
Cyclic Peptide CXCR4 Antagonists The present invention relates to novel cyclic peptide CXCR4
antagonist  compounds and their use in treating diseases in which pathogenesis is mediated by
CXCR4 and SDF-1.        CXCR4, a 6-protein-coupled receptor, and its naturally occurring ligand,
stromal cell-derived factor-I (SDF-1; CXCL12), are a chemolcine receptor-ligand pair. CXCR4 is
constitutively- or over-expressed in a wide variety of human cancers. SDF-1, the only known ligand of
CXCR4, is highly expressed in tumor microenvironments, as well as in bone marrow, lung, liver, and
lymph nodes, i.e., organ sites most commonly involved in tumor metastasis. CXCR4/SDF-1 interaction
plays important roles in multiple stages of tumorigenesis, including tumor growth, invasion,
angiogenesis, and metastasis, as well as in rheumatoid arthritis, pulmonary fibrosis, and HTV infection
(Tsutsumi et al. (2006) Peptide Science 88(2)-279-289).        In view of the involvement of
CXCR4/SDF-I in these serious diseases, CXCR4 is an attractive therapeutic target.       AMD3100, a
bicyclam CXCR4 antagonist, is currently in Phase 111 clinical trials for stem cell mobilization for
transplantation of stem cells in patients with multiple myeloma and non-Hodgkin lymphoma. AMD070,
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 lb/II clinical trials for
cancer. FC131, a cyclic pentapeptide CXCR4 antagonist, inhibits 1251-SDF-1 binding to CXCR4
transfectarus with an 1050 of 4 nM (Fujii et al. (2003) Angels,. Chem. Int. Ed. 42:32513253..; Amid 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
chemolcine receptors. The compounds of the present disclosure are such potent and selective CXCR4
antagonists. Their high potency permits the use of low doses in therapeutic regimens, while their high
selectivity minimi7es non-target related adverse side effects. In addition, compounds disclosed herein
possess other highly desirable pharrnacologic properties, such as high bioavailability when
administered subcutaneously, good in vivo metabolic stability, and pharrnacokineticipharrnacodynamic
properties that permit convenient dosing.  2       Accordingly, in a first aspect, the present disclosure
provides a lacta cyclized peptide of formula I: Ri - cyclo [X - Tyr - X3 -DArg - 2Nal - G ly - x771 - Xs -
X9 -x10 - Rn (I) (SEQ PD NO:1) 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, wherein X1 and X7 are,
respectively,  a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/G1u, and
R1 is Ac or n-hexanoyl; or             b) said lactarn is formed by an amide bond between the side chain
carboxyl group of Xi and the side chain amino group of X7, wherein Xi and X7 are, respectively, a pair
selected from the group consisting of Asp/(D/L)Ag1, Asp/Dab, Asp/Dap, Glu/(D/L)Agl, Glu/Dab,
Glu/Dap, Glu/DDap, and Glu/Lys, and R1 is Ac or Hz, or wherein X1 and X7 are, respectively, a pair
selected from the group consisting of succinyl/(D/L)Agl, succinyl/Dab, succinyVDap, succinyl/Lys, and
succinyl/Orn. and R1 is absent; or             c) said lactam is formed by an amide bond between the
a-amino group of X1 and the side chain carboxyl group of X7, wherein X1 and X7 are, respectively, a
pair selected from the group consisting of Ala/G1u, Ala/DG1u, DA1a/Glu, DA1a/DGIu, Dap(Ac)/Giu,
Gly/Asp, Gly/Glu, Gly/DGIn, Leu/Glti, Leu/DG1u, Eys/Dau, Lys(Ac)/Cilu, 2NaUG1u, Phe/Glu,
Phe/DGIu, DPhe/Glu. and DPhe/DG1u, and R1 is absent; or              d) said lactam is formed by an
amide bond between a non-a, non-sidechain amino group of XI and the side chain carboxyl group of
X7, wherein X1 and X7 are, respectively, a pair selected from the group consisting of-Ala/Asp,
p-Ala/Giu, 5-amino- valeryl/Asp, c-aminovaleryl/Glu, 4-ANIB/Glu, 4-AlvIPA/A5p. and 4-AA/EPA/Gin,
and Rj is absent; or              e) said lactam is formed by an amide bond between the a-amino group of
X2 and the side chain carboxyl group of X7, wherein X2 and X-? are, respectively, a pair  3 selected
from the group consisting of Tyr/Asp, Tyr/Glu, and Tyr/DGIu, and ft1 and X1 are each absent; R1 is a
substituent on the a-amino group of X1 when XI contains an a-amino group and said a-amino group is
not a constituent of said lactam amide bond, 5selected from the group consisting of Ac, Bz, and
n-hexanoyl, or is absent, wherein X1 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap,
and Glu; X1 is selected from the group consisting of (D/L)Agl"DAla, 



5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap, Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe,
DPhe, and succinyl, or is absent; 10X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and
Lys(Me2);               X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Glu,
DGIu, Lys, and Orn;                     X8 is selected from the group consisting of 13-Ala, Arg, DArg, Gly,
Lys, 15Lys(iPr), and Orn, or is absent; X9 is selected from the group consisting of Gly, 2Nal, D2Nal,
and DPhe, or is absent; X10 is 2Nal, or is absent;                  wherein when Xs is absent, X9 and X10
are each absent, and when X9 is 20absent, X10 is absent, and 122 is selected from the group
consisting of NH/ and NHEt, or a pharmaceutically acceptable salt thereof. Expressed alternatively,
this is equivalent to a lactam-cyclized peptide o formula 1: 25 - cyclo[X[ - Tyr - X3 -DArg - 2Nal - Gly -
X7] - Xs - X9 -X[0 - R2 (I) (SEQ ID NO: 1) wherein:  4             Rt is a substituent on the a-amino group
of X1 when X1 contains an a-amino group and said a-amino group is not a constituent of said lactam
amide bond, selected from the group consisting of Ac, Hz, and n-hexanoyl, or is absent, wherein Xi is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Gin; 5X1 is selected from the
group consisting of (D/L)Agl" Ala, p-Ala, DAla" 5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap,
Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ac), 2Nal, Phe, DPhe, and succinyl, or is absent; X3 is selected from
the group consisting of Arg, Lys, Lys(iPr), and Lys(Me2); 10X7 is selected from the group consisting of
(D/L)Agl, Asp, Dab, Dap, DDap, Glu, DG1u, Lys, and Orn;              X8 is selected from the group
consisting of P-Ala, Arg, DArg, Gly, Lys, Lys(iPr), and Orn, or is absent; Xy is selected from the group
consisting of Gly, 2Nal, D2Nal, and DPhe, or 15is absent. Xto is 2Nal, or is absent; 



wherein when X8 is absent, X9 and X0 are each absent, and when Xy is absent, X10 is absent, and
R, is selected from the group consisting of NH2 and NHEt, 20wherein:             a) said lactam is formed
by an amide bond between the side chain amino group of Xi and the side chain carboxyl group of X7,
when X1 and X7 are, respectively, a pair selected from the group consisting of (D/L)Agl/Glu, Dab/Glu,
and Dap/Glu, and RI is Ac or n-hexanoyl; or 25b) said lactam is formed by an amide bond between the
side chain carboxyl group of XI and the side chain amino group of X7, when X1 and X7 are,
respectively, a pair selected from the group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap,
GludD/L)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and Ri is Ac or Hz, or when X1 and X7 are,
respectively, a pair selected from the group consisting of  succinyl/(D/L)Agl, suyUDab, succinyl/Dap,
succinyl/Lys, and succiny1/0 and RI is absent; or             c) said lactarn is formed by an amide bond
between the a-amino group of X1 and the side chain carboxyl group of Xi, when X1 and X, are,
respectively, a pair selected from the group consisting of Ala/Cilu, Ala/Dan, DAIa/Glu, DA1a/DGIu,
Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGIu, Leu/Glu, Leu/DGIu, Lys/1)61u, Lys(Ac)/Glu 2NaUG1u,
Phe/Glu, Phe/DGM, DPhe/Glu, and DPhe/D(jIu, and R1 is absent; or              d) said lactam is formed
by an amide bond between a non-a, non-sidechain amino group of Xi and the side chain carboxyl
group of X7, when X1 and X7 are, respectively, a pair selected from the group consisting of-Ala/Asp,
p-Ala/Glu, 5-aminovaleryl/Asp, 5-aminovaleryUG1u, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMP4/Glu, and
R1 is absent; or              e) said lactam is formed by an amide bond between the a-amino group of X,
and the side chain carboxyl group of XT7, when X, and X7 are, respectively, a pair selected from the
group consisting of Tyr/Asp, Tyr/Glu. and Tyr/DG1u, and R1 and XI are each absent, or a
pharmaceutically acceptable salt thereof        In another embodiment, the present disclosure provides
a lactam-cyclized peptide of formula!: - cyclo[Xt - Tyr - X3 - DArg - 2Na] - Gly - X77, - Xs - X9 110 R2
<I) (SEQ ID NO 1) or a pharmaceutically acceptable salt thereof, wherein:        X1 is selected from the
group consisting of (D/L)Agl, Ala, 3-Ala, DAla, 5-aminovaleryl, 4-AMB, 4-AMPA, Asp, Dab, Dap,
Dap(Ac), Glu, Gly, Leu, Lys, Lys(Ae), 2Nal, Phe, DPhe, and succinyl, or is absent,  6             wherein
when .X [ is (D/4)Agl, Dab, or Dap and the a-amino group of XI is not a constituent of the lactam amide
bond, said a-amino group is substituted with Ri which is selected from the group consisting of Ac and
mhexanoyl; wherein when Xi is Asp or Glu and the a-amino group of X1 is not a 5constituent of the
lactam amide bond, said a-amino group is substituted with RI which is selected from the group
consisting of Ac and Bz; and             wherein when X1 is Ala, 3-Ala, DAla, 5-aminovaleryl, 4-AMB,
4-AMPA, Dap(Ac), Gly, Len, Lys, Lys(Ac), 2Nal, Phe, oPhe or succinyl, RI is absent; X3 is selected
from the group consisting of Arg, Lys, Lys(iPr), and Lys(Mes); 10X7 is selected from the group
consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Glu, DGIu, Lys, and Orn;        Xs is selected from the
group consisting of 13-Ala, Arg, DArg, Gly, Lys, Lys(iPr), and Orn, or is absent; X9 is selected from the
group consisting of Gly, 2Nal, D2Nal, and DPIte, or is 15absent; 



X10 is 2Nal, or is absent,             wherein when Xs is absent, X9 and Xi0 are each absent,and when
X9 is absent, X10 is absent; and R2 is selected from the group consisting of NH2 and NHEt, 20and
further wherein:             said lactam is formed by an amide bond between the side chain amino group
of Xi and the side chain carboxyl group of X7, and X1 and X7 are, respectively, a pair selected from
the group consisting of (D/4)Agl/Glu, Dab/Glu, and Dap/Glu, and R[ is Ac or n-hexanoyl; or 25said
lactam is formed by an amide bond between the side chain carboxyl group of Xi and the side chain
amino group of X7, and X1 and X7 are, respectively, a pair selected from the group consisting of
Asp/(DA4Agl, Asp/Dab, Asp/Dap, Glu/(D/4)Agl, Glu/Dab, Glu/Dap, Glu/DDap, and Glu/Lys, and Ri is
Ac or Hz, or wherein X1 and X7  7 are, respectively, a pair selected from the group consisting of
succinyl/(D/L)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and R1 is absent; or
said lactam is formed by an amide bond between the a-amino group of XI and the side chain carboxyl
group of X7, and X1 and X7 are, respectively, a pair selected from the ctroup consisting of Ala/Glu,
Ala/DGIu, DA1a/Glu, DA1a/oGlu, Dap(Ac)/GM, Gly/Asp, Gly/Glu, ay/DOlu, Leu/Glu. LeumG1u,
Lys/nGlu, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, PheiDG1u. DPhe/Giu, and DPhe/DG1u, and RI is absent;
or             said lactarn is formed by an amide bond between a non-a, non-side-chain amino group of
X1 and the side chain carboxyl group of X7, and X1 and X7 are, respectively, a pair selected from the
group consisting of p-Ala/Asp, p-Aia/Giu, 5-amino- valeryl/Asp, 5-aminovalery1/Glu, 4-AMB/Glu,
4-A_MPA/Asp, and 4-AMPA/Glu, and R1 is absent; or             said lactam is formed by an amide bond
between the a-amino group of Tyr at X2 and the side chain carboxyl group of X7, and X7 is selected
from the group consisting of Asp, Glu, and DGIu, and R1 and X1 are each absent.        A recurrent
sequence motif in all the compounds of formula I is the presence of Tyr at position X2, DArg at position
X4, 2Nal at position X5, and Gly at position X6.       In another embodiment, the present disclosure
provides a lactam-eyclized peptide or pharmaceutically acceptable salt thereof of formula I (SEQ ID
NO:!), wherein: R1 is selected from the group consisting of Ac and Bz, or is absent;           X1 is
selected from the group consisting of 3-Ala, 4-AMB, 4-AMA, Asp, Dab, Dap, Dap(A:.;), Glu, 2Nal, Phe,
and succinyl, or is absent; X3 is selected from the group consisting of _krg, Lys, Lys(iPr), and
Lys(Me2); X7 is selected from the group consisting of Asp, Dab, Dap, GM, DOM, Lys, and Om; X8 is
selected from the group consisting of Arg and Lys, or is absent; X9 is absent; Xic, is absent; and R2 is
selected from the group consisting of NE7 and NHEt.  8           In another embodiment, the present
disclosure provides a actam-cyclized peptide or pharmaceutically acceptable salt thereof of formula I
(SEQ ID NO: I), wherein: RI is selected from the group consisting of Ac and Bz, or is absent;          X]
is selected from the group consisting of DAla, 5-aminoyaleryl, 4-A/vTA, Asp, Glu, Len, Lys(Ac), Phe,
DPIte, and succinyl; X; is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me-);
X7 is selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, DDap, Gin, and Dan; X8 15
selected from the group consisting of Arg, DArg, and Lys, Or is absent; 



X9 is absent; X10 is absent; and R2 is selected from the group consisting of NH2 and NHEt.          In
another embodiment, the present disclosure provides a lactam-cyclized peptide or pharmaceutically
acceptable salt thereof of formula I (SEQ ID NO: 1), wherein: R1 is selected from the group consisting
of Ac, Bz, and n-hexanoyl, or absent,          X1 is selected from the group consisting of (D/L)Agl, Ala,
13-Ala, Asp, Dap, Gin, Gly, Lys, and Phe; X3 is selected from the group consisting of Arg, Lys,
Lys(iPr), and Lys(Me,); X7 15 selected from the group consisting of (D/L)Agl, Asp, Dap, Giu, and
DG111;           X8 is selected from the group consisting of P-Ala, Arg, Gly, Lys, Lys(iPr), and Orn, or s
absent; X9 is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is absent; X10 is
2Nal, or is absent; and R2 is selected from the group consisting of NH, and NI-LEt.           In a further
embodiment, the present disclosure provides a lactam-cyclized peptide or pharmaceutically
acceptable salt thereof of formula I (SEQ LD NO: I). wherein:  9 R1 is selected from the group
consisting of Ac and Bz, or is absent;          Xi is selected from the group consisting of Ala,
5-aminovalery1, Asp, Glu, Gly, Phe. DPhe, and succinyl; X3 is selected from the group consisting of
Arg, Lys(iPr), and Lys(Men); X7 is selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and
DGiu,          XE is selected from the group consisting of p-Ala. Arg, Gly, Lys, Lys( Pr), and Om, or s
absent; X9 1S selected from the group consisting of Gly, D2Nal, and DPhe, or is absent; X10 is 2Nal,
or is absent; and R2 is selected from the group consisting of NB, and NI-IEt.           In another
embodiment, the present disclosure provides a lactam-cyclized peptide or Pharmaceutically
acceptable salt thereof of formula I (SEQ ID NO:1), wherein: X1 is selected from the group consisting
of Gly and Phe; X3 is Lys(iPr); and X7 15 DGiu.           In another embodiment, the present disclosure
provides a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of formula I (SEQ ID
NO: 1), wherein: R1 is absent; 



X1 is selected from the group consisting of Gly and Phe;  X3 is Lys(iPr); X7 is Dalt; Xs LS selected
from the group consisting of Arg and Lys(iPr), or is absent; X9 is absent; Xj0 is absent; and R2 is
selected from the group consisting of NH-, and NHEi.          In another embodiment, the present
disclosure provides a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of formula I
(SEQ ID NO:1), wherein:  10       said lactam is formed by an amide bond between the side chain
amino group o and the side chain carboxyl group of X7; R1 is selected from the group consisting of Ac
and n-hexanoyl; X, is selected from the group consisting of (D/L)Agl, Dab, and Dap; X3 is selected
from the group consisting of Arg and Lys(i.Pr); X7 is GM; X8 is Arg; X9 is absent; X10 is absent; and
R2 is NH-7. In a preferred embodiment of the disclosure, X1 is (D/L)Agl or Dap.        In another
embodiment, the present disclosure provides a lactam-cyclized peptide or pharmaceutically
acceptable salt thereof of formula I (SEQ ID NO: 1), wherein:       said iactam is formed by an amide
bond between the side chain carboxyl group of X1 and the side chain amino group of X-,; R1 is
selected from the group consisting of Ac and Bz; Xi is selected from the group consisting of Asp and
Giu; X3 is selected from the group consisting of Arg and Lys(Men); X7 is selected from the group
consisting of (b/L)A21, Dab, Dap, bDap, and Lys; X8 is Arg; X9 is absent; X10 is absent; and R2 is
NH,.      In a preferred embodiment of the disclosure, X, is (ID/L)Agl, Dab, Dap, or DDap. In a more
preferred embodiment. X7 is (D/L)Agl or Dap.        In another embodiment, the present disclosure
provides a lactam-cycl zed peptide or pharmaceutically acceptable salt thereof of formula I (SEQ ID
NO:1), wherein:  11       said lactam is formed by an ainide bond between the side chain carboxyl
group of Xi and the side chain amino group of X7; 



R1 LS absent; Xi is succinyl; X3 is Arg; X7 is selected from the group consisting of (D/L)Agl, Dab, Dap,
Lys, and OM; Xs is Arg; X9 is absent; X10 is absent; and lb is NI42. In a preferred embodiment of the
disclosure, X7 is (D/L)Agl or Dap. In another embodiment, the present disclosure provides a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof of formula I (SEQ ID NO: I),
wherein: said lamam is formed by an amide bond between the a-amino group of X1 and the side chain
carboxyl group of X7; It1 is absent;        X1 is selected from the group consisting of Ala, DAla, Gly,
Dap(Ac), Leu, Lys, Lys(Ac), 2Nal, Phe, and DPhe;  X3 is selected from the group consisting of Arg,
Lys, Lys(i.Pr), and Lys(Me-2); X7 LS selected from the group consisting of Asp, Glu, and Dam;       XE
is selected from the group consisting of 13-Ala, Arg, Gly, Lys, Lys(iPr), and Om, or is absent; X9 is
selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or s absent; X10 is 2Nal, or is
absent; wherein when Xs is absent, X9 and X10 are each absent; and R, is selected from the group
consisting of NE, and NHEt.  12 In a preferred embodiment of the disclosure, Xi is Ala. DAla, Gly, Leu,
Lys, Lys(Ae), Phe, or DPhe. In a more preferred embodiment, X, is Ala, Gly, Lys, or Phe.         In a
preferred embodiment of the disclosure, X3 is Arg, Lys, Lys(iPO. or Lys(Me,). In a more preferred
embodiment, X; is Arg.         In a preferred embodiment of the disclosure, X, is Asp, Glu, or DGIu. In a
more preferred embodiment, X, is Asp. In a preferred embodiment of the disclosure, X8 is p-Ala, Arg,
Gly, Lys, Lys(iPr), Om, or is absent. In a more preferred embodiment X8 is p-Ala, city, Lys, Lys(iPr),
On, or is absent. In a preferred embodiment of the disclosure, X9 is Gly, 2Nal, D2Nal, oPhe, or is
absent. In a more preferred embodiment, X9 is Gly, 2Nal, D2Nal, or DPIle. In a preferred embodiment
of the disclosure, X10 is 2Nal, or is absent. In a more preferred embodiment, X10 is 2Nal. In a
preferred embodiment of the disclosure. R2 is NHEt. 



