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57 ABSTRACT

The invention relates to plasminogen activator-1 (PAI-1)
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disease or condition associated with elevated PAI-1. The
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PLASMINOGEN ACTIVATOR INHIBITOR-1
INHIBITORS AND METHODS OF USE
THEREOF TO MODULATE LIPID
METABOLISM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. applica-
tion Ser. No. 12/104,409, which was filed Apr. 16, 2008,
which claims the benefit of priority of U.S. Provisional Appli-
cation No. 60/912,071, which was filed Apr. 16, 2007, each of
which is incorporated herein by reference in its entirety.

GOVERNMENT RIGHTS

This invention was made in part with government support
under grant numbers HLL0O55374, HL054710, and HL.LO89407
from the National Institute of Health. As such, the United
States government has certain rights in the invention.

FIELD OF THE INVENTION

The invention generally relates to methods and composi-
tions for modulating lipid metabolism. More particularly, the
invention is directed to methods of identifying inhibitors of
plasminogen activator inhibitor-1 (PAI-1) and the uses of
such inhibitors in regulating lipid metabolism. The invention
also relates to uses of these inhibitors for the treatment of
many conditions, diseases or disorders associated with PAI-1
activity. Such conditions or disorders include, but are not
limited to, inflammation, cell migration and migration-driven
proliferation of cells, and angiogenesis or thrombosis. Such
inhibitors are also contemplated to be useful for modulation
of'endogenous fibrinolysis, and in conjunction with pharma-
cologic thrombolysis.

BACKGROUND OF THE INVENTION

Plasminogen activator inhibitor-1 (PAI-1) is a 50 kDa
single-chain glycoprotein (Loskutoff et al., Proc. Natl. Acad.
Sci. USA 80:2956-2960, 1983; Chmielewska et al., Thromb.
Res. 31:427-436, 1983) that is the principal inhibitor of both
urokinase type plasminogen activator (uUPA) and tissue type
PA (tPA) (Fay et al., N. Engl. J. Med. 327:1729-1733, 1992;
Fay et al., Blood 83:351-356, 1994; Yepes et al., “Plasmino-
gen Activator Inhibitor-1,” In Hemostasis and Thrombosis:
Basic Principles and Clinical Practice, Robert W Colman et
al., editors Lippincott Williams & Wilkins, pp. 365-380,
2006). PAI-1 inhibits tPA and uPA with second-order rate
constants ~10” M~*s™%, a value that is 10-1000 times faster
than the rates of PA inhibition by other PAls (Sprengers et al.,
Blood 69:381-387, 1987; Lawrence et al., J. Biol. Chem.
265:20293-20301, 1990; Lawrence et al., In Molecular Basis
of Thrombosis and Hemostasis. K. A. High, and Roberts, H.
R., editors. Marcel Dekker, Inc. New York. 517-543, 1995).
Moreover, approximately 70% of the total tPA in carefully
collected normal human plasma is detected in complex with
PAI-1, suggesting that inhibition of tPA by PAI-1 is a normal,
ongoing process. PAI-1 can also directly inhibit plasmin
(Hekman et al., Biochem. 27:2911-2918, 1988; Stefansson et
al., J. Biol. Chem. 276:8135-8141, 2001). Thus, PAI-1 is the
chief regulator of plasmin generation in vivo, and as such it
appears to play an important role in both fibrinolytic and
thrombotic disease (Booth, Baillieres Best. Pract. Res. Clin.
Haematol. 12:423-433, 1999; Huber, J. Thromb. Thromboly-
sis. 11:183-193, 2001; Kohler et al., N. Engl. J. Med. 342:
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1792-1801, 2000, Stefansson et al., Current Pharmaceutical
Design 9:1545-1564, 2003). PAI-1 has three potential
N-linked glycosylation sites and contains between 15 and
20% carbohydrate (Ny et al., Proc. Natl. Acad. Sci. USA
83:6776-6780, 1986; van Mourik et al., J. Biol. Chem. 259:
14914-14921, 1984).

PAI-1 belongs to the Serine Protease Inhibitor super family
(SERPIN), which is a gene family that includes many of the
protease inhibitors found in blood, as well as other proteins
with unrelated or unknown functions (Gettins et al., Serpins:
Structure, Function and Biology. R.G. Landes Company.
Austin, Tex. US.A., 1996). Serpins are consumed in the
process of protease inactivation and thus act as “suicide
inhibitors” (Lawrence et al., J. Biol. Chem. 270:25309-
25312, 1995). The association between a serpin and its target
protease occurs at an amino acid residue, referred to as the
“bait” residue, located on a surface loop of the serpin called
the reactive center loop (RCL) (Huber et al., Biochem.
28:8951-8966, 1989; Sherman et al., J. Biol. Chem. 267:
7588-7595, 1992). The “bait” residue is also called the P1
residue, and is thought to mimic the normal substrate of the
enzyme. Upon association of the P1 residue with the S1 site of
atarget protease, cleavage of the RCL occurs. This is coupled
to a large conformational change in the serpin which involves
rapid insertion of the RCL into the major structural feature of
a serpin, p-sheet A (Lawrence et al., J. Biol. Chem. 270:
25309-25312, 1995, Lawrence et al., J. Biol. Chem. 270:
25309-25312, 1995; Wilczynska et al., J. Biol. Chem. 270:
29652-29655, 1995; Lawrence et al., J. Biol. Chem. 275:
5839-5844, 2000; Hagglof et al., J. Mol. Biol. 335:823-832,
2004). This results in tight docking of the protease to the
serpin surface and to distortion of the enzyme structure,
including its active site. RCL insertion also produces a large
increase in serpin structural stability making the complex
rigid and thus trapping the protease in a covalent acyl-enzyme
complex with the serpin (Lawrence et al., J. Biol. Chem.
265:20293-20301, 1990; Huntington et al., Nature 407:923-
926, 2000; Huntington et al., Sci. Prog. 84:125-136, 2001).

Native PAI-1 exists in at least two distinct conformations,
an active form that is produced by cells and secreted, and an
inactive or latent form that accumulates in cell culture
medium over time (Hekman et al., J. Biol. Chem. 260:11581-
11587, 1985: Mottonen et al., Nature 355:270-273, 1992). In
blood and tissues, most of the PAI-1 is in the active form;
however, in platelets both active and latent forms of PAI-1 are
found (Erickson et al., J. Clin. Invest. 74:1465-1472, 1984).
In active PAI-1, the RCL is exposed on the surface of the
molecule (Sharp etal., Structure Fold. Des. 7:111-118, 1999),
but upon reaction with a protease, the cleaved RCL integrates
into the center of f§ sheet A (Lawrence et al., J. Biol. Chem.
270: 25309-25312, 1995; Sharp et al., supra). In the latent
form, the RCL is intact, but instead of being exposed, the
entire amino terminal side of the RCL is inserted as the central
strand into the [ sheet A (Mottonen et al., supra). This
accounts for the increased stability of latent PAI-1 as well as
its lack of inhibitory activity (Hekman et al., supra; Lawrence
etal., Biochem.33: 3643-3648, 1994; Lawrence etal., J. Biol.
Chem. 269: 27657-27662, 1994).

Active PAI-1 spontaneously converts to the latent form
with a half-life of one to two hours at 37° C. (Hekman et al.,
Biochem. 27:2911-2918, 1988; Lawrence et al., Eur. J. Bio-
chem. 186:523-533, 1989; Levin et al., Blood 70:1090-1098,
1987; Lindahl et al., Thromb. Haemost. 62:748-751, 1989),
and latent PAI-1 can be converted back into the active form by
treatment with denaturants (Hekman et al., J. Biol. Chem.
260:11581-11587, 1985). Negatively charged phospholipids
can also convert latent PAI-1 to the active form, suggesting
that cell surfaces may modulate PAI-1 activity (Lambers et
al., J. Biol. Chem. 262:17492-17496, 1987). The observation
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that latent PAI-1 infused into rabbits is apparently converted
to the active form is consistent with this hypothesis (Vaughan
et al., Circ. Res. 67:1281-1286, 1990). The spontaneous
reversible interconversion between the active and latent struc-
tures is unique for PAI-1 and distinguishes it from other
serpins; however, the biological significance of the latent
conformation remains unknown.

Other non-inhibitory forms of PAI-1 have also been iden-
tified. The first form results from oxidation of one or more
critical methionine residues within active PAI-1 (Lawrence et
al., Biochem. 25:6351-6355, 1986; Strandberg et al., J. Biol.
Chem. 266:13852-13858, 1991). This form differs from
latent PAI-1 in that it can be partially reactivated by an
enzyme that specifically reduces oxidized methionine resi-
dues (Lawrence et al., Biochem. 25:6351-6355, 1986). Oxi-
dative inactivation of PAI-1 may be an additional mechanism
for the regulation of PAI-1, and oxygen radicals produced
locally by neutrophils or other cells may inactivate PAI-1 and
thus facilitate the generation of plasmin at sites of infection or
in areas of tissue remodeling (Weiss et al., J. Clin. Invest.
73:1297-1303, 1984). PAI-1 also exists in two different
cleaved forms. As noted above, PAI-1 in complex with a
protease is cleaved in its RCL. Uncomplexed PAI-1 can also
be found with its RCL cleaved, which can arise from disso-
ciation of PAI-1-PA complexes or from cleavage of the RCL.
by a non-target protease at a site other than the P1 (Lawrence
et al., J. Biol. Chem. 270:25309-25312, 1995; Lawrence et
al., I. Biol. Chem. 269:27657-27662, 1994, Wu et al, Blood
86:1056-1061, 1995). None of these forms of PAI-1 are able
to inhibit protease activity; however, they may interact with
other ligands.

The interaction of PAI-1 with non-protease ligands plays
an essential role in PAI-1 function (Yepes et al., supra). PAI-1
binds with high affinity to heparin, the cell adhesion protein
vitronectin, and members the endocytic low-density lipopro-
tein receptor (LDL-R) family, such as the lipoprotein recep-
tor-related protein (LRP), and the very low density lipopro-
tein receptor (VLDL-R) (Lawrence et al., J. Biol. Chem.
269:15223-15228, 1994, Stefansson et al., J. Biol. Chem.
273:6358-6366, 1998; Horn et al., Thromb. Haemost.
80:822-828, 1998; Hussain et al., Annu. Rev. Nutr. 19:141-
172,1999; Jensen etal., FEBS Lett. 521:91-94, 2002; Zhou et
al., Nat. Struct. Biol. 10:541-544, 2003; Xu et al., J. Biol.
Chem. 279:17914-17920, 2004). These non-protease interac-
tions are important for both PAI-1 localization and function,
and they are largely conformationally controlled through
structural changes associated with RCL insertion (Seiffert et
al., J. Biol. Chem. 272:13705-13710, 1997, Podor et al., J.
Biol. Chem. 275:19788-19794, 2000; Webb et al., J Cell Biol
152:741-752, 2001; Minor et al., J. Biol. Chem. 277:10337-
10345, 2002; Stefansson et al., Sci. STKE. 2003:e24, 2003,
Stefansson etal., J. Biol. Chem. 279: 29981-29987, 2004). In
blood, most of the active PAI-1 circulates in complex with the
glycoprotein vitronectin. The PAI-1 binding site for vitronec-
tin has been localized to a region on the edge of p-sheet A in
the PAI-1 structure (Lawrence et al., J. Biol. Chem. 269:
15223-15228, 1994; Jensen et al., FEBS Lett. 521:91-94,
2002; Zhou et al., Nat. Struct. Biol. 10:541-544, 2003; Xu et
al., J. Biol. Chem. 279:17914-17920, 2004). The binding site
for LDL-R family members is less well characterized, but has
been identified, in a region of PAI-1 associated with alpha
helix D that is adjacent to the vitronectin binding domain
(Stefansson et al., J. Biol. Chem. 273:6358-6366, 1998; Horn
et al., Thromb. Haemost. 80:822-828, 1998). The heparin
binding domain on PAI-1 has also been mapped. This site also
localizes to alpha helix D in a region homologous to the
heparin binding domain of antithrombin III (Ehrlich et al., J.
Biol. Chem. 267:11606-11611, 1992), and may overlap with
the binding site for LDL-R family members.

Vitronectin circulates in plasma and is present in the extra-
cellular matrix primarily at sites of injury or remodeling
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(Podor et al., J. Biol. Chem. 275:19788-19794, 2000;
Tomasini et al., Vitronectin. Prog. Hemost. Thromb. 10:269-
305, 1991; Seiffert, Histol. Histopathol. 12:787-797, 1997,
Podoretal., J. Biol. Chem. 275:25402-25410, 2000; Podor et
al.,, J. Biol. Chem. 277:7520-7528, 2002). PAI-1 and vit-
ronectin appear to have a significant functional interdepen-
dence. Vitronectin stabilizes PAI-1 in its active conformation,
thereby increasing its biological half-life (Lindahl et al.,
Thromb. Haemost. 62:748-751, 1989).

Vitronectin also enhances PAI-1 inhibitory efficiency for
thrombin approximately 300-fold (Keijer et al., Blood
78:1254-1261, 1991; Naski et al., I. Biol. Chem. 268:12367-
12372, 1993). In turn, PAI-1 binding to vitronectin alters its
conformation from the native plasma form, which does not
support cell adhesion, to an “activated” form that is compe-
tent to bind integrins. However, integrin binding is blocked by
the presence of PAI-1 (Seiffert et al., J. Biol. Chem. 272:
13705-13710, 1997). As noted above, the association of
PAI-1 with vitronectin is conformationally controlled and
upon inhibition of a protease, the conformational change in
PAI-1 associated with RCL insertion results in a loss of high
affinity for vitronectin and a gain in affinity for LDL-R family
members (Stefansson et al., J. Biol. Chem. 273:6358-6366,
1998; Lawrence et al., J. Biol. Chem. 272:7676-7680, 1997).
This is due to RCL insertion in PAI-1, disrupting the vitronec-
tin binding site, while simultaneously exposing a cryptic
receptor binding site that is revealed only when PAI-1 isina
complex with a protease (Sharp et al., Structure Fold. Des.
7:111-118, 1999; Stefansson et al., J. Biol. Chem. 273:6358-
6366, 1998; Stefansson et al., J. Biol. Chem. 279: 29981-
29987, 2004), which results in an approximately 100,000-
fold shift in the relative affinity of PAI-1 from vitronectin to
LDL-R family members and a subsequent shift in PAI-1
localization from vitronectin to the cellular receptor (Stefans-
son et al., J. Biol. Chem. 273:6358-6366, 1998; Lawrence et
al., J. Biol. Chem. 272:7676-7680, 1997). Thus, PAI-1 asso-
ciation with vitronectin and LDL-R is conformationally con-
trolled.

High PAI-1 levels are associated with both acute diseases
such as sepsis and myocardial infarction (Colucci et al., .
Clin. Invest 75:818-824, 1985; Hamsten et al., N. Engl. J.
Med. 313:1557-1563, 1985), and with chronic disorders
including cancer, atherosclerosis, and type 2 diabetes (Ste-
fansson et al., Current Pharmaceutical Design 9:1545-1564,
2003; De et al., Curr. Opin. Pharmacol. 5:149-154, 2005;
Kannel, Lipids 40:1215-1220, 2005; Durand et al., Thromb.
Haemost. 91:438-449, 2004). The association of PAI-1 with
these diseases or syndromes has led to the hypothesis that
PAI-1 is involved in their pathology. However, the mechanis-
tic role that PAI-1 plays in disease development is not clear
and is likely to be complex since PAI-1 can act through
multiple pathways, such as modulating fibrinolysis through
the regulation of plasminogen activators, or by influencing
tissue remodeling through the direct regulation of cell migra-
tion (Stefansson et al., Sci. STKE. 2003:e24, 2003; Stefans-
son et al., Nature 383:441-443, 1996; Deng et al., J. Cell Biol.
134:1563-1571, 1996; Czekay et al., J. Cell Biol. 160:781-
791, 2003; Cao et al., EMBO J. 25:1860-1870, 2006).

In cardiovascular disease, PAI-1 expression is significantly
increased in severely atherosclerotic vessels (Schneiderman
etal., Proc. Natl. Acad. Sci. USA 89:6998-7002, 1992; Lupu
etal., Arterioscler. Thromb. 13:1090-1100, 1993), and PAI-1
protein levels rise consistently during disease progression
from normal vessels to fatty streaks to atherosclerotic plaques
(Robbie et al., Arterioscler. Thromb. Vasc. Biol. 16:539-545,
1996). Increased PAI-1 levels are also linked to obesity, and
insulin resistance (Alessi et al., Diabetes 46:860-867, 1997,
Loskutoff et al., Arterioscler. Thromb. Vasc. Biol. 18:1-6,
1998, Schafer et al., FASEB J. 15:1840-1842, 2001).

In addition, elevated plasma levels of PAI-1 have been
associated with thrombotic events (Krishnamurti, Blood 69:
798, 1987); Reilly, Arteriosclerosis and Thrombosis,
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11:1276, 1991), and antibody neutralization of PAI-1 activity
resulted in promotion of endogenous thrombolysis and rep-
erfusion (Biemond, Circulation 91:1175, 1995; Levi, Circu-
lation 85: 305, 1992). Elevated levels of PAI-1 have also been
implicated in polycystic ovary syndrome (Nordt, J. Clin.
Endocrin. Metabol. 85:1563, 2000) and bone loss induced by
estrogen deficiency (Daci, J. Bone Min. Res. 15:1510, 2000).

PAI-1 is synthesized in both murine and human adipocytes
(Alessi et al., Diabetes 46:860-867, 1997; Samad et al., .
Clin. Invest. 97:37-46, 1996; Morange et al., Diabetes
48:890-895, 1999; Sakamoto et al., Am. J. Physiol. 276:
C1391-C1397, 1999, Samad et al., Ann. N.Y. Acad. Sci.
811:350-358, 1997, Lundgren et al., Circulation 93:106-110,
1996; Cigolini et al., Atherosclerosis 143:81-90, 1999; Cran-
dall et al., Biochem. Biophys. Res. Commun. 279:984-988,
2000; Gottschling-Zeller et al., Diabetologia 43:377-383,
2000). There is also a strong correlation between the amount
of'visceral fatand plasma levels of PAI-1 in humans (Alessiet
al., Diabetes 46:860-867, 1997; Vague et al., Metabolism
35:250-253, 1986; Mavri et al., Arterioscler. Thromb. Vasc.
Biol. 19:1582-1587, 1999; Giltay et al., Arterioscler. Thromb.
Vasc. Biol. 18:1716-1722, 1998) and mice (Samad et al., Mol.
Med. 2:568-582, 1996; Shimomura et al., Nat. Med. 2:800-
803, 1996). This dramatic up-regulation of PAI-1 in obesity
has lead to the suggestion that adipose tissue itself may
directly contribute to elevated systemic PAI-1, which in-turn
increases the probability of vascular disease through
increased thrombosis, and accelerated atherosclerosis. Nota-
bly, very recent data suggests that PAI-1 may also play a direct
role in obesity (Schafer etal., FASEB J. 15:1840-1842, 2001,
Ma et al, Diabetes 53:336-346, 2004; De Taeye et al., J. Biol.
Chem. 281: 32796-32805, 2006; Crandall et al., Arterioscler.
Thromb. Vasc. Biol. 26: 2209-2215, 2006; Liang et al., Am. J.
Physiol. Endocrinol. Metab. 290:E103-E113, 2006).

In one study, genetically obese and diabetic ob/ob mice
crossed into a PAI-1 deficient background had significantly
reduced body weight and improved metabolic profiles com-
pared to ob/ob mice with PAI-1 (Schafer et al., FASEB J.
15:1840-1842, 2001). Likewise, nutritionally-induced obe-
sity and insulin resistance were dramatically attenuated in
mice genetically deficient in PAI-1 (Ma et al, Diabetes
53:336-346,2004; De Taeye et al., J. Biol. Chem. 281:32796-
32805, 2006) and in mice treated with an orally active PAI-1
inhibitor (Crandall et al., Arterioscler. Thromb. Vasc. Biol.
26: 2209-2215, 2006). The improved adiposity and insulin
resistance in PAI-1-deficient mice may be related to the
observation that PAI-1 deficient mice on a high fat diet had
increased metabolic rates and total energy expenditure com-
pared to wild-type mice, and peroxysome proliferator-acti-
vated receptor (PPARY) and adiponectin were maintained
(Ma et al, Diabetes 53:336-346, 2004). However, the precise
mechanism involved was not shown and may be complex,
since the over-expression of PAI-1 in mice also impaired
adipose tissue formation (Lijnen et al., J. Thromb. Haemost.
3:1174-1179, 2005). Taken together, these observations sug-
gest that PAI-1 plays a previously unrecognized direct role in
obesity and insulin resistance that involves interactions
beyond its identified activities of modulating fibrinolysis and
tissue remodeling.

Indeed, if PAI-1 positively regulates adipose tissue devel-
opment, then the association of increased PAI-1 expression
with developing obesity may constitute a positive feedback
loop promoting adipose tissue expansion and dysregulation
of normal cholesterol homeostasis. Thus, there exists a need
in the art for a greater understanding of how PAI-1 is involved
in metabolism, obesity and insulin resistance. The invention
provides methods of identifying and using inhibitors of PAI-
1.

SUMMARY OF THE INVENTION

The invention provides plasminogen activator inhibitor-1
(PAI-1) inhibitors and uses thereof to modulate lipid metabo-
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lism. The invention also provides PAI-1 inhibitors and uses
thereof in the treatment of any disease or condition associated
with elevated PAI-1.

Inone embodiment, a method ofidentifying a PAI-1 inhibi-
tor is provided. The method comprises measuring binding of
PAI-1 to VLDL-R in the presence of ApoE and/or VL.DL, and
in the presence or absence of a candidate compound.
Decreased binding of PAI-1 to VLDL-R in the presence of the
candidate compound compared to binding in the absence of
the candidate compound indicates the candidate compound is
an inhibitor of PAI-1 binding to VLDL-R. In one aspect, the
candidate compound decreases PAI-1 binding to VLLDL com-
pared to binding in the absence of the candidate compound. In
another aspect, the candidate compound decreases PAI-1
binding to ApoE compared to binding in the absence of the
candidate compound. In another aspect, the candidate com-
pound decreases PAI-1 binding to VLDL-R in the presence of
vitronectin and/or uPA compared to binding in the absence of
the candidate compound.

In another embodiment, the method comprises measuring
binding of PAI-1 to ApoA and/or an ApoA receptor in the
presence compared to the absence of a candidate compound.
Decreased binding of PAI-1 to ApoA in the presence of the
candidate compound indicates the candidate compound is an
inhibitor of PAI-1 binding to ApoA. In one aspect, the candi-
date decreases PAI-1 binding to ApoA.

In another aspect, PAI-1 inhibitors identified by the meth-
ods disclosed herein are also provided. Such PAI-1 inhibitors
include, but are not limited to, hexachlorophene, quinalizarin,
S-nitrosalicylic acid, chlorogenic acid, caffeic acid, 3-nitro-
L-tyrosine, 3-chloro-L-tyrosine, 5-chlorosalicylic acid,
polyphenon-60, tannic acid, epigallocatechin 3,5-digallate,
(-)-epigallocatechin gallate (EGCG), and gallic acid, or
another PAI-1 inactivator. Such PAI-1 inhibitors are depicted
in FIG. 1.

Chemically synthesized PAI-1 inhibitors are also provided.
Such PAI-1 inhibitors include, but are not limited to, any of
the compounds of Formulas [-CLXXXIII as set out herein.
Such PAI-1 inhibitors are also depicted in Table 1.

In another embodiment, methods of increasing circulating
HDL and/or decreasing VLDL in a subject are provided. The
methods comprise administering to a subject in need thereof
a PAI-1 inhibitor in an amount effective to increase HDL
and/or decrease VL.DL. In one aspect, the subject is human. In
another aspect, the PAI-1 inhibitor is tannic acid, epigallocat-
echin 3, 5 digallate, (-)-epigallocatechin gallate (EGCG), or
gallic acid. In a further aspect, the PAI-1 inhibitor is a com-
pound of any of Formulas I-CLXXXIII.

Uses of compounds of the invention for the production of a
medicament for the treatment or prevention of any condition
or disease discussed herein are also provided. The com-
pounds of the invention are inhibitors of the serine protease
inhibitor PAI-1, and are therefore useful in the treatment or
prophylaxis of those processes which involve the production
and/or action of PAI-1. Thus, uses of the compounds of the
invention in the regulation of lipid metabolism are provided.
In one aspect, the compounds of the invention are useful in
treating high cholesterol and diseases associated with
elevated levels of PAI-1. In another aspect, the compounds of
the invention are useful in treating elevated levels of VL.DL or
LDL. In another aspect, the compounds of the invention are
useful in elevating HDL..

In one embodiment, the invention includes the uses of these
inhibitors for the treatment of many conditions, diseases or
disorders associated with PAI-1 activity. Such conditions or
disorders include, but are not limited to, inflammation, cell
migration and migration-driven proliferation of cells, and
angiogenesis or thrombosis. Such inhibitors are also contem-
plated to be useful for modulation of endogenous fibrinolysis,
and in conjunction with pharmacologic thrombolysis.

In another embodiment, the PAI-1 inhibitor decreases
PAI-1 binding to ApoE, ApoA, VLDL, VLDL-R, ApoA-R, or
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LDL. Inyet another aspect, the PAI-1 inhibitor binds to PAI-1
in the presence of vitronectin and/or uPA.

In yet another embodiment, a method of modulating cho-
lesterol and/or lipid uptake is provided. The method com-
prises administering a PAI-1 inhibitor to a subject in an
amount effective to modulate cholesterol and/or lipid uptake.

In still another embodiment, a method of modulating cho-
lesterol and/or lipid clearance is provided. The method com-
prises administering a PAI-1 inhibitor to a subject in an
amount effective to modulate cholesterol and/or lipid clear-
ance. In one aspect, the PAI-1 inhibitor is administered to a
subject in an amount effective to inhibit VLDL or ApoE or
ApoA binding to VLDL-R. In one aspect, the PAI-1 inhibitor
is administered to a subject in an amount effective to affect
HDL or ApoE or ApoA binding to an ApoA receptor and
modulate cholesterol and/or lipid clearance.

In a further embodiment, methods of treating a disease or
condition associated with elevated levels of PAI-1 are pro-
vided. The methods comprise administering a PAI-1 inhibitor
to the subject in an amount effect to treat the disease or
condition. In another embodiment, methods of treating a dis-
ease or condition associated with elevated levels of VLDL or
LDL are provided. The methods comprise administering a
PAI-1 inhibitor to the subject in an amount effect to treat the
disease or condition. In yet another embodiment, methods of
treating a disease or condition associated with high choles-
terol or elevated triglycerides are provided. The methods
comprise administering a PAI-1 inhibitor to the subject in an
amount effect to treat the disease or condition. In one aspect,
the disease or condition is associated with insulin resistance,
obesity, non-insulin dependent diabetes mellitus, and athero-
sclerosis. In another aspect, the disease or condition involves
thrombosis or prothrombosis which includes, but is not lim-
ited to, formation of atherosclerotic plaques, venous and arte-
rial thrombosis, myocardial ischemia, atrial fibrillation, deep
vein thrombosis, coagulation syndromes, pulmonary throm-
bosis, cerebral thrombosis, thromboembolic complications
of surgery, and peripheral arterial occlusion. In another
aspect, the disease or condition is associated with extracellu-
lar matrix accumulation, including, but not limited to, renal
fibrosis, chronic obstructive pulmonary disease, polycystic
ovary syndrome, restenosis, renovascular disease, diabetic
nephropathy, and organ transplant rejection.

In yet another aspect, the disease or condition associated
with neoangiogenesis, myelofibrosis, or fibrinolytic impair-
ment. In an even further aspect of the invention, the disease or
condition includes, but is not limited to, cancer, septicemia,
obesity, insulin resistance, proliferative diseases such as pso-
riasis, improving coagulation homeostasis, cerebrovascular
diseases, microvascular disease, hypertension, dementia, ath-
erosclerosis, osteoporosis, arthritis, asthma, heart failure,
arrhythmia, angina, and as a hormone replacement agent,
treating, preventing or reversing progression of atherosclero-
sis, Alzheimer’s disease, osteoporosis, osteopenia; reducing
inflammatory markers, fibrinolytic disorder, reducing C-re-
active protein, or preventing or treating low grade vascular
inflammation, stroke, dementia, coronary heart disease, pri-
mary and secondary prevention of myocardial infarction,
stable and unstable angina, primary prevention of coronary
events, secondary prevention of cardiovascular events,
peripheral vascular disease, peripheral arterial disease, acute
vascular syndromes, deep vein thrombosis, pulmonary embo-
lism, reducing the risk of undergoing a myocardial revascu-
larization procedure, microvascular diseases such as nephr-
opathy, neuropathy, retinopathy and nephrotic syndrome,
hypertension, Type 1 and 2 diabetes and related diseases,
hyperglycemia, hyperinsulinemia, malignant lesions, prema-
lignant lesions, gastrointestinal malignancies, liposarcoma,
an epithelial tumor, psoriasis, inflammation, and septic
shock.

The foregoing summary is not intended to define every
aspect of the invention, and additional aspects are described
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in other sections, such as the Detailed Description. The entire
document is intended to be related as a unified disclosure, and
it should be understood that all combinations of features
described herein are contemplated, even if the combination of
features are not found together in the same sentence, or para-
graph, or section of this document.

In addition to the foregoing, the invention includes, as an
additional aspect, all embodiments of the invention narrower
in scope in any way than the variations specifically mentioned
above. With respect to aspects of the invention described as a
genus, all individual species are individually considered
separate aspects of the invention. Additional features and
variations of the invention will be apparent to those skilled in
the art from the entirety of this application, and all such
features are intended as aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows some ofthe PAI-1 inhibitor compounds of the
invention and their associated properties.

FIG. 2 shows some ofthe PAI-1 inhibitor compounds of the
invention (tannic acid, epigallocatechin 3,5, digallate, epigal-
locatechin gallate (EGCG) and gallic acid) their ICs against
PAI-1 at pH 7.5.

FIG. 3 shows that tannic acid inhibits PAI-1:plasminogen
activator complex formation and stimulates PAI-1 cleavage.

FIG. 4 shows that the inhibition of PAI-1 by tannic acid is
pH sensitive.

FIG. 5 shows that the inhibition of PAI-1 by EGCG is pH
sensitive.

FIG. 6 shows that the inhibition of PAI-1 by gallic acid is
pH sensitive.

FIG. 7 shows that the inhibition of PAI-1 by polyphenon-
60, an extract from green tea, is pH sensitive.

FIG. 8 shows the inhibition of PAI-1 by various CDE-
inhibitor compounds at pH 7.5 on both a liner and a log scale.

FIG. 9 shows that CDE-008 inhibits PAI-1 in the presence
of vitronectin at pH 7.5 and pH 8.5.

FIG. 10 shows that CDE-008 had no effect on anti-throm-
bin III at pH 7.5 or pH 8.5, and indicate that CDE-008 is
specific for PAI-1.

FIG. 11 shows that the inhibition of PAI-1 by CDE-008 is
pH sensitive.

FIG. 12 shows that different conformational forms of
PAI-1 inhibit ApoAl induced cholesterol efflux from lipid
loaded macrophages.

FIG. 13 shows that PAI-1 binds to ApoE isoforms.

FIG. 14 shows that PAI-1 binds to ApoAl.

FIG. 15 demonstrates results from an ELISA showing
PAI-1 binding to HDL and VLDL.

DETAILED DESCRIPTION OF THE INVENTION

The invention describes materials and methods for the
modulation of lipid metabolism through the inhibition of
plasminogen activator inhibitor-1 (PAI-1) that may be unre-
lated to its role as a fibrinolytic inhibitor. The data presented
herein demonstrate that the removal of active PAI-1, either
genetically or pharmacologically, influences steady-state
lipid levels in the plasma of mice, suggesting an interaction
between PAI-1 or the plasminogen activator system and lipid
metabolism.

PAI-1 Inhibitor Compounds of the Invention

As used herein, the term “haloalkyl” refers to a hydrocar-
bon group substituted with one or more halogens selected
from F, Cl, Br, and 1.

As used herein, the term “cycloalkyl” refers to a cyclic
hydrocarbon group, e.g., cyclopropyl, cyclobutyl, cyclo-
hexyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.
As used herein, the term “heterocycloalkyl” or “heterocyclic
ring” refers to a cyclic hydrocarbon group having one or more
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heteroatoms, for example, one to three heteroatoms, indepen-
dently selected from the group consisting of oxygen, nitro-
gen, and sulfur.

As used herein, the term “aryl” refers to a monocyclic or
polycyclic aromatic group, preferably a monocyclic or bicy-
clic aromatic group. Unless otherwise indicated, an aryl
group can be unsubstituted or substituted with one or more,
and in particular one to four, groups independently selected
from, for example, —OH, —OR (including —OCHj;), —F,
7Cls 7Brs 715 7CF35 7NO25 7Nos 7N(R)25 7N(R)3+s
—C(O)R, —C(0O)OR, —CHO, —C(O)NH,, —C(O)SR,
—CN, —S(0),R, —SO;R,—SO;H, —SO,N(R),, —S—0,
aryl, and heteroaryl. Exemplary aryl groups include, but are
not limited to, phenyl, tolyl, naphthyl, tetrahydronaphthyl,
chlorophenyl, methylphenyl, methoxyphenyl, trifluorometh-
ylphenyl, nitrophenyl, 2.4-methoxychlorophenyl, and the
like.

As used herein, the term “heteroaryl” refers to a monocy-
clic or polycyclic ring system containing one or more aro-
matic rings and containing at least one nitrogen, oxygen, or
sulfur atom in an aromatic ring. Unless otherwise indicated, a
heteroaryl group can be unsubstituted or substituted with one
or more, and in particular one to four, substituents selected
from, for example —OH, —OR (including —OCH,), —
—Cl, —Br, —1, —CF;, —NO,, —NO, —N(R),, N(R)3+,
—C(O)R —C(O)OR %HO %(O)NHz, %(O)SR
—CN, —S(0),R,—SO;R, —SO H, —SO,N(R),, —S=0,
aryl, and heteroaryl. Examples of heteroaryl groups include,
but are not limited to, thienyl, furyl, pyridyl, oxazolyl,
quinolyl, thiophenyl, isoquinolyl, indolyl, triazinyl, triazolyl,
isothiazolyl, isoxazolyl, imidazolyl, benzothiazolyl, pyrazi-
nyl, pyrimidinyl, thiazolyl, and thiadiazolyl.

As used herein, the term “substituted benzyl” refers to a
benzyl group substituted with one or more, and in particular
oneto four, groups independently selected from, for example,

—OH, —OR (including —OCH,), —F, —Cl, —Br, —1,
—CF,, —NO,, —NO, —N(R),, —N(R),*, —C(O)R,
—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,

78(0)2R5 7SO3R5 fSO:;H, 7SO2N(R)25 —S=0, aryl,
and heteroaryl.

As used herein, the term “amino acid” refers to naturally
occurring and non-natural amino acids, as well as amino acid
analogs. Naturally encoded amino acids include the 20 com-
mon amino acids (alanine, arginine, asparagine, aspartic acid,
cysteine, glutamine, glutamic acid, glycine, histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, and valine), pyrrol-
ysine, and selenocysteine. Amino acid analogs refers to com-
pounds that have the same basic chemical structure as a
naturally occurring amino acid, i.e., a carbon that is bound to
a hydrogen, a carboxyl group, an amino group, and an R
group, for example, 3-nitrotyrosine, homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (such as 3-nitrotyrosine) or
modified peptide backbones, but retain the same basic chemi-
cal structure as a naturally occurring amino acid. Amino acid
analogs also include amino acid esters (e.g., amino acid alkyl
esters, such as amino acid methyl esters) and acylated amino
acids (e.g., acetylated amino acids).

It will also be appreciated that certain of the compounds of
present invention can exist in free form for treatment, or
where appropriate, as a pharmaceutically acceptable deriva-
tive thereof. According to the present invention, a pharma-
ceutically acceptable derivative includes, but is not limited to,
pharmaceutically acceptable salts, esters, salts of such esters,
prodrugs, salts of such prodrugs, or any other adduct or
derivative which upon administration to a patient in need is
capable of providing, directly or indirectly, a compound as
otherwise described herein.

As used herein, the term “pharmaceutically acceptable
salt” refers to those salts which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
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of humans and lower animals without undue toxicity, irrita-
tion, allergic response and the like, and are commensurate
with a reasonable benefit/risk ratio. A “pharmaceutically
acceptable salt” means any salt or salt of an ester of a com-
pound of this invention that, upon administration to a recipi-
ent, is capable of providing, either directly or indirectly, a
compound of this invention.

Pharmaceutically acceptable salts are well known in the
art. Forexample, S. M. Berge et al. describe pharmaceutically
acceptable salts in detail inJ. Pharmaceutical Sciences, 1977,
66, 1-19, which is incorporated herein by reference. Pharma-
ceutically acceptable salts of the compounds of this invention
include those derived from suitable inorganic and organic
acids and bases. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, phosphoric acid, sulfuric acid and perchlo-
ric acid or with organic acids such as acetic acid, trifluoro-
acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid,
succinic acid or malonic acid or by using other methods used
in the art such as ion exchange. Other pharmaceutically
acceptable salts include adipate, alginate, ascorbate, aspar-
tate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropi-
onate, digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptonate, glycerophosphate, gluconate,
glutamate, hemisulfate, heptanoate, hexanoate, hydroiodide,
2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3-phenylpropi-
onate, phosphate, picrate, pivalate, propionate, stearate, suc-
cinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,
undecanoate, valerate salts, and the like. Salts of compounds
containing a carboxylic acid or other acidic functional group
can be prepared by reacting with a suitable base. Such salts
include, but are not limited to, alkali metal, alkaline earth
metal, aluminum salts, ammonium, N*(C, ,alkyl), salts, and
salts of organic bases such as trimethylamine, triethylamine,
morpholine, pyridine, piperidine, picoline, dicyclohexy-
lamine, N,N'-dibenzylethylenediamine, 2-hydroxyethy-
lamine, bis-(2-hydroxyethyl)amine, tri-(2-hydroxyethyl)
amine, procaine, dibenzylpiperidine, dehydroabietylamine,
N,N'-bisdehydroabietylamine, glucamine, N-methylglucam-
ine, collidine, quinine, quinoline, and basic amino acids such
as lysine and arginine. This invention also envisions the quat-
ernization of any basic nitrogen-containing groups of the
compounds disclosed herein. Water or oil-soluble or dispers-
ible products may be obtained by such quaternization. Rep-
resentative alkali or alkaline earth metal salts include sodium,
lithium, potassium, calcium, magnesium, and the like. Fur-
ther pharmaceutically acceptable salts include, when appro-
priate, nontoxic ammonium, quaternary ammonium, and
amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, lower
alkyl sulfonate and aryl sulfonate.

