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(57) ABSTRACT 

Metallopeptide combinatorial libraries and methods of mak 
ing libraries and metallopeptides are provided, for use in 
biological, pharmaceutical and related applications. The 
combinatorial libraries are made of peptides, peptidomimet 
ics and peptide-like constructs, and include a metal ion 
binding region thereof Which includes at least one orthogo 
nal sulfur-protecting group, in Which the peptide, 
peptidomimetic or construct is conformationally ?xed on 
deprotection of the sulfur and compleXation of the metal 
ion-binding region With a metal ion. Thereafter the library 
members may be screening to select those With the desired 
speci?city and affinity. 
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FIGURES 1A through 10 
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METALLOPEPTIDE COMBINATORIAL 
LIBRARIES AND APPLICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the ?ling of 
US. Provisional Patent Application Serial No. 60/112,235, 
entitled Metallopeptide Combinatorial Libraries and Appli 
cation, ?led on Dec. 14, 1998, and the speci?cations thereof 
is incorporated herein by reference. 

[0002] This application is related to US. patent applica 
tion Ser. No. 08/660,697, entitled Structurally Determined 
Metallo-Constructs and Applications, ?led Jun. 5, 1996, and 
US. Patent No. 5,891,418, entitled Peptide—Metal Ion 
Pharmaceutical Constructs and Applications, issued Apr. 6, 
1999, the teachings of both of Which are incorporated herein 
by reference as if set forth in full. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention (Technical Field) 

[0004] The present invention relates to solid and solution 
phase metallopeptide combinatorial libraries, metal ion 
compleXed peptidomimetic and peptide-like combinatorial 
libraries and metallo-construct combinatorial libraries, 
Wherein at least a portion of each library constituent is 
conformationally constrained upon compleXation With a 
metal ion, and methods for use and making of the same. The 
invention also relates to methods for synthesiZing and 
assembling such libraries, and methods for identi?cation and 
characteriZation of library constituents Which are capable of 
binding a target molecule of interest, or mediating a bio 
logical activity of interest. 

[0005] 2. Background Art 

[0006] Peptide Libraries and Combinatorial Chemistry. 
US. patent application Ser. No. 08/660,697 (the “’697 
Application”) teaches general combinatorial chemistry tech 
niques for metallopeptides, including prior art methods noW 
Well recogniZed tools for rapid drug discovery. A library of 
peptides and other small molecules, With its enormous pool 
of structurally diverse molecules, is Well suited for both lead 
generation as Well as lead optimiZation. Libraries of a 
variety of molecular species have been described in litera 
ture and screened for drug discovery, including peptides, 
peptoids, peptidomimetics, oligonucleotides, benZodiaZ 
epines, and other libraries of small organic molecules. 

[0007] Various approaches have been used to construct 
libraries of structurally diverse chemical compounds, 
include chemical synthesis and genetic engineering meth 
ods. Chemically synthesiZed libraries have been synthesiZed 
by general solution chemical means and by solid-phase 
methods. The prior art on designing, synthesiZing, screen 
ing, and evaluation of peptide-based libraries has been 
revieWed in numerous articles, including the folloWing, 
incorporated herein by reference: Pinilla C et al., Bi0p0ly 
mers (Peptide Sci) 37:221-240, 1995; Lebl M et al, Bi0p0ly 
mers (Peptide Sci) 37:177-198, 1995; Lam K S et at, 
Chemical Reviews 97:411-448,1997; Smith G P and 
Petrenko G P, Chemical Reviews 97:391-410,1997; NefZiA 
et al, Chemical Reviews 97:449-472,1997; Holmes C P et al, 
Biopolymers (Peptide Sci) 37:199-211, 1995; and, Moran E 
J et at, Biopolymers (Peptide Sci) 37:213-219, 1995. 
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[0008] Spatially Addressable Parallel Synthesis of Solid 
Phase Bound Libraries. Various strategies for chemical 
construction of a library of peptides or other small molecules 
are also Well established. One strategy involves spatially 
separate synthesis of compounds in parallel on solid phase 
or on a solid surface in a predetermined fashion so that the 
location of one compound or a subset of compounds on the 
solid surface is knoWn. The ?rst such method Was developed 
by Geysen for peptide epitope mapping (Geysen H M, 
Meloen R H, Barteling S J: Proc Natl Acad Sci USA 
81:3998-4002, 1984). This method involves synthesis of 
various sets and subsets of a library of peptides on a multiple 
number of polypropylene pin tips in a predetermined fash 
ion. The assembly of a library of greater than 10,000 
molecules by this method is, hoWever, cumbersome and time 
consuming. The light-directed spatially addressable parallel 
chemical synthesis technique (Fodor SPA et al: Science 
251:767-773, 1991), based upon use of photolithographic 
techniques in peptide synthesis on a solid surface, such as a 
borosilicate glass microscope slide, is a better method of 
constructing libraries containing more than 100,000 spa 
tially separated compounds in a pre-determined fashion. 
HoWever, synthesis of libraries that are structurally more 
diverse than simple peptides requires the development of 
orthogonal photolabile protecting groups that can be cleaved 
at different Wavelengths of light. In addition, the solid 
surface bearing these libraries also has been reported to 
cause a pronounced effect on binding af?nities in library 
screening assays (Cho C Y et at: Science 261:1303-1305, 
1993; Holmes C P et al: Biopolymers 37:199-211, 1995). 
[0009] The DIVERSOMER® apparatus designed by 
DeWitt and coWorkers at Parke-Davis Pharmaceutical 
Research Division of Warner-Lambert Company, Ann 
Arbor, Mich., USA, offers a convenient and automated 
method of parallel synthesis of small organic molecule 
libraries on a solid phase (DeWitt S H et al: Proc Natl Acad 
Sci USA 90:6909-6913, 1993; US. Pat. No. 5,324,483; 
DeWitt S H et al: Acc Chem Res 29:114-122, 1996). Another 
conceptually similar apparatus for the solid phase synthesis 
of small organic molecule libraries has been reported by 
Meyers and coWorkers (Meyers H V et at: Molecular 
Diversity 1:13-20, 1995). 
[0010] Pooling and Split Synthesis Strategies. Large 
libraries of compounds can be assembled by a pooling 
strategy that employs equimolar miXtures of reactants in 
each synthetic step (Geysen H M et at: Mol Immunol 
23:709-715, 1986) or preferably by adjusting the relative 
concentration of various reactants in the mixture according 
to their reactivities in each of the coupling reactions (Ostresh 
J M et al: Biopolymers 34:1681-1689, 1994; US. Pat. No. 
5,010,175 to Rytter W J and Santi D V). In one approach 
equimolar mixtures of compounds are obtained by splitting 
the resin in equal portions, each of Which is separately 
reacted With each of the various monomeric reagents. The 
resin is miXed, processed for the neXt coupling, and again 
split into equal portions for separate reaction With Individual 
reagents. The process is repeated as required to obtain a 
library of desired oligomeric length and siZe. This approach 
is also the basis of the “one-bead one-peptide” strategy of 
Furka et al. and Lam et al. (Furka et al: Int. J. Peptide 
Protein Res. 37:487, 1991; Lam K S et al: Nature 354:82-84, 
1991; Lam K S et al: Nature 360:768, 1992) Which employs 
amino acid sequencing to ascertain the primary structure of 
the peptide on a hit bead in a bioassay. Automated systems 
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have been developed for carrying out split synthesis of these 
libraries With rather more ef?ciency (Zukermann R N et al1 
Peptide Res 51169-174, 1992; Zukermann R N et al1 Int J 
Peptide Protein Res 401497-506, 1992). A common artifact 
occasionally seen With all these resin bound libraries is 
altered target-speci?c af?nity by some solid phase bound 
compounds in bioassays, Which can result in totally mis 
leading results. 

[0011] Another strategy involves construction of soluble 
libraries (Houghten R A et al: Proc Natl Acad Sci USA 
8215131-5135, 1985; Berg et al1JAm Chem Soc 11 118024 
8026, 1989; Dooley C T et al: Science 26612019-2022, 1994; 
Blondelle S E: AntimicrobA gents Chemother 3812280-2286, 
1994; Panilla C: Biopolymers 371221-240, 1995). This strat 
egy involves a deconvolution process of iterative re-synthe 
sis and bioassaying until all the initially randomiZed amino 
acid positions are de?ned. Several modi?cations to this 
strategy have been developed, including co-synthesis of tWo 
libraries containing orthogonal pools, as demonstrated by 
Tartar and coworkers, Which eliminates the need of iterative 
re-synthesis and evaluation (DepreZ B et al: J Am Chem Soc 
1171 5405-5406, 1995). The positional scanning method 
devised by Houghton and coWorkers eliminates iterative 
re-synthesis (Dooley C T et al1 Life Sci 5211509-1517, 1993; 
Pinilla C et al1 Biotechniques 131901-905, 1992; Pinilla C et 
al1 Drug Dev Res 331133-145, 1992). A combination of this 
strategy With the split synthesis methods described above 
has also been described (Erb E et al: Proc Natl Acad Sci 
USA, 91111422-11426, 1994). A major limitation of the 
soluble library approach is its applicability to high affinity 
systems. The abundance of each compound in solution can 
be in?uenced by the total number of compounds in a library 
Which can affect the biological activity. For this reason, a 
highly active compound in any pool may not in fact be the 
most potent molecule. Lack of reasonable solubilities of 
certain members in a library may further in?uence this 
phenomenon. In fact, for several libraries the most active 
peptide Was not even identi?ed in the most active library 
pool (Dooley C T et al1 Life Sci 5211509-1517, 1993; Eichler 
J, in Proc. 23rd Eur Peptide Symp., Berga, September. 1994, 
Poster 198; Wyatt J R1 Proc Natl Acad Sci USA, 9111356 
1360, 1994). 

[0012] Various strategies for determination of the structure 
for a positive hit in a random library have been developed. 
See, e.g., US. Pat. No. 5,698,301. For a solid-phase library, 
direct analytical modalities include Edman degradation for 
peptide libraries, DNA sequencing of oligonucleotide librar 
ies, and various mass spectrometry techniques on matrix 
bound compounds. The technique of creating a series of 
partially end-capped compounds at each of the synthetic 
steps during library assembly helps their unambiguous iden 
ti?cation by mass spectrometry (Youngquist R S et al: J Am 
Chem Soc 11713900-3906, 1995; Youngquist R S et al1 
Rapid Commun Mass Spectr 8177-81, 1994). Direct mass 
spectrometric analysis of compounds covalently bound to a 
solid phase matrix of particles is also noW possible by the 
use of matrix-assisted laser desorption/ionization (MALDI) 
techniques (SiuZdak G et al1 Bioorg Med Chem Left 61979, 
1996; BroWn B B et al: Molecular Diversity 114-12, 1995). 
In addition to these analytical techniques, various encoding 
strategies have been devised for structure elucidation in 
organic molecule-based libraries, including both non-pep 
tide and non-nucleotide libraries, such as DNA encoding, 
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peptide coding, haloaromatic tag encoding, and encoding 
based on radiofrequency transponders. See, e.g., US. Pat. 
No. 5,747,334. 

