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Peptide cyclisation The present invention relates to a
nmet hod of synthesis for a cyclic peptide, nanely a

W@ y@hbiog24pEpt i de conprising ring closure of thePCHEPIRY010133

group of the side chain of a one am no acid residue

and the am no group of a side chain of a second am no

acid residue. On-resin cyclisation of a peptide by
Peptidenayclisatiomi on i n bet ween the co-carboxyl group of

an amino acid side chain (i.e., the carboxyl group of

a side chain irrespective of the carbon chain |ength),
THPbreddrh Yt 4 Paitbylo DieiGbd ba B thds@storid@yclinsbptilig namely a cyclic
w-am no group of an am no acjd side chai nsééei.e,, t he ) X
pentide compripingfring clesges fithe parbexsegioue of the siffe ehaiR ol Ysrpmino acid

R0uP PHERY oo B o el RSl DL 13 e BT

strategy -including on-resin |actani zation- of

Astressin, its retro-, inverso- and retro-inverso

Dsurin syclizgtion of3p epideribr kcign formationy beiuesy thp @-carboxyl group of
S i . - - . i .

afbHonald 8o Bloiive NEOLEBYRY ofthi o S0 PN Arcdhitive of the carbon

clef Oér[gdt)?typiidallg & Agpaetyd be (Gliwmit (Sludeat aildythe do-amino group of an

repoval , Q | 1.yl. and al | oc protgectio roups and e .

SHOSGHLHLF ST i a-dBe AP e L i hath IsepsciiigeT i garbon chain

i'e'ﬁ%@l%,bc Gallya NslRUBY dud Hhd Rch degibed he pepti de was

syht hesi zed using a standard orthogonal protection

schene enpl oyi ng FMOC except for the |ast residue,

i ch wa oC pr.otected., Subs ent | the N-term <
0k SR D R GEPUAR R PP TR, st Sie oro B B bmization- of
INGBEISTTE s refrb it cAfte QU r¥trd-idversatibdifers, NEO02e Bidpdeyrhéro 163, 141-149)
the resin. A disadvantage of this nethod js that

describe datiisation ofi Bactnspigetnd JdpnerdeowiirionRisksamige 4esip-gPositions 30
SIS (L9 FHBGFMIGRY oY GhbOUDU 10 P AR emBlal of allyl and

e nore v
alloc protection groups and are subsequently cyclised by the presence of BOP/HOBt and

Hiinig base in N-methyl pyrrolidone. The peptide was synthesized using a standard
orthogonal protection scheme employing FMOC except for the last residue, which was
Boc protected. Subsequently, the N-terminal Boc protection group was removed by acid

TFA treatment, simultaneously liberating the peptide from the resin.

A disadvantage of this method is that termination of full-length peptide synthesis is a pre-
requisite for subsequent cyclisation of a segment of the peptide. Hence the more valuable
full-length peptide is subject to yield losses due to unwanted side-reactions (pyroglutamate
formation) or incomplete allyl/alloc deprotection. Further, it is not always desirable to use
an acid-labile protection group whilst on resin, since this prevents subsequent further
derivatisation of the peptide on-resin, e.g. such as N-terminal blocking by acetylation. No
reaction may be carried out prior to N-terminal acetylation since this renders the terminal

Na vulnerable to epimerisation at the chiral Ca.

Kates et al. (A novel, convenient three dimensional orthogonal strategy for solid-phase

synthesis of cyclic peptides, 1993, Tetrahedron Letters 34:1549-1552 ) describes head-to-
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full-length peptide is subject to yield | osses due to
unwant ed si de-reactions (pyroglutamate fornmation) or
wo pwespdset e al |yl /all oc deprotection. Further, PCT/EP®05/010133
not always desirable to use an acid-labile protection
group whilst on resin, si nce?this prevents subsequent
further derivatisation of the peptide on-resin, e.qg.
tailsyclisation b & decrnmalc geptidk by gidb ghaio enghaingen .a (deerminal Aspartyl or

t ) L ed . ] j .
BB P TR o S e
estéaflﬂr&?fztﬁm o . RPFBhER b1 %h%te ENOCCHitdsis(SF thE/bRPIRS peptide

I. (A noVel, convenient three dinensional orthogonal
chadxt, rtha glfjyl ebtor ity ds pinasved dyridrentalysinflollgwed by phepiequense of No-

993, Tetrahedron Lett : - 1552. scrki bes .
PV FoPYS, Py PralE b Y TS o P g T cagisation
Int&BRinBly2NEROkirag P! wherE & CddpriiabicdSOabrinhaloAsEhrflamsidue (Asn®

residue to different resin handl es which residue is

constituesc bg ccaupling ofCEMSYCArpatol ¢| PAkt kandjsr sesidt wes coupled to the

r.0 ftern;linear solj e E t '
RPN E GBI SR ] BRI MO o fon grou,
wa$ E5d &6l vk Best Gl icahipaied to el oyyRBetidystiattics aiptunaiebopermutation
Na- FMOC renoval and subsequent BQOP/ HOBt/ DI EA nedi at ed
of the stariing-noant of sythesiselpas thecyelis reptide srapensshe st r at egy
where a deprotected C-term nal Aspartyl residue (Asn8
constituted by coupling of FMOC-Asp to a PAL handl e
A Teiting)divelvaniegpbLthi¢ method iddlmt at Bothetly Kakeafint account that partial

PV ol oG PRI Fa S GEARIoD Joiies RBar 53! Sepipliptep step, due
to %1? p?%sjéﬁée SH A dEIphAicSich §inBOkRSHLBESR1 D 8Sbsot REUEBEt 81 reaction

e starting point of synthesis along the cyclic
scheast Fathes equptetion of EM@Ctdepiptattion thkas plge séfsequsndy in any event,

thod i.s that it is it k i,nt o. that .. .
o5 M st REi e PSS B BB etsaion
medtY bMActhMe,aflfBh B péptide stRRINAInSfhétRhalti@bnlf kecrhifialljl@ependent on

presence of nucl eophilic reagents and because it does

preservingrogmpled¢ peiectiovh@f thedde.i on

Blankemeyer et al. (1988, Tetrahedron Lett. 29, 5871-5874) described the synthesis of
several protected peptide fragments on cellulose discs containing 4-(4’-methoxytrityloxy)-
but-2-enyloxy-hexanoic acid as an allylic handle to the solid phase, further employing
FMOC ‘chemistry. Cleavage of the allyl ester linker was achieved by treatment with
Pd(PPhs), in dry THF followed by the addition of a solution of HOBt in THF.

Another method of peptide side chain cyclisation is devised according to the present
invention, avoiding the disadvantages of the prior art and being particulary useful for

cyclisation of peptides comprising aspartyl side chains.

According to the present invention, a cyclisation method for a peptide comprises the steps
of
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schene. Further conpletion of FMOC deprotection takes
pl ace subsequently in any event, and is required to
wa@bkdemsmsbsequent head-to-tail peptide bondi ngPCT/RP2005/010133
contrast, cyclisation by neans of |actam zation of
pepti de side chain functionalities only is crucially
dependent on preserving conplete protection of the Na.
a. Bldepiotsutiyig thegieptifle froAOSH]-typetprateettgomotyes; which@eptide is protected

o Datr g PR e 4 5TT bR Bl e, prtner comprses a
QBdspbhé Ayi8x-farbBR¥INRSMEERH MliRX Yoiction of a lysine side chain (i.e. the

c
but - 2-'enyl'oxy- hexanoi'c acid as an allylic handle to )
t heearsinbigloyph @s ©f ah anelegue efpichyysine Fifdchaihmerd Sirther comprises at

d.eayage the allyl ester, |ink hi d.

CIER 388 S LSl B Pl e BE G B emony
adgbip) R a9parfyl sl whhidNi.ef a ¥iBboky gibub) orbPih @falsgRiehdduch side
of” peptide side chain cyclisation is devised according

t cchpive, whidst eetaining\thebassrlabilampigriinn graep en dwdVant ages

of the ior art ' It I

o o8P Fegid PRSI b ARGl o presnce
Chﬂ%ﬁﬁ@&ﬂﬁgﬂkﬁgﬁﬁﬁmﬂ the present invention, a
cyclisation nethod for a_ peptide conprises the eps

c. of deprefeqiingthepentige figm %ﬁgﬁeg]@bﬂ? Bivfeshpy Bropp gbits RoP
protecting groups, which peptide is protected with a
base-1 abil e protection group at its Na and which

with e fuetRerf provibe rthateajdrdllylis padtedtiagroupsenay be unsubstituted or may be

for e g RAL RBeA Iy ar ar bR RO GRS BrYohe SRFubRafaiE] BF forther
sub 'tuﬁe'dcﬂrithyﬁe%l(:ig%nsbld SIKRG! %n?re?él‘feﬁhﬁihtiﬁ@ "eMYod@serdt! the standard

east one allyl-ester-protected w carboxyl group of a
unsybsittatey [Alloc. (be. allyboxyasatennyl gr orap)y2-enylaxiyarbpnyl|pratection group

s Bt SRR 8 Qe s 80P Forctea by
estdREB6 WRR aliBUP (ROpéde-og).

In the present context, the ‘@-carboxyl group’ of an amino acid side chain is understood
as being the ‘termina’l carboxyl group of a side chain irrespective of the carbon chain
length, and the ‘@-amino group’ of an amino acid side chain is understood as being the
‘terminal’ amino group of a side .chain irrespective of the carbon chain length. Analogues
thereof may well be e.g. side chain isomers thereof. For example, a y- or §-amino isomer of
lysine is a suitable analogue of natural lysine. In the context of the present invention, the
term ‘side chain’ in respect to an amino acid or amino acid derivative is used in
compliance with the respective [UPAC-IUB definition ( International Union of Pure and
Applied Chemistry and International Union of Biochemistry/ Joint Commission on
Biochemical Nomenclature, "Nomenclature and Symbolism for Amino Acids and
Peptides", Pure Appl. Chem, 56, 595-624 (1984)).

