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

W@ y@bioz24pept i de conprising ring closure of thePCHEPINg010133

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
Peptidenoyfclisatiin on i n bet ween t he w carboxyl group of an
amno acid side chain (i.e., the carboxyl group of a
side chain irrespective of the carbon chain |ength),

THOp et Ym%ﬁﬁ@ﬁ PélﬁtEé’ﬂo @ﬁme@oﬁ%@%thésﬂ%sﬂoﬂg%ycl%p‘ﬂﬁ@ namely a cyclic
w-anino group of an amno acid side chain’ (i

amtlde cgmpupmgfnr@ cbosdes oftthe narbﬁxsegqggp of the saﬁe i @faﬁmrammo acid

I d
L L L
strategy - including on-resin | actam zation-

Astressm its retro- i nverso- and retro- |nverso
Osoasin sycletion ofn peeiiderst lncem formationyip) begwessy the e-carboxyl group of

l a%@@oragéq %He g{xalg’ o,ﬁglg %%8% Lﬁ?&uﬁ %%@éjﬂﬁ r§ ﬁ*régg%ve of the carbon
el Qérlgﬂi)];ci‘ dypllclfallar & Jélqiﬁyi; o€ (Gl @@)udeat aaidythectg amino group of an
renmnova 0 a t t

SRy ghaid G o By o L e G1a0 THERILORO! i garbon chain

g@w@&ﬂy §sm%tr9§f&ueox5 gh%&:‘f'rbea'.he pepti de was

ing a standard orthogonal protection
schene enpl oyi ng FMOC except for the | ast residue,

gg grg re\é\? 05}1‘6 ﬁgéﬁgﬁgtsaﬁg Hﬁg %g%ent | ﬁql@%ﬁntresm lac%amlzatlon- of

ASRESTE s reb Nih AR AHS |r¥tr$-irﬁ)%fs%t1b6}ﬂer§ heoope Biodyhée®3, 141-149)
the resin. A disadvantage of this net hod i s that

tescriba datimisatién fofi[Boctpspigetad plépmrdbowrip HRigk sanpigle gegi. Positions 30
{ﬁ@b) %%? &]féys) a5, @eé)r 39& iy gl % egeog/ Ip(f(O)acﬁaqg%%m%@al of allyl and

nor e°Va
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

No 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

w0 nwonpd4st e al |yl /all oc deprotection. Further, PCT/EP®05/010133

not always desirable to use an acid-labile protection

group whilst on resin, since tHs prevents subsequent

further derivatisation of the peptide on-resin, e.qg.
wb&ychsatiﬂnt(ﬁ‘raﬁd@MGﬂw pakidedybydedainydnehoring ofNo C-terminal Aspartyl or

Y T T
%F[EP?[O?&'USH%QO 'A[f?e?'lﬁ@ﬁﬂ @S haksd eV shthEis of(ﬁ{eeé’onﬁﬂete peptide

novel onveni ent three di nmensi ohal orthogonal
shainf tagpllfbesteahoidtypl asmowsgthbh Bdicatalykiscipdlowed herphe deggience of No-

FSie, SRR el PuEtse: OB HIIBIRIER b Bl G Bih vetisation.

(Hﬁ@l‘eBu@]%?h%é NGraffey awheice aMdealotdfaaCtétmdal QAsplagtyy | residue (Asn®

residue to different resin handl es which residue is
soutideed byacouplingcal FMQAR-As yo e LAr hprdle aesinprvas coupled to the
%%Fe&e@f]\g f?hlnt%grhlglsféaspfnﬁ@r}%siﬁu{% %wér‘i}g‘? é{ I§M‘6C fn%?ectlon group,

rmﬁﬂi t@ywaqlr et & oomifared B étﬁmnmyu& Etmts@qmebtamemfoy permutation
- FMOC renpval and subse%uent BOP/ HOBt / DI EA nedi at ed

h»é the-stating peing gsynghgeis slongithe ercdis Prrilepediiec st r at egy

where a deprotected C-term nal Aspartyl residue (Asn8
constituted by coupling of FMOC-Asp to a PAL handl e
rfe intifing\dsadcumpige betthis trhethole pr et iwthcNly takeminto account that partial

Nt ernj nal aspart reS| sence of .

ﬁ%@ggquﬁeﬁmc H:agtborwg gggg ma alg}élncE iactlon step, due

tt? {5 HRlert¥ rc‘)tfti'l%l'egplﬁﬁé ?éa%@ﬁt@ Sn@BEeiuser doYs REY Hllyadffeen the reaction
the starting point of synthesis along the cyclic

rselpﬂma;l Fustheuennedetion of EMQ%Q@MO@etmathkﬁgéaQﬁSUbﬁﬁ@enﬂy in any event,

a0 3 A B o bt P Pt PATRRU Y GBS kot cvelisation by

%@ah@ 8f IR BnBhbnddf peptiglesiao tRgh ifetishities dbly ik @niciwdly dependent on
presence of nucleophilic reagents and because it does

moeserving gomapletequotepiéon affbe Non

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

wabdoemsmsbsequent head-to-tail peptide bondi ngPCT/RP2005/010133

contrast, cyclisation by neans of |actam zation of

peptide side chain functionalithies only is crucially

dependent on preserving conplete protection of the Na.

Bh.an ldem];&etmgtheqieptlc(e]ﬂ&ﬁ allybtypapadecimglopdips, QHi,ch peptide is protected
5871-5 descri bed the synthesis of sg g

pr ot ém %1 pepebitrerpiesiam BRCKDGH, 13 &0 ando e |P§E%de further comprises at
cont d

but - eny J( 1ﬁ(eyxan J}g)%%lgtg&g&s ng)r%l)oa o Qn 0?1 é Img St1 oe chain (1. the
t he sedrmldo ;gn-am or 6£unt hugarlo grepdfoytin gfsi%iia’@@la:ﬁelm @itdr fprther comprises at
d ea e of ester 1ink ved

Cr eatHih OO AN BRTHBHE R A GHAPHE B § oAcd BT foe. o Pcarboxy
addi thQpy) @ aghas9l Mlik eRaiR (. EXB-cdrBoxhro ﬂ&tctf% 4MB1oB0E of such side
of peptide side chain cyclisation i's devised according

t o t lebaips,eutdlst rqtznmagthetmseéa.hﬂﬁ@migctlon@rmmgdﬂlsﬁ{%g es

I'?c|t Eg‘é ﬁl%{hsi%té%rﬁyd@gtamgsrggﬁtg %aé(ll g S%ro%J tc?eid e d:%ams in the presence

chai mamﬁ%gyreggem ah#ie present invention, a

cyclisation nethod for epti de conprises the steps

ofa. dgpjpiestiag ﬂlemp'tl%ffﬁ@ﬁgﬁ gaﬁeflahs}ﬁ paplegiian greup at its Na,
protecting groups, which peptide is protected with a

base-1 abil e protection group at its Na and which

p\&ﬂi ihd&h]fthﬂrtﬁfkﬁnsci; dupedid @lyhd ploeeton gmaps may be unsubstituted or may be

BorercheRtd. Wi A coiafelieT G ) T BRY A UppYgUEd or further

Qﬁbﬁﬂﬁ@dl \Vﬁl‘l "H:élo%’eﬁi SrChRbiy.afda C}Héitepr@& o R 'eﬁl%édlﬁ{ent the standard
'east one al |yl ~ester-protected w carboxyl group of a

ghsatmtpited Allec (ice. llghxpeasbogybengrops- qs/[b-axy-yarbgnyj)g protection group

G empohad Pt falo i s Atk los tndRs 3R3HRAY Brdip s protected by
REfRE AR WHEE SR BP(préRnNR oxy).

In the present context, the ‘o-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 TUPAC-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

WO e@gesa457 and c. deprotecting the peptide fronPCTEP2005/010133

base-1abile protection group at its Na, with the

further proviso, that said all¢lic protection groups

may be unsubstituted or nmay be further substituted

vidlRamdikyd alo edreibd yduttdintthd solid-prisk Bayndbmaterial. Preferably, after
unsupstituted or further substit 63 W|th hal ogen or

