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, r in P 111 clinical trials for stem cell mobilization for
transplantation.gf stem ce%éﬁ§pﬁa§léé%?£%%? ﬁ%%%igé%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 bivaleﬁK@Rmerta)ppgpﬂﬁ@@g@M%g@@iﬁ;g,ﬂ%&ﬁ?ggé%%% se ibfqlé gligiiéal trials for
cancer. FC131ga gyglia gg&@p%g% L42 ntagonist, inhibits 1251-SDF- gomdlmg‘f% XCRA4
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 ExGR4antaganisteshatiasepotept and; selective, exhibiting little or no activity at other
chemolcine r%al%)engto%s.o'&;h? ggqmeoundﬂs of the present c?llgs%é%sx?ﬁ%oé’flg Igﬂxﬁgﬁcﬁgtéﬁt“éﬂ]oa%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{?zmg)qgE‘ge?agi%CIosed herein
. possess othe%ﬁ%ﬁ@gr@@m;%g%% erties, such as high bioavailability when
administered subcutaneously, good in vivo me%%g?éogtggﬁf?ﬁeg?§§p%m%ﬁ%ﬂ&Fﬁﬂéﬁﬁnacodynamic
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 PRNGL) wherein: said lactam is formed by an amide bond between
the side chain amino grloup o?%e()jgﬁa%{ﬁg’%ﬁtd%fc Xa%}{ééﬁ%&&/l‘b%ﬁsﬁﬂw, YiaveseinCRIBAd X7 are,
respectively, ®i5diTeeseiBerirsHiieiergroup consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/G1u, and
R1 is Ac or n-hexanayiDerog, = bicyR)asaiciastatn is.formed . amide bond hetween the side chain
carboxy! groug of Xi and the side chain amino gr,o%gp of X7, W %{}} wﬁgﬁaah‘d@f K288 ctively, a pair
selected from the grotp consieting o ASBRLTTFAGE chSpmels Aspitents Gt/ @ohAgl, Glu/Dab,
Glu/Dap, GluibBRERdRE Cuiydgiand RipieRe ok MB)0s wheteinXlangiXiaeyrespectively, a pair

selected fromuding-gheun eensisting of.sWeeinyl{(R/ succinyl/Dab, succinyVDap, succinyl/Lys, and
succinyl/Orn. and R1 it c) said %E}g%%.ﬁr %%%lr%ggccfl BY anlarmidd barkrBistieen the

is ahsent: or (
a-amino group of Xt B?Pdlgﬁ? 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, Dpr?é?%%f%%ﬁ%@&%%%%%%6%8?&9 4Fgew. Chens)igaiddagtaidsis-formed by an

amide bond Béhtietrnia mi@h@Qﬂﬁ)}ﬁ%ﬂWrﬂmmﬁbgag%gfpghgaggglcq%,d@m,%gg)f@xyl group of
X7, wherein X1 and ﬁéé&ﬁ%ﬂ%ﬁﬁ‘@%@ﬁ%& ed from the gnro'up consisting of-Afa/Asp,
p-Ala/Giu, 5-amino- valeryl/Asp, c-aminovaleryl/GIl, A-ARIETSR S F2R1¢fe APBhaathd 4-AA/EPA/GIN,
and R} is absSHt0f SXMHOTng ity praerar Vet miber heamiantidegund benwesndhedsamino group of
]2(2 and the sttierghain dachexy grouphfoch WIHRIQR X2 ARE RS 2 ?f{gdnr%sfp ‘%\{-e}l}éé&a pair 3 S.eleCt_ed
rom the groggt%%m%g%%ﬁ Tx(r)/(éqltilé@nd T%/r/,DGIu, and ftl and X1 e ch 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, berisrafsent, vereimX Lis.sele up.consisting of (D/L)Agl, Asp, Dab, Dap,
and Glu; X1 i sele f%mntggléé?%g Cé)n %%ﬁxg%?? (T[%t}ff%?fggkfas %%F‘ﬁ?ﬁ!@ék}aleryl, 4-AMB, 4-AMPA,
Asp, Dab, Dap, Dag% \¢), G, GIY, Leurt JE 1A pNarPh e D Pibalicl saiibinynor is absent;
10X3 is selctatPReRpic hanmasodsisting mhagiek Vi by BhagdilNge); - X7 is selected
from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Glu, DGIu, 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 absent, and 122 is selected from the group consisting of NH/ and NHEt, or a
pharmaceutically acceptable salt thereof. Expressed alternatively, this is equivalent to a
lactam-cyclized peptide o formula 1: 25 - cyclo[X[ - Tyr - X3 -DArg - 2Nal - Gly - X7] - Xs - X9 -X[0 - R2
(N (SEQ ID NO: 1) wherein: 4 Rt is a substituent on the a-amino group of X1 when X1

containe an a-aminnN Aroilin and eaid a-aminn Aroirin ie Nnot a conctititient of ecaid lactam amide bond



15is absent. Xto is 2Nal, or is absent; 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 X7 are, respectively, a pair
selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and RI is Ac or n-hexanoyl;
or 25b) said lactam is formed by an amide bond between the side chain carboxyl group of XI and the
side chain amino group of X7, when X1 and X7 are, réaspectively, a pair selected from the group
consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap, GludD/L)Ag|, Glu/Dab, Glu/Dap, Glu/DDap, and
Glu/Lys, and Ri is Ac, - X1 and X7 are, respectively, a pair selected from the group
consisting of succin)ﬁ(/a(%#%n éiwgu%%ﬁtgﬁgegﬁéé?ﬁifﬁﬁ%,iéﬁéﬁmﬂt%é%mﬂmmy&&@eand Rl is
absent; or  Pevtigeshifddastain is formed by an amide bond between the a-amino group of X1 and
the side chain carboxyl group of Xi, when X1 and X, are, respectively, a pair selected from the group
consisting of Ala/Cilu, Ala/Dan, DAIla/Glu, DA1a/DGlu, Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu,
Leu/Glu, Leu/DGlu, L%ﬂ?ﬂﬁ%ﬁ@ﬂeﬂﬁm—zwaumlEI@@QQ{@D@{P%LRPhg@Iu, and
DPhe/D(jlu, and R1 is absent; or d) said lactam is formed by an amide bond between a non-a,
non-sidechain amino group of Xi and the side chain‘carboxyl group of X7, when X1 and X7 are,
respectively, a pair selected from the group coWsistiRgNsT:Ala/Asp, p-Ala/Glu, 5-aminovaleryl/Asp,
5-aminovaleryUG1uypaeidiaB/Glu, 4-AMPA/Asp, and 4-AMP4/Glu, and R1 is absent; or e) said
lactam is formed by an ami gapapggtgn?tl\évgen the a-amino group of X, and the side chain carboxyl
group of XT7, when X, and X7 are. respeciively a i derformethiboraapiconsisting of Tyr/Asp,
Tyr/Glu. and Wﬁ@@iﬁ; amtklsﬁnabx:inar@h@agrga&gem;@{ @}pngéggg%%ﬁt'cgg% %ﬂccg%a%ﬁ saIF thereof
In another em@gﬂypﬁg%tte@%pre ent disclosure provides a lactam-cyclize peptldeeS fortrulal: -
cyclo[Xt - Tyr - X3 - DArg - a%f ERFE SOPFSU5e0f Wyl Agl iR H(SER. RN EY, aspharmaceutically
acceptable salt firevenfavirerdinr X1 is selected from the group consisting of (D/L)AgI, Ala, 3-Ala,
DAla, 5-aminovaleryl, 4-A MP ) b, Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ae), 2Nal,
Phe, DPhe, and succinyl, I}){ﬁgé‘g—%ﬁé&$ Oz%e@gj’ﬁﬁ@?@ﬁ%ﬁ%ﬁ?%‘ﬁs%@%)iAgmmb, or Dap and the
a-amino groufPBICXYigiaer alcbnstitientios theidactam gm‘gq)mnqv@gqﬂ%{a%m%ﬁroup is substituted

. . . . .. {2 ] &ar ..
with Ri Whlchﬂ@mggaf%@S@&g&o&gﬁc}:@%&stmg of Ac.and mhexanoyl; wherei When Xi is Asp or
Glu and the a-amino group of X1 is not a beonstuet 6T bt Paniat bem@abaid a-amino group is
substituted wﬁﬁﬂﬂ?%h%ﬁ/@@éfﬁtéﬂm,t@@@a@up}ﬁﬂngj@iyg@%@@ﬁa&ﬁaﬂdﬁ or B, Wherein
when X1 is Al@.,v‘?ﬁé% de§{-am|novaler. |, 4-AMB, 4-AMPA, Dap(Ac), Gly, Il_en, T_ys, Eys(Ac), 2Nal,

Phe, oPhe or succinyl, Rl'is absent; K3 e SEie @B Hesis e Hesuprcersisting ofidggyLys, Lys(iPr), and

Lys(Mes); 10%Fissilettedirarcibe/Dayp.cansising mc@-@;%% Asp Dan%liap, DDap, Glu, DGlu,
r

Lys, and Orn;ibsem,)%% is selected from the group consisting of 1'3-’&%, Cﬁl %ﬂ(ﬁ‘w IEy§‘, Lys(iPr),
and Orn, or is absent; X9 is selected from the group consisting of Gly, 2Nal, D2Nal, and DPlte, or is
15absent; X10 is 2Nal, ordssalssentm is formedierainmienbsisaRse X0 and Xi0 are each
absent,and when, X8 is;3b ent g(ajr.tgo;(s 1absent; nd R2 is selected from the group to?fglgﬁng of NH2
and NHEt, 20and further wherein: ~0 " £ O8Ritf ST Formeril By are.arsietbohd beiween the side
chain amino i&eieddrom Hrecthepsidesistiagot atbaxyl anausafl X 41206 X 1.3 g&g are, respectively, a
pair Se|eCtedHﬁ@méh@Q[?Q}lp/ggﬁlQﬁ?@@ﬁﬁ/ﬁ&@#G|lf ab/Glu, and Dap/a% U, &nd R[ is Ac or
n-hexanoyl; gr 25said lactam is formed By an amit CBoRY l}m@ﬁ%ﬁﬁ'@@éﬂcﬁaﬁm&mw group of Xi
and the side%ﬁﬁ(ﬁ%ﬁhﬁ@%fﬁ%?&% BAeR Cluanc XPiare RSRRCtyelk-a-paiselected from the group
consisting of Asp/(DA4Ag; 4 GIU/% gAgI, Glu/Dab, Glu/Dap, Glu/DDap, and
Glu/Lys, and Ri is Ac or ﬁ%%ﬁ&%ﬁ?&pﬁg&% ? %@W@ﬂﬁ B0pdl sedevtizd from the group
consisting oFEﬁB&WIﬁ?E}‘A@E%ue@W#@dbpwncimwga@swgmy%@gq{%%g%I{a?nrn, and R1 is
absent; or  respectsaig |a j amide bond between the a-amino group 6f XI and the
side chain carb?ox ﬁlﬁ?oup% %ﬁf&%@%%ﬁ:ﬁg@ R afe FEERE GiVety *4 shif obleibd $ramithe ctroup
consisting of A&t ‘ftﬁpﬁmﬂ}ﬁa‘m¥§}@I&WMWA@&%;%%G@%{%lk ay/DOlu,
Leu/Glu. Letsagstst: bys/nGlu, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, PheiDG1u. DPhe/Giu, and
DPhe/DG1u, and Rl is absent; or ~ said lactarn is formed by an amide bond between a non-a,
non-side-chain amino grSElfialﬁifl%iﬂﬁh@ theositiey civaimidaribmd baraitp 0f X Zand XL.ang X7 are,
respectivelyaqudirinalcietech iRy O sisting. of p-Ala/Asp, p-Aia/Giu, 5-amino- valeryl/Asp,
5-aminovalery1/Glu, 4-AMB/Glu, ﬁMPA/gggf a%ir}]%%]ﬁgb ZEnfFRETevalysamaipr said
lactam is formed by an amide bond between the a-amino group of Tyr at X2 and the side chain
carboxyl group of X7, and X7 is selected from the group consisting of Asp, Glu, and DGIu, and R1 and
X1 are each absent. A recurrent sequence motif in all the compounds of formula | is the presence
of Tyr at position X2, DArg at position X4, 2Nal at position X5, and Gly at position X6. In another
embodiment, the present disclosure provides a lactam-eyclized peptide or pharmaceutically

acceptable salt thereof of formula | (SEQ ID NO:!), wherein: R1 is selected from the group consisting
nf A and R7 or ic ahcant: Y1 ic calarted from the aroirin concictina of 2R-Ala A-AMR A-AMA



X] is selected from the group consisting of DAla, 5-aminoyaleryl, 4-A/VTA, Asp, Glu, Len, Lys(Ac), Phe,
DPIte, and succinyl; X; is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me-);

X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Gin, and Dan; X8 15
selected frortY th&'#¥étfl§Consisting of Arg, DArg, and Lys, Or is absent; X9 ¥§ &ysaffte #0375 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 é?oup consisting of (D/L)AgI, 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:setedteonirtmgibe graupoonsigting af, (DA Ag | AspyDapy Gid, ych G140k ; X8
is selected from tt}}e groyp consisting of P-Ala, Arg, Gly, Lys, Lys(iPr), and Orn, or s absent; X9 is
selected from tﬁaéﬂg?‘oﬁ%i(ionsisting of Gly, 2Nal, D2Nal, and DPhe, or is absent; X10 is 2Nal, or is
absent; and R2 is selected fkoma thatgtiotpconsistingofd\irhuand K skikk X, conthnadurther
embodiment, the present disclosure provides a lactam-cyclized peptide or pharmaceutically
~coeptable SalCtHEIGIRTIBARUA (GEETLSIIB 1} Wheraid g R 18 SHEBd Tar H group
consisting of AgecasackBaoor s ahsprionsistingdfis sateciad frommahe Qo i sansising of ¥\ as
5-aminovaleryl, Asp, Glu, Gly, Phe. DPhe, and succinyl; X3 is selected from the group consisting of
Arg, Lys(iPr), a??aéf_%g(Gﬂﬁg}l%%%gf%ps%’llé%%%?%?ﬁj ey “‘8’5%%)&%&‘6 L)Agl, Asp, Dap, Glu, and
DGiu, XE is selected fryrs thegeo tipraansisting ohpsita, Arg/ Gl LA, BysiRr)iand Om, or s
absent; X9 1S selected from the group, consisting of GP! D2Nal, and DPhe, or is absent; X10 is 2Nal,
or is absent; ango'laﬁlﬁ‘uljéV égllgqgt%és %?oﬁm%fﬁé?g%u% ’o]%aéifs Yo U\Q?BA:‘%ngth : E’t.LGu’SLYSIn another
embodiment, tHefresentdisdiosbirbeprodidhesiaylactanbsytiized peptide or Pharmaceutically
acceptable,salt thereof of fogmula ] (SEQ O; rein: ' lected. the group consisting
of Gly and?(l):’he; X3is Lys(icli)’%)?%%eg:(%@l%dgé% g%p%gigﬁga%ﬂ%gtxﬁtéz%%%%?rrgké{ﬁntjh%%resent disclosure
provides a lactduy¥@yelized peptide or pharmaceutically acceptable salt thereof of formula | (SEQ ID
NO: 1), wherein: R1 is absept;. X1 is sel cte(ihfrom the group consisting of Gly and Phe; X3 is Lys(iPr);
X7 is Dalt; Xs LS selected f ?ﬁst?%@a?&?ﬁo% §istivg %@%ﬁ’%ﬁﬁ%ﬁlﬁ%,%ﬁiﬁﬁs@ﬁ?t X9 is absent; Xj0
is absent; and B24s splecten fiom) ihé @raup consisting of NH-, and NHEi. In another
embodiment, the present disclosure provides a lactam-cyclized peptide or gar ceutically
acceptable salt thereof of fo%ﬁ%"ﬁ%%%% JPRVRETEIE %%'H‘is |1d;1§ %?‘rﬂ%fi’%‘ed by an amide
bond betwéen the(gtde chiainraminalgratp o and the side chain carboxyl group of X7; R1 is selected
from the group consisting of Ac and n-hexanoyl; X, is selected f  grayp consisting of (D/L)Adl,
Dab, and Dap; X3 is selectegd@ f‘rsosr%et%%(pggf%rﬂlﬁgg rg%)tﬁloé?‘ Ot lf‘zgog‘rg?gY~| L%Eﬁpﬁ%wifﬁé (SH;%@ is Arg; X9 is
absent; X10 is abbent; and R2 is NH-7. In a preferred embodiment of the disclosure, X1 is (D/L)Agl or
Dap. In another embod;gne_ir]%ta? rreqsrqugnq_isclosure provides a lactam-cyclized peptide or
pharmaceutically acceptable alt théreof of tormula | (SEQ ID NO: 1), wherein: said iactam is
formed by an amide bond betweenthensides ebaint Cashex Y gradp0fh Xdsandtdevsigechain amino
group of X-,; R1 is selected from the group consisting of Ac and Bz; Xi is selected from the group
consistingzgf ARG 305588 cted from the group consisting of Arg and Lys(Men); X7 is

selected from the group congjstingcefcPlalAdt Sab, BaRRRaprnandfysiE8 is Arg; X9 is absent; X10

is absent; and )
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:



R2 is NH,. In a preferred embodiment of the disclosure, X, is (ID/L)Agl, Dab, Dap, or DDap. In a
more preferred embodiment. X7 is (D/L)Agl or Dap. In another embodiment, the present
disclosure provides a lactam-cycl zed peptide or pharmaceutically acceptable salt thereof of formula |
(SEQ ID NOYY Wh&#eH#211  said lactam is formed by an ainide bond bB&FEEW6idE chain
carboxyl group of Xi and the side chain amino group of X7; 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 N142. In a preferred embodiment gf 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: I), wherein: said lamam is formed by an amide bond
between the a-amino group f X1 airekthensideichaimaashoxyh groupsokxX%; klsisiabsent; X1is
selected from the group _congis(}ing of Ala, DAla, Gly, Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, and
DPhe; X3is se?é%%@ﬁof%?ﬁptﬁié GFoliB GBRISHREPSP AT S I P Ans EYIiec ™7 LS selected
from the group eonsigtingiohAspuEhenarthPanc, BzXEds selested omuthengronpGensisiing of
13-Ala, Arg, Gly, Lys, sé:Pr , and Om, or is absent; X9 is selected from the group consisting of Gly,
2Nal, D2Nal, aﬁ&l%ﬁ%@g 1E'a%ggRﬁokﬁﬁlf§§%%{L&%’ SFBeRtPwWiErRAHEN Xs is absent, X9 and
X10 are eagh absent; and Rxjssselestedifsonmthegiotpconsising/ ofNE sand NHEsA B2 In a preferred
embodiment of the disclpsure, X is Ala. DAla, Gly, Leu, Lys, Lys(Ae), Phe, or DPhe. In a more
preferred embo%"f‘rrnnénn V%%IYJ,&TM? Ef-\%ﬂ’& P Dab. Dﬁ?’aﬁﬁpzf%%e L ibbdithehof the disclosure,
X3 is Arg, Lys, Lys@rO2ds! LyistMéENe. lmnd maomiespreferrbe:embodiment, X; is Arg. In a preferred

embodiment of the disclosukg, X, is. Asp. Glu, or DGIU. In a.more,pre e”‘éﬂj e ﬂOdi ent, X, is Asp. In a
preferred embodiment of the ﬁ%é%o%ure, X8 igepg?,ié?lig); %81 %?& (i_yﬁélﬁ"_ygﬁ r‘fﬁ@’ ’, agrg;s absent. In a

more preferrediembdiment X8 is p-Ala, city, Lys, Lys(iPr), On, or is absent. In a preferred

embodiment of the disclosure, X9 js Gly, 2Nal, D2Nal, oPhe, or is absent. In a more preferred
embodiment, X9 is Gly, 2Nal DR 5?‘5%@%@?@%%?8?@??8%@6@%%% i di%osure, X10 is
2Nal, or is absentapnGunoergupisterad@mbodiment, X10 is 2Nal. In a preferred embodiment of the
disclosure. R2 is NHEt. In an?the mbaqdiment, the present disclosure provides a
lactam-eyclized peptide or BﬁFaIPrﬁ%E%tﬁ‘friféW%Egéﬂ%ﬁ?gségﬂ’ﬁw@ OF B SRR (SES D NO:1 ),
wherein: sdigdaetgmisdarmet bysan: amide bond between a non-a, non-side-chain amino group of
X1 and the side chain carb%yL roup of X7: R1 is absent; . EI Is selected fro the 'oup consisting of
3-Ala, 4-AMB, 5-aminoyaleryﬁléhegeﬁg%(\}l\ﬁﬂl;ni i AR KT T el é@d Friftn PR B ESRsiting of Asp
and Glit; X$§ is sebdeted from the row consisting of Are and DArg; X9 is absent; X10 is absent; and 12.,
is NH2, 13 In a preferred egrilbod#ﬂeltnt of.‘tme., dig,closure, X1 is I13-Ala, 5-amino- valeryl, or 4-AMPA. In
a more preferred embodimenlt?]f( is'r L2ATE RS preferred embodiment of the disclosure, X7 is Asp. In
a preferred embodiment of thie:disclasurg, ¥sibsoA oY, and inanether ambodiment:;ihe present
disclosure provides a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of formula |
(SEQ ID NO: 12RiHEr&in:s 2bseBiPRctam is formed by an amide bond between the a-amino group of X,
and the side chain carboxyllgrglégi&ftgg-g&gﬂ,\éﬁ@gﬁg&%?&@ absent, A3JgArg; X7 is selected from

the group consisting of Asp, GM, and Da Xs is Arg; X9 is abSent; X10 is absent; and
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



R2 is NH,. In a second aspect, the present disclosure provides a lactain-cyclized peptide of the
formula: (SEQ ID NO:70) 14 or a pharmaceutically acceptable salt thereof. The lactam is 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. 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 foyrth aspect, the present disclosure provides a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof as variously described above, for
use in therapy. lu%c%ﬁw aspect, the present disclosure provides a lactarn-cyclized peptide or
pharmaceutically acgepqaif%%§wg@?%§%?%@membwmﬁ facthe/meanrnent, of rheumatoid
arthritis, pulmo#aepdibrosis, HI11,/ infection, or a cancer selected from the group consisting of breast
cancer, pancreatic cancer, 551% ma, prostate cancer, kidney cancer, neuroblastoma,
non-Hod.czicin's lymphoma;, iling Catcet, ‘OVAHHY Ginusticbiorbltal canber; muttiplesayeioma,
glloblastoma mitiltifor thesianchehronieiynphacytie leykemia. In a sixth aspect, the present
disclosure prog@&g@@ge%sgjﬁof a Iactam-g%g%ced pjé?ptid%e%lpaﬁ}gr}rﬁéagg'urt?csz%?ﬁ}ng%&f)%e salt thereof as
variously describe akt;gve,' oF the FAHTIAEREE Bfalmédndaiient /v e, wedirmen of rheumatoid
arthritis, pulmoridiyfibfosisiiHAsInfEst tal t t nsisting of breast
canceii ppancr%@@pcgﬁgyéglgﬁgﬁggzgg%@?ﬁff E%%% gﬁﬁgg %1%15%21 ’|§§F§ﬁ¥a§8h_