[0013] Most of the libraries described above are termed 
“random” libraries because of their enormous structural and 
conformational diversity. Libraries of relatively restricted 
and biased structures have also been reported. Examples of 
libraries of conformationally rigid compounds built on a 
structurally common template include benZodiaZepine, 
[3-lactam, [3-turn mimetics, diketopiperaZines, isoquinolines, 
dihydro- and tetrahydroisoquinolines, 1,4 dihydropyridines, 
hydantoins, pyrrolidines, thiaZolidine-4-carboxylic acids, 
4-thiaZolidines and related 4-metathiaZanones and imida 
Zoles. 

[0014] Among the various classes of libraries of small 
molecules, peptide libraries remain the most versatile 
because of the structural diversity offered by the use of 
naturally occurring amino acids, incorporation of a variety 
of “designer” amino acids, and the high ef?ciency and ease 
With Which peptide synthesis can be accomplished. In addi 
tion, another level of structural diversity in peptide-based 
libraries has been added by post-synthesis modi?cation of 
the libraries. These modi?cations include permethylation, 
acylation, functionaliZation of the side chain functionality, 
and reductive amination of the N-terminus. 

[0015] Many libraries speci?cally customiZed for one par 
ticular biological target have also been reported. These 
libraries are generally assembled by incorporating only a set 
of structural elements that might be essential for eliciting a 
target-speci?c response. Some of the reported libraries of 
this class include aspartic acid protease, Zinc proteases, 
carbonic anhydrase inhibitors, tyrosine kinase inhibitors, 
estrogen receptor ligands, and antioxidants. 

SUMMARY OF THE INVENTION 

(DISCLOSURE OF THE INVENTION) 

[0016] The present invention provides a combinatorial 
library of different sequence peptide members synthesiZed 
on solid phase, Where each constituent library member 
includes a) a peptide sequence of three or more amino acid 
residues bound to solid phase characteriZed by a sequence 
of tWo or more amino acid residues forming a metal ion 
binding domain and including at least one amino acid 
residue containing at least one S Wherein the said S is 
protected by an orthogonal S-protecting group, (ii) a 
sequence of one or more amino acid residues at the N- or 
C-terminus of the metal ion-binding domain, or at both the 
N- and C-terminus of the metal ion-binding domain, and (iii) 
a cleavable bond attaching the peptide sequence to solid 
phase; and (b) a unique selection or sequence of amino acid 
residues in the peptide sequence of at least one of the 
constituent members of the library. In this library, the 
orthogonal S-protecting group may be removed Without 
cleaving the peptide sequence from the solid phase. 

[0017] The invention further provides a combinatorial 
library of different sequence peptidomimetic members syn 
thesiZed on solid phase, Where each constituent library 
member includes (a) a peptidomimetic sequence of a com 
bination of three or more amino acid residues and mimics of 
amino acid residues bound to solid phase characteriZed by 
(i) a sequence of tWo or more amino acid residues, mimics 
of amino acid residues or combinations thereof forming a 
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metal ion-binding domain and including at least one amino 
acid residue or mimic of an amino acid residue containing at 
least one S Wherein the said S is protected by an orthogonal 
S-protecting group, (ii) a sequence of one or more amino 
acid residues, mimics of amino acid residues or combina 
tions thereof at the N- or C-terminus of the metal ion 
binding domain, or at both the N- and C-terminus of the 
metal ion-binding domain, and (iii) a cleavable bond attach 
ing the peptidomimetic sequence to solid phase; and (b) a 
unique selection or sequence of amino acid residues, mimics 
of amino acid residues or combinations thereof in the 
peptidomimetic sequence of at least one of the constituent 
members of the library. In this library, the orthogonal 
S-protecting group may be removed Without cleaving the 
peptidomimetic sequence from the solid phase. 

[0018] The invention further provides a combinatorial 
library of different sequence peptide or peptidomimetic 
members synthesiZed in solution, Where each constituent 
library member includes (a) a peptidomimetic sequence of a 
combination of three or more amino acid residues and 
mimics of amino acid residues bound to solid phase char 
acteriZed by a sequence of tWo or more amino acid 
residues, mimics of amino acid residues or combinations 
thereof forming a metal ion-binding domain and including at 
least one amino acid residue or mimic of an amino acid 
residue containing at least one S Wherein the said S is 
protected by an orthogonal S-protecting group, (ii) a 
sequence of one or more amino acid residues, mimics of 
amino acid residues or combinations thereof at the N- or 
C-terminus of the metal ion-binding domain, or at both the 
N- and C-terminus of the metal ion-binding domain; and (b) 
a unique selection or sequence of amino acid residues, 
mimics of amino acid residues or combinations thereof in 
the peptidomimetic sequence of at least one of the constitu 
ent members of the library. In this library and the other 
libraries provided above, the members may include a 
sequence With at least one amino acid residue or mimic of 
an amino acid residue containing at least one sulfur atom in 
Which the sulfur atom is protected by a non-orthogonal 
S-protecting group. In this library and the other libraries 
provided above, the orthogonal S-protecting group may be 
removed Without removing the non-orthogonal S-protecting 
group. 

[0019] In any of the foregoing combinatorial libraries, the 
metal ion-binding domain can further include at least one N 
available for binding to a metal ion upon removal of the 
orthogonal S-protecting group. In one embodiment, the 
metal ion-binding domain consists of three residues forming 
an N3S1 ligand. The orthogonal S-protecting group may be 
S-thio-butyl, acetamidomethyl, 4-methoxytrityl, S-sulfonate 
or 3-nitro-2-pyridinesulfenyl, and the orthogonal S-protect 
ing group may further be removed Without otherWise alter 
ing the constituent library member. Structural diversity may 
occur in the metal ion-binding domain, or the residues and 
sequence of residues comprising the metal ion-binding 
domain can be ?xed, With structural diversity occurring 
elseWhere in the sequence. 

[0020] In the case of peptide libraries, the amino acid 
residue containing at least one S protected by an orthogonal 
S-protecting group can be an L- or D-3-mercapto amino 
acid, including but not limited to L- or D-cysteine or L- or 
D-penicillamine. In the combinatorial libraries that include 
peptidomimetic members, the amino acid residue or mimic 
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of an amino acid residue containing at least one S protected 
by an orthogonal S-protecting group can be an L- or D-3 
mercapto amino acid, including but not limited to L- or 
D-cysteine or L- or D-penicillamine; 3-mercapto phenyla 
nanine; 2-mercaptoacetic acid; 3-mercaptopropionic acid; 
2-mercaptopropionic acid; 3-mercapto-3,3,-dimethyl propi 
onic acid; 3-mercapto-3,3,-diethyl proprionic acid; 3-mer 
capto,3-methyl propionic acid; 2-mercapto,2-methyl acetic 
acid; 3-cyclopentamethlene,3-mercaptopropionic acid; or 
2-cyclopentamethlene,2-mercaptoacetic acid. 

[0021] The invention further includes a method for gen 
erating a metallopeptide or metallopeptidomimetic combi 
natorial library, including the steps of (a) constructing a 
library containing a plurality of sequences of the formula 

Aaa-MBD-Baa cleavably bound to solid phase, Wherein MBD includes at least tWo amino acid residues, mimics of 

amino acid residues or combinations thereof, With at least 
one of said residues comprising at least one nitrogen atom 
available to complex With the coordination sphere of a metal 
ion, the metal ion to be provided, and With at least one of 
said residues comprising at least one sulfur atom protected 
by an orthogonal S-protecting group; (ii) Aaa and Baa each 
include from 0 to about 20 amino acid residues, mimics of 
amino acid residues or combinations thereof, provided that 
the combination of Aaa and Baa contain at least 1 amino acid 
residue or mimic of an amino acid residue, and provided that 
betWeen at least tWo of the plurality of sequences of the 
formula Aaa-MBD-Baa at least either Aaa or Baa differ in at 
least either the sequence of residues or the selection of 
residues; (b) deprotecting the sulfur atom protected by an 
orthogonal S-protecting group by cleaving the orthogonal 
S-protecting group Without cleaving the sequence from the 
solid phase; and (c) complexing a metal ion to the MBD. The 
resulting metal ion-complexed sequences form a metal 
lopeptide or metallopeptidomimetic combinatorial library. 
The method can optionally include the step (d) of cleaving 
the sequence from the solid phase. 

[0022] The invention further includes a method for pro 
ducing substantially pure metallopeptides or metallopepti 
domimetics Without a solution puri?cation step, including 
the steps of: (a) synthesiZing a sequence of the formula 

Aaa-MBD-Baa cleavably bound to solid phase, Wherein MBD includes at least tWo amino acid residues, mimics of 

amino acid residues or combinations thereof, With at least 
one residues including at least one nitrogen atom available 
to complex With the coordination sphere of a metal ion, the 
metal ion to be provided, and With at least one residue 
including at least one sulfur atom protected by an orthogonal 
S-protecting group; (ii) Aaa and Baa each contain from 0 to 
about 20 amino acid residues, mimics of amino acid residues 
or combinations thereof; (b)deprotecting the sulfur atom 
protected by an orthogonal S-protecting group by cleaving 
the orthogonal S-protecting group Without cleaving the 
sequence from the solid phase; (c) complexing a metal ion 
to the MBD; (d) cleaving the metal ion-complexed sequence 
from the solid phase; and (e) recovering the resulting 
substantially pure metal ion-complexed sequence. 

[0023] In either of the foregoing methods, the step of 
deprotecting the sulfur atom protected by an orthogonal 
S-protecting group can be performed concurrent With the 
step of complexing a metal ion to the MBD. It is also 
possible and contemplated that the step of deprotecting the 
sulfur atom protected by an orthogonal S-protecting group 
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can be performed prior to the step of complexing a metal ion 
to the MBD. In both methods, the step of deprotecting the 
sulfur atom protected by an orthogonal S-protecting group 
can be performed Without cleaving any other amino acid 
side chain protecting group. In both methods, the residue 
including a sulfur atom protected by an orthogonal S-pro 
tecting group can be an L- or D-3-mercapto amino acid, 
including but not limited to L- or D-cysteine or L- or 
D-penicillamine; 3-mercapto phenylananine; 2-mercap 
toacetic acid; 3-mercaptopropionic acid; 2-mercaptopropi 
onic acid; 3-mercapto-3,3,-dimethyl propionic acid; 3-mer 
capto,3-methyl propionic acid; 3-mercapto-3,3,-diethyl 
proprionic acid; 2-mercapto,2-methyl acetic acid; 3-cyclo 
pentamethlene,3-mercaptopropionic acid; or 2-cyclopen 
tamethlene,2-mercaptoacetic acid. In the methods, the MBD 
can be three residues forming an N3S1 ligand. The orthogo 
nal S-protecting group can be S-thio-butyl, acetamidom 
ethyl, 4-methoxytrityl, S-sulfonate or 3-nitro-2-pyridine 
sulfenyl. Any metal ion may be employed, including V, Mn, 
Fe, Co, Ni, Cu, Zn, Ga, As, Se, Y, Mo, Tc, Ru, Rh, Pd, Ag, 
Cd, In, Sn, W, Re, Os, Ir, Pt, Au, Hg, TI, Pb, Bi, Po, At, Sm, 
Eu and Gd. 