&‘PYRBBWOH | of éhep FRACHPP et PAHBIFE; rP@Pfé‘x% Aie s Ongf-tFPél s continued, more

gfe%}gﬁigdlfuéﬁlﬁpﬁéd tl ecxd y;?g?jsé Im&de, Aot B¥ ﬁ{ebgc[%htage that the

pro eny oxy-car protectlon gr oup
prepediyg defolisatipnostept muldoﬁhdnh @ot -raquino -dpphetion noféduimtmg dilution

the - car.bo rou tect ester.ificat

Gt o kyotF dBsrmelBity) STt Do B feactions. The

Bfé‘éent""fe%@t’i&?ﬂﬁ KHnes e Eﬁﬂl@tﬂa@”b&%ﬁéi%ﬂ Oy Bdrfl @n@lipleNghi$amyl and/or
nderstood as being the "termna'l carboxyl group of a

gspaetyt aad dysing e@p@ccs,l oe thefir enedogyes buph el g nagn@r thomo-lysine, are
and the '

m.no no aci.d side ch
Bifdeno Rty A6M oy ain ot RS aRFvBe gty F tbsb Sresidues i
sdidgurehafop d él[s@ﬁ&@%fnl ¥ €irgily bihdsatcdOgbribiion the Iﬁghlhfull—sme peptide
Anal ogues thereof may well be e. side chain isomer

ehainebhis rmpnaéalmwn@au@l gppr@ﬂchdvghbmarﬂg@lﬁ%y bémeﬁ%uwn the full-

| r e
(%lgﬁtpeeijﬁdg {rﬁéﬂ%?g%%n IQ%’\S/ Iilflto%l!lbdoﬁ’ﬁdll@e li#)ggt % loop structures for
blvaktive peptides pie tard o da sabilized dyi ddechamicpdisaibord Lactamization is a

derivative is used in conpljance with the res fi

rrlsmetqb@s e AP BheTaD | RO R B AT ﬂ@ﬁdﬁﬁw@“ﬁf@ﬁaﬂmgm or
n t n

SRR Yy SO LR LBl oAby o, The e

annhlatasr m;,uallyxlqnevm ltather mosn dmﬁytmgg¢ms rmf ‘arfo Awhersas the present

allows use of natural amino analogues as akupenor option.
b6l 95 20t PopLI Se3° . PULSADR) BT 0, 2985 894

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 Na 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
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This reaction path has not been described before.
Unexpectedly, it has been found that integrity of the

wo-rOG0s4oUp is |largely preserved after PCT/EP2005/010133

al lyl -deprotection, in particular when

al |yl -deprotection is carried out on solid-phase bound
peptide, and in consequencecyclisation is also carried
Ghértcmit of prebént sfahdmé sdinlptchseralian ebhgathafathads ymploying FMOC

after, conpletjon of the reagtion sequence, peptide .
PRAPFHo8) ggglg&ttii%ms Pglaﬁxs dlisvesi b%w?islrféfrrg?f_gsﬁl@ﬂ o3 carborylic acid
%g@gds.nﬁﬁxge%?, t‘ﬁlﬁﬁ gb%@@ s BR&ho®hn l(l)ﬂi% ?lggoit K&es et al. and

ntage that t precedi ng cyclisati p woul d
totkems @ottesrat @lij katt. Repll BciatlPBM loR21B8) Nicvlasgt ali, Tetratedron Lett. 1989,

SO P St AP R R T oar e B8 i gpme holds true
WédrdiAg 6 trciftedRat flvetibidd YosBRAAbH CoraHilyNERS Hrovedtlonfehe y-carboxy
glutanyl and/or aspartyl and |ysine residues, or their

dwartiogalsy of e FMVERC erajecter N-tegmirtad aspattykiesidue wirdsr standard solid

present .i.n the final, pepti.de ghain.whilst only.a . .. s

BhEePnatie) R AMOP CRERekPES i Bisdist duabifhobisdy iypichly sensitve

Gy 6l g1 BharpRs Apracdssing tilie mMRbhEisbAE EivaRyg fisetd valiediled variation of

final full-size peptide chain. This

meeflushal - | act ami sation approach will be particularly

Bg%gficial when the fullsize peptide conprises severa
ubSequent subdomai ns or peptide |oop structures for

bi oactive peptides that are to begstabilized by

si de-chain cyclisation. Lactam zgfkolf is a nore

stabl e, |ess redox-vul nerable option than naturally

stabilized disulfide-brigdgin r nop-natural, chem ca

anal ogues thereof enplo gm -' anal ogues. The

|atter functionalities us Iy PLoMLe«t.0 be nore

i mrunogeni c in vivo, whereas thel:BiaEaitioavent i on

all ows use of natural am no acijd apal ogues as a

superior option. In a preferred 4;§§i'ne t, the

pepti de contains just one allyl® ot ec TYsi ne

resi due and j ust o’ejﬁllyl r offect ed agpartyl or

gl utanyl residue, fafidchence there ds dne and only one

| 5
S, ﬁmmkv

Lo Ayt )
Jfa\ﬁﬂ«ﬁ’&mi , fﬁﬁwﬁﬁuﬂﬁi

It 3

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 bepsysi de according to the nmethod of the prBSERP2005/010133

invention can be utilized for further N-termnal
peptide el ongation, optionally @nd preferably while on
solid phase, be it in the sequential, stepw se node of

addi nby1estermeictiet ngspariyN oragiwarh@ls irehita®. OAggih h&MOC protectlon is
groups, such as by addition of new N protected am n
ReGseedr tectivellyy Dreverting rspasishide nioanRER. rggef. Msequent FMOC

We}éljf'lte%ﬂgﬁ hfta)[l ﬁ)tﬂ dﬁlrthteﬁ c"ﬁﬁ{ u'éltolﬂ £t1orﬁafs Egﬁue . ithout glutarimide or

erred enb naI t he
pﬁpﬁt@xﬁtcﬁ(fopﬁﬂidrdéudﬁta\thmgna lbaamijaabm.l e protection
group at its Na is said at |east one
aI I yI esterprotected aspartyl or glutanyl residue or

Hi%reﬁo?ﬁye rtﬁ?{N—teﬁnﬁﬁ APPSR ELRY ea@lcﬁ’(! %%i(ﬁl@‘ iWiah Bspartyl residue.
such N-ter pr ot ect ed preferably FMOC
prsphsticiidel foraratios [hmudl h@henmstt}orsnatbeth@m giutarmuld@ éomagion and is usually

mor o oA Het SO Yo MR g Rpuge o L-Asp-

qi-khPher8 SO GlyTisee TOF 09 A az[ﬂd"&sd@e rdpbrtieréfor the first time, where X is
undesi redshort'com n resent standard solid phase

dHai asidy piedding op t@9aph é9 ‘SaSQWWIT@% nf }Famlpﬁ'@?eéﬁp Giby- dipeptide is
8{1%#22’{(%1261 IflSSP 1Sng1 lr Lféér){n IOEegc dlg/othkfse re%l\(lﬂ‘%:%ﬁge BY an aﬁdltlonal HMB

ipSote@iont flé@pash MhRSelhER) Iﬁ‘hﬂ‘d’ﬁlgb@telﬁ(h Bmﬂfamor: tof a@;ﬁart{micksformatlon as
et al. and others (Kates et

P
ssibed in Packmp oak-aloG, TaFeednin b ros Hopeviryge of Gly(HMB)
%Q&e%%&s is %5( {rin SJ %ﬁﬁ&v&iﬂlﬁ:ﬁ%@: Aol ¥PBe hRS ad&i’ %ﬁ?i‘ﬁ’%ﬂese instances

tronall sane ds true according to
phepesdnt inveatibn vifars ebaes fiathepadvaotagabVerlthepti@rart.
protection of the g-carboxy functionality of an FMOC
protected, N-term nal aspartyl residue under standard

Sl aqilgp Bas6r QI%bddePf&é&oﬁ%fepﬁﬂgﬁquﬂdvﬂhg CdilyPQeprbtcetion for short) may
preci Se quantitative extent is highly Sensitive to

Sei agiriedodrabyebe methodokeswi igthe iartesushds e gnllydrpgiaolysis with BusSnH
PV Ao Sk MRdgS LAVl AhiRN pHadium (0) [Pd(PPhs)] 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
Ci-Cyo trialkylphosphite, C;-Cyo 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 200683136 possi ble to avoid this unproducti vePGi/ER2005/010133

reaction by i medi ate side chain cyclisation of such

N-term nal, FMOCand allyl est er-7prot ected aspartyl or

gl utanyl residue. Again, FMOC protection is preserved,

difgfuats) inuedey prefeeatdnt nongcledgsagt inmdndealtolr igendsn Alileugh the palladium

subsequent deprot ection.fol | owed b urther chain .
EPBRGAET cHieIEE o 2eF LPEnWPE B R gPUPRFRFR (Boofemn. COmPIeR is o be
AROR5ObALE 6 f1Qr B AR di PdBadi@n R BidPE} SA11aASE BéthFlatdsOthough mono-
More preferably, the N-term nal allylester-protected

aellafiiemr eonuplexes sargn naefsrred.y | Usinss| ighrekis Aéipanenyipbeephine)-palladium

(RN SR DS ol AL BGS DRe 5L e fponcing pd
(PREhbABIyILL, brSPRAPRILK1aYY, doamded dr MnikBeE cethplepdsi ghesibly having
sequence L-Asp- L-X where X is ., Ser, Thr or Asn, .

aath sé-phenylplpsphingand froto-tohd)phpspbine figgndsyisemestly preferred in the

