysis of

i ntranol ecul ar disulfide bond formatiofi in peptides , J. Peptide Res. 51,
1998, 365-369) describe charcoal -catal yzed oxidative formation of disulfide
bonds i WolkatesiEniggrties pln (Susiey geassigteslsatalgdds phintramolssnlppdisuliide bondyat er .
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oxygen §@aattiel fdahitidh ofldi@l e GbadcrakateBby Ganpax@intdissbivadid thesalvent,
air-sparging in the absence of catalyst, accelerated the reaction rate
dr amat | cawajer- Criefidsentels shawmeddhatitheppeloh| gxveeynhyee y disaed ol such
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of deprot'ection wou not tolerate the continued presence of charcoal which
i s i npossitftica. e b€ ohateod, rasnedrhearpé pi iralditiomd air-spetging jpHbhs ebsehasugth.

Cyclization accordingly takes place af.t cl eavage fromthe resin, that is
in sol ufatyHst %Scéi:f\'}ai@%ﬂ%rr@ﬁ‘t_ a%%_riaﬂla?ﬁéb'ort and gl obal deprotection prior
to cycl Tﬁ@ﬁéeckf}'c'h rBRNARLRAbY rlyfift So S4DE IR subS raclioh I RimdtetadanirRae,
Atherton et al. (1985 J . "Chem Perkin Trans. | . , 2065) reported that

t he usebwtfnot he-revmsubsequattrescliaestges ofadriraiedtivnlwailé npi tolemte thetapnbamidsol i n

idicd tect) | esulted,i i i
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acetonitril/water (1:1) in the presence of trace amounts of charcoal. The
pept i desalaigors {iedvegs Fiot tba selidshpprrbend gipbaldsaraieckion PEISH GYSHEQREEt fr om

hydr ophghi ¢ .resi ques @ t\he i ySi tak epiH Cyst ei nes
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solvent m xture,

15 promoter thioanisol in acidic deprotection also resulted in partial, premature deprotection

of acm, tert-butyl and tert-butylsulphenyl protected cysteines.

US6476186 devises intramolecular disulfide bonding of an octapeptide in acetonitril/water
(1:1) in the presence of trace amounts of charcoal. The peptide was synthesized on 2-

20  chlorotrityl resin and comprises apart from hydrophobic residues and the cysteines, a
lysine and a threonine. Cysteines were protected with acid-labile trityl groups. Charcoal
catalyzed cyclization took place after cleavage and deprotection in the aequeous solvent

mixture.

25  Itis an object of the present imvention to devise a more simple and straightforward, other
or improved method for synthesizing disulfide-bonded cyclic peptides by means of solid
phase synthesis. This object is solved, according to the present invention, by a method of

peptide synthesis comprising the steps of

30 a. synthesizing a peptide linked to a solid phase which peptide comprises at least
two residues of a cysteine or a homo-cysteine, which cysteines are protected in
their side chain each by a S-alkyl-sulphenyl protection group, wherein the alkyl

may be further substituted with aryl, aryloxy, alkoxy, halogenated variants



It is an object of the present invention to devise a nore sinple and
straightforward, other or inproved nethod for synthesizing disulfide-bonded
cyclic pepoi2desbgosnmeans of solid phase synthesis. Thispoljpredosiorsi7eol ved,
according to the present invention, by,a nethod of peptide synthesis
conprising the steps of a. synthesi2|ﬁ§ apeptide linked to a SO|Id phase
whi ch peptide conprises at |east two residues of a cysteine or
gon})kclyst e: nﬁ thepeftordylogermesd sherpinghe by @ BIAterioR & PURSITRRY Rathe ﬁaé%‘c’c‘PF by a
- al kyl - sul phe (o]
substituted w %flﬂg}@r& %Fe%mlfquy, %Prmg{e a g{egﬁsé?é \Ill%giﬁén t%grg'g% r[%lf
hal ogeno, and whl@eeylEréups aidvo protectlon groups nmay be the sane or
different, preferably they are protected in their side chain each by a
g—tert buty:sulphenyl group, and b. further reacting the peptide Lvith a
-tert. Buty 3 bl
reactlng t he pg%¥Q%Q&kmBEﬂk hﬁ.ar@9%§5§%ﬁﬁﬂylQﬂbwﬁ@%ﬁﬂﬁﬁﬁgég%ﬁggthg
pepti de by neamsmofingdirsagehi, deefivalidy fearting thepepiide Wehpriertsienchosfhiale; aaghd/ or
oxygen but, preferably, in the absence of a heterogenous catal "yst. The
pepti de according to the present invention may be any peptide conprising

natural or non-RaiHhgkh ﬁ@e @ﬁhﬁ%ﬁ be Hlsﬁﬁic@ Hond TORBAI6LL g Fesshicehof

honocysteines afe preferably co i sing 2-15 met hyl ene groups and one thi ol
group in their asiahd/atyaen buthy bl}’nlrh%le absw@%héﬁmﬂgﬁn%m%@ 16t | ysi ne,
g-l.ysine, Penicillinam de (Pen) or ornithine (On) or Danal ogues of the
natural L-am no acids. Preferably, the peptide conprises only natural am no
acids or the D-anal ogues or the hono- or nor-anl ogues thereof - The terns
pepti de backbone or main chain, side chain and the prefixes. ' nor-' 'hono-'

are conbhe B@ﬂlderﬂcﬁﬁ@ﬂtﬁ sthA Pressit BRenfiAn Ma0PLARE BERKE qopRsng st tural ot
B T
Chem , &ﬁnpﬁﬁﬁﬁg 824 r(léiﬁﬁlé)le giomps tuscl rome ehioh grooy iatittipsidé erainsd, homoarginine,
15  D-cyclohexyl-alanine, e-lysine, y-lysine, Penicillinamide (Pen) or ornithine (Orm.) or D-
analogues of the natural L-amino acids. Preferably, the peptide comprises only natural

amino acids or the D-analogues or the homo- or nor-anlogues thereof. - The terms peptide
backbone or main chain, side chain and the prefixes ‘nor-* ‘homo-‘ are construed in the

present context in accordance the IUP AC-IUB definitions (Joint IUPAC-IUB Commission

20 on Biochemical Nomenclature, ‘Nomenclature and symbolism for amino acids and
Peptides’, Pure Appl. Chem., 56, 595-624 (1984). In its more narrow and preferred
meaning, ‘homo- and ‘nor-* amount to just one extra or missing, respectively methylen

bridging group in the side chain portion, preferably with the exception of homoc ysteines

which may be defined preferably as said above.
25

Particular attention must be paid to further side-chain protection of the amino acids
forming the peptidic sequence, in particular when referring to further cysteine, homo- or
nor-cysteine residues comprised in the peptide sequence that are intented to remain

30 protected during rather than to participate in the cyclization reaction. Preferably, such
further sulfhydryl-moiety comprising residues are protected by trialkylphosphine non-
sensitive-, more preferably by tri-n-buitylphosphine insensitive, protection groups, more

preferably, such non-sensitive sulthydrylprotection group is selected from the group



meani ng, 'hono-' and 'nor-' anount to just one extra or m ssing,
respectively rnethylen bridging group in the side chain portion, preferably
with the woeemldsssnzof honocystei nes which nay be defi negcpmerb@salplsye as sai d
above. Particular attention nmust be pajd to further side-chain protection
of the amno acids formng the peptidi% sequence, in particular when
referring to further cysteine, horrxo- or nor-cysteine residues conprised

i E t he qeegtrisite sikyludatdutyiatacernidometiyedalkylatesharetenpdometdyleclifyieiedg r at her
than to participate in the cyclization reaction. Preferably, su-ch further
sulfhycffl?)fiﬂ'ifg YO EMEYi si ng resi dues are protected by triglkylphosphine

nonsensh kemord BneraP IS EE EidB |chail yrbtdctibn Rrdupk RBespbiong émslensd inl the art
protection groups, nore referabéy, such non-sepsitive sul fhydxyl protection
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Synthesis, 2nd ed. Springer Verlag Berlin/Heide]berq, 9 used t o
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Ni shinura et al., 1976, Chem Pharm Bull. 24:1568) hanparginine (Har) can
be pr ep@tasticanbaprenirdd by gnaniflatipn g5 s hesinegssidue cemmpiisadda dhe neptide ROl de

chain or_ an.arginine can prepar.e Ak dat . QF AL Lhi ne resi due
conpri s%arﬁwl?%%%%ﬁrf%e%ﬁ%:lglﬁérg%ﬁlgn ﬁ%%@ﬁ%%ﬂ%eﬂggﬁ%?éﬁﬁ%mg%ﬁ E)Hr% t hough in
vi ew of pdpideatslint ThR@hay RAClebOVialsibefsionaboiglei. vitoodteyadditioupl jeagioa. g. o f
Har requires extended coupling tinmes_and . o
15  steps required. Notably, coupling e.g. of Har requires extended coupling times and
replenishing of coupling reagents. According to the present invention, it is one preferred
embodiment to couple Arg or Har, preferably when being used as FMOC-Arg and FMOC-
Har respectively, without the use of side chain protecting groups. This may be achieved by
ensuring that post-coupling of the individual Arg or Har residue, the guanidino moiety is
20  quantitatively protonated prior to any further coupling reactions and forms stable ion pair
with the proton donor in organic solvent. This is preferably achieved by treating the resin
bound peptide amide with an excess of the acidic coupling auxilliary BtOH or the like as
described in more detail below in the experimental section. Another example of

scavenging the charge of the guanidinitum group is to use tetraphenyl borate salts of Fmoc-

25  protected HAR for synthesis as set forth in US 4,954,616.

