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ABSTRACT
The present invention provides a teaching of the use of certain compounds and
compositions for modification and regulation of glucose and lipid metabolism. Such use 1s
generally to reduce insulin resistance, hyperglycemia, hyperinsulinemia, obesity,
hyperlipidemia, hyperlipoprotein-emia (e.g., chylomicrons, VLDL and LDL), and to regulate
body fat and more generally lipid stores. More generally, such use is for the improvement of

metabolism disorders, especially those associated with diabetes, obesity and/or atherosclerosis.
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METHOD OF REGULATING GLUCOSE METABOLISM,
AND REAGENTS RELATED THERETO

This application is a divisional application of Canadian Patent Application
No. 2,319,195, filed on February 2, 2009.

TECHNICAL FIELD

This invention relates to the use of certain compounds and composition for regulating
glucose metabolism.

BACKGROUND ART

Diabetes adversely affects the way the body uses sugars and starches which, during
digestion, are converted into glucose. Insulin, a hormone produced by the pancreas. makes
the glucose available to the body's cells for energy. In muscle, adipose (fat) and connective

in facilitates the entry of glucose into the cells by an action on the cell
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tissues, insu
membranes. The ingested glucose is normal]y converted in the liver to CO> and H-»0
(50%); to glycogen (5%): and to fat (30-40%). the latter being stored in fat depots. Fatty
acids from the adipose tissues are circulated, returned to the liver for re-synthesis of
triacylglycerol and metabolized to ketone bodies for utilization by the tissues. The fatty
acids are also metabolized by other organs. Fat formation i1s a major pathway for

carbohydrate utilization.

The net etfect of msulin is to promote the storage and use of carbohydrates, protein
and fat. Insulin deficiency 1s a common and serious pathologic condition in man. In insulin-
dependent (IDDM or Type I) diabetes the pancreas produces little or no insulin, and insulin
must be 1njected daily for the survival of the diabetic. In noninsulin-dependent (NIDDM or
Type 1) diabetes the pancreas retains the ability to produce insulin and in fact may produce
higher than normal amounts of insulin, but the amount of insulin is relatively insufficient,

or less than fully effective, due to cellular resistance to insulin.

Diabetes mellitus (DM) 1s a major chronic illness found in humans with many
consequences. Some complications arising from long-standing diabetes are blindness,
kidney failure, and limb amputations. Insulin-dependent diabetes mellitus (IDDM) accounts
for 10 to 15% of all cases of diabetes mellitus. The action of IDDM is to cause
nyperglycemia (elevated blood glucose concentration) and a tendency towards diabetic
Ketoacidosis (DKA). Currently treatment requires chronic administration of insulin. Non-
insulin dependent diabetes mellitus (NIDDM) is marked by hyperglycemia that is not
linked with DKA. Sporadic or persistent incidence of hyperglycemia can be controlled by
administering insulin. Uncontrolled hyvperglycemia can damage the cells of the pancreds
which produce insulin (the B-islet cells) and in the long term create greater insulin

deficiencies. Currently, oral sulfonylureas and insulin are the only two therapeutic agents



10

20

O
WA

30

35

CA 02755452 2011-10-14

_9.

available in the Umited States. for treatment of Diabetes mellitus. Both agents have the
potential for producing hypoglycemia as a side effect, reducing the blood glucose
concentration to dangerous levels. There is no generally applicable and consistently
effective means of maintaining an essentially normal fluctuation in glucose levels in DM.
The resultant treatment attempts to minimize the risks of hypoglycemia while keeping the
glucose levels below a target value. The drug regimen is combined with control of dietary

intake of carbohydrates to keep glucose levels in control.

In either form of diabetes there are widespread abnormalities. In most NIDDM
subjects, the fundamental defects to which the abnormalities can be traced are (1) a reduced
entry of glucose into various “peripheral” tissues and (2) an increased liberation of glucose
into the circulation from the liver. There is therefore an extracellular glucose excess and an
intraceiiuiar giucose deficiency. There is aiso a decrease in the entry of amino acids into
muscle and an increase in lipolysis. Hyperlipoproteinemia is also a complication of
diabetes. The cumulative effect of these diabetes-associated abnormalities is severe blood

vessel and nerve damage.

Endocrine secretions of pancreatic islets are regulated by complex control
mechanisms driven not only by blood-borne metabolites such as glucose. amino acids. and
catecholamines, but also by local paracrine influences. Indeed, pancreatic o- and B-cells
are critically dependent on hormonal signals generating cyclic AMP (cAMP) as a
synergistic messenger for nutrient-induced hormone release. The major pancreatic islet
hormones, glucagon, insulin and somatostatin, interact with specific pancreatic cell types to
modulate the secretory response. Although insulin secretion is predominantly controlled by

blood glucose levels, somatostatin inhibits glucose-mediated insulin secretion.