In another embodiment, the present disclosure provides a lactam-eyclized 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-a, non-side-chain amino group of X1 and the side chain carboxyl group of X7; R1
is absent;       XI is selected fro the 'oup consisting of 3-Ala, 4-AMB, 5-aminoyalery4 and 4-AMA; X3 is
Are; X7 is selected from the group consisting of Asp and Glit; Xs is selected from the row consisting of
Are and DArg; X9 is absent; X10 is absent; and 12., is NH2,  13 In a preferred embodiment of the
disclosure, X1 is I3-Ala, 5-amino- valeryl, or 4-AMPA. In a more preferred embodiment, XI is I:1-Ala. In
a preferred embodiment of the disclosure, X7 is Asp. In a preferred embodiment of the disclosure, Xs
is Arg.         In another embodiment, the present disclosure provides a lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of formula I (SEQ ID NO: I), wherein:       said lactam is
formed by an amide bond between the a-amino group of X, and the side chain carboxyl group of X-i;
12.1 is absent; XI is absent; X3 is Arg; X7 is selected from the group consisting of Asp, GM, and Da Xs
is Arg; X9 is absent; X10 is absent; and R2 is NH,.       In a second aspect, the present disclosure
provides a lactain-cyclized peptide of the formula:  (SEQ ID NO:70)  14 or a pharmaceutically
acceptable salt thereof. The lactam is formed by an amide bond  between the a-amino goup of Phe
and the side chain carboxyl group of DGIn. The pharmaceutically acceptable salt can be an acetic acid
salt. 



In a third aspect, the present disclosure provides a pharmaceutical composition, comprising a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof as variously described above, and
a pharmaceutically acceptable carrier, diluent, or excipient.          En a fourth aspect, the present
disclosure provides a lactam-cyclized peptide or pharmaceutically acceptable salt thereof as variously
described above, for use in therapy. In a fifth aspect, the present disclosure provides a lactarn-cyclized
peptide or pharmaceutically acceptable salt thereof as variously described above, for the n'cannent of
rheumatoid arthritis, pulmonary fibrosis, HI11,/ infection, or a cancer selected from the group
consisting of breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,
neuroblastoma, non-Hod.czicin's lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple
myeloma, glloblastoma multiforme, and chronic lyrnphocytic leukemia.        In a sixth aspect, the
present disclosure 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 embodiment, the present disclosure provides
a method of treating rheumatoid arthritis, pulmonary fibrosis, 1-1117 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 'amaincyclized peptide or
pharmaceutically acceptable salt thereof as variously described above. In the macrocyclic peptidic
compounds of the present disclosure (SEQ ID NO:1). amino acids X1 through X10 are referred to
herein by their commonly employed three letter symbols, shown left to right from amino-terminal end to
carboxy-terrainal end. D-  15 and L- (small capital letters) refer to absolute stereochemistry. Where
neither designation is indicated in a particular formula, the L- form of the amino acid is present. X I can
also be a dicarboxylic acid residue, i.e., a succinyl group. Amino acid or carboxylic acid residues within
the brackets "[ ]" are within the cyclic structure; groups external to the 5brackets are outside the
cyclized ring. In all cases, cyclization is via a lactam (amide) bond between X1 (or X2, i.e., Tyr) and
X7, which can be formed in several different ways, depending on the structures of Xi, X-2, and X7.
When the lactam bond is formed between the side chain amino group of Xi and the side chain carboxyl
group of X7 (Schemes 1 and 2; Examples 1-5), the a-amino group 10of Xi is capped with Ac or
n-hexanoyl. When the lactara bond is formed between the side chain carboxyl group of X.1 and the
side chain amino group of X7, the a-amino group of Xi is capped with Ac or Bz (Schemes 3 and 4;
Examples 6-19). X1 also can be a bifunctional residue other than an a-amino acid, for example one
with two carboxyl groups, i.e., a succinyl residue. In this 15 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 X7 (Schemes 3 and 4; Examples 20-24). When Xi is succinyl,
Ri is absent. In most of the lactam-cyclized peptides disclosed herein (Schemes 5-15; Examples
25-28, 32-66, and 75-89), the a-amino group of Xi forms the lactam structure 20 via an amide bond
with the side chain carboxyl group of X7, and RI is absent. Also included in the synthetic schemes of
this category are cyclic peptides containing X1 residues,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). R1 is
also absent in these cases. 25When both R1 and X, are absent, the lactam structure is formed through
an amide bond between the a-amino group of Tyr (X2) and the side chain carboxyl group of X7
(Schemes 5 and 6; Examples 29-31).  



16        Structures of common amino acids, e, g, alanine, glycine, etc., are well known in the art.
Structures of non-standard and substituted amino acids present in the instant disclosure compounds
are shown below.    aminoglycine (Agl) 4-aminomethyl4-aminomethyl benzoic acidphenylacetic
(4-AMB)acid (4-AM PA) 3-amino propanoic acid (p-Ala)  17        The lactam-cyclized peptides of the
present disclosure can be prepared as pharmaceutically acceptable salts. Such salts, and common
methodology for preparing therm, are well known in the art. See, e.g., P. Stahl et al. (2002) Handbook
of Pharmaceutical Salts: Propenies, Selection and Use, VCHAAViley-Val; Berge et al. (1977)
"Pharmaceutical Salts," Journal qf Pharmaceutical Sciences 66(1):1-19.        The compounds of the
present disclosure are potent antagonists of CXCR4/SDF-1 interaction. Compounds of formula (I) and
their pharmaceutically acceptable salts specifically exemplified herein exhibit an average Ki value of
about 7.5 nM or less as determined by the CXCR4/125I-5DF-la binding assay described below. More
preferred compounds of formula (I) and their pharmaceutically acceptable salts exhibit an average IC;
value in the range of from about 0.2 nM to about 1 nM in this assay. Especially preferred compounds
of formula (I) and their pharmaceutically acceptable salts exhibit a average K value less than about 0.2
nM in this assay.       In addition, the compounds and pharmaceutically acceptable salts of the present
disclosure are preferably highly selective for the CXCR4 receptor, exhibiting little or no inhibitory
activity against other chemokine receptors, including CCR1, CCR2, CXCR2, CXCR3, and other
G-protein coupled receptors at the concentrations tested, and no significant activity against serotonin,
dopamine, and opioid receptors. They also preferably exhibit good stability in blood and plasma, good
subcutaneous bioavafiability, desirable pharmacokineficiphannacodynamic properties, and potent in
vivo efficacy in rumor growth inhibition, with a wide safety margin,        In view of these
pharmacological properties, the compounds of the present disclosure are indicated for the treatment of
disorders involving CXCR4/SDF-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,
p-owth, survival, and metastatic pathways mediated by CXCR4 and SDF-1 are implicated in
pathogenesis, including breast cancer, pancreatic cancer, melanoma, prostate cancer, lOdney cancer,
neurobla.stoma, 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 (Tsutsuini et al. (2006) Peptide Science 88(2):279-289).
18        Agl (aminoglycine) is a pro-chiral building block. When this residue appears in a peptide
formula herein, the a-carbon becomes a chiral center at which the two associated a-amino groups are
each individually bonded to different moieties. In this case, the final peptide product contains two
diastereomers that are unresolved, and that may be present 5in other than a 1:1 ratio. "(D/L)Agl" in a
peptide formula denotes such a mixture of diastereomers. "(aL)Agi" denotes an Agl derivative that is
racemic, for example Finoc()))Agl(Boc). "Ki" values are calculated using 105() values determined in
the CXCR4/`25I-SDF-      la binding assay described below by employing equation 7.22 of Enzymes, A
Practical 10Introduction to Structure, Mechanism, and Data Analysis, Robert A. Copeland, Wiley- Val,
New Yorlc, 1996, page 207.        The term "SDF-1" includes two isoforms, SDF-la and SDF- p,
currently understood to exhibit similar functionality. "Treatment" as used herein refers to curative
treatment of disorders associated 15with CXCR4/SDF-1 interaction or CXCR4 receptor activity.
Curative treatment refers to 



processes involving a slowing, interrupting, arresting, controlling, or stopping of disease progression,
but does not necessarily involve a total elimination of all disease-related symptoms, conditions, or
disorders. The compounds of the present invention can be used as medicaments in human or
20veterinary medicine, administered by a variety of routes. Most preferably, such compositions are for
parenteral administration. Such pharmaceutical compositions can be prepared by methods well known
in the art. See, e.g., Remington: The Science and Practice of Pharmacy, 19th ed. (1995), A. Gennaro
etal., Mack Publishing Co., and comprise one or more compounds of formula (1) or a pharmaceutically
acceptable salt(s) 25thereof, and a pharmaceutically acceptable carrier, diluent, or excipient. The
effective amount of the present compounds is in the range of from about 1 mg to about 300 mg, more
preferably from about I mg to about 200 mg, more preferably from about I mg to about 100 mg, and
even more preferably from about I mg to about 50 mg, on a daily basis. 30All 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  19 chain assembly on solid phase and cyclization or
other modifications on resin or in solution. Such methods arc well known in the art. The following
abbreviations used herein have the indicated meanings:            Ac: acetyl; Agl: aminoglycine; AMB:
aminornethyl benzoic acid; AMPA: 5aminotnethyl phenyl acetic acid; Bo: benzyl; floc:
tercbutyloxycarbonyl; BOP:
(benzotriazol-l-yloxy)-tris(dimethylarnino)phosphoniumhexafluorophosphate; 2-Br-Z:
2-bromobenzyloxycarbonyl; Br benzoyl;benzyl; 2-C1-Z: 2-chlombenzyl- oxycarbonyl; Dab:
2,4-diaminoburyric acid; Dap: 2,3-thamino-propionic acid; DCC: dicyclohexyl-carbodiimitie; DCM:
dichlorornethane; D1C: diisopropyl carbodiimide; 10DIEA: diisopropyl-ethylarnine; DMF: N,N-dimethyl
formarnide; DMSO: dimethyl- sulfoxide; EDT: 1,2-ethane-dithiol; Et: ethyl; Fm: 9-fluorenylmethyl;
Fmoc: 9-fluorenylmethoxy carbonyl; HATU:
N-[(dinriethylamino)-1H-1,2,3-triazolo[4,5-b]pyriclinylmethylene]-N-methylmethanaminium
hexafluorophosphate N-oxide; HBTU: 0-benzotriazolyl-N,N,V,V-tetramethyluronium
hexafluorophosphate; HCTU: 1H-benzotriazo- 15hum
1-[bis(dimethylamino)methylene]-5-chloro-3-oxide hexafluorophosphate; HF: hydrogen fluoride; H0Bt:
hydroxybenzotriazote; IBCF: isobutyl chloroformate; iPr: isopropyl; IPA: isopropyl alcohol; Me: methyl;
2Nal: 2-naphthylalanine; NMM: Nmethylmorpholine; NMP: N-methyl-pyrrolidone; OtBu: tert-butyl ester;
Pbf: 2,2,4,6,7- pentamethyl-dihydrobenzofurane-5-sulfonyl; PBS: phosphate buffered saline; PyBOP:
20(benzotriazol-1-yloxy)-tris(pyrrolidino)-phosphonium hexafluoro-phosphate; PyBrOP:
bromotris(pyrrolidino)phosphonium hexafluorophosphate; tBu: tert-butyl; TFA: trifluoroacetic acid; THF:
tetrahydrofuran; TIS: triisopropyl silane; Tus: p-toluenesulfonyl; Z: benzyloxycarbonyl; ZOSu:
N-(benzyloxycarbonyl-oxy) succinimide. Preparation of compounds of the present invention as
described in the following 25examples 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 30is 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 



20 lysine side chains are equally applicable to other peptides disclosed herein containing lysine alkyl
side chains, with appropriate modifications, The synthetic methods of Examples 86-88, which eliminate
the need for toxic palladium catalysts, are also equally applicable to other peptides disclosed herein,
with appropriate modifications. Example 1  Ac-eyclolDap-Tvr-Artg-DAr ,-2Nal-Glv-Glu -A -N H2 SE D
NO:2         The sequence Ac-Dap(Alloc)-Tyr(tBu)-Arg(PbB-DArg(Pb0-2Nal-GlyGlu(Oallyt)-Arg(Pbt)
(SEQ ID NO:]) is assembled by standard Fmoc chemistry utilizing 10an ABI 431 Peptide Synthesizer
(Applied Biosystems) as outlined in Scheme 1 below. The automated assembly is carried out by using
the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc chemistry EIBTU/DIEA
protocol following the supplier's directions (PE Applied Biosystems Inc., Foster City, CA). The solid
support is Rink amide resin (4-(2',4'-dimetboxyphenyl-Fmoc-aminomethyl)-plienoxy 15resin) for
C-terminal amides or indole resin [3-( { ethyl-Fmoc-amino}-methy1)-indol-1-ylk acetyl AM resin for
C-terminal ethyl amides (NovaBiochem, EMD Biosciences, Inc., San Diego, CA). The stepwise chain
assembly starts from the C-terminal end of the linear peptide and is accomplished in 9 major steps.
instep 1, four equivalents of protected amino acid Fmoc-Arg(Pbf) are activated with DCC/HOBt (or
HBTU/DIEA for FastMoc 20chemistry) in NMP, and coupled to deprotected Rink Amide resin using
20% piperidine. In step 2, four equivalents of Fmoc-Glu(Oally1) are activated and coupled to the
deprotected peptide resin from step I. 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 25equivalents 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(Ph3P)4 in the presence of 24
equivalents of phenylsilane in dichloromethane (Scheme 2). This process is repeated once for
complete side chain deprotection. The 30deprotected carboxylic acid moiety of Glu is activated with
PyBOP/DIEA and cyclized to the side chain amino group of Dap on the resin. The cyclized peptide is
simultaneously deprotected and cleaved from the resin using a scavenger cocktail of
TFATE120/TIS/EDT  21 (95/2/1/2, v/v/v/v), or TFA/H20/T1S/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. Molecular weight calculated
(MW cal.): 1142.30; MW observed (MW obs.): 1142.50.  WO 20081150689PCT1US20081064177 22
H2N -Rink Resin       



1. Fmoc-Arg(Pbf) 2. Fmoc-GMOAlly1) 3. Fmoc-Gly 4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6.
Fmoc-Arg(Pbf) 7. Fmoc-Tyr(tBu) 8. Fmoc-Dap(Alloc) 9. Ac20/DIEA 10.  11.  Stepwise solid-phase
assembly: Fmoc protected amino acids, DOC/HOBt or HBTU/DIEA coupling piperidine deprotection
(SEQ ID NO:4 Scheme 1. Amino side chain to carboxyl side chain peptide assembly S       Peptide
purification is accomplished using standard preparative HPLC techniques. Immediately following the
cyclization, the peptide solution is diluted with water containing 0.1% (v/v) TFA, loaded onto a reversed
phase C18 HPLC column, and eluted with an aqueous 0.1% trifluoroacetic aciWacetonitrile (v/v)
gradient while monitoring at 



1021.4 nm. The appropriate fractions are pooled and lyophilized. Further characterization of the final
product is performed using analytical HPLC and mass spectral analysis by conventional techniques.
For peptides with a basic side chain, the final lyophilized product is a TFA salt.    WO
2008/150689PCT/US2008/064177 24 Example 2 Ae-cvelo Dah-Tvr-Ar -DAr0-2Nal-Glv-GluNH2 SE ID
NO:6        Prepare as in Example I, except that Frnoc-Dap(Alloc) in step 8 is replaced with
Fmoc-Dab(Alloc). MW cal.:1156.33; MW ohs.: 1156.10. 5 Example 3 Ac-cvelo DiPr)-2Nal-GA -NH
(SEQ ID NO:7)       Prepare as in Example 1, except that Fmoc-Arg(Pbf) in step 6 is replaced with
Fmoc-Lys(iPr)(Boc). MW cal.: 1156.37; MW ohs.: 1156.78. 10 Example 4
n-Hexanovl-cyclolDap-Tvr-Lys(iPr)-DAra-2Nal-Glv-Glul-Arg-NH2 (SE0 ID N0:8) Prepare as in Example
I, except that Fmoc-Arg(Pbe in step 6 is replaced with      Fmoc-Lys(iPr)(Boc). Additionally, acetic
anhydride in step 9 is replaced with hexanoic 15acid activated with PyBOWDIEA. MW cal.: 1212.47;
MW ohs.: 1212.92. Example 5  Ac-evelol(D/L)ATvr-Ara.-DArp-2Nal-Glv-Glu l-Arg-NFIL(SE0 ID NO:91
Prepare as in Example 1, except that Fmoc-Glu(Oally1) in step 2 is replaced with 20 Frnoc-Glu(OtBu),
and Fmoc-Dap(Alloc) in step 8 is replaced with Fmoc-(0L)Agl(Boc). After chain assembly, there is no
Pd(Ph313)4 treatment since no ally! protection is present. Instead, cyclization is carried out in solution
after the linear peptide is cleaved from the solid support and deprotectal. The crude linear peptide
(0.25 mmol) from the cleavage is dried under vacuum and dissolved in 10 InL of dry DMF. This peptide
solution is 25delivered to the following solution via a syringe pump during a 2 b period: 15 mL of dry
dichloromethane and 15 trIL of dry DMF containing 1.0 rnmole of PyBOP and 4.0 mmoles of DIEA.
The reaction is then allowed to proceed at room temperature for 2 h. Solvents are then evaporated
under vacuum, the residue is loaded onto a preparative reversed phase CI8 HPLC column, and target
cyclic peptide is isolated and characterized 30as described in Example I. MW cal.: 1128.27; MW ohs.:
1128.26.  25 Example 6 Ae-evelo Glu-T Ar Ar -2Nal-G Dau A -NH SE ID NO:10       The sequence
Glu(OtBii)-Tyr(tBu)-Arg(Pbe-DArg(lb0-2Nal-Gly-Dap(Boe)- Arg(Pbf) (SEQ ID NO:! 1) is assembled by
standard Fmoc chemistry utilizing an ABI 5431 instrument as outlined in Scheme 3 below. The
automated assembly is carried out by 



using the standard Applied Biosystems DCC/HOBt chemistry protocol or FastMoc chemistry
(lIBTU/DIEA) protocol following the supplier's directions (PE Applied Biosystems Inc., Foster City, CA).
The solid support is Rink amide resin for C-terminal amides or indole resin [3-(
ethyl-Fmoc-amino}-methyl)-inclo1-1-ylkacetyl AM resin for 10C-terminal ethyl amides. Stepwise chain
assembly starts from the C-terminal end of the linear peptide and is accomplished in 9 major steps. In
step 1, four equivalents of protected amino acid Fmoc-Arg(Pbe are activated )vith DCC/HOBt (or
HBTU/DIEA for FastMoc chemistry) in NMP, and coupled to deprotected Rink Amide resin. In step 2,
four equivalents of Fmoc-Dap(Boc) are activated and coupled to the deprotected resin 15from step 1.
Appropriate steps are carried out until step 8, the coupling of Fmoc- Glu(OtBu). For step 9, Fmoc at
the N-terminal 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 D1EA in dry DME or NMP, for I
h at room temperature. The finished peptide is simultaneously deprotected and cleaved from the resin
using a  20 scavenger cocktail of TFA/H2O/T1S/EDT (95/2/1/2, v/v/v/v), or TFA/H20/TIS/anisole
(92/2/4/2, v/v/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 ohs.: 1142.83.  26 2N-Rink Resin         1. F oc-Arg(Pbf) 2. Fmoc-Dap(Boc) 3. Fmoc-Gly
4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6. Fmoc-Arg(Pbf) 7. Fmoc-Tyr(tBu) 8. Fmoc-Glu(OtBu) 9.
Ac20/DIEA 10.  11.  Stepwise solid-phase assembly: Fmoc protected amino acids, DCC/HOBt or
IBTU/DIEA coupling piperidine deprotection   