The solid phase support or resin may be any support known in the art that is suitable for
use in solid-phase synthesis. This definition of solid phase comprises that the peptide is
bonded or linked via a functional linker or handle group to the solid phase or resin.

30  Preferably the solid support is based on a polystyrene or polydimethylacrylamide polymer,
as is customary in the art. According to the present invention, the peptide may be bonded
via a suitable amino acid side chain, including e.g. the thiol moiety of a further cysteine

residue of the peptide intended not to participate in the cyclization reaction, or may be



repl eni shing of coupling reagents. According to the present invention, it
I's one preferred enbodi nent to couple Arg or Har, preferably when being
used as RNVOQoww@sasd FMOCHar respectively, w thout the eese/mrRosiodaR7€hai n
protecting groups. This may be achi eved by ensuring that post-coupling of
t he individual Arg or Har residue, t he guanidino noiety is quantitatively
protonated prior to any further coupling reactions and forns stable ion
pai r witondedeiaphe Ceterroimabe-canorryganie tesotogariyy mEtnswofiesg. pn ether.dbioytlaarhi eved
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guani di nham group is to use tetraphenyl borate salts of Fnocprotected HAR
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solid phase or resin. Pref erabl)i the solid sufpport glsé based .qn a
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Accor di pg ih%aftil%la?&?it?i@%, égﬁ VERLHOR, B.IR ﬁl.,pﬁi%tl'gﬂ%ﬂ%i’. ¢. bradatonindr?

sui tabl e anmno aci e aln, 1ncluding e. the thiol noiety of a
f ur t herp.8y6 fii Methods bthreviding theogtqtlinttegésrtbendsd arodistlosedan detell padearien t he

oY Fok T hhortaenisn a0 CATS0RR 8, SSiie bidics o et Mt ndad R pSiYs Bl 1
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trityl, hloro-trityl-, 4-methoxytrityl-, "Rink am de' _
4-(2", Msedjfmsuhsmywémq/mapriommmwﬂh)sprpé&mﬂawevs:erbé preferggdrembodinent

- bLycr BB RPTIBRIROE BERRet PRk estPLPORIEERT B RRNRR B oYt 11 1o
ani N0 agliade heit FPACSe@bindl ¢fisitRt Siydia BbACIie] dre sgifidaiy dibcihed sihbeat | on
protocol than can result in racem sation of susceptible am no acids, e.g.
Ti plSandsubjech b transthiaestesificelipmaidegeectipnrigdeny, legst sigghtly basic pg Thiopstetchem
Soc. Chl%g}agg?&%%ﬂierable to treatment with S-tert.butyl-sulphenyl protection group removing
agents, in particular those of the thiol reducing type such as B-mercapto-ethanol in ne ar-
stochiometric amounts or beyond. But also with tertiary phosphines this may happen,
setting free cysteinyl-, homo-cysteinyl, or generally residues with free thiol groups the

20  latter which allbwing further of intramolecular transthioesterification reaction with a solid-
phase-anchoring thioester bond. However, the intramolecular reaction may be strongly
modulated by aspects of spacial distance and sequence dependent, conformational
restraints and hence applying the above disclaimer is dependent both on the type of S—
tert.butyl-sulphenyl-group removing agent and the specific sequence of a given peptide.

25  Preferably and optionally, where thioester linkages for bonding of the peptide moiety to the
solid-phase are employed, the S-tert.butyl-sulphenyl protection group removing agent is a
phosphine, more preferably a tris-(C1-C8) alkyl-phosphine wherin the alkyl may be,
independently, further substituted with halogeno or (C1-4)alkoxy or (C1-C4)ester. More
preferably, the removing agent is a tris-(C2-C5)alkyl-phosphine wherein the alkyl ma’y be

30  further substituted,independently, with (C1-C2)alkoxy.

Notably, according to the present invention, S-S-bond-comprising resin handles such as the

HPDI bifunctional hydroxy and disulfide handle described in Brugidou, J. et al., Peptade



p.336 ff). Methods of providing thioester |inkages to a resin are disclosed
in detail and. are further referenced in WD 04/ 050686. Said reference al so
descri beswohaits/tsbiosest er bonds are hi ghly vul nerabl e t oprsrardasd11476
deprotection conditions used e.g. in Enpbc synthesis, and. how use of a
substitute base nmay overcone this prol?l em However, in a preferred

enbodi nent of the present invention, thioester |inkages for bonding of the
pept i dReseirett §1994) T:H6-TsoidiMetyae et de Intt J.iReptid€CandProteraResgarddi d893hadd born

| i nkage, e cificall Lscl ai med si bject t . .
tr anst AR £Br O GOREEICOH e bEoPs B ORE bntre preaet BYRr o Prghep| Hsagne o
Thi oestyglrelihRk@gR8oAr € vul nerable to treatment with S-tert. butyl-sul phenyl

protection groug@ar enovi ng agents, in particular those of the thiol reducing
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whi ch abbapliGgtecbifitheruseilly ethpassdeforthay resanst hi oesterification reaction

with a solidphase- anchoring thioester bond. However, the intranolecul ar
reaction may be strongly nodul ated by aspects of spacial distance and

sequengg, depeqdait,.. CONTQLIRId RBAIL e PddRLRL S AN 10§ BEGmARRINARGOL he above
bot

disclainmer is dependent on the type'of Stert. butyl-sul phenyl -group
r enovi ngnégeyittypacksidacP Apeesiis (Abegumntal.o0f 987, fitveRepe Prdatele RePeatle Z4bl y and
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al kyl - phosphi'ne wherin the al kyl may be, independently, further substituted

wi th hatlogea€oerarf@lamiy i georspted of theraflawoa cleapgecoiphepaiidpifipm thee
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HPDI bi functional hydroxy and disul fide handl e described I n Brugidou, J .
et 14| . anpdppraferessaliéd Rhisenoutherpresent capfgxihvery, J . et al, Int. J . Peptide
and Protein Research (1993), 42:

Preferably, the peptide is anchored to the solid phase by either an amide or ester bond v-ia
the C-terminus. More preferably, the solid phase is an acid-sensitive or acid-labile solid
phase, even more preferably, it is an amide generating acid-labile solid-phase. Such acid-
20  labile solid phases require at least 0.1% trifluoroacetic acid (TFA), more preferably at least
0.5% TFA in a polar aprotic solvent for cleavage from resin. Most preferably, the solid~
phase is an acid-sensitive solid phase that is cleaved under weakly acidic conditions, that is
0.1 to 10% TFA in said solvent are sufficient to effect at least 90% cleavage efficiency
upon incubation at room temperature up to 5 hours. Such highly acid-labile solid phase are
25  e.g. 2-chlorotrityl resins, 4,4’-dimethoxytrityl resin, the related, trityl-based phenylalcohol
resin such as e.g. Novasyn™ TGT derived from an conventional aminomethyl resin by
acylation with Bayer’s 4-carboxytrityl linker or a 4-methoxyphenyl, 4,4’-dimethoxyphenyl
or 4-methyl-derivative of said linker, further Sieber resin, Rink amide resin or 4-(4-
hydroxymethyl-3-methoxyphenoxy)-butyric acid (HMPB) resin, (4-methoxybenzhydry1-)
30  or (4-methylbenzhydryl)-phenyl resins, the former said Sieber and Rink resin specificadly
giving rise to C-terminally amidated peptide upon acidolysis. Such acid-labile solid phases
are particurlarly vulnerable to on-resin deprotection chemistries for side-chain protection

groups and hence particular attention must be paid in these cases.



44-52) are of course excluded fromthe scope of the present invention since
not allow ng of on-resin cyclization. On-resin cyclization according to the
present iwopenddmapsodl | ows of avoi ding the probl ens arisi rgTfEPRIVS/011476

i nternol ecul ar side reaction and the d;lution t echni ques or

catal yst-surface absorption techni ques’ usually enployed for this reason.

Ri nk am de, Sieber resin (Tetrahedron Lett. 1987, 28, 2107-2110) or

simliar 9-am noxanthenyl- type resins, PAL resins (Al bericio et al., 1987,
I nt.
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trifl uotho salséphaseacid (TFA), nore preferably at least 0.5%TFA in a polar
apr@t! c solvent for cleavage fromresin. Mst preferably, the solidphase is
an ‘aci d-sensitive solid ptiase that is cleaved under weakly acidic

condi t i NSpretdttl dnfhobinderdt ConkA30alibA-subheaylchrdtkciedntysiaine, ofdratty ente 5o ef f ect
at | east 90% cl eavage efficiency upon incubation at roomtenperature up to
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i nker or a 4-nmethoxyphenyl, 4,4'-dimethoxyph I .
15  acid-labile resin tha 1% clea>\//e under Weétkly aci?l)l(cyr%ac(:at?c};l conditions as defined above.
A C-terminal cysteine is particul arly prone to subject to racemisation in acidic conditions,

e.g. upon cleavage and/or deprotection under strongly acidic condition.