[0024] In each of the methods and libraries provided, a 
speci?c conformational restriction is obtained upon com 
plexing the peptides or amino acid sequences With a metal 
ion, such that the conformationally constrained peptide 
metal ion complexes can serve as surrogates for reverse turn 
structures, such as beta turns and gamma turns commonly 
found in naturally occurring peptides and proteins. 

[0025] Accordingly, it is an object of this invention to 
provide libraries of conformationally constrained peptide 
metal ion complexes as surrogates for reverse turn struc 
tures, such as beta turns and gamma turns commonly found 
in naturally occurring peptides and proteins. The turns 
formed as a consequence of metal ion complexation are 
more stable than the naturally occurring turn structures, 
Which are stabiliZed only by Weaker interactions such as van 
der Waals’ interactions and hydrogen bonds. 

[0026] Another,object of this invention is to provide com 
binatorial peptide libraries of peptide-metal ion complexes, 
Wherein the peptides include a metal ion-binding domain, 
such that a speci?c conformational structure is obtained 
upon metal complexation. 

[0027] Another object of this invention to provide com 
binatorial peptide libraries of peptide-metal ion complexes, 
Wherein the amino acids comprising the peptides may be 
naturally occurring amino acids, isomers and modi?cations 
of such amino acids, non-protein amino acids, post-transla 
tionally modi?ed amino acids, enZymatically modi?ed 
amino acids, constructs or structures designed to mimic 
amino acids, and the like, so that the library includes 
pseudopeptides and peptidomimetics. 

[0028] Another object of this invention is to provide 
metallopeptide libraries, Wherein the metallopeptides 
include a metal ion-binding domain, such that a speci?c 
conformational structure is obtained upon metal complex 
ation, and the metallopeptides further include distinct, 
unique and different amino acid sequences. 

[0029] Another object of this invention is to provide 
metallopeptide libraries, Wherein the metallopeptides 
include a metal ion-binding domain and distinct, unique and 
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different amino acid sequences, Wherein the metallopeptides 
may be exposed to a substance to Which one or more 
metallopeptides Will exhibit speci?city and affinity for the 
substance of interest. 

[0030] Another object of this invention is to provide 
metallopeptide libraries, Wherein the metallopeptides 
include a metal ion-binding domain and distinct, unique and 
different amino acid sequences, Wherein the metallopeptides 
may be exposed to a substance to Which one or more 
determinable metallopeptides Will preferentially bind. 

[0031] Another object of this invention is to provide 
metallopeptide libraries, Wherein the metallopeptides 
include a metal ion-binding domain, Which may be either 
soluble or solid phase libraries. 

[0032] Another object of this invention is to provide 
methods for synthesis of peptides Wherein the peptides 
contain one or more reactive SH groups forming a part of a 
metal ion-binding domain, Whereby the reactive SH groups 
are protected during synthesis, and are deprotected only 
upon complexing the peptides With a metal ion. For solid 
phase libraries, such deprotection, and subsequent metal ion 
complexation occurs in solid phase, With the peptides being 
optionally subsequently cleaved from solid phase. 

[0033] Another object of this invention is to provide 
combinatorial metallopeptide libraries Wherein each of the 
peptides forming the library contain a reverse turn structure 
as a consequence of metal ion complexation. 

[0034] Another object of this invention is to provide 
combinatorial metallopeptide libraries containing metal 
lopeptides With high speci?city and af?nity for the target 
molecule of interest, such high speci?city and affinity result 
ing from each of the peptides forming the library containing 
a reverse turn structure as a consequence of metal ion 

complexation. 
[0035] Another object of this invention is to provide a 
method for rapid and ef?cient complexation of a pool of 
diverse peptides With a metal ion, including a rhenium metal 
ion. 

[0036] Another object of this invention is to provide a 
method for the identi?cation of speci?c metallopeptides 
through internal signatures resulting from use of metal ions 
With tWo or more isotopic peaks, such as through use of 
rhenium containing tWo isotopes in ?xed relative abundance 
that differ in mass by 2 units. 

[0037] Other objects, advantages and novel features, and 
the further scope of applicability of the present invention, 
Will be set forth in part in the detailed description to folloW, 
taken in conjunction With the accompanying draWings, and 
in part Will become apparent to those skilled in the art upon 
examination of the folloWing, or may be learned by practice 
of this invention. The objects and advantages of this inven 
tion may be realiZed and attained by means of the instru 
mentalities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The accompanying draWings, Which are incorpo 
rated into and form a part of the speci?cation, illustrate 
several embodiments of the present invention and, together 
With the description, serve to explain the principles of the 
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invention. The drawings are only for the purpose of illus 
trating a preferred embodiment of the invention and are not 
to be construed as limiting the invention. In the drawings: 

[0039] FIGS. 1A-1J Examples of molecular templates 
Which may be employed in the libraries and structures of this 
invention. R1 through R7 are variable functional groups 
Which may be employed to obtain the desired speci?city, 
af?nity and potency for a target molecule upon complexation 
of the metal ion, and M is a metal ion, or a metal-oxo 
(M=O) group, or a metal-nitrido (MEN) group, or a nitrido 
N-substituted metal-nitrido (M=N—R8) group Where R8 is 
a functional group Which may contribute to the desired 
speci?city and af?nity for the target molecule, and Where M 
is further employed to ?x the structure in a speci?c confor 
mational restriction upon complexation of the metal ion. 

[0040] FIG. 2 Mass spectrum of a library pool of 25 
metallopeptides synthesiZed according to Example 6. 

[0041] FIG. 3 Mass spectrum of a library pool of 4 
metallopeptides synthesiZed according to Example 10. 

[0042] FIGS. 4A-4E Reversed phased HPLC pro?les of a 
library pool of 4 metallopeptides synthesiZed according to 
Example 10. 

[0043] FIG. 5 FloW chart of a split pool and combination 
synthesis method according to Example 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Best Modes for Carrying Out the Invention 

[0044] De?nitions. Certain terms as used throughout the 
speci?cation and claims are de?ned as folloWs: 

[0045] The terms “bind,”“binding,”“complex,” and “com 
plexing,” as used throughout the speci?cation and claims, 
are generally intended to cover all types of physical and 
chemical binding, reactions, complexing, attraction, chelat 
ing and the like. 

[0046] The “peptides” of this invention can be a) natu 
rally-occurring, b) produced by chemical synthesis, c) pro 
duced by recombinant DNA technology, d) produced by 
biochemical or enZymatic fragmentation of larger mol 
ecules, e) produced by methods resulting from a combina 
tion of methods a through d listed above, or f) produced by 
any other means for producing peptides. 

[0047] By employing chemical synthesis, a preferred 
means of production, it is possible to introduce various 
amino acids Which do not naturally occur along the chain, 
modify the N- or C-terminus, and the like, thereby providing 
for improved stability and formulation, resistance to pro 
tease degradation, and the like. 

[0048] The term “peptide” as used throughout the speci 
?cation and claims is intended to include any structure 
comprised of tWo or more amino acids, including chemical 
modi?cations and derivatives of amino acids. For the most 
part, the peptides of this invention comprise feWer than 100 
amino acids, and preferably feWer than 60 amino acids, and 
most preferably ranging from about 2 to 20 amino acids. The 
amino acids forming all or a part of a peptide may be 
naturally occurring amino acids, stereoisomers and modi? 
cations of such amino acids, non-protein amino acids, post 
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translationally modi?ed amino acids, enZymatically modi 
?ed amino acids, constructs or structures designed to mimic 
amino acids, and the like, so that the term “peptide” includes 
pseudopeptides and peptidomimetics, including structures 
Which have a non-peptidic backbone. The term “peptide” 
also includes dimers or multimers of peptides. A “manufac 
tured” peptide includes a peptide produced by chemical 
synthesis, recombinant DNA technology, biochemical or 
enZymatic fragmentation of larger molecules, combinations 
of the foregoing or, in general, made by any other method. 

[0049] The “amino acids” used in this invention, and the 
term as used in the speci?cation and claims, include the 
knoWn naturally occurring protein amino acids, Which are 
referred to by both their common three letter abbreviation 
and single letter abbreviation. See generally Synthetic Pep 
tides:A User’s Guide, G A Grant, editor, W. H. Freeman & 
Co., NeW York, 1992, the teachings of Which are incorpo 
rated herein by reference, including the text and table set 
forth at pages 11 through 24. As set forth above, the term 
“amino acid” also includes stereoisomers and modi?cations 
of naturally occurring protein amino acids, non-protein 
amino acids, post-translationally modi?ed amino acids, 
enZymatically synthesiZed amino acids, derivatiZed amino 
acids, constructs or structures designed to mimic amino 
acids, and the like. Modi?ed and unusual amino acids are 
described generally in Synthetic Peptides." A User’s Guide, 
cited above; Hruby V J, Al-obeidi F and KaZmierski W: 
Biochem J 268:249-262, 1990; and Toniolo C: IntJPeptide 
Protein Res 35 :287-300, 1990; the teachings of all of Which 
are incorporated herein by reference. A single amino acid is 
sometimes referred to herein as a “residue.” 

[0050] The library constructs of this invention also include 
a metal ion, Which may be an ionic form of any element in 
metallic form, including but not limited to metals and 
metalloids. The metal ion may, but need not, be radioactive, 
paramagnetic or superparamagnetic. The metal ion can be of 
any oxidation state of any metal, including oxidation states 
of vanadium (V), manganese (Mn), iron (Fe), cobalt (Co), 
nickel (Ni), copper (Cu), Zinc (Zn), gallium (Ga), arsenic 
(As), selenium (Se), yttrium (Y), molybdenum (Mo), tech 
netium (Tc), ruthenium (Ru), rhodium (Rh), palladium (Pd), 
silver (Ag), cadmium (Cd), indium (In), tin (Sn), tungsten 
(W), rhenium (Re), osmium (Os), iridium (Ir), platinum (Pt), 
gold (Au), mercury (Hg), thallium (TI), lead (Pb), bismuth 
(Bi), polonium (Po), astatine (At), samarium (Sm), 
europium (Eu), and gadolinium (Gd). The metal ion can also 
be a radionuclide of any of the foregoing, including In, Au, 
Ag, Hg, Tc, Re, Sn, At, Y and Cu. Apreferred metal ion With 
a tetradentate coordination sphere is Re. For radiopharma 
ceutical applications, or applications Wherein a radioisotope 
is desirable for screening, an alpha-, gamma- or beta 
emitting radionuclide may be employed. 

