Cyclic Peptide CXCR4 Antagonists The present invention relates to novel cyclic peptide CXCR4
antagonist compounds and their use in treating diseases in which pathogenesis is mediated by
CXCR4 and SDF-1. CXCR4, a 6-protein-coupled receptor, and its naturally occurring ligand,
stromal cell-derived factor-I (SDF-1; CXCL12), are a chemolcine receptor-ligand pair. CXCR4 is
constitutively- or over-expressed in a wide variety of human cancers. SDF-1, the only known ligand of
CXCR4, is highly expressed in tumor microenvironments, as well as in bone marrow, lung, liver, and
lymph nodes, i.e., organ sites most commonly involved in tumor metastasis. CXCR4/SDF-1 interaction
plays important roles in multiple stages of tumorigenesis, including tumor growth, invasion,
angiogenesis, and metastasis, as well as in rheumatoid arthritis, pulmonary fibrosis, and HTV infection
(Tsutsumi et al. (2006) Peptide Scien@& ESEtSrd- 8R4 Antaganises of the involvement of
CXCR4/SDF- in theSeeseriousdiseases)EX @R4je RN ARG therapeytic Jarget.  AMD3100, a
bicyclam CXCq4ptagonist, ¢ in P 111 clinical trials for stem cell mobilization for
transplantation.gf stem ce%éﬁ§pﬁa§léé%?£%%? ﬁ%%%fgé%vﬁei%&ﬁ?ﬁt ReF R K Serslies Mphoma. AMDO70,
another small%?b?&ﬁﬁgdégegfﬁ'4 antagonist, is currently in Phase Il clinical trials for HIV infection.
CTCE9908, a bivalefi(dither@)peplidetpkE R4 \gQRist, ly in. Phase b/l clinjcal trials for
cancer. FC131ga gyglia gg&@p%g% L42 r??fg%nist, in%%%ﬁg%%%‘gﬁ%ﬁggﬁdﬁ%)%atXCR4
transfectarus with an 1050 of 4 "M (Fujii'e Al ?23@%%8@?3%%9%@@@%2-:325%53.; Amid et
al. (2003) Peptiie"SEiEhte THe JapemesdPepiitie Sosiety (3004 %20%r218br 1 {iFhgre exists a need
for improved EXxGR4@ntagaenists that;are;potent.and. ctive, exhihiting little or no activity at other
chemolcine r;al%)engto%s.o'&;h? c{grpeoundés@%‘?héi)ggrléggé%i?cﬁg%%sxﬁf%oﬁg 1g‘t)f%%ﬂe[S‘Baté”rsnf“éi*'ﬁjoa%glective CXCR4
antagonists. Their high potercy Perfrit eI RS (ot PREsESiAstherapentimnégimensduhile their high
selectivity mirﬁ%%ﬂ%ﬁ%&r@%ﬁﬁﬂ%@&mﬁi&eﬁi@Q%éﬁﬁﬂ%ﬁ@ﬂn‘i{?ﬂi})@g%g%agi%CIosed herein
~ possess othegfHghl ir m;;}fg ' erties, such as high bioavailability' when
administered su cu%ﬁrﬁ%’u%%?good in \g%c?%)]ﬁel%%g ?éogtggﬁf?ﬁeg%‘sp%m%ﬁm%Fﬁﬁ%ﬁﬁnacodynamic
properties that JETRTE CEhIEHTEmRIbirRgTy Sibrosiacewi diRglinfiatiofirsaspest:taepoesent disclosure
provides a |lactgpeiyeliced eystierof fogmula |: Ri - cyclo [X - Tyr - X3 -DArg - 2Nal - G ly - X771 - Xs -
X9 -x10 - Rn (1) (SEQ P W) .wherein: said lactam is formed by an amide bond between
the side chain aminc?l g?% %%‘%%)%ﬁ’%?‘{ﬁ%"‘%‘%‘d%fc Xa%}{éﬁ%&&/l‘b%bsﬁﬂm, GiavereinCRICA1d X7 are,
respectively, ®i5diTeeseiBerirsHiieiergroup consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/G1u, and
R1 is Ac or n-hexaneyiD@Ige, a bicyR)-gatedagiarn s fokmn .amide bo etween the side chain
carboxyl groug of Xi and n}(k)}%slzidtecgé in amino gr.g%%%%?}?g,%ﬁ%{}} wﬁgﬁaaﬁ‘d@f E21 8@ ctively, a pair
selected from the grotp consieting o ASBRLTTFAGE chSpmels Aspitents Gt/ @ohAgl, Glu/Dab,
Glu/Dap, GluBDEEdAé BHiydsiand Ripishe ok Mpooo,whereinXliandiXTarexFrespectively, a pair

selected fromiipg:@iRUR e@RSING Bf.SUGE / succinyl/Dab, succinyVDap, succinyl/Lys, and
succinyl/Orn. i it A H%%lrl%ggccfl By a(ﬁTgﬁ%’é} bémivBERveen the

gnd Rjj IS a%g i or c) said lactam is
a-amino groui) of XY BAd' gﬂ S8 CARRE b dsGrgFatp Bfimsah@teimicd andsXF asscgiespectively, a
pair selected ffoii the Houpmepsisin CRCAKMGA oA/ R, BARICIY, DATA/D ap(Ac)/Giu,

Gly/Asp, GlylG| , Le /Gl G1u, Eys/Dau, Lys(Ac)/Cilu, 2NaUG1u, Phe/Glu,
Phe/DGlu, DP%?%L%%%%%&?@&E{% ‘F’Siﬁ%”lﬁ%@?&? 4Fgew. Chens)igaiddagtaidsis-formed by an

amide bond Béhtietrnia mi@h@Qﬂﬁ)}ﬁ@dﬂiéfiﬁﬁ@rﬂmmﬁbgag%gfpg_hgagg@&%,d(%m%ggﬁﬁxyl group of

X7, wherein X1 and %£at8; vely Ir ed from the group consisting of-Ala/Asp,
p-Ala/Giu, 5-amino- ﬁﬁ%ﬁg%@n\%%ﬁ@@%ﬁ U, iﬁfﬁ?@l’lﬁf&%‘l\?f’@ﬂﬁ@b%d A-AA/EPAIGInN,
and R} is absSHt0f SXMHOTng ity praerar Vet miber heamiantidegund benwesndhedsamino group of
X2 and the stderehain dachexy growpngioh WheBIR X2 AR 2 A Eonsar _}iv_el 2 pair 3 selected
from the groyg.consisting. (&KBTI}/@AO?? Tx(r)/(éqltil%%nd T%/r/,DGIu, and fﬁ_ancf X1 .§1r1e ¥dch absent; R1is a
substituent on.the ‘a-amino group o PR RN i SR festiphigtosdlaidieitamino group is
not a constitTERTFEAer e T end e, sBsetfeted fromdiiegiumeonsisigseiAc, Bz, and
n-hexanoyl, -anqhsmﬁ,dﬂﬁeﬂﬂgm&hém@%%ﬁ%@o@%%%% R goggé%tggilpg%(D/L)Agl, Asp, Dab, Dap,

and Gl XL, il om, s, group consising of (DLJAGIDATa

cutaneously, good in vivo metabolic stzibility, and
pharmacokinetic/pharmacodynamic properties that permit convenient dosing,



5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe,
DPhe, and succinyl, or is absent; 10X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Me2); X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Glu,
DGlu, Lys, and Orn; X8 is selected from the group consisting of 13-Ala, Arg, DArg, Gly,
Lys, 15Lys(iPr), and Orn, or is absent; X9 is selected from the group consisting of Gly, 2Nal, D2Nal,
and DPhe, or is absent; X10 is 2Nal, or is absent; wherein when Xs is absent, X9 and X10
are each absent, and when X9 is 20absent, X10 is alﬂsent, and 122 is selected from the group
consisting of NH/ and NHEt, or a pharmaceutically acceptable salt thereof. Expressed alternatively,

this is equivalent to au| -€YGli eptide o formula 1: 25 - cyclo[X[ - Tyr - X3 -DArg - 2Nal - Gly -
X7] - Xs - X9 -X[O - %@%%(QE ’qlll%z“‘%%? ar%%hé?%%ﬂ?sﬁm disclosipeg sayidabstituent-on thgia-amino group
of X1 when X1reprtaieifearmaisaimino group and said a-amino group is not a constituent of said lactam
amide bond, selected from the group consisting of Ac, Hz, and n-hexanoyl, or is absent, wherein Xi is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Gin; 5X1 is selected from the
group consisting of (CH.)AgFioka, pTAta; ARA G-amingvateryl, 4AMB, 4AMRA, Asp, Dab, Dap,
Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is abslé)nt;‘ 3 is selected from
the group consisting of Arg, Lys, Lys(iPr), and Lys(Me2); 10X7 is selected from the group consisting of
(D/L)Ag|, Asp, Dab, Dap, DDap, Glu, DG1u, Liy&§Cald ®n} ) X8 is selected from the group
consisting of P-Ala, AdgrddArg, Gly, Lys, Lys(iPr), and Orn, or is absent; Xy is selected from the group

consisting of Gly, 2Nal, Dm%&&@ﬁ%mpg%é%eﬁsbl}? gllb gguﬁs%é ég%ésbaztugé;}otg;zgg iggiz amino

group of X and the side chain carboxy! group of ¥, wherein Xy and X7 are, respectively,
& pair selected from the group consisting of (D/LYAgVGlu, Dab/Glu, and Dap/Giu, and R
1 Ac or n-hexanoyl; or
b) said lactam is formed by an amide bond between the side chain
carboxyl group of X, and the side chain amnino group of X-, wherein Xy and X5 are,
respectively, a pair selected from the group consisting of ASp/(D/L)AgL, Asp/Dab,
Asp/Dap, Glu/(p/LyAgl, GhwDab, Glw/Dap, Glu/DDap, and Glu/Lys, and R, is Ac or Bz,
or wherein X, and X are, respectively, 2 pair selected from the group consisting of
succinylV(D/L)Agl, suceinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and R is
absent: or
¢) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of X+, wherein ¥ 1 and X~ are, respectively, a pair
selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGhs,
Dap(Ac—)/Giu-,--Giy/—Aﬁp,---Gly/Glu-, Gly/DGha; Leu/Glu, Lew/DGlu; Lys/DGlu, Lys(AcYGhy,
2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Ghy, and DPhe/DGlu, and R is abgent; or
d) said lactam is formed by ap amide bond between a non-a., non-side-
chain amino group of X, and the side chain carboxyl group of X, wherein X, and X7 are,
rsgPectively, & pair selected from the group consisting of B-Ala/Asp, B-Ala/Ghu, S-amino-
valezyi/ﬁsp, S-aminovaleryl/Ghu, 4-AMB/Gly, 4+-AMPA/Asp, and 4-AMPA/Glu, and R,
is absent: or
€) said lactam is formed by an amide bond between the C-ammo group of

22 and the side chain carboxyl group of X, wherein X7 and X are, respectively, & pair



wherein when X8 is absent, X9 and X0 are each absent, and when Xy is absent, X10 is absent, and
R, is selected from the group consisting of NH2 and NHEt, 20wherein: a) said lactam is formed
by an amide bond between the side chain amino group of Xi and the side chain carboxyl group of X7,
when X1 and"R2 %R ectively, a pair selected from the group consistin§ o @SE4XetAETa, Dab/Glu,
and Dap/Glu, and Rl is Ac or n-hexanoyl; or 25b) said lactam is formed by an amide bond between the
side chain carboxyl group of Xl and the side chain amino group of X7, when X1 and X7 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap,
GludD/L)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and Ri is Ac or Hz, or when X1 and X7 are,
respectively, a pair selected from the group consisting of succinyl/(D/L)Agl, suyUDab, succinyl/Dap,
succinyl/Lys, and«succinyd anduR Lisiabsentt Oyr/Asp, Tye)Saldiactarnds:fanned oy an amide bond
between the a—amii}n% Jroup of X1 and the side chain carboxyl group of Xi, when X1 and X, are,
respectively, a %aéclr &&iéCted from the group consisting of Ala/Cilu, Ala/Dan, DAIla/Glu, DA1a/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/GluisG B @Giupl @uiilu; desuiReGhy bysih)6du X, ysiwi)iGlu 2NaUG1u,
Phe/Glu, Phe/DGM, DPhe/Glu qng DPhe/D(jlu, and R1 is absent, or. .~ dZPsai lactam is formed
by an amide bofd DERRET & 1R S HERY %‘F?a‘f?w%%‘iﬁ%“@%‘i?ﬂté)ffo XSS R e ﬁfmarboxyl
group of X3, whencki fogl %7 areprespectivelyaa, pairselecied:foomoitie group caasistingof-Ala/Asp,
p-Ala/Glu, 5-aminovaleryl/Asp, 5-aminovaleryUG1lu, 4-AMB/G|u, 4-AMPA/Asp, and 4-AMP4/Glu, and
R1 is absent; o?eleot{?{l lggﬁggﬁ(fg%ao qiﬁlfﬁmgﬂ’r}éa i 8 B8 GRS the a-amino group of X,
and the side chain carboxylgreugiefXTiFowhenuanchX#iase;Mespecively, & pairsdlected from the
group consisting of Tyr/Asp, TyrlGlu. a/[:t?glr r/DG1u, and R ragg | are each absent, or a
pharmaceutica yméltl:%%vpg Ilé%a ered ]IX’ ‘fgr)?%#éat (;Braé)mﬂ%%) irﬁ-%éﬁ%uth(gla r%céuér?l:”a’isclosure provides
a lactam-cyclizegspeptids «f foenidiag: andyciofixyl. Tye abé8ut,DArg - 2Naj - Gly - X77, - Xs - X9 110 R2

<I) (SEQ g NO 1) or a phagmaceytically. Jfherec N, ipri A Selected from the
group conﬂsaisting of (D/L)AgE@%%bagg%ggggrggﬁ%%@a@hﬁr%%\%%%%, CfAA gg%ziquM(PpAf(%\s% Dab, Dap,

Dap(Ac), Glu, Ghs{Mer; Lys, Lys(Ae), 2Nal, Phe, DPhe, and succinyl, or is absent, 6 wherein
when .X [is (D/4)Agl, Dab, qr Dap and. the a-amino group of Xl is nat a constituent of the lactam amide
bond, said a-amino group i&db%?%f%% th i z\gh‘ﬁ%i‘f?gsé“éﬁ%f)éﬁyﬁﬁ\gllhgs@r% ¢isting of Ac and
mhexanoyl; wheiteis GhenClij$. Aspndrdait and the a-amino group of X1 is not a 5constituent of the

lactam amide bond, said a-%ninq roup.is substituted with Rl vxfjkicg&ris selected %ﬁ)rnéthe group
consisting of Ac and Bz: and ™ Y {iharein WREN KIS ATAS L A1 DAY, BrARirovatyl, 4-AMB,
4-AMPA, Dap(Ag)(iBly aherbys, ik ys{&Ac), 2Nal, Phe, oPhe or succinyl, Rl is absent; X3 is selected
from the group consisting of At s, Lys(iPr), and Lys(Mes); 10X7 is selected fro e group
consisting of (D/L)Agl, Asp,%&g?%%&&gﬁggﬁ? ﬂ?%é%‘,lﬁ}ls?% (zirn ‘b?ﬁrﬁ? DE@‘i%“é%é%Fegrfrom the
group consisting akdB8:Ala, Arg, DArg, Gly, Lys, Lys(iPr), and Orn, or is absent; X9 is selected from the
group consisting of Gly, 2N ,EODZh@I and I%Plt , or is 15absent;

18 2INal, or 18 absent;

wherein when Xg is absent, Xg and Xy, are cach absent, and when X is
20  absent, X;p 18 absent, and

Ry 18 selected from the group consisting of NH; and NHE, or

a pharmaceutically acceptable salt thereof,

Expressed alternatively, this is equivalent to a lactam-cyclized peptide of

formula 1:
25
Ry - eyclo[X — Tyr — X3 -DArg — 2Nal — Gly ~ X4] ~ Xg — Xg X0~ Ra
)
(SEQ ID NO:1)

wherein:



X10 is 2Nal, or is absent, wherein when Xs is absent, X9 and Xi0 are each absent,and when
X9 is absent, X10 is absent; and R2 is selected from the group consisting of NH2 and NHEt, 20and
further wherein: said lactam is formed by an amide bond between the side chain amino group
of Xi and the"éfy&*¢H&ic84rboxyl group of X7, and X1 and X7 are, respectiV&Rf/ &S/ 4elEtted from
the group consisting of (D/4)Agl/Glu, Dab/Glu, and Dap/Glu, and R[ is Ac or n-hexanoyl; or 25said
lactam is formed by an amide bond between the side chain carboxyl group of Xi and the side chain
amino group of X7, and X1 and X7 are, respectively, 2 pair selected from the group consisting of
Asp/(DA4Ag|, Asp/Dab, Asp/Dap, Glu/(D/4)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and Ri is
Ac or Hz, or wherein X1 and X7 7 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Daks sugtirylfap, Suecinyibysoandrsuceinyl/QrasranesRd is absent; or
said lactam is formed by an amide pbond between the a-amino group of Xl and the side chain carboxyl
group of X7, and XTKHd X7 41 He<pERt0R K CAPPARSAIERSI ISR U CROAR EBHSIMG of Ala/Glu,
Ala/DGlu, DAlaiGlDALaleGibuP ap{AGKHE M. 4G AR Glyéalse,ayiPRlsde WGl gURG1u,
Lys/nGlu, Lys(AcglGI : ZN%BIq, Phe/Glu, PheiDG1u. DPhe/Giu, and DPhe/DG1u, and Rl is absent;
or said 4 ?§F§ [EOFB PR BY SRR D ARG BEtweEh ahoReR; #Er&ide-chain amino group of
X1 and theside chain carboxykgrelupeafiod aogXdy)anekXiares espegtivelypapais selected from the
group consisting of p-Ala/Asp, p-Aja/Giu, 5-amino-_valeryl/Asp, 5-aminovalery1/Glu, 4-AMB/Glu,
4-A_MPA/Asp, %ﬁ@%@)&%@éﬁ@? RY! sAaﬁ\ggh%HBrDXp’ DapEafd: IS8t is f8m&d by an amide bond
between the a-amiide gidlsp BRa ylat. X2dandcing side elain;carboxyl group of X7, and X7 is selected

from the group consisting 05@%[3@ e%léée C?%ng@ILE%i_ &J”dcc%%i %&d élA%?%e%F yggﬁﬁnt. A recurrent
S ))? at'pos

sequence motif in all the compounds o ormula is the presénce of [ b?’l“?(Z, DArg at position

X4, 2Nal at positisft¥5, and Gly at position X6. In another embodiment, the present disclosure
provides aiéactam-eyclized eptide or pharmaceutically acceptable salt thereof of formula | (SEQ ID
NO:1), whétein: R1 is selectdd FoMFTE groufesHuR iRy B AN B2 sbrigabigrtar.  X1is
selected from thegratie, carisisting BHBANA, 4-AMB, 4-AMA, Asp, Dab, Dap, Dap(A:.;), Glu, 2Nal, Phe,

and succinyl, or is absent; is selected from the group cansisting of _krg, Lys, Lys(iPr), and
Lys(Me2); X7 is selected fr>og§% 3 ﬁpg(‘fah%%ﬁﬁ’&%?%é‘ﬁ? ‘Ef;f[%]ﬁ Eig BEMIPySYand om; X8 is

selected from thesgroypeioDsisting afsAig and Lys, or is absent; X9 is absent; Xic, is absent; and R2 is
selected from the group 'cog?istjr]g of IX 7 anrg l}lHEt. 8. . I{1 almother embodiment, the present
disclosure provides a actam-ayeized Peptidd SEPREFRREEIRAI B cteptabis LatPtHerBo St formula |
(SEQ ID NO: I)iswihenein: RI is selected from the group consisting of Ac and Bz, or is absent; X]
is selected from the group nSngﬂ% of D,‘Al?a, 5-aminoyaleryl, 4-AIVTA, Asp, Glu, Len, Lys(Ac), Phe,

g absent

DPIte, and succinyl; X; is se aetea tom thé groudp consisting of Arg, Lys, Lys(iPr), and Lys(Me-);

X7 is selected from the groughensiskingafi{bkiAgkAsp DabkRam BRaP Riknanc Dan; X8 15

selected from the groy{p consisting of Arg, DArg, and Lys, Or is absent;
absent, Xiq s absent, and

R» is selected from the group consisting of NH» and NHEt,
20 wherein:
a) said lactam s formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X+, when X and X7 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is
Ac or n-hexanovl; or
25 b) said lactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X7, when X; and X are,
respectively, a pair selected from the group consisting of Asp/(D/L}Agl, Asp/Dab,
Asp/Dap, Glw/(D/L)Agl, Glw/Dab, Glw/Dap, Glu/DDap, and Glu/Lys, and R, is Ac or Bz,

or when X and X7 are, respectively, a pair selected from the group consisting of



X9 is absent; X10 is absent; and R2 is selected from the group consisting of NH2 and NHEt. In
another embodiment, the present disclosure provides a lactam-cyclized peptide or pharmaceutically
acceptable salt thereof of formula | (SEQ ID NO: 1), wherein: R1 is selected from the group consisting
of Ac, Bz, and n-hexanoyl, or absent, X1 is selected from the group consisting of (D/L)Agl, Ala,
13-Ala, Asp, Dap, Gin, Gly, Lys, and Phe; X3 is selected from the group consisting of Arg, Lys,
Lys(iPr), and Lys(Me,); X7 15 selected from the group consisting of (D/L)Ag|, Asp, Dap, Giu, and
DG111, X8 is selected from the group consisting of P-Ala, Arg, Gly, Lys, Lys(iPr), and Orn, or s
absent; X9 is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is absent; X10 is
2Nal, oris absggééﬁa}ng@gb&zggelected from the group consisting of NH, and NI-LEt. In a further
embodiment, the present drselS&TaidtaBsaTEdam- eyetizetipeptisbsospharmacatinally
acceptable salethereof of formula | (SEQ LD NO: I). wherein: 9 R1 is selected from the group
consisting of Ac and Bz, orjgs%%sffnt; .. Xiis selected from the group consisting of Ala,
5-aminovaleryl, Asp, Glu, Sy BREHPhE R4 Bl BEiAYiIX Baadskterten from thengrauprcansisting of
Arg, Lys(iPr), afndehgsiivbat) e iseseieatedyirom the group cansisting of D/IF{A l, Asp, Dap, Glu, and
DGiu, XE is selected from the roq%%ofﬁsigfq%? o%%lﬁ%’, % rSIS_%/E':SQ, Vﬁ%{’ﬁ?}?jﬁnd Oom, or s
absent; X9 1S selected fromm ﬁ%“&r%’?}&%&%s‘?étﬁ%@f ehiefysiialp At OB he lobisiabsent; X10 is 2Nal,
or is absent; aRHRECI el Gdrétisrofy g foupCansistingofNByang NI, 1.ys N.apother
embodiment, the @@ﬁepﬁg@ﬁl%%rg ro i_g§§ lactam-cyclized peptide or P#]air %cecducgﬁy

a P / oy ~ .
acceptable salt thereof of formula’l (@I‘Eé) 15" NG B Wi R FacsRice ebdefronT the group consisting
of Gly and Phe; X3 is Lys(iripirie-®: k5DGiuby ar sdikangihes.ambodiment, the present disclosure

. . . 1 2
provides a lactgmzcyc! ggcjt ptide or pharmaceutically acceptable salt thereo of formula | (SEQ ID
NO: 1), wherein: R1 is a s((jel%xrgt;Otiui;\l SEE carboxyt group of X5, when X and X are,

r;eSpcctively, & pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu S-amino
valeryl/Asp, 5-aminovaleryl/Giu, 4-AMB/ Glu, 4-AMPA/Asp, and 4-AMPA/Glu and R;
is absent; or |

¢) said lactam is formed by an amide bond between the g-amino group of

X and the side chain carboxyl group of X+, when X5 and X+ are, respectively, 2 pair

selected from the group consisting of Tyr/Asp, Tyr/Giu, and Tyr/DGhy, and Riand X; are
each absent, or
& pharmaceutically acceprable salt thereof
In another embodiment, the present disc}

osure provides a lactam-cyclized peptide of
formula I: ' e

Ri~cyelo[X) - Tyr ~ X5 - DArg — 2Nal - Gly ~ Xl =Kg~Xe-XKip - Ra

«© ,
(SEQ ID NO:1)

Or a pharmaceutically acceptable salt thereof,

wherein:

Xy 18 selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAJa
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Drab, Dap, Dap(Ac), Ghy, Gly, Lew, Lys
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent, '



X1 is selected from the group consisting of Gly and Phe; X3 is Lys(iPr); X7 is Dalt; Xs LS selected
from the group consisting of Arg and Lys(iPr), or is absent; X9 is absent; X|0 is absent; and R2 is
selected from the group consisting of NH-, and NHE:i. In another embodiment, the present
disclosure pr8Hdeeda I&am-cyclized peptide or pharmaceutically acceptai€BER#18isef Gf formula |
(SEQ ID NO:1), wherein: 10 said lactam is formed by an amide bond between the side chain
amino group o and the side chain carboxyl group of X7; R1 is selected from the group consisting of Ac
and n-hexanoyl; X, is selected from the group consisting of (D/L)Agl, Dab, and Dap; X3 is selected
from the group consisting of Arg and Lys(i.Pr); X7 is éM; X8 is Arg; X9 is absent; X10 is absent; and
R2 is NH-7. In a preferred embodiment of the disclosure, X1 is (D/L)Agl or Dap. In another

embodiment, the present disglesure provides a/lastam-ayclizeshpaptisle.os pharmaseltically
acceptable salt thereof of formula | (SEQ ID NO: 1), wherein: said iactam is formed by an amide
bond between tHé SIS CAHoRGIg SRS the ide SR BHtEgreurBRX-, R1 is
selected from thenghdup:consistingbf Ao Bzt is selestedftpmdie group consisting of Asp and

Giu; X3 is selected from the“%ro_u? %glnsijsgtlinagﬁlof Ag%é?nd _s(Meg?,; X7 is selected from the group
consisting of (b/L)A21, Dab, D& b1Sp, dnd L5 IXe 1K g‘?%ﬁ DHSEAPR G i A558nt; and R2 is

NH,.  In a prefesed-embodimanhehiie tisalosure, %iis (R AgkPakBaRHat RReRiIN a more
preferred embo@%%ré%rat X7 {EG(EEQ&A%IO% 81%%1" Ac allr& nothgr embodiment, the present disclosure

provides a lactam-cycl ze pe orlf) armaceutical yz’a%]ceptable salt thereof of formula | (SEQ ID

NO:1), wherein: 11  saicMaetanvikefolimied by b ainidéebbadiipetwleoth the idetehiifcarboxyl
group of Xi andiifig side;eNaiB.aming grouR, of%i! Phe, pPhe or succinyl, R, is absent;

X3 18 selected from the group consisting of Arg, Lys, Lys{iPr), and Lys(Me,);
10 X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Ghu, pGly, Lys, and Orn;
Xg is sclected from the group consisting of B-Ala, Arg, DArg, Gly, Lys, Lys(iPr),
and Orn, or is absent;
Xg 15 selected from the group consisting of Gly, 2Nal, D2Nal, and pPhe, or is
15 absent;
Xy 18 2Nal, or is absent,
wherein when X is absent, Xg and X ¢ are each absent, and when X is
absent, X is absent; and
R; is selected from the group consisting of NH, and NHE,
20 and further wherein:
said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X4, and X and X5 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R, is
Ac or n-hexanoyl; or
25 said lactam is formed by an amide bond between the side chain carboxyl
group of X and the side chain amino group of X5, and X, and X7 are, respectively, a pair
selected from the group consisting of AspAD/L)Agl, Asp/Dab, Asp/Dap, Ghu/(p/1.)Agl,
Glu/Dab, Glu/Dap, Glw/DDap, and Glw/Lys, and R is Ac or Bz, or whetein X, and X~



R1 LS absent; Xi is succinyl; X3 is Arg; X7 is selected from the group consisting of (D/L)Agl, Dab, Dap,
Lys, and OM; Xs is Arg; X9 is absent; X10 is absent; and Ib is NI142. In a preferred embodiment of the
disclosure, X7 is (D/L)Agl or Dap. In another embodiment, the present disclosure provides a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof of formula | (SEQ ID NO: 1),
wherein: said lamam is formed by an amide bond between the a-amino group of X1 and the side chain
carboxyl group of X7; It1 is absent; X1 is selected from the group consisting of Ala, DAla, Gly,
Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, and DPhe; X3, is selected from the group consisting of Arg,
Lys, Lys(i.Pr), and Lys(Me-2); X7 LS selected from the group consisting of Asp, Glu, and Dam,; XE
is selected fron%j@% roup (ignsisting of 13-Ala, Arg, Gly, Lys, Lys(iPr), and Om, or is absent; X9 is
selected from the group consisfny Grefs ?R@I%M}?anﬁ&@éﬂj@eﬁ@ﬁ@@gm%g is 2Nal, or is
absent; whereifihier/ Rehisabsent%9:a r bsent; and R, is selected from the group
consisting of NE, and NHEt. 12 In a%?efm%gﬁﬁeggﬁﬁ%ﬁmﬁgtﬁéﬁ of8eiBedr@bseris &la. DA, Gly, Leu,
Lys, Lys(Ae), Phe, or DPhed¥ K5#48té frenadéd embodiment DAl G dys QLPhe,  Ina
preferred embadinent:of @Qg@@@gﬁg@%&i’%?%m&g%ﬁ gyﬁgo' or Lys(Me,). In & more préferred
embodiment, X: is Arg. In a preferred em ddimenit 6F thie” diSclssmesivevis:Asp,«Gldrear DGIU. In a
more preferre é’fﬂ%%%ﬁ?@ﬁEO}%S,Iﬁéi%g-ﬁ.W&WM&W@@WQ@@%@%Q@QQ&% X8 is p-Ala, Arg,
Gly, Lys, Lys(iP&i)l/ﬂm,@pﬁlab@%dﬁ,%@mup@‘gjgg?ue QS?%'nent X8 is p-Ald, c{ilj ys, Lys(iPr),
On, or is abseny, In.a preferred embodiment of the disc ostiTe, 5“15[“?596*/‘*‘2 ¥ BEn&EoPhe, or is
absent. In a moré preTerFé]a %BSW%ht?Wﬁh@mmmmbmg&lle. In a preferred embodiment
of the disclosure, X10 is 2Nali aFisahserhenia %Oﬁ?zﬂaeg%&?d embodiment, X10 is 2Nal. In a

preferred embodiment of the disclosure. R2 is NHEt. between 2 non-c, non-side-chain
amino group of X; and the side chain carboxy! group of Xy, and X; and X are

respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Gin A-amino-

valeryl/Asp, S-aminovaleryl/Glu, 4-AMB/ Glu, 4-AMPA/Asp

| and 4-AMPA/Giu, and B,
18 absent; or

said lactam is formed by an amide bond between the o-amino group of Tvr

at X» and the side chain carboxyl group of X+, and K7 1s selected from the group

consisting of Asp, Giu, and DGlu, and R; and X are each absent

A recurrent sequence motif in all the compounds of formula 1 ig the presence of

. T [ - v r
+¥T at position Xy, DArg at position X4, 2Na at position X5, and Glv at position X
‘ : 3 2

In s . .
n another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

R 18 selected from the group consisting of Ac and Bz, or is absent:

- Huis scleoted from the group consisting of p-Als, 4-AMB. 4-AMPA Asp
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl or is absenr.

X3 is selected from the Eroup consisting of Arg, Lys, Lys(iPr), and Lys(Men);

X7 is selected from the Eroup consisting of Asp, Dab, Dap, Glu, pGhe, Lvs
and Orz; | o

Xg is selected from the group consisting of Arg and Lys, or is absent:

X is absent;
Xyo is absent; and

R; is selected from the Eroup comsisting of NH, and NHEt



In another embodiment, the present disclosure provides a lactam-eyclized peptide or pharmaceutically
acceptable salt thereof of formula | (SEQ ID NO:1 ), wherein: said lactam is formed by an amide
bond between a non-a, non-side-chain amino group of X1 and the side chain carboxyl group of X7; R1
is absent; Xl is selected fro the 'oup consisting of 3-Ala, 4-AMB, 5-aminoyalery4 and 4-AMA; X3 is
Are; X7 is selected from the group consisting of Asp and Glit; Xs is selected from the row consisting of
Are and DArg; X9 is absent; X10 is absent; and 12., is NH2, 13 In a preferred embodiment of the
disclosure, X1 is I3-Ala, 5-amino- valeryl, or 4-AMPA. In a more preferred embodiment, Xl is I:1-Ala. In
a preferred embodiment of the disclosure, X7 is Asp. In a preferred embodiment of the disclosure, Xs

is Arg. In another,embadinent the pr Isclosure provides a |actam-cyclized peptide or
pharmaceutically accel;;table salt thgreg?%f&]?o%?réagg IA%I%) “1%"&?&5‘: S%\% %nﬁygﬁlz%dz?gﬁ)%‘g am is
formed by arPEFfHE WO D etraEH heea hrratr§rvuper X (S The'éide, ettaimicarboxyl group of X-i;

12.1is absent; X! is ahsenta3ia Att 7 inaplested flom:he group consigling.of Asp, GM, and Da Xs

is Arg; X9 is absent; X10 is absent; and R2 is NH,. In a second aspect, the present disclosure
provides a lactain-cyclizetl prgsteieiomtiecfoionpken(SEQ (D ING: 70}nfidootiarpharmeceytically

acceptable saltthereqf, ﬂ‘?xéé@éi’}%@ formed by, an amide bond between the a-amino goup of Phe

and the side chain carboxyl group of DGIn. The pharmaceutically acceptable salt can be an acetic acid
salt. X3 Is seiected from the group consisting of Arg, Lvs, Lys(iPr), and Lys(Mes);

X7 18 selected from the group consisting of (D/L)Ag], Asp, Dab, DPrap, DDap,
Ghu, and DGlu;

Xg 1s selected from the group consisting of Arg, DArg, and Lys, or is absent;

Ko 18 sheent;

Xio 1s absent; and

Ry is selected from th_e group consisting of NH, and NHE:

In another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formule 1 (SEQ ID NO:1}, wherein:

R; is selected from the group consisting of Ac, Bz, and n-hexanoyl, oris

absent;

X1 1s selected from the group consisting of (D/L)AgL, Ala, B-Ala, Asp, Dap,
G, Gly, Lys, and Phe:

X3 is selected from the group consisting of Arg, Lyé, Lys(iPr), and Lys(Mes);

X718 selected from the group consisting of (/L)AL Asp, Dap, Ghu, and
DGt o

X is selected from the group consisting of fi-Als, Arg, Gly, Lys, Lys(iPr), and
Orn, ot is absent;

Xo 18 selected from the group consisting of Gly, 2Nal, D?Nal, and DPhe, or is
absent;

X0 18 2ZNal, or is absent: and

Ry is selected from the group consisting of NH» and NHE1,

In a further embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formule I (SEQ ID NO:1), wherein:



In a third aspect, the present disclosure provides a pharmaceutical composition, comprising a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof as variously described above, and
a pharmaceutically acceptable carrier, diluent, or excipient. En a fourth aspect, the present
disclosure provides a lactam-cyclized peptide or pharmaceutically acceptable salt thereof as variously
described above, for use in therapy. In a fifth aspect, the present disclosure provides a lactarn-cyclized
peptide or pharmaceutically acceptable salt thereof as variously described above, for the n‘cannent of
rheumatoid arthritis, pulmonary fibrosis, HI11,/ infectign, or a cancer selected from the group
consisting of breast cancer, pancreatic cancer, melar?oma, prostate cancer, kidney cancer,
neuroblastoma, non-Hod.czicin's lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple
myeloma, glloblastoma rhultifsivated dnuicheanichunphacicraukemia, . i In.a sixth aspect, the
present disclosure proviieﬁstgmg us! egf a lactam-cyclized peptide or pharmaceutically acceptable salt
thereof as variously described above: Tor e TikHitatiting of 4 Inddicsiment:for, the trgatment of
rheumatoid arthtitis> hsulionany filbrgisig; HIV infection, or a cancer selected from the group consisting
of breast cancer, pancreftilcS ggtggteé,énel noma, prostate cancer, kidney cancer, neuroblastoma, non-
Hodgkin's lymphoma, lung cancer ovanai cHEeT et it el A bar iltiple. myptema, glioblastoma
multiforme, and chronic Ww@%@mﬂﬁ%@&%ﬁ‘Mﬁ%&{ﬁ@@ﬂm&yﬁ%ﬁthﬁ) resent disclosure provides
a method of tr%@}ng rheumatoid arthritis, pulmonary fibrosis, 1- ti inféetich; Gita @hcer selected
from the group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney

cancer, neuroblastoma,Xon sdackgkinr sy Aching: I, Qvarian.cancer, colorectal cancer,
multiple myelogg, (gl%glg{)agltlgma multiforme,@gn cf?}%?\%&lgr%%%g%ﬁic%&qémﬁ%&éﬁqﬁ)r%iﬁ@d
administering to a patlen% In’need thereof an effective amount of a ‘amaincyclized peptide or
pharmaceutically accepighicssatidhergok AROUSIY: ed . In the macrocyclic peptidic
compounds of the present disclosure (SE%S%VD m%%%ﬁgggi%@ﬁt@g& 5% 2b 8 AeYeferred to
herein by their commo %%Meﬂ %ﬁ?@é"-’?éi?é}dsymbols, shown left to right from amino-terminal end to
carboxy-terrainal end. B, ;1% rsmal ital letters) refer to absolute stereochemistry. Where
neither designation is indbicatz%ai%&; particufar 8&%‘?55} zq(?ﬁgﬁrﬁ”gf}fﬁ@bmino acid is present. X | can
also be a dicarboxylic 2GASEfAEBPPEmans bepyberolipldsming@cibar raEhxylis Agid esidues within
the brackets "pirarecwithiiiheeyeliteSiEHeture; QOHRS, Sxte %ﬁbﬁ%}%ﬁrackets are outside the
cyclized ring. In all casgs, lization is via a lactam _(amide§ ond betw eﬁ’%@‘i‘zt‘br X2, i.e., Tyr) and
X7, which can be forméd i "s%??é?gW@%@%ﬁﬁé&éﬁ‘@pnﬂé@tructures of Xi, X-2, and X7.
When the lactam bond is fermpesbbetwgen the side chain amino group of Xi and the side chain carboxyl
group of X7 (Schemes 1 and 2; Examples 1-5), the a-amino group 100f Xi is capped with Ac or
n-hexanoyl. When the BetaPBbnd is formed between the side chain carboxyl group of X.1 and the
side chain amino grougmdnheths BsARAINe f Xj.is.capped with Ac or Bz (Schemes 3 and 4;
Examples 61%?1 X1.also can be a bifung?tl%r%gél)%e%%ﬁ(glsoct O@ﬁﬁﬁﬂ%ﬁ*%ﬁéﬁﬁ?ﬁ@ﬁﬁﬂ?#d@e@npfe one
with two carboxyl groupe: re - EZaRE A fagerie i fpmva b(6ESEMOtrbaxykigroup forms an amide
bond with the a-amino B eupekdyr, and the other forms the cyclic lactam structure through an amide
bond with the side chajn amino group of X7 (Schemes 3 and 4; Examples 20-24). When Xi is succinyl,
Ri is absent. In most %H&ﬁ%%ﬁ%@é@@é@ﬂ@e@&ﬁm@%@ heggind Schemes 5-15; Examples
25-28, 32-66, and 75-&@)isth§8@ﬂg@ino group of Xi forms the lactam structure 20 via an amide bond
with the side chain carboxyl group of X7, and RI is absent. Also included in the synthetic schemes of
this category are cycliép&gtfds containing X1 residues,4-AMB, 5-aminovaleryl, and 4-AMPA, wherein
the amino group is a ngn:side chain, non-a-amino group (Schemes 5 and 6; Examples 67-74). R1 is
also absent in these :fssels;?e;%c%\?ﬁég mﬁ&% RYBAERIHPE absenenthevsdanvsisutiuse;is formed through
an amide bond betweéh thebsesmino group of Tyr (X2) and the side chain carboxyl group of X7

(Schemes 5 and 6; E@{Q@'Eﬁé&%&'

Rz 1s selected from the group consisting of NH», and NHEt
In another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:



16 Structures of common amino acids, e, g, alanine, glycine, etc., are well known in the art.
Structures of non-standard and substituted amino acids present in the instant disclosure compounds
are shown below. aminoglycine (Agl) 4-aminomethyl4-aminomethyl benzoic acidphenylacetic
(4-AMB)acid (4-AM PA) 3-amino propanoic acid (p-Ala) 17 - The lactam-cyclized peptides of the
present disclosure can be prepared as pharmaceutically acceptable salts. Such salts, and common
methodology for preparing therm, are well known in the art. See, e.g., P. Stahl et al. (2002) Handbook
of Pharmaceutical Salts: Propenies, Selection and Use, VCHAAViley-Val; Berge et al. (1977)
"Pharmaceutical Salts," Journal gf Pharmaceutical Sciences 66(1):1-19. The compounds of the
present disclosure are potent antagonists of CXCR4/SDF-1 interaction. Compounds of formula (I) and
their pharmaceuticalf§f g&%@ﬁ?&bl@%&@@@ﬁdwlymm@mﬂmwm@m@&éﬁl%ﬁi& gu&lageKi value of
about 7.5 nM ¢4, less as. defermined pr%/Tthe GXCR4/1251-5DF-la binding assay descriged below. More
preferred compounds of formula %:ya d their pharmaceutically acceptable salts exhibit an average IC;
value in the range offr@meaibedtih niv doabesskilM ip s assay. Especially preferred compounds
of formula (I) and thillr Pha maceutically acceptable salts exhibit a average K value less than about 0.2
nM in this assay. nESATIGH AR BorEEn e e orartadeltiballyzac ceptable salts of the present
disclosure are preferabiy;highy Y 8 4.receptor, e?ib‘iting little or no inhibitory
activity against othe?%%emokir%eﬁggg%étl(%g?‘ %r%%%%gg%lf{%ggéf“ )@CRZ, CXCR3, and other
G-protein coupled ré%‘éﬁa@ﬁél at the concentrations tested, and no significant activity against serotonin,
dopamine, and opioig regeptors. They also preferably exhibit good stability in blood and plasma, good
subcutaneous bioava?iabilifil", desirable pharmacokineficiphannacodynamic properties, and potent in
vivo efficacy in rumadfsgseiatninhibition, with a wide safety margin, In view of these
pharmacological pr%ger,tie}, the compounds of the present disclosure are indicated for the treatment of
disorders involving f§tb’l'—@irfiinteraction, or receptor activity activity of CXCR4, such as in HIV
infection. In particulgs, itherpresent compounds are useful in treating malignancies in which angiogenic,
p-owth, survival, and metastatic pathways mediated by CXCR4 and SDF-1 are implicated in
pathogenesis, inclué“?r?gpﬁ?%a@ti@Hﬁ@éhﬁpmmtdﬁscamerxpﬁl@qgmg;, #rpglate cancer, 10dney cancer,
neurobla.stoma, nom: Qe BrsHy. r,.Qvarian cancer, colorectal cancer, multiple
myeloma, glioblastoma, muItiformﬁ%@%r%ﬁ%ﬁ%%%%@%gﬁ%ﬁ SrigeREhEH e RemEdsratoid
arthritis, pulnfSRaRIITBHSEIY, %AePIME s Eirsref PEdesuiviedt AEQRUOBPopiite-Seience 88(2):279-289).
18 Agl (aminogiycine}ds & sarenin BUitdinoIg ke Wh IS residue appears in a peptide
formula hereip the %écsqrb% becomes a chiral center atwmggé\h%‘%gs%ﬁag é’%d FARitlo groups are
each individuahy ondegeto G SFERP FHSTERE i this case, the final peptide product contains two
diastereomers that RyésWeikese! ¥esh 8RALhG! g@gﬁgﬁép@;‘@%ﬂ%%gther than a 1:1 ratio. "(D/L)Agl" in a
peptide formula denotes such a mixture of diastereomers. "(aL)Agi" denotes an Agl derivative that is
racemic, for examp%ﬁﬁﬁ%@ﬁ%‘?@&?)glwp oenetssir efohboutadetivsing 105() values determined in
the CXCR4/ 251-SDE-;; el escribed below by employing equation 7.22 of Enzymes, A
Practical 10Introduction i%%%ﬁc%@%ﬂ%@gﬁgﬁ%r%%%o%‘gfg ﬁé‘liaﬁﬂ}@@,y%}ébert A. Copeland, Wiley- Val,
New Yorlc, 1996, pagi s0F:ed frofhtermupSBEidiincudes Mo jsaf ,D%QIE-‘J%Q%SDF- P,
currently understoog to %goh_ibit similar functionality. “Treatment" as used herein refers to curative
treatment of disordef's assBciated 15with CXCRA4/SDF-1 interaction or CXCR4 receptor activity.
Curative treatmentXgfeebden: " '

X1p 1s absent; and
Rg ig NHQ.
In a preferred embodiment of the disclosure, X is (D/L)Agl, Dab
Dap, or DDap. Ina more preferred embodiment, X is (D/L)Agl or Dap.
In another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formuie I(SEQ ID NO:1), wherein:



processes involving a slowing, interrupting, arresting; controlling, or stopping of disease progression,
but does not necessarily involve a total elimination of all disease-related symptoms, conditions, or
disorders. The compounds of the present invention can be used as medicaments in human or
20veterinary medicine, administered by a variety of routes. Most preferably, such compositions are for
parenteral administration. Such pharmaceutical compositions can be prepared by methods well known
in the art. See, e.g., Remington: The Science and Practice of Pharmacy, 19th ed. (1995), A. Gennaro
etal., Mack Publishing Co., and comprise one or more compounds of formula (1) or a pharmaceutically
acceptable salt(s) 25thereof, and a pharmaceutically acceptable carrier, diluent, or excipient. The
effective amount of thedsasent ¢ IS | 4r m a{ﬁo t 1 mq to about 300 mg, more
preferably from about | mg to ;bﬁ?gggpr%,%ﬁgi%%i%ggﬁ% r@%ma ecﬁ%fa Mg 8%1%75’?"%’6 mg, and
even more pre?féraé’glf}lﬁﬁi% SHGuETHEg $°EpBlit 50 mg, on a daily basis. 30All lactam-cyclized peptides
of the present inventigqs%gggg synthesized either by solid-phase synthesis or solution phase
synthesis, or a combination of both, with peptide 19 chain assembly on solid phase and cyclization or
other modifications ok resipcomin solution. Such methods arc well known in the art. The following
abbreviations used herein have the indicated meanings: Ac: acetyl; Agl: aminoglycine; AMB:
aminornethyl benzoiC Hei FEAMPA: 5aminotnethyl phenyl acetic acid; Bo: benzyl; floc:
tercbutyloxycarbonyly BQBected from the eroup consist; 1y Aol . .
(benzotriazol-I-yloxy)-tris dimethylarninom)phgsphsgn?lljlr%]ﬁ%&%ﬁ%ﬁ&%égﬁ&éy Eﬁnrdé} T
2-bromobenzyloxycarbbryEBr benzoyl;benzyl; 2-C1-Z: 2-chlombenzyl- oxycarbonyl; Dab:
2,4-diaminoburyric agjd, @%g,s-thamino-propionic acid; DCC: dicyclohexyl-carbodiimitie; DCM:
dichlorornethane; D1C: diisopropyl carbodiimide; 10DIEA: diisopropyl-ethylarnine; DMF: N,N-dimethyl
formarnide; DMSO: dimetibgbnsulfdxide; EDT: 1,2-ethane-dithiol; Et: ethyl; Fm: 9-fluorenylmethyl;
Fmoc: 9-f|uorenylm%§ho arbonyl; HATU:
N-[(dinriethylamino)- H ,2°3-triazolo[4,5-b]pyriclinylmethylene]-N-methylmethanaminium
hexafluorophosphaténtioxieie:d hbbtiRe a7 alriazoilit Ne Vi HgyRM Sy uronium
hexafluorophosphate; yﬂ&éry:ﬁrjﬁ - enzotriazo- 15hum ) ” ’ ‘
1-[bis(dimethylamino§lm't yfentﬁij "B 8 SE5RIYY Hedatiie rIprisep Rt amcy tliaseopariduaride; HOBL:
hydroxybenzatrazete;BOF aisebubit chloieieshatesitid3qurapyt 1A 1isoReopy! alcohol; Me: methyl;
2Nal: 2-naphthy|alaggg(§f?%§?MMé 1L\Ime@t(Wlmog)h(ilig)e; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester;
Pbf: 2,2,4,6,7- pentamethyl-dihydrobenzofuraHec S RHBTYIc B Sirsiph ateusfeteanddline; PyBOP:
20(benzotriazodd ytaxydrbias{p yreaidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrrolidinS(Qp,hosphonium hexafluorophosphate; tBu: tert-butyl; TFA: trifluoroacetic acid; THF:
tetrahydrofuran; TIS: h’ﬂ%%byl silane; Tus: p-toluenesulfonyl; Z: benzyloxycarbonyl; ZOSu:
N-(benzyloxycarbonyl-@xy) nimiele. ion of pound ftlghe esent invention as
described in the follovlilir) 2%%32#_%@%5? %%%%ﬂ%%%%ﬁﬁ%%tﬁ%ﬁl?aﬁ%r agﬁ”[‘ﬁl)nmﬂ’g%each of these
examples, the- K& R cﬁ‘l‘&r‘"—iﬁé?ght is reported as a de-convoluted value. The de-convoluted
value is derived frony the,fppayl fo) = - here miz represents the charged ion
(positive mode) and natjs the ngrggxgl\r/%f g@%@%ﬁ%%%ﬁ%ﬁ%?%%eféigg\gqévg%%i%stﬁﬁﬁ t charged species
are present in the mas$ SRsEeAMIeeaheervets malectilaspyelghtR0isgrported as an average. The
synthetic processesdisclg in-Examples-85-87.-and isotopic labeling.procedures disclosed in
Example 89, g)r cy?ﬁ’é %gcgt{%%gg%ﬁ)ﬁ%%eﬂs% gg%‘%%f:rﬂ%sgml%gé?ﬁ‘ & Arg, Gly, Lys, Lys(iPr), and

o, OT is absent;

Xg is selected from the group cons isting of Gly, 2Nal, b2Nal, and DPhe, or is

absent;
X018 2ZNal, or is absent;
wherein when Xg is absent, X and X, are cach absent; and

R, is selected from the group consisting of NH» and NHFE+.



20 lysine side chains are equally applicable to other peptides disclosed herein containing lysine alkyl
side chains, with appropriate modifications, The synthetic methods of Examples 86-88, which eliminate
the need for toxic palladium catalysts, are also equally applicable to other peptides disclosed herein,
with appropriate modifications. Example 1 Ac-eyclolDap-Tvr-Artg-DAr ,-2Nal-GIv-Glu -A -N H2 SE D
NO:2 The sequence Ac-Dap(Alloc)-Tyr(tBu)-Arg(PbB-DArg(Pb0-2Nal-GlyGlu(Oallyt)-Arg(Pbt)
(SEQ ID NO:)) is assembled by standard Fmoc chemistry utilizing 10an ABI 431 Peptide Synthesizer
(Applied Biosystems) as outlined in Scheme 1 below. The automated assembly is carried out by using
the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc chemistry EIBTU/DIEA
protocol following the sqp@k@éfgrwg%m%g’ngﬁg{gllggcllggg%ggie@%m%ﬁ% ar City, CA). The solid
support is Rink amide resin (4- 2',4'-dimetboxyphenyI-Fmoc-’aminométhyﬁip ug‘noxy 15resin) for
C-terminal amide<orintioRs esin Ts-of BHI-Fricecammiréirmbthyb)indol- E-yik deetily AM«esin for
C-terminal ethyl gmigles (NovaBiochem, EMD Biosciences, Inc., San Diego, CA). The stepwise chain
assembly starts from the C-terminal end of the linear peptide and is accomplished in 9 major steps.
instep 1, four equivalents bPisfetse robagiiradithe dirotsrg(Rbf) are, agtivated with DCC/HOB (or
HBTU/DIEA for F: C sl trﬁzﬁ) in NMP, and coypled to deprotected Rink Amide resin using
20% piperidine. Ir?z(tt%ﬂlgnzfgf%%%ﬁgguﬁva ents of | En%ggficffﬁ @Wff}’ re'4fivated and coupled to the
deprotected peptide redivefrorfestdpihbAppropridteesiapssare, caniedutingl stgp 8, the coupling of
.‘Fmoc-Dap(Alloc en, Fmoc at the N-terminal end is removed using 20% piperidine in DMF and
acetylation of thg“al-g}%%%}ggﬁ% ig g%%%e Bt SR using 5 25equivalents of acetic anhydride, 10
equivalents of DIEA in éry phifrret dildEifamd d1 @t oMeBIPSralen Arp THE allyl and Alloc side

.. chain protection groups are r moved with 0.1 equivalent of Pd(Ph3P)4 in the presence, of 24

. equivalents of prf Fi;/ffg 4 ’§’i§%ié‘ﬁl’8ﬁ?ﬁ?§fh§h%’(’§%ﬁf@?ﬁ 8disEEsS:s Fepiafelt.dnee for

. complete side chamiBepretestipnsddae 30deprotected carboxylic acid moiety of Glu is activated with
PyBOP/DIEA and cyclized to the side chain amino group of Dap on the resin. The cyclized peptide is
simultaneously deproteCieBaiigdsabadinerhafigsdispoasinga isdaveriyer basktail of

TFATE120/TIS/EBRE, 2 98/4L/7 é/l%(é\%‘f)ne‘?én@ﬁéﬂﬂ@@ﬂéﬁ’%@i%%{%@’#ﬁg{"’"’"ﬁi for 2 hours at
an e

room temperature. The solvents are then evaporated under vacuum, 1 ‘pep?fo% %eprecipitated
and washed three time'¥ WRFFEHRS Glabrgiretnierithe dindenuthXscavdngersisMolecular weight calculated

(MW cal.): 1142,8Q;;M\¥ Q%%%@Q&Mﬂ&@g&h%&4%5% 2Wa? 20081150689PCT1US20081064177 22
H2N -Rink Resin o '
In a preferred embodiment of the disclosure, R, is NHEL.

In another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formmiz ] (SEQ ID NO:1), wherein:
said lactam is formed by an amide bond berween 2 non-, non-side-chain aming
group of 3(; and the side chain carboxyl group of X-;
R, is absent;
X} is selected from the group consisting of f-Alz, 4-AME, S-aminovaleryl, and
4-AMP A
X318 Arg
X718 selected from the group consisting of Asp and G
Xg 15 selected from the group consisting of Arg and DArg:
Xo 1§ absent; |
Xic is absent; and

Rais NH;.



1. Fmoc-Arg(Pbf) 2. Fmoc-GMOAIly1) 3. Fmoc-Gly 4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6.
Fmoc-Arg(Pbf) 7. Fmoc-Tyr(tBu) 8. Fmoc-Dap(Alloc) 9. Ac20/DIEA 10. 11. Stepwise solid-phase
assembly: Fmoc protected amino acids, DOC/HOBt or HBTU/DIEA coupling piperidine deprotection
(SEQ ID NO:4 Scheme 1. Amino side chain to carboxyl side chain peptide assembly S Peptide
purification is accomplished using standard preparative HPLC techniques. Immediately following the
cyclization, the peptide solution is diluted with water containing 0.1% (v/v) TFA, loaded onto a reversed
phase C18 HPLC column, and eluted with an aqueoys 0.1% trifluoroacetic aciWacetonitrile (v/v)

gradient while monitoring at
In a preferred embodiment of the disclosure, X, is B-Ala, 5-amino-
valeryl, or &-AMPA. In & more preferred embodiment, X, is B-Ala.
In a preferred embodiment of the disclosure, K15 Asp,
In a preferred embodiment of the disclosure, X; is Arg,

In another embodiment, the present disclosure provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (S8EQ ID NO:1), wherein:

said lacmm is formed by an amide bond between the ¢-zmino group of X5 and the
side chain carboxy group of X; ’ U

R is absent;

X1 is absent;

X318 Arg;

X~ 1s selected from the group consisting of Asp, Glu, and DGh;

Xgis Arg;

KXo is absent;

X ¢ 18 absent; and

R is NH,.

In a second aspect, the present disclosure provides a lactam-cyclized peptide of the

formula:

(SEQ ID NO:70)



1021.4 nm. The appropriate fractions are pooled and lyophilized. Further characterization of the final
product is performed using analytical HPLC and mass spectral analysis by conventional techniques.
For peptides with a basic side chain, the final lyophilized product is a TFA salt. WO
2008/150689PCT/US2008/064177 24 Example 2 Ae-cvelo Dah-Tvr-Ar -DAr0-2Nal-Glv-GIuNH2 SE ID
NO:6 Prepare as in Example I, except that Frnoc-Dap(Alloc) in step 8 is replaced with
Fmoc-Dab(Alloc). MW cal.:1156.33; MW ohs.: 1156.10. 5 Example 3 Ac-cvelo DiPr)-2Nal-GA -NH
(SEQ ID NO:7) Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1156.37; MW ohs.: 1156.78. 10 Example 4
n-HexanovI-cy&l%ID%%TW-L%/%QPr)-DAra—ZNaI-GIv-GIuI-Arg-NH2 (SEO ID NO:8) Prepare as in Example
|, except that FMoC-ArgPbe i Stah BT etk daersgith The e Ly6RENBOS), Addiionally, acetic
anhydride in stz Mamﬂw\gthd@exam@im@&c@%eg a;%/{i]th ]P EOWDIEA. MW cal.: 1212.47;
MW ohs.: 1213%&&{;@@@ %C@%%ggelgll(D%ATvr-Ara.-DArp- G-é v%lﬁifl@%-l\}&ﬁ_(SEo ID NO:91
Prepare as in Example 1, except that Emoc-Gla (O LS asistest2 is replaced with 20 Frnoc-Glu(OtBu),
and Fmoc-Dap(AIIocfflrfF_ﬁté*é Briscreplapecwiths Hmae- k) ABUBAC)AftEN chain assembly, there is no
Pd(Ph313)4 reaipanisineaneallyl pratection is present. Instead, cyclization'is RAWI8E out in solution

after the lineay peptide is cl§aved from the solid SUpporEAnd Yepisiel stntoradesinear peptide

CSCt

(0.25 mmol) from the &5V a%aﬁoifﬁiéﬂdlﬂiﬂ@ﬂva@lmm}&n@hcﬂsmweaﬁ%r,lgiiﬁ%né?wry DMF. This peptide
solution is 256&péseid to the following solution via a syringe pump during a 2 b period: 15 mL of dry
dichloromethane andg,,15;, ‘ )MF contajning 1.0 rnmole of PyBOP and 4.0 mmoles of DIEA.
The reaction isi then allgvﬁtﬂ%&g%é%gd) at %%r%‘f’%ﬁ%%?é?ﬁf‘%%@r@ﬁﬁ@d%@mmh% evaporated
under vacuurfl, THEFE4RTiHEY S 1eraxrdtr sitatarpré parativesre verseskphase GIB Jé'fiﬁ%&p lumn, and target
cyclic peptide is isolatediandghay acigrzeg ﬁ%ﬁsgﬁ%ﬁ-&?&p& xtample [, MW cal.: T198:27; MW ohs.:
1128.26. 25 Eyample.6.A%-gyelo Glu-T A&EFAr R-;zNal- 5 Dau A-Riff SENBRORERide oThe sequence
Glu(OtBii)-Tyr(tBu)-Arg(Pbe-DArg b0 IR BaftEsvely dgbb (SEQ 4D MO:kdhisagsembled by
standard FmOREREH ERF Atz IR B FB 4B BRI U B S outlingdin Scheme 3 helow. The
automated agsembhbnisseagiec out |5:‘¢§ﬁme:ra paxicrea;tio cancer, me ) nee

S, I . 5‘ Hlp snit:} o

Cancer, ovarian cancer, colorectal

cancer, multiple myeloma, gliobiastoms multiforme, and chronic lymphocyviic leukemia

In a sixth aspect, the present disclosure provides the use of a lacta

| m-cyclized
peptide or pharmaceutically acceptable )

salt thereof ag variously described above, for the

roanufa £ i f
cture of & medicament for the treatment of rheumatoid arthritis pulmonary

fibrosis, HIV infecti f
8, HIV infection, or & cancer selected from the group consisting of breast cancer
fod H

T, melanoma, prostate cancer, kidney cancer, neuroblastoms, non-
Hodgkin® I ’
gkin’s iymphoma, lung cancer, Ovanan cancer, colorectal cancer,

pancreatic cance

. . muliiple myeloma,
gliobiastoma multiforme, and chronic lymphocytic leukemia

In another embodiment, the present disclosure provides a method of treating rheumatoid
arthritis, pulmonary fibrosis, HTV mnfection, or 2 cancer selected from the

+ + I3 gl‘oup
consisting of breast cancer, pancrear;

< cancer, melanoma, prostate cancer, kidney cancer

neuroblastoma, - in’
» non-Hodgldn’s lyraphoma, lung cancer, ovarian cancer, colorecial cancer

multiple myejoma, glioblastoma nyultiforme, and chronic tymphocytic ieukanlia

compris: S L
mprising administering to 2 patient in need thereof an effective amount of a jactam

cvelized peptide or pharmaceutically acceptable sajt thereof as variously described above

In the macrocyclic peptidic compounds of the present disclosure (SEQID NO:1)

amino acids X, through X are referred to herein by their commonly emploved tare

letter symbols, shown ieft to right from amino-terminal end 1o carboxy-terminal end. p



using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc chemistry
(IBTU/DIEA) protocol following the supplier's directions (PE Applied Biosystems Inc., Foster City, CA).
The solid support is Rink amide resin for C-terminal amides or indole resin [3-(
ethyl-Fmoc-ahsi83atieiA)-inclo1-1-ylkacetyl AM resin for 10C-terminal et®g Blfides/084&Pvise chain
assembly starts from the C-terminal end of the linear peptide and is accomplished in 9 major steps. In
step 1, four equivalents of protected amino acid Fmoc-Arg(Pbe are activated )vith DCC/HOBt (or
HBTU/DIEA for FastMoc chemistry) in NMP, and coupled to deprotected Rink Amide resin. In step 2,
four equivalents of Fmoc-Dap(Boc) are activated and 'éoupled to the deprotected resin 15from step 1.
Appropriate steps are carried out until step 8, the coupling of Fmoc- Glu(OtBu). For step 9, Fmoc at
the N-terminal endliis(rerbveditidingr20%epipeticihe: nddfhandtacetylationnfdhé:aaming group is
carried out off-line witf %eﬂ uivalents ?cretjg aphydride, 1f0ﬂequivale_nt§ D1EA i? y DME or NMP, for |
h at room temperature. The fiished pé)plﬂ &is %lmlﬂf%n%oﬁesfi/m(?]eop‘}% eCBTERY eVt Fom the resin
using a 20 scaveadendoskiaibokl TEAT2Q/TASHEDT (9543/1A2nmbvivi yranbbA/H24F1S/anisole

(92121412, vivivig) o2 haursatinermdempeiatyia (Sehens M. [he sovepls. e lion gyaporated
co e

under vacuum, and the peptide is precipitated and washed three times wit diethyl ether to
remove the’scal@rgarareid diide prodatricudt dbrsstF 1 tHeiey MivatidactaRdaBd MW cal.:

1142.30; MW ohsha BdidcB3x, 26 2N-RINkResin ., wie e RAGERD i FmackiapiRoa,3. Fmoc-Gly
4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6. Fmoc-Arg(Pbf) 7. Fmoc-Tyr(tBu) 8. Fmoc-Glu(OtBu) 9.

Ac20/DIEA 10.d9rendstemiibe solidshase assemtdlys’Fmoc protected amino acids, DCC/HOBt or
IBTU/DIEA coupling R’E%%H%%qag‘%g{ %E%%tgg?ormcd between the side chain amino group of X and
ihe side chain carboxyl group of X7 (Schemes 1 and 2; Examples 1-5), the a-amino group
16 of X is capped with Ac or n-hexanoyl.
When the lactam bond is formed between the side chain carboxyl group of X; and
the side chain amino group of Xy, the a-amino group of X; is capped with Ac or Bz
(Schemes 3 and 4; Examples 6-19). X also can be a bifunctional residue other than an
a-amino acid, for example one with two carboxyl groups, i.e., a succiny] residue. In this
15 case, one carboxyl group forms an amide bond with the g-amino group of Tyr, and the
other forms the cyclic lactam structure through an amide bond with the side chain amino
group of X7 {Schemes 3 and 4; Examplcs 20-24). When X is succinyl, R is absent.
In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15;
Examples 25-28, 32-66, and 75-89), the c-amino group of X forms the lactam structure
20 via an amide bond with the side chain carboxyl group of X5, and R, is absent. Also
included in the synthetic schemes of this category are cyclic peptides containing X,
residues, i.e., f-Ala, 4-AMB, 5-aminovaleryl, and 4-AMPA, wherein the amino group is a
non-side chain, non-c-ammo group (Schemes 5 and 6; Examples 67-74). R, is also
absent in these cases,
25 When both R; and X; are absent, the lactam sfructure is formed through an amide
bond between the a-amino group of Tyr {X;) and the side ¢chain carboxyl group of X

(Schemes 5 and 6; Examples 29-31).



(SD) ID NO:12) Scheme 3. Acid side chain to amino side chain peptide assembly 5 Cyclization is
carried out in solution after the linear peptide is cleaved from the solid support with all the side chains
cleprotected (Scheme 4). The cleaved crude linear peptide (0.25 mmole) is dried under vacuum and
dissolved in 10 mL of dry OW. This peptide solution is delivered to the following reaction mixture via a
syringe pump during 10a 2 h period: 15 mL of dry dichloromethane and 15 tilL of dry DNIF containing
1.0 mmole of PyBOP and 4.0 mmoles of DEA. The reaction is then allowed to proceed at room
temperature for 2 h. Solvents are evaporated under ygcuum, the residue is loaded onto a preparative
reversed phase CI8 EIPLC column, and target cyclic peptide is isolated and characterized as
described in Example; j in deprotect on and TFA cleavage 5Scheme 4. Acid side chain to
amino side chain ri,ngg %@c&?s;i%%&g@& R £ =2 algnjogpeine, ew., are well known in
Bz-cyc|o|c;|u-1%?&Fg-§iﬂ*F&%aﬁ@@vﬂ@%§ﬂr¢wgdm3®E@ iBNO.3ikd) ReeRareas i Lxample 6, except
that acetic anhidiislarincsteR, Shig teplaced yith benzoic acid anhydride. MW cal.: 1204.37; MW obs.:
1204.87. Example 8 Ae-cyclo[GIu-Tyr-Ar2.-DKEZ-ZNaI-GIy-DDapJ-Arg-NH2(SEQ ID NOIL.5)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-DDap(Boc).
MW1142.30; MW obs.: 1142.73. Example 9

Ae-cyclofGlu-Tyr-Artz-1Arg-2Nal-Gly-Lysl-Aru-NH2(SEQ ID NO: 16) Prepare as in Example 6, except
that Fmoc-Dap(Boc) in step 2 is r‘éﬁ”l ed with Fmoc-lfyé(Boc). MW cal.: 1184.38; MW obs.: 1184.23.
Example 10 Ac-cycloiGlu-Tvr-Ara-DAka-2Nal-Glv-Dalal=Arg-N112_(SECI ID NO:17) Prepare as in

Example 6, excebBEﬁmt Fmoc-Dap( in step 2 is re d with Fmoc-ngTiOC). MW cal.: 1156.33;
1.
o
HO>= ’LO

MW ohs.: 11562

O
aminogiycine ~ “-a@minomethy] 4-aminomethyl 5-amino
(Agl) benzoic acid phenyiacetic propanoic acid
(4-AMB) acid (4-AMPA) (p-Ala)

H
N E~<

o
HO HO . HO Hof_o Ho/mo
Dab
Dap{Ac) Dap Lys(Ac) Lys(iPr)
"\;;/
-é H,N
M N
\ o HN
HO H °
0
Lys(Me,) TNai

ZNal orn



Example ii Ac-nclolGlu-Tvr-Ary,-DAr2-2Nal-Clv-(0/10Aall-Arg-N112(SEQ ID NO:18) Prepare as
in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-(00Agl(Boc). MW cal.:
1128.27; MW ohs.: 1128.86. 25 Example 12
Bz-cyclolGlu-Tyr-Arg-DArg-2Nal-Gly-(D/L)Aglj-Ara-N1-1L(SEQ ID NO: 19) Prepare as in Example 6,
except that Fmoc-Dap(Boc) in step 2 is replaced with Emoc-(0L)AgI(Boc). In addition, acetic
anhydride in step 9 is replaced with benzoic acid 30anhydride. MW cal.: 1190.34; MW ohs.: 1190.99.
29 Example 13 Bz-clo Al -A ,-DA 2Nal-Glv-Dab ..Aﬁr.;\ll42fSEQ ID NO:20) Prepare as in Example 6;
except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8
is replaced with Fmog;Asnl On'%chu iin gaddition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1204.37, oS a%ﬁ%cﬁ‘fi&@?ﬁ%éimowm can be prepared as
Ac-cyclolAsp-W@&i@l@m@mmb@mMi-&@&h%gm&%&:@h&&%%pgre as in Example 6,

m

except that FmagDapBeckinstep 2., feplaced with Fmoc-Dab(Boc), an Oggr@tfﬁ%u) in step 8
is replaced with Frnoc-Asp(OtBu). ﬁ/%w%éa?:&?rfm o%f@n@%ﬁ%.@ ApigdEsdmple 15

15Ac-cyclolAsh PR BHERESN ArarriDaskrteN 2 (SE) N RZy-vCIRrBPYIE.pS in Example 6,
except that Fnibt7 Ol(KotBupimisienSis replacesh with Emoc-Asp 8&5%?; W cal,: 1128.27; MW obs.:
1128.78. Example 1@132%%}32-%}/dclﬁp-Tyr-An_ziDAra—2NaI-G?y- apl-Arg- H’Z(é%P ID NO:23)
Prepare as in Example % e%leptS d %%%E@W@FBG)W srep84streplaced Wit SEASP(OtBU). In
addition, acetit*§fHidFide wmatepds i feplaieed withibenzeie:acid.aniydride: MW cal.: 1190.34; MW
ohs.: 1190.69s25Exa : l0lAsp:Tvr-Ar2-0Ar2-2Nal-01v-(0/4)A211-Arg-N142(SEP ID
NO:24) Prige@%are ?gf;%gj{aﬁgg%é%%%gg?t 1at EmBe Dapl0) 4hostep’ 216 eepisoed with
Fmoc-(00Ag|(B8eyminsd WMI@W@&W&%@&&MQBé@@ﬁﬁéééﬁbgd‘%gﬁﬁ@@%&&e’l#)faMVg cal.:
1114.24; MW @hgsoddd 8RO RAABh208RR ST/ YS2008/06-1177 30 Example 18"°

7 acceptable salis exhibit an average

K; value ix the range of from zbout 0.2 oM to about 1 nM in this assay, Especially

preferred compounds of formula (I) and their pharmaceutically acceptable salts exhibit an

average K value less than about 0.2 nM in fhis 2888y,

In additioy, the compounds and pharmaceutically acceptable salts of the present

disclosure are preferably highly selective for the CXCR4 receptor, exhibiting littie or no
inhibitory activity against other chernokine receptors, including CCRI, CCR2, CXCR2

CXCR3, and other G-protein coupled receptors at the concentrations tested, and no

Signiticant activity against serctonin, doparnine, and optoid receptors. They also

preferably exhibit good stability in blood and biasma, good subcutanecus bicavailability

desi . o . .
sirable poarmacokinetic/pbarmacodynamic properties, and potent iz vive efficacy in

tumor growth inhibition, with a wide safety margin,

In view of these pharmacological properties, the compounds of the present
disclosure are indicated for the treatment of disorders involving CXCR4/SDF-]

MICTACTI0N, OF receptor activity activity of CXCR4, such as in HIV infection. In

particular, the present compounds are useful in Treating malignancies in which
angiogenic, growth, survival, and metastatic paihways mediated by CXCR4 and SDE-]
are implicated in rathogenesis, including breast cancer, pancreatic cancer, melanoma
prostate cancer, kiduney cancer, neuroblastoma, non-Hodgkin’s lymphoraa, jung canc;;r
ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma muitiforme, and |
chronic lymphocytic leukemiz, as well as in theumatoid arthritis, puimonary ﬁ%)r()sis and

HIV infection (Tsutsumi et al. (2006) Peptide Science 88(2):276-289).



Ac-cu doTvs e A -2Nal-Glv-Da Ar NH2 SF ID NO:2 Prepare as in Example 6, except that
Fmoc-Arg(PbO0 in step 6 is replaced with Fmoc-Lys(Me2), and Fruoc-Glu(OtBu) in step 8 is replaced
with Fmoc-Asp(OtBu). MW 5cal.: 1128.31; MW ohs.: 1128.92. Example 19 Bz-e clo A T r-L Al DA
-2Nal-Glv-Da* A PA9HPEID NO:26 Prepare as in Example 6, except that FRGEARgiRbE):in7step 6 is
replaced with 10 Fmoc-Lys(Me2), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In
addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.: 1190.38; MW
ohs.: 1191.14. Example 20 15evelolSuceinyl-Tvr-Ariz-DAr-2Nal-Gly-(Dh.)A211-Arg-INHL(SEO ID
NO:27) Prepare as in Example 6, except that Fmb%—Dap(Boc) in step 2 is replaced with
Fmoc-(D4)Agl(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In addition, acetic
anhydride in step 9 is replasecbwidimyccinicoanhytbieel i\ eal. 0570 MW 0Bp61084.87. 20
Example 21 evgé é%grfgiqj\{llh@_r-@ra{DA[E%%)NS 'GloV;hD‘? I-}f.r%-NHtIS_STE(BVIP.[\IO:28 _Prepare as in
Example 6, exc ;ﬁt at moc-&ﬁu’fO%ﬁl% in Step 8 18 hot used, And" * IS ST SHEE 9n addition,
acetic anhydride-#step®isyeplashddwithdsuiéeinoRBantiftinice i eal InkBiE L22; iM\inebs.: 1071.85.
Example 22 cYGIaIReRINMTY A0 DA ANalh RANANHAPER 'tPaH%éé?é Cgﬁ?égé%?re asin

Example 6, except that Fmoc-Dap(Boc) in step 2 is replac Fmoc-Dab(Bo moc-Glu(OtBu)
in step 8 is hot TS¥ACHHAPRIS StiPis Gfitedl 1 Aaemien fematle dnifanueinstepo 9§ replaced with
succinic anhydrigieMWheal. 108825 1MWE0hs A dBHGHveIhaEXBRIER2 Bor example Fmoc-
cveloiSuceinyl- thr)-@ -]QQ u-2Nal-Glv-Orn -Ant-NH SE D NO:30 Prepare as in Example 6, except that
Fmoc-Dap(Boc) in stée% 2% replaced with Emoc-Orn(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and
this step is omitted. In"Baditienaacetie arstyuiidd Gioswdpeo dsteaplack Wit SGRANTCIiFiydride. MW

cal.: :!-099-_27; MW&ﬁﬁ&g]al%aéc%ﬂQﬂ&zﬂy employing equation 7.22 of Enzymes, A Practical
cycloiSuccinxI-Txr-Arg-DArg-2Nal-Gly-LyskAr2-NH1(SEQ'ID NO:31) 10Prepare as in Example 6,

except that EmSEPAHIBBE W ¢l \erbpiaveditit emeelsys B PrivdsttotBisy in step 8 is not
used, and this st€pfisNomitted, 19%Edditerrpacetic anhydride in step 9 is replaced with succinic

anhydride. MW cal.: 1in|1‘<§ ’fglgﬂ %WFQPSIHCJ({;L 6?1%/%' isoforms, SDF-1a and SDF-1f, currently
understood to exhibit similar functionality.
“Treatment” as used herein refers to curative treatment of disorders associated
15 with CXCR4/SDF-1 interaction or CXCR4 receptor activity. Curative treatment refers to
processes involving a slowing, interrupting, arresting, controlling, or stopping of disease
progression, but does not necessarily involve a total elimination of all discase-related
symptoms, conditions, or disorders,
The compounds of the present invention can be used as medicaments in human or
20 wveterinary medicine, administered by a variety of routes. Most preferably, such
compositions are for parenteral administration. Such pharmaceutical compositions can be
prepared by methods well known in the art. See, e.g., Remington: The Science and
Practice of Pharmacy, 19" ed. (1995), A. Gennaro et al., Mack Publishing Co., and
comprise one or more compounds of formula (1) or a pharmaceutically acceptable salt(s)
25 thereof, and a pharmaccutically acceptable carrier, diluent, or excipicnt.
The effective amount of the present compounds is in the range of from about I mg
to about 300 mg, more preferably from about 1 mg to about 200 mg, more preferably
from about 1 mg to about 100 mg, and even more preferably from about 1 mg to about 50
mg, on a daily basis.
39 All lactam-cyclized peptides of the present invention can be synthesized either by

solid-phase synthesis or solution phase synthesis, or a combination of both, with peptide



15Example 25 cyclolGlv-Tvr-Lys(iPr)-DAro-2Nal-Gly-DGlul-Arg-NH, (SEQ ID NO:32) The
sequence Gly-Tyr(tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oally1)- Arg(Pbf) (SEQ ID NO:33) is
assembled by standard Fmoc chemistry utilizing an ABI 431 instrument as outlined in Scheme 5
below. The alifdAt8¥ed48%embly is carried out 20by using the standard AppheiiSRIsySTania
DCC/1-10Bt chemistry protocol or FastMoc HBTU/DIEA chemistry protocol following the supplier's
directions (PE Applied Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for
amides or indole resin [3-( ;ethyl-Fmoc-amino}-methyl)-indol-1-ylkacetyl AM resin for C-terminal ethyl
amides. Stepwise chain assembly starts from the C-téfminal end of the linear 25peptide and is
accomplished in 8 major steps (Scheme 5). In step I, four equivalents of protected amino acid
Fmoc-Arg(Pbf) dreractivaited with!0 G4 @Btcfetii=iBT b/ Dih&Astol kasthtoemehemistiy) in NMP, and

are coupled to dgprotected.Rink amide resin, In step 2, four equivalents of Fmoc-DGlu(Oallyl) are

activated and coupled to the &protected peptide resin from step |. Appropriate steps are carried out
until step 8, the coupliflf &1 B0 GELEsyiatonsrseddiRrra dveredifd whei hRsEEESH group is removed
with 0.1 equivalent of Rd@h3P Weindhe.presence piR4.enuivalpnts.al phemylsianesin dichloromethane
(Scheme 6), This process is,repeated once, for complete side chain &protection. Then Fmoc at the
N-terminal%e?nd ‘%gﬂr}éoﬁ%%g/% pj]s?f% Efgﬁﬁ %ﬁiﬁjéorig iﬁ‘”é“fﬁ%%' 'ﬁeﬁjé‘@g% &é gccﬁ)i%qarboxylic acid moiety of
riGlu is activate@QFithPyROPDIEA s cyEnstvianhe alaninoigroup dhglycinemdatthe resin. The
cyclized peptide.ig;singltanaqushy depratesied end cleaved siram e sesin using.arsgavenger cocktail
of TFA/1-120/T1S/EDT &1552/1/ , 4v/vjv/.v), or TFA/E130/TIS/anisole (92/2/4/2, viviv/v) for 2 hours at
room temperatdi& “TRE"SEIVERs Are AT BYRBS 80N er vaRIRR PARRITHE H&btifeGs precipitated
and washed thréevtitvies vidthrooldrdiéthdth elidod remeierth @3Cadidngersy MMbe#lmilie85.29; MW obs.:

1085.32. J9Exqsmple 358 e8I PdRMATMELYSIP Q- PATd:ANREGIRGE UG NER arstic acid salt (SEO
ID NO:34) The TFA salt of the peptide of Example 25'is converted to an acetic acid salt by

adsorbing the niaferidrohibtia breparatidiesis okl Srsditpeeadrclylifisnated- M- 1529% acetic
acid/1470 (v/v)cThaablumesisdnenHvashed-withtiier tortiye iIcalamnrwlimes-pfpRd%iagqueous acetic
o 0, e P RSN ES xo d sep ome
H2N-Rink Resifiiazolyl-N, NN’ N -tetramethyluronium hexafluorophosphate; HCTU: 1H-benzotriazo-
15 lium 1-[bis(dimethylamino)methylene]-5-chloro-3-oxide hexafluorophosphate; HF:
hydrogen fluoride; HOBt: hydroxybenzotriazole; IBCF: isobuty! chloroformate; iPr:
isopropyl; TP A: isopropy] alcohol; Me: methyl, ZNal: 2-naphthylalanine; NMM: N-
methylmorpholine; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester; Phf: 2,2,4.6,7-
pentamethyl-dihydrobenzofurane-5-sulfonyl; PBS: phosphate buffered saline; PyBOP:
20 (benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP;
bromotris(pyrrolidino)phosphonium hexatfluorophosphate; tBu: tert-butyl; TFA:
trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropyl silane; Tos: p-toluene-
sulfonyl; Z: benzyloxycarbonyl; ZO8u: N-(benzyloxycarbonyl-oxy} succinimide.
Preparation of compounds of the present invention as described in the following
25  examples is meant to be illustrative rather than limiting. In each of these examples, the
observed molecular weight is reported as a de-convoluted value. The de-convoluted
value is derived from the formula MW(observed) = n(m/z}-n, where m/z represents the
charged ion (positive mode) and n is the number of charges of the specific species. When
multiple charged species are present in the mass spectrum, the observed molecular weight
3G isreported as an average.
The synthetic processes disclosed in Examples 85-87, and isotopic labeling

procedures disclesed m Example 89, for cyclic lactam peptides containing isopropyl



1 Fmoc-Arg(Pbf) 2 Fmoc-D-Glu(0Allyl) 3 Fmoc-Gly 4 Fmoc-2Nal 5 Fmoc-D-Arg(Pbf) 6
Fmoc-Lys(iPN(Boc) 7 Fmoc-Tyr(tBu) 8 Fmoc-Gly Stepwise solid-phase assembly: Fmoc protected

amino acids, DCC/HOBt or HBTU/DIEA coupling piperidine deprotection (SEQ ID NO:35)
WO 2008/150689 PCT/US2008/064177

20

lysine side chains are equally applicable to other peptides disclosed herein containing
tysine alicyi side chains, with appropriate modifications. The synthetic methods of
Examples 86-88, which eliminate the need for toxic palladium catalysts, are also equally

applicable to other peptides disclosed herein, with appropriate modifications.