Eventually disclaimed heterogenous catalysts for air-borne, oxidative cyclization are e.g.

20 charcoal, which is incompatible with use on a solid-phase. It may not be efficiently”
removed. Preferably, it relates to the absence of a catalytically effective or substantial
amount of such heterogenous catalyst. Not using inappropriate catalyst when not required
for the purposes of the present invention is a self-evident measure to the skilled artisan,
though.

25
Coupling reagents for peptide synthesis are well-known in the art (see Bodansky, M. ,
Principles of Peptide Synthesis, 2™ ed. Springer Verlag Berlin/Heidelberg, 19933 esp. cf.
discussion of role of coupling additivesauxilliaries therein). Coupling reagents may be
mixed anhydrides (e.g. T3P: propane phosphonic acid anhydride) or other acylatirag agents

30 such as activated esters or acid halogenides (e.g. ICBF, isobutyl-chloroformiate) , or they
may be carbodiimides (e.g. 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide), activated
benzotriazin-derivatives (DEPBT: 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-

one) or uronium or phosphonium salt derivatives of benzotriazol.



or 4-nmethyl-derivative of said linlcer, further Sieber resin, R nk am de
resin or 4-(4- hydroxynethyl - 3- met hoxyphenoxy) -butyric acid (HWB) resin,
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tetrafluoroborate), HAPyU (O-(benzotriazol-1-yl)oxybis-(pyrrolidino)-uronium

hexafluorophosphate.

Preferably, when using DEPBT or the like, uronium or phosphonium salt reagents, a
20  further or second weak base reagent is needed for carrying out the coupling step. This is
matched by base whose conjugated acid has a pKa value of from pKa 7.5 to 15, more
preferably of from pKa 7.5 to 10, with the exclusion of an a-amino function of a peptide or
amino acid or amino acid derivative, and which base preferably is a tertiary, sterically
hindered amine. Examples of such and further preferred are Hiinig-base ( N,N-
25  diisopropylethylamine), N,N’-dialkylaniline, 2,4,6-trialkylpyridine or N-alkyl-morpholine
with the alkyl being straight or branched C1-C4 alkyl, more preferably it is N-
methylmorpholine or collidine (2,4,6-trimethylpyridine), most preferably it is collidine.

The use of coupling additives, in particular of coupling additives of the benzotriazol type,
30 is also known (see Bodansky, supra). Their use is particularly preferred when using the
highly activating, afore said uronium or phosphonium salt coupling reagents. H ence it is
further preferred that the coupling reagent additive is a nucleophilic hydroxy compound

capable of forming activated esters, more preferably having an acidic, nucleophilic N-



for the purposes of the present invention is a self-evident nmeasure to the
skilled artisan, though. Coupling reagents for peptide synthesis are

wel | - knowwoi2nodidassoart (see Bodanslcy, M , Principles ofcPapricdelQyat hesi s,
2nd ed. Springer Verlag Berlin/Heidelberg, 1993; esp. cf. discussion of
role of coupling additivesauxilriari .e% therei n). Coupling reagents nmay be
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acyl at iygragefimstigu othesedn adlt isviaride ogsis e¥-scylr omdi-atyh substibyiedi itaz@sog masgBF,

i sob | -chl f i ...t he b bodi.i.m .(e.0.
5200 SRS ALY TR R Rt IR L o 1 oy

benzot rjeazbtiingll tMakdives dDEPBL N-hydroxy-benzotriazine derivative. Such coupling
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HBTU (0O-[Hbenzotriazole-I-yl)-N N, N, N -tetranethyl uroni um

hexaf | unosipire®pldteeibod BERLY, e zouplingzekgent additive is hydroxy-3,4-dihydro-4-oxo-
1-yl -oxy-tris-(di net hyl am no) - phosphoni um hexaf | uor ophosphate) , PyBOP
(Béﬁzoﬂ%éil?ﬂn-z(g 1880 0xy-t ri pyrrol i di nophosphoni um hexaf | uor ophosphat e),

PyACP,  kiaTriiteh Gatt corkpoghers ke lih@zatiRivies ¥fd khbws and theit @bd afeddupliHgoni um
hexaf | uor ophosphate), TCTU (O | H 6-chl or obenzotri azole-1-yl)-

1, 1, 3, Fhestistaneastheru deparibed: for degtange o bordabeddl. HATU
(O (7-azabenzotriazol-1-yl)-1,1,3,3- tetranethyl uroni um
hexaf | uor ophosphate), TATU (O (7-azabenzotriazol-Il-yl)-I,I ,3, 3-

t et r anelnhy futthenpasictilatly & fepred@fitaidéhent [ (HEUrOfum or phosphonium salt coupling
[ cyano( et hoxycar bonyl ) net hyl eneam no]-N, N, N, N'-t et r anet hyl uroni u
t etlPaf | GaEBHGT 48 SYONIPRFALL reagepbAsd Prefa2Bly. is HCTU, TCTU or HBTU and even

1-yl) O%B}esﬁr(:ﬂeﬂﬂwksi B9 +HE PRCHAR in combination with N-hydroxy-3,4-dihydro-4-oxo-
1,2,3-benzotriazine or a salt thereof. This embodiment is mainly preferred for use in chain
elongation step of peptide synthesis after removal of the base-labile Na-protection group,

but may as well be used for lactamization reaction during side-chain cyclization.

In the context of the present invention, it is to be noted that HCTU and TCTU are defined
as to be encompassed by the term ‘uronium salt reagent’ despite that these comp ounds and
possible analogues have been shown to comprise an isonitroso moiety rather than an
uronium moiety by means of crystal structure analysis (O. Marder, Y. Shvo, and F.
25  Albericio “HCTU and T'CTU: New Coupling Reagents: Development and Industrial
Applications”, Poster, Presentation Gordon Conference February 2002), an IN-amidino
substituent on the heterocyclic core giving rise to a guanidium structure instead. In the
present context, such class of compounds is termed ‘guanidinium-type subclass’ of
uronium salt reagents according to the present invention.
30
In a further particularly preferred embodiment, the coupling reagent is a phosphonium salt

of the benzotriazol such as e.g. BOP, PyBOP or PyAQP.



hexaf | uor ophosphate. Preferably, when using DEPBT or the Iike, uronium or
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15  triethylphosphine (Huang et al, 1997, Int. J. Pept. Protein Res. 48, 290). The tert—
butylsulphenyl group is also cleaved in an orthogonal fashion by means of thiol xeagents
such as e.g. p-mercapto-ethanol or dithio-threitol (DTT) as an option to using tertiary
phosphines (Huang et al,,1997 Int. J. Pept. Protein Res. 48, 290; Rietmann et al., 1985,
Recl. Trav. Chim. Pays-Bas, 1141). Preferably, the tertiary phosphine is triphenylphospine

20  oris an (C1-C4) alkylated or (C1-C4)alkoxylated triphenylphosphine, such as e.g. tri-(p-
methoxyphenyl)-phosphine or even more preferably is a trialkylphosphine wherein the
alkyl may be the same or different , and wherein each alkyl is a C1 to C7 alkyl, preferably
C1 to C4 alkyl, and may be branched or linear alkyl. Preferably, the alkyl is linear.
Examples are methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl. Tri-n-butyl-phosphine and

25  tri-ethylphosphine are particularly preferred. The alkyl may be optionally further
substituted with halogeno, (C1-C4)alkoxy such as e.g. and preferably methoxy ox ethoxy,
or may be further substituted where amenable with the solvent system, carboxy or is,
preferably, unsubstituted. Surprisingly, in one preferred embodiment according to the
present invention, it has unexpectedly been found that disulfide cleavage by means of

30 phosphines may also be used with the acid-labile resins cleavable in weakly acidic reaction
conditions such as Sieber or 2-chloro-trityl (CTC) resin, for instance.

It is also often overlooked that thiol reagens reduce and hence cleave disulfides by

forming disulfide products themselves. Preferably, such thiol reagent is selected from the



Ammoni um salt conpounds of coupling additives are known and their use in
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15  leakage from resin when using strongly nucleophilic tertiary phosphine reagemts. By using

DTT and the like, the inherent disadvantages of mono-thiol reagents may be avoided.

Cyclization is carried out according to the present invention in the presence o f a first weak

20  base in a polar, aprotic organic solvent in the presence of air and/or oxygen but notably in
the absence of a heterogenous, rate-accelerating catalyst. Still then, and without precedent,
the cyclization step, due to the method of the present invention, is remarkably efficient and
requires only about 0.5 to 2 hours reaction time, allowing of literally quantitative, complete
conversion of educt to the desired product under very mild reaction conditioms (ambient

25  temperature typically, expedient temperature range being 10°C to 80°C though reflux
temperature of solvent must be taken into account of course). Conversion is complete.
This is an outstanding achievement and has not yet been achieved in disulfid—bonding
driven cyclization of peptide, nor have such simple, mild and rapid cyclization reaction
conditions been devised earlier. No tedious mixing and separation problems for a

30  heterogenous catalyst arise ever. Still, the reaction rate completely parallels that of the
catalyst-borne reaction of the prior art. Due to the straightforward course of reaction,

formation of side products is almost entirely avoided.