I easi i i O, - 04. i m i . .
(SRS SR RO o Mgl s
anf ag%dciﬁ'llg'ethlé ai-getblydptosplsiva libyndstilpsovieathelicatabtin seactibn rate, further
an additiona MB protectio roup on the glycine,. . e
pHeving f?gveémgrti;'% toikh amant Oﬂpl%a@agrm?tﬁ# eftalf ey Vgt ilsh gneintaining
' i t i , :
5850 Sl RoERAIIRR 1 ol LA AOLRY hficion, compa
dxffregret pl. ek fpsCham alfB2hdne87-580.s Aadhs bean describediinl deffrey, it is also

husg.,in th t th t ' ff
e R B L3 R S BB a0 g e presen
3Enfbn 3k | ACexdRRIZR L ARy <P I S8 Pnanidly biienixeld RWM &Ebly coordinated Pd-
allyl deprotection for short) may be carried out gy

cheptseh vid thapreferiad ligaadaef the pres¢entarveatign. Hence examples of suitable
%525 LARPRLYS s (BY 320ty preferred PA(PPhy), are: PACL(PPhs), / PPhs |
PACLy(PPh3), / P(0oTol); , PA(DBA),/ P(oTol); or Pd[P(oTol)s]; (Organometallics 1995,
14(6):3030-3039), Pd(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 PPhs 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)s 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, dimedone, N,N-

dimethylbarbituric acid, methylaniline or thiosalicylic acid.
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or treatnment with tetrakis-triphenyl phosphi ne
pal I adi um (0) [Pd(PPh3)4] in THF at essentially

wmewbnzd4stonditions in the presence of a nucl epQIEP®05/010133

such as e.g. norpholine, dinmedone, N-nethylaniline,

HOBt, borhydride or N, N -dimetB®yl barbituric acid as an

al lyl acceptor. Variants of said nethods enpl oying

Sfthlsle entlypit] agcusts, ofoRA(0pEompsien s greferablyustustirpan dmbunt of 0.005
view of the pH sensitivjty of resin lLinkage or handle

514#9&5 &h qeiehist BaesnRErsioraite, FPE RISTF Y gieats origamount of 0.01
bs . g ne
gh% IOi lg%g bP Ezﬁ&lgbto hd3f gxg:ﬁr%gil YreQI¥RY 9?@11 GRAbMNET 014! élq up to 0.07 eq.

up reactive I um conpl exes, preferably
wif tchtaBd{ OPrefemablye xestiop tefmratbieyisvintHetwedn HU6QM, more preferably in

onpl e having C-C10 trjal kyl phosphite, C3-C 0
E’Fﬁ%&ég'ilok%‘Bﬂ%é’ﬁ?ffa@%&attab?"é%ﬁgospﬁi Ine or
tri heteroaryl phosphi ne |igands, wherein said aryl or

heteroaryl may be further substituted with
&h ewter prefateda tinhgdisasng taft the emesenbrinyentigns elgrerhajare complexes are

nor r.ef erabl |t | 1 adi um | exes Vi -
SR EpRR 1 20R8 <ok P DR ERER of Beeiptes the nucleophiti
fallyt BRip Sthehpdridsedesiibdl falGémed-Kaktin pr &ff, & @hkn. Soc., Perkin Trans.
wherein the 9 enyl is tolyl or xyloyl, nore preferably |
iL61999erR871-28 74, NG1Aac temperapoppicction & slidmbgse reptige synthesis — use

SPSPEL ol NIRRT TRBSIGSRLRE! pRRORDy RS it compostion

o ehpahinadheistycianht esmplepr kigk cabeysion eatensiongafithadiryishort reaction

conpl exes, the termconplex i.s tq be u rsto to

A% @Bnp itselized J8T | BefrueH Wft?lh it-éveﬁ%'%qﬁaﬁﬂm%% 3 or NHyBH;.
‘i?l[ﬁ?érﬁégﬁmiﬁégngm&%rﬁ A PR RSB So fRhiBable complexes, whereas
preferréd. Using tetrakis

(the apiremydypbopreiicral lypeprimaiy wms¢Radapralyyl]amibaot gy be ammonia. In

R an e s elt pHrRer SRbSfimat. S58 SRR a1 hea By heprotection is
(CRird%bout ¥4 #¥YdrodildoBRIR 1A eeditesehcd dXA8 hG@idy K86 phenyl-trihydrosilane

possi bly having both tri-phenyl phosphine and
thhiSifpor Bingtignsth slepmatines thegeaids ansapresi, [pplap vegaaie edveny such as e.g.

td?&loro-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 concerns 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

W 2006032461 yI phosphi ne i gands i nprove the cat aP@gL/ER2005/010133

reaction rate, further allowi ng |lowering the total
anount of precious netal catal y3t used whil st
mai ntai ning optimal yields. For reference to

Ral{HolimEedit &haftZi%dp@{tthbﬂ?rhdra’ﬂtﬂvwf@?(Yncd@@i’aDts&ﬂé ifdhufacture, an organic
conpare Jeffrey et al, % Chem 1982,
£riphgricssehas paglbi swua eseamioerragdt fpadacs, al;, Depgotection of allyl

5! P PIRiAIdaPaRS B UBLARY &0, ERERRY0 Q. $932-8036).

Surpnsidpingea thatﬁcysm of ﬂlespréaent insvertigns otrisnexdtivgy ilhﬁ\&; particular high
a rdi nat ed Pdco exe with the prefer

mracgﬁ e =tméSIEfye§\éwo ?ﬁ)ﬁ/éﬁ%{v 6 of s, @gd%%%seér@’?d and the mild

%Héc%ﬁ" Qof@tiBhy StE)Faﬁ{Bi’éseWS ds%@tgr brel TRBAILRES- E%d%ﬁiéﬁe-sulﬁnate, 2-

preferred Pd(PPh 3)4 are: PPh 3)2 /| PP
RUichR{neRt Shae/ b@(lz:ﬁ'ﬁms)llﬁnatePcp( DBA;)ulﬁﬁatP(anbj'()erymethansulﬁnate (also

ﬁ%% gé‘o Tgl)é%f‘ %%)%%%0%‘%@ g%% gflﬂ ysf‘ﬁw%g%ﬁg?‘ %\ﬁ 6@8}“0{1@1 trivial name for such

RAt O Ing2bdeRRBrmialashydd cEMiRylded) PligT6tbanid sulﬁﬁ@te R -@03”(‘0? Ri-S(0)O,

of | ess coordinating anionic, basic ands such
er@meatu@ly)bmazfoypnmnsgmnm@peeog fumns@sbwéeei) Oirgﬁmmeremdue alkyl,

d @) I t
QUL 4SS G SEo 15 GRS Bt s
Sdil dcﬁbfo@mﬁrﬂﬁeri ttgapresensel 6h cbpingr ntﬁ“){d@ﬁmﬂl): moieties in sa1d sulfinate is
[oTal =ortho-toly i s not mandatory tgener al
¥

awmbl@e@onglg 2658 PF@f]Pff%‘i( cﬂs@ﬁ%@élmf@wmﬁ@alm@ %m%h%%dbﬁ Tadical Ri is

R v
SEPRAAFALY IR SBLTRCE SRLY ALY Bt K IR o mutiot
rublt;dwlkyiyxyalkjdasc& axlﬂcy]mysuladtmned Rd(eﬁsﬁrh&)itbamm mm preferably is
or.i gi.nal | useq y Jef

Byl xedl: oF ilHe e§p§g@{ly Bﬁo}‘y ﬁjﬁe oErﬂJgP %%?ea:ﬂm%ﬂ ghOWS use of tri-alkyl or

r@f%f&@ﬂk d%f)hl?& ?@hé |c¥1¥1ﬁfé‘x&e\9ftﬁ’%§8& {ieMs, iR alBRIOR S BRESTe preferred
an a acceptor is an acyl group transfer

rtelaMIcphos(phmr@aQy@@m on), 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



10

15

20

25

30

of allyl acceptor reagent or scavenger is |ikew se
i nportant for achieving quantitative deprotection

wapaen3nst d reacti on conditions whil st avoi di NnBCT/EP2005/010133

unwant ed side reactions. A suitable scavenger is any
nucl eophil such as e.g. norphollPne, di nedone, N
Ndi net hyl barbituric acid, nethylaniline or

tridyosal daghyddiieniads (b. gSU1-tea1191 s-(g@tilﬂlﬂyuaﬁu@ﬁwﬁcﬁﬁocﬁﬂﬁl@) activated

conpl exes preferably are used in an anmount of

é)snzqt@azgng d@@]vatlcygq ]§,PSBT b (dehpuyrbgsphenderiot .2 ﬁﬂqegzotnazme -4(3H)-
fe 0.1
CPELE AP Lp PO pHen ki B ARt it DL o7

O 015 eq. up to O. 07 eq. of catalyst. Preferably,

reactio er at is in between_ 10-600C, npre
BP ere¥ z‘i’%lt B‘p aeglﬂrtff@a@@@dgﬁ%% B’F‘é?cé‘roatﬁg?méf raggigizgtion during

R c1b 08, Plof! Efe'fe@féedeimﬁg' HEbuftn gtﬂ’é& ﬁfi)xrt & g&%(;{][ed from the group

i nvention, am ne-borane conpl exes ar
lcensg tirl & mronﬁmf sdlts agst cphesphpamnabdltylof bammtmml oﬁpaibhaeof activating a

SarrBaiF ot s inrtr B repeih B Cefahpiache Bssenss of a base,
Buddble ahd188Rise Iﬁf&%ﬂre@ %}Zﬁﬂpl@?bﬂﬁcﬁ%&rﬁ{ﬁﬁc&ﬁﬂ%sphomur? coupling salts

protection in solid hase}g_I f;nt hesis - use o
ag ne- bogane ddBplexes (@sl beydotize pl-S’B‘cN,éh]geI’% -tetramethyluronium