(]

Example 1

Ac-cycloiDap-Tyr-Arg-DAre-ZNal-Glv-Glul-Are-NH, (SEG TD N2y
The sequence Ac-Dap(Alloc)-Tyr(tBu)-Arg(Pb)-DArg(Pbf)-2Nal-Gly-
Glu(OaliyD-Arg(Pbf) (SEQ 1D NO:3) is assembled by standard Fmoc chemistry utilizing

16 an ABI 431 Peptide Synthesizer (Applied Biosystems) as outlined in Scheme 1 below.
The automated assembly is carried out by using the standard Applied Biosystems
DCC/HOB chemistry protocol or FastMoc chemistry HBTU/DIEA protocol following
the supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The solid
support s Rink amide resin (4-(2',4'-dimethoxyphenyl-Fmoc-aminomethyl)-phenoxy

15 resin) for C-terminal amides or indole resin [3-({ethyl-Fmoc-amino }-methyl)-indoi-1-yl1]-
acetyl AM resm for C-terminal ethyl amides (NovaBiochem, EMD Biosciences, Inc., San
Diego, CA). The stepwise chain assembly starts from the C-terminal end of the Bnear
peptide and is accomplished in 9 major steps. In step 1, four equivalents of protected
amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for FastMoc

20 chemistry) in NMP, and coupled to deprotected Rink Amide resin using 20% piperidine.
In step 2, four equivalents of Fmoc-Glu(Callyl) are activated and coupled to the
deprotected peptide resin from step 1. Appropriate steps are carried out until step 8, the
coupling of Fmoc-Dap(Alloc). Then, Fmoc at the N-terminal end is removed using 20%
piperidine in DMF and acetylation of the a-amino group is carried out off-line using 5

25  equivalents of acetic anhydride, 10 equivalents of DIEA in dry DMF or NMP, for I hat
room temperature,

The allyl and Alloc side chain protection groups are removed with 0.1 equivalent
of Pd{PhsP)4 in the presence of 24 equivalents of phenylsilane in dichloromethane
(Scheme 2). This process is repeated once for complete side chain deprotection. The

30 deprotected carboxylic acid moiety of Glu is activated with PyBOP/DIEA and cyclized to
the side chain amino group of Dap on the resin. The cyclized peptide is simultaneously

deprotected and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT



5Scheme 5. a-amino group to carboxyl side chain peptide assembly Peptide purification is
accomplished using standard preparative HPLC techniques. Immediately following cyclization, the
peptide solution is diluted with water containing 0.1% (v/v) TFA, loaded onto a reversed phase C18
FIPLC colunthOaAtPeried with an 10 aqueous 0.1% trifluoroacetic acid/acSt6Ritiiecps/g4gFadient while
monitoring at 214 nm. The appropriate fractions are pooled and lyophilized. Further characterization of
the final product is performed using analytical I-IPLC and mass spectral analysis by conventional
methods. For peptides with a basic side chain, the final lyophilized product is a TFA salt. boc 1. Allyl
removal with Pd(Ph3P)4(0) 2. Fmoc removal with pip%}idine 3. Cyclization with PyBOP/DIEA ,i Side
chain deprotection and TFA cleavage WO 20081150689PCT/US2008/064177 35 Example 26 clo G
-T-DA -2Nal-GIABZIZLN42-3 R NOLBAIC/ T Prepded Wi/ Example 2b2axcepithatstep 1 is omitted.
MW cal.: 929'1%;1 é@ét%sﬁ@?oﬁ%iﬁq%%'%\% grated_undey vacuun, and the peptide s
cyclolGIv-Tvr-LvsOPr)-0Arg-2Nal-GIv-0GIUENI-12:acetic acid salt ISEQ ID N%:SSF) The TEA salt of
the peptide of BRERPREIEE ¥arirdrteadars Jeltiokcie duit B bagasTsity f56vaRatstial onto a
preparative C18/ctluunin ofiguitaiielsize aquiibratedsithiA% asetic.acidit oby/y): ithegolumn is then
washed with three to five column volumes of 2% aqueous acetic acid (v/v). The peptide is eluted using
1:1 water/acetonitrile (v/v) containing 2% acetic acid by volume, and lyophilized. MW cal.: 929.10; MW
obs.: 929.39. 15 Example 27 cyclolGly-Txr-Arg-DAra-2Nal-Glv-DGlul-Are-N112(SEO ID NO:39)
Prepare as in Example 25, except that Fmoe-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbe.
MW cal.: 1071.22; MW obs.: 1071.02. 20 Example 28
cyclolGIN-Tvr-Lxs(iPr)-0Arg-2Nal-Gly-DGlul-Lys(iPr)-NH2(SEQ ID NO:401 Prepare as in Example
25, except that Fmoc-Arg(Pbf) in step | is replaced with Fmoc-Lys(iPr)(Boc). MW cal.: 1099.35; MW
obs.: 1099.91.



25 Example 29 cyclolTvc-Arg-DArtz-2Nal-Gly-Glul-Arg-N1i2(SEQ ID NO:41) Prepare as in Example
25, except that Fmoc-DG1u(Oallyl) in step 2 is replaced  with Frnoc-Glu(Oallyl),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with FmociArg(Pb0, 30Fmoc-Gly in step 8 is not used, and
step 8 is omittEFIUNASEES- 1014.17; MW obs.: 1014.78. 36 Example 30 CRATUSAYBR6HNEI-GI DGI
-A NO2 SJI 1D NO:421 Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is
replaced  with Fmoc-Arg(Pbf), Frnoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.:
51014.17; MW ohs.: 1014.65. Example 31 cyclolTvr-Are-DArg-2Nal-Glv-Aspl-Arg-NHL(SEQ ID
NO:43) Prepare as in Example 25, except thatzl%moc-DGlu(OaIIyl) in step 2 is replaced 10with
Emoc-Asp(allyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), Fmoc-Gly in step 8 is
not used, and step 8 is omitted. MW cal.: 1000.14; MW ohs.: 1000.63. Example 32
150yclo[GIy-Tyr-Arg-DArer2NaI-GIy-AspIArFIngg,EQi,IiD NO:44) Prepare as in Example 25,
except that Finoc-DG1u(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf). MW cal.:}1057.19; MW ohs.: 1057.35. 20Example 33
eyeloIGIy-Tyr-Lvs(Me2)-PAr2-2Nal-GIv-Aspf-Argi\IH2(SEQ ID NO:45) Prepare as in Example 25,
except that Fmoc-DG1u(O4dl qﬁ@m% replaged with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Finc@:ﬁ@ ?’f ) cal.;| 10057.23; MW ohs.: 1057.86. 25 Example 34
cvelolGly-Tvr-Lvs(iPr)-DArgr2Nal( ygAspI-Arg-N]lg;S; - %@eﬁgg N assi\?i@fiare as in Example 25,
except that Finoc-DGlu(Oally&yin-stepg2is yreplaged itk [ &i&; EA\L{ME%I.: 1071.26; MW

ohs.: 1071.76. WO 2008/160689PETHRIS2008/064 1773 ifexsmipleBbn
7. Froec-Tyr{iBu)
8. Fmoc-Dap{Alicc)
9. Ac20/DIEA

(SEQ ID NO:4

Scheme 1. Amino side chain to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.
Immediately following the cyclization, the peptide solution is diluted with water
containing 0.1% (v/v) TF A, loaded onto a reversed phase C18 HPLC column, and eluted
with an aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while moenitoring at
10 214 nm. The appropriate fractions are pooled and lyophilized. Further characterization
of the final product is performed using analytical HPLC and mass speciral analysis by
conventional techniques. For peptides with a basic side chain, the final lyophilized

product is 2 TFA salt,



0 Cl -Tyr-Lys iPr A /-2Nal-G1 AsID NO:47 Prepare as in Example 25, except that step | is omitted,
and Fmoc-DGIlu(Oallyl) in step 2 is replaced with Frnoc-Asp(allyl). MW cal.: 915.07; MW obs.:
915.38. Example 36 evclo GI -T -L iPr-NH2 (SEQ ID NO:48) Prepare as in Example 25, except
that Fmoc-Ary(PHIY%A86ED 1 is replaced with Frnoc-Lys(iPr)(Boc), and FmotcDGRYOEisALY in step 2 is
replaced with Fmoc-Asp(allyl). 10MW cal.: 1085.33; MW obs.: 1085.78. Example 37
cyclofGly-Tyr-Lys(Me2)-PArg-2Nal-Gly-Glul-Ar2-NH2 iSEQ ID NO:49) Prepare as in Example
25, except that Fmoc-DG1u(Oallyl) in step 2 is replaced 15with Fmoc-Glu(Oallyl), and
Fmoc-Lys(iPt)(Boc) in step 6 is replaced with Fmoc- E)”}S(MGZ). MW cal.: 1071.26; MW obs.: 1071.05.
Example 38 cyclolGly-Tyr-Aro-DAru-2Nal-Gly-Glul-Are-NH2 (SEQ ID NO:50) 20Prepare as in
Example 25, except that Fmoc-DGlu(Oallyl) inBtep 2 is replaced with Egpoc Glu(Oallyl), and
Fmoc-Lys(PM(Boc) in step 6 is replaceg,with IfﬁmrgAmg(be) MW cal.: gz MW ohs.: 1071.50.
Example 39 25cycle( Gly-Tyr-Lys -DArg KGly-GIM-Arg- NHJS D NO:51) Prepare as
in Example 25, except that Finoc- (Oally /ﬁajstep 2 is replaced wit Fmoc -GlinGallyl). MW cal.:
1085.29; MW obs.: 1085.91. Example;40 30e quI,GIyQTyr Ly$(|P -DATg- gNaI -Gl GIuI M12 (SEQ ID
NO:52) Prepare asyif' & 75 E[‘u(OaIIyl) in step 2
is replaced with Fmoc-Glu(Gallyl).

Wical ™ 926.16 |v| obs.: 29]“39owo

211081150689PCT/US2808/064177 3 Example 41 Clv- T r-Lr -2Nal-Glv-A -NHED Nth_
Prepare as in Exampleo’?—@\ exce tth% ink amide re replaced withS8¥ 1D NC:4)
({ethyl-Emoc-amino}-meth ) in oI 1- tyl AM resi ep 1l mitted, and Frnoc- 50Glu(Oallyl) in

step 2 is replaced with Emoc- Aspfél 1). MW cal.: 943.13; MW obs.: 943.36. Example 42

cvelolGly-Tyr-Lvs(iPr)-DAr2-2Nal-Gly-Glul-NHEt (S £2-Ni Sath AQPrepats as in Example 25,
except that Rink amide resin is replaced with [3- Ql@}&]&g@noﬁﬂapy@g}wmgmyl) -indol-1-ylkacetyl AM
resin, step 1 is omitted, and EmocDGIu(Oally1Y in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.:
957.15; MW obs.: 957.50. 15Example 43 Pof Pof

O-1By \ENH

ﬁjﬁfm\)\ﬁﬁf \/U\ N—R!nk Resin

o = o

O (SEQ 1D NO:5)

0

H
Side chain deprotection
and TFA cleavage

ﬁﬁ“%w%ﬁ%N%

8] E ¢ { 8] QO
HN O (SEQ ID NO:2)
HZNANH

0

N
H

Scheme 2. Amino side chain to carboxyl side chain ring cyclization and cleavage



cyciolGlv-Tvr-Lvs(iPr)-DArg-2Nal-Glv-1)Glul-NHEt (SEQ ID NO:55) Prepare as in Example 25, except
that Rink amide resin is replaced with [3- ( | ethyl-Emoc-aminol-methyl)-indol-1-ylkacetyl AM resin, and
step 1 is omitted. MW cal.: 957.15; MW obs.: 957.46. 20 Example 44
cycloiGly-TviMS3¢BR%atg-2Nal-Glv-DGlul-Aru-INHEt (SD) ID NO:56) Pr@sdr&ae5Hesddimple 25,
except that Rink amide resin is replaced with [3-  ( { ethyl-Fmoc-amino}-methyl)-indol-I-ylkacetyl AM
resin. MW cal.: 1113.34; MW 250hs.: 1113.81. Example 44a
cyclolGIv-Tyr-Lys(iPr)-DArg-2Nal-Glv-DGlul-Aru-NHEtacetic acid salt (SEQ ID NO:57) The TEA salt
of the peptide of Example 44 is converted to an acetiéacid salt by 30adsorbing the material onto a
preparative CI8 column of suitable size, equilibrated with 2% acetic acid/H90 (v/v). The column is then
washed with three to five column volumes of 2%%@@;@ 8 acetic acid (v/v). The peptide is eluted using
1:1 water/acetonitrile (X/V ini ' andl oh|I|zed MW cal.: 1113.34,
MW obs.: 1113.81. Exafnple 45 exe T ol iy ViR ibrak At oAk S Sl Bt -NHE! (SEQID
NO:58) Prepare as mE@@ampte@mep@p& meﬂnhktémmei}qs”mﬂsq)eplaqe@ witlpE@ed;with
ethyl-Ernoc-amin@)=Img Xﬂd@d%%xléqa@@;glﬁw%s&@q apgsEmpc-Arg(Plif) in step 1 is replaced with
Finoc-Lys(iPO(Boc). MW cal.: 1127.41; MW obs.: 1127.35. 10Example 46

eycIoILys(A;’e) Tvr-Lvs(Ale2)-DAr2-2Nal-Gly-Glul-Arg-NH, (SEQ ID NO:59) Prepare as in
Example 25, except that Fmoc- DGlu(OalIyl) in Btep: 1&83replaced with Fmoc- GIu(OtBu)
Fmoc- Lys(lPr)(Boc)Ar% S(ep F 1€, - Gly 1n.8.is replaced with
Boc-Lys(Ernoc). Aftercr A as5e -TTC : ] e i £ys is removed
with 20% piperidine il O it ﬁi@@p&e é»ﬁ(@ﬁhﬁ%ﬁitﬁ%@@@f?@@dt@@m mié@?éawbnts of acetic
anhydride/D1EAsaicrogrittenpperature far onedhounAll side oiaingprotection groups are removed and
the linear peptide is cleaved from the solid support using a mixture of TFA/water/T1S/anisole
(90/5/2.5/2.5, viviviv) for 2 h at room temperature. Cyclization of the crude linear 20peptide is carried
outin solutlon The cleaved crude linear peptidef2Bi2Bleyimolc) is dried under vacuum and dissolved in

10 nal of dry DMIncThis peptigersplutigniis deliyereriovhedallowing ieactionsmix iy uiap syringe
pump during a 2 h period: 15 mL of dry dichloromethane and 15 mL of dgy DMF containiing 1.0 mmole
&

of PyBOP and 4.0 mrﬂiﬂ%@co“]‘slf)‘]%&a“?iﬂs fegEBh R Ao L SRR E St Si3ERs ¥mperature for 2
h. 25Solvents dmmdhénévapbratech ddidenalicuctmic theviekidiresisgdadeshlonio witiekersedephase C18

preparativgy ”PEQOCQJH%M%%%@%fMCM\Q%BPdﬁ is lé,f,plw nd chargeterized as described in
Example 1. MW cal.: 1184.42; obs.: 1184.06. Example 47 B o

Example 5
Accvelo[ (VL AGL-Tyr-Are-DArg-2Nal-Glv-Clu l-Are-NH, (SEO 1D N(O:9)

Prepare as in Example 1, except that Fmoc-Glu(Oallyl) in step 2 is replaced with

20 Fmoc-Ghu(OtBu), and Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(DL)AglBoc).
After chain assembly, there is no Pd(PhsP)s treatment since no allyl protection is present.
Instead, cyclization is carried out in solution after the linear peptide is cleaved from the
solid support and deprotected. The crude linear peptide (0.25 mmol) from the cleavage is
dried under vacuum and dissolved in 10 mL of dry DMF. This peptide solution is

25 delivered to the following solution via a syringe purnp during a 2 h period: 15 mL of dry
dichioromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a preparative
reversed phase C18 HPLC column, and target cyclic peptide is isolated and characterized

30 as described in Example I. MW cal.: 1128.27, MW obs.: 1128.26.



30cyclolDap(Ac)-Txr-Lys(Me2)-DAre-2Nal-Gly-Glul-N142 (SEQ ID NO:60) Prepare as in Example
25, except that step 1 is omitted, Finoc-DGIlu(Oally1) in step 2 is replaced with Fmoc-Glu(OtBu),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with 40 Finoc-Lys(Me2), and Fmoc-Gly in step 8 is replaced
with Boc-Dap(PrHE) /8 chain assembly, Frnoc on the side chain of the RCEHMH 4T Ts removed
using 20% piperidine in DMF, and the Dap side chain is then acetylated with 10 equivalents of acetic
anhydride/D1EA at room temperature for one hour. All side chain protection groups are 5then removed
and the linear peptide is cleaved from the solid suppart using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, viIviviv) for 2 h at room temperature. C dlization of the crude linear peptide is carried out
in solution. The cleaved crude linear peptide (-0.25 mmole) is dried under vacuum and dissolved in 10
rnL of dry DMF. This peptide solution is dellvere@mnﬁmf@”owmg reaction mixture via a syringe pump
during a 2 h 10period; 15 mL 0 d dl%hlorometgg € a / _:'o.‘_ 1.0 mmolc of
PyBOP and 4.0 mmofés-of-BDtEA=Fhe Dt terperature for 2 h.
Solvents are then evaTi@rai@dﬂflmd‘én&@My!ﬂﬁ%ﬂb@Sr@G@f&ﬁmgwﬁmﬁ@@mmmﬁv@HPLC column,
and the target %gapugﬁ@#&m is9laisd, a&qrﬁ&@na@t%gg @ﬁ:ﬁ@&ﬁ&%ﬁﬂg@@w!ﬁ W cal.:

986.15; MW (tbs 985.97. 15 Example 48 cyclolAla-Tvr-LysOPr)-DArg -2Nal-GIv-Glul-NI-ILISEO ID
NO:61) Prépar® éé““ﬁ“@}‘é{‘r‘iﬂﬁl@“ﬁg’c&ﬁégﬁ ﬂ%ﬁ’t%{’é’:ﬁyf i %ﬁﬁi‘f@ﬂ’@ﬁ%%@%@éﬂﬁj}%‘ Y step 2 is
replaced with Fmeg@u(@&wpmw%mﬁm nGEp@isdenlacedwith FracesR0Ala. MW cal.:

24515 MW o 42 SR ExapR A9, PSR M RO DA ANARB I BINH2 (SEO D

NO:62) Prepare aS| xample 25, except that step 1 IS0 tted Fmoc-D |n 25step 2 is
replaced with ﬁ?ﬁ‘b“é’”@[ﬂf@ﬂbﬁﬁ%@%%@%ﬁ%’l‘éﬁiﬁméﬁa@é@‘w@Fﬁcf@f- @mavwrw cal.:

943.13; MW or@m@%ﬂlﬂd&mpIgi@cmypm@mnwmgBra;@maﬁmb@im@uhMHJSEQ ID
NO:63) 30Prepare as in EX mn 25 exce at ste IS omitte rnoc 8is
replaced v%(ﬁt)h %oc Tc Wﬂﬂf‘ ar 9%?%’ gl\?lfw ohg HJ])}l 98 51 %&}fgﬁ%ﬁéﬁ%éﬁg 2008/064177
41 Examples! badarTaridegndispaepNahat in- N SEQ: | DeN@peld our eqrgpatedds in Example 25,

except that step, %d:‘é@di%% RNAFEMOGEYIN SeR-8 adeRiaced withEmeriiatMit agl; 943.13; MW

obs.: 943.48. 5 Examp I%
FastMoc chemistry) in NMP, and coupled to deprotected Rink Amide resin. In step 2,

four equivalents of Fmoc-Dap(Boc) are activated and coupled to the deprotected resin

15 fromstep 1. Appropriate steps are carried out until step 8, the coupling of Fmoc-
Glu(OtBu). Forstep 9, Fmoc at the N-terminal end is removed using 20% piperidine in
DMF and acetylation of the a~amino group is carried out off-line with 5 equivalents
acetic anhydride, 10 equivalents DIEA in dry DMF or NMP, for 1 k at room temperature.
The finished peptide 18 simultaneously deprotected and cleaved from the resin using a

20 scavenger cocktail of TFA/HO/TIS/EDT (95/2/1/2, viviviv), or TEA/H,0/TIS/anisole
(92/2/4/2, v/v/viv) for 2 bours at room temperature (Scheme 4). The solvents are then
gvaporated under vacuum, and the peptide is precipitated and washed three times with
cold diethyl ether to remove the scavengers. The crude product is used directly in the
cyclization reaction. MW cal.: 1142.30; MW obs.: 1142.83.



clo Leu T131 A -2Nal-GlI )(Au -NH SE ID NO:65) Prepare as in Example 25, except that step 1 is
omitted, and Fmoc-Gly in step 8 is replaced with Fmoc-Leu. MW985.21; MW obs.: 985.56. 10
Example 53 cvelolLeu-Tvr-Lvs(iPr)-DArg-2Nal-Gly-Glul-Nli2(SEO ID NO:66) Prepare as in Example
25, except tHAOSI)/ F1868itted, Fmoc-DG1u(Oallyl) in  step 2 is replac@§ With2Ptyge¢GIu(Oallyl),
and Frnoc-Gly in step 8 is replaced with Fmoc15Lett. MW cal.: 985.21; MW ohs.: 985.49. Example 54
csicloliWhe-Tvr-Lys(iPr1-DAr2-2Nal-Gly-Glul-NH2 (SEP ID NO:67) Prepare as in Example 25, except
that step 1 is omitted, Fmoc-DG1u(Oallyl) in 20step 2 is replaced with Fmoc-GlutOallyl1), and
Fmoc-Gly in step 8 is replaced with Fmoc- DPIre. MW eal.: 1019.22; MW obs.: 1019.52. Example 55
cyclocPhe-Tvr-Lys(iPr)-DAru-2Nal-Gly-Glul-NH2ISEO ID NO:68) 25Prepare as in Example 25, except
that step 1 is omitted, Fmoc-DG1u(Oallyl)HghstéinR isseplaced with Fmoc-Glu(Oallyl), and Fmoc-Gly
in step 8 is replaced with EnloePhe. MW cal.: 1019.22; MW obs.: 1019.53. Example 56
30cycloinPhe-Tvr-Lvs(iPr)-DArg-2Nal-Gly-DGIul{NH2(SEP ID NO:69) Prepare as in Example 25,
except that step 1 is omltteo!I gnd F/Kno ly in step 8 is replaced with Enloe-DP[1c. MW cal.: 1019.22;
MW obs.: 1019.50. 42 Exa@pll% Eg@ e-Txr-Lxs iP - A t-2Nal-Ca DGIu -Lvs 113 Nil SE ID NO:70
Prepare as in Example 25, gxg@ggid;@t Fmoe Arg( Jthgﬂ\;ﬁ dilsseplaced wi Fmoc-Lys(iPr)(Boc),
and Fmoc-Gly in step 8 is répfacedaWih Fmoc-Pl MMb@a}gg&lach.&; MM ohs.: 1189.92. Example
57a cyclone-Tyr-Lvs(iPr)- |F N TW@@IU I Ly SPPRJEPBretidBItiDEaM ¢SBDJD NO:71) 10The
TFA salt of the peptide of E>f< §Lﬁ)onvert b t@‘ﬁﬁ‘ﬁt‘?@tﬂ?%’f&%’ﬁﬂ by adsorbing the material
onto a preparative C18 collgnrhafcsygﬁqbdg@ze equilibrated with 2% acetic acid/H20 (v/v). The column
is then washed with three t@fikre2@60RAN volumes of 2% aqueous acetic acid (v/v). The peptide is
eluted using 1:1 water/acetonitrile (v/v) containing 2% acetic acid by volume, and lyophilized. MW cal.:
1189.48; MW ohs.: 151189.92. Example 58

w
O-1Bu \fNH HNL_NH
NH NH

(SEQ ID NO:12)

Scheme 3. Acid side chain to amino side chain peptide assembly

Cyclization is carried out in solution after the linear peptide is cleaved from the
solid support with all the side chains deprotected {Scheme 4). The cleaved crude linear
peptide (0.25 mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This
peptide solution is delivered to the following reaction mixture via a syringe pump during

10 a2 hperiod: 15 mL of dry dichloromethanc and 15 mL of dry DMF containing 1.0
mmole of PyBOP and 4.0 mmoles of DIEA. The reaction is then allowed to proceed at
room temperature for 2 h. Solvents are evaporated under vacuurm, the residue is loaded
onto a preparative reversed phase C18 HPLC colummn, and target cyclic peptide is isolated

and characterized as described in Example 1.



evelone-Tvr-Lys(iPr)-DAr2-2Nal-Gly-DGIM-Arg-NHIJ5EOQ ID NO:72) Prepare as in Example
25, except that Frnoc-Gly in step 8 is replaced with Fmoc- 20Phe. MW cal.: 1175.41; MW ohs.:
1175.81. Example 59 cyclo[Phe-Tvr-LvsOPM-DAr2-2Nal-Glv-DGIul-NR2(SEQ ID NO:73) 25Prepare
as in ExamplEQ8¥8id&t%that step 1 is omitted, and Frnoc-Gly in step 8 is REFAteswaeFinoc-Phe.
MW cal.: 1019.22; MW ohs.: 1019.56. Example 60
csTIMPhe-Tyr-Lvs(iPr)-DArg-2Nal-G1ly-DGlul-Lys(iPr)-NHEt (SEQ ID NO:74) 30Prepare as in
Example 25, except that Rink amide resin is replaced with [3- ({et
yl-Fmoe-amino}-methyl)-indol-1-ylkacetyl AM resin, Fmoc- -Arg(Pb0 in step 1 is 43 replaced with
Frnoc-Lys(iPM(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1217.53; MW obs.:
1217.97. Example 60a 5cyclorPhe-Tvr-(il)r)-DA -2Nal-Gly-DGlctl=Lvs(iPQ-NFIEt.acetic acid salt
(SEQ ID NO:75) The TFA salt of the peptide of Example 60 is converted to an acetic acid salt by
adsorbing the material onto a preparative C18 column of suitable size, equilibrated with 2% acetic
acid/1-120 (v/v). The column is then washed witfi'three to five column vgiumes 100f 2% aqueous
acetic acid (v/v). The peptide is eluted using 1Tvqﬁatér/acetonitrile (v/\/j?\‘:ﬁt&ining 2% acetic acid by
volume, and lyophilized. MW cal.: .53; MW .. 1217.97. Exampl

15cvelolDAla-Tvr-Lvs(iPP- DAr2 2 Glv- GIuI- SEC) ID NO 76) Prepare as in Example 25,
except that Rink amide reﬁrnr re Ia d @;L’%Yl Fmog- |no me&_éﬂq-’i(gol 1-ylkacetyl AM

resin, step | is omrtted\ﬁrno D@lu I rg/\anf
18; A chbs\N%71 49. Example 62

aﬁyl) and Fmoc-Gly

in step 8 is replaced with Fpnoc-DAIR. caI @7L

cyclol2Nal-Tvr-Lvs(iPc)-0 rg- -2Nal-Gly-Glul-NIEt (S -@D NO:77) Prepare as in Example 25,
except that Rink amided&sin js replaced with [3- ({ethyl-Expoc- amrno -indol-1-ylkacetyl AM
resin, step 1 is omitted, Fmoc- 25UC lyl) in step replaced @iu(Oallyl) and

Fmoc-Gly in step 8 is replaced with Emoc-2Na|. MW cal.: 1097.34; MW ohs. 1097.53. Example 63
cyclort)Phe-Tvr-Lvs(iPr)-DArtt-2Nal-Glv-Clul-N[L-4fz¢ RER dBLNR:#&) 30Prepare as in Example 25,
except that Rink amide resin is replaced with [3- riefffyl-Eeaogramino}-methyl)-indol-1-ylkacetyl AM
resin, step 1 is omitted, Fmoc-

OH 2 e NH Hy N\fNH

O (SEQ ID NO:13)

Cyclization in solufion

PyBOP/DIEA
NH HaN - NH
s .
o] ] G O

H z H H
AN N N NH
T Y

£ : e}
O (SEQ ID NO:10)
NH

5 Scheme 4. Acid side chain to amino side chain ring cyclization



44 DG1u(Oallyl) in step 2 is replaced with Finoc-Glu(Oally1), and Fmoc-Gly in step 8 is replaced with
Fmoc-DPlie. MW cal.: 1047.28; MW ohs:: 1047.51. Example 64
5evelollike-Tyr-Lys(iPr)-DArg-2Nal-Gly-Clut-NHEt SEQ 1l NO:79) Prepare as in Example 25,
except that Rtk #A%dEe8%in is replaced with [3- ( tethyl-Fmoc-aminof -methyl-tigisikd/aplkiacetyl AM
resin, step 1 is omitted, EnloeDG1u(Oallyl) in step 2 is replaced with Finoc-Glu(Oallyl), and Fmoc-Gly
in step 8 is replaced with Faux- Phe. MW cal.: 1047.28; MW obs.: 1047.57. 10 Example 65
cyclolGly-Tvr-Lvs(iPr)-DAre-2Nal-Gly-PGlul-Gly-2Nal- NR2(SEQ ID NO:801 Prepare as in Example 25,
except that Fmoc-Arg(Pbf) in step 1 is replaced with 28 Emoc-2Nal, and one step is added between
steps 1 and 2 using Fmoc-Gly. MW cal.: 151183.39; MW obs.: 1183.26. Example 66
cyclolGly-Tvr-Lys iPr)-DArg-2Nal- GIy G161-0- Ala?;%hb@d ‘NHZ(SEQ ID NO:81) Prepare as in
Example 25, except thgt EMRAGEL0 In step Ts eplased with 0Fmac0aNgl pne step is added
between steps 1 and Sits g ' r2is repfdced with
Fmoc-Glu(Oally1). M\A’IWC iﬂ@?ﬂwnww @ﬁ@ptﬂg@mcwwﬁpr@ gimtep 9 is rcpldmd with

25cveloR3- Alag@ﬂz@ﬁmzmlg@m@b@w@gpﬁmﬂ\bblmmslDlm B2) Prepare as in Example 25,
except that5Fmoc DG1u(Oallyl) in step 2 is replaced with Fmoe-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is replaced with Fmoc-f3-Ala. MW cal.:
1085.25; MW obs.: 1085.05. 45 Example 68 Example§

evc1003-Ala-Tyr-Anz ) ATg 2Rl B ASPiALZ M?@%&Qﬁ B8R, (557 %maa_%én Example 25,
except that Fmoc-DGIu{OallyI) in step 2IS ref 'A" y1), Froc-Lys(iPM(Boc) in
step 6 is replaced with ’iﬁﬂ‘i&aﬁlﬁﬁﬁb‘f}p@%ﬂxﬁ?ﬁ%@d@?ﬁﬁféf‘é'ﬁ@qg) Féﬁf&%é,d“%ﬁtﬁdﬁﬁé‘@% Ala. MW

cal.: 1071.22; Niwoohsxap(BtEASVIEXashple B8R0, MW obs.: 1142.73.
evcl015-gminovaleryl-Tvr-Aru-DAr2-2Nal-G1v-Glul-Arg-NH2(SEQ ID NO:84) 10 Prepare as in
Example 25, except that Fmoc-DG1u(Oallyl) in step 2 is replaced with Fmoc-GIMOally1),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fnjog: @ bf) and Fmoe-Gly in step 8 is replaced with
Fmoc-5-aminovaleric ¢ |d :
evelol5-aminovalery F=Fr=A

Prepare as in Example 6, except that Fmoc- Dap(Boc) in stcp 2 is lep]dCCd with

Fmoc-Lys(Boc). MW cal.:1184.38; MW obs.: 1184.23.
15

Example 19
Ac-cvele|Glu-Tyr-Arg-DArg-2Nal-Glv-Dabl-Arg-NH, (SEQ ID NG:17)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc). MW cal.: 1156.33; MW obs.: 1156.07.
26

Fxample 11
Ac-cvelo[Ghu-Tvr-Arg-DArg-2Nal-Glv-(D/LA gl =Are-KH, (SEQ ID NG:18)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Frmoc-(DLYAgl(Boc), MW cal.: 1128.27. MW obs.: 1128.86,
25

Example 12
Bz-cvelo] Glu-Tyr-Arg-DArg-2 Nal-Glv-(D/L)Agl]-Arg-NH, (SEQ ID NO:19)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(bL)Agl(Boc). In addition, acetic anhydride in step 9 is replaced with benzoic acid

30 anhydride. MW cal.: 1190.34; MW obs.: 1190.99.



Prepare as in Example 25, except that Fmoc-DG1u(Oallyl) in step 2 is replaced with
Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Finoc-Arg(Pbf), and Fmoc-Gly in step
8 is replaced with Fmoc-5-amino valeric acid. MW cal.: 1099.27; 20MW obs.: 1100.25. Example 71
evelol(4-ANIFPE) P8 5GP Aru-2Nal-Gly-Asp]-Arg-NH2(SEQ ID NO:86) Preparaasinfs@mple 25,
except that Fmoc-DGIu(Oallyl) in step 2 is replaced 25with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl
phenylacetic acid (4- AMPA). MW cal.: 1147.32; MW obs.: 1148.20. WO
2008/150689PCT/U52008/064177 46 29Example 72
cyclo1l(4-AMPA)-Tyr-Arg-DAru-2Nal-Gly-Clul-Ar (-NI-12 SE ID NO:87 Prepare as in Example 25,
except that Emoe-DGlu(Oallyl) in step 2 is repl g@,@@yﬂl@ Fmoc-Glu(Oallyl), Finoc-Lys(ilk)(Boc) in
step 6 is replaced wit Fmog@ rwl;)m, O ponaeh ek |srlaced wﬁhl;}mzo@c -4-aminomethyl
phenylacetic acid (4- e s . LIy 2l b A g H 3 B2
10eyelo1(4-AMPA)- TM@@AF@W@P@ﬁ/-@h@bﬂ%fM@(ﬁE}@ﬂ@N@fﬁﬁy is refPtepareias in Example

25, except that FepcoasadBbDanstencldnyemtasecuils KmasRAGE R EIROGAGIY(@alvL) in step 2
is replaced ywth F oc -Glu( Oa”‘)%lkifz‘H Fmoc Lys(iPr)(Boc) in step 6 is r ?Eaaced with Fmoc Arg(Pbl) and

Fmoc-Gly il step 8" 1€ YEprace SER SRRy ip hera csticeabidrideaMBRoE MW cal.;
1161.34; 15MV\£2§H3537:LW&3 E)Z&#ﬁﬁie 74 evelol(4-AM13)-Tyr-Arn-DArg-2Nal-Glv-G1ul-Ar2-NH2
(5E0 ID NO:89.1 Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced 20
with Fmoc-Glu(Oally1), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in
step 8 is replaced with Fmoe-4-aminomethyl beA28BHEHY 4-AMB). MW cal.: 1147.32; MW ohs.:
1147.66. Example 75A25evRio]SHVEY: m@s@@%;&%hﬁ%? %@@@q@ fty-2hlal-NH2 (5E0 ID
NO:90) Prepare n.Exam le 2 xce tthatstep 1isr with three sequentlal residue
couplings: Mrst Fmoc lgjl%ﬁ 0. then Fm Xm G, ahd t ?1%?1% mocéﬁ} ?5 ) }36(5 NARATE4SE 69: MW Ohs.:
1354.03. 47 Efé‘l?ﬁﬁ@ﬂbé?i%f;)eﬂ&]l(ﬂbﬁ@ﬁwﬁi%@Fﬁ)@omgemm‘m@mmh@m@mﬁwmaw2 (SEQID
NO:91) Prepareaas indExamale 26s. excentithat step 1 is replaced with three sequential 5Sresidue
couplings: first Finoc-2Nal, then Fmoc--Gly, and then Frnoc-Lys(iPr)(Boc). In addition, Fmoc-Gly in
step 8 is replaced with Fmoc-Phc. MW cal.: 1443.82; MW ohs.:

Example 15

15 Ac-cvelof Asp-Tvr-Arg-pArg-2Nal-Gly-Dap]-Arg-NH, (SEQ ID N 2

Iy ’V E5-A

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step & is replaced with
Fmoc-Asp(OtBu). MW cal.: 1128.27; MW obs.: 1128.78.

Example 16
20 Bz-cvelolAsp-Tyr-Arg-pArg-2Nal-Glv-Dapl-Arg-NH, (SEQ ID NG:2%

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step & is replaced with
Fmoc-Asp(OtBu). In addition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1190.34; MW obs.: 1190.69.

25 Example 17
Ac-cvelofAsp-Tyvr-Arg-DArg-2Nal-Clv-(D/1 JAsl]-Arg-NH, (SEQ 1D NO:24)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(DL)Agl(Boc), and Fmoce-Glu(OtBu) in step 8 is replaced with Fmoce-Asp(OtBu).
MW cal.: 1114.24; MW obs.; 111485,
30



1444.13. Example 77 10eyelol1Glv-Tvr-Lvs(iPP-DArg-2Nal-Gly-DGlul-Gly-DPhe-NH2(SEQ ID NO:92)
Prepare as in Example 25, except that step 1 is replaced with two sequential residue couplings; first
Fmoc-Blthe, then Fmoc-Gly. MW cal.: 1133.36; MW ohs.; 1133.73. 15Example 78

evelolGly- Ty AP HEAtg-2Nal-Glv-DGlul-Lvs(iPr)-Dphe-N112 (SEQ ID R(37983008/0641Ptepare as in
Example 25, except that step 1 is replaced with two sequential residue couplings: first Fmoe-DPhe,
then Fmoc-Lys(iPr)(Boc). MW cal.: 1246.58; MW 200hs.: 1246.88. Example 79
cyclolLvs-Tyr-Lys(iPt-)-0Arg-2Nal-Gly-DGlul-Lvs(iPP-N1-12(SEP ID NO:94) Prepare as in
Example 25, except that Fmoc-Arg(Pbf) in step 1 is réBIaced with 25Fmoc-Lys(iPr)(Boc), and
Fmoc-Gly in step 8 is replaced with Fmoc-Lys(Boc). MW cal.: 1170.50; MW ohs.: 1169.80. Example
80 evelo[Phe-Tvr-Lys-DA1-2-2Nal-Glv- DGIuI E_@MMSEO ID NO 95) 30Prepare as in Example
25, except that Fmag-Arg(F _ SOR i Q) F '
step 6 is replaced with FmMoc-LyS(B ‘ [ Mmoc

1147.40; MW ohs.: 11%"%7[9 d%%@éﬂ%@@@%ﬂlﬁ%%%@@wﬁ%mpﬂé@fd PwéhTyr L2Nal-Gl
DGlu -Lys-NH $mbéD NQ98, Riepaiecastindzanmplec:3 s iexgentthatdrmascArg(@afhin step 1 is
replaced with 5(5 n 2lgy.;s‘{( 5@ %nd {:% &Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146./0 xampl 2° cyclolPhé-Tyr-Lys(iPr)-DAre-2Nal-Gly-DGlul-Orn-N112(SEQ ID
NO:97) 10Prepare as in Example 25, except that Fmoc-Arg(PDbf) in step 1 is replaced with
Fmoc-Orn(Boc), and Fmoc-Gly in step 8 is replagggqyith 5moc-Phe. MW cal.: 1133.40; MW ohs.:
1132.70. Example 83 150 cIoIPhe yr Ey DAr2 'Nal-G y-DGluAys NHL(SEO ID NO:98)

Prepare as in Exa pzrevelel. BV C I A LGy e W -k e DA -2 Hod RS BB B AGd - step 6 are
each replaced with Frl?t@palw@(BdE;s);zapht BrooeiGiiaiFstep 8r ﬁﬁ@plmea@wmmmm MW1105.37;

MW obs.: 136)1OSE%C%MQQ)E)I&@%mocmGiu(OtBu) in step 8 1s replaced with Fmoc-Asp(OtBu). In

addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.:
1190.38; MW obs.: 1191.14.

Example 20
15 evelolSuccinyl-Tvr-Arg-DAre-2Nal-Glv-(D/LYAgl-Are-NH, (SEOQ 1D NO:2H

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with

Fmoc-(DLYAglBoc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:
1057.19; MW obg.: 1057.87.