Hodgkin's lymphoma, ung cancer, ovatan gange%néﬁg}“@@félﬁaﬁ@eﬁiﬁﬁ@hﬁ?t@i;rﬂyeloma, glioblastoma
multiforme, and c_hronic Iyrdbm@mtfegé(&mi&dmymﬂ@i@mg@gmh g@l%rp_&?sn%ggs%gmclosure provides
a method of tregfing rheu %Ob(%ﬁl’tgg(litl , pulmonary fibrosis, 1-1117 infection, or a Caicer selected
from the group consisting of breast cancer PantiEAEesnc s mebiomasprostatecancer, kidney

cancer, neuro&w@mdymww@@n'ﬁdmmm Ia(g}gimgf,ﬁgxw%cg%%}@&olgrectal cancer,

ot

multiple myelqmgwg)k lastoma multi e hronic lymphocytic letkemia, comﬁ?fgﬁlﬁﬁ"
administering to a“pat(i%gh? i%%ﬁ%%vgl ﬁwy%l{r%gn =é‘tﬁ‘%§g§gﬁ}% aftotint oF @, andabrcyBlizashpentide or

pharmaceuticé?ll%b&@&emable salt thereof as variously described above. In the macrocyclic peptidic
compounds of the present gigglogure ( ID,NO:1). amino acids X1 through X10 are referred to
herein by their commonly §ml%qloyed t ?e%%ﬁgr gy%%ﬁﬁ‘é{es?ﬁﬂﬁ/mg?ﬁfﬁ Aglst-fimcagminp <erminal end to
carboxy-terraifafBhiiemiderbain datbogsaihgapital | stiersk refed 10, ahsalute strreochemistry. Where
neither desig@ggg{éésﬁi&giggt%% ina Sagrgljcul??é formula, the L- form of the amino actd is present. X | can
also be a dicarboxylic acid residue. 1.e. & @Nﬁ@?o%/%iﬁ@dé@dwluammmzacm #gsidues within
the brackets "F3Phaiessaitioin the cyclic structure; groups external to the 5Sbrackets are outside the
cyclized ring. In all cases, gyglization.is yia.a lactam (amjde) bond between X1 (or X2, i.e., Tyr) and
X7, which can be formed if\:{everal%iifféaelégﬁ%ce ?}'s,l%éegpl)te i (bf'on the structures of Xi, X-2, and X7.
When the lactam borlfl 188¢feebpdimeseritthprsicie chamagpno.araupQhKl andihe side chain carboxyl
group of X7 (Scheuhgs 1 and 2; Examples 1-5), the a-amino group 100f Xi is cappeg \R/liﬁe,&c or
n-hexanoyl. When the lactara bond is formed between the side chain carboxyl group of X.1 and the
side chain amino group of X7, the a-amino group of Xi is capped with Ac or Bz (Schemes 3 and 4;
Examples 6-19). X1 als@xsim e-d pifudctionakgesiiue other-than ag a-aming acid, for example one

‘with two carboxyl groups, i.e., a succinyl residue. In.this 15 case, one cargboxfl? group forms an amide
bond with the a-amino group of Tyr, and the other farms the cyclic lactam structure through an amide
bond with the side chain amino group of X7 (8Efieé&8land 4; Examples 20-24). When Xi is succinyl,
Ri is absent. In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15; Examples
25-28, 32-66 - a-aming group of Xi forms the lactam structure 20 via an amide bond
with the sidewﬁ%%%y%glﬁoﬁcﬁ %g Sg?w%hﬁf*%ﬂabsent. Also included in the synthetic schemes of
this category are cythePptides containing X1 residues,4-AMB, 5-aminovaleryl, and 4-AMPA, wherein
the amino group is &,neg:side; Ghain, -a-amino group (Schemes 5 and 6; Examples 67-74). R1 is
also absent in these Icfs%ls%:ngiggWhen gc%)}[cfbi% Oélﬁﬁ't%gé) e( ﬁ%‘%ﬁ]t’, e Br&dan® &feucture is formed through
an amide bo "(?%’é’f%’é@ﬂ’%h%%%m&%@p@@ﬂhmammme@j@@@m Iga[b%{,yl group of X7
(Schemes 5landG:) ERaimples 29r3 hhd $ciny, SUHUCIHIES 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 (1) and their pharmaceutically
arcantahle calte enacificallyy evemnlified harain evhihit an averandoe Ki valiie of abhoiit 7 5 nhM or lece ac



Agl (aminoglycine) is a pro-chiral building block. When this residue appears in a peptide formula
herein, the a-carbon becomes a chiral center at which the two associated a-amino groups are each
individually bonded to different moieties. In this case, the final peptide product contains two
diastereomelsda¢HIEtresolved, and that may be present 5in other than BCT/UTHGS/O6DIT )Agl" in a
peptide formula denotes such a mixture of diastereomers. "(aL)Agi" denotes an Agl derivative that is
racemic, for example Finoc()))Agl(Boc). "Ki" values are calculated using 105() values determined in
the CXCR4/°25I-SDF-  la binding assay described below by employing equation 7.22 of Enzymes, A
Practical 10Introduction to Structure, Mechanism, and Data Analysis, Robert A. Copeland, Wiley- Val,
New Yorlc, 1996, page 207. The term "SDF-1" includes two isoforms, SDF-la and SDF- p,
currently understood to exhibitesimilarfunctionatity cITreatmensy asused herainselersdte gurative
treatment of disorders associated 15with CXCR4/SDF-1 interaction or CXCR4 receptor activity.
Curative treatm&fereteid{a o Ses e ThIBIRBCAS RS Ag  THESr LR tnt SabraGtrd “é8Rtrolling, or
stopping of disedsehprogressiannbii-dees nohnaaessasity:invelveatgial elimination of all
disease-related symptoms, c?n_ditio s, oy disqrders, The compounds of the present invention can be
used as medicaments in hu%g‘aﬁa@r%% rha I‘He%}i%ﬁ?gc,{g%lﬁfﬁﬂm?é’rg’d“ﬁﬁ/o Jakel 8f routes. Most
preferably, Sucboeenapositians latedoipacanielal-adminisiation, Suchsphasmasewicaligompositions
can be preparege%%/tem%thoq?_ vg_ellll kgggg@tiqgg%ﬁrt. %eBe,_ e.q., Remington: The Science and Practice of
Pharmacy, 19th ed. d 8&5 ,&.&é}eﬂnar‘ol“e]fél., E4 ufil%hlng Co., and comprise one or more
compounds of formula (1) owbephamheic&utically. 8ctlepteife Salt(sp28tndrdef MAdda/irmaceutically
acceptable cariigh,diyient, ergxciRient Abe alfgctive ameupt of-the pregenigampounds is in the range
of from about 1 mg to about 300 mg, more preferably from about I mg to about 200 mg, more
preferably from about¥rtig #5ablitrdee g asaraimmofedleferabiyirornabotiamg to about 50
mg, on a daily basis. ?(%s"sL@&E@E{‘ﬁ%}ﬁ’?H?@Q-&ﬁ%&@&ﬂ@tgﬁ(ﬁfﬁi@ﬂt A@}ﬁ%%’ﬂ)ﬁﬁn k_)e syntheS|zed elther
by solid-phase synthesis or solution phase synthesis, or a combination of both, with peptide 19 chain
assembly on solicPpHalie A dyslizadi®hirer other modifications on resin or in solution. Such methods
arc well known in the n-s_Iascteal%@a}egmlﬁmﬁgmg%%-bﬁg?%%&h@m#Jgé}tsg@?ﬁmngs _
Ac: acetyl; Agl: aminoglycine; AMB: aminornethyl benzoic acid; AMPA: Baminotnethyl phenyl acetic
acid; Bo: benzy#419&n tefchttydkycarbonyl; BOP:
(benzotriazol-l-yloxy)msgqm@ﬁmﬁin@gxmreegmm%@@@ymh%@ﬁ%a RPRE: 1 is
2-bromobenzyloxycarbonyl; Br benzoyl;benzyl; 2-C1-Z: 2-chlombenzyl- oxycarbonyl; Dab:
2,4-diamindburdti€¥cid; Dap: 2,3-thamino-propionic acid; DCC: dicyclohexyl-carbodiimitie; DCM:
dichlorornethane; D1§; dijsepropykcarbpdiimide; 10DIEA: diisopropyl-ethylarnine; DMF: N,N-dimethyl
formarnide; DMSO: dimethyl- sulfoxide; EDT: 1,2-ethane-dithiol; Et: ethyl; Fm: 9-fluorenylmethyl;
Fmoc: 9-fluorenylmethoxy @gh@@ﬁywiﬁp\ﬁyils absent, X and X are each absent, and when Xg is
N-[(dinriethylargﬁgg){%yaliszﬂgsgﬁitag%o[4,5-b]pyriclinylmethylene]-N-methylmethanaminium
hexafluorophosphaté N-oxide; HBTU: 0-benzotriazolyl-N,N,V,V-tetramethyluronium
hexafluorophosphateRHE JditrtH fhem Dot azg-cbokismg of NH, and NHE,
1-[bis(din§(}hylamino)al;rﬁ}g%h%ﬁl%pe -gréclqloro-&oxide hexafluorophosphate; HF: hydrogen fluoride; HOBt:
hydroxybénzotriazote; CFs0 utyf chloroformate; iPr: isopropyl; IPA: isopropyl alcohol; Me: methyl;
2Nal: 2-naphthylalanine; NNHA: IntaatyipRoRgHOliHeaN MR oML Inetteeh fyr rofiddnén @Ba: tert-butyl ester;
Pof: 2.2.4.67- peatmetlativdiobenzalianeraisulianyl, RSk pligsehate huffered,gaine; PyBOP:
20(benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrratidineskdsprotiam hexafisoroghdsphatel/ (Bu; TetiGutydnT Pap/Giluard&ceétic acid; THF:
tetrahydrofurary, T J@ﬁ-‘i@}?ﬁ% pyl silane; Tus: p-toluenesulfonyl; Z: benzyloxycarbonyl; ZOSu:
N-(benzyloxycarbonyl-oxy) stccinimide. Preparation of compounds of the present invention as
describedtth the following 25es&ipies mreaky ' Baiftlkedive vatnakatids thaitsgbrrdach of these
examples, the gﬁﬁgryfeﬂlrmiM%Va!ﬁigmr_iﬁrr@g%s@@@,,adg@sepm@w%,\@gﬂscﬁw?%ﬁpnVO'Uted

value is derived from the formula MW(observed) = nSm/z)-n, where m/z represents the charged ion
(positive modeyeHiier th FORENHIHIETO8t EaE §6 S bt the dsboffie Sdcid/ WRermatipletharged species
are present in e/ MAsEAPEEHUM, HIs.ohservadrpolacuianwelahti30is (eRatisd ps,araverage. The
synthetic processes disclosed in Examples 85-87, and isotopic labeling procedures disclosed in
Example 89, for cyclic lactam peptides containing isopropyl 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-Glv-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
ctandard Annlied Rineveteme DNCC/HORT cheamictryy nrotoeconl or EactMoe chemictryy EIRTILI/DIE A



(95/2/112, viviviv), or TFA/H20/T1S/anisole (92/2/4/2, viviviv) for 2 hours at room temperature. The
solvents are then evaporated under vacuum, and the peptide is precipitated and washed three times
with cold diethyl ether to remove the scavengers. Molecular weight calculated (MW cal.): 1142.30; MW
observed (MW obs.): 1142.50. WO 20081150689PCT1US20081064177 22 H2N -Rink Resin 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 cou7pling piperidine deprotection (SEQ ID
NO:4 Scheme 1. Amino side chain to carboxyl side chain peptide assembly S Peptide purification
is accomplishegrgsijg%eg_‘%]avn gwﬁ%eparative HPLC techniques. Immediately following the cyclization,
the peptide solution 1S diluted WATHT\WATSHER ST A GroTa0/6 Cusie T E AL Jnagled/ontoareversed phase C18
HPLC column, saxdiehifed, withian ag eldsiy rifueroacetic aciwacetonitrile (v/v) gradient while
monitoring at 1021.4 nm. The appropyriate frac%%%;%é %%g Ei:)gg eyd& g}% Wgﬁﬁliﬁéés;@lﬁﬁﬁﬁer
characterization of the final FodGe sipEmoahed usingianadyticatitiZd G and mass spectral analysis by
conventional tecfinigues: &Q{BQ@R}&?ﬁU\g@%a asic SJ e chain, the final Iy_ophilizeﬁ’ pr&f’uc isa TFA
salt. WO 2008/150689PCT/US20 8/0641 77 28 BXafitD A& vEto DA Ty selected
-DAr0-2Nal-GIV-BIURHE ST A 60 AlaPigparie astin, Example b&?é%?@!&&*ﬁgg:mz;;pap(Anoc) in
step 8 is replaéég/ with Gmmupza}p(ﬂﬂggkbg\g)ﬁ(}&ai%}é@é% MW ]ohs.: 1156.10. %AE anple 3 Ac-cvelo
DiPr)-zNal-GAﬁﬂ\é}Mls%gJD 0:7) _ Preparé as in Example 1 exé&pttHaFAideAig(Pbr) in step 6
is replaced with Emoc-Ly40PH (B0 TrehPPha 56787 xMWR Ghsbisdik56:78. 10 Example 4
n-Hexanovl-cyclolDap-Tvr-kays R DAL= -Glv-Glul-Arg-NH2 (SEO ID NO:8) Prepare as in Example
|, except that Fmoc-Arg(Pbe in step 6 i?ﬁ%ﬁ%&m W%Wd&gﬁo%wgﬁﬁﬁ%%)gﬁt@ﬂmw, acetic
anhydride in stépY %’?%%fﬁ@@oﬁvﬁ skt Potisiehd etivgied WitPYBQWRIEA. MW cal.: 1212.47;

MW ohs.: 1212:@ctively, a pair selected from the Eroup consisting of §-Ala/Asp B-Ala/Gh, 5-ami
g , B , O-AIRIN0-

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

| and 4-AMPA/Giu, and R,
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 I is the

- ° presence of
+¥T at position X5, DArg at position X,

. ZMal at pesition Xs, and Glv at position X,
In another embodiment, the present disclosure provides a lactam-cyclized peptide or

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

Ry is selected from the group comsisting of Ac and Bz, or is absent:
S XI _i.sfﬁl????? f{_om the group consisting of
Dab, Da,ps Dap(A S«

X3

P-Ala, 4-AMB, &-AMPA, Asp,
¢), Glu, 2Nal, Phe, and succinyl, or is absent; |

is selected from the £roup 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



Example 5 Ac-evelol(D/L)ATvr-Ara.-DArp-2Nal-Glv-Glu |-Arg-NFIL(SEO ID NO:91 Prepare as in
Example 1, except that Fmoc-Glu(Oallyl) in step 2 is replaced with 20 Frnoc-Glu(OtBu), and
Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(0OL)Agl(Boc). After chain assembly, there is no
Pd(Ph313)4 treatment since no ally! protection is present. Instead, cyclization is carried out in solution
after the linear peptide is cleaved from the solid support and deprotectal. The crude linear peptide
(0.25 mmol) from the cleavage is dried under vacuum and dissolved in 10 InL of dry DMF. This peptide
solution is 25delivered to the following solution via & syringe pump during a 2 b period: 15 mL of dry
dichloromethane and 15 trIL of dry DMF containing 1.0 rnmole of PyBOP and 4.0 mmoles of DIEA.
The reaction is then aipuiechto AR ALIAUMISITRSIALIE for 21, Spivents ate then cuaporated
edap

under vacuum, the residue is loaded ontc a preparative rever ase cOftnT, And target
cyclic peptid e TBsTaYEa L I CREiam S0l deseibicd FES Tansia ). Miwgal.: 1128.27; MW ohs.:
1128.26. 25 Example 1§, Aerauala Ghr lAb:His 2NalG R A-NF SE IR, %eh? The sequence
GIu(OtBii)-Tyr(tBu)-Arg(Pbe-DArg(IbO-2NaI-GR/-Dap(Boe)- Arg(Pbf) (SEQ ID'NO:! 1) is assembled by
standard Fmoc chemistrySfiisgtrg ZHTABE 34310 hesteimient B34dutliredinSehememeiow. The
automated aﬁgp@g{ j_%&_qggggg?upgy H?@gm&%ﬂﬂﬁrd Applied Biosystems DCC/HOBt chemistry
protocol or FastMoc chemistry (IIBTU/DIEA) protocol féllowing the supplier's directions (PE Applied
Biosystems Inc., Foster:Git§eiey o SslidsumsoniisRink arpidevdsinfon Gaefmitel-amides or
indole resin [3-( ethyl-kmac-amino}methyl)-inclol-1-ylkacetyl AM resin for 10C-terminal ethyl amides.
Stepwise chain assem%?ygs%g%%?%%n%%%%% rﬁ%%ﬁ%ﬁ%zgg E éL m%{afiﬁ% e ARG %Déi’@complished in 9
major steps. iivstag PGlsur equivalents of protected amino acid Fmoc-Arg(Pbe are activated )vith
DCC/HOBt (or HBTU/RIE istry) in NMP, and coupled to deprotected Rink Amide
resin. In step 2, four egﬁ%@?&%ﬁ%ﬁ%&%ﬁ?&%ﬁ?%% i\%ﬁég AR a&géﬁl%‘o‘)?dst%%protected resin
15from step 1. AppropHate steps are carried out until step 8, the coupling of Fmoc- Glu(OtBu). For
step 9, Fmoc at the N-terminal end is removed using 20% piperidine in DMF and acetylation of the
a-amino group is carriéd Gt ERIFn&With 5 equivalents acetic anhydride, 10 equivalents D1EA in dry

DME or NMP, for | h akreoRaidemparatune «ihe ém&%ﬂg@mﬁ% ks Sigutaneously deprotected and
cleaved from the resin usin%a 20 scavenger cocktail of TFA/H2O/T1S/EDT (95/2/1/2, viIviIviv), or

TFA/H20/TIS/anisole (B398, ORI ¥8r BHIGIe AL IsorTe Mprds feieSeenstize) Rintdsaivents are

then evaporatesmmgetiadiguusmepaidtt the peplidefspreaipitaled andiwashed.thrge times with cold
diethyl ether to remmﬁé%es%{;aven ers, The crude product is used directly in the cyclization reaction.
1S.

MW cal.: 1142.30; M TS BT Be SRERGRREERMOT Ac. Prrepd nabgrer 29Fnoc-Dap(Boc) 3.
Fmoc-Gly 4. Fndeeghlal 5. Fmoc-D-Arg(Pbf) 6. Fmoc-Arg(Pbf) 7. Fmoc-Tyr(tBu) 8. Fmoc-Glu(OtBu) 9.

Ac20/DIEA 10. 11. SSg wise SOH%‘-Qh e assemblgzl:S Fmo%@rotected_amino acids, DCC/HOBt or

IBTU/DIEA coupling pip ridine ¢ eprotection T CORSISIERY ﬁ@%&f‘g’cﬁéﬁ% A E@Fside chain to

amino side chain(gptite ass&imbly 5 Cyclization is carried out in solution after the linear peptide is
cleaved from the Somfﬁ’ﬁ%%fé%‘;ééhg%ﬁﬁ e side chalnsﬁcleggotec d (Scheme 4). The cleaved crude

linear peptide (0.25 miole) is dried undervacuum and dissofved i 18 HIL oPH-BReThis peptide
solution is delivered taths feltoveihfoeabtigrompixiisesiia: 3 SN DU ok irg,1Qa42 h period: 15 mL
of dry dichlogjocgfe,thane and 15 tilL of dry DNIF containing 1.0
Kg is sslected from the group consisting of f-Ala, 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:



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 vacuum, the residue is loaded onto a preparative
reversed phase CI8 EIPLC column, and target cyclic peptide is isolated and characterized as
described in Example I. 27 Side chain deprotect on and TFA cleavage 5Scheme 4. Acid side chain to
amino side chain ring cycl zation 28 Example 7
Bz-cyclolGlu-Tn-Arg-DArg-2Nal-G1v-Dapl-Arg-NH2(SEQ ID NO.114) Prepare as in Example 6, except
that acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.: 1204.37; MW obs.:
1204.87. Example 8 Ae-cyclo[GIu-Tyr-Ar2.-DAE2-2I\PaI-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.: F14257BcBkdmpléOgronp consisting of Ac and Bz, or is absens.
Ae-cyclofGIu-Tyr-Artz-lﬁr '2':'*}]5%!:;%%"‘ sl-Aru-NH2(SEQ ID NO: 16) Prepare as in Example 6, except
that Fmoc-Dap(Boc) in step 218 repiag i ERTCRAAB 6€ Y M Warahp b1 841385 Whobs.: 1184.23.
Example 10 A& dibiGhrEyandiraxDidra-2Nal-Glv-Dalal-Arg-N112_(SECI ID NO:17) Prepare as in
Example 6, except that Iim(gcsg%a ngf(r)c%én step 2 is replaced with Fmoc-Dab(Boc). MW cal.: 1156.33;
MW ohs.: 1156.07. Example it Ac-nCIotailT-SHARP IO 2RARC (0P Aall-Lrgiieh12(SEQ ID
NO:18) Prepare asiniExasmplefexcept, 0c-D Jn step 2 is replaced with
Fmoc-(00AgI(Beg). MW cal.: 1128.27; MW ohs%%%%%%?%%%ﬁqgﬁ Dap, Glu, and
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(Baad) iistef Zisreplaced Wit éﬁﬁ] MQOL Agl(Boc). In addition, acetic
anhydride in stgp 9 is replaced with benzoicgaci%%%ggﬁﬁi} rideé).%x %A/%ﬁ?&%lgé%@ﬁﬁw)eﬁgd 1190.99.
29 Example 13 Bz.c 10 AT-A ,-DA 2Nal-Glv-Dab ..ArrNI42fSEQ ID NO:20) Prepare as in Example 6;
except that Fmoc-Dap(Bed) inigtep 245 ieplacesl W , and_ Fmoc-Glu(OtBu) in step 8
is replaced with Fmoc-Asp(OtBu). in5addit%ﬁ,%é%%%§%%§$§ %r%gs\%ba& ISTESISE AR Denzoic acid
anhydride. MW cal.: 1204°37 “NAvBB520926487. Example 14 ‘
Ac-cycIoIAsp-Tyr-Arg-%rg-@}g@{ég%ﬂp@lgi%ﬁ)r "3'5'295%59 ID NO:21) 10Prepare as in Example 6,
except that Fmoc-Dap(Boc) in step 2 is replaced wi et -5%6@@8 ;‘and Fmoc-Glu(OtBu) in step 8
is replaced with Frnoc-ASOEmkedinest: the a2 801 W oobe. pAdARSL 1EXAIPIE AR peptide or
15Ac-cycIoIAs1haTmao@r@dalmgc2é§§mb@Iy@e}ﬁgﬂ\fﬁﬁ@é@&éﬁ%{z\g’ ) Prepare as in Example 6,
except that Fmoc-Glu( ,tBul i[1 step, 8 is replaced with Fmoc-As ’)1 NIRFER: 1128.27; MW obs.:
1128.78. Example 16 20137 C5E0ALR- 5§ <RAp IOATEI 2N aF Gly-Bapharg-NH2(SEP 1D NO:23)
Prepare as in Example%, iexgapbthaifmoc-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.: 1190.34; MW
ohs.: 1190.69. 25Exarr?rﬂésP?GlAe-excloIAsp-Tvr-ArZ-OAr2-2NaI-Olv-(O/4)A211-Arg-N142(SEP ID

