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Cyclic Peptide CXCR4 Antagoni sts The present invention
relates to novel cyclic peptide CXCR4 ant agoni st

w@eopasees and their use in treating di seases POT/NK200$1064177

pat hogenesis is nediated by CXCR4 and SDF-1. CXCR4, a
G protein-coupled receptor, and its naturally
occurring ligand, stromal cell-derived factor-1
(SDF-1; CXCL12), are a chenokj ne receptor-|igand pair.
CXCR4 is constitutively- or over-expressed in a wde
variety of human cancers. SDF-1, the only known |igand
of CXCR4, is hi ghCyCIE)ﬂ@pﬁéSQXQM Antagonists

m cr oghY ﬁoﬁ%ge{ﬂpﬁvén%on ?Sfatxgeto nox%? cychc E%ﬂledc r@{df&ménttaggﬁl %

liver,
comipmmldy ancmmf wedn treatﬂng ﬂmeasmha@ﬂmamogmtk/m‘@ﬁ{ad by

i cti lays inportant roles in nmultiple stages
oc?&(ﬁg isg%ﬁg‘si s, including tunor growh, invasion,

angi ogeuRst s G-aodinnmtplsd asésor, asi itsellaiuraals octurfifeligmd Girdmal
arthriti r 0Si S, H|V|nf ction. :
(c?li—g?révl?ﬂ?acgg%a(gBEal é@{%lﬁé ﬂ{el ad:élenge 1g?]@8eptor%1ganc? pair. CXCR4 is

&8fshitidd|9- &8I pr-exdpiesyddaina Qfideabicty BY BhMANRAErOTSDE-1, the only
CXCR4/SDF- 1 in these serious di seases, CXCR4 is an

Fnpvnbigang of FXERApE Bighly Pargee in WIS mMeeenvHOHPRje pawsll & in
GYEFAa, aGN1iSdr, and SyRp KRBE LY., bdaiPiRS Sobt omBlon ifdlved in

trials for stemcell nobilization for transplantation

d¥meriraisislsl §XGRAGHRY- émt@raww e IRROpRe rpdpingtiplp gtages of
Qﬁlﬁér?ﬁi&;h(s' ﬁ%luhﬂl?ﬂhﬁ&%rovﬁmyaglon %io%@ﬂesﬁ MRk |me'fﬁ§{a%§ Lﬁ% &ell as

ant agonl S | S current y In ase clini ca
tip theh@atpiglrarthyiys, phh@@W@\beS@T@E@@EYanfeatm (\T autapmi et al. (2006)

g@ ;}yergcge%fg@@g IA6R¥CRA antagonist, is currently in

se I |n| ca trials for cancer. FCl131, a
cycl i dn pemtdplepnyden@XCRACHORAGDRi 1sh thebadeiibug dseases, CXCR4

CXCR4 transfectants with an | C50
Jean até%F(‘%:thg‘!aFQ U (2003) Angew. Chem Int. Ed.

42: 32BMD3100, a bicyclam CXCR4 antagonist, is currently in Phase III clinical trials
for stem cell mobilization for transplantation of stem cells in patients with multiple
myeloma and non-Hodgkins lymphoma. AMDO070, another small molecule CXCR4
antagonist, is currently in Phase II clinical trials for HIV infection. CTCE9908, a bivalent
(dimeric) peptide CXCR4 antagonist, is currently in Phase Ib/II clinical trials for cancer.
FC131, a cyclic pentapeptide CXCR4 antagonist, inhibits '*I-SDF-1 binding to CXCR4
transfectants with an ICsg of 4 nM (Fujii et al. (2003) Angew. Chem. Int. Ed. 42:3251-
3253; Araki et al. (2003) Peptide Science. The Japanese Peptide Society (2004):207-210).
There exists a need for improved CXCR4 antagonists that are potent and
selective, exhibiting little or no activity at other chemokine receptors. The compounds of
the present invention are such potent and selective CXCR4 antagonists. Their high
potency permits the use of low doses in therapeutic regimens, while their high selectivity
minimizes non-target related adverse side effects. In addition, compounds disclosed
herein possess other highly desirable pharmacologic properties, such as high
bioavailability when administered subcutaneously, good in vivo metabolic stability, and

pharmacokinetic/pharmacodynamic properties that permit convenient dosing.
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3253; Araki et al. (2003) Peptide Science. The
Japanese Peptide Society (2004):207-210). There exists

W@2008880680r i nproved CXCR4 antagoni sts that arBCPUS208/064177

and selective, exhibiting little or no activity at
ot her chenoki ne receptors. The conpounds of the
present invention are such potent and sel ective CXCR4
ant agoni sts. Their high potency permts the use of |ow
doses in therapeutic reginens, while their high
selectivity mnimzes non-target rel ated adverse side
ef f ectscordingladdiatfirdnspeciothp prmds idicsteinggedddserdsitam-cyclized
r.. hi ghly desirabl e pharnmacol ogic
g)rg@%g?)?fog@gﬁ%mh as hi gh bioavailability when
adm ni st ered subcut aneously, good in vivo netabolic
stability, and pharnacoki netic/ ph?r macodynam ¢
pr oper ¥ 3Pkt~ pErn¥ Y8venent ydﬁgﬁ]n_g%&l@&r_a(ilﬁgw,
in a first aspect, the presepy i nvention provides a
| actam cyclized peptide of formula l : R - cyclo[Xi -
Tyr - X3 -DArg - 2Nal - GEQIDN@])- X8 - X9 -Xio - R 2
(1) (SFQ4D NO 1) wherein: a) said lactamis forned
by an am de bond between the side chain am no group of
Xi and t hea)siidédactinais forowd bpry kmgle domd eeftwodh thesshidsr abiaim a)iino

ST IR VAR P ST s
g8} St e Ao B DEVERDE S0y, 5 ekt a0

¢andoxyhexgri@prof Xi and the side chain am no group of
X7, wherein Xi and X7 ar respectively, a pai. .

sei ected {HIGAHETLP e ENEr BPIGoR oL B Yjogpin
RO PADaRs th&hibé Eifid-anfia Bf RaRuhef X DRRL X are,
d u/%gbo,uﬁgnd d u/ Lyls, and R i%ro,%: ojlr-()‘?‘Bz,e : THe
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,

Asp/Dap, Glu/(D/L)Agl, Glu/Dab, Glw/Dap, Glu/DDap, and Glu/Lys, and R is Ac or Bz,
or wherein X, and X5 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Omn, and R is
absent; or

¢) said lactam is formed by an amide bond between the a.-amino group of
X1 and the side chain carboxyl group of X7, wherein X and X5 are, respectively, a pair

selected from the group consisting of Ala/Glu, Ala/DGlu, DAla/Glu, DAla/DGlu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGlu, Lew/Glu, Leu/DGlu, Lys/DGlu, Lys(Ac)/Glu,

2Nal/Glu, Phe/Glu, Phe/DGlu, DPhe/Glu, and DPhe/DGlu, and R; is absent; or

d) said lactam is formed by an amide bond between a non-o, non-side-
chain amino group of X and the side chain carboxyl group of X7, wherein X; and X7 are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R;
is absent; or

e) said lactam is formed by an amide bond between the a-amino group of

X5 and the side chain carboxyl group of X+, wherein X, and X are, respectively, a pair
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or wherein Xi and X7 are, respectively, a pair
sel ected fromthe group consisting of

waewsitsngBY (D L) Agl , succi nyl / Dab, succi nyl / DapPCT/US2008/064177

succinyl/Lys, and succinyl/On, and R is absent; or

c) said lactamis forned by an am de bond between the
a-am no group of Xi and the side chain carboxyl group
of X7, wherein Xi and X7 are,3respectively, a pair
selected fromthe group consisting of Ala/du, Al al

AQu, DAla/Gu, DAla/ du, Dap(Ac)/du, 4y/Asp,

Gtlydtéd fom @eyroud considting /oG v/ Adpe Tfr/@ulagndlis/OGEl, und R and X are
Lys(Ac)/ G u, 2Nal/du, Phe/d u, Phe/ du, DPhe/d u,

S ) Qu, and R is absent; or d) said lactamis
formed by @n._ g \ Q , ' [ N
am no gr ou%ll 18? %ﬁgﬁ%ﬁﬁﬁ@@%}éﬁgﬁc %%n&ggr%}%gy l%gggﬁggﬂof
XZaminb @foap AndWaidddmiad @6, is heSRaititwat §f said 1§ @dni amide bond,
sel ected fromthe group consisting of b-Alal/Asp, , ,
tyelpgted iopm thepreny avpvrging o Ae, B pnd mhewsnediailiegbyentayligrein X, is
4- A U, 4- ANPA/ - A G UL, and I.S

SEUR iy Aoy e o Bl S Ruob BT S pona

bet ween t he, 8sasdtaPfreh @ér@lp c¥nantlgoh@/SAgE A BLAla, DAla,
car boxyl group of X7, wherein X2 and X7 are,

Feespaetlond] 4 AN oA M) et &b PmPep.ch @t Edhmsi 5t ng
Qgs@,/zﬁ%fzph;bﬁ»{l@aﬁd sRBUyITYI & afdchy and R and Xi are
each absent; 'R I's a substituent on the a-am no group
of Xi whenXxs sclontdiras thergrapandiging oo Ape, dnd Lysiikt), and
a-amno group is not a constituent of said | actam
aip@e2bond, sel ected fromthe group consisting of Ac,
Bz, and n-pexanoyl,.or .is absent.,. wherei i

cel eot ed 1RO TREC a0 frecuROCrEar Uy e) Agp Dok B
Bahp, GRppGRNGy Gk ol 1s sel ected fromthe group
consisting of  (D)L)Agl, Ala, b-Aa, DAla,

5- ami noval ¥y yls¢ledtedi@Bn the-ghvipAonAspg oDBA la, Bearp, DADgpGlAC)ys,

%ylsfl('iPr)c?a}{d Olr'n? O is Iﬁ%ss eht;

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

Xio1s 2Nal, or is absent;

wherein when Xg is absent, X¢ and X are each absent, and when Xg is
absent, X 18 absent, and

R 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 of

formula I:

R, - CyClO[Xl — Tyr - X3 —DAI‘g —2Nal — Gly — X7] —Xg—X9-Xij0—R»
@
(SEQ ID NO:1)

wherein:
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Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;
X is selected fromthe group consisting of Arg, Lys,

woyegiFeyy and LyS(Me2); X7 is selected from tPET/j8290§/064177

consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Q4 u,

DA U, Lys, and On; Xg is selected fromthe group
consisting of b-Ala, Arg, DArg, Ay, Lys, Lys(iPr),

and Orn, or is absent; X9 is gelected fromthe group
consisting of Gy, 2Nal, D2Nal, and DPhe, or is

absent; Xio is 2Nal, or is absent; wherein when Xg is
absent, X9R1ajs d sﬁ%ﬁluante)n&m:dn—aﬁ]ﬁm@ﬂbup Xl witee X, XOnthids an
absent, X1O is absent, and R2 is selected fromthe
§rynipo é@ﬁ@ ipaq FaihO @M AT NPRLCOnBHUCAT @ﬁfaﬂmﬁm@albpw
a&g&&t 9 for l%le f{:’?&{p ctolﬂsﬁirtl%g togﬁ}E)é]g A ?]?dz 12 gexan Fﬁrogqst ébfser%t ywherefm %1 is

|select5ﬂ from €BeGr @IpFonsistihg fof (D/mgi Déf),g)ab Bbfaland GH;y - X7]
- Xg - X9 - X10 - R2 (I SEQ I D NO 1) wherein: R is
a substit u>énls selectechiors thergreiy cgnwmg@f (DG)Aghevia, R Ala, DAla,

SorE AReds BREREr RS A B Ba TR O e
fhys(mcp mNag Pbe) pPoansd sdcr:nngl, of is AlssentBz, and n- hexanoyl ,
or s abse)?;: is sé:l\lllgcetgdetlrg]m %ﬂe glrosup consisting of Arg, Lys, Lys(iPr), and
Lys(Mey);

X7 1s selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

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

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

Xio1s 2Nal, or is absent;

wherein when Xg is absent, X¢ and X are each absent, and when Xg is
absent, X is absent, and

R is selected from the group consisting of NH»> and NHEt,

wherein:

a) said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X7, when X and X5 are, respectively, a
pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R is
Ac or n-hexanoyl; or

b) said lactam is formed by an amide bond between the side chain
carboxyl group of X and the side chain amino group of X5, when X; and X are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Glu/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
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selected fromthe group consisting of (D/L)Agl, Asp,
Dab, Dap, and Gu; Xi is selected fromthe group

wa@onsitsteshg of (D/L)Agl, Ala, b-Aa, DAla, PCT/US2008/064177

5-am noval eryl, 4-AMB, 4- AMPA, Asp, Dab, Dap, Dap(Ac),

Gu, Gy, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, and

succinyl, or is absent; X is selected fromthe group

consi sting of Arg, Lys, Lys(ifr), and LyS(Me2); X7 is

sel ected fromthe group consisting of (D/L)Agl, Asp,

Dab, Dap, DDap, Gu, DA U, Lys, and On; Xg is

S@dcﬁ@ﬂl/ oL )AgD Budchg 1/ Dalg upecty B tsusvihyd Ly aldl @uccifylfdm, and R, is
Ay, Lys, Lys(iPr), and On, or is absent; X9 is

s'%?"@b%d fromthe group consisting of Gy, 2Nal,

D2Nal ,  and.) 0 factap ; is 'f&nﬁ@ B¢ Qltl am?8k BohBbeteth thd-atntho group of
absent wherein when Xg i s absent, X9 and X10 are each

Hsed the saleahaih eztrbd@l psupbBER t»vheﬁ(Xl sl ¥psentspeaivdlyR2pais

selected fromthe group.consjsting O NH2 and NHEt
é%@l‘ from e gronpeopsleting f A6 by ﬁ@@%ﬂy DfHa/GH PAIHBHMY

R RS 51, 8y /isH G168k, IG IS L96/0UD 186/, @wDGnle L§4(A8)/Glu,

chai n carboxyl group of X7, when Xi and X
PRl lEb PhesBly, Plee/palir DRYel@utaed DPhQﬁthhlh@ngloa pbsent or
consi sting

s e o ST By Y BBk foi BT o et
%Halﬁ‘gﬂn% gl?%%f Qﬁtai’l\@%@ sfd@ %ha‘-flll gﬁb&@?@l@up of X5, when X and X7 are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R
is absent; or

e) said lactam is formed by an amide bond between the a-amino group of

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

selected from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGlu, and R; and X, are
cach absent, or
a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a lactam-cyclized peptide of

formula I:

R, - CyClO[Xl — Tyr —X3— DAI‘g —2Nal - Gly — X7] —Xg—Xo—-Xij0—Ro

@
(SEQ ID NO:1)

or a pharmaceutically acceptable salt thereof,

wherein:

X is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent,
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carboxyl group of Xi and the side chain am no group of
X7, when Xi and X7 are, respectively, a pair selected

WO e@ai15te89 gr oup consi sting of Asp/ (D/L)Agl, AspCDER2008/064177

Asp/ Dap, du/(D/L)Agl, G u/Dab, G u/Dap, G u/DDap, and
GQu/Lys, and RL is Ac or Bz, or when Xi and X7 are,
respectively, a pair selected fromthe group

consi sting ofsuccinyl/ (D L)Ag , succinyl/Dab,

succi nyl / Dap, succinyl/Lys, and succinyl/On, and Ri

is absent; or c) said lactamis fornmed by an am de

bond bet weeher¢ihehan frisnD/LYAgluPalnfor Bap anltthé fensndgoup of X is
chai n carbox%( ?rou of X7, when Xi and X7 are,
mekheaEstitylt T the Tasiant anyide baidewid -gminorBo Y Iy bifpstituted with Ry

an§| DAl a/ 4 u,
Dap( A%%%l%@a&%fonﬂ ? Quﬂco&"isﬁ g”‘lc am % gElldignLeu/ d u, Leu/

G u, Lys/ harin s Ke)s/ﬁ@pwr GILNaid/tEé uamiRlegrGhpugf )Qheﬁot a
G u, DPhe/d u, and DPhe/ G u, and Ris absent: or d)
sansitueaicatdin lpctam amidsponds saifl optiae SlouR syRtifEedwih R Uit i

QB fr&ﬁﬂlesér%%ﬁélﬁmgmfﬁe afld ﬁi‘gtn@f Xi and the side
chai n carboxyl group 6f X7, when Xi and X7 are,

respect i vevhereia whan X1 setledt-a. PAbnd-emaogrlowp 4- AMB, 4-AMPA,

RGP B AP BV Bl PR S P RTIESS

4- AVPR} @ salectath homithd ro@b&mmiktingait AgY, 1SA) I@zstlagtﬁmu}zs(MeQ)
formed by an am de bond between the a-am no group of X

and tPfe1@6&@6@ﬁamﬁhegpwsls@m&@/é}wﬂmmﬁénDAQ and

X a pair selected fromthe group
coY)r?' gﬁgﬁ yrd/e p Tyr/du, and Tyr/ Qu, and Ri

and Xixg @hr 81c6e¢ roRBESbup @hsidtilNAPIRIG EAll SRk, Wly, Lys, Lys(iPr),
acceptabl e salt thereof. In another aspect, the
@n@@érmorlsﬁb@nbl on provides a |lactamcyclized peptide

of f OE(rgniJs selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is
absent;
Xi01s 2Nal, or is absent,
wherein when Xg is absent, X9 and X are each absent, and when Xg is
absent, X is absent; and
R» is selected from the group consisting of NH, and NHEt,

and further wherein:

said lactam is formed by an amide bond between the side chain amino
group of X and the side chain carboxyl group of X7, and 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-hexanoyl; or

said lactam is formed by an amide bond between the side chain carboxyl
group of X and the side chain amino group of X7, and X; and X5 are, respectively, a pair
selected from the group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap, Glu/(D/L)Agl,
Glu/Dab, Glu/Dap, Gluw/DDap, and Glw/Lys, and R is Ac or Bz, or wherein X; and X5
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Ri - cyclo[Xi - Tyr - X3 - DArg - 2Nal - Ay - X7] -
X8 - X9 -Xio- R (1) (SEQIDNC 1) or a

wWeb@sisiweut i cal |y acceptabl e salt thereof, wheP&I/HS2008/064177

is selected fromthe group consisting of (D/L)Agl,

Ala, b-Ala, DAla, 5-am novaleryl, 4-AVMB, 4-AWPA, Asp,
Dab, Dap, Dap(Ac), GQu, Gy, Leu, Lys, Lys(Ac), 2Nal
Phe, DPhe, and succinyl, or is absent,wherein when Xi
is (DL)Agl, Dab, or Dap and the a-am no group of X

IS not a constituent of the |actam am de bond, said
arcaraspotigalp wpair selsubkirom me@doupi chsifRingwhiushinygDgehglct ed

ey R BRE St Sty Qenﬁ?r"ﬁ%aﬁd%uﬁ of
X' IS not aiashid AR Bl ifed ARk BEAE] flectAl, w38 6,

a- am no group 1's substitute which i's se

fah @ e 1i8 cBAIR BRb&QNSoBS b1, @hd REaring, 42 ,res@mlvwis}eat Sdifselected
when Xi is Ala, b-Ala, DAla, 5- anlnovaler , 4- AVB,

zfmm;o\grompw\@)mg Qﬁfyla/q_elﬁla/lz@éu DB%@M@@AM@@% Defpfyae)/Glu,
o P rGlz}éﬁ&'(ﬂ%)DGl ﬁ/%hiali%@BE}iu (él/%gﬁjet%%afm rﬁ@lkﬂ?

group consi sti rg, ‘Lys, Lys
XM@@?%@&wﬁ%ﬂMﬂMm@M@@mﬁ&&Mmmof(WLN@

Asp, Dab, Da Gu, DA U, Lys, and On; Xg is

sel ected fyeshpetHa Ingpmf‘;sl RycHemads hﬁ)@d betwserpg Bon- %rn@n -side-chain

mln% C%ro ay c%f )&' anfl th 518r Iggabl)l g%rﬁg)%y% Frou% 0@%(7,'65?%%?8 7 arz:(g s
RAbedtivelgndpddRaRcte® from&h@@sqn&onmstmg of B-Ala/Asp, B—Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R;
is absent; or
said lactam is formed by an amide bond between the a-amino group of Tyr

at X5 and the side chain carboxyl group of X7, and X7 is selected from the group
consisting of Asp, Glu, and DGlu, and R and X are each absent.

A recurrent sequence motif in all the compounds of formula I is the presence of
Tyr at position X5, DArg at position X4, 2Nal at position X5, and Gly at position Xg.

In another aspect, the present invention provides a lactam-cyclized peptide or

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

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

X1 is selected from the group consisting of B-Ala, 4-AMB, 4-AMPA, Asp,
Dab, Dap, Dap(Ac), Glu, 2Nal, Phe, and succinyl, or is absent;

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

X5 is selected from the group consisting of Asp, Dab, Dap, Glu, bDGlu, Lys,
and Orn;

Xs is selected from the group consisting of Arg and Lys, or is absent;
Xo is absent;
X0 1s absent; and

R, is selected from the group consisting of NH; and NHEt.
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Xio is 2Nal, or is absent, wherein when Xg is absent,
X9 and X10 are each absent, and when X9 is absent, X1

WO g00ahsese ; and R2 is selected fromthe group PCT/US2008/064177

consisting OONH2 and NHEt, and further wherein: said
lactamis formed by an am de bond between the side
chain am no group of Xi and the side chain carboxyl
group of X7, and Xi and X7 arg, respectively, a pair
selected fromthe group consisting of (D/L)Agl/Qd u,
Dab/d u, and Dap/du, and Ri is Ac or n-hexanoyl; or
sai d [meaother dspedt.chaprdsebyinggntianpeidoon Hetomt apeked phigide or
' .. C I ' ' [:
RSP B IR P LR U SR

pai r selrged @bclet Gidi the gt tynsROMSHIAJ and B2f or is absent;

Asp/ (D/ L) Agl, Asp/ Dab, Asp/Dap, GQu/ (D L)Agl, du/Dab,

d u/ Dap,X1@ seldord romathel g@up £engstingelch A, S-amidgvabaryBE-AMRA,
erein Xi a re., respectively, a pair selected

%Bﬂ@l‘lh eug%%%@?ﬁﬁ%%w BFVecinyl / (DI L) Agl

succi nyly.Baleccd Tnihb é@@g comsibfrg B‘ﬁ/Allg!—](ijﬁ&, L§r), and Lys(Mey);

succinyl/Orn, and R is absent; or said [actamis

formed bB¥ iastlearddenbbagdrooptwriting bidpa)agh A, PabupapobdDap,

Xi. and the side chain carboxyl group of X7, and Xi and
$tu.gpdPGBspect i vel y, a pair selected fromthe group

consi sti qs 9 gtlﬁ [ U 19& / )
ot Ay o Vet e ofueofiting NG, Gt aldB o st
A u, Lys{iQudentlys(Ac)/ G u, 2Nal /G u, Phe/ G u,

Phe/ DA u, DPhe/ d u, and DPhe/ du, and R is absent;

or sai d Xactahsni;snd or med by an ani de bond between a
non-a, non-side-chain amno group of Xi and the side

chai n carboselected fisighpgroxy congistinggt Nifapng Nite
coner S RBEY g AR sl SELEE bPI SRelhRAIzed popidc o
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO: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;

X3 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, Dap, Glu, and
DGlu;

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

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

X0 1s 2Nal, or is absent; and

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

In a further aspect, the present invention provides a lactam-cyclized peptide or

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



10

15

20

25

Asp, 5-am novaleryl/d u, 4-AvVB/ du, 4-AWVPA/ Asp, and
4-AMPA/d u, and R is absent; or said lactamis forned

whgooans@ed de bond between the a-am no group of PAY/DSAD8/064177

and the side chain carboxyl group of X7, and X7 is

sel ected fromthe group consisting of Asp, Qu, and
DA u, and R and Xi are each absent. A recurrent
sequence notif in all the compounds of forrmula | is
the presence of Tyr at position X2, DArg at position
X4, 2Nal at position X5, and Gy at position X6. In
anot her Raspettted o the goemtonsvi@Ndfl Aanangd Bayorde sbsant;

| actam cycli zed peptide or pharnaceutically acceptabl e
sal t t heriapfelastedifiomthe aronp (SER RO iMde.15-amiphealasy n AsiRIGlu,
[ I ed fromthe group consisting of Ac and Bz, or
i@y’zﬁ%gﬁ{h& QFSPCS(“H%’EI ected fromthe group consisting of

b- Al a, 4¢AVBIcctdAdRAhe AfRp c&ﬂsﬁtin%@@Arg%@é@) and@yldQMcaz);
S

2Nal, Phe, and succinyl, or is absent; X is selecte

from t heX-gs selgoted dirosi tht grogp odnsAtigg ofl(ps.)Agly A, Pa), Glarwhd
Lys(Me 2); X7 is selected fromthe group consisting of
Rgﬂ,’ Dab, Dap, Gu, DAu, Lys, and On; Xg is selected

from thecgg %P&te%%%{ &t | dp _@I)nsﬁ[iﬂg @ﬂﬁAlﬂ)f%f Qﬂy,iL%s, Lys(iPr), and
absent ; X9 is absent; Xio is absent; and %‘«’2 'S
swhactiseadbsént;om t he group consisting OFNH2 and NHEt. I n

anot her _aspect, the present inventjon ides_a .

[ act am Gyl el SR PHEGP CohAIREEd 1 P Ay L bR P Rsent

sal t thg{lggf%l\pﬁ Ofrgragwn@ ahd(SEQ ID NO 1), wherein: Ri
C Frém

is sele he group consisting of Ac and Bz, or

I s absemntis lecicd fSA BE g&%&&miﬁg& NHL44A Naomsi sting of
DAl a, 5-am noval eryl, 4- AMPA,
In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
X is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr); and
X7 is DGlu.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
Ry is absent;
X is selected from the group consisting of Gly and Phe;
X3 is Lys(iPr);
X718 DGlu;
Xg is selected from the group consisting of Arg and Lys(iPr), or is absent;
Xg is absent;
X0 1s absent; and
R, is selected from the group consisting of NH; and NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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Asp, G u, Leu, Lys(Ac), Phe, DPhe, and succinyl; X is
sel ected fromthe group consisting of Arg, Lys,

woyegiFeyy and LyS(Me ); X7 is selected from tPET/j8290§/064177

consi sting of (D/L)Agl, Asp, Dab, Dap, DDap, Xg is

sel ected fromthe group consisting of Arg, DArg, and

Lys, or is absent; X is absent; Xio is absent; and R2

is selected fromthe group copsisting OONH2 and NHEt.