The S-al kyl -sul phenyl protecing groups protecting thiol groups of cysteine
or honocysteine residues, as is shown in fornula Il, are renoved accordi ng
to the prweends/gspaosnti on by a reagent that typically ispcampebéosoofsre
removi ng, preferably substantially remgving, the

S-tert. butyl -sul phenyl -protection gro from such resi due. Renoval of
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et al., 1985, Reel. Trav. Chim Pays-Bas, 1141). Preferably, the tertiary

F?IIOS ?;QI) Alef(dréin}‘glj, mg etpb phafsii, ag/oaygers oapure Glygea)muadt foy patderdtentron to.

- al koxyl ated tri phenyl phosphi ne,. such as e.qg..tri- t hoxyphenyl ) -
phos Bhi Ad/exgen %ﬂ’en‘%g?hﬁai’ﬁ’éa%{ﬁ gh PRTIRE: YrEr R ﬂ%&?ﬁ) ﬂF%é‘P éﬁ%’fo@leﬁg *h eyal) kyl
may 2¢ bR B | SREERL into MDiMHE B a8 A6 R divdr e Skden 60ai€7 al kyl ,
prefera%%y to1 %I 1@5 éahrgomaytl)d‘[embrar?(r:%?ed gr | i nerapr %I kg%n P?leferab%/y,

t he al kyiridhsd WiithemagenExhivhliegerdedonsparged intetthgteactinmolpguid. Ingrepgticularkyut yi |

I -butyl. Tri-n-hutyl-phqsphiine_.and tri-.ethylpho ' | I

pr e?éer r Bf! erﬁerqeer‘gtfqggffxeﬁﬁamﬁg of SEAST AT oF ﬁ?etr\%%@%%gds%rﬂtsﬁl 203 t}\%él{r %dcﬁcgjl gée%o,
(4 - CA) aldsorye ?ﬁ&ﬁ%@tu@éd Qs & alfWl oPERE ghaRhyinfeeth o) in@drhRotyu s bistifringe. be
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Si ell)ser or 2-chloro-trityl (CTC) resin, for instance.
The first weak base reagent is a weak base whose conjugated acid has a pKa v-alue of from
pKa 7.5 to 15, more preferably of from pKa 8 to 10, preferably, it is a tertiary.. sterically
hindered amine. Exxamples of such and further preferred are Hiinig-Base (N,N -
diisopropylethylamine), N,N-dialkyl-aniline, 2,4,6-trialkylpyrididine or N-alk yl-

20  morpholine with the alkly being straight or branched C1-C4 alkyl such as methyl, ethyl, n-

propyl, i-propyl, n-butyl, most preferably it is N-methylmorpholine, collidine (2,4,6-
trimethylpyridine) or Hiinig-Base.

Preferably the prior removal of the disulfide-bonded protection group accordimg to the

25  present invention, notably the removal of the S-tert.butyl-sulphenyl group is effected in the
presence of a first ‘weak base reagent, for avoiding any risk of leakage from thie resin by
minor acidolysis, that is at a pH of from 7.5 to 12, more preferably of from 8 to 11.
Optionally, by using polar aprotic solvents such as THF or acteonitril thatare freely
miscible with water, basic salts such as e.g. sodium acetate in aequeous soluti on may be

30 used for that purpose. This embodiment is particularly preferred when using tertiary
phosphines for said disulfide group cleavage or removal step. By combining & suitable
oxygen supply concomittant with such disulfide protection group removal, it 1may be

possible in another embodiment of the present invention, e.g. when using polar, aprotic



It is also often overl ooked that thiol reagens reduce and hence cl eave
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such asrt2- ner capt oet h. anol, apparently owes to the fear of side reactions

su as.e.g. l.eakage.fromresin.when usjing strongl cle ilic tertiary
phggphisrrl?g Og'éﬁij]é Ap&Tatgn lﬂgﬁ%ﬁfs%?ﬁvﬁﬁﬁoﬁl ﬁ%o‘% ?(ffaq,m?r]%%aai e&ﬁg 1% E)nqb%'rsné’clﬁf zlal;] ‘ages
of mMoney¢Yaabn bERYYN s HBRAGH AT di@erizA)Elat @Bt i on is carried out according
to the present invention in the presence f a first weak base in a polar,
aprotic organic solvent in the presence of air and/or oxygen but notably in
t he absence of a heterogenou at e- accel L i n, and
wi t hou nB léeégfﬁf,heni eeng%loc rlnglgt {hgr?%g?%epl{,g ﬂgﬁru%&)bggto ﬁ%&%ﬁ%ggroﬁ; ITP héérgrreesent
i nvent ipgdtection greprik by cafstrued aytciag rotecivnrgesumibya gibautside haio 2 hours
reaction tinme, allowing of literally clua_nti tative, conplete conversi.on of
edbiét tf@nqﬁﬁéalﬁés’rrS@@C‘é#%éﬁi?cql}aHhﬂbWh\Pé@ §etiom) ORI COPBHAES HA B EREBUTEBI ent
{ ﬁgﬁg[}%ﬁ%ﬁ%&;@r@bﬁﬂdo&w%&%ﬁ'(EQ&) SORES B HRRHORDERb AR Bk Solt PpBERC
peptide synthesis. Such protection groups and the use of specific protection groups for

specific side chain functionalities are well-known in the art (s. Chan et al., ed., supra;

Bodansky et al. supra).

20
A side chain group R1(0) for instance it not to be construed in the way as to refer to a
single type of optionally protected amino acid side chain; each residue R1(1), R1(2)...may
be unique or may be the same as at least one other residue. The same applies of course to
radicals R2(x), R3(q).

25

Given the multitude of possilbe substructure, it is to be noted that the peptide of formulas I
and Il may also comprise well-known peptide backbone modifications that are commonly
employed in peptide synthesis: cyclic amino acids such as D- or L-Pro, intermittent non-
peptide moieties linking two peptidyl segments and being e.g. hairpin or f-turn mimetics
30 orin particular backbone-modified dipeptidyl segments used in synthesis e.g. for
introducing amide protected Asp-Gly(Hmb) segments avoiding aspartimide formation
(Packman et al. 1995, Tetrahedron Lett. 36, 7523) or peptidomimetic, non-amide bonded

dimeric segments of amino acids analogs having a backbone segments such as -CO-CH2-



tenperature of solvent nust be taken into account of course). Conversion is
conplete. This is an outstandi ng achi evenent and has not yet been achieved
i n di sul fwo-2b@ndsesg driven cyclization of peptide, nor kparErsmwshiszepl e,
mld and rapid cyclization reaction conditions been devised earlier. No
tedi ous m xi ng and separation proble 4for a heter ogenous catal yst arise
ever. Still, the reaction rate conpletely parallels that of the

cat al yst ChH2NI12 eimsterdnf opepthie honil ¢x rexiaw ofiseful peptidomimeliqsnemenigead cour se

of reacgti.on, formajjon o i d rodugts | o irely avoided. Suitabl e
pol ar, soBPf &S Gt Mﬁﬂ]eé{’ ;Tireggﬁphmﬁ%pﬁpﬁppdll%%ezfﬁh%[ f or mami de,
di chl oxonet hane, N nethyl-pyrrolidone, tetrahydrofurane. In contrast to

water, such solvent us ally may not physically dissolve relevant amounts of
oxygen to supply the oxidative formati on of disulfide bonds as has been

descri hed. for equs cat S i b ly of
i g T RS e ol b L G s ot Al
fsuppl ![ ephded et By afless: itwé bidgno ac@cg1 te@?dueg(orstmelﬁ'{ealAdpabigg offi-+pisappichkofs used
or stirring, gas sparging into the liquid, The gas nmay be air or re
oxgen @Fluabﬁh@gMGBH@@JC%f?%n%@Qé‘Hd\%HPWFIOg%pt\}%"i’]rtsééfg JUpogEan;fek %s‘fl%ge
reactl %@n(!ﬁr%'lg ]ghiL YaQNesfe 1At drd ig;fﬁ&lﬁﬂabédpﬁégﬁf fitEoRARAR: BRAEised By @R OF
surface are of the’bottom and/or walls of the reactor vessel are
punt ct aeicbase inoviawl afthapossibée, giang stgbls confoomtthenslis (ridtringregelizationrmengh
stirring. re_preferabl t he reacti.on vessel conprjses..a fritted bottom
or 18 f rdilfiﬁf—'ggt' VGh 1b¥ t‘f\’lgﬁélf’tegéb/%t W&%‘B‘”ﬁﬁ@%ogpﬁ‘ PIOHPES assllf:ﬁlf(ace of the
bot t omy, 4% ;0 oAb AWaRfinShdTa 4:ARSRUEs SHiefd iRHcAHTEMYRTBsNE thy spileieghleat
bubbling air vented into the reaction |iquid through that bottom The first

weak badéhe papiedy mosety, thasak aberseofithoswinocsjds gacwapassin: heaslicpl BRéXvisal ue of

a Cor tiapyely parPairyS e UG UfeRls HETRRG® bl BRESFERRLL, 1 1

preferred are Hni g-Base (N N - diisopropylethylar aine),
N, N-di al kyl -aniline, 2,4,6-trial kylpyrididine or Nallcylnmorpholiiie with
t hdSal Kn phisefuriges emhpdiment it Banhe PesEibds oM BEKgs 2 BERHIBED Asp QPLIaSeetf}% ,

npr Opylb?y permanent, covalent attachment of the peptidyl moiety to a solid-phase but by non-
covalent, reversible attachement to the solid-phase by means of a stable metal chelate
complex (pressrelease October/November 2004 made by Lonza AG, Basel, Switzerland
jointly with AplaGen GmbH, Baesweiler, Germany, October 2004), similiar to the hexa-

20  His tag technology employed in protein purification since long. Such non-covalent solid-

phase linkage or similiar, future embodiments are encompassed by the present invention as
well and the preferred modes of operating the present invention set forth above and in the
claims below apply to this embodiment, substituting the afore mentioned linkage or
bonding to the resin or handle with the non-covalent bonding feature of said present

25 embodiment..