The term “prodrug” as used herein refers to compounds
that are rapidly converted to an active form (i.e., drug) within
the body or cells thereof by the action of endogenous enzymes
or other chemicals and/or conditions. Prodrug design is dis-
cussed generally in Hardma et al. (Eds.), Goodman and Gil-
man’s The Pharmacological Basis of Therapeutics, 9th ed.,
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pp. 11-16 (1996). Prodrugs of the compounds disclosed
herein include, but are not limited to, esters formed from
available hydroxyl or carboxyl groups (also referred to as
ester prodrugs or prodrug esters), amides formed from avail-
able amino, amido, or carboxyl groups, thioesters formed
from available thiol or carboxyl groups, carbonates formed
from available hydroxyl or carboxyl groups, carbamates
formed from available hydroxyl, amino, or amido groups,
carbamides formed from available amido or amino groups,
sulfonate esters and sulfate esters formed from available
hydroxyl groups, sulfonamides formed from available amino
groups, and phosphonamides formed from available amino
groups. Suitable ester prodrugs include, but are not limited to,
aliphatic esters, aryl esters, benzyl esters, and derivatives
thereof.

PAI-1 inhibitor compounds of the invention include, but
are not limited to, compounds identified by the methods of the
invention. Such PAI-1 inhibitors include, but are not limited
to, hexachlorophene, quinalizarin, S-nitrosalicylic acid, chlo-
rogenic acid, caffeic acid, 3-nitro-L-tyrosine, 3-chloro-L-ty-
rosine, S-chlorosalicylic acid, polyphenon-60 (an extract
from green tea), tannic acid, epigallocatechin 3,5-digallate,
(-)-epigallocatechin gallate (EGCG), and gallic acid. Such
PAI-1 inhibitors are depicted in FIG. 1.

Chemically synthesized PAI-1 inhibitors are also provided
in the invention. Such PAl-inhibitors include, but are not
limited to, the compounds provided herein below or a phar-
maceutically acceptable salt, ester, or prodrug thereof.

Compounds of the invention include those of formula I or
salts, esters, or prodrugs thereof:

OR,
ORys OR;
R,40
R0
ORyo
OR;
R, to R, are independently selected from the group con-

sisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, phenyl, tolyl, and benzyl.

ORy

ORs

ORg

wherein:
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Compounds of the invention include those of formula II or
salts, esters, or prodrugs thereof:

I

on
on
0
on ol
HO 0
O,
HO g 0 0
0 on
0 . 0
HO ) 0
0 oH
on
Ho
on
HO ol
on

Compounds of the invention include those of formula I1I or
salts, esters, or prodrugs thereof:

I

OH

OH

OH
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Compounds of the invention include those of formula IV or Compounds of the invention include those of formula V or
salts, esters, or prodrugs thereof: salts, esters, or prodrugs thereof:
v
vV 5
OH
OH
o 10 OH
OH OH HO
HO O
o 15 HO o)
HO (6] (6] OH
ry g
© o 0

. OH
0 o 2 OH
OH ou
OH

OH

25

OH OH

Compounds of the invention include those of formula VI or
salts, esters, or prodrugs thereof:

?
Yii
ﬁ

VI

O
Ol

65
Compounds of the invention include those of formula VII
or salts, esters, or prodrugs thereof:
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Compounds of the invention include those of formula VIII
or salts, esters, or prodrugs thereof:

40
VIII
Xy
45
X2
O
X3 X3
50
X, o}
0]
X 0 0
55
o} X,
O O
X; o} o}
0 X,
60
X3
X5
X1
X3 Xy
65
X2

16

VII

wherein:

X, to X; are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO;R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and

R is C, to C; alkyl, C; to Cq cycloalkyl, CH,—C;-C
cycloalkyl, phenyl, tolyl, or benzyl;

with the proviso that at least one of X, to X; is —OH.

Compounds of the invention include those of formula IX or
salts, esters, or prodrugs thereof:

O >
HO o | /)_Xl
r\ AN O/\)/ X
3_I n OH
l/ Y 0
Xy
wherein:
n=1to 6;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO;R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and
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R is C, to Cg alkyl, C; to Cg cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, or benzyl.
Compounds of the invention include those of formula IX or
salts, esters, or prodrugs thereof:

X
X2
0 \/\j 10
1o o Mg
r\ AN o/\9/ P
X3_I n OH
l/ P 0
X4 15
wherein:
n=1 to 6; and

18

Compounds of the invention include those of formula XI or
salts, esters, or prodrugs thereof:

XI
(@] (@]
HO (0] OH
O/\/ \/\O
HO OH
OH OH

Compounds of the invention include those of formula XII

20
X, to X, are all —OH. or salts, esters, or prodrugs thereof:
Compounds of the invention include those of formula
XXVIII or salts, esters, or prodrugs thereof:
25
XXVIII XII
OH OH
OH
OH o
i 30 mo 0 o
1o o i Y N g oI
o/\)/ OH 0
" HO
0 OH
HO
35
OH
wherein: Compounds of the invention include those of formula X111
n=1to 6. or salts, esters, or prodrugs thereof:

OH

Compounds of the invention include those of formula X or
salts, esters, or prodrugs thereof:

X 55
on
on
0

HO 0 o

o NS ol

0
HO

63

OH

XII

(€] (€]
HO O O
O/\/ \/\O/\/ \/\O OH
HO OH
OH

Compounds of the invention include those of formula XIV

or salts, esters, or prodrugs thereof:

X1
O O
Xy X,
P Vi Ve g A
T N
A X
HO OH
wherein:
n=1to 6;

m=1 to 2;
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X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO,R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and

R is C, to C; alkyl, C; to C, cycloalkyl, CH,—C;-C
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula XIV
or salts, esters, or prodrugs thereof:

X1v
O
Xy X,
f\ AN O/Mo \/\ﬁ
XsT | -_/Xi
/o X
HO OH
wherein:
n=1 to 6;

m=1 to 2; and
X, to X, are all —OH.

Compounds of the invention include those of formula XV ’

or salts, esters, or prodrugs thereof:

XV
O O
HO M OH
O m A O
HO OH
OH OH
wherein:
n=1 to 6; and
m=1 to 2.

Compounds of the invention include those of formula XVI
or salts, esters, or prodrugs thereof:

XVI
e} e}
HO /\/\ OH
O O
HO OH

OH OH
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Compounds of the invention include those of formula X VII
or salts, esters, or prodrugs thereof:

XVII

OH

OH

S

wherein:

X is —OH, —F, —Cl, —Br, —NO,, —NO, —NR,,
—NR;*, —C(O)R, —C(O)OR, —CHO, —C(O)NH,,
—C(O)SR, —CN, —S(0),R, —SO,R, —SO.H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, or
substituted heteroaryl; and

R is C, to C; alkyl, C; to Cq cycloalkyl, CH,—C;-C
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula
XVIII or salts, esters, or prodrugs thereof:

XVIII
NO,

OH

S

Compounds of the invention include those of formula XIX
or salts, esters, or prodrugs thereof:

HO, ~ X,
L \’Hi/ﬁ
: e
Ry O \
)
RS (0]
R4 o AN

=
/\?\/i

HO

e}

XIX

wherein:

R, to R, are independently selected from the group con-
sisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, phenyl, tolyl, and benzy];

X, to X, are independently selected from the group con-
sisting of —OH, —F, —Cl1, —Br, —NO,, —NO, —NR,,
—NR;*, —C(O)R, —C(O)OR, —CHO, —C(O)NH,,
—C(O)SR, —CN, —S(0),R, —SO,R, —SO.H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and
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R is C; to Cg alkyl, C; to Cq4 cycloalkyl, —CH,—C;-Cyq
cycloalkyl, phenyl, tolyl, or benzyl. XXII
Compounds of the invention include those of formula XX

or salts, esters, or prodrugs thereof: o o OH
3 \V/ 0
HO S\ N\
XX g /S\ H
OH
O/ \O
OH HO
R, 10
R, () Compounds of the invention include those of formula
OH XXIV or salts, esters, or prodrugs thereof:
O
R (0]
’ 15 XXIV
Ry OH
o 0 O\
\V u
()1 0 /O S\N /\/N\S o e
OH H O// \\O
\O

wherein:

R, to R, are independently selected from the group con- . ..
sisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso- 25 Compounds of the invention include those of formula
butyl, tert-butyl, phenyl, tolyl, and benzyl. XXV or salts, esters, or prodrugs thereof:

Compounds of the invention include those of formula XXI
or salts, esters, or prodrugs thereof:

XXV

30 o)

XXI
N\ \

oH
oH A0 N L g
|\ d \\o
o SN
oH
Q0
0

Compounds of the invention include those of formula
XXVI or salts, esters, or prodrugs thereof:

on 40
O
XXVI
OH
OH 45 O\\ //O
N /\/N
Compounds of the invention include those of formula XXII // \\
or salts, esters, or prodrugs thereof:
50
XXII Compounds of the invention include those of formula
OR, XXVII or salts, esters, or prodrugs thereof:
0, 0 Rg
\Vv/4 I 5
R,0 S\N NG o on, XXVII
Il{ ! O// \\O OH
R,O ’ 0 0 Rg A 3
N/ AU ™
60 ~ ~
wherein: I N TW //S\\
n=1to 5; and U = Rs 0 0
R, to R, are independently selected from the group con- /
sisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso- HO
butyl, tert-butyl, phenyl, tolyl, and benzyl. 65
Compounds of the invention include those of formula wherein:

XXIII or salts, esters, or prodrugs thereof: n=1to 5;
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Rs to Ry are independently selected from the group con-
sisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, phenyl, tolyl, and benzyl; X, to X, are inde-
pendently selected from the group consisting of —OH, —F,
—Cl, —Br, —NO,, —NO, —NR,, —NR,*, —C(O)R,
—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO;R, —SO,H, —SO,NR,, —S—0, aryl,
substituted aryl, heteroaryl, and substituted heteroaryl; and

R is C; to Cg alkyl, C; to Cq4 cycloalkyl, —CH,—C;-Cyq
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula
XXIX or salts, esters, or prodrugs thereof:

XXIX
O O
HO g g OH
f\ AN I\Yl/f\)n\yz/ : \/\j
X3_l | )_Xl
" X
Xy X2
wherein:
n=0to 6;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO,R, —SO,H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl;

Y, to'Y, are independently selected from the group con-
sisting of O, NH, NR, S, and CH,;

7, to Z, are independently selected from the group consist-
ing of C, S, and S—O; and

R is C, to Cg alkyl, C; to Cg cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula
XXXIV or salts, esters, or prodrugs thereof:

XXXIV
O O
HO Q . Q OH
f\ A I\N%\}F‘Y{ ? \/\j
L o™
K X
Xy X
wherein:
n=0to 5;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0O)
NH,, —C(O)SR, —CN, —S(0),R, —SO,R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl;

Y, is O, N, NH, NR, S, and CH,;

7, to Z, are independently selected from the group consist-
ing of C, S, and S—0;

R is C; to Cg alkyl, C; to Cq4 cycloalkyl, —CH,—C;-Cyq
cycloalkyl, phenyl, tolyl, or benzyl.

10

15

20

25

30

35

40

45

50

55

60

65

24

Compounds of the invention include those of formula
XXX or salts, esters, or prodrugs thereof:

XXX

OH

wherein:

X is —OH, —F,
—NR;*, —C(O)R,
—C(O)SR, —<CN,
—SO,NR,, —S—0,
substituted heteroaryl;

Y, is —OH, —NO,, —NO, —NR,, —NR,*, —C(O)R,
—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —<CN,
—S(0),R, —SO;R, —SO;H, —SO,NR,, —S—0, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, or one or
more amino acids;

7Z.,is—R,—OR,—NH,,—NHR, —NR,,—NOR, —SR,
or one or more amino acids; and

R is C, to Cg alkyl, C; to Cq cycloalkyl, CH,—C;5-Cyq
cycloalkyl, phenyl, tolyl, or benzyl.

—Cl, —Br, —NO,, —NO, —NR,,
—C(O)OR, —CHO, —C(O)NH,,

—S(O),R, —SO;R, —SO;H,
aryl, substituted aryl, heteroaryl, or

Compounds of the invention include those of formula
XXXT or salts, esters, or prodrugs thereof:

XXXI
HO X,
XY
1,
Y ! :
1\21 N
( I
n O
Y,
I
" | A
X
/X0
HO X,
wherein:
n=1to 6;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO;R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl;

Y, to'Y, are independently selected from the group con-
sisting of O, NH, NR, S, and CH,;

7, 1o Z, are independently selected from the group consist-
ing of C, S, and S—O; and

R is C, to Cg alkyl, C; to Cg cycloalkyl, —CH,—C;-Cyq
cycloalkyl, phenyl, tolyl, or benzyl.
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Compounds of the invention include those of formula
XXXII or salts, esters, or prodrugs thereof:

XXX
O/\\// \\ //
wherein:
n=0to 5;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0O)
NH,, —C(O)SR, —CN, —S(0),R, —SO,R, —SO;H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl;

Y, toY, are independently selected from the group con-
sisting of O, NH, NR, S, and CH,; and

R is C; to Cy alkyl, C; to Cq4 cycloalkyl,
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula
XXXIII or salts, esters, or prodrugs thereof:

—CH,—C4-C4

XXXIIT

\\// . \\//
LG
wherein:
n=0to 5;

X, to X, are independently selected from the group con-
sisting of —H, —OH, —F, —Cl, —Br, —NO,, —NO,
—NR,, —NR;*, —C(O)R, —C(O)OR, —CHO, —C(0)
NH,, —C(O)SR, —CN, —S(0),R, —SO,R, —SO,H,
—SO,NR,, —S—0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl;

Y, is O, N, NH, NR, S, and CH,;

R is C, to Cq alkyl, C; to Cy cycloalkyl, —CH,—C;-C
cycloalkyl, phenyl, tolyl, or benzyl.

Compounds of the invention include those of formula
XXXV or salts, esters, or prodrugs thereof:

XXXV

HO ﬁ
r\/ﬁ/ 71 V—YZ \(\ R
k/

wherein:

V is selected from the group consisting of (CH,),,, C5 to Cq
cycloalkyl, CH,—C;-Cq cycloalkyl-CH,, aryl, CH,-aryl-
CH,, heteroaryl, CH,-heteroaryl-CH,,
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O
\/\O
O

and substituted derivatives thereof;

nis0,1,2,3,4, 5, or 6;

Wis C or N;

X5 X5, X5, and X, are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(O)SR, —CN, —S(0O),R,
—SO,R, —SO,H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

R is selected from the group consisting of C, to Cq alkyl, C,
to C, cycloalkyl, CH,—C;-C; cycloalkyl, phenyl, tolyl, and
benzyl;

Y, is selected from the group consisting of O, NH, NR%, S,
and CH,;

Y, is selected from the group consisting of O, NH, NR?, S,
and CH,;

R“ and R? are independently selected from the group con-
sisting of C, to C,, alkyl, C; to C, cycloalkyl, (CH,),—C5;-
Cs cycloalkyl, C, to C, heterocycloalkyl, (CH,),—C,-Cq
heterocycloalkyl, benzyl, aryl, (CH,),-aryl, heteroaryl,
(CH,),,-heteroaryl, and substituted derivatives thereof, or R*
and R” taken together are (CH,,),, ;

mis 1,2, 3,4, 5, or6; and

7, and Z, are independently selected from the group con-
sisting of C, P—OH, S, and S—O.

In some embodiments, compounds ofthe invention include
those of formula XXXV as defined above with the proviso
that V is not (CH,),, when W is C; X, X,, X5, and X, are
independently selected from the group consisting of —OH,
—F, —Cl,—Br, —NO,, —NO, —NR*, —C(O)R, —C(0O)
OR, —CHO, —C(O)NH,, —C(O)SR, —CN, —S(O),R,
—SO0O;R, —SO,H, —SO,NR,, —S—0, aryl, substituted
aryl, and heteroaryl Z, and Z, are 1ndependently selected
from the group con51st1ng of C, S and S=0; and R* and R”
are independently selected from the group consisting of C, to
C, alkyl, C; to C, cycloalkyl, CH,—C;-C, cycloalkyl, phe-
nyl, tolyl, and benzyl.

In some embodiments, compounds ofthe invention include
those of formula XXXV as defined above with the proviso
that V is not

(Naq

>

wherein q is 1,2, 3,4, 5, or 6, when W is C; X, X,, X5, and
X, are independently selected from the group consisting of

—OH, —F, —Cl, —Br, —NO,, —NO, —NR,*, —C(O)R,
—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO,R, —SO,H, —SO,NR,, —S—0, aryl,

substituted aryl, and heteroaryl; Z, and Z, are independently
selected from the group consisting of C, S and S—O; and R?
and R” are independently selected from the group consisting
of C, to C; alkyl, C; to Cg cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, and benzyl.

In some embodiments, compounds ofthe invention include
those of formula XXXV as defined above with the proviso
that Vis not (CH,), whennis 0,1,2,3,4,0r5; Wis C; X, and
X, are independently selected from the group consisting of
—OH, —F, —Cl, —Br, —NO,, —NO, —NR,*, —C(O)R,
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—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO;R, —SO,H, —SO,NR,, —S—0, aryl,
substituted aryl, and heteroaryl; X, and X ,are—H; Z, and Z,
are —S—0; and R and R” are independently selected from
the group consisting of C, to Cy alkyl, C; to Cg cycloalkyl, 5
CH,—C;-C4 cycloalkyl, phenyl, tolyl, or benzyl.

Insome embodiments, compounds of the invention include
those of formula XXXV as defined above with the proviso
that V is not (CH,),, whennis 2,3, 4, 5, or 6; W is C; X, and
X, are independently selected from the group consisting of
—OH, —F, —Cl, —Br, —NO,, —NO, —NR,*, —C(O)R,
—C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —<CN,
—S(0),R, —SO;R, —SO,H, —SO,NR,, —S—0, aryl,
substituted aryl, and heteroaryl; X, and X ,are—H; Z, and Z,
are —S—0; Y, is NR*'; Y, is NR?!; and R*' and R?* are
independently selected from the group consisting of H,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, phenyl, tolyl, and benzyl.

Insome embodiments, compounds of the invention include
those of formula XXXV as defined above excluding com-

pounds having a formula 20
OR;
o O
RO W4 I
1 ~ N
Il\lm \/S\\ ORy, 75
Rs o/ 0
R0
XXXVI
OH
OH O
O
O/\/
O OH
HO
XXXVIII
OCH;
OH
0 ?H3
H;CO N
Iil/\/ OCH;
CH; 0
HO
OCH;
XL
N OH
0 =
N
AN N/\/ N
H
Z O
HO N
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wherein pis 1, 2, 3, 4, or 5; and R, to R, are independently
selected from the group consisting of H, methyl, ethyl, n-pro-
pyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, phenyl, tolyl,
and benzyl.

Compounds of the invention also include those of formula
XXXV or salts, esters, or prodrugs thereof where X, and X,
are independently selected from the group consisting of
—OH, —OR, —F,—Cl,—Br, —1,—NO,, —NO, —N(R),,
—NR);*, —C(O)R, —C(O)OR, —CHO, —C(O)NH,,
—C(0O)SR, —CN, —S(0),R, —SO,R, —SO;H, —SO,N
(R),, —S—0, aryl, substituted aryl, heteroaryl, and substi-
tuted heteroaryl.

Compounds of the invention also include those of formula
XXXV orsalts, esters, or prodrugs thereof wherein W, Z, , and
Z,are C,andY, and Y, are both O, NH, or NCH;.

Compounds of the invention include those having a for-
mula selected from the group consisting of XXXVI, XXX-
VII, XXX VI, XXXIX, XL, XLI, XLIT, XLIIT, XLIV, XLV,
XLVI, XLVIIL, XLVII, XLIX, L, L1, LI, LI, LIV, LV, LV,
LXXXII, LXXXIV, LXXXVII, LXXXVIII, XCIV, XCV,
XCVI, XCVII, XCVIII, CX, CXI, CXV, CXXII, CXXVI,
CXXVII, CXXVIII, CXXIX, CXXXIV, CXLVII, CXLVIII,
CXLIX, CLVI, CLXIX, CLXXIV, and salts, esters, or pro-
drugs thereof:

HO

NO,

XXXIX

OCH;

H;CO
OCH;

HO

OCH;

jN Nf

HO OH HO OH

XLI
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Compounds of the invention include those of a formula
XCIII or salts, esters, or prodrugs thereof:

on XCII 5
HO O\\//O H //lxl
r\\ S\N/N\S \\J

X VAN X 10
[// e O O
X4

wherein X, to X, are as defined for formula XXXV; and 15

R“ is selected from the group consisting of benzyl, 2-fluo-
robenzyl, 3-fluorobenzyl, 4-fluorobenzyl, 2-chlorobenzyl,
3-chlorobenzyl, 4-chlorobenzyl, 2-bromobenzyl, 3-bro-
mobenzyl, 4-bromobenzyl, 2-iodobenzyl, 3-iodobenzyl,
4-iodobenzyl, (2-pyridinyl)methyl, (3-pyridinyl)methyl,
(4-pyridinyl)methyl, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, t-butyl, pentyl, and hexyl.

Compounds of the invention include those of formula

LXVT or salts, esters, or prodrugs thereof: 25
LXVI
(€] (€]
30
HO OH
A i N
X3—| | —_X

N X

Xy X 35
Mp

wherein X, to X, are as defined for formula XXXV; and
pis1,2,3,4,5, or6.

Compounds of the invention also include those of formula
XXXV or salts, esters, or prodrugs thereof wherein V is
selected from the group consisting of

40
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and substituted derivatives thereof; and Y, and Y, are O

Compounds of the invention include those of formula LVII
or salts, esters, or prodrugs thereof:

Lvil

OH

Tz

wherein:

X is selected from the group consisting of —OH, —F,
—(Cl, —Br, —1I,—NO,, —NO, —N(R),, —N(R),*, —C(O)
R, —C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO;R, —SO;H, —SO,N(R),, —S—0, aryl,
substituted aryl, heteroaryl, and substituted heteroaryl;

Y, is selected from the group consisting of —OH, —NO,,
—NO, —NR%,, —N[R";*, —C(O)R?, —C(O)OR?,
—CHO, —C(O)NH,, —C(O)SR%, —CN, —S(0O),R?%,
—SO0;R?% —SO,H, —SO,N(R?),, —S—0, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, and one or more natu-
ral amino acids, non-natural amino acids, natural amino acid
C, to C, alkyl esters, or non-natural amino acid C, to C, alkyl
esters;

7, is selected from the group consisting of —R”, —OR?,
—NH,, —NHR”, —N(R”),, —NOR? —SR?, and one or
more natural amino acids, non-natural amino acids, natural
amino acid C, to C, alky] esters, or non-natural amino acid C,
to C, alkyl esters; and

R, R% and R” are independently selected from the group
consisting of C, to C, alkyl, C; to C4 cycloalkyl, CH,—C;-Cyg
cycloalkyl, phenyl, tolyl, and benzyl.

Insome embodiments, compounds of the invention include
those of formula LVII as defined above with the proviso that
X is —I when Y, is —OH, —NO,, —NO, —NR%);*,
—C(O)R?%, —C(O)OR*, —CHO, —C(O)NH,, —C(O)SR?,
—CN, —S(0),R*, —SO,R*, —SO,H, —SO,N(R%),,
—S—0, aryl, substituted aryl, heteroaryl, or one or more
amino acids; 7, is —R”,—OR?, —NH,, —NHR?, —N(R?),,
—NOR?, —SR?, or one or more amino acids; and R, R, and
R? are independently selected from the group consisting of C,
to Cq4 alkyl, C; to Cg4 cycloalkyl, CH,—C;-C4 cycloalkyl,
phenyl, tolyl, or benzyl.

Compounds of the invention include those having a for-
mula selected from the group consisting of LVIIL, LIX, LX,
LXXX, and salts, esters, or prodrugs thereof:
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Compounds of the invention include those of formula LXI
or salts, esters, or prodrugs thereof:

o]
1o [
\ AN ZI\Y1 h

wherein

k and 1 are independently 0, 1, 2, 3, 4, 5, or 6;

Wis C orN;

X, X5, X5, and X, are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(O)SR, —CN, —S(O),R,
—SO;R, —SO;H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

Y, is selected from the group consisting of O, NH, NR¢, S,
and CH,;

Y, is selected from the group consisting of O, NH, NR?, S,
and CH,,;

R, R4 and R? are independently selected from the group
consisting of C, to C, alkyl, C; to C4 cycloalkyl, CH,—C;-Cyg
cycloalkyl, phenyl, tolyl, and benzyl;

R* and R are independently selected from the group con-
sisting of C, to C,, alkyl, C, to C,, haloalkyl, C; to Cq
cycloalkyl, (CH,),—C;-C, cycloalkyl, C, to Cg heterocy-
cloalkyl, (CH,),—C,-Cs heterocycloalkyl, benzyl, aryl,
(CH,),,-aryl, heteroaryl, (CH,),,-heteroaryl, and substituted
derivatives thereof;,

mis1,2,3,4,5,o0r6;and

Z, and Z, are independently selected from the group con-
sisting of C, P—OH, S, and S—O.

Compounds of the invention also include those of formula
LXTorsalts, esters, or prodrugs thereof wherein X, and X ; are
independently selected from the group consisting of —OH,
—OR, —F, —Cl, —Br, —I, —NO,, —NO, —N(R),,
—NR);*, —C(O)R, —C(O)OR, —CHO, —C(O)NH,,
—C(O)SR, —CN, —S(0),R, —SO,R, —SO;H, —SO,N
(R),, —S—0, aryl, substituted aryl, heteroaryl, and substi-
tuted heteroaryl.

Compounds of the invention include those of formula LXI
or salts, esters, or prodrugs thereof wherein W, 7, and Z, are
C,andY, andY, areboth O, NH, or NCH;. Compounds of the
invention also include those of formula LX1 or salts, esters, or
prodrugs thereof wherein R® and R“ are independently
selected from the group consisting of phenyl, tolyl, napthyl,
biphenyl, and indolyl.

Compounds of the invention include those of formula LXII
or salts, esters, or prodrugs thereof:

LXI

LXII
0 0
HO oH
o/><\o
HO OIL

OH OH
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Compounds of the invention include those of formula
CLVII or salts, esters, or prodrugs thereof:

CLVII

Xs OH

O 0
! j
\Yl k 1 Yz/ ? \/\j
| =
( -
°"U w X,

k, |, and o are independently O, 1, 2, 3, 4, 5, or 6;
Wis C or N;

X5 X5, X5, X, and X are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(O)SR, —CN, —S(0O),R,
—SO,R, —SO,H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

ﬁ\ AN
w

wherein

Y, is selected from the group consisting of O, NH, NR%, S,
and CH,;

Y, is selected from the group consisting of O, NH, NR?, S,
and CH,;

R, R% and R” are independently selected from the group
consisting of C, to C, alkyl, C; to C,cycloalkyl, CH,—C,-Cy
cycloalkyl, phenyl, tolyl, and benzyl;

Z, and Z, are independently selected from the group con-
sisting of C, P—OH, S, and S—O;

U is selected from the group consisting of —NR“RY,
—NR°C(O)R?, —NRC(O)OR®, —NR°C(O)NR'R®,
—NR“C(0O)SR?, —NRP(O)(OH)R®, —NRP(O)(OH)ORS,
—NRP(O)OH)NR/R®, —NRP(O)(OH)SR?, —NRS(O)
R®, —NR°S(0)OR?, —NR“S(O)NR'R?, —NR“S(0)SR®,
—NRS(0),R?, —NR°S(0),0R?, —NR“S(0),NRR®,
—NRS(0),8R?, —OR/, —OC(O)R®, —OC(O)OR?, —OC
(O)NR/R®, —OC(0)SR?, —OP(O)(OH)R®, —OP(0)(OH)
OR®, —OP(O)(OH)NR“R?, —OP(O)(OH)SR?, —OS(O)R®,
—OS(0)YOR?, —OS(0)NRR?, —OS(0)SR?, —OS(0),R?,
—O0S(0),0R?, —OS(0),NRR?, —O0S(0),SR, —C(O)
OR?, —C(O)NRRY, —C(O)SR?, and —C(O)R%;

R and R? are independently selected from the group con-
sisting of H, C, to C,, alkyl, C, to C,, haloalkyl, C; to Cg
cycloalkyl, (CH,),—C;-C; cycloalkyl, C, to Cg4 heterocy-
cloalkyl, (CH,),—C,-Cs heterocycloalkyl, benzyl, aryl,
(CH,),,-aryl, heteroaryl, (CH,),,-heteroaryl, and substituted
derivatives thereof, or R and R taken together with the N
atom to which they are bonded form a 3- to 8-membered
heterocyclic ring;

mis1,2,3,4,5, or6;

R’ is selected from the group consisting of H, C, to C,,
alkyl, C, to C,, haloalkyl, C; to C, cycloalkyl, (CH,),—C5-
C, cycloalkyl, C, to Cy heterocycloalkyl, (CH,),,—C,-Cq
heterocycloalkyl, benzyl, aryl, (CH,),-aryl, heteroaryl,
(CH,),,-heteroaryl, and substituted derivatives thereof; and

R? is selected from the group consisting of H, C, to C,,
alkyl, C, to C,, haloalkyl, C; to C, cycloalkyl, (CH,),—C5-
Cs cycloalkyl, C, to C, heterocycloalkyl, (CH,),—C,-Cq
heterocycloalkyl, benzyl, aryl, (CH,),-aryl, heteroaryl,
(CH,),,-heteroaryl,
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10

and substituted derivatives thereof.

Compounds of the invention include those of formula 15
LXIII or salts, esters, or prodrugs thereof:

LXIII 20
O
HO Ql Q OH
ﬁ\ X \Yl k 1 Yz/ : \\\l
X3_I | _Xl
k/ F ( \/) 25
XV ’ W

whereink, 1,0, W, X, X,,X;,X,,Y,.Y,,Z,,Z,,and U are
as defined in formula CLVIIL.
Compounds of the invention include those of formula

CLVII or salts, esters, or prodrugs thereof wherein R® is
substituted aryl having a formula:

30

35
OH
~
=
—/X
| \ ) 5» 40
X, and X are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —Cl, —Br, —I, —NO,, ¥

—NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR, —CHO,
__C(O)NH,, —C(O)SR, —CN, —S(O),R, —SO,R,
—S0;H, —SO,N(R),, —S—0, aryl, substituted aryl, and

heteroaryl; and 0

Ris selected from the group consisting of C, to Calkyl, C,
to C, cycloalkyl, CH,—C;-C; cycloalkyl, phenyl, tolyl, and
benzyl.

Compounds of the invention include those of formula
CLVII or salts, esters, or prodrugs thereof wherein R® is
selected from the group consisting of 4-chlorophenyl, 4-fluo-
rophenyl, 2,5-dihydroxyphenyl, 2,5-dimethoxyphenyl,
3-(trifluoromethyl)phenyl, 4-chloro-2-fluorophenyl, 2,4-di-
hydroxyphenyl, 2.4-dimethoxyphenyl, 3,5-dichloro-4-hy-
droxyphenyl, 3,5-difluoro-4-hydroxyphenyl, 3-hydroxyphe-
nyl, 3-methoxyphenyl, 3,5-dichloro-4-methoxyphenyl, 3,5-
difluoro-4-methoxyphenyl, 4-methylphenyl, phenyl,
naphthyl, biphenyl, indolyl, methyl, 2-chlorophenyl,
(1-trichloromethyl-1-methyl)ethyl, 1,1-dimethylethyl, 2,2-
dimethylpropyl, benzyl, (2-pyridinyl)methyl, (3-pyridinyl)
methyl, (4-pyridinyl)methyl, and

55

60

65
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Compounds of the invention include those having a for-
mula XCI or salts, esters, or prodrugs thereof:

oS

~

wherein R is selected from the group consisting of 4-chlo-
rophenyl, 4-fluorophenyl, 2,5-dihydroxyphenyl, 2,5-
dimethoxyphenyl, 3-(trifluoromethyl)phenyl, 4-chloro-2-
fluorophenyl, 2,4-dihydroxyphenyl, 2,4-dimethoxyphenyl,
3,5-dichloro-4-hydroxyphenyl, 3,5-difluoro-4-hydroxyphe-
nyl, 3-hydroxyphenyl, 3-methoxyphenyl, 3,5-dichloro-4-
methoxyphenyl, 3,5-difluoro-4-methoxyphenyl, 4-meth-
ylphenyl, phenyl, and methyl.

XCI

¢}

Compounds of the invention include those having a for-
mula XCII or salts, esters, or prodrugs thereof:

XCII
OH
OH
(€]
HO (0]
O OH
(6]
HO HN
OH
RO 6]

wherein R” is selected from the group consisting of phenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-chlo-
rophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-bromophenyl,
3-bromophenyl, 4-bromophenyl, 2-iodophenyl, 3-iodophe-
nyl, 4-iodophenyl, (1-trichloromethyl-1-methyl)ethyl, 3-(tri-
fluoromethyl)phenyl, 2,2-dimethylpropyl, benzyl, 2-fluo-
robenzyl, 3-fluorobenzyl, 4-fluorobenzyl, 2-chlorobenzyl,
3-chlorobenzyl, 4-chlorobenzyl, 2-bromobenzyl, 3-bro-
mobenzyl, 4-bromobenzyl, 2-iodobenzyl, 3-iodobenzyl,
4-iodobenzyl, (2-pyridinyl)methyl, (3-pyridinyl)methyl,
(4-pyridinyl)methyl, C, to C, alkyl, and
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Compounds of the invention include those having a for-
mula CLVII or salts, esters, or prodrugs thereof wherein R<,
R9 and R” are independently selected from the group consist-
ing of phenyl, tolyl, naphthyl, biphenyl, and indolyl.

Compounds of the invention include those having a for-
mula CL or salts, esters, or prodrugs thereof:

CL
X
OH
O
HO. O
(@) OH
(@]
HO U

X3

wherein X, and X, are independently selected from the
group consisting of —H and —OH; U is selected from the
group consisting of —NHC(O)OR? and —NHC(O)NHR?;
and R® is selected from the group consisting of 1-naphthyl,
2-naphthyl, 4-biphenyl-1-yl, and substituted derivatives
thereof.

Compounds of the invention include those having a for-
mula selected from the group consisting of LXIV, LXXXI,
LXXXII, LXXXV, LXXXVI, LXXXIX, XC, C, CIII, CIV,
CXII, CXII, CXIV, CXIX, CXX, CXXI, CXXXYV,
CXXXVI, CXXXVII, CXXXVIII, CXXXIX, CXL, CLX,
CLXI, and salts, esters, or prodrugs thereof:

LXIV
OH
OH
(6]
HO (0]
(6] OH
(6]
HO

OH

pe
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Compounds of the invention include those of formula
LXVII or salts, esters, or prodrugs thereof:

LXVII

X5

wherein

X, and X, are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —CI1, —Br, —I, —NO,,
—NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR, —CHO,
—C(O)NH,, —C(O)SR, —CN, —S(0O),R, —SO;R,
—SO;H, —SO,N(R),, —S—0, aryl, substituted aryl, het-
eroaryl, and substituted heteroaryl;

R is selected from the group consisting of C, to C4alkyl, C;
to C, cycloalkyl, CH,—C;-C; cycloalkyl, phenyl, tolyl, and
benzyl;

Y, is selected from the group consisting of CHR*R?, OR?,
NHR?, NR“R?, and SR?;

R“ and R? are independently selected from the group con-
sisting of C, to C,, alkyl, C; to C, cycloalkyl, (CH,),—C5;-
C, cycloalkyl, C, to Cy heterocycloalkyl, (CH,),,—C,-Cq
heterocycloalkyl, benzyl, aryl, (CH,),-aryl, heteroaryl,
(CH,),,-heteroaryl, —U, (CH,),,—U, and substituted deriva-
tives thereof, or R and R? taken together with the N atom to
which they are bonded form a 3- to 8-membered heterocyclic
rnng;

U is selected from the group consisting of —NR“RY,
—NR°C(O)R?, —NRC(O)OR®, —NR°C(O)NR'R®,
—NR“C(0O)SR?, —NRP(O)(OH)R®, —NRP(O)(OH)ORS,
—NRP(O)OH)NR/R?, —NR°P(O)(OH)SR®, —NR“S(0)
R®, —NR°S(0)OR?, —NR“S(O)NR'R?, —NR“S(0)SR®,
—NR°S(0),R®, —NR°S(0),0R?, —NRS(0),NR'R?,
—NR“S(0),SR?, —OR/, —OC(O)R?, —OC(0)OR®, —OC
(O)NR/R®, —OC(0)SR?, —OP(O)(OH)R®, —OP(0)(OH)
OR®, —OP(O)(OH)NR“R?, —OP(O)(OH)SR?, —OS(O)R®,
—OS(0)OR?, —OS(O)NRR?, —OS(0)SR®, OS(0),R?,
—0S(0),0R?, —OS(0),NR“R®, —OS(0),SR, —C(0)
OR¢, —C(O)NRR?, —C(O)SR¢, and C(O)R*;

R and R? are independently selected from the group con-
sisting of H, C, to C,, alkyl, C, to C,, haloalkyl, C; to Cg
cycloalkyl, (CH,),—C;-C; cycloalkyl, C, to Cg4 heterocy-
cloalkyl, (CH,),—C,-C4 heterocycloalkyl, benzyl, aryl,
(CH,),,-aryl, heteroaryl, (CH,),,-heteroaryl, and substituted
derivatives thereof, or R and R taken together with the N
atom to which they are bonded form a 3- to 8-membered
heterocyclic ring;

R and R” are independently selected from the group con-
sisting of H, C, to C,, alkyl, C, to C,, haloalkyl, C; to Cg
cycloalkyl, (CH,),—C;-C; cycloalkyl, C, to Cg heterocy-
cloalkyl, (CH,),—C,-Cs heterocycloalkyl, benzyl, aryl,
(CH,),,-aryl, heteroaryl, (CH,),,-heteroaryl, and substituted
derivatives thereof;,

mis 1,2, 3,4, 5, or6; and

Z, is selected from the group consisting of C, P—OH, 8§,
and S—O.

