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METHOD OF REGULATING GLUCOSE

METABOLISM, AND REAGENTS RELATED

[0005] In either form of diabetes there are Widespread
abnormalities. In most NIDDM subjects, the fundamental

THERETO

defects to Which the abnormalities can be traced are (1) a

reduced entry of glucose into various “peripheral” tissues
FUNDING
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BACKGROUND OF THE INVENTION

and (2) an increased liberation of glucose into the circulation
from the liver. There is therefore an extracellular glucose
excess and an intracellular glucose de?ciency. There is also
a decrease in the entry of amino acids into muscle and an
increase in lipolysis. Hyperlipoproteinemia is also a com
plication of diabetes. The cumulative effect of these diabe
tes-associated abnormalities is severe blood vessel and nerve

damage.

[0002] 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.

blood-borne metabolites such as glucose, amino acids, and

In muscle, adipose (fat) and connective tissues, insulin

catecholamines, but also by local paracrine in?uences.

facilitates the entry of glucose into the cells by an action on

Indeed, pancreatic ot- and [3-cells are critically dependent on
hormonal signals generating cyclic AMP (cAMP) as a
synergistic messenger for nutrient-induced hormone release.

the cell membranes. The ingested glucose is normally con
verted in the liver to CO2 and H20 (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 metabo
liZed to ketone bodies for utiliZation by the tissues. The fatty
acids are also metaboliZed by other organs. Fat formation is

a major pathWay for carbohydrate utiliZation.
[0003] The net effect of insulin is to promote the storage
and use of carbohydrates, protein and fat. Insulin de?ciency
is 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 injected

[0006]

Endocrine secretions of pancreatic islets are regu

lated by complex control mechanisms driven not only by

The major pancreatic islet hormones, glucagon, insulin and
somatostatin, interact With speci?c pancreatic cell types to
modulate the secretory response. Although insulin secretion
is predominantly controlled by blood glucose levels, soma
tostatin inhibits glucose-mediated insulin secretion.

[0007] The human hormone glucagon is a polypeptide
hormone produced in pancreatic A-cells. The hormone
belongs to a multi-gene family of structurally related pep
tides that include secretin, gastric inhibitory peptide, vaso
active intestinal peptide and glicen?n. These peptides vari

ously regulate carbohydrate metabolism, gastrointestinal

daily for the survival of the diabetic. In noninsulin-depen
dent (NIDDM or Type II) diabetes the pancreas retains the
ability to produce insulin and in fact may produce higher

motility and secretory processing. HoWever, the principal

than normal amounts of insulin, but the amount of insulin is

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

relatively insuf?cient, or less than fully effective, due to
cellular resistance to insulin.

[0004]

Diabetes mellitus (DM) is a major chronic illness

recogniZed actions of pancreatic glucagon are to promote

hepatic glycogenolysis and glyconeogenesis, resulting in an

mellitus (Lund et al. (1982) PNAS, 79:345-349).

found in humans With many consequences. Some compli
cations arising from long-standing diabetes are blindness,

[0008] Preproglucagon, the Zymogen form of glucagon, is

kidney failure, and limb amputations. Insulin-dependent

proglucagon (Lund, et al., supra). PatZelt, et al. (Nature,

diabetes mellitus (IDDM) accounts for 10 to 15% of all
cases of diabetes mellitus. The action of IDDM is to cause

hyperglycemia (elevated blood glucose concentration) and a
tendency toWards diabetic ketoacidosis
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 hyperglycemia can
damage the cells of the pancreas Which produce insulin (the
[3-islet cells) and in the long term create greater insulin
de?ciencies. Currently, oral sulfonylureas and insulin are the
only tWo therapeutic agents available in the United States.

translated from a 360 base pair gene and is processed to form

282:260-266 (1979)) demonstrated that proglucagon is fur
ther processed into glucagon and a second peptide. Later
experiments demonstrated that proglucagon is cleaved car
boxyl to Lys-Arg or Arg-Arg residues (Lund et al., supra;
and Bell et al. (1983) Nature 302:716-718). Bell et al. also
discovered that proglucagon contained three discrete and

highly homologous peptide regions Which Were designated
glucagon, glucagon-like peptide 1 (GLP-1), and glucagon
like peptide 2 (GLP-2). GLP-1 has attracted increasing
attention as a humoral stimulus of insulin secretion. In

humans, this 29-amino acid peptide, cleaved from proglu
cagon by cells of the intestinal mucosa, is released into the
circulation after nutrient intake (Holst et al. (1987) FEBS

for treatment of Diabetes mellitus. Both agents have the
potential for producing hypoglycemia as a side effect, reduc
ing the blood glucose concentration to dangerous levels.
There is no generally applicable and consistently effective

Lett 211:169; Orskov et al. (1987) Diabetologia 30:874;

means of maintaining an essentially normal ?uctuation in
glucose levels in DM. The resultant treatment attempts to

insulinotropic agent (Gutniak et al. (1992) N. Engl. J. Bled.

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.

Conlon J (1988) Diabetologia 31:563).
[0009]

GLP-1 has been found to be a glucose-dependent

326:1316-1322). GLP-1 is noW knoWn to stimulate insulin

secretion (insulinotropic action) causing glucose uptake by
cells Which decreases serum glucose levels (see, e.g.,

Mojsov, S., Int. J. Peptide Protein Research, 40:333-343
(1992)). For instance, it has been shoWn to be a potent
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insulin secretagogue in experimental models and When
infused into humans (Gutniak et al., supra; Mojsov et al.
(1988) J Clin Invest 79:616; Schmidt et al. (1985) Diabe

t0l0gia 28:704; and Kreymann et al. (1987) Lancet 2:1300).
Thus, GLP-1 is a candidate for the role of an “incretin”,

having augmentary effects on glucose-mediated insulin
release.

[0020]

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,
e.g., being agents Which can stimulate, or cause the stimu

[0010] It is 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), Gln9-GLP-1(7-37), D-Glng-GLP
1(7-37), acetyl-Lys9-GLP-1(7-37), Thr16-Lys18-GLP-1(7
37), and Lys18-GLP-1(7-37). Derivatives of GLP-1 includ
ing, for example, acid addition salts, carboxylate salts, loWer
alkyl esters, and amides (see, e.g., WO91/11457).
OBJECTS OF THE INVENTION

[0011]

DETAILED DESCRIPTION OF THE
INVENTION

It is one object of this invention to provide

improved methods for reducing in animal subjects (includ
ing humans) in need of such treatment at least one of insulin

resistance, hyperinsulinemia, and hyperglycemia and abat
ing Type II diabetes. Another object is to provide improved

lation of, the synthesis or expression of the hormone insulin,
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. p3).
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 is part of the preproglucagon
molecule (Bell et al. (1983) Nature 3041368) Which is
proteolytically 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 have identical effects on insulin

methods for reducing at least one of body fat stores, hyper

secretion in beta cells (Mojsov et al. (1987) J. Clin. Invest
79:616; and Weir et al. (1989) Diabetes 38:338). They are

lipidemia, hyperlipoproteinemia, and for abating atheroscle

the most potent gluco-incretins so far described and are

rosis. It is another object of this invention to provide

active at concentrations as loW as one to ten picomolar.

methods for interfering With glucose and/or lipid metabo
lism in a manner bene?cial to the host.