(SD) ID NO:12) Scheme 3. Acid side chain to amino side chain peptide assembly 5       Cyclization is
carried out in solution after the linear peptide is cleaved from the solid support with all the side chains
cleprotected (Scheme 4). The cleaved crude linear peptide (0.25 mmole) is dried under vacuum and
dissolved in 10 mL of dry OW. This peptide solution is delivered to the following reaction mixture via a
syringe pump during 10a 2 h period: 15 mL of dry dichloromethane and 15 tilL of dry DNIF containing
1.0 mmole of PyBOP and 4.0 mmoles of DEA. The reaction is then allowed to proceed at room
temperature for 2 h. Solvents are evaporated under vacuum, the residue is loaded onto a preparative
reversed phase CI8 EIPLC column, and target cyclic peptide is isolated and characterized as
described in Example I.  27 Side chain deprotect on and TFA cleavage 5Scheme 4. Acid side chain to
amino side chain ring cycl zation  28                                 Example 7
Bz-cyclolGlu-Tn-Arg-DArg-2Nal-G1v-Dapl-Arg-NH2(SEQ ID NO.114) Prepare as in Example 6, except
that acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.: 1204.37; MW obs.:
1204.87. Example 8  Ae-cyclo[Glu-Tyr-Ar2.-DAE2-2Nal-Gly-DDapJ-Arg-NH2(SEQ ID NOiL.5)
Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-DDap(Boc).
MW1142.30; MW obs.: 1142.73. Example 9
Ae-cyc1ofGlu-Tyr-Artz-1Arg-2Nal-Gly-Lysl-Aru-NH2(SEQ ID NO: 16)  Prepare as in Example 6, except
that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-Lys(Boc). MW cal.: 1184.38; MW obs.: 1184.23.
Example 10 Ac-cycloiGlu-Tvr-Ara-DAra-2Nal-Glv-Dalal-Arg-N112_(SECI 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 ohs.: 1156.07. 



Example ii  Ac-nclolGlu-Tvr-Ary,-DAr2-2Nal-Clv-(0/10Aall-Arg-N112(SEQ ID NO:18)         Prepare as
in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-(00Agl(Boc). MW cal.:
1128.27; MW ohs.: 1128.86. 25 Example 12
Bz-cyclolGlu-Tyr-Arg-DArg-2Nal-Gly-(D/L)Aglj-Ara-N1-1L(SEQ ID NO: 19) Prepare as in Example 6,
except that Fmoc-Dap(Boc) in step 2 is replaced with       Emoc-(0L)Agl(Boc). In addition, acetic
anhydride in step 9 is replaced with benzoic acid 30anhydride. MW cal.: 1190.34; MW ohs.: 1190.99.
29 Example 13  Bz-c lo A I -A ,-DA 2Nal-Glv-Dab ..ArrNl42fSEQ ID NO:20)  Prepare as in Example 6;
except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8
is replaced with Fmoc-Asp(OtBu). in 5addition, acetic anhydride in step 9 is replaced with benzoic acid
anhydride. MW cal.: 1204.37; MW obs.: 1204.87. Example 14
Ac-cyclolAsp-Tyr-Arg-DArg-2Nal-G1x-Dabi-Arg-NH2J5EQ ID NO:21)  10Prepare as in Example 6,
except that Fmoc-Dap(Boc) in step 2 is replaced with Fmoc-Dab(Boc), and Fmoc-Glu(OtBu) in step 8
is replaced with Frnoc-Asp(OtBu). MW cal.: 1142.30; MW obs.: 1142.81. Example 15
15Ac-cyclolAsp-Txr-Arg-DArg-2Nal-Glv-Dapl-Arg-Nli2(SEA) 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  2013z-cyclolAsp-Tyr-Anz-DAra-2Nal-Gly-Dapl-Arg-NH2(SEP ID NO: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
ohs.: 1190.69. 25Example 17  Ae-exclolAsp-Tvr-Ar2-0Ar2-2Nal-01v-(0/4)A211-Arg-N142(SEP ID
NO:24)         Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(00Agl(Boc), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). MW cal.:
1114.24; MW obs.: 1114.85.  WO 2008/150689PCT/US2008/06-1177 30 Example 18  



Ac-cu doTvs e A -2Nal-Glv-Da Ar NH2 SF ID NO:2         Prepare as in Example 6, except that
Fmoc-Arg(Pb0 in step 6 is replaced with Fmoc-Lys(Me2), and Fruoc-Glu(OtBu) in step 8 is replaced
with Fmoc-Asp(OtBu). MW 5cal.: 1128.31; MW ohs.: 1128.92. Example 19 Bz-e clo A T r-L Al DA
-2Nal-Glv-Da -A T-NH2 SID NO:26 Prepare as in Example 6, except that Fmoc-Arg(Pbf) in step 6 is
replaced with  10 Fmoc-Lys(Me2), and Fmoc-Glu(OtBu) in step 8 is replaced with Fmoc-Asp(OtBu). In
addition, acetic anhydride in step 9 is replaced with benzoic acid anhydride. MW cal.: 1190.38; MW
ohs.: 1191.14. Example 20  15evelolSuceinyl-Tvr-Ariz-DAr-2Nal-Gly-(Dh.)A211-Arg-INHL(SE0 ID
NO:27)        Prepare as in Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with
Fmoc-(D4)Agl(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and this step is omitted. In addition, acetic
anhydride in step 9 is replaced with succinic anhydride. MW cal.: 1057.19; MW obs.: 1057.87. 20
Example 21  evelolSuccinvl-Tvr-Ara-DArm2Nal-Glv-Dapl-Arg-NHISSEQ ID NO:28)  Prepare as in
Example 6, except that Finoc-Glu(OtBu) in step 8 is not used, and      this step is omitted. In addition,
acetic anhydride in step 9 is replaced with succinic 25anhydride. MW cal.: 1071.22; MW obs.: 1071.85.
Example 22  cyclolSuceinyl-Tyr-Ang-DArg-2Nal-Clv-Dabl-Arg-NH2(SEQ ID NO:29) Prepare as in
Example 6, except that Fmoc-Dap(Boc) in step 2 is replaced with 30Fmoc-Dab(Boc), Emoc-Glu(OtBu)
in step 8 is not used, and this step is omitted. In addition, acetic anhydride in step 9 is replaced with
succinic anhydride. MW cal.: 1085.25; MW ohs,: 1085.87.  31 Example 23
cveloiSuceinyl-Tyr-Am-DAru-2Nal-Glv-Orn -Ant-NH SE D NO:30 Prepare as in Example 6, except that
Fmoc-Dap(Boc) in step 2 is replaced with Emoc-Orn(Boc), Fmoc-Glu(OtBu) in step 8 is not used, and
this step is omitted. In 5addition, acetic anhydride in step 9 is replaced with succinic anhydride. MW
cal.: 1099.27; MW ohs.: 1100.23. Example 24
cycloiSuccinxl-Txr-Arg-DArg-2Nal-Gly-LyskAr2-NH1(SEQ ID NO:31)  10Prepare as in Example 6,
except that Emoc-Dap(Boc) in step 2 is replaced with Emoc-Lys(Boc), 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.: 1113.30; MW ohs.: 1114.25. 



15Example 25 cyclolGIv-Tvr-Lys(iPr)-DAro-2Nal-Gly-DGIul-Arg-NH, (SEQ ID NO:32)        The
sequence Gly-Tyr(tBu)-Lys(iPr)(Boc)-DArg(Pbf)-2Nal-Gly-DGIu(Oally1)- Arg(Pbf) (SEQ ID NO:33) is
assembled by standard Fmoc chemistry utilizing an ABI 431 instrument as outlined in Scheme 5
below. The automated assembly is carried out 20by using the standard Applied Biosystems
DCC/1-10Bt chemistry protocol or FastMoc HBTU/DIEA chemistry protocol following the supplier's
directions (PE Applied Biosystems Inc., Foster City, CA). The solid support is Rink amide resin for
amides or indole resin [3-( ;ethyl-Fmoc-amino}-methyl)-indol-1-ylkacetyl AM resin for C-terminal ethyl
amides. Stepwise chain assembly starts from the C-terminal end of the linear 25peptide and is
accomplished in 8 major steps (Scheme 5). In step I, four equivalents of protected amino acid
Fmoc-Arg(Pbf) are activated with DCC/HOBt (or 1-IBTU/DLEA for FastMoc chemistry) in NMP, and
are coupled to deprotected Rink amide resin. In step 2, four equivalents of Fmoc-DGIu(Oally1) are
activated and coupled to the &protected peptide resin from step I. Appropriate steps are carried out
until step 8, the coupling of 30Fmoc-Gly.       The ally! ester side chain protection group is removed
with 0.1 equivalent of Pd(Ph3P)4 in the presence of 24 equivalents of phenylsilane in dichloromethane
(Scheme  32 6), This process is repeated once for complete side chain &protection. Then Fmoc at the
N-terminal end is removed using 20% piperidine in DMF. The deprotected carboxylic acid moiety of
riGlu is activated with PyBOP/D1EA, and cyclized to the a-amino group of glycine on the resin. The
cyclized peptide is simultaneously deprotected and cleaved 5from the resin using a scavenger cocktail
of TFA/1-120/T1S/EDT (95/2/1/2, v/v/v/v), or TFA/F130/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. MW cal.: 1085.29; MW obs.:
1085.32. 10Example 25a  cvelo101y-Tyr-Lys(iPO-PArg-2Nal-Glv-DGIul-Are-NH2'acetic acid salt (SE0
ID NO:34)        The TFA salt of the peptide of Example 25 is converted to an acetic acid salt by
adsorbing the material onto a preparative CI8 column of suitable size, equilibrated with 152% acetic
acid/1470 (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. MW1085.29; MW ohs.: 1085.32. 20  WO 2008/150689PC1'/US2008/064177 33
H2N-Rink Resin     



1 Fmoc-Arg(Pbf) 2 Fmoc-D-Glu(0Ally1) 3 Fmoc-Gly 4 Fmoc-2Nal 5 Fmoc-D-Arg(Pbf) 6
Fmoc-Lys(iPN(Boc) 7 Fmoc-Tyr(tBu) 8 Fmoc-Gly   Stepwise solid-phase assembly: Fmoc protected
amino acids, DCC/HOBt or HBTU/DIEA coupling piperidine deprotection                 (SEQ ID NO:35) 



5Scheme 5. a-amino group to carboxyl side chain peptide assembly        Peptide purification is
accomplished using standard preparative HPLC techniques. Immediately following cyclization, the
peptide solution is diluted with water containing 0.1% (v/v) TFA, loaded onto a reversed phase C18
FIPLC column, and eluted with an 10 aqueous 0.1% trifluoroacetic acid/acetonitrile (v/v) gradient while
monitoring at 214 nm. The appropriate fractions are pooled and lyophilized. Further characterization of
the final product is performed using analytical I-IPLC and mass spectral analysis by conventional
methods. For peptides with a basic side chain, the final lyophilized product is a TFA salt.  boc 1. Allyl
removal with Pd(Ph3P)4(0) 2. Fmoc removal with piperidine 3. Cyclization with PyBOP/DIEA ,i Side
chain deprotection and TFA cleavage   WO 20081150689PCT/US2008/064177 35 Example 26  clo G
-T-DA -2Nal-Glv-DClu -N142 SD NO:371       Prepare as in Example 25, except that step 1 is omitted.
MW cal.: 929.10; MW obs.: 929.39 5 Example 26a
cyclolGIv-Tvr-Lvs0Pr)-0Arg-2Nal-Glv-0GluENI-12:acetic acid salt  ISEQ ID NO:38)  The TEA salt of
the peptide of Example 26 is converted to an acetic acid salt by 10adsorbing the material onto a
preparative C18 column of suitable size, equilibrated with 2% acetic acid/H, (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. 15 Example 27  cyclolGly-Txr-Arg-DAra-2Nal-Glv-DGlul-Are-N112(SE0 ID NO:39)
Prepare as in Example 25, except that Fmoe-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbe.
MW cal.: 1071.22; MW obs.: 1071.02. 20 Example 28
cyclolGIN-Tvr-Lxs(iPr)-0Arg-2Nal-Gly-DGIul-Lys(iPr)-NH2(SEQ ID NO:401       Prepare as in Example
25, except that Fmoc-Arg(Pbf) in step I is replaced with Fmoc-Lys(iPr)(Boc). MW cal.: 1099.35; MW
obs.: 1099.91. 



25 Example 29  cyclolTvc-Arg-DArtz-2Nal-Gly-Glul-Arg-N1i2(SEQ ID NO:41)  Prepare as in Example
25, except that Fmoc-DG1u(Oally1) in step 2 is replaced      with Frnoc-Glu(Oally1),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with FmociArg(Pb0, 30Fmoc-Gly in step 8 is not used, and
step 8 is omitted. MW cal.: 1014.17; MW obs.: 1014.78.  36 Example 30  CVe T -A )2k -2Nal-GI DGI
-A NO2 SJI 1D NO:421 Prepare as in Example 25, except that Fmoc-Lys(iPr)(Boc) in step 6 is
replaced     with Fmoc-Arg(Pbf), Frnoc-Gly in step 8 is not used, and step 8 is omitted. MW cal.:
51014.17; MW ohs.: 1014.65. Example 31  cyclolTvr-Are-DArg-2Na1-Glv-Aspl-Arg-NHL(SEQ ID
NO:43)            Prepare as in Example 25, except that Fmoc-DG1u(Oally1) in step 2 is replaced 10with
Emoc-Asp(ally1), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), Fmoc-Gly in step 8 is
not used, and step 8 is omitted. MW cal.: 1000.14; MW ohs.: 1000.63. Example 32
15cyclo[Gly-Tyr-Arg-DArer2Nal-Gly-Aspl-Arp-NHJSEQ ID NO:44)        Prepare as in Example 25,
except that Finoc-DG1u(Oally1) in step 2 is replaced with Fmoc-Asp(ally1), and Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf). MW cal.: 1057.19; MW ohs.: 1057.35. 20Example 33
eyelolGly-Tyr-Lvs(Me2)-PAr2-2Nal-Glv-Aspf-Arg-NH2(SEQ ID NO:45)        Prepare as in Example 25,
except that Fmoc-DG1u(Oally1) in step 2 is replaced with Fmoc-Asp(ally1), and Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with FinocLys(Me2). MW cal.: 1057.23; MW ohs.: 1057.86. 25 Example 34
cvelolGly-Tvr-Lvs(iPr)-DArg-2Nal-Gly-Aspl-Arg-N112(SEQ ID NO:46)        Prepare as in Example 25,
except that Finoc-DGIu(Oally1) in step 2 is replaced with Fmoc-Asp(ally1). MW cal.: 1071.26; MW
ohs.: 1071.76.  WO 2008/150689PCT/US2008/064177 37 Example 35  



o Cl -Tyr-Lys iPr A /-2Nal-G1 AsID NO:47       Prepare as in Example 25, except that step I is omitted,
and Fmoc-DGIu(Oally1) in step 2 is replaced with Frnoc-Asp(ally1). MW cal.: 915.07; MW obs.:
915.38. Example 36 evclo GI -T -L iPr-NH2 (SEQ ID NO:48)          Prepare as in Example 25, except
that Fmoc-Arg(Pbf) in step 1 is replaced with Frnoc-Lys(iPr)(Boc), and Fmoc-DGlu(Oally1) in step 2 is
replaced with Fmoc-Asp(ally1). 10MW cal.: 1085.33; MW obs.: 1085.78. Example 37
cyclofGly-Tyr-Lys(Me2)-PArg-2Nal-Gly-Glul-Ar2-NH2 iSEQ ID NO:49)             Prepare as in Example
25, except that Fmoc-DG1u(Oally1) in step 2 is replaced 15with Fmoc-Glu(Oally1), and
Fmoc-Lys(iPt)(Boc) in step 6 is replaced with Fmoc- Lys(Me2). MW cal.: 1071.26; MW obs.: 1071.05.
Example 38  cyclolGly-Tyr-Aro-DAru-2Nal-Gly-Glul-Are-NH2 (SEQ ID NO:50)  20Prepare as in
Example 25, except that Fmoc-DGIu(Oally1) in step 2 is replaced with Fmoc-Glu(Oally1), and
Fmoc-Lys(PM(Boc) in step 6 is replaced with FmocArg(Pbf). MW cal.: 1071.22; MW ohs.: 1071.50.
Example 39  25cycle( Gly-Tyr-LysOPM-DArg-2Nal-Gly-GIM-Arg-NHJSE0 ID NO:51)         Prepare as
in Example 25, except that Finoc-DGIu(Oally1) in step 2 is replaced with Fmoc-GlinGallyl). MW cal.:
1085.29; MW obs.: 1085.91. Example 40 30eyelolGly-Tyr-Lys(iPr)-DArg-2Nal-Gly-Glul-M12 (SEQ ID
NO:52)         Prepare as in Example 25, except that step l is omitted, and Fmoc-DG1u(Oally1) in step 2
is replaced with Fmoc-Glu(Oally1). MW cal.: 929.10; MW obs.: 929.39.  WO
211081150689PCT/US2008/064177 38 Example 41 cyclo Clv-Tyr-Lr -2Nal-Glv-A -NHED Nth_
Prepare as in Example 25, except that Rink amide resin is replaced with [3-
({ethyl-Emoc-amino}-methyl)-indol-1-ylkacetyl AM resin, step 1 is omitted, and Frnoc- 5oGlu(Oally1) in
step 2 is replaced with Emoc-Asp(ally1). MW cal.: 943.13; MW obs.: 943.36. Example 42
cvelolGly-Tyr-Lvs(iPr)-DAr2-2Nal-Gly-Glul-NHEt (SEQ ID NO:54)  10Prepare as in Example 25,
except that Rink amide resin is replaced with [3- (1 ethyl-Fmoc-amino}-methyl)-indol-1-ylkacetyl AM
resin, step 1 is omitted, and EmocDGIu(Oally1) in step 2 is replaced with Fmoc-Glu(Oally1). MW cal.:
957.15; MW obs.: 957.50. 15Example 43  