In some embodiments, R* and R’ are independently
selected from the group consisting of napthylethyl, phenyl,
and tolyl. In some embodiments, R* and R taken together
with the N atom to which they are bonded form a morpholino

group.
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Compounds of the invention include those having a for-
mula selected from the group consisting of LXVIII, CI, CII,
CLVII, CLIX, CLXII, CLXII, CLXXXI, CLXXXI],
CLXXXII, CXXXVIII, and salts, esters, or prodrugs
thereof:

0
foae

HO

HO

U T
HO

Cl O

HO N S
(6]

HO
6]

LXVIII

CI

CII

< &

CLVIII

\

CLIX

10

15

20

25

30

35

40

45

50

55

60

65

54
-continued
CLXII
O
HO
o/j
HO HN
OH /g
(@) @]
CF;
CLXIII
HNJ/
r )
CLXXXI
\\//
CLXXXII

poaqe



US 9,120,744 B2

55
-continued
CLXXXIII
o, 0
\V4
HO. S\
N :
CXXXVIII
o o ©
N/
HO. S\ OH
N
HO OH.
OH

Compounds of the invention include those of formula
LXIX or salts, esters, or prodrugs thereof:

LXIX
(@)
(0]
O
)k/ 0
HO [/ | o}
X (@]
/*/\
X X

wherein

X, and X, are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —Cl, —Br, —I, —NO,,
—NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR, —CHO,
—C(O)NH,, —C(O)SR, —CN, —S(0),R, —SO;R,
—SO;H, —SO,N(R),, —S—0, aryl, substituted aryl, het-
eroaryl, and substituted heteroaryl; and

Ris selected from the group consisting of C, to Calkyl, C,
to C, cycloalkyl, CH,—C;-C; cycloalkyl, phenyl, tolyl, and
benzyl.
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Compounds of the invention include those of formula LXX
or salts, esters, or prodrugs thereof:

LXX

Compounds of the invention include those of formula
LXXI or salts, esters, or prodrugs thereof:

/ /;l
~d

RO O

OR¢

OR®

wherein

R is selected from the group consisting of C, to C alkyl,
C; to C; cycloalkyl, CH,—C;-C, cycloalkyl, phenyl, tolyl,
benzyl, and

X4
~
A4
¢ | le;

2

X, X5, X,, and X, are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(0O)SR, —CN, —S(O),R,
—SO0O;R, —SO;H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

X, and X, are independently selected from the group con-
sisting of —OH and —OR%; and

R, R R?, and R? are independently selected from the
group consisting of —H, C, to C; alkyl, C; to C; cycloalkyl,
CH,—C;-C4 cycloalkyl, phenyl, tolyl, and benzyl.
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Compounds of the invention include those of formula
LXXII or salts, esters, or prodrugs thereof:

\\)

OH

R0 O

OR®

| g

\)

wherein X,, X, X,, X, R% and R” are as defined for
formula LXXI.

Compounds of the invention include those of formula
LXXIII or salts, esters, or prodrugs thereof:

LXXIII

RO e}
OR/

OR® ORE

OR”

OR!

wherein R® and R? are as defined for formula LXXI; and

R R®, R/, R&, R”, and R’ are independently selected from
the group consisting of —H, C; to C; alkyl, C; to Cq
cycloalkyl, CH,—C;-C cycloalkyl, phenyl, tolyl, and ben-
zyl.

Compounds of the invention include those of formula
LXXIV or salts, esters, or prodrugs thereof:

LXXIV
X5
HO
X; Y
X3 X4
(€]
Re
RO R?
N
R4 7N Re
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wherein

Y is selected from the group consisting of O, NR, C—0, S.
S=0, SO,, P(0)OH, and CRF/;

X, X5, X5, and X, are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(O)SR, —CN, —S(0O),R,
—SO,R, —SO,H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

R, R? R?, R® and R are independently selected from the
group consisting of —H, C, to C; alkyl, C; to C; cycloalkyl,
CH,—C,;-C cycloalkyl, phenyl, tolyl, and benzyl; and

R and R are independently selected from the group con-
sisting of —H, C, to C, alkyl, C; to C, cycloalkyl, CH%—C3-
C, cycloalkyl, phenyl, tolyl, and benzyl, or R® and R” taken
together with the N atom to which they are bonded form a 3-
to 8-membered heterocyclic ring.

Compounds of the invention include those of formula
LXXYV or salts, esters, or prodrugs thereof:

LXXV

HO

HO

NH,

Compounds of the invention include those of formula
LXXVI or salts, esters, or prodrugs thereof:

agns

wherein

Y is selected from the group consisting of O, NR%, C—0,
S.S—0, 80,, P(0)OH, CR*R?, and (CH,),;

nis1,2,3,4,5, or6;

X, X5, X,, and X, are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —NR);", —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(0O)SR, —CN, —S(O),R,
—S0;3R, —SO;H, —SO,N(R),, —S=0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

X, and X, are independently selected from the group con-
sisting of —OH, —OR, —F, —Cl,—Br, —1, —NO,, —NO,
—NR),, —NR);*, —C(O)R, —C(O)OR, —CHO, —C(O)
NH,, —C(O)SR, —CN, —S(0),R, —SO;R, —SO,H,
—SO,N(R),, —S=0, aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and

R, R% and R” are independently selected from the group
consisting of —H, C, to C; alkyl, C; to C, cycloalkyl, CH,—
C;-C; cycloalkyl, phenyl, tolyl, and benzyl.

LXXVI
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Compounds of the invention include those of formula
LXXVII or salts, esters, or prodrugs thereof:

OH OH
Cl
Cl
10
Cl

Cl

Compounds of the invention include those of formula
CLXIV or CLXYV, or salts, esters, or prodrugs thereof:

CLXIV
W, 20
YS W
W3 W, 25
CLXV
Wy
Ys 30
W W,
W3
35
wherein
W,, W,, W;, and W,, are independently selected from the 40
group consisting of —H, —OH, —OR, —NH,, —NHR,
—NR,, —SH, —SR, and
o 45
|
Z
50

Y and Y are independently selected from the group con-
sisting of O, NH, NR%, S, and CH,;

Z is selected from the group consisting of C, P—OH, S, and
S:O;

X* and X? are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —Cl, —Br, —I, —NO,,

55

60

—NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR, —CHO,
__C(O)NH,, —C(O)SR, —CN, —S(O),R, —SO,R,
—SO0;H, —SO,N(R),, —S—0, aryl, substituted aryl, het-

eroaryl, and substituted heteroaryl; and

R and R are selected from the group consisting of C, to C; 5
alkyl, C; to C, cycloalkyl, CH,—C;-C, cycloalkyl, phenyl,
tolyl, and benzyl

60

with the proviso that at least one of W,, W,, W5, or W, is

In some embodiments, at least two, at least three, and/or all
four of W,, W,, W5, and W, are

o j:ib.
<

In some embodiments, at most one, at most two, and/or at
most three of W,, W,, W5, and W, are —H. In some embodi-
ments, at most one, at most two, and/or at most three of W,
W,, W3, and W, are —OH. In some embodiments, at most
one, at most two, and/or at most three of W,, W,, W, and W,
are NH,.

Compounds of the invention include those of formula
LXXVIII or salts, esters, or prodrugs thereof:

e}

N

LXXVIII
I
HO OH
Zl\ \
. _f\ AN Y, /\23 V4 /%Xs
! l = Ys h'g
2/ 0 0 \\Xs
HO Q g OH
NN Ny “f/w
X3 | :_X7
N N
wherein

Xy, X5, X5, Xy, X5, X, X5, and X, are independently
selected from the group consisting of —H,—OH,—OR, —F,
4Cls 7Brs 715 7NO25 7Nos 7N(R)25 7N(R)3+5 4C(O)
R, —C(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO;R, —SO;H, —SO,N(R),, —S—0, aryl,
substituted aryl, heteroaryl, and substituted heteroaryl;

Y.,Y, Y;, Y, and Y, are independently selected from the
group consisting of O, NH, NR“ S, and CH,;

Z,, 75, 75, and 7, are independently selected from the
group consisting of C, P—OH, S, and S—0O; and

R and R® are independently selected from the group con-
sisting of C, to Cq alkyl, C; to C cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, and benzyl.
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Compounds of the invention include those of formula
CXVI or salts, esters, or prodrugs thereof:

CXVI 5
OH
HO
o 10
o)
0 (6] 0
HO 15
o) Y (o)
) 0
HO OH.
OH 20
OH
OH 25

Compounds of the invention include those of formula
CLXVTI or a salt, ester, or prodrug thereof:

30
CLXVI

W
W2
Y 35
W Ws
Wy
40
wherein
W, W,, W3, W, and W, are independently selected from
the group consisting of —H, —OH, —OR, —NH,, —NHR,
—NR,, —SH, —SR, and
45
I
Xll
zZ
e e
>{Y \(:/\l - 50
/) >
=
\OH
Y and Y4 are independently selected from the group con- 55
sisting of O, NH, NR?, S, and CH,,;
Z is selected from the group consisting of C, P—OH, S, and
S:O;
X“and X? are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —Cl, —Br, —I, —NO,, 60

—NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR, —CHO,
—C(O)NH,, —C(O)SR, —CN, —S(0),R, —SO;R,
—SO,H, —SO,N(R),, —S—0, aryl, substituted aryl, het-
eroaryl, and substituted heteroaryl; and

R and R are selected from the group consisting of C, to Cq
alkyl, C; to C, cycloalkyl, CH,—C;-C, cycloalkyl, phenyl,
tolyl, and benzyl

65

62
with the proviso that at least one of W, W,, W3, W, or W
is

e}

#s

In some embodiments, at least two, at least three, at least
four, and/or all five of W, W,, W5, W, and W are

N

N
S h

OH

In some embodiments, at most one, at most two, at most three,
and/or at most four of W, W,, W5, W,, and W are —H. In
some embodiments, at most one, at most two, at most three,
and/or at most four of W,, W,, W3, W, and W5 are—OH. In
some embodiments, at most one, at most two, at most three,
and/or at most four of W, W,, W5, W, and W are NH,.

In some embodiments, compounds ofthe invention include
those of formula CLXVI as defined above excluding com-
pounds having a formula

OR,
OR,
(6]
OR;s OR;
(@)
(0]
(6] (6]
(6] OR4
(@) (6]
6]
Rg

R 140

R0

R20

R0

o) 0
ORs,
ORg
RO OR;
o

wherein R, to R are independently selected from the group
consisting of H, methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, phenyl, tolyl, and benzyl.

In some embodiments, compounds ofthe invention include
those of formula CLXVI as defined above excluding com-
pounds having a formula
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Ris
Ry7
@)
Ryg Ryg
Ry (@]
O
R O O
(@] Rig
@) O
Ris o) (0]
0o Ry7,
Ryg
Ry7
Ris
Ry Ris
Ry7

wherein R, 4 to R 5 are independently selected from the group
consisting of —OH, —F, —Cl, —Br, —NO,, —NO,
—N(R?),*, —C(O)R?, —C(O)OR?, —CHO, —C(O)NH,,
—C(O)SR?, —CN, S(0),R?, —SO,R?, —SO,H, —SO,N
(R?),, —S=0, aryl, substituted aryl, and heteroaryl; and R?
is C, to Cg4 alkyl, C; to Cg cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, or benzyl; with the proviso that at
least one of R, s to R, 5 is —OH.

Compounds of the invention include those of formula
LXXIX or salts, esters, or prodrugs thereof:

LXXIX

HO |

f\ AN Zs%o Y4\zfo /\/)
Xs l OH
e ﬁ\
s -—X
| 8
SA y
HO V\X7
wherein

X, X5, X5, X, X, X, X5, Xg, X, and X are indepen-
dently selected from the group consisting of —H, —OH,
—OR, —F, —Cl, —Br, —I, —NO,, —NO, —N(R),,
—NR);*, —C(O)R, —C(O)OR, —CHO, —C(O)NH,,
—C(O)SR, —CN, —S(0),R, —SO,R, —SO;H, —SO,N
(R),, —S—0, aryl, substituted aryl, heteroaryl, and substi-
tuted heteroaryl;
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Y.,Y, Y5, Y, Y, and Y, are independently selected from
the group consisting of O, NH, NR?, S, and CH,;

Z,,75,75,7,,and Z are independently selected from the
group consisting of C, P—OH, S, and S—0O; and

R and R® are independently selected from the group con-
sisting of C, to Cq alkyl, C; to C cycloalkyl, CH,—C;-Cq
cycloalkyl, phenyl, tolyl, and benzyl.

Compounds of the invention include those having a for-

mula selected from the group consisting of LXV, CIX,
CXVII, CXVIII, and salts, esters, or prodrugs thereof:

IXV
OH
OH
0
oH OH
HO 0
o
HO 0 0
o OH
0 - 0
HO ) o
0 OH
OH
HO
OH
HO OH
OH
CIX
OH
0
OH
HO 0
o
HO 0 0
o OH
0 - 0
HO 6 o
0 OH
HO
OH
OH
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-continued -continued
CXVII CXXIII
OH
HO OH 5
OH
o _o \\//
OH N N~ \ -
Ou, o 10 // \\
" (6] (€]
(6) O
HO O O 15
(6] OH CXXX
HO HO NS oH
O O
HO 20
HO OH
OH OH OH
CXVIII CXXXI
OH o
” \VARR
o NN
OH H // \\
HO (@)
30 CXXXII
O,
HO 0 0 \\// g
\ e \
(6] OH H
(@) O 35 //\\
HO
o OIL CXLI
OH
(O]
" " HO \\S// §
ST TN oH
Compounds of the invention include those having a for- H O// \\O
mula selected from the group consisting of XCIX, CV, HO
CXXII, CXXX, CXXXI, CXXXII, CXLI, CXLII, CVI, . OXLI

CVIL, CLXVIL, CLXX, CLXXI, CLXXI], CLXXIII,

CLXXVI, CLXXVIIL, and salts, esters, or prodrugs thereof: OH
o, 0
\/
QPPN
XCIX n OH;
OH 50 D/ k // \\ 5
\\// 1

\N/ \/ . ol
O/\O ss  whereinnis 1,2,3,4,0r5;
HO
on CvI
o
cv
0 0 N
o N/ &
ST Ol
H o7\
d o 63

OH
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-continued
CVII
CLXVII
st O
/\/\/\/
PoARRas:
CLXX
\\//
SN /\/ ~¢
//\\
HO
CLXXI

on
\\// H /Oi
o N/\/\/N\S OH
H VAN
d o
HO
CLXXII
HO
o\ f j
HO s\N PN o
k VAN
Ol
CLXXIII
v ) /@
N N
K o// \\o
0 o CLXXVI
HO \\s//
SN,
HO
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-continued
CLXXVIIL

OH
OH

(0]
HO /\/\/O
O OH.
(0]
HO
OH

Compounds of the invention include those having a for-
mula CLXXYV or a salt, ester, or prodrug thereof:

J f—l

wherein:

Wis C or N;

X5 X5, X5, X, and X are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(O)OR,
—CHO, —C(O)NH,, —C(O)SR, —CN, —S(0O),R,
—SO,R, —SO,H, —SO,N(R),, —S—0, aryl, substituted
aryl, heteroaryl, and substituted heteroaryl;

R is selected from the group consisting of C, to C4alkyl, C;
to C, cycloalkyl, CH,—C;-C cycloalkyl, phenyl, tolyl, and
benzyl;

Y is selected from the group consisting of O, NH, NR?, S,
and CHR%;

R“ is independently selected from the group consisting of
C, to C,, alkyl, C; to C4 cycloalkyl, (CH,),—C;-Cq
cycloalkyl, C, to C, heterocycloalkyl, (CH,),,—C,-C; het-
erocycloalkyl, benzyl, aryl, (CH,),,-aryl, heteroaryl, (CH,),,-
heteroaryl, and substituted derivatives thereof;

mis 1,2, 3,4, 5, or6; and

Z, and Z, are independently selected from the group con-
sisting of C, P—OH, S, and S—O.

Compounds of the invention include those having a for-
mula CXXXIII or a salt, ester, or prodrug thereof:

CLXXV

CXXXIIT
HO, I || Ol
NN
X3 U | J_Xl
(P X

wherein W, X, X,, X5, X,,, Y, Z, and Z, are as defined for
formula CLXXV.

Compound of the invention include those having a formula
selected from the group consisting of CVIII, CXXIV, CXXV,
CXLII, CXLIV, CXLV, CL1, CLII, CLIII, CL1V, CLV, CLX-
VIII, CLXXVII, CLXXIX, CLXXX, and salts, esters, or
prodrugs thereof:
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CVIII

CXX1v 10

15

CXXV 5
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-continued
O O O O
YR Y

N

HO OH

HO

0 0 0 0
HO \\s//\ /\\s// oH

HO OH

o\\S //o o\\S //o

HO OH

HO OH

oo
2

HO

o\\//o o\\//o
S-S

HO OH

<
e

HO OH

o O o O
\ VARV
S\ S

.
:

HO OH

.
-4

CLI

CLII

CLII

CLIV

CLV



US 9,120,744 B2

71 72
-continued -continued
CLXVIII CLXXX
o 0O o 0
\\// \\// VARY
HO SN on 1o N\
5 N
HO OH HO
10
CLXXVII
\\// \\//
HO AN Of 15
HO OH
Compounds of the invention also include those having a
20 formula CXITVI or a salt, ester, or prodrug thereof:
CLXXIX
\/ \// o 00 O CXLVI
/
0 M2 on \/ \/
25 HO S\ /S OH
N
| a
HO OH R
HO OH
HBr
30
O wherein R? is C; to C,, alkyl.
These compounds are depicted in Table 1 herein below.
TABLE 1
Synthesized PAI-1 Inhibitor Compounds
Formula
CDE No. No. Structure
CDE-001  1II oH
OH
O,
OH OH
HO O
Oy,
HO " (6] (€]
(6] OH
(@) Y O
HO o 0
6] OH
OH
HO
OH
HO OH
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TABLE 1-continued

Synthesized PAI-1 Inhibitor Compounds

CDE No.

CDE-002

Formula

No.

I

Structure

CDE-003

v

oH
on
o)
oH oH
HO o}
Oy,
HO g 0 o}
o} oH
HO 0 o
OH
oH
HO
oH
oH
on
o)
oH oH
HO o}
0,
HO 0 o}
o}

y OH
o) "0

HO
HO

OH

Ol
(@]

OH

OH

(6]
HO
(6]
HO

OH
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TABLE 1-continued

Synthesized PAI-1 Inhibitor Compounds

Formula
CDE No. No. Structure
CDE-004 \' OH
OH
O
OH OH
HO O
O
HO (0] O
O OH
@) Y O
HO 0 0
@] OH
OH
HO
OH
HO OH
OH
CDE-006 VI
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TABLE 1-continued
Synthesized PAI-1 Inhibitor Compounds
Formula
CDE No. No. Structure
CDE-007 VII
(0]
O
O,
(0] O
(0] O
O,
O (0] (¢]
(0] -, (0]
0 “I0
o ) 0
0] O
O
O
(0]
O (0]
d |
CDE-008 X OH
OH
(¢]
HO O
o NS OH
(0]
HO
OH
CDE-009 XI O O
HO (0] OH
O/\/ ~N o
HO OH
OH

OH
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TABLE 1-continued

Synthesized PAI-1 Inhibitor Compounds

Formula
CDE No. No. Structure
CDE-010 X1 OH
and CDE-
012 OH
(¢]
HO (0] (0]
O/\/ \/\O/\/ OH
(0]
HO
OH
CDE-011 X1 O O
HO O O OH
O/\/ \/\O/\/ \/\O
HO OH
OH OH
CDE-013  XVI 0 0
HO /\/\ OH
O O
HO OH
OH OH
CDE-028 XVIII NO;
OH
(¢]
>|\ )J\ OH
O N
H
(0]
CDE-031  XXI oH
OH
O
OH
(0]
(0]
OH
(0]
OH
OH
CDE-021 XXIII OH
o 0
HO \\S// %
SN TN Ol
H 7\
O O

HO
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TABLE 1-continued
Synthesized PAI-1 Inhibitor Compounds
Formula
CDE No. No. Structure
CDE-029 XXV O
O 0 ~
\V/ 3
- S ~ N N\S -
H AN
\O
CDE-030 XXV
o 0 O\
\V/
- s \N/\/N s
g \\
\O

CDE032  XXVI OH
HO O\\S// 2 \N /@
\N/\/ \/s\ OH
k o/ \o
HO

CDE-051  XXXVI OH
OH ©
/\/O
0
0 OH
HO
CDE-060  XXXVII OH
0
N
N/\/ NO,
H
0
HO
NO,
CDE-064  XXXVII OCH;
OH
0 THg
H;CO N
lel/\/ OCH;
CH, 0
HO
OCH;
CDE-069  XXXIX OCH;
OH
0
H;CO 0
o/\/ OCH;
0
HO

OCH;
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TABLE 1-continued
Synthesized PAI-1 Inhibitor Compounds
Formula
CDE No. No. Structure
CDE-063 XL N OH
0 =
X
x NN x
H
= 0
HO N
CDE-055 XLI O O
N N
HO OH
HO OH HO OH
CDE-065 XLII O OCH3
H;CO OH
N/\l
(A
HO OCH;
OCH; (0]
CDE-056 XLII OH
OH
O
OH
(0]
(0]
OH
o
OH
OH
CDE-057 XLIV OH
or CDE-
058 OH
O
OH
(0]
(¢] (0]
HO OH

OH
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TABLE 1-continued

Synthesized PAI-1 Inhibitor Compounds

Formula
CDE No. No. Structure
CDE-057 XLV oH OH
or CDE-
058 OH OH
O ‘\\\O
OH - OH
O O
o] 0 o] 0
HO OH HO OH
OH OH
CDE-061 XLVI OH
or CDE-
062 HO
O
HO O
O OH
O
OH
OH
CDE-061 XLVII OH
or CDE-
062 HO
O
HO O
O ., OH
I/O
OH
OH
CDE-034 XLVIII OH
OH
O
OH
o, O
0
OH
(@)
OH

OH
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TABLE 1-continued
Synthesized PAI-1 Inhibitor Compounds
Formula
CDE No. No. Structure
CDE-044 XLIX OH
OH
(¢]
HO %
NN Ol
H
(0]
HO

OH

CDE-059 L OH
v X
H
S\g/N\/S\ OH
O/ \O
HO

OH

CDE-068 LI on
0 0 CHj
Vol )@[
ST N ol
VAY
om, 00
HO

OH
CDE-070 LIT (o] (o]
HO /\/\
N N
H H
HO
OH OH
CDE-071 LIIT O O
HO /\/\
1 1
CH; CH;
HO
OH OH
CDE-072 LIV OH
o 0
Yl

X
NN
it
Joas
HO
S\N_N/
HO /\ ; OH

OH OH

CDE-074 v
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TABLE 1-continued
Synthesized PAI-1 Inhibitor Compounds
Structure
OH
OH
e} e}
HO O ¢}
0 N0 OH
e} e}
HO
OH
OH

OH

NO,

OH

OH
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TABLE 1-continued

Synthesized PAI-1 Inhibitor Compounds

Formula
CDE No. No. Structure
CDE-067 LXII (o] (o]
HO OH
O/><\O
HO OH
OH OH
CDE-075 LXIV OH
OH
(¢]
HO O
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Methods of Making Inhibitors of PAI-1 Activity

The compounds of the present invention can be readily
prepared according to the following reaction schemes or
modification thereof using readily available starting materi-
als, reagents and conventional synthetic procedures. It is also
possible to make use of variants of these process steps, which
in themselves are known to and well within the preparatory
skill of the medicinal chemist.

Derivatives of PAI-1 inhibitor are also included herein.
Such derivatives include molecules modified by one or more
water soluble polymer molecules, such as polyethylene gly-
col, or by the addition of polyamino acids, including fusion
proteins (procedures for which are well-known in the art).
Such derivatization may occur singularly or there may be
multiple sites of derivatization.

Primary Screen for the PAI-1 Inhibition

The ability of the compounds of the invention to inhibit
PAI-1 was established herein. Such methods of screening
compounds and testing for PAI-1 inhibition are described in
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the Examples. In addition, other methods of screening for
PAI-1 inhibition are known in the art. Such methods are set
out herein below. These methods should not be construed as
limiting because any methods known in the art are contem-
plated for use in the invention.

For example, U.S. Pat. No. 7,351,730 describes a method
of'screening for PAI-1 inhibition wherein test compounds are
dissolved in DMSO at a final concentration of 10 mM, then
diluted 100x in physiologic buffer. The inhibitory assay is
initiated by the addition of test compound (1-100 puM final
concentration, maximum DMSO concentration of 0.2%) in a
pH 6.6 buffer containing 140 nM recombinant human plas-
minogen activator inhibitor-1 (PAI-1; Molecular Innovations,
Royal Oak, Mich.). Following a 1 hour incubation at room
temperature, 70 nM of recombinant human tissue plasmino-
gen activator (tPA) is added, and the combination of test
compound, PAI-1 and tPA is incubated for an additional 30
minutes. Following the second incubation, Spectrozyme-tPA
(American Diagnostica, Greenwich, Conn.), a chromogenic
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substrate for tPA, is added and absorbance read at 405 nm at
0 and 60 minutes. Relative PAI-1 inhibition is equal to the
residual tPA activity in the presence of test compound and
PAI-1. Control treatments include the complete inhibition of
tPA by PAI-1 at the molar ratio employed (2:1), and the
absence of any effect of the test compound on tPA alone.

Assay for Determining IC,, of Inhibition of PAI-1

In addition to the assays described in the Examples,
another assay for determining PAI-1 inhibition is also
described in U.S. Pat. No. 7,351,730. Briefly, assay plates are
initially coated with human tPA (10 uM/ml). Test compounds
are dissolved in DMSO at 10 mM, then diluted with physi-
ologic buffer (pH 7.5) to a final concentration of 1-50 uM.
Test compounds are incubated with human PAI-1 (50 ng/ml)
for 15 minutes at room temperature. The tPA-coated plate is
washed with a solution of 0.05% Tween 20 and 0.1% BSA,
then the plate is blocked with a solution of 3% BSA. An
aliquot of the test compound/PAI-1 solution is then added to
the tPA-coated plate, incubated at room temperature for 1
hour, and washed. Active PAI-1 bound to the plate is assessed
by adding an aliquot of a 1:1000 dilution of the 33B8 mono-
clonal antibody against human PAI-1, and incubating the
plate at room temperature for 1 hour (Molecular Innovations,
Royal Oak, Mich.). The plate is again washed, and a solution
of goat anti-mouse IgG-alkaline phosphatase conjugate is
added at a 1:50,000 dilution in goat serum. The plate is
incubated 30 minutes at room temperature, washed, and a
solution of alkaline phosphatase substrate is added. The plate
is incubated 45 minutes at room temperature, and color devel-
opment is determined at OD,, s nm. The quantitation of active
PAI-1 bound to tPA at varying concentrations of test com-
pound is used to determine the ICs,. The IC,, is the half
maximal (50%) inhibitory concentration (IC) of a substance
(50% IC, or ICs,). Results are then analyzed using a logarith-
mic best-fit equation. The assay sensitivity is 5 ng/ml of
human PAI-1 as determined from a standard curve ranging
from 0-100 ng/ml.

Methods of Using PAI-1 Inhibitors

As mentioned herein above, it is contemplated that meth-
ods of the invention include increasing circulating HDL and/
or decreasing circulating VLDL in a subject comprising
administering a PAI-1 inhibitor. In one aspect, the subjectis a
mammal. In a preferred aspect, the mammalian subject is
human.

It is contemplated that such PAI-1 inhibitor compounds
and methods are useful in the treatment of acute diseases
associated with high PAI-1 levels, such as, but not limited to,
sepsis and myocardial infarction, compared to PAI-1 levels in
normal subjects known not to suffer from sepsis or myocar-
dial infarction. In addition, it is contemplated that such PAI-1
inhibitor compounds and methods are useful in the treatment
of'chronic diseases and conditions associated with high PAI-1
levels, such as, but not limited to, cancer, atherosclerosis,
insulin resistance, and type 2 diabetes, compared to PAI-1
levels in normal subjects known not to suffer from these
diseases or conditions. A PAI-1 inhibitor is contemplated to
be useful in the treatment of any condition wherein the low-
ering of PAI-1 levels will provide benefits. The PAI-1 inhibi-
tor is useful alone, or in combination with other compounds,
which may act as to promote the reduction of PAI-1 levels.
The present section provides a description of how the PAI-1
inhibitors of the invention may be therapeutically adminis-
tered to a subject in need thereof.

One of the therapeutic embodiments of the invention is the
provision, to a subject in need thereof, compositions compris-
ing one or more PAI-1 inhibitor. In one aspect, the PAI-1
inhibitor is isolated from a known compound or is chemically
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synthesized. In another aspect, the PAI-1 inhibitor formula-
tions for therapy in a subject is selected based on the route of
administration and in certain aspects includes liposome and
micelle formulations as well as classic pharmaceutical prepa-
rations.

The PAI-1 inhibitor is formulated into an appropriate
preparation and administered to one or more sites within the
subject in a therapeutically effective amount. In one embodi-
ment, the PAI-1 inhibitor-based therapy is effected via con-
tinuous or intermittent intravenous administration. In one
aspect, the PAI-1 inhibitor-based therapy is effected via con-
tinuous or intermittent intramuscular or subcutaneous admin-
istration. In another aspect, the PAl inhibitor-based therapy is
effected via oral or buccal administration. By “effective
amount” the invention refers to an amount of PAI-1 inhibitor
compound that is sufficient to support an observable change
in the level of one or more biological activities of PAI-1,
HDL, LDL, or VLDL and/or an observable change in an
indication for which the method of treatment is intended. The
change may be reduced level of PAI-1 activity. In one aspect,
the change is an increase in HDL and/or a reduction in LDL
and VLDL.

In various aspects, administration of the compositions is
systemic or local, and in still other aspects comprises a single
site injection of a therapeutically-effective amount of the
PAI-1 inhibitor composition. Any route known to those of
skill in the art for the administration of a therapeutic compo-
sition of the invention is contemplated including, for
example, intravenous, intramuscular, subcutaneous, oral, or a
catheter for long-term administration.

Alternatively, it is contemplated that the therapeutic com-
position is delivered to the patient at multiple sites. The mul-
tiple administrations is rendered simultaneously or is admin-
istered over a period of several hours. It is likewise
contemplated that the therapeutic composition is taken on a
regular basis via oral administration. In certain cases, it is
beneficial to provide a continuous flow of the therapeutic
composition. Additional therapy is administered on a period
basis, for example, daily, weekly, or monthly.

In addition to therapies based solely on the delivery of the
PAI-1 inhibitor composition, combination therapy is specifi-
cally contemplated. In the context of the invention, it is con-
templated that the PAI-1 inhibitor composition therapy is
used similarly in conjunction with other agents commonly
used for the treatment of elevated levels of PAI-1, LDL and
VLDL.

To achieve the appropriate therapeutic outcome, using the
methods and compositions of the invention, one would gen-
erally provide a composition comprising a PAI-1 inhibitor
and at least one other therapeutic agent (second therapeutic
agent). In one aspect of the invention, it is contemplated that
methods include administration or inclusion of at least one
additional factor or other drug. Such drugs include drugs used
to manage cardiovascular disease including, but not limited
to, cholesterol lowering drugs, such as statins, anti-inflam-
matories, and ACE inhibitors. Such drugs also include drugs
targeting neurological disorders including, but not limited to
drugs for targeting stroke, seizures, and Alzheimer’s Disease.
In another aspect, the additional drugs include, but are not
limited to, drugs targeting diabetes. These are all disorders
associated with elevated levels of PAI-1 and, therefore, it is
contemplated that combination therapy may be used with
PAI-1 inhibitors and other known therapies.

The combination therapy compositions are provided in a
combined amount effective to produce the desired therapeutic
outcome in the treatment of increased levels of PAI-1, VLDL,
or LDL and/or make a detectable change in an indication as
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described herein. This process involves administering the
PAI-1 inhibitor and the second agent(s) or factor(s) at the
same time. Methods thus include administering a single com-
position or pharmacological formulation that includes both
agents, or administering two distinct compositions or formu-
lations, at the same time, wherein one composition includes
the PAI-1 inhibitor therapeutic composition and the other
includes the second therapeutic agent.

Alternatively, the PAI-1 inhibitor treatment precedes or
follows the second therapeutic agent treatment by intervals
ranging from minutes to weeks. In embodiments where the
second therapeutic agent and the PAI-1 inhibitor are admin-
istered separately, one generally ensures that a significant
period of time did not expire between the times of each
delivery, such that the second therapeutic agent and the PAI-1
inhibitor are able to exert an advantageously combined effect.
Insuch instances, it is contemplated that one administers both
modalities within about 12-24 hours of each other, or alter-
nately, within about 6-12 hours of each other, or alternately,
with a delay time of only about 12 hours. In some situations,
it is desirable to extend the time period for treatment signifi-
cantly, however, where several days (2, 3, 4, 5, 6 or 7) to
several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the
respective administrations.

Systemic delivery of PAI-1 inhibitors to patients is a very
efficient method for delivering a therapeutically effective
amount of the compound to counteract the immediate clinical
manifestations of a disease. Alternatively, local delivery of
the PAI-1 inhibitor and/or the second therapeutic agent is
appropriate in certain circumstances. In a certain embodi-
ment, it is contemplated that the PAI-1 inhibitor is delivered to
a patient for an extended period of time. It is further contem-
plated that the PAI-1 inhibitor is taken throughout a patient’s
lifetime to lower PAI-1, VLDL and/or LDL levels.

Pharmaceutical Compositions

As mentioned herein above, the invention also compre-
hends methods using pharmaceutical compositions compris-
ing effective amounts of PAI-1 inhibitor together with phar-
maceutically acceptable diluents, preservatives, solubilizers,
emulsifiers, adjuvants and/or carriers useful in PAI-1 inhibi-
tor therapy. Such compositions include diluents of various
buffer content (e.g., Tris-HCI, acetate, phosphate), pH and
ionic strength; additives such as detergents and solubilizing
agents (e.g., Tween 80, Polysorbate 80), anti-oxidants (e.g.,
ascorbic acid, sodium metabisulfite), preservatives (e.g.,
thimersol, benzyl alcohol), and bulking substances (e.g., lac-
tose, mannitol); incorporation of the material into particulate
preparations of polymeric compounds, such as polylactic
acid, polyglycolic acid, etc., or in association with liposomes
or micelles. Such compositions will influence the physical
state, stability, rate of in vivo release, and rate of in vivo
clearance of the PAI-1 inhibitor. See, e.g., Remington’s Phar-
maceutical Sciences, 18th Ed. (1990) Mack Publishing Co.,
Easton, Pa., pages 1435-1712, which are herein incorporated
by reference.

Sterile liquid compositions include solutions, suspensions,
emulsions, syrups and elixirs. The compounds of this inven-
tion may be dissolved or suspended in the pharmaceutically
acceptable carrier, such as sterile water, sterile organic sol-
vent or a mixture of both. In one aspect, the liquid carrier is
one suitable for parental injection. Where the compounds are
sufficiently soluble they can be dissolved directly in normal
saline with or without the use of suitable organic solvents,
such as propylene glycol or polyethylene glycol. If desired,
dispersions of the finely divided compounds can be made-up
in aqueous starch or sodium carboxymethyl cellulose solu-
tion, or in a suitable oil, such as arachis oil. Liquid pharma-
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ceutical compositions, which are sterile solutions or suspen-
sions, can be utilized by intramuscular, intraperitoneal or
subcutaneous injection. In many instances a liquid composi-
tion form may be used instead of the preferred solid oral
method of administration.

It is preferred to prepare unit dosage forms of the com-
pounds for standard administration regimens. In this way, the
composition can be subdivided readily into smaller doses at
the physician’s direction. For example, unit dosages may be
made up in packeted powders, vials or ampoules and, in one
aspect, in capsule or tablet form. The active compound
present in these unit dosage forms of the composition may be
present in an amount of from about one gram to about fifteen
grams or more, for single or multiple daily administration,
according to the particular need of the patient. The daily dose
of active compound will vary depending upon the route of
administration, the size, age and sex of the patient, the sever-
ity of the disease state, and the response to the therapy as
traced by blood analysis and the patient’s recovery rate.

The precise dosage to be employed depends upon several
factors including the host, whether in veterinary medicine or
human medicine, the nature and severity of the condition
being treated, the mode of administration and the particular
active substance employed. The compounds may be admin-
istered by any conventional route, in particular enterally, and,
in one aspect, orally in the form of tablets or capsules. Admin-
istered compounds can be in the free form or pharmaceuti-
cally acceptable salt form as appropriate, for use as a phar-
maceutical, particularly for use in the prophylactic or curative
treatment of atherosclerosis and sequelae (angina pectoris,
myocardial infarction, arrhythmias, heart failure, kidney fail-
ure, stroke, peripheral arterial occlusion, and related disease
states). These measures will slow the rate of progress of the
disease state and assist the body in reversing the process
direction in a natural manner.

PAI-1 inhibitors or derivatives thereof may be formulated
for injection, or oral, nasal, pulmonary, topical, or other types
of'administration as one skilled in the art will recognize. The
formulation may be liquid or may be solid, such as lyo-
philized, for reconstitution.