[0012] It is yet another object of this invention to provide
improved methods for the long-term reduction and abate
ment of at least one of the foregoing disorders based on a

therapeutic regimen administered over the short-term.

[0013]

It is still another object of the present invention

to-provide a method for regulating, and altering on a long

term basis, the glucose and lipogenic responses of vertebrate

animals, including humans.
[0014]

In particular, it is an object of the invention to

provide methods for producing long lasting bene?cial
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.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a diagrammatic representation of the
synthesis of a boro proline compound.
[0016]

FIG. 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 ?gure
demonstrates that a single injection of PBP-1 potentiates the
response to a sub-therapeutic dose of GLP-1.

[0017]

[0021] The metabolic fate of exogenous GLP-1 has been
studied in nondiabetic and type 11 diabetic subjects. Subcu
taneous and intravenous GLP-1 are both rapidly degraded in
a time-dependent manner, for instance, having a half-life in
diabetic patients of substantially less than 30 minutes. See,
for example, Deacon et al. (1995) Diabetes 44:1126-1131.

FIG. 3 shoWs that a single injection of PBP-2

improves glucose levels in blood.
[0018] FIG. 4 shoWs that treatment With PBP-3 under
“chronic” conditions also results in loWering of the blood
sugar levels.

[0019] FIGS. 5A and 5B compare the ability of Pro-boro
pro to loWer plasma glucose levels in GLP-1 receptor —/—

transgenic mice.

i. OvervieW of the Invention

[0022]

The present invention provides methods and com

positions for modi?cation and regulation of glucose and
lipid metabolism, generally to reduce insulin resistance,

hyperglycemia, hyperinsulinemia, obesity, hyperlipidemia,
hyperlipoprotein-emia (such as chylomicrons, VLDL and
LDL), and to regulate body fat and more generally lipid
stores, and, more generally, for the improvement of metabo
lism disorders, especially those associated With diabetes,
obesity and/or atherosclerosis. As described in greater detail
beloW, the subject method includes the administration, to an
animal, of a composition including one or more dipepti

dylpeptidase inhibitors, especially inhibitors of the dipepti
dylpeptidase IV (DPIV) enZyme or other enZyme of similar
speci?city, Which are able to inhibit the proteolysis of GLP-1
and accordingly increase the plasma half-life of that hor
mone.

[0023] Preferably, the compounds utiliZed in the subject
method Will produce an EC50 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 com
pounds as the peptidyl boronates is that the inhibitors can

produce, for example, an EC50 for inhibition of glucose
tolerance in the nanomolar or less range, Whereas the

compounds have EC50’s for immunosuppression in the nM
or greater range. Thus, a favorable therapeutic index can be
realiZed With respect to the unWanted sideeffect of immu

nosuppression.
[0024] While not Wishing to bound by any particular
theory, it is observed that compounds Which inhibit DPIV
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are, correlatively, able to improve glucose tolerance, though
not necessarily through mechanisms involving DPIV inhi
bition per se. Indeed, the results described in Example 6 (and
FIG. 5) demonstrating an effect in mice lacking a GLP-1
receptor suggest that the subject method may not include a

[0030] 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 glilcagon, secretin, vasoactive intes

tinal peptide (VIP), peptide histidine isoleucine (PHI), pitu

mechanism of action directly implicating GLP-1 itself,

itary adenylate cyclase activating peptide (PACAP), gastric

though it has not been ruled out that GLP-1 may have other

inhibitory peptide (GIP) and helodermin. Kubiak et al.
(1994) Peptide Res 7:153. GHRF is secreted by the hypo
thalamus, and stimulates the release of groWth hormone
(GH) from the anterior pituitary. Thus, the subject method

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, inhibitors With Ki
values in the picomolar and even femtamolar range are

contemplated. Thus, While the active agents are described
herein, for convience, as “DPIV inhibitors”, it Will be
understood that such nomenclature is not intending to limit
the subject invention to a particular mechanisim of action.

[0025]

can be used to improve clinical therapy for certain groWth
hormone de?cient children, and in clinical therapy of adults
to improve nutrition and to alter body composition (muscle
vs. fat). The subject method can also be used in veterinary

practice, for example, to develop higher yield milk produc
tion and higher yield, leaner livestock.
[0031] LikeWise, the DPIV inhibitors of the subject inven

For instance, in certian embodiments the method

tion can be used to alter the plasma half-life of secretin, VIP,

involves administration of a DPIV inhibitor, preferably at a

PHI, PACAP, GIP and/or helodermin. Additionally, the

predetermined time(s) during a 24-hour period, in an amount

subject method can be used to alter the pharmacokinetics of

effective to improve one or more aberrant indices associated

Peptide YY and neuropeptide Y, both members of the
pancreatic polypeptide family, as DPIV has been implicated

With glucose metabolism disorders (e.g., glucose intoler
ance, insulin resistance, hyperglycemia, hyperinsulinemia
and Type II diabetes).
[0026]

In other embodiments, the method involves admin

istration of a DPIV inhibitor in an amount effective to

improve aberrant indices associated With obesity. Fat cells
release the hormone leptin, Which travels in the bloodstream
to the brain and, through leptin receptors there, stimulates
production of GLP-1. GLP-1, in turn, 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 endogenous and ectopically added GLP-1 in the
treatment of disorders associated With obesity.
[0027]

In a more general sense, the present invention

provides methods and compositions for altering the pharmo
kinetics 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 homeo

stasis of regulatory peptides, and the other enZymes

in the processing of those peptides in a manner Which alters

receptor selectivity.
[0032] Another aspect of the present invention relates to

pharmaceutical compositions of dipeptidylpeptidase inhibi
tors, particularly DPIV inhibitors, and their uses 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 antidia
betic activities, and can be used in the treatment of disorders

marked by abberrant glucose metabolism (including stor
age). In particular embodiments, the compositions of the
subject methods are useful as insulinotropic agents, or to

potentiate the insulinotropic effects of such molecules as
GLP-1. In this regard, the present method can be useful for
the treatment and/or prophylaxis of a variety of disorders,
including one or more of: hyperlipemia, hyperglycemia,

obesity, glucose tolerance insuf?ciency, insulin resistance
and diabetic complications.
[0033] In general, the inhibitors of the subject method Will
be small molecules, e.g., With molecular Weights less than
7500 amu, preferably less than 5000 amu, and even more
preferably less than 2000 amu and even 1000 amu. In

preferred embodiments, the inhibitors Will be orally active.

involved in these processes may be suitable targets for

[0034]

pharmacological intervention by the subject method.

peptidyl compounds (including peptidomimetics) Which are

[0028] For example, the subject method can be used to
increase the half-life of other proglucagon-derived peptides,

such as glicentin (corresponding to PG 1-69), oxyntomodu

lin (PG 33-69), glicentin-related pancreatic polypeptide
(GRPP, PG 1-30), intervening peptide-2 (IP-2, PG 111
122amide), and glucagon-like peptide-2 (GLP-2, PG 126

158).
[0029]

In certain embodiments, the subject inhibitors are

optimiZed, e.g., generally by selection of the CO. substitu
ents, for the substrate speci?city of the targeted proteolytic
activity. These peptidyl compounds Will include a functional
group, such as in 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 ot-diketone or a peptidyl ot-keto ester, a peptide

haloalkylketone, a peptide sulfonyl ?uoride, a peptidyl bor
GLP-2, for example, has been identi?ed as a factor

onate, a peptide epoxide, a peptidyl diaZomethanes, a pep

responsible for inducing proliferation of intestinal epithe

tidyl phosphonate, isocoumarins, benZoxaZin-4-ones, car

lium. See, for example, Drucker et al. (1996) PNAS

bamates, isocyantes, isatoic anhydrides or the like. Such
functional groups have bee provided in other protease
inhibitors, and general routes for their synthesis are knoWn.
See, for example, Angelastro et al., J. Med Chem. 33:11-13

9317911. The subject method can be used as part of a

regimen for treating injury, in?ammation or resection of
intestinal tissue, e.g., Where enhanced groWth and repair of
the intestinal mucosal epithelial is desired.