20

Exampie 21
cyvclolSuccinyi-Tyr-Arg-DArg-2Nal-Glv-Dapl-Are-NH, (SEQ ID NO:28)

Prepare as in Example 6, except that Fmoc-Ghu(OtBu) in step 8 is not used, and
this step is omitted. In addition, acetic anhydride in step 9 is replaced with succinic
25  anhydride. MW cal.: 1071.22; MW obs.: 1071.85,

Example 22
evelo[Succinvi-Tyr-Arg-pArg-2Nal-Glv-Dabl-Aro-NH, (SEO 1D NO:29)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
36 Fmoc-Dab(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
addition, acetic anhydride in step 9 i1s replaced with succinic anhydride. MW cal.:
1085.25;, MW obs.: 1085.87.



cyclolThe-Tyr-Lys-DAr2-2Nal-Gly-DGlul-Lys-NH Et (SEQ ID NO:99) Prepare as in Example 25,
except that Rink resin is replaced with [3-( ethylFinoc-aminol-methyl)-indol-1-ylkacetyl AM resin,
Fmoc-Arg(Pbe in step 1 and FmocLys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in¥tég'8%33¥&teplaced with Fmoc-Phe. MW cal.: 1133.36; MW offSE43%888¢%84 Fample 85
Alternative Synthesis | of eyclolPhe-Tyr-Lys(ipr)-DArg-2Nal-Gly-DGlul-Lys(iPr)-NH2 (SEQ ID NO:70)
30Example 57 discloses the synthesis of SEQ ID NO:70 via Fmoc solid phase peptide synthesis
chemistry employing the commercially available buildjng block Fmoc- Lys(iPr)Boc, which is expensive
and difficult to obtain in large quantity. The process 49 described in this example permits the
synthesis of SEQ ID NO:70 using less expensive Fmoc Lys(13oc), solution cyclization, and lysine
alkylation through reductive amination using sodiuazreyatibboronhydride, providing a more economical

route to this end prodict, @g@w@&dmg;@%sﬂ%t@ L e, Teaclionmegia (55etic;acid, acetone, and

methanol) are 5 relatively ThéXpEnsIve, the Téaction conditions aré easily controlled, the ratio of
solvents can vary sighifieitfy Wlﬁi@ﬂf’%%&ﬁ?&%ﬁ@%ﬁ&%@ﬁp@ﬁﬁhﬁﬁf%lfﬁépllé%‘di\i@i@ yield is 90"/0
or higher. Thesegu@ncs Phe:T(Bhsl yis(kloe):0ArgHeh -Neis Gily- D Glit@allyl)- Lys(Boc)
(SEQID N 10 IS ass emble ink de Resin by. standard Enlo c@le;ms ry utilizing an ART
431 Peptldg Syn gg?izer §1§ outli %e in §cﬂerﬁéqy B‘Fﬁ%\éhﬁtgumcgtrga A FlgE)Iy IS carned out using the
standard Applidd“BiesdyktérasspCGIHBBt chemistry protocol or FastMoc chemistry (I-IBTU/DIEA)
protocol following the supplier's directions (PE Applied Biosysterns Inc., Foster City, CA). The side
chain protecting group scheme is: Lys(Boc), DG% gOaIJ %% DArg(Pbf), Tyr(tBu). The stepwise 15chain
assembly starts from the C- termlnal end of the Irn%ép%gpﬁde and is accompllshed in 8 steps. In step 1,
four equivalents of proteet8dcaimmihd weitirEmbcet 4 evaletivatbdiwith O QCHIEOBE (or HBTU/DIEA

for Fasiiop chemistny MP, @anﬁgy@l%qa@%nr@;ﬁg@aﬁ@&m%@%&%ﬁ%& four

equivalents of Emoc-D Oally1) are activated and. coupled to the deprotected peptide resin from
step |. These sFéB%Calr%S%@p]é%dCﬁb@%ﬂé‘i‘eﬁg%%fﬁ ’é‘ib}fﬁ%d il %ﬁb{%ﬁdf’ﬁ@ﬁ‘fgc Phe.  The allyl
ester side chainqiiatectingigroplisiramaned witpBctdegitivaleniiohd(@h3P)vincthe presence of 24
equivalents of qh?ngbslﬁn@ i, dlpﬂlgrgnethane (Scheme 8). This process is repeated once for
complete side chain deprotectlon Fmoc at the N-terminal end is then removed using 20% piperidine in
DMF. The deprotected 25carboxylic acid moiety of ()Ulu is activated with PyBOP/DIEA and cyclized to
the a-amine group of Phe on the resin. The cyclizagipapiide is S|multaneously deprotected and
cleaved from the resm ISing g { v/y[vIVv) or
TFA/H20/TIS/anisol X224z t$ are then
evaporated under vaéfdl?;rfw%ﬁ@@i@m@ﬂi@ﬂﬁﬁé@ﬁi@@eﬁ}}m@@@%&é@wiﬂﬁhélﬂyWlth cold diethyl

ether to remove\thessaYender 0o HE NaRiMR 851 andard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 5 below. The automated assembly is carried out

20 by using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc
HBTU/DIEA chemistry protocol following the supplier’s directions (PE Applied
Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for amides or
indole resin {3-({cthyl-Fmoc-amino}-methy-indol-1-y1]-acetyl AM resin for C-terminal
ethyl amides. Stepwise chain assembly starts from the C-terminal end of the lincar

25  peptide and is accomplished in 8 major steps (Scheme 5), In step |, four equivalents of
protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for
FastMoc chemistry) in NMP, and are coupled to deprotected Rink amide resin, In step 2,
four equivalents of Fmoc-DGlu(Oallyl) are activated and coupled to the deprotected
peptide resin from step 1. Appropriate steps are carried out until step 8, the coupling of

30 Fmoc-Gly. '

The allyl ester side chain protection group is removed with 0.1 equivalent of

Pd(PhsP) in the presence of 24 cquivalents of phenylsilane in dichloromethane (Scheme



Fmoc-Lys(Boc) 2. Fmoc-D-Glu(0Ally1) 3. Fmoc-Gly 4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6.
Fmoc-Lys(Boc) 7. Fmoc-Tyr(tBu) 8. Fmoc-Phe 9. 10. Stepwise solid-phase assembly: Fmoc

protected amino acids, DCC/HOBt or HBTU/DIEA coupling piperidine deprotection 0 H N-Rink
Resin fmoc WO 2008/150689 PCT/US2008/064177

32

6). This process is repeated once for complete side chain deprotection. Then Fmoc at the
N-terminal end is removed using 20% piperidine in DMF, The deprotected carboxylic
acid moiety of DGlu is activated with PyBOP/DIEA, and cyclized to the a-amino group
of glycine on the resin, The cyclized peptide is simultaneously deprotecied and cleaved

5 from the resin using a scavenger cocktail of TEA/HQ/TIS/EDT (95/2/1/2, vivNIV), or
TEA/BRO/TES/anisole (92/2/4/2, viv/v/v) for 2 hours at room temperature. The solvents
are then evaporated under vacuum, and the peptide is precipitated and washed three times

with cold diethy] ether to remove the scavengers. MW cal.; 1085.29; MW obs.: 1085.32.

10 Example 254
eveln|Gly-Tyr-Lys{iPr}-DAre-2Nal-Glv-DGlu l-Ars-NHy acetic acid sait
{(SEQ ID NO:34)
The TFA salt of the peptide of Example 25 is converted to an acetic acid salt by

adsorbing the material onto a preparative CI8 column of suitable size, equilibrated with

I5 2% acetic acid/Ho( (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and lyophilized. MW cal.: 1085.29; MW obs.:
1085.32,

20



Scheme 7. Peptide chain assembly on solid phase 52 Purification of the cyclic precursor peptide
is accomplished using standard preparative HPLC techniques. The crude cleavage product is
dissolved in a minimum amount of DMSO, loaded onto a reversed phased C18 HPLC column, and
elated with aY @qUEoiie@91% trifluoroacetic acid/acetonitrile gradient (v/v) IBUREBMRGHIG At 214 nm.
5 The appropriate fractions are pooled and lyophilized. Further characterization of the intermediate
precursor cyclic peptide is performed using analytical HPLC and mass spectral analysis by
conventional techniques. The lyophilized precursor cyclic peptide is then alkylated in a solution of
acetic acid/acetone/methanol (1:1:4, v/viv) through reddictive amination using sodium
10cyanoboronhydride (Scheme 9). Peptide concentration is about 10mg/mL, and can vary significantly
without affecting the results. Three to 5 equivalents of the reducing reagent sodium cyanoboronhydride
are used, and the reaction is normally complgted;within, 2 h at room temperature. The recovery yield is
90% or higher. For example, 20 mg of the p?ecursor cyclic peptide are dissolved in 2 mt, of methanol,

to which 0.5 mL of acetic 15acid and 0.5 nil_ of ggetone are added, mixed well, and then 5.6 mg of

sodium cyanoboronhydride (2.5 equivalents in me
mixture is stirred at room tefmperatdrg(fhf30 min

cyanoboronhydride are add%cgm@r@&&ﬁﬁwy% m
the reaction is complete, degagfﬁg)g ghe reactiof

o

product (SEQ ID NO:70) with @ puritysefifrp%. |

2008/150689PCT/USZOO8/@6M$@L58{F|@(E(®EQ
NaBH3CN in methanol, 5 e {ﬁt% 70) S
Lys(iPr) 5The compound of xamp ¢'60 (SEQ IO
manner, with appropriate modifications based or
[3-(lethyl-Fmoc-aminol-methyl)-indol-1-ylkacetyl A

()—(—’

hanol) are added under stirring. The reaction

pon which another 5.6 mg of sodium

itored by HPLC and mass spectral analysis. After
ixtGRYaRasol ﬁ’fé?gﬁﬁ‘bylelds 18.9 mg of final

SabyIAEO AR 114896, WO

M@&B%éﬁdﬁ,ﬁ@d{aﬁetone/me anol 1/1/4 (viviv)

eme 9. Reductive amination converting Lys to
0:74) can also be prepared in an analogous

its constituent amino acids, using
resin. First, the precursor peptide (SEQ ID NO:99)

is prepared as described in Example 84, and thenreductive amination is carried out as shown in
Scheme 9. This affords a final cyclic C-terminalLPethyl amide peptide \éwgh a purity of 99.16%. MW

cal.: 1217.53; MW obs.: 1217.84. WO 2008/15@68%BCT/U82008/06

fmoc N\)L E\)‘LN/\(N N/\[r
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o if;

(SEQ 1D NO:35)

5 Scheme 5. a-amino group to carboxyl side chain peptide assembly

Peptide purification is accomplished using standard preparative HPLC techniques.

Immediately following cyclization, the peptide solution is diluted with water containing

0.1% (v/v) TFA, toaded onto a reversed phase C18 HPLC column, and eluted with an

10

aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at 214 nm.

The appropriate fractions are pooled and yophilized. Further characterization of the final

product is performed using analytical HPLC and mass spectral analysis by conventional

methods. For peptides with a basic side chain, the final lyophilized product is a TFA salt.



Example 86 Alternative Synthesis H of cvelo Phe-T LA -2Nal-Gly-DGlu L IP NH2 SE 1D NO:70
Example 85 discloses a cost effective synthesis of SEQ ID NO:70 via Fmoc solid 5phase peptide
synthesis chemistry employing relatively inexpensive Fmoc-Lys(Boc) and alkylation of lysine through
reductive amiYa#6¥{1&MePsodium cyanoboronhydride in relatively inexpensiiErgaiveistasgazetic acid,
acetone, and methanol). However, this process involves the use of the heavy metal catalyst palladium
for the removal of the ally! ester side chain protective group. Palladium is highly toxic, and quality
control to insure 10complete removal of this element is complicated and difficult. The Boc solid phase
peptide synthesis process with cyclization on the resin‘described in this example permits the
production of SEQ ID NO:70 using relatively inexpensive Boc-Lys(2-C1-Z) without the need for a toxic
and expensive palladium catalyst, providing an esen more economical, gasily upscalable, less toxic
route to an end product requiring a simpleg15 ibeontrol process. +n. The sequence
Fmoc-Phe-Tyr(2-Br-Z)-Lys(2-C1-7. rg(T?; I-GIyDGIu(OFM)-Lys\é??:l-Z) (SEQ ID NO: 102)
h

is Manually assembled on MBHA ( ydryl-amine) resin (Cat. No. D-2095, BaChem
California Inc., Torrance, GA) fising establishe; segli\iﬁase pepti@le synthesis Boc chemistry
(Schnolzer et al. (1992) Int~3: VRrotein ReS:40:% inbdiiSEeine 10. The chain
assembly is carried out using arl'in situ peuffalization/HBTUDIBA attivation procedure as described in
this reference. The side chain protecting group scheme 15; Lys(2-Cl-Z), DGlu(OFm), DArg(Tos), and
Tyr(2-Br-Z). The alpha-amino group of all the amino acfyildin b%ckggcprgﬁétgéwith
tert-butoxycarbonyl (Boc) except the N-ter minal residus,Phe, 25which i pro{ected ith Fmoc for
efficiency of synthesis. The stepwise chais assembly starts from thie C-terminal end of the linear

peptide and is accomplished in 8 steps. In slep_ AifiveRauivialeBiRraf protgcted amino acid

a

Boc-Lys(2-C1-Z) are activated with HBTU/D1EA-iRDMio 3 digPspiedite MBHA resin. instep 2, five
equivalents of BocDG1u(OFm) are activateg andycargptedviihthgedepnetected peptide resin from step 1
using 30neat TFA. These steps are repeated appropriately until step 8, the coupling of Fmoc-Phe. The
Fm side chain protecting group of uGlu, togﬂﬁer with the Fmoc at tH&f 55 N-terminal end, is removed
using 20% piperidine in DMF. The_dépitectedréirboxylic acid moiét-efBGlu is activated with
PyBOP/DIEA, EICTU/DIEA, or appropridté activation reagents-and cyclized to the a-amino
group of Phe on the resin. The gytlic peptide is sirgultaneousl%dep tected and cleaved from the resin
using HI with 5% 5in-creso or-cré;,é\o}as ‘sc@vaeﬂger for § haur at 0 "'C.Ihe-salvents are then
evaporated and the crud¢ pdptidg is preﬁiﬁﬁe randwashe thPee ifmes with cold diethyl ether. 56
H2N-MBHA resin 1.Boc-l-ys(2-C?—Z 2. Boc-B-Gi @ )03. c-GIyQL Boc-2Nal 5. Boc-D-Arg(Tos) 6.

Boc-Lys(2-C 1-2) /J\ (SEQ ID NO:36)
PR

o)
l Side chain deprotection

boc

pg

and TFA cleavage

OH 2> HzN\fNH

@]
5 /]\ % (SEQ ID NO:32)

Iz

Scheme 6. a-amino group to carboxyl side chain ring cyclization and cleavage



7. Boc-Tyr(2-Br-Z) 8. Fmoc-Phe 9. 10. 11. Stepwise solid-phase assembly: Boc protected amino
acids, HBTU/DIEA coupling TFA deprotection (SEQ ID NO:102) | a. piperidine (20%) in DMF
b. cyclization, PyBO P/DI EA C. HF cleavage, 0C, 1 h

10
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Example 26
eyelelGlyv=-Tyvr-Fvs(GPr-DAre-2 Mal-Glv-nGin-NH, (SEQ 1D NOG:=37)

Prepare as in Example 25, except that step 1 is omitted, MW cal.: 929.10; MW
obs.: 929.39.

Example Z26a
cveloGly=-Tyr-Lvs{iPr-DAre-2Nal-Giv-pGlul-NHq acetic acid salt

(SECQ 1D NOG:3S)
The TFA salt of the peptide of Example 26 is converted 10 an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes
of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
containing 2% acetic acid by volume, and ivophilized. MW cal.: 929.10: MW obs.
929.39.

Example 27
cvelo] Gly-Tyr-Arg-DArg-2Nal-Glv-DGlul-Are-NH, (SEQ 1D M{O:39)

Prepare as in Example 25, except that Froc-Lys(iPr)(Boc) in step 6 is replaced
with Fmoc-Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.02.

Example 28
cvelo [Gly-Tyr-Lys(iPr)-DAre-2MNal-Glv-pGlul-Lys(Pr)-NH> (SEQ 1D NG:4D)

Prepare as in Example 25, except that Fmoc-Arg{Pbf) in step 1 is replaced with
Frmoc-Lys(iPry(Boc), MW cal.: 1089.35: MW obs.: 106991,

Example 29
eyelel Tyvr-Arg-pAre-2Nal-Gly-Glu|-Arg-NH; (SEQ 1D NO:41)

Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),

Fmoc-Gly in step 8 is not uscd, and step 8 is omitted. MW cal.: 1014.17; MW obs.:
1014.78.



57  Purification of the cyclic precursor peptide (SEQ ID NO:98 as shown in Scheme 1 0) is
accomplished using standard preparative HPEC techniques. The crude cleavage product is dissolved
in a minimum amount of DMSO, loaded onto a reversed phased CI8 ETPLC column, and eluted with
an aqueous V@ tFfiditsSacetic acidlacetonitrile gradient 5(v/v) while monifffiH§ @04 H. The
appropriate fractions are pooled and lyophilized. Further characterization of the intermediate precursor
cyclic peptide is performed using analytical HPLC and mass spectral analysis by conventional
techniques. For SEQ ID NO:98, MW cal.: 1105.29; M\% obs.: 1105.4. The lyophilized precursor cyclic
peptide (SEQ ID NO:98) is then alkylated in a losolu?f n of acetic acid/acetone/methanol (1:1:4, v/iviv)
through reductive amination using sodium cyanoboronhydride as in Scheme 9. Peptide concentration
is about 10mg/mL" and can vary significantly without@ffééting the results Five equivalents of the

it mally completed within 2

reducing reagent sodium.cyanpaorophydrida.areys

h at room temperature € recovery |e d1s T5mmg of the precursor
cyclic peptide are disSGH7aE it @@’i‘?ﬂ‘_p&? ?ﬁefﬁ‘é??éfh% WHEH‘@“QPMLB@F%& &dr“o“ ﬁﬂéF@jZ mL of
acetone are addet Fmixed welhfpndhthar i sng Ofsndiwmi cyanegosanbydiide (216 equivalents in
methanol) are e@%ewmr %’[II‘I‘I r}%wo equal portions. The reaction mixture is stirred at room
temperature for 30 mih, upon wh another 1.9 mg of sodium cyanoboronhydride are added. The
reaction is monitored by 20HPLC and mass spectral analysis. After the reaction is complete, desalting
of the reaction mixture and lyophilization yields thg:fina product (SEQ ID NO:70) with a purity of
96.5%. MW cal.: 1189.45; MW, obs,: 1189.6, Example 87 25 tive Synthesis Il of
cyclo[Phe-Tyr-Lys(iPr)-DArZeNAFER-DE et ster N NEECHBNE SO 4 The compound of
Example 57 (SEQ IDH\tI@aT@y&carﬁa@@be?brepapedlwﬂmm Eﬂﬁ‘éﬂ(@@bﬂ&p&t&ﬂﬂﬂ@iﬂ&taﬂyst via solution

cyclizationyfacilitafing Scalgiinnas QWS JPRERIVENGS, 6 is replaced thF ~Arg
Boc-Plie-Tyr(2-Br-2) Lys(F%teoc )[S)Ar TosTZNaI GY A S eplaced with Frmoc S(8E0 1D NO:103) s

DG1lu ‘éOle) s(Fmo
manually asserﬁ’ﬁfé:d(ﬂﬁ RABERA R %I?ﬂt@“%ﬁﬁpﬁfziéenﬂgﬁld% éé}@‘}lé Hehistry (Schnelzer et
al. (1992) Int. J1@eépt3.Protein Res. 40:180-193) as outlined in Scheme 11. The chain assembly is
carried out using the 58 in situ neutralization/HBTU/DIEA activation procedure as described in
Schnolzer et al. The side chain protecting group scheme is: Lys(Fmoc), DGIu(OBz1), DArg(Tos), Tyr(
2- Br-Z). The alpha-amino group of all the aminé5&REBuiing blocks is protected with

tert-butoxygarbonyl (B%Ll&mﬂ%msgggmwyswﬁm g@g@:ﬁemnﬂhend 50f the linear
peptide and is accomrpllstatleedaén 8@? eaz%sh%wn 1heme n1 1 f|ve equj algnts of
protected amino acid BOC-L gare aév% wﬂhoﬁg 4‘eV ;fﬁﬁ%% (fd é’q‘) im DMF, and
coupled to MBHArESinC- t‘h‘%stelbfﬁq Wb@@ﬁﬂ\l&létﬂ@@%b@li&@hf(@Bzﬁ«)caﬁevgbtﬁlatedﬂsaﬁ@bfbupled to the
deprotected peptigeiesinFam siepdudsingneat TFA. These steps are repeated appropriately until
step 8, the coupling of Boc-Phe. 10The Boc protecting group is removed with neat TFA, the resin is
neutralized with DMA, and washed with DMF and methanol and dried in air before HF cleavage. The
linear peptitle is S|multaneously deprotected and.gieaved3rom the resin using FIF with 5% in-cresol
orp-cresol as a scavenge 1 14ke crude peptide is

precipitated and washed diethyT ether. "HZN-M| 1 Boc-Lys(Emoc)
Prepare as in Example 235, except that Fmoce- DGIU(OaHyl) n %tep 218 rupidced

with Fmoc-Asp{allyl), and Fmoc-Lys(iPr}{Boc) in step 6 is replaced with Fmoc-
Lys(Mez). MW cal: 1057.23; MW obs.: 1057.86.
25

Example 34
cvelo| Glv-Tyvr-Lyvs(iPr)-DAre-2MNal-Cly-Aspl-Arg-NH, (SEQ ID NO:46)

Prepare as in Example 25, except that Fmoc-DGIn{Qallyl) in step 2 is replaced
with Fmoc-Asp(aliyl). MW cal.: 1071.26; MW obs.: 1071.76.



2 Boc-D-Glu(OBz1) 3 Boc-Gly 4 Boc-2Nal 5 Boc-D-Arg(Tos) 6 Boc-Lys(Fmoc) 7 Boc-Tyr(2-Br-7) 8

Boc-Phe Stepwise solid-phase assembly: Boo protected amino acids, HBTU/DIEA coupling TFA
deprotection Scheme 11. Chain assembly using Boc che s 'y
WO 2008/150689 PCT/US2008/064177
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Example 358

eyele] Glv-Tyr-Lys(iPr)-DAre-ZNak-Gly-Asp]-NIL (SEOQ ID NO:47)
Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Qallyl) in
step 2 1s replaced with Froc-Asp(allyl). MW cal.: 915.07; MW obs.: 915.38.

Example 36
cvelolGlyv-Tyr-Lys(iPri-DArg-2Nabk-Giv-Asp-Lys(iPr)-NHL (SEQ 1D NO:48)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Lys(iPr)(Boc), and Fmoc-DGha(Oallyl) in step 2 is replaced with Froc-Asp(aliyl).
10 MW cal: 1085.33; MW obs.: 1085.78.

Example 37
cvele|Glv-Tyr-Lys(Me; )-DArg-2Nal-Gly-Glu]-Are-NH, (SEQ 1D NG:49)

Prepare as in Example 25, except that Fmoc-DGla(Oallyl) in step 2 is replaced
15 with Fmoc-Glu(Oallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoe-
Lys(Mez). MW cal.: 1071.26; MW obs.: 1071.05.

Example 38
cyelol Glv-Tyr-Arg-pAre-2Nal-Glv-Glul-Are-NI, (SECG 1D NO:56)

20 Prepare as in Example 25, except that Fimoc-DGlu(Oaliyl) in step 2 is replaced
with Fmoc-Ghy(Oallyl}, and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Arg(Pbf). MW cal.: 1071.22; MW obs.: 1071.50.

Example 39
25 evele[Glyv-Tvr-Lys(iPr)-pArg-2Nal-Glv-Glul-Arg-NH, (SEQ 1D NO:51)
Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl). MW cal.: [083.29; MW obs.: 1085.91.

Exarmple 40
30 evelolGlv-Tyvr-Lys(iPr)-pArg-2Nal-Gly-Glul-NIL, (SEQ 1D NO:52)
Prepare as in Example 25, except that step 1 13 omitted, and Fmoc-DGIu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Qallvl). MW cal.: 929.10; MW obs.: 929.39,




HN 5Purification of the linear precursor peptide (SEQ ID NO: 104) is accomplished using standard
preparative EIPLC techniques. The crude cleavage product is dissolved in 60 a minimum amount of
DIMS, loaded onto a reversed phased C18 HPLC column, and eluted with an aqueous 01%
trifluoroaceti®&cldf&dététfitriie gradient (v/v) while monitoring at 214 run. THEBB5P6pHeRE fractions are
pooled and lyophilized. Further characterization of the intermediate precursor cyclic peptide is
performed using analytical SHPLC and mass spectral analysis by conventional techniques. For SEQ
ID NO: 104, MW cal.: 1567.78; MW ohs.: 1567.6. Cyclization of the lyophilized precursor linear
peptide (SEQ ID NO: 104) is carried out in solution (§§heme 12). The linear peptide is dissolved in a
small amount of dry DMF (-10 mg/mL). This peptide solution is slowly delivered via a syringe pump to
10the reaction mixture of PyBOP (2 eq, or otherizpprpipridte activation reagents, such as FICTU, BOP,

HBTU, etc.) and DIEA (J9.88)n-gry DMB.Ander. magnetic g%p%ﬂ'ﬂ% SHns;then allowed to

proceed at room température Tor Neat piperidine is then added to the reaction mixture to a final
concentration of 25%%\9?‘/)”@%“@%%%‘? %‘?rﬁﬁ?‘é}\‘éhﬁéﬁﬁm’é’%? PhIA QSR BARNEF A6 -min to completely
remove Fmoc pretegtibneSehentsikbiarg-evapordiegandermacuumand theiresidueimioaded onto a
preparative reverse e C18 FIPL nd elut c{} ith.an a o] trifluoroacetic
amd/acetonltrlleggﬁfag}gﬁﬁ tWhllg mo ﬁf’t%%lvvﬁ”gﬂ]at %%ﬂt’lrﬁsd ¥1\% m;\ﬂ{éfrg%ﬁg)teﬁra?b ns Ilélre pooled and
lyophilized, and*&tféfd the cyclic precursor peptide (SEQ ID NO:98). Further characterization of the
intermediate precursor cyclic peptide is performed using analytical 2014PLC and mass spectral
analysis by conventional techniques. For SEQ ID NO:98, MW cal.: 1105.29; MW obs.: 1105.4.
ried-outt a solutlon of acetlc acid/acetone/methanol
(1:1:4, viviv) through rexkieiiyviy-givir P iy s by &itobi KRdemaliBaheme 9 to
generate tf final proﬁ'}éﬁéx@aﬁ@x @mg% MWP?%%@hn&(lﬁ%é@eM}’\é? acmahqa Scheme 12.

Cyclization and Fmoc removal 5Example 88 Alternative Synthesis IV 0

eveloiPhe-Tyr-L{EHBH? 11?5’&@@?%?@6}@6‘?@1‘"[%& PSRN SESE HSINGS POt PR eORPund of
Example 57 (SEQHDNEY 70 ) eart &lsepbe qrepadovithoutdng usewfaipaiadiumivatalyst by the
synthetic procegs;: mmarized in Scheme 13 below. 10 The dipeptide Fmoc-DGIlu-Lys(iPt,Z)-NH, is
first prepared in solution with an exposed DGlutamic acid side chain. The dipeptide is linked to a
hyper-acid labile CTC (2-chlorotritylchloride PS resin, 1% DVB (100-200 mesh) resin (Senn Chemicals
USA Inc.,8an Diego, CA,; catalog number 4020@)5 mm flnal peptlde product is then 62
synthesized on this resmi w& rd Fnoc synthe s d DOV lect g/e removal of the
peptide from the CTCYestrafiowsonty PGittarimc acrerse: eact-with-the N-terminus of
the peptide in solutloﬁ’@ndﬂgéner%@mnb éﬁcnncg@phuéhnk mdmaﬂ@ubsekqg@m}ﬂlﬁe remaining side

chains are cleaoj] Wﬁm@é&%ﬁ@&&ﬁ@&é@ﬂ@gg -cid: ERE AR PG CisksRREL)INK2 son bly hj

inroc-'iPPS H-P g‘)l'sv tll?éu%/vas(b B c,-D-Arb(PH)il-Gly-D-Cht(2-CTC res

Example 44
evele] Ghv-Tyr-Lys(iPri-nAre-2Nal-Glyv-DGlul-Arg-NHEt (SEQ 1D NO:56)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
{ethyl-Fmoc-amino}-methyl)-indol-1-yl}j-acetyl AM resin. MW cal.; 1113.34; MW
25  obs. 111381
Example 443
cvelofGly-Tyr-Lys(GPr)-DArg-2Nal-Gly-DGlu|-Arg-NHE t-acetic acid salt
(SEQ ID NO:5T)
The TFA salt of the peptide of Example 44 is converted to an acetic acid salt by

30 adsorbing the material onto a preparative CI8 column of suitable size, equilibrated with
2% acetic acid/HyO (v/v). The column is then washed with three to five column volumes

of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 wafer/acetonitrile (v/v)



Lys(iPr,Z)-N(SEQ ID NO:105) ar? re-Tynt,Bu)-Db( f)-2Nal-Gly-D-G1o(OH)-Lys(iPr,7)-N1-12 (SEQ ID
NO:106) _J Phe-Tvr(vs(iPr,)-D-; (Pbf, 2Nal-Uly-D-Gro-LysfiPr,Z)-NIH:: (SEQ ID NO:107) Deprotec c
Phe-Tyr-Lys(iPr)_D-Arb-2NaD-Giu-Lys(iPr)-N7H2 (SEQ ID NO:70) Scheme 13. Overall synthetic
scheme fromEh8eEWH2Lys(iPr,Z)-NE12 10  The dipeptide Fmoc-DGIBEEEEPRFYMFL. is first
prepared as shown below (Scheme 14): 63 Roc-Lvc(iPr,Z)-OH BOC)4\ B-12 Dq"-otection
1-f-Lys(irr,Z)-N1+ PaloIMO -0I 1 Flaoc-D-G1u(Offit9-Lys(Tr2)-N112 Deprotfftion (25-59%
TEA) haoc-D-C1 y (ffir2)-NH Scheme 14. Preparation of Fmoc-DGlu-Lys(iPr,Z)-N1-12
5Boc-Lys(iPr,Z2)-OH is reacted with NMM and IBCF in THF. After addition of NH40H, the solvents are
removed by rotary evaporation and the product is taken up in ethyl acetate. The ethyl acetate phase is
washed extensivelgiwith B%uNaHCOIanddhenawithy @pliiNdd Chianchthe n drigdravesianhydrous sodium
sulfate. Sodium; syifate is removed by filtration and the ethyl acetate is removed by evaporation at
reduced pressure. 10 The resulting Boc-Lys(iPr,Z)-NH2 is dissolved in DCM, and TFA is added. Once
the reaction has proceeded to completion, the soIvents are removed by rotary evaporation.
H-Lys(iPr,Z)-NH2 is then dlssolved in DMF re adjsisted to 8 with DIEA In a separate vessel,
Fmoc-DGIY(OtBu)-0H, djust the pH to S.
The two soLlJ’Jt(Jtlons (ﬁ tartd-the el tebd RS R IBLC. The pH is
monitored and adjusté’@n?allqe‘ﬁeihﬁeee@ar%iwmmlﬁﬁ Rﬂﬁfeﬁsowem@a&'eerézrn@l/mﬂb@rotary

evaporation, anddhe @ﬁ@%ﬁ&@l@?@%&%@zlﬂ;ﬁ&'@yh%ﬁ? 1108 RIBY| Acetale.phassyis washad extensively
with 5% NaHCO3 a ith 0. h(lgﬁélq nd then dried over anhydrous sodium sulfate. The

sodium sulfate 1§’ Pé) % ‘ﬁ“{l) filtfatisr e]f’ﬁ\)])'f Sletaté’ig FMhovEl by éVaporation at reduced

pressure. 20Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DG1u(OfBg)-Lys(iPr,Z)-NH2 is dissolved in DCM, an EFJ £\ is added. Once the reaction has proceeded
to completion, the solvents are removed by rotary evaoratlon The SO|Id 64 product is obtained by
trituration with dietfrd&thee-AHariiiesty LN A5 befoy A~ S 1 Tty s 5

fp e S i b - reffeiiihergradiictistiried in a vacuum
oven. Prgpa;e as in Example 25, except tha,t Fmoce- DGIu(Oaﬂyl) in step 2 is replaced

with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Me,),
and Fmoe-Gly in step 8 is replaced with Boc-Lys(Fmoc). After chain assembly, Fmoe on

15 the side chain of the N-terminal Lys is removed with 20% piperidine in DMF and the Lys
side chain is then acetylated using 10 equivalents of acetic anhydride/DIEA at room
temperature for one hour. All side chain protection groups are removed and the lincar
peptide is cleaved from the solid support using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, viv/v/v) for 2 h at room temperature. Cyclization of the crude linear

20 peptide is carried out in solution. The cleaved crude linear peptide (~0.25 mmole) is dried
under vacuurn and dissolved in 10 mL of dry DMF. This peptide solution is delivered to
the following reaction mixture via a syringe pump during a 2 h period: 15 mL of dry
dichloromethane and 15 mL of dry DMF containing 1.0 mmole of PyBOP and 4.0
mmoles of DIEA. The reaction is then allowed to proceed at room temperature for 2 h.

25 Solvents are then evaporated under vacuum, the residue is loaded onto a reversed phase
C18 preparative HPLC column, and the target cyclic peptide is isolated and characterized
as described in Example I. MW cal.; 1184.42; MW obs.: 1184.06.

Example 47
30 evelefDan{Ac)-Tyr-LvsiMe,)-DAre-2Nal-Glv-Glu I-NH, (SEC 15D NO:60)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(QOallyl) in

step 2 1s replaced with Fmoce-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with



Solid phase peptide synthesis of the final product is performed as follows. \
FmocDG1u(OtBu)-Lys(iPr,Z)-NH2 is dissolved in DCM and reacted with CTC resin in the 5presence of
DI EA in a reaction vessel. After] h, the peptide-resin is washed free of reagents with DCM and Z-0Su
is added. Th& BRY¥EMBMHored and adjusted to pH 8-9 by adding DIEA if neREESERPIANN T 11, the
peptide-resin is washed free of reagents with DCM, transferred to a polypropylene container, and dried
in a vacuum oven. The protected peptide-resin is assembled using Fmoc-chemistry as follows. The
10coupling cycle used is: 1) De-blocking: treatmentV\Z/{' h 25% piperidine in DMF; 2) Washing cycles
with DMF, IPA and DMF again; 3) Ninhydrin test (qualitative: if positive, proceed to coupling Step 4); 4)
Coupling with 2 equivalents Fmoc-amino acid in presence of HOBt /CNC in DMF; 5) Washing cycles
with DMF; 6) Nirthyafimstést. {qumalifatneetif megabives prdesedvtohritod-Besbifockingidaupling cycle; if
positive, proce%qqajﬁwe-&gyeh@@a%%ﬂdﬂrérlgl@trr 05 ermrr@&%%%%&ﬁmx'%@g&&?&%@) /)

Re-coupling (if re d), with 1 equivalent Frnoc-amino acid in the presence of H HBTLEDIEA in

DMF; 8) Washilflg /&St pm: ﬁtdcga’wrhﬁﬁaﬁhaféerimearr&twe@qrﬂﬁésaw& I5t86eed to next
de-blocking/couplingridyaar ik positivecprecead toraaetylation]Step d)n igﬁ)tékﬁetygabhqrz\ itrequired) with

2% acetic anhyglride. in 4% DIEA in DME: 1),W cle wth D IPA, and DMF again);
12) Ninhydrin test (qcu% |tat|vé pc}gﬁ?{/ r‘g%iee}ciiut%% r%’gi%%% bloc |ng}7 Rou ki"“{rl?g éf/% et)ur%\ er the final

coupling cycle, thé p‘e"ﬁl6@57’913,%){{8@@5@%:1‘65/)"@)\%%%6?\rﬂﬂméﬂﬁﬁﬁmﬁ@ dried-imden vhcuum.
The protected mepéideemmr iscpashesawith &@Ma@ra@rraqgeqﬁém&ig}mrgse%@lﬁrae@tfp@pﬂde from
the resin is perform %% J’FA in DCM follo (?%tc?/ ratio ﬁn N%WIJE olvents are removed by
rotary evaporatﬁloirlma s G iSSP BPotatfed Bt e%éé(f B Ost]i‘éq[S’Fé)E‘ﬁtated by trituration
with ether. Theslllyqrotdciac tihwahpéplidens wamsferreduo apotypropylene domaimghand dried in a
vacuum oygn. Thefully protecirddingatrentide Jacyelizeddnthewpresansanf Py RRR:3:OBt and
DEA in DMF. The pH is maintained between pH 7-8 by addition of DfEA, if 30necessary. After the
reaction has proteededds: 86%1&%‘183%@%%%@3?8 Feprlaved %ym%ﬁ@%v%%ratlon and the
product is takem:updnethybatétdielvtite ethiibaceipte:pliasddswmashe dextensy alyouwith 5% NaHCO3
and then with 0,1, N HET and sapyrated NaCl, 67, solu n,dried oyey anhydrous sodium

t
sulfate. The sodrum Sulfate is removed by filtration ar#d the eté% aceeltsaétse IS removed by rotary
evaporation at fegfAcstssAessirs i bRl cydiV pophde ’('Sé@’qlbl\lt?fi‘@% is precipitated by
trituration mgith ether and dried in a vacuum oven. 5Deprotection is performed in TFA:11170:T1 S.
When the reaction is complete, the solvents are#emO\feg by rotary evaporation and the cyclic peptide
(SEQ ID NO:70) is precrpltated by trlturatlon wrt drled |n a vacuum oven. MW cal.: 1189.48;
MW obs.: 1189.50. 10Examyis- jordtiog o b alahnd; (3

cyclo[Phe-Tyr- LyS(IPrpe%»@)%r@z&%l@fﬂ@bsfeg%wm%b @@3 &lr;ll@sgd (1%83 %M@ér%) ptarting with
isotopically Iabeled aceto L‘Egcg 2‘ eut Q%Jé%?r 9(fr 15tritium-labeled acetones as shown

below, the procadsed’ f Eﬁééﬁ”? gi IS bR oF KR WEptide CXCR4
antagonist§ forf\ﬂarrcb&‘@phhr%éd@tdﬂf@é@and)%&@rng studies. The isotopically labeled acetones are
commercially available from various sources. An example is given below using acetonesd6to prepare
a peptide containing 12 deuterium atoms. The resulting compound, differing in molecular weight 20by
12 Da compared to the non-labeled counterpartﬁr’-‘@%%@»dlfferentlated in mass spectra and exhibits
identical target receptaivaifipitys 00 HIVEEPH\\eArE 2L GIWEG U |-NHL (SEQ 1D NO:62)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Qallyl) in

25 step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
DAla. MW cal.: 943.13; MW obs.: 943.44.

Example 50
evelelpAla-Tyr-Lys(iPr)-pAre-2Nab-Gly-DGlul-NH, (SEQ 1D NO:63)

30 Prepare as in Example 25, cxcept that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-DAJa. MW cal.: 943.13: MW obs.: 943.42,



../'1 D./.. HD HHDD AcetoneAcetone-d6 25 0\13c HI13c Acctonc-3-I'C Using any of the methods in
Examples 85-87, one can prepare and purify cyclic 5peptide precursors (SEQ ID NO:98" SEQ ID
NO:99, etc.). Alkylation is carried out in a solution of acetic acid/acetone/methanol (1:1:4, v/v/v)
through redudi/ e itfatidn using sodium cyanoboronhydride as in SchemB/Wag§oeseicGeption that
standard acetone is replaced with the desired isotopical.ly labeled acetone. In the present example,
deuterium acetone-d6 is used. 10Peptide (97 mg) is dissolved in 15 mL of acetic
acid/acetone-d6/methanol (1:1:4, v/v/v). Peptide concentration can vary significantly without affecting
the results. Five equivalents of sodium cyanoboronhyﬁride are used, and the reaction is normally
completed within 2 h at room temperature. The reaction is monitored by LIPLC and mass spectral
analysis. After the reaction is complete, desaltlnﬁm‘m@& ctlon mixture and 15Iyoph|I|zat|on yields
90.5 mg of final product (S %A%@%&g}mgﬂ, 0f 99.9¢ ‘ A48 1.VIW obs.:
1201.7. 1 AcOH/D6-acetone/methianol VIVIV) NaBH: T cheme 15.
Site-specific deuterlurﬁ‘féﬁ’@lﬂ’?@%@@%@R&Saﬁﬁéﬁ%m& %@sb%ﬁ%%bré‘éil?ﬁ%é@d@@mﬁﬁ
cyanoboronhydfigadsuchiasNaBR3GNyNaB I3CIN, gt ppermitsiincorporation of additional variations
to the site- specmc labeling patterns. 68 The pharmacological properties of the present compounds
can be detérmined by employing the assays descrlbed below. Human CXCR4/125I-SDF-la Binding
Inhibition Assay SDF-1 binding to CXCR4 idiizefifetSsgtep in activating the CXCR4 intracellular

signalling pathway. To determine-it-a campoyndcanhlask g nteraciom ahRF kANd CXCRA,
human leukemia CCRF-CFM cells (ATC CCL 11 expressing. endogenous CXCR4 are employed in

an Psblabeled SDF-la Bty 555y H feaS885id ?‘6&?%8%@0‘)}}’.1%@%&%&%%@% ofhs oA freated
polystyrene platep[@otning Foorperatbty Cdstass N, MB3682) ¢Thesbinding assay buffer is prepared
with RPM141640 medium (Gibco, Grand Island, NY) containing 10 mM HENS,7.5, and 0.2% BSA.
Briefly, 200 jiL reaction

Example 53
eyelalLeu-Tyr-Lys(iPr)-DAre-2Nal-Gly-Ghu I-NHL (SEQ ID NO:66)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-pGlu(QOallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
15 Leu. MW cal:985.21; MW obs.: 985.40,

Example 54
eveloibPhe-Tyr-Lys(iPr)-DArg-2MNal-Glv-Glul-NH, (SEQ ID NO:67)

Prepare as in Example 23, except that step 1 is omitted, Fmoc-DGlu(Qallyl) in

20 step 2 18 replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
DPhe. MW cal: 101922 MW obs.: 1019.52.

Example 55
cyclolPhe-Tyr-Lys(iPr)-DArg-2Nal-Glv-Glul-NH; (SEQ ID NO:68)

25 Prepare as tn Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 18 replaced with Fmoe-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Phe. MW cal: 1019.22: MW obs.: 1019.53.

Example 56
30 evele[pPhe-Tyr-Lvs(iPri-pAre-Z2Nal-Glv-DGlul-NH, (SEOQ 1D NO:69)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is
replaced with Fmoc-DPhe, MW cal.: 1019.22: MW obs.: 1019.50.




mixtures containing 300 pM SDF ligand (60 pM '25I-SDF-la (Perkin Elmer) and 240 pM cold SDF-1 a
(R&D Systems), different concentrations of the test compound in assay buffer, 100,000 human
CCRF-CEM cells, and 0.5 mg SPA beads (Wheatgerm agglutinin 15beads; Amersham) are incubated
at room temperaAEELf8FS hr. Plates are then counted in a 1450 Microbeta EfeiileP BéfAtitdion and
Luminescence Counter (Wallac) in SPA mode. CXCR4 antagonists decrease the bound radioactivity in
this assay in a dose-dependent manner. The inhibitory potency (K1 or IC50) of a test compound is
calculated using GraphPad Prism software, based on the dose-dependent decrease of bound
radioactivity. 20All compounds exemplified above exfibit an average 1(.1 value of about 7.5 nM or less
in this assay. For example, the compound of Example 1 exhibits an average Ki of 3.45 tiM in this
assay. Many of these compounds exhibit an avédizgemesValue between about 0.2 nM and about 1 nM.

For example, the cqm Qgil@dm; XAINR eﬁgg,emlgt@.g A6 valne 9l Q 43R AMdD this assay.