cyciolGIv-Tvr-Lvs(iPr)-DArg-2Nal-Glv-1)GIul-NHEt (SEQ ID NO:55)  Prepare as in Example 25, except
that Rink amide resin is replaced with [3- ( I ethyl-Emoc-aminol-methyl)-indol-1-ylkacetyl AM resin, and
step 1 is omitted. MW cal.: 957.15; MW obs.: 957.46. 20 Example 44
cycloiGly-Tvr-Lys(iPr)-DArg-2Nal-Glv-DGIul-Aru-INHEt (SD) ID NO:56)  Prepare as in Example 25,
except that Rink amide resin is replaced with [3-      ( { ethyl-Fmoc-amino}-methyl)-indol-l-ylkacetyl AM
resin. MW cal.: 1113.34; MW 25ohs.: 1113.81. Example 44a
cycloIGIv-Tyr-Lys(iPr)-DArg-2Nal-Glv-DGIul-Aru-NHEtacetic acid salt (SEQ ID NO:57)  The TEA salt
of the peptide of Example 44 is converted to an acetic acid salt by 30adsorbing the material onto a
preparative CI8 column of suitable size, equilibrated with 2% acetic acid/H90 (v/v). The column is then
washed with three to five column volumes of 2% aqueous acetic acid (v/v). The peptide is eluted using
1:1 water/acetonitrile (v/v)  39 containing 2% acetic acid by volume and lyophilized. MW cal.: 1113.34;
MW obs.: 1113.81. Example 45  cxe1olGly-Tvr-lvs(iPrakArti-2Nal-Gly-DGIul-Lvs0PQ-NHEI (SEQ ID
NO:58) Prepare as in Example 25, except that Rink amide resin is replaced with [3- (;
ethyl-Ernoc-amino)-methyl)-indol-1-ylkacetyl AM resin, and Fmoc-Arg(Plif) in step 1 is replaced with
Finoc-Lys(iPO(Boc). MW cal.: 1127.41; MW obs.: 1127.35. 10Example 46
eyclolLys(Ae)-Tvr-Lvs(Ale2)-DAr2-2Nal-Gly-Glul-Arg-NH, (SEQ ID NO:59)          Prepare as in
Example 25, except that Fmoc-DG1u(Oally1) in step 2 is replaced with Fmoc-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(Ernoc). After chain assembly, Fmoc on 15the 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/D1EA 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 20peptide is carried
out in solution. The cleaved crude linear peptide (-0.25 mmolc) is dried under vacuum and dissolved in
10 naL 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. 25Solvents are then evaporated under vacuum, the residue is loaded onto a reversed phase C18
preparative liPLC 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  



30cyclolDap(Ac)-Txr-Lys(Me2)-DAre-2Nal-Gly-Glul-N142 (SEQ ID NO:60)         Prepare as in Example
25, except that step 1 is omitted, Finoc-DGIu(Oally1) in step 2 is replaced with Fmoc-Glu(OtBu),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with  40 Finoc-Lys(Me2), and Fmoc-Gly in step 8 is replaced
with Boc-Dap(Fmoc). After chain assembly, Frnoc on the side chain of the N-terminal Dap is removed
using 20% piperidine in DMF, and the Dap side chain is then acetylated with 10 equivalents of acetic
anhydride/D1EA at room temperature for one hour. All side chain protection groups are 5then removed
and the linear peptide is cleaved from the solid support using a mixture of TFA/water/TIS/anisole
(90/5/2.5/2.5, 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
rnL of dry DMF. This peptide solution is delivered to the following reaction mixture via a syringe pump
during a 2 h 10period: 15 mL of dry dichloromethane and 15 inL of dry DMF containing 1.0 mmolc of
PyBOP and 4.0 mmolcs of DIEA. The reaction is allowed to proceed at room temperature for 2 h.
Solvents are then evaporated under vacuum, the residue is loaded onto a preparative HPLC column,
and the target cyclic peptide is isolated and characterized as described in Example 1. MW cal.:
986.15; MW (tbs.: 985.97. 15 Example 48  cyclolAla-Tvr-Lys0Pr)-DArg -2Nal-Glv-Glul-NI-ILISEO ID
NO:61)  Prepare as in Example 25, except that step 1 is omitted, Fmoc-DGIu(Oally1) in      step 2 is
replaced with Fmoc-Glu(Oally1), and Fmoc-Gly in step 8 is replaced with Frnoc- 20Ala. MW cal.:
943.13; MW obs.: 942.92. Example 49  cvelo10Ala-Tyr-Lys(iPr)-DArg-2Nal-Glv-Glul-NH2.(SEO ID
NO:62)  Prepare as in Example 25, except that step 1 is omitted, Fmoc-DG1u(Oallyl) in 25step 2 is
replaced with Fmoc-Glu(Oally1), and Fmoc-Gly in step 8 is replaced with Fmoc- DAla. MW cal.:
943.13; MW ohs.: 943.44. Example 50  cycloIDA1a-Tyr-Lvs(iPr)-0Arg-2Nal-Glv-DGIul-NHJSEQ ID
NO:63)  30Prepare as in Example 25, except that step 1 is omitted, and Ernoc-Gly in step 8 is
replaced with Fmoc-DAla. MW cal.: 943.13; MW ohs.: 943.42.  WO 2008/150689PCT/US2008/064177
41 Examples!  cAla-Tvr-Lvs IP -DA -2Nal-GIu -NI-I2(SEQ ID NO:64)         Prepare as in Example 25,
except that step 1 is omitted, and Fmoc-Gly in step 8 is replaced with Fmoc-Ala. MW cal.: 943.13; MW
obs.: 943.48. 5 Example 52  



clo Leu T131 A -2Nal-GI )(Au -NH SE ID NO:65)         Prepare as in Example 25, except that step 1 is
omitted, and Fmoc-Gly in step 8 is replaced with Fmoc-Leu. MW985.21; MW obs.: 985.56. 10
Example 53  cvelolLeu-Tvr-Lvs(iPr)-DArg-2Nal-Gly-Glul-NIi2(SE0 ID NO:66)  Prepare as in Example
25, except that step I is omitted, Fmoc-DG1u(Oally1) in      step 2 is replaced with Fmoc-Glu(Oally1),
and Frnoc-Gly in step 8 is replaced with Fmoc15Lett. MW cal.: 985.21; MW ohs.: 985.49. Example 54
csicloliWhe-Tvr-Lys(iPr1-DAr2-2Nal-Gly-Glul-NH2 (SEP ID NO:67) Prepare as in Example 25, except
that step 1 is omitted, Fmoc-DG1u(Oally1) in 20step 2 is replaced with Fmoc-GlutOally1), and
Fmoc-Gly in step 8 is replaced with Fmoc- DPIre. MW cal.: 1019.22; MW obs.: 1019.52. Example 55
cyclocPhe-Tvr-Lys(iPr)-DAru-2Nal-Gly-Glul-NH2ISE0 ID NO:68)  25Prepare as in Example 25, except
that step 1 is omitted, Fmoc-DG1u(Oally1) in step 2 is replaced with Fmoc-Glu(Oally1), and Fmoc-Gly
in step 8 is replaced with EnloePhe. MW cal.: 1019.22; MW obs.: 1019.53. Example 56
30cycloinPhe-Tvr-Lvs(iPr)-DArg-2Nal-Gly-DGIul-NH2(SEP ID NO:69)        Prepare as in Example 25,
except that step 1 is omitted, and Fmoc-Gly in step 8 is replaced with Enloe-DP[1c. MW cal.: 1019.22;
MW obs.: 1019.50.  42 Example 7 exelolPhe-Txr-Lxs iP - A t-2Nal-Ca DGlu -Lvs 113 Nil SE ID NO:70
Prepare as in Example 25, except that Fmoe-Arg(Pbf) in step 1 is replaced with     Fmoc-Lys(iPr)(Boc),
and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 51189.48; MW ohs.: 1189.92. Example
57a  cyclone-Tyr-Lvs(iPr)-DArg-2Nal-Glv-DGIu  l-Lys(iPr)-N acetic acid salt (SEQ ID NO:71)  10The
TFA salt of the peptide of Example 57 is converted to an acetic acid salt by adsorbing the material
onto a preparative C18 column of suitable size, equilibrated with 2% acetic acid/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 ohs.: 151189.92. Example 58  



evelone-Tvr-Lys(iPr)-DAr2-2Na1-Gly-DGIM-Arg-NHIJ5E0 ID NO:72)              Prepare as in Example
25, except that Frnoc-Gly in step 8 is replaced with Fmoc- 20Phe. MW cal.: 1175.41; MW ohs.:
1175.81. Example 59  cyclo[Phe-Tvr-LvsOPM-DAr2-2Nal-Glv-DGIu1-NR2(SEQ ID NO:73) 25Prepare
as in Example 25, except that step 1 is omitted, and Frnoc-Gly in step 8 is replaced with Fmoc-Phe.
MW cal.: 1019.22; MW ohs.: 1019.56. Example 60
csTIMPhe-Tyr-Lvs(iPr)-DArg-2Na1-G1y-DGIul-Lys(iPr)-NHEt (SEQ ID NO:74) 30Prepare as in
Example 25, except that Rink amide resin is replaced with [3- ({et
yl-Fmoe-amino}-methyl)-indol-1-ylkacetyl AM resin, Fmoc-Arg(Pb0 in step 1 is  43 replaced with
Frnoc-Lys(iPM(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1217.53; MW obs.:
1217.97. Example 60a  5cyclorPhe-Tvr-(il)r)-DA -2Nal-Gly-DGIctl=Lvs(iPQ-NFIEt.acetic acid salt
(SEQ ID NO:75)        The TFA salt of the peptide of Example 60 is converted to an acetic acid salt by
adsorbing the material onto a preparative C18 column of suitable size, equilibrated with 2% acetic
acid/1-120 (v/v). The column is then washed with three to five column volumes 10of 2% aqueous
acetic acid (v/v). The peptide is eluted using 1:1 water/acetonitrile (v/v) containing 2% acetic acid by
volume, and lyophilized. MW cal.: 1217.53; MW obs.: 1217.97. Example 61
15cvelolDAla-Tvr-Lvs(iPP-DAr2-2Nal-Glv-Glul-NFIEt (SEC) ID NO:76)        Prepare as in Example 25,
except that Rink amide resin is replaced with [3- ( Iethyl-Fmoc-aminoI-methyl)-indo1-1-ylkacetyl AM
resin, step I is omitted, FrnocDGIu(Oally1) in step 2 is replaced with Fmoc-Glu(Oally1), and Fmoc-Gly
in step 8 is replaced with Fmoc-DAla. MW cal.: 97L18; MW obs.: 971.49. Example 62
cyclol2Nal-Tvr-Lvs(iPc)-0Arg-2Nal-Gly-Glul-NIIEt (SEP 1D NO:77)        Prepare as in Example 25,
except that Rink amide resin is replaced with [3- ({ethyl-Emoc-amino}-methyl)-indol-1-ylkacetyl AM
resin, step 1 is omitted, Fmoc- 25uGla(Oally1) in step 2 is replaced with Fmoc-Glu(Oally1), and
Fmoc-Gly in step 8 is replaced with Fmoc-2Nal. MW cal.: 1097.34; MW ohs.: 1097.53. Example 63
cyclort)Phe-Tvr-Lvs(iPr)-DArtt-2Nal-Glv-Clul-N1-1Et (SE0 ID NO:78)  30Prepare as in Example 25,
except that Rink amide resin is replaced with [3- ( Iethyl-Emoc-amino}-methyl)-indol-1-ylkacetyl AM
resin, step 1 is omitted, Fmoc-  



44 DG1u(Oally1) in step 2 is replaced with Finoc-Glu(Oally1), and Fmoc-Gly in step 8 is replaced with
Fmoc-DPlie. MW cal.: 1047.28; MW ohs:: 1047.51. Example 64
5evelollike-Tyr-Lys(iPr)-DArg-2Nal-Gly-Clut-NHEt SEQ Ill NO:79)        Prepare as in Example 25,
except that Rink amide resin is replaced with [3- ( tethyl-Fmoc-aminof -methyl)-indol-1-ylkacetyl AM
resin, step 1 is omitted, EnloeDG1u(Oally1) in step 2 is replaced with Finoc-Glu(Oally1), and Fmoc-Gly
in step 8 is replaced with Faux- Phe. MW cal.: 1047.28; MW obs.: 1047.57. 10 Example 65
cyclolGly-Tvr-Lvs(iPr)-DAre-2Nal-Gly-PGIul-Gly-2Nal-NR2(SEQ ID NO:801 Prepare as in Example 25,
except that Fmoc-Arg(Pbf) in step 1 is replaced with      Fmoc-2Nal, and one step is added between
steps 1 and 2 using Fmoc-Gly. MW cal.: 151183.39; MW obs.: 1183.26. Example 66
cyclolGly-Tvr-Lys iPr)-DArg-2Nal-Gly-G161-0-Ala-D2Nal-NH2(SEQ ID NO:81)             Prepare as in
Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with 20Fmoc-D2Nal, one step is added
between steps 1 and 2 using Fmoc-P-Ala, and Fmoc- DG1u(Oally1) in step 2 is replaced with
Fmoc-Glu(Oally1). MW cal.: 1197.40; MW obs.: 1196.70. Example 67
25cveloR3-Ala-Tvr-Are-DArg-2Nal-Glv-Glui-Arg-N112(SEQ ID NO:82)       Prepare as in Example 25,
except that Fmoc-DG1u(Oally1) in step 2 is replaced with Fmoe-Glu(Oally1), Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is replaced with Fmoc-f3-A1a. MW cal.:
1085.25; MW obs.: 1085.05.  45 Example 68
evc1003-Ala-Tyr-Anz-4)Arg-2Nal-Gly-Aspi-Ar2-NH2(SEQ ID NO:83)        Prepare as in Example 25,
except that Fmoc-DGIu(Oal1y1) in step 2 is replaced with Fmoc-Asp(Oally1), Frnoc-Lys(iPM(Boc) in
step 6 is replaced with Fmoc-Arg(Pbt), 5and Fmoc-Gly in step 8 is replaced with Fmoc-f3-A1a. MW
cal.: 1071.22; MW obs.: 1071A5. Example 69
evc1015-aminovaleryl-Tvr-Aru-DAr2-2Nal-G1v-Glul-Arg-NH2(SEQ ID NO:84)   10 Prepare as in
Example 25, except that Fmoc-DG1u(Oally1) in step 2 is replaced with Fmoc-GIMOally1),
Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoe-Gly in step 8 is replaced with
Fmoc-5-aminovaleric acid. MW cal.: 1113.30; MW obs.: 1113.40. 15Example 70
evelol5-aminova1ery1-Tvr-Arg-liAr-2Nal-Gly-Asp I-Arg-NHL(SEQ ID NO:85)  



Prepare as in Example 25, except that Fmoc-DG1u(Oally1) in step 2 is replaced with
Fmoc-Asp(Oally1), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Finoc-Arg(Pbf), and Fmoc-Gly in step
8 is replaced with Fmoc-5-amino valeric acid. MW cal.: 1099.27; 20MW obs.: 1100.25. Example 71
evelol(4-ANIPA)-Tvr-Arg-DAru-2Nal-Gly-Asp]-Arg-NH2(SEQ ID NO:86) Prepare as in Example 25,
except that Fmoc-DGIu(Oally1) in step 2 is replaced 25with Fmoc-Asp(Oally1), Fmoc-Lys(iPr)(Boc) in
step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl
phenylacetic acid (4- AMPA). MW cal.: 1147.32; MW obs.: 1148.20.  WO
2008/150689PCT/U52008/064177 46                            Example 72
cyclo1(4-AMPA)-Tyr-Arg-DAru-2Nal-Gly-Clul-Ar (-NI-I2 SE ID NO:87 Prepare as in Example 25,
except that Emoe-DGIu(Oa1ly1) in step 2 is replaced 5with Fmoc-Glu(Oally1), Finoc-Lys(ilk)(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.: 1161.99. Example 73
10eyelo1(4-AMPA)-Tyr-Ar2-0Ar0-2Nal-Glv-GluI-DAr2-Nlit(SEQ ID NO:88)        Prepare as in Example
25, except that Fmoc-Arg(Pbf) in step 1 is replaced with Fmoc-DArg(Pbf), Finoc-DGIu(Oally1) in step 2
is replaced with Fmoc-Glu(Oally1), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pb1), and
Fmoc-Gly in step 8 is replaced with Fmoc-4-aminomethyl phenylacetic acid (4-AMPA). MW cal.:
1161.34; 15MW ohs.: 1161.83. Example 74  evelo1(4-AM13)-Tyr-Arn-DArg-2Nal-Glv-G1ul-Ar2-NH2
(5E0 ID NO:89.1 Prepare as in Example 25, except that Fmoc-DGIu(Oally1) in step 2 is replaced 20
with Fmoc-Glu(Oally1), Fmoc-Lys(iPr)(Boc) in step 6 is replaced with Fmoc-Arg(Pbf), and Fmoc-Gly in
step 8 is replaced with Fmoe-4-aminomethyl benzoic acid (4-AMB). MW cal.: 1147.32; MW ohs.:
1147.66. Example 75  25evelo[Glv-Tyr-Lvs(iPr)-DAr2-2Nal-Clv-PCIPI-Lvs(ipr)-Gly-2Nal-NH2 (5E0 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 Ohs.:
1354.03.  47 Example 76  eyclolPhe-Tvr- s(iPr)-0Arg-2Nal-Glv-DGIul-Lys(iPr)-Glv-2Nal-NH2 (SEQ ID
NO:91) Prepare as in Example 25, except that step 1 is replaced with three sequential 5residue
couplings: first Finoc-2Nal, then Fmoc--Gly, and then Frnoc-Lys(iPr)(Boc). In addition, Fmoc-Gly in
step 8 is replaced with Fmoc-Phc. MW cal.: 1443.82; MW ohs.: 



