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(57) ABSTRACT 

[3-sheet mimetics and methods relating to the same are 
disclosed. The [3-sheet mimetics have utility as protease and 
kinase inhibitors, as Well as inhibitors of transcription fac 
tors and protein-protein binding interactions. Methods of the 
invention include administration of a [3-sheet mimetic, or use 
of the same for the manufacture of a medicament for 
treatment of a variety of conditions associated With the 
targeted protease, kinase, transcription factor and/or protein 
protein binding interaction. 
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BETA-SHEET MIMETICS AND METHODS 
RELATING TO THE USE THEREOF 

CROSS-REFERENCE TO PRIOR 
APPLICATIONS 

[0001] This application claims the bene?t of PCT Appli 
cation No. PCT/US97/13622, ?led August 4, 1997, and US. 
Provisional Application No. 60/047,067, ?led May 19, 1997, 
and is a continuation-in-part of US. application Ser. No. 
08/797,915, ?led Feb. 10, 1997, Us. application Ser. No. 
08/692,420, ?led Aug. 5, 1996, and US. application Ser. No. 
08/725,073, ?led Oct. 2, 1996; Which are continuation-in 
parts of Us. application Ser. No. 08/624,690, ?led Mar. 25, 
1996; Which is a continuation-in-part of US. application 
Ser. No. 08/549,006, ?led Oct. 27, 1995; Which is a con 
tinuation-in-part of Us. application Ser. No. 08/410,518, 
?led Mar. 24, 1995. 

TECHNICAL FIELD 

[0002] This invention relates generally to [3-sheet mimet 
ics and, more speci?cally, to [3-sheet mimetics Which inhibit 
biologically active peptides and proteins. 

BACKGROUND OF THE INVENTION 

[0003] The [3-sheet conformation (also referred to as a 
N-strand conformation) is a secondary structure present in 
many polypeptides. The [3-sheet conformation is nearly fully 
extended, With axial distances between adjacent amino acids 
of approximately 3.5 A. The [3-sheet is stabiliZed by hydro 
gen bonds betWeen NH and CO groups in different polypep 
tides strands. Additionally, the dipoles of the peptide bonds 
alternate along the strands Which imparts intrinsic stability 
to the [3-sheet. The adjacent strands in the [3-sheet can run in 
the same direction (i.e., a parallel [3-sheet) or in opposite 
directions (i.e., an antiparallel [3-sheet). Although the tWo 
forms differ slightly in dihedral angles, both are sterically 
favorable. The extended conformation of the [3-sheet con 
formation results in the amino acid side chains protruding on 
alternating faces of the [3-sheet. 

[0004] The importance of [3-sheets in peptides and pro 
teins is Well established (e.g., Richardson, Nature 2681495 
499, 1977; Halverson et al., J. Am. Chem Soc. 113:6701 
6704, 1991; Zhang, J. Biol. Chem. 266:15591-15596, 1991; 
Madden et al., Nature 353:321-325, 1991). The [3-sheet is 
important in a number of biological protein-protein recog 
nition events, including interactions betWeen proteases and 
their substrates, protein kinases and their substrates or 
inhibitors, the binding of SH2 domain containing proteins to 
their cognate phosphotyrosine containing protein targets, 
farnesyl transferase to its protein substrates, and MHC I and 
II and their antigenic peptides, and has been implicated in 
many disease states. 

[0005] Inhibitors that mimic the [3-sheet structure of bio 
logically active proteins or peptides Would have utility in the 
treatment of a Wide variety of conditions. For example, Ras, 
the protein product of the ras oncogene, is a membrane 
bound protein involved in signal transduction regulating cell 
division and groWth. Mutations in the ras gene are among 
the most common genetic abnormalities associated With 
human cancers (Barbacid, M. “ras genes,” 56:779-827, 
1987). These mutations result in a groWth signal Which is 
alWays “on,” leading to a cancerous cell. In order to localiZe 
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to the cell membrane, Ras requires prenylation of the 
cysteine Within its C-terminal CaaX sequence by farnesyl 
transferase (FTase). (In the sequence CaaX “a,” is de?ned as 
an amino acid With a hydrophobic side chain and “X” is 
another amino acid.) This post-translational modi?cation is 
crucial to its activity. Peptidyl inhibitors of FTase With the 
sequence CaaX have been shoWn to block or sloW the 
groWth of tumors in cell culture and in Whole animals (Kohl 
et al., “Selective inhibition of ras-dependent transformation 
by a farnesyltransferase inhibitor,”Science 260:1934-1937, 
1993; Buss, J. E. & Marsters, Jr., J. C. “Farnesyl transferase 
inhibitors: the successes and surprises of a neW class of 
potential cancer chemotherapeutics,”Chemistry and Biology 
2:787-791, 1995). 

[0006] SH2 domains, originally identi?ed in the src sub 
family of PTKs, are noncatalytic sequences and consist of 
about 100 amino acids conserved among a variety of signal 
transducing proteins (Cohen et al., Cell 80:237-248, 1995). 
SH2 -domains function as phosphotyrosine- binding mod 
ules and mediate critical protein-protein associations (PaW 
son, Nature 573-580, 1995). In particular, the role of SH2 
domains has been clearly de?ned as critical signal transduc 
ers for receptor tyrosine kinases (RTKs such as EGF-R, 
PDGF, insulin receptor, etc.). Phosphotyrosine-containing 
sites on autophosphorylated RTKs serve as binding sites for 
SH2-proteins and thereby mediate the activation of bio 
chemical signaling pathWays (Carpenter, G., FAESEB J. 
613283-3289, 1992; Sierke, S. and Koland, J., Biochem. 
32:10162-10108, 1993). The SH2 domains are responsible 
for coupling the activated growth-factor receptors to cellular 
responses Which include alterations in gene expression, cell 
proliferation, cytoskeletal architecture and metabolism. 

[0007] At least 20 cytosolic proteins have been identi?ed 
that contain SH2 domains and function in intracellular 
signaling. The distribution of SH2 domains is not restricted 
to a particular protein family, but is found in several classes 
of proteins, protein kinases, lipid kinases, protein phos 
phatases, phospholipases, Ras-controlling proteins and some 
transcription factors. Many of the SH2-containing proteins 
have knoWn enZymatic activities While others (Grb2 and 
Crk) function as “linkers” and “adapters” betWeen cell 
surface receptors and doWnstream effector molecules 
(Marengere, L., et al., Nature 369:502-505, 1994). Examples 
of proteins it containing SH2 domains With enZymatic 
activities that are activated in signal transduction include, 
but are not limited to, the src subfamily of protein tyrosine 
kinases (src (pp60c'm), abl, lck, fyn, fgr and others), phos 
pholipase-C-y (PLC-y), phosphatidylinositol 3-kinase (Pl-3 
kinase), p21-ras GTPase activating protein (GAP) and SH2 
containing protein tyrosine phosphatases (SH-PTPase) 
(Songyang et al., Cell 72:767-778, 1993). Intracellular 
tyrosines are phosphorylated When surface receptors are 
engaged by diverse ligands for groWth factor receptors, 
cytokine receptors, insulin receptor, and antigen-mediated 
signaling through T- or B-cell receptors. The phosphoryla 
tion of proteins at tyrosine residues is critical in the cellular 
signal transduction, neoplastic transformation and control of 
the cell cycle. Due to the central role these various SH2 
proteins occupy in transmitting signals from activated cell 
surface receptors into a cascade of additional molecular 
interactions that ultimately de?ne cellular responses, inhibi 
tors Which block speci?c SH2-protein binding are desirable 
as agents for a variety of potential therapeutic applications. 
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[0008] Disease areas in Which tyrosine phosphorylation 
and inhibition of SH2 binding represent targets for drug 
development include the following: 

[0009] Cancer: 

[0010] SH2 domains Which mediate signaling are clearly 
signi?cant elements in the regulation of oncogene and 
protooncogene tyrosine kinase activity and cellular prolif 
eration (Carpenter, Fed. Am. Soc. Exp. Biol. J. 6:3283-3289, 
1992). The SH2 domains de?ne an important set of sub 
strates through Which activated RTKs mediate signaling and 
through Which nonreceptor tyrosine kinases associate With 
RTKs and are thus targets for anticancer drug development. 
The ability to block interaction of the RTK With the SH2 
containing substrate using a mimetic inhibitor provides a 
means to abrogate signaling and thereby eliminate onco 
genic activity. The biological signi?cance is also illustrated 
by the v-crk oncogene, a protein composed almost entirely 
of SH domains, Which is able to bring about cellular 
transformation by interacting With phosphotyrosine contain 
ing proteins. As above, the ability of inhibitors to block v-crk 
binding via its SH2 domain to other proteins Would be 
expected to be effective as an anticancer agent. 