SRR BT, B CEOBRRRLI P BL SRRl hsohoniom

Iheifluctestispiieie); i MEPYHDP be (f%alzd)til@ible-fl@ﬂ dx@&hpﬁff‘@ld&mdﬂhosphomum
t-Bu-NH 2-BH3, M2NH BH3 or NH3-BH3. Quaternary am
desatipsophesahatelo m BMORr eHEFU ddOr@Hr6 éhloﬁ?'b@lﬁofféﬂiplé T -y}-1,1,3,3-

GO froniliifi" & gﬁaﬁlﬁ? ;{;}B}sﬁﬁ nglrj’ﬁyT@"?Up r(g Elg%g!:l%oﬂ)benzofnazole- -yD)-

primary or secondary al e or anmoni
aml,m,ﬁttbmmbﬂlyhmmmmeteafmoedb@rﬂe)d A0 O (@ rdzabes@btdiazol-1-y1)-1,1,3,3-

Pd(O .catal yzed. all prteti S ri ed out asa
HV‘EH’%@%W%%‘/ i fexaflup %p%é e bFU; ﬁéa(ﬁf&ﬁb@@%ﬁ%}r -yD)-1,1,3,3-
R&%‘ﬁlétﬁﬁﬁf&?ﬂﬂﬁos' ! ane Phé&dﬂu%rcﬁ;oraftéjnct' onal  TOTU (O-
derivatives thereof in an aprotic, polar organic
Joyane(ethaxyctrbagylgmethyleneamino]-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;-C,4
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:

wGhZehe/030447, New al |yl group acceptors for pal | BCi/aP2005/010133

catal yzed transacyl ation of al]yl carbamates.

Preferably, a phenyl-hydrosil ane reagent of the

generic formula R - PhnSiHln is enployed as the allyl

pefeprdohat thatoupding seagehtadditiverc @ gecledphalic hyhexy donfpoupd capable of
eq. wher ei is a substitutent at the .aromatic, ...

Eosfitis, A aed <pler. Ry Tl Rine o aSigf ABleciii, N-hyaroxy

fifhcBoR whdreit NSk irdide fop ikl yWieN-aryll BEbstinktyd tre &R hst préferably the

PhSi H3. Bot h phenyl sil anes and suitabl e am ne-borane

eombingxadditiveg olv of N-hydraxy-bewpiregel depyastvector dnhydsoxhigenzotriazol
nae. < i t. - i . .-
S8R0 EL s b B VBT Sl ML, Sl adaive o

eomngbiriderisave Beberdesdribell BCAEOYOTS1 Orayd rERY10 €82 and the respective
consi derabl e | onger reaction tinmes. Though technically . . .
giseloswrel i 1coporHed by dalgemes herelo. Fiamplse Jhemei Drivdrasyafuceinimide,

%%S%ﬁ%ﬁ%h%roi@&&f-l,Q'A-B!érfzét?i@é’iﬁ gers agfodByl 0us

1
reagents that’ may raise’ concerns froman environmenta
ardbenrotkaznde @80 At)yand AV-hiydok ybegstridzola@OOBYr N-hydmgy-penzotriazine

Rt e B RS R CF ol ERPShhdS, e couplng
BN RalRivE SisUBGEoR$-3 IR INL4-GXLYR RE&EBIAYinkeadRMmonium  salt
H§ pr o [1

nda et al., ot ection of allyl groups wth _
soinpounids cdepuslingradidgisies adi kmnvaaans their usg in ca@pding Chemistry has been

997. 8932- 89 , rprisingly, in the reaction of
%‘ﬁ%ﬂBF‘gﬁ‘aﬁPSﬁaﬂ%lﬂtﬁ%ﬁé?&?m-s reaction all ows
particul ar high product yields, possibly due to the

stability of the adducts thus formed and the m|d, .
ie 8 dwithey nasirarlyareterest smbrdinest, the sipngmg or phosphonium salt coupling

- 04,0z 3= Ni - ' <
FREShR bR by SEC SERERCHI PR, & HIGTY, FCTP oL BT and oven
@forb yebfexahlyat Desdsitlihd reatiton( ial comblaadon with Naiydroaf-3,4-dihydro-4-oxo-

sodiumor . zinc salt as Rongalit(tm, the traditjona i .
i rd-3rbsmzotrigaineg 2 salidhereot. fyin eméod?r?ﬁent is ma&nly preferred %or use in chain

elongation step of peptide synthesis after removal of the base-labile Na-protection group,

l—hydroxy—7-

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.
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sal ts having been fornmal dehyde sul foxyl ates). The
organic sulfinate R-SQ2 (or R -S(O O, respectively)

WOoreop60823pT i se any type of further substituted PCTEP1005/010133

resi due, al kyl, cylcoal kyl, aryl, heteroaryl, or

aral kyl (cf. Honda et al., supid). It rmay be added in

its salt or acid forns. Even the presence of conpeting

Macd RePBi pdrculB EhiefsrddrenStRdidengid] WhidBti€ maslP 8§dl 1Bt e lactamization
t hough | ess preferred. Preferably, for optimal yields
derdionatecoupling reaghng &3 a phospioriumasltiadnikg bgnzetgiezeleuch as e.g. BOP,
%ﬂﬁﬁ? henyl radical, nore preferably is a

si‘ngle o?ﬁg Ftiple, al kyl -, al kyl oxyal kyl - or

al kyl oxy-substituted phenyl radical, and nost

referably henyl yl oyl , or tol especi al
ED%RSPVFtlorL%féhegasedﬁbIWe@% bg gamjed amoeﬂa@lyépm an thy prt, e.g. with
0 and conpl exes with good
§¥L%§§kﬂﬁﬁg§%%ma' ghﬁnre preferred triarylic

phosphi ne conpl exes. The | actam sation reaction is

carried out in an essentially simliar manner to

standard peptide chain elongation reactions in the

pA ?ﬁ@ﬁ&%bfgct bG8 dréfeht BivationSs Brc(%ﬁ‘& béRRe BT RIS E'IC& I11 having an
FMOC, except that the base labile group is carried

dﬁa thaé isqapiectpe piithaebased 4bdle prdtestiondniowy a furt her

N-terminally protected amino acid as in chain

el ongation. O course, the same chem stry may

subsequently be enplgyed for further chain elongation

in an optional step gfter cyclisation and

deprotection. Both | fim zation and chain el ongation

require a coupli reage and eventual Iy a coupling

addi tive, depe ng on theY ype of primary coupling

reagent or %:K%{Jary CbuleﬁUjreagents for peptide

synt hesi s ar e Bodansky, M

, Principles af Pedide nt esiﬁ, 2n

ed. Springer

Verlag\BeLhi erd; Rl_so R
H
R1 |x R2 -9
II
0]
H_U\
/N
[CHz]m [CHa]n
0O
H H
Y N
H
Ol Rt Jx OL g Jg
I

wherein Y is the 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,
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anhydri de) or other acylating a% nts such as activated
esters or acid hal ogeni des (e. 91 | CBF,

i sobutyl -chl orof ormate), or theymay be carbodii m des

(Birger whetehy k =31200 dindet 1 - 206 wheretpRl Jand R2oexdhiané, deflependently, a
activated benzoir.iazi ne-derivatives (DEPBT:. . . .

S bRy A St A Rl By steo i Sl siyn futher may
Oflprite Wl SHBtedbO T grBINO PO thi N2 8htiond 8F | MBIdiNESaf allyloxycarbonyl
benzotriazol. In view of the best yield, sShort .

rRRtecioh SouRs aaddvipren deisi oresgeri tesin handle i »éueiedm optionally R2 may

dur i ' ' . f d i hat .t . .o
CHEL B9 5Bl ShoRORL g TRSpBURER S Gplt BBl o e cain s
oforided rto Uanredh t@ Asth RRESHReNiadMethal, tthioothel) &3%p! Khid&M¥r, amido or

capabl e of activating a free carboxylic acid function
visEPRAaE @t teEHEY PBHIQ okt With dheoprovish that ghep i isevelastest frem the group
base:.: i) ngd- i kkewhge 1 RrLefasnhed . »0f _.such
CBESY OB, ST RINIE R (R GETA R P Shepennty
(O-Cliabiyh z0d R’°a Zwdieg: b -pydtpetNnNgiup Nthdrehdrnoe gl the Gxicefition of allyl
hexaf | uor.ophos g), .BOP

(HE% Plferf‘?iglgp’ -IB‘?]%I 3) Reme tertibutyd or pentafoserhsBYL phosphoni

um hexaf | uor ophosphat e), PyBOP

(Benzotriazol e-1-yl -oxy-tripyrrolidi nophosphoni um

hexaf | uor ophosphate), PyAOP, HCTU

T e AT WICR SRR

($ihd1EHPpec bE 0patIRINE OprotedZ@! Bniho Ydcld side chain; that is, each residue R1(1),
1,1, 3,3-tetranmet hyl uroniumtetrafl uoroborate), HATU _
(I%j('@),_aélgasgmmayit@ﬂgpqqe_gq may be th@s@ue as at least one other residue. The

