METHODS FOR THE SYNTHESI S OF CYCLI C PEPTI DES The
invention relates to the synthesis of cyclic peptides.
worwg/08sthods for peptide synthesis are descri PEHEPI007/064186
the literature (for exanples, see U S. Patent No.
6, 015,881; Mergler et al. (1988) Tetrahedron Letters
29: 4005-4008; Mergler et al. (1988) Tetrahedron
Letters 29:4009-4012; Kanber et al. (eds), Peptides,
Chem stry and Bi ol ogy, ESCOM Leiden (1992) 525-526;
Ri ni ker et al. (1993) Tetrahedron Letters
49: 9307-9320; Lloyd-WIllians et al. (1993) Tetrahedron
Letters 4AMETHINSS EORNEIE SANGRTISI® OFALY @LIC KRPODES
Bi opol yners 55:227-250; and Bray, BX. (2003) Nature
Revi ews 2:587-593. The various nethods of synthesis
are dTFBé Invgrticghe thtdsyto tﬁe@ynfhysls Gﬁbycﬁlb@bﬁtldb@ t he phase
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phase yéliﬂﬂil%iy 3 13? %é%sgrlgq(ﬂg tg%, h‘rteﬁlégregfor examples,
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es can cyc ized to I‘% their

ERFelen cirad (AORE) b buton heors P00 6015k Horir o (/o). Peptides,
S 9
CRR S QB Rl st Rdiach 1509) SELPIR. AR il (P90
detgahedendyetiondd: E10Z Y1826, bhgdd?gﬁléaihset it @93)ﬁEﬂtrehabdn Letters
B 8 s U AR L O BB P sy e e g B L
(3908) Nemed Rbaelvd D:5SENSIPr ThE varidus hdhGd3oE sgab&ss drbeieinguished
|za ion of a |linear polypeptide. For

nvoI e cyc
SlCQ st f@alp eas 8hiqh thg FihessgR Cfeampdp jquid phase

51050%%%@ a backbone cyclized version of bovine
pancreatic trypsin inhibitor (CGoldenburg and Crei ghton
( 1983)11 Pme qaugs, the) syhthesis progesp mqlac}es raachiens hppprosidhesyclic

d
Eﬁﬁ dy! ? n}?t%gagft%%g%{ % zfggld a%h% r ast gt!l? 9%‘)?916@962\%{ thﬁf‘ll‘ in vivo
$Sebility (Becdl 68BarttDdd Main(1609) hron. Mliem. (Sb@Q T2 1:65#h5598). Cyclic
AoHOeniuin edpdre G B 3 deash MR SR smttiorbat 30 flyineroased
effinal to re(cél&Bﬁ;)m@he body) Chem Soc, 117:819 820)
i nt ranol ecul ar, gati on net hods vvh| ch all ow i near

synt hX@Tl%uSp“é’BEheﬂé§rq08556%f0éfﬂf-q RFRHENIN hrrlic peptidatiagve been

AGUEBUBInGROGHSH #NSTn TR Sxatiesiifvale ﬂleréya%%p bP&Nhear
cyclic peEt I des typically involves solid
polypeptide. For example, a chemical cross-linking approach was used to prepare a

backbone cyclized version of bovine pancreatic trypsin inhibitor (Goldenburg and
Creighton (1983) J. Mol. Biol., 165:407 413). Other approaches include chemical
(Camarero, et al., (1998) Angew. Chem. Int. Ed., 37:347 349; Tam and Lu (1998) Prot.
Sci., 7:1583 1592; Camarero and Muir (1997) Chem. Commun., 1997:1369 1370; and
Zhang and Tam (1997) J. Am. Chem. Soc. 119:2363 2370) and enzymatic (Jackson et al.,
(1995) J. Am. Chem. Soc., 117:819 820) intramolecular ligation methods which allow

linear synthetic peptides to be efficiently cyclized under aqueous conditions.

The synthesis of non-recombinant cyclic peptides typically involves solid or
solution phase chemical synthesis steps. In these synthesis steps, amino acids or
peptides with protecting group are generally used as they have reactive side groups as

well as reactive terminal ends. Undesired reactions at side groups or at the wrong
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sol uti on phase chem cal synthesis steps. In these
synthesis steps, am no acids or peptides with

w@r@Bmessikfg group are generally used as they hPOBEP2007/064186

reactive side groups as well as reactive termna
ends. Undesired reactions at si'de groups or at the
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groups are avalla rtarn am no aci ds,
per m Whalg thgre usrmlmhémd;‘ame@i nsgotfigeled pliase Iqbermstms sincdi a3 Fmoc,

there are circumstances wherein using these chemistries can be problematic. For
example, in some cases, after Fmoc removal, the peptide intermediate may suffer from an
undesired side reaction leading to a dead-end product. In other cases, steps of the
synthesis process may demonstrate low and unacceptable reproducibility.

These problems can be exacerbated in cyclic peptide synthesis processes, which
typically require difficult coupling reactions to promote coupling between selected amino
acid side chains.

The present invention addresses these problems and provides advances and

improvements in the art of synthesizing cyclic peptides.



10

15

20

25

30

35

While there is current wi despread use of solid phase
chem stries such as Fnoc, there are circunstances

WOL@BMO818411Si Ng t hese chemi stries can be probl eP@El/ER2007/064186

For exanple, in sone cases, after Fnoc renoval, the
peptide internmedi ate may suffer from an undesired side
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aci d side chains. Thé present” invention addresses
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synt he cycl epti des, such

?\%P%i?fféa Srithy tIqe Hroﬂge‘[gﬁl[ rCyg]é(bPﬁpélfie% ébc?] @é)sredlllqﬁloaﬁ]ée amount of

E&fﬁ or élﬁﬁnhﬁ&%ﬁdeﬁﬁmﬁﬁ@é@sﬁﬁ@ te@hﬂ@ﬁés‘ tGpHcANy Ysed in for the
ective and ficient net preparatlon of

s;sgnémeisxﬁ o émlicd@@tldelsh é)wéalhél@ @?’@Od&j@fsth@ gueatsorf prpvide a hlgher
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inter Genhralﬂya thrembnhdésf thEhneeStmt hedsioadwanitagbossidyphase synthesis

ocessin ts as socia ed. wi.t h .t he.
BE Qe vB ORI RSBl b ndRS 8k A 8Bkt 4l Thgaprocess
avgidforbtidresfgmnicad-ond altérificiRtd Rapmdnt CRRLRINMAY otherwise be formed
procEéS|n techni ques typically used in for the
ghtidespriogeh SaobEidi des. Overal |, the methods of

t he | nvepid RoRAQVIoARe tvBhEheS m@fh@glf&tfoﬁﬁmg'aedy@h@ﬁeﬂtﬁ@ is
cyclic egptlde product and inproved cyclic peptid

piovided. Tt methad qpmprises the follpaving stepe Iprsesedipentide éiﬁ'gn@nt I8
%}%Yl?és%gé O%Fg?sﬁ'r@ a{rl%trém?if M{%%IQ §§dv§de%f fcﬁéﬁltﬁgﬁraéﬁl\éﬁ comprising
gh papbi atdei redidec pitbadast sideaihds. fTirer[hpepmlde of themcldead-feoral the

t f th i f d .
el 0P B e S P BT tlehret BeproYREL Al e apgeptide

p&nﬁrﬁ&ng £V &b QRidrc Bt N@eth hQEcondrstienam. ChhelchfboRGIREHARUS of the
clgaved dipeptide fragment is then coupled to the amino terminus of the second peptide
fragment, thereby forming a third peptide, which is resin bound. The method also
comprises a step of cyclizing the third peptide by covalently coupling the first side chain
of the dipeptide portion with the second side chain of the second peptide portion.

In some cases, the step of cyclizing comprises coupling an acidic (first) side
chain to a basic (second) side chain. As an example, the peptide is cyclized via the side
chain of an aspartic acid residue and the side chain of a lysine residue.

This method can be used for the synthesis of cyclic peptides that include non-
natural amino acids. Such non-natural amino acids include D-stereoisomer forms of
natural L-amino acids, as well as synthetic amino acids (those that have non-naturally
occurring side chains). In one mode of practice, the cyclic peptide includes a D-amino

acid, such as D-phenylalanine, and an adjacent synthetic amino acid. In the step of
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provi ded. The nethod conprises the follow ng steps.
First, a dipeptide fragnent is synthesized on a resin,

WoL@BMO81843 he synthesis provides a dipeptide fregEP2007/064186

conprising an amno acid residye with a first side
chai n. The dipeptide is then cleaved fromthe resin. A
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i ncl ude D-stereoi sonmer” forns of natural am no acl

Bhe-vhesg- lT 1S YSINFERHEEQCIDINOID . ‘mbf:r@m fét\hd@ereﬁmia nhaxnétural amino acid
ﬁ%tl%}@ﬁy aééchgecpcfl(iﬁé U9 s X | nC dﬂrefe'n% 41%%%159 eptides

practice e cyc pept | es a
Baueh @s- Iiatlp’abamﬂnalaaldl snbptedrﬁd)naﬁa aadm&dmhbnydmpbhémeé carboxyhc

d a. . di tid
AR P g oty Dingiaing AeBbax e g Bop' Lo
a Cter nruriabs Syaihes dt&tg@ﬂlfm?rl]laﬁ/hrfg ﬂeﬁggmaltuegng %Q)p?hcatlont
erm na m . no aci (0] e Secon e | de ragnen
%n@}uria}gﬁha Smﬁmfa tiol pad elaings Byyrehe def%)iﬁté%p%e&eﬁ% plIwy %e

efcliday 8btdreRed aldegsﬁgmﬁalﬁ hanBvaIB& sadpdibe §1I1p31aa£
cyc i ¢ nmel anocortin- receptor a€0n|st peptid

hﬁhocaé@@@ﬂmbcpfwngtw g ta@aébmtams,ett:@pmi ylaethyly propyl, 180pr0py1

g?u O%ﬁtﬁ/ﬁ) nfh%ﬁso?r?eﬁ’ltc %ﬁ@lsaa[n%btﬁg %)ﬁl\égglh&grl? %E)eferably, when

g or prev
éétﬁmlhg R{ 199@)” @al strafyBt- iLlBilH lia\)m@mﬂe todive cartentatdres, rnost preferably

PR B et rh ARdCS & & bhoiigptdg et Buigeq atihatic

PRRbEABSH rammmkavmgCﬂouﬂ@ eagmaarbaataw@ ndl preforstilylt-Biel.
have hi gh sel ecti vi for the MZ-4 receptor. have been
cdsewi begludes 4 ptraig aigtor Reanchedybgiraggybon radical comprising an

olefinic bond and up to 5 carbon atoms, e.g. ethenyl, 1-propenyl, 2-propenyl,
isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl and isobutenyl.

“Alkoxy” includes a moiety of the formula —OR, wherein R is an alkyl as defined herein.
Examples of “alkoxy” moieties include, but are not limited to, methoxy, ethoxy,
propoxy, isopropoxy, t-butoxy, butoxy and pentyloxy. Preferably “alkoxy” has one to

four carbon atoms. Most preferably when defining R°, “alkoxy” is methoxy.

In one aspect, the invention provides a novel dipeptide. This dipeptide can be used as an
intermediate peptide for the synthesis of a cyclic MC-4 peptide, as described herein. In
this aspect, the dipeptide can include an aspartic acid dipeptide of the formula:



10

15

20

These peptides are represented by the fornul a:
cycl o( Asp-Lys) pentanoyl - Asp- ( AA nn) - DPhe-

WoL@s080843.ys- NH2 (SEQ I D NO 1), wherei n AAn 11PCT/EP2007/064186

represent a non-natural am no acid structure as
described in the U S. 7,045,591 patent. Preferred MC-4
agoni st peptides have a non-natural am no acid

sel ected from 4- n - phenyl pi peri di ne- 4-car boxylic
acid and

4-am no-| - (2{me
acj d. Unless|ot
ed i A hi

ai g, ha

hyl phenyl ) pi peri di ne- 4- carboxylic
stated, the followng terns
§Rp@lud|ng t he specification
i ions given below "alkyl"
i ncl{hdes & branehed anf strai ght-chain nonoval ent

ated 3l i phati ¢ hyfrocarbon radical of one to

ei g carbwn atons, eq. methyl, ethyl, propyl,

i sopropyl, |sobutyl, tert.-butyl, the isomeric

pentyl s and e 1sonmeric hexyls. Preferably, when

defi nR 2 "alkyl" is a straight-chain having one to

Wh%gngarbon atons, nost preferably butyl. Preferably
& defining R1, "alkyl" is a branched nonoval ent

saturRieﬂmamqpmane@n@xﬁmm@arbon radi cal haV|ng four to

ei ght _carbon atons, nost preferably t-butyl. "al kenyl"

i ncl udds a stralght chai n or branched hydrocarbon
radi cal con@Hi sing an ol efinic bond and wp to 5 carbon
atons, e.g. |ethenyl, 1-propenyl, 2-propenyl,

I sopropenyl /\J-butenyl, 2-Qutenyl, 3-but | and

i sobut eny?” " A koxy" incluges a noi et the formul a
-OR, wherlein Rifis an alkylwas def i ned here+ArRExanples
of "al koxy noieties i'ncl ude,” but are lagt 1 n1ted to,

nmet hory, 3 [RZ0POXY, | SOpropoxy, t- oxy, butoxy
and pentyl oxy. Preferably "al koxy" has one to four
carbon atonw?® Most preferably when defining RS,
"al koxy" is nmethoxy. In one aspect, the invention
provi des a novel dipeptide. This dipeptide can be used
RS Rirnd R ereripdemnd epiplyiddegchanr atumearsqmmaecs alkbxyahavmg from 1

! ‘E%asﬁonw%ﬂﬁlsx?\gﬁt b e dG O pspe b ool R
Bydregdn, ﬂﬁea@for bfhﬁcﬁd@lfdﬂbbl'la;av\iﬂg Hiedini 1 L3 IcSrbaﬂs dih&atlor branched alkoxy
%gégicita' ch o@relﬁl%l?stl&ltw h@glpme Do Risagheptyl, or
Q%ﬁﬁh@ﬂad&fﬂ@ﬁh&vmg from 3 to § carbon atoms
R'? is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon
atoms, or alkynyl having from 2 to 5 carbon atoms; and
R'% is H or a halogen.