The human hormone glucagon is a polypeptide hormone produced in pancreatic A-
cells. The hormone belongs to a multi-gene family of structurally related peptides that
include secretin, gastric inhibitory peptide, vasoactive intestinal peptide and glicentin.
These peptides variously regulate carbohydrate metabolism, gastrointestinal motility and
secretory processing. However, the principal recognized actions of pancreatic glucagon are
to promote hepatic glycogenolysis and glyconeogenesis, resulting in an elevation of blood

sugar levels. In this regard, the actions of glucagon are counter regulatory to those of insulin

and may contribute to the hyperglycemia that accompanies Diabetes mellitus (Lund et al.
(1982) PNAS. 79:345-349).

Preproglucagon, the zymogen form of glucagon, is translated from a 360 base pair

gene and 1s processed to form proglucagon (Lund, et al.. supra). Patzelt, et al. (Nature,

282:260-266 (1979)) demonstrated that proglucagon is further processed into glucacon and
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a second peptide. Later experiments demonstrated that proglucagon is cleaved carboxyl to
Lys-Arg or Arg-Arg residues (Lund et al., supra; and Bell et al. (]983)'Nat1_1_r§ 302:716-

718). Bell et al. also discovered that proglucagon contained three discrete and highly
homologous peptide recions which were designated glucagon, glucagon-like peptide |
(GLP-1), and glucagon-like peptide 2 (GLP-2). GLP-1 has attracted increasing attention as
a humoral stimulus of nsulin secretion. In humans, this 29-amino acid peptide, cleaved
from proglucagon by cells of the intestinal mucosa, is released into the circulation after
nutrient intake (Holst et al. (1987) FEBS Lett 211:169: Orskov et al. (1987) Diabetologia
30:874; Conlon J (1988) Diabetologia 31:563). '

GLP-1 has been found to be a ¢lucose-dependent insulinotropic agent (Gutniak et
al. (1992) N. Enel. J. Bled. 326:1316-1322). GLP-1 is now known to stimulate insulin

secretion (insulinotropic action) causing glucose uptake by cells which decreases serum

T

glucose levels (see, e.g.. Mojsov, S., Int. J. Peptide Protein Research, 40:333-343 (1992)).
For 1nstance, 1t has been shown to be a potent insulin secretagogue in experimental models
and when infused into humans (Guwniak et al., supra; Mojsov et al. (1988) J Clin Invest
79:616; Schmmdt et al. (1985) Diabetologia 28:704: and Kreymann et al. (1987) Lancet

2:1300).  Thus, GLP-1 1s a candidate for the role of an “incretin™, having augmentary

effects on glucose-mediated insulin release.

It 15 also noted that numerous GLP-1 analogs have been demonstrated which

demonstrate insulinotropic action are known in the art. These variants and analogs include,
for example, GLP-1(7-36). Glng-GLP-1(7-37). D-Glng-GLP-1(7-37). acetyl-Lyso-GLP-1(7-
37), Thryg-Lyvs)g-GLP-1(7-37). and Lyvs;s-GLP-1(7-37). Derivatives of GLP-] include, for

example, acid addition salts, carboxvlate salts, lower alkyl esters. and amides (see, e.g.,
WQO91/11457).
DESCRIPTION OF THE INVENTION
It is an object of a first aspect of this invention to provide improved methods for
reducing, in animal subjects, (including humans) in need of such treatment, at least one of
insulin resistance, hyperinsulinemia, and hyperglycemia and abating Type II diabetes.

An object of a second aspect of this invention is to provide improved methods for
reducing at least one of body fat stores, hyperlipidemia, hyperlipoproteinemia, and for abating

atherosclerosis.

An object of a third aspect of this invention is to provide methods for interfering with

glucose and/or lipid metabolism in a manner which is beneficial to the host.
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An object of a fourth aspect of this invention is to provide improved methods for the
long term reduction and abatement of at least one of the foregoing disorders based on a
therapeutic regimen administered over the short-term.

An object of a fifth aspect of the present invention is to provide a method for
regulating, and altering, on a long term basis, the glucose and lipogenic responses of
vertebrate animals, including humans.

An object of a sixth aspect of this invention is to provide methods for producing long
lasting beneficial changes in one or more of the following: the sensitivity of the cellular
response of a species to insulin (reduction of insulin resistance), blood insulin levels,
hyperinsulinemia, blood glucose levels, the amount of body fat stores, blood lipoprotein
levels, and thus to provide effective treatments for diabetes, obesity and/or atherosclerosis.

A first broad aspect of the present invention provides the use of a composition
consisting of at least one inhibitor of a dipeptidylpeptidase which inactivates GLP-1, for
modifying, in an animal, metabolism of glucagon-like peptide 1 (GLPO1) by inhibiting the
dipeptidylpeptidase proteolysis of GLP-1. -

A second broad aspect of the present invention provides the use of a composition
consisting of at least one protease inhibitor which inhibits DPIV-mediated proteolysis with
K1 of InM or less for modifying glucose metabolism of an animal.