1444.13. Example 77 10eyelo1Glv-Tvr-Lvs(iPP-DArg-2Nal-Gly-DGIul-Gly-DPhe-NH2(SEQ ID NO:92)
Prepare as in Example 25, except that step 1 is replaced with two sequential residue couplings; first
Fmoc-BIthe, then Fmoc-Gly. MW cal.: 1133.36; MW ohs.; 1133.73. 15Example 78
evelolGly-Tyr-Lvs(iPr)-0Arg-2Nal-Glv-DGIul-Lvs(iPr)-Dphe-N112  (SEQ ID NO:93)           Prepare as in
Example 25, except that step 1 is replaced with two sequential residue couplings: first Fmoe-DPhe,
then Fmoc-Lys(iPr)(Boc). MW cal.: 1246.58; MW 20ohs.: 1246.88. Example 79
cyc1olLvs-Tyr-Lys(iPt-)-0Arg-2Nal-Gly-DGIul-Lvs(iPP-N1-12(SEP ID NO:94)             Prepare as in
Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with 25Fmoc-Lys(iPr)(Boc), and
Fmoc-Gly in step 8 is replaced with Fmoc-Lys(Boc). MW cal.: 1170.50; MW ohs.: 1169.80. Example
80  evelo[Phe-Tvr-Lys-DA1-2-2Nal-Glv-DGIul-Evs(iPr)-Nk(SE0 ID NO:95)  30Prepare 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 ohs.: 1146.70.  WO 2008/150689PCT/US2008/064177 Example 81  P e-Tyr-L2Nal-GI
DGIu -Lys-NH SEt ID NO:96 Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is
replaced with 5Frnoc-Lys(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1147.40;
MW obs.: 1146.70. Example 82  cyclolPhe-Tyr-Lys(iPr)-DAre-2Nal-Gly-DGIul-Orn-N112(SEQ ID
NO:97)  10Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 is replaced with
Fmoc-Orn(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW cal.: 1133.40; MW ohs.:
1132.70. Example 83  15cyclolPhe-Tyr-Eys-DAr2-2Nal-Gly-DG1uAys-NHL(SE0 ID NO:98)
Prepare as in Example 25, except that Fmoc-Arg(Pbf) in step 1 and FmocLys(iPO(Boc) in step 6 are
each replaced with Fmoc-Lys(Boc), and Fmoc-Gly in step 8 is replaced with Fmoc-Phe. MW1105.37;
MW obs.: 1105.40. 20Example 84  



cyclolThe-Tyr-Lys-DAr2-2Nal-Gly-DGIul-Lys-NH Et (SEQ ID NO:99)         Prepare as in Example 25,
except that Rink resin is replaced with [3-( ethylFinoc-aminol-methyl)-indol-1-ylkacetyl AM resin,
Fmoc-Arg(Pbe in step 1 and FmocLys(iPr)(Boc) in step 6 are each replaced with Fmoc-Lys(Boc), and
Fmoc-Gly in step 8 is 25replaced with Fmoc-Phe. MW cal.: 1133.36; MW ohs.: 1133.82. Example 85
Alternative Synthesis I of eyclolPhe-Tyr-Lys(ipr)-DArg-2Nal-Gly-DGIul-Lys(iPr)-NH2 (SEQ ID NO:70)
30Example 57 discloses the synthesis of SEQ ID NO:70 via Fmoc solid phase peptide synthesis
chemistry employing the commercially available building block Fmoc- Lys(iPr)Boc, which is expensive
and difficult to obtain in large quantity. The process  49 described in this example permits the
synthesis of SEQ ID NO:70 using less expensive Fmoc-Lys(13oc), solution cyclization, and lysine
alkylation through reductive amination using sodium cyanoboronhydride, providing a more economical
route to this end product. Additional advantages are that the reaction media (acetic acid, acetone, and
methanol) are  5 relatively inexpensive, the reaction conditions are easily controlled, the ratio of
solvents can vary significantly without affecting the alkylation reaction, and the recovery yield is 90"/0
or higher.        The sequence Phe-Tyr(tB1)-Lys(Eloc)-0Arg(Pb0-2Nal-Gly-DGIu(Oally1)- Lys(Boc)
(SEQ ID NO:100) is assembled on Rink Amide Resin by standard Enloe 10chemistry utilizing an ART
431 Peptide Synthesizer as outlined in Scheme 7. The automated assembly is carried out using the
standard Applied Biosysterns DCC/HOBt chemistry protocol or FastMoc chemistry (I-IBTU/DIEA)
protocol following the supplier's directions (PE Applied Biosysterns Inc., Foster City, CA). The side
chain protecting group scheme is: Lys(Boc), DGIu(Oally1), DArg(Pbf), Tyr(tBu). The stepwise 15chain
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 Emoc-Lys(oc) 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 Emoc-DGIu(Oally1) are activated and coupled to the deprotected peptide resin from
step I. These steps are 70repeated appropriately until step 8, the coupling of Fmoc-Phe.       The allyl
ester side chain protecting group is removed with 0.1 equivalent of Pd(Ph3P)4 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 25carboxylic acid moiety of ()Ulu is activated with PyBOP/DIEA and cyclized to
the a-amino group of Phe on the resin. The cyclized peptide is simultaneously deprotected and
cleaved from the resin using a scavenger cocktail of TFA/H20/TIS/EDT (95/2/1/2, v/v/v/v) or
TFA/H20/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 30washed three times with cold diethyl
ether to remove the scavengers.  50 H2N-Rink Resin    



Fmoc-Lys(Boc) 2. Fmoc-D-Glu(0Ally1) 3. Fmoc-Gly 4. Fmoc-2Nal 5. Fmoc-D-Arg(Pbf) 6.
Fmoc-Lys(Boc) 7. Fmoc-Tyr(tBu) 8. Fmoc-Phe 9.  10.  Stepwise solid-phase assembly: Fmoc
protected amino acids, DCC/HOBt or HBTU/DIEA coupling piperidine deprotection             0 H N-Rink
Resin fmoc 



Scheme 7. Peptide chain assembly on solid phase    52       Purification of the cyclic precursor peptide
is accomplished using standard preparative HPLC techniques. The crude cleavage product is
dissolved in a minimum amount of DMSO, loaded onto a reversed phased C18 HPLC column, and
elated with an aqueous 0.1% trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 nm.
5 The appropriate fractions are pooled and lyophilized. Further characterization of the intermediate
precursor cyclic peptide is performed using analytical HPLC and mass spectral analysis by
conventional techniques.        The lyophilized precursor cyclic peptide is then alkylated in a solution of
acetic acid/acetone/methanol (I:1:4, v/v/v) through reductive amination using sodium
10cyanoboronhydride (Scheme 9). Peptide concentration is about 10mg/mL, and can vary significantly
without affecting the results. Three to 5 equivalents of the reducing reagent sodium cyanoboronhydride
are used, and the reaction is normally 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 mt, of methanol,
to which 0.5 mL of acetic 15acid and 0.5 nil_ 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 20lyophilization 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.  WO
2008/150689PCT/US2008/064177 53 H2  (SEQ ID NO:98)  1  AcOH/acetone/methanol 1/1/4 (v/v/v)
NaBH3CN in methanol, 5 eq  (SEQ ID NO:70) Scheme 9. Reductive amination converting Lys to
Lys(iPr) 5The 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-(lethyl-Fmoc-aminol-methyl)-indol-1-ylkacetyl 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 10ethyl amide peptide with a purity of 99.16%. MW
cal.: 1217.53; MW obs.: 1217.84.  WO 2008/150689PCT/US2008/064177 54 



Example 86  Alternative Synthesis H of cvelo Phe-T LA -2Nal-Gly-DGlu L IP NH2 SE 1D NO:70
Example 85 discloses a cost effective synthesis of SEQ ID NO:70 via Fmoc solid 5phase peptide
synthesis chemistry employing relatively inexpensive Fmoc-Lys(Boc) and alkylation of lysine through
reductive amination using sodium cyanoboronhydride in relatively inexpensive solvents (acetic acid,
acetone, and methanol). However, this process involves the use of the heavy metal catalyst palladium
for the removal of the ally! ester side chain protective group. Palladium is highly toxic, and quality
control to insure 10complete removal of this element is complicated and difficult. The Boc solid phase
peptide synthesis process with cyclization on the resin described in this example permits the
production of SEQ ID NO:70 using relatively inexpensive Boc-Lys(2-C1-Z) without the need for a toxic
and expensive palladium catalyst, providing an even more economical, easily upscalable, less toxic
route to an end product requiring a simpler 15quality control process.       The sequence
Fmoc-Phe-Tyr(2-Br-Z)-Lys(2-C1-7.,)-DArg(Tos)-2Nal-GlyDGIu(OFM)-Lys(2-C1-Z) (SEQ ID NO: 102)
is Manually assembled on MBHA (4-methylbenzhydryl-amine) resin (Cat. No. D-2095, BaChem
California Inc., Torrance, CA) using established solid phase peptide synthesis Boc chemistry
(Schnolzer et al. (1992) Int. J. 20Rept. Protein Res. 40:180-193) as outlined in Scheme 10. The chain
assembly is carried out using an in situ neutralization/HBTU/DIEA activation procedure as described in
this reference. The side chain protecting group scheme is: Lys(2-CI-Z), DGIu(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, 25which 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-C1-Z) are activated with HBTU/D1EA in DMF, and coupled to MBHA resin. instep 2, five
equivalents of BocDG1u(OFm) are activated and coupled to the deprotected peptide resin from step 1
using 30neat TFA. These steps are repeated appropriately until step 8, the coupling of Fmoc-Phe. The
Fm side chain protecting group of uGlu, together with the Fmoc at the  55 N-terminal end, is removed
using 20% piperidine in DMF. The deprotected carboxylic acid moiety of DGIu is activated with
PyBOP/DIEA, EICTU/DIEA, or other appropriate activation reagents, and cyclized to the a-amino
group of Phe on the resin. The cyclic peptide is simultaneously deprotected and cleaved from the resin
using HI with 5% 5in-cresol orp-cresol as a scavenger for 1 hour at 0 "C. The solvents are then
evaporated and the crude peptide is precipitated and washed three times with cold diethyl ether.  56
H2N-MBHA resin 1.Boc-Lys(2-CI-Z) 2. Boc-D-Giu(OFm) 3. Boc-Gly 4. Boc-2Nal 5. Boc-D-Arg(Tos) 6.
Boc-Lys(2-C I-Z) 



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



57      Purification of the cyclic precursor peptide (SEQ ID NO:98 as shown in Scheme 1 0) is
accomplished using standard preparative HPEC techniques. The crude cleavage product is dissolved
in a minimum amount of DMSO, loaded onto a reversed phased CI8 ETPLC column, and eluted with
an aqueous 0.1% trifluoroacetic acidlacetonitrile gradient 5(v/v) while monitoring at 214 urn. The
appropriate fractions are pooled and lyophilized. Further characterization of the intermediate precursor
cyclic peptide is performed using analytical HPLC and mass spectral analysis by conventional
techniques. For SEQ ID NO:98, MW cal.: 1105.29; MW obs.: 1105.4. The lyophilized precursor cyclic
peptide (SEQ ID NO:98) is then alkylated in a 10solution of acetic acid/acetone/methanol (1:1:4, v/v/v)
through reductive amination using sodium cyanoboronhydride as in Scheme 9. Peptide concentration
is about 10mg/mL" and can vary significantly without affecting the results. Five equivalents of the
reducing reagent sodium cyanoboronhydride are used, and the reaction is normally completed within 2
h at room temperature. The recovery yield is 90% or higher. For example, 6.6 15mg of the precursor
cyclic peptide are dissolved in 0.8 rriL of methanol, to which 0.2 mL of acetic acid and 0.2 mL of
acetone are added, mixed well, and then 1.9 mg of sodium cyanoboronhydridc (2.5 equivalents in
methanol) are added under stirring in two equal portions. The reaction mixture is stirred at room
temperature for 30 min, upon which another 1.9 mg of sodium cyanoboronhydride are added. The
reaction is monitored by 20HPLC 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  25Alternative Synthesis III of
cyclo[Phe-Tyr-Lys(iPr)-DAr2-2Nal-Gly-DGIO-Lys(iPr)-INII2 (SEC) ID 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-Plie-Tyr(2-Br-Z)-Lys(Fmoc)-DArg(Tos)-2Nal-Gly-  30 DG1u(OBz1)-Lys(Fmoc) (SEQ ID NO:103) is
manually assembled on MBHA resin using solid phase peptide synthesis Doc chemistry (Schnelzer et
al. (1992) Int. J. Pept. Protein Res. 40:180-193) as outlined in Scheme 11. The chain assembly is
carried out using the  58 in situ neutralization/HBTU/DIEA activation procedure as described in
Schnolzer et al. The side chain protecting group scheme is: Lys(Fmoc), DGIu(OBz1), DArg(Tos), Tyr(
2- Br-Z). The alpha-amino group of all the amino acid building blocks is protected with
tert-butoxycarbonyl (Boc). The stepwise chain assembly starts from the C-terminal end 5of the linear
peptide and is accomplished in 8 steps as shown in Scheme 11. In step 1, five equivalents of
protected amino acid Boc-Lys(2-C1-Z) are activated with HBTU (4 eq) /DIEA (10 eq) in DMF, and
coupled to MBHA resin. In step 2, five equivalents of BocDGIu(OBz1) are activated and coupled to the
deprotected peptide resin from step I using neat TFA. These steps are repeated appropriately until
step 8, the coupling of Boc-Phe. 10The Boc protecting group is removed with neat TFA, the resin is
neutralized with DMA, and washed with DMF and methanol and dried in air before HF cleavage. The
linear peptide is simultaneously deprotected and cleaved from the resin using FIF with 5% in-cresol
orp-cresol as a scavenger for 1 hour at 0 C. The solvents are then evaporated and the crude peptide is
precipitated and washed three times with cold diethyl ether. 15  59 H2N-MBHA resin 1 Boc-Lys(Emoc)



2 Boc-D-Glu(OBz1) 3 Boc-Gly 4 Boc-2Nal 5 Boc-D-Arg(Tos) 6 Boc-Lys(Fmoc) 7 Boc-Tyr(2-Br-7) 8
Boc-Phe           Stepwise solid-phase assembly: Boo protected amino acids, HBTU/DIEA coupling TFA
deprotection              Scheme 11. Chain assembly using Boc che s y 



HN 5Purification of the linear precursor peptide (SEQ ID NO: 104) is accomplished using standard
preparative EIPLC techniques. The crude cleavage product is dissolved in  60 a minimum amount of
DIMS, loaded onto a reversed phased C18 HPLC column, and eluted with an aqueous 01%
trifluoroacetic acid/acetonitrile gradient (v/v) while monitoring at 214 run. The appropriate fractions are
pooled and lyophilized. Further characterization of the intermediate precursor cyclic peptide is
performed using analytical 5HPLC and mass spectral analysis by conventional techniques. For SEQ
ID NO: 104, MW cal.: 1567.78; MW ohs.: 1567.6.        Cyclization of the lyophilized precursor linear
peptide (SEQ ID NO: 104) is carried out in solution (Scheme 12). The linear peptide is dissolved in a
small amount of dry DMF (-10 mg/mL). This peptide solution is slowly delivered via a syringe pump to
10the reaction mixture of PyBOP (2 eq, or other appropriate activation reagents, such as FICTU, BOP,
HBTU, etc.) and DIEA (10 eq) in dry DMF under magnetic stirring. The reaction is then allowed to
proceed at room temperature for 2 h. Neat piperidine is then added to the reaction mixture to a final
concentration of 25% (v/v). The reaction mixture is kept under stirring for another 20 min to completely
remove Fmoc protection. Solvents 15are evaporated under vacuum and the residue is loaded onto a
preparative reversed phase C18 FIPLC column, and eluted with an aqueous 0.1% trifluoroacetic
acid/acetonitrile gradient (v/v) while monitoring at 214 nm. The appropriate fractions are pooled and
lyophilized, and afford the cyclic precursor peptide (SEQ ID NO:98). Further characterization of the
intermediate precursor cyclic peptide is performed using analytical 2014PLC and mass spectral
analysis by conventional techniques. For SEQ ID NO:98, MW cal.: 1105.29; MW obs.: 1105.4.
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 25cal.: 1189.45; MW obs.: 1189.6.  Scheme 12.
Cyclization and Fmoc removal 5Example 88  Alternative Synthesis IV of
eveloiPhe-Tyr-Lys(iPr)-DArg-2Nal-Gly-DGluf-Lys(iPr)-NH2 (SEC/ ID NO:701 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.  10 The dipeptide Fmoc-DGIu-Lys(iPt,Z)-NH, is
first prepared in solution with an exposed DGIutamic acid side chain. The dipeptide is linked to a
hyper-acid labile CTC (2-chlorotritylchloride PS resin, I% DVB (100-200 mesh) resin (Senn Chemicals
USA Inc., San Diego, CA; catalog number 40207), and the final peptide product is then  62
synthesized on this resin via standard Fmoc synthesis as described above. Selective removal of the
peptide from the CTC resin allows only the DGIutarnic acid side chain to react with the N-terminus of
the peptide in solution and generate the cyclic peptide      product. Subsequently, the remaining side
chains are cleaved with 95% TEA or other 5strong acid. Ent -D-Gto(2-CTC rksePr,Z)-NH2 son bly hj
inroc-`iPPS H-Phe-Tv tBu)-Lvs(i. B c,-D-Arb(PH)il-Gly-D-Cht(2-CTC res 



Lys(iPr,Z)-N(SEQ ID NO:105) ar? re-Tynt,Bu)-Db( f)-2Na1-Gly-D-G1o(OH)-Lys(iPr,7)-N1-12 (SEQ ID
NO:106) _J Phe-Tvr(vs(iPr,)-D-; (Pbf, 2Nal-Uly-D-Gro-LysfiPr,Z)-NIH:: (SEQ ID NO:107) Deprotec c
Phe-Tyr-Lys(iPr)_D-Arb-2NaD-Giu-Lys(iPr)-N7H2 (SEQ ID NO:70) Scheme 13. Overall synthetic
scheme from Fmoc-DGIu-Lys(iPr,Z)-NE12 10       The dipeptide Fmoc-DGIu-Lys(iPr,Z)-NFL is first
prepared as shown below (Scheme 14):  63 Roc-Lvc(iPr,Z)-OH BOC)4\ B-I2 Dq"-otection
1-f-Lys(irr,Z)-N1+ PaloIMO -0I 1               F1aoc-D-G1u(Offit9-Lys(Tr2)-N112 Deprotfftion (25-59%
TEA) haoc-D-C1 y (ffir2)-NH Scheme 14. Preparation of Fmoc-DGIu-Lys(iPr,Z)-N1-12
5Boc-Lys(iPr,Z)-OH is reacted with NMM and IBCF in THF. After addition of NH4OH, the solvents are
removed by rotary evaporation and the product is taken up in ethyl acetate. The ethyl acetate phase is
washed extensively with 5% NaHCO3 and then with 0.1 N HCI, and then dried over anhydrous sodium
sulfate. Sodium sulfate is removed by filtration and the ethyl acetate is removed by evaporation at
reduced pressure. 10 The resulting Boc-Lys(iPr,Z)-NH2 is dissolved in DCM, and TFA is added. Once
the reaction has proceeded to completion, the solvents are removed by rotary evaporation.
H-Lys(iPr,Z)-NH2 is then dissolved in DMF. The pH is adjusted to 8 with DIEA. In a separate vessel,
Fmoc-DGIu(OtBu)-OH, HBTU, and HOBt are dissolved in DMF; DIEA is added to adjust the pH to S.
The two solutions are mixed, and the reaction is monitored 15by CI8 reversed phase HPLC. The pH is
monitored and adjusted, where necessary, with DIEA. The solvents are removed by rotary
evaporation, and the product dissolved in ethyl acetate. The ethyl acetate phase is washed extensively
with 5% NaHCO3 and then with 0.1 N HC1, 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. 20Rotary evaporation is continued until a dry residue is formed. The resulting Fmoc-
DG1u(OfBu)-Lys(iPr,Z)-NH2 is dissolved in DCM, and TFA is added. Once the reaction has proceeded
to completion, the solvents are removed by rotary evaporation. The solid  64 product is obtained by
trituration with diethyl ether. After the precipitate is washed with ether, the product is dried in a vacuum
oven. 



