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HETEROARYL-UREAS AND THEIR USE AS
GLUCOKINASE ACTIVATORS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This mvention relates to compounds that are activators of
glucokinase and thus may be usetful for the management,
treatment, control, or adjunct treatment of diseases, where
increasing glucokinase activity 1s beneficial.

BACKGROUND OF THE INVENTION

Diabetes 1s characterised by an impaired glucose metabo-
lism manifesting itself among other things by an elevated
blood glucose level 1 the diabetic patients. Underlying
defects lead to a classification of diabetes into two major
groups: Type 1 diabetes, or insulin demanding diabetes mel-
litus (IDDM), which arises when patients lack 3-cells pro-
ducing insulin in their pancreatic glands, and type 2 diabetes,
or non-insulin dependent diabetes mellitus (NIDDM), which
occurs 1n patients with an impaired [-cell function besides a
range of other abnormalities.

Type 1 diabetic patients are currently treated with 1nsulin,
while the majority of type 2 diabetic patients are treated either
with sulphonylureas that stimulate p-cell function or with
agents that enhance the tissue sensitivity of the patients
towards msulin or with insulin. Among the agents applied to
enhance tissue sensitivity towards insulin, metformin 1s a
representative example.

Even though sulphonylureas arc widely used 1n the treat-
ment of NIDDM this therapy 1s, 1n most instances, not satis-
factory: In alarge number of NIDDM patients sulphonylureas
do not suflice to normalise blood sugar levels and the patients
are, therefore, at high risk for acquiring diabetic complica-
tions. Also, many patients gradually lose the ability to
respond to treatment with sulphonylureas and are thus gradu-
ally forced into insulin treatment. This shift of patients from
oral hypoglycemic agents to insulin therapy 1s usually
ascribed to exhaustion of the 3-cells in NIDDM patients.

In normal subjects as well as 1n diabetic subjects, the liver
produces glucose 1n order to avoid hypoglycemia. This glu-
cose production 1s dertved either from the release of glucose
from glycogen stores or from gluconeogenesis, which 1s a de
novo intracellular synthesis of glucose. In type 2 diabetes,
however, the regulation of hepatic glucose output is poorly
controlled and i1s increased, and may be doubled after an
overnight fast. Moreover, 1n these patients there exists a
strong correlation between the increased fasting plasma glu-
cose levels and the rate of hepatic glucose production. Simi-
larly, hepatic glucose production will be increased in type 1
diabetes, 1f the disease 1s not properly controlled by insulin
treatment.

Since existing forms of therapy of diabetes does not lead to
suificient glycemic control and therefore are unsatisiactory,
there 1s a great demand for novel therapeutic approaches.
Atherosclerosis, a disease of the arteries, 1s recognized to be
the leading cause of death in the United States and Western
Europe. The pathological sequence leading to atherosclerosis
and occlusive heart disease 1s well known. The earliest stage
in this sequence 1s the formation of “fatty streaks™ in the
carotid, coronary and cerebral arteries and 1n the aorta. These
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lesions are yellow in colour due to the presence of lipid
deposits found principally within smooth-muscle cells and 1n
macrophages of the intima layer of the arteries and aorta.
Further, 1t 1s postulated that most of the cholesterol found
within the fatty streaks, in turn, give rise to development of the
“fibrous plaque”, which consists of accumulated intimal
smooth muscle cells laden with lipid and surrounded by extra-
cellular lipid, collagen, elastin and proteoglycans. The cells
plus matrix form a fibrous cap that covers a deeper deposit of
cell debris and more extracellular lipid. The lipid 1s primarily
free and esterified cholesterol. The fibrous plaque forms
slowly, and 1s likely 1n time to become calcified and necrotic,
advancing to the “complicated lesion™ which accounts for the
arterial occlusion and tendency toward mural thrombosis and
arterial muscle spasm that characterize advanced atheroscle-
rosis. Epidemiological evidence has firmly established hyper-
lipidemia as a primary risk factor in causing cardiovascular
disease (CVD) due to atherosclerosis. In recent years, leaders
of the medical profession have placed renewed emphasis on
lowering plasma cholesterol levels, and low density lipopro-
tein cholesterol 1n particular, as an essential step 1n prevention
of CVD. The upper limits of “normal” are now known to be
significantly lower than heretofore appreciated. As a result,
large segments of Western populations are now realized to be
at particular high risk. Independent risk factors include glu-
cose mtolerance, left ventricular hypertrophy, hypertension,
and being of the male sex. Cardiovascular disease 1s espe-
cially prevalent among diabetic subjects, at least i part
because of the existence of multiple independent risk factors
in this population. Successtul treatment of hyperlipidemia 1n
the general population, and 1n diabetic subjects 1n particular,
1s therefore of exceptional medical importance.