In some aspects the dipeptide is used in a method of forming a cyclic
melanocortin-4 receptor agonist peptide. The method comprises steps of synthesizing an
aspartic acid dipeptide of formula I of claim 1 on a resin. Next the aspartic acid
dipeptide is cleaved from the resin. A second peptide fragment comprising the sequence:
D-Phe-Arg-Trp-Lys, which is attached to a resin is then provided. Next, the carboxyl
terminus of the dipeptide is coupled to the amino terminus of the second peptide
fragment, thereby forming a peptide having sequence [formula I]-D-Phe-Arg-Trp-Lys.
The peptide is then cyclized by covalently coupling the side chain of the aspartic acid

residue with the side chain of the lysine residue. This approach avoids formation of a
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to 4 carbon atons, wherein when R3 is al koxy, R2 and
R4 are both hydrogen; R9 is hydrogen, |inear or

whe@aosmsds al kyl having from1l to 3 carbons, |iPEEREPINT/064186

branched al koxy having from1 ko 3 carbons or
unsubstituted phenoxy; Rl 1 |s cyclohexyl
Anche

gé;?ibenﬁ LY 1nter1ﬁi%1%tebort TR ﬁeq?] eidybdl c‘folyg %thte 1n0 acid (of
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agoni st peptide. The nethod conprises steps of

synt hesi zing an aspartic acid di peptide of forrmula I

of cl z@sﬂlg}ui)li&ﬁio S 51?(?%2“?1}%%&%1%5&% h%lsé?ﬁfuk HerddG i gco orateg by

dlpeptl € 1S Cleave e resin sec
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whi ch .i s attached t r 0

DRl sBlo Bl P e rincis et NorBingptelt B b o &T i A amission
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tﬁﬁ ehy fm& m$ tlde havi ng sequence [fornul a
PYRUSAENBAAY Q) - hey¢{g. peptide is then cyclized by

coval g éﬂﬁb&(ﬁﬂl@hﬂs'3)9tﬁer]ﬁreéhfjﬁw&ﬁﬁinrhe@érlﬂea%e%p%tnbf:mtended to be
acid residue with the side chain of the |ysine

exdgistivg. or T {iBLitd pp Hroyaettp retpdhelprepise fﬂ;ﬁis@iﬁﬁcmechu@a@ fodlogving
Hétg@eﬁi' ({él %ﬁﬂﬂ%ﬂ' %a?ne? H% Er}%(?(ﬁnfeg{s %I{% I§ Qﬁ&a&és&gbetd@% that others

am no aci I N nonome
ﬂohafd inGherp vadspppeoate erd viadscoardi tlhg ptiociplee anrbpﬂaoid@s off the present
thetlnventlon can be used in pharmaceutica

Eofp6¥t tions for the treatment of el evated body weight

in a Shbhethod ofkie frodehi ﬁlaémtwﬂSfoa@xds p ?E@Ml&pﬁﬁﬁbh ereshke cyclic
herei n_are hereby |ncorporated erence in their

pedigee tihjenghdey densad ams@)aﬁlas@. sedipgreid S RMpLt g R amino acid

Aok 9ch fiSY BUOCIRNPHPLAIH SRS SOhRAK, L9EIch iR fhe dipeptide from
di scl osure. Not |ng herein is to be construe as an

He i (ehpreparingtasscondvrantide ﬁagmgntrg@pp]gd]{oytsq)]gﬁplp@e synthesis
Wﬁe aﬁagﬁﬂmggl)b, r%ghélé)&}%tﬁ &réld%?&eec!ﬂgm gﬁﬂghﬂﬂiﬂ%gm@&yrboxyl

Ion an
ennods nﬁﬂte&letafved h@emdesfeergtndnn toetht lammodteﬁnmhbeﬂthb stand peptide
gerl ed tobeeﬁpmuv

061 RESSHY g}ﬁr@ a&ﬁg% ggcléia Jﬂﬁe t:hﬁtgrf)%ptide is then (¢)
éyahb@d/\bﬁ Bov@indlly lceGpldRsaE FiRd sidd chfialo e, dipdpBide portion with the

enbodi nents are chosen and described so that, others
second side chain of the second peptide portion. Typically, the third peptide is cleaved
from the resin and then cyclized.

The amino acid side chains, including the first and second amino acid side chains
(which are covalently coupled during the cyclization step) include protecting groups that
are not removed until a point after the dipeptide has been coupled to the second peptide.
In many modes of practice, the side chain protecting groups are removed during the step
of cleavage of the third peptide from the resin. For example, the resin bound third peptide
can be treated with trifluoroacetic acid to remove acid-labile side chain protecting groups
and cleave the acid-labile group which links the third peptide to the resin.

According to the invention, a “cyclic peptide” refers to a peptide having at least

one pair of amino acid side chains that are covalently coupled. For example, pair of side

chains that are coupled can include a covalent bond formed between a reactive side chain
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skilled in the art can appreciate and understand the
princi ples and practices of the present invention. The

woredokoshsef t he present invention follows a geneCEEP2007/064186

approach for make cyclic pept|Qes Thi's includes steps
of (a) preparlng a first dlpeptlde conpr|3|ng an am no

id
e e S e Peyidit g bR B B bl PR s chain
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O R oRR S A S Mo

bELTARE bBAd bR cEh 8RR &Lhﬁeotftah%ldid ABINE AkidY(QudhN8 aspartic acid or
ami no term nus of the second peptide fragnment while on

ghitantie 8¢id) anchiée sidy cheinif Adasic eminokoibpueies lyvine arpining,

(e) cyclized by covalently coupling
Hﬁ@£?|ré s”%gﬂ?hain of the dipeptide portion with the

secon@yslicd=pttes cmncaﬂsot‘thqarqemmby the forinttiopof & idu':mlﬁde bond A

BT ER B P il TR B o S g G R SRE rbS

hpebprehitlg i e pepti¢d. and second am no acid side chains
(mhlch are coval ently coupl ed urin% the cycli zat.i on
st ep) ThhBIoGeRs o ihs8¥dtieg 1@?86{} oytigithal the rlsanteamje geids are in

?d%ﬁdns% BRI tﬁfrd ?éﬂtﬁfe sb W@endélﬂ’@él{a'l&ecaﬁ %% iRRRE fPHRILRD 4O

he second . In many nodes of practlce t he
sitgEmoddenlan a@r tomd jori gisyHisla pb@n@\ fasmaginp wben desiicrlg In pame cases the

itPis %m?eld%%%‘?%ﬁ tQJB ahﬁr‘?%gaasr t‘ﬂaﬁeﬁrg WIt(ﬂﬁl efﬂog{'%l;é gﬁmg :édl&' of each

or exanple e resin bound third

otheat lndomictchses ithd bandrie faaoet ibetvaen mhetN tcrmm)a,land C-terminal amino
Clqghﬁbl| |de chain protecting groups and cl eave

Sids afahapRlist group which links the third peptide to

the r gs Ia@en?@h@ﬁt@érﬂ@e trx&tl‘id’d(ejoﬂtlrﬂ]élﬁﬂ&hétﬁ ﬂlVGﬁthIﬁMll BeCused in a process
eptide" refers to tide haying at ne pai.r
DISRATF 3 CxdicpeBlidieo Ei drsirechispetiy 50&6%1 ?'tth@&érélpﬁp%? can be

fRMmcE %?@Qﬁlﬁngﬁé Hltpe%tl&l e s@&ﬁidrb%pﬁﬁ@ltlavﬁ{getw%%%@t‘é affiib acids,
i ncl ude a coval en ond fornmed between a reactive side

gusdianefpepiide kavingo mihlpr 06 agino asidstipghadiapepefd Ze Wormingacids.
‘ffle géggnc&) ?%Mdg\%ln 8@?‘[ e'iaﬁag Bf* Uge Cﬁé&)ﬁﬂe Cﬁ%ﬂ% 183 eaclﬂg)g!ﬂc%rce, the

dipaptndeaanoumﬁi m@etem:pe@tldc tobhsm(a ,he@apeptiid.ur - cont ai ni ng

Por mad PR e ol et bt RS P (e o

péptided d'h@reﬁmmzﬁ;dd&’t‘i‘drﬁl 486 RCRIS oapPRideiffagaehtl 8¢ coupled to the
glutam c acid) and the side chain of a basic am no

Qﬂt@ex QR b5§y1|1t§1§q1%¢@ as gpglptﬁ],'mpéhat@ p%td@pﬁ%{ﬁrm%irlate peptides can be
Blb'j“'éc't & &)or more coupling steps with additional amino acids or peptide intermediate
fragments to produce a peptide of greater length. For example, the third peptide, when
formed and cyclized, can be an intermediate compound in that it is coupled to other
chemical moieties. These other chemical moieties can be other peptides or types of
polymers. For example the third polymer can be coupled to a hydrophilic polymer such
as polyethylene glycol (PEG).

The amino acids from which the peptide can be derived can be naturally
occurring amino acid residues, non-natural amino acid residues, or combinations thercof.
The twenty common naturally-occurring amino acid residues are as follows: A (Ala,
alanine), R (Arg, arginine); N (Asn, asparagine); D (Asp, aspartic acid); C (Cys,
cysteine) Q (Gln, glutamine), E (Glu, glutamic acid); G (Gly, glycine); H (His, histidine);
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Cyclic peptides can al so be prepared by the formation
of a disulfide bond. A disulfide bond is forned

W@ boodigfis4s he oxi dative coupling of two cystei NRCT/EP2007/064186

resi dues appropriately in the geptl de. The process of
the invention is carried out so that the rel evant

L BT LT e RS, P,
plindnky Butanlie) LIP &iProapfotee)bS iSlerpserihe § Ul (Tihel@hfzonide ¥, O B, Gfiptophan);

S mmal et (AT i ot B 8 ST SRt G 2o

88nt&AsHtcAtaRg inclldR, fRRRaARIS R IdnDEyRARMad SRy,
between the N-term nal and C-termnal ami'no aci ds of

t he pHEpIONEPeasPRs. A0gerBY H|anieq @@ds; arg hieelydedHp gheggycligpeptide. Non-
RAtGra® i orh‘é?dltl%ée%ﬂdec argg gﬁ?&uﬂ&i@ IthIH% %%ﬁ'ﬁ__l ar s&u&ﬁﬁﬁoﬁ{d%eactlwty

a cyclic pepti eng exa
tohthattdfi nlathrepibypd)codmtrgaamlhe atids ambllnbylde,ofbp Examgple, Héarmno acids, beta

e to a SECOﬂ p havi n fwo or
SRR e el R RS 355 RaRh S Sl O MAnbaR o8, Tk fiyhRoBdpionic
add dﬁamﬁlobh@rlb atigear@f the like®), dnmAmdiafrinaedidhs cyditensias adid analogs,

pepti d can e. a.tripeptide or tetrapeptide. .In gne
Pﬁ?@érgé{ Wl}fc Grivativgsy, ag}l%gtcyatg)huglrgdlﬁﬁ degivptives. Welnreb amides

bELta gpﬁpﬁdl&jf ah® aﬁlgforﬂlé’ohla F%P %%ﬁt offe fn%ﬁtg)np %Rfr ésida‘rw:eacrlbed

can be synthesi ze pepti de
hacpephowastuvdi BMWGKbaﬂMCmbﬂdnaﬂJ &n?arnentatu 6005015 is used in the

BERGy e TR B RCUP e pipRERR R © o

I nter IT&@idaésﬁoﬂtﬁi@tdr A@Fc 66H0r RONSMBYiE GlighMcB)andor PBIyEhcric
cougllng steps with additional am no acids oere ptide
0

|0£E1%n?¥”b’a€§ﬁ@ﬁ RCOFRPTHES HiR ErcLyplpPintide o grp@av‘éer bonds
10410 be FRLse ok AR Enord &0 bb Al RER Tk BBew M i LEI® hsidues,

and cycli zed can be an'intermnmedi ate conpound in that
betwicen @tb@rplnedwtdwtﬁtah@n arhiamiacidiresidie i kg wedhegenat-femo acid

Pegﬁﬁ%sc ai"h g%hl%rheﬁﬁiecq%ﬂ I{%ﬁtl&’% qu{da REP Fé go?ﬁleg %x&%ﬂ%ﬁ% %alctl%ns well

ners. exanpl e ymer
kmnvm toyttloepihithd at, pod yrmgrindudd) baisarp abylehtgd ®nemigb yas&lr hydrazide,

PEG) . The am no, a om whi ch the peptide can be
éeé"luF%fQ?iZ“&eaﬁZ Ol?fia?t ?ﬂdgt%f:i)k%ccurrl ng am no acid

r esi dUBRS invB@ibn A EchtenThtd® mtHods bEFicPat@sy cyelic peptides that have
conmbi nati gns thereof. The twenty commopn

brean shamycplly @ltered foeprisein 98C QEMATS ‘é@ﬂﬂ% grogpg ohgr than amino acid
fRldue¥Rométith& Rferred to as modified peptides. Such chemical groups can be

included at the amino termini of the peptides, the carboxy termini, and/or at one or more
amino acid residues along the length of the peptide. In still further embodiments, the
peptide can include additional chemical groups present at their amino and/or carboxy
termini, such that, for example, the stability, reactivity and/or solubility of the peptides
are enhanced. Techniques for introducing such modifications are well known in the art.

The process for solid phase synthesis of the second peptide typically involves the
coupling of side chain protected amino acids to a nascent peptide chain, which is resin
bound.

According to the invention, the dipeptide and the second peptide are synthesized
on a solid phase resin. In some modes of practice, the dipeptide and second peptide are
synthesized using standard FMOC protocols. See, for example, Carpin et al. (1970), J.
Am. Chem. Soc. 92(19):5748-5749; Carpin et al. (1972), J. Org. Chem. 37(22):3404-
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alanine), R (Arg, arginine); N (Asn, asparagine); D
(Asp, aspartic acid); C (Cys, cysteine) Q (dn,

w@bwsasiswe), E (Qu, glutamc acid); G (Gy, gPGTEPNT064186

H (H's, histidine);l (He, iso_leucine); L (Leu,
| euci ne) K (Lys, lysine); M( met hi onine); F

I Pr o e
gf@e F ‘fé?'hﬁ ?’ﬁpt’r%en%;ne esisW ?n%ﬁ P%/np%%ﬁﬁ D \yhlte Eds.
(20y0) Okfdr@Unn&)srtyaﬁdss\OﬁM&ﬂ Engval i ne). Naturall y
occurri n rare m no aci d@ are al so. COE e at ed aa )
i ncl ude, Rpp e ﬁHPPQ“ o PEIHE Qhep lﬁn&h@%? paiinaynthesis
Ldh RAIBd 2BPHieESred RN AR A khedilh pﬁh B6thpiSscd b fedifBatififthe made
in the cyclic peptide. Nonnat ural ami no aci ds i ncl ude

BPgeriic©r Erarp DAESTHh Spalymers oF Aembimaensiadpahencangich as polyamide,

g&g&ﬂfa\é}l&é’ sﬁl&’sftl"uﬁé‘& p@l&_eptﬁglteﬂ%_ag{)rgreﬁ%‘eﬂe%g&q H 5 RGindS

I'ncl ude, for e no” acl a am no
pelysischapiies)ar anlysyraei dhe pslyoier asppbriaammtspr‘tmpamy rsohd that is

%‘ﬁﬁc?ﬂti‘} ‘ﬂsglgf}paﬁgr‘ﬁf‘%p o V8n§&ﬂs%dsm pcei?gqﬁimbﬁ}ﬁg ThE |S‘8ihd support

apadaligsnclptcd Barhgﬁﬂggh()ﬁéﬂyﬁs waedh thaioreisig peptrde is coupled during

2 mno- -cy tyric derlvatl
3 %ﬁ%ﬁ)%ﬁfﬁﬂ% ungey dgtied $oy lse%ﬁosrefgm thpeptide from

ﬁr%@ﬁﬁporPfSJrﬁﬁle' $BYe @ﬁﬁﬁa&s @i Ha@qlrﬁtelss%atta%i%ﬁt% eleavabre TFA-
non-natural am no acid as describ Pat ent NO

elc6allco - ¢1gaV@b1§dﬂu¢rldeh@npleé§fém reditchisels-claavelies Pd(0)-cleavable;
ﬁwé %ﬁieﬁﬂﬁgle@@abﬁ‘{i% IR S{eé‘éa%ﬁ‘l' LS RGP ﬂ&lﬁ?ieﬁg§§re
or one or or

er nono ol i goneric
plodwatrerinclec anslitiong sudhsthaiqrhée oleatddypeptide B3estillnointporby etbhbally
|nio the cyclic peptide. Non-peptide bonds may al so be
These non- pepti de bonds can be between am no

acidr eSInCBi@Sprefbﬁédl\/ﬁt%ﬂloalﬂ)f@mtﬂ&rsf;l&iecﬂrﬁéjﬁrda 1mmhe@itéwon an acid
aci d resi n two non- am no aci si dues.