[0051] The coordination sphere of various common metal 
ions, in general, is tetradentate to hexadentate. In one 
embodiment according to this invention, an amino acid or 
amino acid mimetic sequence is included Within each library 
member such that it contains the desired number of groups 
(4 to 6 in most cases) for complexing With the metal. The 
molecule is designed so that, upon complexing With a metal, 
it forms a mimic of a reverse turn structure about the site of 
metal complexation. A metal With coordination number 4, 5 
or 6, and complexing respectively With an amino acid 
sequence forming a tetra, penta, or hexadentate ligand, Will 
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fold and constrain the ligand. The amino acid or amino acid 
mimetic sequence forming a ligand is de?ned as the metal 
ion-binding domain (“MBD”) of the peptide or peptidomi 
metic. A highly ?exible molecule like a peptide, in other 
Words, is folded to form a kind of reverse turn upon its 
complexation With a metal. This resulting turn is a highly 
constrained structure in the conformational sense. 

[0052] The biological-binding domain (“BBD”) of the 
peptide or peptidomimetic is de?ned in the speci?cation and 
claims as a sequence of one or more amino acids Which 

constitute a biologically active sequence, exhibiting binding 
to a biological receptor found on cells, tissues, organs and 
other biological materials, thereby constituting the peptide 
as a member of a speci?c binding pair. The BBD also 
includes any sequence, Which may be consecutive amino 
acids or mimetics (sychnological) or non-consecutive amino 
acids or mimetics (rhegnylogical) Which forms a ligand, 
Which ligand is capable of forming a speci?c interaction 
With its acceptor or receptor. The term “receptor” is intended 
to include both acceptors and receptors. The receptor may be 
a biological receptor. The sequence or BBD may transmit a 
signal to the cells, tissues or other materials associated With 
the biological receptor after binding, but such is not 
required. Examples include, but are not limited to, BBDs 
speci?c for hormone receptors, neurotransmitter receptors, 
cell surface receptors, enZyme receptors and antibody-anti 
gen systems. The BBD may thus be either an agonist or 
antagonist, or a mixed agonist-antagonist. The BBD may 
also include any ligand for site-speci?c RNA or DNA 
binding, such as sequences Which may be employed as 
mimics of transcription and other gene regulatory proteins. 
The BBD may also include any sequence of one or more 
amino acids or mimetics, or other constrained molecular 
regions, Which exhibit binding to a biological receptor found 
on other peptides, on enZymes, antibodies, or other compo 
sitions, including proteinaceous compositions, Which may 
themselves exhibit binding to another biological receptor. A 
peptide or peptidomimetic complexed to a metal ion With 
such a BBD constitutes a member of a “speci?c binding 
pair,” Which speci?c binding pair is made up of at least tWo 
different molecules, Where one molecule has an area on the 
surface or in a cavity Which speci?cally binds to a particular 
spatial and polar organiZation of the other molecule. Fre 
quently, the members of a speci?c binding pair are referred 
to as ligand and receptor or anti-ligand. Examples of speci?c 
binding pairs include antibody-antigen pairs, hormone-re 
ceptor pairs, peptide-receptor pairs, enZyme-receptor pairs, 
carbohydrate-protein pairs (glycoproteins), carbohydrate-fat 
pairs (glycolipids), lectin-carbohydrate pairs and the like. 
[0053] The BBD is further de?ned to include the portion 
of a construct, Wherein the construct is a peptidomimetic, 
peptide-like, or metallo-construct molecule, Which upon 
binding of the construct With a metal ion, is biologically 
active, exhibiting binding to a biological receptor found on 
cells, tissues, organs and other biological materials. The 
BBD may, in this instance, be sychnological or rhegnylogi 
cal, and generally has the attributes and functions of a BBD 
of a peptide. The BBD may be coextensive With all or a 
portion of the MBD, so that the same amino acids or other 
residues Which constitute the MBD also constitute all or a 
part of the BBB. In some instances, one or amino acids of 
the MBD Will form a part of the BBB, and one or more 
additional amino acids, Which are not part of the MBD, form 
the remainder of the BBB. 
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[0054] Conformational constraint refers to the stability 
and preferred conformation of the three-dimensional shape 
assumed by a peptide or other construct. Conformational 
constraints include local constraints, involving restricting 
the conformational mobility of a single residue in a peptide; 
regional constraints, involving restricting the conforma 
tional mobility of a group of residues, Which residues may 
form some secondary structural unit; and global constraints, 
involving the entire peptide structure. See generally Syn 
thetic Peptides." A User’s Guide, cited above. 

[0055] The primary structure of a peptide is its amino acid 
sequence. The secondary structure deals With the conforma 
tion of the peptide backbone and the folding up of the 
segments of the peptide into regular structures such as 
ot-helices, [3-sheets, turns and the like. Thus, the three 
dimensional shape assumed by a peptide is directly related 
to its secondary structure. See generally Synthetic Peptides." 
A User’s Guide, cited above, including the text, ?gures and 
tables set forth at pages 24-33, 39-41 and 58-67. A global 
structure refers to a peptide structure Which exhibits a 
preference for adopting a conformationally constrained 
three-dimensional shape. 

[0056] The product resulting from the methods set forth 
herein can be used for both medical applications and vet 
erinary applications. Typically, the product is used in 
humans, but may also be used in other mammals. The term 
“patient” is intended to denote a mammalian individual, and 
is so used throughout the speci?cation and in the claims. The 
primary applications of this invention involve human 
patients, but this invention may be applied to laboratory, 
farm, ZOO, Wildlife, pet, sport or other animals. The products 
of this invention may optionally employ radionuclide ions, 
Which may be used for diagnostic imaging purposes or for 
radiotherapeutic purposes. 

[0057] Peptide and Metallo-Construct Molecule Libraries 
and Combinatorial Chemistries. Using the methods of this 
invention, libraries of peptides and peptidomimetics are 
designed Wherein each constituent library member includes 
an MBD sequence necessary for providing a coordination 
site for complexation With a metal, it being understood that 
such sequence may differ among the constituent members of 
the library. Upon complexing the MBD With a metal, a 
speci?c structure results, forming a mimic of a reverse turn 
structure. The speci?c stereochemical features of this com 
plex are due to the stereochemistry of the coordination 
sphere of the complexing metal ion. Thus the preferred 
geometry of the coordination sphere of the metal dictates 
and de?nes the nature and extent of conformational restric 
tion. 

[0058] Libraries of this invention contain constituents 
Which are either locally or globally constrained structures. 
Libraries may include molecules With either local confor 
mation restrictions or global conformation restrictions, or 
some combination thereof. This aspect of the invention 
includes a variety of methods of synthesis, screening and 
structural elucidation of positive hits in screening systems. 
The importance of these aspects are Well knoWn to those 
skilled in the art and Will also become evident from the 
folloWing description and examples. 

[0059] In general, most of the metals that may prove 
useful in this invention have a coordination number of 4 to 
6, and rarely as high as 8, Which implies that the putative 
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MBD must be made of residues With reactive groups located 
in a stereocompatible manner so as to establish a bond With 

a metal ion of given geometry and coordination sphere. 
Coordinating groups in the peptide chain include nitrogen 
atoms of amine, amide, imidaZole, or guanidino functional 
ities; sulfur atoms of thiols or disul?des; and oxygen atoms 
of hydroxy, phenolic, carbonyl, or carboxyl functionalities. 
In addition, the peptide chain or individual amino acids can 
be chemically altered to include a coordinating group, such 
as oxime, hydraZino, sulfhydryl, phosphate, cyano, pyridino, 
piperidino, or morpholino groups. For a metal With a coor 
dination number of 4, a tetrapeptide amino acid sequence 
may be employed (such as Gly-Gly-Gly-Gly), or a tripeptide 
amino acid sequence in Which at least one of the amino acids 
has a side chain With a coordinating group can similarly be 
employed (such as Gly-Gly-Cys). The side chain can have a 
nitrogen, oxygen or sulfur-based coordination group. Thus, 
an amino acid sequence can provide an N4, N3S, NZSZ, NS3, 
NZSO or similar ligand, yielding tetradentate coordination of 
a metal ion utiliZing nitrogen, sulfur and oxygen atoms. 

[0060] In another embodiment of the invention, the MBD 
includes one or more amino acid residues and one or more 

derivatiZed amino acids or spacer sequences, With the 
derivatiZed amino acid or spacer sequence having a nitrogen, 
sulfur or oxygen atom available for complexing With the 
various oxidation states of the metal Examples of deriva 
tiZed amino acids include amide, primary alkyl or aryl 
amide, 1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid and 
its corresponding 7-hydroxy derivative, N-carboxymethy 
lated amino acids, 2‘-mercapto-Trp, NB-(2 mercaptoethane) 
ot,[3-diaminopropionic acid and similar higher homologs of 
other homologous amino acids, NB-(2 aminoethane)-ot,[3 
diaminopropionic acid and similar higher homologs of other 
homologous amino acids, NB-(picolinoyl)-ot,[3-diaminopro 
pionic acid and similar higher homologs of other homolo 
gous amino acids, [3-(picolylamide)-Asp and similar 
homologs of other homologous amino acids, NB-(2-amino 
benZoyl)-ot,[3-diaminopropionic acid and similar higher 
homologs of other homologous amino acids, [3-(2-amidom 
ethylpyridine)-Asp and similar homologs of other homolo 
gous amino acids, N-benZyloxycarbonyl amino acid, N-tert 
butyloxycarbonyl amino acid, N-?uorenylmethyloxycarbo 
nyl amino acid and other similar urethane-protected amino 
acid derivatives, and other derivatiZed or synthetic amino 
acids relating to any of the foregoing. Examples of spacer 
sequences Which may be employed in this invention include 
2-mercaptoethylamine, succinic acid, glutaric acid, 2-mer 
captosuccinic acid, ethylenediamine, diethylenetriamine, tri 
ethylenetetraamine, tetraethylenepentaamine, glycol, poly 
ethylene glycol, thioglycolic acid, mercaptopropionic acid, 
pyridine-2-carboxylate, picolylamine, 2-mercaptoaniline, 
2-aminobenZoic acid, and 2-aminomethylpyridine. In gen 
eral, any sequence Which may be linked, directly or indi 
rectly, to one or tWo amino acids so as to form a continuous 

sequence, and Which has a nitrogen, sulfur or oxygen atom 
available for complexing With the valences of the metal ion, 
may be employed as an element of the MBD. 