Hypertension (or high blood pressure) 1s a condition,
which occurs 1n the human population as a secondary symp-
tom to various other disorders such as renal artery stenosis,
pheochromocytoma, or endocrine disorders. However,
hypertension 1s also evidenced in many patients in whom the
causative agent or disorder 1s unknown. While such “essen-
t1al” hypertension 1s often associated with disorders such as
obesity, diabetes, and hypertriglyceridemia, the relationship
between these disorders has not been elucidated. Addition-
ally, many patients display the symptoms of high blood pres-
sure 1n the complete absence of any other signs of disease or
disorder.

It 1s known that hypertension can directly lead to heart
failure, renal failure, and stroke (brain hemorrhaging). These
conditions are capable of causing short-term death 1 a
patient. Hypertension can also contribute to the development
ol atherosclerosis and coronary disease. These conditions
gradually weaken a patient and can lead to long-term death.

The exact cause of essential hypertension i1s unknown,
though a number of factors are believed to contribute to the
onset of the disease. Among such factors are stress, uncon-
trolled emotions, unregulated hormone release (the renin,
angiotensin aldosterone system), excessive salt and water due
to kidney malfunction, wall thickening and hypertrophy of
the vasculature resulting i constricted blood vessels and
genetic factors.

The treatment of essential hypertension has been under-
taken bearing the foregoing factors in mind. Thus a broad
range ol beta-blockers, vasoconstrictors, angiotensin con-
verting enzyme inhibitors and the like have been developed
and marketed as antihypertensives. The treatment of hyper-
tension utilizing these compounds has proven beneficial in
the prevention of short-interval deaths such as heart failure,
renal failure, and brain hemorrhaging. However, the develop-
ment of atherosclerosis or heart disease due to hypertension
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over a long period of time remains a problem. This implies
that although high blood pressure 1s being reduced, the under-
lying cause of essential hypertension 1s not responding to this
treatment. Hypertension has been associated with elevated
blood 1nsulin levels, a condition known as hyperinsulinemaa.
Insulin, a peptide hormone whose primary actions are to
promote glucose utilization, protein synthesis and the forma-
tion and storage of neutral lipids, also acts to promote vascu-
lar cell growth and increase renal sodium retention, among
other things. These latter functions can be accomplished
without affecting glucose levels and are known causes of
hypertension. Peripheral vasculature growth, for example,
can cause constriction of peripheral capillaries, while sodium
retention increases blood volume. Thus, the lowering of 1nsu-
lin levels in hyperinsulinemics can prevent abnormal vascular
growth and renal sodium retention caused by high insulin
levels and thereby alleviates hypertension.

Cardiac hypertrophy 1s a significant risk factor in the devel-
opment of sudden death, myocardial infarction, and conges-
tive heart failure. Theses cardiac events are due, at least in
part, to increased susceptibility to myocardial injury after
ischemia and reperfusion, which can occur 1n out-patient as
well as perioperative settings. There 1s an unmet medical need
to prevent or minimize adverse myocardial perioperative out-
comes, particularly perioperative myocardial infarction. Both
non-cardiac and cardiac surgery are associated with substan-
t1al risks for myocardial infarction or death. Some 7 million
patients undergoing non-cardiac surgery are considered to be
at risk, with incidences of perioperative death and serious
cardiac complications as high as 20-25% 1n some series. In
addition, of the 400,000 patients undergoing coronary bypass
surgery annually, perioperative myocardial infarction 1s esti-
mated to occur 1n 5% and death 1n 1-2%. There 1s currently no
drug therapy in this area, which reduces damage to cardiac
tissue from perioperative myocardial 1schemia or enhances
cardiac resistance to 1schemic episodes. Such a therapy 1is
anticipated to be life-saving and reduce hospitalizations,
enhance quality of life and reduce overall health care costs of
high risk patients. Obesity 1s a well-known risk factor for the
development of many very common diseases such as athero-
sclerosis, hypertension, and diabetes. The incidence of obese
people and thereby also these diseases 1s increasing through-
out the entire industrialised world. Except for exercise, diet
and food restriction no convincing pharmacological treat-
ment for reducing body weight effectively and acceptably
currently exists. However, due to 1ts indirect but important
ellect as a risk factor 1n mortal and common diseases 1t will be
important to find treatment for obesity and/or means of appe-
tite regulation.