PAI-1 inhibitor or derivatives thereof are useful in the
treatment of any of the acute or chronic diseases associated
with increased levels of PAI-1, LDL, or VLDL. Thus, the
present methods may be useful for the treatment of such
conditions. Conditions alleviated or modulated by the admin-
istration of PAI-1 inhibitor are typically those characterized
by increased levels of VLDL and LDL. Such conditions may
be induced as a course of therapy for other purposes, such as
chemotherapy or radiation therapy. It is contemplated that
such conditions may result from genetic inheritance or be the
side effect of another condition or medication.

The phrase “pharmaceutically or pharmacologically
acceptable” refers to molecular entities and compositions that
do not produce adverse, allergic, or other untoward reactions
when administered to an animal or a human. As used herein,
“pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and anti-
fungal agents, isotonic and absorption delaying agents and
the like. The use of such media and agents for pharmaceuti-
cally active substances is well-known in the art. Except inso-
far as any conventional media or agent is incompatible with
the vectors or cells of the invention, its use in therapeutic
compositions is contemplated. Supplementary active ingre-
dients also can be incorporated into the compositions.

The active compositions used in the methods of the inven-
tion include classic pharmaceutical preparations. Administra-
tion of these compositions according to the invention will be
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via any common route so long as the target tissue is available
via that route. The pharmaceutical compositions may be
introduced into the subject by any conventional method, e.g.,
by intravenous, intradermal, intramuscular, intramammary,
intraperitoneal, intrathecal, retrobulbar, intrapulmonary (e.g.,
term release); by oral, sublingual, nasal, anal, vaginal, or
transdermal delivery, or by surgical implantation at a particu-
lar site. The treatment may consist of a single dose or a
plurality of doses over a period of time.

The active compounds may be prepared for administration
as solutions of free base or pharmacologically acceptable
salts in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions also can be prepared in
glycerol, liquid polyethylene glycols, and mixtures thereof
and in oils. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the
growth of microorganisms.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject-
able solutions or dispersions. In all cases, the form must be
sterile and must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, pro-
pylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and vegetable oils. The proper flu-
idity can be maintained, for example, by the use of a coating,
such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The
prevention of the action of microorganisms can be brought
about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it will be preferable to
include isotonic agents (for example, sugars or sodium chlo-
ride). Prolonged absorption of the injectable compositions
can be brought about by the use in the compositions of agents
delaying absorption (for example, aluminum monostearate
and gelatin).

Sterile injectable solutions are prepared by incorporating
the active compounds in the required amount in the appropri-
ate solvent with several of the other ingredients enumerated
above, as required, followed by filtered sterilization. Gener-
ally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle that contains
the basic dispersion medium and the required other ingredi-
ents from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum-drying and
freeze-drying techniques that yield a powder of the active
ingredient plus any additional desired ingredient from a pre-
viously sterile-filtered solution thereof.

As used herein, “pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and
agents for pharmaceutical active substances is well-known in
the art. Except insofar as any conventional media or agent is
incompatible with the active ingredient, its use in the thera-
peutic compositions is contemplated. Supplementary active
ingredients also can be incorporated into the compositions.

For oral administration of the compositions used in the
methods of the invention, a PAI-1 inhibitor may be incorpo-
rated with excipients and used in the form of non-ingestible
mouthwashes and dentifrices. A mouthwash may be prepared
incorporating the active ingredient in the required amount in
an appropriate solvent, such as a sodium borate solution (Do-
bell’s Solution). Alternatively, the active ingredient may be
incorporated into an antiseptic wash containing sodium
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borate, glycerin and potassium bicarbonate. The active ingre-
dient may also be dispersed in dentifrices, including: gels,
pastes, powders and slurries. The active ingredient may be
added in a therapeutically effective amount to a paste denti-
frice that may include water, binders, abrasives, flavoring
agents, foaming agents, and humectants.

The compositions used in the methods ofthe invention may
be formulated in a neutral or salt form. Pharmaceutically-
acceptable salts include the acid addition salts (formed with
the free amino groups of the protein) and which are formed
with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups also can be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, cal-
cium, or ferric hydroxides, and such organic bases as isopro-
pylamine, trimethylamine, histidine, procaine and the like.

The compositions used in the methods ofthe invention may
be formulated in micelles or liposomes. Such formulations
include sterically stabilized micelles or liposomes and steri-
cally stabilized mixed micelles or liposomes. Such formula-
tions can facilitate intracellular delivery, since lipid bilayers
of liposomes and micelles are known to fuse with the plasma
membrane of cells and deliver entrapped contents into the
intracellular compartment.

Upon formulation, solutions will be administered in a man-
ner compatible with the dosage formulation and in such
amount as is therapeutically effective. The formulations are
easily administered in a variety of dosage forms such as
injectable solutions, drug release capsules and the like. For
parenteral administration in an aqueous solution, for
example, the solution should be suitably buffered if necessary
and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcutane-
ous and intraperitoneal administration.

Generally, an effective amount of a PAI-1 inhibitor, or
derivatives thereof, will be determined by the age, weight, and
condition or severity of disease of the recipient. See, Rem-
ington’s Pharmaceutical Sciences, supra, pages 697-773,
herein incorporated by reference. Typically, a dosage of
between about 0.001 pg/kg body weight/day to about 1000
ng/kg body weight/day, may be used, but more or less, as a
skilled practitioner will recognize, may be used. Dosing may
be one or more times daily, or less frequently, and may be in
conjunction with other compositions as described herein. It
should be noted that the invention is not limited to the dosages
recited herein.

By initiating the treatment regimen with a minimal daily
dose of about one gram, the blood levels of PAI-1 and the
patient’s symptomatic relief analysis may be used to deter-
mine whether a larger dose is indicated. One skilled in the art
will appreciate that the appropriate dosage levels for treat-
ment will thus vary depending, in part, upon the molecule
delivered, the indication for which the PAI-1 inhibitor com-
pound is being used, the route of administration, and the size
(body weight, body surface or organ size) and condition (the
age and general health) of the patient. Accordingly, the clini-
cian may titer the dosage and modify the route of administra-
tion to obtain the optimal therapeutic effect. A typical dosage
may range from about 0.1 pg/kg to up to about 100 mg/kg or
more, depending on the factors mentioned above. In other
embodiments, the dosage may range from 0.1 pg/kg up to
about 100 mg/kg; or 1 pg/kg up to about 100 mg/kg; or 5
ng/kg up to about 100 mg/kg.

“Unit dose” is defined as a discrete amount of a therapeutic
composition dispersed in a suitable carrier. Parenteral admin-
istration may be carried out with an initial bolus followed by
continuous infusion to maintain therapeutic circulating levels
of' drug product. Those of ordinary skill in the art will readily
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optimize effective dosages and administration regimens as
determined by good medical practice and the clinical condi-
tion of the individual patient.

The frequency of dosing will depend on the pharmacoki-
netic parameters of the agents and the routes of administra-
tion. The optimal pharmaceutical formulation will be deter-
mined by one of skill in the art depending on the route of
administration and the desired dosage. See, for example,
Remington’s Pharmaceutical Sciences, supra, pages 1435-
1712, incorporated herein by reference. Such formulations
may influence the physical state, stability, rate of in vivo
release and rate of in vivo clearance of the administered
agents. Depending on the route of administration, a suitable
dose may be calculated according to body weight, body sur-
face areas or organ size. Further refinement of the calculations
necessary to determine the appropriate treatment dose is rou-
tinely made by those of ordinary skill in the art without undue
experimentation, especially in light of the dosage information
and assays disclosed herein, as well as the pharmacokinetic
data observed in animals or human clinical trials.

Appropriate dosages may be ascertained through the use of
established assays for determining level of myocardial infarct
in conjunction with relevant dose-response data. The final
dosage regimen will be determined by the attending physi-
cian, considering factors that modify the action of drugs, e.g.,
the drug’s specific activity, severity of the damage and the
responsiveness of the patient, the age, condition, body
weight, sex and diet of the patient, the severity of any infec-
tion, time of administration and other clinical factors. As
studies are conducted, further information will emerge
regarding appropriate dosage levels and duration of treat-
ment.

It will be appreciated that the pharmaceutical compositions
and treatment methods of the invention are useful in fields of
human medicine and veterinary medicine. Thus the subject to
be treated is in one aspect a mammal. In another aspect, the
mammal is a human.

In addition, the invention contemplates a kit containing
components comprising a composition comprising a PAI-1
inhibitor; and optionally, at least one additional factor useful
in the treatment of the acute and chronic diseases and condi-
tions discussed herein.

Lipoproteins, Cholesterol, and Lipid Metabolism

The invention includes the use of PAI-1 compounds to
modulate lipid metabolism and treat high cholesterol associ-
ated with an increased level of PAI-1. Therefore, the present
section provides a brief summary of what is known about
cholesterol and cholesterol regulation in the body to the
extent that such a summary will facilitate a better understand-
ing of the compounds and methods of the present invention.

Very-low-density lipoprotein (VLDL) cholesterol is one of
the three major types of blood cholesterol combined with
protein. The other two are high-density lipoprotein (HDL)
cholesterol and low-density lipoprotein (LDL) cholesterol.
Each type contains a specific combination of cholesterol,
protein and triglyceride, a blood fat. VLDL cholesterol con-
tains the highest amount of triglyceride.

VLDL is assembled in the liver from cholesterol and apo-
lipoproteins and is converted in the bloodstream to LDL.
VLDL particles have a diameter of 30-80 nm. VLDL trans-
ports endogenous triglycerides, phospholipids, cholesterol
and cholesteryl esters, and functions as the body’s internal
transport mechanism for lipids. VLDL cholesterol is often
referred to as “bad” cholesterol because elevated levels are
associated with an increased risk of coronary artery disease
and have been correlated with accelerated rates of atheroscle-
rosis. There is no simple, direct way to measure VL.DL cho-
lesterol, so it is usually calculated as a percentage of triglyc-
eride levels. As triglyceride levels are reduced, so are VLDL
levels. Foods that are high in glycemic index tend to stimulate
VLDL cholesterol production.
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The VLDL receptor (VLDL-R) is a lipoprotein receptor
that shows considerable similarity to the low-density-lipo-
protein receptor (LDL-R). VLDL-R binds apolipoprotein E
(ApoE) but not ApoB, and is expressed in fatty acid active
tissues (heart, muscle, adipose) and macrophages abundantly.
Lipoprotein lipase (L.PL) modulates the binding of triglycer-
ide (TG)-rich lipoprotein particles to VLDL-R and, in con-
trastto LDL-R, VLDL-R expression is not down-regulated by
lipoproteins (Takahashi et al., Molec. & Cell. Biochem. 248:
121-127, 2003).

HDL cholesterol is often referred to as “good” cholesterol
because it helps the body get rid of “bad” LDL cholesterol by
carrying it back to the liver, where it can be recycled or
incorporated into the bile and eventually excreted from the
body. This mechanism is how HDL may help prevent choles-
terol from building up in the arteries. The observation, as
described herein, that both genetic and pharmacologic reduc-
tion of PAI-1 increases plasma HDL levels suggests that one
potential lipid metabolic pathway where PAI-1 may play a
role is reverse cholesterol transport (RCT).

RCT is a pathway by which accumulated cholesterol is
transported from the vessel wall to the liver for excretion, thus
preventing atherosclerosis. Major constituents of RCT
include acceptors such as high-density lipoprotein (HDL) and
apolipoprotein A-I (apoA-I), and enzymes such as lecithin:
cholesterol acyltransferase (LCAT), phospholipid transfer
protein (PLTP), hepatic lipase (HL) and cholesterol ester
transfer protein (CETP) (Ohashi et al., Q. J. Med. 98:845-
856, 2005). A critical part of RCT is cholesterol efflux, in
which accumulated cholesterol is removed from macroph-
ages in the subintima of the vessel wall by ATP-binding
membrane cassette transporter Al (ABCA1) or by other
mechanisms, including passive diffusion, scavenger receptor
B1 (SR-B1), caveolins and sterol 27-hydroxylase, and col-
lected by HDL and apoA-I (Ohashi et al., supra). Esterified
cholesterol in the HDL is then delivered to the liver for excre-
tion.

Levels of HDL are inversely correlated with incidences of
cardiovascular disease. Supplementation with HDL or
apoA-I can reverse atherosclerosis by accelerating RCT and
cholesterol efflux (Ohashi et al., supra). RCT and cholesterol
efflux play a major role in anti-atherogenesis, and modifica-
tion of these processes may provide new therapeutic
approaches to cardiovascular disease.

Furthermore, the inverse relationship between PAI-1 and
HDL is similar to the inverse relationship between PAI-1 and
vascular health, i.e., higher PAI-1 levels are associated with
cardiovascular disease, whereas mice lacking PAI-1 are pro-
tected from the development of atherosclerosis (Vaughan, J.
Thromb. Haemost. 3:1879-1883, 2005). Therefore, PAI-1
may play a role in the regulation of RCT.

In obesity and atherosclerosis, two cell types that are
thought to have reduced RCT and, therefore, retain choles-
terol, are macrophages and adipocytes. Remarkably, both
macrophages and adipose tissue are also two primary sources
of PAI-1 synthesis in obesity and atherosclerosis (Alessi et
al., Diabetes 46:860-867, 1997; Lundgren et al., Circulation
93:106-110, 1996; Renckens et al., J. Thromb. Haemost.
3:1018-1025, 2005). Macrophages are particularly important
in the development of vascular disease since inflammation
plays a critical role in atherogenesis (Ross, N. Engl. J. Med.
340:115-126, 1999). During the development of atheroscle-
rosis, monocytes are thought to enter the vascular wall in
response to inflammatory stimuli where they accumulate as
macrophages and avidly take up modified lipoproteins to
become fat-laden cells referred to as foam cells. Foam cells
in-turn are thought to express growth factors that promote
smooth muscle cell proliferation, proteases that promote
matrix remodeling and cytokines that promote further inflam-
mation (Ross, supra). Thus, the association of high PAI-1
levels with vascular disease, along with the inverse correla-
tions between PAI-1 levels and plasma HDL, and between



US 9,120,744 B2

131

increased PAI-1 synthesis and reduced RCT in macrophages
and adipocytes led to the hypothesis that PAI-1 regulates
HDL and VLDL interactions with macrophages and/or adi-
pocytes, which leads to lower levels of plasma HDL and
reduced RCT.

Like VLDL cholesterol, LDL cholesterol is considered
“bad” cholesterol. LDL cholesterol belongs to the lipoprotein
particle family. LDL is approximately 22 nm and its mass is
about 3 million daltons; but, because LDL particles contain a
changing number of fatty acids, they actually have a mass and
size distribution. Each native LDL particle contains a single
ApoB-100 molecule (a protein with 4536 amino acid resi-
dues) that circles the fatty acids, keeping them soluble in the
aqueous environment. In addition, LDL has a highly hydro-
phobic core consisting of a polyunsaturated fatty acid known
as linoleate and about 1500 esterified cholesterol molecules.
This core is surrounded by a shell of phospholipids and unes-
terified cholesterol as well as a single copy of B-100 large
protein (514 kDa). LDL transports cholesterol and triglycer-
ides from the liver to peripheral tissues and regulates choles-
terol synthesis at these sites.

When a cell requires cholesterol, the cell synthesizes the
necessary LDL receptors (LDL-R), and inserts them into the
plasma membrane. LDL-R diffuse freely until they associate
with clathrin-coated pits. LDL particles in the blood stream
bind to these extracellular LDL-R. The clathrin-coated pits
then form vesicles that are endocytosed into the cell. After the
clathrin coat is shed, the vesicles deliver the LDL and LDL-R
to early endosomes, onto late endosomes to lysosomes. Here
the cholesterol esters in the LDL are hydrolysed. LDL-R are
recycled back to the plasma membrane.

Because a reduction or complete ablation of PAI-1 in vivo
results in increased HDL plasma levels, it was hypothesized
that one potential lipid metabolic pathway where PAI-1 may
be acting is in the regulation of reverse cholesterol transport
(RCT). RCT removes cholesterol from the peripheral tissues
via HDL and delivers it to the liver. This process is necessary
to maintain steady-state cholesterol homeostasis, and the
relationship between reduced RCT and atherosclerosis is well
established (Cuchel et al., Circ. 113:2548-2555, 2006).

In obesity and atherosclerosis, two cell types that are
thought to have reduced RCT and thus retain cholesterol, are
macrophages and adipocytes. Remarkably, both macroph-
ages and adipose tissue are also two primary sources of PAI-1
synthesis in obesity and atherosclerosis (Alessi et al., Diabe-
tes, 46:860-867, 1997; Lundgren et al., Circ., 93:106-110,
1996; Renckens et al., J. Thromb. Haemost., 3:1018-1025,
2005). Macrophages are particularly important in the devel-
opment of vascular disease since inflammation plays a critical
role in atherogenesis (Ross, N. Engl. J. Med., 340:115-126,
1999). During the development of atherosclerosis, mono-
cytes are thought to enter the vascular wall in response to
inflammatory stimuli where they accumulate as macrophages
and avidly take up modified lipoproteins to become fat-laden
cells referred to as foam cells. Foam cells in-turn are thought
to express growth factors that promote smooth muscle cell
proliferation, proteases that promote matrix remodeling and
cytokines that promote further inflammation (Ross, supra).
Taken together, the association of high PAI-1 levels with
vascular disease, along with the inverse correlations between
PAI-1 levels and plasma HDL, and between increased PAI-1
synthesis and RCT in macrophages and adipocytes suggests
that PAI-1 regulates HDL and VLDL interactions with mac-
rophages and/or adipocytes, which in turn leads to lower
levels of plasma HDL and reduced RCT. Thus, the studies
described herein identify and characterized the specific
molecular interactions between PAI-1 and lipoproteins and/
or cells involved in RCT.

In addition, the inverse relationship between PAI-1 and
HDL is similar to the inverse relationship between PAI-1 and
vascular health, i.e., higher levels of PAI-1 are associated with
cardiovascular disease, whereas mice lacking PAI-1 are pro-
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tected from the development of atherosclerosis (Vaughan et
al., J. Thromb. Haemost. 3:1879-1883, 2005).

Thus, the invention includes the characterization of spe-
cific molecular interactions between PAI-1 and lipoprotein
particles or cells involved in RCT, including, but not limited
to, examination of the binding of PAI-1 to different protein
components of the VLDL and HDL lipoprotein particles,
including ApoA-I and ApoE, measuring the ability of PAI-1
to modulate HDL and VLDL binding to different receptors
and enzymes involved in lipid metabolism, and characteriz-
ing the effects of PAI-1 on HDL and VLDL uptake by mac-
rophages and adipocytes. In addition, lipid metabolism was
examined in mice with different factors of the PA-system
either knocked-out, or with specific PAI-1 knock-in muta-
tions that ablate single PAI-1 functions.

Uses of Compounds of the Invention in the Treatment of
Disease

The invention includes the use of compounds of the inven-
tion for the production of a medicament for the treatment or
prevention of any condition or disease discussed herein.

The compounds of the invention are inhibitors of the serine
protease inhibitor PAI-1, and are therefore useful in the treat-
ment or prophylaxis of those processes which involve the
production and/or action of PAI-1. Thus, the compounds of
the invention are useful in the regulation of lipid metabolism
as described herein. In one aspect, the compounds of the
invention are useful in treating high cholesterol and diseases
associated with elevated levels of PAI-1. In another aspect,
the compounds of the invention are useful in treating elevated
levels of VLDL or LDL. In another aspect, the compounds of
the invention are useful in elevating HDL..

In one aspect, the invention includes the uses of these
inhibitors for the treatment of many conditions, diseases or
disorders associated with PAI-1 activity. Such conditions or
disorders include, but are not limited to, inflammation, cell
migration and migration-driven proliferation of cells, and
angiogenesis or thrombosis. Such inhibitors are also contem-
plated to be useful for modulation of endogenous fibrinolysis,
and in conjunction with pharmacologic thrombolysis.

The compounds of the invention are useful in the treatment
or prevention of insulin resistance, obesity, non-insulin
dependent diabetes mellitus, cardiovascular disease, throm-
botic events associated with coronary artery and cerebrovas-
cular disease. The compounds of the invention are also useful
for inhibiting the disease process involving the thrombotic
and prothrombotic states which include, but are not limited to,
formation of atherosclerotic plaques, venous and arterial
thrombosis, myocardial ischemia, atrial fibrillation, deep
vein thrombosis, coagulation syndromes, pulmonary throm-
bosis, cerebral thrombosis, thromboembolic complications
of surgery (such as joint replacement), and peripheral arterial
occlusion. These compounds are also useful in treating stroke
associated with or resulting from atrial fibrillation.

The compounds of the invention are also used in the treat-
ment or prophylaxis of high cholesterol and diseases associ-
ated with such a condition.

The compounds of the invention may also be used in the
treatment of diseases associated with extracellular matrix
accumulation, including, but not limited to, renal fibrosis,
chronic obstructive pulmonary disease, polycystic ovary syn-
drome, restenosis, renovascular disease and organ transplant
rejection.

The compounds of the invention may also be used in the
treatment of malignancies, and diseases associated with
neoangiogenesis (such as diabetic retinopathy).

The compounds in the invention may also be used in con-
junction with and following processes or procedures involv-
ing maintaining blood vessel patency, including vascular sur-
gery, vascular graft and stent patency, organ, tissue and cell
implantation and transplantation.

The compounds of the invention may also be used in the
treatment of Alzheimer’s disease. This method may also be
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characterized as the inhibition of plasminogen activator by
PAI-1 in a mammal, particularly a human, experiencing or
subject to Alzheimer’s disease. This method may also be
characterized as a method of increasing or normalizing levels
of plasmin concentration in a mammal, particularly those
experiencing or subject to Alzheimer’s disease.

The compounds of the invention may be used for the treat-
ment of myelofibrosis with myeloid metaplasia by regulating
stromal cell hyperplasia and increases in extracellular matrix
proteins.

The compounds of the invention may also be used in con-
junction with protease inhibitor-containing highly active anti-
retroviral therapy (HAART) for the treatment of diseases
which originate from fibrinolytic impairment and hyperco-
agulability of HIV-1 infected patients receiving such therapy.

The compounds of the invention may be used for the treat-
ment of diabetic nephropathy and renal dialysis associated
with nephropathy.

The compounds of the invention may be used to treat
cancer, septicemia, proliferative diseases such as psoriasis,
improving coagulation homeostasis, cerebrovascular dis-
eases, microvascular disease, hypertension, dementia, ath-
erosclerosis, osteoporosis, arthritis, asthma, heart failure,
arrhythmia, angina, and as a hormone replacement agent,
treating, preventing or reversing progression of atherosclero-
sis, Alzheimer’s disease, osteoporosis, osteopenia; reducing
inflammatory markers, fibrinolytic disorder, reducing C-re-
active protein, or preventing or treating low grade vascular
inflammation, stroke, dementia, coronary heart disease, pri-
mary and secondary prevention of myocardial infarction,
stable and unstable angina, primary prevention of coronary
events, secondary prevention of cardiovascular events,
peripheral vascular disease, peripheral arterial disease, acute
vascular syndromes, deep vein thrombosis, pulmonary embo-
lism, reducing the risk of undergoing a myocardial revascu-
larization procedure, microvascular diseases such as nephr-
opathy, neuropathy, retinopathy and nephrotic syndrome,
hypertension, Type 1 and 2 diabetes and related diseases,
obesity, insulin resistance, hyperglycemia, hyperinsulinemia,
malignant lesions, premalignant lesions, gastrointestinal
malignancies, liposarcomas and epithelial tumors, prolifera-
tive diseases such as psoriasis, improving coagulation
homeostasis, and/or improving endothelial function, and all
forms of cerebrovascular diseases.

The compounds of the invention may be used for the topi-
cal applications in wound healing for prevention of scarring.

The compounds in the invention can be used in the treat-
ment of inflammatory diseases, septic shock and the vascular
damage associated with infections and for the treatment of
blood and blood products used in dialysis, blood storage in
the fluid phase, especially ex vivo platelet aggregation. The
compounds in the present invention may also be used in
combination with prothrombolytic, fibrinolytic and antico-
agulant agents. The present compounds may also be added to
human plasma during the analysis of blood chemistry in
hospital settings to determine the fibrinolytic capacity
thereof.

This invention further comprises methods for treating, pre-
venting, ameliorating or inhibiting each of the maladies men-
tioned herein in a mammal, in one aspect, in a human, the
method(s) each comprising administering to a mammal in
need of such treatment, prevention, amelioration or inhibition
a pharmaceutically or therapeutically effective amount of a
compound of this invention, or a pharmaceutically acceptable
salt, ester, or prodrug form thereof.

The compounds of the present invention may also be used
to treat cancer including, but not limited to, breast and ovarian
cancer, and as imaging agents for the identification of meta-
static cancers.

It will be understood that a pharmaceutically or therapeu-
tically effective amount of a compound herein refers to an
amount of the compound in question which will sufficiently
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inhibit the serine protease inhibitor PAI-1 in the mammal in
need thereof to a sufficient extent to provide a desirable
improvement in the condition in question or provide suffi-
cient inhibition of the serine protease inhibitor PAI-1 to pre-
vent, inhibit or limit the onset of the physiological basis for
the malady or condition in question.

EXAMPLES

The invention is described in more detail with reference to
the following non-limiting examples, which are offered to
more fully illustrate the invention, but are not to be construed
as limiting the scope thereof. Those of skill in the art will
understand that the techniques described in these examples
represent techniques described by the inventors to function
well in the practice of the invention, and as such constitute
preferred modes for the practice thereof. However, it should
be appreciated that those of skill in the art should in light of
the present disclosure, appreciate that many changes can be
made in the specific methods that are disclosed and still obtain
a like or similar result without departing from the spirit and
scope of the invention.

Example 1

PAI-1 is Involved in Lipid Metabolism

To determine whether PAI-1 is involved in lipid metabo-
lism, plasma lipid profiles were compared between wild-type
C57BL/6] mice, and PAI-1 null (PAI-17"~) C57BL/6] mice
fed a standard mouse chow (#5001, Harlan Teklad, India-
napolis, Ind.). Citrated plasma was collected and analyzed for
total cholesterol and triglycerides by enzymatic assay for
individual lipoproteins by HPLC.

There was a highly significant increase in total cholesterol
in mice lacking PAI-1 compared to the wild-type control mice
on the same diet, with cholesterol rising an average 0f38% in
PAI-1 null mice, from 46 mg/dl to 63 mg/dl. This increase in
cholesterol was primarily due to a significant increase in
HDL, which increased from an average of 37 mg/dl in the
wild-type mice to 49 mg/dl in the PAI-1 null mice. There was
a modest but significant increase in L.DL, and modest but not
significant increases in VLRL and triglycerides in the PAI-1
null mice. Taken together, these data indicate that PAI-1 has a
role in the regulation of normal lipid metabolism.

Example 2

The Identification of Novel High Affinity Small
Molecule PAI-1 Inactivating Compounds

Because the pharmacological inactivation of PAI-1 is a
useful strategy for raising plasma HDL levels, the identifica-
tion of compounds that inactivate PAI-1 is important for
treating high cholesterol and understanding the mechanism of
PAI-1 inactivation and the role of PAI-1 in lipid metabolism.
As set out previously herein, PAI-039 (tiplaxtinin) has limi-
tations as a PAI-1 inactivating compound. Specifically, its
affinity for PAI-1 is relatively low (~10-20 uM), and PAI-039
does not inhibit vitronectin bound PAI-1. Therefore, methods
for the identification of novel PAI-1 inactivating compounds
were carried out.

These experiments were carried out at the High Through-
put Screening (HTS) facility of the Center for Chemical
Genomics (CCG) at the University of Michigan. The HTS
facility allows high-throughput screening of chemical librar-
ies, and currently has a compound collection of over 53,000
pure compounds as well as 1,300 natural product extracts
available for screening. The HTS facility has carried out 14
screens to date using a range of assay formats and screening
methodologies. Biochemical screens include either fluoro-
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metric or FRET detection of the activity of several proteases
(furin and a viral protease), fluorescent guanine nucleotide
binding, protein-protein interactions, and protein-DNA inter-
actions.

The screen used in the invention was similar to the screen
used to identify PAI-039 (Elokdah et al., J. Med. Chem.
47:3491-3494, 2004) and another PAI-1 inactivator (Crandall
et al., J. Thromb. Haemost. 2:1422-1428, 2004), but with
modifications to enhance the identification of compounds
with greater binding affinity. In the screen used to identify
PAI-039, a chromogenic assay was used and compound con-
centrations were 10-100 uM final concentration. PAI-1 was
screened at 140 nM with 70 nM t-PA, and relative PAI-1
inhibitory activity was determined by the restoration of tPA
activity. This 2:1 molar ratio of PAI-1 to tPA ensured that only
drugs which inactivated more than 50% of the PAI-1 in the
screen would be identified, thus enhancing the stringency of
the screen.

The screen in the present experiments described herein
likewise used a 2:1 molar ratio of PAI-1 to PA, but used uPA
in place of tPA. Urokinase PA was chosen because uPA is
significantly more active than tPA with low molecular weight
substrates. Therefore, significantly lower concentrations of
uPA and PAI-1 were needed in the screen. Lower concentra-
tions of candidate compounds were then screened at a final
concentration of 10 uM. These modifications improved the
probability of identifying compounds that interact with PAI-1
with greater affinity than PAI-039. The statistical criteria of 3
standard deviations above the control was used to identify
possible “hits” or candidate compounds.

Initially, the screening assay was carried out in a 96-well
plate format. In the Center for Chemical Genomics (CCG)
Lab, the screening assay was adapted to 384-well plates for
screening. Briefly, 10 pulL of 100 nM recombinant active
human PAI-1 was incubated for 15 min at room temperature,
either with or without 10 pM of each candidate compound in
avolume of 90 ul, 10 mM HEPES, 150 mM NaCl and 0.005%
Tween-20 buffer, pH 7.4, containing 1% DMSO. A 10 ul.
aliquot of 50 nM uPA solution was then added (final 5 nM) to
each reaction well, and incubated for an additional 15 min at
37°C.

The proteolytic reactions were initiated by the addition of
100 uLlL of pGlu-Gly-Arg p-nitroanilide chromogenic uPA
substrate (Sigma) to each reaction mixture. After 60 minutes,
the kinetics of p-nitroanilide release in the course of peptide
cleavage by uPA was monitored spectrophotometrically at
405 nm for 10 min with a microplate reader, and the residual
inhibitory activity of PAI-1 after treatment was expressed as
a percentage of initial activity of untreated PAI-1 (100%).
Control treatments were carried out to ensure the complete
inhibition of uPA by PAI-1 at the 2:1 molar ratio utilized, and
also to insure the absence of any effect of the compounds on
the uPA alone. PAI-039 was used as a positive control for
PAI-1 inactivation.

Afterthe screens were carried out, the data was uploaded to
the CCG informatics system for hit picking and candidate
compounds that elicited a 50% or greater reduction in PAI-1
activity were selected for further confirmation (this is equiva-
lent to a 75% inhibition of PAI-1 because PAI-1 is screened at
a 2:1 molar excess over uPA). Based on previous work with
the CCG library, a hit-rate between 0.2 and 2% was expected.
Hits were confirmed by dose response testing in duplicate.
Priority for this dose-response confirmation step was given to
compounds that have previously shown minimal activity in
screens done against other targets. After IC,, values were
defined, the most potent hits were selected for further follow-
up and synthetic optimization.

A positive hit is then tested for a higher affinity for PAI-1
than PAI-039 or for a lower 1C;,, for PAI-1 than PAI-039. The
stringency of the screen can be increased by switching to a
fluorometric method of screening with the substrate Glutaryl-
Gly-Arg-AMC (Bachem). This substrate is reported to react
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with pM concentrations of uPA (Butenas et al., Thromb.
Haemost. 78:1193-1201, 1997) and thus, should permit the
use of lower concentrations PAI-1 (down to 2 nM) and uPA
(down to 1 nM), and lower concentrations of the candidate
compounds (to 1 pM) in the screen. This sensitive method
may also be particularly useful for screening the natural com-
pound library that is available through the CCG as discussed
herein. The CCG compound library contains fractionated
extracts of microorganisms isolated from marine environ-
ments. Since each extract potentially contains many natural
compounds, it is a possibility that a highly sensitive screen
carried out with this library will have a greater potential to
identify extracts containing high affinity but low abundance
compounds. In various aspects, compounds were further
tested by dose response analysis and then subjected to further
study including SDS-PAGE analysis of complex formation
between PAI-1 and uPA. SDS-PAGE tests a compound’s
ability to block complex formation between PAI-1 and PA. In
SDS-PAGE, each compound is incubated with either uPA or
tPA and the formation of SDS-stable complexes are moni-
tored by SDS-PAGE. The concentrations of PAI-1 and PAs
are the same as those used in the enzyme assays, and compa-
rable ICy,s are observed between the two techniques.

After candidate compounds with significant activity
against PAI-1 were identified, an initial round of synthetic
optimization was carried out on the top four candidates. Con-
current with optimization, the mechanism of action of each
parent compound was then characterized by the same tech-
niques that were used for characterizing PAI-039. Each of the
parent compounds was also tested in vivo for activity against
PAI-1 protease inhibitor activity and for their ability to modu-
late lipid profiles in mice. These compounds of the invention
are particularly useful for their ability to raise plasma HDL,
and provide further insight into the mechanism of action of
PAI-1 with lipid metabolic pathways.

Recombinant active human PAI-1 (final concentration 10
nM) was incubated for 60 minutes at room temperature either
with or without 10 uM of each candidate compound (potential
PAI-1 inhibitor) in a 384-well microtiter plate. Urokinase PA
(final concentration 5 nM) was added to each reaction well
and incubated for an additional 30 minutes at room tempera-
ture. Urokinase PA activity in each reaction mixture was
determined with pGlu-Gly-Arg p-nitroanilide chromogenic
substrate (final concentration 0.025 mM). The extent of p-ni-
troanilide release by uPA was measured spectrophotometri-
cally at 405 nm after 60 minutes.

Compounds that inactivated PAI-1 were identified by the
restoration of uPA activity following incubation of a com-
pound with PAI-1. The extent of uPA restoration was deter-
mined by comparing each well containing candidate com-
pound with wells containing untreated PAI-1 (100% PAI-1
activity) and to wells with uPA only (0% PAI-1 activity). The
data were then uploaded to the CCG informatics system and
positive hits were identified. A positive hit was determined to
be any compound that increased uPA activity by more than 3
standard deviations above control wells with untreated PAI-1.
From these data, a total of twenty-three candidate compounds
were selected as positive hits from the initial screen. See Table
2.

TABLE 2

Compound Screening Strategy
Center for Chemical Genomics Compound Screen

Library MS2000 Natural Products
Screened 2000 1500
Hits 23 30
Hits after re-screen 19 13
Confirmed hits 5 3




US 9,120,744 B2

137

These hits were re-assayed by dose response testing in
duplicate by the CCG and 19 of the 23 compounds were then
obtained from the CCG for further analysis. Further analysis
demonstrated that approximately half of the 19 compounds
either had intrinsic absorbance at 405 nm or were largely
insoluble in the buffer system (Assay Buffer: 10 mM HEPES,
150 mM NaCl, 0.005% Tween-20, +/-10% DMSO). Of the
remaining compounds, five were found to directly inhibit
complex formation between PAI-1 and uPA, confirming that
these five compounds are specific PAI-1 inhibitors. There-
fore, the system yielded a final confirmed rate of 0.25%.

Two ofthe candidate compounds identified as positive hits,
tannic acid and epigallocatechin 3,5 digallate, surprisingly
comprised related structures that both contained multiple gal-
loyl units attached to different central cyclic core scatfolds.
These compounds are both naturally-occurring polyphenolic
compounds with reported antioxidant activity, and the simi-
larities in their structures suggest the possibility of a struc-
ture: function relationship between gallic acid and PAI-1 inac-
tivation.

Two additional compounds comprising gallic acid, epigal-
locatechin gallate (EGCG) and gallic acid, were also exam-
ined. The structures of the two originally identified com-
pounds, tannic acid and epigallocatechin 3,5, digallate, along
with the two related compounds, epigallocatechin gallate and
gallic acid, together with the determined IC;,s against PAI-1
for each compound, are shown in FIG. 2.

Recombinant active human PAI-1 (final 3.5 nM) was incu-
bated for 15 min at 23° C. with increasing concentrations of
tannic acid. Urokinase PA (final 6 nM) was added to each
reaction well and incubated for an additional 5 min at 37° C.
Urokinase PA activity was determined with pGlu-Gly-Arg
pNA chromogenic substrate (final 0.25 mM). The rate of
release of the p-nitroanilide (pNA) group from the chromoge-
nic substrate by uPA was measured at 405 nm for 15 min.

These data demonstrate that each of the galloyl containing
compounds was able to inhibit PAI-1, but that the efficacy of
this inhibition is dependent on either the number of galloyl
units in each compound and/or its presentation in relationship
to the other galloyl units. Thus, the monomeric gallic acid is
approximately 1000-fold less active toward PAI-1 than is
tannic acid which contains five terminal galloyl units (FIG.
2). Other data (not shown) indicate that the monomeric gallic
acid may be up to 4000-fold less active toward PAI-1 than
tannic acid.

In addition to recognizing this potential structure: function
relationship with the gallic acid containing compounds, it was
also surprising that in some experiments (not shown in FIG.
2) the IC,, of tannic acid for PAI-1 (2.5 uM) was up to nearly
4-fold lower than the IC;, of PAI-039 for PAI-1 (9.7 uM)
(Gorlatova et al., J. Biol. Chem. 282: 9288-9296, 2007). This
data demonstrates that tannic acid is an even more effective
inactivator of PAI-1 than PAI-039 is in vitro.

Example 3

Tannic Acid Inhibits PAI-1:Plasminogen Activator
Complex Formation and Stimulates PAI-1 Cleavage

The mechanism of tannic acid inactivation of PAI-1 was
investigated using SDS-PAGE analysis. This analysis tests
for the ability of a compound to block complex formation
between PAI-1 and PA. PAI-1 (1 pg) was incubated with
tannic acid at various concentrations from 0-100 uM (FIG. 3)
for 15 min at 23° C. in assay buffer. Urokinase PA (FIG. 3A)
or tPA (FIG. 3B) (1 pg) was added, and complexes were
formed at 23° C. for 5 min. SDS buffer (reducing) was added
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to the samples, which were then boiled for 15 min and size-
separated on 4-20% Tris-HCI gels by SDS-PAGE. Proteins
were stained with Coomassie blue and scanned. In FIG. 3, the
numbers above the lanes indicate the concentration of tannic
acid, and the arrow with the dashed line indicates the position
of cleaved PAI-1.