NO:24) Prepare ag ishEXanepis. s Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(00Ag| %% and F OC-G|U§?I§D[%%%%§'%QH;%?§{%% lac’é‘é% it fhooapiobiayd Mnidan:
1114.24; MW 0 s.?cl"ffﬁzfggac\‘/‘\?@ m}i%wgmgm@&mmm@ﬁpﬁmmle 18 Ac-cu doTvs e
A -2Nal-Glv-Da Ar NHR SEdhdig:2 Prepare as in Example 6, except that Fmoc-Arg(Pb0 in step
6 is replaced with Fmaog-Lys(Me2), and Fruoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu).
MW 5cal.: 1128.31; MVk: BHE =4t @@2.“@)@’@1@9%@@@@@1@1& ang-bpAl DA -2Nal-Glv-Da -A T-NH2
SID NO:26 Prepare as;dpigﬁmp{e 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with 10
Fmoc-Lys(Me2), and Fmoc-GIu(deu) in step 8 is replaced with Fmoc-Asp(OtBu). In addition, acetic
anhydride in step 9 is repfaREtwith benzoic acid anhydride. MW cal.: 1190.38; MW ohs.: 1191.14.
Example 20 15eve|o|§<uciggré}g&zrvr@riz- Ar-2Nal-Gly-(Dh.)A211-Arg-INHL(SEO ID NO:27)

Prepare as in Examplé 6, excepffdthé) ot RPBHERS ster2asdrepiéited withabseeg-(D4)Agl(Boc),
Fmoc-Glu(OtBu) in stef 8 sbiwit;used, and this step is omitted. In addition, acetic anhydride in step 9 is
replaced with succinic_anhydride. MW cal.: 1057.19; MW obs.: 1057.87. 20 Example 21

evelolSuccinvl-Tvr-Ar -@Erﬁ?ﬁ?@ﬁl?@qv-Dapl-Arg-NHISSEQ ID NO:28) Prepare as in Example 6,
except that Finoc-GIu@Q;Bbgiégtg%gli&@%ﬂggd and ftliljls-'[Step is omitted. In addition, acetic
pe

that ! . gt Ohsisting o NHE
anhydride in step 9 is yeplaced with succifi ; ¢t NETEC
1 another embodiment, the present disclosure provides a lactam-cyclized peptide or

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



25anhydride. MW cal.: 1071.22; MW obs.: 1071.85. Example 22
cyclolSuceinyl-Tyr-Ang-DArg-2Nal-Clv-Dabl-Arg-NH2(SEQ ID NO:29) Prepare as in Example 6,
except that Fmac-Dap(Boc) in step 2 is replaced with 30Fmoc-Dab(Boc), Emoc-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.: 1085.25; MW ohs,: 1085.87. 31 Example 23
cveloiSuceinyl-Tyr-Am-DAru-2Nal-Glv-Orn -Ant-NH SE D NO:30 Prepare as in Example 6, except that
Fmoc-Dap(Boc) in step 2 is replaced with Emoc-Orn ?oc), Fmoc-Glu(OtBu) in step 8 is not used, and
this step is omitted. In 5addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW
cal.: 1099.27; MW ohs.: 1100.23. Example 24

cycloiSuccinxl-Txr-AFGDRIGoN Arahi by skArgidd B8 EQWE-NG: 3L JQRrepare &BB Example 6,
except that Er&g@ﬂ@ég&%@%% isorue A?gied with Emoc-Lys(Boc), Fmoc-Glu%%f u) in istep 8 is not
used, and this step is omitted. In a iﬁ%n, acétic anhydride in step 9 is replaced with succinic
anhydride. MW cal.: 31 3:3@:Mibmohise gtdibAcdRni JOEXFMRIS 2D hevanovt:
cyclolGIv-Tvr-Lys(iPr)-DAro-2Nal-Gly-DGlul-Arg-NH, (SEQ ID NO:32) ~ ° The sequence
Gly-Tyr(tBu)-Lys(iPr){BS & B (OB 1S NEYE RRE S HIDEI 1)) Ay b 6B BRI D NO:33) is assembled
by standard Fmoc chemisiry-utilig) ( ingtrument as outlined in Scheme 5 below. The
automated assemblﬁ?s carriedao%&gé%é}%ghgﬁ%géﬁéﬁa a%DAagg%ﬁlégsystems DCC/1-10Bt chemistry
protocol or FastMoc’HBTBDIEA chemistry protocol following the supplier's directions (PE Applied
Biosystems Inc., Fogsef'sggg, 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 fromxslestdgrminal end of the linear 25peptide and is accomplished in 8 major steps
(Scheme 5). In step L, four equivalents of protected amino acid Fmoc-Arg(Pbf) are activated with
DCC/HOBt (or 1-IB'FU‘7I5LH§W%%SNOC chemistry) in NMP, and are coupled to deprotected Rink
amide resin. In stepg2,:fourrequivalents of Fmoc-DGlu(Oallyl) are activated and coupled to the
&protected peptide resin from step |. Appropriate steps are carried out until step 8, the coupling of
30Fmoc-Gly.  Thié amysiessrenitieddhain gibtetiticnsgraup, is asmayed: with 0.1 equivalent of
Pd(Ph3P)4 in the presengrofhdd saidyal ilane in. dichloromethane (Scheme 32 6), This
process is rerggated once_for complete éigghzﬁga%ﬁ%[%}gt%ﬁigﬁv feh %W’ﬁf%@‘kﬁ?@ﬂﬁlﬁﬁ’él end is
removed using 2095 B A AT et herardsrd feoradk dadiuxylicarit) meietyof riGlu is activated
with PyBOP/D1EA, said:cyaiiedstorthe paaning-aouPeEolicing on.the,resin, The cyclized peptide is
simultaneously ?gg{ﬁteg&e and cleaved 5from the resin using a scavenger CoCRtal ofF
TFA/1-120/T1S/EDT (952717 SRR O8F $ERIFL30/TIS/anisole (92/2/412, viviviv) for 2 hours at room
temperature. The slvientseai them evapqraiesLnder yacuym.and the peptide is precipitated and
washed three times with cold diethyl ether to remove the scavengers. MW cal.: 1085.29; MW obs.:
1085.32. 10Exampla! 355 eI 1er jbr groupsioredsmiret ANakGIGRGIul-Are-NH2'acetic acid salt (SEO

ID NO:34) Thesi K ide of Example 25 is converted to an acetic acid salt by
adsorbing the materiSélﬁ;sr%t%'gt ﬁ)%ﬁ%\%@ Oél(s))llsftgnﬁ %%‘g’[ﬁt%?ﬂé‘gfﬁ&e@quilibrated with 152% acetic
acid/1470 (v/v). Thé-chlemsaes fhen thagtver withithreetorfivescolmmn Mgl of 2% aqueous acetic
acid (v/iv). The peri%je i eluted using 1:1 water/acetonitrile (v/v) containing 2% acetlgéécid by volume,
and lyophilized. M____ib%%i.ﬁzg;, MW ohs.: 1085.32. 20 WO 2008/150689PC1'/US2008/064177 33
H2N-Rink Resin X, il dbgeac-Arg(Pbf) 2 Fmoc-D-Glu(0Ally1) 3 Fmoc-Gly 4 Fmoc-2Nal 5

Fmoc-D-Arg(Pbf) 6 Fmoc-Lys(iPN(Boc) 7 Fmoc-Tyr(tBu) 8 Fmoc-Gly
X0 18 absént; and

Rg is 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:



Stepwise solid-phase assembly: Fmoc protected amino acids, DCC/HOBt or HBTU/DIEA coupling
piperidine deprotection (SEQ ID NO:35) 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 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 lyophilized. Further charactétization 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 lyophilizg 50 | removal with Pd(Ph3P)4(0) 2, Fmoc
removal with piperidine }%%?ﬂ%ﬁbﬁ? &ﬁ&P%%e%éR%%e@%%%g%ﬁﬁég ¥ dHEA cleavage
WO 200811506888 F /s sbvs obir2rs hérple 26 clo G -T-DA -2Nal-Glv-DClu -N142 SD
NO:371 Prepare;asigg@%mple 25, except that step 1 is omitted. MW cal.: 929.10; MW obs.:
929.39 5 Example 26a cyclolGIv-Tvr-LvsOPr)-0Arg-2Nal-Glv-0GIUENI-12:acetic acid salt ISEQ ID
NO:38) The TEA salt:of thecpeptide of Example 26 is converted to an acetic acid salt by 10adsorbing
the material onto a p{ﬁpaia§i.ve C18 column of suitable size, equilibrated with 2% acetic acid/H, (v/v).
The column is then washeédwith three to five column volumes of 2% agueous acetic acid (v/v). The
peptide is eluted usiny i sivvaleHasetionitile, (dydisentaining 2% asetic-acid by volume, and
lyophilized. MW cal.; 929.10; MW obs.: 52%%39. %%Q%%m?géfi%%’%p’q“ Xa'néuénm’
cycIoIGIy-Txr-Arg-D&‘tfdg"ZfNi%él-GIv-DGIuI-Are-N112(SEO ID NO:39) Prepare as in Example 25,
except that Fmoe-Lyﬁ(iﬁg’&g@Q&) 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 BBpssreeptdhat Fmoc-Arg(Pbf) in step | is replaced with Fmoc-Lys(iPr)(Boc).
MW cal.: 1099.35; ’\%\ZN q?% 1099.91. 25 Example 29

cyclolTvc-Arg-DArtz- Nal- ly-Glul-Arg-N1i2(SEQ ID NO:41) Prepare as in Example 25, except that
Fmoc-DG1u(Oallyl)iresiepz2ds sapbasen: o Wt IRESRIQallL) mog;Lys(iPr)(Boc) in step 6 is
replaced with Fmociérg}(ggg, %%F oc-Gly in step 8 is not used, and Step 8 s omitted. MW cal.:
1014.17; MW obs.: 101478 XATpIE 3B eV HElR YR YN PG AINGRISIPEE NO:421
Prepare as infExampet28)exceptithatfniascbysiRMRRC) iDsten 64s i nlacedn.

said lactam is formed by an amide bond between the o-amino group of X, and the
side chain carboxyl group of ¥-;

R, is gbsent;

X is selected from the group consisting of Ala, DAls, Gly, Dap(Ac), Leu, Lys,
Lys(Ac), 2Nal, Phe, and DPhe;

X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Men):

X7 1s selected from the group consisting of Asp, Ghy, and DGlu;

X4 Is selected from the group consisting of B-Ale, Arg, Gly, Lys, Lys(iPr), and
Orn, or 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+.



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 that Fmoc-DG1u(Oallyl) 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
15cyclo[Gly-Tyr-Arg-DArer2Nal-Gly-Aspl-Arp-NHJISEQ ID NO:44) Prepare as in Example 25,
except that Finoc-DG1u(Oallyl) in step 2 is replaced wih Fmoc-Asp(ally1), and Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf). MW cal.: 1057.19; MW ohs.: 1057.35. 20Example 33
eyelolGly-Tyr-Lvs(Me2):PAs2-eNal Giohsri-AraNHRRERIR NOi45), » |, Prepare as in Example 25,
except that Fmoc-DG1u(Oallyl) in step 2 is replaced with Fr’noc-Asp(aI@laj, and Fmoc-Lys(iPr)(Boc) in
step 6 is replace&%ﬂ?’?iﬁéﬁﬁ?ﬁ(m‘éﬁﬁf M c .2 TesTrede i eoheditosy 86 28 E8amble, 34
cvelolGly-Tvr-Lvg(iPk)-DArg-2Nal-Gly-Aspl-Arg-N112(SEQ ID NO:46) Prepare as in Example 25,
except that Finoc-DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl). MW cal.: 1071.26; MW
ohs.: 1071.76. WO 2008/ B0683PETHBR008/084 § 27 Exampled5.50, Cl -Tyr-Lys iPr A /-2Nal-G1
AsID NO:47 Py e .as o Ex le 25, except that step | is gmitted, and Fmoc-DGlu(Oally1) in
step 2 is replaced}vg\\/%ﬁ;}lj ﬁ?gg{g&sepz?mj%fnﬁ%\{?\%efﬁ% ?89?%%10 1 415.38. Example 36 evclo GI -T
-L iPr-NH2 (SEQ ID NOu8yreferredRyebatienas irf hxaimplenzd, excenbthatRmagArg(Pbf) in step 1 is
.‘replaced with Frpoc- s(iPrg Bo g@ néi Fmog:DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl).
10MW cal.: 1085ﬂf’3%f!’l%{/j[e el gar ’é’?ﬁ‘é&g’?ﬁbﬁé‘
cyclofGly-Tyr-Lys(Me2)sPAng 2iNal Gy GludnfAs2 tNHZ DR IR NG49) Ay rPrepare as in Example
.. 25, except that Ign)o -D&l%?a”é/li) in step 2 is replaced 15with Fmoc-GIu(_OaIiyl), and
" Fmoc-Lys(iPt)(BOY i Stepe 1 Eplaredith EMee- st onhuiimeat %07 8-26: M labs.: 1071.05.
. Example 38 cydelGhsTomAsordser2Nal-Gly-Glul-Are-NH2 (SEQ ID NO:50) 20Prepare as in
Example 25, except that Fmoc-DGlggajlyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and
Fmoc-Lys(PM(Boc) in St it PrschisepRpD. MW Ehl 2987 D22IMW ohs.: 1071.50.
Example 39 25eyslel Sl s QRMOMGNAGILAIN A MDSEY IDNDSL, . Prepare as
in Example 25, except that Finoc-DGlu(Oallyl) in step 2 is rep aced with ErfiocGhin é’ﬁyl). MW cal.:
1085.29; MW obs.: 1085 ¥ cExsfisbuinzotgblut@ly-yere. % (iR FRArg: 2Nal-Gly-Glul-M12 (SEQ ID

NO:52) Prepass ag, g\nﬁ%gm@&g&%ggﬁemag(st? s[omitted, and Fmoc-DG1u(Oallyl) in step 2
is replaced with Fmoc-Glu(Oallyl). MW cal.: 929.10: MW obs.: 929.39. WO
211081150689PCT/US2008/8644 PRig8iEramplbctliscipstioeCRsT WiH:-2Nal-Glv-A -NHED Nth_
Prepare as in Examplehg%o%egee%bt&ﬂt I&pl&amid%nrteasinlis replaced with [3- ] ]
({ethyl-Emoc-amino}-methyl)-indol-l-y[ff(ac’e{fl RRITESIAS S5 'Y Sfniadaraapgesed asidaroally1) in
step 2 is replacetbwiticdurioaity Aspiaiyl) s M\W:calr 343:H3iMW0Dss 94336, fxample 42
cveIoIGIy-Tyr-Lvs(iPr)iaIDl@{a%;tgllx\ll?sl-fG% I%—NHEtéSEQ ID NO:54) 10Prepare as in Example 25,

except that Rink amide resin is replaced with [32¢3 RIS REHERE 4mmRos- matdpirhdsl anjikacetyl AM
resin, step 1 is gritted *anddEroal2ClaiQalydhinstep @ is.replaced with Fmoc-Glu(Oallyl). MW cal.
957.15; MW obs.: 957,50. 15Example 43 cyciolGlv-Tvr-Lvs(iPr)-DArg-2Nal-Glv-1)Glul-NHEt (SEQ ID
NO:55) Prepare as in R f 25, except that Rink amide resin is replaced with [3- (|
ethyl-Emoc-aminol-mgthylaigdek 1aylk y-Al i S is.omitted..MW cal.. 957.15; MW __ _
obs.: 957.46. 20 Exarﬁ:?ale 44%0%%%3%@%@?%&?%&%5%lgiﬁ‘?hﬁ?i(ﬁi?ﬁ%l(%‘lﬂ) ID NO:56)
Prepare as in EX »25, except that Rink amide resin is replaced with [3-  ({
ethyl-Fmoc-amino}-mgthyliigpdol-l-ylkacetyl AM resin. MW cal.: 1113.34; MW 250hs.: 1113.81.

Example 44a .
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;.



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 acetic acid 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% aqueous acetic acid (v/v). The peptide is eluted using
1:1 water/acetonitrile (v/v) 39 containing 2% acetic acid by volume and lyophilized. MW cal.: 1113.34;
MW obs.: 1113.81. Example 45 cxelolGly-Tvr-lvs(iPrakArti-2Nal-Gly-DGlul-LvsOPQ-NHEI (SEQ ID
NO:58) Prepare as in Example 25, except that Rink anide resin is replaced with [3- (;
ethyl-Ernoc-amino)-methyl)-indol-1-ylkacetyl AM resin, and Fmoc-Arg(Plif) in step 1 is replaced with
Finoc-Lys(iPO(Boc). NW cal.: 1127.41;, MW obs.: 1127.35. 10Example 46
eyclolLys(Ae)-Tvr-Lvs{AIBZY Bt SGIEty S kit ArgiNirke (SEQ ADNG:59).. Prepare asin
Example 25, exdept, that-Empe- in.step 2.is replaced with Fmoc-Glu(OtBu),
Fmoc-Lys(iPr)(Boc) in step 6 is ?%gc%ﬁ!\%ﬁ%l I:S%%Hégfé}sr?ﬁ}l]&,)},{‘dﬁ&"‘rﬁtlﬁoc-Gly in step 8 is replaced with
Boc-Lys(Ernoc). Aftep’(ﬂﬂ”ﬁff‘é’é@émbﬁdﬁﬁmmf@mlﬂﬂhesﬁ}aekgm@j(g}g)vf the N-terminal Lys is removed
with 20% piperidine i, PME: S side chaip is then acetylated using 10 equivalents of acetic
anhydride/D1EA at roo?nb?gfﬁc?%grgaﬁjre or %r?g%%égfs%‘l’ﬁg‘iﬁg%ﬁ‘aﬁf $rotection groups are removed and
the linear peptide is feavddtromafiesolidsprpart 4sna R DRIES, c%%%aéﬁé’%ls/anisole
(90/5/2.5/2.5,;;}%\“;{345&{95&%}&1&% g%mﬁ)lerait} Ire ,C%gllzatlon of the crude linear Cﬂ?@ﬁﬁ%@’ls carried

out in solution. The cleaved crude linear pé% ide -0 %%@@ﬁ%ﬁéﬁ%ﬂ‘é{bﬁm?&nuum and dissolved in

10 naL of dry DMF.S‘I"ﬁié@’ﬁ@ﬁti@l@%ﬂdﬁbmismiﬁﬁvéxeﬁt%%éﬂm%ﬁﬁég&%@%rﬁengi% asyringe
pump during a2 f,period: 1 mL ofogi _dichloromethane and 15 mL of dry DMF containing 1.0 mmole
of PyBOP and 4.0 mmoles 0 DIEA ThE reaction is then allowed to proceed at room temperature for 2
h. 25Solvents are tlemsebaparated under vacuum, the residue is loaded onto a reversed phase C18
preparative liPLC cgum , and the target cyclic peptide is isolated and characterized as described in
Example 1. MW ca it §2§_€2§; MW obs.: 1184.06. Example 47
30cyclolDap(Ac)-TxizLyaMe2)-DAre-2Nal-Gly-Glul-N142 (SEQ ID NO:60) Prepare as in Example
25, except that step 1 is omitted, Finoc-DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(OtBu),
FmOC-LyS(iPr)(BOC?{WSS?@ﬁC@‘I!SfW@p@@Mhoﬁéﬁﬁp@fmg(Mﬁgm%E@OC-G|y in step 8 is replaced
with Boc-Dap(FmogQg ffter.chain assembly, Frnoc on the side chain of the N-terminal Dap is removed
using 20% piperidine in DMF, and the Dap side chain is then acetylated with 10 equivalents of acetic
anhydride/D1EA at¥ewvmbtemperature for one hour. All side chain protection groups are 5then removed
and the linear peptide is cleaved from the solid support using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, viviv V)Ofléfr SE%om temperature. Cyclization of the crude linear peptide is carried out
in solution. The clemyagwerude linear peptide (-0.25 mmole) is dried under vacuum and dissolved in 10
rnL of dry DMF. This peptide solution is delivered to the following reaction mixture via a syringe pump
during a 2 h 10peritid Qfﬁ%ﬂ_aéWGFythﬁmm@hd@tﬁameamd/%érauaefadfys}BMEd%EﬁiQE{glé-o mmolc of
PyBOP andfdzutenolcs of DIEA. The reaction is allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a preparative HPLC column,
and the target cyclic peptide is isolated and characterized as described in Example 1. MW cal.:

986.15; MW (ths.: 985.97. 15 Example 43, cycl(biAh—%gHLysOPr)-DArg -2Nal-Glv-Glul-NI-ILISEO ID
NO:61) Prepare as.in Example 25/& xCept that §[e_gF}His o_mitted, Fmoc-DGlu(@ahyl) in  step 2 is
replaced with Fmoc-Glu(Oallyl), and Pmoc-Gly inStep 8 is replaced with Frnoc=20Ala. MW cal.:
943.13; MW obs.: 942.92. Example 49 cvglo10Ada-Tyr-Lys(iPr)-DArg-2Nal-Glv-Glul-NH2.(SEO ID
NO:62) Prepare as.i le 25, e{gc?:/ﬁ[ﬁhaﬁstepa{l is pmitted, pmocyDG1{1(Oallyl) in 25step 2 is
replaced with Frjjoc-Glu(Qally®), affd Fir oc-@lﬁrgtep%: |!S;f P fth -Bia. MW cal.:
3.44; Exampl®50 "cyclc}fIDA -Tyx-Lvs{iPr)s0Arg-2N&l-Gl LDGIul-NHJSEQ ID