(1990); Bey et al., EPO 363,284; Bey et al., EPO 364,344;
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Grubb et al., WO 88/10266; Higuchi et al., EPO 393,457;

EWoldt et al.,Molecular Immunology 29(6):713-721 (1992);
Hernandez et al., Journal of Medicinal Chemistry 35(6):
1121-1129 (1992); Vlasak et al., J. Wrology 63(5):2056
2062 (1989); Hudig et al., J Immunol 147(4):1360-1368
(1991); Odakc et al., Biochemistry 30(8):2217-2227 (1991);

-continued
0

4(

R5

Vij ayalakshmi et al., Biochemistry 30(8):2175-2183 (1991);
Kam et al., Thrombosis and Haemostasis 64(1):133-137

[0041] R1 represents a C-terminally linked amino

(1990); Powers et al., J Cell Biochem 39(1):33-46 (1989);

acid residue or amino acid analog, or a C-terminally

Powers et al., Proteinase Inhibitors, Barrett et al., Eds.,

linked peptide or peptide analog, or an amino-pro
tecting group, or

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 Biochemistry and Biophysics 269(1):125-136
(1989); Zunino et al., Biochimica et Biophysica Acta.

967(3):331-340 (1988);

Kam et al., Biochemistry

27(7):2547-2557 (1988); Parkes et al., Biochem J. 2301509
516 (1985); Green et al., J. Biol. Chem. 256:1923-1928

(1981); Angliker et al., Biochem. J. 241:871-875 (1987);
Puri et al., Arch. Biochem. Biophys. 27:346-358 (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. Biophys. Res. Commun. 153:1201-1208 (1988)).

[0042]

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 amido, a cyano, a nitro, an aZido,
a sulfate, a sulfonate, a sulfonamido, —(CH2)m—R7,

See also U.S. Patents Bachovchin et al. 4,935,493; Bacho
vchin et al. US. Pat. No. 5,462,928; PoWers et al. US. Pat.
No. 5,543,396; Hanko et al. US. Pat. No. 5,296,604; and the

—(CH2)m—OH, —(CH2)m—O-loWer alkyl,
—(CH2)m—O-loWer alkenyl, —(CH2)n—O—
(CH2)m—R7, —(CH2)m—SH, —(CH2)m—S-loWer
alkyl, —(CH2 m—S-loWer alkenyl, —(CH2)nS—
(CH2)rn—R7;

PCT publication of Ferring PCT/GB94/02615.
[0035]

In other embodiments, the inhibitor is a non-pep

tidyl compound, e.g., Which can be identi?ed by such drug
screening assays as described herein. These inhibitors can

R2 is absent or represents one or more substi

tutions to the ring A, each of Which can indepen
dently be a halogen, a loWer alkyl, a loWer alkenyl,

[0043] if X is N, R3 represents hydrogen, if X is C, R3
represents hydrogen or a halogen, a loWer alkyl, a

be, merely to illustrate, synthetic organis, natural products,

loWer alkenyl, a loWer alkynyl, a carbonyl (such as

nucleic acids or carbohydrates.

a carboXyl, an ester, a formate, or a ketone),
thiocarbonyl (such as a thioester, a thioacetate, or
thioformnate), an amino, an acylamino, an amido,
cyano, a nitro, an aZido, a sulfate, a sulfonate,

[0036] A representative class of compounds for use in the
method of the present invention are represented by the

general formula;

a
a

a
a

sulfonamido, —(CH2)m—R7, —(CH2)m—OH,
—(CH2)m—O-loWer alkyl, —(CH2)m—O-loWer
alkenyl, —(CH2)n—O—(CH2)m—R7, —(CH2)m—
SH, —(CH2)m—S-loWer alkyl, —(CH2 m—S-loWer
alkenyl, —(CH2)n—S—(CH2)m—R7;

[0037] Wherein
[0038] A represents a 4-8 membered heterocycle
including the N and the CO. carbon;

[0045]
[0039]

Z represents C or N;

R6 represents hydrogen, a halogen, a alkyl, a alk

enyl, a alkynyl, an aryl, —(CH2)m—R7, —(CH2)m—OH,

[0040] W represents a functional group Which reacts
With an active site residue of the targeted protease, as

for eXample, —CN, —CH=NR5,

—(CH2)m—O-alkyl, —(CH2)m—O-alkenyl, —(CH2)m—
O-alkynyl, —(CH2)m—O—(CH2)m—R7, —(CH2)m—SH,
—(CH2 m—S-alkyl, —(CH2)m—S-alkenyl, —(CH2)m—S
alkynyl, —(CH2)m—S—(CH2)m—R7,
[0046]

O

! X

— I —

0

0
17

—

Y1

l’l X
—

17

—

B/
\

Y2

R50
7

—

IPI R
—

R51

52

R7 represents, for each occurrence, a substi

tuted or unsubstituted aryl, aralkyl, cycloalkyl,
cycloalkenyl, or heterocycle;
[0047] R‘7 represents, for each occurrence, hydrogen,
or a substituted or unsubstituted alkyl, alkenyl, aryl,

aralkyl, cycloalkyl, cycloalkenyl, or heterocycle; and
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[0048] Y1 and Y2 can independently or together be
OH, or a group capable of being hydrolyzed to a

hydroXyl group, including cyclic derivatives Where
Y1 and Y2 are connected via a ring having from 5 to
8 atoms in the ring structure (such as pinacol or the

like),
[0049] R50 represents O or S;

[0050] R51 represents N3, SHZ, NH2, NO2 or OR‘7;
[0051] R52 represents hydrogen, a loWer alkyl, an amine,
OR‘7, or a pharmaceutically acceptable salt, or R51 and R52
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

[0052] X1 represents a halogen;
[0053]

X2 and X3 each represent a hydrogen or a

halogen

In preferred embodiments, R3 is a hydrogen, or a

[0062]

In preferred embodiments, R5 is a hydrogen, or a

halogentated loWer alkyl.
[0063] In preferred embodiments, X1 is a ?uorine, and X2
and X3, if halogens, are ?uorine.
[0064] Also deemed as equivalents are any compounds
Which can be hydrolytically converted into any of the

aforementioned compounds including boronic acid esters

and halides, and carbonyl equivalents including acetals,
hemiacetals, ketals, and hemiketals, and cyclic dipeptide

analogs.
[0065] Longer peptide sequences are needed for the inhi
bition of certain proteases and improve the speci?city of the
inhibition in some cases.

[0066] In preferred embodiments, the subject method uti
liZes, as a DPIV inhibitor, a boronic acid analogs of an

[0054] m is Zero or an integer in the range of 1 to 8;
and n is an integer in the range of 1 to 8.