I n anot her aspect, the present invention provides a

| actam cyclized peptide or pharmaceutically acceptable
sal t tdietaeam ioforied bjudreanhid§ SiHQ be b ehOtht jde whain eminio grdbup of X
is selected fromthe group consisting of Ac, Bz, and
ﬁn%6¥3ﬁ®yhmngﬁb®@lQbsmﬂix%xl is sel ected from the

group conS|st

L AI a, b' AI a, pa Da-pa
E‘i}% ng%(éup gftglg%ﬁé@f‘%ﬂ”hﬂaaéﬂslt he group
conS| ( , ( . X7 is
sel ec?‘éﬁ?lre%ﬁ? f“ﬁ& S SN BDfb R MR o
Dap, &, scRBEd @@n%e up SonSist fesgl fOmskibe; gr oup
consi sting of b-Ala, gg,gArpg ad I%CJLysg Ld;g@(' F P?j and Orn,
or isXabg@ani; X9 is selected fromthe group consisting
of Gi§® 2Nal, D2Nal, and DPhe, or is absent; Xio is
2Nal 1S A8 absent; and R2 is selected fromthe group
consisting OFNH2 and NHEt.
918 absent;

X0 is absent; and

R2 is NHQ.

In a preferred embodiment of this aspect of the invention, X is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

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

said lactam is formed by an amide bond between the side chain carboxyl group of
X and the side chain amino group of X+;

R is selected from the group consisting of Ac and Bz;

X is selected from the group consisting of Asp and Glu;

X3 is selected from the group consisting of Arg and Lys(Me»);

X7 1s selected from the group consisting of (D/L)Agl, Dab, Dap, DDap, and Lys;

Xg is Arg;

Xg s absent;

X0 is absent; and

R» is NH».

In a preferred embodiment of this aspect of the invention, X7 is (D/L)Agl, Dab,
Dap, or DDap. In a more preferred embodiment, X7 is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:
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In a further aspect, the present invention provides a
| actam cycl i zed peptide or pharmaceutically acceptable

W@ 2008/150089 eof of forrmula | (SEQ ID NO 1), wherBCHUSR008/664177

selected fromthe group consisting of Ac and Bz, or is
absent; Xi is selected fromthe group consisting of
Ala, 5-am novaleryl, Asp, Gu, dy, Phe, DPhe, and
succinyl; X is selected fromijhe group consisting of
Arg, Lys(iPr), and LyS(Me ); X7 is selected fromthe
group consisting of (D/L)Agl, Asp, Dap, Gu, and DA u;
Xg i ssaélaglemaslfoimehbyt dneangdobymddetveics thengle ghaiby cabexyl group of
. s(iPr nd On, or is absent; X9 is
%I%@@?@ ldier%?ﬁlf“ﬂﬁl %‘W)ﬁ)fgignsi sting of Gy, D2Nal, and
DPhe bhSon ?bsent Xio i 2Nal, or is absent; and R2
IS se ct ecf romthe group consisting O NH2 and NHEL .
I n angtlligqgﬁw@@nect the present invention provides a
| actam cyclized peptide or pharmaceutically acceptable

salt Xhevagf of formula I (SEQ ID NO 1), wherein: Xi
is selected fromthe group consisting of Ay and Phe;
X3 i anyﬂ§ehe¢?<j fromlep graumGeBtiREIE CASyBkE!, Q"!'?eDEi? éyppd Om;
[ nverrg(l Ipr ovides a lactamcyclized peptide or
phar éésﬁl tally acceptable salt thereof of fornula I
(SEQ KDiNQh)., wherein: R is absent; Xi is selected
fromthe group consisting of Gy and Phe; X3 is
Lys(i R)is abt@nt; sndsel ected from the group consisting of
Arg and Lys(iPr), or is absent;

R is NHj.

In a preferred embodiment of this aspect of the invention, X5 is (D/L)Agl or Dap.

In another aspect, the present invention provides a lactam-cyclized peptide or

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

said lactam is formed by an amide bond between the a-amino group of X and the
side chain carboxyl group of X5;

R is absent;

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

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

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

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

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

X0 18 2Nal, or is absent;

wherein when Xg is absent, Xg and X are each absent; and

R, is selected from the group consisting of NH; and NHEt.
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X9 is absent; Xio is absent; and R2 is selected from
the group consisting OFNH2 and NHEt. | n another

W@ eWsea5068¢ he present invention provides a PCT/US2008/064177

| actam cyclized peptide or pharmaceutically acceptable
salt thereof of formula I (SEQ ID NO 1), wherein:said
lactamis forned by an am de bond between the side
chain am no group of Xi and tihe side chain carboxyl
group of X7; R is selected fromthe group consisting
of Ac and n-hexanoyl; Xi is selected fromthe group
consi &t d pgfeatd (mbddinglit of Balaspands thajpyentioh SX sie lAés badh, Gly,
fromthe group consisting of Arg and Lys(iPr); X7 is
Gew; LmSLySEAQQr@}e, XPhhs. Hmsmpre;profereed; cmbagisent, X1 anallaf@lyj bys,
NHZ, . In a preferred enbodi nent of this aspect of the
invention, Xi is (DL)Agl or Dap. In another aspect,
the presgoferrtdUBBdiAEht BT AW RSt 6 thambeitos Y ik 2ed Lys,
pepti de or pharmaceutically acceptable salt thereof of
fLys(itr), ar Ly((BEQ. [IDa NOrcprefewbbenghadimeaiXs is Acg.am i s
formed by an am de bond between the side chain
car boky3 Prgiegapeppoduncrd afthisspest efehe isiioant s Agh-Sip B GClu.
@a Ri isf secs ect gd frgg;].t e group consisting of Ac and

a more prefelred Ry ot ® AP gr oup consi sting of Asp
and Gty o ¥R h&elﬁ@d%ﬁ&%f{hfsod@f)&h@ft% AVBsRNe! S BLAE AL Gly,
Arg and pLysl(‘rl\/le 2);

Lys, Lys(iPr), Orn, or is absent. In a more preferred embodiment, Xg is B-Ala, Gly, Lys,
Lys(iPr), Orn, or is absent.

In a preferred embodiment of this aspect of the invention, Xg is Gly, 2Nal, D2Nal,
DPhe, or is absent. In a more preferred embodiment, Xg is Gly, 2Nal, D2Nal, or DPhe.

In a preferred embodiment of this aspect of the invention, X is 2Nal, or is

absent. In a more preferred embodiment, X ¢ is 2Nal.

In a preferred embodiment of this aspect of the invention, R, is NHEt.

In another aspect, the present invention provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO:1), wherein:

said lactam is formed by an amide bond between a non-o, non-side-chain amino
group of X and the side chain carboxyl group of X7;

R, is absent;

X is selected from the group consisting of B-Ala, 4-AMB, 5-aminovaleryl, and
4-AMPA;

X3 is Arg;

X4 1s selected from the group consisting of Asp and Glu;

Xs is selected from the group consisting of Arg and DArg;

Xg s absent;

X0 1s absent; and

R2 is NHQ.



X7 is selected fromthe group consisting of (D L)Agl,
Dab, Dap, DDap, and Lys; X8 is Arg; X9 is absent; X o

WO 2008bse8e ; and R2 is NH2. In a preferred enmboRPCTES1008/664177
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15

20

this aspect of the invention, X7 is (D/'L)Agl, Dab,

Dap, or DDap. In a nore preferred enbodinment, X7 is
(D/L)Agl or Dap. In another aspect, the present

i nvention provides a | actamcyclized peptide or
pharmaceutically acceptable salt thereof of formula I
(SEQ ID NGO 1), wherein:said lactamis fornmed by an

am delbopdfched welsnlimhe os thdespdead fithe mr ooy X gis fula,df-ankino-
and the side chain am no group of X7; R is absent; Xi
ivalesthoe P AX T & mapegprefiyed et ineast. &d if Bévh-t he gr oup

Ao X EUEBSLDOtNg L MRSt O G RSO SN B
S %ﬁ‘ﬁ%ﬁ? e by i aﬁ%ﬁ@?ﬁ%@%ﬂéﬁﬁ%ﬁ#@“ esent
I nventd fdthpr Byt aie gredeaCihddntioy piolviﬂeﬂa petme@eh&ﬂ peptide or
PRy Ry cerih Bt Hercob tormte OFERE B i

am de PondRgt YRRk E)hﬁl AiBTh A WP —Qﬂnn@%fbub %?Xz and the
side chain carboxyl group of X7;

R, is absent;

X is absent;

X3 is Arg;

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

Xg is Arg;

Xgis absent;

X0 is absent; and

R» is NH».

In another aspect, the present invention provides a lactam-cyclized peptide of the

formula:

H H H H
N ~ N N NH
Y YT o
H - H - H H
(@) (@) (@) (@)
N

HN

(SEQ ID NO:70)
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side chain carboxyl group of X7; R is absent; X is
sel ected fromthe group consisting of Ala, DAla, Qy,

wWO@aAR68Y Leu, Lys, Lys(Ac), 2Nal, Phe, and DPPET/UX00S064177

sel ected fromthe group consisting of Arg, Lys,
Lys(iPr), and Lys(Me 2); X7 is selected fromthe group
consisting of Asp, Gu, and DA u; X is selected from
the group consisting of b-Al a4 Arg, Ay, Lys,
Lys(iPr), and Orn, or is absent; X9 is selected from
the group consisting of Gy, 2Nal, D2Nal, and DPhe, or
ios a phrmateutiodlly atcepble salbtheiest. dlths davtam M@m@ﬂ oy wh emidx bogd
PSRN s SRS e hRaPER 3 T SR oRPis Fopb §r SELChE
@hﬂhﬁbé@dal@rrd@m;btmalt odn Hemn&caﬁ:paemtsalaf the i nventi on,
is_ A a, DAl a, %B/ Leu d§(Ac Phe, pr DPhe
In a Hopnathsr aspest-tR rS?‘FBb‘GV‘?Pé‘H‘E proyjdey g ptgyrmgacepgical cqryposition,

@bmpPiEng 4 Rc@myehiRl badld@ Bbﬁldﬂrrﬁﬁiéﬁn&fly hdteptalls pﬁc&er@aﬁf as
the inventjon, X is Lys(i Pr

ys, Me )
VArigps fyleaeribpd phave. éadéﬁg%fma?ﬁélﬁfal yxcqegt Qegarqeh dijuent, or
Rk&pead ed enbodi nent of this aspect of the invention,
X7 1s Asp, Gu, or DQu. In a nore preferred
embodiether ypeqt showgrgsent igventigp proxidestilaamITrsa persde or

tpﬂéﬁm@éﬁ@aﬁ% a@éep?alaﬁ: shAVRRLE anvanz)(&l}b FesBritRl @bo v Br us@I| iy therapy

Lys, Lys(lI n, or is absent.” In a nore Pre erred
enbodifn%lﬁther %Qeqt sih%PWeat Ing@gngion ngﬂgldeu/kleﬁamrqyc 128 peptise or

pﬁaﬁﬂg'&lm:ally acceptable salt thereof as variously described above, 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.

In another aspect, the present invention provides the use of a lactam-cyclized
peptide or pharmaceutically acceptable salt thereof as variously described above, 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,
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.

In another aspect, the present invention provides a method of treating 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,
comprising administering to a patient in need thereof an effective amount of a lactam-
cyclized peptide or pharmaceutically acceptable salt thereof as variously described above.

In the macrocyclic peptidic compounds of the present invention (SEQ ID NO:1),
amino acids X through X are referred to herein by their commonly employed three

letter symbols, shown left to right from amino-terminal end to carboxy-terminal end. D-
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In a preferred enbodi nent of this aspect of the
invention, Xis Gy, 2Nal, D2Nal, DPhe, or is absent.

WO p008/1588% preferred enbodi nent, X9 is Ay, 2NeCT/US2008/064177

D2Nal , or DPhe. In a preferred enbodi ment of this

aspect of the invention, X1 is 2Nal, or is absent. In

a nore preferred enbodinent, X10is 2Nal. In a

preferred enbodi nent of this gspect of the invention,

R2 is NHEt. In another aspect, the present invention

provides a | actamcyclized peptide or pharnmaceutically

aud: epbabll eapgall letters) eqrfeldb aba‘oltft@wﬂ'gbcrhemiS(rsEWhletb 4het Yesignation
wherei n: . sai d am de bond

SR i isficu B RERuls7 e CORER AP e ARl BT grensg X ey als

Rg aklafBxplkalcn r@ﬁdhﬁoi"é’ la GEQMRA oRfup XAmikd ac'ldsoﬁjaﬁ)%%hc a%(id

is selected fromthe group consisting of b-Ala

sesghichiiin drohrackgn dl 4~ agmathingize ¢ygliggtgctuxe gr%lpg@it@'eelé@the

oMt e PRy Pne(‘c%‘l?ﬂﬁ FihD9mal ASR, @@lgzaﬁnﬂs V?ﬁga lhéam (am1dg
sel ected fromtheé group consisting of Arg and

ibendlxseadn; X XooXh,$.calbge atd XarvdidiZan de Mirided m savqmaleﬁf&rcre cvays,
enbodi ment of this aspect of the invention, Xi is
ts*ﬁmnémgsm&msﬁe@ﬁweép% X@ranéﬂ)?xl\/PA In a nore preferred

Ehi s SORRd tipar P in e B Pedg s a6 SPGeren or 2l and

Qﬁeesfl(fer &1@1&1 c§1‘l’5’8>%q FB% bof gf §cﬂkrﬁesals 902t EQ’I eﬂl&el ?T)CMI%% érﬁ’iﬂo group

Xg Is . er a pect, e pres ention
n)rfsx\{hsctﬁ§pea wlﬁm@mrphf&hmog@d peptl de or

When the lactam bond is formed between the side chain carboxyl group of X and
the side chain amino group of X5, the a-amino group of X is capped with Ac or Bz
(Schemes 3 and 4; Examples 6-19). X also can be a bifunctional residue other than an
o-amino acid, for example one with two carboxyl groups, i.e., a succinyl residue. In this
case, one carboxyl group forms an amide bond with the a-amino group of Tyr, and the
other forms the cyclic lactam structure through an amide bond with the side chain amino
group of X5 (Schemes 3 and 4; Examples 20-24). When X is succinyl, R is absent.

In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15;
Examples 25-28, 32-66, and 75-89), the a-amino group of X| forms the lactam structure
via an amide bond with the side chain carboxyl group of X, and R; is absent. Also
included in the synthetic schemes of this category are cyclic peptides containing X
residues, i.e., B-Ala, 4-AMB, 5-aminovaleryl, and 4-AMPA, wherein the amino group is a
non-side chain, non-a-amino group (Schemes 5 and 6; Examples 67-74). Rj is also
absent in these cases.

When both R and X are absent, the lactam structure is formed through an amide
bond between the a-amino group of Tyr (X») and the side chain carboxyl group of X5
(Schemes 5 and 6; Examples 29-31).



pharmaceutically acceptable salt thereof of fornmula I

(SEQ ID NO 1), wherein
chai n car boxyl
absent; X3 is Arg;
consi sting of Asp, GQu,
absent; Xio is absent;
aspect, the present

a-am no group

said lactamis fornmed by an
wa@piodasteend bet ween t he a-am no group of X andP@€TESMDsIas4177
group of X7; Ri

is absent; Xi is

X7 is selected fromthe group
and DA u;
and R2g s NH2.
i nvention provides a
| actam cyclized peptide of the fornula:
NO: 70 pawctarepdiaomame eminedcidy, ag captizhkcigalcte. tanewebknown in

Tﬁ!: r! %‘Eﬁl@mes ?f Il?(}lr %%%alt&yaaﬁl nlhb%mu%g agl? dacpag%

X8 is Arg; X9 is
I n anot her

(SEQ I D

1& g 1nstant

a|n group

MVem@momﬁhmqshwshawmbclowal 'y accept abl e salt can be

an acetic acid salt.

I n anot her aspect,
i nvention provides a pharnmaceutica

t he present
composi tion,

conprising a lactamcyclized peptide or

pharmaceutically acceptable

descri bed abovey,N

saf\t thereof as variously

nd a pharnade tically acceptable

carrier, diluent, pr excipient. anot her aspect, the
present inventio ovides a | actamcyclized tide
or maceut i cal acceptable S@lt thereof as
VP y described above, for use ?H therapy. \ ,
HO Ho  © 0 HO
: . 3-amino
; ; 4-aminomethyl 4-aminomethyl . .
?Arr(j;lr)]oglycme benzoic acid phenylacetic propanoic acid
(4-AMB) acid (4-AMPA) (B-Ala)

N
o)
NH, J§
HN™ O H,N
H,N H2N—<: H2N—<: HN HN
o o o o o
HO HO

HO HO HO

Dab Dap(Ac)

Lys(Me,)

1Nal

2Nal Orn
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In anot her aspect, the present invention provides a
| actam cycl i zed peptide or pharmaceutically acceptable

W@ 2008/15(089 eof as variously descri bed above, f oPCT/Ki§2008/064177

treatnment of rheumatoid arthritis, pulnmonary fibrosis,
H 'V infection, or a cancer selected fromthe group
consi sting of breast cancer, pancreatic cancer,

mel anonma, prostate cancer, kiggney cancer,

neur obl ast ona, non- Hodgki n"s | ynphoma, |ung cancer,
ovari an cancer, colorectal cancer, multiple nmyel ona,

gl i oblhslorm-aydlizeil peptites ofahadpresenoini entiby ppyHyepiatsd as

I ' r t t j -

P ety Do BB IRA RE L 03 cBHRG o DY P Breparing
pliear, mecedlt inowh liythaeo e fecab ke Ps$thiil et de26@T) Hmdhaxciopus| y

scri bed ve, for.t nuf u IC nt
g U el e L e A I i A
(1 7pstarmddeMicalnSats.l’ Vannalef PAvretnaericalSselcacdsed(1H:1dm t he
group.consi sting .of breast cancer, pancreatic
el andECoRURT AN die i veRtelAsy bubH datagonises of CXERA/SDF-1
Rgteia&na $o@iFBundd ONforiieid gk lafd Gicik YRARMACERticAlly AGccpRABR 84lts
ovari an cancer, colorectal cancer, nultiple el oma

gpecosely exsmplified hareip exrabit aindyetae Envadud afepeis gyt or less as
| eukem a. th t. .th t '
ST Lo cRRaY o BTGty ebr Rt YRy MPSpretered

RumpBmds yf foirog) snd thtiVpharh&etti@ny aceptable 8418 @khibit an average
sel ected fromthe groug@consistin of breast cancer

Kamelpe irthe rapgmelerom shoubhd adl togbes f apbindhinawpy. kipgsiely
, | N s. | .
SRISED LA DR PR RO v

Ay &h@ T, valik l@bthas kiie0.0uwM infteik B8ay.and chronic
| ynphocytic | eukem a, conprising admnistering to a
pat i efitaddiiongbeicarmouadtand pharmpegitically agerpishle salfs of the present

AT o Pl oo SIBTBECH LBy SR o
retelbitsey edivity peagsts! efher chomploumgecptts, fipdudingeG@it, CCR2, CXCR2,
PTG PRl Rl Qe B BEERB Gl SR
tslgndigant activity against serotonin, dopamine, and opioid receptors. They also
preferably exhibit good stability in blood and plasma, good subcutancous bioavailability,
desirable pharmacokinetic/pharmacodynamic properties, and potent in vivo efficacy in
tumor growth inhibition, with a wide safety margin.

In view of these pharmacological properties, the compounds of the present
invention are indicated for the treatment of disorders involving CXCR4/SDF-1
interaction, or receptor activity activity of CXCR4, such as in HIV infection. In
particular, the present compounds are useful in treating malignancies in which
angiogenic, growth, survival, and metastatic pathways mediated by CXCR4 and SDF-1
are implicated in pathogenesis, including 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, as well as in rheumatoid arthritis, pulmonary fibrosis, and

HIV infection (Tsutsumi et al. (2006) Peptide Science 88(2):279-289).
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| etter synbols, shown left to right from
am no-term nal end to carboxy-term nal end. Dand L-

W@ 20val15068apital |letters) refer to absolute PCT/US2008/064177

stereochem stry. \Were neither designation is

indicated in a particular fornmula, the L- formof the
amno acid is present. Xi can also be a dicarboxylic
acid residue, i.e., a succinylg group. Am no acid or
carboxylic acid residues within the brackets "[ ]" are
within the cyclic structure; groups external to the

br ack &gk(amimglygins) ide ptdaém@yl@uildm@lqt:kn §Vhen thigickideagnpsars in a

(pglg dﬁ%grtmu?anhelresinr\{he)a gar% rk%ecom S a (hhlr% cengeé atf orl%V%ePWO associated

%@Mﬁ’ﬂha loroipd 4re efMtindvANSally BOR®RAAD BigfcRRt MbitiG! M Glisags theffinal
X2, and X7. When the | actam bond is forned bet ween

tpﬁlétld@up&@uemmmé AY hoagFrepcrothadare grasolyed. aid deat gy pp present
GRbREPtHAn OT: @%oof‘(%quR@g@p%lda f@ﬂﬁla?den&&asrﬁpﬁ £ahikurRlof

the a-am no group of I s capped with Ac or

rﬁhqﬁ@s@aﬁ@sﬁl (Dl denstas ae ahd Aty thatigieeasic. et sxa@plettiwc-
ghn carboxyl group of Xi and the side chain

amn 3up of X7, the a-am no group of Xi is capped

wi t h Alél”cyalu@zaw Sitwatebusiiedfish valucEseemplingd n@thm@xcwml SDF-

q_ lndt r%agnassba% C?%SCTror&J %ﬁa nal 81%2%%%@1%‘[10%\2 E% gﬁ %?%)Z%ISI/’ZFS A Practical

diaifastion to é'tructﬂreSM@éhamﬂn &releD(dM dnalbdis, Rob&at AaSepclandeWiley-

qﬁig I 0 for n am de bond with the a-am no
ﬁﬁ%ﬂ% fb%gnwgﬁ%?aot her forms the cyclic |actam
St r uctThe @erinhSOEgIT RIS sPRARL, BDFN of dha SHIFIR, 6hainfly
am no group O X7 (Schemes 3 and 4; Exanpl es 20-24).

wndgistogd to sxlgbig gipmlgr fungijonpliy absent . 1 n nost of the

| act a'ﬁl‘éé&ﬁiehtz %9 usi%@ ﬁlEﬂeQﬁ%feQ' t8 Gﬁr@és%dcrelaﬁﬁe%{ ¥ disde M R ociated
5-15; Exanpl es 25-28, -66, and 75-89), the a-am no

QTIW@R‘VS(DFﬂdﬁWCNﬁeOTI@@QWGSWQI@PW@ Wiugatizip tregdingiet refers to
L Rl e N Sl

thigsesgian.dgodags avtercoyedrilicinpept # tes ehmhltaéd)rm)fm@ digease-related
ﬁ%k}gﬁg biti€us: opc{%ﬁ'r&rs 4- AVB, 5-aminoval eryl, and

Wher el h amno group is a
The compounds of the present invention can be used as medicaments in human or

veterinary 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 (T) or a pharmaceutically acceptable salt(s)
thereof, and a pharmaceutically acceptable carrier, diluent, or excipient.

The effective amount of the present compounds is in the range of from about 1 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.

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
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non- si de chain, non-a-am no group (Schenmes 5 and 6;
Exanples 67-74). R is also absent in these cases.

wobes/1sw8h R and Xi are absent, the | act am stPCDUS2008/064177

is formed through an am de bond between the a-am no
group of Tyr (X2) and the side chain carboxyl group of
X7 (Schenes 5 and 6; Exanples 29-3 1). Structures of
conmon am no acids, e.g., alanine, glycine, etc., are
well known in the art. Structures of non-standard and
substituted am no acids present in the instant

ichaie nssbmhlymﬁpIMMdse adeydiratvm dethsnmogdifiggtionpon resin or in

t hyl
R e U S RN Tl Sl DB A e
(4- AMPKY) foalbwmlga))braabtldﬁapée@ldl)sre@al}tﬁvbyf&(lﬁkwatddyse(alni%@
LyS Th t d. t f
t Ke( 'F\)/rg %ﬁttymrg\l/‘earrﬁmo gc?nghgg/*l?%P@r{ngg ha/l gznezmc %018 Algﬁ’sA 0
phédoneds U phongl alcynmcre mlabénEylstct $ert lSll}Zle}&aﬂbbﬁyl and

. 2 U be rTEtIQZ ? )]c ?s%dl E:t% ”n n1u l Kngwn

Pk Rhenzptriazoklayloky)-gis JorophRB %

etBRhar- Hﬁﬁﬁ)‘ﬂéﬂz@@ky&ﬂioﬁl?l BEr&ﬁﬁfyl :ms ,biléﬁ%accl-mm -a6kobenzyl-
ge et a

-Opmmcfl?ﬂ’c?a%( d@,gnﬂw%’uﬁyﬂ% AP 36 -GHy %&@é&né%a&id; DCC:

JeyEIBRES -8R imide; DEM:The GORBAMRIDIO! dilshifto S@g@%&liimide;
i nvention are gotent ant agoni sts of CXCR4/

-1
iHES: didsopepryl- eddMEF Neodlimgrhy! {ormargide; PMSO: dimethyl-

@Rl%xnfﬁs‘:ﬁﬁf[‘ ¢al étlYané“ElﬁﬁiQI @?' &hy?atrh So- ﬁﬁ’&@dyflﬂl&ﬁj&ll Fmoc: 9-fluor-
exenpl d herein exhibit an average Klval ue of about

?nﬂmqmow cque@sfl ABAHeét N (e sy lpying h EH-EXSRaeagielf . S9ppyriding 1-
B8 SE AL L 00 BN mopy. e
auazelyl-aby. & ¥atetrsmethplutsintunahexatherr gupesphate; HCTU: 1H- benzotriazo—
lium 1-[bis(dimethylamino)methylene]-5-chloro-3-oxide hexafluorophosphate; HF:
hydrogen fluoride; HOBt: hydroxybenzotriazole; IBCF: isobutyl chloroformate; iPr:
isopropyl; IPA: isopropyl alcohol; Me: methyl; 2Nal: 2-naphthylalanine; NMM: N-
methylmorpholine; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester; Pbf: 2,2,4,6,7-
pentamethyl-dihydrobenzofurane-5-sulfonyl; PBS: phosphate buffered saline; PyBOP:
(benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrrolidino)phosphonium hexafluorophosphate; tBu: tert-butyl; TFA:
trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropyl silane; Tos: p-toluene-
sulfonyl; Z: benzyloxycarbonyl; ZOSu: N-(benzyloxycarbonyl-oxy) succinimide.