This reaction path has not been described before. Unexpectedly, it has been found that
integrity of the FMOC group is largely preserved after allyl-deprotection, in particular

when allyl-deprotection is carried out on solid-phase bound peptide, and in consequence
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b. cyclising the peptide by |lactam sation of said
deprotected side chains in the presence of a weak base

w0 e@gmsa457 and c. deprotecting the peptide fronPCTEP2005/010133
base-1 abile protection group at its Na, with the
further proviso, that said dflylic protection groups
may be unsubstituted or nmay be further substituted

cychidatibn aiskylko aarriedabkty bnt that solid-phase bbumbyndderial. Preferably, after

unsubstlt ted or further substjituted wth.hal.oge
complgoRy Of |t§ © aToB S P LBTIIC o AR FIERRRIOR (g Contitued, more
preféfa"[’)gd HtrﬁﬁiéQSt ih é’tsﬁﬁdlﬁhhéécnﬂ)ﬁe Csinéd hﬁ(‘!ﬂﬁg(y[h@ %ﬂb&ﬁé{fge that the
eny - oxy- car bonyl ) protectlon group
prec@ﬁpigoy:gdhsfauon mtet evmildnthef ndteraspuiei applicatinnt iof nhmﬁmg dilution

ol 257 RO B AL R i b S o i

predell® redtibAT RAX Kbn@r B DartulR} wﬁbﬂaaﬁ%@resnﬁquﬁ@ aililtain$] and/or
understood as being the "termna' | carboxyl group of a

aspatyleanch bisinei residugre o i their gialoguesc schows eBanar-| @nbemo-lysine, are

ool B L PR L5 o Bl P AR, BB opAe s i
sch&dul@l EhatyrlistionsHe at ﬂﬁéﬁyclfynﬂiéﬁzé‘cﬁpbﬂi@ncé’faihﬂ ﬂim dlll-size peptide
Anal ogues t hereof may wel | . side chain_iso

chaxm éihebfeglqn@klaésamﬁ?ﬁlén aap@aclb will bapaptisulasly e ia) &prﬁ the full-
uj t

s1ze 1ec§et c&ﬁﬁ{ %g as%r%ergg El?bs%ﬁverefﬁtéldg#m&ﬁ@o?ggeﬁhdé :'lg%p structures for

bioﬂhﬁb peptidesr tspaetiotte siabilinddnby atledhain @nlisationc Lactamization is a

derivative is used in I . ' iy
mofe AR L9 auRTVTIGHPIY OPHUR (Rl ReTERly PDieg o pUReS Brieine or
r@ﬁ%ﬂﬁlﬁdc@ﬁﬁlsﬁﬂdogtﬂeg th&b&¥ BADI M PEi@fanalogues. The latter
iochémstry/ J Comm ssi on on Bi ochem ca

funiomaiitbatusualy piioaeiocbatmone mumml msmWOo rwihs¢asothe present

invé i g%%ll?;gvs use eg% na(gl?ral aim1|1313 ragﬁpa%an gues asrla superior Opl510 p24

In a preferred embodiment, the peptide contains just one allyl-protected lysine residue and
just one allyl-protected aspartyl or glutamyl residue, and hence there is one and only one

bonding option upon cyclisation, giving rise to a homogenous product.

In contrast to prior art methods, the peptide according to the method of the present
invention can be utilized for further N-terminal peptide elongation, optionally and
preferably while on solid phase, be it in the sequential, stepwise mode of adding or
modifying amino acid residues or other groups, such as by addition of new N-protected

amino acids or be it by N-terminal condensation reaction with another peptide.

In a further particularly preferred embodiment, the N-terminal residue of the protected
peptide having a base-labile protection group at its No is said at least one allylester-
protected aspartyl or glutamyl residue or analogue thereof. A seldom appreciated problem
with such N-terminally protected, preferably FMOC protected, and simultaneously side
chain-protected amino acids is that they are prone to a base-catalyzed side reaction upon

FMOC deprotection, giving rise to either aspartimide or glutarimide. It is an undesired



10

15

This reaction path has not been described before.

Unexpectedly, it has been found that integrity of the
wWOo-MOG0sp4oUp is |argely preserved after PCT/EP2005/010133

al lyl -deprotection, in particular when

allyl -deprotection is carried out on sol i d- phase bound

peptide, and in consequencecyclisation is also carried
shortéming dfipecssnll stahdatiosetid tphwecbhamteémﬂ@tion Bmffesrsaipyoying FMOC

after conpletjon e reaction. sequence,. peptid .
ProteRUpH SUBH it isgrally belfre b & B 2V9igRL by peteigh o) Toarboxylic acid
groﬁ;%n HodeEr, 'tlﬂs £ P brhd a PRAIRMO VN BY ﬂl‘é@eﬂ!ﬁ‘%'o@ Kaﬁe@ @t :al and

v

antage’that the preceding cyclisation ste
othé¢rk éKambt ale dattr Eepapﬁul j E5, b2 13t Nigaldstt by, Tt cdrom Lett 1989,

or favorin ntra cl at on
30,5001 diflGreat BiousBPS s L ot lonilfs” AL fotds rue
achdllﬁg tBQH@ BreRént RdvehitordloBbetvaRMEbE Qlﬂﬁ'est‘éf‘ﬁﬂ'o&:cﬂblﬁ bf Ak §-carboxy
gl utanyl and/or aspartyl and |ysine residues, or their

funatmabgu@fsarsEM@CaBrotectyd Nderminal aspartyl repiduqaindeyrsgandard solid

B G5Bkl Bl B ROREL 5, B iy e

to sty dhaAgdsan p%be@sﬂg tiffk biyd Sotidithes] @eshgRRe td @idesired Viiation of
frnal full-size peptide chain. Thi s
progeddi onal - | act ani sati on approach will be particularly
Epnef|0|al when the fullsize peptide conprises severa
yield: L .
subsequent subdoni ai ns or peptide | oop structures for
bi oactive peptides that are to de stablllzed by
si de-chain cyclisation. Lactamjz&tfon is a nore
stabl e, | ess redox-vul nerabl efoption than naturally
stabilized disulfide- idgﬁg q%'iig natural, chem cal
anal ogues thereof enp ' (G2e d analogues The
|atter functionalities ual ymg@QM@ to be nore
i munogeni ¢ in vivo, whereas| 8RBk enteivavent i on
al l ows use of natural am no @cid _anal ogues as a
-superior option. In a preferreﬁ Cb-ndl nt t he
pepti de contains Just one al |" o-orot IyS|ne
resi due and j ust o e al | ot ect ed aspartyl or

| ut anyl residu enc thege i one_.and onl one

.;a 5.

20/u piperidine in NMP

R
~2~J¢3\ﬁ—uw§fw—uﬁi L J{d—uﬂﬁ:o

TR TR

Aspartimide side-product Product

Accordingly, with the method of the present invention, it is now possible to avoid this

unproductive side reaction by immediate side chain cyclisation of such N-terminal, FMOC
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bondi ng option upon cyclisation, giving rise to a
honogenous product. In contrast to prior art nethods,
W0 b@osast de according to the nmethod of the prBSERP2005/010133
i nvention can be utilized for further N-terrninal
pepti de el ongati on, optionalﬁy and preferably while on
solid phase, be it in the sequential, stepw se node of
and ddlybegteniprovedied yaspartglnion oglatingyl r essidiee sAgain, oFIVEPC  protection is
roups, _such.as b ddition.of new N protected am no
PreREVEY SESHROLY  BRFVREG: Fepriinidsh dereaanon T fun cupgquent FMOC
e oD s ol CIHAGNGH Rl ibput, glutarimide or
aspartotide tfewhatiopt dwco as/pmay lactiaigetiomabi | e prot ecti on
group at its Na is said at |east one
allyl esterprotected aspartyl or glutanyl residue or

MR8 dréTerraBlyl IRy Robrmifasalyaterapneaed atias REARE Mvhipartyl residue.
such N-termnally Erotected, preferably FMOC

Aspartiméds @mr,élaémh@s eirfeentionyateithan gnterimide Hreeteyand is usually
. o e X _ i |
BB R A B PR ek P EARER F fRe Lr

L-Xiviees Xais Gl Sef, Tar oF Agh, Wihdrak Fed@port thefeSfollthe first time, where X is
.undesi redshort com ng oof present standard solid phase,. L
Hig ieasily Wpldingun Eh3Q ghf e sseartmidcoyinmgrimute the ohecehoipeptide 1s
highlsp e Aspprfnide ok bR 4R RENTODESE B additional HMB
prdtectiont group enahe lphrite pnoddiagrstdoye hihdranepof bgpaaimidatfesnation as

et.al. and other tes et al., Lejt t. Sci.,
desgij iv Packugn St 9, Leagpdion Fsty Shef2or L Reve uibabCly(HMB)
dipaPide34) eimiY kb &isptanR heARGE S TPBERR of RE., Bhkah BRSY instances
functionalitires. The same holds true according to the
theressahinvemieniers svenlsrthertddyantigs over thel prios agr
protection of the g-carboxy functionality of an FMOC
protected, N-term nal aspartyl residue under standard

Thé Qi1 Carsr o6 ABpkotdcabS step (inFM EolBORAL B ST depfotedtion for short) may
preci se quantitative extent is highly sensitive to

be shuirigh out bia hyesethadyimeeesisithgert. isaeh ahels.dorrstanaalysis with BusSnH
or &A% Wifh (Qrt e hEEANALiAL | 2a8him (0) [PA(PPhs)s] in THF at
essentially neutral conditions in the presence of a nucleophile such as e.g. morpholine,
dimedone, N-methylaniline, HOBt, borhydride or N,N’-dimethylbarbituric acid as an allyl
acceptor. Variants of said methods employing different pH exist, but of course care must
be paid in view of the pH sensitivity of resin linkage or handle groups and the base

sensitive protection group.

The allyl deprotection preferably employs catalysis with allyl-group reactive palladium
complexes, preferably with Pd(0) complexes, preferably with palladium complexes having
C,-Cio trialkylphosphite, Cs-Cjo tricycloalkylphophite or triarylposphine or
triheteroarylphosphine ligands, wherein said aryl or heteroaryl may be further substituted
with electron-donating substitutents or is unsubstituted, more preferably with palladium
complexes having phenylphosphine ligands wherein the phenyl may be further substituted
with C;-Cs alkyl, preferably wherein the phenyl is tolyl or xyloyl, more preferably is
phenyl, 2,4-xyloyl or o-tolyl. Preferably, said phosphine ligands are mono-phosphine
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product yield: Aspartim de side-product Product
Accordingly, with the nmethod of the present invention,
WO 200683236 possi ble to avoid this unproducti vePGi/@r2005/010133
reaction by inmmedi ate side chain cyclisation of such
N-term nal, FMOCand allylester-protected aspartyl or
gl utanyl residue. Again, FMOC protection is greserved
ligapfi§, emiotes grsferably @nnichej2tig anphowatiat fltganétt i Hihouphy the palladium
sequent EMOC deprote th i
congﬂwg ap{eg?{al?lg B{?S gl?%}o epa‘fl‘éghﬁglu t %&p e%xg§l ﬁ;%/ CRy téﬁn c%gnp‘f&a it to be
und3Redt dsith dRo fcomipEite inpalldditnt & Hifieer @ﬁllmﬁuxha:@ﬁ@mxz@tth@fgh mono-
More preferably, the N-term nal allylester-protect

palladivant ccomaplexnse are BiefeEsdar Vingr éefralfise. (tm?}}?a}’lph?ﬁpaéle)-palladlum
[deg[{}ggﬁ '1% ﬁhea ﬁ%s&c@'o? %ﬁralllryf“?ﬁotebﬁp of & %eﬁ%?h?rgﬁﬂgéédrpésg&dmg Pd

usual

(P[éx@lﬂﬁtdlﬁ]y)z lok BdS(szanwmyl]a)a Icymfaméy @drnmdtdompmbpqee pbsso:hiy having
sequence L-Asp- L-X where IS er, Thr or

both g ﬁ?nmh?sé’bﬂ‘@t anp - (9 &lylt)wsplvlfl%thaan% Is sty Bzefégred in the

pre%g? tl?c bhyf.% ceolr%a.?&ieibo H(Ss fe}&léos ?rﬁeﬂ%’i hé%eﬁ%&%ﬂ?%e ligands
anda@wlglilmhéemf-m}mmlphonphlmsl@hﬂmmprbvs threemptilytasreasteorofate, further
addi ti.on tect t [ yei e
allcin o i L (0TI O USRI (oAt P aisy, mgintaining
optﬂﬁ%ﬁ%él@@ df*‘drri'efD AGKERS P@@@E’ealyzé@%ﬁy élff?lta{lﬁjl&@' &préi6étion, compare

