WO 2006/045603 PCT/EP2005/011476 S-alkyl-sulphenyl protection groups in solid-phase synthesis
The present invention relates to a method of on-resin disulfide-bond formation in solid phase peptide
synthesis (SPPS), and to respective peptide solid-phase conjugates. 5 A large variety of protection
groups can be@soptamesifor protection of cysteine residues, e.g. trityl, ace@midemesiyge t-butyl,
irimethylacetamidomethyl, 2,4,6-trimethoxybenzyl, methoxytrityl, t-butylsulphenyl. 10 Most commonly,
the trityl group is employed for simple protection dﬂlring peptide synthesis. For protection of cysteines
that are subsequently subjected to cyclization by means of cEistlne formation, acetamidomethyl (acm)-

protection groM LSRR RIafsetieR#raEes o lideh 88y employed (Kamber et al., 1980,
Holy. Clam. Acta 63, 899-915; Rietman et al., 1994, Int. J. Peptide Protein Res. 44, 199- 206) As a

disadvantadey brilf BRI Aale: 9{9&%& 5eBHsS iRk, EARRGE iy using iodine,

oxidizing susceptible side moities chain elsewhere, too. E.g. Tyr, Met may suffer from using iodine.
More imporeirsRppsitREBRGHA (DRfte ﬁ?éﬁ%&sﬂ@@‘ﬁfeﬂqéeaﬁﬁdfﬁg?ﬁ%%ﬁﬂgéw promoting

deprotegtion of side chains and/or, most |mportantly, cleavage from resin. Therefore the method must

be applied s,a late finishi ste ins ntheS|s Qcl e if. used at all. The
prior art kn(?‘ &8 marllteth' P§¥ c%a?lﬁ% gsecr?t% e5| |o%|ﬁlép iﬁﬁ %%%E%%Ar qgé‘i%?g gho%vmg of cystine
formation (@@mmé@@l@tme@ptr@wmwé% gpav%&@%%%%&édm%@é@%ﬁ -phase

Peptide Sy%@g@y@,&Q}fO{gwg@ﬁngess 2000, p. 91 to 114: 25 glutathione in aequeous buffer,
DMSO, potassium ferricyanide, Ellnian's reagent, 5,5'- dithiobis(2-nitrobenzoic acid), iodine, thallium

(Ihtrifluoroacetate, alkyltrichlorosilane- sulphoxide, silver trifluoromethanesulphonate-DMSO mediated

oxidatith inXirorglymauibictméediviraroup indsarityaddse simpln eaeieghien dsaing paplidireable, multiple
side- prodU%&gy'%ﬁ&&é&%M@ﬁc@@&ﬂmw nvhearga)idadosiacepyimum yield and

hence give ample opportunity to undesireaple side-reactions
g meat?s of c?rgmnc POI%]&UOB acetamil ometh ? acmjp- protectzon growep along with iodine

oxidation has been most widely employed (Kamber et al., 1980, Helv. Chim. Acta 63,
£99-915; Rietman et al., 1994, Int. J. Peptide Protein Res. 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 pyomoting deprotection of side chains and/or, most impor-tantly, cleavage from
resin. Therefore 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 1., 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, Ellrnan’s reagent, 5,5°-
dithiobis(2-nitrobenzoic acid), iodine, thallium (IIDtrifluoroacetate, alkyltrichlorosilane-
sulphoxide, silver trifluoromethanesulphonate-DMSO mediated oxiclation in strongly
acjdic medivim.
Usually, all those methods give rise to undesireable, multiple side-products, reguire
30  extended reaction times i the range of 10-20 hours for optimum yield and hence give

ample opportunity to undesireable side-reactions.

SUBSTITUTE SHEET (RULE 26)



SUBSTITUTE SHEET (RULE 26) 2 Volkmer-Engert et al. (Surface-assisted catalysis of
intramolecular disulfide bond formation in peptides , J. Peptide Res. 51, 1998, 365-369) describe
charcoal-catalyzed oxidative formation of disulfide bonds in water by using oxygen dissolved in the
solvent, i.e. water. Careful controls showed that the pool of oxygen physically dissolved in the 5
aequeous medium was necessary and sufficient to, load the charcoal with oxygen for oxidation. Use of
charcoal, as compared to traditional air-sparging in the absence of catalyst, accelerated the reaction

rate dramatically. The use of charcoal inevitably. requir r iR in homogenous
solution%@Eﬁgg%%ﬁ%%ln?%%’b@%%ceﬁﬁses% %rﬁ: Xé (—:-%E)%s% oﬁé%%%é%{%%v%ﬁ?dﬁ ggtg E?Igrate the continued
10 presericerafiochancpaitihicH iEdpipdsBitte b rahd\is frdAPisssabacaaest- s8R Bithse though.

Cyclization aeeordingly.takesy Blacs afigralravage i e sesin dhalis esalutions kisavage from

the solid support and global deprotection prior to cyclization'is mandatory in this scheme. As a further

disadvantsmevaieh&rasnie wnipebeboyvechsa tho aaeh of raryern DussTHasittat tAR 16 use of the

popular both, seavengenansk asidelysis, Ladsarmetenthioanisakishagieit #eprategtioralso resulted in
partial, premature deprotection of acm, tert-but%I and.tert-butylsul henﬁlhprogeg}l%d c;%/steines.
US6476188AHAREY $HPARMGISLEhAS SOmRAEDS 81’?1% WerRpetad in' ad&tnitrTwater (1:1) in the

presence @fdrase-ocatunis ehchatcoah riheipaptideaiisas synthesized on 2 20 chlorotrityl resin and
comprise art from hydrophobic.residues and the cystei a lysi hreQaing,Cysteines
were protig%éigsv Cg?:%ﬂ%%)ﬂgvtgﬁ%}l}é%ﬁlﬁlsr.e %zﬁ%%%lé@asflangz%%ogy&%%%%%%ék place gi(f}ter cleavage
and depratectismintséasivequmisahactionrsispare; GPietiectinrarnudd e iemdel hvemstsngdk present
inveption 1o deyi imple Angl siaigiRrward, Ofen ohdpRseresetBed fepsynthesizing
disuE@de-%%sggag?y%%?éggides by me%ns of solid h;se syntheqs;%. In or?qe aspec%,(athere is provided a

method ofiseystid 6 sylinticssiciceaidipadintrise Rirgss2Ber sipavage from the resin, that is in

solution. Cleavage from the solid support and global deprotection prior to cyclization is

mandatory in this scheme. As a further disadvantage, Atherton et al. (1985, J. Chem.

Perkin Trans. L. , 2065) reported that the use of the popular both scavenger and acidolysis
15  promoter thioanisol in acidic deprotection also resulted in partial, premature deprotection

of acm, tert-butyl and tert-but-ylsuiphenyl protected cysteines.

U:864761 86 devises iniramol.ecular 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 It is an aim of the embodiments of the present invention to devise a more simple and
straightforward, other or improved method for synthesizing disulfide-bonded cyclic

peptides by means of solid phase synthesis.

In one aspect, there is provided a method of peptide synthesis, comprising the steps of

30



2a 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 fiuther substituted with aryl, aryloxy,
aikoxy, halogenated variants thereof or halogen, and wherein the two protection groups may be the
same or different and b. reacting the peptide with a S-alkyl-sulphenyl protection group removing
reagent and c. cyclizising the peptide on-resin by means of disulfide bond formation in the presence of
air and/or oxygen which is sparged into the liquid and in the absence of a heterogenous,
rate-accelerating catalyst, and d. cleaving the p&ptide from the resin 2b In another aspect, there is
provided a peptide of formula Il, R1I0\R11 SS Il (I CH2ImLCH3]p NHNYHHA ORj(op
R2(x) X OT 3q g Il 5wherein m,n=1-15, preferably m,n =1 or 2, wherein Y=H or Y is first a protection
group, 0,X,q each separately is 0-50 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 aCIdSal. n%gﬁ?ﬁég{zagaagnglggp%%g fiak Cel %ng solid phase which peptide comprises at Jeast

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

alky! may be further substituted with arvl, aryloxy, elkoxy, halogenated

variants thereof or halogeno, and wherein the two protection groups may be the

same or different and

b. x.eactin.g the peptide with a S-alkyl-sulphenyl-protection group removing
reagent and

¢. cyclizising the peptide on-resin by means of disulfide bond formation in the
presence of air and/or oxygen which is sparged into the liquid and in the