THeiioe é@lecgmawwt mlflqsé Bty L& OBBh 484 BIRFF BE reiven apgsin that

chlu!db@irﬁﬁl grgﬂ%tﬁa‘?ﬂl% PAR4dnt |6Iflgi‘r‘ﬁe gﬂ)upp %reex!aﬁlpw@ 2@hlorotrityl
i ncl ude, but are not limt e O, Imno, ester,

Pi}lell‘ri@f:z 246 TCs envincBabas pioid, (1959 Mﬁh@imlahdttftrh B0(3DK8943FHM6).

ESHAR 20, P30S ERL PRLAL RSB RRAAARY) PSRRLLDR-phors
cldotidd resiané-aotinabntan- GhE2achlatotgtyd ups, étdmﬁnombtaylbamdw 2-
i d residues, sonetine ferred to as,nodifi
ARSI ol ol SEFor ! Bt niRs Ceid 7
SHTb fderith BfcRinNbya@badehie apig Pt ¢Hl@Strithhesit R panio bt Aot duid 2-
and/ or at one _or nore am no acid residues al on the

¢lpygtty bresinhgligiaq] 12-ghdorof i ykiesing progionied-clalprsdidty
Et'ﬂ?leﬂ@%ﬂldo‘#Q - &R0l HGE, I@qi%otc' xg&tﬁﬂﬁe 8 %Ihlo%t%lﬂsresm

resent” at their anino and/ or

ydrazine 2-chlorotrityl resin. Some preferred sohd supports include polystyrene, which
can be copolymerized with divinylbenzene, to form support material to which the
reactive groups are anchored.
Peptide material typically is attached to the resin beads both at the bead surfaces and
within the bead interiors. FMOC and side chain protected peptide is readily cleaved in a
protected state from this resin using mildly acidic reagents such as dilute TFA in DCM or
acetic acid.

In some modes of practice the second peptide is synthesized on a resin that allows

the formation of a C-terminal amide group following resin cleavage. In one preferred

mode of practice, the second peptide is prepared on an Fmoc Rink Amide MBHA resin.
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reactivity and/or solubility of the peptides are

wenivangmsds Techni ques for introduci ng such PCT/EP2007/064186

nodi fications are well known |H)the art. The process
for solid phase synthesis of the second peptide
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resm t at ¢ made fraom one or ﬁ ¥ners,. .

PSP %ﬁlc%{ed@ﬁén Sqacb%q y??é? 8 hayjpg Tegiures including filters,

Bﬁlré@% ratl%@é g/a%lgki AR and R Ih iy &Qn@&k Meidawl ﬁﬁ@tsand product
pol yét hyl eneg phenol i ¢ resins, polysaccharid

expopiatoyistapd éﬂ ulWh@@@@awwht/bgh@yom@ck@aﬁnel so be any
solid t hﬁle Ile ct?olﬁf\tes&'l 8%”) %{eﬂgrﬁ%ﬁggddl dc;f tfl@resm in order to

sol vent s use pept i
prepergatdgents rfmdrmjdmssmc[ﬁcaky a@hemnged) yhetiotewhi whllst dnﬁ;he vessel For

tid d d whi.ch
ERE SRERY b Tl HBLRP BT heR, 2 EPE At gre e
plepg Wikl of Sobrent, Rectsdsamerthat isStiniibibR: wivh thHd résippad that wéhbe used

ha\/e [ rs that are photo-cl eavabl e TFACI avabl e,
g s@gagﬁps@ sYpihGep: S&eﬁ) %éfclélp@é% bang (DCM). ~After pre-treatment the

&AUGChH eI ddas Yahh & ekl q{léP)sﬂ%l@eﬁib%t%E%ents

nucl eophi I i cal | y-cl eavabl e; radi cal1y-cl eavabl e.
Pr ef er r el arfenep rpgowﬁﬁ esuUPpSrtdpeing ladittaiobpled ageto acid, the resin can

£ t
Eﬂe? I’b;, %ﬂ&g éba 1£I1£I Sarng tt &tlﬁ%lbglre% \Jw?]ig a %(?héﬁdﬂ érdélaammg an
amtvlamd mbtestedtanese sqidt Mae figpemirnodeid mcbgufokdqasntmﬂn@ Acids that
an acid, sensitive so po t hat d trit
B st B bt Spats el B s PR AR R o e chain
protdcyihg @fo gﬂﬂeﬂéﬂﬁin@ GnRRNEROIficGAMiAG héle), Fh@ W REouplthat is reactive with
exanpl e a chlorotrityl chloride (2-CTC). resin

¢ g&ulpd)@n@etnt Hpm t@gg@g} oT A Fum B#tdhraaetiyeay th the pendent amino acid.
30(30): B%ﬁﬁeé%é)aspects, the first amino acid is attached to the support at the

carboxy end, while the N-terminus and side chain groups are protected, as appropriate,
by protecting groups. As exemplary description, solid phase synthesis of the FRWK
(SEQ ID NO:1) second peptide (a tetrapeptide) is carried from the carboxy-terminal to
amino-terminal direction by first loading a protected lysine acid residue onto a Knorr
(Fmoc Rink Amide MBHA) resin.
The nature and use of protecting groups is well known in the art. Generally,

a suitable protecting group is any sort of group that that can help prevent the atom or
moiety to which it is attached, e.g., oxygen or nitrogen, from participating in undesired

reactions during processing and synthesis. Protecting groups include side chain
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Exanpl es also include trityl chloride resin,
4-methyltrityl chloride resin, 4-nmethoxytrityl

W@ R008/08a$e¢5 r esi n, 4-am nobut an-1-ol 2-chl or ot r i BFI/EP2007/064186

resin, 4-am nonethyl benzoyl 2- chlorotrityl resin,
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Some preferred solid supports include pol i;styr ene,
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t
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bGer ok b EGHPID . R d s AR Dol U U agpediate
proidgctroe $inal protng. Mslddbribag iilihe rﬁcﬁial eﬂtha pSé!;@ﬁt iAgentioh UFrBoc
TFA in DCM or acetic acid pract.ice
TREOSCEBAY [HRISEiRREEO8PSYA ﬂlﬁ@gﬁoﬁ ssw %g‘ihﬁ dinsgtide and the
gcbm\@eﬂt{a@ formation of a Cterm naI am de group

followng resin cleavage. In one preferred node of
pract i ceA std¢echgiaqupigciepgrote rdfers e @ phgraigalonoigty gompled to the side
1)

@atﬁli( 1'%?[581% [}{Egghse%% %le%ftllllql%ééq‘aa%og%elélﬁu N”c@@béo‘éﬁ%dof an amino
ahié thas helps toaprdvans agegiogrod dha sid@d:ﬂaumfrbimereaitmg@hﬁmﬁenmfals used in

whi ch
v SRS e SeRcib B e Y RS B PhistE eroup
taY dBpciicsh Rariouls Madtbre, 16@ Btxile,alpd dﬂﬁyﬁﬂﬂeb@ﬁbﬂf@med processing to

1ca moiety coupled to

di scussi on, rally fers coupl ed
Whichdhg penside Wd@%e Svhideed e§’é¢‘fﬂé‘fﬁ‘é@e digtediradust ar figal
Blo8RctOTHE ABLACH £ 1Y sRlc RS Brd%étﬂl %r&ﬁﬁegﬁﬁe eﬁd@(ﬁﬂ%& AhtuYe of the

perforned to affect the nascent peptide. For solid
phaseclifrcfe Sioscratli, appe oin altoéeotleagtqwns dlosge thag rpopeemoved

ﬁﬁ%f%ecgag éjtgé%@'ﬂ g eﬁ QmME QS@C é}l?ﬂg Mﬁld%ﬁ&fslyg‘}ﬁ%%lk.cTherefore the

e synt eS|z
mpﬁmajlaomnng) growprand do side ahalmﬁambtmmgmap asd typloally mg the same.

gaugel sy SPGB R e BFEhedT Pedgeiic gt
Syth dRTsQEAH Gthce yPstide RO¢kSin@Rd a&On¢l kil $aayindefdquiashe presence of a
|51?1|e %Itla{n? lf;ltrJot%lece‘urng %?glli]pa n"ll"hslsnlsé typically the case when the side chain is non-
reactive under standard synthesis conditions. Such amino acids typically do not include a
reactive oxygen, nitrogen, or sulfur in the side chain. Amino acids that do not include a
reactive oxygen, nitrogen, or sulfur in the side chain are glycine, alanine, leucine,
isoleucine, phenylalanine, and valine.

Examples of side chain protecting groups include acetyl(Ac), benzoyl(Bz),
tert-butyl, triphenylmethyl(trityl), tetrahydropyranyl, benzyl ether(Bzl) and 2,6-
dichlorobenzyl (DCB), t-butoxycarbonyl (BOC), nitro, p-toluenesulfonyl(Tos),
adamantyloxycarbonyl, xanthyl(Xan), benzyl, 2,6-dichlorobenzyl, methyl, ethyl and t-
butyl ester, benzyloxycarbonyl(Z), 2-chlorobenzyloxycarbonyl(2-Cl-Z), Tos, t-

amyloxycarbonyl(Aoc), and aromatic or aliphatic urethan-type protecting groups.
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The reaction vessel can be pre-treated prior to
addition of the resin in order to prevent reagents

WO e@aisisws speci fically adhering to the interi oPCTEP1087/064186

of the vessel. For exanple, silanization reagents,
such as dichlorodinethylsilane can be added to the

KRR 8% St i Bep et b MR T 6L T eSes e erours

gg?m@nmha&gbﬂy?b@ea&??f$WE@Caf dlchLoronethgnS (DCV) .

After n e vessel can e _wasne o.r

resi dual g@ﬁmﬂ 5%1 relsgid goupingPdet- fwrwpoﬁ?r Jar), The(),
SR Ymﬁﬁnﬁofabfdsﬂésﬁ@éépih%Qﬁ%ﬁdfﬁfoﬁﬂh Hg t(ﬁ‘lﬁ((@ﬁﬁid%sn(N)

can be(g@epared by exanpl e ng,
pmiglrgidegsidiesh ard S6|Bec; gzswrb%ﬁ Las(h) vgd e wat) agiid residues.

4 ugtoﬁg bER AR Re GEL. g}éflsl;{{]ﬁf tht Eﬁﬁnoaa{'&({]%e@ﬁ%sgo f?ﬁgp?péusdle fmay be

sequent am no aci at are coup
plppfto(mil Wigh staed andl progevting garups sath gsrtdued (§-Bg), ¢rityLifirt) and t-

cha cting group (depending on the specific
y%%b%¥3:§%§ a group that is reactive with a group

p en d am othérapédicoftas iuﬁaent@dn gheghettipd fdraknthssiziag e Séeond peptlde
wi th the pendent an1g ‘%g I Qﬁeferred aspects
FQTPRIESC ﬁ‘P?lBr RETCPLINS O wad ¢ frm RRisHIGH o 19 havmg an

Qﬁﬁ@&ﬁava%%lpl’{w&ﬂlﬁo gb&e&lmtgeg’r%ﬂq U (RO aS)dB, BRAIdR chain protecting
groups are protected, as appropriate, by protecting

gioyn psnot Asmeveblaingey consitians phat re ussd ko emsivaske acid removable

R R s S R T R
eorhpedibicew ith akpha dimirecpriotetedyBdciansho haddhergisarypr ot ect ed

| ysine acid residue onto a Knorr (Fnoc Rink Am de

MBHA) resin. The nature and use of protecting groups

is well KosoMling o tHeenantion,Eae &Fiabh@im pf:btidﬁﬂng Egﬁlb@)s are typically
pratecting grou ny sort o that .t hat can
FREHpedREibe mpepﬂge %&dotﬁ? 85COR P%Etiﬁetgfgr%h‘?}ﬁ sphi Plgase synthesis and

AisS AROSRY slidhasQOUIRA: OF hB PABo (hE QTORR LR REERGally,
i n undesired reacti ons urln? proceSS|ng and

aijertthesalid. phpsaoroapting sfep rsowpw l§ted |atderai¢ddion step is performed to
G %?8%? &%&@gro%cﬁigg glio%@?fréfﬂ tﬂé’g L}S%{de Mndi %feﬁlré“ﬂl'e peptide from the

protecting group S can a
resmct i on or bondi ng of carboxyllc aC|ds thlols and

the |ike m no-termn rou i ncl udes

a cheri cBOr Aﬁ%ﬂgwpémﬁeé@aﬂ?{agqlﬁ@%ﬁ%epﬁﬁt@ R BLGE pre-
ABSRATING seletst. Foy k@it Ya solil Phaysirgin E@hrﬁsra&’(norr resin is added to a
protecting group is renmpved in a deprotection reaction

pentge chamberand ges-vadied oyith %@llﬁ%k@tsog/ﬁ% ol hgcvaphing gga be performed
M@?ar@ thelrB&n %%ﬁgt @ﬁﬁ’medf?rstcanﬁ‘lhﬂ ’acﬁ% b6 @BuB&d to the resin. In

mal nt ai ned when t peptide Is cleaved
essence, a pre-wash can be perforrned to promote efficient coupling of the first amino

acid to the resin. The pre-wash solvent may be chosen based on the type of solvent (or
mixture of solvents) that is used in the coupling reaction, or vice versa.

For resins that include an N-terminal protecting group that is to be removed prior
the subsequent steps of coupling amino acids, the washes can be performed in the
presence of a compound that cleaves the protecting group from the resin. For example,
Fmoc-protected Knorr resin can be deprotected with a piperidine/DMF mixture.

Solvents that are suitable for washing, and also the subsequent coupling
reaction include dichloromethane (DCM), dichloroethane (DCE), dimethylformamide
(DMF), methylene chloride, and the like, as well as mixtures of these reagents. Other
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fromthe support. The choice of an am no term na
protecting group can depend on various factors, for

W@ RP08845 t ype of synthesis perforned and t he BEFEP®A7/064186

i ntermedi ate product or final product. As described in
t he nDdes of the present i nvention, Fnoc

ern1 r are used

O RRb LTy S b P EC ARG [l urap. ety
Sdotiae, Qhaldﬂly{])p}gfcﬂﬂbhﬂ gng ﬁxgﬂ@rdﬁ&ﬁﬁé@f tie seme besek calpling cle]n be
nmoi_ety .coupled to the side chain t he
a?éfﬁJéF‘éfi A DHE R SYSRIT-SUED R t('éij mof&%go @5@\2
am no acjpohitaho R8loRPracAc L HIRVRBEnBp OIS isQhrcred BRloRIHE
chain fromreacting wth chemcals used in steps of
poprcideansipe eeids P thegesie es ai Hy, naseeat paide chon de al@ gmegunt of about
PRdBuRIRNA LA AELID e dhOUR FAR depend on var i ous

actors or exa type of synthesis perforned,
processi flge ¢001p\]nng odachhecqmdmpedfermd In tbe p@sh}oeamf eds olalmldre
t he deai?1 i.nt er nedi at e rodug F gwod%§
RATRFE " ﬁ‘éhagfed%r 18]%?‘?? ﬁ? 6P R ﬁ%ﬁc P%u gy é[baé r?&% increase
o éhﬂe ® ﬁ Aatiérearaf retie tﬁm%@oﬂﬁdéﬂreﬁét&ﬁﬂs ﬁncﬁ@l 1hospHoyiiun@and
side chain protecting group.is cho at is not
PORBR aaeff& (P4t GEN-dR HieaTeTnPon Dfertiang basea REBRIGUpsS
o REpyldnsy 15Anke QDmﬁfﬁuﬁt}‘@{h@%ﬁe (TT]@&)’ %I)I‘Ne?t ﬂrafected amino acids

a-am no protectlng group a he side chain protect |n

gtoagiivarcd spyqiesdaT orampie, Bl@é? ?aB@POl H&T&h@nd alég@lnerate
%gﬂefhg %C?tr P?aﬁ@(tgﬁelg tplréx%ﬂgted@&ﬁlzgﬁ(ﬁgb§ @‘O%Rflﬁ%q] Blt&?ecb g

synt hesi de processi ng, 0 acl
reagemoflhesequageetstindugy ceasbmhmndés (dorsixdepEh BIGE or WSCDI) with an

Rt SEkRe A NBhi el ool Db et betfotEste HORY. Mhyarony-

@Qﬁ&ubhﬁﬁsb(Emnh)aﬁungs@plds typlcally do not |nclude
a reactiye oxygen, njtrogen, or s in the side .
chai n. AWITE PRI RACARBE RORIPR | ﬂba%au%heéw. ydrin test.