A further object of the present invention are the respective, solid-phase borne peptides or
solid-phase-peptide conjugates, respectively. The relevant definitions given above and
below apply likewise to such object, alone or in combination.

30

Accordingly said further object of the present invention is a peptide of formula I or 11,



i -propyl, n-butyl, nost preferably it is N-nethyl norpholine, collidine
(2,4,6- trinethyl pyridine) or Hnig-Base. Preferably the prior renoval of

t he di sulwodeedmasaed protecti on group accordi ng to the pcesepdosionment i on,
notably the renoval of the S-tert. butyl-sul phenyl group is effected in the
presence of a first -weak base reage 5 for avoi ding any risk of | eakage
fromttaie resin by mnor acidolysis, tliat is at a pHof from7.5 to 12,
more preferably of from8 t $13. Optionally, by using polar aprotic

sol vents such as THF or 39(éonitFT$\%$at are freely mscible with water,
basic salts such as e.g.”/sodi um acet

for that purpose. ThWSC [
tertiary phosphi nes flof &
conbi ni ng suit

icularly preferred when using
oup cl eavage or renoval step. By

e j n aequeous solution may be used
@ﬂat

protection enov anot her enbodi nent of the
presenty ]9. [ gani ¢ solvent along with
oxygen supplylin the pres ry am me and when using tertiary

pl aosphi ne fopqgg rotecti den, to carry out both

di sul fi de deprdtec®i on and cyclization not oﬁly in a one-pot reaction but
even as a single reaction step. Due to the fact that tHe present nethod
allows of on-resin cyclization, it further does not require tedi ous and
yi el d decreasing strong dilution of peptide for favoring intra over

i nternol ecul ar cyclization as previously required in nost nethods descri bed
in the prior art. The on-resin operation node of the invention allows of
qui ck @nhd efficient intra-nolecular cyclization only, giving no chance of
dinerization at all.gky a further preggrred enbodi ment, the peptide is the
peptide of formula I orN|J. The termrprotection group is to be construed as
bei ng protection group f a gi ven3§jde chain functionality or specific
side chain which prote@ion group is gpnpliant with being used in

[ CHZ]m o [CH3]n
H | M H 0
Y § N § N N A
N H
ROl L R&x OL Ryala
5 il

wherein m,n=1-15, preferably m,n = 1 or 2, wherein Y=H or Y is first a protection
group, preferably Y is an non-base labile protection group, 0,x,q each separately is 0-200
10  and wherein R1(0), R2(x), R3(q) each, independently, is a side chain of an amino acid
selected from the group consisting of natural amino acids including cyclic amino acids,
non-natural amino acids including cyclic amino acids or non-amide bonded dipeptidyl
segements, non-natural derivatives of natural amino acids or analogues thereof and
wherein said amino acid chain may each further comprise a second protection group that
15 may be the same or different for individual side chains, and wherein A is a resin or resin
handle or wherein optionally an individual R2(x) or R3(q) radical is linked to a resin or
resin handle with the proviso that then A is selected from the group comprising OH, NH,,
NR’;H or NR’1R’; with R’; » being C1 to C4 alkyl, and wherein R10, R11 each are alkyl



standard tert-bixtyl oxycarbonyl (Boc) or 9-fluorenyl net hoxycarbonyl (Fnoc)
solid phase peptide synthesis. Such protection groups and the use of

speci fi ¢ wooveatsse@d groups for specific side chain functcomEekedksioes7ar e
wel | -known in the art (s. Chan et al., ed., supra; Bodansky et al. supra).
A side chain group R (o) for instancééit not to be construed in the way as
to refer to a single type of optionally protected am no acid side chain;
each r edidueaRHel furth& (ubjtitutedewyit erylyrirgjoey, atkonply holgehrted samands thetedfeast

one ot hey residue Th% sgne agg}&@% of course to radicals R2(x), R3(Q).

G ven PhBAlRZANS pLdEaydeiBe S Eucture, it is to be noted that the
peptide of formulas | and Il may al so conprise wel |l -known peptide backbone

nodi fications that are comonly enployed in peptideﬁggnthesis: cyclic am no
aci ds Podfhrably, Dx =02-200.Rvlore prafesahty taeataciosspaigtalyds Aoils peederpblyd-a% arwo

pepti dyl, segpent d i e, aj rpin LABL ] i :

Part cimsreipadnior S R err et s et Mol e 4ol Orht S heBoiginy (o,
i nt r odygs Beht@at Aethyr of ROL-80lafis prhelein(Hix)- 1 60 prafatzblawdicting iag@x t i mi de
formati on (Packman et al. 1995, Tetrahedron Lett. 36, 7523) or
pepti dom netic, non-am de bonded di nmeric segnments of am no aci ds anal ogs
havi ng a backbone segnents such as -CO CH2-or CH2-NH2- instead of a peptide
bond (a review of useful peptidom netic segnents can be fou nd e.g. in
Morley, J., Trends Pharm Sci. (1980), pp.463-468). Preferably, the two
cysteines that are going to be disulfide-connected in cyclization are
spaced apart by at least two am no acid residues (or the like). A spacing
of i+3 is typical of an a-lielical peptide conformation and all ows of

opti mal , spaci al juxtaposition for disulfide bonding. In this way,
cyclization is facilitated. Below, the constraint exercised by the backbone
in view of the possible, nore stable conformations is rendering cyclization
nore difficult. However, it is to be noted that the incorporation of
pseudo- prolines as helix breakers or of Damno acids as inducers of
beta-turn conformations in the spacer segnent



of the peptide noiety, that is as one of the am no acids enconpassing a
radi cal R2(x), is strongly nodul ating this sinple rule, which is highly
struct ur ewoependsss accordingly. In one further enbodi meotr/EpP2dosmepm7be

possi ble to synthesize a peptide on a solid phase not by pernmanent,

coval ent attachnment of the peptidyl ety to a solid-phase but by

noncoval ent, reversible attachenent to the solid-phase by neans of a stable
nmetal chel ate conpl ex (pressrel ease Cctober/ Novenber 2004 rmade by Lonza AG
Basel, Switzerland jointly wth AplaGen GrbH, Baesweiler, Germany, Cctober
204), simliar to the hexa- His tag technol ogy enployed in protein
purifiggﬁéﬁﬁnﬁhgce | ong. Such non-coval ent solidphase |inkage or simliar,
future enbodr ments are enconpassed b y the present invention as well and
the preferred nodes of operating the present invention set forth above and
indhernglal . kS i stituting the afore

mensti 0%@%8}7%%@591‘53}1%%%%5%85 %eg%%srhheﬁ?%glé gﬁgé %n [e with the non-coval ent
bondi ng feature of said present enbodinent.. A further object of the
present invention are the respective, solid-phase borne peptides or

sol i d- BRBel pepti de conjugates, respectively. The relevant definitions

gi ven above and belo Vapply |likewi se to such object, alone or in

conbi nation. Accordingly said further object of the present inventionis a
peptide of formula I or Il,or Il wherein mn=l-15 preferably mn =1 or 2,
wherein Y=EE or Y is first a protection group, preferably Y is an non-base
| abi | e protection group, FReXco(SamUINseparsiérlY)'i s 0-200 and wherein R (0),
R2(x), R3(qg) each, independently, is a stde—chain of an am no acid sel ected
fromthe group consisting of natural am no acids including cyclic am no

aci ds, non-natural am no acids i ncliuti2at Rigeidire iahMVifo 3aclibdsnor non- ami de
bonded dipep;idgéesege nts, hon-natAMMP dWesheyat i ves of natural ami no acids

Cvcle Fmoc-AA-OH (2.0 eq., 2x for Har),
or anal ogues Ieﬁ%%e%mg ang =y HCTU, 6-CI-HOBt, DIEA, NMP/DCM

3)
4) NMP washes
5) Boc-Gly-OH (2.0 eq.)