- absence of a heterogenious, rate-accelerating catalyst, and

d. cleaving the peptide from the resin



cyclic amino acids or non-amide bonded dipeptidyl segements, non-natural derivatives 10 of natural
amino acids or analogues thereof and wherein said amino acid chain may each further comprise 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 optionally an individual R2(x) or R3(q) radical is linked to a resin or
resin handle with the proviso that then A is selectectffom the group comprising OH, NH2, NR'1H or
NR'1R'2 with 15 R'1,2 being Cl to C4 alkyl, and wherein RIO, RI | each are alkyl which may be further
substituted with nylienaytexy, thikoxyplaidgénatpd dasiainsnierdof or halogeno and may be the same
or different. This aim may be solved, according to the present disclosure, by a method of peptide 20
synthesis comprising the steps of a. synthesizing a peptide linked to a solid phase which peptide
comprises at least two residues d?&Q;ysteine or a homﬁ%teine, which cysteines are protected in
their side chain each by a S-alkyl-sulphé&nyl protectiorggroup, wherein the alkyl may be further
substituted with aryl, aryloxy, alkoxy, Qélogenated variantg 3 thereof or halogeno, and wherein the two
protection groups may be the same of different, preferably they are protected in their side chain each
by a S-tert.butyl- sulphenyl group, and 5. further reacting the peptide with a
S-tert.Butyl-sulphenyl-protection g gemoving reag% ”Fferably reacting the peptide with a
tertiary phosphine, arjd c. cydlizing the peptide by{ineang of disulfidedypnd formation in the presence
of air and/or oxygen atalyst. 10 The peptide
according to the or non-natural amino acids

and one thiol group i

thegs 53@5; chains, homoaRgirjne; 15 Blaycl gxylchlanine, s-lysine, -y-lysine,
Penicillinamide (Pen)

r orfithine (On.) or D- 1

5  wherein m,n=1-13, preferably m,n = 1 or 2, wherein Y=H or Y is first a protection
group, 0,X,q each separately is 0-50 and wherein R1{o), R2(x), R3(q) each,
independently, is a side chain of an amino acid selected from the group consisting of
natural amino acids inchuding cyclic amino acids, non-natural amino acids including
cyclic amino acids or non-amide bonded dipeptidyl segements, non-natural derivatives

10 of natural amino acids or analogues thereof and wherein said amino acid chain may
each further comprise 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 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*;R’, with

15 R, being C1 to C4 alkyl,
and wherein R10, R11 each are alkyl which may be further substituted with aryl,
arvioxy, alkoxy, halogenated variants thereof or halogeno and may be the same or

different.

This aim may be solved, according to the present disclosure, by a method of peptide

20 synthesis comprising the steps of

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



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
IUPAC-TUB definitions (Joint IUPAC-IUB Commission 20 on Biochemical Nomenclature,
"Nomenclature and symbolism for amino acids ang 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 iriethylen_bridgi roup in.the si ' gilela Ml (= lywithythe exgeptign of
homocysteines Whlﬁé r%)gqﬁgbﬂegg%%%gé%irg%%%%?g S%%%bové. 2 Particulagrr'O attention must be paid

to further side-chaidiffoeattipivisravia HeiroapieicTstimiaieiieiaa sedusne s it batinar when

referring to further %ﬁ%ﬁ?ﬂﬁd Q,Rﬁl{p,-agﬁ 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-
sensiive-, moreyrefgraklydayitrsrnbWmiphosphine Msenbiling.spipheatibproreatips, grore preferably,

such non-sensitive sulfhydrylprotection gr is selected from the grou comprising tri tert.

A a’
butyl-, acetamidomé‘?ﬁﬁ?l-y,1 %’gggé%ﬁﬁg%lﬁg,%ﬁgﬁéﬁég ‘?’r%‘f/l}-l %ﬁ&%&%ﬁ%ﬁl&%&é. n the more
general level, side chain protection groups as commonly employed in the art (see e.g. Bodansky, M. ,

Principles of Peptide Qlthueﬁlg,a%%ﬁlgébi%@%% Mlﬁggﬁég%wﬁgg%ﬁr&, thePrkaRheg used to

protect susceptiﬁle &de chains erwise be modified in the coupling and deprotection
cycles. Examples otarmiddnciygewhhtsereferitie Sideeabammsand chIeREpnesi ey %rg, Homo-Arg,
Tyr,, Fhr, Lys, On, Pen, Tip, Asn and Gin. Alternatively, a post solid-phase synthesis chemical
modification of the peptide amide may be carried out to yield a desired side chain. For instance, as set
10 forth amply in different references (EP-301 850; Yajima et al., 1978, J. Chem. Cos. Chem-

Commun 1, 488:; M ShirmiaEloahe P9denhesbsiiganay Builin 24:p5a8 chmimizinginingal or
non-natural amino acids such as e.g. homocysteines which homocysteines are preferably
comprising 2-15 methylene groups and one thiol group in their side chains , homoarginins,

15  D-cyclohexyi-alanine, e-lysine, y-lysine, Penicillinamide (Pem) or ornithme (Om) 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 JIUP.AC-IUB definitions (Joint IUPAC-IUB Comrmission

70 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 o just one exira or missing, respectively maethylen
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 firther side-chain protection of the amino acids
forming the peptidic sequence, in particular when referring to further cysteine, homx.o- or
nor-cysteine residues comprised in the peptide sequence that are intented to remain

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

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



(Har) can be prepared by guanidation of a lysine residue comprised in the peptide chain or an
arginine can be prepared by guanidation of an ornithine residue comprised in the peptide chain. This
may be a less viable option though in view of the additional reaction 15 steps required. Notably,
coupling e.g. of Har requires extended coupling times and replenishing of coupling reagents.
According to the present disclosure, it is one prefefred 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-c Ing.of ng 'gﬁ;i 1A£ Har residue, the
guanidinﬁqﬂ%" fé’%‘ﬁ&ﬁdugﬁ%i | le’waf)?éatn&?lda?é% pr%r’t&glE n%/r% urt C%Ergéﬁgup ing ?eéc%%?gg and forms
stable ionrjigir padthcther grotgrs. donor in organic solvent. This is preferably achieved by treating the

resin bound,peptide ami ' f [ol ingAusiliang BiQkag the like as
describe ﬁnﬂr%eo%é’ %e%aﬂegglggvgé}ﬁastﬁeg%%(%ﬁe %%%%?gg:%ggy E%\%ther exa?mp e%?gcavenging the charge

of the guésseimiumagessalidifo AREnEREp RERANBERRY BERE B N SPTHIGIEEIREHAR for synthesis as

set farth i85 A&adi6d8. 19 Hal SUBRRSI &Y RsHRPRB) RAIBRNSHPRBIKEOWA in the art that is
suitable for use in solid-phase synthesis. This definition of soli se cqmprises that the peptide is

bonded crthAREEa RS Qﬁéﬁﬁ%ﬁh PO R AR SR RO THeS Iod Br° e@ﬁ?%@cﬁﬁrseferably the

solid suppatk suRRpeHi1eRidcnoislysenc Rl pelyddnetBylacniamideopatyniByy, dsrjdgustmary in the art.
According to the present disclosure, the peptide may. be.bonded., via a suitable ami id side chain,
including%‘?ﬁ’. The (i) %ﬁ%@?'ﬁ%ﬁ?ﬂé& }Eﬁst%?ﬁgg%(sgglﬁaésgfs Tt 18%&?3 Srrli%%in%%%lﬁg%ﬁt‘gﬁparticipate in
the cyclizafitr reatitenntdamyyiie bahidded waythsl € desiridside chabo Bpyreipnes.£568in by means

of e.g. anether, thioet ester.thi r-gmi : )] ersetid-supponts,semprising
e Sy S SR e S Do perlgs oot coe

[
handle groups such as€.g. Pnty,

4-(2' 4-diffetioxybers; Niskiometiyil-piNd e hesidier reshiio HlineR SR EIN R oxy-xanthen-),
4 5 hydrogymethylphenaxyacisyk. A asiosymeibenseic asid thedatiars peptidaghatiashement of

the first amino acid by means of p-dimethylaminopyridine-catalyse esterifioatc'!on Brotocol than can
result in raEREGiRMRB DEREERFERIRYFHRFEEIRR of 3t Frpythine Tesidue comprised in the

peptide chain. This may be a less vizble option though in view of the additional reaction

15  steps required. Notably, coupling e.g. of Har requires extended coupling times and
replenishing of coupling reagents. Aécording to the present disclosure, 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 18

20  quantitatively protonated prior to any fuurther coupling reactions and forms stable ion pair
with the proton donor in organic solvenit. 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 guanidinivam group is to use tetraphenyl borate gsalts 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 disclosure, 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



and in particular cysteine, see Atherton, E. et al., 1981, J. Chem. Soc. Chem. Commun. , p.336 ff).
Methods of providing thioester linkages to a resin are disclosed in detail and are 10 further referenced
in WO 04/050696. Said reference also describes that thioester bonds are highly vulnerable to
standard deprotection conditions used e.g. in Fmoc synthesis, and how use of a substitute base may
overcome this problem. However, in a preferred embodiment of the present disclosure, thioester
linkages for bonding of the peptide moiety to the sblid- phase, be it in a C-terminal or side chain born
linkage, are specifically disclaimed since 15 subject to transthioesterification side reaction under at
least slightiydaasiz pid. Jhiaesisl clinkbagey arouruioersisie toy tremtmeftwitin Sther, Buegtbatpheny
protection group removin nts, in particular tho gb i 4G] S
(3-merca%3[o-re A0 elrnoﬁggr%%%égc qbgn%ﬁ%c%%grﬁnﬁ%% y%#é %I%u alsg%%{%%gpgh%%%hines this
may happes,g settiyig Fresaystainy|-4 mortbeeystisiny  Binjemaidtly fe3iaticdiRabherebaRiorgroups the 20
latter which .allowing,{L i t )¢ (igakinn: | ithia solid-
phase-an&c%g‘%%%%%%%%ﬁ%%}U@I%%%%ﬁe%?m%@g{%r reactiﬁf%yg strongly modulated by