[0061] S-Protected Thiol Group Compounds in Metallo 
Libraries. A free thiol (SH) group is preferred for complex 
ation of most metal ions to the peptides and peptidomimetics 
of this invention, and in many cases an SH group is 
necessary in order to form a stable exchange-inert complex 
With a metal. Peptides and other organic molecules With free 
SH groups, hoWever, are easily oxidiZed in air and in 
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solution, and can often form a disul?de-linked dimer. If 
more than one free SH group is present in a molecule, 
oxidation may lead to a complex polymer. Similarly, if a 
mixture of different peptides or organic molecules With free 
SH groups are prepared, oxidation generally leads to a 
complex mixture of polymers of unknoWn composition. 
This is of serious concern in preparing libraries of metal 
lopeptides or other organic molecules Where one or more SH 
group is intended for use in metal complexation. 

[0062] A variety of SH protecting groups have been 
employed for a variety of purposes, including radiopharma 
ceutical manufacture and formulation. For example, in its 
protected form S-BenZoyl-mercaptoacetyl-glycyl-glycyl 
glycine (BZ-MAG3) has been used to complex 99mTc under 
conditions Where the S-BZ group splits during 99mTc com 
plexation. The use of S-BZ protection, hoWever, is not 
compatible With the methods of peptide synthesis. See, e.g., 
European Patent Applications 0,250,013 and 0,173,424. 

[0063] In order to construct metallopeptide libraries of this 
invention Which incorporate an SH group, if mixed pool 
synthesis is employed the peptides must be S-protected 
derivatives. The SH protecting group is chosen such that (a) 
the synthesis of peptide derivatives With S-protecting group 
is compatible With methods of solution and solid phase 
peptide synthesis, so that the S-protecting group is stable 
during synthetic procedures, and (b) the S-protecting group 
can be deprotected in situ, Without cleavage from the resin 
in the case of solid phase synthesis, during the metal 
complexation step. Many prior art methods, such as BZ 
MAG3, meet at most only one of the tWo criteria speci?ed 
above (BZ-MAG3 meets only criterion (a) above. 

[0064] Use of orthogonally S-protected thiol groups per 
mits synthesis of metallo-compounds in a single pot. A 
mixture of compounds, each compound containing an 
orthogonal S-protected group (“OSPG”), is used for com 
plexation With a metal ion, and it is only during metal ion 
complexation that the S-protected group is deprotected, and 
accordingly polymeriZation and cross-linking is avoided. 
This procedure thus provides homogenous libraries of met 
allo-compounds. 

[0065] One OSPG meeting the criteria speci?ed above, 
and Which can be used in this invention, employs an StBu 
(S-thio-butyl or S-t-butyl) group to protect the SH group. 
The StBu group is stable under both the acidic and basic 
conditions typically employed in peptide synthesis. Further, 
the StBu group may be cleaved by reduction using a suitable 
phosphine reagent, Which reduction step may be employed 
immediately prior to or in conjunction With complexation of 
a metal ion to the peptide. Such OSPG cleavage does not 
cleave the peptide from the resin, or otherWise alter the 
structure of the peptide. 

[0066] Another OSPG meeting the criteria speci?ed above 
and suitable for this invention employs an S-Acm (S-aceta 
midomethyl) group to protect the SH group. The Acm group 
is also stable under the acid and base conditions usually 
employed during peptide synthesis. The S-Acm group may 
be removed by treatment of S-Acm-protected peptide or 
peptide resin With mercury (II) acetate or silver (I) tertra?uo 
roborate, Which liberates the thiol peptide in its mercury or 
silver ion-complexed state. Free thiol-containing peptide can 
then be recovered by treating the mercury or silver ion and 
thiol complexed salts With an excess of a thiol-containing 
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reagent, such as beta-mercaptoethanol or dithiothreitol. The 
resulting peptide is then used for metal complexation. Alter 
natively, the mercury or silver ion and thiol complexed 
peptide may be directly treated With a metal ion complexing 
reagent to form the desired metallopeptide. 

[0067] Other examples of OSPGs for metallopeptides 
include 4-methoxytrityl (Mmt), 3-nitro-2-pyridinesulfenyl 
(Npys) and S-sulfonate (SO3H). Mmt is selectively removed 
upon treatment With 1% TFA in dichloromethane. Npys and 
S-sulfonate are selectively removed by treatment With a 
thiol-containing reagent such as beta-mercaptoethanol or 
dithiothreitol or a phosphine reagent such as tributyl phos 
phine. The Npys group (R. G. Simmonds R G et al: Int J 
Peptide Protein Res, 431363, 1994) is compatible With Boc 
chemistry for peptide synthesis and the S-sulfonate 
(Maugras I et al: Int] Peptide Protein Res, 45 :152, 1995) is 
compatible With both Fmoc and Boc chemistries. Similar 
OSPGs derived from homologous series of S-alkyl, or 
S-aryl, or S-aralkyl may also be used in this invention. A 
primary characteriZation of the OSPG is that its use results 
in the formation of a disul?de (S—S) bond utiliZing one 
sulfur atom each from the thiol-containing amino acid and 
the protecting group. In addition, the resulting disul?de 
(S—S) bond is cleavable by the use of any of a variety of 
disul?de cleaving agents, including but not limited to phos 
phine- and thiol-containing reagents. 

[0068] The method employing StBu protected SH groups, 
or other OSPGs, may be employed for the generation of 
either solid phase or soluble libraries. For solid phase 
libraries, peptides may be synthesiZed by use of conven 
tional Fmoc chemistry. In the case of conventional Fmoc 
chemistry, Fmoc-L-Cys-(StBu) is coupled to an appropriate 
resin, via one or more intermediate amino acids, and addi 
tional amino acids are thereafter coupled to the L-Cys 
(StBu) residue. StBu may be employed With either L- or 
D-Cys, and any of a variety of other amino acids, including 
designer or unnatural amino acids and mimics thereof, 
characteriZed by an SH group available for binding to a 
metal ion, including, but not limited to, 3-mercapto pheny 
lananine and other related 3-mercapto amino acids such as 
3-mercapto valine (penicillamine); 2-mercaptoacetic acid; 
3-mercaptopropionic acid; 2-mercaptopropionic acid; 
3-mercapto-3,3,-dimethyl propionic acid; 3-mercapto,3-me 
thyl propionic acid; 3-mercapto-3,3,-diethyl proprionic acid; 
2-mercapto,2-methyl acetic acid; 3-cyclopentamethlene,3 
mercaptopropionic acid; 2-cyclopentamethlene,2-mercap 
toacetic acid and related amino acids. In all these cases, 
S-protection can be by S-But, S-Acm, Mmt, Npys, S-sul 
fonate and related groups, as described above. 

[0069] Metal Ion Complexation to MBD. The complex 
ation of metal ions to the sequences in a library, and 
speci?cally to the MBD, is achieved by mixing the 
sequences With the metal ion. This is conveniently done in 
solution, With the solution including an appropriate buffer. In 
one approach, the metal ion is, When mixed With the peptide 
or peptidomimetic constituents, already in the oxidation 
state most preferred for complexing to the MBD. Some 
metal ions are complexed in their most stable oxidation 
state, such as calcium (II), potassium (I), indium (III), 
manganese (II), copper (II), Zinc (II) and other metals. In 
other instances, the metal must be reduced to a loWer 
oxidation state in order to be complexed to the MBD. This 
is true of ferrous, ferric, stannous, stannic, technetiumoxo 
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[V], pertechnetate, rheniumoxo[V], perrhenate and other 
similar metal ions. Reduction may be performed prior to 
mixing With the sequences, simultaneously With mixing With 
the sequences, or subsequent to mixing With the sequences. 
Any means of reduction of metal ions to the desired oxida 
tion state knoWn to the art may be employed. 

[0070] For tetradentate coordination With a metal ion, 
rhenium is a preferred ion. Solid phase resin bound peptide 
or peptidomimetic sequences may be labeled With rhenium 
ion by treatment With the rhenium transfer agent 
ReOCl3(PPh3)2 in the presence of 1,8-DiaZabicyclo[5,4,0] 
undec-7-ene as a base. The sequences may then be cleaved 
from the resin. Alternatively, peptide or peptidomimetic 
sequences in a soluble library may similarly be labeled by 
treatment With the rhenium transfer agent ReOCl3(PPh3)2 in 
the presence of 1,8-DiaZabicyclo[5,4,0]undec-7-ene as a 
base. Metal complexation in the presence of 1,8-DiaZabicy 
clo[5,4,0]undec-7-ene (DBU) as a base can conveniently be 
accomplished at ambient room temperature. 

[0071] In an alternative method of metal complexation a 
mild base, such as sodium acetate, can be used. In this case 
the thiol-containing sequence, either in solution or bound to 
solid phase, is taken in a suitable solvent, such as DMF, 
NMP, MeOH, DCM or a mixture thereof, and heated to 
60-70° C. With the rhenium transfer agent ReOCl3(PPh3)2 in 
the presence of sodium acetate for 15 minutes. Similarly, 
other bases such as triethylamine, ammonium hydroxide and 
so on, may be employed. According to this invention, MeOH 
is a preferred choice of solvent for rhenium complexation in 
the case of S-deprotected peptides in solution. The solvent 
choice for S-deprotected peptides still attached to the solid 
phase is guided mainly by considerations of superior solva 
tion (sWelling) of the solid phase. DMF and NMP may be 
employed. Various mixtures of these solvents, also in com 
bination With MeOH, and DCM, CHCl3 and so on, may also 
be employed to yield optimiZed complexation results. 

[0072] In one embodiment of this invention, an S-But 
protected peptide is treated in situ With rhenium transfer 
agent in the presence of DBU and tributylphosphine to effect 
S-deprotection and rhenium complexation in one pot. Alter 
nately, complexation of rhenium to the S-But protected 
peptide in the presence of rhenium perrhenate may be 
accomplished by treatment With Sn[II]Cl2. This reagent 
effects S-deprotection as Well as conversion of ReO4 state to 
ReO state in situ to cause complexation of the rhenium to the 
S-deprotected peptide. A preferred procedure in this inven 
tion is the use of S-But protected peptide With S-deprotection 
by treatment With tributylphosphine, and metal complex 
ation of the resulting peptide utiliZing ReOCl3(PPh3)2 in the 
presence of DBU at room temperature. 