[0055]

[0061]

small hydrophobic group such as a loWer alkyl or a halogen.

In preferred embodiments, the ring Ais a 5, 6 or 7

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:

membered ring, e.g., represented by the formula

ORIZ
R1

0R11

[0056]

and more preferably a 5 or 6 membered ring. The

ring may, optionally, be further substituted.

[0057] In preferred embodiments, W represents

[0067] Wherein
[0068] R1 represents a C-terminally linked amino
acid residue or amino acid analog, or a terminally

linked peptide or peptide analog, or

[0058] In preferred embodiments, R1 is
R36

R38

O

[0059] Wherein R36 is a small hydrophobic group, e.g., a
loWer alkyl or a halogen and R38 is hydrogen, or, R36 and

R37 together form a 4-7 membered heterocycle including
the N and the CO. carbon, as de?ned 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

[0060]

In preferred embodiments, R2 is absent, or repre

sents a small hydrophobic group such as a loWer alkyl or a

halogen.
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-continued
0

[0070]

O

R7 represents an aryl, a cycloalkyl, a cycloalk

enyl, or a heterocycle;

[0071] R8 and R9 each independently represent

hydrogen, alkyl, alkenyl, —(CH2)m—R7,
—C(=O)-alkyl, —C(=O)-alkenyl, —C(=O)
alkynyl, —C(=O)—(CH2)m—R7,
[0072] or R8 and R9 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;

[0073] R11 and R12 each independently represent

[0080]

R7 represents an aryl, a cycloalkyl, a cycloalk

enyl, or a heterocycle;

[0081] R8 and R9 each independently represent

hydrogen, a alkyl, or a pharmaceutically acceptable

hydrogen, alkyl, alkenyl, —(CH2)m—R7,
—C(=O)-alkyl, —C(=O)-alkenyl, —C(=O)

salt, or RM and R12 taken together With the

alkynyl,

O—B—O atoms to Which they are attached com

plete a heterocyclic ring having from 5 to 8 atoms in

the ring structure;
[0074] m is Zero or an integer in the range of 1 to 8;
and n is an integer in the range of 1 to 8.

[0075] In other embodiments, the subject DPIV inhibitors
include an aldehyde analogs of proline or prolyl derivatives.
Exemplary aldehyde-derived inhibitors of the present inven
tion are represented by the general formula:

[0082]

or R8 and R9 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
[0083] m is Zero or an integer in the range of 1 to 8;
and n is an integer in the range of 1 to 8.

[0084] In yet further embodiments, the subject DPIV
inhibitors are halo-methyl ketone analogs of an amino acid.

Exemplary inhibitors of this class include compounds rep
resented by the general formula:

R1

Rl

X

X3

2

[0076] Wherein
[0077] R1 represents a C-terminally linked amino
acid residue or amino acid analog, or a terminally

linked peptide or peptide analog, or

[0085] Wherein
[0086] R1 represents a C-terminally linked amino
acid residue or amino acid analog, or a terminally

linked peptide or peptide analog, or

[0078] c_

[0087] c_

Sep. 9, 2004

US 2004/0176307 A1

[0095]

In preferred embodiments, the ring A is a 5, 6 or 7

membered ring, e.g., represented by the formula

[0096] In preferred embodiments, R32 is a small hydro
phobic group, e.g., a loWer alkyl or a halogen.

[0097]

In preferred embodiments, R30 represents a C-ter

minally linked amino acid residue or amino acid analog, or
a C-terminally linked peptide or peptide analog, or an

amino-protecting group.
[0089]

R7 represents an aryl, a cycloalkyl, a cycloalk

enyl, or a heterocycle;

hydrogen, alkyl, alkenyl, —(CH2)m—R7,
—C(=O)-alkyl, —C(=O)-alkenyl, —C(=O)
alkynyl, —C(=O)—(CH2)m—R7,
or R8 and R9 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;

[0092]

In preferred embodiments, R2 is absent, or repre

halogen.

[0090] R8 and R9 each independently represent

[0091]

[0098]

sents a small hydrophobic group such as a loWer alkyl or a

[0099]

In preferred embodiments, R3 is a hydrogen, or a

small hydrophobic group such as a loWer alkyl or a halogen.

[0100] Another representative class of compounds for use
in the subject method include peptide and peptidomimetics
of (D)-Ala-(L)-Ala, e.g., preserving the diasteromeric ori
entation. Such inhibitors include compounds represented by
the general formula:

X1, X2 and X3 each represent a hydrogen or a

R61

halogen; and

H
N

[0093] m is Zero or an integer in the range of 1 to 8;
and n is an integer in the range of 1 to 8.

[0094] In preferred embodiments, the DPIV inhibitor is a
peptide or peptidomimetic including a prolyl group or

analog thereof in the P1 speci?city position, and a nonpolar
amino acid in the P2 speci?city 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

R1 D

L

W

Y
0

R62

[0101] Wherein
[0102] W represents a functional group Which reacts
With an active site residue of the targeted protease, as

for eXample, —CN, —CH=NR5,

include an Ala-Pro or Pro-Pro dipeptide sequence or equiva

lent thereof, and be represented in the general formulas:
R2

R2

A

A
Of

N

N

R30/

W
R3

[0103] R1 represents a C-terminally linked amino

0

acid residue or amino acid analog, or a C-terminally
R2
R32

linked peptide or peptide analog, or an amino-pro
tecting group, or

A
N

R30 — N

W

R3
0

O

S

O

||

||

||
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[0104] R3 represents hydrogen or a halogen, a loWer
alkyl, a loWer alkenyl, a loWer alkynyl, a carbonyl

[0117] In preferred embodiments, R1 is

(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, a sulfate, a sulfonate, a

sulfonamido, —(CH2)m—R7, —(CH2)m—OH,
—(CH2)m—O-loWer alkyl, —(CH2)m—O-loWer
alkenyl, —(CH2)n—O—(CH2)m-R7, —(CH2)m—
SH, —(CH2)m—S-loWer alkyl, —(CH2)m—S-loWer
alkenyl, —(CH2)n—S—(CH2)m—R7;

R36

R38

O

[0118] Wherein R36 is a small hydrophobic group, e.g., a
loWer alkyl or a halogen and R38 is hydrogen, or, R36 and

R37 together form a 4-7 membered heterocycle including
the N and the CO. carbon, as de?ned 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

[0119]

In preferred embodiments, R3 is a hydrogen, or a

small hydrophobic group such as a loWer alkyl or a halogen.

[0120]

In preferred embodiments, R5 is a hydrogen, or a

halogentated loWer alkyl.
[0121] In preferred embodiments, X1 is a ?uorine, and X2
and X3, if halogens, are ?uorine.

[0122] In preferred embodiments, R61 and R62, indepen
dently, represent loW alkyls, such as methyl, ethyl, propyl,
isopropyl, tert-butyl or the lik.;
[0107]

R7 represents, for each occurrence, a substi

tuted or unsubstituted aryl, aralkyl, cycloalkyl,
cycloalkenyl, or heterocycle;

[0123] Also included are such peptidomimetics as ole?ns,
phosphonates, aZa-amino acid analogs and the like.
[0124] Also deemed as equivalents are any compounds
Which can be hydrolytically converted into any of the

aforementioned compounds including boronic acid esters
or a substituted or unsubstituted alkyl, alkenyl, aryl,

and halides, and carbonyl equivalents including acetals,
hemiacetals, ketals, and hemiketals, and cyclic dipeptide

aralkyl, cycloalkyl, cycloalkenyl, or heterocycle;

analogs.