Preparation of compounds of the present invention as described in the following
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
is reported as an average.

The synthetic processes disclosed in Examples 85-87, and isotopic labeling

procedures disclosed in Example 89, for cyclic lactam peptides containing isopropyl
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Klval ue in the range of from about 0.2 nMto about 1
nNMin this assay. Especially preferred conpounds of

wo oosab@s{ | ) and their pharmaceutical ly acceptB@il/852008/064177

salts exhibit an average Klval ue | ess than about 0.2
nNMin this assay. In addition, the conpounds and

phar maceutically acceptable salts of the present
invention are preferably highlgy sel ective for the
CXCR4 receptor, exhibiting little or no inhibitory
activity agai nst other chenokine receptors, including
GGRIe,sideChens TXCRally @dirgyle trdho piideGliloeéherciosophisthg
[ =Te t 8 t .
LRERRRE Sl FPOSEI A S, Ml 8D etoas o,
@phmplds NI mrmhsehmTﬂm&qnhah&d fprr tefie palbidiunesatdliyitt, aigabd equally
aP@hc\a}l%lle Ec}/ (%}LTr pfgtlcf%a glg(lf’lpseﬁ Ih%rem Wltﬂ %())pcrlopsrll’all ecn%cﬁﬁcea%lélr?s.

phar macoki neti c/ phar macodynam ¢ properties, and potent
in vivo efficacy in tunor _gro inhibition, with a

w de safety margin. In vi gﬁgﬁ‘@-&(—hese phar macol ogi cal

pr 8PeE&d-cg@]fo[DMEGBKBQDA6§ZNEI-GR€GM%ZQINHJ (BEqntD' NO Byre

i ndi ca or the treatnent of disorders invol vi

CXORAT BEReaecr A st sty s deepror POy

@ﬁ(‘Oéll&]?/ AQé(P@f@B?Q 11 B3 38 asisé}n‘tﬂlac}/b)l' Qh:ReEd Qe clhElmlstry utilizing
articu Er esent COI’TEOUﬂ s are useful in

taP édtliday P%udp §Wa eizes(AnpligthBiopysiemy) eyained iyPhamp | below.
%E Yht¥@hted Qf@gmﬁ?t@&h@éd' Fut RARIIBNHS stiREERA S Bi e\ etk

SDF-1 are ifnplicated i'n pathogenesis, includin

MH@Bé shroaistry ateedloar ﬁSéM@%lﬂ@évstryrfﬁHW@PéA pprtesst fflewing
Igher i§ 'dﬂ%%n&@@cglp’lle@ﬁ%%pén%%hp Myl @ﬂ '_@lgp k['h]@ sGlid

ung c ovarian cancer, {'orect a
cswmetrls Rmislamlctpl resimife(264ralimeghéxybhast- Birec- mminbmﬁfbyh’@her@mﬂ

g&rrﬁ B ngfﬂih%s?o)g 'in‘ﬁé er@iﬁg’-(a{gt%gﬁhwal% O [A@%ﬁﬁ%&’ol y1-

tis rosli
(ad'fﬂ}(lb%Mﬂi:Slrefor é}l—tern(iﬁaﬂ@ﬁl)yl Hages (Nevﬁﬁb@mmeEMD Biosciences, Inc., San

C%gg hglgtranﬁgrglgfly es‘f:a,rtn %) p%)@ 8{ rénlrlla?] enc{ %a)fl th? 1|1n
fpepstmelaad mebmnfphsmdden a-neagur bmps. Hecepe sfoar tﬁd‘mvrahahts ©é pitoetcted

a‘ﬁnﬁ"o’h a{CKPF n%gceAF f)adc’rg gcqtivg‘}eg with DCC/HOBt (or HBTU/DIEA for FastMoc
chemistry) in NMP, and coupled to deprotected Rink Amide resin using 20% piperidine.
In step 2, four equivalents of Fmoc-Glu(Oallyl) are activated and coupled to the
deprotected peptide resin from step 1. Appropriate steps are carried out until step 8, the
coupling of Fmoc-Dap(Alloc). Then, Fmoc at the N-terminal end is removed using 20%
piperidine in DMF and acetylation of the a-amino group is carried out off-line using 5
equivalents of acetic anhydride, 10 equivalents of DIEA in dry DMF or NMP, for 1 h at
room temperature.

The allyl and Alloc side chain protection groups are removed with 0.1 equivalent
of Pd(PhsP), in the presence of 24 equivalents of phenylsilane in dichloromethane
(Scheme 2). This process is repeated once for complete side chain deprotection. The
deprotected carboxylic acid moiety of Glu is activated with PyBOP/DIEA and cyclized to

the side chain amino group of Dap on the resin. The cyclized peptide is simultaneously

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



a-am no groups are each individually bonded to

different noieties. In this case, the final peptide
w@e@doasteszont ai ns two di astereoners that are PCT/US2008/064177

unresol ved, and that may be present in other than a

1:1 ratio. "(DL)Agl" in a peptide formula denotes

such a m xture of diastereoners. "(DL)Agl" denotes an

Agl derivative that is racemyg, for exanple Fnoc- "KL1"

val ues are cal cul ated using I C50 val ues determned in

t he CXCR4/ 1251 - SDFlI a bi ndi ng assay descri bed bel ow by

ép?/d2i Wy vequatliFent 0/ 215/ apfisol_r(93/REE, viA/WPr)dot 3 leailrs at room

I ti t u ' n ta i -
AEBTORNE! TR AR oo MG IR S e Ry
Peepitapdgel RPhed thie tines mith SBIE-dicthyil nthettd@sméwethe scavengers.
Lsaf or s, . - SOF- rent | [ st
OB B R iy S ol B S RSt R o
herein refers to curative treatnment of disorders
associ ated with CXCR4/ SDF-1 interaction or CXCR4
receptor activity. Curative treatnent refers to
processes involving a slowi ng, interrupting,
arresting, controlling, or stopping of disease
progression, but does not necessarily involve a total
elimnation of all disease-related synptons,

condi tions, or disorders. The conpounds of the present
i nvention can be used as nedicanments in human or
veterinary nedicine, admnistered by a variety of
routes. Most preferably, such conpositions are for
parenteral adm nistration. Such pharnmaceutica
conpositions can be prepared by nethods well known in
the art. See, e.g., Remi ngton: The Sci ence and
Practice of Pharmacy, 19th ed. (1995), A Gennaro et
al , Mack Publishing Co., and conprise one or nore
compounds of fornula (1) or a pharmaceutically
acceptabl e salt(s) thereof, and a pharnmaceutically
acceptable carrier, diluent, or excipient.
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The effective anbunt of the present conpounds is in
the range of from about 1ng to about 300 ng, nore

W@e@Bas@md y from about 1ng to about 200 ng, nOPEL/US2008/064177

preferably fromabout 1ng to about 100 ng, and even
nore preferably fromabout 1ng to about 50 ng, on a
daily basis. Al lactamcyclized peptides of the
present invention can be synthesi zed either by

sol i d- phase synthesis or solution phase synthesis, or
a conbi nation of both, with peptidechain assenbly on
solid phase and cyclization or other nodifications on
resin or in solution.py ugﬂ1 KEihods are well known in
the art. The follomnn§ reV|at|ons used herein have
t he i ndi cated neani ngs: . acetyl; Agl: am noglycine;
AMB: am nonet hyl benzoic ¢id; AMPA: am nonet hyl
phenyl acetic agi m mzyl ; Boc:

tert-but yboxy6as Ab) (benzotriazo

1-yl oxy) - 6r eRédeRE thylan1 ))g&g@g%g&b (kgggophosp

hate; 2-Byg- iho@ﬂhﬂonnbenz

Bzl : benzyl Em@&-WAPbLR- chl jor gb@ﬂl@fﬂstwweaumwboup

2, 4- di am hobuegrAigiPhélci d; P pip@ridinetticpratdtflorPr Opi oni c
bodi i m de; DCM

aci d; DOCY- ey EW@%@X I-c
propyl carbodiimde; D EA

dlchloron§ E%%ﬁ C) di i
di i sopropyl 9@ m ne; : N, N-di met hyl formam de;
DMSO:  di et hyl sul f oxi de; T: 1,2-ethane-dithiol; Et:

ethyl; Fm 9-fluorenyl nmethyl; Fnoc: 9-fluorenyl met hoxy
carbonyl ; HATU:

N-[ (di met hyl amino) -1 H 1, 2ef3-triazol o[ 4, 5- bigpyri di n-1yl
met hyl ene] - N—weth¥Jgethu nlun1hexaflugmj£anphate

b

R

o

N—oxide; HBTU. Ghenzotri |yl N, N, N'

"-tetranet hyl urum hejfl uor ophosphat e; U

I H—benzohrlgzo i v

| -[ bi mejl hyl a no e en o 3- ¢ku@MkRe$n
hexafﬁhﬁrﬁﬁ%¢$p /Lmﬁ fluor de
hydroijepzotrléko e; IBQF s buPyI hIor%fornate

i Pr: isepropyl; IPR isoprop | cohol;, Me: nethyl;

2Nal : apht hyl ni ne: NVM t hybmo? phol i ne:
3 apht by al y p
HN " NH |
Pbf
(SEQ ID NO:4

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

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

product is a TFA salt.



NMP: N net hyl
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ered saline;

ester;
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(benzotri azol -
| -yl oxy)-tris(pyrrolidino)-phosphoni um

bromot ri s(pyrrolidi no) phosphoni um hexaf | uor ophosphat e;

tBu: tert-buty
t et rahydrof ura
p-tol uenesul fo

N—(benzyloxycarbonmegxyW_

compounds of t

fol l ow ng exanp

t han llnhi;ﬁ?
nol ec '
The dgggonyol

| TFA
n, TIS:
nyl; Z:

hgr esent

A NS

si | ane;

trifluoroacetic acid; THF:
triisopropyl
béﬁzyloxycarbonyl
eci ni m de.
ention as des
$is mednt to be illustra |ve rat her
theﬁe exanplees,

n
vald s derﬂve fsonﬂth

TOS

epTgﬂﬁlon of
crijped in the

he observed
hiteuhkrdsine .
fornmul a

MA obs€t ved) = ﬁ? z) - n, “where répresents the

char ged™on (p03|t ve nnde) ﬁ:in |s %ﬁﬁf

charge@‘% i fic speci nmul trple cﬁéﬁ

speci es a'e\ﬁgeseﬁ£ n the nmass ‘pec um the observed

nmol ecul ar wei WtHls repo ted as an average The

synthetic processes disc|os , and

i sotopi c | abeling proced regﬂ@k21§§QHg gj | e 89,
50 |%a 1on W P/

for cyclic |actam peptidgs

si de chai ns ar

di scl osed herein contalnung | ysi ne al kyl

e equally

sopropylly3|ne

pllcable to ot her peptides
il sitde chai ns,

with appropriate Oeﬁﬁ|caffﬁﬁs The synt hd¥seNtret hods
of Exanpl es 86-@ whi ch _&lH m nate the neednfior toxic
palladiun1catalv\'s argjgrso equal Iy applJcable to
ot her pep esfydigcl n, mhihchp ropriate
nodi f, = Wiﬂ/l\ﬂ/ N—Rink Resin
Ac-cvc p-TyT & g-;DAHg- loNaI— Gﬁ/\gu -Alr*g H? (SEQ I D
NG 2) The $equence

Ac- Dap(All o¢c) - Tyr (#Bu) - Arg(P

A u(Qallyl)AArg( )
st andard Fnoc ghg
H

Febry utili zZ™Ag

Ir=

=0

DAr g( IPbf ) - 2D IOANH:5)
3) is|assenbl ed by

Side chain deprotection
and TFA cleavage

on NN HzN\T;NH
NH NH
e Ho0 ;J/H 0 e
\[]/N\E)J\N N\E)I\N/\[]/N\l_)J\N/\[]/N\E)J\N NH,
B H = H = H H H
o i o} g- 0 0 0
HN O (SEQ ID NO:2)
H,N" - NH
b o

Scheme 2. Amino side chain to carboxyl side chain ring cyclization and cleavage
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an ABI 43 1 Peptide Synthesizer (Applied Biosystens)
as outlined in Schene 1 below. The automated assenbly

W0 2008a8008%€d out by using the standard Applied PCT/US2008/064177

Bi osystens DCC/ HOBt chemi stry protocol or FastMc
chem stry HBTU DI EA protocol follow ng the supplier's
directions (PE Applied Biosystens Inc., Foster Cty,
CA). The solid support is Rinlg amde resin

(4-(2', 4" -dinmet hoxyphenyl - Fnoc- am nonet hyl ) - phenoxy
resin) for Ctermnal am des or indole resin

[ 3- ({et hyl - Fnoc- ami no} - meM))_lzndol -1-yl]- acetyl AM
resin for C—term nal
Bi oscia¥Ae ALY -&Nal-Gh r e 2N

assenplepars ta@fnt&aﬁlblénﬂ Eﬁ% tct}latt%mcflﬁllp(@l[%) ﬁhfstetpmeis kdp[h@éltf with
peptide and is ac or steps. In step

ma

Fmoedpb(AsH- VMIV%?I%ISI 1§f- 36r¥%@t5ed1%ﬁr1%o aci d

Frnoc- Arg(Pbf) are activated with DCC HOBt (or

HBTU DI EA for FastMc chem stry) in NWP, and coupl ed
_mllé_?'u& ng 20% pi peri di ne.

to deprot ected Rink Anidek
oIl

from §tee§re zs lnﬁﬁaq@mbrll, a?tceptsthré Esloafﬁerg(d’bt)rm &fdp éuﬁtremlmeld |w1th

f R Th F t
SF#%@I{F%QJE@OQO 9 ﬂég%%gpﬁgs)sl( ng %%/o pi ngi di :]néci ﬁ

DMF and acetyl atlon of the a-am no group is carried

out off-line using 5 equivalents, of acetic anhydri de,

10 equivalents of DI EA i ﬁé—:—y-p-%ﬁ:or for 1 h at

r garaxmevmlmﬁ TyFesaPhyb A rgmNaAd1 lSI-AI (SEQ ID NO:8)
protection gr re reane wi th equi ale

0 Pa Biraes s bRy iRt Srncs e QDS By & o bocd with
Mﬁﬁ&lﬁ@lﬂ’@(ﬂ%@l M dditRhIGr, adsEt Hﬁ{yﬂrlﬂcﬁﬁr@%ﬁ@ i2)epladdd $ith hexanoic
process i s repeat e/d once for conplete sjide chain

&@6@6@@&6@.%}? Q&Y V1 &ctdba  TardoXyY Pes-ddil & froi et y
of Gu is activated with PyBOP/ DI EA and cyclized to
the side chain am no group of Dap on the resin. The
cyclized peptide is simul EM@BEsipy

Ac-cyclo[(D/LAgl-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH> (SEQ ID NQO:9)

Prepare as in Example 1, except that Fmoc-Glu(Oallyl) in step 2 is replaced with
Fmoc-Glu(OtBu), and Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(DL)Agl(Boc).
After chain assembly, there is no Pd(PhsP), 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
delivered to the following solution 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.
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

as described in Example 1. MW cal.: 1128.27; MW obs.: 1128.26.
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deprotected and cl eaved fromthe resin using a
scavenger cocktail of TFA/H2O TI S/ EDT(95/ 2/ 1/ 2,

wa2ooBA50689 or TFA/ H2OQ' TI S/ ani sol e (92/ 2/ 41 2, vPET/US20P8/064177

for 2 hours at roomtenperature. The solvents are then
evapor at ed under vacuum and the peptide is

preci pitated and washed three tinmes with cold diethyl
ether to renove the scavengers. Ml ecul ar wei ght
calculated (MWVcal): 1142.30; MNobserved (MNobs.):
1142.50. H2ZN- Rink Resin Stepw se solid-phase assenbly:

Fnoc protected am no aci dExample/6HOBt or HBTU DI EA
coupl i ng p| elrl di ne depr ot ectl on Resin

Sche acC \ ' A r.hla - ".'..6 s

pepti gge @aﬁﬁﬁ@ GYu(Bﬂ:ﬁi)JT@'ﬁtBinA %qeytmg@(pb@ mq@mbaﬁdme)
u3| ng standard preparative HP
gDéﬁ%@ yORYY: ﬁ)km tgerniled By wtpndanhegg, Ch?fﬁ’ét% BiligiRgean ABI

519& tHsir@ert Ss Slilindags sSehdd MRTSRY. "ﬂfé@hﬁ%hﬂieﬁ%s@mﬂa%lg ¥drMdd out by
TFA, | oaded onto a reversed phase C18 HPLC col'um, and

abing ey stendand ApphegRiowstems DHGHOBY chorisoarptecol or FastMoc
o e ) : Lo o :
i e
Il%i@swbtbﬂnia ned FostenGityef A hBlrexrotié Blipz)altt iiSdiinbﬁm'tdh ecsfri fon{C-terminal
f n
N T R Rt e
pi?ewtrnldel&thml tuhidas. lﬁspvusesohdm ash:albty stqriyerdim ﬁnaIC terminal end of the
roduc

| S Am no. si.de

R Rl BSGMHEMR TbifdrS bty SRS chTuge St
@kc&avaigﬁﬁvmmxl Bm@c-Arg(Pbf) are activated with DCC/HOBt (or HBTU/DIEA for

c-cvcl of Dab- T I\@[ -CEAr _|Na<Le_G -% | - Arg- NH? (SE

TR TSNS AR BT A
Fomeqidafléd bfaGoct DaBB&Y) a2 dcﬁvd’t@iﬂind@@@léﬂ th l’the deprotected resin
Fnoc- Dap(Al |l oc). MANcal: %56 33; MWobs.: 1156.10.
from step 1. Appropriate steps are carried out until step &, the couphng 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 carried out off-line with 5 equivalents
acetic anhydride, 10 equivalents DIEA in dry DMF or NMP, for 1 h at room temperature.
The finished peptide is simultancously deprotected and cleaved from the resin using a
scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2, v/v/v/v), or TFA/H,0O/TIS/anisole
(92/2/4/2, viv/v/v) for 2 hours at room temperature (Scheme 4). The solvents are then
evaporated 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.



Exanpl e 3
Ac- cvcMDap- Tyr - LvsOPr VDAr g- | Nal - G v-d ul - Arg- NH? ( SEQ

WO DOBITs0639 Prepare as in Exanple 1, except thatPCT/US2008/064177
Froc- Arg(Pbf) in step 6 is replaced with
Frmoc- Lys(i Pr)(Boc). MWcal.: 1156.37; MNobs.:
1156. 78. Exanple 4
n- Hexanoyl - cvcl of Dap- Tyr - LvsrigPr VDAr g-1 Nal - d v- G ul -
g-NH. TSEO ID NO, ) Prepare as in Exanple 1, except
that Fnoc-Arg(Pbf) in step 6 is replaced with
Frnoc- Lys(i Pr) (Boc). AdMNtRighBesiyy, acetic anhydride in
step 9 is replaced with hexanoic acid activated with
PyBOP/ DI EA. MW cal .: 1212|47; MWNobs.: 1212.92.
Exanple 5
Ac- cvcl or f DFmogiAdihf) Ar g- DAr g- | Nal - @ v- d ul - Ar g- NH?
TSEO | D NG ﬁ)“OPlD@ ® as i|[| Exanple 1, except that

Frnoc- d u( F Iy n step | Sterwid e@@@ﬁpmsp |qssemb|y
Frnoc- A u( DQ 8 AP C@ teqt

repl aced BBEOAQI | erldlne de otec I0 Iﬁ ég%ﬂ%l Y
there is np,: et sl nhee no aPIyI

protectlonsrﬁmgmmggmm) In ead, cyclization is carried
out in solukcpwDiEA er thel||li near peptide is cleaved
fromthe solid support ang||deprotected. The crude

i near peptide (0.25 muol)y[fromthe cl eavage is dried
under vacuum and dissolvedYin 10 nL of dry DWF. This
peptide solution is dellwg;ed to the follow ng
solution via a syringe pypp during a 2 h p8%iod: 15 nL
of dry dichl orongt andTT%*nL of dry At ai ni ng
1.0 mol e of Py and :J?NWnDIes of DI EA. Twe

reaction is the | owed jt o proceed at roo

temperatye{fo 2Hh S0 vents are ther? evfpor at ed
under WN W s/%\a’dﬁ 0?&\@ Ta%ﬁ‘fﬁ??'
reversed phas® HPL d it abget cyclic

peptide i8 isol at e% and chara i zed \H
boc

O—1tBu H

Pof—N NH

(SEQ ID NO:12)
Scheme 3. Acid side chain to amino side chain peptide assembly

Cyclization is carried out in solution after the linear peptide is cleaved from the
solid support with all the side chains deprotected (Scheme 4). The cleaved crude linear
peptide (0.25 mmole) is dried under vacuum and dissolved in 10 mL of dry DMF. This
peptide solution is delivered to the following reaction mixture via a syringe pump during
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. Solvents are evaporated under vacuum, the residue is loaded
onto a preparative reversed phase C18 HPLC column, and target cyclic peptide is isolated

and characterized as described in Example 1.



as described in Exanple 1. MWNcal .: 1128.27; MNobs.:
1128. 26. Exanpl e 6

WQA\008/18068% u- Tyr - Ar g- DAr g- | Nal - G v- Dapl - Ar g- NH?PCBER0DE064177
NG 10) The sequence
A u(Ox Bu) - Tyr (t Bu) - Arg( Pbf) - DAr g( Pbf) - 2Nal - d y- Dap( Boc
)- Arg(Pbf) (SEQ ID NO 11) is assenbled by standard
Fnoc chem stry utilizing an ABl 43 1 instrunent as
outlined in Schene 3 below The automated assenbly is
carried out by using the standard Applied Bi osystens
DCC/ HOBt chem stry protocol or FastMc chem stry
(HBTU DI EA) protocol following the supplier's
directions (PE Applied Biosystens Inc., Foster City,
CA). The solid support i $pRi nk am de re3| nptffor
C-term nal am des g gj nddhennesin
[ 3-({ethyl -Fnoc no} - met I)-|ndoI-I-yI] ﬁetyl AM
resin for Cter | eth am des. Stepw s "Ehai n
assenbly start rona)th C—tecgm naI end the i near

pept i Andlli slacionhl ey _or, s P—Ridk FedsRP
1, foS\WeaﬁL\ﬁal nt § 01“l otect dd mao NCi

Froc- Ary( pPbf) are ctlva fed *w
HBTU/ DI for FastNbc chem st in NN/P and coupl ed
to dep ected Ri Am de resi I n step 2, four

equi val en?sBbf Fnolc- E)ap( Boc) -‘@ act i vateel #hdoci@upl ed
to the deprot B¥THd Meésin fromstep 1. Appropriate
steps are carried out until step 8, the coupling of
Fnoc- G u(QtBu). For st ejpStle chapeerpteeiod N-t er mi nal
end is renoved using 209 ﬁf“i)@'f’l*&'?ﬂ"é‘g?n DVF and

acetyl ation of the a-amno group is carried out
off-line with 5 eq% | val Bpts vacetic anhydrjgde, 10

KoBt Por

equi val ents DI dry or NW, for 1 h\]f‘i room
tenperature. Th i ni she peptl de is simul AHeousl y
depr ot ect ed,and cl eayed he resin, usihg a
scavengef] ckfaifl o TFA/*HZ TI S/ EPT 9 [ 21 L/ 2,

VQ [ SanT: rSoNe 9212/ vi v/ v/ v)

vIvI VIV, NFF
for 2 Hburs at 1o t enpér atyr
sol vent :;(re t hen gvapor at ed

(Sche )o The
Ser vacu?um and t he

pepti de=ks precipifated and wyshed three tinmes wth
OH (SEQ ID NO:13)
H,N" - NH
Cyclization in solution
PyBOP/DIEA
OH HZN\FNH HZN\ENH

(SEQ ID NO:10)

Scheme 4. Acid side chain to amino side chain ring cyclization
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cold diethyl ether to renove the scavengers. The crude
product is used directly in the cyclization reaction.

WOM08AF0689.142. 30; MWV obs.: 1142.83. H2ZN- Ri nk ReGI/HS2008/064177

St epwi se sol i d-phase assenbly: Fnoc protected am no
acids, DCC/ HOBt or HBTU DI EA coupling piperidine
deprotection Resin (SEQ ID NO 12) Schene 3. Acid side
chain to am no side chain pepig de assenbly Cycli zation
is carried out in solution after the linear peptide is
cl eaved fromthe solid support with all the side

chai ns deprotected (SchemgxdmpleThe cl eaved crude

|1 nea, pealicde 1038 IR

i s dePicpar amlmthambb & otdepivthat gceme aclydoide m stdpul ie raplagedwith

of dry
TR R M o a0 SN o B i i ng 1. 0
nmol e of PyBOP and 4.0 mol es of Dl EA. The reaction is

then allowed to proceed aﬁ roog:tenperature for 2 h.
Sol vents are evaporated u uum the residue is

| oadegk- @QIJPGRI-DVﬁ,Qﬂg-ﬁAEgLENEIGGEim]-p’h@S@HQSE@ HPNO:15)
colum, and target cyclic ept I de If I sol at ed

char aliBFFE 26l %@ma@ée pYasR(d %E megAppIROC) Ingiapelip re?P?aC%WHh

FinfhR-sHBIHbCS. OMEaNEA 01 84250 KIVbBs.r11897¢ycl i zat i onExanpl e
7 Prepare as in Exanple 6, except that acetic

anhydride in step 9 is replaced with benzoic acid

anhydride. MANcal: 1204. 3% NMYgfs.: 1204.87. Exanpl e

8 Prepare as in Exanple 6; t hat Fnoc- Dap( Boc)
in st QR ZclbfGIhORI-AGSh AVgl INal-Gly-Lys|-Arg-NH, (SEQ ID NO: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.