[0073] In the libraries of this invention, the MBD forms a 
reverse turn structure upon complexation With a metal ion, 
With the library constructed such that side chains of amino 
acids Within the MBD are varied, and similarly amino acids 
not forming a part of the MBD are also varied. Various 
compounds in a library of metallopeptides can be obtained 
by varying the sequence of amino acids in a set of peptides 
that are all optimiZed to form a complex of nearly similar 
geometry When coordinated With a metal ion. This optimi 
Zation can be obtained, for example, by appropriate posi 
tioning of amino acids having high affinity to complex a 
metal ion. Examples of naturally occurring amino acids With 
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high af?nity for metal compleXation include Cys and His. A 
library of such peptides, therefore, Would have at least one 
of these amino acids that is suitably placed in the sequence, 
With this amino acid being common to all the molecules in 
the library, With this amino acid thus non-randomiZed. 

[0074] A conceptual, generalized vieW of a solid phase 
library of metallopeptides that is constructed using local 
conformational restriction is: 

R2 0 

R1 I 

CO~Peptide Chain~Resin 

CO 

Peptide Chain 

[0075] Where M is a metal ion, R1 and R2 are randomly 
selected amino acid side chains forming parts of the reverse 
turn structure Which is the BBB, and “Peptide Chain” 
denotes one or more amino acids. A similar library can also 
be constructed in Which the components are soluble, and 
thus not bound to a resin. 

[0076] One illustration of a locally restricted metallopep 
tide library, in Which the members are conformationally 
constrained upon metal ion compleXation, is a library 
directed toWards the family of various integrin receptors that 
recognize the RGD sequence. In this library, individual 
amino acid positions are degenerated by selecting a set of 
cationic amino acids for one position, a second set of anionic 
amino acids for another position and a third set of selected 
amino acids With strong metal compleXation properties. 
Other positions in the peptides are randomiZed. The com 
mon rigid structure of the metal-peptide compleX in this 
library alloWs for various forms of presentation of the 
cationic and anionic centers for interaction With the integrin 
receptors. A library of these structures can be employed to 
identify metallopeptides speci?c to individual integrin 
receptors. The general structure of this library, Which can 
either be soluble or solid-phase library, prior to metal ion 
compleXation is: 

[0077] R1,-Aaa-Bbb-Ccc-Ddd-R2, Where R2 is 
coupled to a resin for solid phase bound libraries, and 

[0078] Where 

[0079] Aaa is an L- or D-con?guration residue provid 
ing an N for metal ion compleXation, such as Arg, Lys, 
Orn, homoArg, 2,3-diamino propionic acid, 2,4,-diami 
nobutyric acid, S-aminoethyl cysteine, 3(O-ami 
notheyl) Ser, or another synthetic basic amino acids; 

[0080] Bbb is an L- or D-con?guration residue provid 
ing an N for metal ion compleXation, such as Gly, Ala, 
Aib, Val, Nle, Leu or similar amino acids With 
uncharged side chains; 

[0081] Ccc is an L- or D-con?guration residue provid 
ing both an N and S, or alternatively tWo Ns, available 
for metal ion compleXation, such as Cys, HomoCys, 
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Pen, or other amino acids, natural or unnatural, con 
taining both an N and S, together With an OSPG, 
available for metal ion binding; 

[0082] Ddd is an L- or D- con?guration residue With a 
negatively charged side chain functional group, such as 
Asp, Glu, or synthetic amino acids With a negatively 
charged side chain functional group; and 

[0083] R1 and R2 are H, Alkyl, aryl, alkylcarbonyl, 
arylcarbonyl, alkyloXycarbonyl, aryloXycarbonyl, or a 
polymer such as PEG, PVA, or polyamino acid, 
attached directly or through a carbonyl group. 

[0084] Other forms of this library include sets of structures 
With general formulas shoWn beloW, Wherein the spatial 
distances betWeen the cationic and anionic centers can be 
different than those shoWn above, such as of the formulas: 

[0085] For each of the foregoing, the de?nitions of R1, R2, 
Aaa, Bbb, Ccc and Ddd are as described above. All four 
classes of libraries described above can either be synthesiZed 
individually or prepared as one library. 

[0086] Another embodiment of this invention provides for 
construction of a library With global conformational restric 
tion. In this embodiment, the MBD can be held constant, and 
a randomiZed or selected series of sequences of amino acids 
or mimetics varied to form the library. This type of library 
encompasses metallopeptides in Which a MBD is an isos 
teric replacement for a disul?de, lactam, lactone, thioether or 
thioester moiety in cyclic peptides. In these constructs a set 
MBD is introduced betWeen tWo pre-selected ends of a 
linear peptide or peptidomimetic that contains the random 
iZed or selected series of sequences of amino acids or 
mimetics under investigation. The general structure of a 
metallopeptide library of this type is: 

Peptide Chain (Containing Biological Function Domain)~Resin 

[0087] Where M is a metal ion and R1 and R2 are structural 
elements that may provide additional stability to metal 
compleXation, or may modulate biological activity, such as 
determining the organ of clearance, or altering biodistribu 
tion patterns or pharmacokinetics. The “Peptide Chain” 
sequence may be randomly varied, thereby resulting in a 
random library, or may be directed in a predetermined 
fashion, based upon knoWn characteristics of the target 
molecule. 

[0088] One illustration of a globally-constrained metal 
lopeptide library is a library of peptides Wherein all the 
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individual members of the library include a metal ion 
binding domain and the library is directed speci?cally 
towards a family of peptide hormones, such as somatostatin, 
cholecystokinin, opioid peptides, melanotropins, luteiniZing 
hormone releasing hormone, tachykinins and similar peptide 
hormones. The general formula of this library of peptides, 
before complexation to a metal ion, is: 

[0089] Where X is a ?xed MBD including a plurality of 
amino acids, so that all of the valences of the metal ion are 
satis?ed upon complexation of the metal ion With X, R1 and 
R2 each comprise from 0 to about 20 amino acids, and Aaa, 
Baa and Caa each comprise one or more amino acids 
connected to X through an amide, thioether, thioester, ester, 
carbamate, or urethane bond, Wherein each ofAaa, Baa, and 
Caa is varied. In this example, the MBD may include an 
OSPG. Other thiols in the sequence may optionally include 
S-protecting groups that are not orthogonal, such that the 
OSPG may be removed Without removal of other S-protect 
ing groups in the sequence. 

[0090] For solid phase libraries the peptide constructs are 
attached to a resin, and the resin is omitted for soluble 
libraries. This library of globally constrained metallopep 
tides can also be screened for detecting compounds that are 
mimetics for various peptides that are knoWn to exist in a 
reversed turn structure as their hypothesiZed biologically 
active structure. The examples of these include various 
peptide hormones such as somatostatin, cholecystokinin, 
opioid peptides, melanotropins, luteiniZing hormone releas 
ing hormone, tachykinins and various antibody epitopes. 

[0091] The functional equivalent of each these peptide 
libraries may also be obtained through the development of a 
library of non-amino acid building blocks so as to result in 
structural mimics of these peptides. The peptide bonds may 
be replaced by pseudopeptide bonds, such as thioamides, 
thioethers, substituted amines, carbanate, urethane, aliphatic 
moieties, and functionally similar constructs. 

[0092] Apeptide library is ?rst assembled according to the 
sequence speci?cation and degeneration, as described 
above, by Well-known methods of peptide synthesis. These 
libraries can be synthesiZed as discreet, spatially addressable 
compounds in parallel synthesis, using split synthesis 
approaches, or by deconvolution techniques of soluble 
libraries. Using similar methods, a pseudopeptide, peptido 
mimetic or non-peptide library can be obtained. The non 
peptide libraries may also optionally incorporate one of 
various tagging approaches that are Well knoWn to those 
skilled in the art. Both solid-phase and soluble libraries can 
be obtained in this manner. The entire library is then reacted 
With an appropriate metal-complexing agent to obtain the 
corresponding metal-coordinated library, comprising a simi 
lar class of predetermined structures. For example, to com 
plex a peptide library With rheniumoxo metal ion, the 
peptide library can be treated With Re(O)Cl3(PPh3)2 in the 
presence of sodium acetate. This procedure results in quan 
titative complexation of ReO With the peptide. In order to 
complex Zn, Co, Mn, Fe or Cu ions, the peptide library is 
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treated With chloride or other suitable salts of these metal 
ions to yield the library of corresponding metal ions. Essen 
tially, a variety of metal ions can be used to construct 
different metallopeptide libraries. One limiting factor in 
selection of the appropriate metal ion is the relative stability 
of a particular metal-peptide complex, related in large part to 
the metal-peptide binding constant or constants. It is Well 
knoWn in the art that some metal-peptide constructs are 
stable only Within speci?ed pH or other special conditions, 
or are easily oxidiZed in air. Some peptide-metal ion com 
plexes, such as those With ReO, are stable in pure form and 
can be isolated and stored under normal storage conditions 
for a long period of time. 

[0093] A metallopeptide library constructed according to 
this invention can be screened to identify one or more 
receptor-binding or pharmacologically-active candidates by 
various techniques that have been reported in the prior art. 
Both soluble and solid phase libraries may be directly 
employed in these assays. These techniques include direct 
target binding approaches as described by Lam and coWork 
ers (Lam K S et al: Nature 354:82-84, 1991; Lam K S et al: 
Nature 360:768, 1992), deconvolution and iterative re-syn 
thesis approaches (Houghten R A et al: Proc Natl Acad Sci 
USA 82:5131-5135, 1985; Berg et al: J Am Chem Soc 
111:8024-8026, 1989; Dooley C T et al: Science 266:2019 
2022, 1994; Blondelle S E: Antimicrob Agents Chemother 
38:2280-2286, 1994; Panilla C: Biopolymers 37:221-240, 
1995), approaches using orthogonal pools of tWo co-syn 
thesiZed libraries according to Tartar and coWorkers ( 
DepreZ B et al: JAm Chem Soc 117: 5405-5406, 1995), 
positional scanning methods devised by Houghton and 
coWorkers that eliminate iterative re-synthesis (Dooley C T 
et al: Life Sci 52:1509-1517, 1993; Pinilla C et al: Biotech 
niques 13:901-905, 1992; Pinilla C et al: Drug Dev Res 
33:133-145, 1992), and a combination of the positional 
scanning method With split synthesis methods (Erb E et al: 
Proc NatlAcad Sci USA, 91:11422-11426, 1994). 
[0094] Among these techniques, the deconvolution and 
iterative resynthesis approach, the approach involving 
orthogonal pools of tWo co-synthesiZed libraries, and the 
positional scanning method may be directly applied to 
soluble metallopeptide libraries to elucidate the structure of 
a “hit,” or peptide identi?ed as a receptor-binding or phar 
macologically-active candidate in the screening process. For 
solid phase libraries, other than spatially addressable parallel 
synthesis libraries, the structure of hits can be directly 
determined by various strategies Well knoWn to those skilled 
in the art. These include direct mass spectrometric analysis 
of compounds covalently bound to solid phase matrix of 
particles by the use of matrix-assisted laser desorption/ 
ioniZation (MALDI) techniques (SiuZdak G et al: Bioorg 
Med Chem Lett 6:979, 1996; BroWn B B et al: Molecular 
Diversity 1:4-12, 1995). The technique of creating a series of 
partially end-capped compounds at each of the synthetic 
steps during library assembly also helps in unambiguous 
identi?cation by mass spectrometry (Youngquist R S et al: J 
Am Chem Soc, 117:3900-3906, 1995; Youngquist R S et al: 
Rapid Commun Mass Spectr 8:77-81, 1994). In addition to 
these analytical techniques, various encoding strategies that 
have been devised for structure elucidation in organic mol 
ecule-based libraries, including non-peptide and non-nucle 
otide libraries, may be utiliZed. Various encoding strategies, 
such as DNA encoding, peptide encoding, haloaromatic tag 
encoding, and encoding based on radiofrequency transpon 
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ders, are noW Well known in the art and can be used directly 
in combination With metallopeptide libraries. These tagging 
strategies require the incorporation of the tags during the 
course of synthesis of libraries, Which can be accomplished 
during the construction of a metallopeptide libraries, since 
metal complexation is a ?nal, post-synthesis step. 