A third broad aspect of the present invention provides the use of a composition
consisting of at least one protease inhibitor which inhibits the proteolysis of glucagon-like
peptide 1 (GLP-1) and accordingly increases the plasma half-life of GLP-1 for modifying
glucose metabolism of an animal.

A fourth broad aspect of the present invention provides the use of a composition
consisting of at least one inhibitor of dipeptidylpeptidase IV (DPIV) for treating Type II
diabetes.

A fifth broad aspect of the present'invention provides for the use of at least one
inhibitor of dipeptidylpeptidase IV (DPIV) to increase the plasma half-life of a peptide
hormone. In this aspect, the peptide hormone 1s selected from the group consisting of
glucagon-like peptide 2 (GLP-2), growth hormone-releasing factor (GHRF), vasoactive
intestinal peptide (VIP), peptide histidine isoleucine (PHI), pituitary adenylate cyclase
activating peptide (PACAP), gastric inhibitory peptide (GIP), helodermin, Peptide YY and

neuropeptide Y, for modifying, in an animal, metabolism of the peptide hormone.
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A sixth broad aspect of the present invention provides for the use of a composition
consisting of boronyl peptidomimetic of a peptide which is selected from the group consisting
of Pro-Pro, Ala-Pro, and (D)-Ala-(L)-Ala for modifying glucose metabolism of an animal.

A seventh broad aspect of the present invention provides for the use of a composition
consisting of boronyl inhibitor of peptidomimetic of a peptide which 1s selected from the group
consisting of Pro-Pro, Ala-Pro, and (D)-Ala-(L)-Ala for modifying glucose metabolism of an

animal.

DESCRIPTION OF THE FIGURES
In the accompanying drawings:
Figure 1 is a diagrammatic representation of the synthesis of a boro proline compound
for use in an aspect of this invention;
Figure 2 is a glucose tolerance curve which shows that a single injection of PBP-1
improves glucose levels in blood. The glucose concentration is measured before and at 30-
minute intervals after the test dose of glucose. This figure demonstrates that a single

injection of PBP-1 potentiates the response to a sub-therapeutic dose of GLP-1.
Ficure 3 shows that a single injection of PBP-2 improves glucose levels in blood.

Figure 4 shows that treatment with PBP-3 under “chronic” conditions also results in

lowering of the blood sugar levels.

Figures SAand 3B compare the ability of Pro-boro-pro to lower plasma glucose

levels in GLP-1 receptor -/- transgenic mice.
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Glucose-induced insulin secretion is modulated by a number of hormones and

neurotransmitters. In particular, two gut hormones, glucagon-like peptide-1 (GLP-1) and

gastric inhibitory peptide (GIP) are insulinotropic agents, €.g., being agents which can

stimulate, or cause the stimulation of, the synthesis or expression of the hormone nsulin,

are thus called gluco-incretins (Dupre, in The Endocrine Pancreas, E. Samois Ed. (Raven
Press, New York, (1991), 253-281); and Ebert et al. (1987) Diabetes Metab. Rev. p5).

Glucagon-like peptide-1 is a glucoincretin both in man and other mammals (Dupre et al.

supra, and Kreymann et al. (1987) Lancet 2:300). It 1s part of the preproglucagon molecule

(Bell et al. (1983) Nature 304:368) which 1s proteolvtically processed in intestinal L cells to
GLP-1(1-37) and GLP-1(7-36)amide or GLP-1(7-37) (Mojsov et al. (1986) J. Biol. Chem.
261:11880; and Habener et al.: The Endocrine Pancreas, E. Samois Ed. (Raven Press, New
York (1991). 53-71). Only the truncated forms of GLP-1 are biologically active and both

| effects on insulin secretion in beta cells (Moisov et al. (1987) J. Chin. Invest

have identi

79:616: and Weir et al. (1989) Diabetes 38:338). They are the most potent gluco-incretins

so far described and are active at concentrations as {ow as onc to ten picomolar.

The metabolic fate of exogenous GLP-1 has been studied 1n nondiabetic and type 1l
diabetic subjects. Subcutaneous and intravenous GLP-1 are both rapidly degraded 1n a time-

dependent manner, for instance, having a half-life in diabetic patients of substantiatly less

than 30 minutes. See, for example. Deacon et al. (1995) Diabetes 44:1126-1151.