aspetts Shdoeemeisiphencaiersoiuéney depEmetninaRRAsito P RIS ARSI hence applying

the abovegisclaimenistlepandemnibathiontheipe of Smtethbuihaiypheinylgralysseemoving agent
and the specific sequence of a given peptjde. 25 Preferably.and o t'qnaag.h\évhg%es tléliO er linkages
for bondifg S REIRaMBEALRE) tBIRESS I}B-’fﬂﬁ@ésﬁpé’%gfp%vgg?ﬁee Bt Stpheny!
protectioR:g o4 pASINQNING BGes) s A hbprphiBestmbrea fieférabisma iz (Cie@ 8L atkyylyghasphene
wherin the alky e,, independently, further.substituted wi I Cl ,
(CI-C4)eﬁﬁ%ﬁﬁ&é‘?&?gg@,%ﬁglPén%&\ﬁﬁsg%ggr%aﬁeg{éi%—?gg%gg}gﬁé%é%%gpﬁ%%ﬁg% the alkyl
may (e 3fftirthesiashstiflite D ddiE g5 aidthe{SrE2) alkosysaudrithat desrrnborithépresent
disclosure, $-S-bond- sl i S | b | ydeoxyapewlisulfide
handle d%@%‘&‘?ﬁ%ﬁ%f&%&%@%@%pn %6%@%3&%8%%%)%%&?%%&% J. etal., Int. J.
Peptide arit Pfetsihstasehish (RYIBEraY maAhbonrahl e 03 OPey Bx AR FBAT FRUSSHFTB! the

present qiselasiEe-AINGSNALA! AWINGSf IRMLESIFeIFRIEDS the peptide moiety to the solid-

phase, be it in a C-terminal or side chain bom linkage, are specifically disclaimed since

15  subject to transthioesterification sicle reaction under at Ieast slightly basic pH. Thioester
linkages are vulnerable 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 near-
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 aliéwing further of intramolecular transthioesterification reaction with a sohd-
phase-anchoring thioester bond. However, the intramolecular reaction may be strongly
modulated by aspects of spacial distance and sequence dependent, conformational
resiraints and heﬁce 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 linkagss for bonding of the peptide moiety to the
solid-phase are emploved, 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 eor (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 disclosure, S-S-bond-comprising resin handles such as the

HPDI bifunctional hydroxy and disulfide handie described in Brugidou, J. et al., Peptide



On-resin cyclization according to the present disclosure allows for avoiding the problems 5 arising
from intermolecular side reaction and the dilution techniques or catalyst-surface absorption
techniques usually employed for this reason. Rink amide, Sieber resin (Tetrahedron Lett. 1987, 28,
2107-2110) or similiar 9-amino- xanthenyl-type resins, PAL resins (Albericio et al., 1987, Int. J. Pept.
Protein Research 30, 10 206-216) or the specially substituted trityl-amine derivatives according to
Meisenbach et al., 1997, Chem. Letters, p. 1265 ) are examples of linkage groups of a solid phase
from which a Ca-carhoxamid is generated or liberated upaon cleavage of the peptide from the resin. In
this sensEESHIBHASE g FRLHFE carlittrifi-UpSFPLA PRG SRR FESETBR e Ahboxamid of
a formerlyasitigrsicicohaitpiiiied Gdarminssed thenpeptidar aieitetmathdbnamitiespredecing solid
phases in the prese l%ag%ntext. Preferably, the peptide is anchored to the solid phase by either an
amide or 8867 bond via the C-terminus. More preferably, the solid phase is an acid-sensitive or
acid-labil®setidingtyalzatievencnrding peaferpishenit dsalowmiaioye der ativging idd abigesolid-phase. Such
acid 20 lahile sqlid:phaser reaulr i@l Jeasin 43 KifluarearsliaReit  TFAkRQIg pieferably at least

0.5% TFA in apolar aprotic solvent for cleavage from resin. Most preferably, the solid- phase is an
acid-senSHS R FHRATh TRl SRR eth R R 585 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-chigrotrityl resins,
4,4"-dimetHB%ARIGER THESTR (PR TBaSEY pRE rytitcoliol- Tbsih TR Ag e FRBVasy rim TG-1
derived fresmtengboveniieng) PAlineshethi lesizibystaty paion Wit Bayerd-bathaxytthyBinker or a
4-methox 4.4'-dimethoxyphen r 4-methyl-derivative of said.linker, further Sieber resin, Rink
i o T et G TSP SR P B ahioach S
(4-methoxybhéfshyTher). 38tor(4mmsth§derainaaniteriiinksgegrthpdofinepBdiphSiefirmnd Rink

resin spegiieal’y @uving.fesdn & lenninally raledinaRids.upan aeulo sy Surd)agid lable solid

phases are particurlarly vulnerable to on-resin deprotection chenistries for side-chain protection
groups anésiedadpupaasnaplidmhaieh ShyRHESIRIAFarhesanikurory cleavage from resin, be it

the carboxamid of a formerly acidic side chain or the C-terminus of the peptide, are terrmned

15  amide-producing solid phases in the present context.

Preferably, the peptide is anchored to the solid phase by either an amide or ester bond via
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 (.1% triflooroacetic 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 plaase that is cleaved under wealkly 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-chiorotrityl resins, 4,4’ -dimethoxytrityl resin, the related, trityl-based phenylalcohol
resin such as e.g. Novasyn™ TG'T 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 linlker, further Sieber resin, Rink amide resin or 4-(4-
hydroxymethyl-3-methoxyphenoscy)-butyric acid (HMPB) resin, (4-methoxybenzhydrysi-)
30  or (4-methylbenzhydryl)-phenyl resins, the former said Sieber and Rink resin specifically
giving rise to C-termipally emidated peptide upon acidolysis. Such acid-labile solid phases
are particurlarly vulnerable to on—-resin deprotection chemistries for side-chain protection

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



In case of side chain anchoring via C-terminal cysteine residue to the handle group of a solid support,
the linking bond must be a thioether or thioether bond. Further suitable residues for side-chain
anchoring are carboxy groups of acidic side chains, 5 hydroxy groups and in particular the s-amino
group of lysine. It goes without saying that in case of side chain anchoring, that the C-terminal free
carboxygroup is generally to be protected by estekification or amidation prior to carrying out the first
coupling reaction, e.g. by using FMOC-Lys-carboxamid for linking reaction of the side chain amino
function to the solid phase. 10 In a preferred embodiment, one S-allcyl-sulphenyl-protected cysteine,
preferably one S- tert.butyl-sulphenyl protected cysteine is the C-terminal residue of the peptide and is
bonded via tasccdrbidspheimaimbotngdakstorainasipitonaarddusdndoiendisaigphade, with the

proviso, that sal ﬂ%}@@s%ﬂ%&b’&ﬁ&%ﬂ%@%\é'&%@&éﬂ@?& bt oreferably is an 15 acid-labile resin that

is cleaved under weakly acidic reaction conditions as defined above. A C-terminal cysteine is
particularfHphss suaBIfjestdes B iR ALSBRITE 8 GRURTPRXY iy B 8h iR Sige Shald

depratectigRdndersiianatyiagsisconditien- Eveotualindistiaimed beterogrnaus satalsisifor
air-borne, oxidative r(J:%S(;&ization are . arcoal, which is incomgatible with use Q%aa solid-phase.
al

e.g. 20c
It may notH& SHLRE ‘i‘é‘ﬂ?&%‘&.gﬁpgfér%‘& TS B FRYBETCR 8F BBSHAN AR effective or
substantigtoasaeuntyafssiitficiiergenodisicatatst idNatrngingonappfptiedeptaialyst viberenot required

for the purposes Jﬁ@ resent disclosyre is.a. self-evident measure to the skillegug'\;l isant though. 25
CoupIingukr)gz}lj‘ésérfﬁ%(slbf or [()%%%,lsdgms.y%ﬁ%%é %ﬁj I\%Sﬁl- oW 1N ?rﬁe gr??%ecgmé%?%ﬁ% Y, CE.:'L%lrir?ciples of
Peptide Shatbesigidsel ed. Springer Verlag Berlin/Heidelberg, 1993; esp. cf. discussion of role of

couEJBng additivesauxilliaries therein). Coupling reagents may be mixed anhydrides (e.g. T3P:
propane phosphonic acid anhydride) or other acylatin%agents 30 such as activated esters or acid

halogenid@st (@ gferca Prisebnisite s StotRAR) P e Profe e reimbsd maved e e S
1-ethyl-3-(g-dimethuvianunoprerdcatkadiipid e ACHYAIREL] residue of the peptide and is

bonded via the carboxy-terminus by means of an ester or amide bond to the solid plass,
With the proviso, that said linking bond is not a benzylester moisty but preferably is an

15  acid-labile resin that is cleaved under weakly acidic reaction conditions as defined above.
A C—ferminai cysteine is particul arly prone to subject to racemisation in acidic conciitions,

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 disclosure 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, 1993 ; esp. cf.
discussion of role of coupling additivesauxilliaries therein}. Coupling reagents may be
mixed anhydrides (e.g. T3P: propane phosphonic acid anhydride) or other acylating 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 uwronium or phosphonium salt derivatives of benzotriazol.