Q)ﬁ)élgﬁl’é ’co%ﬁnrgqg QBterihed lgé"éorﬂlﬂ]et% hee %blﬂﬁm% h&lcRoAhxture is washed
g ci ne, al ani ne, euci ne, i sol eucine enyla ani ne,

with avalvienle andssharephplingatycls islecpeptadl forpah ef:tthp Hgbsgeemp gmino acid
te‘gﬁilu sd(?f tﬁgrg dl(e?%)tertl ?Sﬁ’%\]\/ﬁlg%%e f&ttlﬁ %Eu@ﬂl&yéyclg the r?sm is washed

eny ropyr
wmhamoBmhﬁmmhdthﬂ? dlchlorobenzyl

;dg%g? z 5@;% 68\&[5%2%5 %-Hr}](l)le){lgﬁi; lcf)elngogvﬁﬁglfl hfe %yerlgnnafgfotectmg
%1;0@ p @og kahwlbemzBhec gUPYik tyeédilylacadtplished ¥ tresthRht with a

enzyl oxycar bo

n
reagdiit shad Wp gﬁi@ﬁgaﬁ (961@‘{0(1@11@3@,5@) plppéléhne in a solvent, such as
BB REMRRNYIME). After removal of the Fmoc protecting group, several washes

are typically performed to remove residual piperidine and Fmoc by-products (such as

dibenzofulvene and its piperidine adduct).

After the first amino acid has been coupled to the resin at a desired loading
factor and the N-terminal protecting group has been removed, subsequent amino acids
can be added to prepare the peptide intermediate fragments. The subsequent amino acids
can be utilized at a stoichiometric excess of amino acids in relation to the loading factor.
Preferably the amount of amino acids used in the coupling step is 1.3 equivalent (0.3
excess) or more, and most preferably about 1.5 equivalent (0.5 excess). This excess can

also help the reaction tolerate excess base from the deprotection reagent.
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Aoc), and aromatic or aliphatic urethan-type
protecting groups. photol abile groups such as nitro

W@ 200808085 oxycar bonyl (NVOC); and fluoride | abPCEEP2007/064186

groups such as trinethylsilyl_nycarbonyl (TECC) .
Preferred side chain protecting groups include t-Bu

group f Ser ( am no_ac

st dues ™ HEYeolilys g Sl den iR ROl Basting

edni ieorepeitell el mmmuemoﬁmpepme igfootapd, fsoch dgythé KR VAKESEQ 1D
one or. npre .0

SIoBbY TP e P B A 115 eS R BUIOR f?%}’étaB@EPM‘ée resin so

Y it kg BE & g avybh@ Risanertitn RS Bk eichpnde. gr oups such
as t- but¥h trltyl (trt) and tbutyl oxycarbonyl
®ein

( Boc) s>é dexyewnt inventiopviselpflesran anhso peid ewddue havmg
t

A8 S B SLORA B . icc

aﬁmdnnmvmngiamm&unﬁhesnbn@bQEMalpha ami no protecting

th t h hai te
oo oo SnETETh ok s SDE BREHSS A B
hiRinbeRRl eAt beengslag digupbide bictidal phasparticueidresid@e hnd@non-natural

ot dsorrt e LSt SphAOL hoTbt Goetiiomgt couled o
AHTIrBGn 6k IBORK RLbd pdReRIbRFide 1M YAGE pGtide | Dich then

side chain protectlng groups are typically retained
ednebakiygbpidi de and the second pepti de t hroughout SO|Id
phase synthesis and also into and solid phase coupling
of the dipeptide to the second peptide. (Cenerally,
Bfef@ablyhie tbodipdptpleaSé&s coupling step is conpleted, a
deprotection step is perforned to renbve one or nore
protecting groups fromthe peptide and cl eave the
peptidé&Hffromthe resin.) In order to prepare a resin
for sollid phase synthesis, the resin can be prewashed
ent. For exanple, a solid phase resin such as
@sin is added to a peptide chanber and
pre-lwasheg with a suitable solvent. The washi ng can be
tQ prepare the resin for contact with the
Rid to be coupled to the resin. In
essenceg, a pre-wash can be perfornmed to pronote

ef ficiedt coupling of the first amno acid to the
resin. The pre-wash solvent nmay be chosen based on the

type, of sol vent (or n1xture of solvents) that is used
aml Rhis aioup) andR Tanddt ' ave potbrhydiogen.v BiRas OCHs, the non-natural amino

acid is 1-amino-4-(4-methoxyphenyl)cyclohexane-1-carboxylic acid (4MeOAPC).

In some aspects, R is a branched alkyl group having 4-8 carbon atoms, such
as a t-butyl group.

In some aspects, R'? is an alkyl group, such as a C4 alkyl group.

In one particular aspect, the dipeptide comprises petanoyl-Asp-(OtBu)-
4MeO-APC-OH.

In one exemplary mode of practice, the dipeptide is by synthesized by solid
phase synthesis. The synthesis comprises coupling an amino-protected non-natural
amino acid, such as Fmoc-4-MeO-Apc-OH to a resin suitable for Fmoc synthesis, such
as 2-CTC resin. Standard coupling and resin washing is performed followed by
treatment with piperidine to remove the Fmoc group. Next, an amino- and side chain

protected amino acid, such as Fmoc-L-Asp(OtBu)-OH is coupled to the non-natural
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For resins that include an N-term nal protecting group
that is to be renoved prior the subsequent steps of

W@ plosasgs ani no aci ds, the washes can be perf oPCEEP1007/064186

the presence of a conpound thaj. cleaves the protecting
group fromthe resin. For exanple, Frmc pr ot ect ed
tected .With a

Knorr r n.can eri di ne/

ARtk A S g ERP RSl s oS R iEokikd B ikgod by
abe&mehmlﬂspipsﬁdmem res@up ltha@moeglupon i ncl ude

di chl oro ane di chI r oet.hane ) ..

di net hyl f@fﬂﬁ% E&%%l 9?%%“56?'1 Péq%%g&lthaﬂwﬂf%@yl group.
Fbk&anpie, R N-t&enifl b wesd Wlthta%%? ati@@afRftrRle. A suitable fatty acid
O heruseful solvents incl ude

eMlyeriae srvsicrigiaphadrede, pdtohangvidestthe éﬁtg‘rlétnﬁy Witheencatagoyl group.
N-net hyl Hlyqrﬁglj tb Qé}ﬂ e tﬁ@q ng%%&é%&ﬁ tflg]l%%?log cleLﬁn? %@tment 18

cases couplng can I'n a bihary sofvent
sqrsedanut 18 @gtanasT alchnthat mheeclcn‘ved)hldf)eamb DU\beatsm Sdarehain protecting

t h t . .
FBAR ko ufb PeorEfeuintin e aecB Rl h 8T iR VERRGRP fiurting or
omsceidesipid tedetica i tho (ﬁp@’}ﬂhda afedleadinga klﬁmhe das®when FMOC or

equj val ents of am no er mole of re .The
%181!1 If lﬁté%@m%tocsafﬁe’ﬁ% RSPHES Prafegt B%Vé%geﬂle@ bg ¢

m?[lsﬁgarlﬁ aﬁ? qeeKa Q@shﬁdﬁ%cﬁ Q@@@ﬁﬁn@ﬁ rélﬂWe@’@/eeM‘@cld reagent such
cou reacti on. OundS hat can i ncr€ease

ﬁSaQCéU@ ﬁCId eadilitor] Fani w@a\@@é svtCh@s D4iM, whichjcgeakse am%lul thegesin,
b&ﬁé H&%l&ﬂf&@é\%@b Y ?@qﬁ O/ %h}f@gbss ai*ﬂesusf; BRb.5G610 Wkt PErcent,

presence o rtia ase
picisalgy d py Bethgtitaricat TlDtx EADCM]@IS pnefeetetiyl am ne (TEA),

conve ot ect m no nt activated s
(for - Spshiif diocpfis f e e G R Bp added to
El@atleaeéd g@sﬁude%h@bsmﬂgem m@lﬁit rsuﬁi_rgﬁeﬁem qdeﬁ@lﬁtﬁezo@dak@gb

y providing a protecting reagent es agen )
faeliQnd ' SxHBRIE Wios nq @&f PEAEHAD IPTId R rqu%%mg) coproynd) is
acaddas c%%bkﬂu@ﬁ n M&h@&lﬁ %ﬁxfrﬁ@&y%ﬁﬁm@ i€ amount of TFA added
1- hydroxy-benzotriazo le

tpthyme@ﬁ ing alseypeetredction| & rdam))lde produasay thaadgsionegpitrated in
ﬁl%'lﬁ ghﬂ i e%ﬁ?ctgciwghtaﬁﬁe%qls dea a qualitative

e coupling is determned to be
co rrpl et eln drier to puplidaihe ltleatpepade nhx tipegtidess vaghiattovthd I;mond

Bt e B éagvinretah HEmF D e Prases B SPREMsaBtana e Asr-
(R - UM cO-AP-OW B gotif&d fol thabarbOxilérRBnidysFltes scebfd peptide:
EDe)SPIhQ Alrz TVI‘\%SLhy%-CIi‘eSVl\Ql tvtz]he?ensl(‘?lllev selcri]et chsalillsshof%ﬁe aPnl\l/III:lo acids of the second
peptide are protected (with the exception of Phe). An exemplary coupling process
utilizes HOBT, HBTU, and DIEA in a solvent such as DMF and DCM. Coupling can be
performed for a period of time sufficient to generate a negative ninhydrin test (such as
overnight).

The resin coupled third peptide (i.e., the dipeptide coupled to the resin-bound
second peptide) is then cleaved from the resin using a concentrated TFA solution
Steps of cleaving the third peptide from the solid phase resin can proceed along the lines
of the exemplary process as follows. However, any suitable process that effectively
cleaves the third peptide from the resin can be used. For example, approximately 5 to 20,

preferably about 10 volumes of a solvent containing an acidic cleaving reagent is added

to the vessel. The resin beads are immersed in the reagent as a consequence. The
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In order to couple the next am no acid, renoval of the
N-term nal protecting group (for exanple, an Fnoc

WQe@ap308is typically acconplished by treat nent PEU/EP2087/064186

reagent that includes 20-50% ( n_a vol une basi s)
pi peridine in a solvent, such as dlnethylfornan1de

élge\llven)rl%feactlo csculgraé%%/ p(ﬂuléf?nterll'{o C at&ﬁt J[ n?%'r%l% \?utgl’nperature for a
sua&brd:uahe périgll | Aditgion hdlpEﬁﬁ@eﬂft}th@b@ﬂSl itosn (ﬂﬁtmphlgaSSultable time

enzof ul vene _and | er|d| e adduct After
?I? teppgraiye copdions gyt lkjiggﬁpddg{%| ﬁop&u&h@) the acid r‘eﬂgegt bemg used,

feslafieof @adbpadf artiurabint h&idlah@wd n@l protecting
group has been renpved, subsequent am no acids can be

added t olmmepaeds qfrpéacplémhedblrd nerideatiflagediirong therresn with
H}ﬁng Epﬁgfﬂlﬁ%gﬁt gﬁbfig a t%ﬁ @ eigteab!};sﬁl)ﬁﬁ%g 230°@ to about 25°C for

stolchionetric excess acl in relation
attvait Peadhags.f act or . Preferably t he anDunt of anlno

aci ds us in the cou te u (0

xcess) oreited g ReuT AR BIC Sy yral Tt ot Wind Bedor e
emﬁbwakﬁﬁde§Qn5me&ﬁaﬁggam%mus sxcesshcag al so help the
reaction_t erate excess ase fromthe epr ot ecti on

r eagent . w@vgl%ﬁlgaﬁfgecfi\w?ﬁ)tw is PreSIRItAGd. N pRGTR¢s of practice, a

Héjlﬁk! @u&%rrﬁétﬁﬁtﬂeﬂgautﬁ %ﬁle}‘\@\?{'TBF? és?ﬁﬁle@@o e Qf@b&ﬂ%égﬁggv\ltoy( cause its

desi red second peptide is such as t
ESEQNFMPH«D 1). Followi ng solid phase synthesis the

sec Onﬁolﬁ)&,{;ﬁhk g? c pslta{mﬁ e%&@&pﬁ act’&i (?id gacﬂ Bk %Q%htﬁﬁ Hitn! 4

can be coup 'n a SO ase Ion to
cbrple};(sttlaﬂle)f tHhpredippatptg lapidand dhl@tpbwe b ohgmede Df)practlce the

d. d h cha
bREPHET sl R DUl ERmbRar e D BN R BT e boe
Wﬁslf facmedds the s?asﬁdpﬂﬁic Eyaiiz it icaHf praaesEam/ ﬂ?n?ﬁklﬂ glog aluﬁluﬁtlﬁg

e seco e 1.de n _sqQnme .aspects O e I nventil on
%qﬁ@aa%%& Tﬁfépaéra%w Hedysing e %a%rm amino acid. An

exenpbpcapngfee%ef;ﬁ&esoma@bméneadﬁ&partI c acid reSI due
and a non-natural am no acid as described in

Pat ent Notecpitaiod pontBle ch shagi hsedstspbied cam sm@bteoi@d)\re@tjartdosubwcted
{rogag e}; ﬁ%ét{bnt}%@% F% %2&1{%219 IBEé g?s &IPGCFGrdO[X ctﬂeefo?m%n of an

Eilnﬂifeehoad) Ibyt,welen] thdwdedctlmemﬂ mhacM1¢ a;rnmnchcﬁ%(su@h @l dspattic acid or

g@%@%&@ﬂggfm%a ﬁ@e ggziua ol'tlé%asng amino acFEi (’isuch as lysing, ghrlltarmne or

his@ming; # ciffbdBirAeXyRheRy! rtapeal eiexen & the €ahiflmrddess, such as

acid (4MeQAPC).
HBTU and DIEA. For the peptide pentanoyl-Asp-(4-MeO-Apc)-D-Phe-Arg-Lys-NH,

(SEQ ID NO.: 2) cyclization results in the covalent coupling of the aspartic acid and

lysine side chains providing cyclo (Asp-Lys) Pentanoyl-Asp-(4-MeO-Apc)-D-Phe-Arg-
Lys-NH,.