The term obesity implies an excess of adipose tissue. In this
context obesity 1s best viewed as any degree of excess adi-
posity that imparts a health risk. The cut off between normal
and obese individuals can only be approximated, but the
health risk imparted by the obesity 1s probably a continuum
with increasing adiposity. The Framingham study demon-
strated that a 20% excess over desirable weight clearly
imparted a health risk (Mann GV N. Engl. J. Med 291:226,
1974). In the United States a National Institutes of Health
consensus panel on obesity agreed that a 20% increase 1n
relative weight or a body mass mndex (BMI=body weight in
kilograms divided by the square of the height 1n meters) above
the 85th percentile for young adults constitutes a health risk.
By the use of these criteria 20 to 30 percent of adult men and
30 to 40 percent of adult women 1n the United States are
obese. (NIH, Ann Intern Med 103:147, 1985).

Even mild obesity increases the risk for premature death,
diabetes, hypertension, atherosclerosis, gallbladder disease,
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and certain types ol cancer. In the industrialised western
world the prevalence of obesity has increased significantly in
the past few decades. Because of the high prevalence of
obesity and its health consequences, its prevention and treat-
ment should be a high public health priority.

When energy intake exceeds expenditure, the excess calo-
ries are stored i adipose tissue, and 1f this net positive bal-
ance 1s prolonged, obesity results, 1.e. there are two compo-
nents to weight balance, and an abnormality on either side
(1ntake or expenditure) can lead to obesity. The regulation of
cating behaviour 1s incompletely understood. To some extent
appetite 1s controlled by discrete areas 1n the hypothalamus: a
teeding centre 1n the ventrolateral nucleus of the hypothala-
mus (VLH) and a satiety centre in the ventromedial hypo-
thalamus (VMH). The cerebral cortex receives positive sig-
nals from the feeding centre that stimulate eating, and the
satiety centre modulates this process by sending inhibitory
impulses to the feeding centre. Several regulatory processes
may intluence these hypothalamic centres. The satiety centre
may be activated by the increases 1n plasma glucose and/or
insulin that follow a meal. Meal-induced gastric distension 1s
another possible inhibitory factor. Additionally the hypotha-
lamic centres are sensitive to catecholamines, and beta-adr-
energic stimulation inhibits eating behaviour. Ultimately, the
cerebral cortex controls eating behaviour, and impulses from
the feeding centre to the cerebral cortex are only one input.
Psychological, social, and genetic factors also influence food
intake.

At present a variety of techniques are available to effect
initial weight loss. Unfortunately, imitial weight loss 1s not an
optimal therapeutic goal. Rather, the problem 1s that most
obese patients eventually regain their weight. An effective
means to establish and/or sustain weight loss 1s the major
challenge 1n the treatment of obesity today.

SUMMARY OF THE INVENTION

The present invention provides compounds of general for-
mula (I)

(1)

wherein the substituents are defined below, as well as further
embodiments hereol described in the attached dependent
claims.

The present invention also provides use of the compounds
of the mvention for preparation of a medicament for the
treatment of various diseases, e.g. for the treatment of type 2
diabetes.

DEFINITIONS

In the structural formulas given herein and throughout the
present specification, the following terms have the indicated
meaning;:

The term “optionally substituted” as used herein means
that the moiety which 1s optionally substituted 1s either
unsubstituted or substituted with one or more of the substitu-
ents specified. When the moiety 1 question 1s substituted
with more than one substituent, the substituent may be the
same or different.
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The term “adjacent” as used herein regards the relative
positions of two atoms or variables, these two atoms or vari-
ables sharing a bond or one variable preceding or succeeding
the other 1n a vaniable specification. By way of example,
“atom A adjacent to atom B means that the two atoms A and
B share a bond.

The term “halogen” or “halo” means fluorine, chlorine,
bromine or 1odine.

The term “perhalomethyl” means trifluoromethyl, trichlo-
romethyl, tribromomethyl, or triodomethyl.

The use of prefixes ot this structure: C_ -alkyl, C,__ -alk-
enyl, C__ -alkynyl, C,_ -cycloalyl or C, _ -cycloalkyl-C,__ -
alkenyl- and the like designates radical of the designated type
having from x to y carbon atoms.