However use di peptides i$
Jefﬁxx ﬁtah 37 @rgaé}hsnué9&2;d’r7rﬁ§ﬁ05@0| sslgdisen deschibediipoledieey, it is also

feagifspen pErtcena CRRTAY et et i RERGS S ppRPieRes &F fog present
inveiinOds & bRhaleP ERhISSH inOirus hﬁﬁel@lb’y fiEing ®éss QWb coordinated Pd-

al l'yl deprotection for short be carried out by
complexesevitibths peefowpd ligands of gofetpresgg invenfion. glence examples of suitable

catﬂ¥&rc%%1p@%8 la};ac'ljt %ro\ﬁﬁ ﬁg s%%ﬁgﬂf'_}')referred Pd(PPh;)4 are: PAC1,(PPhs), / PPh; |
PdCI,(PPh;), / P(oTol); , PA(DBA),/ P(oTol); or PdfP(oTol):], (Organometallics 1995,
14(6):3030-3039), PA(OAc), /triethyl-phosphite, Pd(OAc), /PPhs or Pd(OAc), /P(oTol)s.
The presence of less coordinating anionic, basic ligands such as acetate, benzoyl or amines
(e.g. Huenig base) in the initially added Pd(0) complexes allows constituting the preferred
complexes in situ due to the presence of suitable free ligands such PPh; or P(oTol);
[oTol=ortho-tolyl-]. It is not mandatory in general to add free ligand for exchange with the -
catalyst though, especially when using highly active arylic phosphine palladium complexes
from the start — this option is noteworthy in case of zerovalent Pd(PPhs), which was
originally used by Jeffrey et al. (supra) with extra PPh; added to the reaction broth. The
general mechanism of Pd-catalyzed deprotection in the presence of an allyl acceptor is an
acyl group transfer reaction (transacylation), as is well known in the art. Hence the choice
of allyl acceptor reagent or scavenger is likewise important for achieving quantitative
deprotection under mild reaction conditions whilst avoiding unwanted side reactions. A
suitable scavenger is any nucleophil such as e.g. morpholine, dirhedone, N,N-

dimethylbarbituric acid, methylaniline or thiosalicylic acid.
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or treatnment with tetrakis-triphenyl phosphi ne
pal I adium (0) [Pd(PPh3)4] in THF at essentially
waewsnsd4stondi tions in the presence of a nucl ePQITEP®05/010133
such as e.g. norpholine, ggdone N- net hyl ani | i ne,
HOBt, borhydride or N N -dinethylbarbituric acid as an
al | yI acceptor. Variants of said methods enpl oying
Suitibfef cmltadmc aboends of Pd@)tcompleagmp@éerddy elrenu@ i @nmmcalmt af 0.005
pH sensi ti Vi or _hand| e
ca. G859 sl e cHEBEet i o Forh PEEabb e g ah Fgut of 001

up @4 yle q S04 R6 he pRefehBraké MseANR a8 enduat §f0'8155eq\/|lip|'to 0.07 eq.
al 'yl “group Teactive pal I'adi um conpl exes, &r ef erably

of wtalystpdlt@eraiﬂme@qt@g te@p@qagyrgm in hptw@e@dplf o .umere preferably in
| phosphite, C3-C10
bet‘?’??%#@’ WS Eq’ﬁ]btlg oa'rbo%1 {r?dagl Bospﬁl ne or

tri heteroaryl phosphi ne |igands, wherein said aryl or
het eroaryl may be further substituted with
In epedrefsred cwmhadimenupk the prspitsInyention, \arainerberang  Ggoplexes are

em%ﬁgeed %gge%ﬁ? LS}éto}Q: %)glngﬁle%lﬁ@r QH}SIC@E@ og'ﬁcgtﬁth%‘ AR Q% the nucleophilic

allyfl lg&éd;ﬁﬁcasbﬁgﬁt iab deefibed fh Cﬁilne@EMaitlh)dt al.p¥. e@ha&mb$gc Perkin Trans.

TR T IN TE Ce T
of a?xlﬁﬁ?@m%@ ct)fngﬂﬁgiaﬁaﬂ 1 Eigwﬂﬁ s@ﬁgﬁgéfé T5leA@ng on tﬁ@é’x@ct composmon

prefera nonoval ent "l | gands. ough
of ’dhb ean;oad: hﬂnht)a i1 dmrqn:lrrq)les hpghecﬁoewatsiop 1atee amngozqﬂa Ivelatcﬁhgrh reaction

timg €1 e Biatee ofoFp SR UNCor ROl MGG or N2 BH

QuseARhPHRHes RAENISPHORAhE BREHTISRIHLE Y ESuIRBR complexes, whereas
prefeéerred. USI ng tetrakis

the (apring e isha pripraty erseapdapy piephaming|or may phammonia. In

an ggﬁl?qg g%vﬁgrlﬂ(gr%ﬁ%e{e%f%a{%ﬁg {ngeir ﬁalcgfé(\ﬁg Q:g% Cyze&) rallyﬁﬁé})gotection is

carfifd SutdaseyhyRirddilyfol ysisras pﬁéﬁénc@ lof Metgdride Aph@xenyl-trihydrosilane
0ssi bly having both tri-phenyl phosphi ne and

PhyiH; -or dungiopp perbepresHberept ih ais apwtippRalas orgre splvept sych as e.g.
dlcﬁﬂ?o—methane, as has been essentially described by Dessolin et al., Tetrahedron Lett.

1995, 36: 5741-5744, New allyl group acceptors for palladium catalyzed transacylation of
allyl carbamates. Preferably, a phenyl-hydrosilane reagent of the generic formula R1-
Ph,SiH, is employed as the allyl acceptor that is usually in excess of at least 1.5 to 2 eq.
wherein R1 is a substitutent at the aromatic core and is aryl, alkyl or aralkyl, nis 1 or 2 and

m is 2 or 3, most preferably where the allyl acceptor is PhSiHj,

Both phenylsilanes and suitable amine-borane complexes allow of rapid, complete
deprotection in the range of < 1 h, typically at about 20-40 min. Accordingly, they allow
mild and short reaction conditions. Other allyl scavengers may require considerable longer

reaction times.

Though technically perfectly feasible reagents, it must be mentioned that both classes of
above allyl-scavengers are noxious reagents that may raise concems from an

environmental and working safety point of view. In another strongly preferred
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present invention. As conpared to triphenyl phosphi ne,
nmet hyl phenyl phosphi ne |i gands and especially the
W0 2006032461 y| phosphi ne | i gands i nprove the cat aPg1/ER2005/010133
reaction rate, further allowi ng |lowering the total
anmount of precious netal catéﬂyst used whil st
mai ntai ning optimal yields. For reference to
embddi@ent dhal ip zpeottiailanyy atiradtied forl Oxdysteieb safle otanofacture, an organic

sulBIHBES% a6 258X aff Binh asutar Tius (Fiopiret a, Derofegton of allyl
grodp§ Qvifle g iRiceaciidame piIRatuny c&t‘dﬁz‘sp FaOfe! Opdde1997 6b 08932 8936).
constitute the conpl exes of the present i nventi on

Sugpsistglh an dee @a@fmry@ﬁ the r@rwmtu,nvm‘iwas ythbyfemtwn raffoive $>grtlcular high

rdr dcaonpl.exes ep
prqsdrhglgk%é& ot y esgn nﬁebéﬁfyi 8{1%[ ‘ﬁr ts gbﬁﬁ‘ﬁ) %ofmd the mild
reation abbwliatsal Yﬁhm REPbexesctapatt 4 sl NRiLSbERREE-Yulfinate, 2-
preferred Pd(PPh 3)4 are: PdC Zf PPh3)2 / PPh3 PdC

Ippﬁsg,r)l pgte, ppeyrghg-sufinatepq priglyjspifinate Po| hairggymethansulfinate (also

kng\grﬁ g ﬁ%{%l ()({ % §8§1H %zég%l&;ta% |I§ ?‘2?%‘{9‘9”3}16 trﬁd1t1o%a1 trivial name for such

sal3d{aihg)begn Eﬁﬁfaﬁﬁdahydé’siﬂmyl)atez) /Iﬂ’l(a@fgdnlic éhlﬁﬂd'ehleRpSﬁ§' §oCRiI-S(0)O,
of Je coordi natin nronrc sic |igands such as
TOSREGLLY fi IRY nGPPPIIS, ABYri HiRS ef‘@'&eHu%thtng"ﬁs engapiy fosidue, alkyl,
a 0 i
PUNTDY, REASIYE St SIS B66%e & (10 MR 1Pkl te dfled o its sl
or guiltfathe Bvepeht ng%\?mts afummfeRhg nocledifldlionjoidies in said sulﬁnate is

possth PELEH oo Rirlri. Bty o R Phmeh i BT gl Ri i

an ®pREFAIB/ ﬁrYth‘éf' SibstfIGDpngh FAGiRE ¥R Sesdridty RO asRIYId6r multlple
pal I adium conpl exes fromthe start - this option s

alkbs @Heetyplih onsddyBitotaiadnphagl Fmrhcel) anhinon pefersbly is

ph%é{?.i%!})ﬂ%g t?fﬁ,t %Eéfcla]rgf {og 1 sgtcﬁ‘ su Wél ea g#gmg s%se of* tri-alkyl or
cydiestkphesplofes Bgatbécahplaad “ﬂ&pgdbﬁ@@élﬂ.@ fin haditiGketoPthe SRNE Preferred

of an allyl acceptor is an acyl group transfer
mq‘ﬂ&bﬁh"éﬂh@?%m@&é% ation), as is well known in the
art. Hence the choice

The lactamisation reaction is carried out in an essentially similiar manner to standard
peptide chain elongation reactions in the presence of base-labile amine-protection groups
such as FMOC, except that the base labile group is carried on the same peptide rather than
adding a further N-terminally protected amino acid as in chain elongation. Of course, the
same chemistry may subsequently be employed for further chain elongation in an optional
step d. after cyclisation and deprotection. Both lactamization and chain elongation require
a coupling reagent and eventually a coupling additive, depending on the type of primary

coupling reagent or auxiliary.

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; also see
discussion of role of coupling additives or auxilliaries therein). Coupling reagents may be
mixed anhydrides (e.g. T3P: propane phosphonic acid anhydride) or other acylating agents

such as activated esters or acid halogenides (e.g. ICBF, isobutyl-chloroformate), or they
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of allyl acceptor reagent or scavenger is |ikew se

i nportant for achieving quantitative deprotection
waree3235T d reaction conditions whil st avoi di NnBCT/EP2005/010133

unwant ed si de reactions. A suitable scavenger is any

nucl eophi | such as e.g. norpRoline, dinmedone,

N, Ndi et hyl barbi turic acid, nethylaniline or
may Me%a%l dctiijlhi'désf & .d 1 Sthiyl-3hB elimathgl ayiiheprapyipoarbodifmiddy, Qetivated

conpl exes .preferably are used in an anmoun f 0.005.
benggiingige gor Ay GAERBYo b UETESRPaT B bl 2e; bigpgazine-43ED

F&%{]fﬁp& & 531t 86D fzrifbrup to 0.1 eq.

