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BETA-AMINO TETRAHYDROIMIDAZO (1, 2-A) PYRAZINES AND TETRAHYDROTRIOAZOLO (4, 3-A)
PYRAZINES AS DIPEPTIDYL PEPTIDASE INHIBITORS FOR THE TREATMENT OR PREVENTION OF DIABETES

(57) Abstract: The present invention is directed to compounds whichare inhibitors of the dipeptidyl peptidase-I[V enzyme ("DP-IV
inhibitors") and whichare useful in the treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzymeis involved,
such as diabetes and particularly type 2 diabetes. The invention is also directed to pharmaceutical compositions comprising these
compoundsandthe use of these compounds and compositions in the prevention or treatment of such diseases in which the dipeptidyl
peptidase-[V enzymeis involved.
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OF DIABETES

BACKGROUND OF THE INVENTION

Diabetes refers to a disease process derived from multiple causative

factors and characterized by elevated levels of plasma glucose or hyperglycemia in the

fasting state or after administration of glucose during an oral glucose tolerancetest.

Persistent or uncontrolled hyperglycemia is associated with increased and premature

morbidity and mortality. Often abnormal glucose homeostasis is associated both

directly and indirectly with alterations of the lipid, lipoprotein and apolipoprotein

metabolism and other metabolic and hemodynamic disease. Therefore patients with

Type 2 diabetes mellitus are at especially increased risk of macrovascular and

microvascular complications, including coronary heart disease, stroke, peripheral

vascular disease, hypertension, nephropathy, neuropathy, and retinopathy. Therefore,

therapeutical control of glucose homeostasis, lipid metabolism and hypertension are

critically important in the clinical managementand treatment of diabetes mellitus.

There are two generally recognized formsof diabetes. In type 1

diabetes, or insulin-dependent diabetes mellitus IDDM), patients produce little or no

insulin, the hormone which regulates glucose utilization. In type 2 diabetes, or

noninsulin dependent diabetes mellitus (NIDDM),patients often have plasmainsulin

levels that are the same or even elevated compared to nondiabetic subjects; however,

these patients have developedaresistance to the insulin stimulating effect on glucose

and lipid metabolism in the main insulin-sensitive tissues, which are muscle,liver and

adiposetissues, and the plasma insulin levels, while elevated, are insufficient to

overcome the pronouncedinsulin resistance.

Insulin resistance is not primarily due to a diminished numberof

insulin receptors but to a post-insulin receptor binding defect that is not yet

understood. This resistance to insulin responsiveness results in insufficient insulin

activation of glucose uptake, oxidation and storage in muscle and inadequate insulin

repression of lipolysis in adipose tissue and of glucose production and secretion in the
liver.

The available treatments for type 2 diabetes, which have not changed

substantially in many years, have recognized limitations. While physical exercise and

reductions in dietary intake of calories will dramatically improve the diabetic
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condition, compliance with this treatment is very poor because of well-entrenched

sedentary lifestyles and excess food consumption, especially of foods containing high

amounts of saturated fat. Increasing the plasmalevel of insulin by administration of

sulfonylureas (e.g. tolbutamide and glipizide) or meglitinide, which stimulate the

pancreatic B—cells to secrete more insulin, and/or by injection of insulin when

sulfonylureas or meglitinide becomeineffective, can result in insulin concentrations

high enough to stimulate the very insulin-resistant tissues. However, dangerously low

levels of plasma glucose can result from administration of insulin or insulin

secretagogues (sulfonylureas or meglitinide), and an increased level of insulin

resistance due to the even higher plasmainsulin levels can occur. The biguanides

increase insulin sensitivity resulting in some correction of hyperglycemia. However,

the two biguanides, phenformin and metformin, can induce lactic acidosis and

nausea/diarrhea. Metformin has fewerside effects than phenformin and is often

prescribed for the treatment of Type 2 diabetes.