[0095] Structural Diversity of Library Members. 
Examples of some of the molecular templates Which may be 
employed in this invention are shoWn in FIG. 1. These 
templates shoW the appropriate location of R groups 
required to make a molecule selective and potent for a given 
biological target. The templates of FIGS. 1A, 1H and H 
alloW introduction of as many as 7 to 8 different functional 
groups. The templates of FIGS. 1B and 1C alloW introduc 
tion of as feW as four functional groups. The templates are 
derived from both peptide and non-peptide polyamine back 
bones, and may be partly peptidic and partly non-peptidic in 
nature. The metal coordination sphere illustrated in these 
templates is either an N3S or an N2S2 con?guration Where N 
and S are the metal coordinating atoms. 

[0096] Using the methods of this invention, that portion of 
the template forming a constrained sequence upon metal ion 
complexation can have attached thereto a Wide variety of 
functional groups, Which groups may be attached by any 
means knoWn. The ten structures depicted at FIGS. 1A 
through 1J are for illustration purposes only, and in no Way 
limit the scope of this invention. Other structures may be 
employed, including a variety of linking groups. In addition, 
different structures are employed With metal ions requiring 
other than tetradentate coordination. 

[0097] The templates shoWn in FIGS. 1A through LI, and 
other templates Which may be created based upon the 
methods of this invention, alloW for inclusion of as many as 
seven or eight different functional groups. These different 
functional groups may either individually or in combination 
impart desired af?nity, speci?city, selectivity, potency, and 
pharmacological and pharmacokinetic pro?les to the mol 
ecule toWards a biological target. For example, the structure 
depicted in FIG. 1D is obtained by complexation of a metal 
ion “M” With a linear peptide. The sulfur “S” atom for 
complexation to “M” is provided by the side chain of a Cys 
amino acid residue. The functional groups R2, R3, and R4 
may be side chains of amino acids. R1 may also be an amino 
acid or an organic group, While R5 may be a beta-substitu 
tion in the Cys residue. 

[0098] The structure depicted in FIG. 1B is derived from 
a linear peptide chain in Which [3-substituted [3-mercaptoace 
tic acid has been substituted at the N-terminus. The structure 
depicted in FIG. 1G is similar to that of FIG. 1B, except that 
mercaptoacetic acid is substituted for Cys. The structure 
depicted in FIG. 1G offers a different topographic structural 
relationship of the side chain functionalities R1, R2, R3 and 
R4 from that of the structure depicted in FIG. 1B. These 
kinds of minor, yet potentially biologically important, dif 
ferences in structure may result in different af?nities, speci 
?cities, selectivities or potencies. The ?ve structures 
depicted in FIGS. 1B, 1C, 1D, 1G and 11 can be obtained 
from the corresponding linear peptide derivatives synthe 
siZed by common methods Well knoWn to those skilled in the 
art. Complexation of metal ion to these linear peptides can 
be accomplished on solid phase or solution phase using the 
methods discussed above. 
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[0099] The structures of FIGS. 1A, 1F, 1H, H and 1E are 
derived from the structures of FIGS. 1B, 1C, 1D, 1G and 11 
by reducing one or more “M” complexing amide bonds 
(CO—NH group) to a pseudopeptide bond (CH2—NH 
group), folloWed by the functionaliZation of the resulting 
amine nitrogen With an “R” group. These reduced amide 
bond molecules, therefore, alloW the introduction of addi 
tional “R” groups in the molecule to enhance the structural 
diversity and complexity of the molecules. The “N” com 
plexation to the “M” in these cases is through the formation 
of a coordinate bond. Such molecules have different charge 
characteristics than the amide “N” complexed molecules. 
Differences of this type in the core charge of metal com 
plexes are knoWn to alter the passage of metal complexes 
across the biological compartment barriers. For example, 
99mTc-MAG3 (mercaptoacetylglycylglycylglycine), With an 
ionic core charge of —1, is not compartmentaliZed and is 
excreted through the kidneys, While 99mTc-MIBI (methoxy 
isobutylisonitrile), With an ionic core charge of +1, is 
compartmentaliZed in heart muscles. 99mTc-HMPAO (hex 
amethylpropyleneamine oxime) and 99mTc-ECD (ethyl cys 
teinate dimer), each With no charge, pass through the blood 
brain barrier and are used as brain perfusion imaging agents. 
Thus in one aspect of this invention libraries may be 
constructed With differences in ionic charges, as is generally 
shoWn in FIG. 1, by providing either an amide “N” or an 
amine “N” to modulate the pharmacokinetic pro?le of 
library members. Synthesis of reduced amide bond mol 
ecules capable of providing an amine “N” may be accom 
plished by employing methods of making linear peptide 
derivatives With pesudopeptide bonds that are Well knoWn to 
those skilled in the art. See, for example, Wen J J and Spatola 
A F: J Peptide Res 49:3-14, 1997. 

[0100] In yet another aspect of this invention, libraries 
may be constructed Wherein a variety of metal ions “M” are 
used for complexation. In the structures depicted in FIG. 1, 
metal ions requiring tetradentate coordination are most 
applicable, so that “M” may be a metal ion such as Tc or Re. 
HoWever, use of all other metal ions is contemplated and 
possible, and in such case, it is also contemplated and 
possible that other structures Would be employed, providing 
for hexadentate or other coordination spheres. Further, “M” 
may be a metal ion (M), a metal-oxo group (M=O), a 
metal-nitride group (MEN), or an N-nitrido substituted 
metal-nitride or organoimido (M=N—R‘). The orga 
noimido M=N—R‘ species,alloWs for inclusion of an R‘ 
Which may act as a biologically signi?cant functional group 
similar to the various R groups described in the structures of 
FIG. 1. In this case, the siZe of the library may be expanded 
by substitution of different R‘ groups. 

[0101] The metal-oxo compounds may be obtained from a 
suitable pre-formed metal-oxo transfer agent such as 
Re(O)Cl3(PPh3)2 (Johnson N P et al: Inorg Syntheses 9:145 
148, 1967; Parshall G: Inorg Synth 17:110, 1977; and 
Sullivan B P et al: Inorg Syntheses 29:146-150, 1992). 
Metal-oxo compounds may also be obtained by direct reduc 
tion of rhenium perrhenate With stannous or another suitable 
reducing agent in the presence of the complexing molecule, 
thereby yielding a metal-oxo complex (Rouschias G: Chemi 
cal Review 74:531-566, 1974; and Vites J C and Lynam M 
M: Coordination Chemistry Review 142:1-20, 1995). 

[0102] Nitrido complexes can be prepared by several 
methods. See, for example, the method taught in US. Pat. 
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No. 5,288,476; U.S. Pat. No. 5,300,278; Sullivan B P et al: 
cited above; Rouschias G: cited above; Vites J C and Lynam 
M M: cited above; Dehnicke K and Strahle J: Angew Chem 
Int Ed Engl, 31:955-978, 1992; Baldas J: Inorganic Chem 
25:150-153, 1986; and Marchi A et al: Inorganic Chem 
29:2091-2096, 1986. In general, the nitrido complexes can 
be obtained by treating a rhenium oxo complex With a 
hydrazine or by the use of Re(N)Cl2(PPh3)2 as a transfer 
agent. 

[0103] The organoimido M=N—R‘ species may be pre 
pared by condensing a rhenium oxo complex With a primary 
amine, or With 1,2 disubstituted hydraZines, or With phos 
phinimines or With phenyl isocyanate (Rouschias G: Chemi 
cal Review, 74:531-566, 1974). The rhenium oxo, rhenium 
nitrido and rhenium organoimido complexes are extremely 
stable and are reported to persist through fairly drastic 
substitution reactions. 

[0104] The functionaliZed sulfydryl-containing templates 
may be synthesiZed from corresponding halogenated com 
pounds by treating them With sodium thiosulfate to form 
S-sulfonate salts. These salts, on treatment With a reducing 
agent such as tributyl phosphine or sodium borohyd ride, 
yield a functionaliZed sulfhydryl. Alternatively, S-sulfonate 
derivatives can directly be used in the synthesis of metallo 
compounds as discussed above. In this case, the S-sulfonate 
group also acts as a OSPG in both the solution phase and the 
solid phase synthesis of metallo-constructs using either Boc 
or Fmoc chemistries. The S-sulfonate OSPG may be selec 
tively removed by treatment With a tributyl or triisopropyl 
phosphine immediately prior to the complexation of the 
metal ion. 

[0105] The structures of FIGS. 1A through LI, and 
similar structures, may be used in libraries by selective 
substitution of any or all of R1 through R7. It is also possible 
and contemplated that different related structures of any of 
FIGS. 1A through II, or similar structures, may be used in 
libraries, While keeping the functionalities of R1 through R7 
constant. 

[0106] The invention is further illustrated by the folloWing 
non-limiting examples. 