SRR MR R8P g} v, AT

tetramet hyl uroniumtetrafl uoroborate), TOTU (O
t hoxycar bonyl ) net hyl eneami no]-N, N, N , N'-tetram
b e Bl Fobrbe Ao bé by St Llployed for

(SnlREBZQIh 12328} exdnyik h PO Ntsreh UL AR) el Ol Wk by 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



hexaf | uor ophosphate. Preferably, the base reagent is a
weak base whose conjugated acid has a pKa val ue of
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10, with the exclusion of an a-am no function of a

peptide or amno acid or am no &id derivative, and

whi ch base preferably is a tertiary, sterically

hhoolalessl Aesia orBeaaRhas R AW GHo@R G FULRIL TV RS 88 @6 ®Bfstrued as to
are Huni gbase ( N, N-diisopropylethylam ne),

NeQupigiicad leyesalinkiadn golymeric ematrixamiatekiply whithnmay de6bound to the handle

L SORIELE Syt 5, 8 TR e, SP 2By e i,
palklRKAbiryloky of slkideset dputersriin@et WRicRls 6 Melcofdid&ed an integral part of
(2,4, 6-trimethyl pyridine), nost preferably it is

cBITi daveverHg Sh@ﬁd b¢ netsdphringpaaidfipmi ivwpectingnthe conditions of cleavage
p i gul ar. ofy. c 1 i tive f _the pbenzotriaz .
ok B @ el T BaBPE b INE R whiifal SHERL PR e chemica
| satpr of ¢he &nhdie pgrede miaad welle thiReBdOYyrllgtii éificlency of coupling and
activaf i Pg ur.onj um or, phosphoni um salt coupling ]

- GngeA s T g o eqCoRS AP i RoBFL R PERrSto A asbHog. The yields of mature

counli ent > i . R yarox .
CRARLLIA SR 3 1 ST EERIY PO o s
pereployedh Bpr itiay reagom nn at pdéferred embedipient accofinipytdr thi present invention
BB SES s RSB b, % b e i it mr
aph@FdrablP off Fortnuth WY Ah@X%osP RAGLRIVAZIbridRS WMALY Y& R in the claims in

1- hydroxy-benzotri azol derivative) or is an
Nd¢igilir Exgmples pdtspplaresine adaesindandles aSughmetboxyphagyl)-methyl- and (4-

PRt bbb SRR AR R Pl 200 2Ot LBfegh s 049), resins
| i OnoeMpankigediobihe gﬁf)t@deﬁ Rfegeth emndt Beir PEERIsBS dé@vaiti®esd respectively.
hydr oxy-succi ni m de '

& Gxgmples Agg ﬁgd@%d-kabéﬁdﬂ@@;m 20tHYIBBiBIdA resin (Sieber et al,
( Wfréuaﬂe'gmﬁ%&% 9516143 ?%?%%a)%tﬂ% ROk Gik AN br BRY acid resin (Rink et

N-"hydr oxy-benzotriazo
Nalhy 8989 yTeeatedtoni d2itn€@8,3787). 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 I or III) 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
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preferred enbodi nent, the coupling reagent additive is

Whyas03453, 4- di hydr o- 4- oxo- 1|, 2, 3- benzot ri azi nePCT/EP2005/010133

Ammoni um salt conpounds of cou %ing additives are
known and their use in coupling chem stry has been
descri bed, for instance in US 4,806,641. In a further
particularly preferred enbodi ment, the uroniunror
phosppgen al; r.eagenpt oi»
reagen gﬁgk§ %%%éﬁﬁ &EQRFET%,QT%T%z%g J§a%%h0gen Cr-Ca
mor e pikef er abIQ( alkexyis@d thay bdithersade bor differént cmtrbuha atdvisio that only
Wi th N—hydroxy’g 4- di hydro-4-oxo- 1,2, 3-benzotri azi
or a 98¢ PfRAdBecA marﬁpﬁwér?@s@. Fdrivherein fais Xy e é%}rr Bfrogen or is
for u in elongation step of peptide synthesis
aftergfgﬁgvgrgof t he base-|abil e Na-protection group,

but may as well be used for |actani zation reaction
during side-chain cyclisation. In the context of the

present inventi®T it is to be noted that U and
TCTU are defined as to be enconpassed by e term

'uronium sal t reagenMeQ

means of crystal structufe analysis (O Marder, Y. vy
Shvo, and F. Al bericio "HCTU and TCTU. New Coupl i ng
Reagents: Devel opnent and Industri al Applications"

X Conf h 02);
ENE rehine csupseRt e ReRarBalcR A g Ve te avove

gi Vi QefinitidBs tfer AdRdRNRO? URT 3t ﬁwkuaeapmﬁhgadlth e pl@iso that L is
present context, such class of conpounds 1s terned the

guaRFlastesoppiae siavpIcassting of pxyam ARddHreEReagent 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

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

R"1

Rl 12 VI

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,



PyBOP or PyAOP. Deprotection of the base |abile Na may
be carried out as routinely done in the art, e.g. wth

WQOMs03338T i di ne in N-nethyl norpholine. A furtP&r/EP2005/010133

obj ect of the present invention is a cyclic peptide of
formula Il or 11l having an Na fhat is protected with

a base-labile protection grpup)y. Il in wherein Y is the
base-| abil e protection gr o'@' = 1-10, preferably n =
1 or 2, nost preferably n further wherein m=

1- 15, preferably_ﬂL;L 6, nost preferably m=
3,further wherein x = 1-208_and q = 0-200 wherein Rl
and R2 each are, indepgndent a natural am no side
chain or non-natural der'ivg t hereof, which side
chain further may conprise &p{otection group with the
exception of allylether and al I%:I oxycar bonyl

protection groups, and wherein A% s a Visin or resin
handl e or wherein optionally R2 may al so be a natura
am no side chain or non-natural derivative thereof

- Whinahfughel evenhaoe prafetpainasiddingeng itrie prefiered thaeR 1’ M, RAh dlegwhere L is
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15
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25

via an_ether, thioether, ester, .thioester m do .ar

e cond Ao PEeREPLRE ey o by e il B g8 tat only one
that tof@®71R’tSmsgbeby@dgdn o wwheredl BUitreRAS imlepdidetly are methyl
OH NH2, NR IHor NR 1R 2, 3with RI and R 2. s
bei ng Wﬁﬁé‘ﬁé}’rdﬁﬁfgﬁ‘?@@f? @Eg‘]ﬁf% Veﬁﬁ%ﬁ’“@@%ﬁ’ﬁhg‘e’é £is oxygen, R”1
p:r Iot |eCi§ h@dogn0aHa fgﬁ’h aﬁ) lnielﬂgm_ oﬁ msm';kg a_hhq;ra&amptbA qs laq%sin or resin
ally roups, preferably wt eing tert.butyl or

pent afl’%ﬂpg?'%‘?féﬂs??‘?mbﬁy’sgd%“(ﬂ‘%ﬁ‘}ﬂ' group, such as for

exanple RI( X=i), is not to be construed so as to

refer to a single type of optionally protected am no

acid side chain; that is, each residue R (1) 5

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 v).

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-CFs), 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) 6r 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

RECTIFIED SHEET (RULE 91)
ISA/EP
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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 eoos@sb4sal s R2(qg=1), R2(q=2), and so on. The PEFEP2005/010133

resin handl e conposite entity may in principle be any
resin enpl oyed for synthesis, $lch as for exanple a
pol ystyrene-di vi nyl benzene resin as used by Merrifield
ah&)rﬁgpwtit/b vy dr Dxiptreerzgfl Ara(Sily), Arp(Egy)ahrd(PoReArg(Mtr), Arg(Me) or

é’ s or by Wang wi th hydroxybenzyl - p-benzyl oxy

such as for exanple noieties to which e.g.