Theglitazones (i.e. 5-benzylthiazolidine-2,4-diones) are a more

recently described class of compounds with potential for ameliorating many

symptomsof type 2 diabetes. These agents substantially increase insulin sensitivity in

muscle,liver and adipose tissue in several animal models of type 2 diabetes resulting

in partial or complete correction of the elevated plasma levels of glucose without
occurrence of hypoglycemia. The glitazones that are currently marketed are agonists

of the peroxisomeproliferator activated receptor (PPAR), primarily the PPAR-gamma

subtype. PPAR-gamma agonism is generally believed to be responsible for the

improved insulin sensititization that is observed with the glitazones. Newer PPAR

agonists that are being tested for treatment of Type II diabetes are agonists of the

alpha, gammaordelta subtype, or a combination of these, and in many cases are

chemically different from the glitazones(i.e., they are not thiazolidinediones).

Seriousside effects (e.g. liver toxicity) have occurred with someof the glitazones,

such as troglitazone.

Additional methodsof treating the disease are still under investigation.

Newbiochemical approachesthat have been recently introducedorare still under

developmentinclude treatment with alpha-glucosidase inhibitors (e.g. acarbose) and

protein tyrosine phosphatase-1B (PTP-1B)inhibitors.

Compounds that are inhibitors of the dipeptidyl peptidase-[V ("DP-IV"

or "DPP-IV") enzymeare also under investigation as drugs that may be useful in the

treatment of diabetes, and particularly type 2 diabetes. See for example WO
-2-
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97/40832, WO 98/19998, U.S. Patent No. 5,939,560, Bioorg. Med. Chem. Lett., 6(10),

1163-1166 (1996); and Bioorg. Med. Chem.Lett., 6(22), 2745-2748 (1996). The

usefulness of DP-IV inhibitors in the treatment of type 2 diabetes is based on the fact

that DP-IV in vivo readily inactivates glucagon like peptide-1 (GLP-1) and gastric

inhibitory peptide (GIP). GLP-1 and GIP are incretins and are produced when foodis

consumed. The incretins stimulate production of insulin. Inhibition of DP-IV leads to

decreased inactivation ofthe incretins, and this in turn results in increased

effectiveness of the incretins in stimulating production of insulin by the pancreas.

DP-IV inhibition therefore results in an increased level of serum insulin.

Advantageously, since the incretins are produced by the body only whenfoodis

consumed, DP-IV inhibition is not expected to increase the level of insulin at

inappropriate times, such as between meals, which can lead to excessively low blood

sugar (hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin

without increasing the risk of hypoglycemia, which is a dangerousside effect

associated with the use of insulin secretagogues.

DP-IV inhibitors also have other therapeuticutilities, as discussed

herein. DP-IV inhibitors have not been studied extensively to date, especially for

utilities other than diabetes. New compoundsare needed so that improved DP-IV

inhibitors can be foundfor the treatment of diabetes and potentially other diseases and

conditions.

SUMMARYOF THE INVENTION

The present invention is directed to compounds whichare inhibitors of

the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the

treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzymeis

involved, such as diabetes and particularly type 2 diabetes. The invention is also
directed to pharmaceutical compositions comprising these compoundsandthe use of

these compounds and compositions in the prevention or treatment of such diseases in

which the dipeptidyl peptidase-IV enzymeis involved.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compoundsof the formulaI:

NH, O

anASONON

wherein:

Ar is phenyl which is unsubstituted or substituted with 1-5 of R3, wherein R3 is
independently selected from the group consistingof:

(1) halogen,
(2) C1-6alkyl, which is linear or branched and is unsubstituted or

substituted with 1-5 halogens,

(3) OC}-¢6alkyl, which is linear or branched and is unsubstituted or

substituted with 1-5 halogens, and

(4) CN;

X is selected from the group consisting of:

(1) N, and

(2) CR;

R1 and R2 are independently selected from the group consisting of:

(1) hydrogen,

(2) CN,

(3) C1-10alkyl, which is linear or branched and which is unsubstituted or

substituted with 1-5 halogens or phenyl, which is unsubstituted or

substituted with 1-5 substituents independently selected from halogen,

CN,OH, R4, OR4, NHSOoR4, SO2R4, CO2H, and CO2C1-¢alkyl,
wherein the CO2C1-galkylis linear or branched,

(4) phenyl which is unsubstituted or substituted with 1-5 substituents
independently selected from halogen, CN, OH, R4, OR4, NHSO9R4,
SOoR4, CO2H, and CO2C1-6alkyl, wherein the CO2Cj-¢alkyl is

linear or branched, and

-4-
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