Other compounds exhibit an average Kivalu AN about 0.2 e For examplé; the compound
of Example 75 exhibitd @i a¢e i deHiniakne WW@%"rﬁW?ﬁ ﬁ%l@@é@&%q@heﬁﬁ&%%‘éféﬁy
CXCRA4/SDF-1 materdgtigmnegud atasi migration iichemotaxishaficeits baasinge30CXGR4 on their
surface. Tosdete{gy%g ﬁ{){evaritag i@@nd cellular activities of a test 69 compound, a chemotaxis
assay using human histiocytic lymphoma U937 cells (ATCC CRL 1593) that express endogenous
CXCR4 are employed. Briefly, U937 cells, grown in DMEM medium (Gibco, Grand Island, NY)
containing 10% FBS, 1% M EM sodium pyruvat %ﬁ@};ﬁ% MEM nonessential amino acids (Gibco),
and 1% GlutaMAX 1 (Glbc), are har and wa, ne che rnotaxls as s%){ buffer prepared
with Ix RPMI mediufiSintor-tomammg: VAR S3T-BSAYARE  washing, cells
are resuspended in assay buffer at a concentfal 06 cells/mL The assay is performed in a

96-well ChgmoTx plate, (MeuroRrobe) ﬁ@;ﬁ&f@&@;&ﬁ% mARUARLIEY M{%&ékﬂ%;@eﬂw“y 50 pi of

cell mixture with or without test 10compound are plated on the upper chamber and 30 gL of SDF-1 a

(R&D Systems* 8 RGALS %ﬁ?ﬂéﬂ‘%ﬂpfﬁﬂ@‘nﬁﬁk@ﬁm} 0&"@%&%&% tAB SRS Hiknber. After
assembly, the gratecisicnculEted for 2 Bihrdt: 3G urder b%COR. thel awing ¢bm1meuds1aﬂmm 5 pL of
Celt-Titer 96 AQ- Gy %gb%% M&%‘%ﬁg ﬁ?." At g%%eﬁﬁéi’e'fét&&@% Qe %‘%Q‘Q‘?ace%n% lage,Js then

incubated for 60 nun at 37C, and t Is are 15detect measunng e absorbance at
492 nm with a ?@Eﬁﬁ‘%%étﬁﬁﬂﬁfbf“?%’g Mﬁ]@fﬁfyla’fé Reddbres Y, AR X SR antagonists
inhibit cellimigratirnereducing the absorbance reading. The inhibitory potency (IC50) of a test
compound in this assay is calculated using GraphPad Prism software, based on the dose-dependent
decrease of absorbance at 492 nm. 20Most of the compounds exemplified above exhibit an average
IC50 value of about 60 nM or less in this assayExamylaitthese compounds exhibit an average 1050

value of about 6 nM Qs 1R GOMBRYDD O EAARIE A, BB saAPIAE A0S0 Value of 2.05
nM in this assay. Many of these s exhibit an average 1C50 value of about . 0.6 nM or less,
0. the compound of EXARE S0 EIbS 51 SHePADE 50 alavBr Ot SERNIA I 2ssay.
Chemokir® ReCeptdd Birdingl SeddctiiityossaysSTie binding selectivity of the present compounds for
the CXCR4 receptor  compared to that for other chemokine receptors, such as human CCR I,
CCR2, CXCR2, 300r CXCR3, and other G-protein-coupled receptors, can be assessed in cells

transfected with nucleic acid encoding and expr@%@%%@%h receptors, or in cells in which such 70
evcio[Phe-Tyr-Lys(iPry-DArg-2Nal-Gly-DGlul-NI, (SEQ ID NO:73)

25 Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 1s
replaced with Fmoc-Phe. MW cal.: 1019.22; MW obs,: 1019.56.

Example 60
evclo[Phe-Tyvr-Lys(iPri-DArg-2 Nal-Glv-DGlu]-Lvs(iPr)-NHEL (SEQ ID NO:74)

30 Prepare as in Example 25, except that Rink amide resin is replaced with [3-

({ethyl-Fmoc-amino}-methyl)-indol-1-yll-acetyl AM resin, Fmoc-Arg(PbD) in step 1 is



receptors are endogenously expressed. Whole cells or membrane fragments can be used to assess
competition of test compounds with the respective ligands for these receptors in a manner similar to
that described above for the CXCR4/1251-SDF- a binding inhibition assay. 5For example, the
compound oMEXEI#NIESPa exhibits a IC; value greater than 73,000 nM in & fIGUEBIRRINGIABsay using
human chemokine receptor CXCR2. Compound-Induced White Blood Cell and Neutrophul
Mobilization in C57BL/6 Mice 10Stem cells within the bone marrow actively maintain continuous
production of all mature blood cell lineages throughout life. Bone marrow is the primary site for white
blood cell (WBC)/neutrophil production and release ifftb the circulation. The CXCR4/SDF-I axis
appears to be critical for the retention and release of WBCs, neutrophils, and hernatopoietic progenitor
cells in the bonespharcrowittaRchonteyriptinhaef, B CRER4ISDE <lejintesactiar:in-boradmamow leads to an
increase of thesgigells.ipperiphergl bloog, A ghort-term mouse WBC/neutrophil mobilization model
can be used to determine the’in vivo target-modulating activity of a test compound. Briefly,
pathogen-free 5-6 week old female C57BL/6 mice (Taconic) are housed for at least one week prior to
assay. Animals are allowed continuous access 0. sieilized rodent chow and acidified 20water. Groups
of 5 mice are |njected sub 3 €, r«?s—rﬁ'ﬁ‘\"th %?J'Q%OWN and then
sacrificed by CO23% - VXT, i gSt oMy
administration. Peripheral blood is collected b{EEArdIAN GATture using EDTA-coated syringes and

tubes. Complete bloo@@ettcmw% B@Irtﬁen@mﬂ@mrt@&%{leé%ytn@@ﬁgqtqgmwyzer (Drew
Scientific Group, D aeas 25TX). Total WBCs, neutro&hll%‘éan%y i'phocytes in the peripheral blood are
e Uethe

recorded. Effect %}3343&%?8&1 LS BETRARHETR fe B formeiepsEs&ithe neutrophil
and WBC count$sircperiphiéid bleod. compahedits salineashnitrolihAlsignifitent ciumberahcompounds
exemplifiegh abgys.exhibitan average WU@R@M%@ {J@ﬂgeafu@ﬁgﬁ%ﬁ@&t@?&%ﬂ&t@ﬁmem group

vs. neutrophil increase in 30 saline contro group), measured 3 hours after compound administration,
greater than abdoHPHERIE %%W%[Pye‘%%tﬁ?ﬁlea‘tﬁg BHiFsIn Y8 eBkadidieS30M¥hmbits an average
neutrophil ratioiafi4.%7at a dose of 5 mg/kg in this assay. 71 Anti-Tumor Activity in a SCID/Nartialwa
Xenograft Model SDF-1/CXCRA4 interaction appears to play an important role in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis. To evaluate in vivo

anti-tumor activity of a test compound, a tumor Xg@dgatttmodel using SNOD/SC1D mice (Jackson

Laboratorigs) and hummmzh@dgudﬁmﬁwmmwmpdtmmi@@ Bgl432) are employed.
Briefly, 200,000 Namalwa cells xed tnatri Sq 611 c&%g&are Jmplanted sdbcutane usly into the rear

flank of the animals. H@’ﬁﬁﬁféﬁteéap or ¢ &S 150G 2 AiteREfbns of which can be

continuously mdrnitetétrandmeasmelylising blcdlipertyTé Metermiriepthé it dfficacy of a test
10compound in,thig Mm@ gﬁhzﬁ&%%ﬁ‘ ﬁ@tmmﬁm&&@%@@(ﬂtMﬁﬁt@&&ﬂ%%%esfgtﬁst compounds

dissolved in saline or PBS, beginning 48 hours post tumor cell implantation. Compounds are dosed
subcutaneously,pétfd‘tdﬁt%}: t}tﬂﬁr{?fel%n%ﬁ%ﬁx}rvggtgm A dherminéd every 2 or 3 days. Studies
generally &8st 3-4 weeks, depending on tumor growth. The anti-tumor growth activity of a test
compound is determined by the percent 15redu%t%ggll 2 tggnor volume in treatment groups compared to
tumor volume in control roups treated Wlth vehi Several compounds exemplified above,
for example the comp@isit et gt OB iifeayithianhipi i edtEAMBIE Bssay when
administered at 1 mgikg)a&q E’lhﬁﬁmgﬂ@@jgI@xmﬁﬂﬁﬁtlﬁﬁlﬁl&hﬁa&,Qm@%&de@q,ﬂﬁqﬂabl|Ity, in vivo
metabolic 20stapility, and pharm tlc/ cod ic properti les can be determined by
methods well k?tptlh Iﬁl%ﬁezglrltnd) m ﬁp Clst It‘egtw 5 b%I(}‘)m ml’ft?ﬁ?elgpr%sent invention
exhibit higtt bioavhil&sllity wiep admﬁ@teteﬁew%eméﬁte@dwsgmémmf@aumdisie&e@mphﬁed herein
exhibit bioavailailitéhear FAR%INJats: orgXxampledtha ormpoung 9f Example 44. Preferred
compounds also exhibit good in vivo metabolic 25stability. For example, no detectable metabolites are
observed in dog and monkey plasma

Example 63
evelo{pPhe-Tyr-Lys(iPri-DAre-2Nal-Glv-Glu]-NHEt (SED 1D NO:78)

30 Prepare as in Example 25, except that Rink amide resin is replaced with [3-

{{ethyl-Fmoc-aminec}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-



and urine up to 24 hours after administration of the compound of Example 57a. Preferred compounds
also exhibit favorable pharmacokinetic/pharmacodynamic properties that permit convenient dosing.
For example, in mice, the half-life (T1/2) of the compound of Example 58 is about 3 hours. With
respect to pherthagsds#téic properties, 30preferred compounds induce prelongeshneuiiephil and
white blood cell mobilization in mice. For example, the compound of Example 25 induces a significant
increase of 72 neutrophils and white blood cells in peripheral blood for at least 6 hours after single
dose subcutaneous administration at 5 mg/kg in mice. 73 What Is Claimed Is: 1. A lactam-cyclized
peptide of formula 1: 5121 - eyclo[Xt - Tyr -- X3 - DArd4 2Nal - Gly - X7] - Xs - X9 - X10 - R2 (1) (SEQ
ID NO: ) wherein: a) said Infant is formed by an amide bond between the side chain amino 10
group of X t andath]a(g:uﬁieygham_eg@rlanxyslegé@bbmafz%&w@m%t MG 4258, respegtively, a pair

selected from th up ¢ |st| Agl/ b/ and Dap/Glu, and R1is Ac or n-hexanoyl;
(%f W;t%?‘smocm R{J%) gﬁ qé%ﬁ%%&f\%%

or b) sai actam IS forme by ah amide 8‘?f‘th]é)%7dsé ‘chain carboxyl group of Xi and
the side chain amino group of X7, wherein X t and X7 are, 15respectively, a pair selected from the
group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/%&cllggD/L)Agl Glit/Dab, Glu/Dap, Glu/DDap, and
Glu/Lys, an§i R1is Ac or Bz Or wherem Xtand are, respectlvely, a palr selected from the group
consisting of succiny 1/4¥AgiEsHeeH st Suba A GEGRR BGsdhyl/Om, and Ri is
absent; or 20c) said Iét'tamelssformgﬁhbye am amt@erbnmdﬂbﬁmerﬂemelarmm graup.of Xt and the side
chain carboxyl g >, [es vel Ir. select om the group
consisting of Algg%!i}gl %ﬁ%‘é{ﬁ %ﬁg Emj(I?;Al el P%?\H Yi)/é%’j el 0/ 4 (IIJM@M Gly/DGlu,
Leu/Glu, Lew/DRSHCpdtasien vt Auetd, V@F&aﬁf@@:ﬁhﬁ@@lw) eI B GDPRG(GIs and OPIG/DGIL,
and R1 is absentplerc25djispithiacten igdoramedony a0 emidgdond befween a non-a, non-side- chain
amino groyp of X1 and the side chain carboxyl group of X7, wherein X1 and X7 are, respectively, a
pair selected from the group consisting of 13- AIa/Asp f3-Ala/Glu, 5-aminovalcryl/Asp,

5-aminovaleryUG1u, 4-AMB/Glu, 4- AMPA/Asp, 213731 ?.‘-.,m' , and R1 is absent; or 74 C)

said lactam is formegdy.ROTaMIdE ey EN- e 3 P& Rl g@él%cham carboxyl
group of X7, wherein g(é and X7 aﬁre respectlve [ ar Selecteo e group ¢o ing of Tyr/Asp,
Tyr/Glu, and Tyr/DG1U, Ahd RIAATRE G re §§8W&@§éﬁ?%fg(%b@db§ﬁmbﬁﬂﬁﬂdﬁfé ¥igmino group of

Xi when Xi contanes-aiN44- andnmﬁ giaup alidddaitvaearino igiodip isingtacousiituent gf said lactam
amide bond, selegted friem the.arpupgonsisting of Ac, Bz, and n-hexanoyl, or is absent, wherein Xi is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu; Xi is selected from the group
consisting of (D/L)Ag|, Ala, p-Ala, DAla, 105-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac),
Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, apgasugeipyl, or is absent;

cvelolGlyv-Tyr-Lys(iPr)-pArg-2Nal-Glv-Glu[-8-Ala-D2Nal-NH, (SEO ID NO:81)

Preparc as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
20 Fmoc-D2Nal, one step is added between steps 1 and 2 using Fmoc-B-Ala, and Finoc-

DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu( Gallyl). MW cal.: 1197.40; MW obs.:
1196.70.

Example 67
25 cvclsEB-Aia-’.l'vr—ArngArgmg;Na]—Glv-Giu}mArg«-N’{-Ez (SEQ ID NG:82y

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),

and Fmoc-Gly in step & is replaced with Fmoc-B-Ala. MW cal.: 1085.25; MW obs.:
1085.05.
30



X3 is selected from the group consisting of A rg, Lys, LysOP and Lys(Me2); X7 is selected
from the group consisting of (D/L)Agl, Asp, Dab, Dap, 15DDap, Glu, DG1u, Lys, and Orn; Xs
is selected from he group consisting of P-Ala, Arg, DArg, Gly, Lys, Lys(iPr), and Om, or is absent; X9
is selected frot BAEEGABEAT consisting of Gly, 2Nal, D2Nal, and DPhe, or is #§s&hE228)086118 2Nal, or is
absent; wherein when Xs is absent, X9 and X10 are each absent, and when X9 is absent, X10 is
absent, and Rs is selected from the group consisting of Nfls and NEIEt, or a pharmaceutically
acceptable salt thereof 25 2. The lactam-cyclized éjeptide or pharmaceutically acceptable salt
thereof of claim 1, wherein: Ri is selected from the gr élp consisting of Ac and Bz, or is absent; 75

X1 is selected from the group consisting of 13-Ala, 4-AMB, 4 MPA, Asp, Dab, Dap, Dap(Ac), Glu,
2Nal, Phe, and succinyl, or is absent X is selecﬁad;f@mﬁhe group consisting of Arg, Lys, Lys(iPr),
and Lys(Me2); X7 is selegt g of A . , Lys, 5and Om;
Xs is selected from theé-grotp con o ySentsX shsent: 10 is absent; and
122 is selected from tHeRyo@p I@dﬁ@lmm%f NPPpaﬂwNHEI-Dmu(OaBthﬁiacfamwmmbd peptide or
pharmaceutically:aocsniabig salitherert.afclaimybovharein: R, isslested. fom.thegsaup consisting of

Ac and Bz, or is absent; Xl is selected from the group consisting of DAla, -amlnoyaleryl
4-AMPA, 18AsF IR CIpstend ’F’F@i“ﬁ‘ﬁh‘@l%ﬁﬁ‘%@&%@l Pﬁ@”l%eﬂé}%ﬂe@fw & group consisting
of Arg, Lys, Lys(iRt)iand Lys(Me7); X7 is selected from the group consisting of (D/L)Agl" Asp,
Dab, Dap, DDap, Glu, and DGlu; Xs is selected from the group consisting of Arg, DArg, and
Lys, or is absent; 20X9 is absent; X10 is absent; and R2 is selected from the group consisting of NHI
and NI-I& 4. The lactam-cyclized peptideiggphtith¥aceutically acceptable salt thereof of 25claim

|, wherein: R1 is sejemigthiien L9100 00asistingefACIBZ AN A-Raxaneyt 9 80:84)

1¢ Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced

with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-5-aminovaleric acid. MW cal.; 1113.30;
MW obs.: 1113.40.

15 Example 70
cvelo[S-aminovalervi-Tyr-Arg-DArg-2Nal-Glv-Aspl-Are-NH, (SEQ 1D NO:85)

Prepare as in Example 25, except that Fmoc-DGlu(Qallyl) in step 2 is replaced
with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc- Arg(Phf),
and Fmoe-Gly in step 8 is replaced with Fmoc-5-amino valeric acid. MW cal.; 1099.27;
20 MW obs.: 1100.25.

LExample 71
cvclo[{4-AMPA-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-Nil, (SEQ ID NG:86)
Prepare as in Example 235, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

25 with Fmoc-Asp(Qallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid (4-
AMPA)Y. MW cal.: 1147.32; MW obs.: 1148.20.



absent; X1 is selected from the group consisting of (D/L)Agl, Ala, [3-Ala, Asp, Dap, Glu, Gly, Lys,
and Phc; 76 X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me2.); X7 is
selected from the group consisting of (D/L)Agi, Asp, Dap, Glu, and DG1u; X8 is selected from the
group consistR)28A4i§I€EYy, Lys, Lys(iPr), and 50n, or is absent; Xy is sele&@tidromathespoup
consisting of Gly, 2Nal, 02Nal, and OPhe, or is absent: X la is 2Nal, or is absent; and 12, is selected
from the group consisting of NFI-i and NFIEt. 10 5. The lactam-cyclized peptide or pharmaceutically
acceptable salt thereof o claim 1, wherein: R1 is selected from the group consisting of Ac and Bz, or is
absent; X1 is selected from the group consis‘ffhg of Ala, 5-aminoyaleul, Asp, Glu, 15Gly, Phe,
OPhe, and succinyt; X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Me,); X7 is
selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and 0G1u; X8 is selected
from the group consisting of p-Ala, Arg, Gly, LysELA/séli? ﬁnd 200m, or is absent; X9 is selected from
the group consisting of Gly D2Na| and OPhe XDD is 2Na| or |s absent and R7 is
selected from the gréi T ) F-BadniEr-Gigdgsn St SVl A8 b3 T}
pharmaceutically accepépme@aqhtﬂhﬁ@m 93‘ Qly?défitlhﬁ-,l-“@{o'é W@myﬁ(;ﬂ%taﬁlbegﬁgly&m the group
consisting of Gl E%a}npﬂpl e, ﬁ%ﬁ s(iPr); an (%f(;{ 77. The lactam-cyclized peptide or
pharmaceutically accapiania Sait therddt of &k %OC\)VW i PIiPEsA e Fmoc-Arg(Pbt),

and Frooc- Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid

{(4-AMPA). MW cal.: 1161.34; MW obs.: 1161.99.

Example 73
10 cvelof(4-AMPAWTvr-Arg-DArg-2Nal-Giv-Gluj-bArg-NH, (SEC ID NO:88)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is repiaced with
Fmoc-DArg(Pbf), Fmoe-DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is
replaced with Fmoc-4-aminomethyl phenylacetic acid (4-AMPA). MW cal.: 1161.34;

15 MW obs.: 1161.83.

Example 74
cvelol(4-AMBY-Tyr-Are-DArg-2Nal-Glv-Glul-Arg-NH, (SEQ 1D NO:89)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

20 with Fmoc-Ghu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl benzoic acid (4-AMB).
MW cal.; 1147.32; MW obs.: 1147.66.

Example 75
25 evelo{Glv-Tyr-Lys(iPri-DAro-2MNal-Glyv-DCGlul-Lvs{iPr)-Gly-2 Mal-NIE,
(SEQ 1D NGOG

Prepare as in Example 235, except that step 1 is replaced with three sequential

residue couplings: first Fmoce-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)(Boc). MW
cal.: 13533.69; MW obs.: 1354.03.
30



5Xi is selected from the group consisting of Gly and Phe; X3 is Lys(iPr); X7 is Xs is selected from the
group consisting of Arg and Lys(iPr), or is absent; Xy is absent; 10Xj0 is absent; and R, is selected
from the group consisting of NR, and NHEt. 8. A lactam-cyclized peptide of the formula: (SEQ ID
NO:70) or a pHaREEENMRSally acceptable salt thereof. 9. The lactam&yBlizsdopsptide of claim 8,
wherein said pharmaceutically 20acceptable salt is an acetic acid salt. 78 10. A pharmaceutical
composition, comprising a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any
one of claims 1-9, and a pharmaceutically acceptable carrier, diluent, or excipient. 511. A
lactam-cyclized peptide or pharmaceutically acceptab‘i% salt thereof of any one of claims 1-9, for use in
therapy. 12. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any one of claims
1-9, for the treatment of rheumatoid arthritis, pulBxamas fibrosis, HIV 10infection, or a cancer selected
from the group - _r}g&rﬁﬂl na, prostate. cancer, kKidney
cancer, neuroblastoma; nor fgkir Tphor aricer; ovararntancer.coforectal cancer,
multiple myeloma, glioblastoma multiforme, ah Wphocytic leukemia. 1513. Use of a

lactam-cyclized peptide-prphaimacesicaly aeeeptablesalithanaalof anyneneqf.ekgins 1-9, for the
manufacture of a medicament for the t‘rg_glt\sn]egt_ofﬁrheq_l&atqid a{thri;gis, gulmgnﬁg fibrasis, HIV
infection, of a CARCEr SAIBLHET fiom the grotin CBhSIEtRG of BRASFCRREET- PahElestit dincer,
melanoma, prostditcsahsex-kidreyteahcercmeurbbldstomeaPhonMHddgkin'$dyRiphéWwiaptung cancer,
ovarian cancer,gelorectal 20cancer, multiple myeloma, glioblastoma multiforme, and chronic
lymphocytic leukemia. X17256W05T25 SEQUENCE LISTING <110> Eli Lilly and Company <120>
Cyclic Peptide CXCR4 Antagonists <130> X17256_WO <150> 60/940996 <151> 2007-05-31 <150>

60/940802 Example 77
10 cvelo Glv-Tyr-Lyvs(iPr)-DArg-2Nal-Glv-DGlul-Glv-DPhe-NH, (SEO 1D NO:92)

Prepare as in Example 23, except that step 1 is replaced with two sequential
residue couplings: first Fmoc-DPhe, then Fmoc-Gly, MW cal.: 1133.36; MW obs.:
1133.73.

15 Example 78
cvelo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Glv-DGlul-Lvs{iPr)-DP he-NH,
(SEOQ 1D N(O-93)

Prepare as in Example 25, except that step 1 is replaced with two sequential
residue couplings: first Fmoc-DPhe, then Froc-Lys(iPr)(Boc). MW cal.: 1246.58; MW
20 obs.: 1246.88,

Example 79
eveloiLys-Tyvr-Lvs(iPr)-DArg-2Nal-Gliv-pGlul-Lys(iPri-NH, (SEG 1D NO:94)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
25 Fmoc-Lys(iPry(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Lys(Boc). MW cal.:
1170.50; MW obs.: 1169.80.

Example 86
eveio[Phe-Tyr-Lyvs-DArg-2Nal-Glv-DGlu|-Lvs(iPr)-NH> (SEQ ID NO:95)
30 Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with

Fmoe-Lys(iPr)}(Boc), Fmoc-Lys(iPriBoc) in step 6 is replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in step § 18 replaced with Fmoc-Phe. MW cal.: 1147.40; MW obs.: 1146.70.



<151> 2007-05-30 <160> 108 <170> PatentIn version 3.4 <210> 1 <211> 10 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac, Bz or
n-hexanoyl or is absent <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge, when Xaa at
position 1 is Présémy P> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa/Ews/tsisomer Agl,
Dab, Dap, Asp, Glu, Ala, d isomer Ala, Gly, Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, d isomer 'he,
beta-Ala or is absent <220> <221> MOD_RES <222> (2)..(7) <223> Lactam bridge, when Xaa at
position 1 is absent <220> <221> MOD_RES <222> (2)..(2) <223> 5-amino-valeryl, 4-AMB, 4-AMPA,
succ nyl or s absent <220> <221> MISC_FEATURE §22>(3)..(3) <223> Xaa = Arg, Lys, Lys(iPr) or
Lys(Me2)

Example 81
evele/Phe-Tyr-Lyvs(iPri-DAre-2Nal-Gly-DGlu l-Evs-NH, (SEC 1D NO:96)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step T is replaced with
5 Fmoc-Lys(Boc), and Fmoc-Gly in step & is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146.70.

evelo[Phe-Tyr-Lys(iPr}-pArg-2Nal-Glyv-DGlul-Orn-NH, (SEQ 1D NO:97)
i0 Prepare as in Example 25, except that Finoc-Arg(Pbf) in step 1 is replaced with

Fmoc-Orm(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1133.40;
MW obs.: 1132.70.

Example 83
15 cvclo[Phe-Tvr-Lys-DArg-2Nal-Glv-pGlul-Lvs-NH; (SEQ ID NOQ:98)

Prepare as in Example 25, except that Fmnoc-Arg(Pbf) in step 1 and Fmoc-
Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoce-Gly in step & is
replaced with Fmoe-Phe. MW cal.: 1105.37; MW obs.: 1105.40.

20 Example 84
eyelofPhe-Tyr-Lyvs-DAre-2Nal-Gly-pGlul-Lvs-NHEt (SEQ 1D N(:99)

Prepare as in Example 25, except that Rink resin is replaced with [3-({ethyl-
Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 and Fmoc-
Lys(iPr)(Boc) in step 6 are cach replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is

25 rseplaced with Fmoc-Phe. MW cal.; 1133.36; MW obs.: 1133.82.

Example §3
Alternative Svnthesis [ of

cvcloiPhe-Tyr-Lvs(iPr)}-DArg-2Nal-Glv-nGlul-Lys{iPr)-NH, (SEQ D NO:70)
30 Example 57 discloses the synthesis of SEQ ID NO:70 via Fmoce solid phase

peptide synthesis chemistry employing the commerciaily available building block Fmoc-

Lys(iPr)Boc, which is expensive and difficult to obtain in large quantity. The process



<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5)
<223> Xaa = 2Nal x17256w05T25 <220> <221> MISC_FEATURE <222>(7)..(7) <223> Xaa = Glu, d
or 1 isomer Agl, Dab, Dap, d isomer Dap, Lys, Orn, d isomer Glu, or Asp <220> <221>
MISC_FEATUREMEPRSE8)..(8) <223> Xaa = beta-Ala, Arg, d isomer Arg, GlyTgspeys@Rr); Orn or is
absent, and when absent, Xaa at positions 9 and 10 are also absent <220> <221> MISC_FEATURE
<222> (9)..(9) <223> Xaa = Gly, 2Nal, d isomer 2Nal, d isomer Phe, or is absent, and when absent,
Xaa at position 10 is also absent <220> <221> MISC_FEATURE <222> (10)..(10) <223> Xaa = 2Nal
or is absent <220> <221> MOD_RES <222> (10)..(1gf9<223> Amidated as NH2 or NHEt <400> 1 Xaa
Tyr Xaa Arg Xaa Gly Xaa Xaa Xaa Xaa 1510 <210> 2 <211> 8 <212> PRT <213> Artificial

described in this example permits the synthesis of SEQ ID NO:70 using less expensive

Fmoc-Lys(Boc), solution cyclization, and lysine alkylation through reductive amination
using sodium cyanoboronhydride, providing a more economical route o this end product.
Additional advantages are that the reaction media (acetic acid, acetone, and methanol) are
5 relatively inexpensive, the reaction conditions are casily controlled, the ratio of solvents
can vary significantly without affecting the alkylation reaction, and the recovery vield is
20% or higher.
The sequence Phe-Tyr(iBu)-Lys(Boc)}-DArg(Pbf)-2Nai-Gly-DGlu(Oallyl)-
Lys{Boc) (SEQ 11> NO: 100} is assembled on Rink Amide Resin by standard Fmoc
10 chemistry utilizing an ABI 431 Peptide Synthesizer as outlined in Scheme 7. The
automnated assembly is carried out using the standard Applied Biosystems DCC/HOBt
chemistry protocol or FastMoc chemistry (HBTU/DIEA) protocol following the
supplier’s directions (PE Applied Biosystems Inc., Foster City, CA). The side chain
protecting group scheme is: Lys(Boc), DGlu(Oallyl), DArg(Pbf), Tyr{tBu). The stepwise
15 chain assembly starts from the C-terminal end of the linear peptide and is accomplished in
8 steps. In step 1, four equivalents of protected amino acid Fmoc-Lys(Boc) are activated
with DCC/HOBt (or HBTU/DIEA for FastMoc chemistry) in NMP, and coupled to
deprotected Rink amide resin. In step 2, four equivalents of Fmoc-DGi Qallyl) are
activated and coupled to the deprotected peptide resin from step 1. These steps are
20 repeated appropriately until step 8, the coupling of Fmoc-Phe.,
The allyl ester side chain protecting group is removed with 0.1 equivalent of
Pd(Ph;P)s in the presence of 24 equivalents of phenylsilane in dichloromethane (Scheme
8). This process is repeated once for complete side chain deprotection. Fmoc at the
N-terminal end is then removed using 20% piperidine in DMF. The deprotected
25 carboxylic acid moiety of DGlu is activated with PyBOP/DIEA and cyclized to the
a-amino group of Phe on the resin. The cyclized peptide is sirultancously deprotected
and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2,
vivivivy or TEA/H,O/ TS /anisole (92/2/4/2, viv/v/v) for 2 hours at room temperature.
The solvents are then evaporated under vacuum, and the peptide is precipitated and

30 washed three times with cold diethyl ether to remove the scavengers.



<220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220>
<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (1)..(1)
<223> Xaa = Dap <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATUREI®DISHE) (5) Page 2 <220> <221> MOD_RES <222> ($f-[@y <2088 AVADATION
<400> 2 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 3 <211> 8 <212> PRT <213> Artificial <220>
<223> Synthetic construct <220> <221> mOD_RES

50

HN-Rink Resin

1. Fmoc-Lys(Boc)
2. Fmoc-D-Glu( OAllyl)
3. Fmoc-Gly Stepwise solid-phase assembly:
4. Fmoc-2Nal Fmoc protected amino acids,
5. Fmoce-D-Arg(Pbf) || DCC/HOBE or HBTU/DIEA coupling
8. Fmoc-Lys(Boc) piperidine deprotection
7. Frmoc-Tyr{tBu)
8. Fmoc-Phe
X
¥
l??:)f
HNo -
O-tBu \T/NH HN—bac
NH

o] o /r o o
H H T OH
N N N\)LN : N\/'-LN ?J" N/djr\'l’—l?ink Resin
fmoc’ I R H H/\[r o H
O o G O
Oy Tk
. o]
" S
|

{SEQ ID NO:100)

Scheme 7. Peptide chain assembly on solid phase



<222> (1)..(1) <223> Ac modified <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa =
Dap(Alloc) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Arg(Pbf) <220> <221> MISC_FEATURE <222> (4)..(4)
<223> Xaa =Pisiiefiaty(Pbe <220> <221> MISC_FEATURE <222> (5)-@8)r228ssXea 7 2Nal
<220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Glu(Oallyl) <220> <221>
MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <400> 3 Xaa Xaa Xaa xaa Xaa Gly xaa Xaa 15

51
i
OB HN=boe
H
N\//u\ érj\/u\ i /<:J-Rink Resin
c:omf i. z /Y
0
NH s (SEQ 1D NO:100)
}
boc ‘
1. Aliyl removal with Pd(PPh3)4(0)
2. Fmoc removal with piperidine
3. Cyelization with PyBOP/DIEA
bel
HN
O-1Bu \FNH AN -boe

/‘,NH
O o

o]
)J\ N\,JJ\ N H"”*RinkResin
g‘“— Y N’\n’ TN

(SEQ ID NGO
N"‘"boc

HN

and TFA cleavage

OH N \fNH NH5
1‘ \/tk H\)L P
8 N’Y ’\rf T

(SEQ !D NO:98)

i Side chain deprotection

HN

Scheme 8. Preparation of cyclic precursor peptide



<210> 4 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MISC_FEATURE <222> (1)..(1) <223>
xaa :_pap(AIIoc) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATBRRBUFPHSE3)-(3) <223> xaa = Arg(Pbf) <220> <221> MISC _IRBEATRURES222> (4)..(4)
<223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal
<220> <221> MISC_FEATURE

52

preparative HPLC techniques. The crude cleavage product is dissolved in a minimum
amount of DMSO, loaded onto a reversed phased C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 nm.
5 The appropriate fractions are pooled and lyophilized. Further characterization of the
intermediate precursor cyclic peptide is performed using analytical HPLC and mase
spectral analysis by conventional techniques.
The lyophilized precursor cyclic peptide is then alkylated in a solution of acetic

acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using sodium

10 cyanoboronhydride (Scheme 9). Peptide concentration is about 10mg/mlL, and can vary
significantly without affecting the results. Three to 5 equivalents of the reducing reagent
sodium cyanoboronhydride arc used, and the reaction is normally completed within 2 h at
room temperature. The recovery yield is 90% or higher. For examplie, 20 mg of the
precursor cyclic peptide are dissolved in 2 ml of methanol, to which 0.5 mL of acetic

15 acid and 0.5 mL of acetone are added, mixed well, and then 5.6 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring. The reaction
mixture is stirred at room temperature for 30 min, upon which another 5.6 mg of sodium
cyanoboronhydride are added. The reaction is monitored by HPLC and mass speciral
analysis. After the reaction is complete, desalting of the reaction mixture and

20 Iyophilization yields 18.9 mg of final product (SEQ ID NO:70) with a purity of 97.5%.
MW cal: 1189.48; MW obs.: 1189.6.



<222> (7)..(7) <223> xaa = Glu(0Allyl) <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa =
Arg(Pbf) <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 4 xaa xaa Xaa Xaa Xaa
Gly xaa xaa 15 <210> 5 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
x17256WOS 52206868221 > MOD_RES <222> (1)..(1) <223> Ac modifidtd 22206¢&@21¥ moD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> mISC_FEATURE <222> (1)..(1) <223> Xaa - Dap
<220> <221> MISCEEATURE <222> (2),.(2)
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NH,

"N NH,

(SEQ 1D NO:98}

AcOHlacetone/methanol 1/1/4 (viviv)
NaBH3CN in methanc!, 5 eg

NH,

A NH

O OH /J,NH NH

H\j_ : H\,ji‘_ /\T_H

N ﬁ/W—N " N N NH,
0 : o} H

: 0

O

(SEQ ID NO:70)
Scheme 9. Reductive amination converting Lys to Lys(iPr)

5 The compound of Example 60 (SEQ 1D NO:74) can also be prepared in an
analogous manner, with appropriate modifications based on its constituent amino acids,
using [3-{ {ethyl-Fmoc-amino}-methyl}-indol-1-yl}-acetyl AM resin. First, the precursor
peptide (SEQ 1D NO:99) 15 prepared as described in Example 84, and then reductive
amination is carried out as shown in Scheme 9. This affords a final cyclic C-terminal

10 ethyl amide peptide with a purity of 99.16%. MW cal.;1217.53; MW obs.; 1217.84.



<223> Xaa = Tyr(tRu) <220> <221> MISG_FEATURE <222> (3)..(3) <223> Xaa = Arb(Pbf) <220>
<221> mISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(5) <223> xaa = 2Nal <220> <221> MISG_FEATORE <222> (8)..(8) <223> Xaa = Arg(Pbf)
<220> <221 ¥BP REE<222> (8)..(8) <223> AMIDATION <400> 5 Xaa Xad/MeMR4aiXda Gly Glu
Xaa 15 <210> 6 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES
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Example 86
Alternative Synthesis IT of
evcloiPhe-Tyr-Lys(iPri-pAre-2Nal-Ghv-pGlu |- LysGPr-NH (SEO 1D NO: 79
Example 85 discloses a cost effective synthesis of SEQ 1D NO:70 via Fmoc solid

5 phase peptide synthesis chemistry employing relatively inexpensive Fmoc-Lys{Boc) and
alkylation of lysine through reductive amination using sodium cyanoboronhydride in
relatively inexpensive solvents (acetic acid, acetone, and methanol). However, this
process involves the use of the heavy metal catalyst palladinm for the removal of the allyl
ester side chain protective group. Palladium is highly toxic, and quality control to insure

10 complete removal of this element is complicated and difficult. The Boc solid phase
peptide synthesis process with cyclization on the resin described in this example permits
the production of SEQ 1D NO:70 using relatively inexpensive Boc-Lys(2-C1-Z) without
the need for a toxic and expensive palladium catalyst, providing an even more
economical, easily upscalable, less toxic route to an end product requiring a simpler

15  quality control process.

The sequence Fmoc-Phe-Tyr(2-Br-Z)-Lys(2-Cl-2)-DArg({ Tos)-2Nal-Gly-
DGlu(OFm}-Lys(2-Cl-Z2) (SEQ 1D NO:102) is manually assembled on MBHA (4-methyl-
benzhydryl-amine) resin (Cat. No. 3-2095, BaChem California Inc., Torrance, CA) using
established solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J.

20 Pept. Protein Res. 40:180-193) as outlined in Scheme 10. The chain assembly is carried
out using an in situ neutralization/HBTU/DIEA activation procedure as described in this
reference. The side chain protecting group scheme is: Lys(2-CI-Z), DGlu{OFm),
DArg({Tos), and Tyr(2-Br-Z). The alpha-amino group of all the amnino acid building
blocks is protected with tert-butoxycarbonyl (Boc) except the N-terminal residue Phe,

25 which is protected with Fmoc for efficicncy of synthesis. The stepwise chain assembly
starts from the C-terminal end of the linear peptide and is accomplished in 8 steps. In
step 1, five equivalents of protected amino acid Boc-Lys(2-Cl-Z) are activated with
HBTU/DIEA in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGlu(OFm) are activated and coupled to the deprotected peptide resin from step 1 using

30 neat TFA. These steps are repeated appropriately until step 8, the coupling of Fmoc-Phe.

The Fm side chain protecting group of DGy, together with the Fmoc at the



Page 5 <222>(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa
= Dab <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 6
Xaa Tyr Arg WyZREEWHGlu Arg 15 <210> 7 <211> 8 <212> PRT <213> RfFEs€HPOH<223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>
MISC_FEATURE <222> (1)..(1) <223> Xaa = Dap <220>

55

N-terminal end, 1s removed using 20% piperidine in DMF. The deprotected carboxylic
acid moiety of DGl 18 activated with PyBOP/DIEA, HCTU/DIEA, or other appropriate
activation rcagents, and cyclized to the a~-amino group of Phe on the resin. The cyelic
peptide is simultaneously deprotected and cleaved from the resin using HF with 5%

5 m-ecresol or p-cresol as a scavenger for I hour at § °C. The solvents are then evaporated

and the crude peptide is precipitated and washed three times with cold diethyl cther.



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <400> 7 Xaa Tyr Xaa Arg Xaa Gly Glu Arg 15
<210> 8 21 YIGUBASUIRT <213> Artificial <220> 223> Synthetic constrliEF4#2880991%
mOD_RES <222> (1)..(1) <223> n-Hexanoyl modified <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (1)..(1)
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HoN—-MBHA resin

1.Boc-Lys(2-Ci-2}
%‘ gggﬁgﬁ“(o Fm) Stepwise solid-phase assembly:
4. Boc-2Nai Boc protected amino acids,
5. Boc-D-Arg(Tos) HBTU/DIEA coupling
6. Boc-Lys(2-CH-Z) TFA deprotection
7. Boc-Tyr{2-Br-Z)
&. Fmoc-Phe
)
o Tos
' 2,C1-7
O NH Ty

HN
/rNH

IS -
H bt H H i
N\./JJ\N/AYN\_)QLN N N—Resin
=z H o z

fm—z-m-z O ém

(SEQ 1D NO:102)

o I

TITZ

a. piperidine (20%) in DMF
b. cyclization, PyBOP/DIEA
¢. HF cleavage, 0°C, 1 h

HoN NH

NH»

(SEQ ID NO:98)

Scheme 10, Peptide chain assembly on solid phase using Boc chemistry



<223> Xaa = Dap <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 8 xaa Tyr Xaa Arg xaa Gly
Glu Arg 15 <HM@3eEL8% 8 <212> PRT <213> Atrtificial <220> <223> Syniietic constsiat7
X17256W05T25 <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified <220> <221>
MISC_FEATURE <222> (1)..(1) <223> Xaa = d or 1 isomer Agl <220>
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Purification of the cyclic precursor peptide (SEQ 1D NO:98 as shown in Scheme
10) is accomplished using standard preparative HPLC techniques. The crude cleavage
product is dissolved in a minimum amount of DMSO, loaded onto a reversed phased CI8
HPLC column, and eluted with an aqueous 8.1% trifluoroacetic acid/acetonitrile gradient
(v/v) while monitoring at 214 nm. The appropriate fractions are poeled and lyophilized.
Further characterization of the intermediate precursor cyclic peptide is performed using
analytical HPLC and mass spectral analysis by conventional techniques. For SEQ ID
NO:98, MW cal.: 1105.29; MW obs.: 1105.4,

The lyophilized precursor cyclic peptide (SEQ ID NO:98) is then alkylated in a
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodrum cyancboronhydride as in Scheme 9. Peptide concentration is about 10mg/mL,
and can vary significantly without affecting the results, Five equivalents of the reducing
reagent sodium cyanoboronhydride are used, and the reaction is normally completed
within 2 h at room temperature. The recovery yield is 90% or higher. For example, 6.6
mg of the precursor cyclic peptide are dissolved in 0.8 mL of methanol, to which 0.2 mL
of acetic acid and 0.2 mL of acetone are added, mixed well, and then 1.9 mg of sodium
cyanoboronhydride (2.5 equivalents in methanol) are added under stirring in two equal
portions. The reaction mixture is stirred at room temperature for 30 min, upon which
another 1.9 mg of sodium cyanoboronhydride are added. The reaction is monitored by
HPLC and mass spectral analysis. After the reaction is complete, desalting of the reaction
mixture and lyophilization yields the final product (SEQ TD NO:70) with a purity of
96.5%. MW cal.: 1189.45; MW obs.; 1189.6.