nor e aC|d | abile linkers may be further grafted, or
alternatively the latter linkers may be integrally or
dIheelcglmyleISIdek@dtm may e prefetiably dqvabntlyi gprq§¢0é@d during $yathesis e.g. with

ase resi use synt hesi e ri.ses
g? Yeast aﬁ r}zp{[oga F%Pm?yl’n{er operﬁg glseﬂ%xgwx? gg ¥of (Pmo)
tﬂaﬁtaﬁl@!hlymmﬁﬁ@@exﬁef@aﬂmtf@fyl Pbf)S ughlétuoamm etrifamgitRnzenesulfonyl
«Pﬁﬂ e consldered as an i nmobili zed protection group

iangliitsr 4-dpu-343,5,6-Gtamettal howolopog J(taztlwdarz@t@m xycarbonyl or Boc.
E(thr,rﬁa h e fé[grl‘t%%e &h%gﬁrr réi% 8&] F‘oer %t%&&%nk aC| efe}éb[l)}e it is Pbf.
nore conpl ex PEGgrafted polystyrene resins such as
t ent agel - based Novasyn TG (Novabi ochem Mer
éfrﬁé%P‘@iff‘éé@}’ mﬁﬁeﬁ*&ﬁ Tijf |sxrﬁh%§ﬂ9ewarha$q0a9p@0w1{m it may be N-protected
Q%hfﬁﬁﬁ kﬂ@@@! psuch as T - chloro-trityl,
or resi e constltuted by grafting functlona
handl es onto natrlx materi al such as silica gels.
Preferably, where the resinis a trityl resin or resin
handl e, such resin is a 4-nethoxy or
Aidis SHerBidIpYotbéted ¥y Nﬁf&jflrprot'g@t%r{" §ro@ﬁ @ﬁt%ﬁall? ﬂhbﬁgh 1ess preferred,
present invention are of standard nesh si ze,
dboay b&hikegige h%mtectﬁdrveﬂplﬁ@cf, aredlyliyitylow tosy400 mes h 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 2ooshs4bT be noted that apart from i npacti ng BEEEP2005/010133

conditions of cleavage fromthe resin, the chem ca

nature of the resin material ah8 in particular the

chem cal nature of the handle group may wel |l influence
Fxperiatents 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 298 ec%(i FRIOBSRENSH BY 10D pbftfict X8 ?\Il@fcyélgéﬁtéﬁ [9f5-D-Phe-Arg-Trp-
reS|n andl e enpl oyed. For this reason,

pyef erwlede em’opﬁhnss meraadcaunuqsmgn tWOt (HéOQﬁ.?ééedmwn prominently to said

ROVl orPg - 4SS fleste T of e Fosichy Bz, OB PRty -polystyrene

osid, 05 Bcdbse@iitolBsd tothe bRiksakivvefion 8 SAdvé Mlthbldd. N-terminally,
set forth in the clains in detail. Exanples of such

mesf,hmé‘lr@tr siepsdfh theardbiéen aekentel shewhoxyipblenyd Jhareedagice is FMOC-

ARPORRBR Y o g PR ROl KRR 4Ry spaced apar,

Nithi silfleg side @hilﬁﬁsmm lede ARERIPBH)Ypratndliidial betWeda. [eteNable below, Nle
derivatives, respectively. Further exanples are e.g.

acNerleuehng. e HVPB- MBHA o HVPB- BHA resin (Si eber 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 (as given e.g. in formula Il or
I11) conprises a resin handle or resin |inkage noiety
Wowak/0s2as7 excepti on of resin handl es conpri si NBCERP2005/010133

al l yl -oxycar bonyl npiety. Mre S{)/\rl\,‘efer ably, such resin

or resin handle is of formula | erein R" is a

resin, and R'l, R'2, R'3 are, independently, hydrogen,
Eabledl :anedsl P@Ithd@_’@nd:dte?&FIR@Wthwaﬁd may be the same or
different wwth the provisio that only one of R'1, R'2

may be hydrogen, and wherein L is oxygen, | fur,
nitrogen or is of formula V Again even pd I ferored
m# ,

is that resin or resin handleis of f A
above definitions foror cal s 9 | Ndand R'2
applying with the pr othat sselectedf m t he

group consistin nltrogen, gai nl_eve
more preferred |gF°°i?'*ha e ré siln 6r \rH‘ harl b

formula VI1, the above daf ons for radi.cal,s R "
R'l and R' 2 applying W t e/ provi so t DEE

sel ected fromthe group con sthng of ox n gmé
nitrogen,In a further eve prlef erred enbodi nent ,
it is preferred that R' 1, R' 2 ar|e! O®apres |510pagnsit]
oxygen, independently hydrogen, t hyl or thoxy Wi th
the provisio that only one of R'1,'R'2 my ~h drogen
and where L is nitrogen, mdependentlymaig

net hoxy, preferably are nethoxy, Even-qre preferzably
then, L is oxygen, Rj1 is hygi/r,en and R 2 ig methyl
or methoxy and prefqratly, A i r €sin orO resif -

handl e. Most pr efes: ,\/lR"—Z-NI

preferably, the peptide accopefng te th presen)t
i nvention is carboxy terﬁ&n @ coupl ed to’ht_lqr‘é resin
or resin handl e (A=resi an £ esi n handl mJI a
V). Preferably, the peptyd equence cordl ng to
the present invention is Ac/N e-cr /p;@dhs@wmmnwp

o]
T i

Fmoc-NH -

ZT
e
(o]
I=
o

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

o : 0 '
restenn” y—H— T R o—ere >
o i o 0
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Hi s- D- Phe- Arg- Trp-Lys) or N e-cjc/(Asp-H s-D Phe-Arg-T
-Lys), a lactam bond being in place between the Asp

w@nwehy=ssi de chains as shown in table 1. Sai dP@EEPP100%010133

is a pharnmaceutically active neianocortin
receptor-specific peptide usefdd for treatnent of
sexual dysfunction, including male erectile

dy sif. andtyilaiioadepriotemion d>WHC rdyiafconfigated iodélyreptide
In anot her preferred enbodi nent, the peptide's
sequence according to the present invention consists

of CobpH t a t S
Cyc(ﬂ) %ﬁgﬂdﬁﬁ Wlag §§|11r1%ﬁﬁeyd§)§ﬁ ]\Rh@é\;{eﬁ lﬂt‘?ﬂgﬁesence of PhSiH3 or

r eslislumobaynal(Seqe substituted by D Phe, or the

Phgﬁgcyﬁ\és?onmmrz}é ('agh%f ;re }}gg(fg{ E&sﬁ%‘ Iecaryllﬁgghgc% 3()3)2 g resin, loaded at 0.44
d' %)noﬁ 613”(1{](3 Qlﬁ)all%@%’cedtad stititieg Peptigh oMbl 1. After max. 15 min of

hese nodi fications with
norrematomaaroonetammratu@smd@r sméyrmtmgeatb@bblm rthe auxiuggyvas filtered,

cech it ryEeh et llridfe hisd M T Do i i Bomeny, atwaye vith
or tBE@HIEMHEEaaKM 9 &). I pALIERtiAe hesqeaidey perldycle.

or L-isonmer of Arg(NO2), Arg(Tos), Arg(Pbf), Arg(Mr),
Arg(l\/b) or Arg(Pnt). The arginine side chain nay be

pr e %%/ter? %ﬁ&%}d%hpf ﬁzngsecgngééﬁ{iwy SLodesis e 9.

benzyloxycar

pen: ameﬁiamlyapyﬂﬂdﬂmee{mmmmhle@’m)
pent anet hyl di hydr obenzof uransul f onyl (Pbf),
4- net Rushlop;methang (VP {3 Hepvenesul fonyl (Mr) and its

gd;?r;&fg%géf%}]{qfng@h@@q@ug%gb(tam or Tart are

s: ronsssgglfuﬁf @bey1detidcarbapiaRitaRdrag 0AXN iDBVP pr ef er abl 'y
| I S
e NMP (5 times)

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.



Trp is preferably protected during synthesis with Boc.
Optionally, it may be N-protected with fornyl,

W@ wBasT Yyl ene-sul fonyl. His is preferably pre¢EEP®AS/010133
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by N-trityl protection group. Optionally, though |ess
preferred, it may be |ikew se Rlprotected with Boc,
methyltrityl or tosyl.Experinents A folly protected
FMOC-ver si on of the peptide

Ac- Nl e-cyc/ o( Asp- Hi s- D- Phe- Arg- Tr p- Lys) - whose
properties were described in WO 01/000224 drawn

pr ogisn [ ' . - S newy
ynioEi0Y dbrdfioP BRY bERALUEngadl® 1
2-chlorotrityl-polystyrene resin, and processed

according to the present invention as shown in taple )
1. KM@ Seprgigciion was cargied ppswith 28y ppendine M) sybsequently, chain

. e . i
o gt kbl 14 s SF P SE ity By 400 for
ar e hfwitle FMBC dusdBe €hedd thpardsensi dfhl bl HETE atel 8 fegi HOOBL, 3 eq.

suc ﬁ% e.g. Arg(Pbf) protruding in between, hi the
t abP3EDel ow, Nl e is Norleucine.Table 1; nodel peptide

and AfRAGtkRR: Bfﬁttg@@é‘sim%r])&uqt Ind\waxhib@ Wi®CDMF, the FMOC moiety

deprot ection of 2-CTC resin conjugated nddel peptide

0. 1 oaNle opasprpprrRd Wit ospiperiding zeNIP, @AM N-tehwinal acetyl group
presence of  PhSi or di_am.noboran . ) Thi .