41 Examples! cAla-Tvr-Lvs IP -DA -2 ,@% -NI-I2(SEQ _
except that step 1 is on]med. and Fmoc-Glyin step 8 is repia
obs.: 943.48. 5 Example 52 clo Leu T131 A -2Nal-GI')(AU -I\IH’S‘E‘rD‘IJﬂ%:GS) Prepare as in
Example 25, except that step 1 is omitted,(g@@lﬁgwg 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-NIi2(SEOQ ID
NO:66) Prepare as in Example 25, except that step | is omitted, Fmoc-DG1u(Oallyl) in  step 2 is
replaced with Fmoc-Glu(Oallyl), and Frnoc-Gly in step 8 is replaced with Fmocl15Lett. 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(Oallyl1) in 20step 2 is replaced with .
Fmoc-GlutOallyl), and Fmoc-Gly in step 8 is replaced with Fmoc- DPIre. MW cal.: 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) in step 2 is replaced with
Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with EnloePhe. MW cal.: 1019.22; MW obs.:
1019.53. Example 56 300yc|oinPhe-Tvr-Lvs(iPr)-DAqg(ZNaI-GIy-DGIuI-NH2(SEP ID NO:69)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is replaced with
Enloe-DP[1c. Igl,\é/ al.: 1019.22; MW obs.: 1019.50. 42 Example 7 exelolPhe-Txr-Lxs iP - A t-2Nal-Ca
DGlu -Lvs 113 Nil'SE D RO PO Pepir'agah Exambléizsnenceptithat Frog;ArgRhf).in step 1 is
replaced with bewwm@mmm@m@@ysi&m@ci re%l]an%ed with Fmoc-Phe. MW cal.:
51189.48; MW;phs:»1189.92, é?%}%l]%aﬁa ?clone-Tyr-Lys(?%ﬁ- ATGINAIRER- DU I-Lys(iPr)-N
acetic acid salt (SEQ ID NO’:?dI% THRETER S5t pasEcssHiemtof Example 57 is converted to an
acetic acid salt by adSotbiitg tesenabeniadsontai e prARAATINE.C BeRlumN. of uitable size, equilibrated
with 2% acetieasifiitiigO. (MmN CRAIMN IS then washed with three to five column U8umes of 2%
agueous acetL%]_ qg{i{d] §vév2. The peptide is e uted Bsmg%:f%%@ﬁ%@t@ﬁﬁﬁ@ EhAvydontaining 2% acetic
acid by volume, and yoepﬁrﬁi%eg&?’ﬂ)f%a&%l@:@f@%@{tm@hﬁpﬁmk&&&zdﬁm@}e 58
evelone-Tvr-L§{iP#DAr2-2Nal-Gly-DGIM-Arg-NHIJ5EO ID NO:72) Prepare as in Example
25, except that Frnog;Gly, is replaced with Fmoc- 20Phe. MW cal.: 1175.41; MW ohs.:
1175.81. Exanﬂgle 59 %%ﬁ%%&%?%ﬁvsr%ﬁﬁ/éﬁ FOUENER GG D B NRASE RIDING:73) 25Prepare
as in Examplé&" @@%’é‘ﬁﬂﬁé‘?g‘t@ﬁbﬁi@bﬁmtedi@Mﬁ%ﬁu@%ﬁ%§%@éni§ogqgg%qg€%g9 Fmoc-Phe.
MW cal.: 1019.22; Mi\é 6ifis. 24039:56 nExa : I , '
csTIMPhe-TygnkMs(R0s TAN -gi%;i%%?fjél?l%/%aﬁsmﬁeéta@wTEyWE?.dmﬁF{?@PFé‘pare asin
Example 25, except that Rink amide resin 1s réptacet Wil [Bs¢ed above, for the treatment of
yl-Fmoe-amilBErBHNG s PyiRerssty fiNds i STy Raras: Al wPPQinsten L is 43 replaced with
Frnoc-Lys(iPMBpchnsinehl Bragetlvcinstep 8 i5.replaced with Fmoc-Phe. I_\ﬁ%%ca‘i).?l 17.53; MW obs.:
1217.97. Example 60a SeyclorPhe-Tyr-(1n)-DA -2 gﬁﬁfy%ﬁ%ﬁﬂﬁ@ﬂ@l@m@@@acid salt
(SEQ ID NO:75) " The A“%‘a‘l?%ﬁﬂ%géw tidesteRaniple 6ads:convered ia-anagalic,acid salt by
adsorbing thé%eﬁ’&ﬁ@i%%@&pagﬁﬂb%a&ﬁ@ﬁmr%sgglt@ptlgoﬁg%& Hilibratéd with 2% acetic
acid/1-120 (v/v). Thenc‘gogumna@gg%égﬁéggpd\{gitg dhree goﬁ five co'lumn"voguﬁ?é’gcl}ﬁ’lﬂ‘%ﬁaaqueous
acetic acid (\ffg\f{.{%ﬁ?—%h& tide is eluted usin 11 wateH/SEB iR sy lestiainim28 acetic acid by
volume, and yophiliz .E%‘é‘éiﬁ?liww BBer 247 18R EXRABUISIE above, for the

15cvelol DAISTTHEASI (IR Dk Re@hial G IWLNRIES (SEC)IP.NO,76). .~ Prepare as in Example 25,
except that Rinkamigde regin s replaced with [3- é lethyl-Fmoc-aminG HERYITRTISL - 1-yIkacetyl AM
resin, step | is omitted, FrnocDGIu(OalyD) iR S&8 F98 8psee GeBFOmD o Gle@adlyk), and Fmoc-Gly
in step 8 is replaced VTt P TBtanE. MvWRsalkaodt I8 DAN-ohs:: Rk dhesbample 62
cycIoIZNaI-WPQWFPW@%&wb%@% 1%%@%%& _Pre are as in Example 25,
except that Rigk;amide fesinis renlaced with [3- {ethylr-’ mMoc-aminormEtHRih EoERYkacetyl AM
resin, step 1 is omitted, Fmoc- 25UGIaOaHy D HPaRsH iswisiéssed with Fmoc-Glu(Oally1), and
Fmoc-Gly in step 818 fepiatembrginrmobeaialeMitianhi-d 38734 MWiahs,; 1097.53. Example 63
cyclort)Phe-dFimitivsgiR)oRA BN G GlgN1-1Et (SEQ ID NO:78) 30Prepare as in EXaftiple 25,
except that Rink amide,resin is %{Jlaced with [3- { Tethy T ErSaeaiFirB o aegndol-1-ylkacetyl AM

' resin, step 1 is omitted, Frioc- 2% BETGEaRYH Biprone. replacedaith RinRe;GixQallyl), and
Fmoc-Gly i St&issisrephasedodgitinrmpedbiia, MY Gak=1047:28. MW ohs:: 1047.51. Example 64
Sevelollike-Exdpys Rl RArgRMal Gl GluENHET sgﬁ IINO:79)  Prepar&s&lffes&mple 25,
except that Rjnk amide, resin is reflaced_ witho[g?‘ﬁ(’taérf yﬁf’ﬁ’i%&lﬁﬁ’ﬁﬁ@fnﬁiéﬁky@ﬁmdol-1-y|kacety| AM
resin, step 1 |s%m%?1‘é%?rﬁlﬁf8t§ﬁ3§ UtEANT) hnsrshizeisofoplafe mitadrinacE)yQally1), and Fmoc-Gly
in step 8 is FeiarEErpitte BapberRineutibdle absskR4A28) MWW, 9bs. | 1047 57

s variously described abovs,
| | ic peptidic compounds of the present disclosure (SEQ ID NO: 1)
ammo acids X through X are referred to herein by their commonly emploved thrM. .
letter symbols, shown left to right from amino-terminal .

In the macrocycl

end to carboxy-terminal end. p.



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  Fmoc-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-Tvi¥G/aBa5psatg-2Nal-Gly-G161-0-Ala-D2Nal-NH2(SEQ ID NO:BL}/US2008/iP4€are as in
Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with 20Fmoc-D2Nal, one step is added
between steps 1 and 2 using Fmoc-P-Ala, and Fmoc- DG1u(Oallyl) in step 2 is replaced with
Fmoc-Glu(Oallyl). MW cal.: 1197.40; MW obs.: 1196.70. Example 67
250veloR3-AIa—Tvr-Are-DArg-2NaI-GIv-GIui-Arg-N112(SSEQ ID NO:82) Prepare as in Example 25,
except that Fmoc-DG1u(Oallyl) in step 2 is replaced with Fmoe-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in
step 6 is replaced! withraioesfagi@bf)) mﬁr} Eammeﬁkyeiars@ebc&isrgemamd witheFaggridrénla. MW cal.:

1085.25; MW obs.: 10 05. 45

evcl003-Ala- Tyr R ica%%Am a’fﬁfa}lcé? irsﬁpl)lil %ir%‘el\er%(g]é)&]B%} @C)ld P ‘ﬁr% aré‘aé"l}ﬁ 1@(ample 25,
except that Fmbe DG uii@allyd)idrsiepciis . replaced! \g&lﬁu;FMmeiASip(@alt;ﬁl)pﬁrﬁ@@etys(lPM(Boc) in
step 6 s replaced MIb FMacRalRRN: Sand FoagPic 't IRR A IR/EPIRSHA WILEMRGS-Ala MW
cal.: 1071.22; MW obs.: 1071A5. Example

evc1015-amindVATsH %Ps&?m@kf?z@i{r&ﬁe&% Al ARENFZIBEDN D Nergan G Riépare as in
Example 25, exgaptihatEmgod? @ Lu©alylddn stepRds sapkacsdith Emaer GMRall)s,
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoe-Gly in step 8 is replaced with
Fmoc-5-aminovarstigiaern fnateate e 3s0imnebs.: 1113.40. 15Example 70
evelol5-aminovalery SEQ. ID NO:85 pare as in
Example 25, except tﬁgﬁgérﬁg% DGI%tJJ%gjl ?%p:%es%e% IS reé é!i(egl with Frr mf%(':0 s%f( la?lly ),

Fmoc- Lys(lPr)(ﬁos)dmcﬁmpcﬁdmwpmoadoﬂwa FrteoxdrgRbh); Brdnblmoc g ihévsiepnd igagplaced with
Fmoc-5- a ino valeric acid. MW cal.: 1099.27; 20MW obs.: 1100.25. Example 71

evelol(4-A |PA‘) CSATERSATI SRS CER REBRrg-NH2(SEQ ID NO:86) Prepare as in Example 25,
except that Fmoc-DGiugQaliylidnsteme istentaoedweemity EResAsROal bloiMasLys{iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl
phenylacetic a¢hd file AhamARIgNgedr o Xa 7ign-firo B U Al Jpcagye with Ac or Bz

2008/150689P 4 X

cyclol(4-AM ng'éy}%ﬁ%) %%\?u %ZzNZa S )l i\(rl Ei ISI\IOI Cldzn%%%r%gu%ﬂé)?dgr%ﬁdélr%oggir% ;(glr}nple 25,
except that EmeeD @) a@@a@h@éam&@ep@wﬁire‘pla@ebbsmHmﬁmomeiu((@aﬂym)@sﬁm@dws@Ik)(Boc) in
step 6 is replaced.with E&%&ﬁ%&ﬁ’&&rﬁ%@m% G SRS S eRIaesE W Frnggisaminomethy!
phenylacetic acid (4-AM cal.: 1161.34; MW obs.:

10eyelol(4-AMBKE) FPW»NIE’ OV O- PRARG AR 1EIA¥2hNﬁt€S‘E1®h‘DKF\I@ﬂBQ)€ %‘dc Frapareinas in Example

25, except thatdrmeerArg(EhlinsieRd4isianiaredomith, s RARER, Fioos-RGIH(Oallyl) in step 2
is replaced with Fmoc-Glu( Oal%d Fmoc-Lys( |Pr)(Boc) in step 6 is replaced with Fmoc-Arg(Pb1), and

Fmoc-Gly in step 8 is'fepratett PP@H%@E%@WBW@W%%%%%@&@%%%&%MPA) MW cal.:

1161.34; 15MW,Qhipled 262830 Fexamples i) exelo i b Ty sk ArRAR BNAL Gl RAuI-Ar2-NH2
(5E0 ID NO:89.1 Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced 20

with Fmo@fbIu(@aﬂyﬂl)miﬁrﬁ@%dWlﬁﬂé@@éﬂlﬁﬁlﬁéb%ﬁé@@ﬂm@%ﬁwﬂd Rmisebagey(PB and Fmoc-Gly in

step 8 is replaced with-F thyl c{}amd 4-AMB 1147.32; MW ohs.:
1147.66. Exarﬁp%u\g%@%ég?/g 0 i(%l\ilc'liyr Vs .Eﬁf CRisEgR oy c%lﬁégﬁgw\\//s“(op}f B 2Nal-NH2 (5E0 ID
NO:90) Prepames aiscinfExkndpleVis, exoapttia btap! #-4Ydplavtdeiitththmemsequerntial residue

couplings: first Emogeabial, hen Fmes Gy At ReRsme &Eﬁ%@&%%) Jﬁ Wecal £1353 -69; MW Ohs..
1354.03. 47 Example 76 €eyclolPhe-Tvr= s(iPr)-0Arg-2Na G’Iv D Lys(iPr)- “BVINal-NH2 (SEQ ID
NO:91) PreparebasiitEhesmpecs, except that step 1 is replaced with three sequential Sresidue
couplings first Finoc-gial ,higm FIes; Gl .0 then FrechyaiP R 898 1.8d %%JEHAOC Gly in
step 8 is replaced with Fmoc- Phc. MW cal.: 1443, 82; MW ohs.: 1444.13. Example

10eyelo1Glv-Thpadus(iPRiDkrg-2NamlbGly«D Gl Gly:DRAG:NHR(SER dDUNQIR)up of Kq
(Schemes 5 and 6; Examples 29-31).



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-Tyr-Lvs(iPr)-0Arg-2Nal-Glv-DGlul-Lvs(iPr)-Dphe-N112 (SEQ ID NO:93) Prepare 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-)-OArg-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 rgplaced 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-Lysg:RAL=2- -Glv-DGIul-Evs(iPr)-Nk(SEO ID NO:95) 30Prepare as in Example
25, except that Fmoc-Arg(Pgf())%iIféilgts%lég|CJJ”i%}2JL Ifgé%?’g%:' d%tﬁﬁﬁ%%—&%{ﬂﬁf)’{‘s@@)? Friogxbys(iPr)(Boc) in
step 6 is repladSdithEHBES Y sEovinderd Frod:Glyiedstems isiteplacad wih. FRge-Phe. MW cal.:
1147.40; MW ohsloshidA®:£0:uMMO,2008/10689PCT/US2008/064177 Example 81 P e-Tyr-L2Nal-Gl
DGIlu -Lys-NH SEt ID NO:96 Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is
replaced with 5Frnoc-Lys(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146.70. Example 82 cyclolPhe-Tyr-Lys(iPr)-DAre-2Nal-Gly-DGlul-Orn-N112(SEQ ID
NO:97) 10Prepare as in Example 25, except that Fmqg-Arg(Pbf) in step 1 is replaced with
Fmoc-Orn(Boc), and Fmoc-Gly in'step 8 is replaced V\E/ith_ Fmoc-Phe. MW cal.: 1133.40; MW ohs.:
1132.70. Example 83 15cyclolPhe-Ty-Eys-DAr2-2Nal-6ly-DG1uAys-NHL(SEO ID NO:98)

Prepare as in Exqu?ﬁle 25, except that Fmoc-Arg(Pbf) i p 1 and FmocLys(iPO(Boc) in step 6 are
each replaced"{i\ﬁt /@ oc-Lys(Boc), and Fmoc-Gly in step 8 is,feplaced with Fmoc-Phe. MW1105.37;
MW obs.: 1105.4Qz'20Example 84, cytiolThe-Tyr-Lys-DAr2-2Nal-Gly-DGlul- NH Et (SEQ ID
NO:99) Prepare as in Example 25, except that Rink r&sin is replaced W#ath [3-(
ethylFinoc-aminol-methyl)-indol-1-ylkacetyl AM resin, Fmoc-Arg(Pbe in step 1 and FmocLys(iPr)(Boc)

in step 6 are eacgg re]{,)Iaced WE%EEHBG{&%?,(BOC)' @ngmoc;efGIY in step gmsgzeplaced with

Fmoc-Phe. M3/ caP: ff['§3.36byh%m;d1133.82.£ : Alternatiy, mgggﬂﬁ | of
eyclolPhe-Tyr-Lys(ipr)-DArg-2rais@y-DGlul-Lys (b4} E)Q ID NO:(#03iz30Example 57 discloses
the synthesis of SEQ ID NO:70 via Fmoc solid phase peptide synthesis chemistry employing the
commercially available building block Fmoc- Lys(iPr)Boc, which is expensive and difficult to obtain in
large quantity. The process 49 described in this example permitg the synthesis of SEQ ID NO:70
using less expensive Fmoc-Lys(130c), solution cyclization, and 9‘5‘1’@ alkylation %ﬁf{igh reductive
amination using sobifum cyanoboroihydride, providing a more e ondiical routé\to this end product.
Additional advantages are that reaction metli§ (acetic acid, acetone, and methanol) are 5
relatively inexpgasive, the rgaeligh conditiorhs reeasily controlled, the ratio of splvents can vary
significantly withoutadfecting the lation reaction,and thée¥&coy ry yieldFi$'9Q"/0 or higher. The
sequence Phe-T¥(tB1)-Lys(EIg€)-0Arg(Pb0-2Mal-Gly-DGlu(Qadfy1)- Lys(Boc) (SE® ID NO:100) is
assembled on Rink Amide Resin by standard Enloe 10chemistry utilizing an ART 431 Peptide
Synthesizer dsabutlined in Sc . The aut ted assembly |s carried out using the standard
Applied Biosysterns DCC/HO%%Bgﬁgmistry pro?g%%l or Fastlw‘d’g %Lf?émistry (I-ILB’?U]?DIEA) protocol
following the supplier's directions (PE Applied Biosysterns Inc., Foster City, CA). The side chain
protecting group Qcﬂeme- is: Lys(Boc), DGlu(Oally1), DArg(Pbf), Tyr(tBu). The stepwise 15chain
assembly starts frém the C-terminal grq of the linear peptide and is accomplished in 8 steps. In step 1,
four equivalents of, protected amy
for FastMoc chemistry) in NMP, and’coupled to deprd
equivalents of Empc-DGlu(Oallyl) aye activated and cou
step I. Thesd&¥&ps are 70repeidietappropriately untiksté Fmoc-Phe. The allyl
ester side chairy,_,@ﬁ)_tie}cting group | On(?oved with 0.1 equiwalent of Pd(Ph3P)4=n the presence of 24
equivalents of phenylsilane in dichloromethane (Scherﬁ* 8). This process i¥repeated once for
complete side chain deprotection. Fmoc at the N-terminal end is then removed using 20% piperidine in
DMF. The depsgected 25carboxylmFid moiety of ()Ulu is activated with PyBOP/DIEA and cyclized to
the a-amino group of Phe on the resin. The cyclized p Blde is simultaned?igly deprotected and
cleaved from the resin using a scavenger cocktail of TFA/H20/TIS/EDT (95/2/1/2, viviviv) or
TFA/H20/TIS/anisole (92/2/4/2, viviviv) for 2 hours at room temperature. The solvents are then
evaporated under vacuum, and the peptide is precipitated and 30washed three times with cold diethyl
ether to remove the scavengers. 50 H2N-Rink Resin




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 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 an aqueous 0.1% trifluoroacgic acid/acetonitrile gradient (v/v) while
monitoring at 214 nm. 5 The appropriate fractions are pooled and lyophilized. Further characterization
of the intermediate p r cyclic tide is performed using analytical HPLC and mass spectral
analysis by conventigﬁglli%%ﬁﬁ%/ ﬁiéégfgep SR B mTse grséenssreydippeptidads then alkylated in a
solution of aceﬁ@&éﬁ&f@@@@ﬁmmﬁam@&: 1%9%%1@{@5%%@%%%@%@ g)gnrgsing sodium
10cyanoboroniyglride: (Reheme, 9. gg%tﬂdge%onge rﬁ%ﬁn is about 10mg/mE; and’ cé’ﬁ%y significantly
without affecting the results, Three to 5 équn/aei'é'ﬁts (o] é%u@ﬁ%?é&@@ﬁ?@oﬁum cyanoboronhydride
are used, and thE TREHBrASHE ANy st pleksdowithin Zsh, atoonowERpSratuEe., Jhe recovery yield is
90% or higher{P@r?b‘%mpieqeﬁﬁcm@%@hg@pﬁg@gpp@&gg}j&%g?§,l%}rgeqi%501\_/§d in 2 mt, of methanol,
to which 0.5 mL of aﬁ%tié:oﬁac]g arEJI 0.5 nil_ of acetone are ad eé, mm”e”%él‘l,“]a?nd then 5.6 mg of
sodium cyanoboronhydridgp& t 5(’/%?@?&@’%’1%%{?}5?@[? arécaldded:ongenatining4/Eng: reaction
géaugséfoitér;;?fgga gggﬁq g fwlg% @ﬁﬁ%&ed 'by Iﬁ%é%ﬁ%%%@%g%%ggnalysis After

1 ] ; .
the reaction is comp_le%a, desallting%%%%&%qé%%tiaonnaﬁ?f%?&ﬁﬁ%ﬁ@ﬁﬁ‘iﬁfa‘"ti@MyireEI@s 48.9 mg of final
product (SEQ 4B*RERTOY it Gsulfity OF- 0%, tvhigade st 89:48 MW ghs 1, 1189.6. W

2 hiefer
2008/150689R6xl#bl22008/084L 103 HR..{ ) 1D NO: 1 AcOH/acetongefme%ano? 11/4 (vIviv)
NaBH3CN in Eg_gthanol, 5 eq (SE@ ID Nol:7§b c%%ﬁ‘e“%%’@ﬁ%ﬁ% shirsahiv eomverting Lys to

Lys(iPr) 5The ‘oo itlicorasa fleseseg YN caimalsaibe RLepargLin,ap analogous

manner, with ppesepiaigmadications Rase its constituent amino acids, using _

[3-(lethyl-Fmoc-aminol-meth |)-indo|-1-y|3§c§%§ﬁﬁkﬁ’i\lﬁ Fﬁ%eéﬁﬁ%aﬁ?%&i?%ﬂﬁ ¥reethids spspude{SEQ ID NO:99)

is prepared ad'FEE g e apleisat BAdMenthédustive amination is carried out as shown in

Scheme 9. This affordsi@finalgy e Sstgrmingl L0ethyl amide peptide with a purity of 99.16%. MW
SRR s

Sch 1217.53;4\@:%89?&%2% éS%} \{}\,/%}2008/1, SRR Felts of the present
preierabiy highly selective for the CXCR4 receptor, exhibiting little or no

inhibitory activity against other chemokine 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-]

Imteraction, or receptor activity activity of CXCR4, such as in HTV infec
particular, the

tion. In
present compounds are useful in Treating malignancies in which
angiogemic, growi, survival, and metastatic paihways mediated by CXCR4 and SDE-]

are mmplicated in pathogenesis, ncluding breast cancer, pancreatic cancer, melanoma
kg (]

-Hodgkin’s lymphoraa, jung cancer,
colorectal cancer, multiple myeloma, glioblastoma muftiforme, and
chronic lymphocytic leukemiz, as well

prostate cancer, kiduney cancer, neuroblastoma, non

ovarian cancer,

‘ ' as in rheumaioid arthritis, puimonary fibresis, and
HIV infection (Tsutsumi et al. (2006) Peptide Science 88(2):276-289).