Example 10
Ac-cyclo|Glu-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEQ ID NO: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.

Example 11
Ac-cvclo[Glu-Tyr-Arg-DArg-2Nal-Gly-(D/L)Agl]-Arg-NH, (SEQ ID NO:18)

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

Fmoc-(DL)Agl(Boc). MW cal.: 1128.27; MW obs.: 1128.86.

Example 12
Bz-cyclo|Glu-Tyr-Arg-DArg-2Nal-Gly-(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-(DL)Agl(Boc). In addition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1190.34; MW obs.: 1190.99.
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Frnoc- DDap(Boc). MW cal .: 1142.30; MWobs.: 1142.73.
Exanple 9 Prepare as in Exanple 6, except that

WO-pm8A8®AY Boc) in step 2 is replaced with PCT/US2008/064177

Frnoc- Lys(Boc). MWNcal .:1184.38; MWobs.: 1184.23.
Exanpl e 10

Ac-cvcMd u- Tyr- Arg- DArg-1 Nal - @ v-Dabl - Arg-NH? (SEQ I D
NO 17) Prepare as in Exanple £, except that

Frnoc- Dap(Boc) in step 2 is replaced with

Frnoc- Dab(Boc). MWNcal .: 1156.33; MNobs.: 1156. 07.
Exanpl e 11 Example 13

FerC %pérBtas:Dn E)qam@teeﬁp e)&eptstha:t@pioadb@(ﬂmcb hn step 2is replaced with
Oﬁ_ptf 5{1%029 agl(? gm)oc—GM%%?u) 1r1 step g?s rezplaceWt%tf?Smoc llg'spg(%Bug5 In

Baditiwg WEdtid-allyyrdride grEprogis kdetdce dAvith bddzbidgtill -aMtiygiritid NMSELL.:
r re as in Exanple 6, except that
I'—IEQ)WB)&’E) ?%8 tep 2 is replaced with

Froc- (DL) Agl (Boc). In addition, acetic anhydride in
step 9 is repl aced vvith benzoi c_aci d anhydri de. MW
cal : 1190.34; MVNobs.: 1188meH npie 13

BZ- ¢V k0§ ASIAST v Ard-N0/N¥GEDAD DAY, g DT D(EER1 ] D
NG 20) Prepare as In Exanple 6, except that

Frnoc- BEpiBatin E{x,armg{eeép e;_cepghqt@moaé@@( ) i step 2 is replaced with

FFRE- IﬂB@écﬁ? Ccl}ld Fﬁ‘l@g G'fﬁf%@ﬁ‘&% @ﬁ)reﬂl&e@k&% P%‘ldCSASp(OtBu) MW

repl aced dition, acetic

&hlhyldlﬁéleW@@ebl@ 815 repl aced Wi t h ben20| c acid

anhydride. MANcal. : 1204.37; MNobs.: 1204.87.
Example 15

Ac-cyclo]Asp-Tyr-Arg-DArg-2Nal-Gly-Dapl-Arg-NH, (SEQ ID NO:22)

Prepare as in Example 6, except that Fmoc-Glu(OtBu) in step 8 is replaced with
Fmoc-Asp(OtBu). MW cal.: 1128.27; MW obs.: 1128.78.

Example 16
Bz-cvclo[Asp-Tyr-Arg-DArg-2Nal-Gly-Dap]-Arg-NH, (SEQ 1D NQO:23)

Prepare as in Example 6, except that 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.: 1190.34; MW obs.: 1190.69.

Example 17
Ac-cvclo[Asp-Tyr-Arg-DArg-2Nal-Gly-(D/L)Agl]-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 Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu).
MW cal.: 1114.24; MW obs.: 1114.85.
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Exanpl e 14
Ac-cvcl of Asp- Tyr - Ar g- pArg™Nal - G y- Dabl - Arg- NH? (SEQ 1 D

WOR0g13068Y epare as in Exanple 6, except that PCT/US2008/064177

Frnoc- Dap(Boc) in step 2 is replaced with

Frnoc- Dab(Boc), and Fnoc-Q u(QtBu) in step 8 is
replaced with Fnoc-Asp(QBu). MWcal.: 1142.30; MW
obs.: 1142.81. Exanple 15 30

Ac- cvcl of Asp- Tyr - Arg- pArg™Nal - G y- Dapl - Arg-NH? (SEQ I D
NO 22) Prepare as in Exanple 6, except that

Froc-A u(QtBu) in step 8 Exammel&iced with

FoG ASHL QB Wyr-NNNiR)-pard 2R81-E&fy-DYY. RRSNH, G 18 K0:25)

Exampte 16
Bz- chteparAspm'l]@nample@ p)ihegt’YNaan@c\Ara@p[)-mxstgp Nid2eISEDQWilD

E%)o%—iés@%eé) Bl Fm%c ??ué@%: s%?pbﬁﬂs r%pea&EémwtltE %moc Asp(OtBu). MW

alna1 26 pI; U Bubs.: L R8addi ti on, acetic anhydride in step
9 is replaced with benzoic aci d anhydride. MANcal.:
1190. 34; MWobs.: 1190.69. Exanple 17

Ac-cvcl or Asp- Tyr - Ar g- DAr gEtahplEily - f D/ LUgl | - Ar g- NH,

TSEQ I D |\|024 Preare as in Exa pl e 6, except that
o -2 ap L Arg-NH, SEQ ID NO:26)

Fnoc- é@i@apé\q& h@@hple@@lxc% Eat@n%@gr )of)'ﬂﬂstéﬁ 6535 @pla&d with
replaced with Fnoc- As 1

MV MV
dBwe-LysMa). gad @a@%ﬁ%gé@ Ab&t%w%méogm? P gwm@sp(OtBu) In
a%ﬁgn |a&€’t‘1|c af BRI st i N‘ﬁla@&ﬁ%tﬂ E%Iﬁ@c %éi)i aflyRIPEE. eMW” cal.:

e 6, except that Fnoc-Ar in step 6 is
rléﬂ?%ﬁ;éﬁw\mb@hl%é Lys(Me 2), and Fm)c G u(QtBu) in
step 8 is replaced wth Fnoc-Asp(QBu). MV

Example 20
cvelo|Succinyl-Tyr-Arg-DArg-2Nal-Gly-(D/1.)Agl]-Arg-NH» (SEQ 1D NO:27)

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

1057.19; MW obs.: 1057.87.

Example 21
cvelo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Dapl-Arg-NH, (SEO ID NO:28)

Prepare as in Example 6, except that 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.: 1071.22; MW obs.: 1071.85.

Example 22
cvelo[Succinyl-Tyr-Arg-DArg-2Nal-Gly-Dab]-Arg-NH, (SEO ID NO:29)

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

1085.25; MW obs.: 1085.87.
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cal: 1128.31; MNobs.: 1128.92. Exanple 19
Bz- cvcMAsp- Tyr - Lvsr Me”- DAr g- |1 Nal - A v- Dapl - Arg- NH ( SEQ

WO DOBIs®@8) Prepare as in Exanple 6, except thalCT/US2008/064177

Froc- Arg(Pbf) in step 6 is replaced with Frnoc-Lys(Me
2), and Fnoc-@ u(OQBu) in step 8 is replaced with
Froc- Asp(QtBu). In addition, acetic anhydride in step
9 is replaced with benzoic acyid anhydride. MNcal .
1190. 38; MWobs.: 1191.14. Exanple 20

cvcl o[ Succi nyl - Tyr- Arg- DAr g- 2Nal - G v- (D/L)Agl | - Arg- NH7
(SEQ 1 D NO 27) Prepare asExamig2dple 6, except that
Fm)c'cya'ogs%%’}l

Froc-OC) AgT (
used, Papate tahmsE)@m@]@ q, 3xo©pm that@chociDapaRig) ini stap,2 iacplaced with

BURh 5] By S SR RS0 B R YGELBRS o,
%rldiﬁMQ laeodtiSusiRidrigé nkydp-94 gepledw2Nalceimlcven bagride AVDY NH”

gpare as in Exanpl e 6, except that
ﬁggqﬁ@gﬁwgb%uilqo step 8 is not used, and this step is
omtted. In addition, acetic anhydride in step 9 is

repl aced Wi th succinic anhydride, MNcal.: 1071.22; MN
obs. : 1071, 85, Exarrple 22E_anm e24

I D o‘° repare aS|n t hat
Fnoc- %BFBG&H E{x,armg{eeép e@ep@hqt@moaé@@(lwca pp step 2 is replaced with

FERe-1RELBP ‘F)noc—am@'tﬁ)% gelﬁg‘)s doPui eRd $hit StefRloni&Rd In
and this step is omtte
addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW cal.:

1113.30; MW obs.: 1114.25.

Example 25
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:32)
The sequence Gly-Tyr(tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-Gly-DGlu(Oallyl)-
Arg(Pbf) (SEQ ID NO:33) is assembled by standard Fmoc chemistry utilizing an ABI

431 instrument as outlined in Scheme 5 below. The automated assembly is carried out
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-({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin for C-terminal
cthyl amides. Stepwise chain assembly starts from the C-terminal end of the linear
peptide and is accomplished in 8 major steps (Scheme 5). In step 1, 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
Fmoc-Gly.

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

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



10

15

20

addition, acetic anhydride in step 9 is replaced with
succi nic anhydride. MWcal.: 1085.25; MNobs.:

wa®B/168ExXxanpl e 23 PCT/US2008/064177

cvcl o[ Succi nyl - Tyr-Arg- DArg- 2Nal - @ v-Ornl - Arg- NH? ( SEQ

I D NG 30) Prepare as in Exanple 6, except that

Froc- Dap(Boc) in step 2 is replaced with

Fnoc- Orn(Boc), FmOC-G u(OQiBu)zain step 8 is not used,

and this step is omtted. In addition, acetic

anhydride in step 9 is replaced with succinic

ah¥lds pdesss Mi¢rated oncelfoo@nfste Nl diam. depbig@OoR 3Then Fmoc at the

N PRER R mossh e ot BME U PR bl

laB)d N3 pf B R aceivasd with BXROPIDEEA, arﬂ)(:@dpbd td¢ a-amino group

Fnoc- Da oc) .in ste i s replac

ng]éCIE?/gé %sm hﬁﬂ%zﬁi Eipéﬂﬁg @?B?P“%lﬁdgprﬂ‘&ft%%%Clemd

Feh thBkSinSkRR als&w@ﬁQ& tQAttaillof TRAGHIO/DIS/EBLC B151261/2, v/v/v/v), or
nhydr| de in st is replaced with succinic

éfﬁﬁ%ylaﬂ/g@/anmec(g /2/4/2 I/Viv/ﬂ)sfo%houmté%n tempgragre, 5The solvents

ExanR &a@éated under vacuum, and the peptide is rec1p1tated and washed three times
cvcMd v- Tyr - LvsOPr VDAr I?ANal - Glp DGlp SEQ |
N(y’hgcg)ddm l§gﬁu‘@ﬁ§1@ovet e scavengers. MW cal 10 529 MW obs.: 1085 32.
A y-Tyr (tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-dy-Dd u(Cal
lyl)- Arg(Pbf) (SEQ ID NG 33) is assenbled by standard
Fnoc chem stry utilizi ngE&am.t_q_ﬁa_s 1 instrunment as

out | I Q Bl § i

DCC/ HOBt chem stry protwl\/bc HBTU/ DIEA

((:EE m AE%? ‘g %{ %fgﬁes eé)g ofvﬁxalgl gobgtli 8091% H{e% %})\?ce{l(?_%ctlcll gjaltsby

Stdslo!rl:oingﬂnp poudrial (mt(Rl pﬂepaamnﬁbee 1Res lumnf of |Su1aa|tvieckez$ @yuilibredal veith
resin. . , '

[23/‘1S PR R XD a R SR IHDTY Wisherbrith tyge o Jxaes/pmpgpiumes
o€ 3Yorqhicius fectie hdtil (). 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.
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Then Fnoc

nmoved using 20% pi peri di ne
&agé’b%%%bﬁf DG u

FEd! fich S Rst

U@@/H@gﬂdms?bm@ye&upmgj

e phpetided egrasdoc! eaved from

I cocktail of

viviviv), or TFA H2qg

/vliv) for 2 hours at room

108%p29; MW obs. :

re then evaporated under
preci pitated and washed
hyl ether to renove the
1085ﬁ32

| N BCEPSW8/064177

Exanpl e 25a cyclo

- NH
[ G v-Tyr- Lys(i Py~

lAré ZNQﬁ:G'v DG ul -

Ar g- hﬂﬁ acetic

acid salt (SEQ O 34) (The TFA salt of t peptlde
of Example 35 i/s conger d tooan acet|§ id salt by
adsor bi ng_t lie et fri Al a AR _Kigokagm
of suirb&bl @ g) ze eQUI atedN ce ic acid/EtO

(v/v). The col urkh
col umm vol unes

s ther?\A/a\‘i\’At thre@ to five

(SEQ ID NO:35)
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, loaded onto a reversed phase C18 HPLC column, and eluted with an
aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while monitoring at 214 nm.
The appropriate fractions are pooled and lyophilized. Further characterization of the final
product is performed using analytical HPLC and mass spectral analysis by conventional

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



wa@e@sisoesri d by vol une,

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

1085.29; MWobs.: 1085.32. HZN- Rink Resin Stepw se

sol i d- phase assenbly: Fnoc protected am no acids,

DCC/ HOBt or HBTU DI EA coupling piperidine deprotection
Resin Schene 5. a-am no group4to carboxyl side chain
pepti de assenbly Peptide purification is acconplished
usi ng standard preparative HPLC techni ques.

| mredi ately follow ng cydi zation, the peppbfde
solution is diluted,,tHh Ner contai ni ngH \T;%qq(v/ V)
TFA, | oaded ontgrg(reversegyphase C 8 HPLC lcol um,
and eluted wth aqueous 0.1%trifl uoroagetic

aci d/ acetoniotrigl e (vbv) r adi @nt whi I eorm toring at
214 nm Jﬁ'h\(ylap oﬁ r ct 0 e N-gvk Resin
| yophinotzed. frur] hear %ctermzah fi t e final
product is perfo(? d usi g tlcal HPLC and mass
spectral analysis Dy conventi @ For

pepti des vvithabai{cj\side ch theoflna

| yophi li zed productn a TFA 1. IyI SrEgn%)v'\é? 39)
wi th Pd(Ph3P)4(0O 2bGC Frnoc renoval vvlt pi peridine 3 .

Cyclization wwth PyB Side chain tection
and TFA cl eavage Sche ?ﬁﬁa{erg?ﬁ% it F%(B %546 car boxy|

side chain ring cycli zag\lré?lo @ mple 2 6
cvcl of d v-Tyr-Lvs aPr gyﬁqgn H? (SEQ ID
NG, 37) Pbf Pbf
\ |
O-tB HN\fNH AN =NH

0 Lo 7,0 L0 y
)J\N NEJJ\N N N N N N—Rink Resin
o 7 0] 0] 0]

L R ) s

~0

Ir=

Side chain deprotection
and TFA cleavage

OH HZN\fNH HzN\FNH

R e

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

and | yophilized. MN caPCT/US2008/064177
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Prepare as in Exanple 25, except that step 1 is
omtted. MWcal: 929.10; MNobs.: 929.39. Exanple 26a

W@ y®BOSGBY - Tyr - Lvs(i Pr) - DArg- 2Nal - d v- DA ul - NHRCEHU81008/064177

acid salt (SEQ ID NG 38) The TFA salt of the peptide
of Exanple 26 is converted to an acetic acid salt by
adsorbing the material onto a preparative 8 colum
of suitable size, equilibrateg with 2% acetic aci d/ HO
(v/v). The colum is then washed with three to five
col um vol unes of 2% aqueous acetic acid (v/v). The

peptide is eluted u3|ng lﬂﬁﬂmﬁtéﬁlacetonltrlle (v/v)
cont ai ‘ : , :

MV cal == ‘
cvcl oP@merm—EéaaglpB&Sge@bjalthaﬁ}tvp D& cuuhméxr gv[W—I:Ztl TSRO0 MW
N%Sg% Rrepare as in Exanple 25, except that

);’ (iPr)(Boc) in step 6 is replaced with
Frnoc- Arg(Pbf). MWcal.: 1071.22; MNobs.: 1071.02.
Exanpl e 28 cvcl o[ d v-Tyr-Lvs(i Pr)-DArg-2Nal -d v-Dd ul
-LvS(JPr) - NH(SEQIDNO Par e as in Exanple 25,

b )

)]
Froc- Lys(i Pr)(Boc) MV cal .. 1099, 35; obs.
1099. 91. Exanple 29 (SEQ 1D NO:38)

cvel oy TE At @%@%%B@é ofExdmsleWs-i ¥ v G 16 BEbeli®adiBialt by

41) Prepare as in | e 25, except that

pﬁw&bl hg er%rqa&,@ryto il Wegqrgbvef 1|8§0]ug51| of swipble 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 lyophilized. MW cal.: 929.10; MW obs.:
929.39.

Example 27
cvelo[Gly-Tyr-Arg-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:39)

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

Example 28
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:40)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1099.35; MW obs.: 1099.91.

Example 29
cvelo[Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH» (SEQ ID NO:41)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
Fmoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.: 1014.17; MW obs.:
1014.78.
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with Fnoc-G u(Callyl), Fnoc-Lys(iPr)(Boc) in step 6 is
replaced with Fnoc-Arg(Pbf), Fnoc-Ay in step 8 is not

wos@d1s@msd step 8 is omtted. MW cal.: 1014. 17PCIVIA$2008/064177

obs.: 1014. 78. Exanpl e 30

cvcl o] Tyr-Arg- DArg-2Nal - @ v-Dd ul - Arg-NH (SEO | D NG,
42) Prepare as in Exanple 25, except that

Frnoc- Lys(i Pr)(Boc) in step 6 3¢ replaced with

Froc- Arg(Pbf), Fnoc-Ay in step 8 is not used, and
step 8 is omtted. MNcal.: 1014.17; MNobs.: 1014. 65.
Exanpl e 31 cvcl o] Tyr - Ar g-Dameple| - A v- Aspl - Arg- NH

I(:ﬁgco :38 g&g&}_-% S%fg?z%iq;i-!Déﬁ[‘&’#g‘fNﬁ?lgsﬁfﬁﬁbziﬁat

FerC Reepfraksd inl BxampleotS; tagsittitiiat F Bod.ys(ibm(Bo@pn Gep § is replaced
SRS, FRF A IR RS R a0

abs4.17; MOQLE3101B6anpl e 32 Prepare as in Exanple 25,
except that Fnoc-DA u(Qallyl) in step 2 is repl aced
with Fnoc-Asp(allyl), and Fnoc-Lys(iPr)(Boc) in step 6
i's repl aced with Fnoc- Ar giEhiple 3MV cal . 1057.19; MWV
obs.: 1057, 35. Exa Ie 33 cchoGIv T r-LvsI Ve g

in EX@HSBJH@ P Ex@ %@ts éx!a@ﬁt tfdﬁ?&o@ﬁbug@lhﬁyh)steba @Ie@l%eé’d

is replaced vvlth noc- Asp

FrBdspsspely D EgRyc- Lw(@ﬂ@é@c@ irj Séepr(é‘é repased with Rmpgrgge(Pbo),
IR A In stegW¥s 68l used, BA® dte? Bis M QP VW 95Y00884; MW obs.:

1000.63.

Example 32
cvelo[Gly-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:44)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(allyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf).
MW cal.: 1057.19; MW obs.: 1057.35.

Example 33
cyclo|Gly-Tyr-Lys(Me,)-DArg-2Nal-Gly-Aspl-Arg-NH, (SEQ ID NO:45)

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

Example 34
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Asp]-Arg-NH» (SEQ ID NO:46)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(allyl). MW cal.: 1071.26; MW obs.: 1071.76.
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Exanpl e 34
cvcl of @ v- Tyr - LvsOPr VDAr g"Nal - @ v- Aspl - Arg-NH? (SEQ I D

WO 0835068y epare as in Exanpl e 25, except that PCT/US2008/064177

Froc-DA u(Cal lyl) in step 2 is replaced with

Frnoc- Asp(allyl). MNcal.: 1071.26; MNobs.:

1071. 76. Exanpl e 35

cvcMd v- Tyr - LvsOPr VDAr g- | Nal -4@ v- Aspl - NH? (SEQ | D NO
47) Prepare as in Exanple 25, except that step 1 is
omtted, and Fnoc-DA u(QGallyl) in step 2 1is repl aced
with Fnoc- Asp(aIIyI) MNEEI_II.P_IQQS 07; MWNobs.: 915. 38.

excepPrephrats iﬁrﬁ«amﬁfe@(SP@a‘c}:ptltlmt stble;b 1s]pnn1£ted epd EtoendD(B/lu((hallyl) in
! ! | 21s

SR ApR e e AR W R SR Y19 gt 3530

obs.: 1085.78. Exanple 37

cvcMd v- Tyr - Lvsf Me”- DAr g- Gul-Arg-NH? (SEQ ID

NG, 49) Prepare as in Examg-g—gexcept t hat

F%ym ﬁ@m&hgpﬂ)gmgegam@%g@@gg@ Mt (SEQ 1D NO:48)

F I and, _Fnoc Lys I Pr c).ln ste )

repl aB@BarWai wﬁzﬁ@gle gml%/&ﬁé%(ﬂ)bg) inepp! ¢ Gepq with

B96), afeXBIRY- @G}%&)ally in step 2 is replaced with Fmoc-Asp(allyl).
cvclogéQﬂ;(T > CEI)u-Arg NH. r SEO | B

r- Arg- DAr g- | Nal -
NGVead: llﬂgééérl\é{wa sj: HO%&a&mI e 25, except that
Frnoc- DGIu(OaIIyI) in step 2 is replaced with
FOC-d u(Gal lyl), and Fnoc-Lys(iPr)(Boc) in step 6 is
repl aced with Fnoc- Arg(Pexamplefjcal .: 1071.22; MW

0bs. - oy BGiyAr-Lys(Mey)-Arg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:49)
Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced

with Fmoc-Glu(QOallyl), and Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-
Lys(Me;). MW cal.: 1071.26; MW obs.: 1071.05.

Example 38
cyclo[Gly-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ 1D NO:50)

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

Example 39
cvelo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-Arg-NH; (SEQ ID NO:51)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl). MW cal.: 1085.29; MW obs.: 1085.91.

Example 40
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:52)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-DGlu(Oallyl) in
step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 929.10; MW obs.: 929.39.
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wW@2008ns5@Esapl e 25,

Exanpl e 39 cvclord v-Tyr-Lvs
aPrVDArg-I Nal -A@ v-Q3 ul -Arg-NH? TSEO | D NO 51) Prepare
except that Fnoc- DA u( Cal | yPQT/U82008/064177

step 2 is replaced with Fnoc-J u(Callyl). MWNcal.:
1085.29; MANobs.: 1085.91. Exanple 40 cvcMd v-Tyr-Lvs
aPrVDArg-INal -Av-@ ul -NH? (SEQ | D NO, 52) Prepare as
i n Exanpl e 25, except that stgp 1 is omtted, and
Froc-DA u(Cal lyl) in step 2 is replaced with

Froc-d u(QGallyl). MNcal.: 929.10; MNobs.:

929. 39. Exan”pl e 41 Example 41

PESEOTEXORIO

r esi nPiepare apindb@dlpw A5hexqc8pt that R1nk amide resin is replaced with [3-

&ée%yrlw:m F%Pn(i-: Q%%R {lrlgt%lhy l;[laget AM re%tﬁ? g n¥1 tﬁxﬁ and Fmoc-

SIGH OZlly13 mrs&@I 2a§ egplaced hnllFRmce-As]ﬂélajl} WIW caIWWBal 3; MOM Bbs.:

ég %/Wobs 943. 36. Exanpl e 42

%F’ fdv-Tyr-LvsqPrVDArg-1Nal -d v-Ad ul -NHEt (SEQ I D

NO 54) Prepare as in Exanple 25, except that R nk

anm de resin is replaced with [3-

({et hyl - Fnoc- ani no} - met hyk3amiled? | -y -acetyl AM

r teSI n,zc 1@y TVSL AP - BAlrg- 204l -ERTCI ) -RE R Inr)lﬂo&su
35$p 1gre|p§yg\;1ﬁ)}51§5xamg§7255@<cem%ﬁp@ agmde r%sm is replaced with [3-
%ﬁgf(ﬁﬂhoaéﬁnﬂo\}%ﬂ%ﬁgl Mlac l\kl@%sﬁﬂ Etls ((n%ﬁ@ Lkt Fmoc-

Prepare as i n excep hat R nk
@,ﬁl@{@a]—l)glglnrﬁtqps’z ig gqplag@cb‘@[lth\ftnhc p@(Oallyl) MW cal.: 957.15; MW obs.:

957.50.

Example 43
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NHEt (SEQ ID NO:55)

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

Example 44
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NHEt (SEQ ID NO:56)

Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Fmoc-amino}-methyl)-indol-1-yl]-acetyl AM resin. MW cal.: 1113.34; MW
obs.: 1113.81.