Boc-Gly-Cys(S-tBu)-Har-Gly-Asp(tBu)-Trp(Boc)-Pro-Cys(S-tBu)-N H‘

PBu, mediated cleavage
cyclization on support

Boc-Gly-Cys-Har-Gly-Asp(tBu)-Trp(Boc)-Pro-Cys-N H.
l |

Cleavage from the resin
Global deprotection

Gly-Cys-Har-Gly-Asp-Trp-Pro-Cys-NH,
I |

10

1. 1 FMOC solid phase synthesis of linear peptide Fmoc- Gly-Asp(tBu)-Trp(Boc)-Pro-
Cys(S-tBu)-Sieber

15
Synthesis of FMOC-Cys(S-tBu)-OH has been described before (Rietman et al., 1994,
Synth. Commun. 24, p. 1323 f). Sieber resin was a Novabiochem™ product of 100-200



wherein said am no acid chain may each further conprise a second protection
group that may be the sane or different for individual side chains, and
wher ei n AvD0@/me@m3n or resin handl e or wherein opti onalpcy/Eepoosndisvé dual
R2(x) or R3(q) radical is |linked to a resin or resin handle with the
proviso that then A is selected fromthe group conprising OH, NH2, NR iH
or ISR R' 2wth R | 2 being d to C alkyl, and wherein RO, R 1 each
are al gt (UShBumyu bé Sfandsdde mesh bigtnig), ubethatiix tnaendl bemgydionylbeatdnexy,

hal ogenat nts thereof or t he rre Q dlffer ent.
Prefer ﬁrl?P?Pnlﬁeadrpgyﬁmne W?fr%’ir‘g’raé gig O&Ebla ”ﬁé@%@g ea[?é?c & S‘i’e{"élg?ﬁ

pref er gy Bioaliend¥s, @@@f‘oﬁhwsu\? A1 F0CRAAS8IRRLsYinliden SFHIDC YRS mor e
preferably, g=0 and nore preferb in this context further o is 0 and

wher ei BBu-08]1 feat. 0. &)ﬂ&@r\a@bwuwhéﬁ?eélfmm Haghean‘@GEﬁpbmdﬁéﬁtséZVltm@a@i)er al |

synthetic strategy is set forth in table | underneath: Table I 3x, 15 mn
Peptide x for Har), |engthening , NMP/ DCM

Boc- G Yok ElgSoftBsih widrat Gl5p-mepl/t Bud offd ptBeE)L0 R SidbysieSint Bo)pINnPBm3 fordi at ed
cl eavag}ea cyclization on sup é)ort

Boc- G {padyas Mas T op-the pparded cqupbinsdiee prsclsy) RHin-indpeh&oupliBgY¥E¥ from t he
resin (%r?cﬁ?étﬁ&]%@{hofg tehapoﬁe%(pe]%% !-ﬁ'ﬂ{nOQC%/d- i@gﬂ'ﬁ;%%:e%é;c}@eﬁ Minods! 1. 1

FMOC s ase syn ‘hesis O I near pep
Asp(t BUNEfO(I-mB) -TCDU, RusfgBiB MSopheylethylamine), in dichloromethane. Washes

10  were with N-methyl-pyrrolidone (NMP).

FMOC deprotection was done by 3 cycles of 15 min. 1024 piperidine in N-methyl-
pyrrolidone; efficiency of cleavage and completion of synthesis was analysed by
Ninhydrin reaction and reverse phase HPLC, respectively.

15
1.2 Elongation of peptide from 1.1 to Boc-Gly-Cys(S-tBu)-Har-Gly-Asp(tBu)-Trp(Boc)-
Pro-Cys(S-tBu)-Sieber

The coupling of the FMOC-Har residue (Bachem, Burgendforf, Switzerland) took place in
20  the presence of 1 eq. HOBt (for keeping the Guanidino group protonated) per eq. amino
acid; the FMOC amino acid was preincubated with HOBt and diisopopyl-carbodiimid in
NMP and was then mixed with the resin. Har coupling took 180 min. (other aa: 30 min.)
followed by a second cycle with replenished reagents of about 60 min. In this way,
standard 99.8 % coupling efficiency as for the other residues could be matched.
25  FMOC cleavage took place as before. Notably, after FMLOC cleavage und subsequent NMP

washes, repeated washing with HOBt was done to prevemt further swelling of the resin

1.3 Deprotection of protected (S-tBu)-cysteines with BusP

30
The resin product of step 1.2 was suspended and washed three times in tetrahydrofurane
(THTF). The reaction was carried out for 1 h at room temperature with 50eq.

tributylphosphine made up as 19%(v/v) PBus /77%(v/v) THF /4%(v/v) saturated aequeous



Synt hesis of FMOC- Cys(S-tBu)-OH has been described before (Rietrman et al.,
1994, Synth. Conmun. 24, p. 1323 f). Sieber resin was a Novabi ochen(tn)
product ovo20@/RASMEIESh (US Bureau of Standards nesh si ziPog)EP2608@119648 I i X
mat eri al bei ng di vinyl benzenecrosslinked pol ystyrene, and was purchased
from Cal bi ochem Novabi ochem ( bel ongi n]g9 to EMD Bi osci ences,

California/U S A). Al FMOC am no acids, including FMOC- Cys(StBu)- OH
(cat. $olutBnkE30Jivneaetape;préasieding satwBa Gitersd AGE pBabtneksr. Reagingpnt zer | and) .
Loadi ng_of resi at .0.52 | /g _an f tal .of 1 St eber resin.
Coup! 1 RgSeadsd rpttRB R edoruped i Cooaf LR Vit bt BB Harmr y 60
M N. i fed@E@bhasCPHALE BES wWHE Ffind 96 S 61ueido WB 1ol Foreébt pRRRIAt.of respective am no
acid in the presence of |leq. each of 6- chloro-HOBt, TCTU, Hni g-Base

(Di sopropyl et hyl am ae), in dichloronethane. Washes were with

N-net hyl - pyrrol i done (NWP). FMOC deprotection was done by 3 cycles of 15
mn. 10*% pi peridine in N-nethylpyrrolidone; efficiency of cleavage and
conpl et i9avefizaiontth 6516 BoaGlanatiyaed-Byr-ClynAyd (tBn)Tep@EdchpRraxlysy-Bicbers e
phase HPLC, respectively. 1.2 Elongation of peptide from1.1 to

Boc- 3 y- Cvsf S-tBi i VHar - d v- Aspft BuVTr pf Boc) - Pro-Cvs(S-tBu)-Si eber The
coupl i 0 S Har i ( Lgan ' L tzerd ook
pl ace ?ﬁnet Eg%%%?%%1%@%ﬂ%%@ klg!gpi nggl{a egdeglg\g% (}ﬁ%s g?glﬁ\gp‘

pr ot on@twdiratien weg .doasbygdnabiatng tHeeresiv@ar Al atorcmoi tbrmyasatpreewnth attd8An t h

and diiso |.-carbodi.imd in NVWVP and was. then m xe i th the .resin.
et colbeEe RO NBUPrT o b FUEES o3biA HEpichbERsvRst SV Ak sBRESE ol &
Wi th reph&mcRad Fiea9RR! Sealld- ROV 604 i)-glds8 S iAYweSHHRLA! BhdPlaSs %0
coupling efficiéncy as for the other resi c%ues could be matched. F

cl eavafat toodkittpll adase agasbesntadewithairafiom, beldweel IPWDE of enviapblingdcxgbseqquent
N\VP h ted hi i th t d t t f 1
o t heoPats AroreStsih da enarli pro ot Bh o0y i eBpE Al ot h Uit it ' 1

was floating by the bubbling air from underneath. A strictly pure, uniform product is

15 obtained, no distinct or shattered sideproducts do show off after this reaction step. The
conversion to product was 100%, as determined independently by both reverse phase
HPLC and LC-MS. RP-HPLC was carried out on a Hypersil-Keystone™ Betabasic
(Thermo Electron Corp., Waltham Mass./U.S.A)) C18 150x4.6 mm column, with an
injection volume of 15 ul and detection at 262nm at a column temperature of 35°C.

20  Gradient run is

Time Acetonitrile (0.1%TFA)/Water (0. 1%TFA)
0] 60 40
5 97 3
25 16 97 3
17 60 40

30 1 .6 Global deprotection

Gilobal deprotection is prepared by swelling the resin three times in dichloromethane

(DCM). Cleavage reaction phase mixture is prepared as to be made up from



The resin product of step 1.2 was suspended and washed three tines in
tetrahydrofurane (THF). The reaction was carried out for 1h at room

t enper at we 20¢/das@Beq. tri butyl phosphi ne made up as 19%perEr200B0B14/d 7% v/ V)
THF /4% v/ v) saturated aequeoussol ution of sodium acetate; precipitating
salt was filtered off prior to use . Raction proceded uniformy to give
one dom nant product peak. The yield was determ ned by reverse phase HPLC
and was found to amount to 98.9%orrect product. 1 .4 Cvclization to yield
Boc- G v-cvcf - Har - - Asp(' t BuVTr p(Boc) - Pro- Cvs) - Si eber The swol | en
pepti de-resi géé%/&srf]ggﬂg%r)om exp. 1.3 was washed three tines in NWP.
Cyclization ywas, dgagahikol BewRahi ng the resin for 1 h at roomtenperature

wi th 6% DI EA émni%;Base In NWP; reaction was carried out in a vertical

gl ass vessel 3whi chPheopbB€eatl.)a hori zontal |y bisecting, sealed-in G3 (16-40
mm glass frig, in r\ portion. The glass frit or fritted plate was
vented with %ﬁ’r fﬂ%@@b@?gl\g\a‘) allowi ng of air bubbling across the entire
cross-sectiopyof tHBOIOIYBYY-covered reactant space above the frit in which
the resin was floating by the bubbling air fromunderneath. A strictly
pure, uniform product is obtained, no distinct or shattered sideproducts do
show of # (s d tep. .. T - S Qs : % as
dot er i Rea Rl pck B SRy SR ar IR ECHERS, AR CIREREEN R C Ve
carri edisotermomntel dipeodidt iseyepitated, tafr B¢ibg offdh¢ Tasar, iy dEbpweise odditon p. |

Wal t h LU S A 8 150x4.6 .col . Wt i nj i | f
15 T aPerCEEBELS i Rethab SHFE S ArogURL A PUTBr e 8° BRIt [un
i75 6-(!)1 Zgb@@&%&@&t fel 000 coddREDf M6 A depfdtedtioRIAL HOe® st o Ddondrolai 97 3 1

found not to affect preformed disulfide bridges in peptides.