1. Overview of the Invention

The present invention provides for the use of certain compounds and compositions for

the modification and regulation of glucose and lipid metabolism, generally to reduce insulin

resistance, hyperglycemia, hyperinsulinemia, obesity, hyperlipidemia, hyperlipoprotein-emia

(e.g., chylomicrons, VLDL and LDL), and to regulate body fat and more generally lipid

stores. It relates more generally, for the improvement of metabolism disorders, especially

those which are associated with diabetes, obesity and/or atherosclerosis. As described In

greater detail below, the use described herein is embodied by the administration, to an animal,

of a composition including one or more dipeptidylpeptidase inhibitors, especially inhibitors of

the dipeptidylpeptidase IV (DPIV) enzyme or other enzyme of similar specificity, which are

able to inhibit the proteolysis of GLP-1 and accordingly to increase the plasma half-life of that

hormone.
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Preterably, the compounds which provide for the use described herein will produce an
ECS50 for the desired biological effect of at least one, two, three and even four orders of
magnitude less than the EC50 for that compound as an immunosuppressant. Indeed, a salient
feature of such compounds, e.g., the peptidyl boronates, is that the inhibitors can produce, for
example, an EC50 for ihibition of glucose tolerance in the nanomolar or less range, whereas

the compounds have EC50's for immunosuppression in the uM or greater range. Thus, a

favourable 1ndex can be realized with respect to the unwanted side effect of

IMMuUNoSuUppression.

While not wishing to bound by any particular theory, it is observed that compounds
which mhibit DPIV are, correlatively, able to improve glucose tolerance, though not
necessarily through mechanisms involving DPIV inhibition per se. Indeed, the results
described in Example 6 (and Figure 5) demonstrating an effect in mice lacking a GLP-1
receptor suggest that the subject method may not include a mechanism of action directly
imphicating GLP-1 1tself, though it has not been ruled out that GLP-1 may have other
receptors. However, in light of the correlation with DPIV inhibition, in preferred
embodiments, the subject method utilizes an agent with a Ki for DPIV inhibition of 1.0 nm
or less. more preferably of 0.1 nm or less, and even more preferably of 0.01 nM or less.
Indeed. mhibitors with Ki values in the picomolar and even femtamolar range are
contemplated. Thus, while the active agénts are described herein, for convience, as “DP-IV
inhtbitors™, 1t will be understood that such nomenclature is not iritending to limit the subject

invention to a particular mechanisim of action.

For mmstance, in certain embodiments, the use is embodied by administration of a DPIV
inhibitof, preferably at a predetefrnined time or times during a 24-hour period, in an amount
which 1s effective to improve one or more aberrant indices which are associated with glucose
metabolism disorders (e. g., glucose intolerance, insulin resistance, hyperglycemia,
hyperinsulinemia and Type II diabetes).

In other embodiments, the use is embodied by administration of a DPIV inhibitor in an
amount effective to improve aberrant indices associated with obesity. Fat cells release the
hormone lepun, which travels in the bloodstream to the brain and, through leptin receptors
there, stimulates production of GLP-1. GLP-1, in tum, produces the sensation of being full.
The leading theory is that the fat cells of most obese people probably produce enough
leptin. but leptin may not be able to properly engage the leptin receptors in the brain. and so
does not stimulate production of GLP-1. There is accordingly a great deal of research
towards utilizing preparations of GLP-1 as an apepitite suppressant. The subject method
provides a means for increasing the half-life of both endogen.ous and ectopically added

GLP-11n the treatment of disorders associated with obesity..
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In a more general sense, the present invention provides the use of certain compounds and

compositions for altering the pharmokinetics of a variety of different polypeptide hormones
by inhibiting the proteolysis of one or more peptide hormones by DPIV or some other
proteolytic activity. Post-secretory metabolism is an important element in the overall
homéostasis of regulatory peptides, and the other enzymes which are involved in these
processes may be suitable targets for pharmacological intervention by the subject method.

For example, the use which is disclosed herein can be to increase the half-life of other
proglucagon-derived peptides, e.g., glicentin (corresponding to PG 1-69), oxyntomodulin (PG
33-69), glicentin-related pancreatic polypeptide (GRPP, PG 1-30), intervening peptide-2 (IP-2,
PG 111-122 amide), and glucagon-like peptide 2 (GLP-2, PG 126-128).

GLP-2, for example, has been identified as a factor which is responsible for inducing

proliferation of intestinal epithelium. [See, for example, Drucker et al. (1996) PNAS
93:7911]. The use which 1s disélosed herein can be part of a regifnen for treatihg injury,
inflammation or resection of intestinal tissue, e.g., where enhanced growth and repair of the
intestinal mucosal epithelian is desired.

DPIV has also been implicated in the metabolism and inactivation of growth hormone-
releasing factor (GHRF). GHRF is a member of the family of homologous peptides that
includes glucagon, secretin, vasoactive intestinal peptide (VIP), peptide histidine 1soleucine
(PHI), pituitary adenylate cyclase activating peptide (PACAP), gastric inhibitory peptide (GIP)
and helodermin. [Kubiak et al. (1994) Peptide Res 7:153]. GHRF 1s secreted by the

hypothalamus, and stimulates the release of growth hormone (GH) from the anterior pituitary.

Thus, the use which is described herein can be to improve clinical therapy of adults to improve

nutrition and to alter body composition (muscle vs. fat). The use which is described herein can
also be, 1n veterinary practice, to develop higher yield milk production and higher yield, leaner
livestock.