[0108] R‘7 represents, for each occurrence, hydrogen,

[0125] As used herein, the de?nition of each expression,

[0109] R61 and R62, indepedently, represent small
hydrophobic groups;

e.g. alkyl, m, n, etc., When it occurs more than once in any

[0110] Y1 and Y2 can independently or together be

elseWhere in the same structure.

OH, or a group capable of being hydrolyZed to a

hydroXyl group, including cyclic derivatives Where
Y1 and Y2 are connected via a ring having from 5 to
8 atoms in the ring structure (such as pinacol or the

like),
[0111] R50 represents O or S;

[0112] R51 represents N3, SH2, NH2, NO2 or OR‘7;
[0113] R52 represents hydrogen, a loWer alkyl, an
amine, OR‘7, or a pharmaceutically acceptable salt,
or R51 and R52 taken together With the phosphorous
atom to Which they are attached complete a hetero

structure, is intended to be independent of its de?nition

[0126] The pharmaceutically acceptable salts of the sub
ject compounds include the conventional nontoXic salts or
quaternary ammonium salts of the compounds, e.g., from
non-toxic organic or inorganic acids. For eXample, such
conventional nontoxic salts include those derived from
inorganic acids such as hydrochloride, hydrobromic, sulfu

ric, sulfamic, phosphoric, nitric, and the like; and the salts
prepared from organic acids such as acetic, propionic, suc

cinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic,
palmitic, maleic, hydroXymaleic, phenylacetic, glutamic,
benZoic, salicyclic, sulfanilic, 2-acetoXybenZoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic, oXalic,
isothionic, and the like.

cyclic ring having from 5 to 8 atoms in the ring

[0127] The pharmaceutically acceptable salts of the

structure

present invention can be synthesiZed from the subject com
pound Which contain a basic or acid moiety by conventional

[0114] X1 represents a halogen;
[0115]

X2 and X3 each represent a hydrogen or a

halogen
[0116] m is Zero or an integer in the range of 1 to 8;
and n is an integer in the range of 1 to 8.

chemical methods. Generally, the salts are prepared by
reacting the free base or acid With stoichiometric amounts or
With an eXcess of the desired salt-forming inorganic or
organic acid or base in a suitable solvent. The pharmaceu

tically acceptable salts of the acids of the subject compounds
are also readily prepared by conventional procedures such as
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treating an acid of Formula I With an appropriate amount of
a base such as an alkali or alkaline earth methyl hydroxide

Cycloalkyls can be further substituted With alkyls, alkenyls,

(eg sodium, potassium, lithium, calcium or magnesium) or

alkyls, —CF3, —CN, and the like.

an organic base such as an amine, piperidine, pyrrolidine,
benZylamine and the like, or a quaternary ammonium

[0132] The term “aralkyl”, as used herein, refers to an
alkyl group substituted With an aryl group (e.g., an aromatic
or heteroaromatic group).

hydroxide such as tetramethylammonium hydroxide and the
like.

alkoxys, alkylthios, aminoalkyls, carbonyl-substituted

[0133]

The terms “alkenyl” and “alkynyl” refer to unsat

[0128] Contemplated equivalents of the compounds

urated aliphatic groups analogous in length and possible

described above include compounds Which otherWise cor

substitution to the alkyls described above, but that contain at
least one double or triple bond respectively.

respond thereto, and Which have the same general properties
thereof (eg the ability to inhibit proteolysis of GLP-1 or
other peptide hormone or precursor thereof), Wherein one or
more simple variations of substituents are made Which do

not adversely affect the efficacy of the compound in use in

the contemplated method. In general, the compounds of the
present invention may be prepared by the methods illus
trated in the general reaction schemes as, for example,
described beloW, or by modi?cations thereof, using readily
available starting materials, reagents and conventional syn
thesis procedures. In these reactions, it is also possible to
make use of variants Which are in themselves knoWn, but are
not mentioned here.

ii. De?nitions

[0129] For convenience, before further description of the
present invention, certain terms employed in the speci?ca
tion, examples, and appended claims are collected here.
[0130]

The term “alkyl” refers to the radical of saturated

aliphatic groups, including straight-chain alkyl groups,
branched-chain alkyl groups, cycloalkyl (alicyclic) groups,
alkyl substituted cycloalkyl groups, and cycloalkyl substi
tuted alkyl groups. In preferred embodiments, a straight
chain or branched chain alkyl has 30 or feWer carbon atoms

[0134]

Unless the number of carbons is otherWise speci

?ed, “loWer alkyl” as used herein means an alkyl group, as
de?ned above, but having from one to ten carbons, more
preferably from one to six carbon atoms in its backbone

structure. LikeWise, “loWer alkenyl” and “loWer alkynyl”
have similar chain lengths. Preferred alkyl groups are loWer

alkyls. In preferred embodiments, a substituent designated
herein as alkyl is a loWer alkyl.

[0135] The term “aryl” as used herein includes 5-, 6- and
7-membered single-ring aromatic groups that may include
from Zero to four heteroatoms, for example, benZene, pyr

role, furan, thiophene, imidaZole, oxaZole, thiaZole, triaZole,
pyraZole, pyridine, pyraZine, pyridaZine and pyrimidine, and
the like. Those aryl groups having heteroatoms in the ring
structure may also be referred to as “aryl heterocycles” or
“heteroaromatics”. The aromatic ring can be substituted at
one or more ring positions With such substituents as

described above, for example, halogen, aZide, alkyl, aralkyl,
alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhy
dryl, imino, amido, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, ether, alkylthio, sulfonyl, sulfonamido,
ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaro
matic moieties, —CF3, —CN, or the like. The term “aryl”
also includes polycyclic ring systems having tWo or more

in its backbone (e.g., C1-C3O for straight chain, C3-C3O for

cyclic rings in Which tWo or more carbons are common to

branched chain), and more preferably 20 or feWer. LikeWise,
preferred cycloalkyls have from 3-10 carbon atoms in their
ring structure, and more preferably have 5, 6 or 7 carbons in
the ring structure.

tWo adjoining rings (the rings are “fused rings”) Wherein at
least one of the rings is aromatic, e.g., the other cyclic rings
can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/
or heterocyclyls.