54 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 amiatt8PEisiegsodium cyanoboronhydride in relatively inexpensRETgaogstasatetic 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 resiffdescribed 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 palladiagi Gatalyst;revidingachevenmare goanomicalieasiupssalable,dess toxic

route to an end product requiring.a simpler 15quality control process. .. The sequence
Fmoc-Phe-Tyr (B Dy Leh L DA P oy SR DT ALY e By (a1 Nos: 102)
is Manually assermibled onubiBrHAméthyjlbEnthydeytadifieymasiidfCat. INdiD:2098; BaChem

California Inc., Tayar ing. lished solidipbase peptide s is Boc chemistry
(Schmolser st LIoGH > Soegs P e Jot P CECURRET RIS e chain

assembly is catiedUYEshY b sitdhebgais aRSANdaiPorpEisnetthaEbe protadofe as described in
this reference. Thetsiderehain prptecting geoup sehemeais: d§is{ 2 Gk D GHU@mM Ré¢g(Tos), and
Tyr(2-Br-Z). Th ﬂ ?Q%P)ipo group of all the amino acid building blocks is protected with

c

tert-butoxycarbony except the N-terminal residue Phe, 25which is protected with Fmoc for
efficiency of synthesis ¥rheakiesiiseleraied asienibly wlasisdrism thel @-teriiaRéndlofifie linear

peptide and is agcomphishedyndSieRm IR SEPhiiveRouyalents of prelesied aming,acid _
Boc-Lys(2-C1-Z) are activated with HBTU/D1EA in DMF, and coupled to MBHA resin. instep 2, five

equivalents of BEEHSEA (O 48 @ dEEE Endedipred ehite HeprBtécteriamtidéilasin from step 1
using 30neat TRAHT hiesesidps ¥re pepedied appropriately until step 8, the coupling of Fmoc-Phe. The

Fm side chain protecti%gr%lp%ﬂﬂ Iy, together with the ¢ at t% Ié—terngi al end, is removed
using 20% piperidine in DMF. The eﬁfgtggcetseawgaI? &Wb%@ﬁ%ﬁgﬁe 3 0 d I{fjml'guér%:sfivated with

PyBOP/DIEA, BraTeiDIEacditithetip Sropramitctivation reagents, and cyclized to the a-amino
group of Phe on the resigakRgrexeclicpaptiderissimitianenusiyAeni ofestediand cleavad from the resin
using Hi V\{Igh S%Ffllgc)%%{s‘g § -cresol as a séc;aven%}_er for 1’ho_q,r atQ"C, Th_e solven_ts_ are then
evaporated’and the ¢tude [E%ﬁg‘fg BrsEStaed SR HRERET tHise tHY W EsI &P ether. 56
H2N-MBHA regindeBecHiyd(Cl-2) WinBoo:DaGiin© Fm)tBioBocHGlid:, Boa«phiak bf Bieeda-Arg(Tos) 6.
Boc-Lys(2-C I-2} £ 8a6rT Y2 R4 8efNQePRS e 10stat Miminat e WIS S9lid-phase assembly:
Boc protected amino acids, HBTU/DIEA coupling TFA deprotection SEQ ID NO:102) |
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



a. piperidine (20%) in DMF b. cyclization, PyBO P/DI EA C. HF cleavage, 0C, 1 h 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 DM@ % &HétPonto a reversed phased CI8 ETPLC column, andPélGifeseivhiien’aqueous
0.1% trifluoroacetic acidlacetonitrile gradient 5(v/v) while monitoring at 214 urn. 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; MW obs.: 110574. The lyophilized precursor cyclic peptide
(SEQ ID NO:98) is then alkylated in a 10solution of acetic acid/acetone/methanol (1:1:4, v/v/v) through
reductive aminatien asingbéodiunlidyhnabarbnhydeide: as dhSchefife AicReplideiconaentration is about
10mg/mL" and gan.varysighificantly, withqut 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. TheMfeeSVRHSABIIEE 0% BicRilHeR ko Skaiife 8. BESg of the precursor cyclic
peptide are dissolved Ak Qu rilef aeihagotite, whvith Hldnnkcafyasetiercieianthdead mL of acetone are
added, mixed well, and then 1.9 mg of sodiym cyanohoronhydride (2.5 equiyalents in methanol) are
added under stiirr?hb Eﬁ?? ope]alff’azldpotr]ﬁgﬁiég Hé%lé it)ilo%%” @rh‘ltiﬁljgg%oé(ﬁﬁ%% a Y’oom temperature for 30

min, upon whicB@Rothrv-au9real lof baritndyandbbronhimhide sraratideduTheeabtion is monitored
by 20HPLC and.@ags spesisianabysis.Allen the. ieaction isicomplete.esalting ofghe seaction
mixture and lyophilization yields. the final product (SEQ 1D NO:70) with a purity of 96.5%. MW cal.:
1189.45: MW oS ¥4 185 5 il SRR RISV 85 A G WP grob onte hcid: DCC:
cyclo[Phe-Tyr-ldjs(if)eDAr2: 2N Gly- DGMO-dLiysiiRnp Nl ( BEC )IRANOp70)arbodih@gompound of
Example 5 (SBRID MOy sanalsn e BRRR NNt ie:Har &l HRAIBCIHRLgfalyst via solution

cyclization, facilitating scaleup, as follows. The se%uence

Boc-Plie-Tyr(2-BH§45 B TiokF- R FE N 8t Ho: BdirosrelidmedfseQ ID NO:103) is
manually asserableskonV BidArgsHATNgSplichpitasenpeptive- sythesisiBies shemisty (Schnelzer et
al. (1992) Int. J_Pept. Protein Res, 40:180-193) gs outlined.in Scheme 11. 13in assembly is
carried out usinygint%%y%cé; | ?iuiﬁeﬁ’jﬁ‘ﬁ%ﬁ%ga%f‘é%%ﬁg@?‘fi‘ IE. Ogé({?\géﬁlgeﬁp%@gd%%g%(rehs%rzl%éd in
Schnolzer et ali"PAd Eide \eHaih Hrotectng gra i derateriphoseiiEm 6t TG OB zayia@arg(Tos), Tyr(
2- Blr)-Z). The alilhﬁll-la[ﬂiF(@iﬁl@l@ﬁa@fi%bﬁ&@??[ﬂi@?%%?ﬂdﬂﬁﬁﬁl@%1@(]%%&91&@; ?&tﬁhd el
tert-butoxycarbonyl (Bog). The wise chain assembly s from the C-terminal end 5Sof the linear
peptide and isbal?%(g{é) plishee ?h%gs ep §§0’%oeﬁﬁofﬁ%%%é?ﬁ%?f??ﬁ&ﬁlBh%‘ﬂ{f’énéddﬁi\‘/%%nts of
protected aminyaxidBod-ky s(2ro:- i b dbvatetwit A48 Twph dgllbiEA IGMoNin DMF, and

coupled to MBHA®gsIR-psHER Rafivereqiivplents AhRRCBERBEL)Ae Actated and,coupled to the
deprotected peptide re%i,n fr_g%naéstep | using neat TFA. These steps are repeated appropriately until

step 8, the coupfHg B BOEPHECADTHY BY piatettihd Broupad Parm bue sHithlineat X the resin is
neutralizegdwitiibBiviAsiarotl Wweskhed wwithy DN Bangingthanohdndadiieh iphaipheto re Bifgleavage. The
inear peptide Igsimianeaabn dRRIIGEISTARC ARBVA] (oM NIRsIRIINg Ffh 5% in-cresol

orp-cresol as a scavenger for 1 hour at 0 C. The solvents are then evapora?éij and the crude peptide is
precipitated anti{4EAE HhASE LIRS (itaTedia et itetiar cpm rs bsiore UisHA¢us$-1 Boc-Lys(Emoc)
2 Boc-D-Glu(Ogtbh 3 .Buodaly é:Bastihial Bdkac-R-Megtfios) &Ba Lys(FmesimhRec-Tyr(2-Br-7) 8
o aion RS RRUSHRISSR ARRETR Y IR MRS AR AP IR TR couping TFA
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



Scheme 11. Chain assembly using Boc che s y 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 ¥fit@8%¥i#r%h agueous 01% trifluoroacetic acid/acetonitrile grESEREHAHMMAMITE monitoring
at 214 run. The appropriate fractions are pooled and lyophilized. Further characterization of the
intermediate precursor cyclic peptide is performed using analytical 5SHPLC 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
(Scheme 12). The linear peptide is dissolved in a small amount of dry DMF (-10 mg/mL). This peptide
solution is slowlystlelnésetua asyrinte poitpiie tOtherregetion dnbttuse ofrByB@RIRreq, or other
appropriate actyaon(SRASNLE, SO, bl Ha P0Gy fRIM, oi) andBlbR(A0egp in dry DMF under

magnetic stirring. The reaction is then allowed to proceed at room temperature for 2 h. Neat piperidine
is then added t6-TRBNEASACH MR e NG B TAF CEREEtIAtIE RORIH WAy StrHETalaefareixture is kept
under stirring foppnether281nipdaicenpeatebd rempye ings-pratectioaifzeluants 15are evaporated
under vacuum and the residue is loaded onto a preparative reversed phase C18 FIPLC column, and
eluted with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 nm.
The appropriate fractions are pooled and lyophiliZaginalid afford the cyclic precursor peptide (SEQ ID
NO:98). Further charagterizationofithe Aptesmediatenrecurseroycigineptids fspgrigrmed using
analytical 2014PLC and mass spectr by ve al techniques. For SEQ ID NO:98, MW
cal.: 1105.29; MW obggs SPEEICE A ﬁfﬂ;&ﬂ@%f” g}%ﬁi%@éﬁ& sy F?’I\‘?@dé§ {€carried out in a
solution of acetigha€ldiiatetop@maizm ol (T(1:2), ivhsheythiedUighs tedactiecmiratiary usihgrgodium
cyanoborqghydriderasi pGhemey %ﬁ@&%ﬁ%}ﬁléﬁei‘mt&wat%&%ﬁéa 1PNQHO)- MW, 25cal.:
1189.45; MW obs.: 1189.6. Scheme 12. Cyclization and Fmoc removal 5Example 88 Alternative
Synthesis IV of%\?@lb‘i%‘éﬁﬁﬁ‘*ﬁ%’(?ﬁﬁ)%ﬂ?ﬁ DN BY- ks SRR PN B{SEEH® NO:701 The
compound of Examipte 57c(ShuiNOcs0)aanraso demirepared without thecdseiafaypalladium
catalyst by the gynthetic pr r|z Li cheme, 13 0 tid
Fmoc-DGIlu- Lyglgé ! t1|1I%IIH (aIS Ps%ﬁy@par le:n sﬁoll% o%n\}\sil% dr?%sg 1o%i(qerd éﬁ?lutam%\a{ld side chain.
The dipeptide |S‘4‘liﬁk€d‘*t813W?ﬂ€P Esid Qéﬁaécirec@zomb?afﬁn%mc%é%%émb«r%@vB (100-200

mesh) resip (SeamGhemisaladdSMhing oSanRiegn, (G4 eafalagopumbey 40204).iand-tha final peptide

product is then 62 synthesiz this resip via stan g?rd Emoc s sis.as descriped above.
Selective remolaiof th rlé]lﬁge%tl re#c%ﬁ?ﬁd ﬁ‘(':%P'\éla?ié35|n V6 GRS %g%%lgi%ﬁﬁ%%%ﬁ“&d *®hain to react
with the N-termiihiegof thie Ehtpﬂdewmsdlmsam@geﬁésé’terthéec@dhmpe@tpdé of tiproukuct.

Subsequently, theemaining.side Ehains sra.sieaned wme%%ﬁé%%emrmﬁ&@&@md Ent
-D-Gto(2-CTC rksePr,Z r3ﬁNH2 son bI hj inroc-"iPPS H-Phe-Tv tBu

o DA (PRSP S NS08 B Tyt B
f)-2Nal-Gly-D-Giko(@id)-hystiPr af)d Nduii2d SECp DN ROG) A dhidh exstvi(vsti P02 DietRibfe.

2Nal-Uly-D- Gr%"éfag'ﬁ)rf@rl&‘ija éﬁs%fl anpélgéé OLSC K rated and oupled 10 the
Phe-Tyr-Lys(iPr)_D-Arb-2NaD-Giu-Lys(iPr)-N7H Q ID NO:70) Scﬁeme 13. OveraII synthetic
scheme from FRRBEIEESALEYSEPESY 4 ?61’01 AWﬁ’@féﬁﬁeﬁm@FW@E’)@!‘tﬂﬁ%‘(‘imgﬁmFL is first
prepared as sh@uﬁl@glaﬂ\r‘ﬁ%h&d{p@xné@) ﬁﬁdﬁowﬂﬁfe@-@ﬁzﬁﬁ&)ﬂk%ﬂow wiection
1-f-Lys(irr,Z)-N1+ PalolM d ol ?ﬁ D-G1u(Offit9- L Tr2 -N11 e rotﬁtlgn (25-59%
TEA) haoc-D- d’iper 1E)“ ]er%céa Ml 1i5lré)pa}ra ion o I’—%wg s‘ﬁlsr "Nt

5Boc-Lys@fr, Z?C@Wismeaétae@ltwmlmm aﬁdem@ﬁcmsmmwwrm@mwwmm the solvents are
removed by roti@,(ylpt\ég,%g@[ﬁgg\ and the product is taken up in ethyl acetate. The ethyl acetate phase is
washed extensively with 5% NaHCO3 and then with 0.1 N HCI, and then dried over anhydrous sodium
sulfate. Sodium sulfate et iEdetisg it stk Bf?écﬂq@”e%ﬁmpé@é?é‘f@% e ished ByuEHpbration at
reduced pressutadl DhTiie ireultirgeBoe 36 (k) chikl 2! isheistolvadin DICM, ant:i £ A is added. Once
the reaction hagprogesdedfo ;fx% E’J‘?J'P@c&@ﬁ}%ﬂé‘é%}% gﬁgié? maved.by 4 %%Xc% fpogation.

H-Lys(iPr,Z)-NH2 is then diss in D e pH is adjusted to 8 with A.lna separate vessel,
Fmoc- DG?Q(Ot@f'LE’j%ﬁcﬁﬁmxﬁﬁo&ﬂ@mlgﬁe"é|§%l®éﬁlwt%m1’@@@?§%@&e@’fbcﬁﬁfﬁg@ the pH to S.

The two solutians ade ¢hixegnaad-the ErasiiosnishmeEoree cyclized peptide is simultaneously
deprotected and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT




15by CI8 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 ethyl
acetate phase is washed extensively with 5% NaHCOS3 and then with 0.1 N HC1, and then dried over
anhydrous sOHRANEETKEE The sodium sulfate is removed by filtration and #eTEERFHEERETE is removed
by evaporation at reduced pressure. 20Rotary evaporation is continued until a dry residue is formed.
The resulting Fmoc- DG1u(OfBu)-Lys(iPr,Z)-NH2 is dissolved in DCM, and TFA is added. Once the
reaction has proceeded to completion, the solvents are removed by rotary evaporation. The solid 64
product is obtained by trituration with diethyl ether. Aftér the precipitate is washed with ether, the
product is dried in a vacuum oven. Solid phase peptide synthesis of the final product is performed
as follows. FmaébG LU (@tBu)-L ysiPAZ)-NHBisndisksabEd # DEN/antbreacied withy&TC resin in the
opresence of DLk eastanivaneal. At dReRideIEsn, S 1AR0RG, 168, of reagents with
DCM and Z-0Su is added. The pH is monitored and adjusted to pH 8-9 by ing DIEA if necessary.
After 8 11, the PEStRIB GRS WashdFrfriRsrrEhgalis ity BaviotraneTa st s angetspropylene
container, and drigetimavaghiuiaven The protectad peplidedesindgg @ssembled Msing.
Fmoc-chemistry as follows. The 10coupling cycle used is: 1) De-blocking: treatment with 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) Ninhydrin test (qualitative: if negative, proceed to
next de-blocking/coupling cycle; if positive, proceed 15to re-coupling Step 7; if slightly positive,
proceed to acetylation Step 10); 7) Re-coupling (if required), with 1 equivalent Frnoc-amino acid in the
presence of HOBt, HBTLEDIEA in DMF; 8) Washing cycles with DM.F; 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; 20 11) Washing cycles (with
DMF, IPA, and DMF again); 12) Ninhydrin test (qualitative: if positive, proceed to next
de-blocking/coupling cycle). After the final coupling cycle, the peptide-resin (SEQ ID NO:105) is
washed with ether and dried under vacuum. The protected peptide-resin is washed with DCM.
Cleavage of the fidly protected linear peptide from the resin is performed with 2% TFA in DCM
followed by filtration. 25 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 linear 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, H.OBt, and DEA in DMF. The pH is maintained between pH 7-8
by addition of DfEA, if 30necessary. 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% NaHCO3 and then with 0.1 N HET and saturated NaC1 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. 5Deprotection is
performed in TFA:11170:T1 S. 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. 10Example 89 Incorporation of Isotopic
Labels: Synthesis of cyclo[Phe-Tyr-Lys(iPr-c16)-PArg-2Nal-Gly-DClul-Lys(jPr-d6)-N112 (SLO ID
NO:108) Starting with isotopically labeled acetone such as L3C-, 14C-, deuterium-, or 15tritium-labeled
acetones as shown below, the processes of Examples 85-87 permit site- specific isotopic labeling of
cyclic peptide CXCR4 antagonists for various pharmacological and imaging 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 counterpart, is easily differentiated in mass
spectra and exhibits identical target receptor affinity. 00 H", D'11 \\c,--C---., ...../D ../ 1 D./.. HD HHDD
AcetoneAcetone-d6 25 0\13c HI13c Acctonc-3-1'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 reductive amination
using sodium cyanoboronhydride as in Scheme 9, with the exception that standard acetone is
replaced with the desired isotopical.ly labeled acetone. In the present example, deuterium acetone-d6
is used. 10Peptide (97 mgq) is dissolved in 15 mL of acetic acid/acetone-d6/methanol (1:1:4, v/iv/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 LIPLC and mass spectral analysis. After the reaction is complete,
desalting of the reaction mixture and 15lyophilization yields 90.5 mg of final product (SEQ ID NO: 108)
with a purity of 99.9%. NW cal.: 1201.48; 1.V1W obs.: 1201.7. 1 AcOH/D6-acetone/methanol (1/1/4,

vy NIaRH22RCN in methannl B ea [echeme 15 Qita-enecifie dariterinim lahalina of CXYCRA antannnict



5Use of isotopically labeled sodium cyanoboronhydride (such as NaBD3CN, NaBT3C N, etc.) permits
incorporation of additional variations to the site-specific labeling patterns. 68 The pharmacological
properties of the present compounds can be determined by employing the assays described below.
Human CXCREAPEILEII.|a Binding Inhibition Assay SDF-1 binding toPERERAMEHH Tirst step in
activating the CXCR4 intracellular signalling pathway. To determine if a compound can block the
interaction of SDF-1 and CXCR4, human leukemia CCRF-CFM cells (ATCC CCL 119) expressing
endogenous CXCR4 are employed in an Psblabeled SDF-la binding assay. The assay is performed in
a 96-well U-bottom, non-treated polystyrene plate (C(%?ning Incorporated, Costar, No, 103632). The
binding assay buffer is prepared with RPM1 1640 medium (Gibco, Grand Island, NY) containing 10
mM HENS,7.5, and 0.2% BSA. Briefly, 200 jiL reaction mixtures containing 300 pM SDF ligand (60 pM
'251-SDF-la (Perkin Elmer) and 240 pM colqz@qﬁﬁgf BdR&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 atjroom temperature for 2 hr. Plates are then counted in
a 1450 Microbeta Liquid Scintillation and Luminesgcence Counter (Wallac) in SPA mode. CXCR4
antagonists decrease the bburitbeatli@&étivity in fh|s assay in a dose-dependent manner. The inhibitory
potency (K1 or IC50) of a t%sﬁﬁ@@:gﬁﬂﬂﬁ%)calc ated using GraphPad Prism software, based on the
dose-dependent decrease f auashiadioactivity Zogﬁc@%‘ﬁ%@é{@?gaégm@@& above exhibit an
average 1(.1 value of about 7=oadvbexrtgssijn thi asg;@)@fﬁgyﬁ%apﬁg@hgiqggm%nd of Example 1
exhibits an average Ki of 3 @5 tiNrifrgiidassay. Manyiefrinese«gomponnds exhibit an average K1
value between about 0.2 nlgr Em%@iﬁﬂég\n. Forlexample, the compound of Example 50 exhibits an
average IC; value of 0.285 @Mdgé}mggp ssay. Other compounds exhibit an average Ki value 25less than
about 0.2 nM. For example, the compound of Example 75 exhibits an average Ki value of 0.096 nM in
this assay. Chemotaxis Assay CXCR4/SDi-1 interaction regulates migration (chemotaxis) of
cells bearing 30CXCR4 on their surface. To deterfine the antagonist and cellular activities of a test
69 compound, a chemotaxis assay using huma;thistiocytic lymphoma 1937 cells (ATCC CRL 1593)
that express endogenous CXCR4 are M Loyed rafly, U937 cells, gﬁ@wnmin DMEM medium (Gibco,
Grand Island, NY) containing 10% , 1% M.EM,sodium pyruvate (Gibc ,‘1% MEM nonessential
amino acids (Gibco), and 1% GlutaMAX 1 5(Gilpco), are harvested and[washed once with chernotaxis
assay buffer prepared with Ixd&RP I mediom (4 |bgo) oontainiplg 1O m H’EPES, pH 7.5, and 0.3%
BSA. After washing, ceJT!s e rest \1'. ended, jr V : HRingfexirl06 cells/mL. The
assay is performed in ac96-well'Chg gzx plates(NeuroProbge) §;d1fdi to the manufacturer's

—

D &

directions. Generally, 50491/0f cell mixtyre with or withouttest 10¢ompound are plated on the upper
chamber, and 30 gL of S$OF-1 a (R&D SYystems, 10 ngigak) prepsred in 1 x chemotaxis buffer are
added to the lower chambgf. Affer as?gmbly, the plate cubated for 2.5 hr at 37C under 5% CO2.
Following the incubation, 5 pL of CEN-Tits 96 AQ (Promega, Madison, WI) are added into the lower
chamber. The plate is then incubate@for 60 nun at 37C, and the migrated cells are 15detected by
measuring the absorbance at 492 nm with a Teggag $pseirafluor Plus Microplate Reader (Salzburg,
Austria). CXCR4 antagaqnists i hi%it cell migration, re(r)ugi .the absorbance reading. The inhibitory
potency (IC50) of a tes;%g:é?nnbeglm I}Hilt?]fgu Sgsl?‘éii} e c“h"lé\]tge UIRG CSPASRPSEE®YSm software, based
on the dosé-dependent decrease of absorbance at 492 nm. 20Most of the compounds exemplified

above exhibit an average CRivalue:of abort AR AMBTJess i hisassaY. Many Rfhgsg.compounds

exhibit an average 1050 value of about 6 nM or less, e.g., the compound of Example 19 exhibits an
average 1050 VERIEEHD 0B N iHe dhsxsiaiomdby roptde se Wi potittedaklivtieih average 1C50 value
of about  O.6coMoidess| % .@/vihe somakund:ohExamplehlex sl anaueagaiGhledalue of 0.171
25nM in this asgay, CRRMAKIRS ReaeRIRLRINCING ARSIV @ssavsTle Rinding, selgatyity of the
present compounds for the CXCR4 receptor comparedltot tYor other chemokine teceptors, such
as humant&CR 14 CoRPCROURY 25060 XNE RS parkadotté henpisrin Tosthstetrasspmiinican be
assessed in celisiteansiepiod willporeleiciasid enceding Brdexpessing.sus seaentass, or in cells in
which such 70 rece t’ggr%%gf?englosgepocl)_ugl t.§é<gpre sfe,gl. Whale ellstf)rpe??br ne fragments can be
used to assess COMPEtition of taat compBunds with tha Tespactive NgEHUY for Fied& teceptors in a
manner similamtediritdederbedt.above for the CXCR4/1251-SDF- a binding inhibition assay. 5For
example, the compound of Example 57a exhibits a IC; value greater than 73,000 nM in a floud binding
assay 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 into 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 bone marrow, and interruption of 15CXCR4/SDF-1 interaction in bone marrow

leads to an increase of these cells in peripheral blood. A short-term mouse WBC/neutrophil
mohilization modal fcan he 11ced tn determine the in vvivvo tarcaet-modiilatina activvityy of a2 tect comnorind




monitored and measured using a caliper. To determine the in vivo efficacy of a test 10compound 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 volum& & 16a(#feight are determined every 2 or 3 days. Studies (RETBEAN 188684 weeks,
depending on tumor growth. The anti-tumor growth activity of a test compound is determined by the
percent 15reduction in tumor volume in treatment groups compared to tumor volume in control groups
treated with vehicle alone. Several compounds exemplified above, for example the compound of
Example 26, significantly inhibit tumor growth in this a?ésay when administered at 1 mg/kg BID.
Pharmacologic properties such as compound bioavailability, in vivo metabolic 20stability, and
pharmacokinetic/phannacodynamic properties ¢an be determined by mgthods well known in the art of
drug development. Preferred compounds. gf theNsresent invention exhilit_high bioavailability when
administered subcutaneously. So mpounds g@xemplified herein exhiit bioavailability near 100%
in rats, for example the compound xample 44. Preferred compounds also exhibit good in vivo
metabolic 25stability. For gxafplg, na,detectgble, metabolites.arefobserved in dog and monkey plasma
and urine up to 24 houMd ipistrati n%@%@wﬁ‘gﬁ% 8575 BRéferred compounds
also exhibit favorable plear :acd*kinétighaf?‘na@d Raniic propérties that permit convenient dosing.