Likewise, the DPIV inhibitors used in an aspect of the subject invention can alter the
plasma half-lite of secretin, VIP, PHI, PACAP, GIP and/or helodermin. Additionally, the
subject use can be to alter the pharmacokinetics of Peptide YY and neuropeptide Y, both
members of the pancreatic polypeptide family, as DPIV has been implicated in the processing

of those peptides in a manner which alters receptor selectivity.
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Another aspect of the present invention relates to the use of pharmaceutical compositions
of dipeptidylpeptidase inhibitors, particularly DPIV inhibitors, in treating and/or preventing
disorders which can be improved by altering the homeostasis of peptide hormones. In a

preferred embodiment, the inhibitors have hypoglycemic and antidiabetic activities, and can
be used in the treatment of disorders which are marked by aberrant glucose metabolism
(including storage). In particular embodiments, the compositions which are used in an aspect
of the present invention are insulinotropic agents, and potentiate the insulinotropic effects of
molecules, e.g., GLP-1. In this regard, the use which is described herein of an aspect of the
present invention can be for the treatment and/or prophylaxis of a variety of disorders,
including one or more of: hyperlipemia, hyperglycemuia, obesity, glucose tolerance

insufficiency, insulin resistance and diabetic complications.

In general, the inhibitors which are used in an aspect of the subject invention will be
small molecules, e.g., with molecular weights less than 7500 amu, preferably less than 5000

amu, and even more pretferably less than 2000 amu and even 1000 amu. In preferred

embodiments, the inhibitors will be orally active.

In certain embodiments, the subject inhibitors are peptidyl compounds (including
peptidomimetics) which are optimized, e.g., generally by selection of the Ca substituents,
for the substrate specificity of the targeted proteolytic activity. These peptidyl compounds
will include a functional group, such as n place of the scissile peptide bond, which
facilitates inhibition of a serine-, cysteine- or aspartate-type protease, as appropriate. For
example, the inhibitor can be a peptidyl a-diketone or a peptidyl a-keto ester. a peptide
haloalkylketone, 4 peptide sulfonyl fluoride, a peptidyl boronate, a peptide epoxide, a
pefniidyl diazomethanes, a pepudyl phosphonate, isocoumarins, benzoxazin-4-ones,
carbamates, isocyantes, isatoic anhydrides or the like. Such functonal groups have been
provided in other protease inhibitors. and general routes for their svnthesis are known. See,
for example. Angelastro et al.. J. Med Chem. 33:11-15 (1990): Bey et al., EPO 3635.284:
Bey et al.. EPO 364,344; Grubb ct al.. WO 88/10266: Higuchi et al., EPO 393,457; Ewoldt
et al.. Molecular Immunologyv 29(6):713-721 (1992). Hernandez et al.. Journal of Medicinal
Chemistrv 33(6): 1121-1129 (1992); Vlasak et al., J Virology 63(5):2056-2062 (1989):
Hudig et al.. ] Immunol 147(4):1560-1568 (1991):.Odakc et al.. Biochemistrv 30(8):2217/-
2227 (1991): Vijayalakshmi et al., Biochemistry 30(8):2175-2183 (1991); Kam et al. .
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Thrombosis and Haemostasis 64(1):133-137 (1990). Powers et al., J Cell Biochem
39(1):33-46 (1989); Powers et al.. Proteinase Inhibitors, Barrett et al., Eds., Elsevier, pp.
55-152 (1986); Powers et al., Biochemistry 29(12):3108-3118 (1990); Oweida et al.
Thrombosis Research 58(2):391-397 (1990); Hudig et al., Molecular Immunology
26(8):793-798 (1989); Orlowski et al, Archives of Biochemistrv__and Biophvsics
269(1):123-136 (1989); Zunino et al,, Biochimica et Biophvsica Acta. 067(3):331-340
(1988); Kam et al., Biochemistry 27(7):2547-2557 (1988); Parkes et al., Biochem J.
230:509-516 (1983); Green et al., J. Biol. Chem. 256:1923-1923 (1981): Angliker et al.,
Riochem. J. 241:871-875 (1987); Puri et al., Arch. Biochem. Biophvs. 27:346-338 {1989):

Hanada et al.. Proteinase Inhibitors: Medical and Biological Aspects, Katunuma et al.. Eds.,

Springer-Verlag pp. 25-36 (1983); Kajiwara et al., Biochem. Int. 15:935-944 (1987): Rao et
al.. Thromb. Res. 47:635-637 (1987); Tsujinaka et al.. Biochem. Biophvs. Res. Commun.

153:1201-1208 (1988)). See also U.S. Patents Bachovchin et al. 4,935,493; Bachovchin et
al. 5.462.928; Powers et al. 5.543,596; Hanko et al. 5.296,604; and the PCT publication of
Ferring PCT/GB94/02615.



e

10

15

CA 02755452 2011-10-14

_Ob-

In other embodiments, the inhibitor is a non-peptidyl compound. e.g.. which can be
identified by such drug screening assays as described herein. These inhibitors can be.

merely to illustrate, synthetic organis, natural products, nucleic acids or carbohydrates.