In one preferred mode of practice, cyclization is performed using a
concentrated peptide solution. For example, the cyclization reaction is performed at a
concentration in the range of about 15g/L to about 25g/L (peptide/solvent). In one mode
of practice, the cyclization reaction can be carried out at a temperature of about 20°C to
about 25°C for about one hour. Following cyclization, the reaction can be quenched with
water.

Following cyclization, the peptide can be subjected to chromatographic

purification. The peptide can also be subjected to one or more salt exchanges. For
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In sone aspects, Rl is a branched al kyl group having
4-8 carbon atons, such as a t-butyl group. In sone

W@epensms4s R12 i s an al kyl group, such as a C4 BOREP2007/064186

group. In one particular aspe_cb_the di pepti de
conprises pet anoyl Asp- (O Bu) - 4MeO- APC-OH. I n one

exe act ice,,.t ptide i
e 30 nRE 18 PRGBS SoielFe BLPER B et inraidg poptide-
E@fmé seﬂesaxﬁiq:wphdmgacame @it NThproah &e bednipdishaibtloading the peptide

no acid, Fnoc- 4- to r esi
Gk @1y ai!ﬁﬂwe ?&v‘ﬁ@ﬂ%éhescw%@ﬂ&@ @%@@éﬁf fplt (g
ShARHAntla &oHB) th RGItAM peBdd) BRI Gin PRI fdIBS, rnlxmg a lactic
followed by treatnment wth piperidine to renove'the

%@olgtl@twlth Resdreeptideragaiptaond ghea lyanhdiziteatha npxerect ed
am no acy nassng EB%% b %%B&ﬁ‘hgewth 'th)dg 8Pﬂ:eﬁﬁxgy&ﬂon can be

t he non- natur aln,”sta coup
ased to @mvndambhtm@MCM pﬁreptoxr agminitalctmvsem otyo tIt sdinoemithat

Wi th, pi i O renov Fol | owi n

e PaPEAR AR CET TR o TR 5 MRy SR ad g puman
gbsitp. TIE@é’foﬁ')%lﬁ’fﬁhletratidi@ fihdse compusnds Sgbfieat MA4VR hétivdty which is
fatty acid anh A sui abI e fatty acid anhydride
jrapaytankin; the Ergﬁ%lp gbo%h%lﬁ 8% P @@%Wé%ﬁ%@ﬁsmgs containing

WeldB o RERIANRY inv@h@MPmal Be %rﬁﬁﬂlatéd)atraes@%ﬂ?thtelf'@ctwe for
di peptide fromthe resin, a cleaving treatnment is

edpinist@tiouby Varicus megine fo %h‘@ﬁaﬁ ﬂ%@nlmh@%lp@tafvi@ér iencing undesirably
glepeﬁpé B&jcfy \%1%111! eﬂ?e? afonf or 'a§j (R’EI%E E}%ltd%cgg%cg{dﬁ% or disease,

eavi ng rotective grou s |n p ace
grob\as mgpedh dlabetlesabiehltmm Wpvariety affadatitistrativededinicuish ean be used.
reactions eptide after cleavi.n In t
ARk Bps o e PaReRiOut o v SR f Byl 35 S B based
tihn the ﬁédoﬁﬁmenldﬁt@drﬁ ahe @rd@;bt@@lﬂnﬁﬁ anqalified pl@;@wmi drSReglinaAan.
any desired fashion such as by using a relatively weak

acid reagent such as acetic acid or dilute TFAin a

$be {pdletvizg dhbraxdatpoppndAsiEHtiRErRrarss: Sl (AcHnitridi Are
SR U%@JH i, Tor cleayageyand %9 HR (B §1%§ JecTc -
ﬁsé’ of 0.8 i g(\(}\é ?: perc n LE)pr ef(er agﬁ’ }8)% H%T (
vldomtybéﬂmm DENM (dmcwrleﬁlapﬁ)ei)é@eldmzﬁcﬂ)t é}& f%he

e ;
R T e
Hmaoajmumfh@qﬁﬁﬂbcnﬁmtﬁﬁ’m qUenohot-heqdl e @M&g‘é,N‘?Nact i on.
gg%ﬁ%?ﬁgm&z&% ﬁﬂ uqrgﬂ%x&ﬁdib ' %%%1%?'? i*}()l OX ¥ '}LE?Z% Ugdt!g Fe), HPLC
{High-Pertormance Liguid Chromatography), Lys (Lysine/Lysyl), MTBE {methyl-tert-
butyl ether }, MH OAc {Ammonium Acctate), OMe {(methoxy), Phe (phenvialanine/
Phenylalanyh), Pbt{2,2,4,6,7-pentarncthyidibvdrobenzoturan-5-sulfonyl), Tt

{trifluoroacetic a01d), Trp {Tryptophan/ Tryptophylh),

Example 1
Preparation of Fmoc-D-Phe-Arg(Pbf)-

Trp(Boc)-Lys(Boc)-Resin
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added to the conposition in an anount approximtely
doubl e the anount of TFA added to the preceding

W@L@awsnges r eacti on. The di peptide product can RCERP19E7/064186

concentrated in the solvent angh extracted with an
aqueous liquid. In order to provide the third peptide,
the di peptjgde is coupled to the second peptide, which
is resin bdqund. In an exenplary process the dipeptide
pet anoyl -%Q Bu) - 4MeO- APC- OH, ) S,.&Q40L 88wt 0 the

O r H

\econd_pEﬁ¢|

e.
AA (HBTU/HOBVDIEA)

boxylf t &r fiMhus of theg§
e - Lys-J es ;~mhere|n£;£e st de ‘chai ns of
th mno a °<ﬁW second peptl.de,aboPr ot ect ed
(Wi the excepti on Phe). An ?%§E§§%§gﬁmcoupling
4. (o]

process utilizes HBTU, and (

) nt-¢H a Ssol vent

such as DVF and DCM | Coupl i ng can be performed for a

period of time sufficient to generate a negative

ni nhydrin test (such as overnight). The resin coupl ed

third peptide (i.e., the dipeptide coupled to the

resip; bound second pepti de) i S°then cleaved fromthe

resin Wsing a'tacentrated THASsol ution Steps of

cl eavi i i the solid phase resin

¢ exenplary process

a p§ ocess t hat

gud hird pept™e fromthe resin

pl e, approximately 5 to 20,

ol umes of a solvent containing an

aci di c cl eavi reag¥at is added to the vessel. The

resin beads are imersed in the reagent as a

consequence. Thecl eaving reaction occurs as the liquid

PepratectioniKaoriResin ed at a suitable tenperature for a

suitable tine period. Agitation hel ps prevent the

beads fronCbingapbAgSPESi t able time and tenperature

3@9 jtions mﬁhj gegg d upon factors such as the acid
agent begﬁ%—&%éﬂriFhe nature of the peptide, the

Rat ur eLof DINEF ISeisict at BOTRPNEfO BB nin kienQit€ins®@ DRI IRefilled with

g;actice the third peptide is cleaved fromthe resin

Ot h ski rr DMF aThe teawerpaatvas sdjusted #hd%tC.3Dmaned reactor and

preferably %ﬁgg&%g%%%VZOOC to about 25C for about 2 -
ours. CP avage using a concentrated acidic solution

AlkB06 resul 26%iRipdrivénd DM fof 60 Inén aadhn OVabediresindeitichai n
rat ecting ups. Foll owi ng cl eavage, the peptide is
g?‘gcﬁspf‘tatgg/.&ol n some nodes of practice, a

Couple Fmoc-Lys(Boc)-OH

192.8
63.44 ¢ HOBT hydrate
680 g DIEA
1.7 L DMF. The solution was cooled to 5 °C and combined with
1570 ¢ HBTU in
1 L DMF and cooled to 5 °C for 15 min.

The activated ester solution was added to the SPPS and rinsed in with
0.6 L DCM. The coupling was maintained for 3 h. (Reactor vol=4.7 L).
Sampled for completion (Kaiser) at 2 and 3 h. Both samples were

ninhydrin colorless. Drained reactor and washed with
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liquid such as nethyl-tert-butyl ether (MIBE) is added
to the cleaved peptide to cause its precipitation.

WO-00808U8HT) preci pitation the precipitated peptPUEERHNT/064186

be washed with a conposition of,the precipitating
liquid and dilute base. In one node of practice, the

recipitat tide is, washed with a.conposition of
Bt B e e oSl T B Pt R en % e
Sui3sequent 2€Xdiper AincdDMH dereX)sminyeaoh. Washed agsi0tvith
Iin%gati n wrmati on of a TFA am de on the |ysine
Xfeb Ehai nl ‘eci pitated peptide solids can then be
dried. Precipitated peptide can then be dissolved in a
sui tabl e solvent and subjected to a cyclization
teupleifgnoc-TrptBos)-OM| i zati on process is directed to

5%14?35 o%mat FRB. i TANBANL @A bond between the side chain

of "an aci dfc—am‘ngiefcgrnldﬁsuch as aspartic acid or

63.94 ang c aHiOBT byitatehe si de chain of a basic am no

ggbd (suchDZE; | ysine, glutam ne, or histamne), it can
“car¥i ed usi ng reagent common to the coupling

procesg, SpPMIF. aheBiliHoARGs Bb&Ad td9PC bh€ chaphbd&ith

pent anoyl - Asp- (4- MeO- Apc) - D- Phe- Arg-Lys-NH 2 (SEQ I D

NG9 23 cyHBIXAmi on results in the coval ent coupling

f the asp L C_ Aaci nd J ysi si de chai ns providing
ycl oel(‘Asp-ﬁ&%?m%éo ?eéﬂfg% -é@ﬁ??li@lﬂ/eo Apc) - D- Phe- Ar g-

LyS- NH2. | mhoa@ivatedictter stutimti@adddddpd asthe ®PPS rinsed in with
cyclization is ﬁerfor med using a concentrated peptide

: d
@8l utibn. BPEM. upling was @ atained foph by Braeiosof 55 L)
performed 8fm@-¢MRRipidldnQRalstr)BhE Sha@ew R nifRih colorless.
15g/L to abora e259/ Lﬂ%ept inglss_,gl ventagiil.B In oIHe m)decooofr o
practice, Dranaglmchétonandomashedwtthon can be carried out

t tenpe I f t 0 25C for about
%ﬁ(ef%oﬁr. %cﬁﬂaﬁlﬁdg%gﬁrgagﬁeo%ﬁ?{%fﬁg“}r{{élacti on can be
gusnehed wW20% Rigdrizline/BMH foni3 0 gnis yadh. Xétshahresinheith
elgit%ﬂe ca subj ected to chromat ographic

gé ‘Ticatior.—The peptide can al so be subjected to one
or nore salt exchanges. Forexanple, the peptide TFA
salt can be subjected to salt exchanges to provide
peppledineelA(BBNtQH and peptide-lactate salts. This

§@N;5 begacc%}:_iLs_wppﬁ_é}qadi ng the peptide back on a

col um™ and en flushing the colum with a desired
6tdt ate sabORlehylrate

68.0 ¢ DIEA
1.7 L

1570 ¢ HBTU in
1 L DMF and cooled to 5 °C for 15 min.

DMF. The solution was cooled to 5 °C and combined with

The activated ester solution was added to the SPPS and rinsed in with

0.6 L DCM. The coupling was maintained for 3 h. (Reactor vol=5 L).
Sampled for completion (Kaiser) 3 h. Sample was ninhydrin colorless.
Drained reactor and washed with

4x3.6 L DMF. Drained reactor and deprotected with

2x3.6 L 20% Piperidine/DMF for 30 min each. Washed resin with

4x3.6 L DMEF.

Couple Fmoc-D-Phe-OH
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amoni um acetate) to elute the peptide. A lactate salt
can be fornmed by mxing a lactic acid solution with

WO b@8jog)st3 de- acet at e and then | yophilizing thePCi/EKP200B064186

The conpounds prepared in accosding to the nethods of
the invention can be used to provide selective MC-4

i pt or aﬁoni_ﬁ_gﬁqg'ﬁ/ity invitro. It is known that
agjczj ists o = vity cause reduction of food
thtakegi n HOBWUkgIraedel of human obesity. Therefore
gggn ni strat : gn of these conmpounds agoni zes MZ4-R
ividy i is inportant in the regulation of body
poi ohty ThEABNATHIRERKbE GAL CSOBPRPS b AR cGABhad Qidd the
conmpounds © his 1nvention may be fornulated at a
$frenggh eHBddfinve for adm nistration by various neans

b cvatba- bBOE G| Ged B RokrSFRE. or s part of an

adver se meghCaltivaRadsict }lu®n YhSKRASE to HEGPP8%nk ¥iGed th with
di abetes nellitus. A variety of admnistrative

Péchni uesDEM: The aespling weemageriepdalnt Bthi dBeastortved= 5 L).
active co Y Y | [ . b

pased uponofHECs da ottt als . Sl Bt G orless.
qual i fi ed Pmis¢dcicastonandwedshed wathi an. The fol | ow ng

bhr evj at i d. definjtions are used:. ACN
?5\ e?e it r%'ﬂrﬂlﬁgﬁr%tﬂﬁaﬂiﬂﬂﬁb@ﬁﬁﬁm Wil “(asparfie
agixd- ' L Abparcinandl. TBE Goakdbd Bidinh@xdterinasya hitrosgerffsweebZA 037 g
chlorotrityl chloride), DCM (dichloronethane), DI
( Dei oni zedfamms patakgili sopr opyl et hyl ani ne), DVF
(di met hyl formam de), DIT (Dithiothreito), Frmoc (9-
Fl uor cnyl ntt hoxy carbonyl HBTU (G Benzotri azyl -
1-yl - N, N, NWelight =3 &Hnetloy AP3-04 Ui
Fi exati uor ophosphate), HOBI I le
- Hydr oxybenzotri azol ej, HP —oh- Per f or manee Li quid
Chr omat ogr aphy), Ly$ ( LyRiepatationofl ), MIBE

Cnet hyl -tertbuty] ether NH i ym tate), O\
(met hoxyh Phc ( %Hﬁ?%‘aﬁﬁ%&%%ﬁa#&ﬁ@?@, Pbf

(2, 2A, 6. 7- pent anet hyl di hydr obenzf uran-5-sul fony 1),
Tla (trifluoro acetic acid), Trp (Tryptophan/

TryprpbyO Exani™8 1 Preparation of Me
Frmoc- D- Phe- Ar g( )- Trp(Boc)-Lys(Boc)-Resin
Deprotection K Resin
5 Steps
Qo " i
. o7 S\ OH YN OH
H 3 o} H o
O %_>=o
o
Fmoc-4-MeO-Apc-OH Pentanoyl-Asp(OtBu)-4-MeO-Apc-OH
MW. 471.54 MW. 504.62

Loading Fmoc-4-MeO-Apc-OH

Charged 6-L SPPS
300.07 g 2-CTC-Resin and
3 L DCM. Stirred 30 min. Made up a solution of
84.87 g Fmoc-4-MeO-Apc-OH in
2.1 L DMF and




10

15

20

25

30

Charged 6-L SPPS 305.38 g Knorr resin and 3.6 L DVF.
Stirred at 100 RPM for 30 mn then drai ned DW.

waRedoslogesds wi th 3.0 L DMF . The tenperature wasPEUERXDE4186

to 25 0C. Drained reactor and deprotected with 2 x 3.6
L 20% Pi peri di ne/ DMF for 60 mnh each. Washed resin

it h X 3 upl. e Fpocs Boc) - 192.8 63. 44
W3HO3 hydpgthjé' 'gg%@%gloglvﬁsﬁ}%?d Lﬁc}%l\b/r—n.“n sol uti on was

6988 edgt 0 BDIBL addetl. Chrdohidn Wi dshhéhbchafled tdiBEWwiotled rdsin. Stirring
DVF and cooled to 5 QC for_15 min. The. actiyated ester

sol ution wi&s StEEcY Brohd §§©§Sghwa% TAEEG NSRS 6

5 DCM 1, Thepaau R)risnginVBad BxHpt W AesbhfQbd By RdditiFe 884 Slution of
vol = 4.7 . Sanpl ed for conpletion (Kaiser) at 2 and

83h. Bbth lies were ninhydrin col orless. Drained

ct an it 1 ) j r .
023 ek, o SichBmBraha itk or 8 1Pri MR e AL BRRER it
30 ni nLeacBPMMdheddbgsinadditibhal4 x 3.6 L DMF . Coupl e

c- Tr p( = 125. 32 Fnoc- L- Tr.pf BocVOH 63. 44 ¢
E&T hydr a 8. ]ﬁsﬁlvﬁq&?lﬁwﬁswl& The sol ution was
sagd edLto gcm:(ml ; % oudn \nmfm'xtegatkﬂa5.5m17e.reﬁﬂ waig thdB MAshed with
1 L 1 i N.
3x3 DNE anDN(I:lg oTl?e retsi?l v?as%?aing({ andsder]gr)]ron[ected with
2x23 L 20% Piperidine/DMF for 30 min each. Washed resin with

5x23 L DME. A sample was taken for cleavage and determination of loading

Loading = 0.45 mmol/g
weight of 352.5 g was obtained.