[0011] Immune Regulation: 

[0012] Regulation of many immune responses is mediated 
through receptors that transmit signals through tyrosine 
kinases containing SH2 domains. T-cell activation via the 
antigen speci?c T-cell receptor (TCR) initiates a signal 
transduction cascade leading to lymphokine secretion and 
cell proliferation. One of the earliest biochemical responses 
folloWing TCR activation is an increase in tyrosine kinase 
activity. In particular, T-cell activation and proliferation is 
contcriolled through T-cell receptor mediated activation of 
p56 and p5 9fyn tyrosine kinases, as Well as ZAP-70 and Syk 
(Weiss and Litman, Cell 76:263-274, 1994) Which contain 
SH2 domains. Additional evidence indicates that several 
src-family kinases (lck, blk, fyn) participate in signal trans 
duction pathWays leading from B-cell antigen receptors and 
hence may serve to integrate stimuli received from several 
independent receptor structures. Thus, inhibitors that block 
interactions of these SH2 domain kinases With their cognate 
receptors could serve as immunosuppressive agents With 
utility in autoimmune diseases, transplant rejection or as 
anti-in?ammatory agents as Well as anticancer drugs in cases 
of lymphocytic leukemias. 

[0013] Additionally, non-transmembrane PTPase contain 
ing SH2 domains are knoWn and nomenclature refers to 
them as SH-PTP1 and SH-PTP2 (Neel, Cell Biology 4:419 
432, 1993) SH-PTP1 is identical to PTP1C, HCP or SHP and 
SH-PTP2 is also knoWn as PTP1D or PTP2C. SH-PTP1 is 
expressed at high levels in hematopoietic cells of all lineages 
and all stages of differentiation. Since the SH-PTP1 gene 
Was identi?ed as responsible for the motheaten (me) mouse 
phenotype, this provides a basis for predicting the effects of 
inhibitors that Would block its interaction With its cellular 
substates. Thus, inhibition of SH-PTP1 function Would be 
expected to result in impaired T-cell responses to mitogenic 
stimulation, decreased NK cell function, and depletion of 
B-cell precursors With potential therapeutic applications as 
described above. 

[0014] Diabetes: In Type 2 (non-insulin dependent) dia 
betes, tyrosine phosphatases (SH-PTP2) counter-balance the 
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effect of activated insulin-receptor kinases and may repre 
sent important drug targets. In vitro experiments shoW that 
injection of PTPase blocks insulin stimulated-phosphoryla 
tion of tyrosyl residues on endogenous proteins. Thus, 
inhibitors could serve to modulate insulin action in diabetes. 

[0015] Neural Regeneration: 

[0016] Glial groWth factors are ligands that are speci?c 
activators of erb-B2 receptor tyrosine kinase (p185eIbB2) to 
promote tyrosine phosphorylation and mitogenic responses 
of SchWann cells. Consequently, regulation of tyrosine phos 
phorylation by altering activity in SchWann cells folloWing 
nerve injury could be an important therapeutic strategy. 
Inhibitors of erb-B2 signaling activity could have a signi? 
cant role in treatment of tumors of glial cell origin. 

[0017] Another class of [3-sheet mimetics are inhibitors of 
protein kinases, Which include the protein tyrosine kinases 
and serine/threonine kinases. 

[0018] A Wide variety of cellular substrates for polypep 
tide groWth factor receptors that possess intrinsic tyrosine 
kinase activity have noW been characteriZed. Although there 
is a tremendous diversity among the numerous members of 
the receptors tyrosine-kinases (RTK) family, the signaling 
mechanisms used by these receptors share many common 
features. Biochemical and molecular genetic studies have 
shoWn that binding of the ligand to the extracellular domain 
of the RTK rapidly activates the intrinsic tyrosine kinase 
catalytic activity of the intracellular domain. The increased 
activity results in tyrosine-speci?c phosphorylation of a 
number of intracellular substrates Which contain a common 
sequence motif. Consequently, this causes activation of 
numerous doWnstream signaling molecules and a cascade of 
intracellular pathWays that regulate phospholipid metabo 
lism, arachidonate metabolism, protein phosphorylation 
(involving other protein kinases), calcium mobiliZation and 
transcriptional regulation. The groWth-factor-dependent 
tyrosine kinase activity of the RTK cytoplasmic domain is 
the primary mechanism for generation of intracellular sig 
nals that initiate multiple cellular responses. Thus, inhibitors 
Which Would serve as alternate substrates or inhibitors of 
tyrosine kinase activity have the potential to block this 
signaling. 
[0019] Many of the RTK subfamilies are recogniZable on 
the basis of architectural similarities in the catalytic domain 
as Well as distinctive motifs in the extracellular ligand 
binding regions. Based upon these structural considerations, 
a nomenclature de?ning several subfamilies of RTKs, each 
containing several members, has been developed (Hanks, 
Curr. Opin. Struc. Biol. 1:369-383, 1991; Ullrich, A., and 
Schlessinger, J. Cell 61:203-212, 1990). Examples of recep 
tor subfamilies referred to on the basis of their prototypic 
members include: EGF-receptor, insulin receptor, platelet 
derived groWth factor (PDGF-receptor), ?broblast groWth 
factor receptors (FGFRs), TRK receptor and EPH/ECK 
receptors. Members in each of these subfamilies represent 
molecular targets for the development of mimetic inhibitors 
that Would block tyrosine kinase activity and prevent intra 
cellular signal transduction. Several therapeutic areas in 
Which these targets have value are identi?ed beloW. 

[0020] Cancer: 

[0021] In addition to mediating normal cellular groWth, 
members of the EGFR family of RTKs are frequently 
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overexpressed in a variety of aggressive epithelial carcino 
mas and this is thought to directly contribute to malignant 
tumor development. A number of studies have shoWn that 
the EGFR is frequently ampli?ed in certain types of tumors, 
including glioblastomas, squamous carcinomas, and brain 
tumors (Wong et al., Proc. Natl. Acad Sci USA 84:6899 
6903, 1987). Additionally, HER2/p185eIbBZ (alternatively 
referred to as “neu” in the rat), HER3/p160eIbBB HER4/ 
p180erba4 (PloWman, G. et al., Proc. Natl. Acad. Sci. USA 
90:1746-1750 (1993) are three RTKs Which have extensive 
amineobBzacid sequence homology to the EGFR. HER2/ 
p185 is frequently ampli?ed and overexpressed in human 
breast tumors and ovarian carcinomas (Wong et al., Proc. 
Natl. Acad. Sci. USA 84:6899-6903, 1987), and this ampli 
?cation is correlated With poor patient prognosis. Simulta 
neous overexpression of p185neu and the EGFR synergisti 
cally transforms rodent ?broblasts and this condition is often 
observed in human cancers. Finally, HER3 expression is 
ampli?ed in a variety of human adenocarcinomas. Several 
inhibitors are knoWn Which demonstrate inhibitory activity 
in vitro against the EGFR and block EGF-dependent cell 
proliferation Which indicates therapeutic potential of com 
pounds With this activity. In addition, in human chronic 
myelogenous leukemia, enhanced tyrosine kinase activity 
underlies the disease as a consequence of activation of the 
cellular c-abl protooncogene. Inhibitors Would function as 
anticancer agents. 