EXAMPLE 1 

Single-pot Synthesis of Four-member N351 Type 
Metallopeptide Compound Library 

[0107] A SynPep multiple peptide synthesiZer Was used 
for synthesis of the peptides on solid phasing using conven 
tion Fmoc chemistry. Fmoc-L-Glu-(OtBu)-Wang resin (1.2 
g, 0.54 mM) Was sWollen in NMP and the Fmoc-group 
removed by adding 20% piperidine in NMP and mixing by 
bubbling nitrogen for 20 min. The solvent Was drained by 
suction and the resin Washed. Four equivalent of Fmoc-L 
Cys-(StBu)-OH (0.93 g), four equivalent of 2-(1H-BenZot 
riaZol-1-yl)-1,1,3,3-tetramethyluronium (TBTU) and six 
equivalent of diisopropylethylamine (DIEA) Were added 
With NMP and bubbled With nitrogen for 30 min. The resin 
Was again Washed and deprotection of the Fmoc-group 
repeated, yielding NH2-L-Cys-(StBu)-L-Glu-(OtBu)-Wang 
resin. The resin Was then split into tWo pools, and using 
similar methods Fmoc-L-Gln-(Trt)-OH Was added to one 
pool and Fmoc-D-Gln-(Trt)-OH added to the other pool. The 
tWo pools Were mixed and the Fmoc-group deprotected, 
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yielding NH2-(L,D)-Gln-(Trt)-L-Cys-(StBu)-L-Glu-(OtBu) 
Wang resin. The resin Was again split into tWo pools, and 
Fmoc-L-Asn-(Trt)-OH added to one pool and Fmoc-D-Asn 
(Trt)-OH added to the other pool. The tWo pools Were mixed 
and the Fmoc-group deprotected, yielding NH2-(L,D)-Asn 
(Trt)-(L,D)-Gln-(Trt)-L-Cys-(StBu)-L-Glu-(OtBu)-Wang 
resin. To this resin Was added 0.072 g of succinic anhydride 

in pyridine, yielding HOOC(CH2)2CONH-(L,D)-Asn-(Trt) 
(L,D)-Gln-(Trt)-L-Cys-(StBu)-L-Glu-(OtBu)-Wang resin. 
After Washing, the StBu group Was removed by adding 13.8 
mL of DMF/Tributylphosphine (20/3, v/v; 0.52 M ) and 
bubbling for 3 hours. The resulting resin Was again Washed, 
yielding HOOC(CH2)2CONH-(L,D)-Asn-(Trt)-(L,D)-Gln 
(Trt)-L-Cys-L-Glu-(OtBu)-Wang resin. 0.6 g of 
ReO(PPh3)2Cl3 (8 eq.) and 0.32 g of sodium acetate (?nal 1 
M) to the resin solution, and the solution heated at 70° C. for 
2 hours. After cooling to room temperature, the resin Was 
Washed and dried, and 3 mL of a TFA“cocktail” ( 5% Water, 
5% TIPS, 5% thioanisole and 85% TFA) Was added. The 
solution Was alloWed to stand for 3 hours. The resin Was then 
?ltered and Washed once With 1 mL of TFA. Cold ether Was 
added to the collected TFA solution, and the resulting 
precipitate Was Washed With cold ether and dried under high 
vacuum. The resulting mixture Was a gray colored solid that 
Weighed 40 mg, a yield of approximately 56 %, and Which 
contained equal quantities of HOOC(CH2)2CONH-L-Asn 
(Trt)-L-Gin-(Trt)-L-Cys-L-Glu; HOOC(CH2)2CONH-L 
Asn-(Trt)-D-Gln-(Trt)-L-Cys-L-Glu; HOOC(CH2)2CONH 
D-Asn-(Trt)-L-Gln-(Trt)-L-Cys-L-Glu; and 
HOOC(CH2)2CONH-D-Asn-(Trt)-D-Gln-(Trt)-L-Cys-L 
Glu. 

EXAMPLE 2 

Alternate Single-pot Synthesis of Four Member 
N S1 Type Metallopeptide Compound Library 

3 

[0108] 1,8-diaZabicyclo[5,4,]undec-7-ene (DBU) as alter 
native base, replacing sodium acetate. The peptide 
HOOC(CH2)2CONH-L-Asn-(Trt)-L-Gln-(Trt)-L-Cys-L 
Glu-OtBu attached to Wang resin Was mixed With 1,8 
diaZabicyclo(5,4,0]undec-7-ene (DBU) (8 eq.) and 
ReO(PPh3)2Cl3 (8 eq.) in DMF. The reaction Was carried out 
at room temperature for 4 hours. The subsequent cleavage of 
product from the resin, Washing and precipitation Was as 
described for Example 1 above. 

EXAMPLE 3 

In Situ Formation of Metallo-complexes in the 
Presence of Reducing Agent and ReO(PPh3)2Cl3 

[0109] The resin HOOC(CH2)2CONH-(L,D)-Asn-(Trt) 
(L,D)-Gln-(Trt)-L-Cys-(StBu)-L-Glu-(OtBu)-Wang 
obtained from Example 1 above Was mixed With tribu 
tylphosphine (0.52 M) and ReO(PPh3)2Cl3 (8 eq.) in DMF. 
The bases used in the reaction Were either sodium acetate 
(0.1 M) or 1,8-diaZabicyclo(5,4,0]undec-7-ene (DBU) (8 
eq.). In the case of sodium acetate, the reaction Was con 
ducted at about 70° C. for 4 hours. In the case of DBU, the 
reaction container Was shaken at room temperature for 4 
hours. The subsequent cleavage of product from the resin, 
Washing and precipitation Was as described for Example 1 
above. 
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EXAMPLE 4 

Synthesis of Ac-His-X-Cys-Trp-NH2—Rhenium 
Complexes With PEG Resin (Where X=Trp, 

Homophe, 2-Nal, or Phenylglycine) 

[0110] The procedures Were similar to those described for 
Examples 1, 2 and 3. A NovaSyn TGR resin Was used. 
Histidine, Cysteine and Tryptophan Were protected by trityl, 
thio-t-butyl and Boc groups, respectively. The cleavage 
cocktail Was TEA/T IS (95/5). After three hours the resin Was 
?ltered and Washed With TFA. To the TFA solution Was 
added cold ether, and the resulting precipitate Was spun 
doWn by centrifugation. The resulting pellets Were Washed 
With ether tWice, and 0.5 mL of 95% acetic acid Was added. 
Five mL of Water Was added after one hour. The resulting 
product Was then lyophiliZed under high vacuum. 

EXAMPLE 5 

Development of a Prototype Metallopeptide Library 
for the Melanocortin Receptor. 

[0111] The library design Was based on the tetrapeptide 
message sequence, His-Phe-Arg-Trp (6-9 sequence), of 
A-MSH. This sequence exists as a reverse turn, making it 
suitable for conversion into a metallopeptide format of this 
invention. In this approach metallopeptides Were designed 
around a tripeptide N3S1 MBD designed for a rhenium metal 
ion. The MBD Was derivatiZed to yield the pentapeptide 
Ac-His-Phe-Arg-Cys-Trp-NH2 as a putative candidate for 
melanocortin (“MC”) receptors. Further re?nements in the 
structure Were made in response to other considerations, 
including the chirality of amino acid side chains, yielding a 
template structure Ac-His-D-Phe-Arg-Cys-Trp-NH2. The 
structure of this peptide after binding to rhenium is: 

[0112] The template structure Was used to de?ne a small 
combinatorial library utiliZing split synthesis methodolo 
gies. The ?nal template selected for the combinatorial 
library Was Ac-D-His-Xaa-D-Cys-Trp-NH2, Where Xaa Was 
D-(2‘) Naphthylalanine, D-Trp, D-HomoPhe, or D-Phenylg 
lycine. For this library, the peptide resin, Cys(StBu)-Trp 
(Boc)-Resin Was split in four equal parts. Each part Was 
reacted With one of the four Xaa types. After coupling, the 
resin pools Were miXed and synthesis continued in a single 
pool to couple the His residue. The ?nal result Was four 
separate peptides in a single pool, each peptide varying by 
one amino acid, in the Xaa position. 
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[0113] An StBu OSPG group Was used to protect the SH 
group during synthesis. After solid-phase assembly of the 
peptide chain using Fmoc chemistry With acid labile side 
chain protecting groups, the StBu group Was split using 
tributylphosphine. The resulting free SH-containing peptide 
resin Was treated With the rhenium transfer agent 
Re(O)Cl3(PPh3)2 in the presence of 1,8-DiaZabicyclo[5,4,0] 
undec-7as base. The resulting metallopeptide resin Was then 
treated With TFA to cleave it from the resin and de-protect 
all the side chain protecting groups. The products Were 
analyZed by mass spectrometry. HPLC analysis Was per 
formed and individual peaks collected and subjected to mass 
analysis. The resulting peptides Were analyZed by electron 
spray mass spectrometry, yielding the predicted mass, 
including the rhenium compleXed to the peptide. 

EXAMPLE 6 

Design and Synthesis of Melanocortin 
Receptor-speci?c Metallopeptide Library 

[0114] The library Was rationally designed based upon 
data relating to melanocortin receptors and peptide 
sequences speci?c to the melanocortin receptors, including 
melanotropin side-chain pharmacophores, D-Phe7 and Trpg, 
that interact With a hydrophobic netWork of receptor aro 
matic residues in transmembrane regions 4, 5, 6, and 7. 
Based on this design criterions, a pharmacophore for the 
melanocortin receptor Was preliminarily de?ned, and a com 
binatorial library designed for identi?cation of potent and 
receptor-selective agonists. 
[0115] Based on the design criteria, the putative structure 
R-Aaa-Baa-L-Cys-Caa-NH2 Was selected, in Which each of 
Aaa, Baa and Caa are selected from L- or D-isomers of 
2-Nal (1), Phe (2), Trp (3), Tyr (4) and Ala (5), so that any 
one of the foregoing can be substituted for any one of Aaa, 
Baa or Caa. In the nomenclature adopted for the library 
design, the ?ve amino acids Were designated 1 through 5, 
With the isomerism conventionally notated, so that, for 
eXample, Baa2L refers to L-Phe in the Baa position. 

[0116] The terminal R group Was selected from Ac, 
CGHSOOH, CH3(CH2)5—COOH, C6H5CH=CH—COOH 
(trans) and Pyridine-3-carboXylate. The terminal R group 
represents a truncated amino acid, and offers additional 
structural diversity. 

[0117] A pool and split library synthesis scheme Was 
employed such that 5,000 separate compounds Were syn 
thesiZed, resulting in 200 ?nal pools each containing 25 
different compounds, With the compounds differing solely 
by the amino acids in the Aaa and Baa position. Using this 
methodology, binding characteristics relating to the Caa 
amino acid or R terminal group can be identi?ed through 
inter-group comparison, thereby simplifying the deconvo 
lution strategy. 

[0118] The library synthesis steps are set forth in FIG. 5. 
The resin of step I Was divided into 10 groups. At step 2 each 
of Caa1L through CaaSD Were coupled to an individual resin 
group, and L-Cys Was coupled to each resin group, resulting 
in 10 groups and 20 couplings. Each of the resin groups of 
step 2 Was then divided into 10 sub-groups as shoWn at step 
3 (With only one subgroup illustrated at step 3, and for each 
subgroup of step 3, each of BaalL through BaaSD Were 
coupled to one group Within the subgroup, resulting in 100 
