°“"Z¥’ cata yésﬁ{ﬁ{ ngst preS?lerabl y g%]aefﬁ&se%n%o an amount of

0.015 eq. up to 0.07 eq. of catalyst. Preferably,

reactjon te rature is.in.between 10:600C, nore . . .
In VP87l 35 G HelHo PR IPoSRIS 8 and roeiEctinnofegiugh Fypogization during
chaﬁioel%%ﬁ&)g?mow pRIER! & @5 € SUPRY PRPENtQl sbiRe@ R Me group

I nvention, anine-borane conpl exes are enployed in at =
consistisg ofl wHniun Balfsoind Phosplhwsiyse saltsl dfienteiriezdl sapabie phactivating a

o MECr R RE LTS S Bl 950 SIS ohceora ase
Suif2®lddnd [HitswiSo prefebrABxamg s bf ddctduroMant\bt SfoshRsHIGH &bMpling salts
protection in solid-phase peptide synthesis - use

areani ne-gbor andBdéhpl exél1Hdearatiipzole-bup-NabdeAdpgam ot{lyluronium
re RO PL, K OIS 180, S LA BR OB honium

he)@ﬂgﬁrbﬁi_(g@hﬁbpn t PpBOPan (Benzenlazaled - ylfaxy-tripsiralidiaoptiosphonium
t - Bu- -BH3, Me2NH-BH_or NH3-BH3. Quaternary .am nes
hexgflaoreRbsalE) { B ORe AIELEn: (CHe-Aribicsm bepraliippiinl8)-1,13.3-

tetrﬁﬁ%%ﬁ&ﬁm%@@&o&ﬂgsgﬁt&? e e((%g glf- ARk dbeRzotriazole-1-yl)-

primary or secondary am ne or e amonia. In
1,1 88-teametigylyromiventetrafleorpbarhte), TEATE O (i-ambenzosidzdl-1-yl)-1,1,3,3-

Pd cat.al yzed allyl-d t j ' i ed t
YL B y e e PRSI G ched Cor LB BEREEE RI ™1 133-
tetrRReMylurddibdy dr osi | aneeRiRidibtbra), f uncti onaltoTy (O-

derivatives thereof irn an aprotic, polar organic

[cyswi(etboxycathonyBmethydgneamino]-N,N,N’,N"’-tetramethyluronium
tetrafluoroborate), HAPyU (O-(benzotriazol-1-yl)oxybis-(pyrrolidino)-uronium

hexafluorophosphate.

Preferably, the 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 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-diisopropylethylamine), N,N’-dialkylaniline, 2,4,6-trialkylpyridine, 2,6~
trialkylpyridine or N-alkyl-morpholine with the alkyl being straight or branched C;-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,
is also known (see Bodansky, supra). Their use is particularly preferred when employing

highly activating uronium or phosphonium salt coupling reagents. Hence it is further
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di chl or o- met hane, as has been essentially described by
Dessolin et al., Tetrahedron Lett. 1995, 36:

WG 7008/05447., New al |l yl group acceptors for pal | Bdi/EP2005/010133
catal yzed transacyl ati on oflﬁllyl car banat es.
Preferably, a phenyl-hydrosi'fane reagent of the
generic formula R - PhnSiHlnh is enployed as the al

prefatrcé phamhetchaplmgremé pditivgisaxwelseplytic hvdmém@mmmglf{ ggpable of

fOHfE](Slg ea(gwatee;igesg?r% mog? %/?fégar%tl}é :hah%lnt af tac CP (? ﬁl&cqg%thﬂfc N—hydroxy

fundtfondviRdreid N ¥aafidddbrel BI-abil ¥r Mylesubbtﬁuﬁmtﬁidtzeﬁﬁ aaEdt keftrably the
PhSi H3. Bot h hen){'l si |l anes and suitabl e am ne-bor ane
.f

couplmg |aéd<1é§e ali§ o 18 dewdoené%ﬁw%td@rla@p\feomchhaﬁmw bemotriazol
denxgtn\%s qr it ga}n 5 N- hS' ﬁ%th&lﬁéd d%ﬁ% be. 20cf Qo lﬂlg additive N-hydroxy

ort

confpagdd hewSbeddl &lkfsbnbéd i W@%@@&O&nﬂa&PM&QuﬁSﬂeand the respective
consi derabl e | gnger reaction tines. Thoug hﬁ%ﬁ ni cal
%)

dlscri@%uree@t ingorparaisHiarefaaRps ieEeto | KXales B8 e S pyeeinimide,
hS'e Lo t’ A ﬁ?ﬁ'ﬁ]{ooﬁ -0209VE3 BkhlriSaRY €Nger FI80DB)0X1 0US] hydroxy-7-

rai’se concerns froman environnent al
azabeidotriardle I Ozt emleﬂdeX}elﬁemotemzolb H EMEDY. thhysltmxyFi@ﬂnyomazme
e S g L el Sl BLLAEE LR o
rea%éﬁlt p‘fgiélﬂﬁ;ee id Sh})dﬁﬁgf 08I dRd-Uidxo A DU ALHERIM, T %ﬂﬁﬂﬁlum salt

et al ., Deprotection of aIIyI groups with
conmq:luﬁdmof:coalplmlg additlvepadre koo umand theiryese, m Souplpggehemngi has been

7 62, 8932- rpr|S|neg in the reaction of
desflﬁ pfol Lsance H*/@ﬁtélle% S lit his reaction allows

partlcular hi gh product yi el ds, possibly due to the

stability of the adducts thus fornmed and the mld
In ﬁmﬂa@t pritiedady prefersed anbadimen, e usepipmenr @hosphonium salt coupling

rea%eﬁli? %{1 %rgiu tgaﬁzbr% éel‘r:@ Gnd E)kéi‘eﬁﬁyl ndl—t%(e:TU’ TCTU or HBTU and even

enesul 11 nate, enzene-su

motb ﬁr@feydb%uisfm&iiirﬁthe redeyichi xyombiharmukith nlammém 3 d-dihyiso-4-oxo-
maof its sodiumor zinc salt as Ro % %érg
1 2{3@@9%@1@ gharali theggod This gabediment ispnainly pre err r 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 cyclisation.

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 compounds 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.
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 the ‘guanidium-type subclass’ of

uronium salt reagents according to the present invention.



sal ts having been fornmal dehyde sul foxyl ates). The
organic sulfinate R -SQ2 (or R -S(O O, respectively)
woreyeosIpT i se any type of further substituted PCTEP2005/010133
resi due, al kyl, cylcoal kyl, aryl, heteroaryl, or
aral kyl (cf. Honda et al., ddpra). It may be added in
its salt or acid forns. Even the presence of conpeting
In MfietheppdititilgrlyPietirtedsembodi@bst, ftlchiisatatnly asqdofes thel lactamization
t hough | ess preferred. E%ﬁferablY, for optinals%jelds
reafétopaawa@r@l,m& Fagqhds & Rhosphopiymagaltfithebepzpliagel upk ps e.g. BOP,
Pﬂ?@pﬁfb&ﬂb@q phenyl radical, nore preferably is a
single’or nultiple, alkyl-, alkyloxyalkyl- or
al kyl oxy-substituted phenyl radical, and nost
5 Depsg)ggﬁé,t? g} tﬁg Iggs(gﬁgglrﬂyﬁw x légeyc!g{rré%r%{t glﬁ)b’glélﬁaglz ggle 1%1' tlhg art, e.g. with
of Fib l; & inphosphites |igand conpl exes
zoéﬁkﬁﬁgg%dng{%ﬁ%Q!R?hhggg?tion to the nore preferred
triarylic phosphi ne conpl exes. The | actam sation
reaction is carried out in an essentially simliar
manner to standard peptide chain elongation reactions
A fufthdrhbj % 88 eRGRewht hReRidARid @cﬁﬂ‘p@llﬁidé_rdltmﬁﬁmla M @f OURASving an
such as FMOC, 'except that the base |labile group is
10 Noghat iy prgtesiedotith askase-lgdlstrrefiectian grevp.t han addi ng a
further NN\termnally protected am no acid as in chain
el ongation. O course, the same chem stry may
subsequently be egpl oyed for further chain el ongation
in an optional st after cyclisation and

deprot ecti on. Bot ctam zati on and chain el ongation
require a couph

ng reagent. and eventually a coupling
additive, (d ndi ng on tjke type of primary coupling
r eagent o[(ﬁﬂgiliary. Coju ZF reagents for peptide
synt hesi st g in
Synt h
99
O

h re | -k e ari—(see Bodansky, M
, Principles of|Hepti i's, 14and ed. Springer
VeH\%;\Ber ' e fe %f al zfe
N N
H
Ol Rt Jx Re Jg
I
O
HJK
N

o, [ on),
@)
H H
Y N N N
| N H A
Ol Rt Jx OL gre Jg
. oI

wherein Y is the base-labile protection group, n = 1-10, preferably n = 1 or 2, most

15

preferably n = 1, further wherein m = 1-15, preferably m = 3 to 6, most preferably m = 3,
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di scussion of role of coupling additives or

auxiliaries therein). Coupling reagents nay be m xed
w@anmivgasiddes (e.g. T3P: propane phosphoni ¢ aci dPCT/EP2005/010133

anhydride) or other acylating;agents such as activated

esters or acid hal ogenides (e.g. |CBF,

i_.sobytyl. -chl oroforrmt e) be carbodiim
further gvhereip oy | 1-Z00 2pded 7 Qﬁ% &%@%ﬁ%m )R%S?"g'o%fﬁ wﬁa@n,denﬂya a
t
ol R SRR o i AN ERLBHLY Borb - WHIbh side g frther may
compeje Gr pm‘tecmomrrgmup pmﬂapﬂmn exeeptiar tofd elﬂylvthen \aeé adlyloxycarbonyl
prql%enzot ri azol of the best

SRR i Sherer SR e PO bRl r P S opfionally R2 may

alsd Wel NeahAiifd BahhPNor HOH-Batal HEV R itRerbdTalhitR&ide chain is
coupling reagent is selected fromthe group consisting

bomdedutomi tesins af tresimiynglsosip hamn icther,stiieethesf egfen Abioestaz gimido or

seRBRY o itipAcn RS mahd Sl BEa R b AT SebiifE bR e srowp
comiéiig cPOH,ARS NMRUH 6/ 1982 PORF 2 WlﬂﬂRﬁXﬁﬂFR’Qi’oeﬁfg 88 endently

uroni um orB?hosphonl um coupling salts are . TU
Ci@a ¢11q11b@1dz 3 being| aeprotaptipn (groypnpther thastar At %}q ercspiiQmrof allyl

é’ zr Pe[b;’g@ﬁﬁ@iﬁﬁ)?ﬁ%té%’utylo '& nta ret ﬂrophm},o) phosphoni u

m hexaf | uorophosphat e), PyBO:’
(Benzotriazol e-1-yl -oxy-tripyrrolidi nophosphoni um
hexaf | uor ophosphate), PyAOP, HCTU

A i@ @hbh%ﬁ ugﬁ&l he Q&ﬁfgﬁlﬁ%lg _hos gz?t ko E)éc%é%ed so as to refer to a

t et r anet roni um hexa ate),
singld- tyiﬂe&fcmptmnalbye praieoted 2o Iaelgll gide chain; that is, each residue RI(1),

nggl’(ﬂ?d 3‘2 f,ggltéirqg ng u.ﬁ]lﬂg}{e%?”nl}farm t c reaggln%oe{soak%qeas e%e other res1due The