Solid phase peptide synthesis of the final product is performed as follows.
FmocDG1u(OtBu)-Lys(iPr,Z)-NH2 is dissolved in DCM and reacted with CTC resin in the 5presence of
Dl EA in a reaction vessel. After] h, the peptide-resin is washed free of reagents with DCM and Z-0Su
is added. The pH is monitored and adjusted to pH 8-9 by adding DIEA if necessary. After 8 11, the
peptide-resin is washed free of reagents with DCM, transferred to a polypropylene container, and dried
in a vacuum oven. The protected peptide-resin is assembled using Fmoc-chemistry as follows. The
10coupling cycle used is: 1) De-blocking: treatment with 25% piperidine in DMF; 2) Washing cycles
with DMF, IPA and DMF again; 3) Ninhydrin test (qualitative: if positive, proceed to coupling Step 4); 4)
Coupling with 2 equivalents Fmoc-amino acid in presence of HOBt /CNC in DMF; 5) Washing cycles
with DMF; 6) Ninhydrin test (qualitative: if negative, proceed to next de-blocking/coupling cycle; if
positive, proceed 15to re-coupling Step 7; if slightly positive, proceed to acetylation Step 10); 7)
Re-coupling (if required), with 1 equivalent Frnoc-amino acid in the presence of HOBt, HBTLEDIEA in
DMF; 8) Washing cycles with DM.F; 9) Ninhydrin test (qualitative: if negative, proceed to next
de-blocking/coupling cycle; if positive, proceed to acetylation Step 10); 10) Acetylation (if required) with
2% acetic anhydride in 4% DlEA in DMF;  20 11) Washing cycles (with DMF, IPA, and DMF again);
12) Ninhydrin test (qualitative: if positive, proceed to next de-blocking/coupling cycle). After the final
coupling cycle, the peptide-resin (SEQ ID NO:105) is washed with ether and dried under vacuum.
The protected peptide-resin is washed with DCM. Cleavage of the fidly protected linear peptide from
the resin is performed with 2% TFA in DCM followed by filtration.  25 The solvents are removed by
rotary evaporation, and the fully linear protected peptide (SEQ ID NO:106) is precipitated by trituration
with ether. The fully protected linear peptide is transferred to a polypropylene container and dried in a
vacuum oven. The fully protected linear peptide is cyclized in the presence of PyBOP, H.OBt, and
DEA in DMF. The pH is maintained between pH 7-8 by addition of DfEA, if 30necessary. After the
reaction has proceeded to completion, the solvents are removed by rotary evaporation, and the
product is taken up in ethyl acetate. The ethyl acetate phase is washed extensively with 5% NaHCO3
and then with 0.1 N HET and saturated NaC1  65  solution. It is then dried over anhydrous sodium
sulfate. The sodium sulfate is removed by filtration and the ethyl acetate is removed by rotary
evaporation at reduced pressure. The protected cyclic peptide (SEQ ID NO:107) is precipitated by
trituration with ether and dried in a vacuum oven. 5Deprotection is performed in TFA:11170:T1 S.
When the reaction is complete, the solvents are removed by rotary evaporation and the cyclic peptide
(SEQ ID NO:70) is precipitated by trituration with ether and dried in a vacuum oven. MW cal.: 1189.48;
MW obs.: 1189.50. 10Example 89  Incorporation of Isotopic Labels: Synthesis of
cyclo[Phe-Tyr-Lys(iPr-c16)-PArg-2Nal-Gly-DClul-Lys(jPr-d6)-N112  (SLO ID NO:108)  Starting with
isotopically labeled acetone such as L3C-, I4C-, deuterium-, or 15tritium-labeled acetones as shown
below, the processes of Examples 85-87 permit site- specific isotopic labeling of cyclic peptide CXCR4
antagonists for various pharmacological and imaging studies. The isotopically labeled acetones are
commercially available from various sources. An example is given below using acetonesd6to prepare
a peptide containing 12 deuterium atoms. The resulting compound, differing in molecular weight 20by
12 Da compared to the non-labeled counterpart, is easily differentiated in mass spectra and exhibits
identical target receptor affinity. 00 H", D'11 \\c,--C---., ...../D 



../ I D./.. HD HHDD AcetoneAcetone-d6 25  0 \13c HI13c Acctonc-3-I'C  Using any of the methods in
Examples 85-87, one can prepare and purify cyclic 5peptide precursors (SEQ ID NO:98" SEQ ID
NO:99, etc.). Alkylation is carried out in a solution of acetic acid/acetone/methanol (1:1:4, v/v/v)
through reductive amination using sodium cyanoboronhydride as in Scheme 9, with the exception that
standard acetone is replaced with the desired isotopical.ly labeled acetone. In the present example,
deuterium acetone-d6 is used. 10Peptide (97 mg) is dissolved in 15 mL of acetic
acid/acetone-d6/methanol (1:1:4, v/v/v). Peptide concentration can vary significantly without affecting
the results. Five equivalents of sodium cyanoboronhydride are used, and the reaction is normally
completed within 2 h at room temperature. The reaction is monitored by LIPLC and mass spectral
analysis. After the reaction is complete, desalting of the reaction mixture and 15lyophilization yields
90.5 mg of final product (SEQ ID NO: 108) with a purity of 99.9%. NW cal.: 1201.48; 1.V1W obs.:
1201.7.  1 AcOH/D6-acetone/methanol (1/1/4, v/v/v) NaBH3CN in methanol, 5 eq Scheme 15.
Site-specific deuterium labeling of CXCR4 antagonist 5Use of isotopically labeled sodium
cyanoboronhydride (such as NaBD3CN, NaBT3C N, etc.) permits incorporation of additional variations
to the site-specific labeling patterns.  68       The pharmacological properties of the present compounds
can be determined by employing the assays described below. Human CXCR4/125I-SDF-la Binding
Inhibition Assay        SDF-1 binding to CXCR4 is the first step in activating the CXCR4 intracellular
signalling pathway. To determine if a compound can block the interaction of SDF-1 and CXCR4,
human leukemia CCRF-CFM cells (ATCC CCL 119) expressing endogenous CXCR4 are employed in
an Psblabeled SDF-la binding assay. The assay is performed in a 96-well U-bottom, non-treated
polystyrene plate (Corning Incorporated, Costar, No, 103632). The binding assay buffer is prepared
with RPM1 1640 medium (Gibco, Grand Island, NY) containing 10 mM HENS,7.5, and 0.2% BSA.
Briefly, 200 jiL reaction 



mixtures containing 300 pM SDF ligand (60 pM '25I-SDF-la (Perkin Elmer) and 240 pM cold SDF-1 a
(R&D Systems), different concentrations of the test compound in assay buffer, 100,000 human
CCRF-CEM cells, and 0.5 mg SPA beads (Wheatgerm agglutinin 15beads; Amersham) are incubated
at room temperature for 2 hr. Plates are then counted in a 1450 Microbeta Liquid Scintillation and
Luminescence Counter (Wallac) in SPA mode. CXCR4 antagonists decrease the bound radioactivity in
this assay in a dose-dependent manner. The inhibitory potency (K1 or IC50) of a test compound is
calculated using GraphPad Prism software, based on the dose-dependent decrease of bound
radioactivity. 20All compounds exemplified above exhibit an average 1(.1 value of about 7.5 nM or less
in this assay. For example, the compound of Example 1 exhibits an average Ki of 3.45 tiM in this
assay. Many of these compounds exhibit an average K1 value between about 0.2 nM and about 1 nM.
For example, the compound of Example 50 exhibits an average IC; value of 0.285 nM in this assay.
Other compounds exhibit an average Ki value 25less than about 0.2 nM. For example, the compound
of Example 75 exhibits an average Ki value of 0.096 nM in this assay. Chemotaxis Assay
CXCR4/SDF-1 interaction regulates migration (chemotaxis) of cells bearing 30CXCR4 on their
surface. To determine the antagonist and cellular activities of a test  69 compound, a chemotaxis
assay using human histiocytic lymphoma U937 cells (ATCC CRL 1593) that express endogenous
CXCR4 are employed. Briefly, U937 cells, grown in DMEM medium (Gibco, Grand Island, NY)
containing 10% FBS, l% M.EM sodium pyruvate (Gibco), 1% MEM nonessential amino acids (Gibco),
and 1% GlutaMAX 1 5(Gibco), are harvested and washed once with chernotaxis assay buffer prepared
with lx RPMI medium (Gibco) containing 10 mM HEPES, pH 7.5, and 0.3% BSA. After washing, cells
are resuspended in assay buffer at a concentration of 5 x 106 cells/mL. The assay is performed in a
96-well ChemoTx plate (NeuroProbe) according to the manufacturer's directions. Generally, 50 pi of
cell mixture with or without test 10compound are plated on the upper chamber, and 30 gL of SDF-I a
(R&D Systems, 10 ng/mL) prepared in 1 x chemotaxis buffer are added to the lower chamber. After
assembly, the plate is incubated for 2.5 hr at 37C under 5% CO2. Following the incubation, 5 pL of
Celt-Titer 96 AQ (Promega, Madison, WI) are added into the lower chamber. The plate is then
incubated for 60 nun at 37C, and the migrated cells are 15detected by measuring the absorbance at
492 nm with a Tecan Spectrafluor Plus Microplate Reader (Salzburg, Austria). CXCR4 antagonists
inhibit cell migration, reducing the absorbance reading. The inhibitory potency (IC50) of a test
compound in this assay is calculated using GraphPad Prism software, based on the dose-dependent
decrease of absorbance at 492 nm. 20Most of the compounds exemplified above exhibit an average
IC50 value of about  60 nM or less in this assay. Many of these compounds exhibit an average 1050
value of about 6 nM or less, e.g., the compound of Example 19 exhibits an average 1050 value of 2.05
nM in this assay. Many of these compounds exhibit an average IC50 value of about      0.6 nM or less,
e.g., the compound of Example 50 exhibits an average IC50 value of 0.171 25nM 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 CCR I,
CCR2, CXCR2, 30or 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  70 



receptors are endogenously expressed. Whole cells or membrane fragments can be used to assess
competition of test compounds with the respective ligands for these receptors in a manner similar to
that described above for the CXCR4/1251-SDF- a binding inhibition assay. 5For example, the
compound of Example 57a exhibits a IC; value greater than 73,000 nM in a floud binding assay using
human chemokine receptor CXCR2. Compound-Induced White Blood Cell and Neutrophul
Mobilization in C57BL/6 Mice 10Stem cells within the bone marrow actively maintain continuous
production of all mature blood cell lineages throughout life. Bone marrow is the primary site for white
blood cell (WBC)/neutrophil production and release into the circulation. The CXCR4/SDF-I axis
appears to be critical for the retention and release of WBCs, neutrophils, and hernatopoietic progenitor
cells in the bone marrow, and interruption of 15CXCR4/SDF-1 interaction in bone marrow leads to an
increase of these cells in peripheral blood. A short-term mouse WBC/neutrophil mobilization model
can be used to determine the in vivo target-modulating activity of a test compound. Briefly,
pathogen-free 5-6 week old female C57BL/6 mice (Taconic) are housed for at least one week prior to
assay. Animals are allowed continuous access to sterilized rodent chow and acidified 20water. Groups
of 5 mice are injected subcutaneously with test compounds in saline, or with saline control, and then
sacrificed by CO2 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, 25TX). Total WBCs, neutrophils, and lymphocytes in the peripheral blood are
recorded. Effective CXCR4 antagonists administered subcutaneously to mice increase the neutrophil
and WBC counts in peripheral blood compared to saline control. A significant number of compounds
exemplified above exhibit an average neutrophil ratio (ratio of neutrophil increase in treatment group
vs. neutrophil increase in  30 saline control group), measured 3 hours after compound administration,
greater than about 2 in this assay. For example, the compound of Example 39 exhibits an average
neutrophil ratio of 4.6 at a dose of 5 mg/kg in this assay.  71 Anti-Tumor Activity in a SCID/Nartialwa
Xenograft Model        SDF-1/CXCR4 interaction appears to play an important role in multiple stages of
tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis. To evaluate in vivo
anti-tumor activity of a test compound, a tumor xenog-raft model using 5NOD/SC1D mice (Jackson
Laboratories) and human non-Hodgkin's lymphoma Namalwa cells (ATCC CRL 1432) are employed.
Briefly, 200,000 Namalwa cells mixed with tnatrigel (1:1) are implanted subcutaneously into the rear
flank of the animals. The implanted tumor cells grow as solid tumors, the dimensions of which can be
continuously monitored and measured using a caliper. To determine the in vivo efficacy of a test
10compound in this model, one can treat animals (10/group) with different doses of test compounds
dissolved in saline or PBS, beginning 48 hours post tumor cell implantation. Compounds are dosed
subcutaneously, and tumor volume and body weight are determined every 2 or 3 days. Studies
generally last 3-4 weeks, depending on tumor growth. The anti-tumor growth activity of a test
compound is determined by the percent 15reduction in tumor volume in treatment groups compared to
tumor volume in control groups treated with vehicle alone.        Several compounds exemplified above,
for example the compound of Example 26, significantly inhibit tumor growth in this assay when
administered at 1 mg/kg BID. Pharmacologic properties such as compound bioavailability, in vivo
metabolic 20stability, and pharmacokinetic/phannacodynamic 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 in vivo metabolic 25stability. 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, 30preferred compounds induce prolonged neutrophil and
white blood cell mobilization in mice. For example, the compound of Example 25 induces a significant
increase of  72 neutrophils and white blood cells in peripheral blood for at least 6 hours after single
dose subcutaneous administration at 5 mg/kg in mice.  73 What Is Claimed Is: 1. A lactam-cyclized
peptide of formula 1: 5121 - eyclo[Xt - Tyr -- X3 - DArg - 2Nal - Gly - X7] - Xs - X9 - X10 - R2 (1) (SEQ
ID NO: ) wherein:             a) said Infant is formed by an amide bond between the side chain amino  10
group of X t and the side chain carboxyl group of X7, wherein X t and X7 are, respectively, a pair
selected from the group consisting of (D/L)Agl/Glu, Dab/Glu, and Dap/Glu, and R1 is Ac or n-hexanoyl;
or             b) said lactam is formed by an amide bond between the side chain carboxyl group of Xi and
the side chain amino group of X7, wherein X t and X7 are, 15respectively, a pair selected from the
group consisting of Asp/(D/L)Agl, Asp/Dab, Asp/Dap, Glu/(D/L)Agl, Glit/Dab, Glu/Dap, Glu/DDap, and
Glu/Lys, and R1 is Ac or Bz, or wherein Xt and X7 are, respectively, a pair selected from the group
consisting of succiny1/()/4)Agl, succinyl/Dab, succinyl/Dap, succinyl/Lys, and succinyl/Orn, and Ri is
absent; or 20c) said lactam is formed by an amide bond between the a-amino group of Xt and the side
chain carboxyl group of X7, wherein X1 and X7 are, respectively, a pair selected from the group
consisting of Ala/Glu, Ala/DG1u, DA1a/GM, DA1a/DGIu, Dap(Ac)/Glu, Gly/Asp, Gly/Glu, Gly/DGIu,
Leu/Glu, Leu/DGIu, Lys/DG1u, Lys(Ac)/Glu, 2Nal/Glu, Phe/Glu, Phe/DG1u, DPhe/Glu, and 0Plic/DGIu,
and R1 is absent; or 25d) said lactam is formed by an amide bond between a non-a, non-side- chain
amino group of X1 and the side chain carboxyl group of X7, wherein X1 and X7 are, respectively, a
pair selected from the group consisting of 13-Ala/Asp, f3-Ala/Glu, 5-aminovalcryl/Asp,
5-aminovaleryUG1u, 4-AMB/Glu, 4-AMPA/Asp, and 4-AMPA/Glu, and R1 is absent; or  74             c)
said lactam is formed by an amide bond between the a-amino group of X2 and the side chain carboxyl
group of X7, wherein X, and X7 are, respectively, a pair selected from the group consisting of Tyr/Asp,
Tyr/Glu, and Tyr/DG1u, and Ri and X1 are each absent; 5Rt is a. substituent on the a-amino group of
Xi when Xi contains an a-amino group and said a-amino group is not a constituent of said lactam
amide bond, selected from the group consisting of Ac, Bz, and n-hexanoyl, or is absent, wherein Xi is
selected from the group consisting of (D/L)Agl, Asp, Dab, Dap, and Glu; Xi is selected from the group
consisting of (D/L)Agl, Ala, p-Ala, DAla, 105-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 A rg, Lys, LysOP and Lys(Me2);                    X7 is selected
from the group consisting of (D/L)Agl, Asp, Dab, Dap, 15DDap, Glu, DG1u, Lys, and Orn;               Xs
is selected from he group consisting of P-Ala, Arg, DArg, Gly, Lys, Lys(iPr), and Om, or is absent; X9
is selected from the group consisting of Gly, 2Nal, D2Nal, and DPhe, or is absent; 20X10 is 2Nal, or is
absent;       wherein when Xs is absent, X9 and X10 are each absent, and when X9 is absent, X10 is
absent, and Rs is selected from the group consisting of NfIs and NEIEt, or a pharmaceutically
acceptable salt thereof 25       2. The lactam-cyclized peptide or pharmaceutically acceptable salt
thereof of claim 1, wherein: Ri is selected from the group consisting of Ac and Bz, or is absent;  75
X1 is selected from the group consisting of 13-Ala, 4-AMB, 4 MPA, Asp, Dab, Dap, Dap(Ac), Glu,
2Nal, Phe, and succinyl, or is absent; X; is selected from the group consisting of Arg, Lys, Lys(iPr),
and Lys(Me2); X7 is selected from the group consisting of Asp, Dab, Dap, Glu, DGIu, Lys, 5 and Om;
Xs is selected from the group consisting of Arg and Lys, or is absent; Xy is absent; X10 is absent; and
122 is selected from the group consisting of NH, and NHEt. 10       3. The lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of claim I, wherein: R, is selected from the group consisting of
Ac and Bz, or is absent;               Xi is selected from the group consisting of DAla, 5-aminoyaleryl,
4-AMPA, 15Asp, Glu, Len, Lys(Fic),Phe, DPhe, and succinyl; X3 is selected from the group consisting
of Arg, Lys, Lys(iPr), and Lys(Me7);           X7 is selected from the group consisting of (D/L)Agl" Asp,
Dab, Dap, DDap, Glu, and DGIu;                  Xs is selected from the group consisting of Arg, DArg, and
Lys, or is absent; 20X9 is absent; X10 is absent; and R2 is selected from the group consisting of NHI
and NI-l&             4. The lactam-cyclized peptide or pharmaceutically acceptable salt thereof of 25claim
I, wherein: R1 is selected from the group consisting of Ac, Bz, and n-hexanoyl, or s 



absent;          X1 is selected from the group consisting of (D/L)Agl, Ala, [3-Ala, Asp, Dap, Glu, Gly, Lys,
and Phc;  76 X3 is selected from the group consisting of Arg, Lys, Lys(iPr), and Lys(Me2.); X7 is
selected from the group consisting of (D/L)Agi, Asp, Dap, Glu, and DG1u; X8 is selected from the
group consisting ofArg, Gly, Lys, Lys(iPr), and 5On, or is absent; Xy is selected from the group
consisting of Gly, 2Nal, 02Nal, and 0Phe, or is absent: X la is 2Nal, or is absent; and 12, is selected
from the group consisting of NFI-i and NFIEt. 10  5. The lactam-cyclized peptide or pharmaceutically
acceptable salt thereof o claim 1, wherein: R1 is selected from the group consisting of Ac and Bz, or is
absent;               X1 is selected from the group consisting of Ala, 5-aminoyaleul, Asp, Glu, 15Gly, Phe,
0Phe, and succinyt; X3 is selected from the group consisting of Arg, Lys(iPr), and Lys(Me,); X7 is
selected from the group consisting of (D/L)Agl, Asp, Dap, Glu, and 0G1u;                  X8 is selected
from the group consisting of p-Ala, Arg, Gly, Lys, Lys(iPr and 20Om, or is absent; X9 is selected from
the group consisting of Gly, D2Nal, and 0Phe, or is absent; XDD is 2Nal, or is absent; and R7 is
selected from the group consisting of NI-11 and NHEt. 256. The lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of claim 1, 4, or 5, wherein:  Xi is selected from the group
consisting of Gly and Plie; X3 is Lys(iPr); and X7 is  77 7. The lactam-cyclized peptide or
pharmaceutically acceptable salt thereof of claim 5, wherein: 121 is absent; 