2. Deprotection of protected (S-tBu)-cysteines with DTT

15
As an option to the deprotection step in 1.3, deprotection is carried out with DTT instead of
phosphin essentially as described there. DTT is eith.er rac- or L-DTT, obtainable from
Biosynth AG/Switzerland. The resin product of step 1.2 was suspended and washed three
times in dimethylformamide (DMF). 50 eq. of DTT were used, made up as DMF/DTT

20 (1:1) and the reaction time was extended to 3-5 hours at room temperature. Subsequently,
the peptide-resin was treated exactly as described in section 1.4-1.6 above. Yields obtained

perfectly matched that of 1.6, with similar purity.

3. Cyclisation of Boc-D-Phe-Cys(S-tBu) -Tyr(tBu)-D-Trp(Pbf)-Lys(Boc)-Val-Cys(S-tBu)-
25 Trp(Pb)-Sieber

Vapreotide, a Somatostatin peptidagonist, is synthesized essentially as described above in
section 1.1. Further processing is carried out essentially as described in sections 1.2-1.6,
providing the deprotected Vapreotide-carboxamide in excellent yield and purity.

30  Optionally, deprotection according to section 2. is carried out, likewise with very good

result.



1 .6 dobal deprotection G obal deprotection is prepared by swelling the
resin three tinmes in dichloronmethane (DCM . C eavage reaction phase m xture
i s preparwo 2066/45603be nmade up fronB6.5% TFA (785eq.) 4. pea/Ere@ani 504
(36.5eq.) 3 % Phenol (32.4 eq.) 3% (38 Eq.) 3% H20O (178 Eg.) Reaction

t akes place at 150C for 2 h on an sl y rotating orbital shaking device.

Reaction is term nated and product S preC| pltated after f||ter|ng of f the
resin, ‘b igH eationeasd Batdl ys(Be Sttipl )hEX) =1, Ala ) L ys(SrtB A23nr oduct

is a uri[hbllm:ﬁé&lézg@bﬁjmtbAheAsieBh@danahHlsﬂSerﬂBmaS@réﬂlﬂ s saiThge
condi t qAk/-Prio-lig-bledPrad@pe-Thedit)-drsnidal &5 lye 8 ar(Te3Aad- (Tt dntSigberand f ound
not to affect prefornmed disulfide bridges in peptides. 2. Deprotection of

pr ot ectmdmiatit Bdptedts b 8716, WisinthédZdAsr BEyDiREd edtehdallyng ddegitetiabbiom st ep
in 1.3, deprotection is carried out with DIT instead of phosphin

essent i wRlignsals I dess ks domparasiodhe Vv af diregar peptideagycligation Betf isobt ai nabl e

f B ded
1 om B Ao SRS EAADEk FE St el (el 0, hFasigspended
made uplwso DA chitihdiaitdal dvapliegsepon time was extended to 3-5 hours at

roomtenperature. Subsequently, the peptide-resin was treated exactly as

described in section 1.4-1.6 above. Yields obtained perfectl matched t hat
of 1 9. 6,5 &ivchization ofdfmes:Cys(p-tBu)-Aspclhrast)-dda-d hr(@sig-Gys

-Tyr (t w&%&&mm&m&ﬂmmﬁfo’ﬁ!@FAsmuAeShfP&le\ﬁlmHmfIlqje a
Sonat ostat-Pro-PepThddgpaisstValiGly-Ser(fThe A sredhgdsieiltvirdlihk as descri bed above
in section 1.1. Further processing is carried out essentlally as descri bed
I N sect$|tesis idedscBtially carried out as described in section 4. above, except that the last Lys

15 residue is added after cyclization reaction in an additional coupling cycle, that synthesis 1s
carried out on a Rink amide resin and that prior to global deprotection, cleavage is carried
out under weakly or mildly acidic condition: Cleavage from resin is achieved with 3 cycles
of 15 min. each at 15°C, 2% (w/w) TFA, 1% (w/w) triethylsilane (TES) in
dichloromethane. The reaction is stirred by nitrogen bubbling. After each cycle, cleavage

20  reaction is directly quenched by pouring the whoole reaction broth into dilute pyridin
(pyridine/ethanol 1:9 (v/v)). Resin is then removed by filtration with a frit. Filtrates are
pooled and concentrated under vacuo (RotaVap), and washed with DCM.

6. Cyclization of Boc-Lys(Boc)-Cys(S-tBu)-Asn-Thr(Trt)-Ala-Thr(Trt)-Cys(S-tBu)-Ala-
25  (yMeMe5r0)Thr-2-CTC

Synthesis and cyclization is essentially carried out as described in sections 1.1-1.5

above,except that 2-chlorotrityl-polystyrene resin (CBL Patras, Greece) is used as a solid
phase and that the DTT method according to section 2 is used instead of 1.3/phosphine
method. Further, cleavage under mildly acid comdition without side chain deprotection is
30 used, essentially as described in section 5. Good yields are obtained. Fragment synthesis
serves as an optional route to Pramlintide synth esis: the cylized, bridging-cystine
comprising but still protected peptide is then subjected to conventional fragment coupling
technique with a C-terminal, residual fragment of Pramlintide using standard peptide
coupling chemistry with TCTU wherein the C-terminal, protected fragment is harbored
35  either on solid-phase or, preferably, in liquid phase, too.



provi di ng the deprotected Vapreotide-carboxam de in excellent yield and
purity. Optionally, deprotection according to section 2. is carried out,

| i kewi se wibt2noevasgo3good result. 4. Cvclisation of PCT/EP2005/011476

BOC- LVS( BOC) - OvS( S- 1 Bu) - ASn- ThT(TI t) - ALa- ThXf Tn) - CvSf S- I Bu) - Al a-

Thr(Trt)-d n- Arg(Pbf)-Leu-Al a- Asn- Phe2feu- Val - Hi s- Ser(Trt)-Ser(Trt)-Asn-Asn
- Phe-

@ v-Pro-1le-Leu-Pro-Pro-Thr(Trt)-Asn-Val -A v-Ser(Trt)-Asn-Thr(Trt)-Tyr-Si eb
er Pr ar&_’ ntide peptide, a 37-ner, is synthesized and cyclized essentially

as desc above in sections 1.1-1.6. As conpared to the yield of linear
peptide, cyclization itself is quantitative. However, full length Cto
N-term nal linear synthesis give nediocre yield, due to several difficult

i ndi vi dual- Metlpfliofigertidssynthssis, coprprzHng 81§ $IPSPHpC- Ovs(S-f Bu) - Asn- Thr (Trt V

Al a-SThr(Trt)-C vs(S-tBu)-Ala-Thr(Trt)-
A n-Arg(Pbf)-Leu- Al a- Asn-Phe-Leu-Val -Hi s-Ser(Trt)-Ser(Trt)-Asn- Asn- Phe-d v-

Pro-11e- Leu- Prao- Bimhebivifgla poptils hinlald-tta\sobe phdsetwhills peplhie cdmipyisdsyat- Pvi nl <:
Synthesis is essentially cggqri gd out ,as described jn sg.c#i on 4. above,
except that the | k8ft tFpdesidiss ofa civsteled Bppecyelyioe; YACh GH'PBE®on in an

addi tional coupl i pgcyed ig iﬂ(l)%g?&%@igﬁlhﬁéﬁ ByiaS-GRL-5BFh AN pRfcBoRighbupam de

resin and that prfor to eprotection, cleéavage i's carrie ouf under
weakly or mildly shedgicthealtkdl tiagipe firthay agstifutehwitbsiyl, drgloaghileesd with 3

cycles of 15 mn. each at 150C, 2% TEA, 1% w) triethylsilane (TES
i n i chl or onet han@‘?‘elo i A #l?rsegfl{’%qlg%enﬁ’yaﬁ \g’%lﬁéh&ﬁ%%?%ﬁ%?tmﬂf t e$ )
each cycle, cl eavgant %?%% datnelbf @FtdrantOpeRERAY thy dOpfotddgedt inehsthol e
reaction broth into dilute pyridin (pyridine/ethanol 1:9 (v/v)). Resinis

then renpved by f Fidechainerchiyt hS-dettrhutyl-wmlphonst gounradpool ed and
concentrated under vacuo (RotaVap), and washed with DCM 6. Cvcli zation of
Boc- LvsfBoc)-Cys(S-tBu)-Asn-Thr(Trt)-Ala-Thr(Trt)-Cvs(S-tBu)-Ala- ( i/ M M
pro) Thr-2- CTC $yntdeshsthapdpidekithad 5-aet Baty@saphehglgrytecdsn gredp out  as

described in sections 1.1-1.5 L ) i
15 removing reagent, preferably reacting it with a tertiary phosphine, and

c. cyclizing the peptide by means of disulfide bond formation in the presence

of air and/or oxygen.