The term ““alkyl” as used herein, alone or 1n combination,
refers to a straight or branched chain saturated monovalent
hydrocarbon radical having from one to ten carbon atoms, for
example C, _q-alkyl or C,_.-alkyl. Typical C,_;-alkyl groups
and C,_c-alkyl groups include, but are not limited to e.g.
methyl, ethyl, n-propyl, 1sopropyl, n-butyl, sec-butyl, 1sobu-
tyl, tert-butyl, n-pentyl, 2-methylbutyl, 3-methylbutyl, 4-me-
thylpentyl, neopentyl, n-pentyl, n-hexyl, 1,2-dimethylpropyl,
2.,2-dimethylpropyl, 1,2,2-trimethylpropyl and the like. The
term “C,_q-alkyl” as used herein also includes secondary
C;_g-alkyl and tertiary C,_q-alkyl. The term “C,_(-alkyl” as
used herein also includes secondary C,_.-alkyl and tertiary
C, ¢-alkyl.

The term “alkenyl” as used herein, alone or in combination,
refers to a straight or branched chain monovalent hydrocar-
bon radical containing from two to ten carbon atoms and at
least one carbon-carbon double bond, for example C,_,-alk-
enyl or C,_(-alkenyl. Typical C,_.-alkenyl groups and C,_-
alkenyl groups include, but are not limited to, vinyl, 1-prope-
nyl, 2-propenyl, 1so-propenyl, 1,3-butadienyl, 1-butenyl,
2-butenyl, 3-butenyl, 2-methyl-1-propenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, 3-methyl-2-butenyl,
1-hexenyl, 2-hexenyl, 3-hexenyl, 2,4-hexadienyl, 5-hexenyl
and the like.

The term “alkynyl” as used herein alone or 1n combination,
refers to a straight or branched monovalent hydrocarbon radi-
cal containing from two to ten carbon atoms and at least one
triple carbon-carbon bond, for example C,_-alkynyl or C, _.-
alkynyl. Typical C,_;-alkynyl groups and C,_.-alkynyl groups
include, but are not limited to, ethynyl, 1-propynyl, 2-propy-
nyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl,
S-hexynyl, 2,4-hexadiynyl and the like.

The term “cycloalkyl” as used herein, alone or 1n combi-
nation, refers to a saturated mono-, bi-, or tricarbocyclic radi-
cal having from three to twelve carbon atoms, for example
C;_gs-cycloalkyl. Typical C,_q-cycloalkyl groups include, but
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, bicyclo[3.2.1]octyl,
bicycle [2.2.1]heptyl, norpinyl, norbonyl, norcaryl, adaman-
tyl and the like.

The term “cycloalkenyl™ as used herein, alone or 1n com-
bination, refers to an non-aromatic unsaturated mono-, bi-, or
tricarbocyclic radical having from three to twelve carbon
atoms, for example C, ;-cycloalkenyl. Typical C,_;-cy-
cloalkyl groups include, but are not limited to cyclohexene,
cycloheptene and cyclopentene, and the like.

The term “heterocyclic” or the term “heterocyclyl” as used
herein, alone or in combination, refers to a saturated mono-,
bi-, or tricarbocyclic group having three to twelve carbon
atoms and one or two additional heteroatoms or groups
selected from mitrogen, oxygen, sulphur, SO or SO,, for
example C,_s-heterocyclyl. Typical C,_q-heterocyclyl groups
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include, but are not limited to, tetrahydrofuryl, tetrahy-
drothienyl, tetrahydropyranyl, tetrahydrothiopyranyl, 1,4-di-
oxanyl, 1,3-dioxanyl, pipenidyl, pyrrolidinyl, morpholinyl,
piperazinyl, and the like.

The term “heterocycloalkenyl” as used herein, alone or 1n
combination, refers to a non-aromatic unsaturated mono-, bi-,
or tricyclic radical having from three to twelve carbon atoms,
and one or two additional heteroatoms or groups selected
from nitrogen, oxygen, sulphur, SO or SO,, for example
C,_g-hetereocycloalkenyl. Typical C,_;-hetreocycloalkenyl
groups include, but are not limited to tetrahydropyndine,
azacycloheptene, 2-pyrroline, 3-pyrroline, 2-pyrazoline, 1mi-
dazoline, 4H-pyran, and the like.