TATU
SR AL s

tetrarrethyl ur oni umtetrafluoroborate) TOTU (O

ano(et hoxycar bon .met Ieneam n tetra
Th%tr% LP& orﬁf,lﬂﬁa{@]{erc pﬁng%) 605 gtrgsly 1 E,b%'alehée aﬂy resin empfnyed for
syr(t@eié} e0ewhs iferz@lambley b poK¥hir&reldyinkDleh£bnd @gsinl 2 Ms¢tiTby Merrifield
along with hydroxybenzyl-phenyl integral linker moieties or by Wang with hydroxy-

benzyl-p-benzyloxy moieties, such as for example moieties to which e.g. more acid-labile
linkers may be further grafted, or alternatively the latter linkers may be integrally or
directly linked to the resin. In principle, a solid phase resin for use in synthesis necessarily
comprises at least an integral linker or handle which is part of the solid phase core
material; such linker or handle may be considered as an immobilized protection group
(Guillier et al., Chem.Rev.100,2091-2157, 2000). Examples are e.g. Sieber resin, related
xanthenyl type PAL handle resins, Rink amide resin, Rink acid resin, more complex PEG-
grafted polystyrene resins such as tentagel-based Novasyn TG (Novabiochem, Merck
Biosciences, Germany) which are available with different grafted handles such as 2’-
chloro-trityl, or resins that are constituted by grafting functional handles onto matrix
material such as silica gels. Preferably, where the resin is a trityl resin or resin handle,
such resin is a 4-methoxy or 4,4’-dimethoxy-trityl resin. Resins as used in the present

invention are of standard mesh size, which is about 50-500 mesh, more preferably 100 to
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hexaf | uor ophosphate. Preferably, the base reagent is a
weak base whose conjugated acid has a pKa val ue of

wWo e@apda7 7.5 to 15, nore preferably of from pKaI/EPH0$/010133
10, with the exclusion of an a-am no function of a
peptide or anmino acid or anmildo acid derivative, and
whi ch base preferably is a tertiary, sterically

400hinBgle 1 deshiion 8olidEphiRe| °S° af slsovah irafudniuly I\hes" tpbetetstadd as to
are Hni ghase 1&,. N, N- di i sopr.opyl et hyl am ne

comppriYe - & CEASRYIE polymerio matgx tmatswywbvhula%h ke bpupd to the handle

" mo SV [+ rﬂlﬁla@rI\}\lical\}iylb 4P Be! ?{11’{& BP cﬁaﬁcéill)kffﬂert alkyl,
skl kA

stralg branched
alk}dbﬁff airgbky ot ilky]&stbf spatdnor hiok rhahicines to e coﬂldldeaiethm integral part of

R”Co qugqv}qélltrre t hi/chyr I gehgg%}pqggﬁzé(ggg%g&gg %xp l;fon(alfcions of cleavage
ﬁoﬁat‘h&'rgéiha e(gheﬁﬁ’éé@ g 8 @ﬁet le¥BSmaferibngnd ﬁf‘é_ﬁhl’:lhlﬁ? fle chemical

1S a known (see Bodansky, supra) heir use
natms @%utha hanhdie | groyyr ety well nﬁﬁlgmcenﬂhﬂwtmgeﬂﬁmgnb}y of coupling and

e T R R BSR) SPF) ERUR s o

pep‘ﬁ@b’ Rk itRQ of 88:9E @fag@ fyt diYRr ldepehdiiChe eyl Gf¥slh @ tesin handle
onpound capabl e of form ng ‘activated esters, nore

emplloetda Falp Ithyis m@squ gnan panﬁm emhqrbn@nbmcptdeng\toﬁm pERRgnt invention
function wh

the g o1 ot e 26,15, R T e Bl Y L i fy e, more

prePéi&’dly 0¥ Gorinful@ VII-aY dhi ¢k YrdfeaBlgtafi faﬂﬁlllla dHI kaS/ &ttl fygh (uo the claims in
roxy-benzotriazol derivative) or i
detml héé! [ eRelt Fesisi acwB hiapdies ¢ (4saeqh0whlew1}r§wthyl- and (4~

B RS, Bk e, P3G 010, i
in Os or N-dinRageatoethelyeptidd arcdety eand etheit PEC=xasimp ﬂﬁWaﬂW%, aresg)ectlvely

N- hydr oxy- succi ni
Furtkgar EXRRRES g &8 ﬁ@dgwﬁ’%r%g 4}%%(1]519[A Testn (Sleber et al.,
1983‘72}_&&?@% rlhﬁ%fp he, é \ )i dUdhi NV RIME 2o 1BER 8P RIKAZR] Rsin (Rink et
I oxy- b izotri azi ne
al., 1987, Tetrahedron Lett. 28,3787). The term ‘acid-labile’ refers to essentially
quantitative cleavage in 2-10% TFA in dichloromethane at ambient temperature for at least
an hour. Surprisingly, using such preferred resins having the diphenyl-methyl structural
core motif allow for more efficient coupling reaction during linear synthesis and
lactamisation; notably, such resins also allow a lower reaction temperature of 15-25°C as

compared to the standard 40°C required for efficient coupling on e.g. tritylresins.

Preferably radical A (as given e.g. in formula II or IIT) comprises a resin handle or resin
linkage moiety with the exception of resin handles comprising an allyl-oxycarbonyl

moiety. More preferably, such resin or resin handle is of formula IV

L

A0

" Rlll
R 2 Rll3
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derivatives are particularly preferred, in a nost
preferred enbodi nent, the coupling reagent additive is

Why@e 03458, 4- di hydr o- 4- oxo-1, 2, 3- benzot ri azi nePCT/EP2005/010133

Ammoni um salt conpounds of Cﬁypling additives are
known and their use in coupli’ng chem stry has been
descri bed, for instance in US 4,806,641. In a further
particularly preferred enbodi nent, the uronium or

pho m [ r tn i

LSRRI SeL ARl RS TESRG o ST, Afbbgon, .,
mor gikpr &f @ aJp hl]cox)a ang e@hyl be thbearheac ﬂllfﬁ:[’enlt withathd prodisi®that only
wi th N-hydroxy-3, 4-di hydro-4-qxo- 1,2, 3- benzotr|a2|ne

or nesel K LRPaahY beiydrogsbgad mdisrein i ISRFNESP peleHeRifiggen or is
for hai n el ongation step of peptide synthesis
aft%¢5?83%0§| of the base-Ilabile Na-protection group,

but may as well be used for |actani zation reaction

during side-chain cyclisation. In the context of the
present invenki®n, it is to be noted that HCTU and
TCTU are defined as to be enconpassed by the term

‘uronium salt reagMeO.de conmpounds
and possi bl e anal ogues | pbeen”sho to#%vnprTse an

i sonitroso noi ety rathes an uronium bi ety by

means of crystal structure analysis (O Marder, Yy
Shvo, and F. Al bericio "HCTU and TCTU. New Coupl i ng

Reagent s: Developnent and Industrial Applications”,
Poster Prese

AGH RFhTITR S EBEL 14 HERrEGh f RER OB Bds i Eugype v the dbove

gi 4éMEtibnsS port@diRagURN dRUM il RCD Lﬁp@lyuggs @@ the! Probfi® that L is
present context, such class of co S is terned the

"+ geelentet fiomithparoup sensising of pxyge@mnd RIERCR, r eagent s
according to the present invention.In a further
particularly preferred enbodi nent, which is nainly
used for the |lactam zation reaction, the coupling
reagent is a phosphoniumsalt of the benzotriazol such
as e.g. BOP,

R"l

R"1

R"z VI

Again even more preferred is that the resin or resin handle is of formula VII, the above

definitions for radicals R’”’, R>’1 and R’’2 applying with the proviso that L is selected

from the group consisting of oxygen and nitrogen,
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PyBOP or PyAOP. Deprotection of the base |abile Na may
be carried out as routinely done in the art, e.g. wth
wWQOoMspo33seT i di ne in N-nethyl norpholine. A furtP€r/EP2005/010133
obj ect of the present inventkﬁn is a cyclic peptide of

formula Il or |1l having an that is protected wth

a base-| abile protection grouEﬁ,II in wherein Y is the
base-| abil e protection group = 1-10, preferably n ="
1 or 2, nost preferably y , further wherein m=
1-15, preferably m= 3 ¢t nost preferably m=
3,further wherein x = 1-288/and q = 0-200 wherein R

and R2 each are, indepexadently, a natural am no side
chain or non- natu#al deNvative thereof, which side

chain further may c I ge a\protection group with the
3l | yl oxycar bonyl
herefn Ais aresin or resin

exception of allyle
protection groups, and

handl e or wherein optionall yY\R2 may al so be a natura
am no side chain or non-naturRl, deriyative thereof

whi ch side chain is bonded to a resin or resin handle
via an ether, thioether, ester, thioester am do or
secondary or tertiary anm.no npi.et th the provi so

In 5 futher ek morﬁgvr%féwr@%@rébo@msm ttﬁép@ffwﬂ tha ks | b i} Hpres where X is

bes @?Qg ngﬁ% g'rlyagwlg]e&l%e thpxg éﬂogy i % {79 frdFicfo that only one

prof RE1jR3I12 pap bp hgtitogen,tand nwherevX tismitlogeng xmdgtelndentblf are methyl
al |yl oups, f er abl R 3 be| tert b v
o et apHEREY S sttt e mive Bistre g here X g oygen, R1
eXRANBIRogRh( 2tk 21 8 Mehyl 6 BRIKRYSIIUSHrEBIAA ‘isoarr%&ﬁror resin
to a’single type of optionally protected amno acid

si iandésh Most prefiereblys R’ @de metlsdi due R (1),

~ Most preferably, the peptide according to the present invention is carboxy terminally

coupled to the resin or resin handle (A=resin or resin handle in formula IV).

Preferably, the peptide’s sequence according to the present invention is Ac-Nle-cyclo(Asp-
His-D-Phe-Arg-Trp-Lys) or Nle-cyclo(Asp-His-D-Phe-Arg-Trp-Lys), a lactam bond being
in place between the Asp and Lys side chains as shown in table 1. Said peptide is a
pharmaceutically active melanocortin receptor-specific peptide useful for treatment of
sexual dysfunction, including male erectile dysfunction and female sexual dysfunction in

humans.

In another preferred embodiment, the peptide’s sequence according to the present
invention consists of or comprises at least the partial sequence cyclo(Asp-His-Phe-Arg-
Trp-Lys), wherein the Phe residue may also be substituted by D-Phe, or the respective D-
or L-isomer of pF-Phe, Phe(4-Br), Phe(4-CF3), Phe(4-Cl), Phe(2,4-diCl), Phe(3,4-
diCl),Phe(3,4-diF),Phe(4-I), Phe(3,4-di-OMe), Phe(4-Me) or Phe(4-NO,). These
modifications with non-natural derivatives of Phe modulate pharmaceutical activity of said

peptide. Likewise, in the above sequence, the Arg may also be substituted with D-Arg, or
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15

R (2), and so on may be unique or nay be the sane as

at | east one other residue. The sane applies of course
wo eooeast4sal s R2(g=1), R2(g=2), and so on. The PEFEP2005/010133

resin handl e conposite entlty may in principle be any

resin enployed for synthesis,” such as for exanple a

pol ystyrene-di vi nyl benzene reS|n as used by Merrifield
theakgregtivé Th dryldisoxye e AtgOen Wrg(Tusp ghm(PHf), nke(Mtr), Arg(Me) or
Angglegles or by Wang wi th hydroxybenzyl - p-benzyl oxy

P&ti es, such as for exanple noieties to which e.g.

nor e aC|d | abile linkers may be further grafted, or

alternatively the latter linkers nmay be integrally or
Thelargedné yidbichkiadna}obet prefarady eovalenthyr protsicisdaluriag sphthesis e.g. with

hase resin for {n synt he |s n sari | onpr i ses
tos@t | eastPRAYIPRYG EP' | i nkerPBHMH élﬁ}a ?’WW qugng rt of Fmo),
perkﬁﬁetﬁﬂhir@dwb@ﬁ,%fﬁﬁhﬁnmpp f(Pl@ﬂg 4SHEfRoky-DRE-trRfcthABE] 2Bnesulfonyl
be considered as an i nmobilized protection group