Cor PGt bRl IhBMAR VIR RRod 3,71 e ipayiggor 12 b
g I esintenipRaded. at 0.44 mmol/g) of the allyl/alloc

protected starting peptide of table 1. After max. 15

mn of reaction at roomtenperature under steady

nitr [ kXt fi e
rec 6%%? (rah c}gﬁg g [ 6nf@ g B%Jtr%grf g@g ¢ t%éﬁ)gg%ars eﬂe[e%%e@sg}do @'{bﬂ)gflg giﬁgmteaed by
t r eadbmentrated [IBAYySeatintit. Thetealgeld b acdtylakd dastamystl papidde based on

5eq. 0 h | si] ane as scavenge er cycle.
%rudelfy p%n%%cyl product was roughly dete%mgne 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 No-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 Allyl/alloc 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 (CHsz),NH-BHj3 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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Washi ng step: Afterwards the resin was consecutively
washed with N-nethyl-pyrrolidone (NWP) (3 tines)

wor@biosxs? met hane (DCV) (3 tinmes) 0.5% DI EA (P€i/gP2005/010133

base) in DCM (3 tines) Sodi um di ethyl dithiocarbanmate
trihydrate 0.02 Nin NV NW @8 tines) 1.2
Cyclisation: Lactam sation of side chains 1 eq. of

Py BERséted of 28 E15. Yadld bRictyIRlce, Sioty t1d€mbihtBMR 286 (analytical
added to the Asp / Lys-unprotected peptide in the

pr eg@depudty)4 Eq. of DI EA. The reaction was stirred
for 2 hours at roomtenperature. The | actam zed
pepti de was recovered by filtration and washed with

NVP.3, HAUS /2By € [de pradérana @Bl’(}‘lﬁb—‘@-ﬂﬁethjﬂ@hé@lﬂm&h@D pulyBtyrene resin
| oadi ng of about O lg/m solutionin 0.1 %FA 70%
wat eenijBgated daedsh peptide With exelgnagi Cfaﬁcllet l’%@@&z /P(oTol);

acetonitrile gradi ent) i nternmedi ate peptide sanpl es
rel eased with 2% TFA fromthe CTC resin showed t hat
con¥eseatially wastial 2rdstas cqmatedt butawiith tHeaﬁ;ll@@ﬁfgn mbdifibgions: Instead of

| actam zed ect pept retained the
é% %f PR g% &8t %6 ﬁ‘)da(Q&C)BéBt a@r%%ea%gf G eq. of ortho-
Bﬁ'&t\h% dé@ds et 682 iyt oYV'sM}un\%g/ Qd?&l@l?l’ﬁhgt’e I'Were added as
|nN equent |y, chain el ongation s carried out
f or s@t@eltgen Even BRE 2thoabsn onversiont ledperiptigken plaGO@) trace amounts;

orrl .h mﬁhgmg%m%%l@q@&ha%%ﬁﬁ presence of 1

4.1 Allyl/alloc deprotection of Bromo-(4-methylphenyl)methyl polystyrene resin
conjugated model peptide with exchange catalyst Pd(P[oTol]3), and with sulfinate

Catalyst Pd(P[oTol]s), 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]3);. 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(PPhs)4 and with sulfinate

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

Pd(PPhs)s were used as the catalyst and 30-60 min. reaction time was employed for



After filtering off the resin-bound product and
washing with DMF, the FMOC noiety on Nl e was renoved
WOWak/023% pi peri dine in NVP, and an N-term nal PEGEP20D5/010133

group incorporated by incubation in pyridine with

about 1.5 eq. of acetanhydride28or 1-2 h at room

tenperature. After filtering off the resin, the

pepiliyialvese d[K cERSEATROG il 0P alehdeddensAhies tn@ﬂur@)peptlde amounted to

concentrated TFA treat msnt The total yield of

ace¥3fbat ed, | actam zed peptide based on crudely

purified product was roughly determ ned to anount to

-60% The need for further, final on-resin

dekl yacediali eampldsh can &Cyélibhteﬂgwitﬁagﬁﬂlarfsubtdae rby substituting the

denonstrates the utility of the present inventjon,

eanEicplly or spacificaliyidescaibed arastantssid{on opeiating eendifions of this invention
base-1abile Na-protection

Qb?thlééé%gﬂﬁn&%gp%%%ga&%?e N-protection groups such

as Boc woul d have created further probl errs here at

l ey géct&a ggveg}felcs)rlBlhg %EIZSSI %11 ﬂﬂéﬁtﬁlg i ﬁlls;ﬁmcular reference to these
g)r éﬂéﬁ&d’ CRBSAIRASN AN bhBBLRLNTRAR acRR HilSsabt ‘diflts, Variations and

esence of an am noborane Essentially experinment 1.
waslifiegsioat od thelmewgt ihen(i@HS) 12 RetoBiHBusito waw ekt in the art and it is

exce or exc CTC r
ﬂ@@d&) Fratoh ol e R dEEHARS sbf atiyhhs: (Hpemiee igdosures of all
rf@ﬁ'fbncés ?h&tlﬂﬁ@ |pathts( Dwgﬁ’@ﬁdaﬂ&ns ﬁeﬁ%ﬁﬁle afedtieddbyySincorporated by
was sol ubilized in AcOH (approx. 4:1), whilst
defsrasicect i on reaction was carried out in DVF (5 tines
resin volume) at 400C for 30 min.. Steps 2.2 and 2.3
were carried out as 1.2, 1.3 above, except that
cl eavage was conducted in 5% TFA i n dichl oronet hane in
t hepresence of 2% TIS. Yield of acetylated, mature
pepti de anpbunted to 72. 8% (anal yti cal
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grade purity). 3.1 Allyl/alloc deprotection of
Br ono- (4- net hyl phenyl ) net hyl pol ystyrene resin

weovpispased nodel peptide with exchange cat al yR€T/EP2005/010133

Pd(Cac) 2 /P(Orlol) Essentially reaction 2.1 was
repeated, but with the follow 2 nodifications:
Instead of 0.1 eq. of Pd(PPh3)4, 0.05 eq. of Pd(Gac)?2
iOlaitalle presence of 0.05 eq. of orthotolyl phosphine
were used. Further, 2.2 eq. of sodiump-tolylsulfinate
wer e added as scavenger. Even after 2 hours,
conversion had only taken place in trace anounts;

rai sing the tenperature to 600C did not change that.

4. 11 Altbtbd af ¢yetissteprsftagepiidabplactamisation, comprising the steps of
Br ono- (4- et hyl phenyl ) met hyl pol ystyrene resin

conj ugat ed nodel peptide with exchange catal yst

P Pl oTof| SPAeRLM B HRpaY hoRGAR LR SLing srpunsy which peptide i
a: o o} tgﬁn protéaatd Mg_h a(b]a@%?t))_ﬂe _jl:tt(tﬁ:)tmfg%@@g}% St? o d@alufurtber comprises
al. further descri bi obt ai_ni ng rel ate 4- . )
Syl oyl ] 3) 2% 66 PYS AT S OBP LG e SRREHPpIERoof . 1ysine side
T2 T buf Tl e oL AR e R o comprises af
.1, . eq. o oTo . 2.

eq. of sodieast pag allylk@tﬁrfpﬂfcv‘tg@tgd weeasbeod emowpsol 2 Bleagyt or aspartyl
For 50°rni AeqErceor #hany el R Roaba a3 fine the base.
with the amdirdtgrértiiot bodp oh tie Mawekkreiaceidydligtie ﬂrotectin’g groups are
Eept i de anmount | ntg(ét 0 82{%2%@ step 4.2, step 4.3

avi ng beesubsiitytpdar wisubgsu section 2 above.
Ext endi ng the:r [ 3y / &l ; ng i
depr ot ec?'i _6: Rgltlsgﬁ?% p%?tr%&é gﬁf‘ %’%ag?kalg?ég naleffs %@gﬁ?ﬁoﬁeaed side chains in the
i ncrease Yyipeésandeyofd weakBshsb¥agentpmeelr i ng t he anmount of

catal yst by, about, hal f slqwed the reacii i neti .
y c. ydeprotectmgatlfie peptlgg\gomt e base-la! 11169 Ig]roélctrllc?& Igr(c:)up at its No..

2. Method according to claim 1, characterized in that the Na 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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considerably. 5.1 Allyl/alloc deprotection of
Br ono- (4- net hyl phenyl ) net hyl pol ystyrene resin

weovpispased nodel peptide with exchange cat al yR€T/EP2005/010133

Pd(PPI » and with sulfinate Reaction 4.1 was repeated
essentially as described aboveZSexcept that now 0.1

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

m ns ngaebd abcdriiiB YRRk MTir@y @Harhekakddyih/tiadttBE cylisation reaction step
deprotection. The yield of cleaved, acetylated mature

pept i deiseastind edt nothg pegsermgeo iy weakdbasy reagamfpnes apapfiqeolar solvent
repeat.ed . wt ) ucce ituting the
genetf§§f¥yxgyﬁ§%g%l P%% fvgﬁgg% %%gghreactants and/ or
operating conditions of this invention for those used

in the preceding. exanples. Al though the invention, has ..
beefi- ddgthpd beéeon%m&jéq Slamyg.t ghasagienzed) @r thab fhs @M@@aw reaction is

these &y texsé'tﬁﬁ@ﬁ?ﬁ?’ﬁé‘fu LR o G 'ﬂiﬁgt t©2the benzotriazol
achi evog&tﬁ{ﬁle lgan%s results. Varclgéltal O%E aggém) is?]icat ieor%lzc azot as
of thehpcagpding agententi on will be obvious to those
skilled in the art and it is intended to cover all

such nodifications and equi val ents. The entire

di sgl QgLihed aRforBldy th &iBMed) CBaracRAPLd £ALMOMS peP@dERiifked to a resin
and publications Cited above are hereby incorporated

by r efsupport by Gleansref an acidelahdeibodd.cycl i sati on of a
pepti de by |actam sation, conprising the steps of a.
deprotecting the peptide fromallyl-type protecting
gr ogpsMefiudcCatcorid @enk Sf the@l Ak @do 5, tHaridiRe® il abi the peptide is C-
protecting ?roup at its Na and further conprises at
| east temenally goweatly sepensiad-vig #t edd-daplg®PRd- f unct i on
of a lysine side chain or of an anal ogue of such
| ysine side chain and further conprises at
9. Method according to claim 1, characterised in that 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 PhSiHj,