benzotriazin-derivatives (DEPBT: 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)- one) or
uronium or phosphoniurn salt derivatives of benzotriazol. WO 2006/045603 PCT/EP2005/011476 8 In
view of best yield, short reaction time and protection against racemization during chaing elongation,
more preferradisothal:tbes coupling reagent is selected from the group comsistiggookureniwm salts and
phosphonium salts of the benzotriazol capable of agptivating 5 a free carboxylic acid function along with
that the reaction is carried out in the presence of a base. Suitable and likewise preferred examples of
such uronium or phosphonium coupling salts are e.g. HBTU
(O-1H-benzotriazole-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate), BOP

(bemzotridz ofiest of-oxst-tiigsddilrethsdationdiaphosp horiastiothesaisiopophitrshiaté) B OP

(Benzotriagol-e Yot aldhahesphoni i hesall A RRPSARAIGLAACR, il o1

(O-(1H-6-chloro-benzotriazole-l-yl)-1,1,3,3- tetramethyluronium hexafluorophosphate)

H-6-chlorsisapizttapmchi ﬁﬂﬁmtéthaﬁétﬁmmﬁﬁh%%@aﬁﬂ%%%&@ﬂémﬁ}&ef activating

(0-(7-azabenzotriagalshiy hels hdioteuame i ionivume hexalyaephrahai)itAfddence of
(0-(7-azabenzotriazol-l-yl)-1,1 ,3,3- tetramethyluronium etrafluoroborateg TOTU.(0 15

[cyano(etﬁo@%%ﬁ?iﬁﬁéﬂyf@%ﬁﬁﬁﬁfﬁﬁﬁﬂl?ﬁ%@}@? (SBEAC BT BOSRIESN rate), HAPyU
(S)é(ﬁ’é nZOH&ﬁ%@iﬁé-yl)@@fbiagpMBin (001 anittrotrkexdfluornpipsphaterrefethphyyariem using

T or, the Jjke, uronium qr sphonium salt reagents, a further or sec ase reagent
is needed #83‘30%‘}?%? %?811%63’0%%% ngl%%gp?%ﬁ%g'gy%%%ﬁ%a‘@ %lslng 3‘32%%?1 u?{g%t% acid hasga
pKa valuetaiiiinompilao Fobate) 1 ByR{oPa Jprefetdintplof ybnxpiEryrotolnopvsihbeiwiclusion of an

a-amigo f%’é%%%%o%%%ﬁé%%%?&%‘gﬁ@ﬁ]%%ﬁf@ e, anshaervative.and. whigh base preferably is a

te__rtiary, sterica ed amine. Examples of such and further preferred are Hiunig-base ( N,N 25
diisopropyletiagariiieR e brdranis oz el Ak fIHyIRHE B ResrEABHRHRie XWith the alkyl
being straight-0f jancheditltAaledhMesspreiesninitis M-methyimarphebneg gncollidine
(2,4,6-trimethyipyridine), most preferably it is collidine, .
tetramethyluronium hexafluorophosphate), TATU (O-(7-azabenzotriazol-1-yl)-1,1 ,3,3-
tetramethyluronium tetrafluoroborate), TOTU (O-
15 {cyano(ethoxycarbonyl)methyleneamino]-N,N,N’ N"’-tetramethyluronium
tetrafluoroborate), HAPYU (O-(benzotriazol-1-yljoxybis-(pyrrolidino)-uronium

hexafiuorophosphate.

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 1 0, with the exclusion of an ¢-amino function of a peptide or
amino acid or amino acid derivative, and which base preferably is & tertiary, sterically
hindered amine. Bxamples of such and further preferred are Himig-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 wising the
highly activating, afore said uronium or phosphonium salt coupling reagents. Hence it is
further preferred that the coupling reagent additive is a mucleophilic hydroxy compound

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



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. Flence 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 9, hydroxy function wherein N is imide or is NT-acyl or
N-aryl substituted triazeno, most preferably the coupling additive is a N-hydroxy-benzotriazol

derivative (or 1 -hydroxy- benzatriazol derivative) ot is_an N-h V- iazj rivative. Such
coupIing%éﬁﬂf%ﬁ?ﬁgg?oyé%gﬁsgﬁﬁsd%ﬁg {)érserEl\ d ecrci:rl re%ﬁ%%ﬁg@%ﬁ%%ﬁé?%%ﬁ% 3540/ 79105
and EP-438t8bhnthavimopdine spbdiiine disclodisir tncorporatasazby defepshce Preletbydmramples are
e.g. N*V%%&ﬁg&&f“H@E@ﬁﬁ%}h@fozgv-%@iﬂy&{%ﬂe@z%%n@eeé%gazmem;om fng
1-hydroxy-7-azabenzotriazole (HOAt) and N-hydroxy- benzotriazole (HOBt). N-hydroxy-benzotriazine
derivativeaddiBvsaibufapKyprernrendn Bandsepristie b ipstmant, wescsupivg ?gé‘rgé’ﬁpadditive is

hydroxy-3,4adifydrar4roXomiOvh & @ hespaiinzing . HBRONRIURL SHb eI K nes:ef euRliRgoadditives
are known and their use in coupling . chemistry has been descrihed, f rgniﬁ%?r%rze? US4 (#63641. Ina
further particHiRif pré‘Férre@‘E’mbﬁiﬁ?”élﬁ?,xﬁﬁé“ﬁﬂfﬂmeor p %ﬁ‘?ﬁ?ﬁ?ﬁ%n SAIEEapTig 15 redgent is an

uronium ssdhseageniandppeBiably istarthy-T-GCAdY «arbtBTAdland(Biekt) manel préfedapiyoisyused in the

reaction in combination with N-hydroxy-3.4-dihydro-4-oxa- 1..2.3-benzotriazine or a-salf thereof. This
embodimgﬁ{l‘f’g %%ﬁ%’/%%@%ﬂyéﬁ%gé ¥n%8%c?%{1aez]151r?§; ion %}[]g% of S?é%? gag%lfﬁ%s%s a ’elr removal of
the base-kabieieoratentiorignoms, thecmpjing wetiche akktvoiddvidmnyatioriiexdieond-giifing
side-%hainl yeli 'ggia%%én the context of the present disclosure, it is to be noted that HCTU and

1 gag-g%g . N . .
TCTU are defined as to be encompassed by the term “uronium salt reagent’ despite that these

compoundsEmanisas SE e amari s Hace pien afbHrerekprita artidbRrE% WMofPiRBer than
an uroniugmmeiehhy MREARS ST Bt SHUUE,ADRY SIS (31 Marder, Y. Shvo, and F.

In a further particularly preferred embodiment, the wronium or phesphonium salt coupling
15  reagent is an wronium salt reagent and preferably is HCTU, TCTU or HBTU and even
more preferably is used in the reaction 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 Ne-protection group,

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

In the context of the present disclosure, 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 “MCTU and TCTU: New Coupling Reagents: Development and Industrial
Applications ”, Poster, Presentation Gordon Conference February 2002), an IN-amidino
substituent on the heterocyclic core giving rise fo a guanidivm structure instead. In the
present context, such class of compounds is termed ‘guanidinium-type subclass’ of
uronium salt reagents according to the present disclosure.
30
In a further particularly preferred embodiment, the coupling reagent is a phosphonium salt

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



25 Albericio "HCTU and TCTU: New Coupling Reagents: Development and Industrial Applications”,
Poster, Presentation Gordon Conference February 2002), an N-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 uranium salt reagents according to the present
disclosure. 30 In a further particularly preferred embpodiment, the coupling reagent is a phosphonium
salt of the benzotriazol such as e.g. BOP, PyBOP or PyAOP. 10 Deprotection of the base labile Na

may be %ﬁggfr‘o QHEASFAUInEly done mhﬁa?@e%z&nw&iw%&aﬁ&sﬁ g Mmethyl moxphgline when

using standard Fmoc chemistry. Most widely, Fmoc or Boc protection chemistry for the N-terminus is
routinely 23plistP #idsRdin REseeiyrtnBs bRita riBFb pHoRal RenfMttetiss Fhemisties ¥known in

the art and £an FheAnried yhew Nt iNeHerDgNithdhe RIGSRNE diselass, dhatduitedeuige
disulfide- borne peptide cyclization of the_resin-conjugated peptide. The S-alkyl-sulphenyl protecing
groups pREASEIGHIEE GROABERSF QRUSHY O AETEE RS g8 4% SO EbRG %Sfﬁuﬁﬁ?ll, are

remaved.according.to the pres 10 di re r t tha i dgv(f?e[)@'@{ﬁffg removing,
preferabIg%s%%%gﬁgﬁi%eﬁgwﬁ%%ﬁg%ﬁgﬁﬁaéi&gg@hﬁ% %For%ég%%ggar{gjp from such ?esidue.
RemovaltsiS:- peptidesisinphengl frotesticrogrsapsifrentidey. cysteine accomplished by means of
reaction with tertiary phosphines has been described, for instance by using tributylphosphine