Couple Fmoc-L-Asp(OtBu)-OH
1292 ¢ Fmoc-L-Asp(OtBu)-OH

482 g HOBT hydrate

50.8 g DIEA

1.33 L DMF. The solution was cooled to 5 °C and combined with
1192 ¢ HBTU in

0.67 L DMF and cooled to 5 °C for 15 min.

The activated ester solution was added to the SPPS rinsed in with
0.6 L DCM. The coupling was maintained overnight.
The sample was ninhydrin colorless. Drained reactor and washed with
4x23 L DMF. Drained reactor and deprotected with
2x23 20% Piperidine/DMF for 30 min each. Washed resin with
5x23 L DMEF.

=

Capping with Valeric Anhydride
A solution of
1463 ¢ Valeric anhydride,
0274 L DIEA in
1.5 L DMF was added to the SPPS. The solution was rinsed in with
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The activated ester solution was added to the SPPS
rinsed in with 0.6 L DCM . The coupling was nai nt ai ned

WO 008081845 (Reactor vol = 5 L). Sanpled for copqi/gr007064186

(Kaiser) 3 h . Sanple was ninh r|n coI orl ess. Drained
reactor and washed with 4 x 3. . Drained

act r ecte W t h

beper | i neP ST E5t e nwa%%tﬁ‘fﬂ\/é ﬁ%an? 38 gl fof cpletion
3.6 L DWF by H(P)ij Fh&mactidn AagldthplrteCBiralfied. 'Bagor and washed with
Fmoc- L- Ar g -OH 63. 44 HOBT hydrate 68.0 Dl EA
ig‘%iLIBI\/F 1() eW%S(_})‘Fgf?SHhW s cool gd to 5 0C agd
gqmbi ned wpihy115577..00 gg HBTU in 1 L DMF and cool ed
to 5 0C for 15 min. The activated ester solution was
added to the SPPS and rinsed in with 0.6 L DCM . The
gi)éﬁ%%@g was mai ntained for 3 h . (Reactor vol =5 1L).

d for conpletion (Kaiser) 3 h . Sanple was
ni nhydr| n Cbarged 8BES wikhai ned reactor and washed with 4

050”5@% A o S Dratitr e S R ne gomalas Added a

W|th4x3 thorMF . Coupl e Fnoc- D-Phe-0OH159.7 g
Fnoc- DPhe ()—I 63.44 g HOBT hydrate 68.0 g DIEA 1.7 L
BVF. Tmé sdriflueraectigesidivol ed to 5 0C and conbi ned with

%57' 0 g HBBHM E 1%) and stirred at 0-5 °C for 30 min. Charged

60 mL  Pyridine and stirred for 5 min. Drained reactor and washed with
4x23 L DCM at 20-25 °C. The cleavage solutions were stored at 0-5 °C overnight.

The DCM was concentrated by distillation in a rotovap with a bath temp
of 30 °C and 250 Torr vacuum to a volume of ~ 1 L while feeding

150 mL DI water. The DCM/water was transferred to a separatory funnel and the
aqueous layer removed. The organic layer was washed with

3x 100 mL DI water. The organic layer was combined with

100 mL DI water and the DCM removed by distillation in a rotovap with a bath
temp of 30 °C. The vacuum was increased to 100 Torr until no more
DCM was removed. The contents of the flask solidified. Charged flask
with

400 mL DCM to dissolve the solids. Transferred to a separatory funnel and
removed the aqueous layer. Distilled of the DCM while feed stripping

325 mL DI water with a bath temp of 30 °C until no more DCM was removed at
100 Torr. The solids were collected by filtration and washed with

100

50

DI water followed by an additional

= B

DI water.The product was dried under vacuum at 20-25 °C
Weight =50.5 ¢
Yield =55.6% (from Fmoc-4-MeO-Apc-OH)
= 63.5% (based on loading)
Purity =96.15% (AN HPLC)



1 L DV and cooled to 5 OC for 15 mn. The activated
ester solution was added to the SPPS and rinsed in

wWawaok/0gsés L DCM  The coupl i ng was mai nt ai ned fRECT/BP1907/064186

10

15

20

(Reactor vol =5 L). Sanpled fg_conpl etion (Kaiser) 3
h. Sanpl e was ni nhydrin colorl&ss. Drained reactor and
washed with 4 x 3.6 L DMF. Drained reactor and washed
resin with 4 x 2 L Methanol . The | oaded resin was

dri ed under a nitrogen swe@ramplé3d 37 g sanpl e was
taken. Weight = 49 Lot 503-02 e 2
Prepar ati ont 5?pa¢éﬂ?%ﬂéygnt&9&l(@%9f3 () 5
Steps Fmoc- 4- MeRQArEPbf)-Trp(Boc)-Lys(Boc)-Resin

Pent ai oyl - Asp( O Bu) - 4%\}/‘&%0 p(()—|W( )54 MA  504. 62
Loadi ng Fnoc-4- MeO Apc- O—I Charged 6-L SPPS 300{«07 g

2- CTC- Resi § andSLﬁ&‘M |rr goc30 m n. Mad
sol ution Bf]84.87 g Fnts:- i
and0.3 L D The sol ut] S,
69. 83 o P added. T ie ut 0

< pesi oGt ] rey n Wach ntin

as drai ned stir /edao

The n*

m n. %}cappl ng was ac eved ]

sol ut of 0.3 LDEAiIn 0.2 Met fi@nol and stirring
beRnoylasdbehD®ed. 8Sérn Was drai ned and washed with 3 L DW

fwokk@wed by an additi onal

OMe

Deprotecion/Couple NHPof
NHBoc

1. Piperidine/DMF
2. HBTU/HOBt/DIEA
3. Wash o O\)L
- H
/\/\n/N\:)LN N\)j\
o " OMe

\7=O NBoc
S

Deprotection of Fmoc-D-Phe-Arg(Pbf)-Trp(Boc)-Lys(Boc)-Resin

Charged 6-L SPPS with
4528 g Fmoc-D-Phe-Arg(Pbf)-Trp(Boc)-Lys(Boc)-Resin. Swelled the resin with

one wash of

3 L DCM. Drained the reactor and washed with

4x3 L DMF. The resin was drained and deprotected with

2x3 L 20% Piperidine/DMF for 30 min each. Washed resin with
3x3 L DMF and drain

Coupling with Pentanoyl-Asp(OtBu)-4-MeO-Apc-OH

1590 ¢ Pentanoyl-Asp(OtBu)-4-MeO-Apc-OH

48.14 ¢ HOBT hydrate
45.66 g DIEA
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1.5 L DMF. The resin was then washed with 5 x 3 L DCM
(The 5th wash was UV negative). The resin was then

wokxheshsyi th 3 x 3 L DMF. The resin was dr ai nePCEEPRR2007/064186

deprotected with 2 x 2.3 L ZOO/MDI peri di ne/ DMF for 30
mn each. Washed resin with 5 X 2.3 L DW. Asanple

en e and det ti
il @%%%Pﬁlgwwaéﬁ?o 51038 50 knd CRbing S S thn g
@pglpje FrogmrtAsP( G Bu) - OH 129. 2 g Fnoc- L- Asp( Gt Bu) - OH
48. 2 g HOBT hydrate 50.8 g DIEA 1.33 L DMF. The

$ol utibn wBMk aul epleddos Woadd nwonbi ned with 119.2 ¢

rot i vared S BeRRBa e S whae?tp 1R PER BN nlif

08 Wth 0. 6dM. Wcoﬁbﬁlg?ﬁb@inhﬁgalﬂwOM@Eta(R&dtor vol ~ SIER
overni ght. The sanpl e ni nhydrin col orl ess. .Drai ne

reactor andeWiBlssder WQHLPWH%K@SST)L qVpe Was ainhxdrin selptless:

and depr ot petigdi \hdibr aql%gshgd{,mgO% Pi peri di ne/ DMF for
30 mn each. Washed resin wth X 2.3 L DMF. Capping

dixth \Val er DMAdhgtied deacinr sod maslmd voth 146.3 g Valeric

I

reacti on vvam/ﬁwmhrmtdogenr (N&e:rdue t@ i ssampdsesteed atesh in the 6-L
conpl eti on The reac l.et i ned
bt or anSPUsHGtI Y trRcred o ¢ BreS POR Gy ey o

with

Weight =499.81 g

Example 4
Pentanoyl-Asp(OtBu)-4-MeO-Apc-D-
Phe-Arg(Pbf)-Trp(Boc)-Lys(Boc)

OMe

NHbe
NHBoc

y ij O\)L
/\/\H/N\)L N N\)L ﬁ

%_§=O N Boc

Cleavage/D eprotection QMe

1. TEA/DTT/H20
2. MTBE/DIEA 1o ppt

NYNHZ NH,
HN
O @]
EH g H o5 & H b
BNH

O
O
HO

Pentan oyl-Asp-(4-MeO-Apc)-D-Phe-Arg-Trp-Lys-NH2
MW. 1065.27

Charged 2-L SPPS with
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3 x 2.3 L DCM O eavage Charged SPPS with 3 L DCM and
cooled to 0 OC. Drained reactor after cooling

w@oplogses Added a sol ution of 30 nlL Trifl uor aREL/ER2007/064186

acid in 3 L DCM (1% and stirred at 0-5 0C for 30 min.
Charged 60 nL Pyridine and stirred for 5 mn. Drained
reactor and washed with 4 x 2.3 L DCM at 20-25 0C. The
cl eavage solutions were stored at 0-5 OC overni ght.
THEROOCM waBert s bMsp@t8d)-ByMed sA pd-Darhicofro(Pb i Tie(BoY RPys(Boc)-
with a bath te of 30 OC and 250 Torr vacuumto a

vol une of -2 akki| e feeding 150 nL DI water . The

PCM vaf er  pyasv td anaf @k r&sh. e r&ER@hatOsotutidinmeh and

t he aqueous Tayer renoved. The organic | ayer was
walhedzwi t RT3 x 100 nL DI water . The organic |ayer

z@s coppi npg widh 100 nL DI water and the DCM renpved

y distillation in a rotovap with a bath tenp of 30

086 The vatbAanDwascd the resasedl ¢horgb0@hcTdeavapnsaliitiorotorroacor.

DCM was repgpved. The cont of t fl,ask, sol idifieged.
Char ged fl St L Baliris b s Do bhigsdbpigalion cuboy
Transferreg;}0 a separatory funnel and renoved the

aqueous layer. Distilled of the DCM while feed
$2ri pping BEBEhndtoolal ter0- W€ hDmitsdtthe tleampgofol8lo@to the 5

until no nor renmove t 100, Torr. The solids
her 6 col 1 GBI PR PR P AT AR ARt N 00 rL DI
%@0 er ol | mdl_nb)étiﬁed andi &inqaﬂbwéc@bjﬂdehe%dmh%!f . The
roduct was dried under vacuum at 20-25 0C Wi ght =
) 5 gmly e MIBE. cirgd,for 3 gyn mpdramet s sehitionyigtothgearboy.

(based on | oadi ng)

The contents of the carboy were well mixed then transferred to 250 mL
FLPE bottles (8 bottles with ~ 230 mL/bottle). The bottles were
centrifuged at 2600 RPM for 1 min. The supernatant was decanted and the
bottles refilled. This process was continued until all the suspension was
processed. Each bottle was then filled with MTBE (~ 1.8 L total), capped
and shaken to resuspend the solids and then centrifuged. A solution of

35 mlL DIEA in

146 L MTBE was prepared. Approximately

175 mL  DIEA/MTBE solution was added to each of the 8 bottles. The bottles were

capped and shaken and stored in the refrigerator at 5 °C overnight.

The bottles were removed from the refrigerator and centrifuged at 2500
RPM and the supernatant decanted.

220 mL 2% DIEA in MTBE was added to each bottle. The bottles were capped,
shaken and centrifuged. The supernatant was decanted and

220 mL.  MTBE was added to each bottle, shaken and decanted. This operation was
repeated a third time with

220 mL  MTBE. The resulting wet solids were dried overnight under a vacuum of
200 Torr. Note: the vacuum should be applied gradually or bumping with
loss of peptide will occur.