5Xi is selected from the group consisting of Gly and Phe; X3 is Lys(iPr); X7 is Xs is selected from the
group consisting of Arg and Lys(iPr), or is absent; Xy is absent; 10Xj0 is absent; and R, is selected
from the group consisting of NR, and NHEt. 8. A lactam-cyclized peptide of the formula:    (SEQ ID
NO:70) or a pharmaceutically acceptable salt thereof.            9. The lactam-cyclizcd peptide of claim 8,
wherein said pharmaceutically 20acceptable salt is an acetic acid salt.  78        10. A pharmaceutical
composition, comprising a lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any
one of claims 1-9, and a pharmaceutically acceptable carrier, diluent, or excipient. 511. A
lactam-cyclized peptide or pharmaceutically 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 10infection, 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. 1513. Use of a
lactam-cyclized peptide or pharmaceutically acceptable salt thereof of any one of claims 1-9, for the
manufacture of a medicament for the treatment of rheumatoid arthritis, pulmonary fibrosis, HIV
infection, or a cancer selected from the group consisting of breast cancer, pancreatic cancer,
melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin's lymphoma, lung cancer,
ovarian cancer, colorectal 20cancer, multiple myeloma, glioblastoma multiforme, and chronic
lymphocytic leukemia.  X17256W05T25 SEQUENCE LISTING <110> Eli Lilly and Company <120>
Cyclic Peptide CXCR4 Antagonists <130> X17256_WO <150> 60/940996 <151> 2007-05-31 <150>
60/940802 



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



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



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



<222> (1)..(1) <223> Ac modified <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa =
Dap(Alloc) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Arg(Pbf) <220> <221> MISC_FEATURE <222> (4)..(4)
<223> Xaa = d isomer Arg(Pbe <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal
<220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Glu(Oally1) <220> <221>
MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <400> 3 Xaa Xaa Xaa xaa Xaa Gly xaa Xaa 15



<210> 4 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MISC_FEATURE <222> (1)..(1) <223>
xaa = pap(Alloc) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)-(3) <223> xaa = Arg(Pbf) <220> <221> MISC_FEATURE <222> (4)..(4)
<223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal
<220> <221> MISC_FEATURE 



<222> (7)..(7) <223> xaa = Glu(0Ally1) <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa =
Arg(Pbf) <220>  <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 4 xaa xaa Xaa Xaa Xaa
Gly xaa xaa 15 <210> 5 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
x17256W0ST25  <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> moD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> mISC_FEATURE <222> (1)..(1) <223> Xaa - Dap
<220> <221> MISCEEATURE <222> (2),.(2) 



<223> Xaa = Tyr(tRu) <220> <221> MISG_FEATURE <222> (3)..(3) <223> Xaa = Arb(Pbf) <220>
<221> mISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(5) <223> xaa = 2Nal <220> <221> MISG_FEATORE <222> (8)..(8) <223> Xaa = Arg(Pbf)
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 5 Xaa Xaa Xaa Xaa Xaa Gly Glu
Xaa 15 <210> 6 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES 



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



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr) <220>  <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal  <400> 7 Xaa Tyr Xaa Arg Xaa Gly Glu Arg 15
<210> 8  211> 8 <212> PRT <213> Artificial <220>  223> Synthetic construct <220> <221>
mOD_RES <222> (1)..(1) <223> n-Hexanoyl modified <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (1)..(1) 



<223> Xaa = Dap <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 8 xaa Tyr Xaa Arg xaa Gly
Glu Arg 15 <210> 9 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
X17256W05T25  <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified <220> <221>
MISC_FEATURE <222> (1)..(1) <223> Xaa = d or 1 isomer Agl <220> 



<221> MOD_RES <222>(1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222>(4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (8)-(8) <223> AMIDATION <400> 9 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 10 <211> 8
<212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1)
<223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer 



<220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220>  Page 8  <221>
MISC_FEATURE <222>(7)..(7) <223> Xaa - Dap <270> <221> MOD_RES <222> (8)..(8) <223>
AMIDATION <400> 10 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 11 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa =
Glu(OtBu) <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222>(3)..(3) 



<223> Xaa = Arg(Pbf) <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf)
<220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATuRE
<222>(7)..(7) <223> Xaa = Dap(Boc) <220> <221> MISC_FEATURE <222>(8)..(8) <223>
XaaArg(Pbf) <400> 11 Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 12 <211> 8 <212> PRT  <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified
<220> <221> MISC_FEATuRE 



<222> (1)..(1) <223> Xaa = Giu(OtBu) <220> <221> MISC_FEATURE <222>(2)..(2) <223> xaa =
Tyr(tBu) <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Arg(Pbf) <220> <221>
mISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222> (7)..(7) <223> Xaa =
Dap(B0c) <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <220> <221>
mOD_RES <222> (8)..(8) <223> AMIDATION <400> 12 Xaa Xaa Xaa Xaa Xaa Gly Xaa Xaa 15
<210> 13 <211> 8 



<212> PRY <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES  <222> (1)..(1)
<223> Ac modified <220> <271> MOD_RES <222> (4).,(4) <223> d isomer <220> <221>
MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222>(7)..(7)
<223> Xaa = Dap <220>  <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 13 Glu Tyr Arg
Arg Xaa Gly Xaa Arg 15 <210> 14 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) <223> Bz modified 



<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATuRE <222> (7)..(7) <223> Xaa = Dap <220> <221> MOD_RES <222> (8)..(8) <223>
AMIDATION  <400> 14 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 15 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified
<220> <221> MOD_RES 



<222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>
(7)..(7) <223> Xaa = d isomer Dap <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
15 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 16 <211> 8 <212> PRT <213> Artificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>
MOD_RES <222> (1)..(7)  <223> Lactam bridge <220> 



<221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> mISC_FEATURE <222>(5)..(5) <223>
Xaa2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 16 Glu Tyr Arg Arg Xaa
Gly Lys Arg 15 <210> 17 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220>
<221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) 



<223> Xaa = Dab <220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 17 Glu Tyr Arg
Arg Xaa Gly Xaa Arg 15  Page 13  <210> 18 <211> 8 <212> PRT <213> Artificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222>(1)..(1) <223> Ac modified <220> <221>
MOD_RES <222>(1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = d or 1 isomer Agl 



<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 18 Glu Tyr Arg Arg Xaa Gly Xaa
Arg 15 <210> 19 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Bz modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer  <220> <221> MISC_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <2,0> <221> mISC_FEATURE <222> (7)..(7) <223> Xaa = d or 1
isomer Agl <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION 



<400> 19 Glu Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 20 <211> 8 <212> PRT <213> Artificial <220>
<223> synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Bz modified <220> <221>
MOD_RES <222> (1)..(7) <223> tactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = Dab <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION <400> 20 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15 



<210> 21  <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac
modified <220> <221> MOD_RES <222>(1)..(7) <223> Lactam bridge <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa2Nal <220>
<221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Dab <220> <221> MOD_RES <222> (8)..(8)
<223> AMIDATION <400> 21 Asp Tyr Arg Arg Xaa Gly xaa Arg 15 <210> 22 <211> 8 <212> PRT
<213> Artificial <220> <223> Synthetic construct 



<220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7)
<223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer  <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>(7)..(7)
<223> Xaa - Dap <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 22 Asp Tyr Arg
Arg Xaa Gly Xaa Arg 15 <210> 23 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) 



<223> Bz modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Dap <220> <221> MOD_RES <222>
(8)..(8) <223> AMIDATION <400> 23 Asp Tyr Arg Arg Xaa Gly Xaa Arg 15 <210> 24 <211> 8  <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Ac modified <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge 



<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATuRE <222> (5)..(5)
<223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = d or 1 isomer Agl
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 24 Asp Tyr Arg Arg Xaa Gly Xaa
Arg 15 <210> 25 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
mOD_RES <222> (1)..(1) <223> Ac modified <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(Me2) 



<220>  <221> MOD_RESX17256W0ST25 <222>(4)..(4) <223> d isomer <220> <221> <7,? <223>
MISC_FEATURE (5)..(5) Xaa = 2Nal  <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa = Dap
<220> <221> MOD_RES <222> (8)-(8) <223> AmIDATION <400> 25 Asp Tyr Xaa Arg Xaa Gly Xaa
Arg 15 <210> 26 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Bz modified <220> <221> MOD_RES 



<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(Me2) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> mISC_FEATURE <222> (7)..(7) <223> Xaa = Dap
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION Page 19  X17256WOST25  <400> 26 Asp
Tyr xaa Arg xaa Gly xaa Arg 15 <210> 27 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES 



<222>(1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (1)..(1) <223> Succinyl modified
<220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221> MISC_FEATuRE <222> (4)..(4)
<223> Xaa = 2Nal <220> <221> MISC_FEATuRE <222> (6)..(6) <223> Xaa = d or 1 isomer Agl
<220>  <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 27 Tyr Arg Arg xaa Gly xaa Arg
15 <210> 28 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Succinyl modified <220> <221> MOD_RES 



<220> <221> miSC_EEATURE <222> (4)..(4)  223> Xaa = 2Nal <220> <221> MISc_FEATLIRE
<222>(6)..(6) <223> Xaa = Dap <220> <221> MOD_REs <222> (7)..(7) <223> AMIDATION <400> 28
Tyr Arg Arg xaa Gly xaa Arg 15 <210> 29 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) <223> Succinyl modified <220> <221> mOD_RES
<222> (1)..(6) <223> Lactam bridge <220> <221> moD_RES <222> (3)..(3) <223> d isomer <220>
<221> MISC_FEATURE <222> (4)..(4) 



<223> xaa = 2Nal <220> <221> MISC_FEATURE <222> (6)..(6) <223> xaa = Dab <220> <221>
MOD_RES <222> (7)..(7) <223> AmIDATION  <400> 29X17256W0ST25 Tyr Arg Arg xaa Gly Xaa Arg
15 <210> 30 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Succinyl modified <220> <221> MOD_RES <222> (1)..(6) <223>
Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = 2Nal <220> 



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



<221> MOD_RES <222> (7)-(7) <223> AMIDATION <400> 31 Tyr Arg Arg Xaa Gly Lys Arg 15 <210>
32 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 32 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15
Page 23  <210> 33X17256WOST25 



<211> 8 <212> PRT  213> Artificial <220> <223> Synthetic construct <220>   221> mISC_FEATURE
<222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa =
Lys(iPr)(Boc) <220> <221> MIsC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220>
<221> MISC_FEATuRE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222>
(7)..(7) <223> Xaa = d isomer Glu(Oally1) <220> <221> MISC_FEATuRE <222> (8)..(8) <223> Xaa =
Arg(Pbf) <400> 33 Gly Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 34 <211> 8 



<212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOO_RES <222> (1)..(7)
<223> tactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220>
<221> MOo_RES <222> (4)..(4) <223> d isomer Page 24  x17256WOST25  <220> <221>
MISC_FEATURE <222>(5)..(5)  223> Xaa = 2Nal <220> <221> MOD RES <222>(7)..(7)  223> d
isomer <220> <221> mOD_RES <222> (8)..(8) <223> AMIDATIoN <220> <221> MISC_FEATURE
<222> (8)..(8)  223> acetic acid salt <400> 34 



Gly Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 35 <211> 8 <212> PRT <213> Artificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Fmoc modified <220> <221>
MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr)(Boc) <220> <221> MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer
Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222> (7)..(7) <223> Xaa = d isomer Glu(Oally1) <220> 



<221> MISC_FEATURE  <400> 35 Gly Xaa Xaa Xaa xaa Gly Xaa Xaa 15 <210> 36 <211> 8 <212>
PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> xaa = Lys(iPr)(Boc) <220> <221> MISC_FEATURE <222>
(4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer 



<220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Arg(Pbf) <220> <221> MOD_RES <222>
(8)-(8) <223> AMIDATION <400> 36 Gly Xaa Xaa Xaa Xaa Gly Glu Xaa 5  X17256W0ST25  <210> 37
<211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222>
(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(iPr)
<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5)
<223> Xaa = 2Nal <220> 



<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 37 Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 38 <211> 7 <212> PRT <213> Artificial
<220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220>
<221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)
<220> <221> MISC_FEATURE <222> (5)-(5) <223> xaa = 2Nal <220> <221> MOD_RES <222>
(7)..(7) <223> d isomer <220> <221> MOD_RE5 <222> (7)..(7) <223> AMIDATION <220> 



<221> MISC_FEATURE <222> (7)-(7) <223> acetic acid salt <400> 38 Gly Tyr Xaa Arg Xaa Gly Glu
15 <210> 39 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 39
Gly Tyr Arg Arg Xaa Gly Glu Arg 15  <210> 40 



<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct x17256W0sT25  <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223>
xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d
isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(iPr) <220> <221> MOD_RES
<222> (8)..(8) <223> AMIDATION <400> 40 Gly Tyr Xaa Arg xaa Gly Glu xaa 15 



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



<220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221> MISC_FEATURE <222> (4)..(4)
<223> Xaa2Nal <220> <221> MOD_RES <222> (6)-(6) <223> d isomer <220> <221> MOD_RES
<222> (7)-(7) <223> AMIDATION <400> 42 Tyr Arg Arg xaa Gly Glu Arg 15 <210> 43 <211> 7 <212>
PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES  <222> (1)..(6) <223>
Lactam bridge <220>  <221> MOD_RES <222> (3)-(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 43 Tyr Arg Arg Xaa Gly Asp Arg 



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



<220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(Me2) <220> <221> MOD_RES <222>
(4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 45 Gly Tyr Xaa Arg Xaa Gly Asp Arg 15
<210> 46 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223>
xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE 



<222>(5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 46
Gly Tyr Xaa Arg Xaa Gly Asp Arg  <210> 47 oil> 7 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD RES <222>(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE
<222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> AMIDATION <400> 47 Gly Tyr Xaa Arg Xaa Gly Asp 15 <210> 48 



<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>  <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <270> <221> MISC_FEATURE <222> (8)..(8) <223> XaaLys(iPr)
<220> <221> MOD_REs <222> (8)..(8) <223> AmIDATION <400> 48 Gly Tyr Xaa Arg Xaa Gly Asp
Xaa 15 <210> 49 <211> 8 <212> PRT <213> Artificial 



<220> <223> Synthetic construct x17256w0ST25  <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(Me2) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Na1 <220> <221> MOD_RES <222> (8)..(8) <223> ANIMATION <400> 49 Gly Tyr Xaa Arg Xaa Gly
Glu Arg 15 <210> 50 <211> 8 <212> PRY <213> Artificial <220> <223> Synthetic construct  <220>
<221> MOD_RES <222> (1)..(7) 



<223> Lactam bridge <220> <221> MOD_RES <222> (4)"(4) <223> d isomer <220> <221>
MISC_FEATuRE <222> (5)"(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION  <400> 50 Gly Tyr Arg Arg xaa Gly Glu Arg 15 <210> 51 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> mOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> mOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) 



<223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 51 Gly Tyr Xaa
Arg Xaa Gly Glu Arg 15 <210> 52  Page 35  <211> 7 <212> PRT <213> Artificial <220> <223>
synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> AMIDATION <400> 52 



Gly Tyr Xaa Arg Xaa Gly Glu 15 <210> 53 <211> 7 <212> PRT <213> Artificial <220> <223> synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lac-tam bridge <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal  <220> <221> MOD_RES
<222> (7)..(7) <223> Amidated as NHEt <400> 53 Gly Tyr Xaa Arg Xaa Gly Asp 15 <210> 54 <211> 7
<212> PRT 



<213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222>(1)..(7) <223>
Lactam bridge <220> <221> miSC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 54 Gly Tyr Xaa Arg
Xaa Gly Glu 15 <210> 55 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) 



<223> Lactam bridge  <220> <221> MISC_FEATURE <222> (3)..(3)  <223>
XaaLys(iPr)X17256w05T25 <220> <221> MOD_RES <222> (4).,(4) <223> d isomer <220> <221>
mISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> moD_RES <222> (7)..(7) <223> d
isomer <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 55 Gly Tyr Xaa Arg
Xaa Gly Glu 15 <210> 56 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> 



<221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATuRE <222> (5)-(5) <223> Xaa = 2Nal <220> <221>
MOD_RES <222> (7)-(7) <223> d isomer <220> <221> mOD_RES <222> (8)..(8) <223> Amidated as
NHEt <400> 56 Page 38  Gly Tyr Xaa Arg Xaa Gly Glu Arg 15 <210> 57 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222>(1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE 



<222> (3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (8)-(8) <223> Amidated as NHEt <220> <221>
MISC_FEATURE <222> (8)-(8) <223> acetic acid salt <400> 57 Gly Tyr Xaa Arg Xaa Gly Glu Arg 15
<210> 58 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge  <220> 



<221> MISC_FEATURE <222>(3)..(3) <773> xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4)
<223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (8)..(8) <223> Amidated as NHEt <400> 58 Gly Tyr Xaa Arg
Xaa Gly Glu Xaa 15 <210> 59 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> 



<221> MISC_FEATURE <222> (1)..(1) <223> Xaa = Lys(Ac) <220> <221> MISC_FEATURE <222>
(3)..(3) <223> xaa = Lys(Me2) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE  <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)-(8) <223>
AMIDATION <400> 59 xaa Tyr xaa Arg xaa Gly Glu Arg 15 <210> 60 <211> 7 <212> PRT <213>
Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa = Dap(Ac) 