For example, in mice, thenalf-life (T1/2) of the comp of Example 58 is about 3 hours. With
respect to pharmacodynamic propertigg, 30preferred ounds imMducé&pfoleYed neutrophil and
white blood cell mobilizatio%Me. Ekerglxample, thegampound,of Example 25 induces a significant
increase of 72 neutrophils and whltdiblood cells in peripheral bloodd for at least 6 hours after single
dose subcutaneous administration at 5 mg/kg ih migg, rzggwég]%;ﬁpgtamgdgz 1. A lactam-cyclized
peptide of formula 1: 5121 - eyclo[Xt - Tyr -- X -@eyg;za&mwtmggﬁ%@s\s -X9-X10-R2 (1) (SEQ
ID NO: ) wherein: a) said Infant is forméd by an amide bond between the side chain amino 10
group of X t and the side chain carboxyl group X7, wherein X t and X#¢:are, respectively, a pair
selected from the group consisting of (Q{h%gl?@ﬂﬁlﬁ)ﬁb/Glu, and Dapf@ u.and R1 is Ac or n-hexanoyl;

or b) said lactam is formed n amide band between the side cfigin carboxyl group of Xi and
the side chain amino group of X7, rein X t and X7 are, 15respectivgly, a pair selected from the
group consisting of Asp/(B/L)&gl, AspiDaB, Asp/Rap,iGlu/(D/L)A, Glit/Dab, Glu/Dap, Glu/DDap, and
Glu/Lys, and R1 is Ac oy Bzy Orw . aﬁdﬁ(?grjéwé?meﬁ ivehya SNsRES Trom the group

inyl/Lys, and succinyl/Orn, and Ri is

absent; or 20c) said lactam i$ formed by an amide bghd petween the a(%@?%%g(gftgﬁ of Xt and the side
chain carboxyl group of X7, wherein and X7 are, respectively| a pair selected from the group
consisting of Ala/Glu, Ala/DG1 ,}%@%ﬁ%&ﬂ, DAla/DGap(Ac IGlu, Gly/Asp, Gly/Glu, Gly/DGlu,
Leu/Glu, Leu/DGlu, Lys/DG1u, L ys(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/DG1u, DPhe/Glu, and OPlic/DGlu,
and R1 is absent; or 25d) said lactam is formed by an amide bond®etween a non-a, non-side- chain
amino group of X1 and the side chain carboxyl|gequp fiX fepybergin X1 and X7 are, respectively, a
pair selected from the group consisting of 13-AlaéAspFiBoila/tzil, S-aminovalcryl/Asp,
5-aminovaleryUG1u, 4-AMB/GIlu, 4-AMPA/Asp! and 4-AMPA/GIu, and R1 is absent; or 74 C)
said lactam is formed by an amide bond beéweemghegqamino group of X?E,\anq\‘hhe side chain carboxyl
group of X7, wherein X, and X7 are, regp ctwel:/aéw'r selected from the ng/TJp consisting of Tyr/Asp,

consisting of succiny1/(}¥4)Agl, guc@:%bag, sccir I/ﬁap,c‘au

Tyr/Glu, and Tyr/DG1u, and Ri and X1.arg
Xi when Xi contains an a-amino groug

gid aramjno@roup is,nota cefistituent of said lactam
amide bond, selected from e ;

Q) ~B7Zr@ SXAN Hs absent, wherein Xi is
selected from the group consisting of (B/L)Agl,"Asg; Dab, Dapcand GlIi; Xiys selected from the group
consisting of (D/L)Agl, Ala, p-Ala, DAIa, 1(€-aminovaler MAMB, 4{AMPA, Asp, Dab, Dap, Dap(Ac),
Glu, Gly, Leu, Lys, Lys(Ac), 2Naly Phe, e, and succiny=qr is abgent; X3 is selected from the group
consisting of A rg, Lys, LysOP and Lys( EZ%H s sele te@ﬁ@ﬁ?tﬁ@ﬁ?oup consisting of
(D/L)Agl, Asp, Dab, Dap, 15DDap, GIFDGIU, Lys, and Orn; Xs is selected from he group
consisting of P-Ala, Arg, DArg, GIy,ﬁ_ys, Lys(iPr), and Om, or is abser®, X9 is selected from the group
consisting of Gly, 2Nal, D2Nal, and DPhe, or is absent; 20X10 is 2Nal, or is absent; wherein when
Xs is absent, X9 a r nt, and when X9 is absent, X10 js absent, and Rs is selected
from the group (:origs&?éﬁég;22fgl\]i%ﬂsi%e;}r11 QI%EE&ilét%S:rala% gﬁﬁ%@%ﬁﬁc@@%ﬁé@%ﬁb@(igltﬁat \&feof 25 2.
The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of claim 1, wherein: Ri is
selected from the group 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 selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me2); X7 is selected
from the group consisting of Asp, Dab, Dap, Glu, DGlu, Lys, 5 and Om; Xs is selected from the group
consisting of Arg and Lys, or is absent; Xy is absent;




X10 is absent; and 122 is selected from the group consisting of NH, and NHEt. 10 3. The
lactam-cyclized peptide or pharmaceutically acceptable salt thereof of claim I, wherein: R, is selected
from the group consisting of Ac and Bz, or is absent; Xi is selected from the group consisting
of DAla, 5-atiRGPSFESHCH-AMPA, 15Asp, Glu, Len, Lys(Fic),Phe, DPhe, artf- SUSS#HOXE 78 selected
from the group consisting of Arg, Lys, Lys(iPr), and 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 I%fctam-cyclized peptide or pharmaceutically
acceptable salt thereof of 25claim I, wherein: R1 is selected from the group consisting of Ac, Bz, and
n-hexanoyl, or s absent; X1is selected frorﬁmmdup consisting of (D/L)AgI, Ala, [3-Ala, Asp,
Dap, Glu, Gly, Lys, ang Phc, (8 Q) E 0 up conS|st|n fAr Lys, Lys(iPr), and
Lys(Me2.); X7 is selected-tronthe-group-consisting-or B AG RShEHE -ard’DG1u; X8 is
selected from the groﬁmwnsm@m&g EGi&CﬁbVQ;dLVS((D@@@h@E@W; smeps%?absaem;@dwsiselected from
the group consigting Bfphi2Nal@2Neh &rd QRRe: Qlis;akgapt: X lais 2Nal, or is absent; and 12, is
selected from the group consisting of NFI-i and NFIEt. 10 5. The lactam-cyclized peptide or
pharmaceLicaIIy acceptable salt thereof o claim 1, wherein: R1 is selected from the group consisting
of Ac and Bz, or is absent; Xl IS select frmm Re group consisting of AIa 5-aminoyaleul,
Asp, Glu, 15Gly, Phe, OPhe,and-su >d from the cansisti Arg, Lys(iPr),
and Lys(Me,); X7 is %ﬁ e& Frbmthear S F(E L BET '6 0G1u;

X8 is selected from th‘é@%ﬂb‘*éﬁ%@ﬁﬁ% bf%ﬁAPéﬂ)@F@TG‘PyAL%@bQ#@(Wénd@ﬂ@W wiihs absent; X9 is
selected from thengraup oonsisting.of Gly: D2Kal. and ORhe; 18kigsabsent; XDD is 2Nal, or is absent;
and R7 is rsqelected from the group consisting of NI-11 and NHEt. 256. The lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of claim 1, 4, or 5, wherein: Xi is selected from the group
consisting of Gly and Plie; X3 is Lys(iPr); and XM&The Iactam cycllzed peptlde or
pharmaceutically.acceRiRRIS S aQf of el Is.absent 24 is lad from the
group consisting 0 d PR i Ly s iPr); X "oup consisting of Arg
and Lys(iPr), or is abs{}é?ﬁdlﬁﬁ“lé“aﬁd‘fgﬁﬁel%%éefg g‘dégi’i‘f’ca‘ﬁ&ﬁ@b% ’é‘eﬁ@@t@&f gfﬂcﬂﬁié’“@%up consisting
of NR, and NHEtu&-ByviaidtafBecy.cliziitipeglidenfithafotmida: sto(SEQrHRING Y@} asapharmaceutically
acceptablessalt(Herealyicd wien 9y BBR BEATEYFIZEd pepideghelaim B, wherein said
pharmaceutically 20acceptable salt is an acetic acid salt. 78 10. A p]harmaceutlcal composition,
comprising a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any one of claims
1-9, and a pharmaceutically acceptable carrier, dilsgmiiear excipient. 511. A lactam-cyclized peptide or

pharmaceutically acgeptable SaltNereor of A0y QAL SRS -2 R HS B NG Y9,
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.



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 10infection, or a cancer selected from the
group consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,
neuroblastor¥® H¥RHEGkin's lymphoma, lung cancer, ovarian cancer, coRff@CtarEEMedt Multiple
myeloma, glioblastoma multiforme, and chronic lymphocytic leukemia. 1513. 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 rheumatoid arthritis, pulmonary fibrosis, HIV infection, or a cancer
selected from the group consisting of breast cancer, 60 ncreatic cancer, melanoma, prostate cancer,
kidney cancer, neuroblastoma, non-Hodgkin's lymphoma, lung cancer, ovarian cancer, colorectal
20cancer, multiple myeloma, glioblastoma multlfﬁlsma ratd chronic lymphocytic leukemia.
X17256W05T25 SEQEN STING < o Ic eptlde CXCR4
Antagonists <130> X T I SALll S L St e i 2 P drend Dl () '—',;.’-,',,b; 3802 <151>
2007-05-30 <160> 10&&&@@&@6@%&@@/@)@@&3&4 @%ﬂyng(l’bﬂamm -PRiTB<21E3> Atrtificial
<220> <223> Sypihelir 0enStUeh 32075220k MODLRES 5aa2 vk LisA23z A B2 or n-hexanoy!
or is absent <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge, when Xaa at position 1 is
present <220> LTSRS SrERIPERE 5P %i)fi ¢1) Jossuisnyed @Wﬂ’ﬁ}éb‘rﬁé‘ﬁlﬁ\‘b?%@b Dap, Asp,
Glu, Ala, d isomeinAta; Glydddpphtrdliadslsysnd RSAE)) BNl bey @rtsomeﬁr Reythbeta-Ala or is absent
<220> <221> MQD,, ﬁ%ﬁﬁz@ Zg&&%@%@ I%?&é‘met%ﬂg ol fau 1.X33 ghpasition 1 is absent <220>
<221> MOD_RES <222> 2) > 5-amino-vaferyl, 4 4-AM sucéjllzly? or s absent <220>
<221> MISC_FEATHRE bppFosy. Qﬁy&?ﬁa;fk%)hd/w@ Pey4s Byé(m)d@rit%méz)e@z@; <221>
MOD_RES <2%2ﬁd&)m(ﬂa)d6@2§mqas(qmgn a:a%;aaﬁa@pnwu@@ﬂﬁﬁﬁwﬁgc@m (S)s(R) <223> Xaa =

2Nal x17 6W 5&%}5}}; % >i§2112 eSC l;chnURg%m 2%5, % <2 3> Xaa = nl%Iu ‘$or1 isomer
Agl, Dab, isomer E S o d isomer Giu. or A rWI’@be EJRE

<222>(8). (8) <12t23>px@taie:amétaaﬁmmmgh@mso?nemmgel@thw@ ﬁy§Q|lF?rt)q@rﬁ<mlt<|9fabsent and when
absent, Xaa at ;Q@%yt@@%1%.;%1%@%—@%&@?%@tdctwa‘ied 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-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.



<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)..(10) <223> Amidated
as NH2 or NBP2&f79689Xaa Tyr Xaa Arg Xaa Gly Xaa Xaa Xaa Xaa 151@KP1UG08&4241T2 8 <212>
PRT <213> Artificial <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_FEATURE <222>(5)..(5)2|§age 2 <220> <221> MOD_RES <222> (8)-(8)
<223> AMIDATION <400> 2 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 3 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct K220Ri2RashmOD_RES <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(iBu) <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Arg(Pbf) 1. Frnoc-Arg(Pbi)

2. Fmoc-Dap(Boc)

3. Fmoc-Gly Stepwise solid-phase assembly:

4. Fmoc-2Nal Fmoc protected amino acids,

5. Fmoc-D-Arg(Phf) DCC/HOBE or HBTU/DIEA coupling

6. Fmoc-Arg(Pbf} piperidine deprotection

7. Fmoc-Tyr(tBu)

8. Fmoc-Glu{OtBu)

9. Ac2O/DIEA

5
¥
|
w
O-iBu NH . HN NH

£ Q
YH\)]\N H\JLN/\(H\)LNWH\)J\N N—Rink Resin
H Z H E H H
N

(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.



<220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbe <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 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 Xa& #4@XEHH¥Bly xaa Xaa 15 <210> 4 <211> 8 <212> PRT <2 FETARMOMAIREI0> <223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>
MISC_FEATURE <222> (1)..(1) <223> xaa = pap(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(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(5) <223> xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> xaa =
Glu(0OAllyl) <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
Puf pfbf
O-1Bu HN\fNH \.FNH

\(E\j\ g\/j\N;\Trﬂ\iN/\ﬂ/ \/Lk dN%mk Resin

H

N ¥
H = H

o O

o
o
=
N

(SEQ ID NO:12)

Side chain deprolection
and TFA cleavage

OH 2 \f"”‘* HzN\fNH

{ o™
o
on H O (SEQ ID NO:43)
N7 NH
Cyclization in solufion
PyBOP/DIEA
HzN\fNH
NH
N NH,
Ho o

(SEQ ID NO:10)

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



<213> Artificial <220> <223> Synthetic construct x17256W0ST25 <220> <221> MOD_RES <222>
(2)..(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> MISCEEATURE <222> (2),.(2) <223>
Xaa = Tyr(tRP<22@35e21> MISG_FEATURE <222> (3)..(3) <223> Xaa PAi(RHi)s«R20y <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> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 5 Xaa Xaa Xaa Xaa Xaa Gly Glu Xaa 15
<210> 6 <211> 8 <212> PRT <213> Artificial <220> 2823> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES Page 5 <222>(1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <R22at)7.(1) <223> Xaa = Dab <220>

Bz-cyelo! Glu-Tyr-Arg-pArg-2Nal-Glv-Danl-Are-NEL (SEG D NO:14)
Prepare as in Example 6, except that acetic anhydride in step 9 is replaced with
benzoic acid anhydride. MW cal.: 1204.37; MW obs.: 1204.87.

Example 8
Ac-cyelolGlu-Tyr-Arg-DArg-2Nal-Gly-DDapl-Are-MNH, (SEQ 1D NQ:15)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-DBap(Boc), MW cal.: 1142.30: MW obs.: 1142.73,
10

Frample 9
Ac-cvelo]Glu-Tyr-Arg-DArg-2Nal-Gly-Lyvsj-Are-NH-, (SEQ ID NQ:16)

Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Lys(Boc). MW cal.:1184.38; MW obs.: 1184.23.
I5
Example 1§
Ac-cvelo|Glu-Tyr-Arg-pArg-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.



<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 Arg Xaa
Gly Glu Arg 15 <210> 7 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220>
<221> MOD YRE®#822968{1)..(1) <223> Ac modified <220> <221> MISC_FEATURBs&3277 (1)..(1)
<223> Xaa :_Dap <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 <400> 7 Xa_ta Tyr Xaa Arg
Xaa Gly Glu Arg 15 <210> 8 211> 8 <212> PRT <213% Artificial <220> 223> Synthetic construct
<220> <221> mOD_RES <222> (1)..(1) <223> n-Hexanoyl modified <220> <221> MOD_RES <222>
(2)..(7) <223> Lactam bridge <220> <221> MIS%E,%@;{WE <222> (1)..(1) <223> Xaa = Dap <2204>
221> MISC_FEATURE <2202 (35(3) 522%. X587 LYSUEY) 5220%, 28 YIOR, BES <222> (4).)

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

Fmoc-Dab(Boc), and Fmoe-Glu(OtBy) in step 8 is replaced with F moc-Asp(OtBu). In
5 addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.:
1204.37; MW obs.: 1204.87.

Examyple 14
Ac-cyelo]Asp-Tyr-Arg-DArg-2Nal-Gly-Dabl-Arp-NIH, (SEQ ID NO:21)

16 Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-Dab(Boc), and Fmoe-Glu(OtBu) in step 8 is replaced with Fmoe-Asp(OtBu). MW
cal.; 1142.30; MW obs.: 1142.81.

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

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



<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 <210> 9 <211> 8 <212> PRT
<213> Artificial <220> <223> Synthetic construct X17256W05T25 <220> <221> MOD_RES
<222>(1)..(1y €288/ 18 odified <220> <221> MISC_FEATURE <222> (1¥{I/V&22886XH3 = d or 1
isomer Agl <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> 9 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15
<210> 10 <211> 8 <212> PRT <213> Artificial <220>£223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam
bridge <220> <221> MOD_RES <222> (4)..(4) €238 iSomer <220> <221> MISC_FEATURE

<222>(5)..(5) <223z Xaga1 eNAh 52208 Me ) -pArg-2Nal-Glv-Dapl-Arg-NH, (SEQ ID NO:25)
Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(Mes), and Fmec-Glu(OtBu) in step € is replaced with Fmoc-Asp(OtBu). MW
5 cal: 112831, MW obs.: 1123.92.

Exampie 19
Bz-cyclelAsp-Tvr-Lvs(Me -DArg-ZNal-Glv-Dapl-Arg-NH, (SEQ 1D NO:26)

Prepare as in Exampie 6, except that Fmoc- Arg{Pb{) in step 6 1s replaced with
10 Fmoc-Lys(Me,), 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 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
eyelolSucciny-Tyr-Arg-DArg-2Nal-Glv-Dapl-Are-NH, (SEG 1D 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.



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 <220> <223> Synthetic construct <220> <221> MISC_FEATURE <222> (1)..(1)
<223> Xaa PMAEEHBUFE220> <221> MISC_FEATURE <222> (2)..(2) <2255TR5308810¢ 4 Bu) <220>
<221> MISC_FEATURE <222>(3)..(3) <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) <%i3> Xaa = Dap(Boc) <220> <221>
MISC_FEATURE <222>(8)..(8) <223> XaaArg(Pbf) <400> 11 Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa 15
<210> 12 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222>(1)..(1) <223> Ac modified <22@2x2@1% MISC_FEATURE <222> (1)..(1) <223> Xaa

= Giu(OtBu) <220> <2213 MISS i hEARURES o sNal-Clv-Ornl-Are-NI, (SEO 1D NO:30)

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

Fmoc-Orn(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In
5 addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.;

1099.27; MW obs.: 1130.23.

Examnle 24
cvcloiSuecinyl-Tyr-Arg-DArg-ZNal-Glv-Lvgl-Are-NH, (SEQ ID NG:31)

10 Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoce-Lys(Boc), Fmoc-Glu(OtBu) in step & is not used, and this step is omitted. In
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.;

1113.30; MW obs.: 1114.25.

15 Example 25
cvelolGlyv-Tyr-Lys(iPri-pArg-2MNal-Glv-pGlu |- Arg-NH, (SEQ ID NO:32)
The sequence Gly-Tyr(tBu)-Lys(iPri{Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Arg(Pbf) (SEQ ID NO:33) 1s assembled by standard 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



<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(Pbf) <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222> (7)..(7)
<223> Xaa F9B08Y%8220> <221> MISC_FEATURE <222> (8)..(8) <223 HHR PG FBf) <220>
<221> mOD_RES <222> (8)..(8) <223> AMIDATION <400> 12 Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa
15 <210> 13 <211> 8 <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> ¥aa = 2Nal <220> <221> mISC_FEATURE
<222>(7)..(7) <223> Xaa = Dap <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
13 Glu Tyr Arg &rdiXaanGlysXaacprg dba2100cbhpl2t k@ ch2ih 2 PR k2] Thartificiah<R20> <223>
Synthetic constug! 52202,52243 MORWRES #3322 41 b5A230 Bamadiied sR2075221>

MOD_RES ' ) )
acid moiety of DGlu is activated with PyBOP/DIEA, and cyelized 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



<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 <400> 14 Glu
Tyr Arg Arg XdaZ81§/ R8eBArg 15 <210> 15 <211> 8 <212> PRT <213> Artiff€ialu20@#6223>
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> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = d isoméf Dap <220> <221> MOD_RES <222> (8)..(8)
<223> AMIDATION <400> 15 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 16 <211> 8 <212> PRT
<213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac
modified <220> <221> MOD_RES <222> %k@im%%%@% Lactam bridge <220>

1. Fmoc-Arg{Phf)
2. Fmoc-D-Glu{OAlivi)
3. Fmoe-Gly Stepwise solid-phase assembly:
4. Fmoc-ZNal Frnoc protected amino acids,
5. Fmoc-D-Arg(Pbf) DCC/HOBE or MBTU/MIEA coupling
8. Fmoc-Lys(iPry{Boc) pipetidine deprotection
7. Fmoce-Tyr(iBu)
8. Fmoc-Gly
§
§
Pbf be
O-iBu HN NH
NH
o o 9 ; Hof H
/N\)-L N\)-L : N\)L N N—Rlnk Resin
fmoc N : N N/\[r
H z H H
0 § G O
N/l\
l
boc 3
(SEQ ID 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
16 aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at 214 nm.
The appropriate fractions are pooled and Iyophilized. 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.