The data indicate that, like PAI-039, tannic acid also con-
verts PAI-1 to a substrate for PAs (FIG. 3).

Example 4
Tannic Acid Inhibits Vitronectin-Bound PAI-1

In screening for PAI-1 inactivating compounds, tannic acid
was identified as a PAI-1 antagonist. Tannic acid is unaffected
by mutations in PAI-1 that reduce the efficacy of PAI-039 and,
therefore, indicates that tannic acid binds PAI-1 at a site
different from the putative PAI-039 binding site. To deter-
mine if tannic acid inhibits PAI-1, when bound to vitronectin,
the following experiment was carried out.

Recombinant active human PAI-1 was assayed essentially
as described in Example 2, with or without preincubation
with a 5-fold molar excess of vitronectin. Essentially, recom-
binant active human PAI-1 (final 3.5 nM) was incubated for
15 min at 23° C. with increasing concentrations of tannic
acid. Urokinase PA (final 6 nM) was added to each reaction
well and incubated for an additional 5 min at 37° C. Uroki-
nase PA activity was determined with pGlu-Gly-Arg pNA
chromogenic substrate (final 0.25 mM). The rate of pNA
release by uPA was measured at 405 nm for 15 min. Data were
expressed as residual PAI-1 activity as a percent of control
PAI-1 (100%).

Tannic acid inhibited PAI-1 activity even when bound to
vitronectin, unlike PAI-039. Results suggest that tannic acid
is inhibiting PAI-1 via a mechanism that is different from
PAI-039. Taken together, with tannic acid’s lower ICy, for
PAI-1 than PAI-039, the results indicate that tannic acid or a
derivative of tannic acid is a more effective inhibitor of PAI-1
than is PAI-039.

Example 5

The Identification of Additional PAI-1 Inactivating
Compounds

Additional PAI-1 compounds have been identified from the
compound library by the screening methods of the invention
described herein above. These compounds include, but are
not limited to, hexachlorophene, quinalizarin, 5-nitrosali-
cylic acid, chlorogenic acid, caffeic acid, 3-nitro-L-tyrosine,
3-chloro-L-tyrosine, S-chlorosalicylic acid, and polyphenon-
60. The chemical formula, IC,,s at pH 7.5 and 8.5, and
structure of each of these compounds (in addition to the four
previously identified compounds, tannic acid, epigallocat-
echin 3,5-digallate, (-)-epigallocatechin gallate (EGCG),
and gallic acid) are provided in FIG. 1.

Example 6

Inhibition of PAI-1 by Tannic Acid, EGCG, Gallic
Acid, and Polyphenon-60 is pH Sensitive

The known PAI-039 inhibitor tiplaxtinin (PAI-039) is not
pH sensitive. However, preliminary data suggested that at
least some of the PAI-1 inhibitors of the invention are pH
sensitive and, thus, be acting via a novel mechanism. There-
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fore, to determine if pH had an effect on PAI-1 activity inhi-
bition, the following experiments were carried out.

First, experiments were undertaken to determine if inhibi-
tion of PAI-1 by tannic acid is pH sensitive. Recombinant
active human PAI-1 (final 3.2 nM) was incubated for 15 min
at 23° C. with increasing concentrations of tannic acid. Next
uPA (final 4 nM) was added to each reaction well and incu-
bated for an additional 5 min at 37° C. UPA activity in each
reaction mixture was determined with Z-Gly-Gly-Arg-AMC
(Bachem) fluorgenic substrate (final 50 uM). The rate of
AMC release by uPA was measured at an excitation wave-
length of 370 nm and an emission 0f 440 nm for 15 min. Data
were expressed as residual PAI-1 activity as a percent of
control PAI-1 activity (see FIGS. 4-7). The data demonstrate
that tannic acid at pH 8.5 had an IC, 0f 0.0091 uM (FIG. 4).
The IC s at pH 6.5 and 7.5 were similar, at 7.36 uM and 7.15
uM, respectively (FIG. 4). Thus, tannic acid’s effectiveness in
inhibiting PAI-1 activity was improved by increasing pH.

Next, experiments were carried out to determine if PAI-1
inhibition by other PAI-1 inhibitors was also pH sensitive.
Thus, similar experiments were carried out to examine the
effect of pH on inhibition with EGCG, gallic acid, and
polyphenon-60 (green tea extract). Like with tannic acid, the
PAI-1 inhibitory efficacy of each compound increased with
increasing pH to 8.5 (FIGS. 5-7). In contrast, hexachlo-
rophene efficacy did not improve at pH 8.5 compared to pH
7.5.

Example 7

Synthesis of Polyphenolic Compounds as Inhibitors
of PAI-1

As discussed herein above, elevated levels of PAI-1 have
been implicated in a variety of disease conditions. The devel-
opment of therapeutic agents that act as selective inhibitors of
PAI-1 may provide an approach to treat these conditions. The
design and synthesis of a variety of polyphenolic compounds
and their structure:activity relationship with PAI-1 is
described.

Tannic acid is a naturally-occurring polyphenol, com-
monly found in black tea and the barks of various trees, and
consists of multiple gallate esters arranged around a central
glucose ring. Because tannic acid was shown to be an effec-
tive PAI-1 inhibitor as set out herein above, polyphenolic
compounds were synthesized and tested for their ability to
inhibit PAI-1 activity.

Based on the structure of identified PAI-1 inhibitors, com-
pounds were synthesized and tested for their ability to inac-
tivate PAI-1. In examining their structures and the effect that
pH had on their respective potencies, a phenoxide anion was
identified as an important moiety for binding to PAI-1. Fur-
ther, in examining their structures, it was contemplated that
the rest of the gallate is present, not primarily to engage in
binding to the protein target, but instead to promote ionization
of the phenol at physiological pH.

PAI-1 inhibitors that have more acidic phenols, and pKa
values of less than or equal to 7, display potent inhibition of
PAI-1. Strong evidence for this can be seen in the hexachlo-
rophene and sulfonamide-based inhibitors, which contain a
particularly acidic phenolic hydrogen due to the strategic
placement of a strong electron withdrawing group. These
compounds do not contain gallate groups, yet still display
potent inhibition of PAI-1.

These PAI-1 inhibitors contain at least one phenolic
hydroxyl group with proximal or conjugated electron with-
drawing groups. Electron withdrawing groups include, but
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are not limiting to, halogens (—F, —Cl, —Br), nitro
(—NO,), nitroso (—NO), ammonium (—NR3+), carbonyl
(ketone, ester, aldehyde, imide, amide, thioester, etc.), nitrile
(—CN), sulfonyl (—SO2R), sulfonate ester (—SO3R), sul-
fonate acid (—SO3H), sulfonamide (—SO2NR2), sulfoxy
(—S—0), conjugated aromatics and heteroaromatics
(—Ar).

Thus, using knowledge of PAI-1 inhibitors in the prior art
and results obtained from the experiments described herein,
novel PAI-1 inhibiting compounds were synthesized using a
methodology as set out below.

Reaction sequence A: Typical procedure for the formation of
pentagalloyl carbohydrates.

Step 1
OBn
OBn glucose
EDC, DMAP
o CH,Cl,
OBn
(0]
OBn
OBn
O,
OBn OBn
BnO. O
Oy,
BnO - (0] (¢]
(0] OBn
o Y O
BnO ) o
(0] OBn
OBn
BnO
OBn
BnO OBn
OBn

p-D-Glucopyranose Pentakis[3,4,5-tris(phenylmethoxy)-
benzoate]|. A mixture of 1.17 mmol of D-glucose, 8.57 mmol
ot 3,4,5-tribenzyloxybenzoic acid, 10.68 mmol of EDC.HCI
and 9.84 mmol of DMAP was suspended in 130 ml of
CH,Cl, and was heated at reflux overnight. The cooled reac-
tion mixture was then extracted with 1N HCI (3x), saturated
NaHCO; (2x), and brine (2x), the organic layer was dried
over MgSQ.,, filtered, and concentrated. The resulting residue
was purified by column chromatography over silica gel (75:
24:1 CH,Cl,:toluene:ethyl acetate) to provide 0.253 g (9%)
of product. 'H NMR (CDCl,, 400 MHz) d 7.45-7.15 (m,
85H), 6.21 (d, I=8.0 Hz, 1H), 6.05 (t, J=10.0 Hz, 1H), 5.84
(dd, J=10.0, 8.0 Hz, 1H), 5.73 (t, J=10.0 Hz, 1H), 5.14-4.92
(m, 30H), 4.76 (m, 1H), 4.44 (m, 1H), 435 (m, 1H).
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Step 2:
OBn
OBn
0.
OBn OBn
BnO O

Ou,
BnO g 0 0
o OBn
0 . 0
BnO 0 o
0 OBn
OBn
BnO

BnO OBn

OBn

OH

jani jani
Q o
o
Ol

HO

OH

p-D-Glucopyranose Pentakis|3,4,5-trihydroxybenzoate].
The product from step #1 above was dissolved in 30 mI, THF.
A catalytic amount of 10 wt % palladium on carbon was
suspended in the mixture and a balloon containing H, was
affixed to the stiffing reaction flask. After 60 h at room tem-
perature, the reaction mixture was filtered through Celite and

142

=6
PA/C (10 wt %)

—_—_—

THF

OH

OH

OH

OH

OH

OH

the filtrate was evaporated to provide the title compound in
87% yield. 'H NMR (Acetone-d6, 400 MHz) 8 8.34-7.97 (m,
15H), 7.15 (s, 2H), 7.09 (s, 2H), 7.03 (s, 2H), 6.98 (s, 2H),
6.95 (s, 2H), 6.30 (d, J=8.2 Hz, 1H), 5.99 (t I=9.6 Hz, 1H),
5.61 (m, 2H), 4.52 (m, 2H), 4.37 (dd, J=12.8, 4.6 Hz, 1H).
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OH

HO o}
Oy,
HO g 0 o}

OH
(6]
HO (6] (6]
OH
OH
HO
OH
OH

p-D-Mannopyranose Pentakis|3,4,5-trihydroxybenzoate].
Obtained in 18% overall yield from mannose via reaction
sequence A. "H NMR (Acetone-d6, 400 MHz) § 8.46-7.97
(m, 15H),7.29 (s, 2H), 7.20 (s, 2H), 7.13 (s, 2H), 7.08 (s, 2H),
6.96 (s, 2H), 6.46 (d, J=1.4 Hz, 1H), 5.93 (t, I=10.1 Hz, 1H),
5.85 (dd, J=10.1, 3.2 Hz, 1H), 5.76 (m, 1H), 4.66 (m, 1H),
4.50 (dd, J=10.1, 2.3 Hz, 1H), 4.44 (dd, J=12.4, 5.5, 1H).

HO
6]
HO
OH

a-D-Galactopyranose Pentakis[3,4,5-trihydroxyben-
zoate]. Obtained in 28% overall yield from galactose via
reaction sequence A. 'H NMR (Acetone-d6, 400 MHz) &
8.36-8.00 (m, 15H), 7.25 (s, 2H), 7.19 (s, 2H), 7.04 (s, 2H),
6.96 (m, 4H), 6.79 (d, J=3.7 Hz, 1H), 6.05-5.99 (m, 2H), 5.78
(dd, J=11.0,3.7 Hz, 1H), 4.94 (m, 1H), 4.46 (dd, J=11.0, 6.9
Hz, 1H), 4.24 (m, 1H).

OH

OH

Q
]
o

OH

0, I’O

O
(@]

OH

OH

OH
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p-D-Galactopyranose Pentakis|3,4,5-trihydroxyben-
zoate]. Obtained in 12% overall yield from galactose via
reaction sequence A. '"H NMR (Acetone-d6, 400 MHz) 8 8.18
(bs, 15H),7.19 (s, 2H), 7.13 (s, 2H), 7.08 (s, 2H), 6.99 (s, 2H),
6.94 (s, 2H), 6.32 (d, J=7.8 Hz, 1H), 5.92 (t J=4.0 Hz, 1H),
5.83 (m, 2H), 4.75 (1, J=8.0 Hz, 1H), 4.49 (m, 1H), 4.27 (m,
1H).

Reaction sequence B: Typical procedure for the formation of
digalloyl compounds.

Step 1:
OBn
OH
OB
1 HO/\/
EDC, DMAP
HO CH,Cl,
OBn reflux
(0]
OBn
BnO
(¢]
O OBn
B1O ~"o
(0]
OBn

OBn

Di-O-(3,4,5-tribenzyloxybenzoyl)ethylene glycol. A sus-
pension of 2 mmol of ethylene glycol, 6 mmol of 3,4,5-
tribenzyloxybenzoic acid, 7.5 mmol of EDC.HCI, and 6.9
mmol DMAP in 120 mlL of CH,Cl, was heated at reflux
overnight. The cooled reaction mixture was then extracted
with 1N HCl (3x), saturated NaHCO; (2x), and brine (2x),
the organic layer was dried over MgSO,, filtered, and con-
centrated. The resulting residue was triturated with methanol
to provide 0.258 g (23%) of product. "H NMR (CDCl,, 400
MHz) § 7.40-7.20 (m, 34H), 5.04 (m, 12H), 4.59 (s, 4H).
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OBn
BnO
O
0] OBn
BuO N~
(@]
OBn
OBn
OH
HO
O\/\
HO O

1,2-Bis-galloyloxyethane. The product from step #1 above
was dissolved in 25 mI, THEF. A catalytic amount of 10 wt %
palladium on carbon was suspended in the mixture and a
balloon containing H, was affixed to the stiffing reaction
flask. After 18 h at room temperature, the reaction mixture
was filtered through Celite and the filtrate was evaporated to
provide the title compound in quantitative yield. 'H NMR
(Acetone-d6, 400 MHz) 6 8.19 (s, 4H), 8.03 (s, 2H), 7.12 (s,
4H), 4.52 (s, 4H).

(€] (€]

0 VNN

HO OH

HO OH

OH OH

Diethylene glycol, digallate. Obtained in 13% overall yield
from diethylene glycol via reaction sequence B.

OH

OH
HO O O
O/\/ \/\O/\/ o

HO

OH

Triethylene glycol, digallate. Obtained in 11% overall
yield from triethylene glycol via reaction sequence B. 'H
NMR (Acetone-d6, 400 MHz) 8 8.13 (bs, 6H), 7.12 (s, 4H),
431 (m, 4H), 3.76 (m, 4H), 3.65 (s, 4H).

(@]
HO /\/OV\ /\/OV\
O O O

HO

HO (@]

OH
HO
OH
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=6
PA/C (10 wt %)
THF
O
OH
OH
OH

Tetraethylene glycol, digallate. Obtained in 11% overall

yield from tetraethylene glycol via reaction sequence B. "H

25 NMR (Acetone-d6, 400 MHz) 6 8.25 (s, 6H), 7.12 (s, 4H),
431 (m, 4H), 3.74 (m, 4H), 3.60 (m, 8H).

(@] (@]
30 HO AN OH
O O
HO OH
35 OH OH

Propane-1,3-diol, digallate. Obtained in 12% overall yield

40 from propane-1,3-diol via reaction sequence B. 'H NMR

(DMSO-d6, 400 MHz) § 9.25 (s, 4H), 8.95 (s, 2H), 6.92 (t,
J=6.4 Hz, 4H). 2.04 (quin, J=6.0 Hz, 2H).

45

OH
OH
O
50 OH
(6]
(6]

OH

OH

OH

Cyclohexane-cis-1,2-diol digallate. Obtained in 10% over-

all yield from cyclohexane-cis-1,2-diol via reaction sequence

65 B. 'H NMR (DMSO-d6, 400 MHz) 8 9.00 (bs, 6H), 6.88 (s,

4H), 5.11 (m, 2H), 1.87 (m, 2H), 1.75-1.64 (m, 4H), 1.47 (m,
2H).
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on
0
on
O
‘0
on
0
on

OH

Cyclohexane-(+)-trans-1,2-diol digallate. Obtained in
26% overall yield from cyclohexane-(+)-trans-1,2-diol via
reaction sequence B. "H NMR (DMSO-d6, 400 MHz) 8 9.18
(bs, 6H), 6.84 (s, 4H), 4.95 (m, 2H), 2.00 (m, 2H), 1.67 (m,
2H), 1.49 (m, 2H), 1.39 (m, 2H); *C NMR (DMSO-d6, 100
MHz) & 165.66, 145.98, 139.04, 119.77, 109.05, 73.44,
31.93, 23.40; HRMS, ES calculated for C,,H,,0, Na[M+
Na]* 443.0954, found: 443.0952.

0. 0
\V4 NH,
H;CO S N N
EtzN
EtOAc
H;CO
OCH;
0. 0
H;CO \\s// N
3
\g/\/ \/S\\ OCH;
N
H;CO

N,N'-Bis-(3,4-dimethoxybenzosulfonyl)-1,2-ethylenedi-
amine. To a solution of 4.23 mmol of 3,4-dimethoxysulfonyl
chloride in 75 mL ethyl acetate was slowly added 19.2 mmol
of triethylamine. 1,2-Diaminoethane (1.92 mmol) was added
dropwise and the reaction mixture was allowed to stir over-
night. The solid white precipitate was filtered, washed with
water, and dried under vacuum to provide 0.739 g (89%) of
the title compound. "H NMR (acetone-d6, 400 MHz) 8 7.35
(dd, J=8.7,1.8 Hz, 2H), 7.29 (d, J=2.3 Hz, 2H), 7.06 (d, J=8.2
Hz, 2H), 3.88 (s, 6H), 3.84 (s, 6H), 2.93 (s, 4H).

OCH;3
o O
H;CO \\S// %
3 \N/\/ ~g OCH,
H AN
o 0
H;CO

BBI‘3
—_—
CH,CLy

N,N'-Bis-(3,4-dihydroxybenzosulfonyl)-1,2-ethylenedi-
amine. To a solution of 150 mg of N,N'-bis-(3,4-dimethoxy-
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benzosulfonyl)-1,2-ethylenediamine in 3 m[. of CH,Cl, was
added dropwise3.47 mL of a 1 M solution of BBr, in CH,Cl,.
The reaction was stirred overnight under an atmosphere of
N,. The reaction was then quenched by the careful addition of
1 mL of methanol. The solvent was removed by rotary evapo-
ration to provide a brown oil, which was dissolved in ethyl
acetate and washed twice with water. The remaining organic
layer was dried (Na,SO,), filtered, and concentrated in vacuo
to provide 107 mg (82%) of the title compound. "H NMR
(acetone-d6, 400 MHz) 8 7.26 (d, J=2.4 Hz, 2H), 7.18 (dd,
J=8.7, 2.3 Hz, 2H), 6.93 (d, J=8.7 Hz, 2H), 2.93 (s, 4H).

o, 0
H,CO \\s// L g
e NN W
H
H;CO EtsN
EtOAc
OCH;
\\//
H;CO S /\/ ~ oo,
o// \\o
H,CO

N,N'-Diethyl-N,N'-bis-(3,4-dimethoxybenzosulfonyl)-1,
2-ethylenediamine. To a solution of 4.23 mmol of 3.4-
dimethoxysulfonyl chloride in 75 mL ethyl acetate was
slowly added 19.2 mmol of triethylamine. N-N'-Diethyleth-
ylenediamine (1.92 mmol) was added dropwise and the reac-
tion mixture was allowed to stir overnight. The solid white
precipitate was filtered off and discarded. The filtrate was
washed with 1N HCl (2x) and brine (2x), dried over MgSO,,
filtered and concentrated by rotary evaporation to provide
0.998 g (quantitative yield) of the title compound. 'H NMR
(DMSO-d6, 400 MHz) 8 7.41 (dd, J=8.7,1.9 Hz, 2H), 7.28 (d,
J=2.3 Hz, 2H), 6.95 (d, J=8.7 Hz, 2H), 3.95 (s, 6H), 3.94 (s,
6H), 3.28 (s, 4H), 3.21 (q, J=7.3 Hz, 4H), 1.16 (t, J=6.9 Hz,

6H).
OCH,
0 0
\\// NQ /@
SN OCH;
//\\
OH
s : :OH

H3CO:©/
H,CO
N,N'-Diethyl-N,N'-bis-(3,4-dihydroxybenzosulfonyl)-1,

2-ethylenediamine. To a solution of 300 mg of N,N'-diethyl-
N,N'-bis-(3,4-dimethoxybenzosulfonyl)-1,2-ethylenedi-

amine in 3 mL of CH,Cl, was added dropwise 6.15 mL ofa
1 M solution of BBr; in CH,Cl,. The reaction was stirred
overnight under an atmosphere of N,. The reaction was then
quenched by the careful addition of 1 mL of methanol. The
solvent was removed by rotary evaporation to provide a
brown oil, which was dissolved in ethyl acetate and washed
twice with water. The remaining organic layer was dried

BBr3
CHZCIZ
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(Na,S0,), filtered, and concentrated in vacuo to provide the
title compound. *H NMR (DMSO-d6, 400 MHz) & 9.93 (bs,
2H), 9.66 (bs, 2H),7.08 (d,J=2.3 Hz, 2H), 7.03 (dd, J=8.2,2.3
Hz, 2H), 6.84 (d, J=8.2 Hz, 2H), 3.05 (m, 8H), 0.99 (t, I=7.4

Hz, 6H).
Sl
NO, > ©
NaOH (aq.)
0):1 t-BuOH
HN
¢}
OH
0 NO,
>k )J\ OH
O N
H
e}

tent-Butyloxycarbonyl-3-nitro-L-tyrosine. To a solution of
6 mmol of 3-nitrotyrosine in 30 mL of NaOH and 8 m[. of
tert-butanol was added 8 mmol of di-tert-butyldicarbonate.
The reaction was allowed to stir overnight. The tert-butanol
was removed via rotary evaporation, 25 mL of ethyl acetate
was added. The mixture was cooled to 0° C. and 1 N KHSO,
was added slowly with stiffing until the pH of'the solution was
~2-3. The aqueous phase was separated and extracted with
ethyl acetate (2x). The organic layers were combined, washed
with brine, dried over Na,SO,, filtered and concentrated in
vacuo to provide 1.27 g (65%) of the title compound. 'H
NMR (DMSO-d6, 400 MHz)  10.76 (bs, 1H), 7.73 (d, I=2.3
Hz, 1H), 7.40 (dd, I=8.7,2.3 Hz, 1H), 7.13 (d, J=8.2 Hz, 1H),
7.01(d,J=8.7Hz, 1H), 4.02 (m, 1H), 2.96 (dd, J=13.8,4.1 Hz,
1H), 2.73 (dd, J=13.5, 10.5 Hz, 1H), 1.26 (s, 9H).

OBn

OBn
(¢]
OBn
(0] NH,CO,H
Pd°/ C.
—_—
MeOH, THF
0 2
OBn
(¢]
OBn
OBn
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-continued
OH
OH
O
OH
0]
(0]
OH
(@)
OH
OH

1,2-Bis-galloyloxybenzene. 1,2-bis-(3,4,5-tribenzyloxy-
benzoyl)benzene (163.2 mg, 0.171 mmol), ammonium for-
mate (329.3 mg, 5.22 mmol) and 10 wt % palladium on
carbon (400 mg) in 25 mLL THF and 10 mL methanol were
refluxed for 35 minutes. The reaction mixture was cooled and
filtered through a PTFE filter syringe. The residue in the
syringe was washed, in order, with acetone, THF, methanol,
and dichloromethane. The combined organic washes were
evaporated to provide a residue, which was washed with
water, followed bydichloromethane, which was reserved. The
residue was again washed with water. THF was added to
dissolve the remaining substance. The reserved dichlo-
romethane wash was added back to the THF solution and a
black precipitate formed. The mixture was filtered using
dichloromethane as a wash. The filtrate was dried over anhy-
drous magnesium sulfate, filtered and evaporated to provide
64.0 mg (90%) of a buff colored solid. 'H NMR (DMSO-d,
400 MHz) 0 9.30 (bs, 4H), 9.09 (bs, 2H), 7.32 (app s, 4H),
6.93 (s, 4H); '*C NMR (DMSO-d,, 100 MHz) & 164.24,
146.17, 143.26, 139.90, 127.15, 124.32, 118.03, 109.57,
HRMS, ES calculated for C,H,,0,,Na[M+Na]* 437.0485,
found: 437.0490.

HO OH

O/Y\O
o} 0

HO OH

OH OH

HO OH

OH

1,2,3-Tris-galloyloxypropane. Obtained in 12% overall
yield from glycerol via reaction sequence B. 'H NMR
(DMSO-d,, 400 MHz) 6 9.28 (bs, 4 H), 9.25 (bs, 2H), 8.99
(m,3 H),6.90 (s, 6H),5.51 (m, 1 H),4.51 (dd, J=4.1,12.4 Hz,
2 H), 4.43 (dd, I=6.4, 11.9 Hz, 2 H); 1*C NMR (acetone-d,
100 MHz) § 165.65, 165.37, 145.30, 145.27, 138.31, 138.26,
120.49, 120.43, 109.33, 109.20, 69.86, 62.74; HRMS, ES
calculated for C,,H,,0,5Na[M+Na]+ 571.0700, found:
571.0701.
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N-hexyl-3,4-dimethoxybenzenesulfonamide. To a solu-
tion of 3,4-dimethoxybenzenesulfonyl chloride (0.500 g,
2.11 mmol), triethylamine (0.750 mL, 5.30 mmol) in 7 mL of
ethyl acetate, hexylamine (0.280 mL, 2.11 mmol) was added
dropwise and the resulting solution was stirred overnight. The
reaction mixture was filtered and the filtrate was washed 1N
HCI (2x), dried with MgSO,, filtered and concentrated in
vacuo to aftord 0.480 g (75%) of N-hexyl-3,4-dimethoxyben-
zenesulfonamide as a white solid. 'H NMR (CDCl,, 400
MHz) § 7.46 (m, 1H), 7.32 (m, 1H), 6.94 (m, 1H), 4.22 (m,
1H), 3.93 (s, 3H), 3.92 (s, 3H), 2.93 (q, J=6.4 Hz, 2H), 1.44
(quintet, J=6.9 Hz, 2H), 1.25 (m, 6H), 0.84 (t, J=6.9 Hz, 3H).

%ﬁpcxj)
St

N

MeO OMe

MeO OMe

N-(3,4-dimethoxyphenylsulfonyl)-N-hexyl-3,4-
dimethoxybenzenesulfonamide. To a stiffing solution of
N-hexyl-3,4-dimethoxybenzenesulfonamide (0.250 g, 0.830
mmol) in 3.30 mL of DMF, NaH (0.037 g, 0.913 mmol; 60%
in oil dispersion) was added. After 30 mins, 3,4-dimethoxy-
benzenesulfonyl chloride (0.222 g, 0.937 mmol) was added.
After a further 1 hr, the reaction solution was poured over
water (15 mL) forming a white solid. The solid was filtered
and recrystallized from methanol to afford 0.103 g (25%) of
N-(3,4-dimethoxyphenylsulfonyl)-N-hexyl-3,4-dimethoxy-
benzenesulfonamide as a white solid. "H NMR (acetone-d,
400 MHz) 8 7.62 (dd, J=2.9, 8.2 Hz, 2H), 7.57 (d, ]=2.3 Hz,
2H), 6.94 (d, J=8.6 Hz, 2H), 3.95 (s, 12H), 3.60 (m, 2H), 1.63
(m, 2H), 1.21 (m, 6H), 0.85 (t, I=6.8 Hz, 3H); *C NMR
(acetone-dg, 100 MHz) § 150.05, 144.99, 131.10, 121.34,
115.05, 115.00, 49.00, 31.65, 26.38, 22.45, 13.51.

%Jp(kj)
S\N/S

HO OH

N-(3,4-dihydroxyphenylsulfonyl)-N-hexyl-3,4-dihy-
droxybenzenesulfonamide. To a 0° C. solution of N-(3,4-
dimethoxyphenylsulfonyl)-N-hexyl-3,4-dimethoxybenzene-
sulfonamide (0.080 g, 0.181 mmol) in 1.81 mL of CH,Cl,,
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boron tribromide (1.81 mL., 1M in CH,Cl,) was added drop-
wise under a nitrogen atmosphere. The resulting solution was
allowed to stir overnight and warm to room temperature.
Upon quenching with a few drops of water, a precipitate
formed and was filtered. The solid was triturated with ethyl
acetate and the filtrate was evaporated, affording 0.046 g
(65%) of N-(3,4-dihydroxyphenylsulfonyl)-N-hexyl-3,4-di-
hydroxybenzenesulfonamide as white solid. *"H NMR (ac-
etone-dg, 400 MHz) 8 7.43 (d, J=2.3 Hz, 2H), 7.34 (dd, J=2.3,
8.2 Hz, 2H), 6.97 (d, J=8.2 Hz, 2H), 3.58 (m, 2H), 1.61 (m,
2H), 1.22 (m, 6H), 0.81 (t, J=6.9 Hz, 3H); *C NMR (acetone-
dg, 100 MHz) & 150.61, 145.17, 131.03, 121.33, 115.07,
115.06, 49.01, 31.10, 26.05, 22.30, 13.42; HRMS, ES calcd.
for C,{H,;NO,S,Na[M+Na]*468.0763, found: 468.0755.

NO,

OH

OH

S

Tz

N-Boc-3-nitrotyrosine. To a solution of 1.36 g (6.00 mmol)
of 3-nitro-L-tyrosine in 30 mL of 1IN NaOH, 1.74 g (8.00
mmol) of (BOC),0 in 8 mL of tent-butanol was added. The
stiffing was continued overnight and the tert-butanol was
removed in vacuo. Ethyl acetate (25 mL) was added to the
residual aqueous layer and the resulting solution was cooled
to 0° C. A solution of IN KHSO, was used to acidify the
solution to pH 2 and the aqueous layer was separated and
extracted with 25 mL of ethyl acetate (2x). The combined
organic layers were washed with brine, dried over Na,SO,
and concentrated in vacuo to afford 0.265 g (13%) of the title
compound as yellow solid.

@]
Hnn

OH

Ethyl-3-nitrotyrosine hydrochloride. To a stirring 0° C.
solution of' 1.07 mL. (14.7 mmol) of thionyl chloride in 15 mL.
of absolute ethanol was added 3-nitro-L-tyrosine (2.00 g,
8.84 mmol). After refluxing for 4 hours, the reaction was
cooled and the solvents were removed in vacuo from dichlo-
romethane to afford 2.20 g (97%) of the title compound as a
yellow solid.
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OH

NO,

N-Boc-(3-NO,)Tyr-(3-NO, ) Tyr-OFEt. To a stiffing solution
of 0.326 g (1.00 mmol) of N-Boc-3-nitrotyrosine, ethyl-3-
nitrotyrosine hydrochloride (0.305 g, 1.20 mmol), triethy-
lamine (0.280 mlL, 2.00 mmol) and HOBt (0.135 g, 1.10
mmol) in 5.00 mL of DMF at 0° C., EDC.HCI (0.210g, 1.10
mmol) was added. After warming to room temperature over-
night, the reaction mixture was diluted with 4:1 ethyl acetate/
hexanes and washed consecutively with 1 N HCI and brine.
The organic layer was dried over Na,SO, and concentrated in
vacuo to yield a yellow solid. Purification of this product by
flash chromatography (33% ethyl acetate/hexanes) gave
0.473 g (87%) of the title compound as a yellow solid.

OH

NO,

N-Boc-(3-NO,)Tyr-(3-NO,)Tyr-OH. To a solution of
0.085 g (0.151 mmol) of N-Boc-(3-NO,)Tyr-(3-NO,) Tyr-
OEtin3 mL of 1:1 water/methanol, LiOH.H,0 (0.044 g, 1.06
mmol) was added. After stiffing overnight at room tempera-
ture, the methanol was removed in vacuo and the aqueous
layer acidified to pH 2 using 1N HCI. The resulting aqueous
layer was extracted with ethyl acetate (2x) and the organic
layer was washed with brine. The organic layer was dried over
Na,SO, and concentrated in vacuo to afford 0.039 g (50%) of
N-Boc-(3-NO,)Tyr-(3-NO,)Tyr-OH as a yellow solid.

o 0 OCHz
\7/
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N,N'-Bis(4-methoxybenzenesulfonyl)hydrazide. To a
stiffing 0° C. solution of hydrazine (7.30 mL, 1M in THF) in
7.00mL of pyridine, 3,4-dimethoxybenzenesulfonyl chloride
(3.00 g, 14.5 mmol) was added in 4 increments over 20
minutes. After warming to room temperature over 1 hour, the
reaction mixture was poured over 75 mL of chilled 6 M HCI.
The resulting orange solid was collected to afford 1.06 g
(19%) of the title compound. "H NMR (DMSO-d,, 400 MHz)
8 9.430 (s, 2H), 7.63 (m, 4H), 7.05 (m, 4H), 3.75 (s, 6H).

OH
o\\//o
S8
H ~g
O//\\O

HO

N,N'-Bis(4-hydroxybenzenesulfonyl )hydrazide. To a stir-
ring 0° C. solution of N,N'-bis(4-methoxybenzenesulfonyl)
hydrazide (0.048 g, 0.120 mmol) in 1.20 mL of dichlo-
romethane, BBr; (1.20 mL, 1M in CH,Cl,) was added
dropwise. After warming to room temperature overnight, the
reaction mixture was quenched with 1 ml, of methanol. The
solvents were then removed in vacuo. The resulting brown o0il
was taken up in ethyl acetate and washed two times with
water, dried with MgSO,, filtered and concentrated in vacuo
to afford 0.029 g (63%) of N,N'-Bis(4-hydroxybenzenesulfo-
nyl)hydrazide as a brown oil. 'H-NMR (DMSO-d,, 400
MH?z) § 10.70 (s, 1H), 9.84 (s, 1H), 7.23 (m, 4H), 6.73 (m,
4H).

o\\S //o
~

e Ve S Ve

H,CO

H;CO

N-octyl-3,4-dimethoxybenzenesulfonamide. To a solution
of 3,4-dimethoxybenzenesulfonyl chloride (0.750 g, 3.17
mmol), triethylamine (1.12 mL, 7.93 mmol) in 10 mL. of ethyl
acetate, octylamine (0.525 mL, 3.17 mmol) was added drop-
wise and the resulting solution was stirred overnight. The
reaction mixture was filtered and the filtrate was washed 1N
HCI (2x), dried with MgSO,, filtered and concentrated in
vacuo to afford 0.611 g (78%) of the title compound as a white
solid.

0
o\\S //o
N

H,CO

H;CO
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N-((3,4-dimethoxyphenyl)sulfonyl)-N-octylbenzamide.
To a stirring solution of N-octyl-3,4-dimethoxybenzene-
sulfonamide (0.213 g, 0.646 mmol) in 2.00 mL. of DMF, NaH
(0.028 g, 0.711 mmol; 60% in oil dispersion) was added.
After 30 min, benzoyl chloride (0.085 g, 0.731 mmol) was
added. After a further 1 hr, the reaction mixture was diluted
with 4:1 EtOAc/hexanes and washed with water (2x). The
organic layer was dried over MgSO, and concentrated in
vacuo to yield a yellow solid. Purification by flash chroma-
tography (28% ethyl acetate/hexanes) gave 0.040 g (18%) of

the title compound as a clear oil.

(€]
O\\S //O
~ N

HO

HO

N-((3,4-dihydroxyphenyl)sulfonyl)-N-octylbenzamide.
To a 0° C. solution of N-((3,4-dihydroxyphenyl)sulfonyl)-N-
octylbenzamide (0.025 g, 0.058 mmol) in 0.500 ml. of
CH,Cl,, boron tribromide (0.290 mL, 1M in CH,Cl,) was
added dropwise under a nitrogen atmosphere. The resulting
solution was allowed to stir overnight and warm to room
temperature. Upon quenching with a few drops of water, a
precipitate formed and was filtered. The filtrate was dried
over MgSO, and concentrated in vacuo to yield a black solid.
The solid was triturated with ethyl acetate and the filtrate was
evaporated to yield a brown oil. Purification of this product by
flash chromatography (28% ethyl acetate/hexanes) gave
0.015 g (65%) of the title compound as a white solid.

OBn

OBn

OBn

OBn

3-(tert-Butoxycarbonylamino)-1,2-bis-(3,4,5-tribenzy-
loxybenzoate)propane. tert-Butyl-N-(2,3-dihydroxypropyl)
carbamate (1.00 g, 5.23 mmol), 3,4,5-tribenzyloxybenzoic
acid (5.77 g, 13.1 mmol), DMAP (0.16 g, 1.31 mmol), and
CH,Cl, (5 mL) were combined and stirred under a nitrogen
atmosphere. In a separate flask EDC.HCI (2.70 g, 13.1 mmol)
and CH,Cl, (10 mL) were mixed at 0° C. This mixture was
added dropwise to the reaction via syringe. The reaction
stirred at room temperature overnight under a nitrogen atmo-
sphere. The organic layer was washed with 1 N HCl (2x),
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saturated aqueous sodium bicarbonate (2x), and brine (1x),
dried over MgSO,, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (60% hex-
anes/EtOAc) to obtain a solid (4.12 g, 76%). '"H NMR
(CDCl;, 400 MHz) § 7.36-7.24 (m, 34 H, benzyl), 5.42-5.41
(t, 1 H,—NH), 5.06-5.01 (d, 12H, —O—CH,-Bn), 4.82-4.79
(t,1H,—CH), 4.60-4.56 (dd, 2H, —CH,—0),3.57-3.48 (m,
2H, —CH,—N), and 1.43 (s, 9 H, (CH,);); >*C NMR
(CDCl,, 100 MHz) 8 165.82, 165.63,155.91,152.64, 142.89,
142.70, 137.48-137.43, 136.62, 128.62, 128.58, 128.30,
128.28, 127.67, 124.65, 109.44-109.19, 79.99, 75.19, 71.93,
71.33-71.21, 63.53, 60.52, 41.12, 28.45.