(M(r} ad fisietbuek 3,é16-tetr@hethy1Fanq199uezG@11), 2ad&manpdegicarbonyl or Boc.
E R L ey A

nore conpl ex PEGgrafted polystyrene resins such as
t ent agel - based Novasyn TG (Novabi ochem Mer

Treisqeicede protesdechdyrng symthesisavigh Begi Oamr@llw ﬂ pnay be N-protected

| . s such as 2'- chloro-trityl,

Wﬂggér s1§én9£§%%§%%3@%%®?ituted by grafting functiona
handl es onto matri x material such as silica gels.
Preferably, where the resinis a trityl resin or resin
handl e, such resin is a 4-nethoxy or

r 1 [

B DR i Do ¢ iy Plcect R O, SprSRaLs s preferred,

it nad:ydmlﬂwlm pmeis¢ied withd3ogy metylitityy o1 ®8yk 0400 mesh. A
resin or solid-phase R" as shown in fornula IVis to
be construed as to conprise a crosslinked, polyneric
matri x material which may be bound to the handle
noi ety specified in fornmulas IV to VII by way of any
kind of chemically inert alKkyl,
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al kyl oxy, aryl oxy or al kyl ester spacer or |inker which
is to be considered an integral part of R'\ However,
WO poosisa4bT be noted that apart frominpacti ng PEGIEEP2005/010133
condi ti ons of cleavage fron1{he resin, the chem ca
nature of the resin materiall&nd in particul ar the
chem cal nature of the handle group may wel |l influence
Expemiientsi c ef fi ci ency of coupling and especially
| actam sation reactions in a yet poorly understood
fashion. The yields of mature peptide at the on-resin
A RlIBIFrofRYedFMEC-RRRINEF 1 geptfae CAL-XIE o (A8F IHs-P-Phe-Arg-Trp-
resin handl e enployed. For this reason, in an .
Lyg)r efdrose prepepiicsi werst desedaddion i@ O 1¢009284 esewn prominently to said

invention the resip or resi.n.handle is of fo lLa |V
pens QU SRY P et Aw Ty ShibeBfed GRRE R, Saotu? Shilufuiybgtystyrene
resi, dndrpitdedsed! aceBidlinEOS tthddpresedt adventicH asf MoWlid tabld 1.aN-terminally,
set forth in the clains in detail. Exanples of such

in thesifing ¥ep rafsthe reasttnneschame ghovwredhdsblphloriie) seqeensg | is FMOC-
s PPA, PR T VRO V815 TSR0 sl apa,

withHbuikikad@kecliaing Jneh pepii Aex(PibY) ptotrudiig ihbeiweeRFa-the &bl below, Nle

. derivatives, respectively. Further exanples are e.g.

is NI{¥cingpi | e HVPB- MBHA 0 HVPB-BHA resin (Sieber et al.
1987, Tetrahedron Lett. 28, 6147), acid-labile Rink
amde resin or Rink acid resin (Rink et al., 1987,
Tetrahedron Lett. 28,3787). The term'acid-|abile'
refers to essentially quantitative cleavage in 2-10%
TFA in di chl oronet hane at anbi ent tenperature for at
| east an hour. Surprisingly, using such preferred
resins having the diphenyl-nmethyl structural core
nmotif allow for nore efficient coupling reaction
during linear synthesis and | actam sation; notably,
such resins also allow a | ower reaction tenperature of
15-250C as conpared to the standard 40Q0C required for
efficient coupling on e.g. tritylresins.



Preferably radical A
I1'l) conprises a res
WOWRa0k/083387 except i on of

(as given e.g. in formula Il or
n handle or resin |inkage noiety
resi n handl es conpri si NBCERP2005/010133

al | yl -oxycar bonyl nviety. re preferably, such resin
or resin handle is of fornmuld | Vwherein R" is a
resin, and R'l, R'2, R'3 are, independently, hydrogen,

Table Icmodekydptide a@if@@ﬂtlfmmyay and may be the same or
different wwth the provisio that only one, of R'1, R'2

may be hydrogen, and wherein L is oxyg sglfur,
nitrogen or is of formula V Again eveﬂ eypreferred
is that resin or resin handle is of " la Vh fie”
above definitions fo adi cal "N H and R

r
QJyso t s selected romthe

applying with the

group consi sting
more preferred™ i t
formula VII1, the abov
R'I

nitrogen,In a further
it is preferred that
i ndependent |y hydroge

where X is nitrogen,
nmet hoxy, preferably a
then, X is oxygen, R’
or nethoxy and pr ¢f er
handl e. Most e
preferably, the peptl

i nvention is carboxy t m

V). Preferably, the

the present invention
[o]

d%;gﬁg?%gﬁr

and R'2 appl yi ng w{T]

t -.
e deftlons_fo dlga s R"
»-e provi so

5t ing of @ gech7<and
7 e |preferred enbodi nent,
R'2 ar e;0wiere. Xog-&sigkygen,
methyl r methx with the

e
R
n,

|ndependently @r&,

re methox br e pr ?erably
| is hy ge Hand R'2 i$ nethyl
aQI resin,or resin
e aceey dlngOto he present ”
ly couple % he resin
esi n han [ ormul a
p S sequen according to
i | e- %y@doé)l(oéﬁlﬂmn NMP

rH

Fmoc-NH/

o]

1) 20% piperidine
2) Fmoc-Nle-OH, HCTU, DIEA
3) Ac,0, Pyridin

Ac-NIe-NH

‘{0
A

.z% E
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Hi s- D- Phe- Arg- Tr p- Lys) or
Nl e-cyc/ o( Asp- Hi s- D- Phe- Arg- Trp-Lys), a |actam bond

wheing3i4n7 pl ace bet ween the Asp and Lys si de cPei/BEB2085010133

shown in table 1. Said peptide is a pharmaceutically
active nelanocortin receptordspecific peptide useful
for treatnent of sexual dysfunction, including nale
dr eadliyl/allely dépriotdction ofi2«CTErasdin conpugateddpsdelpeptide in
humans. | n another preferred enbodi nent, the peptide's
sequence according to the present invention consists

f I e [:.S
?ylcﬁo (ﬁmﬁﬁe%hg’ta%r %ﬁ%_ll_lrl%éaL ;@%C%elﬁe?%uﬁ&%me of PhSiH3 or

désnidoleoramey (Akep be substituted by D Phe, or the

b‘ﬁ]g{)w‘i% W%é?chedd%?tﬂe ﬁ;lg(f(‘ éé)sil gg&ﬁ I?e W 65‘5 5 resin, loaded at 0.44
Bha( 4g)PdTe R ;ﬂr an ﬁx’(@%(cée'd' Qtaruﬁ’@ 96&1&3 ¢HitakiB) After max. 15 min of

Me) or hese nodi fications with
mcwtlmatltmoam @mpﬁm@tfﬁ Meéer@tead’h eltmgdm babtém;gh dhgraneeure wad filtered,

él Vi t Of g?ﬁ‘g c{eg%grgle— gio%% ? t‘% ﬂ} the fﬁq}/nef% za,ways with

Ql!ié éhﬁuermcbfaael 200 ded. 90 filad¥ &(Ne¥ang €l
Ar g( Pbf), Arg(l\/t? tArg(?\ﬂe;b glr%nxrgg(Prr% Thee’g‘?g%ﬁ)e

side chain may be preferably covalently protected

' t ' b I,
YRR MR B sl PR AR K bory
pe nNaﬁahw;bﬁidlwdﬁ@aemwﬁme@ul fonyl (Pbf),
4- et hoxy- 2, 3, 6-tri net hyl benzenesul fonyl (Mr) and its
- thth%n@tm@%?’ﬁyneshonol ogue (tart),

ada arb 0 Pbf, Mr or Tart are
St rgﬁgtéh'%g %?lgg’ay?é?bﬁ‘ﬁgg%gﬁnﬁg Arg, nost preferably
ot S&diftfdietilyIBithidcAbahee Hphydras 0102 N ROANNM | ng
synthesis with Boc. Optionally, it may be N-protected

wi t NMB(Grtyrthes)sym nesi t yl ene- sul f onyl .

1.2 Cyclisation: Lactamisation of side chains

1 eq. of PyBOP and 1.8 Eq. of HOBt were solubilized in NMP and added to the Asp /
Lys-unprotected FMOC peptide in the presence of 4 Eq. of DIEA. The reaction was
stirred for 2 hours at room temperature. The lactamized peptide was recovered by
filtration and washed with NMP.

HPLC reverse phase analysis of the (C-18 column, loading of about 0.1g/ml solution in
0.1 %TFA 70% water/30% acetontrile, elution with 0.1% TFA acetonitrile gradient)
intermediate peptide samples released with 2% TFA from the CTC resin showed that
conversion was almost complete and that >90% of the lactamized, protected peptide

retained the FMOC moiety.
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His is preferably protected by N-trityl protection
group. Optionally, though less preferred, it may be

wo 2doems=s7 N- protected with Boc, nmethyltrityl oPCTI/EP2005/010133

tosyl . Experinments A fully protected FMOC- ver si on of
the peptide Ac-N e-cyc/o( AspAlHi s- D- Phe- Arg- Trp- Lys) -
whose properties were described in WO 01/000224 dr awn
prom nently to said peptide only - was newy
synt hesi zed on different resins, e.g. on
2- chlorotrityl pol ystyrene resin, and processed

as shown in table
?Cé:%t erm d% F&%H ﬁﬁﬁﬂb lh?éﬁ)ﬂ %@%‘ of the reacti on
schenme shown in table 1, the sequence is FMOCAsp

INMOK; dertestionuiss <spurckanm S3s 0o Rl n gy TR

eﬁ@ré Braf carfibd 6Pl 38 rnﬁh g dt réb&ﬁtrw@rﬁ @emﬂ)éiaﬁl@@O‘)C) for 1

low, Nle I's Norleucine. Table 1. nodel peptid
dnmthfd‘dOICeh -Nat(hewgy inPSipssehde ofl 14kl YITTAS kot 3 eq. HOOBt 3 eq.
tectl on of 2-CTC resin conjugated nodel peptide
of Pd(PPh3)4 was solubilized in DCMin the

m&&%ee@mgfofm%l b Boust AEIIGRAIARRhInE vith DMHA thé FMOC moiety
solution was added to the CIC-resin carryin T eq. (35

@y Nig Was reraened with 0% piperifling yin SYMPh and an W-tegminpd acetyl group
&ﬁgc}rgﬁfrta b 1%5 baﬁgn i O@}gﬁcﬁf’fe \Qfﬁtht gllltelg' e%,gﬁag%teel%ﬁ%@ﬂd% %or 1-2 h at

reaction a ure un

nbbéhagaperawbd)| i ng, the m xture was filtered, and the
recovered resin subjected three nore tines to the sane
treatment, always with the same amount of catalyst and

SAE& fi % rgpgﬁ'y fs] 1Je Hetlrfés ﬁfti@é CRACLIREE] GYE! @oba S&H&ﬁ]&ected by
step: res was consecuti vel
wiohtentistaadel Fry Itrepi‘;lrent) [Tihel dotel YiBINR) atc&ylatade Brtamized peptide based on

crudely purified product was roughly determined to amount to ~60%.

The need for further, final on-resin derivatization with an acylating reagent further
demonstrates the utility of the present invention, namely to carry out lactamization in
the presence of but without compromising a base-labile Na-protection group. Using
acid-cleavable N-protection groups such as Boc would have created further problems

here at least for on-resin processing..