Example 87
Alternative Svnthesis 11 of

cvciofPhe-Tvr-Lys(iPr}-DArg-2Nal-Glv-DGlul-Lys(iPr)-NH, (SEO ID NO:70)
The compound of Example 57 (SEQ ID NO:70) can also be prepared without the

use of 2 palladium catalyst via solution cyclization, facilitating scaleup, as follows,

The sequence Boc-Phe-Tyr(2-Br-Z)-Lys(F moc)-DArg(Tos)-2Nal-Gly-
DGlu(OBzl)-Lys(Fmoc) (SEQ ID NO:103) is manually assembled on MBHA resin using
solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J. Pepi. Protein

Res. 40:180-193) as outlined in Scheme 11. The chain assembly is carried out using the



<221> MOD_RES <222>(1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222>(4)..(4) <223>d
Isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (8)-(8) <223> AMIDATION <400> 9 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 10 <211> 8
<212> PRT 25 39%1§fiféfl <220> <223> Synthetic construct <220> <221 F NIy 28E%4I32> (1)..(1)
<223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer

10
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in situ neutralization/fIBTU/DIEA activation procedure as described in Schndlzer ot al,
The side chain protecting group scheme is: Lys(Fmoc), DGIn(OB21), DArg(Tos), Tyr(2-
Br-Z). The alpha-amino group of all the amino acid building blocks is protected with
tert-butoxycarbenyl (Boc). The stepwise chaip assembly starts from the C-terminal end
of the linear peptide and is accomplished in 8 steps as shown in Scheme 11, Tn step 1,
five equivalents of protected amine acid Boc-Lys(2-CL-Z) are activated with HBTU (4 eq)
/MIEA (10 eq) in DMF, and coupled to MBHA resin. In step 2, five equivalents of Boc-
DGlu(OBzl) are activated and coupled to the deprotected peptide resin from step 1 using
neat TFA. Thesc steps are repeated appropriately until step 8, the coupling of Boc-Phe.,
The Boc protecting group is removed with neat TFA, the resin is newtralized with DIEA,
and washed with DMF and methanol and dried in air before HF cleavage. The linear
peptide is simultaneously deprotecied and cleaved from the resin using HF with 5%
m-cresol or p-cresol as a scavenger for | hour at ¢ °C. The solvents are then evaporated

and the crude peptide is precipitated and washed three times with cold diethyl ether.



<220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> Page 8 <221>
MISC_FEATURE <222>(7)..(7) <223> Xaa - Dap <270> <221> MOD_RES <222> (8)..(8) <223>
AMIDATION <400> 10 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 11 <211> 8 <212> PRT <213>
Artificial <22B29885&Fhthetic construct <220> <221> MISC_FEATURE BRPASTHB(4412223> Xaa =
Glu(OtBu) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222>(3)..(3)
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HN~MBHA resin

1. Boc-Lys(Fmoc)
é' ggg:g}elu(OBZI) Stepwise solid-phase assembly:
Y Boc—ZNyaE Boc protected amine acids,
5. Boc-D-Arg(Tos) HBTU/DIEA coupling
' TEA depretection
6. Boc-Lys{Fmoc})
7. Boc-Tyr{Z-Br-Z)
8. Boc-Phe ;

JFmoc

HM
N N-Resi
N esin
O H O
o 0

HF clzavage, 0°C, 1 h

HN—~Fmoc O

(SEQ ID NO:103)

H2N - =NH Fmoc~yy

O g H O H O "
N N »
p : N N
: /Y : H/Y N
Q . O Q
Hr\l‘“r-'moc. i

(SEQ ID NO:104)

Scheme 11. Chain assembly using Boc chemistry

5 Purification of the linear precursor peptide (SEQ 1D NO:104) is accomplished

using standard preparative HPLC techniques, The crude cleavage product is dissolved in



<223> Xaa = Arg(Pbf) <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf)
<220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE
<222>(7)..(7) <223> Xaa = Dap(Boc) <220> <221> MISC_FEATURE <222>(8)..(8) <223>
XaaArg(Pbf) ¥87695430%¢4a Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 12 <PCTASHGBIESIPRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified
<220> <221> MISC_FEATURE
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a minimum amount of DMSO, leaded onto a reversed phased Ci8 HPLC column, and
eluted with an aqueous 0.1% trifluorcacetic acid/acetonitrile gradient (v/v) while
monitoring at 214 nm. The appropriate fractions are pooled and lyophilized. Further
characterization of the intermediate precursor cyclic peptide is performed using analytical

5 HPLC and mass speciral analysis by conventional techniques. For SEQ 1D NO: 104, MW
cal.: 1567.78; MW obs.: 1567.6.

Cyclization of the lyophilized precursor linear peptide (SEQ 1D NO:104) is
carried out in solution (Scheme 12}, The hnear peptide is dissolved in a small amount of
dry DMF (~10 mg/mL). This peptide solution is slowly delivered via a syringe pump to

10 the reaction mixture of PyBOP (2 eq, or other appropriate activation reagents, such as
HCTU, BOP, HBTU, etc.) and DIEA (10 eq) in dry DMF under magnetic stirring. The
reaction is then allowed to proceed at room temperature for 2 h. Neat piperidine is then
added to the reaction mixture to a final concentration of 25% (v/v). The reaction mixture
is kept under stirring for another 20 min to completely remove Fmoc protection. Solvents

15 are evaporated under vacuum and the residue is loaded onfo a preparative reversed phase
C18 HPLC column, and eluted with an aqucous 0.1% trifluoroacetic acid/acetonitrile
gradient (v/v) whilec monitoring at 214 nm. The appropriate fractions arc pooled and
lyophilized, and afford the cyclic precursor peptide (SEQ ID NO:98). Further
characterization of the intermediate precursor cyclic peptide is performed using analytical

26 HPLC and mass spectral analysis by conventional techniques. For SEQ ID NO:98, MW
cal.: 1105.29; MW obs.: 1105.4.

Alkylation of cyclic peptide SEQ 11D NO:98 is carried out in a solution of acetic
acid/acetone/methano] (1:1:4, v/v/v) through reductive amination using sodium
cyanoboronhydride as in Scheme 9 to generate the final product (SEQ ID NO:70). MW

25 cal: 1189.45; MW obs.: 1189.6.



<222> (1)..(1) <223> Xaa = Giu(OtBu) <220> <221> MISC_FEATURE <222>(2)..(2) <223> xaa =
Tyr(tBu) <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Arg(Pbf) <220> <221>
mMISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(BYQ2MBANEE = 2Nal <220> <221> mISC_FEATURE <222> (7Y {P)/82p886X4 =
Dap(B0Oc) <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <220> <221>
mOD_RES <222> (8)..(8) <223> AMIDATION <400> 12 Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa 15
<210>13<211>8

JFmoc

OH HN
7 /‘/NH
O = 0 o
H B H H
N N\-’J\N - N\-)LN/\T]/N N NH,
5| 0 = i o _. H o 4 O
S, g O

H

NH,

HN"Fmoc
(SEQ 1D NG: 104)

1. cyclization, PyBOP/DIEA/DMF
2. Fmoc removal: piperidineg {(20%) in DMF

HaN=NH

i H\/U\N/\H/H\)I\ /\H/Hﬁl

(SEQ ID NO: 98)

NH,

scheme 12, Cyclization and Fmoc removal

5 Example 88
Alternative Svathesis IV of

evele[Phe-Tyr-Lvs(iPri-DArg-INal-Gly-DGlal-Lys(iPr)-NH, (SECQ ID NO: 70}
The compound of Example 57 (SEQ 1D NOG:70) can also be prepared without the

use of a palladium catalyst by the synthetic process summarized in Scheme 13 below.
16 The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH; is first prepared in solution with an
exposed DGlutamic acid side chain. The dipeptide is linked to a hyper-acid labile CTC
{2-chlorotritylchloride PS resin, 1% DVB (100-200 mesh) resin (Senn Chemicals USA
Ine., San Diego, CA; catalog number 40207), and the final peptide product is then



<212> PRY <213> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1)
<223> Ac modified <220> <271> MOD_RES <222> (4).,(4) <223> d isomer <220> <221>
MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222>(7)..(7)
<223> Xaa BAP@HYs9<221> MOD_RES <222> (8)..(8) <223> AMIDATRONES@#E8Glu Tyr Arg
Arg Xaa Gly Xaa Arg 15 <210> 14 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) <223> Bz modified

62

synthesized on this resin via standard Fmoc synthesis as described above. Selective
removal of the peptide from the CTC resin allows only the DGlutamic acid side chain to
react with the N-terminus of the peptide in solution and generate the cyclic peptide
product. Subsequently, the remaining side chains are cleaved with 95% TFA or other

5 strong acid.

FrnocB-Glug2-CTC resing-Lys(iPr, Z)-NTT
Assembly by Froe SPPS ?
4
H-Phe-Tyr{tPul-Lys(iPr, Booj-D-Arg{Phf - 2Nal-Gly-D-Giu(2-CTC resing-
LysiPeZ)-NH: (gEQ 1D NO:105)

Cleavage é

¥
H-FPhe-Tyr(tBul-LysiPr. Boc}-D- Arg(Pbi)-2Nat-Gly-D-Glu{OH - Lys(iPr, Z)-NH:

Cyelization (SEQ ID NO:106)

é

l . W . , . ;
Phe-Tyr{tBu)-Lys{ iPr_,Boc}~D-Arg{?bf}~2Nalni_iijyf—’i")w(%iltz-L}f.ﬁ{ Pr, 2y INH:

(SEQ ID NO:107)

ferccnonmsrans

Dieprotection

| |
Phe-Tyr-Lys(iPr}-D-Arg-INab-Gly-D-Glu-LysGPr)-NH:
(SEQ ID NO:70)

Scheme 13, Overall synthetic scheme from Fmoe-DGhu-Lys(iPr,Z)-NH,
16
The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH; is first prepared as shown below
{Scheme 14



<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = Dap <220> <221> MOD_RES <222> (8)..(8) <223>
AMIDATION 1YY/ AU Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 15 <2 1ACTEIS2DRSPRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified
<220> <221> MOD_RES
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Boc-Lys(iFy, 23-0H

Asinetysic :
¥
Boo-Lys(iPr2)-NH:

Deprotecten (35-30% TFA;
W
H-Lysiil'r, Zj-Ni:

Fonoo-D-Gha{Bu)-OH :
¥
Finoc-D-Ghae(OtBwy-Lys(ilPr, 2)-NH-

Dieprotection (25-50% TFA) ;
¥
Frnoo-D-Gha-Lys{iPy, £)-INH:

Scheme 14. Preparation of Fmoc-DGlu-Lys(iPr,Z)-NH,

5 Boc-Lys(iPr,Z}-OH is reacted with NMM and IBCF in THF. After addition of
NH4OH, the solvents are removed by rotary evaporation and the product is taken up in
ethyl acetate. The ethy] acetate phase is washed extensively with 5% NaHCO; and then
with 0.1 N HCL, and then dried over anhydrous sodium sulfate. Sodium sulfate is
removed by filtration and the ethyl acetate is removed by cvaporation at reduced pressure.

14 The resulting Boc-Lys(iPr,Z2)-NH; is dissolved in DCM, and TFA is added. Once the
reaction has proceeded to completion, the solvents are removed by rotary evaporation.
H-Lys(iPr,Z)-NH; is then dissolved in DMF. The pH is adjusted to 8 with DIEA. Tna
separate vessel, Fmoc-DGIu{OtBu)-OH, HBTU, and HOBt are dissolved in DMF; DIEA
is added to adjust the pH to 8. The two solutions are mixed, and the reaction is monitored

15 by C13 reversed phase HPLC. The pH is monitored and adjusted, where necessary, with
DIEA. The solvents are removed by rotary evaporation, and the product dissolved in
ethyl acetate. The ethy! acetate phase is washed extensively with 5% NaHCO; and then
with 0.1 N HC, and then dried over anhydrous sodium sulfate. The sodium sulfate is
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.

20 Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DGIu(OtBu)-Lys(iPr,Z)-NH; is dissolved in DCM, and TFA is added. Once the reaction

has proceeded to completion, the solvents are removed by rotary evaporation. The solid



<222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>
(7)..(7) <223> Xaa = d isomer Dap <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
15 Glu Tyr AMPAR§BRA% Iy Xaa Arg 15 <210> 16 <211> 8 <212> PRT <2 FET/KHH0R414P0> <223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220>

16

15

26

25

30

64

product is obtained by trituration with diethy! ether. After the precipitate is washed with
cther, the product is dried in a vacuum oven.

Solid phase peptide synthesis of the final product is performed as follows. Fmoc-
DGlu{OtBu)-Lys(iPr,Z)-WH: is dissolved in DCM and reacted with CTC resin in the
presence of DIEA in a reaction vessel, After 3 h, the peptide-resin is washed frec of
reagents with DCM and Z-OSu 1s added. The pH is monitored and adjusted to pH 8-9 by
adding DIEA if necessary. After 8 h, the peptide-resin is washed free of reagents with
DCM, mransferred to a polypropylene container, and dried in a vacuum oven.

The protected peptide-resin is assembled using Fmoc-chemistry as follows. The
coupling cycle used 1s: 1) De-blocking: treatment with 25% piperidine in DMF; 2)
Washing cycles with DMF, TPA and DMF again; 3) Ninhydrin test (qualitative: if
positive, proceed to coupling Step 4); 4) Coupling with 2 equivalents Fmoc-amino acid in
presence of HOBt /DIC in DMF; 5) Washing cycles with DMF; 6) Ninhydrin test
(qualitative: if negative, proceed 1o next de-blocking/coupling cycle; if positive, proceed
to re-coupling Step 7; if slightly positive, proceed to acetylation Step 10); 7) Re-coupling
(if required), with I equivalent Fmoc-amino acid in the presence of HOBt, HBTU/DIEA
in DMF; 8) Washing cycles with DMF; 9) Ninhydrin test {qualitative; if negative,
proceed to next de-blocking/coupling cycle; if positive, proceed to acetylation Step 10);
10) Acetylation (if required) with 2% acetic anhydride in 4% DIEA in DMF;

11} Washing cycles (with DMF, TPA, and DMF agzin); 12) Ninhydrin test (qualitative: if
positive, proceed to next de-blocking/coupling cycle). After the final coupling cycle, the
peptide-resin (SEQ 1D NQO:105) is washed with ether and dried under vacuum.

The protected peptide-resin is washed with DCM. Cleavage of the fully protected
linear peptide from the resin is performed with 2% TFA in DCM followed by filtration.
The solvents are removed by rotary evaporation, and the fully linear protected peptide
(SEQ ID NO:106) is precipitated by trituration with ether. The fully protected lincar
peptide is transferred to a polypropylene container and dried in a vacuum oven.

The fully protected linear peptide is cyclized in the presence of PyBOP, HOB,
and DIEA in DMF. The pH is maintained between pi 7-8 by addition of DIEA, if
necessary. After the reaction has proceeded to completion, the solvents are removed by
rotary evaporation, and the product is taken up in ethyl acetate. The ethyl acetate phase is

washed extensively with 5% NaHCO; and then with ¢.1 N HCI and saturated NaCl



<221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> mISC_FEATURE <222>(5)..(5) <223>
Xaa2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 16 Glu Tyr Arg Arg Xaa
Gly Lys Arg 15 <210> 17 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220>
<221> MOD VEX808358$89(1) (1) <223> Ac modified <220> <221> MOD_REZ/A32@8/§44177) <223>
Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7)

65

solution. It is then dried over anhydrous sodium sulfate. The sodium sulfate is removed
by filtration and the ethyl acetate is removed by rotary evaporation at reduced pressure.
The protected cyclic peptide (SEQ ID NO:107) is precipitated by trituration with ether
and dried in a vacuum oven,

5 Deprotection is performed in TFA:H,O:TIS. When the reaction is complete, the
solvents are removed by rotary evaporation and the cyclic peptide (SEQ ID NO:70) is
precipitated by trituration with ether and dried in a vacuum oven. MW cal.; 1189.48;
MW obs.: 1189.50.

10 ELxample 89
Incorporation of Isoftonic Labels:

Syuoihesis of cvelg{Phe-Tyr-Lys(iPr-ds)-DArg-2Nal-Glv-pGlu]-Lvs(iPr-de)-NH,
(SEQ ID NO:108)

Starting with isotopically labeled acetone such as *C-, '%C-, deuterium-, or
pcally

15 tritium-labeled acetones as shown below, the processes of Examples 85-87 permit site-
specific isotopic labeling of cyclic peptide CXCR4 antagonists for various pharmaco-
logical and imaging studies. The isotopically labeled acetones are commercially available
from various sources. An example is given below using acetone-deto prepare a peptide
containing 12 deuterium atoms. The resulting compound, differing in molecular weight

20 by 12 Da compared to the non-labeled counterpart, is casily differentiated in mass spectra

and exhibits identical target receptor affinity.

G
H\C/HNC/H D\\C"”‘"’ECL‘“‘C’/D
e E / 4 D/’ i / \D
H H D D
Acetone Acetone-dg

25



<223> Xaa = Dab <220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 17 Glu Tyr Arg
Arg Xaa Gly Xaa Arg 15 Page 13 <210> 18 <211> 8 <212> PRT <213> Atrtificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified <220> <221>
MOD_RES 2¥9280841509§%<223> |actam bridge <220> <221> MOD_RES <R@PH{AN§A)<P23> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = d or 1 isomer Agl
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H H .
\CMQCMC//H \\?3(:""“’”(3"’“‘“13 _ \:‘3(::”‘3{:%«.130/}*
H H H /AT i I
" " H H H H
Acetone-""C Acetone-2-"C Acetone-3-"C

Using any of the methods in Examples 85-87, one can prepare and purify cyclic
peptide precursors (SEQ 1D NO:98, SEQ 1D NG:99, ete.). Alkylation is carried out in a
solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through reductive amination using
sodium cyanoboronhydride as in Scheme 9, with the exception that standard acetone is
replaced with the desired isotopically labeled acetone. In the present example, deuterium
acetone-d6 is used,

Peptide (97 mg) is dissolved in 15 mL of acetic acid/acetone-dg/methanol (1:1:4,
v/v/v). Peptide concentration can vary significantly without affecting the results. Five
equivalents of sodium cyanoboronhydride are used, and the reaction is normally
completed within 2 h at room temperature. The reaction is monitored by HPLC and mass
spectral analysis. After the reaction is complete, desalting of the reaction mixture and
lyophilization yields 90.5 mg of final product (SEQ ID NO:108) with a purity of 99.9%.
MW cal.. 1201.48; MW obs.: 1201.7.



<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 18 Glu Tyr Arg Arg Xaa Gly Xaa
Arg 15 <210> 19 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Bz modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridgg <220>VD2488/MIEP RES <222> (4)..(4) <223> d isomer <220> <22 MiSGosdhdeATURE
<222>(5)..(5) <223> Xaa = 2Nal <2,0> <221> mISC_FEATURE <222> (7)..(7) <223> Xaa=d or 1
isomer Agl <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION
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NH;
NH,
MNH TNH
O .’J/
H “_H § H
N\)LIA/W”NJ*H%N N NH
© oo
\_/
NH.
HN W
(SEQ ID NO:98) ©
AcOH/DB-acetona/methanol
(1/414, vAriv)
NaBH3CM in methanol, 5 &g
b b
NH, D
NH
OH NH NH
D
J D
H O : H 9 H ?
N N\)I_ N /\\ﬂ”N\/LL_ N/\]—N N NH,,
H : H H
Ve O
>
NH -
N
(SEQ ID NO:108) 0
Scheme 185, Site-specific devterium labeling of CXCR4 antagonist
5 Use of isotopically labeled sodium cyanoboronhydride {such as NaBD3CN,

NaBT3C N, etc.) permits incorporation of additional variations to the site-specific

labeling patterns.



<400> 19 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 20 <211> 8 <212> PRT <213> Artificial <220>
<223> synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Bz modified <220> <221>
MOD_RES <222> (1)..(7) <223> tactam bridge <220> <221> MOD_RES <222> (4)..(4) <223>d
isomer <220% @39BIIEC FEATURE <222> (5)-(5) <223> Xaa = 2Nal < oHEpse4177
MISC_FEATURE <222> (7)..(7) <223> Xaa = Dab <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION <400> 20 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15
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The pharmacological properties of the present compounds can be determined by

employing the assays described below.

Human CXCR4/'*[-SDF-1a Binding Inhibitien Assay
SDFE-1 binding to CXCR4 is the first step in activating the CXCR4 intracellular

Lh

signalling pathway. To determine if a compound can block the interaction of SDF-1 and
CXCR4, human leukemia CCRF-CEM cells (ATCC CCL 119) expressing endogenous

1> labeled SDF-1a binding assay. The assay is performed

CXCR4 are employed in an
in a 96-well U-bottom, non-treated polystyrene plate (Corning Incorporated, Costar, No.
10 3632). The binding assay buffer is prepared with RPMI 1640 medium (Gibco, Grand
Island, NY) containing 10 mM HEPES, pH 7.5, and 0.2% BSA. Briefly, 200 uL reaction
mixtures containing 300 pM SDF higand (60 pM PPTSDE-1a (Perkin Elmer) and 240 pM
cold SDF-1a (R&D Systems), different concentrations of the test compound in assay
buffer, 100,000 human CCRF-CEM cells, and 0.5 mg SPA beads (Wheatgerm agglutinin
15 beads; Amersham) are incubated at room temperature for 2 hr. Plates are then counted in
a 1450 Microbeta Liquid Scintillation and Luminescence Counter (Wallac) in SPA mode.
CXCR4 antagonists decrease the bound radioactivity in this assay in a dose-dependent
manner. The inhibitory potency (K or ICsg) of a test compound is calculated using
GraphPad Prism software, based on the dose-dependent decrease of bound radioactivity.
20 All compounds exenmplificd above exhibit an average K; value of about 7.5 nM or
less inn this assay. For example, the compound of Example 1 exhibits an average K; of
3.45 pM m this assay. Many of these compounds cxhibit an average K; value between
about 0.2 nM and about | nM. For example, the compound of Example 50 exhibits an
average K value of 0.285 nM in this agsay. Other compounds exhibit an average K; value
25 less than about 0.2 nM. For example, the compound of Example 75 exhibits an average

Kivalue of 0.096 nM in this assay.

Chemetaxis Assay
CXCR4/SDF-1 interaction regulates migration (chemotaxis) of cells bearing

30 CXCR4 on their surface. To determine the antagonist and cellular activities of a test



<210> 21 <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac
modified <220> <221> MOD_RES <222>(1)..(7) <223> Lactam bridge <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa2Nal <220>
<221> MISCYHERTIREES2222> (7)..(7) <223> Xaa = Dab <220> <221> MG tRES2227(8)..(8)
<223> AMIDATION <400> 21 Asp Tyr Arg Arg Xaa Gly xaa Arg 15 <210> 22 <211> 8 <212> PRT
<213> Artificial <220> <223> Synthetic construct
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compound, a chemotaxis assay using human histiocytic lymphoma 1937 cells {ATCC
CRL 1593} that express endogenous CXCR4 are employed. Briefly, U937 cells, grown
in DMEM medium (Gibco, Grand Island, NY) comtaining 16% FBS, 1% MEM sodium
pyruvate (Gibeo), 1% MEM nonessential amino acids (Gibco), and 1% GlutaMAX 1
{Gibeo), are harvested and washed once with chemotaxis assay buffer prepared with 1x
RPMI medium (Gibco) containing 16 mM HEPES, pH 7.5, and 0.3% BSA. Afier
washing, cells are resuspended in assay buffer at a concentration of 5 x 10° cells/mL. The
assay i performed in 2 96-well ChemoTx plate (NeuroProbe) according to the
manufacturer’s directions. Generally, 50 uL of cell mixture with or without test
compound are plated on the upper chamber, and 30 pL of SDF-1g¢ (R&D Systemns, 10
ng/mlL) prepared in 1 x chemotaxis buffer are added to the lower chamber. After
assembly, the plate is incubated for 2.5 hr at 37°C under 5% CO,. Following the
incubation, 5 uL of CellTiter 96 AQ ( Promega, Madison, WI) are added into the lower
chamber. The plate is then incubated for 60 min at 37°C, and the migrated cells are
detected by measuring the absorbance at 492 nm with a Tecan Spectrafluor Plus
Microplate Reader (Salzburg, Austria). CXCR4 antagonists inhibit cell migration,
reducing the absorbance reading. The inhibitory potency (ICsg) of a test compound in
this assay is calculated using GraphPad Prism software, based on the dose-dependent
decrease of absorbance at 492 nm,

Most of the compounds exemplified above exhibit an average 1Cso value of about
60 nM or less in this assay. Many of these compounds exhibit an average [Cso value of
about 6 nM or less, e.g., the compound of Example 19 exhibits an average 1Cs value of
2.05 nM in this assay. Many of these compounds exhibit an average 1Csp value of about
0.6 nM or less, e.g., the compound of Example 50 exhibits an average 1Cs5q value of 0,171

nM in this assay.

Chemekine Receptor Binding Selectivity Assays

The binding selectivity of the present compounds for the CXCR4 receptor
compared to that for other chemokine receptors, such as human CCRI1, CCR2, CXCR2,
or CXCR3, and other G-protein-coupled receptors, can be assessed in cells transfected

with nucleic acid encoding and expressing such receptors, or in cells in which such



<220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7)
<223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>(7)..(7)
<223> Xaa -DapuWP2088221> MOD_RES <222> (8)..(8) <223> AMIDAT |@NraA400ss22: &SP Tyr Arg
Arg Xaa Gly Xaa Arg 15 <210> 23 <211> 8 <212> PRT <213> Atrtificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1)
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receptors are endogenously expressed. Whole cells or membrane fragments can be used
t0 assess competition of test compounds with the respective ligands for these receptors in
a manner similar to that described above for the CXCR4/'"*I-SDF-1a binding inhibition
assay.

3 For example, the compound of Example 57a exhibits a K; value greater than

73,600 nM in a ligand binding assay using human chemokine receptor CXCR2.

Compound-Induced White Blood Cell and Neutrophil Mobilizatien in C57BL/6
Mice
10 Stem cells within the bone marrow actively maintain continuous production of all
mature blood cell lineages throughout life. Bone marrow is the primary site for white
blood cell (WBC)neutrophil production and release into the circulation. The
CXCR4/SDF-1 axis appears to be critical for the retention and release of WRCs,
neutrophils, and hematopoietic progenitor cells in the bone marrow, and interruption of
15 CXCR4/SDF-! interaction in bone marrow leads to an increase of these cells in
peripheral blood. A short-term mouse WBC/neutrophil mobilization model can be used
to determine the in vivo target-modulating activity of a test compound. Briefly, pathogen-
free 5-6 week old female C57BL/6 mice (Tacomic) are housed for at least one week prior
to assay, Animals are allowed continuous access to sterilized rodent chow and acidified
20 water. Groups of 5 mice are injected subcutancously with test compounds in saline, or
with saline control, and then sacrificed by CO; asphyxiation and cervical dislocation at
various time points post compound administration. Peripheral blood is collected by
cardiac puncture using EDTA-coated syringes and tubes. Complete blood cell analysis is
performed on a Hemavet Mascot hematology analyzer (Drew Scientific Group, Dallas,
25 TX). Total WBCs, neutrophils, and lymphocytes in the peripheral blood are recorded.
Effective CXCR4 antagonists administered subcutaneously to mice increase the
neutrophil and WBC counts in peripheral blood compared to saline control.
A significant number of compounds exemplified above exhibit an average
neutrophil ratio (ratio of neutrophil increase in treatment group vs. neutrophil increase in
30 saline control group), measured 3 hours after compound administration, greater than
about 2 in this assay. For example, the compound of Example 39 exhibits an average

neutrophil ratio of 4.6 at a dose of 5 mg/kg in this assay.



<223> Bz modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Dap <220> <221> MOD_RES <222>
(8)..(8) <2233VANNISATION <400> 23 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15 F2Ham Mgty 8 <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>

MOD_RES <222> (1)..(7) <223> Lactam bridge
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Anti-Tumeor Activity in a SCID/Namalwa Xenograft Mode!

SDF-1/CXCR4 interaction appears to play an important role in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis. To
evaluate in vivo anti-tumor activity of a test compound, a tumor xenograft model using

5 NOD/SCID mice (Jackson Laboratories) and human non-Hodgkin’s lymphorma Namalwa
cells (ATCC CRL 1432) are employed. Briefly, 200,000 Namalwa cells mixed with
matrigel (1:1) are implanted subcutaneously into the rear flank of the amimals. The
mmplanted tumor cells grow as solid tumors, the dimensions of which can be contimiously
monitored and measured using a caliper. To determine the in vivo efficacy of a test

10 compound in this model, one can treat animals (10/group) with different doses of test
compounds dissolved in saline or PBS, beginning 48 hours post tumor cell implantation.
Compounds are dosed subcutaneously, and tumor volume and body weight are
determined every 2 or 3 days. Studies generally last 3-4 weeks, depending on tumor
growth. The anti-tumor growth activity of a test compound is determined by the percent

15 reduction in tumor volume in treatment groups compared to tumor volume in control
groups treated with vehicle alone,

Scveral compounds cxemplified above, for example the compound of Example
26, significantly inhibit tumor growth in this assay when administered at 1 mg'kg BID.

Pharmacologic properties such as compound bioavailability, in vive metabolic

20 stability, and pharmacokinetic/pharmacodynamic properties can be determined by
methods well known in the art of drug development. Preferred compounds of the present
invention exhibit high bioavailability when administered subcutaneously. Some
compounds exemplified herein exhibit bioavailability near 100% in rats, for example the
compound of Example 44. Preferred compounds alse exhibit good in vivo metabolic

25 stability. For example, no detectable metabolites are observed in dog and monkey plasma
and urine up to 24 hours after administration of the compound of Example 57a.

Preferred compounds also exhibit favorable pharmacokinetic/pharmacodynamic
properties that permit convenient dosing. For example, in mice, the half-life (T1/2) of the
compound of Example 58 is about 3 hours, With respect to pharmacodynamic properties,

30 preferred compounds induce prolonged ncutrophil and white blood cell mobilization in

mice. For example, the compound of Example 25 induces a significant increase of



<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5)
<223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = d or 1 isomer Agl|
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 24 Asp Tyr Arg Arg Xaa Gly Xaa
Arg 15 <2105 uB1I§868 <212> PRT <213> Artificial <220> <223> SyntheRiCicussirgios« 220> <221>
mOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(Me2)

72

neutrophils and white blood cells in peripheral blood for at Teast 6 hours after single dose

subcutancous administration at 5 mg/ke in mice.



<220> <221> MOD_RESX17256W0ST25 <222>(4)..(4) <223> d isomer <220> <221> <7,? <223>
MISC_FEATURE (5)..(5) Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Dap
<220> <221> MOD_RES <222> (8)-(8) <223> AmIDATION <400> 25 Asp Tyr Xaa Arg Xaa Gly Xaa
Arg 15 <210¥2c%81386% <212> PRT <213> Atrtificial <220> <223> SynthatitToomsngiot«220> <221>
MOD_RES <222> (1)..(1) <223> Bz modified <220> <221> MOD_RES
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What Is Claimed Fs:

1. A Jactam-cychized peptide of formula I:

5 Ry -eyclo[X; - Tyr - X3 — DArg — 2Nal — Gly — X7] - Xg— Xo - X0 - R
M
(SEGQ IDHNO: D
wherein:

a) said lactam is formed by an amide bond between the side chain amino

16 group of X and the side chain carboxyl group of X5, wherein X; and Xy are, respectively,
a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R,
is Ac or n-hexanoyl; or

b} said iactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X5, wherein X, and X are,

15 respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Gluw/Dab, GlwDap, Glu/pDap, and Glu/Lys, and R, is Ac or Bz,
or wherein X, and X are, respectively, a pair selected from the group consisting of
suceinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, suceinyl/Lys, and succinyl/Orm, and R, is
absent; or

20 c) said lactam is formed by an amide bond between the a-amino group of
X and the side chain carboxyl group of Xy, wherein X; and X5 are, respectively, a pair
selected from the group consisting of Ala/Ghy, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Acy/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Lew/Glu, Len/DGlu, Lys/DGlu, Lys(Ac)/Glu,
2Nal/Gla, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R, is absent; or

25 d) said lactam is formed by an amide bond between a non-o, non-side-
chain amino group of X and the side chain carboxy! group of X, wherein X, and X are,
respectively, a pair selected from the group consisting of B-Ala/Asp, p-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R,

is absent; or



<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(Me2) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222> (7)..(7) <223> Xaa = Dap
<220> <22 1 ¥VNBP REE<222> (8)..(8) <223> AMIDATION Page 19 X17PSBWESEAS4E400> 26 Asp
Tyr xaa Arg xaa Gly xaa Arg 15 <210> 27 <211> 7 <212> PRT <213> Atrtificial <220> <223> Synthetic
construct <220> <221> MOD_RES
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¢} said lactam 13 formed by an amide bond between the g-amino group of
X7 and the side chain carboxyl group of Xy, wherein X, and Xy are, respectively, a pair
sefected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGly, and R, and X arc
each absent;

R; is a substituent on the c-amino group of X when X contains an
o-aming group and said c-amino group is not a constituent of said lactam amide bond,
selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein X is
selected from the group consisting of (D/L)Ag], Asp, Dab, Dap, and Glu;

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Ley, Lys,
Eys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

X3 18 selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Meg);

X7 18 selected from the group consisting of (D/L}Agl, Asp, Dab, Dap,
DDap, Glu, pGlu, Lys, and Oy

Xg is selected from the group consisting of B-Ala, Arg, DArg, Gly, Lys,
Lys(iPr}, and Orn, or is absent;

Xy is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or
is absent;

Ko is 2Nal, or is absent;

wherein when Xg 18 absent, Xo and X are each absent, and when Xy is absent,
X0 15 absent, and
R is selected from the group consisting of NH, and NHEt, or

a pharmaceutically acceptable salt thereof.

2. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claima 1, wherein:

Ry is selected from the group consisting of Ac and Bz, or is absent;



<222>(1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (1)..(1) <223> Succinyl modified
<220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221> MISC_FEATURE <222> (4)..(4)
<223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (6)..(6) <223> Xaa = d or 1 isomer Agl
<220> <221 ¥MBLF REEP<222> (7)..(7) <223> AMIDATION <400> 27 Tyr Bag/dsgpssmas Gy xaa Arg
15 <210> 28 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Succinyl modified <220> <221> MOD_RES
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X1 18 selected from the group consisting of B-Als, 4-AMB, 4- MPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent:
X3 1s selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Mey);
X718 selected from the group consisting of Asp, Dab, Dap, Ghy, DGluy, Lys,
5  and Om
Xy 1s selected from the group consisting of Arg and Lys, or is absent:
¥o 1s absent;
X0 18 absent; and
R, is selected from the group consisting of NH, and NHE,
10

3. The lactam-cyclized peptide or pharmaceutically acceptable salt thercof of

claim I, wherein:
Ry is selected from the group consisting of Ac and Bz, or is absent;
X is selected from the group consisting of DAla, 5-aminovaleryl, 4-AMPA,
15 Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;
X3 1s selected from the group consisting of Arg, Lys, Lys(iPr), and Lys{Mea);
X71s selected from the group consisting of (D/1)Agl, Asp, Dab, Dap, DDap,
Ghu, and DGlu;
Xg 18 selected from the group consisting of Arg, DArg, and Lys, or is absent;
20 Xo is absent;
X0 18 absent; and

Ry is selected from the group consisting of NH» and NHEt.

4. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
25 claim 1, wherein;
R is selected from the group consisting of Ac, Bz, and n-hexanoyl, or is
absent;
X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, Asp, Dap,
Glu, Gly, Lys, and Phe:



<220> <221> miSC_EEATURE <222> (4)..(4) 223> Xaa = 2Nal <220> <221> MISc_FEATLIRE
<222>(6)..(6) <223> Xaa = Dap <220> <221> MOD_REs <222> (7)..(7) <223> AMIDATION <400> 28
Tyr Arg Arg xaa Gly xaa Arg 15 <210> 29 <211> 7 <212> PRT <213> Atrtificial <220> <223> Synthetic
construct <2203 910D RES <222> (1)..(1) <223> Succinyl modified 22052 ¢22k21mOD_RES
<222> (1)..(6) <223> Lactam bridge <220> <221> moD_RES <222> (3)..(3) <223> d isomer <220>
<221> MISC_FEATURE <222> (4)..(4)
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X3 i¢ selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Mey);
X718 selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DG

Xy is selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and

5 Orn, oris absent;
Ko 18 selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
ahsent;
Ko 18 ZMal, or is absent; and
Ry is selected from the group consisting of NH» and NHE,
10

5. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, wherein:
Ry is selected from the group consisting of Ac and Bz, or is absent;
X is selected from the group consisting of Ala, S-aminovaleryl, Asp, Ghy,
15 Gly, Phe, DPhe, and succinyl;
X; is selected from the group consisting of Arg, Lys(iPr), and Lys(Men);
X7 1s selected from the group consisting of (p/L)Agl, Asp, Dap, Glu, and
BGlu;
Xg 1s selected from the group consisting of B-Ala, Arg, Gly, Lys, Lys(iPr), and
20 Om, or is absent;
Ko 1s selected from the group consisting of Gly, D2Nal, and DPhe, or is absent;
X118 2Nal, or is absent; and

Ry 1s selected from the group consisting of NH, and NHEL.

25 6. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 1, 4, or 5, wherein;
X is selected from the group consisting of Gly and Phe;
X3 1s Lys(iPr); and

X718 DGhe



<223> xaa = 2Nal <220> <221> MISC_FEATURE <222> (6)..(6) <223> xaa = Dab <220> <221>
MOD_RES <222> (7)..(7) <223> AMIDATION <400> 29X17256WO0ST25 Tyr Arg Arg xaa Gly Xaa Arg
15 <210> 30 <211> 7 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
MOD_RES 9280813346 <223> Succinyl modified <220> <221> MOD_RBES&Y3284/0§4(6) <223>
Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = 2Nal <220>
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7. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
claim 5, wherein:
R | 18 absent;
5 X 18 selected from the group consisting of Gly and Phe;
Ky 18 Lys(iPr);
X718 DGly;
Kg 18 selected from the group consisting of Arg and Lys(iPr), or is absent;
Kgq is absent;
10 X¢ 1s absent; and

R, is selected from the group consisting of NH; and NHIt,

&. A lactam-cyclized peptide of the formula:

15 o
(SEQ ID NO:70)

or a pharmaceutically acceptable salt thereof,

9. The lactam-cyclized peptide of claim 8, wherein said pharmaceutically

20 acceptable salt is an acctic acid salt.



<221> MISC_FEATURE <222> (6)-(6) <223> Xaa = Orn <220> <221> MOD_RES <222> (7)..(7)
<223> AMIDATION <400> 30 Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 31 <211> 7 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Succinyl
modified <220> <221> MOD_RES <222> (1)..(6) Page 22 <223> Lactam bridge <220> <221>
MOD_RES <222> (3)..(3) <223> d isomer <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa =
2Nal x17256wosT25 <220>

10

15

20

10. A pharmaceutical composition, comprising a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of any one of claims 1-9, and a pharmaceutically

acceptable carrier, diluent, or excipient.

11. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any

one of claims 1-9, for use in therapy.

12. A lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any
one of claims 1-9, for the treatment of rheumatoid arthritis, pulmonary fibrosis, HIV
infection, or a cancer selected from the group consisting of breast cancer, pancreatic
cancer, melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s
lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,

glioblastoma multiforme, and chronic lymphocytic leukemia.

13. Use of a lactam-cyclized peptide or pharmaceutically acceptable salt thereof
of any one of claims 1-9, for the manufacture of a medicament for the treatment of
theumatoid arthritis, pulmonary fibrosis, HIV infection, or a cancer selected from the
group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney
cancer, neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal

cancer, multiple myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia.



<221> MOD_RES <222> (7)-(7) <223> AMIDATION <400> 31 Tyr Arg Arg Xaa Gly Lys Arg 15 <210>
32 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_I_:EATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE

<222> (5)..(5) <223> Xaa = 2Nal <220> <22;ﬁg¥|ﬂ%%?§%% <222> (7)..(7) <223> d isomer <220>
24

<221> MOD_RES <222> (8)..(8) s283:nAMID

> 32 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15

Page 43052107 335h (2200 VQRIZR
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10

PRT
Artificial

synthetic construct

MOD_RES
(L.