[0022] Angiogenesis: 
[0023] Currently, there are at least seven FGFR members 
Which mediate a diverse array of biological responses, 
including the capacity to induce angiogenesis. In addition, a 
group of RTKs With seven lgLs has been proposed to 
represent a separate subfamily. Its knoWn members, FLT1, 
FLK1 and FLT4 shoW a similarity of structure and expres 
sion. These receptors mediate the actions of Vascular Endot 
helial GroWth Factor (VEGF). Several lines of evidence 
indicate that this subfamily of groWth factor receptors play 
an important role in the formation of blood vessels. Since 
blood vessel formation is a process reactivated by tumors in 
order to supply oxygen to these cells, [3-strand mimetics that 
inhibit these groWth factors’ kinase activities could serve to 
suppress tumor groWth through inhibition of angiogenesis. 

[0024] Restenosis: 

[0025] The PDGF receptor is of great interest as a target 
for inhibition in the cardiovascular ?eld since it is believed 
to play a signi?cant role in restenosis after coronary balloon 
angioplasties and also in atherosclerosis. The release of 
PDGF by platelets at damaged surfaces of blood vessels 
results in stimulation of PDGF receptors on vascular smooth 
muscle cells, and eventual neointimal thickening. A mimetic 
inhibitor of kinase activity Would prevent proliferation and 
lead to greater successful outcomes from this surgical pro 
cedure. 

[0026] Many components of signal transduction pathWays 
involve phosphorylation of serine/threonine (ser/thr) resi 
dues of protein substrates. Some of these substrates are 
themselves protein kinases Whose activity is modulated by 
phosphorylation. TWo prominent ser/thr-speci?c protein 
kinases play a central role in signal transduction: cyclic 
AMP-dependent protein kinase A (PKA) and the protein 
kinase C (PKC family). Numerous other serine/threonine 
speci?c kinases, including the family of mitogen-activated 
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protein (MAP) kinases serve as important signal transduc 
tion proteins Which are activated in either groWth-factor 
receptor or cytokine receptor signaling. Other protein ser/thr 
kinases important for intracellular signaling are Calcium 
dependent protein kinase (CaM-kinase II) and the c-raf 
protooncogene. 

[0027] PKC plays a crucial role in cell-surface signal 
transduction for controlling a variety of physiological pro 
cesses (NishiZuka, Nature 334:661-665, 1988) and repre 
sents a large family of isoenZymes Which differ in their 
structure and expression in different tissues, as Well as their 
substrate speci?city (Hug and Sarre, Biochem J. 291:329 
343, 1993) Molecular cloning has demonstrated at least 8 
isoenZymes. Due to this diversity and differential expres 
sion, activation of individual isoenZymes produces differing 
cell-speci?c responses: stimulation of groWth, inhibition of 
differentiation, or induction of differentiation. Due to its 
ability to stimulate cellular proliferation, it represents a 
target for anticancer drug development (PoWis, Trends in 
Pharm. Sci. 12:188-194, 1991). Overexpression of PKC 
isoenZymes in mammalian cells is correlated With enhanced 
expression of early protooncogenes such as c-jun, c-fos, 
c-myc and one overexpressing cell line gives rise to tumors 
in nude mice. 

[0028] Therapeutic applications Within the area of 
immune regulation are evident since activation of T-cells by 
antigens involves activation of PKC. Activated PKC subse 
quently activates a branch of the signal cascade that is 
necessary for transcriptional activation of NF-KB, produc 
tion of IL-2, and ultimately, T-cell proliferation. Inhibitors 
that block signaling through this branch pathWay have been 
shoWn to prevent T-cell activation. Thus, mimetics that 
Would function as inhibitors of PKC in T-cells Would block 
signaling and serve as possible immunosuppressants useful 
in transplant rejection or as anticancer agents for lympho 
cytic leukemias. Activators of PKC cause edema and in?am 
mation in mouse skin (Hennings et al., Carcinogenesis 
8:1342-1346, 1987) and thus inhibitors are also expected to 
serve as potent anti-in?ammatory compounds. Such anti 
in?ammatory activates Would ?nd use in asthma, arthritis 
and other in?ammatory mediated processes. In addition, 
staurosporine and its analogs, UCN01 and CGP4125, Which 
have been characteriZed as potent PKC inhibitors in vitro, 
have anti-tumor activity in animal models (PoWis, Trends in 
Pharm. Sci. 12:188-194, 1991), and related compounds are 
being considered for clinical trials. 

[0029] With regard to protease inhibition, Cathepsin B is 
a lysosomal cysteine protease normally involved in proen 
Zyme processing and protein turnover. Elevated levels of 
activity have been implicated in tumor metastasis (Sloane, 
B. F. et al., “Cathepsin B and its endogenous inhibitors: the 
role in tumor malignancy,”Cancer Metastasis Rev. 9:333 
352, 1990), rheumatoid arthritis (Werb, Z. “Proteinases and 
matrix degradation,” in Textbook of Rheumatology, Keller, 
W. N.; Harris, W. D.; Ruddy, S.; Sledge, C. S., Eds., 1989, 
W.B. Saunder Co., Philadelphia, Pa., pp. 300-321), and 
muscular dystrophy (Katunuma N. & Kominami E., 
“Abnormal expression of lysosomal cysteine proteinases in 
muscle Wasting diseases,”Rev. Physiol. Biochem. Pharma 
c0l. 108:1-20, 1987). 

[0030] Calpains are cytosolic or membrane bound Ca++ 
activated proteases Which are responsible for degradation of 



US 2003/0027819 A1 

cytoskeletal proteins in response to changing calcium levels 
Within the cell. They contribute to tissue degradation in 
arthritis and muscular dystrophy (see Wang K. K. & Yuen P. 
W., “Calpain inhibition: an overvieW of its therapeutic 
potential,”Trends Pharmacol. Sci. 15:412-419, 1994). 

[0031] Interleukin Converting Enzyme (ICE) cleaves pro 
IL-1 beta to IL-1 beta, a key mediator of in?ammation, and 
therefore inhibitors of ICE may prove useful in the treatment 
of arthritis (see, e.g., Miller B. E. et al., “Inhibition of mature 
IL-1 beta production in murine macrophages and a murine 
model of in?ammation by WIN 67694, an inhibitor of IL-1 
beta converting enZyme,”J. Immunol. 154:1331-1338, 
1995). ICE or ICE-like proteases may also function in 
apoptosis (programmed cell death) and therefore play roles 
in cancer, AIDS, AlZheimer’s disease, and other diseases in 
Which disregulated apoptosis is involved (see Barr, P. J .; 
Tomei, L. D., “Apoptosis and its Role in Human Disease, 
”Biotechnol. 12:487-493, 1994). 

[0032] HIV protease plays a key role in the life cycle of 
HIV, the AIDS virus. In the ?nal steps of viral maturation it 
cleaves polyprotein precursors to the functional enZymes 
and structural proteins of the virion core. HIV protease 
inhibitors Were quickly identi?ed as an excellent therapeutic 
target for AIDS (see Huff, J. R., “HIV protease: a novel 
chemotherapeutic target for AIDS,”J. Med. Chem. 34:2305 
2314) and have already proven useful in its treatment as 
evidenced by the recent FDA approval of ritonavir, Crixivan, 
and saquinavir. 