Example 44a
cyclo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NHEt-acetic acid salt
(SEQ ID NO:57)

The TFA salt of the peptide of Example 44 is converted to an acetic acid salt by
adsorbing the material onto a preparative C18 column of suitable size, equilibrated with
2% acetic acid/H,O (v/v). The column is then washed with three to five column volumes

of 2% aqueous acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v)
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({ethyl - Fnoc- am no}-net hyl)-indol-1-yl]-acetyl AM
resin, and step 1 is omtted. MWcal.: 957.15; MN

W@R®S/1588Y7. 46. Exanpl e 44 PCT/US2008/064177

cvcMd v- Tyr - LvsOPr VDAr g- | Nal - d v-Dd ul - Arg- NHEt ( SEQ

I D NG 56) Prepare as in Exanple 25, except that Rink
amde resin is replaced with [ 3-

({ethyl - Fnoc-anmi no}-nethyl)-iydol -1-yl]-acetyl AM
resin. MVWcal.: 1113.34; MNobs.: 1113.81. Exanpl e 44a
cvclo [@ v-Tyr-Lvs(iPr)-DArg-2Nal -d v-Dd ul

<cputgn 206 zeete dad bicvdumaland [ySpidlized. NOVET): IThe 3T MAWselist
qf; 3t§11e pepti de of Exanple 44 is converted to an acetic
aC| d salt by adsorbing the material onto a preparative
G 8 columm of suitable size, equilibrated with 2%
acetic acid/ HO (v/v). T col.u is then washed with
three to five colum vol M% aqueous acetic acid
( vievilo| G[MVDQWE(MHE)-]]A‘}Q-QMI- -uenﬂekaclnr)-NHEt (SEQ ID NO:58)

wat er [acet onj t e (v/v cont ai,ni. n % aceti

Vol rBbghg SR R RS R et paintty
l{eﬂ@l@hocﬁﬁﬁmlrﬁetﬁ) indol-1-yl]-acetyl AM resm and Fmoc-Arg(Pbf) in step 1
cveMd v-Tyr-L - Lvs OPr VNHEt

v-Dd u
N SN 2 ROWN SR (2o e (R o ST A
Rink amde resin is replaced with [3-
({ethyl - Fnoc- am no}-nethyl)-indol-1-yl]-acetyl AM
resin, and Frnoc- Arg(Pbf) Exanapled6] js replaced with

Tlfggg%%EQ&EKE%%E%MCE%%&%Ig-z'Nal A¢-cAdi-A MNPRESEQ 1D NO:59)
Ac) - TYrepuy 8§ WEEXpmpi&r23, thﬂ@t Vg -RGlysPglNHR sTESRA feplaced
Wh Fﬁgoc—Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Me;),

and Fmoc-Gly in step 8 is replaced with Boc-Lys(Fmoc). After chain assembly, Fmoc on

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 linear
peptide is cleaved from the solid support using a mixture of TFA/water/T1S/anisole
(90/5/2.5/2.5, v/v/v/v) 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 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.
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 1. MW cal.: 1184.42; MW obs.: 1184.06.

Example 47
cyclo[Dap(Ac)-Tyr-Lys(Me,)-DArg-2Nal-Gly-Glu]-NH, (SEQ 1D NO:60)
Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(OtBu), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with
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Prepare as in Exanple 25, except that
Froc-DA u(Qal lyl) in step 2 is replaced with

WO-pq081 88684 Ot Bu), Fnoc-Lys(iPr)(Boc) in step 6 PGI/US2008/064177

replaced with Fnoc-Lys(Me 2), and Fnoc-G@y in step 8

is replaced with Boc-Lys(Fnoc). After chain assenbly,
Fnoc on the side chain of the NNtermnal Lys is

renoved with 20% pi peridi ne igp DMF and the Lys side
chain is then acetylated using 10 equival ents of

acetic anhydride/ DI EA at roomtenperature for one
Hrooc-LyAiMle: 5 imdeFobally ipstp 8dt ieplacagnotip8ocaPep(Fenoy édteaddin

aps%mlo )); i X?I? {?1% sﬂ? }Blamtl tﬁ?ﬁetgt?{ 1%? BaP hseriel%gwdqlsﬁlg BB, plperldlne

(119Dl\/57 2nbth Dap sidé witau ra)he’h(acetfélathd afith rIO(equwaémmeq;fatmrce
q{l?ydnﬁ%i)ll A of r.?ﬂml?egriapgerra wg f%rrolﬁla %OIIII'P %21 asr1cge pc(}el'f) pip qo écﬁllo]g g]fgps are
ninsnlrehoved adat the diin eun geystide axcaieavedfrom diess bl viggoit Nsida mixtod of

DMF. Thi s t] sol uti is delivered to t
R e U B e A e e
Zherbrﬁ)@rlin@ﬂ peﬂt’ileﬁi-cailﬁecﬁfuy 1I£H0ﬁiﬁbﬁ) r @li@dl&h&@@cr@ﬂ@h%r ﬁﬁptl@ef (~0.25
dry DNVF cont %I ni ng 4.0 nmol es

Snip)padried o Prevaewnb f‘Pdi %SSPH@% mali0| %@Bdrt/ PP@F otRigpengide

lQRAdE € APIRAIUS Brefflowdndreadtth VAR v £5ylirNeN p@NRPRataeth
under vacuum the residue is |oaded onto a reverse

pRack lblnlsofmasblaﬁomélam@ 18 anly pdry SE eqigaining g@mmole of

CPXIBbP(an@ @I@trhﬁ;ﬁeé §f DI@%' Aty %a@% i§ Qﬁ’(fv@&ltt@ Bfo%@éa a@‘ISOOH’l
déscribed in Exanple 1. MNc
1aaprage f@ednpiobventp are then evaporated under Vacuum the remdue is loaded

:B}é)%:\% %&1@? HPIWCOEY&,( M%[Z[)le f2 egcéh'@l) G¥isRddeadNdq (SEQ

epare as xcept that step 1

ickareqtigrizcd dy deserded D@w@@ﬂ 1. yM)W tal.: 88elP; MWobs.episded
with Fnoc-G u(QtBu), Fnoc-Lys(iPr)(Boc) in step 6 is
repl aced wit hFnoc-Lys(Me 2), and Fnoc-Ay in step 8 is
repl aced W|th Boc- Dap(FrmEg}ampLé &r chain assenbl Y,

chai n Pte@afe laem E@ﬁqmel 231 e(depmltﬁdﬂ sté@ 1 @qcummed Gntos-noﬁu(@aaylp {0}
step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-
Ala. MW cal.: 943.13; MW obs.: 942.92.

Example 49
cvelo[DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ 1D NO:62)

Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGlu(Oallyl) in
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
cyclo|DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:63)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is

replaced with Fmoc-DAla. MW cal.: 943.13; MW obs.: 943.42.



10

15

20

25

30

anhydri de/ DI EA at room t enper
si de chain protection groups

a mxture of TFA/water/TIS/an
viv/iviv) for 2 h at roomtenp
the crude linear peptide is c

The cl eaved crude |inear peptqide (-0.25 mol e)

dri ed under vacuum and di sso
Thi s peptide solution is del

ature for one hour. A
are then renoved and the

WO 2eveasoopept i de i s cleaved fromthe solid suppeCT/USN$IH4177

isole (90/5/2.5/2.5,
erature. Cyclization of
arried out in solution.
i's
ved in 10 nL of dry DM
vered to the foll ow ng

reaction mxture via a syﬁﬁﬂgﬂ_ﬁbnp durlng a2h

DI EA. PfF:b&e raemcftmamplelﬁ adcbp:t\l\lmd

SRR SBE D mePeeantt s e B
HPLC colum, and the target c

and characterized as descyri be
986. 15; MW obs.: 985. 97.

stbp)l psrcmmetedj amt Fmaeﬁﬂy in step & is
evaporated

% a preparative
yclic peptide is isolated

$§£ Exanple 1. MWNcal .:

cvcl or AleRfiTyi- Twﬁfzs(ﬁrrVDArQZN&balv JS?d;Mt NSO THIED 6BD

hK)61£ Prepare as | n _Exanp
oni t t PR AL IBERICES erat ﬂraﬁ

exceFt t hat step
S‘%E ét? opijted e wrﬁp 8is

e Evith ook Y e M&VGalF_@Q§29MW| %539@5(3 is repl aced

with Fnoc- Ala. MWcal .: 943.

Exanpl e 49 Prepare as in Exanple 25,
1is omtted, Fnoc-DG u( Gdns
an

with Fnoc-d u(CaIIyt)
repl ace&s €

cveiof 5&%3%' @ﬁ%%wﬁm e

mﬁcftiy

13; MWobs.: 942.92.
except that step
Ji)ks3n step 2 is replaced

|n step 8is
4 4 ‘ b

step éls omitted, IF moic_yl\)g |glCSOaI I3/1) in

N@p 839 replaced with Fmoc- Glu(Oallyl) and Fmoc Gly in step 8 is replaced with Fmoc-

Leu. MW cal.: 985.21; MW obs.: 985.49.

Example 54
cyclo[DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:67)

Prepare as in Example 25, except that

step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-

DPhe. MW cal.: 1019.22; MW obs.: 1019.52.

Example 55
cyclo|Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NH, (SEQ ID NO:68)

Prepare as in Example 25, except that

step 1 is omitted, Fmoc-DGlu(Oallyl) in

step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is replaced with Fmoc-

Phe. MW cal.: 1019.22; MW obs.: 1019.53.

Example 56
cvclo[DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID 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.
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Prepare as in Exanple 25, except that step 1 is
omtted, and Fnoc-A@y in step 8 is replaced with

WOo-pmsAMBA. MN cal .: 943.13; MNobs.: 943. 42. BRGNPE®0%064177

cvcMAl a- Tyr- LysOPr VDAr g"Nal - d y- DA ul - NH? (SEQ I D NO
64) Prepare as in Exanple 25, except that step 1 is
omtted, and Fnoc-A@y in step 8 is replaced with
Frmoc- Ala. MWcal: 943.13; MNpbs.: 943.48. Exanple 52
cvcl o[ Leu- Tyr - LvsOPr) - DArg- 2Nal -d v-Dd ul - NH? (SEQ I D
NO 65) Prepare as in Exanple 25, except that step 1
is omtted and Frmc GyL{m_eﬁ_S is replaced with

66) PPe:pae @s mﬁmamp%n@dcqatzlﬁ,t me%\mg(Pbﬁau stat le;s rdplacsd with

epl.ace
Bk G RF P o ooy iR V]’c%ﬁlsfr & Ao halish”
vl 8h4 & DW-obk.e ULROMN cal . : 985. 21; MN obs.: 985. 49.
Exanpl e 54
cvcl or DPhe- Tyr - Lvsfi PryDArg-2Nal -d@ v-Q ul - NH7 TSEO | D

NO 67) Prepare as in Examghmpkis7aexcept that step 1 is
om Ect ed, FnDc DGI#(OaI IyI : . i

W th Frmc- DPhe MWV cal (SEG@ﬂ%O’CZI) MNobs 1019 52.
Exanp

cvcl o[fw]EEﬁry%lt vy doplrxamRig) ST @ sneptd twﬁrvaqesgeslfi Bt by

NRor th@%%%lraﬁorﬁ‘oc' RpESAI 18 BRmMnESERD1LRRL cRiIBRtd with
is om u(QGallyl) in

2% acetic a01d/H20 (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.: 1189.48; MW obs.:
1189.92.

Example 58
cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Arg-NH, (SEQ ID NO:72)

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

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

Example 59
cvclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-NH, (SEQ ID NO:73)

Prepare as in Example 25, except that step 1 is omitted, and Fmoc-Gly in step 8 is

replaced with Fmoc-Phe. MW cal.: 1019.22; MW obs.: 1019.56.

Example 60
cvclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NHEt (SEQ ID NO:74)

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

({ethyl-Fmoc-amino }-methyl)-indol-1-yl]-acetyl AM resin, Fmoc-Arg(Pbf) in step 1 is
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step 2 is replaced with Fnoc-G@ u(Callyl), and Fnoc-Qvy
in step 8 is replaced with Fnoc- Phe. MWNcal.:

WQaQWs/13@89 MV obs. : 1019. 53. Exanpl e 56 PCT/US2008/064177

cvcl o[ DPhe- Tyr-LvsOPr) - DArg- 2Nal -G v-Dd ul - NH? (SEQ I D
NG 69) Prepare as in Exanple 25, except that step 1 is
omtted, and Fnoc-A@y in step 8 is replaced with

Frnoc- DPhe. MW cal .: 1019. 22; AW obs.: 1019. 50. Exanpl e
57

cvcl o[ Phe- Tyr - LvsOPr) - DAr g- 2Nal - A v-Dd ul - LvsgPr) - NH?
(rSEQed Witm@m&)LyF(ﬁR;p(&De) asl HomocESlanmpbtep 85, repxasd prtithtHmapte-Phe.

) t. s replaced with
y%?? ’)Y\é{;t}ss qgln%wl:m)c Gy in step 8 is repl aced

wi th Fnoc-Phe. MANcal.: 1189.48; MNobs.: 1189.92.
Exanpl e 57a cycl o 60

[ Phe- Tyr-Lvs(i Pr) - DArg- Zﬁéﬁﬁ@%-—é@ ul -Lys(i Pr)-NH2-ace
ti Cccyali| Phs @Y it-L{SHPQ)-bDRr NONALG yTinGlu ] As(SR) INHIE t-dcbe acid salt
pepti de of Exanple 57 Mmm an acetic acid
salt by adsorbing the i a preparative d 8
col 3 /mgh@’nzzs /lg:h% (&bi_ll_eﬁpe@'tldefof E@Mbleidgﬁﬁécﬁldef#dttb an?%ﬁﬂ@ &did §a1t by
aci t v/ v e colum is then was Wi t

S Lo R R S A DGV S%e&%fq Sezea%hualbrated with

QY4 aektic JAEHRE P Eh Sol8mH tillerthehsRBd Wit three to five column volumes
wat er/ acetonitrile (v/v) containing 2% acetic acid by

wHE Brgucoath acetic apt (V/1)z dde pratde & clutedusgg, 1B watgrfpcstogitrile o)
J:@@tgin% 29F%RAPIEI BBvolume, and Iyo hlhzed MW cal.: 1217 53: MW obs.:
cvcl or Phe- Tyr - Lysfi PrVDArg P - DA ul - Arg- NH? TSEO
IIBINEY-72) Prepare as in Exanple 25 except that
Frnoc-Ay in step 8 is replaced with Fnoc-

Example 61
cvclo|DAla-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQO ID NO:76)

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-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-DAla. MW cal.: 971.18; MW obs.: 971.49.

Example 62
cvelo[2Nal-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEO ID NO:77)

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-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl), and Fmoc-Gly in step 8 is
replaced with Fmoc-2Nal. MW cal.: 1097.34; MW obs.: 1097.53.

Example 63
cvclo|DPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-NHEt (SEQ ID NQO:78)

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-
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Phe. MW cal.: 1175.41; MNobs.: 1175.81. Exanple 59
cvcl o] Phe- Tyr-LvsqPr) - DArg- 2Nal -d v-DAQ ul - NH7(SEO | D

WO 033F068y epare as in Exanpl e 25, except that BCEPSD0$/664177

omtted, and Fnoc-G@y in step 8 is replaced with

Fnoc- Phe. MW cal .: 1019.22; MANobs.: 1019.56. Exanple

60

cvcl o[ Phe- Tyr-LvsaPr) - DArg- 2Nal - d v- DA ul - Lvs(i Pr) - NHE
t (SEQID NG 74) Prepare as in Exanple 25, except that
Rink am de resin is replaced with [3-

OGe(pllylFmpeep2nt replacedew iy Fino¢-Gdig Dallyly kid Ewett Gly iAMep 8 is

' x - Ar | th
A BT BAE o L TAED P LEP @ 35" " epl aced
w th Frmoc- Phe. MWcal: 1217.53; MWobs.: 1217.97.
Ex le 60 I
[ PﬁgPTye/r } Lss?iygr;)- DAr g- 2NR2IRIE 64y |

- Ly s( i Riclo] INKET yraCe(iiPe)-pAt+ 2 Sl Gly{QuNHY (NEEQTD NO9TFA

salt of the t|d f Exa canverted tq
et i Bregip & BIREmRR SeGrin i Rinkantids S5 & repscg g1

PR Fatocueifd} - rﬁetE)Q} uml p&l %bétjilaiﬂ/leesﬁi gt@p 1mumlubcb Fatoed
W t h 2% aceti c_ aci

w&&ﬁ@a Iyl opvtaprr ipee 3664 W%F@e? Gﬂmoel&lh ﬁ’é‘%FIB?C §5% 13§ 8ds

&R E Wik iIFehoCVPRE) MWL PeRY bgtevinsoRl: uhLdsusi ng 1: 1
wat er/acetonitrile (v/v) containing 2% acetic aci d by

vol ume, and |yophilized. MWNcal.: 1217.53; MN obs.
1217.97. Exanple 61 E

ample 65
cvcl of DAl a- Tyr - LysOPr VDAr c’WﬂaIl)_G'X v- G ul - NHEt (SEQ | D
NO, czelpl Gy ekyarley s Br i pAIR 2R I al NO:80

am dePfeﬁE‘lJe Qs nSExraﬁlBie%eg(c%tttﬁht %ﬁloc—Arg(be) in step 1 is replaced with
Fmoc-2Nal, and one step is added between steps 1 and 2 using Fmoc-Gly. MW cal.:
1183.39; MW obs.: 1183.26.

Example 66
cyclo[Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glu]-B-Ala-D2Nal-NH, (SEQ ID NO:81)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-D2Nal, one step is added between steps 1 and 2 using Fmoc-p-Ala, and Fmoc-
DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl). MW cal.: 1197.40; MW obs.:
1196.70.

Example 67
cyclo[B-Ala-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:82)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-B-Ala. MW cal.: 1085.25; MW obs.:
1085.05.
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({ethyl - Fnoc- am no}-net hyl)-indol-1-yl]-acetyl AM
resin, step 1 is omtted, Fnoc- DQu(Qallyl) in step 2

WO goosapledced with Fnoc-d u(Callyl), and Fnoc- GPEI/U82008/064177

step 8 is replaced with Fnoc-DAla. MWNcal.: 971.18; MV
obs.: 971.49. Exanple 62

cvcl o[ 2Nal - Tyr-LvsgPr) - DArg-2Nal -@ v-Q ul -NHEt (SEQ I D
NO 77) Prepare as in Exanple 25, except that Rink
amde resin is replaced with [ 3-

({ethyl - Froc-am no}-nethyl ) -indol -1-yl]-acetyl AM
resin, step 1is omttedﬂm&iﬂﬁxﬁlu(mllyl) in step 2

MN ObBreparé QQiZl E5<3mpE>Qan@s{cept6131t Fmoc- DGlu(Oallyl) in step 2 is replaced

Ry #?S@Si%/l[aﬂ b SRR v ’\éé??%‘gclﬁwf 2 AR(Pb),

%H@l F@lo&@? step riERpACALWIM ERod-B-Ala. MW cal.: 1071.22; MW obs.:
noc- ani noj-nmethyl )-indol -1-yl] -acetyl AM

eth
é - step 1 is omtted, FnocDQ u(Qallyl) in step 2
i's repl aced with Fnoc-d u(OaIIyI), and Fnoc-Ay in
step is replaced with Fnoc-DPhe. MWcal: 1047.28; MV
obs. : 1047 51. Exanple 64@1316_6
A A fINDR4)

am dePrepst @s 1nsEmampl%?<5ed<cwtttltat FBIOC DGlu(Oallyl) in step 2 is replaced

{ 0
e Pﬂr%focé@zl?afyﬁ‘ A PR B A & %ae%acfﬁ R oSy,
iasd Fept-@dein swiptths F@IFDCGCGVIM( Babd-§anjnosleri =it - NEWy cdl.n1113.30;
i\&@p b&gil r@pl aced with Fnoc- Phe. MWNcal: 1047.28; MWV
(0053 6747 Exanpl e 65
cveMd v-Tyr- LvsOPr VDAr g- I Nal - d v-Dd ul - @ v-1 Nal - NH?
(SEQ 1 D NG, 80)

Example 70
cvclo[5-aminovaleryl-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH> (SEQ ID NO:85)

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

Example 71
cvelo[(4-AMPA)-Tyr-Arg-DArg-2Nal-Gly-Asp]-Arg-NH, (SEQ ID NO:86)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Asp(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid (4-
AMPA). MW cal.: 1147.32; MW obs.: 1148.20.
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Prepare as in Exanple 25, except that Fnoc-Arg(Pbf) in
step 1 is replaced with Fnoc-2Nal, and one step is

W@owedsisee ween steps 1 and 2 using Fnoc-Gy. MUTEHBE2008/064177

1183.39; MWobs.: 1183.26. Exanple 66

cvcl ord v-Tyr-Lvsfi PrVDArg-1 Nal -d v-Qd ul -

b- Al a- Dl Nal -NH? TSEO I D NG 81) Prepare as in Exanple
25, except that Frnoc-Arg(Pbf)4¢in step 1 is replaced

wi th Fnoc-D2Nal, one step is added between steps 1 and
2 using Fnoc- b-Ala, and Fnoc- DA u(QGallyl) in step 2
is repl aced wth Fnoc-GQu(Qallyl). MWcal.: 1197.40;

MV obs.: 1196. 70. Exanpl e
cvcl o[b Ala Tyr Arg DArg-%z%;li'H—l%Dv-G ul - Arg NH? (SEQ 1D

?B?r &1 ]| hlp{fr‘rgié{ypst%haﬁﬁyle%%g %8 }\éﬂ ln6t68 2. I%replaced

rvﬁml F&@c&d}lﬂ(@dﬂyﬁﬂlﬁﬁoo%@@?bmoc) anekpren® eepﬁcyd wihh Binep A8g(PBf),

ace noc- _ b- .. MNcal .: 1085.25; MV obs.:
B EGE O ip e e PR B FAmioaie o b 54 gie Bt
t(mmmmmau(@@hw;lmw6bsst1e@1.929.i s replaced with
Frnoc- Asp(Qal lyl), Fnoc-Lys(iPr)(Boc) in step 6 is
replaced with Frmc-Arg(be), and Fnoc-Gy in step 8 is
replaced with Fnoc- b- Al agxdMiiead . © 1071.22; MNobs.:
1071 15 Exarrpl% 69 -

? ( SE@ Qe %Qn%gn%{eﬁﬁ?{;%g@%a{t ngEZé %@%{%Eﬂ %ste@f(féqaﬂacte@ @/‘ith
Fmoc DArg(P 1), Fmoc-DGlu(Oallyl) in step 2 is replaced with Fmoc-Glu(Oallyl),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is
replaced with Fmoc-4-aminomethyl phenylacetic acid (4-AMPA). MW cal.: 1161.34;

MW obs.: 1161.83.

Example 74
cvclo[(4-AMB)-Tyr-Arg-DArg-2Nal-Gly-Glu]-Arg-NH, (SEQ ID NO:89)

Prepare as in Example 25, except that Fmoc-DGlu(Oallyl) in step 2 is replaced
with Fmoc-Glu(Oallyl), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf),
and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl benzoic acid (4-AMB).
MW cal.: 1147.32; MW obs.: 1147.66.

Example 75
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-Gly-2Nal-NH,
(SEQ ID NO:90)

Prepare as in Example 25, except that step 1 is replaced with three sequential
residue couplings: first Fmoc-2Nal, then Fmoc-Gly, and then Fmoc-Lys(iPr)(Boc). MW
cal.: 1353.69; MW obs.: 1354.03.
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with FnOC-G u(Cal lyl), Fnoc-Lys(iPr)(Boc) in step 6 is
replaced with Fnoc-Arg(Pbf), and Fnoc-Ay in step 8 is

WO 2Baswed wi t h Fnoc- 5- am noval eric aci d. MN caPCT/US2008/064177

1113.30; MWobs.: 1113.40. Exanple 70

cvcMs- am noval eryl - Tyr - Arg- DArg- | Nal - @ v- Aspl - Ar g- NH?
(SEQ I D NO 85) Prepare as in Exanple 25, except that
Froc-DA u(QGallyl) in step 2 igy replaced with

Frnoc- Asp(Qal lyl), Fnoc-Lys(iPr)(Boc) in step 6 is
replaced with Froc-Arg(Pbf), and Fnoc-Qy in step 8 is
repl aced W|th Frmc 5- am nbw_eﬂc acid. Mwcal.

ID N086) Prepare as m(@i@Mﬂ except that

Froc- ASBLOR Pyl g st BRFS Rl peguenta

rejdua ¢ ewhlingd: Iﬁirs?ﬁn@eANglc Blaf Fmoeavady, EnmﬂreﬁSIFmoi:mygﬂenB&)i $n

repl.aced w Fnoc- 4-am n I

PG TPy i i rapce iy biroc Phe AU VBG ey EipiEs bl s
augd. of r 4- AVPAVTYr - Ar g- DAr g- 2Nal - @ v- G ul - Ar g- NH7 TSEO

I D NO 87) Prepare as in Exanple 25, except that

Froc-DQ u(Cal lyl) in step 2 is replaced with

FOC-d u(Gal lyl), Fnoc- LyBXankl¢ fBoc) in step 6 is

" e A8 R IR SRy 200 PRGN SR ORD R'6h)

re Toffet iy preftyracettrc ac

( 4- AVPApare MNnGBdainp k16 Lex34t tdétoP s is: redldcell vﬁﬁ.th)saﬁfﬁht&l
EN RS SN R R T

1133.73.

Example 78
cvelo|Gly-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-DPhe-NH,
(SEQ ID NO:93)

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

Example 79
cvclo[Lys-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:94)

Prepare as in 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-Lys(Boc). MW cal.:
1170.50; MW obs.: 1169.80.

Example 80
cyvclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NQ:95)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Lys(iPr)(Boc), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40; MW obs.: 1146.70.
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wWOo-2w8ARGEU( Cal | yl)

Prepare as in Exanple 25, except that Fnoc-Arg(Pbf) in
step 1 is replaced wth Fnoc- DArg(Pbf),

in step 2 is replaced w th PCT/US2008/064177
Frmoc-d u(Qal lyl), Fnoc-Lys(iPr)(Boc) in step 6 is
replaced with Fnoc- Arg(Pbf), and Fnoc-Ay in step 8 is
replaced with Fnoc-4-am nonet hyl phenyl acetic acid

(4- AMPA). MWcal.: 1161.34; Mobs.: 1161.83. Exanple
74 cvcl orf 4- AMBVTYr - Ar g- DAr g- 2Nal - d v- G ul - Ar g- NH7

TSEO | D NO 89) Prepare as in Exanple 25, except that
Frmoc- DA u(Gallyl) in step 2 is replaced with

FmMOC-QJ u(Gal lyl), Fnoc- Lyﬁgdn?glzépoc) in step 6 is

repl aced mnth FnDc Arg(P -(Jy in step 8 is
repl asdd ‘ R

MWV cal,. : 7.6
IR T télmaf TR C—
Rl oc Ni¢(BoSEahd EmNQSQ)(lﬂ s@p 8 parcpladsl with IEK@JlRl{ee MW, cal.: 1147.40;
3@@85}'5E t. step 1 is replaced with three sequentia

i Bore tings: first Fnoc-2Nal, then Fnoc-dy, and
then Fnoc-Lys(iPr)(Boc). MWcal.: 1353.69; MWVNobs.:
1354. 03. Exanpl e 76 cvclo
[ Phe- Tyr - LvsOPr VDAr g- 2Nal EX8mpled2q - | ysoPr) - G v- 2Nal - NH
?r Séalb[@hé\l@vms(ﬁfﬁmrﬁ-z&@ﬂmv beanh&-RA, (SPE BPNG: A

step 1 1s replaced wth three sequentl al residue
coupl Pisg¥e 2f inspmplegs. mt that e PRYEPBIYStemhi remiasgd with
FERE:- dr}i@f(dcfaﬁd ﬁ%& G F}J i sRgd Me?ﬁcedmﬂfrﬁ%c)@ﬂen mweoql 811133.40;

replaced wth 82; MW obs.
MW obs.: 1132.70.