[0131] Moreover, the term “alkyl” (or “loWer alkyl”) as

[0136] The terms “heterocyclyl” or “heterocyclic group”

used throughout the speci?cation and claims is intended to
include both “unsubstituted alkyls” and “substituted alkyls”,
the latter of Which refers to alkyl moieties having substitu

refer to 3- to 10-membered ring structures, more preferably
3- to 7-membered rings, Whose ring structures include one
to four heteroatoms. Heterocycles can also be polycycles.

ents replacing a hydrogen on one or more carbons of the

Heterocyclyl groups include, for example, thiophene, thian
threne, furan, pyran, isobehZofuran, chromene, xanthene,

hydrocarbon backbone. Such substituents can include, for
example, a halogen, a hydroxyl, a carbonyl (such as a
carboxyl, an ester, a formyl, or a ketone), a thiocarbonyl
(such as a thioester, a thioacetate, or a thioformate), an

alkoxyl, a phosphoryl, a phosphonate, a phosphinate, an
amino, an amido, an amidine, an imine, a cyano, a nitro, an
aZido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a

sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an
aralkyl, or an aromatic or heteroaromatic moiety. It Will be
understood by those skilled in the art that the moieties
substituted on the hydrocarbon chain can themselves be

phenoxathiin, pyrrole, imidaZole, pyraZole, isothiaZole,
isoxaZole, pyridine, pyraZine, pyrimidine, pyridaZine,
indoliZine, isoindole, indole, indaZole, purine, quinoliZine,
isoquinoline, quinoline, phthalaZine, naphthyridine, qui
noxaline, quinaZoline, cinnoline, pteridine, carbaZole, car

boline, phenanthridine, acridine, pyrimidine, phenanthro
line, phenaZine, phenarsaZine, phenothiaZine, furaZan,
phenoxaZine, pyrrolidine, oxolane, thiolane, oxaZole, pip
eridine, piperaZine, morpholine, lactones, lactams such as
aZetidinones and pyrrolidinones, sultams, sultones, and the

substituted, if appropriate. For instance, the substituents of

like. The heterocyclic ring can be substituted at one or more

a substituted alkyl may include substituted and unsubstituted

positions With such substituents as described above, as for

forms of amino, aZido, imino, amido, phosphoryl (including

example, halogen, alkyl, aralkyl, alkenyl, alkynyl,
cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino,
amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl,

phosphonate and phosphinate), sulfonyl (including sulfate,
sulfonamido, sulfamoyl and sulfonate), and silyl groups, as
Well as ethers, alkylthios, carbonyls (including ketones,
aldehydes, carboxylates, and esters), —CF3, —CN and the
like. Exemplary substituted alkyls are described beloW.

ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a hetero
cyclyl, an aromatic or heteroaromatic moiety, —CF3, —CN,
or the like.
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[0137] The terms “polycyclyl” or “polycyclic group” refer
to tWo or more rings (e.g., cycloalkyls, cycloalkenyls
cycloalkynyls, aryls and/or heterocyclyls) in Which tWo or

[0145] The term “amido” is art recogniZed as an amino
substituted carbonyl and includes a moiety that can be

represented by the general formula:

more carbons are common to tWo adjoining rings, e.g., the

rings are “fused rings”. Rings that are joined through non
adjacent atoms are termed “bridged” rings. Each of the rings

0

iN/Rg

of the polycycle can be substituted With such substituents as

described above, as for example, halogen, alkyl, aralkyl,

alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhy
dryl, imino, amido, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde,

/

R10

ester, a heterocyclyl, an aromatic or heteroaromatic moiety,

—CF3, —CN, or the like.
[0138] The term “carbocycle”, as used herein, refers to an
aromatic or non-aromatic ring in Which each atom of the ring
is carbon.
[0139]

The term “heteroatom” as used herein means an

[0146] Wherein R9, R10 are as de?ned above. Preferred
embodiments of the amide Will not include imides Which
may be unstable.
[0147] The term “alkylthio” refers to an alkyl group, as
de?ned above, having a sulfur radical. attached thereto. In

ferred heteroatoms are nitrogen, oxygen, sulfur and phos

preferred embodiments, the “alkylthio” moiety is repre
sented by one of —S-alkyl, —S-alkenyl, —S-alkynyl, and

phorous.

—S—(CH2)m—R8, Wherein m and R8 are de?ned above.

[0140] As used herein, the term “nitro” means —NO2; the
term “halogen” designates —F, —Cl, —Br or —I; the term
“sulfhydryl” means —SH; the term “hydroxyl” means
—OH; and the term “sulfonyl” means —SO2—.
[0141] The terms “amine” and “amino” are art recogniZed
and refer to both unsubstituted and substituted amines, e.g.,
a moiety that can be represented by the general formula:

thio, and the like.
[0148] The term “carbonyl” is art recogniZed and includes
such moieties as can be represented by the general formula:

atom of any element other than carbon or hydrogen. Pre

Representative alkylthio groups include methylthio, ethyl

[0149]

Wherein X is a bond or represents an oxygen or a

sulfur, and RM represents a hydrogen, an alkyl, an alkenyl,

—(CH2)m—R8 or a pharmaceutically acceptable salt, R‘11
represents a hydrogen, an alkyl, an alkenyl or —(CH2)m—
R8, Where m and R8 are as de?ned above. Where X is an

[0142] Wherein R9, R10 and R‘1O each independently rep

oxygen and R11 or R‘11 is not hydrogen, the formula repre

resent a hydrogen, an alkyl, an alkenyl, —(CH2)m—R8, or

sents an “ester”. Where X is an oxygen, and R11 is as de?ned

R9 and R10 taken together With the N atom to Which they are
attached complete a heterocycle having from 4 to 8 atoms in
the ring structure; R8 represents an aryl, a cycloalkyl, a

and particularly When R11 is a hydrogen, the formula rep

cycloalkenyl, a heterocycle or a polycycle; and m is Zero or

an integer in the range of 1 to 8. In preferred embodiments,
only one of R9 or R1O can be a carbonyl, e.g., R9, R10 and the
nitrogen together do not form an imide. In even more

preferred embodiments, R9 and R10 (and optionally R‘lo)
each independently represent a hydrogen, an alkyl, an alk
enyl, or —(CH2)m—R8. Thus, the term “alkylamine” as

above, the moiety is referred to herein as a carboxyl group,
resents a “carboxylic acid”. Where X is an oxygen, and R‘11

is hydrogen, the formula represents a “formate”. In general,
Where the oxygen atom of the above formula is replaced by
sulfur, the formula represents a “thiolcarbonyl” group.
Where X is a sulfur and RM or R‘M is not hydrogen, the
formula represents a “thiolester.” Where X is a sulfur and

R11 is hydrogen, the formula represents a “thiolcarboxylic

least one of R9 and R10 is an alkyl group.

acid.” Where X is a sulfur and R11‘ is hydrogen, the formula
represents a “thiolformate.” On the other hand, Where X is
a bond, and R11 is not hydrogen, the above formula repre
sents a “ketone” group. Where X is a bond, and R11 is

[0143] The term “acylamino” is art-recogniZed and refers

group.

used herein means an amine group, as de?ned above, having
a substituted or unsubstituted alkyl attached thereto, i.e., at

to a moiety that can be represented by the general formula:

hydrogen, the above formula represents an “aldehyde”
[0150]

The terms “alkoxyl” or “alkoxy” as used herein

refers to an alkyl group, as de?ned above, having an oxygen

radical attached thereto. Representative alkoxyl groups

include methoxy, ethoxy, propyloxy, tert-butoxy and the
like. An “ether” is tWo hydrocarbons covalently linked by an
oxygen. Accordingly, the substituent of an alkyl that renders
that alkyl an ether is or resembles an alkoxyl, such as can be

represented by one of —O-alkyl, —O-alkenyl, —O-alkynyl,
[0144] Wherein R9 is as de?ned above, and R‘11 represents
a hydrogen, an alkyl, an alkenyl or —(CH2)m—R8, Where m
and R8 are as de?ned above.