2.1 AllyValloc deprotection of Bromo-(4-methylphenyl)methyl polystyrene resin

conjugated model peptide in the presence of an aminoborane

Essentially experiment 1.1 was repeated, using the (CHs),NH-BHj as scavenger, except

for exchanging the CTC resin for Bromo-(4-methylphenyl)methyl polystyrene (approx.

200 mesh, 1.2-2.2 mmol/g) (CBL Patras, Greece). Catalyst was solubilized in

AcOH/DMF (approx. 4:1), whilst deprotection reaction was carried out in DMF (5
times resin volume) at 40°C for 30 min.. Steps 2.2 and 2.3 were carried out as 1.2, 1.3

above, except that cleavage was conducted in 5% TFA in dichloromethane in the
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Di chl oro- net hane (DCM (3 tines) 0.5% DI EA (Hnig
base) in DCM (3 tines) Sodi um di ethyl dithi ocarbamat e

Wo pioas4ar e 0.02 N in NMP NWP (5 times) 1.2 PCT/EP2005/010133

Cyclisation: Lactam sation of side chains 1 eq. of

PyBOP and 1.8 Eq. of HOBt wéZe sol ubilized in NWP and

added to the Asp / Lys-unprotected FMOC peptide in the

?f&éﬁfé:(‘cﬁf 294 T4 . EtieldSt abitiiAted Thature peitideanoasted to 72.8% (analytical
2 hours at roomtenperature. The | actam zed

gEssleipyEtydas recovered by filtrati on and washed with

NVP. HPLC reverse phase analysis of the (G 18 col um,

| oadi ng of about O 1lg/m solution in 0.1 %FA 70%

V& Q&ﬂ)ﬂﬂﬂﬁolaaﬁip@mgéﬁére of Biramioe- mkﬂhbrl[ﬂleil%)fﬁléthyl polystyrene resin

acetonitrile gradient) internediate i d | e

cepigated mpdel pzawlvlmlghr Hehange @iyt e‘§1( ahdbi] Dhat

conversion was al nost conplete and that >90% of the

| actam zed, protected peptide retained the FMOC

Msbattipll} réictMOC. Idepr wpexted, bnt witll the fitliosenginodfwations: Instead of

ENMOC d h 20% pi

. vp0 S Py e e Bripaltieomtopiad® B PecPop it ortho-

ft&:ylp%g tgmﬁb wee 2Ma. @tmﬁé}ogtz & Q)‘Psb&ﬂﬁ?b&bl‘_x}’[sﬁlfﬁé@@sre added as
h FMOC-L-N e (f presence of

eqaveRgiU Eaenl ditceq. hmonvsrsmp hzﬂi ENY ’mkcna place| metm@gamounts

ey PR uR R ALY BRCtER 205 pi per i di ne i n

NMP, and an N-term nal acetyl group

4.1 AllyV/alloc deprotection of Bromo-(4-methylphenyl)methyl polystyrene resin
conjugated model peptide with exchange catalyst Pd(P[oTol]s); and with sulfinate

Catalyst Pd(P[oTol];); was obtained as described in Paul et al., Organometallics
(1995), 14(6), 3030-3039, Paul et al. further describing obtaining related Pd(P[2,4-
Xyloyl]s);. Catalyst was solubilized in AcOH/DMF(2:1). The reaction was carried out
essentially as described in 2.1, but with using 0.05 eq. of Pd(P[oTol]s).. 2.2 eq. of
sodium p-tolylsulfinate were added as scavenger under steady nitrogen bubbling.
Reaction took place for 30 min. at 40°C. The reaction proceeded smoothly, with the
analytical yield of cleaved, acetylated peptide amounting to 82% after step 4.2, step 4.3
having been carried out as in section 2 above. Extending the reaction time of
allyl/alloc deprotection to 150 min. did not significantly increase yield (yield: 84.5%).
Lowering the amount of catalyst by about half slowed the reaction kinetic

considerably.

5.1 Allyl/alloc deprotection of Bromo-(4-methylphenyl)methyl polystyrene resin

conjugated model peptide with exchange catalyst Pd(PPh3), and with sulfinate

Reaction 4.1 was repeated essentially as described above, except that now 0.1 eq. of

Pd(PPhs),; were used as the catalyst and 30-60 min. reaction time was employed for
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i ncorporated by incubation in pyridine with about 1.5
eq. of acetanhydride for 1-2 h at roomtenperature.
wao\Raoe03f45T teri ng off the resin, the peptide waBCT/EP2005/010133
rel eased and gl obal |y deprotected by concentrated TFA
treatment. The total yield o3 acetylated, |actanized
pepti de based on crudely purified product was roughly
Q@Y RAIHcNRGrdtectRAD UTHe field-dQ¥avideacatted atuf¢ipédiiele, amounted to
final on-resin derivatization with an acyl ating
B@&%gent further denonstrates the utility of the
present invention, nanely to carry out |actam zation
in the presence of but w thout conpromnising a
Thdgsecddaly lerahiplepr @nedt i @pegyed upith Whinilgr avdcdssc bgawmdistimting the
N-protection groups such as Boc woul d have 8Leate .. .
gererieeer ng@p%}p@dwgg@edaqemrtggg and/gr opsratinggogditions of this invention

o S e BT TRy 1 “pol ystyrene resin

conj ugat ed nodel peptide in the presence of an

m nohorane Essentjally experinment. 1.1 was.repeated,
Altggqlgqb ’B}ehlélvglé% Eﬁ_lb%gggn&gg%nﬁ&tépw@ @@%{cufag I,re}erence to these
prefetFddeRgb mERS, $lér &fSddiné@E can achieve the same results. Variations and

Br ono- (4- et hyl phenyl ) met hyl pol ystyrene (apgg?x. 200 o
modifiiations of the presend inyyntiogByillFea etrdousGodbess)skilegt il the ert and it is

S 1 0 A Rl P S of
reféRBdeR, Xﬁliéﬂ@ansgbaté@,céﬂg%ubﬁ@atfﬁn@ citeGbbP& ate Aerbyl idcodporated by

were carried out as 1.2, 1.3 above, except that

refeenetyage was conducted in 5% TFA in di chl oronet hane in
t hepresence of 2% TIS. Yield of acetylated, mature
peptide anpbunted to 72. 8% (anal ytical grade purity).
3.1 Allyl/alloc deprotection of

Br ono- (4- net hyl phenyl ) net hyl pol ystyrene resin
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conj ugat ed nodel peptide with exchange catal yst
Pd(Cac) 2 /P(oTol) 3 Essentially reaction 2.1 was

w0 eeasrd; but with the foll ow ng nodificati onBCT/EP2005/010133

Instead of 0.1 eq. of Pd(PPh3)4, 0.05 eq. of Pd(Gac)2
in the presence of 0.05 eq. 4 orthotolyl phosphine
were used. Further, 2.2 eq. of sodiump-tolylsulfinate

CliBis € ad_ded'as scavenger. Even after 2 hours,
—conversion had only taken place in trace anobunts;

rai sing the tenperature to 60Q0C did not change that.
4.1 Allyl/alloc deprotection of

Br ono- (4- net hyl phenyl ) net hyl pol ystyrene resin

a0 Mfigat etbydRdeibn pép pepstrlevytlhctanishianrg eomptisihy e steps of
Pd(P[oTol] 3)2 and with sulfinate Catal yst Pd(P[oTol]
3)2 was obtained as described in Paul et al.,

Organo . 3 - =} e
U her gk e OBttt by PO R g 57 s Wb peptide i
Xﬁl oyl ] Sbrztec%tvadtlya;basmdabimlbmtdctihg ghup @t iks:Nbd/aEDﬂ/ﬁ(uﬁ‘Ldr)comprises
The reacti was carried ut essent i al | escr

in 2 1. Huleass ow aly Ylfgy-61 8%&%%6@&&%%%%9 sza §Ysme side
eq. of sgdider Br Lebiissld d@lcR 1YEhiEsiad dRMn aBd TeAYER NG/ 1prises at
under steady nitrogen bubbling.” Reaction took place

for 30 nleast ate alteﬂpwtece@cmrqarbwybg@@g@f & lyor aspartyl
with the itical |eI cet
pept i do- SO hERTG 4 Phesslhefe of b 5y DR YRt Sélgining the base-
havi ng breile pRftédtiofl gediip GiSthe No§ Sicted sead ahweprotecting groups are
Extending the reaction time of allyl/alloc

depr ot ectubstitutas orsosyhstitutefh d not significantly
| ner eebse é}}l‘%a ou%{ b%&tﬁe b ﬁaa%nsahgﬂ\?fé %ag(? d%ﬁ}gﬁe@fg@ We @bins in the

cat al yst I net
consi der phidsyhceDf & wAlak phécadchgemt,dapr ot ect i on of

Br ono- (4- et hyl phenyl ol ystyrene
c(. deprotectlng the%e%tl?e gr]om tl?e ba%e E%lle protcraguson group at its Na.

2. Method according to claim 1, characterized in that the No protected with a base
labile protection group is the Na of an aspartyl residue having said further allyl-
ester-protected carboxyl group, and preferably wherein the aspartyl residue is part
of the dipeptide sequence Asp-His.

3. Method according to claim 1 or 2, characterized in that as a further terminal step d.,
further elongating the peptide by means of continued peptide synthesis or peptide
segment coupling of the deprotected Na.

4. Method according to claim 3, characterized in that the peptide is bound to a solid
phase during cyclisation, with the proviso that the allylic protection groups are not
serving as a resin handle, and that the peptide elongation of step d. is a continued

solid phase peptide synthesis.
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conj ugat ed nodel peptide with exchange catal yst Pd(PPh
3)4 and with sulfinate Reaction 4.1 was repeated

wesmensi4al | y as descri bed above, except that np@I/8P2005/010133

eq. of Pd(PPh3)4 were used as the catal yst and 30-60

mn. reaction time was enpl dped forallyl/alloc
deprotection. The yield of cleaved, acetylated mature

Be PhictRd da¥pstaingdo ckhiB2%or j_hﬂ’laﬁfC%@lQéﬂ ﬁgth&lﬁhﬁptd@&twﬂ Bededon step
repeated with simlar success by substituting

genlris gairied oyt lrs%lédwse@%ﬂ pha &f@é% bassagageahby %%@O%H?@E solvent
ope on for those used

in &emggee@eglg%%ﬁe&%e : pﬁln?ho%#t he invention has

been described in deta|I mﬁth particul ar reference to

these preferred enbodi nents, other. enmbodi pents
Seriegiod eosiing 1y S chsrpsisnren® SR thodyeisipn dhection is

t
o HBgPDEC R HONORE 1OTOb ViR Y Bl Bl JreRponsotisol a
suctherodplingcaentons and equi val ents. The entire

di scl osures of all references, applications, patents,

and publications cited above are hereby incorporated

by K/f%ftlﬁfde%&dggaﬂor@alk 6 \ataPRerREA Gy &Hat %tpe?ﬂd@fs lihked to a resin
pepti de by [actam sation, conprising the eps of a.
depslmpemhyngemlhefgepnddl@ﬂﬁrb@ndal |yl -type protecti ng

groups, which peptide is protected with a base-labile
protecting group at its Na and further conprises at

| 82 2 NI ethBE addotdth@WyoreTligsWihiny 10foes; thdtactefised if thatthieeptide is C-
of a lysine side chain or of an analogue of such

| ystemaingllysovaiently conacatert Yipap agigripbiiekondat | east one

allyl -ester-protected w carboxyl group of a gl utanyl
or aspartyl side chain or of an anal ogue of such side
chaMethdid dcebrdires @i abdingl,tdherabresieddaini thet the base-labile protection group

is an FMOC group.