A representative class of compounds for use in an aspect of the present invention

are represented by the general formula;

R2

R1—7N7TZ~—q;
/ A
R3

wherein

A represents a 4-8 membered heterocvcle including the N and the Ca carbon;

Z represents C or N;

W represents a functional group which reacts with an active site residue of the
targeted protease. as for example, -CN, -CH=NRs,

O '* R, 0
i I L - .
__..?—-Xl , — P—X, ’ \Y2 ' | 52 or T —ps
O Rsy

R, represents a C-terminally linked amino acid residue or amino acid analog, or a

C- terminally linked peptide or peptide analog. or an amino-protecting group, Or

i ﬁ I
' O

R~ 1s absent or represents one or more substitutions to the ring A, cach of which can

independently be a halogen, a lower alkyl. a lower alkenyl, a fower alkynyl. a carbonyl
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(such as a carboxyl, an ester, a formate, or a ketone), a thiocarbonyl (such as a thioester, a

thioacetate, or a thioformate), an amino, an acylamino, an amido, a cyano, a nitro, an azido,
2 sulfate, a sulfonate, a sulfonamido, -(CHy)-R7, -(CHa)y-OH, -(CH),-O-lower alkyl, -

(CHz)m-O-lOWP.‘I' alkenyl, *(CHz)n-O-(CHz)m-R';, *(Cl‘lz)m-SH, -(CHz)m-S-IOWCF alkyl, -
(CHz)m-S-lOW'CI‘ alkenyl, -(CHz)n-Sf.(CHz)m-R'?;

if X is N, R; represents hydrogen, if X 1s C, R represents hydrogen or a halogen, a
lower alkyl, a lower alkenyl, a lower alkynyl, a carbonyl! (such as a carboxyl, an ester, a

formate, or a ketone), a thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an

amino, an acylamino, an amdo, a cyano, a nitro, an azido, a sulfate, a sulfonate, a
sulfonamido. -(CH»)n-R7, -(CH»)p,-OH, (CH5),-O-lower alkyl, ~(CHp)p-O-lower

alkenyl, -(CH5),-O-(CHa)-R7, (CHo)-SH, -(CH»);,-S-lower alkyl, -(CHj)p-S-lower
alkenyl, -(CH>),-S-(CHy)p-R7;

Rs represents H, an alkyl, an alkenyl, an alkynyl, -C(X})(X2)X3, -(CH»)m-R7, -
(CH,)n-OH, -(CH;)n-O-alkyl, -(CH,)n-O-alkenyl, -(CH,)n-O-alkynyl, -(CH>5)n-O-
| (CH,)m-R7, -(CHy)n-SH. -(CHj)n-S-alkyl, -(CH,)n-S-alkenyl, -(CH»)n-S-alkynyl. -
(CH,)n-S-(CH;)m-R7, -C(O)C(O)NH,, -C(O)C(O)OR"7;

R¢ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH)y,-
R+, -(CH,),,-OH, -(CH>)-O-alkyl, -(CH5),-O-alkenyl, -(CH»),-O-alkynyl, -(CH»)p,-0-
(CH»)p-R7, -(CH3)p-SH. -(CH»)-S-alkyl. -(CH»,),,-S-alkenyl, -(CH»)-S-alkynyl, -
(CH2)-S-(CHz)m-R7,

R, represents, for each occurrence. a substituted or unsubstituted aryl, aralkyl,
cycloalkyl, cycloalkenyl, or heterocycle;

R’; represents, for each occurrence, hydrogen, or a substituted or unsubstituted
alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cvcloalkenyl, or heterocycle; and

Y, and Y-, can independently or together be OH, or a group capable of being

hydrolyzed to a hydroxyl group, including cyclic derivatives where Y; and Y, are

connected via a ring having from 5 to 8 atoms in the ring structure (such as pinacol or the
hike),

R0 represents O or S;

R31 represents N3, SHa, NHp, NOj or OR'7:

Rgo represents hydrogen, a lower alkyl, an amine, OR’5, or a pharmaceutically
acceptable salt, or R5y and R3» taken together with the phosphorous atom to which they

are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure

—
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X represents a halogen;

X, and X5 each represent a hydrogen or a halogen

m is zero or an integer in the range of 1 to §; and n 1s an intecer in the range of | to

In preferred embodiments, the ring A is a 5. 6 or 7 membered ring, €.g., represented

by the formula

and more preferably a 5 or 6 membered ring. The ring may, optionally, be further

substituted.
. :
In preferred embodiments, W represents —B or L .
Sy - R5

"}
ol

In preferred embodiments, R1 1s

R O

wherein R36 is a small hydrophobic group. e.g., a lower alkyl or a halogen and R38 1s
hydrogen, or. R36 and R37 together form a 4-/ membered heterocycle including the N and
the Ca carbon. as defined for A above; and R40 represents a C-terminally linked amino
acid residue or amino acid analog, or a C-terminally linked peptide or peptide analog, or an

amino-protecting group

In preferred embodiments, R2 1s absent, or represents a small hydrophobic group

such as a lower alkyl or a halogen.