(Atherton.et al. ! ol kiR %Qé%hi?@ujc 9 4 Q/H}Q%{gﬁi{geol(Huang et al, 1997, Int.
J. Pept. %?éna@i?%?%g@%e trei%iglbrqtglslspulphegi/ groupé%ﬁg?so cléeaved in an orthogonal fashion
by means@hesisteiarepdes 6ha B I EreRs Sl ctiFBner WitferiRresd Pea8tn option to

using tertiary ahoSRNINEsAHLaRgehrAl 11 99Fabld oPephoRinteirdtaabinde@ntisimann et al., 1985,
Recl. Tray. Chim. Pays-Bas, 1141). Preferably, the tertiary %hosphine is tri hent%{lctnhosggne 20 orisan
(CI-Ca4) alREyRiDE- PRIt REGsSARDE AP AB SR gﬁbﬁ?&%f&.ﬁ&?\t -fgmoval of's-
methoxyphenybyPhasphineRbRYEs NPy éfenably. isattintiadphashttiae tyhesein the

reaction with tertiary phosphines has been described, for instance by using
tributylphosphine (Atherton et al., 1985, J. Chem. Soc., Perkin I. 2057) and

15  triethylphosphine (Huang et al, 1997, Int. J. Pept. Protein Res. 48, 290). The tert-
butylsulphenyl group is also cieaved in an orthogonal fashion by means of thiol xeagents
such as e.g. p-mercapto-etharnol or dithio-threitol (DTT) as an option to using tertiary
phosphines (Huang et al,,1997 Int. I. Pept. Protein Reg. 48, 290; Rietmann et al., 1983,
Recl. Trav. Chim. Pays-Bas, 1141). Preferably, the terttary phosphine is triphens/lphospine

20  orisan (C1-C4) alkylated or (C1-C4)alkoxylated triphenylphosphine, such as e.g. fri-(p-
methoxyphenyl)-phosphine or even more preferably is a trialkylphosphine wheresin the
alkyl may be the same or different , and wherein each alky! 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-propyi, n-butyl, i-butyl. Tri-n-butyl-phosphine and

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

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

1t is also often overlooked that thiol reagens reduce and hence cleave disulfides by

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



alkyl may be the same or different, and wherein each alkyl is a C1 to C7 alkyl, preferably Clto 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 allcyl may be optionally further substituted with halogeno, (CI-C4)alkoxy such as e.qg.
and preferably methoxy or ethoxy, or may be furthielr substituted where amenable with the solvent
system, carboxy or is, preferably, unsubstituted. Surprisingly, in one preferred embodiment according

to the present disclosure, it h nNexpe en,fi kSulfi e py_means of 30
phosphinggO#Paflogﬁég bE %%Ség@fﬁ? ?ﬁ(eg %&%%i’és?n%%é%%%mg%%aﬁdi?f(eaction conditions
such as SisBepoyhabro Rt (@'@We)sﬁﬁ@m&ﬁﬁh&d@ﬁ%@%ﬁ?@?ﬁ%@%%@kéﬂftﬁﬁﬂﬂ@iol reagens
reduce ang hengs;gleave.disullidesby.fensing diswlide niadusisdemsalyassPrelerably, such thiol

reagent is selected from the 11 group consisting of erythro-2;3-dihydroxy-1,4-butanedithiol (or named
meso-1,41mparidbardihyiarer bFePrranidosns m@-mm@’ﬂﬂgﬁﬁfﬁ??eﬁ?ﬁm%rlﬁg%ed
rac-1#-Dishiothreaitelaed kfenshard frihéeas2s shfivaigxcdvé frataratbthid DT, More
threo-2,3-dihydroxy- ,4-bu£agedithio| %)glldgmiﬁ%%es therﬁof Mixtures ma .ccgrr%%ris_g DTE 5 and DTT,
either in it%r'?g?,r@ﬂﬁ% PG e Htic) BERABTERS Jithn BRI preferaply. the thiol
reagent ispi¥fifirettieteaiedds D-ghd OrEhyreadenicornenCadendic reagdutrenh liedénd BPihand DTE are
also knowp 5. eland s sa0ect.and Glelandlaahier tegents s sealvalydEleland,llor Biochemistry

ereas’in case o . Inframolecular rlng’cfo,sure is strongly favored, making it a
stronger diLilfjdeckinrdelntingiagenoand isstabigi préventhgiornationsbpsesplisktdidtolecular disulfide

addygts with QT in.6a58 RE3Reiraripaibancl-aby BxerplscEalieasionipradustdaway of

disulfide exchange reaction, is fedasible. Further newly formed disulfides may undergo further
exchange W&daon» Theasee PG FaRIgERaRh 3B GRISIURTINEE TG PEAYRMIS Es oy of

2-mercaptgethanol:2pRareptlcawesiigdhesie aratisid e JRae tioms. 8 Weku BRS:Gn b indkage from resin
when using strongly nucleophilic tertiary phgsphine reagents. Byfttlsipyq DTT tahnd the like, the inherent
disadvant%‘@?&?ﬁ?gﬁ‘bgﬂ{ﬁﬂ%%eﬁ‘f? H?ﬁﬂet%\%i’é?éﬁ?ms’ most oftenly simple thio] reagents

such as 2-mercaptoethanol, apparently owes to the fear of side reactions such as e.g.
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 disclosure in the presence of 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 disclosure, 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 conditioxas (ambient

25  temperature typically, expedient temperature range being 10°C to 80°C thougth 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 preptide, nor have such sirple, 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.



Cyclization is carried out according to the present disclosure in the presence of 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 disclosure, is remarkably efficient and requires only about 0.5 to 2 hours
reaction time, allowing of literally quantitative, comgiete conversion of educt to the desired product
under very mild reaction conditions (ambient 25 temperature typically, expedient temperature range

being 10Cd0 80 thauah el femperlure of.salvent e aleiiie aecpubalagHLse)

thou
Conversion’is co p%f . This'is an outstanding achievement dnd has not yet been achieved in
disulfid-boNeimghrivarcbyictizatiomaby feqfutrienbr sRnFREieMaieHo RN EREE SR CYRIZ 266N reaction

Conditionsf% gRAsvisedicariar Np fedions HF%SEE%&E‘%%%B&?E@&E@QJ&@M%@@Q dreterogenous
S ete

catalyst arisé ever. Still, the reaction rate completely parallels that of the, catalyst-borne reaction of the
prior art. DHEH§InBFARHIBIIETA LBFRPOIPE AR M SRS EREPBIg&Ucts is almost entirely

avoided. 12 Suitable polar, aprotic solvents are e.g. acetonitril, dimethylformamide, dichloromethane,

N-methyl-pyrroligone, tetrahydrofyrane. In contrast to water, such splvent.usually may not physically
dissolve ré%@ DG PR EIPSKY @H’t@ﬁ%ﬁ%‘?‘%ﬁé %&%ﬁgﬁyg%%lgﬁg%%af‘d |sa%céigégt]>t8)'r/1ds as has been

described for/aggrienus eatalyslisydienethefiretisiAgcordnghe, kpesinddhsieh afpaivaskipgen or pure
0xygen mystbe paid atenton (o, A/OXaeN, A PO SURBISALON Nar0gSliring, ypdxing, special
design of propellers Usedfor ﬁlﬂ%g‘% gas sparging into the liqtid. The gas may be air or pure oxgen or
air enrichedrivithloxgkenghichvisseintaantrspampgsdiotthhesaesirm il 17 6a¢ parictlary 10
preferged embadiment atgear shrageareas efdhe pattonsand/imals-of brensasirrovessel are

puntctured as to allow of sparging gas into the liquid, under thorough stirring. More preferably, the
reaction vESSaHGEMPISEEISA RS BURBIRTSPA BREPS SXFTH O AvAL: VBB, RRiARE SFEHTF the total

surface of {g-bpiems1a5, ir8/low: o sinattnoeRys sirimgrRAt oreing Diitpsiging: bokhling air
vented intOS (t}l";/? sruer?ggieoerx]relgqg !td tlgke]rt%ltja g&?ﬁ%&? 8}1 81@ bottom, as to allow of simultaneowxs stirring and
venting by upsurging, bubbling air vented into the reaction liquid through that bottom.
15
The first weak base reagent is a weak base whose conjugated acid has a pKa value of from
pKa 7.5 to 15, more preferably of from pKa 8 to 10, preferably, it is a tertiary, sterically
hindered amine. Excamples of such and further preferred are Hiinig-Base (N,N -
diisopropylethylamaine), N,N-dialicyl-aniline, 2,4,6-trialkylpyrididine or N-allcyi-
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-
trimethylpyriding) or Hitnig-Base,

Preferably the prior removal of the disulfide-bonded protection group accordimg to the
25" present disclosure, 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 the resin by
minor acidolysis, that is at a pH of from 7.5 to 12, more preferably of from § to 11.
Optionally, by usinig polar aprotic solvents such as THF or acteonitril that ars fresly
miscible with water, basic salts such as e.g. sodium acetate in aequeous solutl 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
oxyeen supply concomittant with such disulfide protection group removal, it Imay be