—O—(CH2)m—R8, Where m and R8 are described above.
[0151] The term “sulfonate” is art recogniZed and includes

a moiety that can be represented by the general formula:
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[0161] A “phosphoryl” can in general be represented by
the formula:

[0152] in Which R41 is an electron pair, hydrogen, alkyl,
cycloalkyl, or aryl.
[0153]

The term “sulfate” is art recognized and includes a

[0162] Wherein Q1 represented S or O, and R46 represents
hydrogen, a loWer alkyl or an aryl. When used to substitute,

moiety that can be represented by the general formula:

e.g., an alkyl, the phosphoryl group of the phosphorylalkyl
can be represented by the general formula:

[0154]

[0163] Wherein Q1 represented S or O, and each R46

in Which R41 is as de?ned above.

[0155] The term “sulfonamido” is art recognized and
includes a moiety that can be represented by the general
formula:

independently represents hydrogen, a loWer alkyl or an aryl,
Q2 represents O, S or N. When O1 is an S, the phosphoryl
moiety is a “phosphorothioate”.

[0164] A “phosphoramidite” can be represented in the

general formula:
0
—

[0156]

N g
—

|

||

R9

0

—

R’

11

in Which R9 and R‘11 are as de?ned above.

[0157] The term “sulfamoyl” is art-recogniZed and
includes a moiety that can be represented by the general

[0165] Wherein R9 and R10 are as de?ned above, and Q2
represents O, S or N.

[0166] A “phosphonamidite” can be represented in the

formula:

general formula:

[0158]

in Which R9 and R10 are as de?ned above.

[0167] Wherein R9 and R10 are as de?ned above, Q2
[0159] The terms “sulfoXido” or “sul?nyl”, as used herein,
refers to a moiety that can be represented by the general
formula:

represents O, S or N, and R48 represents a loWer alkyl or an

aryl, Q2 represents O, S or N.
[0168] A “selenoalkyl” refers to an alkyl group having a
substituted seleno group attached thereto. Exemplary “sele
noethers” Which may be substituted on the alkyl are selected

from one of —Se-alkyl, —Se-alkenyl, —Se-alkynyl, and
—Se—(CH2)m—R7, m and R7 being de?ned above.
[0169] Analogous substitutions can be made to alkenyl

and alkynyl groups to produce, for eXample, aminoalkenyls,
[0160] in Which R44 is selected from the group consisting

aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalk

of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocy

enyls, iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl

clyl, aralkyl, or aryl.

substituted alkenyls or alkynyls.
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[0170]

It Will be understood that “substitution” or “sub

stituted With” includes the implicit proviso that such sub
stitution is in accordance With permitted valence of the
substituted atom and the substituent, and that the substitu
tion results in a stable compound, e.g., Which does not

spontaneously undergo transformation such as by rearrange
ment, cycliZation, elimination, etc.
[0171]

As used herein, the term “substituted” is contem

plated to include all permissible substituents of organic
compounds. In a broad aspect, the permissible substituents
include acyclic and cyclic, branched and unbranched, car
bocyclic and heterocyclic, aromatic and nonaromatic sub
stituents of organic compounds. Illustrative substituents
include, for example, those described hereinabove. The
permissible substituents can be one or more and the same or

the present invention contemplates the use of amino acid
analogs Wherein a side chain is lengthened or shortened
While still providing a carboxyl, amino or other reactive
precursor functional group for cycliZation, as Well as amino

acid analogs having variant side chains With appropriate
functional groups). For instance, the subject compound can
include an amino acid analog such as, for example,

cyanoalanine, canavanine, djenkolic acid, norleucine,
3-phosphoserine, homoserine, dihydroxy-phenylalanine,
S-hydroxytryptophan, l-methylhistidine, 3-methylhistidine,
diaminopimelic acid, ornithine, or diaminobutyric acid.
Other naturally occurring amino acid metabolites or precur
sors having side chains Which are suitable herein Will be
recogniZed by those skilled in the art and are included in the

scope of the present invention.

different for appropriate organic compounds. For purposes

[0176] Also included are the (D) and (L) stereoisomers of

of this invention, the heteroatoms such as nitrogen may have

such amino acids When the structure of the amino acid

hydrogen substituents and/or any permissible substituents of
organic compounds described herein Which satisfy the

admits of stereoisomeric forms. The con?guration of the
amino acids and amino acid residues herein are designated

valencies of the heteroatoms. This invention is not intended
to be limited in any manner by the permissible substituents

by the appropriate symbols (D), (L) or (DL), furthermore
When the con?guration is not designated the amino acid or

of organic compounds.

residue can have the con?guration (D), (L) or (DL). It Will

[0172]

be noted that the structure of some of the compounds of this
invention includes asymmetric carbon atoms. It is to be

A “small” substituent is one of 10 atoms or less.

[0173] By the terms “amino acid residue” and “peptide

understood accordingly that the isomers arising from such

residue” is meant an amino acid or peptide molecule Without

asymmetry are included Within the scope of this invention.
Such isomers can be obtained in substantially pure form by

the —OH of its carboxyl group. In general the abbreviations
used herein for designating the amino acids and the protec
tive groups are based on recommendations of the IUPAC
IUB Commission on Biochemical Nomenclature (see Bio

classical separation techniques and by sterically controlled
synthesis. For the purposes of this application, unless

chemistry (1972) 11:1726-1732). For instance Met, Ile, Leu,

expressly noted to the contrary, a named amino acid shall be
construed to include both the (D) or (L) stereoisomers.

Ala and Gly represent “residues” of methionine, isoleucine,
leucine, alanine and glycine, respectively. By the residue is

[0177] The phrase “protecting group” as used herein

meant a radical derived from the corresponding ot-amino

means substituents Which protect the reactive functional

acid by eliminating the OH portion of the carboxyl group

group from undesirable chemical reactions. Examples of
such protecting groups include esters of carboxylic acids and
boronic acids, ethers of alcohols and acetals and ketals of

and the H portion of the ot-amino group. The term “amino
acid side chain” is that part of an amino acid exclusive of the

—CH(NH2)COOH portion, as de?ned by K. D. Kopple,
“Peptides and Amino Acids”, W. A. Benjamin Inc., NeW
York and Amsterdam, 1966, pages 2 and 33; examples of
such side chains of the common amino acids are

—CHZCHZSCH3 (the side chain of methionine),
—CH2(CH3)—CH2CH3 (the side chain of isoleucine),
—CH2CH(CH3)2 (the side chain of leucine) or H— (the side
chain of glycine).
[0174] For the most part, the amino acids used in the
application of this invention are those naturally occurring
amino acids found in proteins, or the naturally occurring
anabolic or catabolic products of such amino acids Which

aldehydes and ketones. For instance, the phrase “N-terminal
protecting group” or “amino-protecting group” as used
herein refers to various amino-protecting groups Which can
be employed to protect the N-terminus of an amino acid or

peptide against undesirable reactions during synthetic pro
cedures. Examples of suitable groups include acyl protecting
groups such as, to illustrate, formyl, dansyl, acetyl, benZoyl,
tri?uoroacetyl, succinyl and methoxysuccinyl; aromatic ure
thane protecting groups as, for example, benZyloxycarbonyl
(CbZ); and aliphatic urethane protecting groups such as
t-butoxycarbonyl (Boc) or 9-Fluorenylmethoxycarbonyl

(FMOC).