[0033] Hepatitis C virus (HCV) is the major cause of 
non-A and non-B hepatitis in the World today. It is estimated 
to infect up to 50 million people. Currently there is no 
satisfactory treatment available to halt the progression of 
this debilitating disease. During the life cycle of the virus, a 
polyprotein of about 3000 amino acids is produced and is 
proteolytically cleaved by host and viral proteases to pro 
duce the mature viral gene products. A serine proteinase 
located Within the HCV NS3 protein cleaves at four speci?c 
sites to produce non-structural proteins considered essential 
for viral replication. Hence, inhibitors of HCV protease are 
attractive targets for drug design, and could be of great 
therapeutic bene?t. (Neddermann et al., Biol. Chem. 
378:469-476, 1997.) 

[0034] Angiotensin converting enZyme (ACE) is part of 
the renin-angiotensin system Which plays a central role in 
the regulation of blood pressure. ACE cleaves angiotensin I 
to the octapeptide angiotensin II, a potent pressor agent due 
to its vasoconstrictor activity. Inhibition of ACE has proved 
therapeutically useful in the treatment of hypertension (Wil 
liams, G. H., “Converting-enzyme inhibitors in the treatment 
of hypertension,”N. Engl. J. Med. 319:1517-1525, 1989. 

[0035] Collagenases cleave collagen, the major constitu 
ent of the extracellular matrix (e.g., connective tissue, skin, 
blood vessels). Elevated collagenase activity contributes to 
arthritis (Krane S. M. et al., “Mechanisms of matrix degra 
dation in rheumatoid arthritis,”Ann. NYAcad. Sci. 5801340 
354, 1990.), tumor metastasis (Flug M. & Kopf-Maier P., 
“The basement membrane and its involvement in carcinoma 
cell invasion,”Acta Anat. Basel 152:69-84, 1995), and other 
diseases involving the degradation of connective tissue. 

[0036] Trypsin-like serine proteases form a large and 
highly selective family of enZymes involved in hemostasis/ 
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coagulation (Davie, E. W. and K. FujikaWa, “Basic mecha 
nisms in blood coagulation,”Ann. Rev. 799-829, 1975) and 
complement activation (Muller-Eberhard, H. J ., “Comple 
ment,”Ann. Rev. Biochem. 44:697-724, 1975). Sequencing 
of these proteases has shoWn the presence of a homologous 
trypsin-like core With amino acid insertions that modify 
speci?city and Which are generally responsible for interac 
tions With other macromolecular components (Magnusson et 
al., “Proteolysis and Physiological Regulation,”Miami Win 
ter Symposia 11:203-239, 1976). 

[0037] Thrombin, a trypsin-like serine protease, acts to 
provide limited proteolysis, both in the generation of ?brin 
from ?brinogen and the activation of the platelet receptor, 
and thus plays a critical role in thrombosis and hemostasis 
(Mann, K. G., “The assembly of blood clotting complexes 
on membranes,”Trends Biochem. Sci. 12:229-233, 1987). 
Thrombin exhibits remarkable speci?city in the removal of 
?brinopeptides A and B of ?brinogen through the selective 
cleavage of only tWo Arg-Gly bonds of the one-hundred and 
eighty-one Arg- or Lys-Xaa sequences in ?brinogen (Blom 
back, H., Blood Clotting Enzymology, Seeger, W. H. (ed.), 
Academic Press, NeW York, 1967, pp. 143-215). 

[0038] Many signi?cant disease states are related to abnor 
mal hemostasis, including acute coronary syndromes. Aspi 
rin and heparin are Widely used in the treatment of patients 
With acute coronary syndromes. HoWever, these agents have 
several intrinsic limitations. For example, thrombosis com 
plicating the rupture of atherosclerotic plaque tends to be a 
thrombin-mediated, platelet-dependent process that is rela 
tively resistant to inhibition by aspirin and heparin (Fuster et 
al., “The pathogenesis of coronary artery disease and the 
acute coronary syndromes,”N. Engl. J. Med. 326:242-50, 
1992). 
[0039] Thrombin inhibitors prevent thrombus formation at 
sites of vascular injury in vivo. Furthermore, since thrombin 
is also a potent groWth factor Which initiates smooth muscle 
cell proliferation at sites of mechanical injury in the coro 
nary artery, inhibitors block this proliferative smooth muscle 
cell response and reduce restenosis. Thrombin inhibitors 
Would also reduce the in?ammatory response in vascular 
Wall cells (Harker et al.,Am. J. Cardiol. 75:12B-16B, 1995). 

[0040] Furthermore, at least tWo Well-de?ned transcrip 
tion factors, nuclear factor (NF) KB and activator protein 
(AP) —1, are regulated by the intracellular reduction-oxida 
tion (redox) state. The regulation of gene expression by the 
redox state holds promising therapeutic implications. For 
example, binding sites of the redox-regulated transcription 
factors NF-KB and AP-1 are located in the promoter region 
of a large variety of genes that are directly involved in the 
pathogenesis of diseases, such as AIDS, cancer, atheroscle 
rosis and diabetic complications (Sen and Packer, FASEB 
Journal 10:709-720, 1996). More speci?cally, the binding of 
transcription factors such NF-KB and AP-1 to consensus 
sites on DNA is driven by oxidant-antioxidant homeostasis, 
especially by the thiol-disul?de balance. 

[0041] In the case of NF-KB, a physiologically relevant 
thiol that plays a crucial role in the regulation of NF-KB 
function is reduced thioredoxin or a reduced thioredoxin 
like protein. Thioredoxin is an important protein oxi 
doreductase With antioxidant functions. Thioredoxin has 
been found to upregulate DNA binding of activated NF-KB 
and thus augments gene expression (Schenk et al., Proc. 
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Natl. Acad. Sci. USA 91:1672-1676, 1994). Thioredoxin has 
been implicated in reducing activated cytosolic NF-KB 
(speci?cally reduction of cys-62), Which may thus contrib 
ute to its nuclear translocation and DNAbinding (Hayashi et 
at., J. Blol. Chem. 268:11380-11388, 1993). 

[0042] DNA binding activity of Fos and Jun in the AP-1 
complex has also been found to be regulated by the redox 
state (Abate et al., Science 249:1157-1162, 1990). Each 
protein contains a single conserved cysteine (?anked by 
lysine and arginine) in its DNA binding domain. This thiol 
does not appear to be part of a disul?de bond and may exist 
as a sulfenic or sul?nic acid in its oxidiZed form. Ref-1, a 
bifunctional nuclear protein also possessing endonuclease 
DNA repair activity, stimulates AP-1 DNA binding by 
reduction of this regulatory cysteine. A Fos mutant in Which 
the critical cysteine Was replaced With serine elicited a 
three-fold increase in AP-1 DNA binding activity and Was 
no longer subject to redox control (Okuno et al., Oncogene 
8:695-701, 1993). Hence, since at least four members of the 
fos family, 3 of the jun family, and at least 4 of the 
ATF/CREB family of transcription factors all contain this 
conserved cysteine, redox control of transcription factors 
appears Widespread. 

[0043] As mentioned above, the regulation of transcription 
factors such as NF-KB and AP-1 have important therapeutic 
implications. For example, AP-1 is an important mediator of 
tumor production (Yoshioka et al., Proc. Natl. Acad. Sci. 
USA 92:4972-4976, 1995). Thus, compounds that repress 
AP-1 transcriptional activity have utility in the treatment of 
cancer. Furthermore, due to its direct role in regulating 
responses to in?ammatory cytokines and endotoxins, the 
activation of NF-KB plays an important role in the devel 
opment of chronic diseases such as rheumatoid arthritis and 
acute conditions such as septic shock. Autoimmune diseases, 
such as systemic lupus erythromatus (SLE), and AlZhe 
imer’s disease are also believed involved in activation of 
NF-KB. Similarly, NF-KB plays an important role in the 
activation of HIV gene expression. Further conditions Which 
are believed to involve NF-KB include the ?u, atheroscle 
rosis, oncogenesis and ataxia telangiectasia (AT). 