Weight of crude dried linear hexapeptide =47.05 g
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Purity = 96. 15% (AN HPLC) Exanpl e 3 Preparation of
Pent anoyl - Asp( O Bu) - 4- MeO- Apc- DPhe-

Woe@Psys Tr p( Boc) - Lys(Boc) - Resi n PCT/EP2007/064186

Pent anoyl - Asp( Qt Bu) - 4- MeO- Apc- g—l MN 504 62

Depr ot ecti on of

Froc- D- Phe- Ar gf Pbf J- Tr pf BogJ- Lysf BocJ- Resi n Char ged
6-L SPPS with 452.8 g M

Froc- D- Phe- Ar g( Pbf )Cydlp(ABpelyd) PeaBooy-Repi n . Swel | ed
the resin with o h of LE)CI\/I Drai n t he
react or and vvashgzg’lv\é\\ﬁ%‘ﬁp&l%sp’ohet ‘Eﬂ\ﬁ?p‘?ﬁé'lf]géi n was
drai ned ané deprotected with 2 X 3 L 20% ome

Pi peri di @) DMFfer 30 min each. Washed re W tihg8: X
3 L DVF apd drarn Gyupling WFTH

Pent anoyd  Aspf § Buy-y§- MeO: Bpe=tH 159. 0 g
Peftanty Ty o) x4y Mo ApctOH 48. 14 g

45. 66 gybl EATYY L BAE. The sol ution
and conbined wth 9.52 g HBTUIin 1 L

coupling was mai ntai ned over ni ght . c,d.Reat0E,a3%Qheonse). 0Bk froTrpLysnH,
Sanpl ed for conpletion (Kaiser). Sanpie was ninhydrin
colorl ess. Drained reactor and washed with 3 x 3 L

DMF. Drai ned reactor and washed with 73 x 3 L DCM The
Easipmenias Rildagfetad wdselotugbire agititert Hitrogeybag saduunt iptets,

and bl own | ' (Note: due to the

st ai nl ess %;%ﬁﬂ?&’éﬂ#égehﬂieﬁ]&@%?ﬁypl_ SPPS, the resin was

Lr anaferred to a 2-L SPPS for cl eavage)
roceduré

Charged the 2-L vessel with

4946 g HBTU and

1.5 L DMF. Stirred at 20-25 °C until dissolved. Prepared a solution of

500 g Pentanoyl-Asp-(4-MeOApc)-D-Phe-Arg-Trp-Lys-NH; in

1.5 L DMEF containing

50 mL  DIEA. Adjusted the agitation to 139 RPM and metered in the linear
hexapeptide solution at a rate of 25 mL/min at 20-25 °C. ~ 1 h. The
reaction was sampled for analysis. The reaction was found to be complete
and

100 mL DI water was then added to quench the reaction. The solution was
transferred in two portions to a 2-L round bottom flask and the solvents
distilled on a rotovap with a bath temperature of 30 °C under vacuum at a
pressure of <9 Torr

Weight of crude product =154.11 g
Assay = 10% w/w (15.4 g contained
peptide)

Example 6
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Wei ght = 499.81 g Exanple 4
Pent anoyl - Asp( O Bu) - 4- MeO- Apc- DPhe-

Woe@sPRsys Tr p( Boc) - Lys(Boc) Pentan PCT/EP2007/064186

oyl - Asp- (4- MeOW\ pc) - D- Phe- Arg-Jr p-Lys-N H MV 1065 27
Charged 2-L SPPS w th150.08 ¢

Lv( Boc) - REBaHEraPe BuitEalial T At BASPLAD A ERSA-Asp-

Prepared cl eavapdlda®Afic)-®3Phe-Nrg15s08Hg 10T Triffaordackiate
water 1.46 L TFA . Drained the resin and charged the
cl eavage solution tqQ teactor. Stirred the reactor for
2 h 20 nin at 20-2% YC. Chdrggl' a 5 gal l on carboy with

12 L MIBE and coole¥ to 0-5 . Drai ned thenkhgayage
solution into the al | oan cdlarboy for m n§wécaispt .

0

0

Char ged the react oryat t hi(5 Wd stirred for 5
of 30 M BENH08EA r r ed
thor"i nt o ERENGATRKBY.
r \péﬂ I

mn fol l owed by # K& Jdd{t to

for 2 mn and dfafnéd th

The contents of thescar boy¥ we m xed t hen
transferred to 250 ni PE bopt| &% (8 bottles with 230
nmL/bottle). The bottles entrifuged at 2600 RPM
for 1 mn. The supernatant’ was decanted and the
bottles refilled. This process was continued until all
t he suspenIBHESIEE I BEEE YL APRREN AFJtArd Y was t hen
filled with MIBE (~ 1.8 L total), capped and shaken to
resuspend the solids ang,then centrifuged. A solution
of 35 mL DIEA in 1.46 LIMIBE was prepared-

Approxi mately 175 nL D MIBE ™S (it i on was added to
each of the 8 bottles. ¥he bot/t(lf‘é wer e

H % H
> b NS NN NH@
N\er e H L =NH
0

O 6PN
WO
NH,

N

o H

'\c’I ng 1(/(sﬁg-;_ys)-Pentamoy lAs p(4-MeO-Apc)-D-Phe-Arg-Trp-Ly s-NH, 1:1 TFA

Purification chromatography was performed on three crude batches of cyclic MC-4
hexapeptide for toxicological studies. Purification was performed on a Pursuit C18 10
micron, 50 X 250 mm column at low pH. The overall contained yield was 85% with an
overall purity of 94%. Starting crude purities for three batches were 10 wt% or less. The
low crude purity decreased load capacity and gave significant injection solution filtration
issues. A total of 35 injections were completed. Ofthe 35 injections, 28 were crude
injections and 7 were recycle injections. The chromatography gave 33.7g of purified
cyclic MC-4 out of the 39.7 g of crude cyclic MC-4 contained. The pooling for this
purification was targeted for the mid ninety’s for toxicological material. Increasing the
purity to the upper nineties will decrease the estimated yield to 50-60% based on fraction

analysis in this purification.

Preparative Chromatography:
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35

capped and shaken and stored in the refrigerator at 5
OC overnight. The bottles were renoved fromthe

w0 edogloggseat or and centrifuged at 2500 RPM and RPEEEP2007/064186

super nat ant decanted. 220 nlL 29 DI EA in MIBE was added
to each bottle. The bottles were capped, shaken and

entrifuged. The superhat ant. decant.ed and 220
el BB O AR s M ETERCARG RaRfa T memt
(B@h&i@ﬁﬁlyalﬁd Mmjl-n\)aiaj deape &il&tlﬁbrﬁwhd‘l(tdnﬁbltchwﬁ 5)\yvithé‘lloi%\2£ksmand high

BE. The_.resulti wet I ds. wer i ed _overnig :
%Ifofé)nt%t LG iRBE %@6@%@?{1@ ﬁoiea.eraf TR, @3%1% B‘lﬂm@}lff”élons were
aRalviafa Bhaduabd fa@l o HARIMGr Mrdrd of 8&ScRingRRPE LiskeoMidgl the best
occur. Weight of crude dried |linear hexai})eptl de =

fittrapign g Ehigriice amargpaiest wsirgl 1y mm PametgnGifers Agg successful in

- - - n- L - i : .. . .
R ST P s Bn i Rdupe R PGS 1806 . fjsgyion int
twid setpsratd fileanocsound|reqonmetiag ithgfilpate fériopede.e Char ged
the 2-L vessel with 49.46 g HBTU and 1.5 L DW.

Stirred at 20-25 OC until dissolved. Prepared a

gﬁffblrt H"I@ﬁallr@fgostﬁ (T(h?r pglveé)arative blgfle:rﬁ weﬁ pre_II)_ared En 20 II<I Hcal;:boys for b50th
ent anoyl - Asp- ( 4-. C)- e- Arg- Trp- Lys- NH in 1.

OBNEP S e rﬁ@blm%?»’ée B Beth mapiks plages weredyl oopitgpns
A3 %hRRMpRFk i RBL HESE 2. NTHH EndbiilB gﬁése% KRBRPH LRSS cRE MC-4
at a rate of 25 nL/mn at 20-25 0C. ~ 1 h. The

pedlesation WlPesesmggedart by vahaysi s. The reacti on was

found to be conplete and 100 nL DI water was then

added to quench the reaction. The solution was
Modils Peaseedl is (h1 YoMBF D ar 96/ 0 EL,OAGN2- L round bottom

Uczak pfnd g hey $OIMEDLS| 0/90 H,0/ACN

Chromatography Conditions: cyclic MC-4 was purified on a pre-packed Varian Pursuit

C18 column, 10 micron, 50 x 250 mm. Using an Agilent 1100 preparative HPLC
equipped with a wide bore solvent switching valve for loading injection solution and a 13
position valve for fraction collection. Each injection varied from 1.0 gto 1.5 g of
contained cyclic MC-4 based on the crude assay. Five or more fractions were collected
from each injection and were combined based on HPLC fraction analysis. The cycle time
per injection was about two hours. The following elution conditions were found to be

optimal for the best purification results:

Column: Pursuit C18, 10 micron, 50 x 250 mm
Detector: 280 nm (8 nm bandwidth, 350/20 nm ref)
Column Temp: Ambient

Flow rate: 80 ml/min

Mobile phase: A =0.1% TFA in 90/10 H,O/ACN

B =0.1% TFA in 10/90 H,O/ACN

Sample loading: Manually via pump A switching valve at 60 mL/min
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distilled on a rotovap with a bath tenperature of 30
OC under vacuum at a pressure of <9 Torr Weight of

w@eewdesesdduct = 154.1 1 g Assay = 10% w w ( 15r@r/gP2007/064186

cont ai ned pepti de) Exanpl e 6C_hgp_mat ogr aphi c
puri fication: Cyclo (Asp-Lys) Pentanoyl - Asp-

)- D Phe-Arg-L uor oacet at e
coI u ‘ﬁ% o( Asp- Lys) - Pgl?lftgngﬁﬂdl[&nzsr)ﬂ O Apo) - D- Phe
-Arg-Trp-Lys-N H2 MWV 1 (ﬂ:@&ﬁlﬁhﬁea@gcddimﬁ&sﬂ%B

L Pent | - As D-Phe-Arg-Trp -L
g- Nié)l eg -?EZVMN 11 61 %wg}%plﬁus@&ti)gﬁwﬁg b

chromat ography was per f of5TRg5 9MnihHoRE7®% R0 RALCHESH) Of
cyclic MC-4 hexapeptide for toxicol ogical studies.

Purification was perfor ned-840dinpyrgedienttp 28%119

m cron, 50 X 250 mm col I

cont ai ned yield was 85% W ?%gr?%%\’/grﬂglagﬁ% l%l%atlgﬁ)%
Starting crude purities for three batches were 10 wt %

r less., The | ow crude puri.ty. decreas oa
Bl Biect0 R e R GRS e R SRR iered by
ﬂﬁl&ﬁ%éthe podled ghetifns ggthl erdm&letdhﬁgés dﬁﬁa&eﬁ@ﬁﬁhﬁét&% b7aQ( onto the
t he i nj ections, were crude injections an wer e
PRIEBY Ehg WMSHPYRY, CORABORH M BHFaS FO&;SW@@&J%S 33.7g of
purified cyclic M>-4 out of the 39 7 g of crude cyclic

MC-4 contai ned., The pooling for this purification was
Crardganieetignosolutioa mﬁ:mraﬂonplsylagedf @rdasdsane Hirealgh eets were used in the

é&%ﬁ)ﬁrag&ll of thB & ?ﬁﬁ)‘nrﬁg kB8 AL Iy egn {1%Q§%ﬂg%f£r% ig0etd e,

ecrease estl ma y| ) ased on
tomahedpurépahly sf ﬁlelcmuderhamhpmwiefei loghly enloréd @plaratained insoluble

%] QB AR e e SRl gy SRALAL ARt Sotution i
Qﬁ%/ﬁilf(%dnt@iﬂéh) @ey&dﬂiﬂg bmjRGl/Mos§00 fLtht efidw@ale final actual
onpl i cat ed %éraii ssay and h|€$(§ salt content of
9%@%%}0&@8 %%151(1 isglaigd\cardst di f f erent
filtering configurations were tried with a three
tiered stack of glass fiber filters of decreasing pore

si ze giving the best Table 1
Assay (Yow/w) Purity (%AN)
8.0 30.70
10.0 46.30
10.5 4530

The following procedure was used to prepare 1072 mL of injection solution for filtration:
Based on the w/w assay, 1.5 g of contained cyclic MC-4 is dissolved in 160 mL of DMF.
While gently stirring the dissolved solution add 160 mL of ACN containing 01% TFA.
With continued stirring add 752 mL of water containing 0.1% TFA. This crude solution
is then filtered through a triple filter stack of glass fiber filters of decreasing pore size
(Whatman).

Top GF/D 2.7 pm pore (1823125)
Middle GF/C 1.2 pm pore (1822125)
Bottom GF/F 0.7 pm pore (1825125)
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filtration. This filter arrangenent using 125 mm

di anmeter filters was successful in filtering 500 nL of
This required splitting eRCHERDODV064186
nL injection into two separate,filtrations and

reconbining the filtrates for injection. Buffer
Preparation: The preparative buffers were prepared in

20 L carboys for both nobile phase A and nobil e phase

Bhis Biddch aﬂﬂ@ehﬁnﬂhﬁﬁg&f B25V\n3ﬁﬁdiﬁ)m&1‘£l)ﬁf lﬂﬂ?éks ﬁsodlsldﬁ iirorlﬁcughl\/ﬂilt’@ing 500 mL
ap. approximate _pH of 2. Two. nobi e .so| ut.i ons
AePEeRE PP O Teawss AP iing P0Gl Appctiparpigriyvg gerarate
Bt@tiBYs X EEMMRRI! tBe BRASA 6y infoclod: YPhERfal NItAQ W8s completed at
H2Q' ACN Mobil e Phase B is 0.1% TFA in 10/90 H2O' ACN
Cenbieatstituplapd comadinichhbeforeyaicpitonviConlingef tha filtFate gr eiended

(=N i id: I ' -
fimf B S S EF S Vi P 8Men IR RbRibion. This
papac@e thayibt kcaedwper doreasmedeht swi t chi ng val ve for
| oading injection solution and a 13 position valve for
fraction collection. Each injection varied from1.0 g
Facliors Werotakeamioat the okl ¢lgedviby4 fhasied collectdrasmpUdele 2 time
a:]g a§ Five or nore fractions were collected from each
f fee bessringsavsRe Adued At Pedehased on HPLC fraction
anal ysis. The cycle tine per injection was about two
hours. The followi ng elution conditions were found to
be optimal for the best puriliabkaion results: Col umn:
Pursuit C18, 10 m cron, 50 x 250 nm Detector: 280 nm
(8 nm bandwi dth, 350/20 nmref) Colum Tenp: Anbi ent

Fl ow rate: TB@ (min) i n Mobi | e |[phase: A = 0.D&¢ripégn i n

90/ 1T 0 H2O e B = 0. 1% TFATTm 10/ 90 H2O AGNSampl e
| oading: Manually via pump A switching valve at 60

—et— o

nL/ mi nG adi B804S nitial condition 25% B OAECHIA

i near gradi4em’.oto 57% B 45.0-45.1 m n st &pcttoo170% B

A= 1 ol Fa . ) 1 l o N a Wa W4 D VA 1 £
49. 1-0590. U lllz'y!o_ljé)l U 7070 B (COTuimT 11

[ AY
ush)

Fraction 2
30.0-33.0 Fraction 3
33.0-35.8 Fraction 4
35.8-39.0 Back recycle
39.0+ Waste

Example 7
Salt Exchanges: Cyclo (Asp-Lys) Pentanoyl-Asp-

(4-MeO-Apc)-D-Phe-Arg-Lys-NH; 1:1 Acetate

OMe

OMe

H QNYN H H,NNH,  CH:CO:
NH NH
0 Saltexchange
K H Hog H
AN N N > N N N N
i o H 1. Load o YMC ODS-AQ 3 i
W o) O P \H ~NH 2. Exchange with acetic acid /\/\'rN o © O g NH
o o 3. Wash H,0O/ACN NH
W 4. Elute with H,O/ACN NNz 0
J) NH, 5. Lyophilize /H NH,
N N
[e] H 0 H

Cyclo (Asp-Ly s)-Pentanoyl-Asp-(4-MeO-Apc)-D-Phe-Arg-TrpLys -NH, 1:1 TFA

MW.1161.27

Cyclo (As p-Lys)-Pentanoy FAs p-(4-MeO-Apc)-D-Phe-Arg-Trp-Ly s-NH; 1:1 A cetate
MW.1107.3
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55.0-52.0 linear gradient to 25% B 52.0-72.0 25% B
(colum re-equilibration) Recycle injections: Recycle

wo pososisehs for front cuts and back cuts were PCI/EP2007/064186

re-injected by diluting the poQ ed fractions with
equal volunes of water and injecting back onto the
[ unm.. e radi ent condi,tign r.e used for.the
The (e I, TRS SRR o BT Ay S ol Sl
I solated crudes fromthree lab runs were used in the
reparation of the injection solutions. The crude
g@@ﬁﬁﬁ%% ranged from 8%to 10% contai ned purity. Al
of the crude batches were highly col ored and contai ned
i nsol ubl e solids. The desired final filtered

& Oricnem abidak C4f 1-eyietonc3MA mrermackerbealmpect i on sol ut i on

A R e AR
Bivotar systermrgyitiia Mbd¢124D deaskihgopunie MddddRéS glufibee pumps and a Model
%éﬁl%mﬂqﬂ procedure was used to prepare 1072 nL of

' % t§'®% solution for filtration: Based on the ww

assay, 1.5 g of contained cyclic MC-4 is dissolved in
16%,wL of DMF. While gently stirring the dissolved

Mabile Phaseadd 160 nl of ACN containing 01% TFA. Wth
continued stirring add 752 nL of water containing 0.1%

TFA. This crude solution is then filtered through a
At il PoAdetaniteile/ Beigoiccd HoQl 38 M iNF&OAd | ters of

e 1.ng Si ab B 3 G-/ D 2.7 nmpore
%12%%%%§Hlﬁ%§gﬁéﬁ%%2§rmpo%\]eﬁl; 22125) Bottom GF/ F
0.7 mmpore (1825125)This filter arrangenment using 125

1diamstter filters is used in vacuumfiltering 500 nL
gg&#%?@@%@&n solution. This requires splitting each
1000 nL injection into two separate filtrations and
reconbining the filtrates for injection. The fi

l. . )
The eemblacqayiiasripn epldrastionymdtlied drlatte @3 Grfupetonitrile) with

bgggﬁk@@gby before injection. Cooling of the filtrate
or extended tine standing at anbient tenperature, wll

cause the solution will beconme cloudy. This procedure

Egﬁéﬁg?igaled up or down as needed. Fractions were

m the colum eluent by a fraction collector
using Table 2 tine

Load is approximately 10 g of cyclic MC-4 (~ 8 L at ~1.25 g/L concentration) onto
column at 25 mL/min. This takes ~5 h.