contain amino and carboxyl groups. Particularly suitable

[0178] As noted above, certain compounds of the present

amino acid side chains include side chains selected from

invention may exist in particular geometric or stereoiso
meric forms. The present invention contemplates all such

those of the folloWing amino acids: glycine, alanine, valine,

cysteine, leucine, isoleucine, serine, threonine, methionine,
glutamic acid, aspartic acid, glutamine, asparagine, lysine,
arginine, proline, histidine, phenylalanine, tyrosine, and
tryptophan, and those amino acids and amino acid analogs
Which have been identi?ed as constituents of peptidylglycan
bacterial cell Walls.
[0175]

The term amino acid residue further includes ana

compounds, including cis- and trans-isomers, R- and

S-enantiomers, diastereomers, (D)-isomers, (L)-isomers, the
racemic mixtures thereof, and other mixtures thereof, as
falling Within the scope of the invention. Additional asym
metric carbon atoms may be present in a substituent such as
an alkyl group. All such isomers, as Well as mixtures thereof,
are intended to be included in this invention.

logs, derivatives and congeners of any speci?c amino acid

[0179]

referred to herein, as Well as C-terminal or N-terminal

pound of the present. invention is desired, it may be prepared
by asymmetric synthesis, or by derivation With a chiral
auxiliary, Where the resulting diastereomeric mixture is

protected amino acid derivatives (e.g. modi?ed With an
N-terminal or C-terminal protecting group). For example,

If, for instance, a particular enantiomer of a com
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separated and the auxiliary group cleaved to provide the
pure desired enantiomers. Alternatively, Where the molecule

[0186] As indicated above, the inhibitors useful in the
subject method can be peptide- or peptidomimetic-derived

contains a basic functional group, such as amino, or an

inhibitors of the target proteolytic activity, or can be a

acidic functional group, such as carboXyl, diastereomeric
salts are formed With an appropriate optically-active acid or

non-peptide compound identi?ed, e.g., by drug screening

base, folloWed by resolution of the diastereomers thus
formed by fractional crystalliZation or chromatographic

salient feature of the subject method is the unexpected
?nding that certain DPIV inhibitors have antidiabetic activ
ity at concentrations signi?cantly loWer than the ECSO of the

means Well knoWn in the art, and subsequent recovery of the
pure enantiomers.

[0180]

For purposes of this invention, the chemical ele

ments are identi?ed in accordance With the Periodic Table of

the Elements, CAS version, Handbook of Chemistry and
Physics, 67th Ed., 1986-87, inside cover. Also for purposes
of this invention, the term “hydrocarbon” is contemplated to
include all permissible compounds having at least one
hydrogen and one carbon atom. In a broad aspect, the

permissible hydrocarbons include acyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic,
aromatic and nonaromatic organic compounds Which can be
substituted or unsubstituted.

[0181]

A compound is said to have an “insulinotropic

activity” if it is able to stimulate, or cause the stimulation of,
the synthesis or eXpression of the hormone insulin.

assays described herein. With respect to DPIV inhibitors, a

compound as an immunosuppressant. Thus, an animal can
be dosed under a regimen designed to provide a blood serum
concentration of inhibitor at or about the EC50 for antidia

betic effects, and still be suf?ciently beloW the EC50 for
immunosuppressive activity so as to avoid complications

resulting from that activity. Indeed, for certain of the subject
inhibitors, it is anticipated that dosing can be at least an order
of magnitude or more greater than the antidiabetic ECSO, yet

still remain sufficiently beloW a dose producing any signi?
cant immunosuppression.
[0187] As discussed further beloW, a variety of assays are
available in the art for identifying potential inhibitors of
DPIV and the like, as Well as assessing the various biological
activities (including side-effects and toXicity) of such an
inhibitor.

[0188] B. Agonism of other Peptide Hormones
iii. Exemplary Formulations
[0182] A. Agonism of GLP-1 Effects

[0183] The inhibitors useful in the subject methods pos
sess, in certain embodiments, the ability to loWer blood

glucose levels, to relieve obesity, to alleviate impaired

glucose tolerance, to inhibit hepatic glucose neogenesis, and
to loWer blood lipid levels and to inhibit aldose reductase.

[0189] In another embodiment, the subject agents can be
used to agoniZe (e.g., mimic or potentiate) the activity of
other polypeptide hormones.

[0190] To illustrate, the present invention provides a
method for agoniZing the action of GLP-2. It has been
determined that GLP-2 acts as a trophic agent, to promote

groWth of gastrointestinal tissue. The effect of GLP-2 is

They are thus useful for the prevention and/or therapy of

marked particularly by increased groWth of the small boWel,

hyperglycemia, obesity, hyperlipidemia, diabetic complica
tions (including retinopathy, nephropathy, neuropathy, cata

effect.

racts, coronary artery disease and arteriosclerosis) and fur

thermore for obesity-related hypertension and osteoporosis.
[0184] Diabetes mellitus is a disease characteriZed by
hyperglycemia occurring from a relative or absolute
decrease in insulin secretion, decreased insulin sensitivity or
insulin resistance. The morbidity and mortality of this dis

ease result from vascular, renal, and neurological complica
tions. An oral glucose tolerance test is a clinical test used to
diagnose diabetes. In an oral glucose tolerance test, a

patient’s physiological response to a glucose load or chal

lenge is evaluated. After ingesting the glucose, the patient’s
physiological response to the glucose challenge is evaluated.
Generally, this is accomplished by determining the patient’s
blood glucose levels (the concentration of glucose in the
patient’s plasma, serum or Whole blood) for several prede
termined points in time.
[0185] As described in the appended examples, We dem
onstrate that, in vivo, high af?nity inhibitors of DPIV are
biologically active With respect to regulation of glucose
metabolism. For eXample, a single injection of the inhibitor
Pro-boro-Pro (see eXamples for structure) Was alone suffi
cient to improve glucose control. A single injection of
Pro-boro-Pro Was also observed to potentiate the response to
a subtherapeutic dose of GLP-1. We have also observed that

chronic (>5 days) treatment With Pro-boro-Pro alone loWers
both fasting blood sugars, and the glycemic excursion to oral

glucose challenge.

and is therefore herein referred to as an “intestinotrophic”

[0191] In still other embidiments, the subject method can
be used to increase the half-life of other proglucagon

derived peptides, such as glicentin, oXyntomodulin, glicen

tin-related pancreatic polypeptide (GRPP), and/or interven
ing peptide-2 (IP-2). For eXample, glicentin has been
demonstrated to cause proliferation of intestinal mucosa and

also inhibits a peristalsis of the stomach, and has thus been
elucidated as useful as a therapeutic agent for digestive tract

diseases, thus leading to the present invention.
[0192] Thus, in one aspect, the present invention relates to
therapeutic and related uses of DPIV inhibitors for promot

ing the groWth and proliferation of gastrointestinal tissue,
most particularly small boWel tissue. For instance, the
subject method can be used as part of a regimen for treating
injury, in?ammation or resection of intestinal tissue, e.g.,
Where enhanced groWth and repair of the intestinal mucosal

epithelial is desired.
[0193] With respect to small boWel tissue, such groWth is
measured conveniently as a increase in small boWel mass

and length, relative to an untreated control. The effect of
subject inhibitors on small boWel also manifests as an

increase in the height of the crypt plus villus aXis. Such
activity is referred to herein as an “intestinotrophic” activity.
The efficacy of the subject method may also be detectable as
an increase in crypt cell proliferation and/or a decrease in

small boWel epithelium apoptosis. These cellular effects may
be noted most signi?cantly in relation to the jejunum,