[0044] Proteins containing PDZ domains constitute an 
additional potential target for b-sheet mimetics. These 
domains of 80-100 amino acid residues mediate protein 
protein interactions by binding to a consensus X-Ser/Thr 
X-Val sequence at the very carboxyl terminus of proteins. 
There are also examples of protein interactions via PDZ 
domains that are internal (or non C-terminal). The crystal 
structure of liganded and unliganded PDZ domains have 
been determined and shoW a six b-strand and tWo a-helix 
structure that binds the consensus recognition polypeptide 
sequence through a b-sheet conformation. Hence, screening 
of appropriate b-sheet mimetics should prove a valid strat 
egy for targeting PDZ domain-containing proteins. The 
targets of PDZ domain-containing proteins are varied but 
important in signal transduction. PSD-95, a membrane asso 
ciated guanylate kinase contains three PDZ domains, tWo of 
Which target the Shaker-type K+ channel and the N-methyl 
D-aspartate (NMDA) receptor resulting in their clustering 
that is required for their function. PTPL1/FAP1, a protein 
tyrosine phosphatase, has ?ve PDZ domains, tWo of Which 
interact With Fas, a transmembrane protein of the tumor 
necrosis factor receptor family, that mediates apoptosis in 
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many cell types. Hence, compounds targeting proteins con 
taining the PDZ domains may prove useful as anticancer 
agents. 

[0045] Tryptase, a trypsin-like serine protease found 
exclusively in mast cells, has attracted much interest due to 
its potential role as a mediator of in?ammation. For 
example, in the lung tryptase is released along With other 
mediators of in?ammation in response to binding of an 
inhaled antigen to cell-surface IgE receptors (IshiZaka and 
IshiZaka,Prog. Allergy 34:188-235, 1984). Tryptase has also 
been shoWn to cleave vasoactive intestinal peptide in vitro 
(Caughey et al., J. Pharmacol. Exp. Ther 244:133-137, 
1988; Tam and Caughey, Am. J. Respir Cell Mol. Biol. 
3:27-32, 1990). These results suggest that tryptase may 
increase bronchoconstriction via proteolysis of bronchodi 
lating peptides in asthma patients. Consistent With this 
hypothesis is the recent ?nding that synthetic tryptase inhibi 
tors blocked airWay responses in allergic sheep (Clark et al., 
Am. J. Respir. Crit. Care Med. 152:2076-2083, 1995). 

[0046] Tryptase activates extracellular matrix- degrading 
proteins prostromelysin (pro-MMP-3) and procollagenase 
(pro-MMP-l) via MMP-3, suggesting a role for the enZyme 
in tissue remodeling and in?ammation (Gruber et al.,J. C lin. 
Invest. 84:8154-8158, 1989) and therefore possibly in rheu 
matoid arthritis. Additionally, prostromelysin, When acti 
vated, has been shoWn to degrade the extracellular matrix 
around atherosclerotic plaques. Since abnormally high lev 
els of tryptase-containing mast cells have been found in 
coronary atheromas, tryptase may play a role in atheroma 
tous rupture (release of the thrombus), the ?nal event of 
coronary atherosclerosis (Kaartinen et al., Circulation 
90:1669-1678, 1994). 
[0047] Other activities of tryptase include the folloWing. 
Tryptase cleaves ?brinogen but is not inactivated in the 
presence of endogenous proteinase inhibitors (SchWartZ et 
al., J. Immunol. 135:2762-2767, 1985; Ren et al., J. Immu 
nol. 159:3540-3548, 1997), and may function as a local 
anticoagulant. It has been demonstrated to be a potent 
mitogen for ?broblasts and may be involved in pulmonary 
?brosis and interstitial lung disease (Ruoss et al., J. Clin. 
Invest. 88:493-499, 1991). Tryptase may also be responsible 
for the activation of PAR-2 (proteinase activated receptor-2) 
on endothelial cells and keratinocytes (Molino et al., J. Biol. 
Chem. 272:4043-4049, 1997). 

[0048] Given the central role of mast cells in allergic and 
in?ammatory responses, inhibition of tryptase may result in 
signi?cant therapeutic effects. Inhibitors of tryptase may be 
useful for preventing or treating asthma, pulmonary ?brosis 
and interstitial pneumonia, nephritis, hepatic ?brosis, hepa 
titis, hepatic cirrhosis, scleroderma, psoriasis, atopic derma 
titis, chronic rheumatoid arthritis, in?uenZa, Crohn’s dis 
ease, ulcerative colitis, in?ammatory boWel disease, nasal 
allergy, and atherosclerosis. 

[0049] Chymase is a chymotrypsin-like protease that is 
also released from mast cells. It has been demonstrated to 
cleave angiotensin-I (ang-I) to angiotensin-II (ang-II) With 
greater ef?ciency and selectivity than angiotensin-I convert 
ing enZyme (ACE) (Okunishi et al., J. Hypertension 2: 
227-284, 1984; Urata et al., Circ. Res. 66: 883-890, 1990). 
In heart tissue chymase has been shoWn to be a major source 
of ang-II production from ang-I (Dell’Italia et al., Am. J. 
Physiol. (Heart Circ. Physiol. 38) 269:H2065-H2073, 
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1996). In addition, increased chymase activity has been 
demonstrated in balloon-injury induced hypertrophied ves 
sels in dogs (Shiota et al., FEBS Lett. 323:239-242, 1993). 
Such evidence suggests that inhibition of chymase may be 
therapeutic for hypertension, ischaemic heart disease, and 
congestive heart failure. 

[0050] Urokinase-type plasminogen activator (uPA) is a 
trypsin-like serine proteinase Which converts plasminogen 
to plasmin as part of the ?brinolytic system. It has long been 
used for thrombolysis in acute massive pulmonary embo 
lism. Other research has shoWn that uPA is also a key 
initiator of the eXtra-cellular proteolytic cascade involved in 
cellular invasiveness (Mullins and Rohlich, Biochim. Bio 
phys. Acta 695: 177-214, 1983; Testa and Quigly, Cancer 
Metast. Rev. 9:353-367, 1990). In addition uPA binds to uPA 
receptor (uPAR) through its groWth factor domain and 
further modulates the activity of other proteins involved in 
cell migration. OvereXpression of uPA appears to play a part 
in cancer invasiveness and metastasis; high levels of uPA, 
PAI-1 (plasminogen activator inhibitor-1), and uPAR corre 
late With poor patient prognosis. A variety of research in 
various model systems demonstrates that inhibitors of uPA 
decrease tumor cell invasiveness and metastasis (Testa and 
Quigly, ibid; Andreasen et al., Int] Cancer 72:1-22, 1997). 
Hence, inhibition of uPA may be useful in the treatment of 
breast cancer, prostate cancer, ovarian cancer, human renal 
cell cancer, gastric cancer, and lung cancer. Recent evidence 
indicates that inhibitors of uPA may also be useful in the 
prevention of restenosis (Loskutoff, Circulation 96:2772 
2774, 1997). 
[0051] In vieW of the important biological role played by 
the [3-sheet, there is a need in the art for compounds Which 
can stabiliZe the intrinsic [3-sheet structure of a naturally 
occurring or synthetic peptide, protein or molecule. There is 
also a need in the art for making stable [3-sheet structures, as 
Well as the use of such stabiliZed structures to effect or 

modify biological recognition events Which involve [3-sheet 
structures. The present invention ful?lls these needs and 
provides further related advantages. 