OBn
OBn
(¢]

BnO O

O OBn
(0]
BnO H;N
® o]
OBn
©
(@) CF3

2,3-Bis(3,4,5-tris(benzyloxy)benzoyloxy)propan-1-

aminium trifluoroacetate. 3-(tert-Butoxycarbonylamino)-1,
2-bis-(3,4,5-tribenzyloxybenzoate)propane (150 mg, 0.15
mmol) and CH,Cl, (0.50 mL.) were combined and held at 0°
C. under a nitrogen atmosphere. Trifluoroacetic acid (0.50
ml, 6.73 mmol) was added dropwise via syringe. The reac-
tion was stirred for 10 minutes. The solvent was then evapo-
rated in vacuo. Ethyl acetate (5 mL) was added and evapo-
rated three times successively to obtain a white solid (97.9
mg, 72%). "H NMR (CDCl,, 400 MHz) 8 7.30-7.25 (m, 34 H,
benzylic), 548 (s, 1H, —NH), 4.97-497 (d, 12 H,
—O—CH,-benzene ring), 4.70-4.66 (m, 1H, —O—CH,),
4.48 (m, 1H, —O—CH,), and 3.43-3.27 (m, 2H, —CH,—
N); 1*C NMR (CDCl,, 100 MHz) § 166.25-165.88, 152.64,
143.33-143.02, 137.39-136.47, 128.55-127.65, 109.50-
109.15, 75.16, 71.53-71.12, 69.76, 63.36, 40.78, 29.81.

OBn

OBn

o

BnO. (@)
(6]
(6]
HN

A

O (6]

i “CF;

OBn
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3-((3-(Trifluoromethyl)phenoxy )carbonylamino )pro-
pane-1,2-bis(3,4,5-tris(benzyloxy)benzoate). 2,3-Bis(3,4,5-
tris(benzyloxy)benzoyloxy )propan-1-aminium trifluoroac-
etate (0.20 g, 0.19 mmol), pyridine (0.50 ml.), and
3-(trifluoromethyl)phenyl chloroformate (0.36 ul, 0.23
mmol) were combined and stirred at room temperature for 24
hours. The reaction was diluted with ethyl acetate and the
organic layer was washed with 1 N HCl (2x), saturated aque-
ous sodium bicarbonate (2x), and brine (1x), dried over
MgSO,, filtered, and concentrated in vacuo. The residue was
purified by column chromatography (50% hexanes/ethyl
acetate) to obtain a brown crystalline solid (135 mg, 63%). 'H
NMR (CDCl;, 400 MHz) 6 7.36-7.25 (m, 38 H, ring protons),
5.47-5.46 (1,1 H,—NH), 5.07-5.02 (d, 12 H, meta and para-
OCH,), 4.66-4.63 (m, 1 H,—OCH,), 4.52 (m, 1 H,—OCH,),
3.94 (m, 1 H,—OCH), 3.73 (m, 1 H,—NCH,), 3.65 (m, 1 H,
—NCH,); *C NMR (CDCls, 100 MHz) 8 165.85, 152.70,

146.12, 136.57, 128.74-127.62, 118.85, 109.53, 75.21,
71.64-71.34, 29.77, 14.27.
OH
OH
OH

(@]
HO. (0]
O
(@]
HO HN
OH /g

(@) 6]

CF3

3-((3-(trifluoromethyl)phenoxy )carbonylamino)propane-
1,2-bis(3,4,5-trihydroxybenzoate). 3-((3-(Trifluoromethyl)
phenoxy)carbonylamino)propane-1,2-bis(3,4,5-tris(benzy-
loxy)benzoate) (134 mg, 0.12 mmol), THF (2 mL), and 10%
palladium on carbon (0.13 g) were combined and stirred for
36 hours at 40° C. under a hydrogen atmosphere. The reaction
was filtered through a PTFE 0.2 uM syringe and washed with
MeOH. The solvent was then removed in vacuo and triturated
with hexanes to obtain a solid (59.1 mg, 85%). ‘H NMR
(DMSO-dg, 400 MHz) & 9.36-8.80 (bs, 6 H, —OH), 8.24-
8.21 (t, 1 H,—NH), 7.56-6.89 (m, 8 H, ring protons), 5.34-
5.24 (m, 2 H,—OCH,), 4.47-4.44 (dd, 1 H,—OCH,), 3.58-
3.55 (m, 2 H, —NCH,); >C NMR (DMSO-d, 100 MHz) &
166.10, 151.12, 145.61, 120.79, 122.54-122.91, 116.93-
166.73, 115.93-115.80, 67.54, 62.88, 25.64. *F NMR
(DMSO-dg, 400 MHz) & -60.97, -61.15; HRMS, ES calcd.
for C,5H,oF5NO, ,Na[M+Na]* 606.0835, found: 606.0821.
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4-Benzhydrylmorpholine. Diphenylmethyl bromide (211
mg, 0.877 mmol) was added to a solution of morpholine (23.9
ul, 0.274 mmol), triethylamine (130 pl, 0.932 mmol) and
chloroform (1.4 mL) and was allowed to stir at room tem-
perature. After 48 hr, the reaction mixture was concentrated in
vacuo and the resulting crude mixture was purified by column
chromatography (10% ethyl acetate/hexanes) to provide the
title compound in 14% yield.

/\/O o

OBn

3-((Allyloxy)carbonyl)phenyl 3.4,5-tris(benzyloxy)ben-
zoate. Allyl 3-hydroxybenzoate (2.82 g, 15.8 mmol), 3,4,5-
tribenzyloxybenzoic acid (10.7 g, 23.1 mmol), DMAP (5.51
g, 26.5 mmol), and CH,Cl, (200 mL) were combined and
stirred under a nitrogen atmosphere. EDC.HCI (5.51 g, 28.8
mmol) was added to the mixture and the reaction was allowed
to reflux overnight under a nitrogen atmosphere. The reaction
was then extracted with 5% citric acid (2x), saturated aqueous
sodium bicarbonate (2x), and brine (1x), dried over MgSO,,,
filtered, and concentrated in vacuo to obtain a solid (9.46 g,
99%) that was used without further purification.

OBn

OBn

OBn

3-((3,4,5-Tris(benzyloxy)benzoyl )oxy )benzoic acid.
Pd(PPh,), (23.1 mg, 0.02 mmol) and 3-((allyloxy)carbonyl)
phenyl 3.4,5-tris(benzyloxy)benzoate (600 mg, 1 mmol)
were dissolved in CH,Cl, (3 mL) and cooled in anice bath. To
the resulting solution was added phenylsilane (216 mg, 2
mmol). After stirring for 15 min, H,O (5 mL) was added
dropwise, resulting in a precipitate. The solid was washed
successively with ethyl acetate, dichloromethane, and water.
The combined organic layers were concentrated in vacuo to
half-volume and extracted with water. The organic layer was
dried over MgSQ,, filtered, and concentrated in vacuo to
provide the title compound (378 mg, 68%).
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BnO

BnO

OBn

1,2-Bis-(3-((3,4,5-tris(benzyloxy)benzoyl Joxy)benzoate)
ethane. 3-((3,4,5-Tris(benzyloxy)benzoyl)oxy)benzoic acid
(464 mg, 0.83 mmol), ethylene glycol (20.6 mg, 0.332
mmol), DMAP (170 mg, 1.4 mmol), and CH,Cl, (50 mL)
were combined and stirred under a nitrogen atmosphere.
EDC.HCI (290 g, 1.5 mmol) was added to the mixture and the
reaction was allowed to reflux overnight under a nitrogen
atmosphere. The reaction was then extracted with 5% citric
acid (3x), saturated aqueous sodium bicarbonate (2x), and
brine (2x), dried over MgSO,, filtered, and concentrated in
vacuo. The crude mixture was purified by column chroma-
tography (50% hexanes/ethyl acetate) to obtain the title com-
pound (152 mg, 40%).
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OBn

OBn

OBn

CDE-096, CDE-097, CDE-098, CDE-101, CDE-102, CDE-
103, CDE-104, CDE-105, CDE-106, CDE-107, CDE-108,
CDE-109, CDE-110, CDE-111, CDE-112, CDE-113, CDE-
114, CDE-115, CDE-116, CDE-117, CDE-119, CDE-120,
CDE-121, CDE-122, CDE-123, CDE-124, CDE-125, CDE-
126, CDE-127, CDE-128, CDE-129, CDE-130, CDE-131,
CDE-132, CDE-133, CDE-134, CDE-135, CDE-136, CDE-
137, CDE-138, CDE-139, CDE-140, CDE-141, CDE-142,
CDE-143, CDE-144, CDE-145, CDE-146, CDE-147, CDE-
148, CDE-149, CDE-150, and CDE-151. The structure of
each of these compounds is set out in Table 1.

oH
on
0 0
HO o o
0 N~ ou
0 0
HO
Ol

1,2-Bis-(3-((3,4,5-trihydroxybenzoyl Joxy)benzoate)
ethane. To a mixture of 1,2-bis-(3-((3,4,5-tris(benzyloxy)
benzoyl)oxy)benzoate)ethane (150 mg, 0.142 mmol) and
10% palladium on carbon (77 mg) in absolute ethanol (2 mL.)
was added 1,4-cyclohexadiene (1.0 mL, 1.42 mol). After
stirring for 1 hr under a nitrogen atmosphere, the reaction
mixture was filtered through Celite, which was then rinsed
sequentially with dichloromethane, hexanes, ethyl acetate,
ethanol, and acetone. The combined organics were concen-
trated in vacuo to provide the title compound (25.7 mg, 30%).

Using the methodology as described above, PAI-1 inhibi-
tors were synthesized. These compounds include, but are not
limited to, CDE-001, CDE-002, CDE-003, CDE-004, CDE-
006, CDE-007, CDE-008, CDE-009, CDE-010, CDE-011,
CDE-012, CDE-013, CDE-021, CDE-028, CDE-029, CDE-
030, CDE-031, CDE-032, CDE-033, CDE-034, CDE-035,
CDE-036, CDE-037, CDE-041, CDE-043, CDE-044, CDE-
055, CDE-056, CDE-057, CDE-058, CDE-059, CDE-060,
CDE-061, CDE-062, CDE-063, CDE-064, CDE-065, CDE-
066, CDE-067, CDE-068, CDE-069, CDE-070, CDE-071,
CDE-072, CDE-073, CDE-074, CDE-075, CDE-076, CDE-
077, CDE-078, CDE-079, CDE-080, CDE-081, CDE-082,
CDE-083, CDE-084, CDE-087, CDE-088, CDE-089, CDE-
090, CDE-091, CDE-092, CDE-093, CDE-094, CDE-095,
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Example 8

Inhibition of PAI-1 by CDE-Compounds is
pH-Sensitive

To determine if pH had an effect on PAI-1 inhibition in the
synthesized PAI-1 inhibitors, experiments were carried out to
determine if inhibition of PAI-1 by various CDE-compounds
is also pH-sensitive.

Recombinant active human PAI-1 (final 3.2 nM) was incu-
bated for 15 min at 23° C. with increasing concentrations of
inhibitor. Next uPA (final 4 nM) was added to each reaction
well and incubated for an additional 5 min at 37° C. UPA
activity in each reaction mixture was determined with Z-Gly-
Gly-Arg-AMC (Bachem) fluorgenic substrate (final 50 uM).
The rate of AMC release by uPA was measured at an excita-
tion wavelength of 370 nm and an emission of 440 nm for 15
min. Data (FIG. 8) were expressed as residual PAI-1 activity
as a percent of control PAI-1 activity. Note that in this experi-
ment CDE-006 and CDE-007 were not inhibitory. The data
demonstrate the PAI-1 inhibitory efficacy at pH 7.5 of CDE-
001, CDE-002, CDE-003, CDE-004, CDE-009, and CDE-
011, CDE-012, and CDE-013 and show that these com-
pounds are effective PAI-1 inhibitors. In addition, PAI-1
inhibition increased with increasing pH to 8.5 (data not
shown).

Additional experiments with CDE-021, CDE-028, CDE-
029, CDE-030, CDE-030, CDE-031, and CDE-032 also have
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shown that they are effective inhibitors of PAI-1 and, like-
wise, their inhibition efficacy increased with increasing pH,
for example, from pH 6.5 to pH 7.5 to pH 8.5. In one experi-
ment, CDE-008 demonstrated an IC;, 0of 325.1 uM at pH 6.5,
anIC,, 0f 0.288 pM at pH 7.5, and an IC,, 0 0.064 uM at pH
8.5. Thus, pH has an effect on PAI-1 inhibition.

Example 9

PAI-1 Inactivation Results in Increased HDL and
Decreased VLDL

To determine if the differences in lipid profiles between the
PAI-1 null mice and the wild-type mice (shown in Example 1)
were due to specific interactions between PAI-1 and lipid
metabolic pathways, the pharmacological inactivation of
PAI-1 by a PAl-inhibitor, PAI-039, was carried out. The
theory is that PAI-039 treatment affects normal cholesterol
metabolism and alters lipid profiles.

Previous studies by others have demonstrated that the
PAI-1 inhibitor, PAI-039 (tiplaxtinin), has efficacy against
PAI-1 in vivo, accelerating fibrinolysis following vascular
injury to levels similar to those observed in PAI-1 null mice
(Smith et al., Blood 107: 132-134, 2006; Weisberg et al.,
Arterioscler. Thromb. Vasc. Biol. 25: 365-371, 2005; Elokdah
etal., J. Med. Chem. 47: 3491-3494, 2004; Hennan et al., J.
Pharmacol. Exp. Ther. 314: 710-716, 2005). PAI-039 has also
been shown in vivo to protect mice from nutritionally-in-
duced obesity (Crandall et al., Arterioscler. Thromb. Vasc.
Biol. 26: 2209-2215, 2006).

PAI-039 was administered orally to two different strains of
mice, C57BL/6J and 129. Age- and sex-matched groups were
fed standard mouse chow (#5001, Harlan Teklad, Indianapo-
lis, Ind.) with or without PAI-039 (5 mg PAI-039/gram of
chow). All diets were formulated by the manufacturer and the
concentration of drug in the diet was validated by mass spec-
trometry at Wyeth Research. Mice were fed for two weeks
after which citrated plasma was prepared from each group
and lipid profiles were determined by enzyme assays and
HPLC analysis.

As expected, plasma PAI-1 activity was decreased in mice
receiving PAI-039 with plasma levels of active PAI-1 in the
C57BL/6] mice being reduced from 0.47+0.13 mg/mL in
control mice to 0.37+0.08 ng/mL. in PAI-039-treated mice. In
both strains of mice examined, treatment with PAI-039 sig-
nificantly altered the lipid profile compared to their matched
control mice that did not receive PAI-039.

In both strains, HDL cholesterol increased significantly in
PAI-039-treated mice (11% increase in C57BL/6J and 45%
increase in 129) and VLDL decreased significantly in PAI-
039-treated mice (49% in C57BL/6J and 35% in 129). Other
changes in lipids were also noted in each strain that received
PAI-039 treatment; however, these changes were not statisti-
cally significant. For example, total cholesterol increased in
both PAI-039-treated strains, but the difference was not sig-
nificant in the C57BL/6J mice.

Thus, the increased HDL cholesterol and decreased VLDL
cholesterol in PAI-039-treated mice indicate that inhibiting
PAI-1 activity can alter normal cholesterol metabolism.
Moreover, these changes were similar, though not identical,
to those seen in Example 1. Specifically, HDL cholesterol
increased in both PAI-1 null mice and in PAI-039-treated
mice (HDL was approximately 30% higher in PAI-1 null
mice compared to wild-type mice and approximately 28%
higher in PAI-039-treated mice (average increase for C57BL/
6J and 129 mice).
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These results suggest that reducing PAI-1 levels, either
genetically or pharmacologically, can significantly raise
HDL levels. In contrast, VLDL did not show any differences
between PAI-1 null mice and wild-type mice, whereas in the
PAI-039-treated mice, both C57BL/6] and 129 strains
showed a significant decrease in VLDL levels (42% average
decrease) compared to controls.

Example 10

PAI-1 Inactivation Does not Alter Lipid Metabolism
in PAI-1 Null Mice

The observation that PAI-039 affects both HDL and VLDL
in a similar manner in both strains of mice in Example 9
suggests that PAI-039’s effects may be specific for a pathway
common to HDL and VLDL; however, it does not prove that
the effects are mediated through an interaction of PAI-039
with PAI-1. To determine whether the oral administration of
PAI-039 in PAI-1 null mice also raises HDL and lowers
VLDL, the experiments set forth in Example 9 were repeated
using PAI-1 null mice in place of the wild-type mice. Animals
were treated for two weeks as set out in Example 9, and lipid
analysis was carried out.

PAI-039 had no significant effect on metabolism in PAI-1
null mice, indicating that the effects of PAI-039 on plasma
lipid profiles require the presence of PAI-1, and strongly
implies that PAI-1 interacts directly with lipoprotein meta-
bolic pathways.

These results are notably important because they suggest
that the changes seen in cholesterol metabolism in mice with
a genetic deficiency in PAI-1 could result from secondary
effects associated with developmental changes in mice with
complete PAI-1 deficiency, and might not be due to the loss of
a direct interaction between PAI-1 and some factor(s) asso-
ciated with cholesterol metabolism. However, the require-
ment of PAI-1 for PAI-039 treatment to induce acute changes
in lipid profiles demonstrates that PAI-039 cannot be acting
directly on cholesterol metabolic pathways. Instead, the sim-
plest explanation is that PAI-1 itself interacts directly with
one or more of these pathways and that the removal of PAI-1,
either genetically or pharmacologically, alters the steady-
state balance of cholesterol metabolism.

Example 11
PAI-1 Blocks Binding of VLDL to VLDL-R

Because PAI-039 specifically lowered VLDL levels in two
strains of mice treated with PAI-039 (see Example 9), a study
was set out to determine how PAI-1 affects VLDL. Experi-
ments were carried out to detect if PAI-1 enhances or inhibits
VLDL binding to the VLDL receptor (VLDL-R), and deter-
mine if altering this interaction by treatment with PAI-039
could influence VLDL levels in vivo.

First, to measure the direct binding of purified VL.DL to the
VLDL-R in the presence of PAI-1, the following experiment
was carried out. The purified ectodomain of VLDL-R was
bound to microtiter plates and blocked with bovine serum
albumin (BSA). Increasing concentrations of VLDL (In-
tracel, Frederick, Md.) labeled with the fluorescent lipophilic
probe, Dil, (Dil-VLDL) were then allowed to bind. The bind-
ing of Dil-VLDL was measured in a fluorescent plate reader,
and was shown to be specific and saturable. Specificity was
demonstrated by the lack of binding of the VLDL to BSA
coated plates, and by the inhibition of VLDL binding by the
receptor-associated protein (RAP), which is a receptor
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antagonist and a general antagonist of members ofthe LDL-R
family (Marienfeld et al., Hepatol. 37:1097-1104, 2003).

Similar results were also obtained when the assay was
carried out with unlabeled VLDL using an ELISA format,
where VLDL binding was detected with a monoclonal anti-
body to apolipoprotein E (ApoE) (3H11, Ottawa Heart Insti-
tute Research Corp., Ottawa, Calif.). Using this assay, the
ability of PAI-1 to promote or inhibit the binding of VLDL to
the VLDL-R was then examined in a competitive binding
assay, where a constant amount of Dil-VLDIL was added
together with increasing amounts of wild-type PAI-1. The
PAI-1 used in the experiments was either in the active con-
formation, the latent conformation, or in a complex with uPA.

Assay results showed that PAI-1 did not enhance the bind-
ing of VLDL to VLDL-R, but rather that PAI-1 competes with
VLDL for receptor binding and can completely inhibit VLDL
binding to VLDL-R. There was no significant difference in
VLDL binding to the three different forms of PAI-1 tested
(ICs, of 69+5.5 nM for the PAI-1:uPA complex; IC,, of
80+8.7 nM for active PAI-1; and IC,, of 84+8.3 nM for latent
PAI-1). The data suggest that either PAI-1 is inhibiting VL.LDL
binding through an alternate interaction rather than through
PAI-1 binding to VLDL-R, or that binding of PAI-1 to
VLDL-R is different that its binding to other LRL-R family
members, such as lipoprotein receptor-related protein (LRP)
and GP330/Megalin, which can only bind PAI-1 with high
affinity when it is in a complex with a protease (Stefansson et
al., J. Biol. Chem., 271:8215-8220, 1996; Stefansson et al., J.
Biol. Chem. 273:6358-6366, 1998, Stefansson et al., J. Biol.
Chem. 279:29981-29987, 2004).

Taken together, the data indicate that PAI-1 must be inhib-
iting VLDL binding to VLDL-R through some mechanism
other than by simply binding to the receptor and blocking its
association with VLDL, because all three conformations of
PAI-1 showed similar capacity to inhibit (IC5, values) VLDL
binding to VLDL-R, even though all three conformations of
PAI-1 have very different affinities for the VLDL-R with only
the PAI-1:uPA complex binding to VLDL-R with high affin-
ity. For example, latent PAI-1 has an estimated kDa for bind-
ing to VLDL-R that is nearly 10-fold higher than that of the
PAI-1:uPA complex, and yet the IC,,s for the inhibition of
VLDL binding in the experiment were nearly identical. Simi-
larly, the active form of PAI-1 is equally efficient at inhibiting
the binding of VLDL to VLDL-R, even though its binding to
VLDL-R is even lower than that of latent PAI-1.

Instead, these results suggest that PAI-1 is blocking the
binding of VLDL to VLDL-R by an alternative mechanism,
possibly through the association of PAI-1 with the VLDL
particle.

Example 12
PAI-1 Interacts Directly with the VL.DL Particle

To determine if PAI-1 is blocking the binding of VLDL to
the VLDL-R by the association of PAI-1 with the VLDL
particle, the following experiment was performed. The com-
petitive binding assay using active PAI-1 and the PAI-1:uPA
complex, as described in Example 11 was repeated. However,
in this experiment the PAI-1 or PAI-1:uPA complex was
either (i) preincubated with VLDL-R for one hour to permit
binding, after which the unbound PAI-1 was washed away
immediately prior to the addition or the VLDL, or (ii) added
together with VLDL to VLDL-R coated plates without any
preincubation. After one hour, the unbound VLDL was
washed away and the bound VLDL was detected with an
anti-ApoE antibody.
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PAI-1 competed with VLDL for binding to VLDL-R only
when preincubated with the VLDL. This is understandable
with active PAI-1, because PAI-1 binds weakly to VLDL-R
and would be expected to be washed away prior to the addi-
tion of the VLDL. However, in the case of the PAI-1:uPA
complex, the binding affinity is high and at the highest doses
of PAI-1:uPA complex added, the receptor binding was not
saturated. Thus, if the PAI-1:uPA complex is inhibiting
VLDL binding by blocking a site on the VLDL-R, the inhi-
bition of VLDL binding, even in the washed wells, was
expected. However, no inhibition was observed.

This lack of inhibition of VLDL binding to VLDL-R
strongly suggests that at least the PAI-1:uPA complex is inter-
acting with some ligand on the VLDL particle and that this
interaction interferes with VLDL binding to VLDL-R.

Example 13
PAI-1 Inhibits ApoE Binding to VLDL-R

As discussed above, the inhibition of VLDL binding to
VLDL-R by PAI-1 is independent of the affinity of PAI-1 for
VLDL-R. The data suggests that this inhibition is dependent
onPAI-1 having access to VL.DL in solution, since PAI-1:uPA
complexes prebound to VLDL-R could not block VLLDL
binding, whereas incubation of PAI-1 with VLDL in solution
did block VLDL-R binding. The simplest explanation for
these data is that PAI-1 is blocking VLDL binding to the
receptor, not by binding to the receptor but by binding to a
receptor ligand on the VLDL particle.

Inthe case of VLDL, one known ligand for VL.DL-R that is
present on the VLDL particle is apolipoprotein E (ApoE). It
has been shown previously that all three of the common
isoforms of ApoE (ApoE2, ApoE3, and ApoE4) bind to
VLDL-R with high affinity (Ruizetal., J. Lipid Res. 46:1721-
1731, 2005). Therefore, an experiment was performed to test
if PAI-1 is regulating lipoprotein interactions with cellular
receptors through interactions with receptor ligands.

To test if PAI-1 could inhibit the binding of ApoE to VL.DL-
R, surface plasmon resonance (SPR) analysis was used.
Immobilized VL.DL-R was used, and ApoE (ApoE4 isoform)
was co-injected with increasing concentrations of a mutant
form of PAI-1 (R76E). [R76E was used because it does not
bind to members of the LDL-Receptor family (Stefansson et
al., J. Biol. Chem. 273:6358-6366, 1998; Lawrence et al., J.
Biol. Chem. 272:7676-7680, 1997), and, therefore, the
experiment could be carried out to record only the binding of
ApoE to VLDL-R.]

Results showed that for the first 300 seconds of the experi-
ment, only the different concentrations of the PAI-1 mutant
flowed over the VLDL-R and no binding was seen at any
concentration. At 300 seconds, ApoE was injected, either
alone or together with the R76E-PAI-1 mutant. As the PAI-1
concentration increased, the binding of ApoE to immobilized
VLDR was reduced. The data showed a dose-dependent inhi-
bition of ApoE binding with an IC;, of 60.5£6.8 nM. This
demonstrates that PAI-1 can inhibit the binding of ApoE4 to
the VLDL-R, and further suggests a direct interaction
between PAI-1 and ApoE4.

Example 14
PAI-1 Interacts Directly with ApoE
To see if there is a direct interaction with PAI-1 and ApoE,

apull-down experiment was carried out. For this experiment,
biotinylated PAI-1 (5 ng/100 ul TBS; Molecular Innovations)
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or TBS (control) was bound to streptavidin beads (54 Pierce
Biotechnology) or control beads (streptavidin without PAI-1)
for 45 minutes at 4 C with end over end rotation. The beads
were blocked with biotin and washed 4 times for 5 min each
with a sodium acetate buffer, pH 5.0 with 150 mM NaCl. The
proteins were then eluted with 20 pl of the provided elution
buffer (pH 2.8) and neutralized with 1 pl of 1M Tris. 10 pl of
each eluant was combined with 3.3 pl of lithium dodecyl
sulfate (LDS) sample buffer (Invitrogen) and separated on a
10% Bio-Rad Tris-HCl precast gel. The gel was transferred to
PVDF and then blotted for ApoE using the 3H1 mAb. The
blot was stripped and reprobed for PAI-1 using a pAb against
human PAI-1.

Results of the study demonstrated that only when PAI-1
was present in the pull-down reaction (treated beads) was
ApoE precipitated, indicating that PAI-1 interacts directly
with ApoE.

To determine if PAI-1 binds different isoforms of ApoE,
crosslinking and pull-down studies were carried out with
ApoE2, ApoE3, ApoE4, and PAI-1. Biotinylated PAI-1 (bt-
PAI-1) in HEPES-buffered saline (HBS), or bt-PAI-1 with a
5-fold excess of unbiotinylated PAI-1, or HBS alone were
incubated with ApoE2, ApoE3, or ApoE4 (MBL) or VLDL
(Intracel) in a final volume of 100 pul for 1 hour at 37° C.
Samples were crosslinked in 5 mM DTSSP (Pierce) for 30
minutes at room temperature and the crosslinker was deacti-
vated by adding 50 mM Tris, pH 7.4. The samples were
diluted with 1 volume of HBS with 2% Triton X-100 and
0.2% SDS and then incubated with streptavidin-coated beads
for 60 minutes with end over end rotation. Supernatants were
collected and the beads were washed 4x with HBS containing
1% Triton X-100 and 0.1% SDS and twice with HBS con-
taining no detergent. Bound proteins were eluted by boiling
the beads in Laemmli buffer. The eluants were reduced and
separated on 12% gel (Bio-Rad), transferred to PVDF and
blotted for ApoE, PAI-1 or biotin. The study showed that
PAI-binds ApoE2, ApoE3, ApoE4 (see FIG. 13).

Mutants of PAI-1 are also tested, including mutants that
bind vitronectin and the LDL-R family members normally
but do not inhibit PAs, and mutants that lack vitronectin
binding but retain other functions (Stefansson et al., J. Biol.
Chem. 276:8135-8141, 2001; Xu et al., J. Biol. Chem. 279:
17914-17920, 2004). The binding studies are carried out with
and without PAI-039. If PAI-039 is affecting the interaction of
PAI-1 with ApoE, then PAI-039 treatment will block the
association.

These experiments allow for the design of a preliminary
map of the binding site for ApoE on PAI-1, because mutants
having reduced binding help determine which regions are
important for ApoE binding. Likewise, additional pull-down
experiments are also carried out with these same forms of
PAI-1. A ligand cross-linking strategy followed by high-per-
formance liquid chromatography with tandem mass spec-
trometry detection (LC-MS-MS) is used to identify the puta-
tive binding interface. For these experiments, PAI-1 in its
different conformations is biotinylated and allowed to bind to
ApoE. The complex is then cross-linked with the reducible
homobifunctional and amine-reactive cross-linking agent
dithiobis[succinimidylpropionate] (DSP) (Pierce). The
cross-linked proteins are then captured with streptavidin
beads subjected to tryptic digest either together or after SDS-
PAGE without reduction to separate the uncross-linked ApoE
and PAI-1. The tryptic fragments are then identified by LC-
MS-MS analysis (Proteome Center of the University of
Michigan).

Similar cross-linking studies are also carried out with
PAI-1 and intact HDL and VLDL.. The procedure and analysis
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are the same except that the non-membrane permeable cross-
linking agent 3,3'-dithiobis[sulfosuccinimidylpropionate]
(DTSSP) (Pierce) is used to help reduce the potential of the
cross-linking agent being sequestered into the lipid core of
the lipoprotein particles. The proteins are then detergent
extracted from the particles before analysis.

In another set of experiments, PAI-1 is labeled with
Bolton-Hunter reagent, and the '**I-PAI-1 is reacted with
HDL or VLDL and cross-linked as above. After the extraction
step only the '**I-labeled cross-linked complexes are gel-
purified from a low percentage SDS-PAGE. The cross linker
is then reduced and the non-radioactive proteins are isolated
by another round of SDS-PAGE and analyzed by tryptic
digestion and LC-MS-MS. This procedure is carried out to
increase the specificity for the cross-linked complex.
Together, these experiments identify (i) the site of interaction
between PAI-1 and ApoE, and (ii) other lipoproteins present
in HDL and/or VLDL that interact with PAI-1.

1257

Example 15
PAI-1 Binds to ApoA and LPL

PAI-1 apparently influences lipid metabolism by interact-
ing with ApoE as set out in Example 14. However, it is also
possible that PAI-1 interacts with other protein components
of'the HDL or VLDL particles or other components on the cell
surface. Therefore, a pull-down experiment, similar to the
experiment described in Example 14 above, was carried outto
determine whether PAI-1 binds ApoA associated with the
HDL or VLDL particles.

Because apolipoprotein Al (ApoA-I) and apolipoprotein
All (ApoA-II) are major components of HDL and are directly
involved in HDL binding to SR-BI (Xu et al., J. Lipid Res.
38:1289-1298, 1997), they are important candidates for
PAI-1 binding. ApoA-I and ApoA-II also mediate the recy-
cling of ApoE in cells (Farkas et al., J. Biol. Chem. 278:9412-
9417, 2003; Kockx et al., J. Biol. Chem. 279:25966-25977,
2004). Lipoprotein lipase (LPL) is another important candi-
date for PAI-1 binding, because it promotes VL.DL binding to
cells, including macrophages. Moreover, mice that are defi-
cient in the macrophage expression of LPL have reduced
plasma ApoE levels, and are markedly protected from the
development of atherosclerosis (Eck et al., Atherosclerosis
183:230-237, 2005).

To determine if PAI-1 interacts with ApoAl, crosslinking
and pull-down studies were carried out with ApoAl and
PAI-1. Biotinylated PAI-1 (bt-PAI-1) in HEPES-buffered
saline (HBS), or bt-PAI-1 with a 5-fold excess of unbiotiny-
lated PAI-1, or HBS alone were incubated with ApoAl
(Sigma-Aldrich) or HDL (Intracel) in a final volume of 100 pl
for 1 hour at 37° C. Samples were crosslinked in 5 mM
DTSSP (Pierce) for 30 minutes at room temperature and the
crosslinker was deactivated by adding 50 mM Tris, pH 7.4.
The samples were diluted with 1 volume of HBS with 2%
Triton X-100 and 0.2% SDS and then incubated with strepta-
vidin-coated beads for 60 minutes with end over end rotation.
Supernatants were collected and the beads were washed 4x
with HBS containing 1% Triton X-100 and 0.1% SDS and
twice with HBS containing no detergent. Bound proteins
were eluted by boiling the beads in Laemmli buffer. The
eluants were reduced and separated on 12% gel (Bio-Rad),
transferred to PVDF and blotted for ApoAl. The study
showed that PAI-binds to ApoAl (see FIG. 14).
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Example 16

Characterization of the Binding of PAI-1 to VLDL-R

Previously, it was shown that PAI-1 only binds to LRP with
high affinity when it is associated in a complex with a protease
(Stefansson et al., J. Biol. Chem. 273:6358-6366, 1998; Ste-
fansson etal., J. Biol. Chem. 279: 29981-29987, 2004). How-
ever, the binding of PAI-1 to VLDL-R is different than the
binding of PAI-1 to LRP, because LRP does not bind latent
PAI-1 with significant affinity (Stefansson et al., J. Biol.
Chem. 273:6358-6366, 1998), whereas latent PAI-1 binds to
the VLDL-R with an estimated kDa of ~65 nM. This differ-
ence in PAI-1 binding to the VLDL-R and LRP is similar to
the difference in the binding of lipid-free ApoE to these two
receptors (Ruiz et al., J. Lipid Res. 46:1721-1731, 2005), and
suggests that there are functional consequences for these
binding differences. Therefore, the aim of this study was to
characterize the binding of the different conformational
forms of PAI-1to VLDL-R and compare the binding to that of
PAI-1to LRP.

In an SPR analysis experiment, examining the binding of
PAI-1 in complex with vitronectin to the VLDL-R, the PAI-
1:vitronectin complex was found to bind to the VLDL-R with
an approximate kDa of 80 nM. Notably, vitronectin alone did
not bind VLDL-R. This finding was unexpected because the
vitronectin binding region in PAI-1 is adjacent to the binding
region for members of the LDL-R family (Stefanssonet al., J.
Biol. Chem. 273:6358-6366, 1998).

To determine if the PAI-1:vitronectin complex binds to
LRP, SPR analysis is also carried out with both LRP and the
VLDL-R coupled to separate channels of the same chip.
Thus, the same PAI-1 samples are analyzed at the same time.
Using this approach, the binding of active, latent, and cleaved,
PAI-1 is compared as well as PAI-1 in complex withuPA, tPA,
and the PAI-1:vitronectin complex. The effect of PAI-039 on
the binding of the different conformational forms of PAI-1
binding to the two receptors is also tested. These experiments
are carried out to illustrate any differences in the association
of PAI-1 with these receptors and this information is then
compared with the results described herein above for the
competition binding studies with purified ApoE and with
HDL and VLDL binding to the receptors.

Example 17

Characterization of the Effect of PAI-1 on HDL and
VLDL Binding to the VLDL-R

These experiments characterize PAI-1 interactions with
the major protein components of the RCT pathway. PAI-1
binding to ApoE is proposed as being responsible for the
inhibitory effect of PAI-1 on VLDL binding to the VLDL-R,
because the PAI-1-R76E mutant inhibited VLDL binding to
VLDL-R to the same extent as wild-type PAI-1. Thus, like
lipid-free ApoE, the PAI-1-R76E mutant, which is defective
in receptor binding, can still block VDL binding to VL.DL-
R, very likely through an association with lipid bound ApoE.
Together, these experimental findings strongly support the
hypothesis that PAI-1 regulates lipoprotein interactions with
cellular receptors, but they do not indicate how this interac-
tion with ApoE or VLDL can regulate HDL levels in plasma.

ApoE is known to be a constituent protein of HDL (Vezina
etal.,J. Lipid Res. 29:573-585, 1988), and recent studies have
shown that ApoE secretion from cells, including macroph-
ages, is associated with cholesterol efflux in a process that
involves both HDL and ApoA-I (Kockx et al., J. Biol. Chem.
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279:25966-25977, 2004; Heeren et al., J. Biol. Chem. 278:
14370-14378, 2003; Heeren et al., Arterioscler. Thromb.
Vasc. Biol. 26:442-448, 2006; Matsuura et al., J. Clin. Invest
116:1435-1442, 2006).

To determine whether PAI-1 can affect HDL binding to the
isolated VLDL-R directly as it does with VLLDL, the present
experiments are carried out like those previously described
herein with VLDL using fluorescent Dil-HDL (Intracel). If
HDL binding to VLDL-R is blocked by the R76E-PAI-1
mutant, this suggests PAI-1 functions via the same mecha-
nism of action, possibly through interaction with HDIL.-asso-
ciated ApoE. However, it is also possible that HDL does not
bind significantly to the VLDL-R or that it can bind to the
VLDL-R, but interactions with other receptors are more
important for its ability to transport cholesterol.

Therefore, experiments are also carried out to investigate
whether PAI-1 affects the binding of HDL to other receptors,
such as LRP-1, or the scavenger receptor BI (SR-BI), which
is thought to be a primary HDL receptor on cells (Zannis et
al., J. Mol. Med. 84:276-294, 2006; Krieger, J. Clin. Invest
108:793-797, 2001). Recent studies have suggested that LRP
may play a role in HDL catabolism in adipocytes (Vassiliou et
al., Arterioscler. Thromb. Vasc. Biol. 24:1669-1675, 2004).
The analysis with LRP is carried out exactly like that with the
VLDL-R, and includes experiments using purified ApoE,
HDL and VLDL.