<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 YREX0&25968%1)..(1) <223> Ac modified <220> <221> MOD_ RES&22018/(8)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 = Dab <220> <221> MOD_RES <222> ( % (8) <223> AMIDATION <400> 17 Glu Tyr Arg
Arg Xaa Gly Xaa Arg 15 Page 13 <210> 18 <211> 8 4212> PRT <213> Artificial <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_RE$;<222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE gzgp@)\@mzzb Xaa = 2Na;n\%%g> <221>

MISC_FEATURE
N \i /«éi\i—ﬂmk Resin
|

{SEQ D NO:35)
1. Allyi remnoval with Pd{Ph,P),(0)

2. Fmoc removal with piperidine
3. Cydlization with PyBOP/DIEA,

l

be
NH

0-1Bu

F?bf

HN NH

NH

H
N——Rink Resin

Erj \/”\N”Wr“

boc

N
H

(SEQ ID NO:36)

pg

Side chain deprotection
and TFA cleavage

OH NH 2 NH
s :
SRS IS
N A N N NH
HLH S g i G 2
@] O O O
5 /]\ ! (SEQ ID NO:32)
N
H
b S0

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



<222> (7)..(7) <223> Xaa = d or 1 isomer Agl <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>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Bz modified
<220> <221 ¥ RE\EE<222> (1)..(7) <223> Lactam bridge <220> <221 BAMOERRESIKT22> (4)..(4)
<223> disomer <220> <221> MISC_FEATURE <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 <400> 19 Glu Tyr Arg Arg‘g(aa Gly Xaa Arg 15 <210> 20 <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> tactam bridge <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISGBATAIRE <222> (5)-(5) <223> Xaa = 2Nal <220>

<221> MISC_FEATURE 58822 £0)-{() 13437 $22a1R40 522323 d e BB ER
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

16 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.
15
Example 27
cvelol Gly-Tyr-Arg-DArg-2Nal-Glyv-0Glul-Are-NEL (SEQ TD NO: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.
20
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,
25

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),
30 Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1014.17; MW obs.:
1614.78.



<222> (8)-(8) <223> AMIDATION <400> 20 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15 <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¥ Q2MBINMEC FEATURE <222>(5)..(5) <223> Xaa2Nal <2203 EABL80/MISET FEATURE
<222> (7)..(7) <223> Xaa = Dab <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
21 Asp Tyr Arg Arg Xaa Gly xaa Arg 15 <210> 22 <211> 8 <212> PRT <213> Atrtificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222>(%)..(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 - Dapz=2202>34221> MOD_RES <222> (8)..(8) <223>

AMIDATION <400> 22 Agp, Inr AT, ATg:X23 el 488,19, 18, s 2407 43 7 al Ay 8 7212> PRT

Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 s replaced

with Fmoc-Arg(Pbf), Fmoc-Gly in step 8 1s not used, and step 8 is omitted. MW cal.:
5 1014.17: MW obs.: 1014.65.

Examnple 31
cyclol Tvr-Are-DArg-2Nal-Glv-Aspl- Are-NH, (SEC TD NO:43)

Prepare as in Example 25, except that Fmoc-DGh{Oallyl) in step 2 is replaced
10 with Frnoc-Asp(allyl), Frnoc-Lys(iPri(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 obs.:
1000.63,

Examnple 32
i5 cveleGlyv-Tvr-Arg-pAre-2Nal-Glv-Asp]-Are-NH, (SEQ D NO:44)

Prepare as in Example 25, except that Fmoc-DGh(Oallyl) in step 2 is replaced

with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 1s replaced with Fmoc-Arg(Pbf).
MW cal.: 1057.19; MW obs.: 1057.35.

20 Example 33
evelolGlv-Tyr-Lyvs(Me ) -DArg-2Nal-Gly-Aspl-Are-NH, (SEQ ID NO:45)

Prepare as in Example 25, except that Fmoe-DGlu(Oallyl) in step 2 s replaced
with Fmoc-Asp{allyl), and Fmoc-Lys(iPr}{Boc) in step 6 is replaced with Fmoc-
Lys(Me,). 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.



<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)..(5) <223> Xaa = 2Nal
<220> <221 ¥R/ BEERT URE <222> (7)..(7) <223> Xaa = Dap <220> <294 ¥ Ne0s/ RS 7<222>
(8)..(8) <223> AMIDATION <400> 23 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 24 <211> 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 <220,;?7 <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 Afix#ungixad Gly Xaa Arg 15 <210> 25 <211> 8 <212>
PRT <213 Artficial <2200 ety PYRIIANS. FRASUNGE E300% faehz QIeRaREG 7222~ (1) (1) <223~
¢ modifie

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[Gly-Tyr-Lvs(iPr)-DArg-2Nal-GhveGlul-Are-NH, (SEQ D 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,




<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(Me2) <220> <221> MOD_RESX17256W0ST25 <222>(4)..(4) <223>d
isomer <220> <221> <7,? <223> MISC_FEATURE (5)..(5) Xaa = 2Nal <220> <221>
MISC_FEATUREISIIESET) (7) <223> Xaa = Dap <220> <221> MOD_ REBRCEAFS0E){8)7<223>
AmMIDATION <400> 25 Asp Tyr Xaa Arg Xaa Gly Xaa Arg 15 <210> 26 <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> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(Me2) <220> <221> MOD_R%S <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 <2Z22={8)i¢(8) <223> AMIDATION Page 19

X17256WOST25 <4002 g8y Tyr-Lys(iPri-npArg-2Nal-Gly-Aspl-NHES (SEQ 1D NO:53)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
{{ethyl-Fmoc-amino }-methyl)-indol-1-y1]-acetyl AM resin, step 1 is omitted, and Fmoc-
5  DGlu(Oallyl) in step 2 is replaced with Fmoc-Asp(allyl). MW cal: 943.13; MW obs.:
943.36,

Example 42
evelol Glv-Tyr-Lys{iPri-DArg-ZNal-Gly-Glu -NHEL (SEQ 1D NO:54)

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

({ethyl-Fmoc-amino}-methyi)-indol-1-yi}-acetyl AM resin, step 1 is omitied, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Qallyl), MW cal.: 957.15; MW obs.:
957.50.

i3 Example 43
cvele] Gly-Tyr-Lys(iPri-DArg-2Mal-Glv-pGlul-NHEL (SEQ ID N{O:55)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
( {cthyl-Fmoc-amino}-methyl}-indol-1-y1]-acetyl AM resin, and step 1 is omitted. MW
cal.; 957.15; MW obs.: 957.46.
20

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)



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 <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¥ Q2B FEATURE <222> (4)..(4) <223> Xaa = 2Nal <2ZONER20164177
MISC_FEATURE <222> (6)..(6) <223> Xaa = d or 1 isomer Agl <220> <221> MOD_RES <222>
(7)..(7) <223> AMIDATION <400> 27 Tyr Arg Arg xaa Gly xaa Arg 15 <210> 28 <211> 7 <212> PRT
<213> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223>
Succinyl modified <220> <221> MOD_RES <220> <Ph1> 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) <22@mAMIDATIONBO»cR8riEyandrigodingixad Gliwxad Ang LB<REO®IR <211> 7 <212>
PRT <213> Artificigle$220> <223> Synthetic construct <220>

Example 45
3 cvelol Ghy-Tyr-Lys(iPr)-pArg-2Nal-Gly-DGini-LysiPri-NHEL (SEQ TD NO:58)

Prepare as in Example 25, except that Rink amide resin is replaced with {3~
({ethyl-Fmoc-amino }-methyl}-indel-1-ylj-acetyl AM resin, and Fmoc-Arg(Phf) in step 1
is replaced with Fmoc-Lys(iPr}(Boc). MW cal.: 1127.41; MW obs.; 1127.35.

i6 Example 46
eveloiLvs{Ac-Tyr-Lyvs({Me-DArg-2Nal-Gly-Glul-Are-NH, (SEG 1D NO:50Y

Prepare as in Example 25, except that Fmoc-DGIu(Oallyl) 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 evelelDap{Ac)-Tyr-Lys(Me,)-DAre-2Nal-Glv-Glu l-NH: (SEQ 1D NO:66)

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



<221> MOD_RES <222> (1)..(1) <223> Succinyl modified <220> <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> MISC_FEATURE <222> (6)..(6)
<223> xaa =DAPEHEEEL221> MOD_RES <222> (7)..(7) <223> AmIDAT BN/ LERy08:064177
29X17256W0ST25 Tyr Arg Arg xaa Gly Xaa Arg 15 <210> 30 <211> 7 <212> PRT <213> Atrtificial
<220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Succinyl modified
<220> <221> MOD_RES <222> (1)..(6) <223> Lactarﬁ bridge <220> <221> MOD_RES <222> (3)..(3)
<223> d isomer <220> <221> MISC_FEATURE <227 (4)..(4) <223> xaa = 2Nal <220> <221>
MISC_FEATURE <222> (6)-(6) <223> Xaa = Orn <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400:-39 TV ieArgnAfyikad Bl Xaa irgebh e boh Fo< Db a2 1 25dPRiEix213> Artificial

<220> <223> SYRhNS PORSUHGHS2R02 TR 2 MO RES 2327 k(1) 5223 SHsiyl modified

<220>
in DMF, and the Dap side chain 1s then acetylated with 10 equivalents of acetic

anhydride/DIEA at room temperature for one hour. All side chain protection groups are
5 then removed and the linear peptide is cleaved from the solid support using a mixture of

TEA/water/TIS/anisole (90/5/2.5/2.5, viviv/ivy for 2 h at room temperature. Cyclization 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 mL of dry DMF. This peptide
solution is delivered to the following reaction mixture via a syringe pump during a 2 h

10 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 allowed to proceed at room
temperature for 2 h. Solvents are then evaporated under vacuum, the residue is loaded
onto a preparative HPLC column, and the target cyclic peptide is isolated and
characterized as described in Example 1. MW cal.: 986.15; MW obs.: 985.97.

15

Example 48
cyclolAla-Tvr-Lys(iPr)-DArg -2Nal-Gly-Glul-NH- (SEOQ 1D N{O:61)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
step 2 is replaced with Frnoc-Glu(Qallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
20 Ala. MW cal: 943.13; MW obs.: 942.62.

Example 49
cvcloiDAla-Tyr-Lvs(iPr)-DArg-2Nal-Glv-Glu|-NH, (SEQ ID 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,



<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
x17256wo0sT25 <220> <221> MOD_RES <222> (7)-(7) <223> AMIDATION <400> 31 Tyr Arg Arg
Xaa Gly Lys WR2#83454E2 32 <211> 8 <212> PRT <213> Artificial <220> SAZBBsSHisthetic’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 <220> <221> MOD_RES <222> (8)..(8) <2233 AMIDATION <400> 32 Gly Tyr Xaa Arg Xaa
Gly Glu Arg 15 Page 23 <210> 33X17256WOST25 <211> 8 <212> PRT 213> Artificial <220> <223>
Synthetic construct <220> 221> mISC_FEATUREm2Z Y (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <2223(3),(3) £223> X8 5 LysGRINBRS), :3200,5 320 MiSGo REATURE <222>

(4)..(4) <223> Xaa = d isomer Arg(Pbt) <2205
Prepare as in xample 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is

replaced with Fmoc-Ala. MW cal,; 943.13; MW obs.: 943.48.

L

Exampie 52
cvelojleu-Tyr-Lys(iPri-pArg-2Nal-Olv-bGinl-NH, (SEQ 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. MW cal.; 985.21; MW obs.: 985.56.
10

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.



<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>
(7)..(7) <223> Xaa = d isomer Glu(Oallyl) <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa =
Arg(Pbf) <400> 33 Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 34 <211> 8 <212> PRT <213>
Artificial <2289 <9888 thetic construct <220> <221> MOO_RES <222>PAF730e99@ factam
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 IE S <222>(7)..(7) 223> d isomer <220> <221>
mOD_RES <222> (8)..(8) <223> AMIDATIoN <220><221> MISC_FEATURE <222> (8)..(8) 223>
acetic acid salt <400> 34 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 35 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220Ex@fie MOD_RES <222> (1)..(1) <223> Fmoc

modified <220> <2215 MisG, FEARYRE 52229 42012 111 vs(iPr)-NIL, (SEO 1D NO:70)

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

Fmoc-Lys(iPr){Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.:
5 1189.48; MW obs.: 1189.92.

Exampie 57a
cyclglPhe-Tyr-Lys(iPri-pAre-2Nal-Glv-0Glu -Lys(iPri-NH-acetic acid sali
(SEQ 1D NO:71)
10 The TEA salt of the peptide of Example 57 is converted to an acetic acid salt by

adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/Hs0O (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 Tvophilized. MW cal.; 1185.48; MW obs.:

15 1189.92,

Example 58
cvelofPhe-Tvr-Lyvs(iPri-DAre-2Nal-Giv-bpGlul-Are-NH, (SEC 1D NO:72)

Prepare as in Example 25, except that Fmoc-Gly in step 8 is replaced with Fmoe-

20 Phe. MW cal.: 1175.41; MW obs.: 1175.81.

Example 59
cvclolPhe-Tyvr-LyvsiPri-DAre-2Nal-Glv-DGlul-NHR (SEQ 1D NO:TH

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



<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) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = d isomer
Glu(Oallyl) ¥/2680&2#48°MISC_FEATURE <400> 35 Gly Xaa Xaa Xaa x&& GUEN40&&d 75 <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 isomé Arg(Pbf) <220> <221> MISC_FEATURE <222>
(5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221>
MISC_FEATUR#pl«222»it8) m(8)- k22> (Kama) Ad GERaf) 2 2055 221 eI wRiE Sre@2Ppx: (8)-(8) <223>

AMIDATION <40Q>.36 Gly-*aafaa Xaa Xagaely Glu Xaa 5 X17256W0ST25 <210> 37

Example 60a
5 eyclolPhe-Tvr-Lys(iPr)-DArg-2Nal-Glv-nGlal-Lys(iPr)-NHEt-acetic acid salt

(SEQ I NO:75)

The TT A sait of the peptide of Example 60 is converted to an acetic acid salt by
adsorbing the material onto a preparative CI18 column of suitable size, equilibrated with
2% acetic acid/H;O (v/v), The column is then washed with three to five column volumes
10 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.: 1217.53; MW obs.:
1217.97.

Exampie 61
15 evelolDAIa-Tvr-Lys(GPr)-DArg-2Nal-Glv-Glul-NHEt (SEQ ID NO:76)

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

({ethyl-Fmoc-amino}-methyl)-indol-1-ylj-acetyl AM resin, step 1 is omitted, Fmoc-
DGIu(Oallyl) n step 2 1s replaced with Fmoc-Glu(Gallyl), and Fmoe-Gly in step 8 is
replaced with Fmog-DAla. MW cal: 97118, MW obs.: 971.49.

Example 62
eyveleiZNal-Tyvr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEL (SEQ 1D NG: 7T

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

{{ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin, step 1 is omitted, Fmoc-
25 DGlu(Oallyl) m step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step § is
replaced with Fmoc-2Nal. MW cal.: 1097.34; MW obs.: 1397.53.

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-



<211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RI_ES <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 =WRaNEAZ0H8%<221> MOD_RES <222> (7)..(7) <223> d isomer pe220=522k3:MOD_RES
<222> (7)..(7) <223> 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) <223> xaa = 2Nal

<220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES5 <222> (7)..(7)
<223> AMIDATION <2205 5225 MISFaBEATMRE S 22206M1(7)5323% AAstic agig salt <400> 38 Gly

> PRT <213> Artificial <220>
Tyr Xaa Arg Xa%ﬁg{&%%%%é%&%ﬁ‘%_g ff/ﬁv% J@E}_:S 1?)421%%8; FI.\)&W obs.: 104751,

Example 64
5 cvelelPhe-Tyr-Lys(iPri-pAre-2Nal-Glv-Glul-NHEt (SEO ID {79

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

({ethyl-Fmoc-amino}-methyl-indol-1-y1]-acetyl AM resin, step 1 1s omitled, Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu¢Qallyl), and Fmoe-Gly in step 8 is
replaced with Fmoc- Phe. MW cal.; 1047.28; MW obs.: 1047.57,

10

Example 65
cvele] Gly-Tyr-Lys(iPr)-DArg-2Nal-Glv-pGiu]-Glv-2Nal-NH, {(SEG 1D NG: 8

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-2Nal, and one step is added between steps 1 and 2 using Frmoc-Gly, MW cal.:
I5  1183.39; MW obs.: 1183.26.

Example 66
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(iPry(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



<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 isomer <220> <221> MOD_RES <222> (8)..(8)
<223> AMIDAPISRELEBES 39 Gly Tyr Arg Arg Xaa Gly Glu Arg 15 <210> #0HP3$188@0&212> PRT
<213> Artificial <220> <223> Synthetic construct x17256W0sT25 <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> (71)5..(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> 40 Gly Tyr Xaa Arg xaa GlyiGhaachs <210> 41 <211> 7 <212> PRT <213>

Arifical <220> <223> SYhelip, cPOSYUEL 220 521 MOD RES <202 (1) (6):,

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

with Fmoe-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
5 and Fmoc-Gly in step 8 s replaced with Frioc-f-Ala, MW cal.: 1071.22; MW obs.:
107115,

Example 69
cyclelS-aminovalervi=Tyr-Arg-DAre-2Nal-Glv-Glul-Arg-NH, (ST 1 NO: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.



<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> Atrtificial
<220> <223 VGieead8nstruct <220> <221> mOD_RES <222> (1)..(6) ¥Z23uskamstaenbridge <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> Artificial <220> <223> Synthetic construct <22 <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> 43 Tyr Arg Arg Xaa Gly As%g%lﬁe §£10> 44 <211> 8 <212> PRT <213> Atrtificial

<220> <223> Synthetic construct
cyclel{(4-AMP A Tyr-Arg-DArg-2Nab-Glv-Glul-Are-NH, (SEQ ID NO:87

Prepare as in Example 25, except that Fmoc-DGhu(Oallyl) in step 2 is replaced
5 with Fmoc-Gla(Qallyl), Fmoc-Lys(iPr}(Boc) in step 6 is replaced with Frnoc-Arg(Pbf),
and Frmoc-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



<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 ¥PR280PRT6&D 13> Artificial <220> <223> Synthetic construct €ZA0ES2@BD54MOD_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> AMIDATION <400>
45 Gly Tyr Xaa Arg Xaa Gly Asp Arg 15 <210> 46 <21%> 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 = Lyg(iRmg226> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISGoFENIURE;52223(5), (B) £27252,14 7 AVA SR2IR.1 231> MOD_RES

<222> (8)..(8) <223> AMIDATTON PRAL
(SEQ ID NO:91)

Prepare as in Example 25, except that step 1 is replaced with three sequential

5 residue couplings: first Fmoc-2Nal, ther Fmoc-Gly, and then Fmoc-Lys(iPri(Boc). In
addition, Fmoc-Gly in step 8 is replaced with Fmoc-Phe., MW cal.: 1443.82;: MW obs.:

1444 13,
Fxample 77
i0 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,

{(SEC 1D NO: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.



Gly Tyr Xaa Arg Xaa Gly Asp Arg <210> 47 oil> 7 <212> PRT <213> Atrtificial <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> MISCHMEEATIRIESL222> (5)..(5) <223> xaa = 2Nal <220> <221> MODERESE2A57(7)..(7)
<223> AMIDATION <400> 47 Gly Tyr Xaa Arg Xaa Gly Asp 15 <210> 48 <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_If“%ATURE <222> (5)..(5) <223> Xaa = 2Nal
<270> <221> MISC_FEATURE <222> (8)..(8) <223> XaalLys(iPr) <220> <221> MOD_REs <222>
(8)..(8) <223> AmMIDATION <400> 48 Gly Tyr Xaa Arg Xaa Gly Asp Xaa 15 <210> 49 <211> 8 <212>
PRT <213> Artificial <220> <223> Synthetic corﬁg}%%ﬁéngZSGWOSTZS

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> (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®200884806E Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 50 <21 P8 &2U2s4PRY <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> 50 Gly
Tyr Arg Arg xaa Gly Glu Arg 15 <210> 51 <211> 8 <M2> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> mOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURE:siZ225in(8)iy 3) s 28 pcXaas Tl ya(iRi)i<220p022%0 mARLRES sddai)..(4) <223>d

isomer <220> ﬁ%ﬁ%&@l%ﬁ!(_%%@fs%ﬁa&gﬁ G%/cﬁ%a 1%?15(3)&'g?girfez?:agyiaég':?tgi'gl,%glredttctive 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> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 51 Gly Tyr Xaa Arg Xaa Gly Glu
Arg 15 <210> 52 Page 35 <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) <223WRFAIE1N6}fPr) <220> <221> MOD_RES <222> (4)..(4) <223B{F¥6/MeH 620> <221>
MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 52 Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 53 <211> 7 <212> PRT <213> Atrtificial
<220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam bridge
<220> <221> MISC_FEATURE <222> (3)..(3) <223>%aa = 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> AhjdatédidgeNEt <400> 53 Gly Tyr Xaa Arg Xaa Gly Asp 15

<210> 54 <211> 7

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
¥
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{SEQ ID NO:100)

Scheme 7. Peptide chain assembly on solid phase



<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 FPFEXPEIMOD _RES <222> (7)..(7) <223> Amidated as NBETA40@:s/6s4 Gy Tyr Xaa
Arg Xaa Gly Glu 15 <210> 55 <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> XaalLys(iPr)X17256w05T25 <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> Amidated as NHEt <400> 55
Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 56 <215 8 <212> PRT <213> Artificial <220> <223>

i HN
Synthetic construct <220> <221> MOD_RES, i T

7 NH
it
H
N\//U\ \/U\ N Nmek Resin
c:omf :
é ; (SEQID NO:100)

1. Aliyl removal with Pd(PPh3)4(0)
2. Fmoc removal with piperidine
3. Cyelization with PyBOP/DIEA

HN
O-1Buy \FNH AN -boe
O O
P \,JL ﬂ ﬁ i wm -
ink Resin
N N N
S H /\ﬂ/ H H
(SEQ ID NO:-10%)
N"‘"boc

HN

and TFA cleavage

on N \fNH NH
/[?\ /g E JNwH\A /‘\IrH OH NH,

(SEQ !D NO:98)

i Side chain deprotection

@:

HN

Scheme 8. Preparation of cyclic precursor peptide



<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 <P2281@)5{#P<223> Amidated as NHEt <400> 56 Page 38 GlyTyuXmasimgdtaa Gly Glu
Arg 15 <210> 57 <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 <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 <222i(B):(8) s@A3zyatetic:anidsalir#00350Gl%dyrXaa Agsaa Gly Glu Arg 15
S ifici i <220>
<210> 58 <2113 8, 5200 HPRE Sahinu A RR S22 0o s Srony R IGHG Gonpliuct <220>
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.