SUMMARY OF THE INVENTION 

[0052] Brie?y stated, the present invention is directed to 
[3-sheet mimetics and the use thereof, including use for the 
manufacture of a medicament for achieving therapeutic 
effects in a Warm-blooded animal through one or more of 

protease inhibition, kinase inhibition, regulation of a tran 
scription factor and/or by inhibiting protein-protein binding 
interactions. The therapeutic effects result from administer 
ing to the Warm-blooded animal a therapeutically effective 
amount of a [3-sheet mimetic including a bicyclic ring 
system, Wherein the [3-sheet mimetic has the general struc 
ture (I) (including pharmaceutically acceptable salts 
thereof): 

(1) 
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[0053] Wherein 

[0055] B is selected from N and CH; 

[0057] D is selected from N and C(R4); 

[0058] E is selected from 

NHZ Z Z 

[0059] F is an optional carbonyl moiety; 

[0060] R1 and R4 are independently selected from 
amino acid side chain moieties and derivatives 

thereof; 

[0061] R2 and R2‘ represent one or more ring substituents 
individually selected from an amino acid side chain moiety 
and derivatives thereof, or R2 taken together With C or Y 
forms a fused substituted or unsubstituted homocyclic or 

heteocyclic ring; 

[0062] R3 is selected from an amino acid side chain 
moiety and derivatives thereof, or taken together 
With C forms a bridging moiety selected from 

—(CH2)1_2—, —O— and —S—; 

[0063] Y and Z represent the remainder of the mol 
ecule; and 

[0064] any tWo adjacent CH groups of the bicyclic 
ring may form a double bond. 

[0065] In one embodiment Where F (i.e., the optional 
carbonyl moiety) is present and E is —N(Z)—, the com 
pounds of this invention include the folloWing structure (II): 

<11) 

[0066] Wherein A, B, C, D, R2, R2‘, R3, Y and Z are as 
de?ned above With regard to structure 

[0067] In a preferred aspect of this embodiment, Ais either 
—C(=O)— or —(CH2)— and C is —(CH2)2—, as repre 
sented by the folloWing structures (11a) and (11b) 
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-continued 

(IIa) II 
0 R2, ( 0 

R2 

B/\/ R2 B/\/ 
Z—N | Z—N | I 

D D 

I Y Y Y 
0 R3 0 R 

o 3 0 

(11b) 
R2, 

)\B/\ R2 [0070] In another embodiment Where F is present and E is 
Z_N | / —C(R1)(NHZ)—, the compounds of this invention include 

m/D Y the following structure (III): 

0 R3 

0 (III) 
R2, 

R1 A\B/C\/R2 
[0068] In this embodiment; the siX-member ring may be Z\ | 
saturated or unsaturated (including aromatic). For example, E D Y 
When B and D of structures (11a) and (11b) are both —CH— 
(and thus constitute adjacent CH groups that may form a 0 R3 0 
double bond), compounds of this invention include the 
following aromatic structures (11c) and (11d): 

[0071] Wherein A, B, C, D, R1, R2, R2‘, R3, Y and Z are as 
de?ned above With regard to structure (He) 

0 [0072] In a preferred aspect of this embodiment, Ais either 
R2 —C(=O)— or —(CH2)— and C is —(CH2)2—, as repre 

Z_N (j sented by the folloWing structures (111a) and (IIIb) 

Y 

O 

O (IIIa) 
O 

R V (IId) R2 

2 R2 R1 1'3 
Z 
\N D 

Z—N H Y 

Y 0 R3 

0 O 

O 

V (IIIb) 

[0069] Similarly, the folloWing unsaturated compounds R2 R2 
having structures (He) and (III) are also representative of the /\/ 

R1 B 
compounds of structures (11a) and (11b): Z | 

\N D 
H Y 

(He) 0 R3 
0 0 

R2 

B/\/ 
Z—N | I 

D 

Y [0073] In this embodiment, the siX-member ring may be 
0 R3 saturated or unsaturated (including aromatic). For example, 

0 When B and D of structures (111a) and (IIIb) are both 
—CH— (and thus constitute adjacent CH groups that may 
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form a double bond), compounds of this invention include 
the following aromatic structures (IIIc) and (IIId): 

(IIIc) 
0 

R2 

R1 6 Z 
\ 
N 
H Y 

O 

O 

(IIId) 
R2, 

R2 

R1 6 Z 
\ 
N 
H Y 

O 

O 

[0074] Similarly, the following unsaturated compounds 
having structures (IIIe) and (IIf) are also representative of 
the compounds of structures (111a) and (IIIb): 

(IIIe) 
0 

R2 

R1 1'3 Z 
\ N D 

H Y 

0 R3 
0 

(IIIf) 
R2’ 

R2 

R1 1'3 Z 
\ D 

H Y 

0 R3 
0 

[0075] In a further embodiment When F is present and E is 
—C(R1)(Z)—, the compounds of this invention include the 
folloWing structure (IV): 

0 R3 

[0076] Wherein A, B, C, D, R1, R2, R2‘, R3, Y and Z are as 
de?ned above With regard to structure (I), and With the 
proviso that Z does not contain an —NH— moiety attached 
to the carbon atom having the R1 substituent (and thus 
distinct from the compounds of structure (III) above). 
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[0077] In a preferred aspect of this embodiment, Ais either 
—(C=O)— or —(CH2)— and C is —(CH2)2—, as repre 
sented by the folloWing structures (IVa) and (IVb): 

(IVa) 
0 

R2 

R1 ]|3/\/ 
Z D 

Y 

0 R3 
0 

(IVb) 
R2, 

R2 

R1 ]|3/\/ 
Z D 

Y 

0 R3 
0 

[0078] In this embodiment, the siX-member ring may be 
saturated or unsaturated (including aromatic). For eXample, 
When B and D of structures (IVa) and (IVb) are both 
—CH— (and thus constitute adjacent CH groups that may 
form a double bond), compounds of this invention include 
the folloWing aromatic structures (IVc) and (IVd): 

(IVc) 
0 

R2 

R1 (5 Z 
Y 

O 

O 

(IVd) 
R2, 

R2 

R1 (3 Z 
Y 

O 

O 

[0079] Similarly, the folloWing unsaturated compounds 
having structures (IVe) and (IVf) are also representative of 
the compounds of structures (IVa) and (IVb): 

(IVe) 

R1, 

N 

U — 01> 

>4 
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-continued 

(1V0 
R2’ 

R2 

R1’ ]I3/\/ I 
Z D 

Y 

0 
R3 

0 

[0080] In a further embodiment Where F is not present and 

E is either —N(Z)—, —C(R1)(NHZ)— or —C(R1)(Z)—, 
the compounds of this invention include the following 
structures (V), (VI) and (VII): 

(V) 

(VI) 

[0081] Wherein A, B, C, D, R1, R2, R2‘, R3, Y and Z are as 
de?ned above With regard to structure 

[0082] In still a further embodiment Where R3 taken 
together With C forms a bridging moiety, compounds of this 
invention include the folloWing structure (VIII): 

(VIII) 

[0083] Where X is a bridging moiety selected from 
—(CH2)1_2—, —O— and —S—, and A, B, C, D, E, F, R2, 
R2‘, Y and Z are as de?ned above With regard to structure 

[0084] In one aspect of this embodiment Where F is 
present, A is —C(=O)—, C is —(CH2 2— and E is either 
—N(Z)— or —C(R1)(NHZ)—, compounds of this inven 
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tion include those of the folloWing structures (VIIIa) and 
(VIIIb): 

(VIIIa) 
o 

L R2 R, 2’\ B4\/ 
Z—N |X I 

D 
Y 

o 

o 

(VIIIb) 

[0085] In yet a further embodiment Where F is present, R2 
taken together With C forms a substituted or unsubstituted, 
homocyclic or heterocyclic fused ring as represented by 
structures (IX) and 

(IX) 

(X) 

[0086] Wherein A, B, C, D, E, R2, R2‘, R3 and Y are as 
de?ned above, and R‘ is one or more optional ring substitu 
ents. 
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[0087] In one aspect of structure (IX), R2 and C taken 
together form a fused ?ve-, siX-, seven- or eight-membered 
ring as represented by structures (IXa) and (IXb): 

(IXa) 
R, 

(IXb) 

[0088] Wherein A, B, D, E, R2, R2‘, R3, R‘ and Y are as 
de?ned above. 