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

labile protection group,



| east one allyl-ester-protected w carboxyl group of a
gl utanyl or aspartyl side chain or of an anal ogue of

W@ wh/03d482 chain whil st retaining the basel abi PEI/EP2005/010133
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protection group on the Na, wherein said allylic
protecting groups are substituféd or unsubstituted, b.
cyclising the peptide by | actam sation of said
deprotected side chahns in the presence of a weak base
reagent, and c. depriptegting the peptide fromthe
base-| abil e protecti mroup at its Na. 2. Method
according to claimarl, chaxacterized in that the Na

protected with base | abi prptection group is the
Na of an asd%(ﬂﬁd resi due said further
allylester- lprjotetted c nd preferably
wherein the agpart ' t he di pepti de
sequente_Asp-H-s. oclaim1l or 2,
characterr®éd injjthat|as Aal step d.
further el Bngatipg| th ' of conti nued
pepti de synthesis [ %pling of the
deprotected Na. 4. Method according to clai miB,
characterized in that the peptide is bound to a solid
phase during cyclisation, with the proviso that the
allylic protection grqgps are not serving as a resin
handl e, and that thge peptide el ongation of step d. is
a continued solid pepti de synthesis.5. Method
according to claim 1 or 2. _characterized in that the
cylisation reaction step b.~Ns carried out in the

presence of ar&? k base re géHtLLn an aprotic polar
sol vent and | g further es8gnce of a coupling
reagent. O
\ H
Ol Rt Jx OL R Jq

I

wherein Y is the 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, 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;4 alkyl.

12. Peptide according to claim 11, characterized in that the base-labile group is FMOC.
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6. Method according to claimb5, characterized in that
the cyclisation reaction is carried out with HCTU or

waamkosssi t h a phosphoni um salt of the benzot PCHEP100:610133

the coupling agent. 7. Method according to claim§6,
characterized in that the pept#de is linked to a resin

support by neans of an acid-labile bond. 8 Mthod

acc3.diepgdt aceuréingftotdisine l1ai d182,1cHagacterizeianathbtethe gegtide is of the
in that the peptide is Q ermnal | covalently

conned?@ﬂublg wihnach ot 2. apee @rdeably 19T Livet hod” accor di ng

to claim1, characterised in that the base-labile

protection group is an FMOC group. 10. Method

ach dtepyde ecalrdingntd one of claithal do dB] skhatadtarizedan thdieA comprises a

allyl and. al rote tlon u e renpved
cat aI yEFR hfﬂ{lfh? RELSs et&ﬁp tgafx? F&.?E@%P%{ﬂgm hanéleg comprising

pr ef ergbliy- Hﬁy&gaoﬁg,hlﬁgle@| H 1 as the allyl acceptor
that is in excess wherein R is a substitutent at the

aromatic core and is aryl, aIkyI or aral kyl, n |sI or

2 or e ref rei the al
2o bpuiptif Rpegins 18 Spfin JCH B Aol AR e Jpd FGpiin bip ramdte s of
or Illfohawiamyg an Na that is protected with a
basel abil e protection group,!l in wherein Y is the
base-1abile protection group, n = 1-10, preferably n =
1 or 2, nost preferably n = g, further wherein m=
1-15, preferably m= 3 to 6, [nost preferably m= 3,
further x = 1-200 and q = 0-2 referably x = 3-50
and q = 0-50, erein
qu1

R“z Rll3

wherein R’”’ is a resin, and R’1, R’’2, R’’3 are, independently, hydrogen, C;-C4
alkyl or Cy-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

v

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,
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Rl and R2 each are a natural am no side chain or
non-natural derivative thereof, which side chain

WO e00bl08245ey conpri se a protection group wth PEEEP2005/010133

exception of allylether and aIIg}oxycarbonyl
protection groups, and wherein2& is a resin or resin
handl e or wherein optionally R2 is a natural am no
side chain or non-natural derivR' ve thereof which
side chain is bonded to a re or resin handle via an
et her, thioether, ester, tMioester, am do or secondary
or tertiary am no noiety he proviso that then A
is selected fromthe groups/consisting of OH NH2, NR
IHor NR 1R 2, with.R—I\and R 2,bei ng i ndependently
Cl-C4 al kyl. 12. Peptide a¢ to claim11,
characterized in that the B abile group is
FMOC. 13. Pepti de accordi ng Zlaim1l or 12,
characterized in that the peptideRrs of the fornula I
withn=1or 2, nore preferably n £ 1. 4. Peptide
according to one of clains 11 to 13, characterized in
that A conprises a resin handle or resin |Iinkage
noi e udm hdvotdifg e CRidini DE) dhﬁrar:te&zm handk el enfipot Sdsﬁghandle is of
an al carbonyl npiety. Pepti de according t
cl ai ﬁmﬂa \ahdheabera deltifion: tha&adtCﬁB R2aik g RSP pplying with the
han :
[ Py g, LI o MG o Rt Pl eeind i ecn.
aIkyI or C -4 al koxy, and may be the same or
different with the provisio that ,pnly one of R'1,R'2
may be hydrogen, and wherein L $% oxygen, sul fur,
nitrogen or is of formula Pepti de according to
claim 15, characterized in the resin or resin
handl e is of

— L

Rl 12 VH

18. Peptide according to claim 17, characterized in that R”1, R’’2 are, where X is
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

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 IT or III having an Na that is protected with a base-labile

protection group,



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

W@ 200603187 f rom t he group consi sting of oxygen BCIEP2005/010133
ni trogen, 17. Peptide according to claim 16,
characterized in that the resiA%r resin handle is of
formula VI1, the above definitions for radicals R",
R'l and R' 2 applying with the proviso that L is
selected fromthe gr@upyconsi sting of oxygen and
ni trogen, 18. Pepti Ncording to claim17,
characterized in at R R' 2 are, where X is
oxygen, indepe ntly hydrggen,y nethyl or nethoxy with
t he provisi th@ﬂ only one |[0PHR'1, R'2 may be hydrogen,

and where X ni-frogenp i ently are methyl or
nmet hoxy, pref grabl t hoxy. H19. pti de accordi ng
to cl aiYm\18, pt X oxygen, R'Il is
hydrogen aNd R'2]|ji thoKy and preferably A
is a resinHor reg . 20! |Peptide according to
claim 19, charactebi zZBY i 'R sifethyl . 21. A
cyclic peptide of formula Il or Il having afl Na that

is protected with a base-labile protection group,p in
wherein Y is a base-labile protection group, n = 1-10,
preferably n = 1 or 2,gonost preferably n = 1, further
wherein m= 1-15, pyefgrably m= 3 to 6, nost
preferably m= 3, N r x = 1-200 and q = 0-200
wherein R and each i i ndependently, a natura

am no side chai @ or non-nattwal_derivative thereof,

whi ch si de n|further yCﬁo rise a protecting
group with tih f P

geption o | et her and
al I yl oxycar bonyl tectring grodps, aQy wherein Ais a
resinsyrresi e o etei ntoptipnally R2 is
~ N N
N A
H H

R1 jx OL Rr2 Jq
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.

22. 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.



a natural am no side chain or non-natural derivative
t hereof which side chain is bonded to a resin or resin
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am do or secondary or tertiary amno noiety with the
proviso that then Ais OR 3 with R 3 being a
protection group with the exception of allyl groups,
preferably R 3 being tert. butyl or pentafl uorophenyl.

Iﬁ%e of Pd (P[ortho-tolyl] 3)2 or Pd (P[2,4-xyl oyl]
3%32 ﬁzﬁq:q;_rsiléng tp g ap]g,agacﬁ@ns&ép}p thabap pmn@fsulﬁnate 1s'used as an allyl
ally gy=Yor i ups or allyl oxycarbonyl
prot%ggég E#hgrgﬁggg%yhmgggxy groups. 23. Use
according to claim 22, characterlsed in that an
0 c sul.f onat as, an all oup cep
ot 3@9&\%«&%&}“&@ §@m 2 2& 2 gharagtertse |Hh glaf e isrlmoa aljyloxycarbonyl-
Or ZfoteeRAr @S hCphri Br thadpdAguflthler 6t
al 'yl oxycar%g’nlss%r pr ot ect ecilj1 ar oups gr e ernﬁ e?tednpeptlde preferably an
opt i imed prptectad: feptidpwberent thd Fpeptgrale, is prtathed abthy Hn of the peptide.
Fnoc protected peptide wherein the Fnoc group is
attached to the Na of the peptide.