10. Method according to claim 1 or 7, characterised in that the allyl and alloc
protection group are removed by Pd (0) catalysis in the presence of an allyl
acceptor, preferably using R1-Ph,SiH,, as the allyl acceptor that is in excess
wherein R1 is a substitutent at the aromatic core and is aryl, alkyl or aralkyl, n isl

or 2 and m is 2 or 3, more preferably wherein the allyl acceptor is PhSiH3,

11. A cyclic peptide of formula II or III having an No that is protected with a base-

labile protection group,



protection group on the Na, wherein said allylic
protecting groups are substituted or unsubstituted, b.

W@ y@bi033487 t he peptide by | actam sation of saiBCT/EP2005/010133
deprotected side chains in the presence of a weak base
reagent, and c. deprotecting@he peptide fromthe
base-labile protection group at its Na. 2. Method
according to claig 1, characterized in that the Na
protected with a basgylabile protection group is the

. Na of an aspartyl due having said further

al lyl ester- protiected rboxyl group, and preferably
wherei n the srartyl res'dui%is part of the dipeptide
5.4 f

sequence HH s. 3. Met ccording to claim1l or 2,
characteritzed {" ermnal step d.,
further el onhgati ans of continued
peptng\s esitl coupling of the
depr ot ed¥’ed 4. [Met ng tdAclaim3
charactéﬂized(b t hat [ isfgound to a solid
phase during cy ' viso that the
allylic protection groups are not serving s a resin
handl e, and that the peptide elongation of step d. is
a continued solid phase peptide synthesis.5. Method
according to claimpor 2, characterized in that the
cylisation reaction|step b. is carried out in the
presence of a weh se reagent in an aprotic polar
solvent and inAhe further presence of a coupling
reagent. 6. thod accordtng_to claimb5, characterized

in that the i sation Lﬁ_&tlion is carried out with
(%] spheni um salt of the
H uo 5
N N N
H A
R1 |x OL Rr2 44
T

wherein Y is the base-labile protection group, n = 1-10, preferably n =1 or 2, most

HCTU or T mWth ap
benzotri azol as
Y\\‘

N
H

preferably n = 1, further wherein m = 1-15, preferably m = 3 to 6, most preferably
m = 3, further x = 1-200 and q = 0-200, preferably x = 3-50 and q = 0-50, wherein
R1 and R2 each are a natural amino side chain or non-natural derivative thereof,
which side chain further may comprise a protection group with the exception of
allylether and allyloxycarbonyl protection groups, and wherein A is a resin or resin
handle or wherein optionally R2 is a natural amino side chain or non-natural
derivative thereof which side chain is bonded to a resin or resin handle via an ether,
thioether, ester, thioester, amido or secondary or tertiary amino moiety with the
proviso that then A is selected from the group consisting of OH, NH;, NR’1H or
NR’1R’2, with R’1 and R’2 being independently C;-C alkyl.

12. Peptide according to claim 11, characterized in that the base-labile group is FMOC.
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the coupling agent. 7. Method according to claim®6,
characterized in that the peptide is |linked to a resin

WGQwpos45by means of an acid-1abile bond. 8. MtCTER2005/010133

according to one of the clains 1 to 5, characterised

in that the peptide is Cterm’nally coval ently

connected via an acid-|abile bond. 9. Method according

t10. Pdpaide abcordlhay &c chirhsiddoild, thatcteheedbas that i peptide is of the
protection group _is_an FMOC group. 10. Method
acc@W@Pﬁ@IF@ﬂﬁ4ﬁﬂﬁFf’6@“??9%%3&%€F3¥ised in that the

allyl and alloc protection group are renoved by Pd (0)
catalysis in the presence of an allyl acceptor,

ArePentalb| agcordinggtoRineRf d@inlsn latw 1 hehatacigrized etbpoA comprises a

that is in excess . wherein Rl _i.s.a substitutent, at.the ..
o o henlisr s T e e i % aRCetFign ] P ek Bomprising
2 agfaiickydarBbn@mdiBye preferably wherein the allyl
acceptor iS PhSi'H3. 11. A cyclic peptide of fornula I

or Il having an Na that is protected with a

BSSE A0, BB A0, L B g HSAPAD Bk i s o

1 oforgmlamst preferably n = 1, further wherein m=
1-15, preferably m= 3 to 6, nost preferably m= 3,
further x = 1-200 and q = 0-200, preferably x = 3-50
and g = 0-50, wherein R and R2 each are a natura
am no side chain or non-ngtural derivative thereof,
whi ch side chain further m Qnprise a protection
group with thﬁ"exce'
1

" Rlll
R 2 R"3 IV

wherein R’’’ is a resin, and R’’1, R’’2, R”’3 are, independently, hydrogen, C;-Cy4
alkyl or C;-C, alkoxy, and may be the same or different with the provisio that only
one of R’’1,R’’2 may be hydrogen, and wherein L is oxygen, sulfur, nitrogen or is

of formula V

L=

O
MeO 0 \/\/U\
i
O . .
\%
16. Peptide according to claim 15, characterized in that the resin or resin handle is of

formula VI, the above definitions for radicals R’*’, R”’1 and R”’2 applying with the

proviso that L is selected from the group consisting of oxygen and nitrogen,



allylether and allyl oxycarbonyl protection groups, and

wherein Ais a resin or resin handle or wherein
wopitkosasty R2 is a natural am no side chai n oPCT/EP2005/010133

non- nat ural derivative thereof which side chain is

bonded to a resin or resin h#hdle via an ether,

t hi oether, ester, thioester, am do or secondary or

tertiary amno noiety with th8™ proviso that then Ais

selected framthe group gengisting of O4 NH2, NR IH

or NR 1R 2, with R 1 4 Ry2 bei ng |ndependently

Cl-A4 al kyl. 12. Peptide ording to claim 11,

characterized in that tpe base-labile group is

FMOC. 13. Peptide & d\ng to ghaim 1l or 12,

characterized in that the—pgptidé is of the fornula |1

with n=1or 2, nore pr nyn:1. 14. Peptide

according to one of clai t4 to 13, characterized in

that A conprises a resin handl&gr resin |inkage

nmoi ety with the exception of resi‘n ha¥dl es conprising

an al lyl -oxycarbonyl noiety. 15. Peptide according to

claim 14, characterized in that the resin or resin
17.hpgptide dcsordingf tr ctaina 1I6Vchvhartaﬁzeden"thhtstha resifi ot, resiichandle is of

I, £ R @shgf%l%a;&%;g@t%@a 95581452 Soying with e
d ' 1
o S le s

nitrogen or is of formula V 16. Peptide according to
claim 15, characterized in thaj,the resin or resin
handle is of fornula VI, the ove definitions for
radicals R", R'l and R’ app! ying with the proviso
that L is selected fromroup consi sting of oxygen
and nitrogen, 17. Peptidedaecording to claim 16,
characterized in tha e resin or resin handle is of

2 VII

18. Peptide according to claim 17, characterized in that R’’1, R’’2 are, where X is
10 oxygen, independently hydrogen, methyl or methoxy with the provisio that only one
of R”’1,R’’2 may be hydrogen, and where X is nitrogen, independently are methyl

or methoxy, preferably are methoxy.

19. Peptide according to claim 18, characterized in that X is oxygen, R’’1 is hydrogen and

15 R’’2 is methyl or methoxy and preferably A is a resin or resin handle.

20. Peptide according to claim 19, characterized in that R’’2 is methyl.

21. A cyclic peptide of formula II or III having an Na that is protected with a base-labile
20 protection group,
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W@ edoeosrd7 from t he group consi sting of oxygen BETEP2005/010133

22,

formula VI1, the above definitions for radicals R'",
R'l and R' 2 applying with the proviso that L is

nitrogen, 18. Peptide according to claim17,
characterized in that R'l, R%2 are, where X is oxygen,
i ndependent |y hydrogen, nethyl or methoxy with the
provisio that only one of R'1,R'2 may be hydrogen, and
where X is nitroggn, g4 ndependently are nethyl or

met hoxy, prefera e nmethoxy. 19. Peptide according
to claim 18, racteriNged in that X is oxygen, R'l is

hydr ogen 2 is nethyl or methoxy and preferably
Ais a reFKﬁﬁpr resin ha 20. Peptide according to
cl ai m 19, tchar-& ' t RI2qis methyl. 21. A
cyclic peptjde la|ll havi ng an Na t hat

ection group,p rp
f te tignAgroup, n = 1-10,
mefaa$h/n o1 of 2, |nost rajly n = 1, further
wherein m= 1-1 5r1ef XablgD R2 8 nost preferably
m= 3, further x = 1-200 and q = 0-200 whdiein R and
R2 each is, independently, a natural am no side chain
or non-natural derivative thereof, which side chain
further may conprisg a protecting group with the
exception of allplether and allyl oxycarbonyl
protecting groupN; d wherein Ais a resin or resin
handl e or mher n optivpally R2 is a natural am no
side chain or non- natura derivative thereof which
si de chal % onded to CL |n or resin handle via an
et her, hgr, ester, [thi*gester, am do or

O
A
q

I

wherein Y is a base-labile protection group, n = 1-10, preferably n = 1 or 2, most
preferably n = 1, further wherein m = 1-15, preferably m = 3 to 6, most preferably m
= 3, further x = 1-200 and q = 0-200 wherein R1 and R2 each is, independently, a
natural amino side chain or non-natural derivative thereof, which side chain further
may comprise a protecting group with the exception of allylether and allyloxycarbonyl
protecting groups, and wherein A is a resin or resin handle or wherein optionally R2 is
a natural amino side chain or non-natural derivative thereof which side chain is
bonded to a resin or resin handle via an ether, thioether, ester, thioester, amido or
secondary or tertiary amino moiety with the proviso that then A is OR’3 with R’3
being a protection group with the exception of allyl groups, preferably R’3 being

tert.butyl or pentafluorophenyl.

Use of Pd (P[ortho-tolyl]s), or Pd (P[2,4-xyloyl]s), complexes for catalyzing

deprotection of allyl-protected carboxyl groups or allyloxycarbonyl protected amino

and/or hydroxy groups.



secondary or tertiary amno noiety with the proviso
that then Ais OR 3 with R 3 being a protection group
wowaok/083367 exception of allyl groups, preferabl pCREB2005/010133
being tert. butyl or pent aflg rophenyl. 22. Use of Pd
(P[ortho-tolyl] 3)2 or Pd ( pz, 4-xyl oyl ]13) 2 conpl exes
for catal yzing deprotection of allyl-protected
car boxyl groups or allyl oxycarbonyl protected am no
d/ or dr oxy. S..2 r
23. B ndkor e MO 22 R Gibrist i REC R Meie R s an atly
ek ptSF SitkRapePicagen®r scavenger reagent. 24. Use
accl?rdl ng to claim?2 1 or 22, characterised in that
the allyl- or aIIonxycarbonyIprotected groups are
Ry LN u bonvl-
5 24 R faoRirgfi} QRAEE oY 20 BRRIREPHEGREMPIBY) daivionycarbony
Protepted sgradifsagleeghrt of l‘ah&)pﬂsianﬂfy filrthepppdtected peptide, preferably an

Fmoc protected peptide wherein the Fmoc group is attached to the Na of the peptide.
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