The term “alkoxy” as used herein, alone or in combination,
refers to the monovalent radical R“O—, where R” 1s alkyl as
defined above, for example C, ,-alkyl giving C, .-alkoxy.
Typical C, s-alkoxy groups include, but are not limited to,
methoxy, ethoxy, n-propoxy, 1sopmpoxy, butoxy, sec-butoxy,
tert-butoxy, pentoxy, 1sopentoxy, hexoxy, isohexoxy and the
like.

The term ““alkylthi0™ as used herein, alone or in combina-
tion, refers to a straight or branched monovalent radical com-
prising an alkyl group as described above linked through a
divalent sulphur atom having its free valence bond from the
sulphur atom, for example C, _.-alkylthio. Typical C,_,-alky-
Ithio groups include, hut are not limited to, methylthio, eth-
ylthio, propylthio, butylthio, pentylthio, hexvlthio and the
like.

The term “alkoxycarbonyl” as used herein refers to the
monovalent radical R“OC(O) , where R” 15 alkyl as described
above, for example C,_s-alkoxycarbonyl. Typical C, -
alkoxycarbonyl groups include, but are not limited to, meth-
oxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopro-
poxycarbonyl, n-butoxycarbonyl, sec-butoxycarbonyl,
tertbutoxycarbonyl, 3-methylbutoxycarbonyl, n-hexoxycar-
bonyl and the like.

The term “aryl” as used herein refers to a carbocyclic
aromatic ring radical or to a aromatic ring system radical.
Aryl 1s also intended to include the partially hydrogenated
derivatives of the carbocyclic systems.

The term “heteroaryl”, as used herein, alone or 1n combi-
nation, refers to an aromatic ring radical with for imnstance S to
7 member atoms, or to a aromatic ring system radical with for
instance from 7 to 18 member atoms, containing one or more
heteroatoms selected from nitrogen, oxygen, or sulphur het-
croatoms, wherein N-oxides and sulphur monoxides and sul-
phur dioxides are permissible heteroaromatic substitutions;
such as e.g. furanyl, thienyl, thiophenyl, pyrrolyl, imidazolyl,
pyrazolyl, tniazolyl, tetrazolyl, thiazolyl, oxazolyl, 1sox-
azolyl, oxadiazolyl, thiadiazolyl, 1sothiazolyl, pyndinyl,
pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl, 1soquinoli-
nyl, benzoturanyl, benzothiophenyl, indolyl, and indazolyl,
and the like. Heteroaryl 1s also intended to include the par-
tially hydrogenated derivatives of the heterocyclic systems
enumerated below.