Example 83
cvclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys-NH, (SEQ 1D NO:98)

Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 and Fmoc-
Lys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1105.37; MW obs.: 1105.40.

Example 84
cvclo[Phe-Tyr-Lys-DArg-2Nal-Gly-DGlu]-Lys-NHEt (SEQ ID NO: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 each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is
replaced with Fmoc-Phe. MW cal.: 1133.36; MW obs.: 1133.82.

Example 85
Alternative Synthesis I of

cyclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH, (SEQ ID NO:70)
Example 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
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1444.13. Exanple 77
cveMd v- Tyr - LysOPr VDAr gMNal - d v- DA ul - d y- DPhe- NH?

W@ SBQ15IE8NO, 92) Prepare as in Exanpl e 25, excePCT/UBu8/064177

step 1 is replaced with two sequential residue
couplings: first Fnoc-DPhe, then Fnoc-Gy. MANcal.:
1133.36; MWobs.: 1133.73. Exanple 78 cvclo

[@ v-Tyr-LvsOPr) - DArg- 2Nal - Gay- DA ul - LysqgPr) - DPhe- NH?
(SEQ I D NG, 93) Prepare as in Exanple 25, except that
step 1 is replaced with two sequential residue
ciomibq':dwigshis Eranple frenm s DPRhethesh @ASERDR NGZQ iifbrg IeBaapensive

AL BN B g AT

[uBIn &y B cRmepapehydsdd, proEidétrg:d 18012 5¢onelm®pt0utehathls end product.

:%CuoEalga%V%gr%g?sBagg ?ha? ﬁ)lﬁ qeaE on ] m% &c%w a{clélpacgton%, an% mleta}[%ré ol) are
welhthy cnpeepkiyss(cBme yeac by dbalimons]alg EusBOconkddllalb) she:ratio of solvents
1169. 80. Exanple 80 cvclo : : o
EBEAT e G O e op et Gy TSty peld i
N@/&ﬁ)hlglﬂelepar e as in Exanple 25, except that
Frnoc- ( Pbf) epl ac

Froc- Lk}%ﬂ(qu?nf% iEa%f'c?yr tﬁﬁb&)fﬂﬁ%ﬂ@ %rg@gayc%ﬁa?ﬁ?b@@bﬂ%alw

EﬂB@@ﬁ(@E@ IDNGT06r - Y3 6B816d on R ATRRE RV b ﬁarﬁi&ﬁlpf“rﬁocl S
ced with Fnoc-Phe. MNcal .: 1147.40; MV obs.

th‘glstyx)utg;gg}gﬁm@@flﬂ Peptide Synthesizer as outlined in Scheme 7. The
automated 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
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-DGlu(Oallyl) are
activated and coupled to the deprotected peptide resin from step 1. These steps are
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(PhsP), 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
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 simultancously deprotected
and cleaved from the resin using a scavenger cocktail of TFA/H,O/TIS/EDT (95/2/1/2,
v/v/viv) or TEA/H,O/TIS/anisole (92/2/4/2, v/v/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 diethyl ether to remove the scavengers.



cvcl of Phe-Tyr-Lvsri PrVDArg-1 Nal -d v-Dd ul -LvS-NH TSEO
I D NG 96) Prepare as in Exanple 25, except that
wWO-pm8A%68Y{ Pbf ) in step 1 is replaced with PCT/US2008/064177

Frnoc- Lys(Boc), and Fnoc-Ay in step 8 is replaced with
Fnoc- Phe. MWcal .: 1147.40; MWNobs.: 1146.70. Exanple

82 cvcl of Phe- Tyr - LysOPr VDArg"Nal -d y-Dd ul - Om NH ( SEQ
I D NG 97) Prepare as in Exanpjpe 25, except that

Froc- Arg(Pbf) in step 1 is replaced with

Fnmoc- Orn(Boc), and Fnoc-dy in step 8 is replaced with
Fnoc- Phe. MW cal .: 118370k Rasirobs. : 1132. 70. Exanpl e

83 cvcl o[ Phe- Tyr - Lvs- DArg; 2Nal - @ v- DA ul - Lvs- NH? ( SEQ

I D NG 98) Prepare as in Exanple 25, except that

Froc- Arg(Pbf) in step 1 apd Fnoc- Lys(iPr)(Boc) in
step 6 ard. Emehlysépicaced Wi(th Froc-Lys(Boc), and
Fnoc-Qdy |2nF§‘P%g QGu(©dlylepllaced with Fnoc- Phe. MWcal . :
1105. 37; BeS ‘VI1105 40 Exdtappise sglif- phase assembly

cvel of Phe mi_% o Nal |- g;\gntecﬂed 54 Wﬁ QI
NG, 99) Pr %op gc gﬁ{) mpl|e gf)é'g'lB FA BPYRNY
resin is rep @ézep ({&pﬁif ne

Frnoc- am n@} Frst- hyé)-l ndoI [[-yl]-acetyl AMresin,

Froc- Arg(Pbf) in step 1 apd Fnoc- Lys(iPr)(Boc) in
step 6 are each repl aced th Fnoc-Lys(Boc), and
Fmoc-Ay in step 8 is replaced with Fnoc-Phe. MANcal.:

1133.36; MNobs.: 1133.82. YExanple 85 Alternative
Synthesis | of P

O-tBu YNH HN—boc

N\)L 2 \)L N\)L P /d:r:ll—RinkResin
fmoc 5 N/\ﬂ/ N/\ﬂ/ \i” o
0
o
wH O N
boc

(SEQ ID NO:100)

Scheme 7. Peptide

chain assembly on solid phase



cvcl o[ Phe- Tyr - LvsOPr) - DAr g- 2Nal - @ v- DA ul - LvsOPr) - NH?
(SEQ I D NO 70) Exanpl e 57 discloses the synthesis of
WEEHQSNEBO 70 via Fnoc sol i d phase peptide syne¢iEEE208/064177
chem stry enpl oying the commercially avail abl e
bui | di ng bl ock Fnoc- Lys(iPr)Boc, which is expensive
and difficult to obtain in large quantity. The
processdescribed in this examgl e permts the synthesis
of SEQ ID NO 70 using | ess expensive Fnoc-Lys(Boc),
solution cyclization, and Iysine alkylation through
reductive am nation usi n@b sodi um cyanobor onhydri de,
providing a nore econgyi cBl=riute to this engd_product .
Addi ti onal advan es are that the reaction nedl a
(acetic acid, ac e, and nethanol) are relatively
I nexpensi Ve oth rEacbl OF clgndcbtl ons, are siF} y

controlle l{l@h C N—Rink Resin
si gni fdooaint 4 y t out i‘ff ct i ngmt he al kyNat on
reaction, a er covery vyi i S 90% or higher. The
sequence

Phe- Tyr (t Bu) - Lys( Bog) - DAr g( Pbf) Cal I
Lys(Boc) (SEQ ID NO'NA0O) is assel |egt<f @591' NRn’H’
Resin by standard Fmag chemistry utilizilng an ABI 431

Pepti de Synthesizer as outlined in Schene 7. The

aut omat ed assenbly is carfr [ st andard
Appl i ed Bi osystens DCC/ | (R@ Q’fﬁ%&@:ﬁ%ﬁ%@&ol or
Fast Moc chem stry (HBTU ER)(C"ZQSVOOWW@FOFF%H owi ng the
supplier's directions (PE Applied Biosystens Inc.
Foster City, CA). The smﬂg chai n protecting group
schene is: Lys(Boc) hyl ), DArg(Pbf),

Tyr(tBu). The st 58 cha| n, assenbly st ar t $NFYSm t he
Ctermnal end he | |2ﬁ(ar peptide and is
accorrpllshedln8st n step 1, fouyr i val ents

of protect ed and noy d re act}J_M,ﬁ;Fgegn
wi t h DOCy/FmBt N o ﬁt\rﬁﬂ/w@ﬁ stry) in

NIVP, C upledoto deproPect "Ri Ak mdeQesm In
step our equi vakents of F DA u(Cal lyl) are
activated and couplg&d to the d¥protected peptbie.£sin
fromstep These H-em are
HN X0
L Side chain deprotection
and TFA cleavage
on  MNNpENH NH,

NH, O (SEQ ID NO:98)

HN >

@)

Scheme 8. Preparation of cyclic precursor peptide
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repeated appropriately until step 8, the coupling of
Frnoc- Phe. The allyl ester side chain protecting group

w0 g008asmwsed Wi th 0.1 equival ent of Pd(Ph3P)4 iPCT/H82008/064177

presence of 24 equivalents of phenylsilane in

di chl oronet hane (Schene 8). This process is repeated
once for conplete side chain deprotection. Fnoc at the
N-term nal end is then renoveg using 20% pi peridine in
DMF. The deprotected carboxylic acid noiety of DA u is
activated wth PyBOP/ DI EA and cyclized to the a-am no
gr oupPuififihien githe ¢yslie pseursor Phgide yredcoraplispeusingestandard

cl
DA IO HERE O L RELER: A0 FRUE RIS ot in
(@8b0id/oL DA SQ,/1vdded vito @mevEFAd piaQE T & IAPILGS odlem( %idd 21udddRyith an
IvivIiy), ... Ih
éﬂ%eo¥sn%%4 et{/lglbor?acgtlc aci %fg{onf\?ré 8 &ran%?ena vV, dvlﬂ tv&ﬁnle mo%{t?srgléva?g ff nm.
e appopréatetiaca ok anapdmmﬂ dnbl ﬂ}e@hﬂuzm§uvﬁutrhhm¢telrminat the
ether to renpve the scaven

SEG6E EGIRGT BiTSETS B oa o APOYSEL BhG e
apdcesl anbIA bmtnv@ﬁtlohmwhﬂqﬁés coupl i ng pi peridi ne
deprotection.Resin Scheng Pepti de chain assenbly

S0l 1 OB R4 PGS g iR PR P PSHSICACDY Sl gt acei
REARYAbnhEtRandi Q€1 P tBrofMtiR kv Bmiatidh (RBEB4iEA

Si de chai n deprotection and TFA c| eavage 98)

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



Schene 8. Preparation of cyclic precursor
peptidePurification of the cyclic precursor peptide is
waewenplesshed usi ng standard preparative HPLC PCT/US2008/064177
techni ques. The crude cl eavage product is dissolved in

a m ni mum anount of DMSO, | oaded onto a reversed
phased C 8 HPLC colum, and eluted with an aqueous
0.1%trifluoroacetic acid/acegzonitrile gradient (v/v)
while nonitoring at 214 nm The appropriate fractions
are pooled and |yophilized. Further characterization

of the internedi ate precursor cycligfpeptide is

perfornmed using anal ytigal HPLC a s spectral NHz
anal ysi s by conventi ol echni gues he | yophilized
precursor cyclig pepiidesis th al kylated in a

sol ution of acet]lic a |d/acejone/netha@ol (1 1 4.0

v/ v/ v) through C us NH
cyanobor onhTani oems 9)H P Te cdh tr ti @n |s 2
about | &g S|gn|f|c. Ry W t hput
affecti esults. Three to 5 eqwents ol the

reduci ng—rtagent sodi um cyangbor onhydr ngdeare usged,
and the reaction is nornmallynegnpleted & in 2/h at
room tenperaturg,_The recovery yield is 90%or |gher
For exanple, 20 ng of the precursor cyclic pept(ge are
di ssolved in 2 nL of netganpnoby wWhich 0.5 nL of
acetic acid and 0.5 nL of a etone are added, m xed
well, and then 5.6 ng of so ﬁﬁﬁ?noboronhydrld

equi val ents in nethanol ) ar WH%WQQWPg{VﬁﬁN£#he

. . . : thaho!
reaction mxture is stirred roon1f%ﬂ%é?3tur% for 30
m n, upon which another 5.6 of sodi um

cyanobor onhydri de are added. The g action is nonitored
by HPLC and nass spectral analysig. ?After the reacEﬂLNh

is conplete, desalti ofoH he r N@n m xture and
| yophi l'ization yield 9 ngy final product (SEQ D
NO 70) with a @uri . 5% NM/caI 1189. 48;
obs.: 1189. 6. ( EQ D NQ;:i_ (}ﬂ@ on nepha m
1/1/4 (vl NH,
0
HN
o
(SEQ ID NO:70)

Scheme 9. Reductive amination converting Lys to Lys(iPr)

The compound of Example 60 (SEQ ID 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 ID NO:99) is 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

ethyl amide peptide with a purity of 99.16%. MW cal.:1217.53; MW obs.: 1217.84.
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NaBH3CN i n nethanol, 5 eq (SEQ ID NO 70) Schene 9.
Reducti ve ani mati on converting Lys to Lys(iPr) The

W@ oivposmed of Exanple 60 (SEQ I D NO 74) can al seCT®S2008/064177

prepared in an anal ogous manner, wth appropriate
nodi fications based on its constituent am no acids,
usi ng

[ 3- ({ethyl - Fnoc- ami no} - net hyl9s-i ndol -1 -yl ]-acetyl AM
resin. First, the precursor peptide (SEQID NO99) is
prepared as descrlbed in Exanpl e 84, and then
reductive am nation is cafxaneeB6t as shown in Schene

9. This affords a fi nal ethyl am de
peptide with a purltﬂﬂ&rg é fhes H} :1217.53; MW
obse xclomﬂ_ﬁijmgbﬁrﬁﬁNﬂl-(ﬂﬁm(ﬁhI-Iagsgg@l SSEQIID dD:70)
cvcl of.Phe-T Lvsri PrV
Seto FIRRY Yo PR Sninsd o B REP A I MY sora
$)Wilsb Ee;&ld& sﬂfth@ﬁ@héﬁsﬁﬂﬁ@loyﬂn@ rdfaivelysedxpehsplo Fs@cigpBodeand
esi chem st enpl oyi.ng rel.ati vel ens
31850 55 Mivah IR eURTBY S GToHE BRI i
rralgiway Mfkp@ﬁﬁnrbﬁsbiv@ﬁts (h‘ébt[tgalcﬁp adctuie Cana MR oI gmd\rvme thif
relative | nexpensi ve soO nts acetlc Cl ace
&me%@wé% the uS%fvé%qavy st Caﬁ%lzs% galladjugy, FU’@éef{l%Vé‘} %fst%e allyl

Qftert fi@ dh@R\pYoteREabrogat PdIMEhunPRhighl ik, faRd qﬁdl‘l%/ sROM8 linsure
of the allyl ester side chain protective

pamplstsireieyad ofthig sl apnepioix cemplicaigd guddifticpltc Eﬁ% Beg thé phase

p@ﬁti&fe% ﬁQémlrﬁ&%ssr\@itha@an Bﬁ‘{h% r@shr?(f@é‘&‘beh $ GRMAhGEb&hits
¥f|cu Boc solid phase peptide synthesis

éhe(ilf@@@tlw @ﬁSE&/HP N9a7c()i usHgaelatively ipegrerivddesrinedCl %) without
r
ttllﬂi' &e&f(d?q%ﬁc %ye&kén%wg Eﬁlaﬁfu‘ﬁ{j ?Jl}sﬁ@r&gméggz%@n Mg ou t

usi ng relative nexpensi ve
tehanomedl chly upsdabkicclessridxie xpuemteiay eanlabdla:@Ireamrmata alnypdar,

en nore econom cal, easily upscal abl e,
8M§?%§%%SBC§ e to an end product requiring a sinpler

The sequence Fmoc-Phe-Tyr(2-Br-Z)-Lys(2-CI-Z)-DArg(Tos)-2Nal-Gly-
DGIu(OFm)-Lys(2-Cl-Z) (SEQ ID NO:102) is manually assembled on MBHA (4-methyl-
benzhydryl-amine) resin (Cat. No. D-2095, BaChem California Inc., Torrance, CA) using
established solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J.
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-Cl-Z), DGlu(OFm),
DArg(Tos), and Tyr(2-Br-Z). The alpha-amino group of all the amino acid building
blocks is protected with tert-butoxycarbonyl (Boc) except the N-terminal residue Phe,
which is protected with Fmoc for efficiency 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-
DGIu(OFm) are activated and coupled to the deprotected peptide resin from step 1 using
neat TFA. These steps are repeated appropriately until step 8, the coupling of Fmoc-Phe.

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



qual ity control process. The sequence

Froc- Phe- Tyr (2-Br-2)-Lys(2-C -2)-DArg(Tos)-2Nal -d y-
wOA0s(sH6RY - Lys(2-C -Z) (SEQ ID NGO 102) is mane@i/Ug2008/064177

assenbl ed on MBHA (4-net hyl benzhydryl - am ne) resin

(Cat. No. D-2095, BaChem California Inc., Torrance,

CA) using established solid phase peptide synthesis

Boc chem stry (Schndl zer et &s (1992) Int. J. Pept.

Protein Res. 40:180-193) as outlined in Schene 10. The

chain assenbly is carried out using an in situ

Metermabl endt i omoMBT WDy 20% piptiidieg indMpr Ghedhpratects! carboxylic

SRR BE Dkt ] SHEPOSon LB oy PS5

aoiih afiyi c2gddrs; d)d. cydlived & b a-atihdgrogp olifhe@h tliad desih.n€he cyclic

am no .aci d buil di bl ocks ., is pratected with :
Papipde %%R%’ﬁ?‘lﬁg’ni}gmée&%i)an% %18%‘%9 ?&OH‘é%?\ﬁet“Qr“ﬁ’inﬁ &fF with 5%
mesleeil8r F2BRso0l Wk §davérEePiopl 86irado v t Mhdy¥B@nds @fe then evaporated
efficiency of synthesis. The stepw se chain assenbly
g he srude BeRtidp & recqiifafpd R Watigd gtreq thaes| WiHeeetd digtpylicdisr-
and is acconplished in 8 steps. In step 1, five
equi val ents of protected am no acid Boc-Lys(2-C -2)
are activated with HBTU DI EA in DMF, and coupled to
MBHA resin. In step 2, five equivalents of Boc-

DA u(OFm are activated and coupled to the deprotected
peptide resin fromstep 1 using neat TFA. These steps
are repeated appropriately until step 8, the coupling
of Fnoc-Phe. The Fm side chain protecting group of
DA u, together with the Fnoc at theN-term nal end, is
renoved using 20% pi peridine in DVF. The deprotected
carboxylic acid noiety of DQu is activated with
PyBOP/ DI EA, HCTU DI EA, or other appropriate activation
reagents, and cyclized to the a-am no group of Phe on
the resin. The cyclic peptide is sinmultaneously
deprotected and cl eaved fromthe resin using HF with
5% m cresol orp-cresol as a scavenger for 1 hour at O
OC. The solvents are then evaporated and the crude
peptide is precipitated and washed three tinmes with
cold diethyl ether.H2N MBHA resin



wW@RHIBaUeRY / oDt | eEcAt edcoaunpl i i nnog aci ds,

1. Boc-Lys(2-C-2) 2 . BoCDQu (O Fm Stepw se
sol i d- phase assenb |y: 3 . Boc-Gy 4 . Boc-2Nal

Boc- D- Arg(Tos) TFA deprotection 6 . Boc-Lys(2-Cl-2) 7
. Boc-Tyr(2-Br-Z) 8. Fnoc-Phe (SEQ ID NO 102) a .
pi peridine (2099 in DVMF b. cydization , PyBO P/D EA c
. HF cleavage, O0C, 1 h (SEQ4¢D NG 98) Schene 10.
Peptide chain assenbly on solid phase using Boc
chem stryPurification of the cyclic precursor peptide
(SEQ | D NO 98 as showkNMB8&trsite 10) i s acconplished
usi ng standard preparativg HPLC techni ques. The crude
cl eavage predgugé2-Csz)di ssollyed in a m ni num anount of
DVBO, | oade@oott (@ mever Sed ghanedofdlonSeHRmbg0! um,
and el ut eoj @ﬁg 'aqm aqueoug | 0. Bdoptatdclel amhoad®t | C
aci d/ acet ofigbd-blagyepdi ent !FK WRA FRiPkgNi t ori ng at
214 nm Tl*ﬁaBap emizat e frlact ['OHEPRPEBool ed and
| yophi | | zefd BOE(@IREF) char a¢teri zation of the
i ntermedi ate precursor cycl{c peptide is perforned
usi ng anal ytical HPLC and nmass spectral anal ysis by
conventi onal techni q For SEQ I D NO 98, MW cal:
1105. 29; MW obs. TPRe | yophilized pr ecursor
cyclic peptide (S D NCBIN}%);NHS t hen al kyl at e,glN H a
sol uti on_of ace aci d/ ac ne/ nmet hanol (1: 1:
ctive a nat| on usi ng sodi
heme 9 Pept i de
IE)’rgHrrL and can

equi val entls df t
cyanobor 6ffkydri de gre used, a
normal |y cohPfet ed

agént Osod un*ﬂ 0
n. Qe reaction is

HN—2-Cl-Z
(SEQ ID NO:102)

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

OH H2N\fNH NH,
/i \)J\ H\)J\ /\H/H Ha

NH2

HN

(SEQ ID NO:98)

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

5 . PCT/US2008/064177
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within 2 h at roomtenperature. The recovery yield is
90% or higher. For exanple, 6.6 ng of the precursor

W@ yoBisoepept i de are dissolved in 0.8 nL of mnetPERUE2008/064177

which 0.2 nL of acetic acid and 0.2 nL of acetone are
added, m xed well, and then 1.9 ng of sodium

cyanobor onhydride (2.5 equivalents in nethanol) are
added under stirring in tw egual portions. The
reaction mxture is stirred at roomtenperature for 30
m n, upon which another 1.9 ng of sodium

cy anoBurfonhydef thecyahiepadded pefihie (32@.¢0 NSh9§ & strowi ino¥abdme

kM) 18 g&%@p&e@aﬁ%?@&%d I%Fpa?ﬂ@ ¥ISP|L%‘ teé‘hf %Es tﬁlr% ecl:uglggfeid\page

reacti on
Ip_y@ipbtl it dlizsaivedn g/maimismtahf@uﬁu qum ddeuxeﬁ omsa@eqeaem@azaq C18

ﬁ;é.gj cg)hP ur | f_l%?lg[eg glflsthfagl AQYSQpS (8 %ég} %Oag?tlc acf acgtftgrsli'tr-ile gradient
c¢v/e) whikheenkyring w14 Rmy e gppriNadiatéIractiDid ark phol&r dnkrl WiWhilized.
SEO I D NQ, 70). The, conpound of Exanple 57.(SEQ | D :
Ko ekt i RERARBHe fieptio GEyalh@oui Toferigmed using
pall@di MPLC aﬁ(ﬂhlyﬁtspwtlal falykit b Borsy¥eldnglabdh@ues. For SEQ ID
facilitating scal eu%{ as follows. The sequence

BEE2PAEVTER- { DLORZY AW 9Rs( AR DAr g( Tos) - 2Nal - G y-
DA u( @RzlybpHiNsd prRdanso FERR ﬂe@ﬂﬁ@SE@@)NO@&%}TﬁM'dMlated ina

assenbl ed on MBHA resin u5|nﬁ solid phase peptide

$olutipeafiasetBeidasetmmemethanobelh it v ey) tétouahl redwyg gipinagen using
%odlﬁlﬁ%amg’&%ﬁ@dﬁdgg‘ﬁn StEmelsd ci’ept:l@u?t)oné’e?ltr‘é’tﬁ’(;n ik ARk L0e/mL,

Schene . chain asserrby is carried out usmg
tahéfan @nt aygrn%wﬂfamth@tt pdentipgthyreyuin BHre ¢dpataiepts of the reducing

g%a%&ﬁqulﬁm%gargg&%ﬁﬁﬁﬁ% bR u@ﬂhml tﬂcefeacqf(on"ig n%rﬂigl%/ ccb!nq)?eted

I'n protecting group scheme is
DGy VBt pom Bwpg(aTos.) TheTgpe¢ary Beld &) 90%Torehighiep hgerammyde, 6.6

WL redor L1 B IR Rt oM kh%lthth
R latr B PP D8 B SabHL ST Bt e oy o
ofiadenc asd emdb0. 21 ngt Ertgorferanmddod nix¢dewet], amd themtl9 oig dﬂsedlum

| i near pept.i CCO ed s as shown
icxar@?grgﬁhéﬂﬁ} &[5"‘ qél%va%n% n mananoﬂ’]are a(ic{cl,d un(?er Stirfing in two equal
portions. The reaction mixture is stirred at room temperature for 30 min, upon which
another 1.9 mg of sodium cyanoboronhydride are added. The reaction is monitored by
HPLC and mass spectral analysis. After the reaction is complete, desalting of the reaction
mixture and lyophilization yields the final product (SEQ ID NO:70) with a purity of
96.5%. MW cal.: 1189.45; MW obs.: 1189.6.

Example 87
Alternative Synthesis 111 of

cvclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH» (SEQ 1D NO:70)
The compound of Example 57 (SEQ ID NO:70) can also be prepared without the

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

The sequence Boc-Phe-Tyr(2-Br-Z)-Lys(Fmoc)-DArg(Tos)-2Nal-Gly-
DGlu(OBzl)-Lys(Fmoc) (SEQ ID NO:103) is manually assembled on MBHA resin using
solid phase peptide synthesis Boc chemistry (Schndlzer et al. (1992) Int. J. Pept. Protein
Res. 40:180-193) as outlined in Scheme 11. The chain assembly is carried out using the
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five equival ents of protected am no acid
Boc-Lys(2-C0-2Z) are activated with HBTU (4 eq) /D EA

W@ 1@8aspe89 n DM-, and coupled to MBHA resin. | nPGI/ER2088/064177

five equival ents of Boc- D@ u(OBzl) are activated and
coupled to the deprotected peptide resin fromstep 1
usi ng neat TFA. These steps are repeated appropriately
until step 8, the coupling ofsgBoc-Phe. The Boc
protecting group is renoved with neat TFA, the resin

is neutralized with D EA, and washed with DVMF and
resiharvotral gatdondhd BE/DIR Agictivaief progeddre as|desoviagrbin SThigdlzer et al.