<220> <221> MISC_FEATURE <222> (3)..(3) <223> xaa = Lys(Me2) <220> <221> MOD_RES <222>
(4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> AMIDATION <400> 60 Xaa Tyr Xaa Arg Xaa Gly Glu 15 <210> 61
<211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct  <220>x17256WOST25 <221>
MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISc_FEATURE <222>(3)..(3) <223>
XaaLys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> 



<221> mISC_FEATuRE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222>(7)..(7)
<223> AMIDATION <400> 61 Ala Tyr Xaa Arg xaa Gly Glu 15 <210> 62 <211> 7 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MOD_RES <222> (1)..(1) <223> d isomer <220> <221> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(iPr) <220> <221> mOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> 



<221> MOD_RES <222> (7)..(7) Page 42  <223> AMIDATION <400> 62 Ala Tyr Xaa Arg Xaa Gly Glu
15 <210> 63 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct X17256WOST25
<220> <221> <222> <223> MOD_RES (1)..(7) Lactam bridge  <220> <221> MOD_RES <222> (1)..(1)
<223> d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa =
2Nal <220> 



<221> MOD_RES <222> (7)..(7) <223> d isomer <220>  <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 63 Ala Tyr Xaa Arg Xaa Gly Glu 15 <210> 64 <211> 7 <212> PRT <213> Artificial
<220> <223> Synthetic construct <220> Page 43  <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> mISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>
AmIDATION 



<400> 64 Ala Tyr Xaa Arg Xaa Gly Glu 15 <210> 65 <211> 7 <212> PRT <213> Artificial <220>
<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220>  <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa = 2Nal <220> <221> mOD_RES
<222> (7)..(7) <223> d isomer Page 44  <220> <221> MOD_RES <222> (7)-(7) <223> AMIDATTON
<400> 65 Leu Tyr Xaa Arg Xaa Gly Glu 15 <210> 66 



<211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222>(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> <222> <223> MOD_RES (7)-(7) AMIDATION  <400>
66 Leu Tyr Xaa Arg Xaa Gly Glu 15 <210> 67 <211> 7 <212> PRT <213> Artificial <220> <223>
Synthetic construct 



<220> <221> MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MOD_RES  Page 45
<222> (1)..(1) <223> d isomer <220> <221> MISC_FEATURE <222> (3)-(3) <223> Xaa = Lys(iPr)
<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5)
<223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 67 Phe Tyr Xaa
Arg Xaa Gly Glu 15 <210> 68 <211> 7 <212> PRT <213> Artificial <220> <223> synthetic construct
<220> 



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3)
<223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 68 Phe Tyr Xaa Arg Xaa Gly Glu 15  X17256W05125  <210> 69 <211> 7 <212>
PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MOD_RES <222> (1)..(1) <223> d isomer 



<220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES  <222>
(4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 69 Phe Tyr Xaa Arg Xaa Gly Glu 15 <210> 70 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)..(3)  Page 47 



<223> Xaa = Lys(iPr)X17256w0ST25 <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> mISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (8)..(8) <223> AMIDATION <400> 70 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15 <210>
71 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> mOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) 



<223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d
isomer <220> Page 48  <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <772> (8)..(8) <223> AMIDATION <220> <221> MISC_FEATURE <222> (8)..(8) <223>
acetic acid salt <400> 71 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15 <210> 72 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES 



<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 72 Phe Tyr Xaa Arg Xaa Gly Glu Arg 15
<210> 73 <211> 7 <212> PRT  <213> ArtificialX17256WO5T25 <220> <223> Synthetic construct
<220> <221> <222> <223> MOD_RES (1)..(7) Lactam bridge  <220> <221> MISC_FEATURE 



<222>(3)..(3) <223> xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 73 Phe Tyr Xaa
Arg Xaa Gly Glu 15 <210> 74 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>
(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer 



<220> <221> MISC_FEATURE Page 50  <222> (5)..(5) <223> Xaa = 2Na1 <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer X17256W0ST25  <220> <221> MISC_FEATURE <222> (8)-(8) <223>
Xaa = Lys(iPr) <220> <221> MOD_RES <222>(8)..(8) <223> Amidated as NHEt <400> 74 Phe Tyr
Xaa Arg Xaa Gly Glu Xaa 15 <210> 75 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
mISC_FEATURE 



<222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> mISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (8)-(8) <223> Amidated as NHEt  <220> <221> MISC_FEATURE <222> (8)..(8)
<223> acetic acid salt <400> 75 Phe Tyr xaa Arg Xaa Gly Glu Xaa 15 <210> 76 <211> 7 <212> PRT
<213> Artificial <220> <223> Synthetic construct 



<220> <221> mOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (1)..(1)
<223> d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 76 Ala Tyr Xaa Arg Xaa
Gly Glu 15 <210> 77 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220>
<221> MOD_RES <222> (1)..(7) 



<223> Lactam bridge <220> <221> MISC_FEATURE <222>(1)..(1) <223> Xaa = 2Nal <220> <221>
MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d
isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal X17256W05T25  <220>
<221> <222> <223> MOD_RES (7)-(7) Amidated as NHEt  <400> 77 Xaa Tyr Xaa Arg Xaa Gly Glu 15
<210> 78 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> 



<221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (1)..(1) <223>
d isomer <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> <222> <223> <220> MISC_FEATURE (5)-(5)
Xaa = 2Nal  Page 53  <221> <222> <223> MOD_RES (7)-(7) Amidated as NHEt X17256WO5T25
<400> 78 Phe Tyr Xaa Arg Xaa Gly Glu 15 <210> 79 <211> 7 <212> PRY 



<213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)-(4) <223> d isomer <220> <221> <222> <223> MISC_FEATURE (5)-(5) Xaa =
2Nal  <220> <221> MOD_RES <222> (7)..(7) <223> Amidated as NHEt <400> 79 Phe Tyr Xaa Arg
Xaa Gly Glu 15 <210> 80 <211> 9 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> <222> <223> MOD_RES (1)..(7) Lactam bridge 



<220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(iPr) Page 54  <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222>(9),.(9) <223>
Xaa2Nal <220> <221> MOD_RES <222> (9)..(9) <223> AMIDATION <400> 80 Gly Tyr Xaa Arg Xaa
Gly Glu Gly Xaa 15 <210> 81 <211> 9 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES 



<222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa =
Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE
<222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaabeta-Ala
<220> <221> MISC_FEATURE  Page 55  <220> <221> MOD_RES <222> (9)-(9) <223> AMIDATION
<400> 81 Gly Tyr Xaa Arg Xaa Gly Glu Xaa Xaa 15 <210> 82 <211> 8 <212> PRT <213> Artificial
<220> <223> Synthetic construct <220> <221> MOD_RES 



<222> (1)..(7) <223> Lactam bridge <220> <221> MISG_FEATURE <222> (1)..(1) <223> Xaa =
beta-Ala <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISG_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400>
82 Xaa Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 83 <211> 8 <212> PRT <213> Artificial <220> <223>
Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge  <220> <221>
MISC_FEATURE <222>(1)..(1) <223> Xaa = beta-Ala <220> 



<221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223>
xaa = 2Nal <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 83 Xaa Tyr Arg Arg
Xaa Gly Asp Arg 15 <210> 84 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(1) <223> 5-aminovaleryl modified <220> <221> MOD_RES
<222> (1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220>
<221> MISC_FEATURE <222> (4)..(4) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> AMIDATION 



<400> 84 Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 85 <211> 7  <220> <223> synthetic construct <220>
<221> MOD_RES <222> (1)..(1) <223> 5-aminovaleryl modified <220> <221> MOD_RES <222>
(1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 85 Tyr Arg Arg Xaa Gly Asp Arg 15 <210> 86 <211> 7 <212> PRT <213> Artificial
<220> <223> Synthetic construct 



<220> <221> MOD_RES <222> (1)..(1) <223> 4-AMPA modified <220> <221> MOD_RES <222>
(1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = 2 Nal <220>   <221> MOD_RES <222> (7)..(7) <223>
AMIDATION <400> 86 Tyr Arg Arg Xaa Gly Asp Arg 15 <210> 87 <211> 7 <212> PRT <213> Artificial
x17256wo5T25  <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223>
4-AMPA modified <220> 



<221> MOD_RES <222> (1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223>
d isomer <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> AMIDATION <400> 87 Tyr Arg Arg Xaa Gly Glu Arg 15 <210> 88 <211> 7 <212>
PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223>
4-AMPA modified <220> <221> MOD_RES <222> (1)..(6) <223> Lactam bridge Page 59  <220>
<221> MOD_RES <222> (3)..(3) <223> d isomer 



<220> <221> MISC_FEATURE <222>(4)..(4) <223> Xaa = 2Nal <220> <221> MOD_RES <222>
(7)..(7) <223> d isomer <220> <221> MOD_RES <222> (7)-(7) <223> AMIDATION  <400> 88 Tyr Arg
Arg Xaa Gly Glu Arg 15 <210> 89 <211> 7 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(1) <223> 4-AMB modified <220> <221> MOD_RES
<222> (1)..(6) <223> Lactam bridge <220> <221> MOD_RES <222> (3)..(3) <223> d isomer <220>
<221> MISC_FEATURE <222> (4)..(4) 



<223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> AMIDATION <400> 89 Tyr Arg Arg
Xaa Gly Glu Arg 15 <210> 90  <220> <223> Synthetic construct <220> <221> MOD_RES <222>
(1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa = Lys(iPr)
<220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATORE <222> (5)-(5)
<223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221>
MISC_FEATORE <222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221> MISC_FEATORE <222>
(10)..(10) <223> Xaa = 2Nal 



<220> <221> mOD_RES <222> (10)-(10) <223> AMIDATION <400> 90 Gly Tyr Xaa Arg Xaa Gly Glu
Xaa Gly Xaa 1510 <210> 91 <211> 10 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge  <220> <221> MISC_FEATURE
<222>(3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer
X17256W0ST25  <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa2Nal <220> <221>
MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE 



<222> (8)..(8) <223> Xaa = Lys(iPr) <220> <221> MISC_FEATURE <222> (10)-(10) <223> Xaa =
2Nal <220> <221> MOD_RES  <222> (10)..(10) <223> AMIDATION <400> 91 Phe Tyr Xaa Arg Xaa
Gly Glu Xaa Gly Xaa 1510 <210> 92 <211> 9 <212> PRT <213> Artificial <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MISC_PEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222>(5)..(5) Page 62  <220> 



<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (9)..(9) <223> d
isomer <220> <221> MOD_RES <222> (9)..(9) <223> AMIDATION <400> 92 Gly Tyr Xaa Arg Xaa
Gly Glu Gist Phe 15 <210> 93 <211> 9 <212> PRT <213> Artificial <220> <223> synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>
(3)..(3) <223> xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d
isomer <220> <221> MISC_FEATURE <222> (8)..(8) 



<223> xaa = Lys(iPr) <220> <221> MOD_RES <222> (9)-(9) <223> d isomer <220>  <221>
MOD_RES <222> (9)..(9) <223> AMIDATION X17256WOST25  <400> 93 Gly Tyr Xaa Arg Xaa Gly
Glu Xaa Phe 15 <210> 94 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct
<220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MISC_FEATURE <222>
(3)-(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES 



<222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)-(8) <223> Xaa = Lys(iPr)
<220> <221> MOD_RES <222> (8)-(8) <223> AMIDATION <400> 94 Lys Tyr Xaa Arg Xaa Gly Glu
Xaa 15 <210> 95 <211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct Page 64
x17256WO5T25  <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5),.(5) <223> Xaa =
2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer 



<220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(1Pr) <220>  <221> MOD_RES <222>
(8)..(8) <223> AMIDATION <400> 95 Phe Tyr Lys Arg Xaa Gly Glu Xaa 15 <210> 96 <211> 8 <212>
PRT <213> Artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223>
Lactam bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221>
MOD_RES <222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa =
2Nal <220> <221> MOD_RES  Page 65 



<222> (7)..(7)X17256W05T25 <223> d isomer <220> <221> MOD_RES <222> (8)..(8) <223>
AmIDATION <400> 96 Phe Tyr Xaa Arg Xaa Gly Glu Lys 15 <210> 97 <211> 8 <212> PRT <213>
Artificial <220> <223> Synthetic construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam
bridge <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr) <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal
<220>  <221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222>
(8)-(8) <223> Xaa = Orn <220> 



<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 97 Phe Tyr Xaa Arg xaa Gly Glu Xaa 15
<210> 98 <211> 8 <212> PRT <213> Artificial Page 66  x17256w0ST25  <220> <223> Synthetic
construct <220> <221> MOD_RES <222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES
<222> (4)..(4) <223> d isomer <220> <221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220>
<221> MOD_RES <222> (7)..(7) <223> d isomer <220> <221> MOD_RES <222> (8)..(8) <223>
AMIDATION <400> 98 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <210> 99 



<211> 8 <212> PRT <213> Artificial <220> <223> Synthetic construct <220> <221> MOD_RES
<222> (1)..(7) <223> Lactam bridge <220> <221> MOD_RES <222> (4)..(4) <223> d isomer <220>
<221> mISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MOD_RES <222> (8)..(8)  Page 67  <223> Amidated as NHEt <400>
99 Phe Tyr Lys Arg Xaa Gly Glu Lys 15 <210> 100 <211> 8 <212> PRT <213> Artificial
x17256WO5T25  <220> 



<223> Synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> FMOC modified <220>
<221> MTSC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu) <220> <221> MISC_FEATURE
<222>(3)..(3) <223> Xaa = Lys(Boc) <220> <221> MISC_FEATURE <222> (4)..(4) <223> Xaa = d
isomer Arg(Pbf) <220> <221> MISC_FEATURE <222> (5)-(5) <223> Xaa = 2Nal <220> <221>
MTSC_FEATURE <222> (7)..(7) <223> Xaa = d isomer Glu(0Ally1) <220> <221> MISC_FEATURE
<222> (8)..(8) <223> Xaa = Lys(Boc) <220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION
<400> 100 Phe Xaa Xaa Xaa xaa Gly Xaa Xaa 15 <210> 101 



<211> 8 <212> PRT <213> artificial Page 68  <220> <223> Synthetic construct <220> <221>
MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MISC_FEATURE <222>(2)..(2) <223>
xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(Boc) <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE
<222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7) <223> d isomer <220>
<221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(Boc) <220> 



<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 101 Phe xaa xaa xaa xaa Gly Glu xaa 15
<210> 102 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct <220> <221>
MOD_RES <222> (1)..(1) <223> Fmoc modified <220> <221> MISC_FEATURE <222> (2)..(2) <223>
xaa = Tyr(2-Br-z)  <220> <221> MISC_FEATURE <222>(3)..(3) <223> xaa = Lys(2-C1-z) <220>
<221> MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Tos) <220> <221>
MISC_FEATURE <222> (5)..(5) <223> Xaa = 2Nal <220> <221> MISC_FEATURE 



<222> (7)..(7) <223> Xaad isomer Glu(OFm) <220> <221> MISC_FEATURE <222> (8)..(8) <223>
Xaa = Lys(2-c1-Z) <400> 102 Phe xaa Xaa xaa xaa Gly Xaa xaa 1 <210> 103 <211> 8 <212> PRT
<213> artificial <220> <223> synthetic construct <220> <221> MOD_RES <222> (1)..(1) <223> Boc
modified <220> <221> MISC_FEATURE <222> (2)..(2) <223> xaa = Tyr(2-Br-Z) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> xaa = Lys(Fmoc) <220> <221> MISC_FEATURE <222>
(4)..(4) <223> xaa = d isomer Arg(Tos) <220> <221> MISC_FEATURE <222>(5)..(5) 



<223> xaa = 2Nal <220> <221> MISC_FEATURE  <400> 103 Phe xaa xaa xaa xaa Gly xaa xaa 15
<210> 104 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct <220> <221>
MISC_FEATURE <222> (3)..(3) <223> xaaLys(Fmoc) <220> <221> MOD_RES <222> (4)..(4) <223>
d isomer <220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220> <221> MOD_RES
<222> (7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(Fmoc)
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATED <400> 104 



Phe Tyr Xaa Arg Xaa Gly Glu xaa 15 <210> 105 <211> 8 <212> PRT <213> artificial <220> <223>
synthetic construct  <220> <221> MISC_FEATURE <222>(2)..(2) <223> Xaa = Tyr(tBu) <220> <221>
MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr,BoC) <220> <221> MISC_FEATURE <222>
(4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222>(5)..(5) <223> xaa =
2Nal x17256W05T25  <220> <221> MISC_FEATURE <222> (7)..(7) <223> xaa = d isomer Glu(2-CTC
resin) <220> <221> MISC_FEATURE 



<222> (8)..(8) <223> Xaa = Lys(iPr,Z) <220> <221> MOD_RES <222> (8)-(8) <223> AmIDATI0N
<400> 105 Phe Xaa Xaa Xaa Xaa Gly Xaa Xaa 15 <210> 106 <211> 8 <212> PRT <213> artificial
<220> <223> synthetic construct <220> <221> MISC_FEATURE <222> (2)..(2) <223> Xaa = Tyr(tBu)
<220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPT,Boc) <220> <221>
MISC_FEATURE <222> (4)..(4) <223> xaa = d isomer Arg(Pbf) <220> <221> MISC_FEATURE <222>
(5)..(5) Page 72  <220> <221> MISC_FEATURE <222>(7)..(7) 



<223> Xaa = d isomer Glu(OH) <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(iPr,Z)
<220> <221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 106 Phe Xaa xaa Xaa Xaa Gly
Xaa Xaa 15 <210> 107 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct <220>
<221> MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MISC_FEATURE <222> (2)..(2)
<223> Xaa = Tyr(tBu) <220> <221> MISC_FEATURE <222> (3)..(3) <223> Xaa = Lys(iPr,Boc) <220>
<221> MISC_FEATURE <222> (4)..(4) <223> Xaa = d isomer Arg(Pbf) <220> 



<221> MISC_FEATURE <222>(5)..(5) <223> Xaa = 2Nal <220> <221> MOD_RES <222> (7)..(7)
<223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> Xaa = Lys(iPr,Z) <220>  <221>
MOD_RES <222> (8)..(8) <223> AMIDATION <400> 107 Phe xaa Xaa Xaa Xaa Gly Glu Xaa 15
<210> 108 <211> 8 <212> PRT <213> artificial <220> <223> synthetic construct X17256WOST25
<220> <221> MOD_RES <222> (1)..(7) <223> lactam bridge <220> <221> MISC_FEATURE
<222>(3)..(3) <223> xaa = Lys(iPr-d6) <220> <221> MOD_RES <222> (4)..(4) <223> d isomer 



<220> <221> MISC_FEATURE <222> (5)..(5) <223> xaa = 2Nal <220>  <221> MOD_RES <222>
(7)..(7) <223> d isomer <220> <221> MISC_FEATURE <222> (8)..(8) <223> xaa = Lys(iPr-d6) <220>
<221> MOD_RES <222> (8)..(8) <223> AMIDATION <400> 108 Phe Tyr Xaa Arg Xaa Gly Glu Xaa 15
Page 74 