AC, Bz or n-hexanoyl or is absent

MOD_RES
.. . .
Lactam bridge, when Xaa at position 1 is present

MISC_FEATURE

(.. _

Xaa = d or 1 isomer Aagl, Dab, Dap, Asp, Glu, Ala, d isomer Ala,
Gly, Dap(Ac), Leu, Lys, Lys(ac), 2Nal, Phe, d isomer phe,
beta-Ala or 1s absent

MOD..RES
(23.. (73

Lactam bridge, when Xaa at position 1 is absent

MOD_RES

(2)..(2
S-amino-valeryl, 4-AMB, 4-AMPA, succinyl or is absent

MISC_FEATURE
(3).7(3) _
Xaa = Arg, Lys, Lys(iPr) or Lys(Me2)

MOD_RES
(4)..(8

d isomer

MISC, FEATURE
(5)..(5
Xaa = 2Nal
Page 1



<211> 8 <212> PRT 213> Artificial <220> <223> Synthetic construct <220> 221> mISC_FEA_TURE
<222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa —0
Lys(iPr)(Boc) <220> <221> MIsC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220>
<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>

(7)..(7) <223> Xaa = d isomer Glu(Oally1) <2>g§>25<§\?0 > ISC_FEATURE <222> (8)..(8) <223> Xaa =
Arg(beg <400> 33 Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 34 <211> 8
<220>

<221> MISC_FEATURE

<222> (7).. (D

<223> Xaa = Glu, d or 1 isomer Agl, Dab, pap, d isomer Dap, Lys, Orn, d
isomer Glu, or Asp

<220

<221> MISC_FEATURE

<Z222> (8)..{(8)

<223> Xaa = beta-ala, Arg, d {isomer Arg, Gly, Lys, Lys(iPr), orn or is
agsentg and when absent, Xaa at positions 9 and 10 are also
absent

<220>

<221> MISC_ _FEATURE

<222> (9D..(D

<223> Xaa = Gly, 2Nal, d isomer 2nMal, d isomer phe, or dis absent, and
when absent, xaa at position 10 is also absent

<220>

<221> MISC_FFATURE

<222>  (10)..(10)

<223> Xaa = 2nNal or is absent

<220>

<Z221> MOD_RES

<222>  (10)..(10)

<223> Amidated as NHZ or NHEY

<400> 1

Xaa Tyr Xaa Arg Xaa Gly Xaa Xaa Xaa Xaa
1 5 10

<210> 2

<21i> 8

<212> PRT

<213> artificial

<220>
<Z2Z23> Synthetic construct

<220>

<Z221> MOD_RES
<222> (1)..(L
<223> Ac modified

<220>

<221> MOD_RES
<222> (1)..(D)
<223> lLactam bridge

<220

<Z21> MISC_FEATURE
<222> (1)..(L)
<223> Xaa = Dap

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>
<221> MISC_FEATURE
<222> (5)..(5)
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<212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOO_RES <222> (1)..(7)
<223> tactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220>
<221> MOo_RES <222> (4)..(4) <223> d isomer Page 24 x17256WOST25 <220> <221>
MISC_FEATURE <222>(5)..(5) 223> Xaa = 2Nal <220> <221> MOD RES <222>(7)..(7) 223> d
isomer <220> <221> MOD_RES <222> (8). (8} 52232 AMIDATION <220> <221> MISC_FEATURE
<222x(B)>.(8¥a223>28ettic acid salt <400> 34

<220

<221> MOD_RES
<222> (8)..(&
<223> AMIDATION

<400> 27

Xaa Tyr Arg Arg Xaa ¢ly Glu Arg
1 5

<210> 3

<211l> 8

<212> PRT

<213> aArvificial

<220>
<ZZ23> Synthetic construct

<220>

<221> MOD_RES
<222> (..
<223> Ac modified

<220

<221> MISC_FEATURE
<222> (1)..(D)

<223> Xaa = bap(alico)

<220>

<221> MISC_FEATURE
«222> (2)..(2)
«223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(®

<223> Xaa = Arg(pbf)

<220

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(Pbf)

<220>

<Z221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (7)..(7)

<223> Xaa = Glu(oallyl)

<220>

<221> MISC_FEATURE
222> (8)..(®)

<223> Xaa = Arg(Pbf)
<400> 3

Xaad Xaa Xaa Xaa Xaa Gly xaa Xaa
i 5
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RT <213> Artificial <220> <223>

Gly Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 35 <211> 8 <212> P if

Sy¥1thetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Fmoc modified <220> <221>
MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr)(Boc) <220> <221> MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer

Arg(Pbf) <220> <221> MISC_FEATURE <22>gg7§%)6h@ Té 23> Xaa = 222|\(|)a;| <220> <221>
MISC<EBATURE <222> (7)..(7) <223> Xaa = d isomer Glu(Oallyl) <
<211l> 8

<212> PRT
<213> Artificial

<220
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Ac modified

<220>

<221> MISC_FEATURE
<222>  (1)..(1)

<223> Xaa = Dap{alloc)

<220>

<221> MISC _FEATURE
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220

<221> MISC_FEATURE
<222> (3)..(3

<223> Xaa = Arg(pbf)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg{pPbf)

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (7).. (D

<223> Xaa = Glu(oallyD)

<220>

<221> MISC_FEATURE
<222> (8)..(8&

<223> Xaa = Arg{pbf)

<220

<221> MOD_RES
<222> (8)..(8&)
<223> AMIDATION

<400> 4

Xaa Xaa Xaa Xaa xaa Gly Xaa Xaa
1 5

<210> §

<211> 8

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct
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<221> MISC_FEATURE <400> 35 Gly Xaa Xaa Xaa xaa Gly Xaa Xaa 15 <210> 36 <211> 8 <212>
PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> xaa = Lys(iPr)(Boc) <220> <221> MISC_FEATURE <222>

(4)..(4) <223> xaa = d isomer Arg(Pbf) <220> 1<§§§@>&%MI§ _FEATURE <222> (5)..(5) <223> xaa =
2Nal <2220> <221> MOD_RES <222> (7)..(7) < iIsomer
<220>

<221> MOD_RES
<222> (1)..(L)
<223> Ac modified

<220

<221> MOD_RES

<222> {13..(7>
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<2Z22> (1)..(1
<223> Xaa = Dap

<220

<221> MISC_FEATURE
<222> (23..(2)

<223> Xaa = Tyr(tBu)

<220

<221> MISC_FEATURE
<222> (3)..(3

<223> Xaa = Arb{pbf)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg{pbf)

<220>

<221> MISC_FEATURE
<222>  (5)..(5)
<223> Xaa = 2Z2Na]l

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Arg(pb¥f)

<220>

<221> MOD_RES
<Z222> (8)..(®)
<223> AMIDATION

<400> 5

Xaa Xaa Xaa Xaa Xaa Gly Glu Xaa
1 5

<210> 6

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic¢ construct

<220>

<221> MOD_RES
<222> (1)..(D)
<223> Ac modified

<220>
<221> MOD_RES
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<220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <220> <221> MOD_RES <222>
(8)-(8) <223> AMIDATION <400> 36 Gly Xaa Xaa Xaa Xaa Gly Glu Xaa 5 X17256W0ST25 <210> 37
<211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222>
(2)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(iPr) -
<220> <221> MOD_RES <222> (4)..(4) <22§iﬁ%15e{2§220> <221> MISC_FEATURE <222>(5)..(5)

=Xda = Nal €220>
<223<22§> Lactam bridge

<2720

<221> MISC_FEATURE
<222> (1)..(L
<223> Xaa = Dab

<220

<221> MOD_RES
222> (4)..(%)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = ?Nal

<220>

<2Z21> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 6
Xaa Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 7

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D)
<223> Ac modified

<220>

<221> MISC_FEATURE
<222> (1)..(L)
<223> Xaa = Dap

<220>

<221> MOD_RES

<222> (1)..(7
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)
<223> Xaa = Lys(iPr)

<2 20>

<Z221> MOD_RES
<222> (4)..(4)
<223> d 1scmer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal
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<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223> o
AMIDATION <400> 37 Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 38 <211> 7 <212> PRT <213> Artificial
<220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220>
<221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)

<220> <221> MISC_FEATURE <222> (5)-(5)1%%@50%@? = 2Nal <220> <221> MOD_RES <222>
(7)..(?%&23> d isomer <220> <221> MOD_RES5 <222> 57)..(7) <223> AMIDATION <220>
<221> MOD_RES
<222> (8B)..(8)
<223> AMIDATION

<400> 7

Xaa Tyr Xaa Arg Xaa Gly ¢lu Arg
1 5

<Z210> 8

«<Z211> 8

<2312> PRT

<213> Artificial

<220
<223> synthetic construct

<220>

<Z21> MOD_RES

<222> (1D..(D

<223> n-Hexanoyl modified

<220>

<221> MOD_RES
<222> (1)..(7
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> {1)..(D
<223> Xaa = Dap

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d 1somer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<Z221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 8

Xaa Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 9

<211> B8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct
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<221> MISC_FEATURE <222> (7)-(7) <223> acetic acid salt <400> 38 _Gly Tyr Xaa Arg Xaa2;;I1y>GIu
15 <210> 39 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220>2<23> g
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) E)D >~
isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221>T:\é|)N =S
<222> (7)..(7) <223> d isomer <220> <221> MOD_ RES <222> (8)..(8) <223> AMIDA

7 Z250W0ST25
Gly Tyr Arg Arg Xaa Gly Glu Arg 15 <210> W

<220>

<221> MOD_RES
<222> (1)..(L)
<223>  Ac modified

<220

<Z21> WMISC_FEATURE

<222>  (1)..(D

<223> Xaa = d or 1 isomer Al

<Z20>

<221> MOD_RES
<222> (1)..(7)
<223> tactam bridge

<220>

<221 MOD_RES

<222>  (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (53)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8B)..(8)
<223> AMIDATION

<400> 9
Xaa Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 10

<Z21i> &

<Z212> PRT

<213> Artificial

<2 20>
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Ac modified

<220

<221> MOD_RES

<222> (D)..(D)
<223> Lactam bridge

<220>

<2Z21> MOD_RES

<222> (4)..(d)
<223> d isomer

<220>

<221> MISC_FEATURE
<222>  (5)..(%)
<223> Xaa = 2Na]

<220>
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<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct x17256W0sT25 <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223>

[ [ 0> <221>
xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <22
MISC gEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>d

isomer <220> <221> MISC_FEATURE <222z1(8)5£§},5243> Xaa = Lys(iPr) <220> <221> MOD_RES
<22255@2(8)‘€§ %WBATION <400> 40 Gly Tyr Xaa Arg xaa Gly Glu xaa 15
< > -

<223> Xaa = Dap

<220

<221> MOD_RES
<222> {8)..(&)
«223>  AMIDATION

<400> 10
Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 11

<211> 8

<23iZ2> PRT

<213> artificial

<220>
<223> Synthetic construct

<220>

<221> MISC_FEATURE
<222> (13..(D

<223> Xaa = Glu(otsu)

<220

<221> MISC_FEATURE
<222> (2)..(2
<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(D

<223> Xaa = Arg(pPbf)

<220>

<221> MISC_FEATURE

<222>  (4)..(4d)

<223> Xaa = d isomer Arg(rbf)

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2nal

<220>

<221> MISC_FEATURE
<222> (7)..(N

<Z2Z23> Xaa = Dap(Boc)

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Arg{pbf)

<400> 11

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<Z210> 12
<211> 8
<212> PRT
Page ©



<210> 41 <211> 7 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
Mzég FAQréS <222> (1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223>d
isomer Page 29 <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = 2Nal <220> <221>
MOD_RES <222> (7)-(7) <223> AMIDATION <400> 41 Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 42
<211> 7 <212> PRT <213> Artificial <220> <233 Aathatic construct <220> <221> mOD_RES
<2225943> (6YepPBx 1 aktam bridge

<220>
<223> Synthetic construct

<220

<221> MOD_RES
<222 (1)..{(L
<223> A¢ modified

<220>

<221> MISC_FEATURE
<222>  (1)..(1)

<223> Xaa = GIu(OtBuw)

<220>

<2Z21l> WMISC_FEATURE
<222>  (23..(2)

<Z223> Xaa = Tyr{(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Arg(rb¥)

<220

<22i> MISC_FEATURE

<222> (4)..(%

<223> Xaa = d isomer Arg(Pbf)

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2ZNal

<220>

<221> MISC_FEATURE
<222> (7). (7

<223> Xaa = Dap(Boc)

<220>

<221> MISC_FEATURE
<222> (8)..(8

<223> Xaa = Arg{phf)

<220>

<221> MOD_RES
<222> (B)..(B)
<223> AMIDATION

<400> 12

Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 13

<211> 8

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220
<221> MOD_RES
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<220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221> MISC_FEATURE <222> (4)..(4)
<223> Xaa2Nal <220> <221> MOD_RES <222> (6)-(6) <223> d isomer <220> <221> MOD_RES

<222> (7)-(7) <223> AMIDATION <400> 42 Tyr Arg Arg xaa Gly Glu Arg 15 <210> 43 <211> 7 <212>
PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(6) <223>

[ ” i 221>
Lactam bridge <220> <221> MOD_RES <222»{333{3)75423> d isomer <220> <
MISCS A‘IgLﬁF%E > (4)..(4) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>

AMIDKTION 22085 45 $9r Arg Arg Xaa Gly Asp Arg

<220

«<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<2 20>

<221> MISC_FEATURE
<222>  (5})..(%)
<2Z23> Xaa = ZNal

<220>

<221> MISC_FEATURE
<222 (7)..(7)
<Z23> Xaa = bap

<2 20>

<Z22I> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 13
Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 14

<21i> 8

<212> PRT

<213> Artificial

<220> )
<223> Synthetic construct

<220

<221> MOD_RES
<222> (1)..(LD)
<223> Bz modified

<220>

<221> MOD_RES

<222> (D)D)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5}..(5)
<223> Xaa = 2Nal

<220>

<221> MISC, FEATURE
<222> (7}..(7
<223> Xaa = Dap

<220>

<221> MOD_RES
<222> (8)..(8&
<223> AMIDATION
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15 <210> 44 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223>d
isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (8)..(8) <223> AMIDATION <400> 44 Gly Tyr Arg Arg Xaa Gly Asp Arg 15 <210> 45 <211> 8
<212> PRT <213> Atrtificial <220> <223> Synihetigguisteuct <220> <221> MOD_RES <222> (1)..(7)
<223s51%etartbridge

Glu Tyr Arg Arg Xaa ¢ly xaa Arg
1 5

<210> 15

<211> 8

<Z2i2» PRT

<213> Arvificial

<220>
<223> synthetic construct

<220>

<221> M™MOD_RES
<222>  (1)..(L)
<223> Ac modified

<220>

<221> MOD_RES

<222> (1)..(N
<223> ‘Lactam bridge

<220>

<221> MOD_RES
<222>  (4)..(4)
<223> d isomer

<220>

<Z221> MISC_FEATURE
<222> {(5}..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222> {7).. (D

<223> Xaa = d isomer Dap

<220>

<Z221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<400> 15
Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<Z210> 16

<211> 8

<212> PRT

<213> Artificiai

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Ac modified

<220>
<221> MOD_RES
<222> (13..(7)
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<220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(Me2) <220> <221>_MOD_RI§§><222>
(4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <2 - s
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 45 Gly Tyr Xaa Arg Xaa Gly Asp Arg
<210> 46 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> .
MOD_RES <222> (1)..(7) <223> Lactam bridgg, 25221> MISC_FEATURE <222>(3)..(3) <

xaa =Ry§Pr}- 200> ked2ige MOD_RES <2225 (4)..(4) <223> d isomer <220> <221>

MISC_HATURE
<221> MOD_RES
«<222> (4)..(4)
<223> d isomer

<22

<221 MISC _FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220

<Z221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<400> 18
Glu Tyr Arg Arg Xaa Gly LYs Arg
1 5

<210> 17

<Z211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (L)..(L)
<223> Ac medified

<220>

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(d
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (7)..(7)
<223> Xaa = Dab

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION
<400> 17

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5
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<223> = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 46
gj ZT;(rS))(aS?ArS i(s;a)glil/ Asp Arg <210> 47 oil> 7 <212> PRT <2.13> Artificial <220> <223> Synthetic
construct <220> <221> MOD RES <222>(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE
<222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222> (5)..(5) <2233%33 gL <220> <221> MOD_RES <222> (7)..(7)
<223§§%@ED7§3ION <400> 47 Gly Tyr Xaa Arg Xaa Gly Asp 15 <210> 48

<212> PRT
<213> Artificial

<220
«<Z23> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(1)
<223> AcC modified

<220>

<221> MOD_RES

<222> (1)..(D
<223> Lactam bridge

<220

<221> MOD_RES
<222> (4).. {4
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222> (7)..(D

<223> Xaa = d or 1 isomer Agl

<220>

<Z221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 18

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 19

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Bz modified

<220>

<221> MOD_RES
<222> (1)..(D
<223> Lactam bridge

<220>
<221> MOD_RES
<222>  (4)..(4)
<223%> d isomer
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<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <270> <221> MISC_FEATURE <222> (8)..(8) <223> XaaLys(iPr)
<220> <221> MOD_REs <222> (8)..(8) <223>7/A58RATI®ON <400> 48 Gly Tyr Xaa Arg Xaa Gly Asp
Xaa %526§10> 49 <211> 8 <212> PRT <213> Atrtificial

<221> MISC_FEATURE
<222> {%)..(5%)
<223> Xaa = 2Nal

<22{>

<221> MISC_FEATURE

<222> (73..(7)

<223> Xaa = d or 1 isomer Agl

<220

<2721> MOD_RES
<222 (B)..(8)
<223> AMIDATION

<400> 19

Glu Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 20

<Z211l> 8

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
223> Bz modified

<220>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>

<221> WMISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Na]l

<220>

<Z221> MISC_FEATURE
<222> (7)..(7)
<223> Xaa = Dab

<220>

<Z221> MOD_RES
<222> (B)..(®)
<223> AMIDATION
<400 20

isp TYr Arg Arg Xaa Gly Xaa Arg
5

<210> 21
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<220> <223> Synthetic construct x17256w0ST25 <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(Me2) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (8)..(8) <223> ANIMATION <400> 49 GIy_Tyr Xaa Arg Xaa Gly
Glu Arg 15 <210> 50 <211> 8 <212> PRY <21gxAftificial <220> <223> Synthetic construct <220>

> (1)..(7
<2213§§4§3D j;é;s <222>(1)..(7)
<213> Artificial

<220>
<223> Synthetic construct

<220

<Z221> MOD_RES
<222> (13..(L
<223> Ac modified

<220>

<Z221> MOD_RES

<222> (1)..(?
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4),.(4)
<223> d isomer

<220>

<221> WMISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Na]

<220>

<221> MISC_FEATURE
<222> (7)..(D)
<223> Xaa = Dab

<220>

<221> MOD_RES
<222> (8)..(8
<223> AMIDATION

<400> 21 -
Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 22

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(1)
<223> AcC modified

<220>

<221> MOD_RES

<222> (1)..(
<223> tactam bridge

<220>

<221> MOD_RES

<222> {(4)..(4)
<223> d isomer
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i " [ 220> <221>
<223> Lactam bridge <220> <221> MOD_RES <222> (4)"(4) <223> d isomer <
MISC_FEATURE <222> (5)"(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION <400> 50 Gly Tyr Arg Arg xaa Gly Glu Arg 15 <210> 51 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> mOD_RES <222> (1)..(7) <223> Lactam

bridge <220> <221> MISC_FEATURE <222?<§ﬂ§a)1§s%%§> Xaa = Lys(iPr) <220> <221> mOD_RES

<2225§3,§?:(4}‘4<223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5)
<2Z21> ISC_FEATURE

<222>  (5)..(%)

<223> Xaa = 2Nal

<220>

<Z21> MISC_ FEATURE
«<222> (7)..(7)
<223> Xaa = Dap

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<400> 22

ASp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 23

<211> 8

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..(1)
<223> Bz modified

<220>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220

<221> MISC_FEATURE
<222> (7)..(D
<223> Xaa = Dap

<220>

<221> MOD_RES
<222> (8)..(®
<223> AMIDATION

<400> 23
Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 24
<211> 8
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<223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATIQ_N_ <400> 51 Gly Tyr Xaa
Arg Xaa Gly Glu Arg 15 <210> 52 Page 35 <211> 7 <212> PRT <213> Artlf.|C|aI <220> <223>
synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>d
isomer <220> <221> MISC_FEATURE <2222(%)5RhseR3> Xaa = 2Nal <220> <221> MOD_RES

<400> 52
<2224 (]SPA%: fAIDATION <400

<220>
<223> Synthetic construct

<220

<221> MOD_RES
<222> (1)..(1)
<223> Ac modified

<220

<221> MOD_RES

<222 (1)..(H
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(4)
<Z223> o isomer

<220>

<Z221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2nal

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = d or 1 isomer agl

<22(>

<2Z21> MOD_RES
<222> (8)..(®
<223> AMIDATION

<400> 24

Asp Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 25

<211> 8§

<212>» PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Ac modified

<220

<221> MOD_RES
<222> (1).. (D)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)
<223> Xaa = Lys(Me?)

<220>
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Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 53 <211> 7 <212> PRT <21_3> Artificial <220> <223> synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam bridge <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES ;
<222> (7)..(7) <223> Amidated as NHEt <4007,93 Gly Tyr Xaa Arg Xaa Gly Asp 15 <210> 54 <211>

< MOD_RES
212547 Ay, (8
<223> d isomer

<221> MISC_FEATURE
«222>  (5)..(5)

<Z223> Xaa = 2Mal

<220>

<221> MISC_FEATURE
<222> (7>..("
<223> Xaa = Dap

<220>

<22%> MOD_RES
<222> (8)..(8®)
<223> AMIDATION

<400> 25
Asp Tyr Xaa Arg Xaa Gly Xaa Arg
1 b

<210> 26

<211> 8§

<212> PRT

<213> Artificial

<220 _
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Bz modified

<220>

<221> MOD_RES

<222> (1)..(7N
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(D

<223> Xaa = Lys(Me2)

<220>

<221> MOD_RES
«<222> (4)..(D
<223> d isower

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2nal

<220>

<221> MISC_FEATURE
<222> (.. (D
<223> Xaa = Dap

<220>
<221> MOD_RES
<222> (B)..(8®)
<Z223> AMIDATION
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<213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <22_2>(1)..(7) <223>
Lactam bridge <220> <221> miSC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> )
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 54 Gly Tyr Xaa Arg
Xaa Gly Glu 15 <210> 55 <211> 7 <212> PR /2 33 Aktificial <220> <223> Synthetic construct
<220z4%%§1>2|‘\5/|OD_RES <222> (1)..(7)

%sp Tyr Xaa Arg Xaa Gly Xaa Arg
5

<21 27

<231 7

<212> PRT

<213> Artvificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(6)
<223> tLactam bridge

<220>

<221> MOD_RES

<222> (1)..(D

<223> Succinyl modified

<220

<221> MOD_RES
<222> (3..(H
<223> d isomer

<2 20>

<221> WMISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222>  (6)..(8)

<223> Xaa = d or 1 isomer Ag]l

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 27
Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<21i0> 28
<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<Z21> MOD_RES

<222> (1)..(D

<223> Succinyl modified

<220
<221> MOD_RES
rage 20



<223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> _
XaaLys(iPr)X17256w05T25 <220> <221> MOD_RES <222> (4).,(4) <223> d isomer <220> <221>
mMISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> moD_RES <222> (7)..(7) <223>d
isomer <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 55 Gly Tyr Xaa Arg
Xaa Gly Glu 15 <210> 56 <211> 8 <212> PR s2k3gAstificial <220> <223> Synthetic construct

<220$2<2%21>(WDOD(®E,S <222> (1)..(7) <223> Lactam bridge <220>
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (3)..(3
<223> d isomer

<220

<221> MISC_FEATURE
<222> (43..(4)
<223> Xaa = 2Z2Nal

<220

<221> MISC_FEATURE
<222> (6)..(8)
<Z223> Xaa = Dap

<220>

<221> MOD_RES
<222> (7)..("
<223> AMIDATION

<400> 28
Tyr Arg Arg Xaa Gly Xaa Arg
1 3

<210> 29

<Z2il> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220> :

<221> MOD_RES

<222> (1)..(L

<223> Succinyl modified

<220>

<221> MOD_RES

<222> (1)..(8)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (3)..(
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (6)..(6)
<223> Xaa = Dab

<220>

<221> MOD_RES
<222> (7)..(")
<223> AMIDATION
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<221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221_> .
MOD_RES <222> (7)-(7) <223> d isomer <220> <221> mOD_RES <222> (8)..(8) <223> Amldaztisfs
NHEt <400> 56 Page 38 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 57 <211> 8 <212> PRT <
Artificial <220> <223> Synthetic construct <2§%§%ﬁMOD_RES <222>(1)..(7) <223> Lactam
bridge43®0> 221> MISC_FEATURE

Tyr Arg Arg Xaa Gly Xaa Arg
i 5

<210> 30
<211> 7

<212 PRY

<213> artificial

<220>
<223> Ssynthetic construct

<220

<221> MOD_RES

<222> (1)..(1)

<223> Succinyl modified

<220

<221> MOD_RES

<222> (1)..(&)
<223> Lactam bridge

<220

<221> MOB_RES

<222> (3)..(D
<223> d isomer

<220>

<221> MISC_FEATURE
222> (4)..(D)
<223> Xaa = 2nal

<220> )
<221> WMISC_FEATURE
<222> (6)..(6)
<223> Xaa = orn

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 30
Tyr Arg Arg Xaa Gly Xaa Arg
1 5

<210> 31
<21il> 7

<212> PRT

<213> Artificial

<220> )
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(1)

<223> Succinyl modifiad

<220>
<221> MOD_RES
<222> (1)..(6)
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= [ 23> d isomer <220>
<222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <2
<221> ﬁ/u)s(c) FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (8)-(8) <223> Amidated as NHEt <220> <221>
MISC_FEATURE <222> (8)-(8) <223> acetic acid salt <400> 57 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15

<210> 58 <211> 8 <212> PRT <213> Artificig{tfgg?éq‘%_cﬁ%?s& Synthetic construct <220> <221>
MOD<RES <paosafl pi(7Jae223> Lactam bridge <220>

<220>

<221> MOD_RES
<222> (3)..(3)
<22%> d 1somer

<220

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (73..(")
<223> AMIDATION

<400> 31
Tyr Arg Arg Xaa Gly Lys Arg
i 5

<210> 32

<211> 8

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(H
<223> Lactam bridge

<Z220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (3)..(5)
<223> Xaa = 2Na]

<220>

<221> MOD_RES
<222> (7)..()
<223> d isomer

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION
<400> 32

Gly Tyr Xaa Arg Xaa Gly Glu Arg
1 5
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<221> MISC_FEATURE <222>(3)..(3) <773> xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa =
Lys(iFTr) <220> <221> MOD_RES <222> (8)..(8) <223> Amidated as NHEt <400> 58 Gly Tyr Xaa Arg

Xaa Gly Glu Xaa 15 <210> 50 <211> 8 <213 PRE£248> Artificial <220> <223> Synthetic construct
<2205§§21>§MOD RES <222> (1)..(7) <223> Lactam bridge <220>
< > -

<212> PRT
<213> Arvificial

<220>
<223> synthetic construct

<220>

<221> MISC_FEATURE
<222= (2)..(2)
<223> Xaa = Tyr(tsu)

<220>

<2Z21> MISC_FEATURE

<2272> (3)..(3

<223> Xaa = Lys{(ipPr)(Boc)

<220>

<Z221> MISC_FEATURE

«222> (4)..(4)

<223> Xaa = d isomer Arg(pbf)

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<223> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = d isomer Glu{oallyl)

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Arg(erbf)

<400> 33

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 34

<211> 8§

<212> PRY

<213> Artificial

<220> _
<223> Ssynthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<2Z43> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (33..(3)

<223> Xaa = Lys(iPr)

<220>
<2Z21> MOD_RES
<222> (4)..(4)
<223> d disomer
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<221> MISC_FEATURE <222> (1)..(1) <223> Xaa = Lys(Ac) <220> <221> MISQ_FEATURE <222>
(3)..(3) <223> xaa = Lys(Me2) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION <400> 59 xaa Tyr xaa Arg xaa Gly Glu Arg 15 <210> 60 <211> 7 <212> PRT <213>
Artificial <220> <223> synthetic construct <2297 s24ds+MOD_RES <222> (1)..(7) <223> Lactam
bridggfz%gw <221> MISC_FEATURE <222> (1)..(1) <223> Xaa = Dap(Ac)

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = ZNal

<220

<Z221> WMOD_RES
«222> (7)..(7)
<223» d isomer

<220

<Z221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<220>

«221> MISC_FEATURE
<222> (8)..(%)

<223> acetic acid salt

<400> 34

Gly Tyr Xaa Arg Xaa Gly Glu Arg
i 5

<210> 335

<Z21i> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..{(D
<223> Fmoc madified

<220>

<22]1> MISC_FEATURE
<222 (2)..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE

<222> (3)..(®

<223> Xaa = Lys(iPr)(Boc)

<220>

<221> MISC_FEATURE

<22Z2> (4)..(&

<223> Xaa = d isomer Arg{rbhf)

<220>

<221> MISC_FEATURE
<222> {5)..(%)
<223> Xaa = 2nal

<220>

<221> MISC_FEATURE

<222> (73..("

<223> Xaa = d isomer Giu(oallyl)

<220>
<221> MISC_FEATURE
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<220> <221> MISC_FEATURE <222> (3)..(3) <223> xaa = Lys(Me2) <220> <221> MOD_RES <222>
(4)..(4) <223>d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> AMIDATION <400> 60 Xaa Tyr Xaa Arg Xaa Gly Glu 15 <210> 61
<211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct <220>x17256WOST25 <221>

MOD_RES <222> (1)..(7) <223> Lactam brigge s22025221> MISc_FEATURE <222>(3)..(3) <223>

&4 @& D RES <222> (4)..(4) <223> d isomer <220>
aal g3 220> 42212 D .

<220>

<Z221> MOD_RES
<222> (8)..(%)
<223>  AMIDATION

<A00= 35

Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 36

<Z11> &8

<212> PRT

<213> Artificial

<2 20>
<223> Ssynthetic construct

<220>

<221> MOD_RES
<222> (15..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (23..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE

<222 (3)..(3)

<223> Xaa = Lys(iPr)(Boc)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(pbf)

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Arg{pPbf)

<220

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATTION
<400= 36

Gly Xaa Xaa Xaa Xaa Gly Glu Xaa
1 5
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<221> mISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222>(7)..(7)
<223> AMIDATION <400> 61 Ala Tyr Xaa Arg xaa Gly Glu 15 <210> 62 <211> 7 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MOD_RES <222> (1)..(1) <223> d isomer <220> <221> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(iPr) <220> <221> mODsRSrs222> (4)..(4) <223> d isomer <220> <221>
MISC&E@TQ[IRE <222>(5)..(5) <223> Xaa = 2Nal <220>

<21l 7
<Z212> PRT
<213> Artificial

<220
<Z23> Synthetic construct

<220>

<22%> MOD_RES

<222> {1)..(?)
<223> tactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(ipr)

<220

<221> MOD_RES
<222> (4)..(D
<223> d isomer

<220

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Z2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d 1isomer

<220
<221> MOBD_RES
<222 (7)..(7

© <223> AMIDATION

<400> 37
%1y Tyr Xaa Arg Xaa Gly Glu
5

<210> 38
<211> 7

<212> PRT

<213> Artificial

<220
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>
<221> MOD_RES
<222> (4)..(4)
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<221> MOD_RES <222> (7)..(7) Page 42 <223> AMIDATION <400> 6_2 Ala Tyr Xaa Arg Xaa Gly Glu
15 <210> 63 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct X17256WOST25
<220> <221><222> <223> MOD_RES (1)..(7) Lactam bridge <220> <221> MOD_RES <222>(1)..(1)
<223> d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> )
MOD_RES <222> (4)..(4) <223> d isomer <223035231#MISC_FEATURE <222>(5)..(5) <223> Xaa =
oNal €9%> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Na]

<220

<Z21> MOD_RES

<222> (7)..("
<223> d ‘isomer

<220>

<221> MOD_RES
<222 (7)..(7>
<223> AMIDATION

<220

<221> WISC_FEATURE
<222 (7Y..(7)

<Z23> acetic acid salv

<400> 38
Gly Tyr Xaa Arg Xaa Gly Glu
1 5

<Z2i0> 39

<211> 8

<212> PRT

<213> Artificial

<220
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7>
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Naj

<220>

<221> MOD_RES

<222> (7)..(7)
<223> d 1isomer

<220>

<221> WMOD_RES
<222> (8)..(®
<223> AMIDATION
<400> 39

Gly Tyr Arg Arg Xaa Gly Glu Arg
1 5
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> ES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>_ N
:\iﬂzllDA'\Tﬂlgﬁ_zlofb 63 AIaE T)yr( )zaa Arg Xaa Gly Glu 15 <210> 64 <211> 7 <212> PRT <213> Atrtificial
<220> <223> Synthetic construct <220> Page 43 <221> MOD_RES <222> (2)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221>—MOD_R2EZSO
<222> (4)..(4) <223> d isomer <220> <221>mSSe fEAEURE <222>(5)..(5) <223> Xaa = 2Nal <220>
<221§§%D_8‘F@ES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>

AmID N PRT
<213> aArtificial

<220
«<2Z3> Ssynthetic construct

<220

<221> MOD_RES

«222> (1)..(7>
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220

<221> MOD_RES
<222>  (4)..(4)
<223> d isomer

<220

<221> MISC_FEATURE
<222> (5)..{(5)
<Z223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..("
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(8&)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (B)..(8)
<223> AMIDATION

<400> 40
Gly Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210> 41

<211> 7

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES

<222> (1)..(6)
<223> Lactam bridge

<220>
<Z221> MOD_RES
<222> (3)..(3)
<223> d isomer
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<400> 64 Ala Tyr Xaa Arg Xaa Gly Glu 15 <210> 65 <211> 7 <212> PRT <213> Arti_ficial <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221> mOD_RES
<222> (7)..(7) <223> d isomer Page 44 <22Q7;522l7MOD_RES <222> (7)-(7) <223> AMIDATTON
<40032F%%>Leu Tyr Xaa Arg Xaa Gly Glu 15 <210> 66

<221> MISC_FEATURE
<222> (4)..(4)
<2723> Xaa = 2Na]

<Z220>

<221> MOD_RES
222> (73..(
<223> AMIDATION

<400> 41
Tyr Arg Arg Xaa Gly 6¢lu Arg
1 5

<210> 42

<Z1l> 7

<21Z2> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(6)
<Z23> Lactam bridge

<220>

<221> MOD_RES
222> (3)..(3)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (4)..(H
<223> Xaa = 2Z2Nal

<220>

<221> MOD_RES
<222> (6)..(6)
<223> d isomer

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 42

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 43

<211> 7

<212> PRT

<Z213> Artificial

<220>
<223> synthetic construct

<220>
<22]1> MOD_RES
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<211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RE?
<222>(1)..(7) <223> Lactam bridge <220> <221> MISC_EEATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE -
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> <222> <223> MOD_RES (7)-(7) AMIDATION <40

66 Leu Tyr Xaa Arg Xaa Gly Glu 15 <210> 645334>.2:5212> PRT <213> Artificial <220> <223>
Synthggggonéimet(ﬁ)

Lactam bridge

<220>

<221> MOD_RES
<222> (3)..(3)
<223> d isomer

<220

<221> MISC_FEATURE
<22Z> (4)..(4)
<Z23> Xaa = 2Nal

<2 20>

<221> MOD_RES
«222> (7)..(7)
<223> AMIDATION

<400> 43

TYr Arg Arg Xaa Gly Asp Arg
1 ' 5

«<210> 44

<211> B8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MOD_RES
«<222> (4)..(4)
<223> d 1isomer

<220

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Z2Nal

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<400> 44

Gly Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210> 45

<211l> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct
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<220> <221> MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MOD_RES Page 45
<222> (1)..(1) <223> d isomer <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr)
<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5)
<223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 67_ Phe Tyr Xaa
Arg Xaa Gly Glu 15 <210> 68 <211> 7 <212z1PRwmz 33 Artificial <220> <223> synthetic construct
<220§§§g: MOD_RES

<222> (1)..{7)
<223> Lactam bridge

<220>

<221l> MISC_FEATURE
<222> (3)..(
<223> Xaa = Lys{Me2)

<220>

<Z221> MOD_RES
<222> (4)..(4&)
<223> d 1somer

<220>

<221> MISC_FEATURE
<222> {5)..(5)
<Z223> Xaa = 2nNal

<220

<221i> MOD_RES
222> (8)..(8)
<223> AMIDATION

<400> 45
Gly Tyr Xaa Arg Xaa Gly Asp Arg
1 5

<Z210> 46

<211i> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..("
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3

<223> Xaa = Lys{iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (8)..(&
<223> AMIDATION

<400> 46

Gly Tyr Xaa Arg Xaa Gly Asp Arg
Page 32



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 68 Phe Tyr Xaa Arg Xaa Gly Glu 15 X17256W05125 <210> 69 <211> 7 <212>
PRT <213> Artificial <220> <223> Synthetic,consigyst-<220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <21> MOD_RES <222> (1)..(1) <223> d isomer

<213 47

<211 7

<212> PRT

<213> Artificial

<2 20>
<223> Ssynthetic construct

<220>

<221> MOD_RES

<222> (.. (D
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = rys(iPr)

<220>

<Z221> MOD_RES
222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 47

Gly Tyr Xaa Arg Xaa Gly Asp
1 5

<210> 48

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (13..(7)
<223> tLactam bridge

<220>

<Z221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>
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<220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222>
(4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 69 Phe Tyr Xaa Arg Xaa Gly Glu 15 <210> 70 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <22(> 2213 MOD_RES <222> (1)..(7) <223> Lactam
bridgg%goﬁ‘%%g%%%eﬂ%_FEATURE <222> (3)..(3) Page 47

<223> Xaa = 2Nal

<220

<221> MISC_FEATURE
<222> (B)..(®)

<223> Xaa = Lys(irr)

<Z220>

<221> MOD_RES
<222> (8)..(8
<223> AMIDATION

<400> 48
Gly Tyr Xaa Arg Xaa Gly Asp Xaa
1 5

<210> 49

<211> 8§

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> {1)..(D
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3}..(3)

<223> Xaa = Lys(Me2)

<220>

<221> MOD_RES
<222> (4).. (D
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nai

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 49
Gly Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 50

<211> B

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct
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<223> Xaa = Lys(iPr)X17256w0ST25 <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> mISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (8)..(8) <223> AMIDATION <400> 70 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15 <210>
71 <211> 8 <212> PRT <213> Artificial <220 thetic construct <220> <221> mOD_RES

<222> (). (7) <223> Lactam bridge <220> <221> |v|| “FEATURE <222> (3)..(3)

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220

<Z22Z231> MOD_RES

<222> {(4)..(4)
<223> d isomer

<220

«<Z221> MISC_FEATURE
<222>  (5)..(%)
<223> Xaa = 2Nzl

<220

<Z221> MOD_RES
<222> (B)..(®)
<223> AMIDATION

<4G60> 50
Gly Tyr Arg Arg xaa Gly Glu Arg
1 5

<210> 51

<213i> 8

<Z212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES

<222> (D). (D
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(H

<223> Xaa = Lys(irr)

<220>

<221> MOD_RES
<222> (4)..(4
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)}..(%)
<223> Xaa = 2Na]

<220>

<221> MOD_RES
<222> {8)..(8)
<223> AMIDATICN
<400> 51

Gly Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 52
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= [ [ 220> <221>
<223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>d
isomer <220> Page 48 <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <772> (8)..(8) <223> AMIDATION <220> <221> MISC_FEATURE <222> (8)..(8) <223>

acetic acid salt <400> 71 Phe Tyr Xaa Arg Xag/adyGlu-Xaa 15 <210> 72 <211> 8 <212> PRT <213>
Artific@ggazo}R <223> Synthetic construct <220> <221> MOD_RES
<L >

<213> Artificial

<220>
<223> synthetic construct

<220

<2Z21> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220

<Z221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(ier)

<220

<Z2Z21> MOD_RES
<222> (4. . (4
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<22%> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 52
Gly Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 53
<211> 7

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7)
<223> ‘tactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2nal
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<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 72 Phe Tyr Xaa Arg Xaa Gly Glu Arg 15
<210> 73 <211> 7 <212> PRT <213> Artifigiap%$3 £g56MHO5T25 <220> <223> Synthetic construct
<220§§%21>M 222> <223> MOD_RES (1)..(7) Lactam bridge <220> <221> MISC_FEATURE

<222> (D). .(7)
<223> Amidated as NHET

<4k 53

Gly Tyr Xaa Arg Xaa Gly Asp
1 5

<210> 54

<Z23i1l> 7

<212> PRT

<213> Artificial

<220>
<223> sSynthetic construct

<220>

<221> MCOD_RES

<222> (1)..{7
<223> Lactam bridge

<220>

<221> WMISC_FEATURE
<222> (3)..(3
<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<22Z2> (4..(4
<223> d isomer

<220>

<2Z21> MISC_FEATURE
<222> (5)..(%)
<Z223> Xaa = 2Nal

<220>

<221> MOD_RES

<222> (7)..{D

<223> Amidated as NHETL

<400> 54
Gly Tyr Xaa Arg xaa Gly Glu
1 5

<210> 55

<211> 7

<212> PRT

<Z213> Artificial

<220> )
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(7)
<223> lactam bridge

<220>
<221> MISC_FEATURE
<222> (3)..(3)
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<222>(3)..(3) <223> xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223.>. AMIDATION <400> 73 Phe Tyr Xaa
Arg Xaa Gly Glu 15 <210> 74 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct

<220> <221> MOD_RES <222> (1)..(7) <223x Lagiamahrdge <220> <221> MI_SC_FEATURE <222>
(3)..(3Y8523X8@a Y§§iiPT) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer

<220

<221> MOD_RES

<222 (4)..(4
<223> d isomer

<220

<221> MISC_FEATURE
«222>  (5)..(5)
<223> Xaa = 2Nal

<220>

<Z221> MOD_RES

<222>  (7)..(D)
<223> d isomer

<220>

<2Z21> MOD_RES

<222 (7)..(7)

<223> Amidated as NHEE

<400> 55
Gly Tyr Xaa Arg Xaa Gy Glu
1 5

<210> 56

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Ssynthetic construct

<220>

<221> MOD_RES

<222> (1)..(7D)
<223> tactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(®

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2nal

<220>

<221> MOD_RES
<222> (7)..(7
<223> d iscmer

<220>

<221> MOD_RES

<222> (B)..(®)

<223> Amidated as NHEL

<400> 56
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<220> <221> MISC_FEATURE Page 50 <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer X17256W0ST25 <220> <221> MI_SC_FEATURE <222> (8)-(8) <223>
Xaa = Lys(iPr) <220> <221> MOD_RES <222>(8)..(8) <223> Amldateql as NHEt <400> 74 Phe Tyr
Xaa Arg Xaa Gly Glu Xaa 15 <210> 75 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic

construct <220> <221> MOD_RES <222> (1):.§3) 52233 -actam bridge <220> <221>

RE
WHSCé4;E4§LUXaa Arg Xaa Gly Glu Arg
5

<210> 57

<21l> B8

«<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220

<2231> MOD_RES

<222> (1)..(D
<Z23> tractam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(D

<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES

<222> (4)..(4)
<2Z23> d isomer

<220>

<22]1> MISC_FEATURE
<222> (5)..(5%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d isomer

<220>

<221> MOD_RES

<222> (8)..(8&)