RS PPl B R TR 8l ron. v

di’er)c Tesdbhasmiao gwap efigethe ﬁm'rnojhciddtmi’ldiag blockyGs pibkeeted with

% g)gytsc %ggyl g]lé]ocfg Wg}\lsla éé)r\xiqstﬁ% ain a ] mEFy Vel%atriﬁ (iiré)nf tgg grtgrthnaﬁ end
@fﬁﬁﬂmbﬁ NeptBllAnd 83iccvniplisiRddn By@f)é:e[mh()wn?m Scheme 11. Instep 1,

B RSB RR B D200 R vmru o

HBITEA @bE@) ﬁQ)MF | ang C&lpl@(lﬁ MBHK @ésTiOSTh stHEA qualm@ﬁth 0NBoc-
oc-Lys(F ?‘FL? c-Tyr(2-Br-2) 8. Boc-Phe (SEQ

HSIN@B?.@&;G aSHYA nﬂfourdwatp rhefeBrotRsied pa@rdﬁ@essb%om Step I'using

GRAMFAL rihefUskdpk hféa&peeiad abprbpfatdly MRAKcPREGY 5&1%1&@@@@%(3

SEQ ID NO. 1 i s acconplished using standar

éﬁhé gaf aw%nm@ 1S EAAGHCH i neatE Ag fhgdesine s @gutdiged with DIEA,

Qﬁ@%ﬁl‘éd lv3th HineS S VBCthA TR ardd d?ieﬁ‘r%@ﬁ@%ﬁ@ tHPCBCIea%O’The linear
| oaded onto a reversed phased 8 HPLC col um, and

eriitdeds sinpkangenshiylretipsted. am%l@?\ieﬂ figey theytesinjuging HF WIth 5%
%blgécﬁ‘&e}—gl%kgl aé Ll ?cag&%gll gl h&ﬁf/ aYé @“Filcesolvents are then evaporated

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



nonitoring at 214 nm The appropriate fractions are
pool ed and | yophilized. Further characterization of

WO b@siiseey medi at e precursor cyclic peptide is Per/isronsebs177
usi ng anal ytical HPLC and mass spectral anal ysis by
conventional techniques. For SEQ ID NO 104, MANcal:
1567.78; MWobs.: 1567.6. Cyclization of the
| yophi li zed precursor linear qoeptide (SEQ I D NO 104)
is carried out in solution (Schenme 12). The |inear
peptide is dissolved in a small anmount of dry DWVF (-10
ng/ mL). This pepti de Heir\BlidEsins sl oWy delivered via
a syringe punp to the reaction m xture of PyBOP (2 eq,
or other ampecoBIArate actiyati on reagents, such as
HCTU, BODZ BT LUSBE) ) an DIS%N@Q-Q)Il@QQaSéQsSQrﬁMy
under egqc'cg\}gltl rring. The Boepotitarrnie dchien al | owed
to pr ocee @C[{,gg(ﬁfbst enper at|utBTHIEAXOpRlingNe at
pi peri di ne. Bss- Lpénaﬂocadded tThe 9¢REAREoNn i xture to a
final con¢eweiTatd-orZ)of 25¢|(v/v). The reaction m xture
is kept uld&c-P8eirring for'lanother 20 nmin to
conpl etely renove Fnpg _protection. Solvents are
evapor at ed under va and the residue is | oaded onto
a preparative revgr hdge C 8 HPLC colum, and
eluted with an aquequs OHNYiNH fl uoroacetic HN'FmOC
aci d/ acetonitri gr adi ent /v) while nonitorijng at

214 n e app iate fractions are pool ed gnd
| yophi d, apd~afford the cyclic precursor peptide
(SEQ | D[NOP8) FHrt er :chamac eri zatd onf] of [t hey

interme NP8
usi ng anal yt Hcalg
convent i &¥al t echni ques For :
1105.29; MAP6bs.: D105.4. Al ky
SEQ ID NGO 98 is cafried out in Iut on_of acetic

aci d/ acet one/ net hamotFrct: 1: 4, ) th reductive
am nation using sodi um cyanobor onhydri dengs i n Schene
9 to generate thelSHEQE NSEHfUct (SEQ ID NO 70). MW

clic peptlde

HF cleavage, 0°C, 1 h

OH 2N\]¢NH Fmoc—~nH
éi J\ WN%NW i

(SEQ ID NO:104)

NH»

Scheme 11. Chain assembly using Boc chemistry

Purification of the linear precursor peptide (SEQ ID NO:104) is accomplished

using standard preparative HPLC techniques. The crude cleavage product is dissolved in
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cal.: 1189.45; MWNobs.: 1189.6.(SEQ ID NO 104) 1.
cyclization, PyBOP/ DI EA/DVF 2 . Fnoc renoval:

worEsns@sne (20% in DVF (SEQ I D NO 98) SchenkCIEBS2008/064177

Cyclization and Fnoc renoval Exanple 88 Alternative
Synthesis |V of

cvcl of Phe- Tyr-Lvsri PrVDArg-1 Nal -d v-DAQ ul - Lvsri Pr VNH.
TSEO | D NO, 70) The compound qfy Exanple 57 (SEQ I D

NO 70) can al so be prepared without the use of a

pal | adi um catal yst by the synthetic process sumari zed
amisSohvenendgit b@DM&O Padeddingepteivetecd phased C18 HPLC column, and

F e%vP% &ty a % S Brlﬂlﬂwéggﬁgé {121/5§etconﬁ)t¥1?ep gscﬁ%l wh1le

Gt on W an éxpose
'ﬁirtentdnnwpﬂil/ﬁmnl Fhé amkqnhated“raatldmp&rpwtaddnd a/bp]hlhzeﬂfl' (Eurther

&éar'ﬁ%?erlzap o otI (t]%e n%r%dlgegrgflgs%éx\cqic lpgptolcp \é/igpr)]e(ré(r)ngég% 1%91@&_nalytical
GEtLA O nugsripectral @240yR)s byadodvdnkiend kdokdiquue pF ordBEQIN ax:fto4, MW
is t nt hesi z on this resin via standard Fnoc

&l ngg?% 1\%@@’ 'gj@tﬁgd above. Selective renpval of the
pept | @?lezﬁ@cm dthige 1?6&@111[2% pfécﬁjsdroif{éar%ﬂ)tlﬁet(SEQ DEING: axm)@s

acid side chain to reac wnus of

cEpet ge ip ﬁOI%t&ndtS?ll?Hledﬁh H@H@Pﬁtpgptgq?és hed nb%maflloegnoum of

RIFPONGE (~1 E uegmnsl ptl&@@lufl@fﬁﬁ'ﬂ@)‘\x‘l‘)gdéivgl@d ¢halsPin@ Rmp to
cleaved w t % TFA or ot her st ron% acid

@aqgom?{tgteef&vl?% (T30 T QEaqTjapPropy ANV AR RAREYtS \SHgh as
'ﬁ@m BcéﬁpﬁBTU etc.) and DIEA (1Q eqe)}n dry DMF under magnetlc stirring. The
H Phe- Tyr (t Bu)- Lys(i Pr, Boc) Arg( Pbi) - é
geagtiq is ghep alowad s praoped af yaqqHEmMPSEDXq for N@ N@@)plperldme 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
are evaporated under vacuum and the residue is loaded onto a preparative reversed phase
C18 HPLC 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
lyophilized, and afford the cyclic precursor peptide (SEQ ID NO:98). 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.

Alkylation of cyclic peptide SEQ ID NO:98 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 to generate the final product (SEQ ID NO:70). MW
cal.: 1189.45; MW obs.: 1189.6.



Cl eavage H Phe-Tyr{tBii
| -Lys(iPr.Bocj-D Arg(Pbf)-2Ntal -Gy-D CGki (OH)-Lys(iPr,zZ
WO 20B256yx | | zat km (SEQ | D NG 106) PCT/US2008/064177
Phe- Tyr (t Bu) - Lys(i Pi -, Boc}-D-Arg(Pbf)-2Ndl -Ay-D-d u-L
ys{iPr,Z}-NH (SEQ ID NO 107) Deprohw.tion | |
Pfw Tyt -Lys{i Pr)-D-Arg-2Nal -d y-D-d u-Lys(i Pr)-NH;
(SEQ I D NG 70) Schene 13. Oveiall synthetic schene
from Fnoc-Dd u-Lys(iPr,Z)-NH 2 The di pepti de
Frmoc- DA u-Lys(iPr,Z)-NH 2 is first prepared as shown
bel ow (Schene 14): Boc Lylz"ﬁx(\émz) OH Ammol i i sri b /Bops
techop 25-50% I u(aBtlj-0oH

ysfl Pr,ZYNH D -ynnc fw <25 500
Lys(i rr/E) KH: Scheme 14. Pdeparation
H PrQ2): NHH - Lysi PR, Z)F OH i s
'\‘aua”\ N N of
t he solvents aIHe m).vedeyorot ryHevaporation
and the pHeduct™ i ¢ taken up in—efhyl . The
et hyl acetate phasg is washed ensi v with 5%

NaHCO and t hen
HN—Fmoc

(SEQ ID NO: 104)

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

on N “NH NH,

P

(SEQ ID NO: 98)

Scheme 12. Cyclization and Fmoc removal

Example 88
Alternative Synthesis IV of

cvclo[Phe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGlu]-Lys(iPr)-NH» (SEQ 1D NO:70)
The compound of Example 57 (SEQ ID NO:70) can also be prepared without the

use of a palladium catalyst by the synthetic process summarized in Scheme 13 below.
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
Inc., San Diego, CA; catalog number 40207), and the final peptide product is then



with 0.1N HO, and then dried over anhydrous sodi um
sul fate. Sodiumsulfate is renoved by filtration and
w0 b@sasteyd acetate is renoved by evaporati on apPCT/E820080b4177
pressure. The resulting Boc-Lys(iPr,Z)-NH 2 is
di ssolved in DCM and TFA is added. Once the reaction
has proceeded to conpletion, the solvents are renoved
by rotary evaporation. H Lys(dgPr,Z)-NH 2 is then
di ssolved in DM. The pHis adjusted to 8 with DI EA.
In a separate vessel, Fnoc-DAQ u(Q Bu)-0H, HBTU, and
IsOBheszacd onlihsssiodiv @@ siandDVEmoDkithesis anddenbed ebadj Gslkectiviee

e t
Rl o e o A 10 RSB T g Rl e i o
nenat Wil thel N‘;\tedmadq mh@mptlwmmelunmﬂmngrate \ﬂnetdycl. [Eﬁtlde
;Eo%ugt‘r’g‘é %@Ee ﬁr qhe[ va &mmrg lil?ltngr € gva orﬁ}ngn'ﬁFg or other
atceigdegl. phase i s washed extensively with 5% I\IaHCO and
then with 0.1N HO, and then dried over anhydrous
sodi um sul fate. The sodium sulfate is renoved by
filtration and the et hyl acetate [ s renmoved by

evaporation at oration is
conti nued unti | 1“6‘?@QT1PQ| du lPf‘ls‘,“ ?)?\1[%2 resul ting
Froc- DA u(OtBu)-Lys(iPr,Z)-NH 2 is dlssolved in DCM
and s FEA & Igged S Once t he r?actl on has proceeded to
conpl etion, the solvents are¥renoved by rotary

evapor dtiervehe-IseliFgprpduats Pis)-oltaGR€ao-Aay(2-CTC resin)-
trituration with d|ethyILtmerz it er I |tate
is washed with ether, therr du}ct i's d(trslge B|'\fr%1§a(%vacuum
oven. Solid phase pept| de synthesis of the final
proLduétO is perfor rred as follows. Fnoc-

O:Bu)rﬁvs iPr,Z)-NH 2 i$ dissolved in DCM and
rea t-Ededitl FPé o PmigH piled drgd-etu BFBFA VB 1l - VH:

reaction vessel. After 3 h, the peptide-resin is
washetkdiee of reagents wi t h| DOM and ZSERUDINO: H§dled.
The pHis nonitored and adjusted to pH 8-9 by addi ng
DEAIf necessary After 8 hy the peptide-resin is

R L A R R LN A O

(SEQ ID NO:107)

Deprotection

| |
Phe-Tyr-Lys(iPr}-D-Arg-2Nal-Gly-D-Glu-Lys(iPr)-NH:
(SEQ ID NO:70)

Scheme 13. Overall synthetic scheme from Fmoc-DGlu-Lys(iPr,Z)-NH,

The dipeptide Fmoc-DGlu-Lys(iPr,Z)-NH, is first prepared as shown below
(Scheme 14):
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The protected peptide-resin is assenbl ed using
Froc-chem stry as follows. The coupling cycle used is:

w@aooBastsBocki ng: treatnment with 25% pi peri di nePCTUSRIPS/064177

2) Washing cycles with DMF, | PA and DMF again; 3)

Ni nhydrin test (qualitative: if positive, proceed to
coupling Step 4); 4) Coupling with 2 equival ents
Fnoc-am no acid in presence of3 HOBt /DI C in DWVF;, 5)
Washi ng cycles with DVMF;, 6) N nhydrin test
(qualitative: if negative, proceed to next

de- bl ocki ng/ coupl i ng cycg‘écfl-"f{%’”%i?ﬁt ive, proceed to
re-coupl i n94.,§2§,9,, 7; if slightty positive, proceed to
acetyl ation St'e€p 10); 7) Re-coupling (if required),
with 1 equival ent Fnoc-apjno.pachddn the presence of
HOBt, HBTU DI EA in DMF;, 8) V\é:shi ng cycles with DVF;, 9)
Ni nhydrin tgst.fouaddt.athve: if negative, proceed to
next de- bl ocki ng/ coupling cycke; if positive, proceed
to acetylation Step 10); HOk:#eetyl ation (if required)
Wth 2% acetic anhydride in 4% DI EA in DMF, 11)

Washi ng cyches Diwibb.DMF, —+PA; and DMF again); 12)

Ni nhydrin test (qualitative: ¥f positive, proceed to
next de- bl ocki ng/ couptx-Rg-le Gl =iTALNEE: t he fi nal
coupling cycle, the peptide-resin (SEQ ID NO 105) is
washed wi t hPertdr @nd~dfi'ed under vacuum The
protected peptide-resin is washed with DCM C eavage

of the fully protected ' fhéadr-péptié fromthe resin

is performed with 2% TFA in DCM fol | owed by

filtration. The solvents are renoved by rotary

evapor at i hemakt Rrpeargtign jof Fmperegitu-pysoPeét-Bi2 pept i de
(SEQ ID NO 106) is precipitated by trituration wth
ether. The fully protected linear peptide is

t r ans Bee-LetiPrg)-®Hs Irgapted pythedMcand 1B R er TAR Adlei asldition of

tected |i .‘ : '
PR DL TSl BB LBFRE RIR B
[oMly] acthie:. (e ethy@kfategihaeds Wedhae etter3 e if-vBithsr AHICIO; @Ad then
of DIEA, if necessary. After the reaction has

pritdelbtdtlt anddbampiried pym aniieous spdien selfasg: Sadimpsrdigtens
removed by filtration and the ethyl acetate is removed by evaporation at reduced pressure.
The resulting Boc-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.
H-Lys(iPr,Z)-NH, is then dissolved in DMF. The pH is adjusted to 8 with DIEA. Ina
separate vessel, Fmoc-DGlu(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
by C18 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% NaHCOj3 and then
with 0.1 N HCI, 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.
Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DGlu(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
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rotary evaporation, and the product is taken up in
et hyl acetate. The ethyl acetate phase is washed

wexaoensicsel y with 5% NaHCO and then with 0. 1N PI/US2008/064177

saturated NaCl solution. It is then dried over

anhydrous sodi um sul fate. The sodiumsulfate is

renmoved by filtration and the ethyl acetate is renoved
by rotary evaporation at reduyged pressure. The

protected cyclic peptide (SEQ ID NGO 107) is
precipitated by trituration with ether and dried in a
vagiucim obvtained Reptwiteotwitinlidgteylpef. ok fier dhd preciifaleHs @adieSwith
\th%p tﬁega? s %%{19({] inlasvagu%rﬁp%veehe , the sol Vent.s are

renove %y rotary evaporation and the cyclic peptide

( SEQ Bdid\havjeptide yynthesipofitht Sohl pyoduetiit porfatmaiasibiidws. Fmoc-

e dr.jed in a vacuu ven. al:.1 .48 .
AR EbD T RS B ap R e T 20 e
lp&ﬁaics of BYER hesiesctioh vesél (Aftelr 3 h, the %cc%tidcle—resin is washed free of

Phe- Tyr- Lvs(i Pr- DAr g- -d.v- u )
B‘F."\%%‘(t? %iﬂ-l b@i&mf %@gb 1§ w%ﬁ@%gﬁ “SFISP‘{‘?rﬁdga‘\%i agljysted to pH 8-9 by
la8@h@PICARlif nécdsadg| RflerdLtIRNRPECHRSIAS Wadked frebdEroagents with
deuterium, or tritiuml abel ed acetones as shown
B virans lEChIOGROSPERYishe poustiprend gedin agRpng oven.

si t espREhbicbtell pYIRRIGin 8 RREMPIGd AfinEFiRbd-EhcRERy & olfeXSREhe
ant agoni sts for various pharmaco | ogi cal and’i nmagin

sevpling syclamediiss bt Byplosking treaenewith &8t sivegdiae i DMF:

GRIRE ClAld WinPMRIH, B S d BAMa¥ah] DUEnISAHA &8RS (quiative: i
exanple’is given bel ow using acetone-d to prepare a
peptiya erocendttarqiphiag $2p disdi epinking atitbRsequivhlents Emge-aifyy acid in

ZETBRY BEHOB I8 Dk ) SRR b0 S0l it o
dafatiatienti mesd e procmd © wpedt-blackargicosrlngyiyts; if desitivecproceed

&@%gce %%ﬁn%q%gé’ptz? riﬁsgifé{;tkgéq[ts}é%ﬁ%?ée%@ LEFLANESEIEH! AN coupling
(if required), with 1 equivalent Fmoc-amino acid in the presence of HOBt, HBTU/DIEA
in DMF; 8) Washing cycles with DMF; 9) Ninhydrin test (qualitative: if negative,
proceed to next de-blocking/coupling cycle; if positive, proceed to acetylation Step 10);
10) Acetylation (if required) with 2% acetic anhydride in 4% DIEA in DMF;

11) Washing cycles (with DMF, 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 fully protected
linear peptide from the resin is performed with 2% TFA in DCM followed by filtration.
The solvents are removed by rotary evaporation, and the fully linear protected peptide
(SEQ ID NO:106) is precipitated by trituration with ether. The fully protected 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, HOBt,
and DIEA in DMF. The pH is maintained between pH 7-8 by addition of DIEA, if
necessary. After the reaction has proceeded to completion, the solvents are removed by

rotary evaporation, and the product is taken up in ethyl acetate. The ethyl acetate phase is

washed extensively with 5% NaHCO3 and then with 0.1 N HCI and saturated NaCl
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Usi ng any of the nethods in Exanpl es 85-87, one can
prepare and purify cyclic peptide precursors (SEQ ID

WOD08B506BEQ | D NO 99, etc.). A kylation is carPCEUSINE/064177

in a solution of acetic acid/acetone/nethanol (1:1:4,
v/v/v) through reductive am nation using sodi um
cyanoboronhydride as in Schene 9, with the exception
that standard acetone is repl@gced with the desired
isotopically | abel ed acetone. In the present exanple,
deuterium acetone-d6 is used. Peptide (97 ng) is
dbbé@id@dtmenEdnwﬂaﬂndaaﬁB@ﬁmnBMﬁ@téﬂmmeédeﬂW@thaﬂnwmd

}g ni a#log \é{lﬂhg %Wf%&td eq$ %ﬂew Jo%#eé{@g ?n i E%Luced pressure.

&d}a pmdceedtcgclmfpesmbh (SEle;Dam: b@?)omlb’tydplltaj@i lartetugied withrether
ﬁ_gnq,daft on is normally corrpl eted within 2 h at room

V&Y e Peaction is nonitored by HPLC and

mass sgetet@in idpakirmbdin HABLOMS WasE thk @clish is complete, the
conpl ete, desalting of the reaction m xture and

IsQlg s #1p rendvesh by fatdry svaporagomgpdghe ¢ychabentide (i [ 80 b

°o 8,
R g R i e B R e A e R 0 s
NABHBDEN] 189.50et hanol , 5 eq Schene 15. Site- speC|f| c
deuterium | abeli ng of CXCR4 ant agoni st Use of
i sotopically | abel ed sodi um cyanobor onhydri de (such as
NaBD3CN, NaBT3C N, etc.) pemmple89i ncor porati on of
addi ti onal variati nstotthe esebcflclabellng
patterns. The phar rﬁ%?ﬂﬂg%—'@g-lo—zﬁgégﬁéﬁﬁﬁ?—gl,&of t he present
C Orgyathiwseis oL loph B ISL yE(iPR 4l IYA AN AYG RGN B LS Payk)-NH,
descri bed bel ow. Human 5] - SDF-1 a Binding
I nhibition Assay SDF-1 8XCR4|s,thef|rst

step Bartdgtwithatdibgedl R eabelErktomisi@cs! @] -, deuterium-, or

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

and exhibits identical target receptor affinity.

0]

AN /H\C ; D\C/H\C/D
H/ | / \H D/ | / \D
H H D D
Acetone Acetone-dg
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signalling pathway. To determne if a conpound can
bl ock the interaction of SDF-I and CXCR4, human

WO ea9Rasnes9 CCRF- CEM cel | s (ATCC CCL 119) expr esBCTHS2008/064177

endogenous CXCR4 are enployed in an |-| abel ed SDF-

| abi ndi ng assay. The assay is perfornmed in a 96-well
U-bottom non-treated pol ystyrene plate (Corning

I ncorporated, Costar, No. 363). The bindi ng assay
buffer is prepared with RPM 1640 nedi um (G bco, G and
I sl and, NY) containing 10 M HEPES, pH 7.5, and 0.2%
BSA. Briefly, Q200 nL reaction xtures containi n® 300
pM SDF i gand||(60 pM 125K- SDF- 1k (Perkin Eimer) #nd

240 pM cwl d /@a.c\a/('h&D Syst enm). difAérent _wo /H
concent Lafi ons of Cthe tesy® onpoun S assayPuifer \
100, 000 hdyman F-CEM ¢kl | §, and 0.5 My BPA beads /

(Wheat ger mh aggl i ni n beadst Amer $han) are i mcubat ed

at room t egpesRtitge for 2Rk, &es are theg.gounted

in a 1450 Mcrobeta Liquid Scintillation and

Lum nescence Counter (Wallac) in SPA node. CXCR4

ant ag

a5y O a2 A6 GRRG DR R A LRAGh il ol By
potelepyec(ikdno (SE@EDNQ)% SEQIBINQOfpawh dAlkglagal is @ l¢ratdaoht ina
glllslg i%h doe agnhpaccil/ chétlco:rr?eg]rggtganoo gﬁ,nVZV r) tgroug}é IEe!auctive am}ﬂapon using

(sodnmmumdﬁ)bmemdhdé asad Sallxowe), @/xthltlim dxcarioavier ag&iafd]mabm@ls

of .about 5 nM.or SS r _exa e :

Pira R0 sh HiecioT R Boasrily WPl P g DSl SARRYT teuterium

Acddbnend ik Gscklhi s assay. Many of these conpounds exhi bit

an a l.ue. bet ween_ about 0.2 . and out
o EERS i e T B A oot b ERntnol1:1:4.
aJm/@v PERUR cldoéadraiRdn @hn Par? §8niAbANKIN wWifhbt a8B& Y. thQifk. Five

npounds_exhi bit an average Klval ue | ess than about
@qtszts o digpgyaraborondrids aisarer 2ot thesesaimgs peymally

Q¥RpRict Svidth 2 88G8 tdidpéaiite Phe LR i bidrddyHEBISAY: mass
Chenot axi s Assay
spectral analysis. After the reaction is complete, desalting of the reaction mixture and

lyophilization yields 90.5 mg of final product (SEQ ID NO:108) with a purity of 99.9%.
MW cal.: 1201.48; MW obs.: 1201.7.