20 2. Method according to claim 1, characterized in that said cysteines are spaced apart

by at least 3 residues.

3. Method according to claim 1, characterized in that the solid phase resin is an acid-
labile resin, preferably one that is selected from the group consisting of 2-chloro-
25 trityl, HMPB, Sieber or Rink armide resin which are resins labile under weakly
acidic condition of from 0.1% (v/v) to 10% (v/v) trifluoroacetic acid in polar,
aprotic solvent and wherein, preferably, the last C-terminal residue is a cysteine or
homo-cysteine and is C-terminally linked to the resin which resin, more preferably.,
is a Sieber or Rink amide resin.

30

4. Method according to claim 1, characterized in that the peptide has at least one

further side chain protection group which is protection group is not a S-alkyl-



above, except that 2-chlorotrityl-polystyrene resin (CBL Patras, G eece) is
used as a solid phase and that the DIT nethod according to section 2 is
used i nstweaomfo43603/ phosphi ne net hod. Further, cl eavagepgmderoosiohdby aci d
condition without side chain deprotectjon is used, essentially as described
in section 5. Good yields are obtai ned> Fragnment synthesis serves as an
optional route to Pramintide synthesis: the cylized, bridging-cystine
conpri si ng bslphemiyl proactive groap pepidinedifferantyrpretoblied fardyr eysteionvent i onal

f ragment COU@| in ttechni ewth a Ctermnal, residual fragnent of

Pram intide %P%‘%Y%Flgﬁaﬁ} e%‘epti de coupling chemstry with TCTU wherein the
C-termnal, protected fragnent is harbored either on solid-phase or,

preferably, in liquid phase, too.Clainms 1. Mthod of peptide synthesis,
conpri si né t Methadegssorgingdo ckym b ok Bz ¢lingacierizegdin deat thediesep-e¥5tedn%s ol i d phase
whi peptid 0L - g I d ' or a

horm%t]cyst ei nc&rﬁ%ﬂﬂ%&%ﬁ@%g@ éfﬂnazlgsiarl Se%%e}lﬁ??é%et%rgﬁ]?sgél}oﬁoen%ﬁfsol %@ﬁgti ain each by a
S- al kyl - sul phenyl protection group, wherein the alkyl may b e further

substituted with aryl,  aryl oxy, al koxy, hal ogenated vari ants_thereof or
hal ogeno, 6-anMeW%1r9é"P?Fdf“r$et°tc%6‘fb]r % @&t}‘?@ﬁteﬁzﬁ)‘g B%t_%ﬁ’a@_e Bgn?wg?gﬁ’ﬁg‘ <yl-
different, pgabeLAD Eﬂéﬁﬁ@%yac%rﬁpﬁﬁ%ﬁ’é@@ RActidl thBPLptidd WAL gﬁ@dvlmﬁ}trlﬁﬁée‘léﬂ)kﬁﬁe.a

S-tert. butyl -sul phenyl group, and b. reacting the peptide
S-tert.Butyl -sul phenyl -protection group renoving reagent, preferably

re ing Lt wth a tertiary phosphine, .and.c, cyclizi t he. tide by
neans of i sme&}i‘ocﬁigacﬁ?ﬁ%lgfat&c}iwgr‘fﬁﬁwcﬁeﬁéecglrr‘etg%%gp%? K%iq? c%ﬁlﬁg(gﬁﬂlfygen. 2.
Met hod accor gicBéhce@f @ lwtlaRTbise i‘ih@f)@lféhfagt&ﬁckoil%nt.hat said cysteines are
spaced apart by at |east 3 residues. 3. Method according to claim1,

characterized in that the solid phase resin is an acidlabile

8. Method according to claim 1 or 7, characterized in that the linkage of the peptide to
15 the solid phase is acid labile, preferably labile in 60% TFA in dichloro-methare at

room temperature.

9. Method according to clairm 5, characterized in that the resin is a Sieber resin.

20
10. Method according to claim 1, characterized in that in a subsequent step, the peptide
is cleaved off from the resin, preferably under condtions of global deprotection.
11. Method according to clairm 1 or 3, characterized in that the linkage of the peptidyl
25 moiety to the solid phase resin is not a thioester or disulfide bond linkage.

12. Peptide of formula I or 1T,



resin, preferably one that is selected fromthe group consisting of
2-chlorotrityl, HWB, Sieber or Rink amde resin which are resins labile
under weakbyo@missios condition of fromO0.1% (v/v) to 10%PCY/BPR005/011476
trifluoroacetic acid in polar, aprotic_solvent and wherein, preferably, the
| ast C-termnal residue is a cysteine o hono-cysteine and is Ctermnally
linked to the resin which resin, nore preferably, is a Sieber or R nk am de
resin. 4. Method according to s3armml, characterized in that the peptide
has at | east one further side chain prQqtection group which is protection
group is not a S-al kyl sul phényl protection group including differently
protected further cyste|ne.p honn-cyst%bpp resi dues. 5. Method according
to claim1 or 3, characterl i 3lyono- cyst ei ne conprises in its
side chain 2- p. 6. Method according
to claim or gy f the S-all <yl sul phenyl
groups is @eﬁ3np i trial kyl phosptiine.

7. Method accordilng ¢ cl ai i in that the peptide is
cyclized in the pr ian.pqggq Qaprotic solvent. 8.

Met hod according t! aim1l or terized 1n that the |Iinkage of the
peptide to the solid phase is acid |labile, preferably | abill e in 60% TFA in
di chl oro-nmet hane at roomtenperature. 9. Method according to claimb5,
characterized in that the resin is a Sieber resin. 10. Method according to
claim1l1, characterized in that in a subsequent step, the peptide is cl eaved
off fromthe resin, preferably under condtions of global deprotection. 11.
Met hod ac€@brding to claiml1l or 3, characterized in that the |inkage of the
peptidyl noiety to the gphid phase resinghg not a thioester or disulfide
bond |inkage. 12. Peptide b%;fornula Isﬁr 1, or

/
s N
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[ CHJm [CHJn
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wherein m,n=1-15, preferably m,n =1 or 2, wherein Y=H or Y is first a protection

group, preferably Y is an non-base labile protection group, 0,x,q each separately is

10 0-200 and wherein. R1(0), R2(x), R3(q) each, independently, is a sid e chain of an
amino acid selected from the group consisting of natural amino acids including
cyclic amino acids, non-natural amino acids including cyclic amino acids or non-
amide bonded dipeptidyl segements, non-natural derivatives of natural amino acids
or analogues thereof and wherein said amino acid chain may each further comprise

15 a second protection group that may be the same or different for individual side
chains, and wherein A is a resin or resin handle or wherein optionall y an individual
R2(x) or R3(q) radical is linked to a resin or resin handle with the proviso that then
A is selected from the group comprising OH, NH,, NR’;H or NR*|R’; with R’y
being C1 to C4 alkyl,



Il wherein mn=l-1 5 preferably mn =1 or 2, wherein Y=Hor Yis first a
protection group, preferably is an non-base |abile protection group, o,X,q
eacli sepaoab@loséos 0- 200 and wherein R 1 (0), R2(x), RBCH)EPR@®GHI11476

i ndependently, is a side chain of an amno acid selected fromthe group
consi sting of natural amino acids incliking cyclic amino acids, non-natura
am no acids including cyclic am no acids or nonam de bonded di pepti dyl
segenents, non-natural derivatives of natural am no acids or analogues

t hereof and wherein said amino acid _chain nmay each fixrther conprise a

second pr ot e¥®td Sthegin &d O Rat eﬁf&yarﬁéﬂtywhsca%aw yrire sebttiteisd Wbl dual

si de chains {\Aﬁa@]&gg h I W’I{%@ll Rtd:onal l'y
an i ndi vi dua?&%g? () or ynRsé}q%éla% ‘%{%ﬁaﬁtS% ?cﬁﬁg ait?%&calb(radgglnrll or reeglaﬁl ﬁ)land
with the prolifferebhat then Ais selected fromthe group conprising OH, NH2,
NEV AH or NR c with R 1 2 being A to C4 alkyl,and wherein RO R 1 each
are -al kyl which nmay be further substituted with aryl, aryloxy, alkoxy,

hal ogenat egs yasitaRtsscbReiefc1fm BLRAREXS--ANE (IR Y be s¢ie sane or different.
13. Peptide according to cIa|n112 characterlzed in that x = 2-200. 14.
Peptide according to claim 12 or characterized in that 0, X, q each
separately ref era erei refe any X
PR T al%[f% %ff’la?*. g dn I S I s R RRR I o

16. Peptide dctoodpregeriislyl50, mmzre@maﬁ@mem,lpzaaabnytxhatz 3p.is 0-50 and
mheﬂfin X is 2- 100, preterably wherein x is 2-50.

15. Peptide according to claim 12-14, characterized in that g=0.
16. Peptide according to claim 15, characterized in that o is 0-50 and wherein x is 2-

100, preferably wherein x is 2-50.
15