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



15 The first weak base reagent is a weak base whose conjugated acid has a pKa value of from pKa
7.5 to 15, more preferably of from pKa 8 to 10, preferably, it is a tertiary, sterically hindered amine.
Examples of such and further preferred are Hunig-Base (N,N - diisopropylethylamine),
N,N-dialkyl-aniline, 2,4,6-trialkylpyrididine or N-allcyl 20 morpholine with the alkly being straight or
branched C1 -C4 aicyl such as methyl, ethyl, n- propyl, i-propyl, n-butyl, most preferably it is
N-methylmorpholine, collidine (2,4,6- trimethylpyridine) or Hunig-Base. Preferably the prior removal of
the disulfide- r i r {00; t.di : removal of
the S-ter%%ﬁgﬁﬁ%n%%%%%@s%%%ggég1???&(%&%%&%2&2?2% rtg'ft-??i v%?ésdg{glgsgé&%;w%%g for avoiding
any risk sfiRGieEE froRPIEiRssPr BPrIIRsI A BB cthin 9 EEplY BFAY 5ot dBukeke
preferably.pffromo8 1ad by Qpiionaly: byysingRelasapietieSelients siuch aadiikersgteonitril that
are freely miscible with water, basic salts such as e.g. sodium acetate in aequeous solution may be
30 used fPthat purpose. This embodiment is particularly preferred when using tertiary phosphines for
saidgisulfide group cleavage or removal step. By combining a suitable oxygen supply concomittant
with sucsgdisulfi e protection ro? removal, it may be possible in another embodiment of the present
disclosurd"21g. gﬁtﬁg?ﬁéi’ﬁgféﬁ ‘%65&?8‘!&%‘1 BHIENI© SOIVEF A R ARt K e LSRR the presence
of a tertiaeyEmirdians] avdeyi cldsiegreestiagys phusphitiefod deprdetiidhthains inestaveoxygen, to carry
out both gisulfidedeprajertian.and axlisalion nokenl i acoeROl/qaclABRUL aYeR A a sindle
reaction step. 5 Due to the fact that the disclosed method allows of on-resin cyclization, it further does
not requi¥é tedious and yield decreasing strong dilution of peptide for favoring intra over .
inteymolecular cyclization as previously required.i ' ' rior art. 10 The
o s S T L hnee®

intra-molecular cyclization only, giving no chance of dimerization at all.

In a further preferred embodiment, the peptide is the peptide of formula I or IL. The term
protection group is to be construed as being protection group for a given side chain

15  functionality or specific side chain which protection group is compliant with being used in
standard tert-butyloxycarbonyl (Boc) or S-fluorenylmethoxyearbonyl (Fmoc) solid phase
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(o) 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 |
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-



intra-molecular cyclization only, giving no chance of dimerization at all. in a further preferred
embodiment, the peptide is the peptide of formula | or Il. The term protection group is to be construed
as being protection group for a given side chain 15 functionality or specific side chain which protection
group is compliant with being used in standard tert-butyloxycarbonyl (Boc) or
9-fluorenylmethoxycarbonyl (Fmoc) solid phase peptide synthesis. Such protection groups and the
use of specific protection groups for specific side ¢Rain 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%%@%‘s’%%@f’e?% peoLile Rorgie ’E?fvbﬁé’zgﬁﬁ?ﬁ}'é%@&g& I&P%l%%caséel%%%g &RAin: each
residue RE£EpERIH2)g. imdylcdbRwNigTendsAay-he She (a8®, ap atlkdst)ne 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 | 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 integmijit OR- ti 10ieties linki i j . irpin or (3-tu
e W TR a e R Uttt R i

introducingparmd P Rid RS IRBIVRATAEL GTRERES EVChAREAspasfmpfiRER At YREAERENan et al-

1995, Tetrghediendaelle36ie/2230 2 RRRUAARIMOE cr AR idabandedlimersic edmserigeof amino
acids analogs having a backbone segments such as -CO-CH2 14 or CI-12-N-H2- {)nstead of a peptide
bond (a rebﬁéWBEu@be}%‘gﬁdeé’H}ﬁ?gﬁe SARHE T TIBE B8 ams P THIRIEF 9 O BRds Pharm. Sci.

(1980), ppudBa-46R)bviveferallhohieh iy meysteibescthabaratining te-haetisg figdienivrected in
cyclization S d apart.by at leas ino acid residues (or the like). A spacing of i+3 is
typical of %ﬁgﬁ‘&%ﬂdg o%f%?rlﬁ%%lr% %rr}]dri %Wc?vc\)/?%?aglﬁﬁrﬂg ,sepué%?aﬁrt%{éepso%%gﬁgor disulfide
bonding. lbrthisavayr ofclizatidmiscdeilitatdde Belolbstheucormstriint atkersise thbysphesr segment

of the peptide moiety, that is as one of the amino acids encompassing a radical R2(x), is

stron.gly modulating this simple rule, which is highly structure dependent accordingly.

15  Inone further embodiment, it may be possible to synthesize a peptide on a solid phase not
by 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. Swuch non-covalent solid-
phase linkage or similiar, future embodiments are encompassed by the present disciosure as
well and the preferred modes of operating the present disclosure 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 aim of the embodiments 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 aim, alone or in combination.

30

Accordingly said further aim of the embodiments of the present invention is a peptide of

formula f or I,



backbone in view of the possible, more stable conformations is rendering cyclization more 10 difficult.
However, it is to be noted that the incorporation of pseudo-prolines as helix brealcers or of D-amino
acids as inducers of beta-turn conformations in the spacer segment of the peptide moiety, that is as
one of the amipemsitseacompassing a radical R2(x), is strongly modulatiag/tirssimplesule, which is
highly structure dependent accordingly. 15 In onehf?urther embodiment, it may be possible to
synthesize a peptide on a solid phase not by permanent, covalent attachment of the peptidyl moiety to
a solid-phase but by non- covalent, r%/g%'ble 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, Bae;v{Zﬁer, Germany, October 2004), similiar to the hexa 20 His tag

technology employed in prot{ei& rification sincE mg. Such non-covalent solid- phase linkage or

similiar, future embodiments,a mpassed by|th& present disclosure as well and the preferred
modes of oper, resent disclgsure in the claims below apply to this
embodiment, g the bonding to the resin or handle with the
non-covalgnt bonding featkiie of saj [ : her aim of the embodiments of the
present invent ' or solid-phase-peptide conjugates,
respectively. T definitions—giv pply likewise to such aim, alone or in

combination. 30 Accordingly said further aim of the embodiments of the present invention is a peptide
of formula | or 11, WO 2006/045603 PCT/EP2005/011476 15 /S-S OH2Im[CH3,n OO NiNNY

or

R?O\ /R11
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wherein m,n=1-135, 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, o,x,q each separately is 0-200
10 and wherein R1(o), R2(x), R3(q) each, independently, is a side chain of an amino acid
selected from the group consisting of natural amino acids mcluding 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 thersof and
wherein said amino acid chain may each further comprise a secorid 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 INR’1R’; with R’ ; being C1 to C4 alkyl, and wherein R10, R11 each are alkyl



IHIHA RI(0) 0 OR2(X)IXOR3(q gl orR10~R11 ll1l CHZJO[CH3JnJHNHO Y~HHARI0)o
O Ra(X X 0T 3q q5H wherein m,n=1-15, preferably m,n =1 or 2, wherein Y=ff 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 wheraio Rif@ds+5:2{x), R3(q) each, independently, is a side chain ofran/amine/adidsselected
from the group consisting of natural amino acids including cyclic amino acids, non-natural amino acids
including cyclic amino acids or non-amide bondedlcgiipeptidyl segements, non-natural derivatives of
natural amjno acids or analogues thereof and wherein said aming acid inmay.each further
comprisevg Seeitl é’%ﬁé‘cﬁ%ﬁs&%&ﬁﬁ“ ﬁ%fv %1 rar%\f;{/ %g%%’%gﬁ}éydr g}ﬁg‘r%lnt %ro ﬁ?ﬁ%&?‘aﬁr&f’i chains,
and whereih#osaoesid oraesirthhamdlewdwieeeain 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, NH2, NR'1H or NR'1R'2 with R'1,2 being Cl to C4 allcyl, and wherein R10, RI | each are alkyl WO
2006/0458G5RETERZ005/02 Mye e RN mayl Becfusthartebsitd e dWRIEER L g16%y  hlkoxy,
halogenajgadyariants be5e0f-aehalogen aned mavibenthe samem ditferesnid Riefe mblybiy=-200.
More preferably, 0,x,q each separately is 1-100, preferably 2-50, or 5 wherein x?is 8-100, preferably x
is 3-50. AGHITINGTE.SHEFRFAMYS G0 4RA VTS Praté ol th preferably wherein x1s 2-30.



this context further o is 0-50 and wherein xis 2-100, preferably wherein xis 2-50. WO 2006/045603
PCT/EP2005/011476 17 Experiments 5 The overall synthetic strategy is set forth in table |
underneath: Table | Fmoc-Cys(S-tBu)-NH Sieber 1) 20% Piperidine in NMP, 3x, 15 min Peptide 2)
NMP washesvgyola/d)skimoc-AA-OH (2.0 eq., 2x for Har), lengthening H@TWB2GiskQdts DIEA,
NMP/DCM 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)-NH Sieber PBu3 mediated cleavage
cyclization on support Boc-Gly-C | ys-Har-Gly-Asp(tBu)-Trp(Boc)-Pro-Cys-NH Sieber Cleavage from
the resin Global deprotection Gly-Cys-Har-Gly-Asp-Trp-Pro-Cys-NH2 10111 1 FMMOC solid phase
synthesis of linear peptide Fmoc-Gly-Asp(tBu)-Trp(Boc)-Pro- Cys(S-tBu)-Sieber 15 Synthesis of
FMOC-Cﬁ@;@%—Qy has been described before (Rietman et al., 1994, Synth. Commun. 24, p. 1323
f). Siebe | NovabiocherTM product of 100-200 WO 2006/045603 PCT/EP2005/011476 18
mesh (US Bureau of Standards mesh sizing), the matrix material being divinylbenzene-