CXCR4/ SDF-1 interaction regulates mgration

(chenotaxis) of cells bearing CXCR4 on their surface.
waoodaesmssm ne t he antagoni st and cel | ul ar act i RET/UE208664177

a testconpound, a chenotaxis assay usi ng human

hi stiocytic | ynphoma U937 cells (ATCC CRL 1593) that

express endogenous CXCR4 are enployed. Briefly, W37

cells, grown in DVEM nmedi um (4 bco, Grand Island, NY)

contai ning 10% FBS, 1% MEM sodi um pyruvate (G bco), 1%

MEM nonessential am no acids (G bco), and 1% d ut aMAX

1 (G bco), are harvested and was @d once with

chenot axi s assay buffer 4 eparer\ﬂJI th | x RPM nedi urif2

(G bco) contai ni ng and 0.3% B

After washing, cel 2 e res pended |n assay buff

performed i n’s awe—&.

accordi ng anLfactuHeros directlio )2
50 B m xture h or w thqu

are R % t he upper ¢hanber

a( R&D-Syst eny, 10 ng/ nl) epared in

the plate is in .
C®2. Follow ng the incubation,
(Pronmega, Madi son, W PEQIRN&S8ed i nto the | ower
chanber. The plate is thep incubated for 60 mn at
370C, and the nigrated cellédaﬂﬁﬁé@ﬁédmeﬁmby measuri ng

t he absorbance at 492 nm 'kgﬂ%bﬁﬁgﬁgp§gp§ggafluor

Plus Mcropl ate Reader (Sglz CXCR4
antagoni sts inhibit cell mgration, reducing the
absorbance reading. The inhibitggy potency (I of a

test conmpound in this assay is a cul ated usi NH
GraphPad Pri sm sof twgr€H b:JQNHom%the dose- deQ) d

decrease of absorf 2 nm Most of the
conmpounds eXenpl {Ti1¥d abov exhi bit an average 0

60 nNhor Say. ny of
'Wndﬂ_ eNof NH,

\f). |

(SEQ ID NO:108)

Scheme 15. Site-specific deuterium labeling of CXCR4 antagonist

Use of isotopically labeled sodium cyanoboronhydride (such as NaBD3CN,
NaBT3C N, etc.) permits incorporation of additional variations to the site-specific

labeling patterns.
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about 6 nMor |less, e.g., the conpound of Exanple 19
exhi bits an average |1 C50 value of 2.05 nMin this

w@s®assoekmny of these conpounds exhi bit an avePERESI0CHW4177

val ue of about 0.6 nMor less, e.g., the conpound of
Exanpl e 50 exhi bits an average | C50 value of 0.171 nM
in this assay. Chenokine Receptor Binding Selectivity
Assays The bi ndi ng sel ectivitgg of the present

conmpounds for the CXCR4 receptor conpared to that for

ot her chenoki ne receptors, such as human CCRI, CCR2,
CXCR2 Thopha@x@RB gicahrtop fiwrof Gepratsicompough e be determined by

%ﬁ@ﬁ&?%ﬁﬁ3%g§nd9£8ﬁ§ﬁ%ﬁ§ﬁd in cells transfected with
or

dY8nco ng and expressing such receptors,
in cells in which suchreceptors are endogenously

res le cells or rane fragnents can be
%Eﬂa“c §§g§s¢%i-s®g ﬁ%éh“l‘ifr@rﬁgg?tl"@s‘gss% mpounds with the
r espesbFVevihdi AKX ERY is HEHS: EPGe @étﬁﬁﬁngl the @XTRAM@Facellular
sim]lar to that descrlbed above for th

exeewdling pashwaypr o deterging ¢f; afgMpARI dfiap Plogk gseélaﬁractmrof SDF-1 and

&M, BumbhRulcMIP ouRe-@fM Bxdmare (ddar exdyieRbt&i endogenous
Klval ue greater th 73,000 nMin a ligand binding

@@A ars emplokednman ¢ blabﬂﬁdwéDFéwptdm aGMCRPhe assay is performed
d Bl o d .Neut hj |
BBV 2L B s P BB CarTIRE T PRPA g fostar. No.

Bielmg. mae bmw&gaishy&hflyelr Ii@ﬁ?ré}iaﬁddﬂm&DMIPMD m@smallm? (@b&@ G rid

nat ur e 0o0d _cC lL.nea t (0) l1e. ne .
ﬁﬂ?%wwgorﬁﬂ@ngf ﬂ@@l ERES O O wﬂ il ngo@regyﬁo uL reaction
(B REMALRRRDY pnrsnﬁu An@ Moo ¥ RS8R E (PR Ehh@r) and 240 pM
circul ati on. The CXCR4/ SDF- 1 axi s appears to be

cridtSIJal o (%D iSstemet dffcicotroasrdtrateing g§die ¢t sBOouNd in assay

I%GH&I ?Mdo%’um%ﬁ] gC&%{@l\gﬁg , %I%CF % ? n%%ﬁegw&%minp aégli]u%inin

marrow, an
|bnztdsIAmbnsmm)| anc incubatedat roow tbepatgtutedoiahhn Ptataasethaf counted in

tarﬁ§§ hﬁcerlotl)e%a ]Liﬂuid 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.
All compounds exemplified above exhibit an average K; value of about 7.5 nM or
less in this assay. For example, the compound of Example 1 exhibits an average K; of
3.45 nM in this assay. Many of these compounds exhibit an average K; value between
about 0.2 nM and about 1 nM. For example, the compound of Example 50 exhibits an
average K; value of 0.285 nM in this assay. Other compounds exhibit an average K; value
less than about 0.2 nM. For example, the compound of Example 75 exhibits an average

Kjvalue of 0.096 nM in this assay.

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

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



10

15

20

25

30

peri pheral blood. A short-term nouse WBC/ neut rophi |
nmobi |l i zati on nodel can be used to determne the in

waeas/1s@syet - nodul ati ng activity of a test conPCUEs2008/064177

Briefly, pathogenfree 5-6 week old female C57BL/6 mice
(Taconic) are housed for at |east one week prior to
assay. Aninmals are allowed continuous access to
sterilized rodent chow and acjydi fi ed water. G oups of

5 mce are injected subcutaneously with test conpounds
in saline, or with saline control, and then sacrificed
lsym@BORd as@ieyetaatsiasay asivg benan lgsiocdicdywplamiadsd tcells (ATCC

K20 B3 RS A B RO SRR ino RYER Dbl Sb Bk, erown

““Pf@m”m“mo(ﬁlw @andﬂ@feﬁl Bhlcdnuhesg I(Q%rFBISet% MEMGddium
or on

e TGRS a B AP BB RTRED b AT Fgpayax 1

(X)bco)]'ﬁl% ahwmandmﬂhddmh& Wih cl&lﬁd)%tdx}&{'ﬁlp{/mg ¢>)Cd:ffﬁﬁpr¢p’areﬂhﬁth 1x

RGBT & Chtienr srinedd SBErESned e P b ise. Afer

IwisHigaselld dﬂ@re@@péﬂd@@m Assa@zrtﬂffvma@@mhtsaﬂoﬁ op&ki1Iph&dL. The
bl ood conmpared to s ne control. A S|%m fi cant nunber

3FS2¥ SrisHofTeR lgﬁéﬁmeﬁfﬁ‘rh@@%%@ (NgwroBiopS)ghcosdiag lojhe

Meb faR Rk dfr@cttﬂoﬁs ((Eéﬁeiaﬂy o nestten Hhithre'vﬂfhr&aﬁﬁoﬁtnest
treat nent Igr oup neut rop hil increase in sal

CompewK agfrRigp on %a@mﬁf éleﬁn@eh 304 30 gk PEPDEY ﬁﬁ%&@oﬁystems 10

ARl PN x cBRRLE! bll:ffé@ Qre abQutto thellBwdrRh SRS SA¥er
For exanple, the conpound Exanpl e 39 exhibits an

avemhlyetha elate is pisibatedsfor 25 daf atzW{J wrdepS@6£e. Hpllovingtheg
1&&)2;1 lon ?ﬁﬁ %ggéﬁg ISF%JK% )ggéﬁﬁegy'l\;[ydléoﬂ n)salq:é Q{dl\ﬁlm R lower

Xenogr aft Fnteraction appears to
phaybcanThaypar isthen inalbeteil forflinin pl ¥°Staad ds: roigrated cells are

ALY gﬁﬁk@%hﬁn%{h” %t')s‘dfdaﬂ%ag ﬁg@ﬁrﬁlg&t%"é{tﬂ 4%& @éAle'Br Plus

angi ogehesi's 'n viv
a»lﬁrbloptaterﬁﬁadac(SaMourg/ Aoktria). t@sER4 anrtmmrsds inlabit Cﬂ‘}hnlgranon
usit.n

| del
t%@g%gg t%bg@?aenaﬁffam?mﬁ%ﬁ%ﬁ?ﬂ @Rﬁeﬁeysﬂfwmfwc}ﬁ% CREPRYRA
(t‘l'ﬁg Lléa)( AI%I%u&@@%pﬁf‘a% PR 9 S ske, tREd BTl tHe dROAeMAGent

Namal va cells m xed
decrease of absorbance at 492 nm.

Most of the compounds exemplified above exhibit an average ICs( value of about
60 nM or less in this assay. Many of these compounds exhibit an average ICsq value of
about 6 nM or less, e.g., the compound of Example 19 exhibits an average 1Csg value of
2.05 nM 1in this assay. Many of these compounds exhibit an average ICs( value of about

0.6 nM or less, e.g., the compound of Example 50 exhibits an average 1Cs value of 0.171

nM in this assay.

Chemokine 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 CCR1, CCR2, CXCR2,
or CXCR3, and other G-protein-coupled receptors, can be assessed in cells transfected

with nucleic acid encoding and expressing such receptors, or in cells in which such
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matrigel ( 1:1) are inplanted subcutaneously into the
rear flank of the aninmals. The inplanted tunor cells

wQ@e@s/1588%0l i d tunors, the di nensions of whi chPCHES1968/064177

conti nuously nonitored and neasured using a caliper.

To determne the in vivo efficacy of a test conpound

in this nodel, one can treat animals (10/group) wth

di fferent doses of test conmpognds dissolved in saline

or PBS, beginning 48 hours post tunor cel

i npl antati on. Conpounds are dosed subcut aneously, and
treaepiorsiend endegecanek boayesyadi Jhttolagedls demembrianeiiagmentsyca® bowsed

:'Eo ngé@ co&é\#% £ %tgﬁgﬁ%ﬁétl S Lvﬂﬁ tthe?fvﬁ)ﬁ%gpgand? gé fé?eé)gé}s in

tunor unor

@mmﬁerrsdmles telthhedendribed ataye tt‘drehqo@XCR 2 $l0lE txlbimllrlgnnhlbltlon
tunor volunme in treatnent groups conpared to tunor
Vo¥%me in control groups treated with vehicle al one.

Sever ol SORPRUACEAXSIRLE LMY KREAI Sict Bfn

conmpound of Exanpl e 26, significantly inhibit tunor
g8 O0H hMiin atlighsl tamh%/asmemngdhmnan shicarokthe atcefitongXK§2BI D.
Phar macol ogi ¢ properties such as conpound
bi oavail ability, in vivo netabolic stability, and
[omipona 0l hdedell 3 pieBload Odly aadiNeu (po i EMiobiiza tbanin KES7BL/6
term ned by nethods well known in the art of drug
/& opment . Preferred conpounds of the present
I NVenBieaite@x WithintthdBogh nairoa\uatiteabihihtain dﬁhﬁﬂhous production of all

adn1n subc t aneous|y. Sone conpound

ID\%P?? @% TR R R S Ff}etrgvm}%@a%ﬂef@fow}glte
lb[boﬂ @&1$ (WBonaxapRl grolilt@os enerad ieh t@@mb@mﬂé%rhe
Preferred conmpounds al so exhibit good in

et dHbPPE | Sk BPpgaisyo begjiticalionihe &teiiion gid @kqa%?drfév BCs,

E&hﬁﬁﬁhdEﬁ@héﬂéhﬁgﬁﬁgbM%anﬂcQ@gn@@@oﬂﬂ@%ﬁyv@h@ﬁﬁﬁn@ﬁ&nof
urine up to hours after administration of the

FdfintEeetiayl e bgranarppelcadsite gn BSTepEh Hsseagelipin
S AV T RSO A o o
it deteroene thhé il thrgptihedufaring 2gtivety of imeest compound. Briefly, pathogen—
free 5-6 week old female C57BL/6 mice (Taconic) are housed for at least one week prior
to assay. Animals are allowed continuous access to sterilized rodent chow and acidified
water. Groups of 5 mice are injected subcutaneously 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,
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
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.
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conmpound of Exanple 58 is about 3 hours. Wth respect
to pharmacodynam c properties, preferred conpounds

WO padaaso6py ol onged neutrophil and white bl ood cRCT/US2008/064177

nmobilization in mce. For exanple, the conpound of
Exanpl e 25 i nduces a significant increase

of neutrophils and white blood cells in periphera

bl ood for at |east 6 hours after single dose

subcut aneous adm nistration at 5 ng/kg in mce.Wiat Is
Cainmed Is: 1. A lactamcyclized peptide of fornula I
Alﬁ-TumgyAh@fim in-a SGAD/Nag(@wa Xppograft Mbdl - Ay - X7] -

§8F 1 QCR4§1 %aéno)l ép%%?t&@ J{:% Baé:zortm%&% lnprnuﬁlble s‘?aggs of

Iactan1|s or ne ween t he 'si
Gllnna)rrgeamsnmckyding pmnd‘r g)@mhndvasima Bigtheerchia and owrdswxiy.| To

%gzﬂpe{%% Vé‘fgotahg t]rlm%r ac{] H{é(/ ofaar][ %n&%ogn%, ta,rter% T )%enograflt Xlodeq using
(NDIL/BAHD hﬁ}.el.(J acEﬁiﬂ/L@buatoamj aﬁlamz{rﬁnl.non&ﬁdlg]am sl lgmlﬂ(z)nmrNamalwa
SR Dttt 78 v o ek 10t s i &

tnky@rigel del)Qﬂﬁlhfﬂ)l@fﬁd@@b@fa@b@s@fmﬁﬁhe rédieTagk Bf tKé aidmdls XThe
specti vely,

g%glgptgf }uﬁ}j)r gglls BEDY '(lquﬁ;il Iﬂ(r&]posfse k@egp:l%gtﬁﬁorn;gbtwh elb Can bepcontlnuously
GhdMitbll bl dBbasufel WERRR calfpbr)/ TR terfnd/HIRDRRivo 3MEa&d dtalis,

and Ris Ac or Bz, or wherein Xi and X7 are,

cempetiiy biymodel 98¢ pandespiniradls £ 0GP it difggent doses of test

%Qﬁﬁbﬁlﬁb &QsoWed%y&ﬁﬁh@bﬁl P‘]éSp/b!?Qlﬁg 4B MG ﬁb\é{ fuFBPeell implantation.
succmyl/Da(g);S succi nyl/ Jgsu00|ny /Orn, and Ri

Gomppuiare edcsyb@mrﬁousbcﬂmun@r v enddpds weight we
SRR, s S, R o, 24y 1, 1 e
reespbc T heaititumgr grawth activity of a test compound is determined by the percent
reduction 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 assay when administered at 1 mg/kg BID.

Pharmacologic properties such as compound bioavailability, iz vivo metabolic
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 also exhibit good iz vivo metabolic
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,
preferred compounds induce prolonged neutrophil and white blood cell mobilization in

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



selected fromthe group consisting of Ala/du, Al al
GQu, DAla/Ju, DAla/ du, Dap(Ac)/du, dy/Asp,
w@RosEg9 A y/ G u, Leu/ Gu, Leu/ du, Lys/ dRCT/US2008/064177
Lys(Ac)/ G u, 2Nal/d u, Phe/du, Phe/ du, DPhe/d u,
and DPhe/ G u, and R is absent; or d) said lactamis
formed by an am de bond between a non-a, non-sidechain
am no group of Xi and the side chain carboxyl group of
X7, wherein Xi and X7 are, respectively, a pair
selected fromthe group consisting of b-AlalAsp,
memqvhn; and vehitahlaed wellsen periphapblosd famrinleasad bowrs Af@r single dose
/ : d. A/Gu, and R is
@g{ﬁl gug?%‘ﬁmgs‘al @{ﬁzgtma‘%% mz}?lggrvﬁed by an am de bond
betvveen the a-am no group of X and the side chain
carboxyl group of X7, wherein X and X7 are,
respectively, a pair selected fromthe group
consi sting of Tyr/Asp, Tyr/du, and Tyr/ du, and Ri
and Xi are each absent; R is a substituent on the
a-am no group of Xi when Xi contains an a-an no group
and said a-am no group is not a constituent of said
| act am am de bond, selected fromthe group consisting
of Ac, Bz, and n-hexanoyl, or is absent, wherein Xi is
sel ected fromthe group consisting of (D/L)Agl, Asp,
Dab, Dap, and GQu; Xi is selected fromthe group
consisting of (DL)Agl, Ala, b-Ala, DAla,
5-am noval eryl, 4-AMB, 4- AMPA, Asp, Dab, Dap, Dap(Ac),
Gu, Ay, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, and
succinyl, or is absent; X3 is selected fromthe group
consi sting of Arg, Lys, Lys(iPr), and Lys(Me 2); X7 is
selected fromthe group consisting of (D/L)Agl, Asp,
Dab, Dap, DDap, GQu, DAu, Lys, and Qn;
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Xg is selected fromthe group consisting of b-Ala,
Arg, DArg, Ay, Lys, Lys(iPr), and On, or is absent;

WX00885®89 ect ed fromthe group consisting of QEI/UNA$/064177

D2Nal , and DPhe, or is absent; Xio is 2Nal, or is
absent; wherein when X is absent, X9 and X10 are each
absent, and when X9 is absent, Xio is absent, and R2
is selected fromthe group consisting OONH 2 and NHEt,
or a pharmaceutically acceptable salt thereof. 2. The
| actam cyclized peptide or pharmaceutically acceptable
S¥hat Is Kdaimed Iof claim 1, wherein: R is selected from
the group consisting of Ac and Bz, or is absent; X is
selected fromthe group consisting of b-Ala, 4-AMB,

4- AVPA, AAsqgm-Pedlize DaaptidOafforhadla I: G u, 2Nal, Phe, and
succinyl, or is absent; X is selected fromthe group
consisting of Arg, Lys, Lys(iPr), and LyS(Me ); X7 is

sel ectrgd cf616m, L MByrgnOUP £@NSiNG L agy OfX,ASR, - Bab,x Pam,
G u, DA u, Lysl, and Orn; I%g S s?lgyectéd 1‘?omthe1 group
consisting of Arg and Lys, of)is absent; X9 is absent;

Xio is absent; and R2 is I fromthe group
consi sting O NH2 and NHE(tSf%SSl.%C]%Lﬁg)I actamcyclized

pept i @berom: phar maceuti cal |y acceptabl e salt thereof of

claim1, 1§58 14 tam is formed by an amide bond between the side chain amino

group of X; and the side chain carboxyl group of X, wherein 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-hexanoyl; or

b) said lactam 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 X5 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab,
Asp/Dap, Glu/(D/L)Agl, Glu/Dab, Glw/Dap, Glu/DDap, and Glu/Lys, and R is Ac or Bz,
or wherein X, and X5 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Omn, and R; is
absent; or

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

d) said lactam is formed by an amide bond between a non-a, non-side-
chain amino group of X and the side chain carboxyl group of X7, wherein X; and X7 are,
respectively, a pair selected from the group consisting of B-Ala/Asp, B-Ala/Glu, 5-amino-
valeryl/Asp, 5-aminovaleryl/Glu, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R

is absent; or
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Ri is selected fromthe group consisting of Ac and Bz,
or is absent; Xi is selected fromthe group consisting

W@R00BAS@®SY 5- anmi noval eryl, 4- AMPA, Asp, G u, LeRCT/US2008/064177

Lys(Ac), Phe, DPhe, and succinyl; X3 is selected from
the group consisting of Arg, Lys, Lys(iPr), and Lys(Me
2); X7 is selected fromthe group consisting of

(D/L)Agl, Asp, Dab, Dap, DDapjy Xg is selected fromthe
group consisting of Arg, DArg, and Lys, or is absent;

X9 is absent; Xio is absent; and R2 is selected from
the group ©omdilatamiy f@hRy amemidkibond Betwdnehe o-amino group of
|.actam cycl i zed peptide or_pharnaceutically acceptabl e,
Salapd flﬁérdéaha%fsargwﬂ BROYD ole MEFTRIN Ry and X7, BERRSH VY- Griair

consi stin f
gigcetg{ f%’lﬁthe %g’uéaeﬁonm% gof f/A%phTy%ﬁlU%ndtgle rr]@lﬁgt%/ ahd ﬁb?ndle are
(eEXhLa)gé@lt,, Ala, b-Ala, Asp, Dap, Gu, Gy, Lys, and
Phe; X is selected fromthe group consisting of Arg,

Lys, Lys( i Ior iy 2 sehstitueytgnee qﬂamxw greupse X orhed X coptpinhan

SESTRo SRIR aPas e SitoriaSi 8y R Reioad Poy s HEbBia
R18stedFdm tﬂeygs@uptaaﬁmtﬁg)of ABNSL, Ghdn-h&lanbyd, @b@gﬁ&m wher@n X, is

sel ected fromthe group consisting of Gy,
BAMeid frem chelPbup, conyisting obBemie], ApdDdbsDaNahd Gbr, i s
absent ; angl is selected from the group consisting of (D/L)Agl, Ala, B-Ala, DAla,
S-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys,
Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent;

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

X7 1s selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
DDap, Glu, DGlu, Lys, and Orn;

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

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

X018 2Nal, or is absent;

wherein when Xy is absent, Xg and X are each absent, and when Xy is absent,

X0 is absent, and

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

a pharmaceutically acceptable salt thereof.

2. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of

claim 1, wherein:

R is selected from the group consisting of Ac and Bz, or is absent;
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R2 is selected fromthe group consisting ONH2 and
NHEt. 5. The lactamcyclized peptide or

wWeb@sisiseut i cal |y acceptable salt thereof of cPEI/EEWN8/064177

wherein: R is selected fromthe group consisting of
Ac and Bz, or is absent; Xi is selected fromthe group
consisting of Ala, 5-am novaleryl, Asp, Gu, dy, Phe,
DPhe, and succinyl; X is selegted fromthe group

consi sting of Arg, Lys(iPr), and Lys(Me 2); X7 is
selected fromthe group consisting of (D/L)Agl, Asp,
Dap, 4 &; iﬁsmliacféfﬂflld)m tK8 g]ioap Sﬁiseﬁﬁ@d f-Abnd-ANB gI-ANP A, Asp,
conS|st|ng of Lys, Lys(iPr), and On,
d¥ab; 13aps Pap(dyc), % %&a'l é’é\? eaeﬁl éu*fcmefbﬁ{ ©ABegF oup” consi sting

of Gy, )p%é\@le tel H)H%ngoug C?fs R%éieﬁltﬁ), L%I E#(ﬁ)r)sz LYSE‘MGQ)

i s absent an is s

consi st ixygs $Adotdd fdntknNelish ?c&lswﬁ-@oﬂﬁs@t BEB Déﬁ'@lilelﬁk}lu Lys,
peptide or pharmaceutically acceptable salt thereof of

eéhéPm;1, 4, or 5, wherein: Xi is selected fron1the
group caqpsj s

X7 is sJs &F ec[lle%ero'macgf: grou corfsm?n‘é%és Ar&anél?rs( Or 18 absenp

pharnacggﬁégg&h acceptable salt thereof of claimb5,
wher ei n: IS absent Xi is selected fromthe group
consi st |X1g1soafbsﬁ,wn@nd Phe;

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

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

claim 1, wherein:

R 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,
Asp, Glu, Leu, Lys(Ac), Phe, DPhe, and succinyl;

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

X7 1s 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;

Xg is absent;

X0 1s absent; and

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

4. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of
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;
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X3 is Lys(iPr); Xg is selected fromthe group
consisting of Arg and Lys(iPr), or is absent; Xis

W@R®ens068¥i o i s absent; and R2 is sel ected froPCT/H82008/064177

group consisting ONH and NHEt. 8. A |lactamcyclized
peptide of the fornula: (SEQ ID NO 70) or a

phar maceutically acceptable salt thereof. 9. The

| actam cyclized peptide of clg m38, wherein said
pharmaceutically acceptable salt is an acetic acid
salt.10. A pharmaceutical conposition, conprising a

| act am c§xd} seteeckd @ent thel @ronp cpharingofAite] L, Lys(Re) ept Ial Me,);

salt thereof of any one of clainms 1-9, and a

phar mac et sekdctey fippridperbp eonskfing efr(D/Lyd gludsit DaprGlu, and
%ﬁlil.pi ent. 11. A lactamcyclized peptide or

pharmaceutical ly acceptable salt thereof of any one of

clai ms 195 sdi@ted g ihb gt CaR¥tind &f p-Ald, A ,w,wg,lﬂy;@pkf), and
pepti de or pharmaceutically acceptable salt thereof o
&hy, witeabsnticl ai ms 1-9, for the treatment of rheunatoid

arthritisg,. I ary.fibrosis, .H V.Ainf [ (o] .
cancer SoibRYERORBIpY UERaB ot D iy Bl Fhg Bpne. or s
GBRGEr, pancreatic cancer, nelanonm, prostate cancer,

ki dney cancer, neurobl astoma, non-Hodgkin's |ynphong,

| ung canrwers,2Nelax isshsawtineér , col orectal cancer,

mul ti pl el oma,. gl joblastonma. nultifor nd chronic
Y mphocyRere e B R T 300 LR Bre o NNl i zed
pepti de or pharmaceutically acceptable salt thereof of

any one of clains 1-9, for the manufacture of a
medi camdibe ldctm-¢exsizadrnsptideet phayfaceutically acceptable salt thereof of

claim 1, wherein:

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

X1 is selected from the group consisting of Ala, 5-aminovaleryl, Asp, Glu,
Gly, Phe, DPhe, and succinyl;

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

X5 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGlu;

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

Xg is selected from the group consisting of Gly, D2Nal, and DPhe, or is absent;

X0 1s 2Nal, or is absent; and

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

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 is Lys(iPr); and

X7 is DGlu.
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rheumatoid arthritis, pulnonary fibrosis, HV
infection, or a cancer selected fromthe group

W@ ogiisteBhg of breast cancer, pancreatic cancePCT/US2008/064177

mel anoma, prostate cancer, kidney cancer,
neur obl ast oma, non- Hodgki n"s | ynphoma, |ung cancer,
ovari an cancer, colorectal cancer, nultiple nyel ong,
glioblastoma nmultiforme, and whronic | ynphocytic

| eukem a. 14. A nethod of treating rheumatoid
arthritis, pulmonary fibrosis, HV infection, or a
cancer selected fromthe group consisting of breast
cance 21, r

ey JR MR SR T AR RS bR SR of
| ung claimc&rwheoarar i an cancer, col orect al cancer

mul tiple ny%1ona glloblastona mul tiforme, and chronic

Iynphoc ' @kkem a, conpri sing admi nistering to a
pati ent A8 of a
Iactan}ggchgggd%gg?ggéﬂﬁgcgﬁSﬁ& @¥%¥?@§ y acceptabl e
sal t ther,gofy@fprany one of claims 1-9.

X718 DGlu;

Xs is selected from the group consisting of Arg and Lys(iPr), or is absent;
X is absent;

X0 is absent; and

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

8. A lactam-cyclized peptide of the formula:

HN
OH S S ;>~—NH

)/NH
O

Yt
HN—< \‘

HN

(SEQ ID NO:70)

or a pharmaceutically acceptable salt thereof.

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

acceptable salt is an acetic acid salt.
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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
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.

14. A method of treating 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, comprising administering to a patient in
need thereof an effective amount of a lactam-cyclized peptide or pharmaceutically

acceptable salt thereof of any one of claims 1-9.