In preferred embodiments. R3 is a hydrogen, or a small hvdrophobic group such as a

lower alky!l or a halogen.
In preferred embodiments, R5 1s a hydrogen, or a halogentated lower alkyl.

In preferred embodiments, X1 1s a fluorine, and X2 and X3, if halogens, are

fluorine.
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Also deemed as equivalents are any compounds which can be hydrolytically
converted 1nto any of the aforementioned compounds including boronic acid esters and

hahdes, and carbonyl equivalents including acetals, hemiacetals, ketals, and hemiketals, and

cyclic dipeptide analogs.

Longer pepude sequences are needed for the inhibition of certain proteases and

improve the specificity of the inhibition in some cases.

In preferred embodiments, the subject method utilizes, as a DPIV inhibitor, a
boronic acid analogs of an amino acid. For example, the present invention contemplates the
use of boro-prolyl derivatives in the subject method. Exemplary boronic acid derived

inhibitors of the present invention are represented by the general formula:

OR

/ 12
Rl'/N n

~ N\

OR

11

wherein
R represents a C-terminally linked amino acid residue or amino acid analog, or a

I ﬁ I
terminally linked peptide or peptide analog, or R¢—C—. Rg—C—, Rﬁ_ﬁ_" ;
C. O
K¢ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH») -
R7, -(CHy),,-OH, -(CH,),,-O-alkyl, -(CHa»)p,-O-alkenyl, -(CH>),-O-alkynyl, -(C H5)-O-
(CHz)m-R7, -(CHz)m-'SH, -(CHz)m-S-a]k)fl, -(CHz)m-S-alkenyl, -(CHz)m-S-alkynyl, -
(CH3)pm-S-(CH3)-R,

Rg NH; 0O

0
—(CHy)m—N, —(CHa)p—t-N" It
SN (CHa)n oo T(CH)nmNH=C-NHy | —(CH)n—C-0-Ry
9 9

0
1

O O O
~C—ai L &
~—(CH)q~C—alky! . —(CHo)p—C—alkenyl . —(CH>)n —alkynyl | or —(CH2)n—C—(CH3)7—R7

R represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocvcle;
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Rg and Rg each independently represent hydrogen, alkyl. alkenyl, -(CHj),-R7, -
C(=0)-alkyl, -C(=0)-alkenyl, -C(=0)-alkynyl, -C(=0)-(CHy),-R7,
or Rg and Rg taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms 1n the ring structure;

N

Ry and R}» each independently represent hydrogen, a alkyl, or a pharmaceutically

acceptable salt, or Ry and R, taken together with the O-B-O atoms to which they are

attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure;

m is zero or an integer 1n the range of 1 to 8; and n s an integer 1n the range of 1 to
10 8.

In other embodiments, the subject DPIV inhibitors inciude an aidenyde analogs oi
proline or prolyl derivatives. Exemplary aldehyde-derived inhibitors of the present

invention are represented by the general formula:
15

N

wherein
Ry represents a C-terminally linked amino acid residue or amino acid analog. or a

O S O
| | |

terminally linked peptide or peptide analog. or Rg—C—, Rg—C—, RgT>—".
C-

20 R¢ represents hydrogen. a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH,),,-
R+, -(CH»)..-OH, -(CH»)-O-alkyl, -(CH»),,-O-alkenyl, -(CH>),,-O-alkynyl, -(CH5),-O-
(CH5)-R7, -(CHy),-SH, -(CH»),-S-alkyl. -(CH,),-S-alkenyl, -(CH,),-S-alkynyl, -
(CH2)py-5-(CH3)pp-Ro,

, (lé) LR3 NH; (,?
—(CH2)m—N_ T(CHp=CEN 0 —(CHYn=NH—C-NH2 | —(CH2)n—C-0-R;

Ro Rg

0O 0 0O 0
B! J B |
—(CHo)n—C—alkyl —(CHy)n—C—alkenyl . —(CH»)p~C—alkynyl , or —(CH2)n—C—(CH2);57R7
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R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

Rg and Rg each independently represent hydrogen, alkyl, alkenyl. -(CH»)py-R4, -
C(=0)-alkyl, -C(=0)-alkenyl, -C(=0)-alkyny]I, -C(=0)-(CH»),-R7,

or Rg and Ry taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms in the ring structure; and

m 1s zero or an integer in the range of 1 to §; and n is an integer in the range of 1 to

[n yet turther embodiments, the subject DPIV inhibitors are halo-methyl ketone

analogs of an amino acid. Exemplary inhibitors of this class include compounds represented

by the general formula:

R1

whereln

R, represents a C-terminally linked amino acid residue or amino acid analog. or a

i i i
terrminally linked peptide or peptide analog, or Rg—C—, Rg—C—, Rﬁ“‘“‘ISI‘"— :
C- O

Rg represents hydrogen, a halogen, a alkyl. a alkenyl, a alkynyl, an aryl, -(CH,),,-
R7, -(CH,)p,-OH, -(CH,),,-O-alkyl, -(CH,),,-O-alkeny, -(CHy)py-O-alkynyl, -(CH,),-O-
(CHy)m-Ry. -(CH»),,-SH, -(CH,),,,-S-alkyl. -(CHj)p,-S-alkenyl, -(CH>),,-S-alkynyl, -
(CHo)y-5-(CH)y-R5,
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e i \H: !
—(CH2)m—N_ —(CHa)n—=C-N_ —(CH2)n—NH—C-NH; | —(CHy)n—C-O-R;

O O O
B 1 B "
—(CH)qp—C—alkyi ’ —(CHp)p—C—alkenyl —{(CHo)p—C—alkynyl | or “—'(CHg)n—C"(CHz)rﬁ—-Ry

R~ represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycie;

Rg¢ and Rg each independently represent hydrogen, alkyl, alkenyl, -(CHy),-Ro, -
C(=0)-alkyl, -C(=0)-alkenyl, -C(=0)-alkynyl, -C(=0)-(CH»),-R7,

or Rg and Ry taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms 1n the ring structure;

X1. X5 and X5 cach represent a hydrogen or a halogen; and

m 1s zero or an integer in the range of 1 to §; and n is an integer in the range ot 1 to

In preferred embodiments, the DPIV inhibitor is a peptide or peptidomimetic
including a prolvl eroup or analog thereof in the P1 specificity position. and a nonpolar
amino acid in the P2 specificity position, e.g.. a nonpolar amino acid such as alanine,
leucine, isoleucine, valine, proline, phenylalanine, tryptophan or methionine. or an analog
thereof. For example, the DPIV inhibitor may include an Ala-Pro or Pro-Pro dipeptide

sequeince or equivalent thereof, and be represented in the general formulas:

R2 R? R2
N N N
- W R30—N W
R30 R3 R2
0O

Oor

In preferred embodiments, the ring A 1s a 5, 6 or 7 membered ring, e.¢., represented

by the formula

)
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In preferred embodiments, R32 1s a small hydrophobic group, e.g., a lower alkyl or

a halogen.
In preferred embodiments, R30 represents a C-terminally linked amino acid residue

or amino acid analog, or a2 C-terminally linked peptide or peptide analog, or an amino-

protecting group.

In preferred embodiments, R2 is absent. or represents a small hydrophobic group

such as a lower alkyl or a halogen.

In preferred embodiments, R3 is a hydrogen, or a small hvdrophobic group such as a

lower alkyl] or a halogen.

Another representauve class of compounds for usc in an aspect of the subject invention include

peptide and peptidomimetics of (D)-Ala-(L)-Ala, e.g.. preserving the diasteromeric

orientation. Such inhibitors include compounds represented by the general formula:
R61
5L
N~ W
R17 D \(
O R

wherein

W represents a functional group which rcacts with an active site residue of the
targeted proteasc. as for example, -CN, -CH=NRs,

O O - Rse O
I I e -
——C— — D —B —P—R __H
% Xl ’ P Xl , \Yv . | 52 or RS
O ) P‘sz

Ry represents a C-terminally linked amino acid residue or amino acid analog, or a

C- terminally linked peptide or peptide analog, or an amino-protecting group, or

1 i 1
Rg—C—, ]RG‘_{j““”~:R6"_ﬁ?_“_;
O

R represents hydrogen or a halogen, a lower alkvl, a lower alkenyl, a lower

alkynyl, a carbonyl (such as a carboxyl, an ester. a formate. or a ketone), a thiocarbony!

(such as a thioester, a thioacetate, or a thioformate). an amino. an acylamino. an amido, a
cyano, a nitro. an azido. a sulfate, a sulfonate, a sulfonamido. -(CH,).-R, -(CH>),,-OH, -

(CHz)m-O-IO\VCI‘ 8“\'}"], -(CHz)n]-O~]O\\’CF alkeny], -(CHB)B-O*(CHz)nl-R'], -(CHz)m-SH, -
(CHo)m-S-lower alkyl, -(CH,),,-S-lower alkenyl, -(CH,),-S-(CH>),,-R:
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Rs represents H, an alkyl, an alkenyl, an alkynyl, -C(X)(X5)X35, -(CH,)m-R-, -
(CH»)n-OH, -(CHy)n-O-alkyl, -(CH5)n-O-alkenyl, -(CH,)n-O-alkynyl. -(CH;)n-O-
(CH5)m-R