[0089] In one aspect of structure (X), R2 and C taken 
together form a fused ?ve-, siX-, seven- or eight-membered 
ring as represented by structures (Xa) and (Xb) 

[0090] Wherein A, B, C, D, E, Y, R2, R2‘, R3 and R‘ are as 
de?ned above, and X is selected from —C(=O)—, 
—NH—, —NR‘—, —0— and —S—. 

[0091] In still a further embodiment Where F is present, R2 
taken together With Y forms a substituted or unsubstituted, 
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homocyclic or heterocyclic fused ring as represented by 
structure (XI): 

(XI) 

[0092] 
above. 

[0093] In one aspect of this embodiment, R2 and Y taken 
together form a fused ?ve-, siX-, seven- or eight-membered 
ring as represented by structures (XIa) and (XIb): 

Wherein A, B. C, D, E, R2, R2‘ and R3 are as de?ned 

(XIa) 

O 

[0094] Wherein A, B, C, D, E, R2, R2‘ and R‘ are as de?ned 
above, R‘ is an optional substituent, and X is selected from 
—NH—, —NR‘—, —O— and —S—. 

[0095] These and other aspects of this invention Will 
become apparent upon reference to the folloWing detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0096] FIG. 1 is a plot shoWing the effect of various 
concentrations of structure (20b) on platelet deposition in a 
vascular graft. 

[0097] FIG. 2 is a plot shoWing the effect of various 
concentrations of structure (39) on platelet deposition in a 
vascular graft. 

[0098] FIG. 3 is a plot shoWing the effect of various 
concentrations of structure (29b) on platelet deposition in a 
vascular graft. 

[0099] FIGS. 4A and 4B illustrate the bioavailability of 
structure (20b) via both IV and PO administration. 

[0100] FIGS. 5A and 5B illustrate the ability of structures 
(221-5) and (221-6) to serve as antithrombotic agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0101] As mentioned above, the [3-sheet is an important 
structural component for many biological recognition 
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events. The [3-sheet mimetics of this invention serve to 
impart and/or stabilize the [3-sheet structure of a natural or 
synthetic peptide, protein or molecule, particularly With 
regard to conformational stability. In addition, the [3-sheet 
mimetics of this invention are more resistant to proteolytic 
breakdown, thus rendering a peptide, protein or molecule 
containing the same more resistant to degradation. The 
[3-sheet mimetic may be positioned at either the C-terminus 
or N-terminus of the protein, peptide or molecule, or it may 
be located Within the protein, peptide or molecule itself, and 
more than one [3-sheet mimetic of the present invention may 
be incorporated in a protein, peptide or molecule. 

[0102] The [3-sheet mimetics of this invention are gener 
ally represented by structure (I) above, as Well as the more 
speci?c embodiments represented by structures (II) through 
(XI). The [3-sheet mimetics of this invention may be con 
structed to mimic the three-dimensional conformation of a 
[3-sheet comprised of naturally occurring L-amino acids, as 
Well as the structure of a [3-sheet comprised of one or more 
D-amino acids. Thus, all stereoconformations of the [3-sheet 
mimetics of structure (I) are Within the scope of this inven 
tion. 

[0103] For eXample, [3-sheet mimetics of structure (II) 
include the folloWing structures (11‘) and (II“): 

(11') 

0 R3 

[0104] Similarly, [3-sheet mimetics of structure (III) 
include the folloWing structures (111‘) through (III““): 
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[0105] The [3-sheet mimetics of structure (IV) include 
these same stereocon?rmations, but With the “Z-NH” moiety 
of structures (111‘) through (III““) replaced With a “Z” 
moiety. 

[0106] As used herein, the term “an amino acid side chain 
moiety” as used to de?ne the R1, R2, R2‘, R3, and R4 moieties 
represents any amino acid side chain moiety present in 
naturally occurring proteins, including (but not limited to) 
the naturally occurring amino acid side chain moieties 
identi?ed in Table 1 beloW. Other naturally occurring side 
chain moieties of this invention include (but are not limited 
to) the side chain moieties of phenylglycine, 3,5-dibromo 
tyrosine, 3,5-diiodotyrosine, hydroXylysine, naphthylala 
nine, thienylalanine, y-carboXyglutamate, phosphotyrosine, 
phosphoserine and glycosylated amino acids such as glyco 
sylated serine, asparagine and threonine. 

TABLE 1 

Amino Acid Side 
Chin Moiety Amino Acid 

—H Glycine 
—CH3 Alanine 
—CH(CH3)2 Valine 
—CH2CH(CH3)2 Leucine 
—CH(CH3)CH2CH3 Isoleucine 
—(CH2) 4NH3* Lysine 
—(CH2)3NHC(NH2)NH2+ Arginine 

— CH2 His tidine 

| . 
HNV NH 

—CH2COO’ Aspartic acid 
—CH2CH2COO’ Glutamic acid 
—CH2CONH2 Asparagine 
—CH2CH2CONH2 Glutamine 

Phenylalanine 

—cH2 

Tyrosine 

—cH2 OH 

Tryptophan 
—CH2 

N 
H 

—CH2SH Cysteine 
—CH2CH2SCH3 Methionine 
—CH2OH Serine 
—CH(OH)CH3 Threonine 
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[0107] In addition to naturally occurring amino acid side 
chain moieties, the amino acid side chain moieties of the 
present invention also include various derivatives thereof. 
As used herein, a “derivative” of an amino acid side chain 
moiety includes all modi?cations and/or variations to natu 
rally occurring amino acid side chain moieties. For example, 
the amino acid side chain moieties of alanine, valine, 
leucine, isoleucine, phenylglycine and phenylalanine may 
generally be classi?ed as loWer chain alkyl, aryl or aralkyl 
moieties. Derivatives of amino acid side chain moieties 
include other straight chain or branched, cyclic or noncyclic, 
substituted or unsubstituted, saturated or unsaturated loWer 
chain alkyl, aryl or aralkyl moieties. 

[0108] As used herein, “loWer chain alkyl moieties” con 
tain from 1-12 carbon atoms, “loWer chain aryl moieties” 
contain from 6-12 carbon atoms, and “loWer chain aralkyl 
moieties” contain from 7-12 carbon atoms. Thus, in one 
embodiment, the amino acid side chain derivative is selected 
from a C1_12 alkyl, a C6_12 aryl and a C1_12 aralkyl, and in a 
more preferred embodiment, from a C1_7 alkyl, a C6_1O aryl 
and a C7_11 aralkyl. 

[0109] Amino acid side chain derivatives of this invention 
further include substituted derivatives of loWer chain alkyl, 
aryl and aralkyl moieties, Wherein the substituent is selected 
from (but are not limited to) one or more of the folloWing 
chemical moieties: —OH, —OR, —COOH, —COOR, 
—CONH2, —NH2, —NHR, —NRR, —SH, —SR, 
—SOZR, —SOZH, —SOR and halogen (including F, Cl, Br 
and I), Wherein each occurrence of R is independently 
selected from a loWer chain alkyl, aryl or aralkyl moiety. 
Moreover, cyclic loWer chain alkyl, aryl and aralkyl moieties 
of this invention include naphthalene, as Well as heterocyclic 
compounds such as thiophene, pyrrole, furan, imidaZole, 
oxaZole, thiaZole, pyraZole, 3-pyrroline, pyrrolidine, pyri 
dine, pyrimidine, purine, quinoline, isoquinoline and carba 
Zole. Amino acid side chain derivatives further include 
heteroalkyl derivatives of the alkyl portion of the loWer 
chain alkyl and aralkyl moieties, including (but not limited 
to) alkyl and aralkyl phosphonates and silanes. 