Elution

After flushing the column with ~5 equiv of NH4OAc the product is eluted.
Flow rate 50 mL/min, detector at 280 nm
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the Iyophilized acetate salt

Exchanges: Cycl

0 (Asp-Lys)

These tines were adjusted as needed. Table 2

(4- MeO Apc) - D- Phe- Ar g- Lys- NH 2PdT/EP2007/064186

ic M4 TFA sal

pool was conv

Equi pmrent 5.0 x

erted to
25 cm

VWdak C4, 1-m cron, 30gA pre-packed colum Dual punp

pr ep syst emw th adj ust abl e wavel engt h det ect or

\cq,iuva e ; toTa VClII || Prostar ayalg wi-t-h—arvbdel ment
210 f‘%%\g punp, A215 ellution s and| a Modal
320 deteector). l\/bbl I el(Rhases A 10% 0
Acetonitrile/Deionized H20 20 nM NHAQAc B: 70%

Acet onfri | e/ Déi oni zed420, 20 mv NH4BAC Pool

prepar ggi on The combi ngd purifiicatio ool fract

are di ??Jt ed 1:1 (to -25% Acetagnitril Q)QWIth Dei oﬁ%etemms
H20O. P&@JI | oadiing Load0is apprjoxi matdlD§ 10 g of cyclic
Me—4—( t—at——1—25—¢git—concentratioRr)—onto—tcolum—at
25 m_/?nln Thi g takesmd— Bl ution ;Q\fter fl ushi ng

the cojggom with - 5 eqep Vv O‘NI— QAc the product is

eluted. Flow rate 50 mM/mn, detector at 280 nmrhe

product peak was col |l ected over 10 m nutes for a total

oz

tare

YRt

I nt

b

dioX8PYY hhiffEL BE L Bta

w de nouth

Refe

poly

QP and

Bpphidizqzlf aii:hnqmtftloomgtlht@ fauhteted| 69 mia svidcombethtpedy, batdesgyAhe solid
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OMe

Cyclo (Asp-Ly s)-Pentanoyl-Asp-(4-MeO-Apc)-D-Phe-Arg-Tmp-Lys-NH, 1:1 Acetate

MW.1107.3

8,2kt

ggcha

nges: Cyclo (As

Weight = 10.49 ¢

Example 8
Salt Exchanges: Cyclo (Asp-Lys) Pentanoyl-Asp-
(4-MeO-Apc)-D-Phe-Arg-Lys-NH; 1:1 Lactate

O™ 'NH

A\ kfo
NH,

I

1.1
2.0.1NLac
3L

Sak exchange

B . ]
11 ACNH,0

. L yophilize

OMe

N\H’H

e}

ticacid

Cyclo

(As
MW. 1137.

H o
HN N
H
oO

p-Lys)

HoN . NH,*

H

N
H
N
I
NHH

O
W

I

NH,

N
o H

Lys) Pentanoy FAs p-(4-MeO-Apc)-D-Phe-Arg-Tmp-Lys-NH, 1:1Lactate

Lactic Acid, Racemic, U.S.P. Spectrum chemical Mfg. Corp. catalog number 1.1010,

CAS 50-21-5, assay 8

Make up 0.1 N Lactic

8.0-92.0%

acid solution

CH,CH (OH)C O,
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(4- MeO Apc) -D-Phe-Arg-Lys-NH 2 1:1 Lactate (OH) CO
Cycl o (Asp-Lysl-Pentanoyl - Asp-1*MeO Apcl - D- Phe-Arg-T f

WO oo/ : 1 Acetate Cyclo PCT/EP2007/064186

(Asp-Lys) - Pent anoyhAsp- ( 4- NbC)épc) [ >Phe- Arg- Tr p- Lys- N
1:1 Lactate MW 11 07.3 MW 11 37.33 Lactic Acid,

H2
STt S T PRI MG o LR R A 1 Acee

B3.dIssbiveadt 4 enigigiueh selbibhkiod I]El &e’g)nﬂflleﬂﬁﬁl‘]) C(A(ON‘/BIQ(D}'S() to 50 mL to

Dk %eﬁéf’@éi‘wﬁ”&%‘% %c i‘ﬁ“ﬁ?‘ﬁﬁ?ﬁ% |ht%381161|0n19 firther diluted until

SN L8 B AN G (010,10 0t

gaﬂuum the) amgumttnftah@rc agid presadt wit be reslupeshis Tlgﬁ lyopis} @dmwder is
fm §Ezed " %\ﬁ\']Raf]ﬁi m; %Mbbzﬁg w1t(h C(epa{alsosnoolfI Jegks Wf 1(% methyl of

er vaculm the’ amount’ of prese

vétbhé ach@) a[n%CBJ@ g@' Itenﬁlhsl %%Ipahpéntazﬁgil) RAMEEShouRl @nﬁlaxfaﬁ@ofd 1:1 (can

conpari son of peaks at
he m@aS(un@t %ynm@mdlrdm pltained)d}f therehtig 9082 qandenilvated byither
GloASLAARSH) I, BABHL LA, 8 0L By 380 o
fdest Scamribﬁnecdgimstbeﬂuipmeﬁt tihe fTvﬁdﬁiOtgi archof watee:ﬂsli done with

353 bt P OB BVgiaRandSftes LolFIR ighalea e futtien s

Edﬁiﬂlcﬁﬂ@ﬂﬁo LZ@f 88T(\)\@25) %R 14t N hid £Fer VeI Ep s & idHONEnMrdth of 1.0 to
375 0O %lactate and after 1st NWR

ﬂﬁaﬂéﬁﬁ@dwﬁfm§9W%thtate After addition of 200 nlL of
88.0-92.0 %l actate and after relyopholization a fina
ratio of 1.0 to 1.09 lactate was obtained.)C ainms 1. A
met hod of formng a cyclic peptide conprising steps
of : preparing a dipeptide fragnent on a resin, the

di peptide fragnent conprising an acidic amno acid
resi due conprising a first side chain; cleaving the
first peptide fragnment fromthe resin; preparing a
second peptide fragnent on a resin, the second peptide
conprising an amino acid residue with a second side
chai n; coupling the carboxyl term nus of the dipeptide
fragnent to the am no term nus of a second peptide
fragment, thereby formng a third peptide; and



cyclizing the third peptide by covalently coupling the
first side chain of the dipeptide portion with the
W@ ews/nsnsgs de chain of the second peptide port i POT/RP20011@64186
met hod of claim 1 wherein the g'peptide fragment
conpri ses a carboxy-terninal noh-natural am no acid.
3. The nethod of claim1 wh 16%? t he di pepti de
fragnent conprises an am no- nal aspartic acid
resi due. 4. The nethod of claim 3 wherein the

I pe acid
b panehGE ol LAY o AEPEb AR RGN SE™ e et hod
of petmiring b digepride fragrlnentsmmshnptaptdméptld@fmgﬂl&ﬁ$omprising an
ra e tld& 6, The netho&.% (%J??n11 wherein the
P Qs FAMPLRYE s € ni nal Danino acid
resdléik}ﬁlg the firlh peprRicRgnht #baitR fesiber ei n the second
pepti de conprises an am no-term nal Dphenyl al ani ne

r edTeRIEINE @ seamid NeRtidrofagIneTy PRAFESIN WH%?f‘éPﬁ peRtidg ggmprising an
%mx{aodc%ﬁﬂegildﬁ@%%%eeéndts% &afond peptide conprises a

l'ysine resid . The nethod of claim1 conprising a
st epuplingthe a%bﬂgylttﬁ@ltﬂltﬂ afdhpdipeptits fragpmnt teethe @iing, terminus of a

f clizing. 10.

%EOﬁ@BgﬁdB?&' gpg“§&$ﬁ08£8§fnﬁﬁéhﬂﬁnﬁ a(%hereln | R1

I s cyolizhgyhe tmrd)pgﬁidlel’mg ogwaienpiliy oduiping e, ﬁrﬁt&lcﬁrﬂlaﬁilébkfahedipeptide
n r.o nor.aililn nceaoxy
RER G B pokopd SR B S 1B i TR R o | o

al kmexnetﬁad anclaiff dhercRothb dijyepriegdatgma comphyer0@ehbxy-terminal
i near or rancne al Ky avi ng rom 0 car pons,

| b hed al kyl h f 1t0 3 b

| i fearnagpalmype agd- al koxy having from1 to 3 carbons
9@%&95& b?éﬁﬁ}ﬁjl AR e o cjf?aep%ld ?ra MEMQR ses an armno -terminal

cycloheptyl, or a branche V|ng f

ewetisracat sRgUC.RL2 | al kyl haV|ng from1 to 5 carbon
atons, al kenyl having from2 to 5 carbon atons, or

al kynyl having from2 to 5 carbon atons; and

4. The method of claim 3 wherein the dipeptide fragment comprises an aspartic acid

dipeptide of the formula I of claim 10.
5. The method of claim 1 wherein the second peptide comprises a tetrapeptide.

6. The method of claim 1 wherein the second peptide comprises an amino-terminal D-

amino acid residue.

7. The method of claim 6 wherein the second peptide comprises an amino-terminal D-

phenylalanine residue.

8. The method of claim 1 wherein the basic amino acid residue of the second peptide

comprises a lysine residue.

9. The method of claim 1 comprising a step of cleaving the third peptide from the resin,

which is performed prior to the step of cyclizing.

10. An aspartic acid dipeptide of formula I:
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R10 is H or a halogen. 11. A nethod of formng a
cyclic nelanocortin-4 receptor agoni st peptide

W@ opssing steps of : synthesizing an asparti CPGIVERR007/064186

di peptide of formula I of claim 10 on a resin;
cleaving the aspartic acid dipeptide fromthe resin;
provi di ng a second peptide fragnent conprising the
sequence: D-Phe-Arg, Trp-Lys, wherein the second
pepti de fragnment As tached to a resin;coupling the
carboxyl terpgjnys of the dipeptide to the am no
term nus of fjhe|second|peptide fragment, thereby
' [ g sequence [formula
R - Ar gA\Tr p- ; cyg}qglng the [formula
] - Br9- TRy, e by coval ently coupling
i de Ghain ef the[hspartic acid residue with the
chai 1 of the lysilpe residue. 12. The met hod of
cl ain 3 rein the digpeptide fragment conprises an
aspartic aci ptide of the formula | : wherein Rl
is an al kyl fprotecting group; Xis: R2, R3 and R4 are
i ndepe |y hydrogen or a linear or branched al koxy
r?Wn froml to 4 carbon atons, wherein when R3 is

, R2 and R4 are both hydrogen. R9 is hydrogen,
| i near’ aranbilianphaectalglgrbufavi ng from1 to 3 carbons,
| i near, .or branched al koxy having from1 to 3 carbons,
or un€ubstituted phenoxy. RL 1 is cycl ohexyl,
cycl oheptyl cHor a branched al kyl having fwom 3 to 8
carbon atons. R12 is al kyl having from1fto 5 carbon
at ons, aIKg; | having from2 to 5 carbon

al kynyl ha from2 to 5 carbon ato
or a halg 3. The |nv thg as herlei nb
descri bed ’

R4 R?

R’, R? and R* are independently hydrogen or a linear or branched alkoxy having from 1
to 4 carbon atoms, wherein when R® is alkoxy, R? and R* are both hydrogen. R’ is
hydrogen, linear or branched alkyl having from 1 to 3 carbons, linear or branched alkoxy
having from 1 to 3 carbons, or unsubstituted phenoxy. R is cyclohexyl, cycloheptyl, or
a branched alkyl having from 3 to 8 carbon atoms.
R'? is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon
atoms, or alkynyl having from 2 to 5 carbon atoms; and
R'% is H or a halogen.
11. A method of forming a cyclic melanocortin-4 receptor agonist peptide comprising
steps of:
synthesizing an aspartic acid dipeptide of formula I of claim 10 on a resin;
cleaving the aspartic acid dipeptide from the resin;
providing a second peptide fragment comprising the sequence: D-Phe-Arg-Trp-Lys,

wherein the second peptide fragment is attached to a resin;
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coupling the carboxyl terminus of the dipeptide to the amino terminus of the second
peptide fragment, thereby forming a peptide having sequence [formula I]-D-Phe-Arg-
Trp-Lys;

cyclizing the [formula I]-D-Phe-Arg-Trp-Lys peptide by covalently coupling the side
chain of the aspartic acid residue with the side chain of the lysine residue.
12. The method of claim 3 wherein the dipeptide fragment comprises an aspartic acid

dipeptide of the formula I :

X
O
R'2 H
\ OR10
CH N
: H
O B 0
O
R'—O
wherein

R' is an alkyl protecting group;

X is:
CH N
CH /
A‘I‘I or R
R4 R? \

R’, R? and R* are independently hydrogen or a linear or branched alkoxy having from 1
to 4 carbon atoms, wherein when R® is alkoxy, R? and R* are both hydrogen. R’ is
hydrogen, linear or branched alkyl having from 1 to 3 carbons, linear or branched alkoxy
having from 1 to 3 carbons, or unsubstituted phenoxy. R is cyclohexyl, cycloheptyl, or
a branched alkyl having from 3 to 8 carbon atoms.

R'? is alkyl having from 1 to 5 carbon atoms, alkenyl having from 2 to 5 carbon
atoms, or alkynyl having from 2 to 5 carbon atoms; and

R'% is H or a halogen.

13. The invention as hereinbefore described.