<223> Amidated as NHEt

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<Z223> acetic acid salt

<400> 57

Gly Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 58

<211> 8§

<212> PRT

<213> aArtificial

<Z220>
<223> Synthetic construct

<220>
<221> MOD_RES
<222> (1D..(7
<223> tactam bridge
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> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
:ggi gl)sg))FEATURE <22g>((5)-)(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (8)-(8) <223> Amidated as NHEt <220> <221> MISC_FEATURE <222> (8)..(8)
<223> acetic acid salt <400> 75 Phe Tyr XaaA g PEaadehk Glu Xaa 15 <210> 76 <211> 7 <212> PRT
<213iﬁgi>ficial <220> <223> Synthetic construct

<221> MISC_FEATURE
<222> (3)..{(3)
<223> Xaa = Lys{ipr)

<220

<221> MOD_RES

<222> (4)..(4)
<Z23> d isomer

<220

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (73..{(7)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (8)..(8)

<Z223> Amidated as NHET

<400> 58

Gly Tyr Xaa Arg Xaa Gly Glu xaa
1 5

<210> 59

<Z2311l> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(D
<223> lactam bridge

<220>

<221> MISC_FEATURE
<£22> (1)..(1)
<223> Xaa = Lys(A)

<220>

<221> MISC_FEATURE
<222> (3)..(3

<223> Xaa = Lys(mMe2)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<Z220>
<221> MISC_FEATURE
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<220> <221> mOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOI:_)_RES <222> (1)..(1)
<223> d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 7_6 Ala Tyr Xaa Arg Xaa
Gly Glu 15 <210> 77 <211> 7 <212> PRT <2433 Aifigiak <220> <223> Synthetic construct <220>

<2219900 5 922 (1).0)

<220>

<221> M™MOD_RES
<222> (B)..(®)
<223>  AMIDATION

<400> 59

Xaa Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 60
<Z211l> 7

<212> PRT

<213> Artificial

<220 )
<223> Synthetic construct

<22(>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (1)..(L)
<223> Xaa = Dap{Ac)

<220

<221> MISC_FEATURE
<222> (3)..(D)

<223> Xaa = Lys(Me2)

<220>

<Z221> MOD_RES

<222> (4)..(4&)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%3)
<223> Xaa = 2Nal

<Z220>

<221> MOD_RES
<222> (77..(7)
<223> AMIDATION

<400> 60
Xaa Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 61
<211> 7

<212> PRT

<213> Artificial

<220>
<Z223> Synthetic construct
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<223> Lactam bridge <220> <221> MISC_FEATURE <222>(1)..(1) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal X17256W05T25 <220>
<221><222><223> MOD_RES (7)-(7) Amidated as NHEt <400> 77 Xaa Tyr Xaa Arg Xaa Gly Glu 15

<210> 78 <211> 7 <212> PRT <213> Artificigd <22035223> Synthetic construct <220>
<220>
<223i> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220

<221> MISC_FEATURE
<222= (33..(3

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222>  (5)..(5)
<223> Xaa = 2Nal

220>

<Z221> MOD_RES
<222> (7)..{(7)
<223> AMIDATION

<400> 61

Ala Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 62

<211> 7

<212> PRT

<213> Artificial

<2Z20>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7)
<Z23> Lactam bridge

<220>

<221> MOD_RES
<222> (1)..(1)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iprr)

<220>

<221> MOD_RES
<222 (4)..(4&
<223> d iscomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2na)

<220>
<221> MOD_RES
222> (7)..(N
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<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOII_)_RES <222>(1)..(1) <223>
d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> .
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> <222> <223> <220> MISC_FEATURE (5)-(5)

Xaa = 2Nal Page 53 <221> <222> <223> MOD_RES (7)-(7) Amidated as NHEt X17256WO5T25

<400> 78 Phe Tyr Xaa Arg Xaa Gly Glu 15 ggf%g\,%s< > 7 <212> PRY
<223> AMIDATION

<400> B2

Ala Tyr Xaa Arg Xaa Gly Glu
1 5

210> 63
<211ls> 7

<Z2i2> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220

<221> MOD_RES
<222> (13..(7)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (1)..(D
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (3)..(3)
<223> Xaa = Lys(irr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 7nNal

<220>

<221> MOD_RES
<222> (7)..(D)
<223> d Tsomer

<220>

<221> MOD__RES
<222> (7). (D)
<223> AMIDATION

<400> 63
Ala Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 64

<Z211> 7

<212> PRT

<213> Aartificial

<220>
<223> Synthetic construct

<220>
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<213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <22-2> 2)..(7) <2222?i>>
Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> < e -
MOD_RES <222> (4)-(4) <223> d isomer <220> <221> <222> <223> MISC_FEATURE (5)-(5) Xaa =

2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Ami_d_at_ed as NHEt <400> 79 Phe Tyr >t(aatArg
Xaa Gly Glu 15 <210> 80 <211> 9 <212> P%%ﬁ icial <220> <223> Synthetic construc
<220= 1>MEPRRES<223> MOD_RES (1)..(7) Lactam bridge

<222> (13..(7)

<223> tactam bridge

<220

<221> MISC_FEATURE
222> (3)..(3)

<223> Xaa = Lys{ipp)

<2Z20>

«<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nzl

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d isomer

<220>

<221> MOD_RES
<222> (7).. (D)
<223> AMIDATION

<400> 64
Ala Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 65

<21l> 7

<212> PRT

<213> Artificial

<220
<223> Ssynthetic construct

<220>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(ier)

<220>

<221> MOD_RES

<222>  (4)..(4d)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222> (3)..(5)
<223> Xaa = 2Nal

<220>
<221> MOD_RES
<222> (7)..(7)
<223> d isomer
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<220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(iPr) Page 54 <220> <221_> MOlD_2R2>g>S
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Na <223>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222>(9),.(9) <
Xaa2Nal <220> <221> MOD_RES <222> (9)..(9) <223> AMIDATION <400> 80 Gly TKr Xaa Argtrxifl
Gly Glu Gly Xaa 15 <210> 81 <211> 9 <2123 PRI <213> Artificial <220> <223> Synthetic constru
<220?<2<2%2>1> MOD_RES

<Z221> MOD_RES
<222> (7)..(7)
«<223> AMIDATION

<400= 65

Leu Tyr Xaa Arg Xaa Gly Glu
1 5

<Z210> 66

<211 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7
<223> tLactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iprr)

<22(>

<221> MOD_RES
<22Z2> {4)..(4)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 66

Leu Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 67
<Z21l> 7

<212> PRT

<213> Artificial

<220 )
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7")
<223> Tactam bridge

<220>
<221> MOD_RES
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[ ..(3) <223> Xaa =
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_I_:EATURE <222>(3)..(
Lys(iPr§ <)220)> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaabeta-Ala
<220> <221> MISC_FEATURE Page 55 <220> <221> MOD_RES <222> (9)-(9) <223> AMIDATION

<400> 81 Gly Tyr Xaa Arg Xaa Gly Glu Xaa Xaa, %%wf)%lr% 82 <211> 8 <212> PRT <213> Artificial

<22052<2§23>C8gntr(éﬁc construct <220> <221> MOD_ R
s50omer

<2 20>

«221> MISC_FEATURE
<222> {3)..(3)

<223> Xaa = Lys(ipr)

<220

<221> MOD_RES
<222> (4)..(4)
<223> o isomer

<220

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220

<221> MOD_RES
<222> (7Y..(
<223> AMIDATION

<400> 67
Phe Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 68
<211> 7

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES

<222>  (1)..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys{irr)

<220>

<221> MOD_RES
<222> (4)..(H
<223> d dsomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2nal

<220>

<221l> MOD_RES
<222> (7)..("
<223> AMIDATION
<400> 68

Phe Tyr Xaa Arg Xaa Gly Glu
1 5
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i ..(1) <223> Xaa =
<222> (1)..(7) <223> Lactam bridge <220> <221> MISG_FEATURE <222> (1)..(
beta-AI(a )<2(2())> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISG_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
82 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 83 <211> 8 <212> PRT <213> Artificial <220> <223>

Synthetic construct <220> <221> MOD_RE%&;;%W&%)F%(%) <223> Lactam bridge <220> <221>
MISC E%AT%QRE <222>(1)..(1) <223> Xaa = beta-Ala <220>
T >

<211> 7
<212> PRT
<213> aArtificial

«<220>
<223> Synthetic constryct

<220>

<221> MOD_RES

<222> (1)..(7
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (1)..{1y
<223> d isomer

<220>

<221> MISC_ _FEATURE
<222> (3..(3D

<223> Xaa = Lys(iPr)

<220

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220

<Z221> MOD_RES
<222> (7)..(7)
<223> d isomer

<220>

<221> MOB_RES
<222> (7)..(7)
<223> AMIDATION

<400> 69
Phe Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 70

<211> 8§

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220>
<221> MISC_FEATURE
<222> (3)..(
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i RE <222> (5)..(5) <223>
<221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATU
xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 83 Xaa Ty_r Arg Arg
Xaa Gly Asp Arg 15 <210> 84 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220><221> MOD_RES <222> (1)..(1) <223> 5-aminovaleryl modified <220> <221> MOD_RES

[ d isomer <220>
<222> (1)..(6) <223> Lactam bridge <220> <g21> MOD RES <222> (3)..(3) <223>
<22152(m%s§: %EMLUM#QZb 4)..(4) <22§§ xaagzdlgNa <220> <221> MOD_RES <222> (7)..(7)

<223><f2|ML[DATION
<Z221> MOD_RES
<222> (4).,(4)
<2Z23> d isomer

<220

<221> MISC_FEATURE
<222 £5)..(5)
<223> Xaa = ZNal

<220>

<221> MOD_RES

<222> (7). (D
<Z223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES
<222> (8)..(®
<223> AMIDATION

<400>= 70

Phe Tyr Xaa Arg Xaa ¢ly Glu Xaa
1 5

<Z210> 71

<211> 8§

<212> PRT

<213> Argificial

<220
<223> Synthetic construct

<220

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> {(5)..(5)
<223> Xaa = 2nNal

<220>

<221> MOD_RES

<222 (7)..(D
<223> d isomer

<220
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<400> 84 Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 85 <211> 7 <220> <223> synthetic construct <220>
<221> MOD_RES <222> (1)..(1) <223> 5-aminovaleryl modified <220> <221> _MOD_RES <222>
(2)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 85 Tyr Arg Arg Xaa Gly AspAgokq 5210> 86 <211> 7 <212> PRT <213> Artificial
<220§§%§3>“(¢W%@m§nstruct

<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES
<222 (8)..{(%)
<Z223> AMIDATION

<220>

<Z221l> MISC_FEATURE
<222> (B)..(&

<223> acetic acid salt

<400> 71

Phe Tyr Xaa Arg Xaaz Gly Glu Xaa
1 5

<210> 72

<211> 8

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..("
<223> ‘tactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (4)..(D
<223> d isomer

<220>

<221> MISC_FEATURE
<222> {(5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7). (7
<223> d isomer

<220>

<221> MOD_RES
<222> (B)..(®)
<223> AMIDATION

<400> 72
Phe Tyr Xaa Arg Xaa Gly Glu Arg
1 5

<210> 73
<211l> 7
<212> PRT
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<220> <221> MOD_RES <222> (1)..(1) <223> 4-AMPA modified <220> <221>_ MOD_REZS():2<2222>1>
(1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <2 g
MISC_FEATURE <222> (4)..(4) <223> xaa = 2 Nal <220> <221> MOD_RES <222> (7)..(7) 2o
AMIDATION <400> 86 Tyr Arg Arg Xaa Gly Asp Arg 15 <210> 87 <211> 7 <212> PRT <213;23r>| icia
x17256wo05T25 <220> <223> Synthetic cong&g%é‘g&% 5<221> MOD_RES <222> (1)..(1) <
4-AMPALArodified D20

<220>
<223> sSynthetic construct

<220

<221> MOD_RES

<Z222> (1)..(7)
<223> ‘tactam bridge

<220>

<221> MISC_FEATURE
<222>  (3)..(3)

<223> Xaa = Lys{ipPr)

<220>

<221> MOD_RES
<222> (4),.(4)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222>  (5)..(5)
<223> Xaa = 2Mal

<Z220>

<221> MOD_RES

<222> (7)..(7)
<223> d 1isomer

<220>

<221> MOP_RES
<222> (.. (D
<223> AMIDATION

<400> 73

Phe Tyr Xaa Arg Xaa Gly Glu
i 5

<210> 74

<211> 8§

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(D
<223> Lactam bridge

<2Z20>

<221> MISC_FEATURE
<222> (3)..(
<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>
«221> MISC_FEATURE
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<221> MOD_RES <222> (1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223>
d isomer <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> AMIDATION <400> 87 Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 88 <211> 7 <212>
PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223>

4-AMPA modified <220> <221> MOD_RES 32224(1)..{6} <223> Lactam bridge Page 59 <220>

<221§§\§QD—>%%8;£§§&21> (3)..(3) <223> d isomer

<220

<221> MOD_RES
<222> (7)..(7)
<223> - d isomer

<220

<221> MISC_FEATURE
<222> (8)..(8

<223> Xaa = Lys(iPr)

<220>

<22]1> MOD_RES

<222> (8)..(®

<Z223> pAmidated as NHET

<400> 74

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210> 75

<211l> 8

<212> PRT

<213> artificial

<220>
<223> Synthetic construct

<220>

<221> MOB_RES

<222> (1..(7H)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (.. (D

<223> Xaa = Lys(ier)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d iscmer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = ZNal

<220

<221> MOD_RES
222> (7)..(7)
<223> d isomer

«<220>

<221> MISC _FEATURE
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<Z220>

<221> MOD_RES

<222> (B)..(®)

<223> Amidated as NHET
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= D_RES <222>
<220> <221> MISC_FEATURE <222>(4)..(4) <223> Xaa = 2Nal <220> <221> MOD _
(7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)-(7) <223> AMIDATION <400> 88 Tyr Arg
Arg Xaa Gly Glu Arg 15 <210> 89 <211> 7 <212> PRT <213> Artific:qu. <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) <223> 4-AMB modified <220> <221> MOD_RES

<222> (1)..(6) <223> Lactam bridge <220> <g21» MOD,RES <222> (3)..(3) <223> d isomer <220>

<2213A0SC_FEATURE <222> (4)..(4)
<221> WMISC_FEATURE

<222> (8)..(8&)
<223> acetic acid salt

<400> 75

Phe Tyr Xaa Arg Xaa Gly Glu xaa
1 5

<210> 76

<211> 7

<212> PRT

<213> Artificial

<220>
<Z223> Synthetic construct

<220

<221> MOD_RES

<222> (1).. (7
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (13..(1)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222> (3)..(3®)

<223> Xaa = Lys(ipr)

<220>

<221> MOD_RES

<222> (4)..{4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222>  (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MOD_RES

<222> (.. (D)

<223> Amidated as NHEYT

<400> 76
Ala Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 77

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>
<221> MOD_RES
<222> (1)..(H
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<223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 89 Ty;;zrg Arg
Xaa Gly Glu Arg 15 <210> 90 <220> <223> Synthetic construct <220> <221> MOD_RIE?_< -
(2)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = ;2/;(2|>r)5)_(5)
<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATORE < (

i 220> <221>
<223> Xaa = 2Nal <220> <221> MOD_RES §g722?5> \&%ET%) <223> d isomer <
MISC<FEATORE a2 8)..(8) <223> Xaa = Lys(?Pr <220> <221> MISC_FEATORE <222>

(10)..(@QYs223> Xaa = 2Nal
<221> MISC_FEATURE
<222>  (1)..(1)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222 (3)..(D)

<223> Xaa = Lys{ier)

<220

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = ZNal

<220>

<221> MOD_RES

<222 (7)..(N

<223> Amidated as NHEL

<400> 77

Xaa Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 78

<211 7

<212> PRT

<213> Artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..(H
<223> tactam bridge

<220>

<221> MOD_RES

<222> (1)..(D
<223> d isomer

<220

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(ipPr)

<220>

<221> MOD_RES
<222> (4),.(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2nal

<220>
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<220> <221> mOD_RES <222> (10)-(10) <223> AMIDATION _<4_1OO> 90 Gly Tyr Xaa Arg Xaa Gly thu
Xaa Gly Xaa 1510 <210> 91 <211> 10 <212> PRT <213>. Artificial <220> <223> Synthetic construc
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_F'EATURE
<222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>d |sog12elr>
X17256W0ST25 <220> <221> MISC_FEAT%I;S%%éF%I)..(S) <223> xaa2Nal <220> <

>

..(7) <223> d isomer <220> < ISC_FEATURE
MOD RS <398R (1)
<223> aAmidated as NHEt

<400> 78

Phe Tyr Xaa Arg xaa Gly Glu
1

L

<210~ 70

<211 7

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220

<221> MOD_RES

<222> {(1)..(")
<223> Lactam bridge

<220>

<2Z21> MISC_FEATURE
<222> (3)..(3®

<223> Xaa = Lys(irPr)

<220

<221> MOD_RES

<222> {(4)..(4)
<223> d isomer

<220>

<221> WMISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Na]l

<220>

<221> MOD_RES

<222 (7)..(7)

<223> aAmidated as NHET

<400> 79

Phe Tyr Xaa Arg Xaa Gly Glu
1 5

<210> 80

<211> 9

<212> PRY

<213> Artificial

<220>
<223> synthetic construct

<220

<221> MOD_RES

<222> (..M
<223> Lactam bridge

<220>
<221> MISC_FEATURE
<222> (3)..(H
<223> Xaa = Lys(iPr)
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= i 222> (10)-(10) <223> Xaa =
<222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221> MISC_FEATURE <
2Nal <2(2)O>( <)221> MOD_RES <222> (10)..(10) <223> AMIDATION.<.4.00> 91 Phe Tyr Xaa Arg_Xaa
Gly Glu Xaa Gly Xaa 1510 <210> 92 <211> 9 <212> PRT <213> Artlfl(:lal <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>

MISC_PEATURE <222> (3)..(3) <223> Xaa %{@%}?Tﬁgm <221> MOD_RES <222> (4)..(4) <223>
d isorﬁ%()<220> <221> MISC_FEATURE <2225(5)..(5] Page 62 <220>
< >

<221> MOD_RES
<222> (4)..(4)
<223> d {somer

220>

<221> MISC_FEATURE
<2Z22>  (5)..(%)
«<223> Xaa = 2Nal

<22C>

<221> MOD _RES
222> (7}..(7)
<223> d isomer

<220>

<221> MISC_FEATURE
<ZZ2> (9).,.(9
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (9)..(9)
<223> AMIDATION

<400> 80

Gly Tyr Xaa Arg Xaa Gly Glu Gly Xaa
1 5

<210> &1

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..(7)
<223> Lactam bridge

<Z220>

<221> MISC_FEATURE
<222> (3)..(D)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (4)..(4%)
<223> d 1isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Nal

<220>

<221> MISC_FEATURE
<222> (8)..(8®)

<223> Xaa = beta-Ala

<220>
<221> MISC_FEATURE
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<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (9)..(9) <223> d
isomer <220> <221> MOD_RES <222> (9)..(9) <223> AMIDATION <400> 92 Gly Tyr Xaa Arg Xaa
Gly Glu Gist Phe 15 <210> 93 <211> 9 <212> PRT <213> Avtificial <220> <223> synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>

= ; i 220> <221>
(3)..(3) <223> xaa = Lys(iPr) <220> <221> M@, RE37422> (4)..(4) <223> d isomer <
MISC:REATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d

isomer 22205371 £ NIFSEE FRMTURE <222> (8)..(8)

<220>

<221> MOD_RES
<22Z2> (9)..{D
<223>  AMIDATION

400> 81

Gly Tyr Xaa Arg Xaa Gly Glu Xaa Xaa
I 5

<210> 82

<211> 8

<Z212> PRY

<213> Artvificial

<220>
<223> Synthetic construct

<220>

«<221> MOD_RES
<222> (1D)..(7
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (1)..(1)

<223> Xaa = beta-Ala

<220>

<Z221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220

<Z221> MISC_FEATURE
<222> (5}..(%)
<223> Xaa = 2nal

<220>

<221> MOD_RES
<222> (8)..(®)
<Z223> AMIDATION

<400> 82
Xaa Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 83
<211> 8§

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1..(D
<223> Lactam bridge
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<223> xaa = Lys(iPr) <220> <221> MOD_RES <222> (9)-(9) <223> d isomer <220> <221>
MOD_RES <222> (9)..(9) <223> AMIDATION X17256WOST25 <400> 93 Gly Tyr an Arg Xaa Gly
Glu Xaa Phe 15 <210> 94 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>

(3)-(3) <223> Xaa = Lys(iPr) <220> <221> MQD, RES 222> (4)..(4) <223> d isomer <220> <221>

MISC<FEATURE <222> S?)..(S) <223> Xaa = 2Nal <220> <221> MOD_RES
721> MISC_FEATUR
<222> (1)..(L
<Z223> Xaa = beta-Ala

<220>

<221> MOD_RES
<222> {4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Na]

<220>

<2Z21> MOD_RES
<Z222> (B)..(8)
<223> AMIDATION

<400> 83
Xaa Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210> &4

<21il> 7

<212> PRT

<213> Artificial

<220
<223> Synthetic construct

<220>

<221> MOD_RES

<222 (1.

<223> S-aminovalery]l modified

<220>

<221> MOD_RES

<222>  (1)..(&)
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (.
<223> d isomer

<220

<221> MISC_FEATURE
<222> {4)..(4)
<223> Xaa = 2nNal

<220>

<221> MOD_RES
<222> (7).. (D
<223> AMIDATION

<400> 84
Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 85
<211 7
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<222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa = Lys(iPr)
<220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 94 Lys Tyr Xaa Arg Xaa Gly Glu
Xaa 15 <210> 95 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct Page 64
x17256WO0O5T25 <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <2203:221>MISC_FEATURE <222>(5),.(5) <223> Xaa =

2Nal <2Ph> <’¥1> MOD_RES <222> (7)..(7) <223> d isomer
<213> Arvificial™

<2 20> )
<223> Synthetic construct

<220

<Z21> MOD_RES

<222> (L1)..(L)

<223> S-aminovaleryl modified

<220

«<221> MOD_RES

<222> (1)..(8)
<223> Lactam bridge

<2 20>

<Z221> MOD_RES

<Z22Z2> {(3)..(D
<223> d isomer

<220

<Z221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2ZNal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> AMIDATION

<400> 85

Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210> 86
<211> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<Z2Z21> MOD_RES

<222> (1)..(D

<223> 4-AMPA modified

<220>

<221> MOD_RES

<222> {1)..(6)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> (3)..()
<223> d isomer

<220

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2 nNal

<220>
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<220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(1Pr) <220> <221> MOD_RES <222>
(8)..(8) <223> AMIDATION <400> 95 Phe Tyr Lys Arg Xaa Gly Glu Xaa 15 <210> 96 <211> 8 <212>
PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES‘<222> (2)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220><;§§i>xaa )
MOD_RES <222> (4)..(4) <223> d isomer <%%§&%£?%ISC_FEATURE <222> (5)..(5) =
2Nal <220> <pi 40D RES Page 65

<222> (7)..(D)

<223> AMIDATION
<400> B&

Tyr Arg Arg Xaa Gly Asp Arg
1 5

<210= 87

<21l> 7

<212> PRT

<213 Arvificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1}..(L)

<223> 4-AMPA modifTied

<220>

<2Z21> MOD_RES

<222> (1)..(6)
<223> Lactam bridge

<220>

<221i> MOD_RES

<222> (3)..(3
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2Nail

<220>

<221> MOD_RES
<222> (7Y..(7)
<223> AMIDATION

<400> 87

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> B8
<Z21l> 7

<212 PRT

<213> Artificial

<220
<223> Ssynthetic construct

<220>

<221> MOD_RES

<222> (1)..(D

<223>  4-AMPA modiTied

<220>
<221> MOB_RES
<222>  (1)..(6)
<223> Lactam bridge
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<222> (7)..(7)X17256W05T25 <223> d isomer <220> <221> MOD_RES <222> (8)..(8) <223>
AmIDATION <400> 96 Phe Tyr Xaa Arg Xaa Gly Glu Lys 15 <210> 97 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (2)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221>MISC FEATURE <222> (5)..(5) <223> Xaa = 2Nal
<220>_<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222>

(8)-(8]5223>\¥gaxE Orn <220>
<222> (33..(3
<223> d Tsomer

<220>

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2nal

<220

<221> MOD_RES

<222> (7)..(N
<223> d 1isomer

<220>

<Z22]> MOD_RES
<222 {7Y..(7)
<223> AMIDATION

<400> 88
Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> B89
<21il> 7

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220

<221> MOD_RES

<222> (1)..(1D

<223> 4-AMB modified

<220>

<Z2i> MOD_RES

<222 (1D..(&)
<223> Lactam bridge

<220>

<Z221> MOD_RES

<222> {3)..(3)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (4)..(4)
<223> Xaa = 2nal

<220>

<221> MOD,__RES
<222> (7). (7
<223> AMIDATION
<400> 89

Tyr Arg Arg Xaa Gly Glu Arg
1 5

<210> 90
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<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 97 Phe Tyr Xaa Arg xaa Gly Glu Xaa 15
<210> 98 <211> 8 <212> PRT <213> Artificial Page 66 x17256w0ST25 <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isgmefs52497>5221> MOD_RES <222> (8)..(8) <223>
AMID@E@N i:gf_l_(_)o> 98 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <210> 99

< >

<213> Artificial

<220
<223> Synthetic censtruct

<220

<Z221> MOD._RES

<222> (1)..{7)
<223> Lactam bridge

<220

<221> MISC_FEATURE
<222> (3)..(D)

<£223> Xaa = Lys(ipr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> WMISC_FEATURE
<222> {5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(D)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Lys(iPr)

<220>

<221> MISC_FEATURE
<222> (10)..C(10)
<223> Xaa = 2Nal

<220>

<Z221> MOD_RES
<222> (10)..(1
<223> AMIDATION

<400> 90

Gly Tyr Xaa Arg Xaa Gly Glu xaa Gly Xaa
1 5 10

<Z210> 91

<211> 10

<212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES
<222> (1)..(7)
<223> tactam bridge
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ifici [ 220> <221> MOD_RES
<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct < 10D_
<222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> mISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (8)..(8) Page 67 <223> Amidated as NHEt <400>

99 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <210><>13‘996ﬁ8§132>5 8 <212> PRT <213> Artificial

X172 5T25 <220>
<221>  MISC_FEATURE

<22Z2> (3)..(
<223> Xaa = Lys{iPr)

<220

<221> MOD_RES

<222> {4)..{4)
«223> o 1somer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = ZMal

<220>

<221> MOD_RES

222> (7)..(7)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Lys(iPr)

<220>

<221> MISC_FEATURE
<222>  (10)..(10)
<Z223> Xaa = 2nNal

<220>

<Z221> MOD_RES
<222>  (10)..(10)
<223> AMIDATION

<400> 91

Phe Tyr Xaa Arg Xaa Gly Glu Xaa Gly Xaa
1 5 10

<210> 92

<211> 9

<Z212> PRT

<213> Artificial

<220
<223> Synthetic construct

<220>

<Z221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>
<22]> MISC_FEATURE
<222> (5)..(5)
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<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> FMOC modified <220>
<221> MTSC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221> MISC_FEATURE
<222>(3)..(3)_<223> Xaa = Lys(Boc) <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa =d
isomer Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221>
MTSC_FEATURE <222> (7)..(7) <223> Xaag £
<222s2(8y>.(8Xa2232Nda = Lys(Boc) <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION
<4002,300 Phe Xaa Xaa Xaa xaa Gly Xaa Xaa 15 <210> 101

<221>
<Z222>
<2723

<220>
<221
<222
<2723

<220>
<221>
<222>
223>

<400>

MOD_RES
(75..(7)

d isomer

MOD_RES
(8)..(D

d isomer

MOD_RES
(9).. (D
AMIDATION

92

%Ty Tyr Xaa Arg Xaa Gly Glu Gly phe
5

<210
<211
<212>
<213>

<220>
<223>

<220>
<2721
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

93

9

PRT
Artificial

Synthetic construct

MOD_RES
(1..(7)
Lactam bridge

MISC FEATURE

(3).73)
Xaa = Lys{irr)

MOD_RES
(4)..(4)

d isomer

MISC . .FEATURE

(5)..(5)
Xaa = 2Nai

MOD_RES
(..

d isomer

MISC_FEATURE
(8).7(8)
Xaa = Lys{(iPr)

MOD_RES
(9)..(D

d isomer
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ifici [ 220> <221>
<211> 8 <212> PRT <213> artificial Page 68 <220> <223> Synthetic construct <
MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MISC_FEATURE <222>(2)..(2) <223>
xaa :_Tyr(tBu) <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(Boc) <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE

<222>(5)..(5) <223> Xaa = 2Nal <220> <22]X>1%(9Rﬁ{§%<222> (7)..(7) <223> d isomer <220>

RE <222> (8)..(8) <223> xaa = Lys(Boc) <220>
2T HITIRE <222 ©).(0)
<223> AMIDATION

<400> 93

Gly Tyr Xaa Arg xaa Gly 6lu Xaa Phe
1 5

<210> 94

<211> §

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220

<221> MOD_RES

<222> (1)..(
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(irr)

<220>

<221> MOD__RES
<222> (4)..(d)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Mal

<220>

<221> MOD_RES

<222> (7)..(7)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(&

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (8)..(&)
<223> AMIDATION

<400> 94
Lys Tyr Xaa Arg Xaa ¢ly Glu Xaa
1 3

<210> 95

<211> 8

<212> PRT

<213> Artificial

<220>
<2Z23> sSynthetic construct
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<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 101 Phe_xaa xaa xaa xaa Gly Glu xaa 15
<210> 102 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Fmoc modified <220> <221> MISC_FEATURE <222> (2)..(2) <223>
xaa :_Tyr(2-Br-z) <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(2-C1-z) <220>

= . 221>
<221> MISC_FEATURE <222> (4)..(4) <223 X34 er Arg(Tos) <220> <
MISC_FEATURE <222> (5)..(5) <223> Xaa =]2NaF< > <221> MISC_FEATURE
220>

<221> MOD_RES
<222> (1)..(7)
<223> Lactam bridge

<220>

<221> MOD_RES

<222> {4)..(4)
<223> d isomer

<220>

<22]1> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = ZNal

<220>

<221> MOD_RES

<222> (7)..("
<Z223> d isomer

<220

<221> MISC_FEATURE
<222> (8)..(&

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 95

Phe Tyr Lys Arg Xaa Gly Glu Xaa
1 5

<210> 06

<211> 8

<Z212> PRT

<213> Artificial

<220>
<223> Synthetic construct

<220>

<221> MOD_RES

<222> (1)..("
<223> Lactam bridge

<220>

<2Z21> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222> (4)..(4)
<223> d isomer

<220

<221> MISC_FEATURE
<222> (5)..(5)
<Z223> Xaa = 2Nal

<220
<221> MOD_RES
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<222> (7)..(7) <223> Xaad isomer Glu(OFm) <220> <221> MISC_FEATURE <222> (8)..(8) <223>T
Xaa = Lys(2-c1-Z) <400> 102 Phe xaa Xaa xaa xaa Gly Xaa xaa 1 <210> 103 <211> 8 <212> PR
<213> artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Boc
modified <220> <221> MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(2-Br-Z) <220> <221>

MISC_FEATURE <222> (3)..(3) <223> xaa ﬂy;égm%ﬂ;zzw <221> MISC_FEATURE <222>
(4)..(@22223>(iéa-£7d isomer Arg(Tos) <220> <221> MISC_FEATURE <222>(5)..(5)
223> d isomer

<220>

<241> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400- 96

Phe Tyr Xaa Arg Xaa Gly Glu Lys
1 5

<210> 97

<211> 8§

<212> PRT

<213> Artificial

<£20>
<223> Ssynthetic construct

<220>

<221> MOD_RES

<222> (1)..(7>
<223> Lactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr)

<220>

<221> MOD_RES

<222>  (4)..(8)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2Na]

<220>

<221> MOD_RES
<222> (7)..(N)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(®)
<223> Xaa = Orn

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<4CGQ> 97

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210> 098
<2i1> &
<21i2> PRT
<213> Artificial
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<223> xaa = 2Nal <220> <221> MISC_FEATURE <400> 103 Phe xaa xaa xaa xaa Gly xaa xaa 15
<210> 104 <211> 8 <212> PRT <213> atrtificial <220> <223> synthetic construct <220> <221>
MISC_FEATURE <222> (3)..(3) <223> xaaLys(Fmoc) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer <220> <221> MISC. FEATURE <222> (8)..(8) <223> xaa = Lys(Fmoc)
<220>2<2%21> MOD_RES <222> (8)..(8) <223> AMIDATED <400> 104

< >

<223> synthetic construct

<220

<22%> MOD_RES

<222 (1)..(7)
«223> Lactam bridge

<220

<Z221>» MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = 2nal

<220

<221> MOD_RES
<222> (7)..(N
<223> d isomer

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION

<400> S8
Phe Tyr Lys Arg Xaa Gly Glu Lys
1 5

<210> 99

<Z211> 8§

<212> PRT

<213> Arvificial

<220>
<223> Synthetic censtruct

<220>

<221> MOD_RES

<222> (3..(7)
<223> Lactam bridge

<220>

<221> MOD_RES
<222> (4)..(4
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(5
<223> Xaa = Znal

<220>

<221> MOD_RES
<222 (7)..(D
<223> d Tsomer

<220>
<221> MOD_RES
<222> (B)..(®
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T <213> artificial <220> <223>
Phe Tyr Xaa Arg Xaa Gly Glu xaa 15 <210> 105 <211> 8 <212> PR

synthe)iic construct <220> <221> MISC_FEATURE <222>(2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr,BoC) <220> <221> MISC_FEATURE <222_>
(4)..(47 <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa =

2Nal x17256W05T25 <220> <221> MISC_F%‘E%J@gsﬁgb (7)..(7) <223> xaa = d isomer Glu(2-CTC
resin)<220> 4apdat MISE_HEATURE

<400> 69
Phe Tyr Lys Arg Xaa Gly Glu Lys
1 5

<210> 100

<211> 8

<21l2> PRT

<Z13> Artificial

<220>
<223> Synthetic construct

<22{r>

<2Z21> MOD_RES
<222> (1)..(1)
<223> FMOC modified

<220>

<221> MISC_FEATURE
<222> (2)..(2)
<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(3)
<223> Xaa = Lys(Boc)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(phf)

<22(>

<221> MISC_FEATURE
<222> (5)..(5)
<223> Xaa = ?Nal

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = d isomer Glu(oallyD)

<220>

<221> MISC_FEATURE
<222> (8)..(®
<223> Xaa = Lys(Boc)

<220>

<221> MOD_RES
<222> (8)..(8)
<223> AMIDATION

<400> 100

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 101

<Z211> &

<212> PRT

<213> artificial
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<222> (8)..(8) <223> Xaa = Lys(iPr,Z) <220> <221> MOD_RES <222> (8)-(8) <223> AmIDATIQI_\I
<400> 105 Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 106 <211> 8 <212> PRT <213> atrtificial
<220> <223> synthetic construct <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu)
<220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPT,Boc) <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa %(9759(5@8&1?%(%‘:) <220> <221> MISC_FEATURE <222>

72 <220> <221> MISC_FEATURE <222>(7)..(7)
(5)"(@%??(96 synthetic construct

<220>

<221> MOD_RES
<222> (1)..(7)
<223>» lactam bridge

<220>

<221> MISC_FEATURE
<222> (2)..(2)
<Z2Z23> Xaa = Tyr(tsu)

<220>

<221> MISC_FEATURE
<222> (3..(D

<223> Xaa = Lys{(Boc)

<220

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(Pbf)

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7}.. (D
<223> d isomer

<220>

<221> MISC_FEATURE
<222> {(8)..(8

<223> Xaa = Lys(Boc)

<220>

<221> MOD_RES
<222> (8)..(8)
<Z223> AMIDATION

<400> 101

Phe Xaa Xaa Xaa Xaa Gly Glu Xaa
1 5

<210> 102

<211> 8

<212> PRT

<213> artificial

<220
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..()
<223> Fmoc modified

<220>
<221> WMISC_FEATURE
<222> (2)..{(2)
<223> Xaa = Tyr(2-Br-2z)
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<223> Xaa = d isomer Glu(OH) <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(iPr,Z)
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 106 Phe Xaa xaa Xaa Xaa Gly
Xaa Xaa 15 <210> 107 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct <220>
<221> MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MISC_FEATURE <222> (2)..(2)
<223> Xaa =_Tyr(tBu) <220> <221> MISC_FERAT IRE: 222> (3)..(3) <223> Xaa = Lys(iPr,Boc) <220>
<221>2l\2/|éSC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220>

22213 MISC_FEATURE

<222> (33..(3
<223> Xaa = Lys(Z2-C1-2)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<Z23> Xaa = d isomer Arg(Tos)

<220>

<221> MISC_FEATURE
<222> (5)..(5)
<2Z23> Xaa = 2Nal

<220>

<221> MISC_FEATURE

<222> (7)..("

<223> Xaa = d isomer Glu(OFm)

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = Lys(2~C1-2)

<400> 102

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<Z210> 103

<211i> &

<212> PRT

<213> artificial

<220>
<223> synthetic construct

<220>

<221> MOD_RES
<222> (1)..(D
<223> Boc nmodified

<220>

<221> MISC_FEATURE
<222> (2).. (2

<223> Xaa = Tyr(2-Br-7)

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(Fmoc)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg{Tos)

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>
<221> MISC_FEATURE
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<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr,Z) <220> <221>
MOD_RES <222> (8)..(8) <223> AMIDATION <400> 107 Phe xaa Xaa Xaa Xaa Gly Glu Xaa 15
<210> 108 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct X17256WOST25

<220> <221> MOD_RES <222> (1)..(7) <2233 Jagfaps bridge <220> <221> MISC_FEATURE

>02)1x(3) €223%7%aa = Lys(iPr-d6) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer
<222<§%§53)Xa3 = d ‘Esomerycg'iu(OBgT)

<220

<221> MISC_FEATURE
<222> (B)..(8&

<223> Xaa = Lys{fmoc)

<400> 103

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 104

<211> 8

<Z212> PRT

<213> artificial

<22(>
<223> synthetic construct

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(Fmoc)

<220>

<221> MOD_RES

<222> (4)..(dH
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7
<223> d isomer

<220>

<221> MISC_FEATURE
<222>  (8)..(8&)

<223> Xaa = Lys(Fmoc)

<220>

<221> MOD_RES

<222> (8)..(8
<223> AMIDATED

<400> 104

Phe Tyr Xaa Arg Xaa Gly Glu Xaa
1 5

<210> 105

<211> 8

<212> PRT

<213> artificial

<220>
<223> synthetic construct
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= 221> MOD_RES <222>
<220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> < _RI
(7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(iPr-d6) <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 108 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15
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X17256W0S8T25
<220>
<221> MISC_FEATURE
<222> (2)..(2)
<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Lys(iPr,Boc)

<220>

<221> MISC_FEATURE

<222> (4)..{(4)

<223> Xaa = d isomer Arg(Pbf)

<220>

<22]> MISC_FEATURE
<222> (5)..(%)
<223> Xza = 2Nal

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = d isomer Glu(2-CTC resin)

<220>

<221> MISC_FEATURE
<222> (8)..(8&

<223> Xaa = Lys(iPr,z)

<220>

<221> MOD_RES
<222> {8)..(®)
<223> AMIDATION

<400=> 105

Phe Xaa Xaa Xaa Xaa Gly Xaa xaa
1 5

<210> 106

<Z21l> 8

<212> PRT

<213> artificial

<220>
<2Z3> synthetic construct

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Lys(iPr,Boc)

<220>

<221> MISC_FEATURE

<222> (4),.(4)

<223> Xaa = d isomer Arg(Pbf)

<220>
<221> MISC_FEATURE
<222> (5)..(5)
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X17256W05T25
<223> ¥aa = 2ZNal

<220>

<221> MISC_FEATURE

<222= (7).. (7>

<223> Xaa = d isomer GTu(oH)

<220

<221> WMISC_FEATURE
<22Z2> (8)..(B)

<223> Xaa = tys(iPr,7)

<220

<221> MDD_RES
<222> (8)..(8)
<Z223> AMIDATION
<400> 106

Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa
1 5

<210> 107

<Z211> 8

<Z212> PRT

<213> artificial
<220>

<223> synthetic construct

<220

<221> MOD_RES

<222> (1)..{7
<223> Tlactam bridge

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Tyr(tBu)

<220>

<221> MISC_FEATURE
<222> (3)..(}

<223> Xaa = Lys(iPr,BRoc)

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = d isomer Arg(pPbf)

<220>

<221> MISC_FEATURE
<222> (5}..(%)
<223> Xaa = 2Nal

<220>

<221> MOD_RES
<222> (7)..(7)
<223> d 1isomer

<220>

<221> MISC_FEATURE
«222> (8)..(8)

<223> Xaa = Lys(irr,z)

<220>
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X17256WosT25
<221> MOD_RES
<222> (8)..(8®)
<223> AMIDATION

<400= 107

Phe Xaa Xaa Xaa Xaa Gly Glu Xaa
i g5

<210> 108

<211> 8

<212> PRT

<213> artificial

<220>

<223> synthetic construct

<2 20>

<221> MOD_RES
<222> (1)..("
<223> Tactam bridge

<220>

<221> MISC_FEATURE
<222> (3)..(»

<223> Xaa = Lys(iPr-d6)

<220>

<221> MOD_RES
<222> (4)..(4)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (5)..(%)
<223> Xaa = 2Na]

<220>

<221> MOD_RES

<222> (7)..(7)
<223> d isomer

<220>

<221> MISC_FEATURE
<222> (8)..(®)

<223> Xaa = Lys{(iPr-d6)

<220>

<221> MOD_RES
<222> (8)..(®)
<223> AMIDATION
<400> 108

Phe Tyr Xaa Arg Xxaa Gly ¢lu Xaa
1 5
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