5  The owverall synthetic strategy is set forth in table I undern eath:

Table 1

Fmoc-Cys(S-1Bu}-NH '

1) 20% Piperidime tn NMP, 3x, 15 min

. 2) NMP washes
Peptide Cycle 3) Fmoc-AA-OH (2.0 eq., 2x for Har),
lengthening HCTU, 8-CI-HOBt, DIEA, NMP/DCM

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

Boc-th~Cys(S—tBu)-Har—G§y~A5p(tBu)—Trp(Boc)~Pro-Cys(S-tBu)—NH’

PBu, mediated cleavage
cyclization o support

¥

Bog-Gly-Cys-Har-Gly-Asp{iBu)-Trp(Boc)-Pro-Cys-N }-g-
§ |

Cleavage from the resin
Global deproteciion

Gly-Cys-Har-Gly-Asp-Trp-Pro-Cys-NH,
l ]
10

1. 1 FMOC solid phase synthesis of linear peptide Fmoe-Glyv-Asp(iBu)-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



crosslinked polystyrene, and was purchased from Calbiochem-Novabiochem (belonging to EMD
Biosciences, California/U.S.A.). All FMOC amino acids, including FMOC-Cys(S- tBu)-OH (cat. No.
B-1530) were purchased from Bachem AG (Bubendorf, Switzerland). 5 Loading of resin was at 0.52
mmol/g and ef@ztetaleéds0 g Sieber resin. Coupling time for loading was pwinerthesgiandard coupling
time, namely 60 min. in total. Couplings were conducted with 2 eq. each of respective amino acid in
the presence of 1 eq. each of 6- chloro-HOBt, TCTU, Hunig-Base (Disopropylethylamiiie) in

dlchlorometg?@svgsggﬁsf ];Lgtw%re dvgntﬂpe meé%i/l tgxrrolf:%&)ne EQ\IMP%’e Brotectlon was done

by 3 cycles min o pipéeridine n rrolidone; € uenc;g clllébévage and completion
of synthesigsaliskudalybetygneNimbydrprecistion %mi ﬁéﬂ)’@l@@hﬂl@é@b‘ﬁ%@@é‘sﬁ@éﬂﬂ@% 15 1.2

Elongationgf pepie-om & 15 BaR GhAGYSUPRKI Ak GY ARFUIREIEhC s

Pro-Cys(S-tBu)-Sieber The coupling of the FMOC-Har residue (Bachem, Burg:é--ndfor W|tzerland)
took plac&i# %K@br@%ﬁc@éf}i%ﬂem@ﬁw ﬁ?@@pﬁ@@%é\ﬁﬁ%ﬁ% 8t) per eq.
aming acid; the FMOC amino acid was preincubated with HOSt and dusopopyl -carbodiimid in NMP

and was then mixed with the resin. Har coupling took eraa: 3 followed by a
second c%@xﬁ%%ﬁﬁ%ﬁ@?@&%%éﬂ CYEA8E 83YR 1gr‘? I?'lothﬁ%é\)\f’gﬁr R L \Upling

efficiencyi@sii@fgtmmwerﬁ@@ma@au@b&@ﬁﬁ@heﬁnﬁymaeﬂm@e@mﬁmg@waﬁ before.

Notably, aft % h qvage an rL(;_J‘Ist’)se%ent NII\O/IP g/ﬁs&es Eegeate%\ﬁvashl W{IQ HOBt was done
to preven?% ng egf ﬁﬁe r&sii T epro]tlecflo pro gl‘?% uqeys eines with Bu3P 30

The resmcbfod:m&ﬁ@ﬂd;;é]ﬁiﬂz \Maigigtidper@iosbpmg yiabhleththDeitideblivreotetiaydrolashee (THF). The

reag S C@H{ﬁ% g@ f.ream {@mﬁgrature with 50eq. tributylphosphine made up as
19% v/v) Bu3 /77%(\5 Iﬁ%l%(v/v) saturated aequeous WO 2006/045603 PCT/EP2005/011476

FMOC deprotection was done by 3 cycles of 15 min. 1094 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 resiclues could be matched.
25  FMOC cleavage took place as before. Notably, after EMLOC cleavage und subsequent NMP

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

1.3 Deproteciion of protected (S-tBu)-cvsteines with Bix.P

30
The resin product of step 1.2 was suspended and washed three times in tetrahydrofurane
(THE). 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



19 solution of sodium acetate; precipitating salt was filtered off prior to use . Reaction proceded
uniformly to give one dominant product peak. The yield was determined by reverse phase HPLC and
was found to amount to 98.9%correct product. 5 1.4 Cyclization to yield
Boc-Gly-eycw(iCasedass@ly-Aso(tBu)-Trp(Boc)-Pro-Cys)-Sieber The swobenpeptideingsin conjugate
from exp. 1.3 was washed three times in NMP. lization was done by incubating the resin for 1 h at
room temperature with 6% DIEA 10 (Honig-Base) in NMP; reaction was carried out in a vertical glass

vessel Whigf‘m comprised a horizontally hisectin ,Qeaf1 -in,G3.{16-4 I %ri.ti its lower portion.
The glasg rﬁngfl fri tSeOdg ﬁlgtgc\?véievgﬁfg%l With air from 13 6%9, a o%ﬁéqg;ﬂéfggﬁﬁ% ?r%El across the entire
cross-segtioroicahestiveht-cogiereeh relonamns pradisinsel. (Rfritpidwaeldeheresid was floating by

the bubbling Al framunderneativA stol PHISHRifPsPrAdNLIs 15.abtained, 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
Hypeysil-KeystoneTM Betabasic (Thermo Electron Corp., Waltham Mass./U.S.A.) C18 150x4.6 mm

column, with an injection volume of 15 .t and detectiop at 262nm af, a column tempetature of 35C. 20
Gradient tuf-fs¥eizaian fosneld Bos-Gheveiolh s b lvaasp 1 -d DA BOBIH=OsGYS kpIBRER 17 60 40

30 1.6 Global deprotection Global deprotection is prepared by swelling the resin three times in
dichloromefhane (BEM). Cleavage teadtion AT uePR SRR 340 HERAYE ¥ fpom WO
Cyclization was done by incubating the resin for 1 h at room temperature with 6% DIEA
10 (Fliinig-Base) in NMP; reaction was carried out in & vertical glass vessel which comprised
a horizontally bisecting, sealed-in G3 (16-40 um) glass ftit in its lower portion. The glass
firit or fritted plate was vented with air from below, allowing of air bubbling across the
entire cross-section of the solvent-covered reactant space above the frit in which the resin
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 & Hypersil-Keystone™ Betabasic
(Thermo Electron Corp., Waltham Mass./U.S.A)) C18 150x4.6 mm column, with an

injection volume of 15 pl and detection at 262nm at a column temperature of 35°C.

20  Geradient run is

Time Acetonitrile (0.1%TFA) Water (0. 1%TFA)
O 60 40
5 97 3
25 16 a7 3
17 60 40

30 1.6 Global deprotection

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

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



86.5% TEA (785eq.) 4.5% Thioanisol (36.5eq.) 3 % Phenol (32.4 eq.) 5 3% DCM (38 Eqg.) 3% H20
(178 Eq.) Reaction takes place at 15C for 2 h on an slowly rotating orbital shaking device. Reaction is
terminated and product is precipitated, after filtering off the resin, by dropwise addition 10 of
tert.butyric aeith methykeaster. The product is a uniform peak; no major sidegrndeicsanibe detected. -
the above conditons of global deprotection have n tested on a control and found not to affect
preformed disulfide bridges in peptides. 2. Deprotéction of protected (S-tBu)-cvsteines 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 either rac- or L-DTT, obtainable from Biosynth AG/Switzerland.
The resin product@btefi'd A8z suspended and washed three times in dimethylformamide (DMF).
50 eq. of DTT" Wg_@,&s%iggﬁggﬂg@sse MF/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 aBdve. YRIBRObGIAIMER) perfectly matched that of 1.6, with similar purity. 3. Cyclisation
of Bog—D-Phe-Cy§¢§§-tB%@M@@%,@-Trp(be)-Lvs(Boc)-V al-Cys(S-tBu)- 25 Trp(Pbf)-Sieber
Vapreotide, a Somatostatin peptidagonist, is synthesized essentially as described above in section
1.1. Further procég/ging ig%é)rﬂgé g@t)essentially as described in sections 1.2-1.6, providing the
deprotected Vapreotide-carboxamide in excellent yield and purity. 30 Optionally, deprotection
B i SesioTpeds CRrTeq Aut ke wise IR NEM SBRH 64l YR AR Rccion
ofBoc-Lys(BdejaBusiS-tBd prasneT by pretjpkethafen fibys (s tBifhakgsin, by dropwise addition

10 of tert.butyric acid methyl ester. The product is 2 uniform peak; no major sideproduct can
be detected.- the above conditons of global deprotection have been tested on a confrol and

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 thers. DTT is eithier rac- or L-DTT, obtainable from
Biosynth AG/Switzerland. The resin product of stepp 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 i section 1.4-1.6 above. Yields obtained

perfectly matched that of 1.6, with similar purity.