Initially, pull-down studies and cross-linking analyses are
carried out with purified SR-BI in reconstituted phospholipid/
cholesterol liposomes as described (Liu et al., J. Biol. Chem.
277:34125-34135, 2002) to determine PAI-1 binding to SR-
BL

Experiments with SR-BI are limited to the analysis of the
of SR-BI in liposomes because, unlike the members of the
LDL-R family of receptors which have a single transmem-
brane domain and an ectodomain that can be shed from the
cell in a ligand binding competent form, SR-BI is a member
of the CD36 receptor family. The CD36 receptor family has
horseshoe-like membrane topologies with both amino- and
carboxy-terminal transmembrane domains, which has not
been shown to be functional in membrane-free studies.

SR-BI is expressed in the Drosophila S2 cell expression
system with an epitope tag for purification as described (Liu
et al,, J. Biol. Chem. 277:34125-34135, 2002). This cell
expression system is remarkably efficient and routinely pro-
duces high yields of protein in serum-free growth media. The
present experiment is designed to examine whether PAI-1 can
interfere with VLDL or HDL binding to SR-BI by binding to
the lipoprotein particle.

To determine whether PAI-1 can also regulate the associa-
tion of HDL and VLDL to SR-BI, PAI-1 is reacted with SR-BI
containing liposomes or liposomes alone (control), and the
liposomes are separated by centrifugation. If PAI-1 binds to
the receptor, it fractionates specifically with the SR-BI lipo-
somes. The association of Dil-labeled HDL or VLDL to SR-
Bland the ability of PAI-1 to disrupt this binding is also tested
with fluorescently labeled SR-BI monitored by FACs analy-
sis.

Briefly, the purified SR-BI is labeled with Alexa Fluor 488
and then reconstituted into liposomes. The fluorescent green
SR-Bl is then mixed with the red Dil-VLDL or Dil-HDL with
or without increasing concentrations of competing proteins
and the samples are subjected to FACs analysis. When Dil-
VLDL or Dil-HDL binds to SR-BI, there is a shift in the
forward and side scatter of the liposomes and an overlap of the
red and green fluorescent signals. Likewise, if PAI-1 com-
petes for HDL and or VLDL binding to SR-BI, there are
reductions in the changes in forward and side scatter of the
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particle and in the overlap of the fluorescent signals. For these
studies PAI-1 in the active, latent, cleaved and protease com-
plexed conformations, as well as PAI-1 bound to vitronectin,
and the PAI-1 mutants are tested for their ability to inhibit
lipoprotein particle binding.

In addition to SR-BI, HDL is also thought to interact with
the ABC transporters, ABCA1 and ABCG1, on the cell sur-
face and this association is critical for cholesterol efflux to
HDL (Cuchel et al., Circulation 113:2548-2555, 2006). It
previously has been shown that the ABCA1 protein can be
expressed in Drosophila cells, purified, and reconstituted in
liposomes into a functional ATPase (Takahashi et al., J. Biol.
Chem. 281:10760-10768, 2006). Thus, ABCA1 and ABCG1
are expressed in insect cells with an epitope tag for purifica-
tion and each protein is reconstituted into liposomes as
described for SR-BI herein above. Briefly, the analysis with
each of these proteins is carried out like that for SR-BI, as
described herein above. ABCA1 and ABCG1 are labeled with
Alexa Fluor 488 and FACs analysis is carried out. Likewise,
direct binding of PAI-1 is also carried out.

Example 18

The Role of PAI-1 in Cellular Catabolism of VLDL
and HDL

Preliminary studies indicate that wild-type mice and PAI-
1-/- mice have significantly different plasma lipid profiles
when fed a standard chow diet. Because macrophages play an
integral role in tissue cholesterol homeostasis and are a major
source of PAI-1 in atherosclerotic lesions, macrophages may
be an important cell type where cross-talk between PAI-1 and
lipid metabolic pathways occurs. To understand how PAI-1
regulates RCT, studies were designed to investigate the role of
PAI-1 in macrophage lipid metabolism.

First, HDL and VLDL binding and uptake in PAI-1-/-
macrophages was analyzed in primary peritoneal macroph-
ages from wild-type mice and PAI-1-/- mice. To harvest
macrophages, mice were injected on day 1 (8-12 weeks old)
intraperitoneally with 1.0 ml of sterile 5% thioglycollate (TG)
broth (27 G needle /2" long). On day 5, mice were sacrificed
and undergo peritoneal lavage to harvest macrophages. (Mac-
rophage isolation is also described by Cao et al. (Blood 106:
3234-3241, 2005).) Isolated macrophages were incubated
with fluorescent Dil-VLDL or Dil-HDL.

Macrophages from PAI-1 null mice bind and take-up sig-
nificantly more VLDL (~25%) than do wild-type macroph-
ages. Likewise, Dil-HDL binding and uptake was also
elevated in PAI-1 null mice (~10%), but this difference failed
to reach statistical significance (p=0.06) in at least prelimi-
nary experiments. These data are consistent with the data for
the in vitro studies set out herein above, which indicate that
PAI-1 can block VLDL binding to VLDL-R. The data also
indicate that VLDL and possibly HDL binding and/or uptake
by macrophages is mediated by a ligand-receptor pair that can
be modulated by PAI-1.

Experiments were then carried out to determine whether a
VLDL-R antagonist, the low density lipoprotein Receptor-
Associated Protein (RAP), could block binding and uptake of
VLDL and/or HDL. RAP is a general antagonist of members
of'the LDL-R family, including the VLDL-R (Bu, Curr. Opin.
Lipidol. 9:149-155, 1998). RAP can block the association of
VLDL with both wild-type and PAI-1-/- macrophages.
However, RAP had no affect on HDL binding (data not
shown). This result is consistent with the in vitro data set out
herein above, but it does not prove that RAP is specifically
blocking binding to VLDL-R. Additional experiments are
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contemplated to identify the specific receptor(s) that is
responsible for this binding, and if it is the binding to this
receptor that is sensitive to regulation by PAI-1.

The binding of lipoproteins to cell surfaces is complex and
involves multiple ligands on the lipoprotein particles and
multiple receptors on the cell surface, as well as interactions
with other factors such as lipoprotein lipase (LPL), and cell
surface glycosaminoglycans (GAGs) (heparan sulfate pro-
teoglycans). Therefore, a number of experiments were
designed to identify the RAP-sensitive receptor and to char-
acterize its relationship to the PAI-1 regulation of VLLDL, and
possibly HDL, binding.

First, peritoneal macrophages are isolated from VLDL-
R~/-, and LDL-R-/-, mice; LRP null macrophages are also
isolated from tissue-specific conditional LRP knockout mice,
LRPlox/lox mice, (Cao etal.,, EMBO J. 25:1860-1870, 2006).
LRPlox/lox mice carry an LRP allele into which loxP sites
have been integrated (Rohlmann et al., J. Clin. Invest 101:
689-695, 1998). To generate a deletion of the LRP gene in
macrophages, LRPlox/lox mice are crossed with LysM-cre
transgenic mice (Jackson Laboratories), which express the
Cre recombinase in macrophages and granulocytes (Boucher
etal., Science 300:329-332, 2003; Clausen et al., Transgenic
Res. 8:265-277, 1999). While complete deletion of the LRP
gene results in embryonic lethality (Herz et al., Cell 71:411-
421, 1992 [published erratum appears in Cell 73:428, 1993]),
the deletion of LRP macrophages yields viable mice. Once
the animals are bred and produced, they are used together
with the VLDL-R~/- and LDL-R-/- mice to isolate perito-
neal macrophages. VLDL and HDL binding and responsive-
ness to RAP is then tested in the cells and compared to
wild-type cells.

Each of the mouse strains described herein above are then
crossed with PAI-1-/- mice to make double knockouts for
similar experiments to examine the importance of each recep-
tor for the increased binding of VLDL (and possibly HDL)
observed in the PAI-1-/- cells. In addition, peritoneal mac-
rophages are obtained from SR-BI-/- mice. This latter recep-
tor is not thought to be RAP sensitive; however, as noted
above, itis a major HDL receptor and therefore analysis of the
binding of HDL and VLDL to these cells, with and without
RAP and/or PAI-1, will be tested. The SR-BI-/- mice (Jack-
son Laboratories) are also crossed with the PAI-1-/- mice to
make double knockouts. Colonies of VLDL-R-/-, LDL-
R—/—-, PAI-1-/-, and LRPlox/lox mice are bred and main-
tained in the lab.

All of the mice have been backcrossed at least 8 genera-
tions into C57/B6J, except for the LRPlox/lox mice. There-
fore, in all experiments with the LRPlox/lox mice, heterozy-
gous Cre-expressing mice are bred with homozygous
LRPlox/lox mice and sibling controls are used. The expres-
sion of VLDL-R, LDL-R, LRP, and SR-BI is examined in
wild-type macrophage cultures by the use of antibodies and
by quantitative PCR (qPCR). PAI-1 expression in the cell
culture media is measured by an antigen assay in Core B and
by qgPCR.

Example 19

The Role of PAI-1 in Regulating Lipoprotein
Binding and Uptake by Macrophages

To establish the role of PAI-1 inregulating VL DL and HDL
association with macrophages, experiments are carried out to
assess the binding, at 4° C., and uptake, at 37° C. of both
Dil-VLDL and Dil-HDL in the macrophages of each of the
double PAI-1-/- receptor—/— mouse genotypes (receptor
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wild-type, VLDL-R-/-, LDL-R-/-, LRP-/-, and
SR-B1-/-). By crossing each of these receptor null mice into
PAI-1 null mice, the potential to see specific effects of PAI-1
is maximized.

Binding and uptake of VLDL and HDL is determined in
macrophages +wild-type PAI-1 in the different conforma-
tional forms including active, latent, protease-complexed,
and vitronectin-complexed. These data are then compared to
the results from the in vitro studies. Also, depending on the
results obtained with the PAI-1 mutants in the in vitro binding
studies discussed above, competition by any of the PAI-1
mutants that give informative results in the in vitro assay is
further examined. These competition binding studies include
use of mutants that inhibit lipoprotein binding better than
wild-type PAI-1, or mutants that are unable to block binding,
but at a minimum, competition binding studies with the R76E
PAI-1 mutant are carried out.

The effects of other potential regulators of lipoprotein
binding to the cells are also examined with and without added
PAI-1. Such potential regulators include LPL, which has been
reported to stimulate lipoprotein binding to cells, and heparin,
which inhibits lipoprotein binding through inhibition of gly-
cosaminoglycan binding. It is possible that PAI-1 is modulat-
ing the interaction with one of these regulators or “co-recep-
tors”. If PAI-1 alters lipoprotein binding and/or uptake at the
level of a cell receptor, then there should be a loss of PAI-1
sensitivity in the corresponding receptor knockout cells, sug-
gesting that PAI-1 is regulating lipoprotein binding either
directly through interaction with that receptor or with a ligand
for that receptor that is present on the affected lipoprotein
particle.

Example 20

The Effect of PAI-1 Inactivating Agents on Lipid
Uptake in Macrophages

The inactivation of PAI-1 by the genetic deletion of PAI-1
led to increased binding/uptake of both VLDL and HDL in
macrophages compared to wild-type. Therefore, it stands to
reason that the inactivation of PAI-1 using small molecule
inhibitors produces the same effect. Consequently, experi-
ments are designed to treat macrophages in cell culture with
PAI-1 inactivating compounds to determine the effect on
lipoprotein binding and uptake using methods similar to those
described herein above. Cells derived from wild-type animals
should be affected, but that effect should be lost in cells from
PAI-1-/- mice. There is some precedent for the use of PAI-1
inhibiting molecules in cell culture, because PAI-039 affects
adipocyte differentiation (Crandall et al., Arterioscler.
Thromb. Vasc. Biol. 26: 2209-2215, 2006).

Thus, cells are treated overnight with increasing concen-
tration of PAI-039 after which VL.DL and HDL binding and
uptake are measured. It is contemplated that PAI-1 inhibitors
such as, but not limited to, PAI-039 and the other PAI-1
inhibitors of the invention increase binding and uptake of both
VLDL and HDL in macrophages.

Example 21
The Role of PAI-1 in Foam Cell Formation and RCT

Macrophage foam cell formation occurs following uptake
of excess cholesterol from circulating triglyceride rich lipo-
protein remnants, and following phagocytosis of cells or parts
of cells whose membranes contain large amounts of choles-
terol. Reverse cholesterol transport (RCT) from macrophages
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by HDL returns cholesterol to the liver where it may be
excreted in the bile. The removal of cholesterol from mac-
rophages appears to be particularly important for protection
against atherosclerosis, whereas efflux of cholesterol from
other peripheral tissues may comprise the greatest mass of
cholesterol in RCT. It has been hypothesized that RCT is
more efficient in PAI-1-/- macrophages than in macrophages
from wild-type mice. Thus, this experiment was designed to
determine the role of PAI-1 in foam cell formation and RCT
using macrophages from PAI-1 null mice and PAI-1 inacti-
vating drugs.

Macrophages, preincubated with unlabeled oxLDL for 1
hour, increased Dil-HDL binding/uptake over 3-fold in both
wild-type and PAI-1-/- cells. Peritoneal macrophages were
isolated and plated and pretreated with 20 pg/ml of oxLDL in
RPMI-0.5% BSA for 1 hour. Dil HDL (10 pg/ml) was then
added and incubated for 2 hours. Cells were rinsed, fixed,
DAPI stained, and then fluorescent intensity was measured.

This experiment demonstrated a small but significant
elevation of Dil HDL binding following oxLLDL pretreatment
in PAI-1-/- macrophages compared to wild-type cells. This
is consistent with the hypothesis that RCT from PAI-1-/-
macrophages may occur more efficiently. Therefore, experi-
ments were designed to study both cholesterol efflux and
ApoE recycling in preloaded macrophages (Kockx et al., J.
Biol. Chem. 279:25966-25977, 2004; Hasty et al., Lipid Res.
46:1433-1439, 2005).

To measure cholesterol efflux, peritoneal macrophages are
preloaded with *H-cholesterol from AcLDL (Intracel). Cho-
lesterol efflux is measured following ApoA-I (PeproTech)
treatment. Efflux of ApoE from macrophages can occur in
response to both ApoA-I, as well as ApoE, and both proteins
are utilized to stimulate ApoE efflux. If PAI-1-/- macroph-
ages are indeed more capable of RCT, then there should be a
greater cholesterol efflux and greater ApoE efflux from these
cells when compared to wild-type macrophages.

Example 22

The Role of PAI-1 in Adipocyte Lipid Metabolism

Lipoprotein binding and uptake on adipocytes is highly
dependent on cell surface GAGs, as well as endocytic recep-
tors and lipid transporters. To examine lipoprotein binding on
adipocytes, binding/uptake of Dil-VLDL and Dil-HDL was
carried out in adipocytes five days post-differentiation.

3T3-L1 cells were cultured in DMEM/10% BCS in a
12-well dish (50,000 cells/cm?). Two days after reaching
confluency, cells were incubated in Differentiation Media
(ZenBio) for 3 days and then in Adipocyte Maintenance
Media (ZenBio). After 5 days of lipid accumulation, adipo-
cytes were rinsed in DMEM-0.5% BSA and incubated with
10 ug/ml of Dil-labeled VLDL or HDL for 3 hours with either
no addition or RAP (50 pg/ml) in DMEM-0.5% BSA. Cells
were rinsed, fixed, and DAPI-stained. Images were taken with
a Nikon TE2000 and MetaMorph software. Fluorescence was
measured and expressed as mean+SEM RFU from a dupli-
cate determination (*p<0.05 compared to control (no RAP)
treatment). Binding/uptake of both labeled fluorophores after
3 hours of incubation was inhibited by the receptor antagonist
RAP. Thus, RAP inhibited VLDL and HDL binding in adi-
pocytes.

To determine how the binding and uptake of labeled lipo-
proteins is altered by various forms of PAI-1, the binding and
uptake of HDL and VLDL by murine adipocytes is measured
in the presence and absence of various forms of PAI-1.
Mature adipocytes (5-10 days post-differentiation) are incu-
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bated with increasing concentrations of PAI-1 (wild-type
active, latent, cleaved, PA-complexed, active site-deficient,
vitronectin binding-deficient, LDL-R family binding-defi-
cient) and binding and uptake of the labeled lipoproteins is
measured. 3T3-L.1 adipocytes express PAI-1 and release it
into the medium. For this reason, it may be necessary to carry
out these experiments in adipocytes differentiated from
preadipocytes collected from wild-type and PAI-1-/— mice
(as described herein below).

To further understand the role of PAI-1 in lipid metabolism,
adipocyte lipid metabolism is measured in PAI-1-/- cells and
with PAI-1 inactivating drugs. Preadipocytes are isolated
from the epididymal fat pads of mice (the same animals as
used in the experiments described herein above). To obtain fat
pads, mice are euthanized and epididymal white fat pads
excised, weighed, and rinsed in an isolation buffer (120 mM
NaCl, 0.5 mMKCl, 1.2 mM KH,PO,, 0.6 mM MgSO,.7H,O
and 0.9 mM CaCl,.6H,0, 20 mM HEPES, 200 mM adenos-
ine, and 2.5% BSA). Fat pads are then cut into small pieces in
isolation buffer supplemented with 1 mg/mL type I collage-
nase (Worthington Biochemical Corp., Lakewood, N.J.) and
digested at 37° C. in shaking water bath at 100 rpm per minute
for 45 minutes. The digested adipose tissue is then filtered
through 100 um mesh (TETKO Inc., Briarcliff Manor, N.Y.)
to obtain a single cell suspension of cells rinsed with isolation
buffer. The adipocytes are matured using the same methods as
for 3T3-L.1 cells (as set out above). Binding and uptake of
labeled lipoproteins is assessed in matured adipocytes by
treating with vehicle or increasing concentrations of either
PAI-039 or another small PAI-1 inactivating molecule from
the drug screen (as set out herein above). The inactivation of
PAI-1 should result in greater binding of the lipoproteins to
the cell surface and possibly greater uptake.

Because large differences in lipid profile were seen
between the PAI-1-/- and wild-type mice, cholesterol efflux
from adipocytes is measured based on the methods of Le Lay
et al (J. Lipid Res. 44:1499-1507, 2003). Adipocytes (five
days after differentiation) are incubated with *H-cholesterol
under serum free conditions. After rinsing out unincorporated
3H-cholesterol, cells are incubated with ApoA-I and choles-
terol efflux is measured by the *H released in the media
compared to the addition of no ApoA-1. It is expected that a
greater efflux occurs in adipocytes from PAI-1-/- animals,
which could, in part, explain the differences observed in
serum cholesterol levels, particularly HDL and total choles-
terol between these two genotypes.

The infiltration of adipose tissue by macrophages in obe-
sity leads to inflammatory changes in adipose tissue, includ-
ing expression of inflammatory cytokines. These changes are
thought to reduce insulin sensitivity and lead to a diabetic
phenotype. Recent cell culture studies using adipocytes and
macrophages (Suganami et al., Arterioscler. Thromb. Vasc.
Biol. 25:2062-2068, 2005) have shown that whether cultured
together or treated with media from the other cell type, adi-
pocytes and macrophages release greater levels of proinflam-
matory factors, such as MCP-1, IL.-6 and TNF-a but lesser
levels of the anti-inflammatory molecule adiponectin. PAI-1-
deficient mice were protected from high-fat diet induced obe-
sity and insulin resistance (Ma et al., Diabetes 53:336-346,
2004), suggesting that macrophage infiltration or the usual
inflammation that accompanies this infiltration may be
decreased in the absence of PAI-1. Therefore, a PAI-1 defi-
ciency may be protective for development of obesity and
insulin resistance by decreasing expression and secretion of
inflammatory mediators in adipose tissue. Therefore, to deter-

10

15

20

25

30

35

40

45

50

55

60

65

174

mine the role of PAI-1 in obesity and/or insulin resistance,
differentiated adipocytes and peritoneal macrophages were
co-cultured.

3T3-L1 cells were cultured as described herein above.
Adipocytes were rinsed and kept in DMEM-0.5% BSA. Peri-
toneal macrophages (6x10° cells/well) from wild-type PAI-1
null mice, or no cells were added. After two days in culture,
cell were rinsed, fixed, washed, and stained with Oil Red O.
Unbound dye was removed and nonspecific binding was
blocked before incubating with a-mouse-CD-11B. The pri-
mary antibody was detected with Alexa-488-conjugated a.-rat
IgG and cells were DAPI-stained. Cells were photographed at
20x with a Nikon TE2000 and Metamorph software. TNF-a
was quantified using a LINCOplex kit. Data represent
mean+SEM of a duplicate determination. The macrophages
in each well were quantified based on the Alexa 488 signal
over the blank (ex 490 nm; em 530 nm; cutoff 515 nm).

The adipocytes clearly contained lipid droplets and adher-
ent macrophages were easily visualized. In addition, the pre-
liminary experiment suggests that macrophages from wild-
type mice release more TNF-a than macrophages from PAI-
1-/- mice in the presence of differentiated 3T3-L.1 cells.

Primary preadipocytes from wild-type and PAI-1-/- mice
are isolated and then differentiated similarly to 3T3-L1 cells.
The cells are then cultured and adipocytokines (adiponectin,
IL-6, MCP-1, resistin, TNF-a, and total PAI-1) are measured
after culture in the presence of absence of peritoneal mac-
rophages collected from wild-type and PAI-1-/- mice. All
combinations of adipocytes and macrophages are studied and
the adipocytokines (adiponectin, I[.-6, MCP-1, resistin,
TNF-o and total PAI-1) are measured.

Example 23

The Characterization of Lipid Profiles in Mice
Lacking PAI-1, uPA, tPA, and Vitronectin

Mice lacking PAI-1 have higher total cholesterol levels
compared to wild-type mice, primarily due to their higher
HDL levels. PAI-039 treatment raises HDL levels and lowers
VLDL levels, but only in mice that express PAI-1. These data
strongly support the hypothesis that PAI-1 plays a direct role
in lipid metabolism. It is possible, however, that the PAI-1
effect is not direct, but indirect via some factor that PAI-1
regulates. Therefore, plasma lipid profiles in mice that lack
the principal protease targets of PAI-1, uPA, tPA, and the
double uPA/tPA nulls are measured. If the changes in lipid
levels observed in the PAI-1-/- mice are due to unregulated
proteolytic activity by uPA and/or tPA, then lipid levels in
these null strains should either be normal or should show an
opposite profile to the PAI-1-/- mice, such as reduced HDL.
Alternately, if PAI-1 is acting on an unrelated factor, such as
ApoE or another apolipoprotein or receptor, then the presence
or absence of proteases would be expected to have little effect
on plasma lipid profiles. If the protease-deficient mice show
the same lipid profiles as wild-type mice, PAI-1 is most likely
influencing lipid levels through interaction with another fac-
tor.

Plasma lipid profiles in mice that lack the PAI-1 cofactor,
vitronectin, are also measured. Because vitronectin stabilizes
plasma PAI-1 and because in vitronectin null mice plasma
PAI-1 is undetectable under non-pathologic conditions,
plasma lipid profiles may be particularly informative regard-
ing the site of PAI-1’s action on lipid metabolism. However,
these mice express PAI-1 normally in their tissues, and the
tissue levels of PAI-1 may be more analogous to normal levels
than would be predicted based on measurements of plasma
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PAI-1. Accordingly, if PAI-1 is acting primarily locally in the
tissue, then the vitronectin status of the mice would not be
expected to affect the lipid profiles. However, if PAI-1 is
acting via the blood, the vitronectin null mice should have a
lipid profile very similar to PAI-1-/- mice.

In all of the experiments set out above, six mice per group
of'age-matched, 9-12 week old, male mice null for either uPA,
tPA, double uPA/tPA or vitronectin are used. All strains are
available and are back crossed into C57BL/6] at least eight
generations. These groups are likewise compared to wild-
type C57BL/6] mice and to PAI-1-/- mice. The mice are kept
in micro-isolation cages on a 12 h day-night cycle with water
and standard mouse chow ad libidum.

After two weeks, blood is collected for a full lipid panel
analysis, including total cholesterol, triglycerides, HDL,
VLDL, and LDL. An aliquot of blood from each animal is
also stored at —80° C. for further analysis as needed. Each
experiment is repeated 3 times. If there are significant varia-
tions in lipid levels within groups, then the same protocol is to
be repeated, except that mice are fasted overnight prior to the
blood draw. Together, these experiments should provide
information as to whether PAI-1 is acting through the inhibi-
tion of plasminogen activators and/or if vitronectin influences
PAI-1 activity.

Example 24

The Effect of Novel PAI-1 Inhibitors on Lipid
Profiles In Vivo

PAI-039 and various novel PAI-1 inactivating agents are
tested in vivo in various transgenic knock-out or knock-in
mice to determine their effects on lipid profiles in vivo.
Plasma lipid profiles in mice that lack PAI-1, uPA, tPA, uPA
and tPA, and vitronectin are measured after treatment with
PAI-039 or any other PAI-1 inhibitor compound of the inven-
tion (as disclosed herein) for the two week period of the
experiment. PAI-039 or other PAI-1 inhibitor compound (as
disclosed herein) is formulated into the mouse chow at 5
mg/gram of chow, as in the experiments set out herein above,
and feeding and analysis is also the same as described in
experiments described herein.

It PAI-1 is acting through inhibition of tPA and mice lack-
ing tPA show an opposite phenotype from PAI-1 null mice,
i.e. decreased HDL levels, then treatment of tPA null mice
with PAI-039 or other PAI-1 inhibitor compound (as dis-
closed herein) should have no effect on plasma lipid levels in
these mice. Conversely, if PAI-1 is acting on a non-plasmi-
nogen activator protein, then even in the protease null back-
ground, drug treatment should be fully effective and raise
HDL levels.

The same scenario should be true with the vitronectin null
mice. For example, if mice lacking vitronectin show an oppo-
site phenotype from PAI-1-/- mice, with decreased HDL
levels, then treatment of vitronectin null mice with PAI-039
or other PAI-1 inhibitor compound (as disclosed herein)
should have no effect on plasma lipid levels in these mice.
Alternately, if PAI-1’s action is vitronectin-independent, then
even in vitronectin null mice, drug treatment should be effec-
tive and raise HDL levels.

In order to probe the mechanism of PAI-1’s regulation of
lipid metabolism in vivo, a series of experiments are carried
out with PAI-039 or other PAI-1 inhibitor compound (as
disclosed herein) treatment of mice either (i) over-expressing
wild-type or stable murine PAI-1, or (ii) expressing murine
PAI-1 at normal levels, but expressing a form of PAI-1 with
single functional sites ablated. These latter experiments uti-
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lize three specific PAI-1 knock-in strains, wherein the gene
coding for native PAI-1 has been replaced with PAI-1 con-
taining mutations that either disable the protease inhibitory
activity only, or disable the PAI-1 interaction with vitronectin
or with members of LDL-R family.

The mice over-expressing wild-type murine PAI-1 have
been previously described (Eitzman et al., Blood 87:4718-
4722,1996; Eitzman et al., J. Clin. Invest 97:232-237,1996).
These mice drive PAI-1 expression from a CMV promoter
and have plasma PAI-1 levels ~100-fold over normal levels
(Stefansson et al., J. Biol. Chem. 276:8135-8141, 2001). A
second set of mice will be expressing a stabilized form of
murine PAI-1 that is based on a stabilized variant of human
PAI-1 (14-1b) (Berkenpas et al., EMBO J. 14:2969-2977,
1995), with expression driven by a composite CMV
enhancer/p-actin promoter (Sawicki et al., Exp. Cell Res.
244:367-369, 1998).

The initial analysis of these mice is set out to compare their
baseline plasma lipid profiles to the profiles of wild-type mice
and PAI-1-/- mice. These studies follow the same protocol as
set out above with the uPA and tPA null mice. If PAI-1 is
regulating lipid metabolism in wild-type mice, then the ~100-
fold over-expression of wild-type PAI-1 in the transgenic
mice should demonstrate a significant reduction in HDL lev-
els compared to wild-type mice and an even greater reduction
compared to PAI-1-/- mice.

The treatment of these mice with PAI-039 or other PAI-1
inhibitor compound (as disclosed herein) is also examined
(using the treatment protocol as set out herein above), and its
effects on lipid profiles in these mice is evaluated for its
efficacy in reducing the extreme levels of PAI-1 in these mice.
By comparing these mice, with and without drug treatment, to
wild-type mice and PAI-1 null mice, with and without drug
treatment, one can determine whether there is a direct in vivo
correlation between plasma PAI-1 levels and plasma lipid
profiles.

The plasma lipid profiles of the transgenic mice over-ex-
pressing the stable PAI-1 are also examined, with and without
drug treatment, and these mice serve as another control for the
efficacy of the drug or candidate compound to alter lipid
profiles in a PAI-1-specific manner, since previous work with
the human form of this stable variant of PAI-1 (14-1b) indi-
cates that this PAI-1 mutant is resistant to inhibition by PAI-
039 (not shown). Thus, it is likely that in these mice the drug
will not be effective at altering lipid profiles.

The knock-in mice to be used in these studies are all on the
murine PAI-1 background expressed from the native PAI-1
locus. This means that the knock-in genes expressed by the
mice are murine PAI-1 proteins (as opposed to human or
some other species) and that their expression is driven at the
genetic locus where murine PAI-1 normally resides in the
mouse genome. These studies follow the same protocol as set
out herein above. The three knock-in strains are described
herein below.

The first knock-in strain: 1—PAI-1 with two substitutions/
mutations that disable the protease inhibitory activity only.
The substitutions are T333R and A335R, and these mutations
have been shown to specifically disrupt PAI-1 inhibitory
activity (Stefansson et al., J. Biol. Chem. 276:8135-8141,
2001). The second knock-in strain: 2—are mice with two
mutations that specifically disable the PAI-1 interaction with
vitronectin, the mutations are R101A and Q123K. The third
knock-in strain: 3—are mice that have a single mutation that
specifically disables the PAI-1 interaction with members of
LDL-R family R76E. Each of these mutations and their func-
tional consequences have been described previously (Xu et al,
J. Biol. Chem. 279:17914-17920, 2004), and the latter two
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strains have been produced by Dr. Victoria Ploplis of the
University of Notre Dame. Each of these strains has either
been constructed in the C57BL/6J background or has been
backcrossed in this background.

These mice are used to probe the mechanism of PAI-1’s
regulation of lipid metabolism by analyzing the effect of
PAI-039 treatment on plasma lipid profiles in mice with these
single functions ablated. These studies follow the same pro-
tocol as set out herein above, with each strain being fed mouse
chow with or without PAI-039 for two weeks. Plasma lipid
profiles of each strain are then compared to wild-type C57BL/
6J and PAI-1-/- mice (also, with or without PAI-039 treat-
ment).

If the interaction of PAI-1 with any of the proteases, vit-
ronectin, or the LDL-R family of receptors is critical for its
activity in lipid metabolism, then this effect should be appar-
ent in the strain with that critical function ablated, as these
mice having lipid profiles similar to PAI-1-/— mice Likewise,
the identified strain should no longer respond to drug treat-
ment. However, if PAI-1 is interacting with a previously uni-
dentified ligand through a novel mechanism, then the lipid
metabolism profiles in these mice should be indistinguishable
from wild-type mice, either with or without drug treatment.

Example 25

The Effect of Novel PAI-1 Inhibitor Compounds on
Lipid Profiles In Vivo

The lipid profiles in transgenic knockout mice lacking
VLDL-R, SR-BI, ApoE, and ApoA-I are examined after treat-
ment with PAI-039 or other PAI-1 inhibitor compound (as
disclosed herein). If PAI-1 is exerting its effect on plasma
lipid levels through its association with ApoE, or potentially
other lipoproteins or receptors, then the treatment of mice
lacking ApoE with PAI-039 or other PAI-1 inhibitor com-
pound (as disclosed herein) should not alter plasma lipid
levels. Therefore, the effect of PAI-039 or other PAI-1 inhibi-
tor compound (as disclosed herein) treatment on mice geneti-
cally deficient in lipoproteins ApoE, ApoA-1, and the recep-
tors, VLDL-R and SR-Bl s investigated in these experiments.

VLDL-R null mice, ApoE null mice, SR-BI null mice and
ApoA-I null mice have all been backcrossed into the C57BL/
6Jbackground. Plasma lipid profiles of each of these strains is
compared to wild type C57BL/6J and PAI-1 null mice with or
without PAI-039 treatment. PAI-039 is formulated into
mouse chow at 5 mg/gram as set out herein above. VLDL-R,
SR-BI, ApoE, and ApoA-I were chosen for the initial analysis
because all are thought to be important in RCT. Specifically,
PAI-1 interacts with purified ApoE and with VLDL, and
PAI-1 blocks VLDL binding to the purified VLDL-R. Like-
wise, the importance of ApoA-I and SR-BI in specifically
regulating HDL metabolism and RCT is well established
(Zannis et al., J. Mol. Med. 84:276-294, 2006; Krieger, J.
Clin. Invest 108:793-797, 2001). These experiments should
confirm whether PAI-1 can regulate the activities of any of
ApoE, ApoA-I, VLDL-R and SR-BIL.

Example 26

PAI-1 Binds to ApoAl in HDL and Inhibits
Cholesterol Efflux from Macrophages

PAI-1 binds directly to HDL via ApoAl. Moreover, PAI-1
can inhibit cholesterol capture from macrophages by HDL or
purified ApoAl. In preliminary studies, it was shown that by
reducing PAI-1, either genetically or pharmacologically,
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plasma HDL levels increased. However, the mechanism of
this increase was not identified. It was hypothesized that the
inverse correlations between PAI-1 levels and plasma HDL,
and increased PAI-1 synthesis and reduced RCT in macroph-
ages was due to PAI-1 regulation of HDL interactions with
macrophages, which leads to lower levels of plasma HDIL and
reduced RCT. To test this hypothesis, ApoAl crosslinking
and pull-down studies with biotinylated PAI-1 and purified
human HDL were carried out.

Biotinylated stable PAI-1 (Bt-PAI-1) 1 uM in HEPES-
buffered saline (HBS), or Bt-PAI-1 with a 5-fold excess of
unbiotinylated PAI-1, or HBS alone were incubated with A:
20 pg of HDL (Intracel) or B: 20 ug ApoAl (Sigma-Aldrich)
in a final volume of 100 pl for 1 hour at 37° C. Samples were
crosslinked in 5 mM DTSSP (Pierce) for 30 minutes at room
temperature and the crosslinker was deactivated by adding 50
mM Tris, pH 7.4. The samples were diluted with 1 volume of
HBS with 2% Triton X-100and 0.2% SDS and then incubated
with streptavidin-coated beads (Av) for 60 minutes with end
over end rotation. Supernatants were collected and the beads
were washed 4x with HBS containing 1% Triton X-100 and
0.1% SDS, and twice with HBS containing no detergent.
Bound proteins were eluted by boiling the beads in Laemmli
buffer. The eluants were reduced and separated on 4-15% gel
(Bio-Rad). The gels were stained with Sypro Ruby (Invitro-
gen), and the proteins were visualized under UV light.

Stable human PAI-1 can be cross-linked specifically to a
single protein present on the HDL particle with a molecular
weight of approximately 25 kDa. The specificity of this inter-
action is demonstrated by the observations that the band is not
pulled-down in the absence of PAI-1 and that the cross-link-
ing can be competed by unbiotinylated PAI-1. This 25 kDa
band was excised from the gel and subjected to a trypsin
digest and mass spectra analysis, which unambiguously iden-
tified the protein as apolipoprotein Al (ApoAl).

To confirm this result, cross-linking studies with purified
ApoAl were carried out. Just as with HDL, the biotinylated
PAI-1 specifically cross-linked to purified ApoAl, as the
cross-linking could be competed by unbiotinylated PAI-1 and
no pull down was observed in that absence of PAI-1. Together,
these data demonstrate that PAI-1 interacts directly with
ApoAl in the HDL particle.

Example 27

PAI-1 Inhibits Both HDL and ApoAl-Mediated
Cholesterol Efflux from Macrophages

To test whether the binding of PAI-1 to ApoAl affects
RCT, experiments were carried out to examine if PAI-1 regu-
lates the ability of HDL or purified ApoAl to capture choles-
terol from macrophages that had been previously loaded with
acetylated-LDL. For these studies thioglycollate-elicited
peritoneal macrophages were isolated from wild-type
C57BL/6] mice, placed in culture, and loaded with acety-
lated-LLDL for 24-48 hours. Experiments were then under-
taken with a dose response of either HDL or purified ApoAl
and the efflux of cholesterol into the media was analyzed.

Peritoneal macrophages were isolated by lavage with cold
PBS 4 days after IP injection of 1 ml of 5% thioglycollate.
Following RBC lysis, cells were plated to a density of 3x10%/
cm? in 24-well plates in RPMI 1640-10% FBS (Invitrogen),
and cultured for 5-24 hours. The cells were rinsed twice with
RPMI 1640 and loaded with acetylated-LDL (50 pg/ml,
Intracel) in RPMI 1640-0.5% FBS for 24-48 hours. The cells
were rinsed twice with RPMI 1640 and incubated with either
purified human ApoAl (Sigma-Aldrich) or human HDL (In-
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tracel) and increasing concentrations of stable PAI-1. Thus,
the effect of PAI-1 on the process of cholesterol capture by
HDL and ApoA1 was examined by incubating the cholesterol
loaded macrophages with HDL or ApoAl together with

increasing concentrations of stable PAI-1. Cholesterol in the 3

media was quantified 15-18 hours later using the Amplex Red
Cholesterol Assay kit (Invitrogen). Cells were cultured and
loaded with acetylated-L.DL as above and then incubated with
increasing amounts of HDL or ApoAl.

These studies indicated that both ApoA1 and HDL showed
a dose-dependent and saturable ability to capture cholesterol
from macrophages. These studies also demonstrated that
PAI-1 could inhibit the capture of cholesterol from the mac-
rophages by either HDL or ApoA1l. Taken together, these data
suggest that in vivo PAI-1 may be able to regulate the process
of cholesterol capture from peripheral tissues by HDL, and
that in the absence of PAI-1 reverse cholesterol transport by
HDL may be more efficient. Thus, the data suggest for the first
time a direct link between PAI-1 and HDL metabolism.

The effects of the novel PAI-1 inactivating drugs (provided
herein) are also contemplated to be examined in this choles-
terol efflux assay. Likewise, the relative rates of cholesterol
efflux by macrophages isolated from PAI-1 null mice and the
roles of tPA, uPA, plasminogen, vitronectin, and the VL.DL-
receptor can be examined.