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <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 @ZPBIMIST FEATURE <222> (8)-(8) <223> Xaa = Lys(iPr)r€Z2082662245 MOD_RES
<222> (8)..(8) <223> Amidated as NHEt <400> 58 Gly Tyr Xaa Arg Xaa Gly Glu Xaa 15 <210> 59
<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> (1)..(1) <223> Xaa =
Lys(Ac) <220> <221> MISC_FEATURE <222> (3)..(35ﬁ<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> Atificial iﬁ?@@<223> synthetic constfiect <220>

J

"N NH,

(SEQ 1D NO:98}

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

NH,
A e NH
O OH /J,NH NH
H ~. H H
N\/’ﬁ“ \,ji‘_ /\T_
0 : o) H

LT “’
>"NH
N
O
(SEQID NO:7 0}
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.



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (1)..(1)
<223> Xaa = Dap(Ac) <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 PIF@AFEMOD RES <222> (7)..(7) <223> AMIDATION <4b0EBHWEATTXaa Arg
Xaa Gly Glu 15 <210> 61 <211> 7 <212> PRT <213> Atrtificial <220> <223> synthetic construct
<220>x17256WOST25 <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISc_FEATURE <222>(3)..(3) <223> XaaLys(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> 61 Ala Tyr Xaa Arg xaa Gly Glu 15 <210> 62 <211> 7 <212>
PRT <213> Artificial <220> <223> Synthetic corftaugti€220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MOD_RES 2222 (). £1) 52437;¢ ¢somer <220> <221>
MISC_FEATURE

cvcloiPhe-Tyr-Lys(iPri-nArg-2 Nal-Gilv-DGlul-Lys(GPri-NL (SEOQ 1D NO: 70
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



<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)
Page 42 <223> AMIDATION <400> 62 Ala Tyr Xaa Arg Xaa Gly Glu 15 <210> 63 <211> 7 <212>
PRT <213> Ritiffefl €O"Y> <223> Synthetic construct X17256WOST25 <ZSFAIEHPE864PT2> <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 <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> d isomer <220> <> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 63 Ala Tyr Xaa Arg Xaa Gly Glu 15 <210> 64 <211> 7 <212> PRT <213> Artificial
<220> <223> Syntheticlcorstsucie220mPage 48 pe@di> MIDE RES d222zc(d) cfijo<@@3> Lactam

bridge <220> <%&ﬁa%§9ﬁ5@ﬁﬁgagd§%ﬁ(%é%@3EA, 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.



<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> 64 Ala Tyr Xaa Arg Xaa
Gly Glu 15 {0 ®5 %89 > 7 <212> PRT <213> Artificial <220> <223> SyMIREHRRUSSHIC <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 < gé(;> <221> mOD_RES <222> (7)..(7) <223>d
isomer Page 44 <220> <221> MOD_RES <222> (7)-(7) <223> AMIDATTON <400> 65 Leu Tyr Xaa
Arg Xaa Gly Glu 15 <210> 66 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222>(1)..(7) <223¥ Mat¥arssbridge <220> <221> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD; RES <222> (4)..(4) <223> d isomer <220> <221>

o)

MISC_FEATURE <222>(5) (14258 Xa = 2N;
3. ggg—g;y Stepwise solid-phase assembly:
4. Boc-2Nal Boc protected amino acids,
5. Boc-D-Arg(Tos) HBTU/DIEA coupling
6. Boc-Lys(2-CI-7) TFA deprotection
7. Boc-Tyr{2-Br-Z)
&. Fmoc-Phe
)
o Tos
' 2,017
o NH I

SHNS IS

H\/JJ\NIAY \)QLN E il;j”Resin

TITZ

0 O

fm—z-m-z O ém

(SEQ 1D NO:102)

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

HA NH.,
O O /rNH
N\)kN/\T],N\/U\N/\‘r g NH»
G
=0

(SEQ ID NO:98)

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



<220> <221> <222> <223> MOD_RES (7)-(7) AMIDATION <400> 66 Leu Tyr Xaa Arg Xaa Gly Glu
15 <210> 67 <211> 7 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MOD_RES Page 45 <222> (1)..(1)
<223> d isonTép 2805150651 > MISC_FEATURE <222> (3)-(3) <223> Xaa =rLys(inns820Q>7<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 <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 <222xi(Gp(5} 52232 vépapr2ials220k 1220 M@RRES 52225 6f)a(d) <223>

AMIDATION <499>13 %@g&ﬂﬁilﬁé&%ﬁné qr%n)é% }%‘%&%!HV%%PLC 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

5 (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

10 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

15 mg ofthe 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

20 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
25 Alternative Svnthesis 1§ 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-
30 DGlu(OBzl)-Lys(Fmoe) (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



X17256W05125 <210> 69 <211> 7 <212> PRT <213> Atrtificial <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>
MOD_RES ¥5PU¥35008) <223> d isomer <220> <221> MISC_FEATUREPEIHE(80¢4)72223> 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> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222>73)..(3) Page 47 <223> Xaa =
Lys(iPr)X17256w0ST25 <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
mISC_FEATUREs#222:3(B)z4&5)nd2B 3B /Rélaa2iNah «? poncd 22 1e» MOIbeR BES 1@2R2r (F)al(7) <223> d

isomer <220> < MIRG FHATHRR 7 43R 8) 52237 X BaIT b¥SHPIh 78203, Tyro-
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
5 of'the linear peptide and is accomplished in & steps as shown in Scheme 11, Instep 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.,
10 The Boc protecting group 1s removed with neat TFA, the resin is neutralized 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.
15



<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> <223> Synthetic construct <220> <221>
mMOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223>
Xaa = Lys(iPH&ZP83506831> MOD_RES <222> (4)..(4) <223> d isomer <2ZQS/H2008/064177
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 Xaa Gly Gl Xaa 15 <210> 72 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <2225 (B)H{3p=t223> 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> (Y)qu}ﬁm)d isomey

3 ggg gIGM(OBZI) Stepwise solid-phase assembly:

4. Boc—ZNyaE Hoc protected amino acids,

5. Boc-D-Arg(Tos) HBTU/DIEA coupling

6. Boc-Lys{Fmoc) TEA depretection

7. Boc-Tyr{2-Br-Z)

8. Boc-Phe L

”;"os
JFmoc
O HM NH

o, & N 4
b o \)J\ /\[f NWNg\ N-Resin

O C
HN\
Boc

HN-—-Fmoc

(SEQ ID NO:103)

HF clzavage, 0°C, 1 h

H2N - =NH Fmoc~yy

G
_ N\)J\N/YN P_J[ NH5
O
Fmoc \‘
@]

(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



<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> ArtificialX17256WO5T25 <220> <223> Synthetic
construct <220> <221> <222> <223> MOD_RES (1)..(7) Lactam bridge <220> <221>
MISC_FEATUREMYHPSRR) (3) <223> xaa = Lys(iPr) <220> <221> MOD_RETKE20084¢4)774) <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> Atrtificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222> (B..(?) <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>«#2lm M SCuREATYRE Radgl 500222 +(0)nl{5)e4 2283 1Xa8 soRiN@alag220> <221>

MOD_RES <224zd1 ki b~ 22338 iSPMETR a2V aRTeR cnralemtrhy MPGEEATURE
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> (8)-(8) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222>(8)..(8) <223> Amidated as NHEt
<400> 74 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15 <210> 75 <211> 8 <212> PRT <213> Atrtificial <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
mISC_FEATUREISESEY3) (3) <223> Xaa = Lys(iPr) <220> <221> MOD HREL 2908854137 (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> Amidated as NHEt <220> <221> MISC_FEATURE
<222> (8)..(8) <223> acetic acid salt <400> 75 Phe xaa Arg Xaa Gly Glu Xaa 15 <210> 76 <211>
7 <212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221> mOD_RES <222>
(1)..(7) <223> Lactam bridge <220> <221> M@B, RES <222> (1)..(1) <223> dFrisemer <220> <221>

MISC_FEATURE <222> (3)..(3) <z23*"Xaa = Lys iPY)
’ O —/‘/ O 8]
H H H H
(A A T Ngf
= i+ B H -+
) o . . O 0

HN"Fmoc

(SEQHID NO: 104)

€z

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

HoM
2 NH NH2

NH2

(SEQ ID NO: 98)

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



<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> 76 Ala
Tyr Xaa Arg Xaa Gly Glu 15 <210> 77 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic
construct <2208 0¥ 1UEOD RES <222> (1)..(7) <223> Lactam bridge <2R05E20081064177
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 Xaaélgyr Xaa Arg Xaa Gly Glu 15 <210> 78 <211> 7
<212> PRT <213> Atrtificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7)
<223> Lactam byidhe z@Pa>tk2 2d4én MODRESFE2R 2% (h}s1d)-<R23m &l igomersed2@y.<221>

M|SC_FEATUR§1§%§?&@;&&E?@@ 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 §
¥
H-Phe-Tyr{tPul-Lys(iPr, Booj-D-Arg{Phf - 2Nal-Gly-D-Giu(2-CTC resing-
LysiPeZ)-NH: (gEQ 1D NO:105)

P
LT e
[a

|
v

H—Iyiv.e—’f}*r{%Bu}-Lys(iPr,Ec:c_}—D—Arg(Vbe_}—EI\Ta}—Gi}-*-D—GIu{__DH}—L}'s{iPr,Z)—NH:
Cyclization a (SEQ ID NO:106)
é

l
Phe-Tyr{tBu}-Lys{iFr.Bock-D-Arg(Prf)-2 NalnGI}—'—’E)w(%}lu-Lys {iPr, Z3-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



<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 X17256WO05T25 <400> 78 Phe Tyr Xaa Arg Xaa Gly Glu 15 <210> 79 <211> 7
<212> PRY ¥ 3808Hiféhl <220> <223> Synthetic construct <220> <221 PN 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> <222> <223> MISC_FEATURE (5)-(5)
Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 79 Phe Tyr Xaa
Arg Xaa Gly Glu 15 <210> 80 <211> 9 <212> PRT <543> Artificial <220> <223> Synthetic construct
<220> <221> <222> <223> MOD_RES (1)..(7) Lactam bridge <220> <221> MISC_FEATURE
<222>(3)..(3) <223> xaa = Lys(iPr) Page 54  Boviy=(iFni)-OH

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



<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>(9),.(9) <223> Xaa2Nal <220> <221> MOD_RES <222> (9)..(9) <223>
AMIDATION¥A30#/8WEN Tyr Xaa Arg Xaa Gly Glu Gly Xaa 15 <210> 81 RIHUS200&04437PRT <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
<220> <221> MISC_FEATURE <222> (8)-(8) <223>%aabeta-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 Xgaclic 210t 8203 1ittuBux@1RthPRT W 248 Arfificind 52202222 3= Syithetic construct

<220> <221> M@D aﬁcﬁ%ﬁ@&%ﬁ(@dﬂkﬁgxﬁ% Lagtam bridge <220> <221> MISG_FEATURE

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

5 presence of DIEA in a reaction vessel, Afier 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

10 coupling cycle used is: 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

15 tore-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;

20 11) Washing cycles (with DMF, TPA, and DMF again); 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.

25 The solvents are removed by rotary evaporation, and the fully Hnear 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

30 necessary. Affer 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



<222>(1)..(1) <223> Xaa = beta-Ala <220> <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> ArtifictiP2PBE5893> Synthetic construct <220> <221> MOD_ RESREIPDS2§48/067) 2223>
Lactam bridge <220> <221> MISC_FEATURE <222>(1)..(1) <223> Xaa = beta-Ala <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> 83 Xaa Tyr Arg Arg Xaa Gly
Asp Arg 15 <210> 84 <211> 7 <212> PRT <213> Arfificial <220> <223> Synthetic construct <220>
<221> MOD_RES <222> (1)..(1) <223> 5-aminovaleryl modified <220> <221> MOD_RES <222>
(1)..(6) <223> Labtam. bitidgbea22B2 «22 ishMOD: RES222% (Ihd3) K2R Iz Htisameros220> <221>
MISC_FEATURE 52225 @)y () SR232000:= 2Nl 5303502 MR RS 5277 (el <223~

AMIDATION <400> 84 Tyr Arg Arg Xaa Gly Glu Ar? . . _ ,
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

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



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> (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 <YS0HBISEMOD RES <222> (7)..(7) <223> AMIDATION <4B0%B8SMp0At Arg Xaa Gly
Asp Arg 15 <210> 86 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220>
<221> MOD_RES <222> (1)..(1) <223> 4-AMPA modified <220> <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 = 2 Nal o> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 86 Tyr Arg Arg Xaa Gly Asp Arg 15 <210> 87 <211> 7 <212> PRT <213> Atrtificial
x17256wo05T25 <220> <223> ?nthetic construct <220e <221> MOD_RES <222> (1)..(1) <223>

4-AMPA modified <2205 q H\ " H\ o
CMJSC"“‘%C/ 13(3’“‘"'(3"’“““130’/ 130',‘,,_136%130/
e S Pl T -~ e
H i [ o i [ THoH i [ T
H H 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
5 peptide precursors (SEQ ID NO:98, SEQ 11> NO: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,

10 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

15 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.



<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> AHifié#pa®e® <223> Synthetic construct <220> <221> MOD_RESrsZ2dendih(1) <223>
4-AMPA modified <220> <221> MOD_RES <222> (1)..(6) <223> Lactam bridge Page 59 <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> d isomer <220> <221> MOD_RES <222>
(7)-(7) <223> AMIDATION <400> 88 Tyr Arg Arg Xa&Gly Glu Arg 15 <210> 89 <211> 7 <212> PRT
<213> Artificial <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> <221>
MOD_RES <222> (3)..(3) <223> d isomer <28§ A NH,

/J/NH MNH

I o 4 0 o)
Q\)LN/}T-Q\)—-N/\,TE N NH
i Mo TP HoJ
AN

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
e : e o9
N N\)I—N/\\”"N. /”—N/\]—N N NH,
H L = H
L O
>
NH -
TN
(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.



<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 15 <210> 90 <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURBIHEINS) (3) <223> Xaa = Lys(iPr) <220> <221> MOD_RERUSMIBLUYTT(4) <223> d
isomer <220> <221> MISC_FEATORE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer <220> <221> MISC_FEATORE <222> (8)..(8) <223> Xaa = Lys(iPr)
<220> <221> MISC_FEATORE <222> (10)..(10) <223> Xaa = 2Nal <220> <221> mOD_RES <222>
(10)-(10) <223> AMIDATION <400> 90 Gly Tyr Xaa ?g Xaa Gly Glu Xaa Gly Xaa 1510 <210> 91
<211> 10 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactamrbrividpeica? 20pa2@iot HH BCsBEATIPREI<222b( Fri(3)ixdP23> Xaa =

Lys(iPr) <220> £2215MQP.RES £223d8idé) <223> d isomer X17256W0ST25 <220> <221>
MISC_FEATURE <222>(5)..(5) <223> xaa2Nal
Human CXCR4/'*[-SDF-1a Binding Inhibitien Assay
5 SDFE-1 binding to CXCR4 is the first step in activating the CXCR4 intracellular
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



<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) <223> Xaa = 2Nal <220> '
<221> MOD_RES <222> (10)..(10) <223> AMIDATION <400> 91 Phe Tyr Xaa Arg Xaa Gly Glu Xaa
Gly Xaa 1510Ve208/19968211> 9 <212> PRT <213> Artificial <220> <223> Eynihetiesagrsiruct <220>
<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> M!SC_PEATURE <222> (3)..(3)
<223> Xaa =_Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221_>
MISC_FEATURE <222>(5)..(5) Page 62 <220> <221> MOD_RES <222> (7)..(7) <223> d isomer
<220> <221> MOD_RES <222> (9)..(9) <223> d isomiér <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> Artucﬁmamaa,amm&am&yamgﬁh@gﬁ@ﬁ§fﬁgxuﬁagﬁﬁl§@%&ﬁ M@QgﬁEszg.ggdl) (7) <223>

<223> Lys(iPr) <220> <221>
kﬂaStSmRErédgizé%fL ?4? 5532‘ 5 gﬂﬁg@ﬁé@ )ﬁ%% i@ﬁﬁ%&ygﬁgéﬁ%%%@éﬁ?@}%w‘{@<223> xaa =
2Nal 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
5 {Gibco), 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
16 compound are plated on the upper chamber, and 30 uL of SDF-1a (R&D Systems, 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
15 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,

20 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 1Csp 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

25 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,
30 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> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8)
<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 Xaa Arg Xaa Gly
Glu Xaa Phe¥i8 209805064 <211> 8 <212> PRT <213> Artificial <220> <223% Bynthetissgonstruct
<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 <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 <218 AdtifiniabrR20p «22 32 Synthetin aonsiust Rags 64 sekiraB\WQPI 2% <220> <221>

MOD_RES <221%>a3(31621§ g))n?)%%t%@ﬂ %?%%@o%g%%sf v%%g?he respective ligands for these receptors in
a manner similar to that described above for the CXCR4/'"*I-SDF-1a binding inhibition
assay.

5 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.



<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(1Pr) <220> <221> MOD_RES <222> (8)..(8) <223> AMI.[.)ATION
<400> 95 Ph& PyfM8/E¥RE Xaa Gly Glu Xaa 15 <210> 96 <211> 8 <212> Pm,{%i&_fg/egigfmlal <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
Page 65 <222> (7)..(7)X17256W05T25 <223> d isomér <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 £220Pusid2 3xSyAtheiGCanstuat 220522 P WIQD_RES <222> (1)..(7) <223>

[ ..(3) <223> Xaa = Lys(iPr) <220> <221>
k/lagtDainRténSdgg 2< 22>2?4>)“ 4§~]1</>§3¥3§%-?§§% r%}%aé%%%g p@ agg )unportant role in m%z(kgpie )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
mplanted turnor 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



<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 = Orn <220> <221>
MOD_RES <222> (8)..(8) <223> AMIDATION <400> 97 Phe Tyr Xaa Arg xaa Gly Glu Xaa 15 <210>
08 <211> 8 P8P EFF6ED 13> Artificial Page 66 x17256w0ST25 <220> <PRBx/Symheticyzonstruct
<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 isomer <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION
<400> 98 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <21099 <211> 8 <212> PRT <213> Avtificial <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MOD_RES <222ni(4)h{d px@2Bcchisainel <SA20»E22 1M eolSC: i BAT W RE<223%i(B)e (B1£223> Xaa =
2Nal <220> <2%%50M¢QM&%%§%§§€OQ&.ﬁ(QgﬁZZ\% d_isomer <220> <221> MOD_RES <222> (8)..(8)

i mice.



Page 67 <223> Amidated as NHEt <400> 99 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <210> 100 <211>
8 <212> PRT <213> Artificial x17256WO0O5T25 <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> FMOC maodified <220> <221> MTSC_FEATURE <222> (2)..(2)
<223> Xaa MYRABIPUB20> <221> MISC_FEATURE <222>(3)..(3) <223>PXad/s2D4&(BoCy <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> Xaa = d isomer Glu(0Allyl) <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa =
Lys(Boc) <220> <221> MOD_RES <222> (8)..(8) <2Z3> AMIDATION <400> 100 Phe Xaa Xaa Xaa
xaa Gly Xaa Xaa 15 <210> 101 <211> 8 <212> PRT <213> artificial Page 68 <220> <223> Synthetic
construct <2203%4221(MORdRES <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
1. A Jactam-cychzed peptide of formula I:

5 Ry -eyclo[X; - Tyr - X3 — DArg — 2Nal — Gly — X7] - Xg— Xo - X0 - R
@
(SEQ 1D NO:1)
wherein:
a) said lactam is formed by an amide bond between the side chain amino

16 group of X and the side chain carboxy! group of X7, wherein X, and X 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> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_EEATURE <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(Boc) <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION
<400> 101 PHE X4#/%&4%%aa xaa Gly Glu xaa 15 <210> 102 <211> 8 <212 PRUS2094/854 Hitificial
<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> MISC_FEATURE <222> (4)..(4) <223> xaa =d
isomer Arg(Tos) <220> <221> MISC_FEATURE <2255 (5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaad isomer Glu(OFm) <220> <221> MISC_FEATURE <222>
(8)..(8) <223> Xaa = Lys(2-el:z)l &:400»id 02 Rl xaa Maac amxbehn Xaaxaailo 2103 <211> 8
<212> PRT <213> tilficiaél <%2,0> <223>s ntheftig co str.uc}(<220> <221>MOD_RES <222> (1)..(1)
%y 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;
5 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,
18 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,
15 DDap, Glu, DGy, Lys, and Om;
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;
20 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.
25
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;



<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 = Lys(Fmoc) <220> <221> MISC_FEATURE <222>
(4)..(4) <223> xaa = d isomer Arg(Tos) <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa =
2Nal <220> P9 PAORMSESFEATURE <400> 103 Phe xaa xaa xaa xaa Gly xaaxsmdhsa10> 104
<211> 8 <212> PRT <213> artificial <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 <2225 (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 15 <210>
105 <211> 8 <212> PRTx213x-axlifisiah 122031223 8%p ihefia constiel é%%@?ﬁf%é,l?

<222>(2)..(2) <223> Xaa = Tyr(tBu) <220> <221> MISC_FEATUR
MISC_FEATUR[%&M Dap, a),p(_(/fxg), Glu, 2Nal, Phe, a};i sucginy}, or is absent;

X3 15 selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me,);

X718 selected from the group consisting of Asp, Dab, Dap, Glu, DG, 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:



<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) <223> xaa = 2Nal x17256W05T25
<220> <221> MISC_FEATURE <222> (7)..(7) <223> xaa = d isomer Glu(2-CTC resin) <220> <221>
MISC_FEATWREIEH288)..(8) <223> Xaa = Lys(iPr,Z) <220> <221> MOBPCRES:622221(8)-(8)
<223> AmIDATION <400> 105 Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 106 <211> 8 <212>
PRT <213> artificial <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 = disomer Arg(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(5) Page 72 <220> <221> MISC_FEATURE <222>(7)..(7) <223> Xaa = d isomer Glu(OH)

<220> <221> MISC_FEATUREs2227:(8)n8) 73237138 %bﬁgﬁr@ﬁ 2497 56413 MRL._RES <222>
(8)..(8) <223> AMIDATION <400> 106 Phe Xaa xaa Xaa %(aa Gly Xaa Xaa 15 <210>107'<211> 8
<212> PRT 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



<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¥XaH&di&¥mer Arg(Pbf) <220> <221> MISC_FEATURE <2ZZI(&5¢BY/e223> 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> atrtificial <220>
<223> synthetic construct X17256WQOST25 <220> <Dh1> MOD_RES <222> (1)..(7) <223> lactam
bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(iPr-d6) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa =
2Nal <220> <221> MODLRES 522020 {0525 R ROMELSRAR AR : MIRGHIEATURE <222>
(8)..(8) <223> xaa = Lys(iPr-d6) <220>

clairn 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;
Ko 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> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 108 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15

Page 74
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20
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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.