3. Cvelisation of Boe-D-Phe-Cys(S-tBu) —Tw(tBu}wD-Tm(be)-LVs( Boc)-Val-Cys(S-tBu)-
25 Tro(Pbi)-Sieber

Vapreotide, a Somatostatin peptidagonist, is synthesized essentially as described above in
section 1,1, Purther 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.



Thr(Trt)-GIn-Arg(Pbf)-Leu-Ala-Asn-Phe-Leu-Val-His-S er(Trt)-S er(Trt)-Asn-Asn-Phe-
Gly-Pro-lle-Leu-Pro-Pro-Thr(Trt)-Asn-V al-Gly-S er(Trt)-Asn-Thr(Trt)-Tyr-Sieber 5 Pramlintide peptide,
a 37-mer, is synthesized and cyclized essentially as described above in sections 1.1-1.6. As
compared towezyislohsdfoinear peptide, cyclization itself is quantitative. Howeweepislhiemgth C to
N-terminal linear synthesis give mediocre yield, due to several difficult individual coupling steps. 10 5.
Cyclization ofFmoc-Cys(S-tBu)- Asn -Thr(Trt)-Ala-Thr(Trt)-Cys(S-tBu)-Ala-Thr(Trt)-
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as descrilgd 18,5e6HqN. F-paDONE. BXCER] 1 L as) s 1) [asidue deracase gftgrcyclization reaction
in an additional coupling cycle that synthesis s carried out on a Rink amide resin and that prior to
globa$ depspiectipia-Glepvaqe is7capisd spuhunser weakiv orsnilglyagiticcaastitions eleavage from
resin is achieved with_3 cycles of 15 mlr% ﬁ{% &SC, 2% (W, C{W) TEA, 1% W/\%I trlethylsilane (TES) in
dichlorom&tRARRS rhe RactiGATRERAEYES M 6&9 Roiis Ciliaep ﬁ’ffzé’rcgg%tﬁog)} e ¢leavage 20 reaction

is directly guenthee:bypoerirgiiicabol€ teadtiambrothlinterdijutb i igive fodidineyétiianol 1:9 (v/v)).
Resin is then emove c? é[”tr%t?ﬁﬁ}} \A}é&th a fit. |Itrates are pooled and concentrated under vacuo
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(RotaVap), an& was

Boc- Lys(Boc) Cys(S tBu) Asn Thr(Trt) Ala Thr(Trt) Cys(S tBu) AIa— 25 (WMe hgep%))Thr 2-CTC

mildly aC|d condltlon W|thout S|de chain deprotectlon is 30 used essentlally as descrlbed in section 5.
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out undez weakly or mildly acidic condition: Cleavage ﬁom 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 whole reaction broth into dilute pyridin
(pyridine/ethanol 1:9 (v/v)). Resin is then remo~ved by filtration with a frit. Filtrates are
pooled and concenirated 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 (WM™ o) 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 synthesis: the cylized, bridging-cystine
comprising but still protected peptide is then suibjected 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, toc.



35 either on solid-phase or, preferably, in liquid phase, too. 22 Claims 1. Method ofpeptide synthesis,
comprising the steps of 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 thereof or halogeno, and wherein the two protection groups may
be the same or different and b. reacting the peptide with a S-alkyl-sulphenyl-protection group
removing reagent and c. cyclizising the peptide of2resin by means of disulfide bond formation in the
presence of air and/or oxygen which is sparged into the liquid and in the absence of a heterogenous,
rate-acceler%atalyst and d. cleaving the peptide from the resin 2. Method according to claim 1,
characterize at 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. 4. Method according to claim
1, characterized. Mdthat theepepiigaiieas, aidgnsingae twpher side chain protection group which
protection group is not a S-alkyl-sulphenyl protection group including differently protected further
cysteine or homo- cystelne esidues. 5 eﬁ‘gl%o‘gtaccordl o claim 1 or 3, characterized in that the

homo-cysteine comprlseérn SFERE ARRAS 82 5ot BRseHRFYR ?r‘i"l‘&"gfaiaaf:}ﬁé?’n AMENDED
SHEET 23 6. Method adEpfaiidgctetigicingps: W@@mmwmesmm@ ihe S-alkyl
their side chain each by a S-alkyl-sulphenyl protection group, wherein the

alkyl may be further substituted with aryl, aryloxy, alkoxy, halogenated
variants thereof or halogene, and wherein the two protection groups may be the
same ot different and

b. reacting the peptide with a S-alkyl-sulphenyl-protection group removing
veagent and

c. cyclizising the peptide on-resin by means of disulfide bond formation in the
presence of ajr and/or oxygen which is sparged into the liguid and in the
absence of a heterogenous, rate-sccelerating catalyst, and

d. cleaving the peptide from the resin

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 pﬁase resin is an acid-

labile resin.

4. Method according to claim I, characterized in that the peptide has at least one further
side chain protection group which protection group is not a S-alkyl-sulphenyl
protection group including differently protected further cysteine or homo-cysteine

residues.

- 5. Method according to claim 1 or 3, characterized in that the homo-cysteine comprises
2-15 methylene groups and one thiol group in its side chain,
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sulphenyl groups is accomplished by reacting the peptide with a trialkylphosphine or a thiol reagent. 5
7. Method according to claim 1, characterized in that the peptide is cyclized in the presence of a weak
base in a polar, aprotic solvent and wherein the bottom and/or walls of the reactor vessel are
punctured or fritted as to allow of sparging gas into the{iquid, as to allow of venting air into the liquid.
10 8. Method according to claim 1 or 7, characterized in that the linkage of the peptide to the solid
phase is acid labile, ile | 90 TEA in di -metk ratdre, 9: Method
according to claim@S%Q{%faﬁr{a&c%érégg?ﬁn@h%%%eip%p%d%%%%%ﬁ%gsng%%g&frg %Hrki{r%)%g%rgs%kﬁeis. 10.
Method according to ththeny ctarmstiriesamptishedey peptitegithelpenédt ofitharriabiey elsiapbinter
global deprotection. 20 g.ghiquaggn@ccording to claim 1 or 3, characterized in that the linkage of the
peptidyl moiety to the solid phase resin is not a thioester or disulfide bond linkage. 12. Peptide of
formula 11, R1I0\R11 SS SN S| CH2][CH31n YHHA R(00OR2(X) X OA(q251 124
wherein m,n=1-18, %ﬂ&?&ééﬂrﬁiﬁ% % e eItk i ML ANKIRGHI0 0B R each
separately is 0-50 and wherein RI(0), R2(x), R3(q) each, independently;is a smf chain of an amino
acid selected from thBI&Feis @éﬁg@@k&)@q@ in a polar, aprotic solvent and wherein the bottom and/or

walls of the reactor vessel are punctured or fritted as to allow of sparging gas into

the liquid, as to allow of venting air into the liquid.
10 8. Method according to claim 1 or 7, characterized in that the linkage of the peptide to
the solid phase is acid labile, preferably labile in 60% TFA in dichloro-methane at

room temperature.

9. Method according to claim 3, characterized in that the peptide comprises 2-100

15 amino acid residues.

10. Method according to claim 1, characterized in that the peptide is cleaved off from

the resin under global deprotection.

20 11. Method according to claim 1 or 3, characterized in that the linkage of the peptidyl

moiety to the solid phase resin is not a thioester or disulfide bond linkage.

12. Peptide of formula 11,
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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 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, NH2, NR' 1H or NR'1R'2 with
R'1,2 being Cl to C4 alkyl, and wherein R10, RI | each are alkyl which may be further substituted with

aryl, aryloxy, allsxyahalpgenatesaeriamsihereptenhalogeneand may Reithe, same.andifferent. 13.

Peptide according to claim 12, characterized in that x = 2-40. 14. Peptide according to claim 12 or 13,
characterized g 52300 SrEREAEIY Y aadbviliprain, PledR4sbdrdlgy tecklaim 12-14,

characterized iﬂaﬂ@%ﬁ&&tﬂi@-isP@ﬁ@@%i@é&ﬁ%@'&ﬂ%ﬁ%@é&l&&%@ﬁ@ﬂ%ﬁ@é%ﬂiﬁé&&sﬁi&%f‘”d
y

wherein xis 2-40, preferably wherein xis 2-10. ) ) ) o ]
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
cach further comprise 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 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, Nii,, NR’H or
NR";R’; with R’y 5 being C1 to C4 alkyl,

and wherein R10, R11 each are alkyl which may be further substituted with aryl,
aryloxy, alkoxy, halogenated variants thereof or halogeno and may be the same or

different,
13. Peptide according to claim 12, characterized in that x = 2-40.

14. Peptide according to claim 12 or 13, characterized in that x is 2-30, preferably that x
is 3-10.

15. Peptide according to claim 12-14, characterized in that g=0.

16. Peptide according to claim 15, characterized in that o is 0-10 and wherein x is 2-40,

preferably wherein x is 2-10.