Example 28

Different Conformational Forms of PAI-1 Inhibit
ApoAl-Induced Cholesterol from Lipid Loaded
Macrophages

To determine the effect of different forms of PAI-1 on
ApoAl-induced cholesterol efflux from macrophages,
experiments were carried out as set out in the previous
example except for the use of increasing concentrations of
various forms of PAI-1: latent PAI-1, mutant PAI-1 (R76E),
and mutant PAI-1 (141b). 141b is human PAI-1 that contains
four amino acid substitutions that provide stabilization of the
protein (Berkenpas et al, EMBO J. 14:2969-77, 1995). 141b
was used in this experiment to ensure that the majority of the
protein remains in its active conformation for the duration of
the experiment.

Results indicated that these different conformational forms
of PAI-1 inhibited ApoAl-induced/-mediated cholesterol
efflux regardless of the active or latent conformation, or of
PAI-1’s ability to bind LRP or other family members (FIG.
12).

Example 29
PAI-1 Binds to HDL and VLDL

To determine if PAI-1 binds to HDL and VLDL an ELISA
binding assay was carried out. Immulon 2HB microtiter
plates were coated with HDL or VLDL overnight (10 mg/ml
in PBS, pH 7.4) at 4° C. After blocking wells with 3% BSA in
PBS, coated and control wells were incubated with blocking
buffer containing increasing concentrations of PAI-1. The
wells were then washed with PBS and bound PAI-1 was
detected with a Rabbit-anti-Human PAI-1 antibody and a
secondary anti-Rabbit antibody conjugated to HRP. Detec-
tion of the secondary antibody was performed with ABTS
[2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)]
using a SpectraMax M5 reading at an absorbance of 405 nm.
Data clearly indicate that PAI-1 binds to HDL and VLDL (see
FIG. 15).
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Example 30

CDE-008 Inhibits PAI-1 in the Presence of
Vitronectin and is Specific for PAI-1

To determine if CDE-008 inhibits PAI-1 in the presence of
vitronectin, the following experiment was carried out. PAI-1
(40 nM) was incubated either alone or with 200 nM vitronec-
tin for 30 min at 23° C. 10 uL of PAI-1/vitronectin was then
added to wells containing 80 L. of increasing inhibitor con-
centrations and incubated for 15 min at 23° C. Next 10 uL. of
50 nM uPA was added to each well and incubated for 5 min at
37° C. before addition of substrate (Z-Gly-Gly-Arg-AMC,
final 50 pM). The rate of AMC release by uPA was measured
at an excitation wavelength of 370 nm and an emission of 440
nm for 15 min. Data were expressed as residual PAI-1 activity
as a percent of control PAI-1 activity (FIG. 9). The data
demonstrate that CDE-008 inhibits PAI-1 in the presence of
vitronectin at both pH 7.5 and pH 8.5. There was a lesser
inhibition in the presence of vitronectin at each pH, but the
1C,, was altered by only 1 log value in each case. Addition-
ally, the data demonstrate that in the presence of vitronectin,
pH did not have as great an effect as it did in the absence of
vitronectin.

To determine if CDE-008 is specific for PAI-1, an experi-
ment was carried out to see if CDE-008 had any effect on the
PAI-1-related protein, anti-thrombin III (ATTII). ATIII (final
3.2 nM) and heparin (final 3 U/mL) were incubated for 30 min
at 37° C. with increasing concentrations of each compound.
Human a-thrombin (final 4 nM) was added to each reaction
well, and incubated for an additional 15 min at 37° C. Throm-
bin activity in each reaction mixture was determined with
Z-Gly-Gly-Arg-AMC (Bachem) fluorgenic substrate (final
50 uM). The rate of AMC release by thrombin was measured
at an excitation wavelength of 370 nm and an emission of 440
nm for 25 min. Data are expressed as residual ATTII activity as
a percent of control ATIII activity. (FIG. 10). The data show
that CDE-008 had no effect on ATIII at pH 7.5 or pH 8.5, and
indicate that CDE-008 is specific for PAI-1.

Example 31
Inhibition of PAI-1 by CDE-008 is pH-Sensitive

To determine if the inhibition of PAI-1 by CDE-008 is
pH-sensitive, PAI-1 activity was measured in the presence of
PAI-1 in complex with uPA and tPA at pH 7.5 and pH 8.5
(FIG. 11).

Recombinant active human PAI-1 (final 3.2 nM) was incu-
bated for 15 min at 23° C. with increasing concentrations of
CDE-008. Next uPA (final 4 nM) or tPA (final 4 nM) was
added to each reaction well and incubated for an additional 5
min at 37° C. PA activity in each reaction mixture was deter-
mined with Z-Gly-Gly-Arg-AMC (Bachem) fluorgenic sub-
strate (final 50 uM). The rate of AMC release by either uPA or
tPA was measured at an excitation wavelength of 370 nm and
an emission of 440 nm for 15 min. Data are expressed as
residual PAI-1 activity as a percent of control PAI-1 activity
(FIG. 11).

The data demonstrate that the inhibition of PAI-1 by CDE-
008 is pH-sensitive. Moreover, the data show that CDE-008
was a more effective inhibitor at pH 8.5 than at pH 7.5.

Example 32

The Effect of PAI-1 Inhibitor Compounds in Models
of Obesity and Diabetes

Genetically obese and diabetic ob/ob mice are treated with
a PAI-1 inhibitor of the invention. The inhibitors are admin-
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istered orally to the mice. Age- and sex-matched control
groups are fed standard mouse chow (#5001, Harlan Teklad,
Indianapolis, Ind.) with or without an inhibitor of the inven-
tion (5 mg inhibitor/gram of chow). All diets are formulated
by the manufacturer and the concentration of drug in the diet
is validated by mass spectrometry. Mice are fed for two weeks
after which citrated plasma is prepared from each group and
lipid profiles are determined by enzyme assays and HPL.C
analysis.

Plasma PAI-1 activity is expected to decrease in mice
receiving an inhibitor of the invention. It is expected that HDL
cholesterol increases and VLDL and/or LDL decreases in
inhibitor-treated mice.

Example 33
Fluorometric ICs, Plate Assay

To determine the efficacy of various synthesized PAI-1
inhibitor compounds, a fluorometric plate assay was carried
out to measure the half maximal inhibitory concentration
(ICsp) of these compounds on recombinant active human
PAI-1 in vitro. An IC,, is a measure of the effectiveness of a
compound in inhibiting biological or biochemical function.
Stated another way, IC;, represents the concentration of a
drug that is required for 50% inhibition in vitro. The I1Cs, of
various compounds was measured using a fluorometric plate
assay as set out below, and the results are shown in Table 3.

Recombinant active human PAI-1 (Molecular Innovations)
(final 1 nM) was incubated for 15 min at 23° C. with increas-
ing concentrations of each compound in 100 mM NaCl, 40
mM HEPES, 0.005% Tween-20, 10% DMSO, pH 7.8. Alter-
nately, the assay has been carried out using low concentra-
tions of DMSO (about 0.1% DMSO or less) in the buffer. In
various aspects, the invention does not require a solvent, like
DMSO, in the buffer. If DMSO is used in the assay, the
concentration of DMSO can range from about 0%, to about
10%, to about 20%. Ranges may be expressed herein as from
“about” or “approximately” one particular value and/or to
“about” or “approximately” another particular value. When
such a range is expressed, another embodiment includes from
the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by
use of the antecedent “about,” it will be understood that the
particular value forms another embodiment.

Insome aspects, therefore, the invention includes the use of
DMSO at concentrations ranging from about 0%, to about
0.1%, to about 0.2% to about 0.3%, to about 0.4%, to about
0.5%, to about 0.6%, to about 0.7%, to about 0.8%, to about
0.9%, to about 1%, to about 2%, to about 3%, to about 4%, to
about 5%, to about 6%, to about 7%, to about 8%, to about
9%, to about 10%, to about 11%, to about 12%, to about 13%,
to about 14%, to about 15%, to about 16%, to about 17%, to
about 18%, to about 19%, to about 20%. If a solvent is used,
the solvent is not limited to DMSO as a similar solvent can be
substituted in the buffer.

Urokinase PA (uPA) (Rheotromb®) (final 2.5 nM) was
added to each reaction well and incubated for an additional 30
min at 23° C. Urokinase PA activity in each reaction mixture
was determined with Z-Gly-Gly-Arg-AMC (Calbiochem)
fluorogenic substrate (final 50 pM). The rate of AMC release
by uPA was measured at an excitation wavelength of 370 nm
and an emission wavelength of 440 nm for 30 minutes at 23°
C. Data are expressed as residual PAI-1 activity as a percent of
control PAI-1 activity without drug using the formula: [uPA -
(uUPA+PAI) /uPA ,,-(UPA+PAI) ;,,]*100, where d=the drug
concentration and dO are samples without drug.
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TABLE 3

IC<ns of Various Compounds In Vitro

Compound (CDE number) ICs0
003 0.01 pM
002 0.01 pM
004 0.01 pM

001 (or 073) 0.01 pM
066 0.01 pM
061 0.05 pM
058 0.05 pM
075 0.07 pM
059 0.09 pM
031 0.28 pM
008 0.37 pM
034 1.17 uM
074 1.71 uM
056 2.96 pM
013 7.85 M
032 10.2 uM
055 27.5 M
051 28.7 yM
068 32.7 M
041 47.9 uM
067 48.3 uM
009 49.3 uM
072 104 pM
035 146 pM
057 195 M
012 196 pM
060 236 uM
033 246 uM
070 269 uM
062 332 1M
011 338 uM
028 386 UM
065 423 pM
021 450 pM
069 562 uM
044 900 uM
064 2204 yM
006 ND*
007 ND
029 ND
030 ND
036 ND
037 ND
043 ND
063 ND
071 ND

*(ND = not detected, e.g. no inhibition)

Example 34
Ex Vivo Plasma Assays

To determine the efficacy and bioavailability of various
synthesized PAI-1 inhibitor compounds in plasma, an ex vivo
luminex assay was carried out to measure the half maximal
inhibitory concentration (ICs,) of these compounds on mouse
plasma spiked ex vivo with active mouse PAI-1. This assay
tests the ability of drugs to inhibit mPAI-1 in the presence of
plasma proteins, including vitronectin. Presumably the ICs,
of various compounds increases in plasma as the inhibitor
compounds may bind to other proteins in the plasma. The
1C,, of various compounds in plasma was measured using a
fluorometric Luminex assay as set out below, and the results
are shown in Table 4. Overall, tannic acid had the lowest IC,
against mPAI-1 in plasma, whereas CDE-066 exhibited the
lowest IC,, of the synthetic compounds in plasma. The dif-
ference in ICs seen in this assay compared to the IC,4s seen
the assays with buffer only (Table 3) are likely due to general
protein binding of the compounds in the high protein envi-
ronment of plasma. This protein binding could improve in
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vivo efficacy since some protein binding of small molecules is
often necessary to maintain efficacious plasma levels of small
molecules that would otherwise be rapidly cleared.

10uLlL of mouse plasma spiked with active mouse PAI-1
(final 3-4 ng/ml.) was incubated with 10 plL of increasing
concentrations of inhibitor (Luminex Assay Buffer; PBS, 1%
BSA, 10% DMSO, pH 6.4) on a filter plate (Millipore) on a
microtiter plate shaker for 15 minutes at room temperature.
25 uL of beads (final 4000 beads/well) coupled with either
rodent anti-mouse PAI-1 (for total PAI-1 levels) or uPA (for
active PAI-1 levels) was added and incubated in the dark at 4°
C. overnight. The plate was washed 2x with wash buffer
(PBS, 0.05% Tween-20, pH 7.4) using a vacuum manifold
(Millipore). 50 pL. of PBS, 1% BSA, pH 7.4 and 50 pL of 4
ng/ml biotin labeled rabbit anti-mouse PAI-1 (Molecular
Innovations) was added to each well and incubated at room
temperature on a microtiter plate shaker for 2 hours in the
dark. The plate was vacuumed and washed 2x with wash
buffer. 50 puL. of PBS, 1% BSA, pH 7.4 and 50 ulL of 4 pg/ml.
streptavidin-R-phycoerythrin conjugate (Molecular Probes)
was added to each well and incubated at room temperature on
a microtiter plate shaker for 1 hour in the dark. The plate was
vacuumed and washed 3x with wash buffer and 100 pL. of
sheath fluid (Luminex) was added to each well, shaken for 5
minutes in dark at room temperature and read on a
Luminex'°® (median setting, 50 uL sample size, 100 events/
bead). The mean fluorescence intensity (MFI) of the
unknown sample was then converted into a pg/mL value
based on a standard curve of active mouse PAI-1 in PAI-1
depleted mouse plasma (Molecular Innovations) using a five-
parameter regression formula (Masterplex 2.0, Miraibio).
Data were analyzed and IC;, values calculated using GraFit 5
(Erithacus Software Limited).

TABLE 4

1C<qs of Various Compounds Ex Vivo in Mouse Plasma

Compound (by name or CDE number) ICsq

Tannic acid 9.68 UM
EGCG 136 uM
Polyphenon-60 75.2 uM
001 (or 073) 82 uM
002 123 uM
003 100 M
004 133 uM
066 63.2 uM
0359 973 uM

Previous studies with PAI-039, the most widely studied
PAI-1 small-molecule inhibitor, indicated that it is unable to
inhibit PAI-1 bound to vitronectin (Gorlatova et al., J. Biol.
Chem. 282: 9288-9296, 2007). To compare the efficacy and
bioavailability of the CDE-066 PAI-1 inhibitor in plasma,
with and without vitronectin, to that of PAI-039, a PAI-1
activity assay was carried out in ex vivo plasma in the pres-
ence and absence of vitronectin. This was examined, as set
out below, by adding a known amount of PAI-1 to murine
plasma from either PAI-1 null mice or from mice doubly null
for PAI-1 and vitronectin. After incubating the PAI-1 in these
plasmas, samples were incubated with dilutions of either
CDE-066 or PAI-039 and then tested for PAI-1 inhibition of
uPA. These studies demonstrated that unlike PAI-039, which
is only inhibitory in plasma that lacks vitronectin, CDE-066
inhibited PAI-1 equally well in plasma with or with out physi-
ologic vitronectin. These data indicate that in normal plasma
the CDE-066 is significantly more effective at neutralizing
PAI-1 activity than is PAI-039.
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Plasma collected from PAI-1 null or PAI-1/vitronectin null
mice were reconstituted with 20 nM PAI-1, and then vehicle
or PAI-1 inactivators, CDE-066 or PAI-039, were added and
the samples incubated. Residual PAI-1 activity was deter-
mined by addition of an equal volume of 100 uM Z-Gly-Gly-
Arg-AMC (Calbiochem) fluorogenic substrate for uPA, and
the rate of AMC release monitored at 23° C. (Ex 370 nm and
Em 440 nm). The percent change in PAI-1 activity was deter-
mined according to equation 1,

[(Bi=P)/E;)/[(Eo~Po)/Eo) (Eq. 1)

where E, is the enzyme activity at drug concentration i; P,
is the enzyme in the presence of PAI-1 at drug concentration
i; B, is the enzyme activity in the absence of drug; and P, is the
enzyme activity in the presence of PAI-1 in the absence of
drug. Three independent experiments were carried out in
duplicate.

Example 35

Efficacy of PAI-1 Inhibitor Compounds In Vivo in
Mice

To determine the efficacy of these compounds on inhibiting
PAI-1 activity in vivo, PAI-1 inhibitor compounds were
administered in vivo in transgenic mice that overexpress PAI-
1. Transgenic mice heterozygous for murine PAI-1 overex-
pression (Eitzman et al., J. Clin. Invest. 97:232-237, 1996)
were weighed then anesthetized with isoflurane for the dura-
tion of the experiment. The inferior vena cava (IVC) was
isolated in each mouse and 50 pl of citrated blood was col-
lected from each animal as a pre-treated sample. The syringe
was replaced with a syringe containing vehicle or PAI-1
inhibitor (e.g. CDE-066) in lactated Ringers, and 100 pl of
vehicle or inhibitor was injected into the IVC at increasing
doses of 3 mg/kg, 10 mg/kg, and 30 mg/kg, respectively. After
1 hour, 300 pl of citrated blood (1:9 citrate:whole blood) was
collected via IVC, after which mice were euthanized. Plasma
was isolated by centrifugation at 1500xg for 15 minutes at 23°
C. All animal experiments were approved within the Univer-
sity of Michigan.

To determine active murine PAI-1 levels in the plasma, 10
uL of plasma diluted in PAI-1-depleted murine plasma (Mo-
lecular Innovations), 10 ul assay buffer (PBS, 1% BSA, pH
7.4) and 25 pl. of beads (4000 beads/well final) were added to
a filter plate (Millipore) and incubated overnight at 4° C.on a
microtiter plate shaker in dark. The plate was vacuumed and
washed 2x with wash bufter (PBS, 0.05% Tween-20, pH 7.4).
50 uL. of PBS, 1% BSA, pH 7.4 and 50 pL. of 4 pg/ml. biotin
labeled rabbit anti-mouse PAI-1 (Molecular Innovations) was
added to each well and incubated at room temperature on a
microtiter plate shaker for 2 hours in the dark. The plate was
vacuumed and washed 2x with wash buffer. 50 uL. of PBS, 1%
BSA, pH 7.4 and 50 pLL of 4 pg/ml streptavidin-R-phyco-
erythrin conjugate (Molecular Probes) was added to each
well and incubated at room temperature on a microtiter plate
shaker for 1 hour in the dark. The plate was vacuumed and
washed 3x with wash buffer and 100 pl. of sheath fluid
(Luminex) was added to each well. The plate was then shaken
for 5 minutes in the dark at room temperature and read on a
Luminex'®® machine (Luminex Corporation) (Median set-
ting, 50 ulL sample size, 100 events/bead). Reactions were
analyzed as in the ex vivo plasma assay.

Data from in vivo assays were analyzed for significance
with a student’s t test using the 0 mg/kg CDE-066 treatment
as the control group, with p<0.05 considered significant.
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While a small increase in active PAI-1 was observed in
vehicle-treated animals, a dose-dependent decrease in active
PAI-1 was observed after 1 hour of treatment with CDE-066.
These data indicate that CDE-066 can significantly inhibit
PAI-1 in vivo.

Example 36
Surface Plasmon Resonance (SPR) Analysis

To establish binding constants for the compounds/drugs to
PAI-1, an indirect approach using surface plasmon resonance
(SPR) was employed. Varying concentrations of each com-
pound were preincubated with PAI-1 in solution and then
passed over immobilized anhydrotrypsin (Molecular Innova-
tions) using a Biacore 2000® optical biosensor, and the loss
of PAI-1 binding to anhydrotrypsin was quantified. Bovine
anhydrotrypsin was immobilized to CM5 SPR chips at the
levels of ~2000 response unit (RU) in 10 mM sodium acetate,
pH 5.0. The reference flow cell surface was left blank to serve
as a control. Remaining binding sites were blocked by 1 M
ethanolamine, pH 8.5. All binding reactions were carried out
in assay buffer. PAI-1 at 2 nM was first incubated with the
indicated concentrations of inhibitor in running buffer for at
least 15 min at 23° C.

The slope of the association phase of PAI-1 binding to an
immobilized ligand (e.g., vitronectin or anhydrotrypsin) has
been shown to have a linear relationship with the concentra-
tion of available active PAI-1 in solution (Gorlatova et al., J.
Biol. Chem. 282:9288-96, 2007). Thus, when the slopes of
the association phase are plotted as a percent of control PAI-1
binding in the absence of compound versus the concentration
of the compound, an ICs, can be calculated for the com-
pound-induced inhibition of PAI-1 interaction with anhydrot-
rypsin. Thus, the apparent K,s for compounds binding to
PAI-1 were calculated from these data using GraphPad Prism
4 (Table 5).

TABLE §

Affinity Between PAI-1 and Synthetic Compounds
as Measured by SPR

Compound Apparent K, (nM) = SEM
CDE-008 231

CDE-031 312
CDE-034 67 =3
CDE-056 516
CDE-066 3.1+0.2
CDE-082 53£0.2

Example 37
Alternate Screening Assay for PAI-1 Inhibitors

An additional assay for the initial screening of PAI-1
inhibitor compounds was developed in an effort to reduce the
initial number of false positive “hits.” In this fluorogenic
assay, a 10:1 molar ratio of PAI-1 to p-trypsin was used.
p-trypsin was selected because considerably more low
molecular weight substrates are available for this enzyme
than for uPA, providing increased ability to find a substrate
that would not interact with the library compounds.

The screening assay was carried out in 384-well microtiter
plates in the CCG lab as follows: recombinant active human
PAI-1 (final 10 nM) was incubated for approximately 15
minutes at room temperature either with or without 10 uM of
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each candidate PAI-1 inhibitor compound. p-trypsin was
added (final 1 nM) to each reaction well, and incubation
continued for an additional 30 minutes at room temperature.
Residual f-trypsin activity in each reaction mixture was then
determined with R6508 substrate ((CBZ-Ala-Arg)2-R110,
Invitrogen) (final 2.5 uM) measured spectrofluorometrically
at excitation 498 nm and emission 521 nm after 30 minutes.

Compounds that inactivated PAI-1 were identified by the
restoration of f-trypsin activity. The extent of p-trypsin activ-
ity restoration was determined by comparing each drug-con-
taining sample to control wells with untreated PAI-1 (100%
PAI-1 activity) and to wells with f-trypsin only (0% PAI-1
activity). The data from this screen was then uploaded to the
CCG informatics system and positive hits were identified as
any compound that increased -trypsin activity by more than
3 standard deviations above control and compound wells on
each plate.

This screening assay identified 112 compounds that dem-
onstrate PAI-1 inhibitor activity in this assay. These com-
pounds include NSC 407010; NSC 1771; NSC 257473; NSC
85433, EPIGALLOCATECHIN; THEAFLAVIN
MONOGALLATES; EPICATECHIN MONOGALLATE;
2',2'-BISEPIGALLOCATECHIN DIGALLATE; EPIGAL-
LOCATECHIN-3-MONOGALLATE; NORSTICTIC
ACID; EPIGALLOCATECHIN 3,5-DIGALLATE; PUR-
PUROGALLIN; HAEMATOXYLIN; GARCINOLIC
ACID; URSOCHOLANIC ACID; DIHYDROGAMBOGIC
ACID; LARIXOL,; BRAZILIN; IRIGINOL
HEXAACEATATE;  2,3,4-TRIHYDROXY-4'-ETHOXY-
BENZOPHENONE; COUMARINIC ACID METHYL
ETHER; CARNOSINE; BAICALEIN; 5,7-DIHYDROXY-
ISOFLAVONE; TANNIC ACID; HARMALOL HYDRO-
CHLORIDE; SENNOSIDE A; THEAFLAVIN; STRO-
PHANTHIDIN  SEMICARBAZIDE; CARBACHOL,;
PIRENZEPINE HYDROCHLORIDE; QUINALIZARIN;
BENSERAZIDE HYDROCHLORIDE; THEAFLAVANIN;
METHACYCLINE HYDROCHLORIDE; MEMANTINE
HYDROCHLORIDE,; 7-DESHYDROXYPYROGALLIN-
4-CARBOXYLIC ACID; SAPPANONE A DIMETHYL
ETHER; APHYLLIC ACID; PROCAINAMIDE HYDRO-
CHLORIDE; IRIGENOL; HEMATEIN; AZLOCILLIN
SODIUM; LORATADINE; PHORATE; QUININE ETHYL
CARBONATE; OXCARBAZEPINE; CANRENONE;
CANDESARTAN CILEXTIL; CLOMIPHENE CITRATE;
PYROGALLIN; VALDECOXIB; GLUCOSAMINE
HYDROCHLORIDE; THEAFLAVIN DIGALLATE; IRI-
GENIN, DIBENZYL ETHER; BITHIONOL; HEXACHLO-
ROPHENE; KOPARIN; 3,3-DIINDOLYLMETHANE;
AKLAVINE HYDROCHLORIDE,; QUINACRINE
HYDROCHLORIDE; XYLOMETAZOLINE HYDRO-
CHLORIDE; CELASTROL; DIPYROCETYL; PARARO-
SANILINE PAMOATE; CUNEATIN METHYL ETHER;
LEVALBUTEROL HYDROCHLORIDE; 2-ETHOXY-
CARBONYL-2-HYDROXY-5,7-DIMETHOXYISOFLA-
VANONE; CATECHIN TETRAMETHYLETHER;
CHLORAMPHENICOL HEMISUCCINATE; AZELAS-
TINE HYDROCHLORIDE; CLOPIDOL; DIETHYLCAR-
BAMAZINE CITRATE; DIPLOICIN; NOREPINEPH-
RINE; IODOQUINOL; HIERACIN; DROFENINE
HYDROCHLORIDE; HEXYLRESORCINOL; DOPAM-
INE HYDROCHLORIDE; OXIDOPAMINE HYDRO-
CHLORIDE;  Benzeneacetonitrile,  Alpha-[3-[[2-(3,4-
dimethoxyphenyl)ethyl|methylamino]propyl]-3,4-
dimethoxy-Alpha-(1-methylethyl)-, R)-; 10H-
Phenothiazine, 2-chloro-10-[3-(4-methyl-1-piperazinyl)
propyl-; CETRAXATE HCl, HONOKIOL; EZETIMIBE,



US 9,120,744 B2

187
GABEXATE MESYLATE; OXICONAZOLE NITRATE;
Carvedilol; PAZUFLOXACIN; FENOLDOPAM MESY-
LATE; CALCIPOTRIOL; TROPISETRON HCI; BIFONA-
ZOLE; CALCITRIOL; Felbamate; EFAVIRENZ; LOXO-
PROFEN SODIUM; ZAFIRLUKAST, MONTELUKAST
Na; 1H-Indole-2-propanoic acid, 1-[(4-chlorophenyl)me-

188
thyl]-3-[(1,1-dimethylethyl)thio]|-Alpha,Alpha-dimethyl-5-
(1-methylethyl)-; BESTATIN; RU 24969; ROLITETRACY-
CLINE;  6-AZAURIDINE; DULOXETINE  HCI,
GRANISETRON HCI; CEFIXIME TRIHYDRATE; CEF-
DINIR; VINDESINE SULFATE; LACIDIPINE; and
5-Nonyloxytryptamine. See Table 6.

TABLE 6

Compounds Identified as PAI-1 Inhibitors in the B-trypsin Screening Assay
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TABLE 6-continued

Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay

O ClI—H

\O

/O

100772

’
0

N

S

ot

0
U
e} 7

H

Cl

O/

100783
NH
O, H
o ClH

HO

100854



US 9,120,744 B2

227 228
TABLE 6-continued

Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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Compounds Identified as PAI-1 Inhibitors in the p-trypsin Screening Assay
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The invention has been described in terms of particular
embodiments found or proposed to comprise preferred modes
for the practice of the invention. It will be appreciated by
those of ordinary skill in the art that, in light of the disclosure,
numerous modifications and changes can be made in the
particular embodiments exemplified without departing from
the intended scope of the invention. Therefore, it is intended
that the appended claims cover all such equivalent variations
which come within the scope of the invention as claimed.

What is claimed is:
1. A compound of formula CLVII or a salt, ester, or prodrug
thereof:

CLVII
(@] O

Xs Q Q on

PN Sy AN ATy Zf\w
X3 | —_/X

|

k/ W/ ( 4 W"\/)

Xz

wherein

k, 1, and o are independently 0, 1, 2, 3, 4, 5, or 6;

Wis C orN;

X, X5, X5, X, and X are independently selected from the
group consisting of —H, —OH, —OR, —F, —Cl,—Br,
—I,—NO,, —NO, —N(R),, —N(R);*, —C(O)R,—C
(O)OR, —CHO, —C(O)NH,, —C(O)SR, —CN,
—S(0),R, —SO,R, —SO,H, —SO,N(R),, —S—0,
aryl, substituted aryl, heteroaryl, and substituted het-
eroaryl;

Y, is selected from the group consisting of O, NH, NR“, S,
and CH,;

Y, is selected from the group consisting of O, NH, NR?, S,
and CH,;

R, R4 and R? are independently selected from the group
consisting of C, to C, alkyl, C; to C, cycloalkyl, CH,—
C,-C, cycloalkyl, phenyl, tolyl, and benzyl;

Z, and Z, are independently selected from the group con-
sisting of C, P—OH, S, and S—O;

Uis selected from the group consisting of —NR°C(O)OR?,
—NR°C(O)NR/R®, —NR“C(O)SR?, —NR°P(O)(OH)
R, —NRP(O)OH)OR®, —NRP(O)(OH)NRR®,
—NR“P(O)(OH)SR®, —NR“S(O)R?, —NR°S(O)OR?,
—NRS(O)NR/R?, NRS(O)SR®, —NR°S(O),R?,
—NRS(0),0R?, NR“S(0),NR'R®, —NR°S(0),SR?,
—OC(0)YOR?, —OC(O)NR’'R?, —OC(0O)SR®, —OP
(0)(OH)R?, —OP(O)(OH)OR?, —OP(O)(OH)NRR®,
—OP(O)(OH)SR?, —OS(O)R®, —OS(O)OR®, —OS
(O)NRR?, —OS(0)SR?, —OS(0),R?, —OS(0),0R®,
—O0S(0),NR“R?, —0S(0),SR, and —C(O)R%;

R and R¥ are independently selected from the group con-
sisting of H, C, to C,, alkyl, C, to C, , haloalkyl, C; to Cg
cycloalkyl, (CH,),—C;-C, cycloalkyl, C, to Cg hetero-
cycloalkyl, (CH,),—C,-Cg heterocycloalkyl, benzyl,
aryl, (CH,),,-aryl, heteroaryl, (CH,),,-heteroaryl, and
substituted derivatives thereof, or R° and R taken
together with the N atom to which they are bonded form
a 3- to 8-membered heterocyclic ring;

mis1,2,3,4,5,or6;

R/ is selected from the group consisting of H, C, to C,,
alkyl, C, to C,, haloalkyl, C; to C; cycloalkyl,
(CH,),,—C;-Cq cycloalkyl, C, to C, heterocycloalkyl,
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(CH,),,—C,-Cgheterocycloalkyl, benzyl, aryl, (CH,),,-
aryl, heteroaryl, (CH,),-heteroaryl, and substituted
derivatives thereof; and

R? is selected from the group consisting of H, C, to C,,
alkyl, C;, to C,, haloalkyl, C, to C; cycloalkyl,
(CH,),,—C;-Cq cycloalkyl, C, to Cg heterocycloalkyl,
(CH,),,—C,-Cgheterocycloalkyl, benzyl, aryl, (CH,),,-
aryl, heteroaryl, (CH,),,-heteroaryl,

and substituted derivatives thereof.
2. The compound of claim 1 having a formula LXIII, or a
salt, ester, or prodrug thereof:

LXIIT
O O
HO g Q OH
f\ AN I\Yl ¥ f Yz/ ? \/\ﬁ
Xs_l P ( | /)_ i
/W o U W"\
X4 2

whereink, 1, 0, W, X, X,, X5, X,,Y,,Y,, Z,,Z,,and U are
as defined in claim 1.
3. The compound of claim 1 or a salt, ester, or prodrug
thereof, wherein R° is substituted aryl having a formula:

| Xs,
X
Xs

X, and X are independently selected from the group con-
sisting of —H, —OH, —OR, —F, —Cl, —Br, —I,
—NO,, —NO, —N(R),, —N(R);*, —C(O)R, —C(0O)
OR, —CHO, —C(O)NH,, —C(O)SR, —<CN,
—S(0),R, —SO;R, —SO;H, —SO,N(R),, —S—0,
aryl, substituted aryl, and heteroaryl; and

R is selected from the group consisting of C, to C4alkyl, C;
to C cycloalkyl, CH,—C,-C cycloalkyl, phenyl, tolyl,
and benzyl.

4. The compound of claim 1 or a salt, ester, or prodrug
thereof, wherein R® is selected from the group consisting of
4-chlorophenyl, 4-fluorophenyl, 2,5-dihydroxyphenyl, 2,5-
dimethoxyphenyl, 3-(trifluoromethyl)phenyl, 4-chloro-2-
fluorophenyl, 2,4-dihydroxyphenyl, 2,4-dimethoxyphenyl,
3,5-dichloro-4-hydroxyphenyl, 3,5-difluoro-4-hydroxyphe-
nyl, 3-hydroxyphenyl, 3-methoxyphenyl, 3,5-dichloro-4-
methoxyphenyl, 3,5-difluoro-4-methoxyphenyl, 4-meth-
ylphenyl, phenyl, naphthyl, biphenyl, indolyl, methyl,
2-chlorophenyl, (1-trichloromethyl-1-methyl)ethyl, 1,1-
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dimethylethyl, 2,2-dimethylpropyl, benzyl, (2-pyridinyl)me-
thyl, (3-pyridinyl)methyl, (4-pyridinyl)methyl, and

5. The compound of claim 1 having a formula XCI or a salt,
ester, or prodrug thereof:

XCI

wherein R” is selected from the group consisting of 4-chlo-
rophenyl, 4-fluorophenyl, 2,5-dihydroxyphenyl, 2,5-
dimethoxyphenyl, 3-(trifluoromethyl)phenyl, 4-chloro-
2-fluorophenyl, 2,4-dihydroxyphenyl, 2.4-
dimethoxyphenyl, 3,5-dichloro-4-hydroxyphenyl, 3,5-
difluoro-4-hydroxyphenyl, 3-hydroxyphenyl,
3-methoxyphenyl, 3,5-dichloro-4-methoxyphenyl, 3,5-
difluoro-4-methoxyphenyl, 4-methylphenyl, phenyl,
and methyl.

6. The compound of claim 1 having a formula XCII or a

salt, ester, or prodrug thereof:

XCII

OH

7

ReO

wherein R® is selected from the group consisting of phenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-chlo-
rophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-bro-
mophenyl, 3-bromophenyl, 4-bromophenyl, 2-iodophe-
nyl, 3-iodophenyl, 4-iodophenyl, (1-trichloromethyl-1-
methyl)ethyl, 3-(trifluoromethyl)phenyl, 2,2-
dimethylpropyl, benzyl, 2-fluorobenzyl,
3-fluorobenzyl, 4-fluorobenzyl, 2-chlorobenzyl, 3-chlo-
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robenzyl, 4-chlorobenzyl, 2-bromobenzyl, 3-bro-

mobenzyl, 4-bromobenzyl, 2-iodobenzyl, 3-iodoben-
zyl, 4-iodobenzyl, (2-pyridinyl)methyl, (3-pyridinyl)
methyl, (4-pyridinyl) methyl, C, to C alkyl, and

7. The compound of claim 1, wherein R®, R?, and R/ are
independently selected from the group consisting of phenyl,
tolyl, naphthyl, biphenyl, and indolyl.

8. The compound of claim 1 having a formula CL or a salt,
ester, or prodrug thereof:

CL
Xy
OH
O
HO O
(@) OH
(@]
HO U

X3

wherein X, and X, are independently selected from the
group consisting of —H and —OH; U is selected from
the group consisting of —NHC(O)OR® and —NHC(O)
NHR?; and R? is selected from the group consisting of
1-naphthyl, 2-naphthyl, 4-biphenyl-1-yl, and substi-
tuted derivatives thereof.

9. A compound having a formula selected from the group
consisting of LXIV, LXXXI, LXXXVI, LXXXIX, XC, C,
CIII, CIV, CX1I, CXIII, CXIV, CXIX, CXX, CXXI, CXXXYV,
CXXXVI, CXXXVII, CXXXVIII, CXXXIX, CLX, CLXI,
and salts, esters, or prodrugs thereof:
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10. The compound of claim 1 or a salt, ester, or prodrug
thereof, wherein U is —NR°C(O)OR®.

65  11.A composition comprising the compound according to
claim 1 or a salt, ester, or prodrug thereof and a pharmaceu-
tically acceptable carrier.
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12. A method of increasing circulating high density lipo-
protein (HDL) in a subject, comprising administering to said
subject a plasminogen activator inhibitor-1 (PAI-1) inhibitor
compound according to claim 1 in an amount effective to
increase HDL.

13. A method of decreasing circulating very low density
lipoprotein (VLDL) in a subject, comprising administering to
said subject a plasminogen activator inhibitor-1 (PAI-1)
inhibitor compound according to claim 1 in an amount effec-
tive to decrease VLDL.

14. The method of claim 12 or 13, wherein the subject is
human.

15. The method of claim 12 or 13, wherein the PAI-1
inhibitor decreases PAI-1 binding to apolipoprotein E
(ApoE).

16. The method of claim 12 or 13, wherein the PAI-1
inhibitor decreases PAI-1 binding to apolipoprotein A
(ApoA).

17. The method of claim 12 or 13, wherein the PAI-1
inhibitor decreases PAI-1 binding to VLDL.

18. The method of claim 12 or 13, wherein the PAI-1
inhibitor binds to PAI-1 in the presence of vitronectin.
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19. The method of claim 12 or 13, wherein the PAI-1
inhibitor binds to PAI-1 in the presence of urokinase type
plasminogen activator (UPA).

20. A method of modulating cholesterol and/or lipid uptake
comprising the step of administering a PAI- 1 inhibitor com-
pound according to claim 1 in an amount effective to modu-
late cholesterol and/or lipid uptake.

21. A method of modulating cholesterol and/or lipid clear-
ance comprising the step of administering a plasminogen
activator inhibitor-1 (PAI-1) inhibitor compound according
to claim 1 in an amount effective to inhibit very low density
lipoprotein (VLDL) or apolipoprotein E (ApoE) or apolipo-
protein A (ApoA) binding to VL.DL-R and modulate choles-
terol and/or lipid clearance.

22. A method of modulating cholesterol and/or lipid clear-
ance comprising the step of administering a plasminogen
activator inhibitor-1 (PAI-1) inhibitor compound according
to claim 1 in an amount effective to affect HDL or apolipo-
protein E (ApoE) or apolipoprotein A (ApoA) binding to an
ApoA receptor and modulate cholesterol and/or lipid clear-
ance.