[0110] As used in the context of this invention, the term 
“remainder of the molecule” (as represented by Y and Z) 
may be any chemical moiety, including (but not limited to) 
amino acid side chain moieties and derivatives thereof as 
de?ned above. For example, When the [3-sheet mimetic is 
located Within the length of a peptide or protein, Y and Z 
may represent amino acids of the peptide or protein. Alter 
natively, if tWo or more [3-sheet mimetics are linked, the Y 
moiety of a ?rst [3-sheet mimetic may represent a second 
[3-sheet mimetic While, conversely, the Z moiety of the 
second [3-sheet mimetic represents the ?rst [3-sheet mimetic. 

[0111] When the [3-sheet mimetic is located at the end of 
a peptide or protein, or When the [3-sheet mimetic is not 
associated With a peptide or protein, Y and/or Z may 
represent a suitable terminating moiety. For example, rep 
resentative terminating moieties for the Z moiety include 
(but are not limited to) —H, —OH, —R, —C(=O)R and 
—SO2R (Where R is selected from a loWer chain alkyl 
moiety, a loWer chain aryl moiety and a loWer chain aralkyl 
moiety), or may be a suitable protecting group for protein 
synthesis, such as BOC, FMOC and CBZ (i.e., tert-buty 
loxycarbonyl, 9—?uorenylmethoxycarbonyl and benZyloxy 
carbonyl, respectively). 
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[0112] Similarly, representative terminating moieties for 
the Y moiety include (but are not limited to) —H, —OH, 
—R, —SOZR, —SOR, —SOZNHR, —CF3, —C2F5, 

[0113] —C(=O)CH=CHC(=O)OH, 
—C(=O)CH=CHC(=O)R, 
—C(=O)CH=CHC(=O)OR, 
—C(=O)CH=CHC(=O)NRR, 
—CH(OH)CH=CHC(=O)OH, 
—CH(OH)CH=CHC(=O)R, 
—CH(OH)CH=CHC(=O)OR, 
—CH(OH)CH=CHC(=O)NRR, —CH=CHSO2R and 
—SO2CH=CHR (Where X‘ is Cl, F, Br or I, and each 
occurrence of R is independently selected from a loWer 
chain alkyl moiety, a loWer chain aryl moiety and a loWer 
chain aralkyl moiety), or a heterocyclic moiety, such as 
pyridine, pyran, thiophan, pyrrole, furan, thiophene, thiaZ 
ole, benZthiaZole, oxaZole, benZoxaZole, imidaZole and ben 
ZimidaZole. 

[0114] More speci?cally, suitable Z and Y terminating 
moieties of this invention include the folloWing groups: 

[0116] X is optionally present and selected from a 
straight chain or branched, cyclic or noncyclic, satu 
rated or nonsaturated C1_2 alkyl optionally substi 
tuted With one or more substituents selected from 

halogen, =0, OR, ONRR, C(O)R, C(O)OR, CN, 
OC(O)R, C(O)NRR, C(O)NROR, NH2, N02, 
NHOR, C(NR), NHR, C(NR)NHR, NHC(NR)NHR, 
P(OR)3 and SiRRR; 

[0117] R6 is selected from H, CN, NO2 SIRRR and 
P(OR)3; 
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[0118] R7 is selected from C5_14 aryl, C4_13 het 
eroaryl, C3_14 cycloalkyl, C5_14 cycloalkylene, and 
C2713 heterocycloalkyl, each of Which may be option 
ally substituted With one or more substituents 

selected from X, halogen, OR, ONRR, C(O)R, 
C(O)OR, CN, OC(O)R, NR2, C(O)NRR, C(O)N 
ROR, NRC(O)R, C(NR)NHR, NHC(NR)NHR, NO2 
SOZR, SOZNRR, SiRRR, OP(OR)3, CH2P(OR)3 and 
CFZP(OR)3; 

[0119] R8 is, at each occurrence, independently selected 
from H, X, R7, halogen, OR, =C=O, C(O)R, C(O)OR, CN, 
OC(O)R, NR2, C(O)NRR, NRC(O)R, C(NR)NHR, NO2, 
SOZR, SOZNRR, SiRRR and P(OR)3, or, taken together, 
may form a saturated or unsaturated C2_14 cycloalkyl option 
ally substituted With one or more substituents selected from 

=0, X, R7, halogen, OR, =C=O, C(O)R, C(O)OR, CN, 
OC(O)R, NR2, C(O)NRR, NRC(O)R, C(NR)NHR, NO2 
SOZR, SOZNRR, SiRRR and P(OR)3; 

[0120] R9 is selected from H, X, R7, halogen C(O)R, 
C(O)OR, CN, NR2 C(O)NRR, NRC(O)R, 
C(NR)NHR, N02, SOZR, SOZNRR, SIRRR and 
P(OR)3, Where p=0-2; 

[0121] R10 is selected from H, X, R1, halogen, OR, 
C(O)R, C(O)OR, CN, NR2 and C(O)NRR; and 

[0122] each occurrence of R in the above de?nitions 
of R6 through R10 is independently selected from H, 
C1_6 alkyl, C3_14 cycloalkyl, C5_14 cycloalkylene, 
C aryl, C4_13 heteroaryl and C2_13 heterocycloalkyl, 
or, When tWo R groups are present, taken together 
form a saturated or unsaturated C2_8 cycloalkyl. 

[0123] In the conteXt of protease inhibitors, the Y termi 
nating moiety further includes the folloWing group: 

[0125] 

[0126] n C 0-20; 

[0127] k=0-1; 

[0128] R11 is, at each occurrence, independently 
selected from an amino acid side chain moiety and 
derivative thereof; 

[0129] T is, at each occurrence, independently 
selected from C=O, C(O)—N(R12) and N(R12); 

[0130] W is, at each occurrence, independently selected 
from a C2_14 heterocycle; and 

[0131] R12 is, at each occurrence, independently 
selected from H, X, X—R5, X—R7, X—N(R8)2, 
X—O—R9, X—S(O)R1O and P(OR)3, or, taken 
together, may form a saturated or unsaturated C2_14 
cycloalkyl optionally substituted With one or more 
substituents selected from halogen, :0, OR, 
ONRR, C(O)R, C(O)OR, CN, OC(O)R, C(O)NRR, 
C(O)NROR, NH2, NO2, NHOR, C(NR)NHR, NHC 
(NR)NHR, P(OR)3 and SiRRR; and 

, , , , , , an areas ene 0132 RR6R7R8R9R1OX dp d? d 
immediately above; 
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[0133] With the proviso that When n=0 each of R12 are 
not both hydrogen. 

[0134] In the conteXt of structure (I) above, any tWo 
adjacent CH groups of the bicyclic ring may form a double 
bond. Such double bonds may be present in isolation or 
conjugation With one or more additional double bonds, 

including aromatic ring systems. For eXample, representa 
tive isolated double bonds includes compounds of structures 

(IIe), (Hf), (IIIe), (IIIf), (IVe), (IVf), (VIIIa) and (VIIIb) 
above. Representative aromatic compounds resulting from 
conjugated double bonds are depicted by structures (IIc), 
(IId), (IIIc), (IIId), (IVc) and (IVd) above. 

[0135] Within a speci?c embodiment of this invention, 
[3-sheet mimetics are disclosed having structure (II) above, 
Wherein A is —C(=O)—, B is N, C is —(CH2)2— or 
—C(=O)CH2—, D is N, and the optional carbonyl moiety 
F is present, as represented by the folloWing structures (IIg), 
(IIh) and (IIh‘) 

(11g) 
0 

(IIh) 

(IIh') 

)L O N 
Z—N | 

m/N / Y 
o 

o 

[0136] Similarly, When B and D are both CH, representa 
tive [3-sheet mimetics of this invention include compounds 
of the folloWing structures (Hi), (IIj) and (IIj‘) 

(Hi) 
















































































































































































































































