Examples of “ary]” and “heteroaryl” includes, but are not
limited to phenyl, biphenyl, indene, fluorene, naphthyl
(1-naphthyl, 2-naphthyl), anthracene (1-anthracenyl, 2-an-
thracenyl, 3-anthracenyl), thiophene (2-thienyl, 3-thienyl),
turyl (2-turyl, 3-furyl), indolyl, oxadiazolyl, 1soxazolyl, thia-
diazolyl, oxatriazolyl, thiatriazolyl, quinazolin, fluorenyl,
xanthenyl, 1soindanyl, benzhydryl, acridinyl, thiazolyl, pyr-
rolyl (1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), pyrazolyl (1-pyra-
zolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl), imidazolyl
(1-1midazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl),
triazolyl (1,2,3 -triazol-1-vyl, 1,2,3 -triazol-4-yl 1,2,3-triazol-
S5-yl, 1,2,4-triazol-3-yl, 1,2,4-triazol-5-yl), oxazolyl (2-0x-
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azolyl, 4-oxazolyl, 5-oxazolyl), 1sooxazolyl (1sooxazo-3-vl,
1sooxazo-4-yl, 1sooxaz-53-yl), isothiazolyl (isothiazo-3-vl,
1sothiazo-4-vyl, 1sothiaz-5-yl) thiazolyl (2-thiazolyl, 4-thiaz-
olyl, 5-thiazolyl), pyridyl (2-pyndyl, 3-pynidyl, 4-pyridyl),
pyrimidinyl (2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
6-pyrimidinyl), pyrazinyl, pyridazinyl (3-pyridazinyl, 4-py-
ridazinyl, 5-pyridazinyl), quinolyl (2-quinolyl, 3-quinolyl,
4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl),
isoquinolyl (1-1soquinolyl, 3 -1 soquinolyl, 4-1soquinolyl,
S-1soquinolyl, 6-1soquinolyl, 7-1soquinolyl, 8-1soquinolyl),
benzo[b]iuranyl (2-benzo|[b]furanyl, 3-benzo[b]iuranyl,
4-benzo[b]turanyl, 3-benzo[b]furanyl, 6-benzo[b]furanyl,
7-benzo[b]iuranyl), 2,3-dihydro-benzo[b]turanyl (2-(2,3-di-
hydro-benzo[b]iuranyl), 3-(2,3-dihydro-benzo[b]iuranyl),
4-(2,3-dihydro-benzo[b]furanyl), 5-(2,3-dihydro-benzo[b]
turanyl), 6-(2,3-dihydro-benzo[b]iuranyl), 7-(2,3-dihydro-
benzo[b]iuranyl)), benzo|[b]thiophenyl (benzo[b]thiophen-
2-yl, benzo[b]thiophen-3-yl, benzo[b]thiophen-4-vl, benzo
|b]thiophen-5-y1, benzo[b]thiophen-6-yl, benzo[b]thiophen-
7-yl), 2,3-dihydro-benzo[b]thiophenyl (2,3-dihydro-benzo
[b]thiophen-2-yl, 2,3-dihydro-benzo[b]thiophen-3-yl, 2,3-
dihydro-benzo[b]thiophen-4-vyl, 2,3-dihydro-benzo[b]
thiophen-3-yl, 2,3-dihydro-benzo[b]|thiophen-6-yl, 2,3-dihy-
dro-benzo[b]thiophen-7-yl), indolyl (1-indolyl, 2-indolyl,
3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), 1nda-
zole (1-1ndazolyl, 3-indazolyl, 4-1ndazolyl, 5-1ndazolyl, 6-1n-
dazolyl, 7-indazolyl), benzimidazolyl (1-benzimidazolyl,
2-benzimidazolyl, 4-benzimidazolyl, 5-benzimidazolyl,
6-benzimidazolyl, 7-benzimidazolyl, 8-benzimidazolyl),
benzoxazolyl (2-benzoxazolyl, 3-benzoxazolyl, 4-benzox-
azolyl, 5-benzoxazolyl, 6-benzoxazolyl, 7-benzoxazolyl),
benzothiazolyl (2-benzothiazolyl, 4-benzothiazolyl, 5-ben-
zothiazolyl, 6-benzothiazolyl, 7-benzothiazolyl), carbazolyl
(1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl),
SH-dibenz[b,f]azepine (SH-dibenz|b,f]azepin-1-vyl,
SH-dibenz|b,f]lazepine-2-yl,  5H-dibenz[b,f]azepine-3-yl,
SH-dibenz|b,f]lazepine-4-yl,  SH-dibenz|bi]azepine-3-yl),
10,11-dihydro-5H-dibenz|[b.f]azepine (10,11-dihydro-5H-
dibenz[b,f]azepine-1-yl, 10,11-dihydro-5H-dibenz[b 1]
azepine-2-yl,  10,11-dihydro-3H-dibenz[b,f]lazepine-3-vl,
10,11-dihydro-5H-dibenz[b.if]azepine-4-yl, 10,11-dihydro-
SH-dibenz|b,f]lazepine-5-yl), benzo[ 1,3 ]dioxole (2-benzo|1,
3ldioxole, 4-benzo|[l,3]dioxole, 35-benzo [1,3]dioxole,
6-benzo[1,3]dioxole, 7-benzo[1,3]d1oxole), purinyl, and tet-
razolyl (S-tetrazolyl, N-tetrazolyl).

The present invention also relates to partly or fully satu-
rated analogues of the ring systems mentioned above.

When two or more of the above defined terms are used in
combination, such as 1n aryl-alkyl, heteroaryl-alkyl,
cycloalkyl-C, _.-alkyl and the like, 1t 1s to be understood that
the first mentioned radical 1s a substituent on the latter men-
tioned radical, where the point of substitution, 1.e. the point of
attachment to another part of the molecule, 1s on the latter of
the radicals, for example
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-continued
cycloalkyl-alkyl-:

)

The term “fused arylcycloalkyl™, as used herein, refers to
an aryl group, as defined above, fused to a cycloalkyl group,
as defined above and having the indicated number of carbon
atoms, the aryl and cycloalkyl groups having two atoms 1n
common, and wherein the cycloalkyl group 1s the point of

substitution. Examples of “fused arylcycloalkyl” used herein
include 1-indanyl, 2-indanyl, 1-(1,2,3,4-tetrahydronaphthyl),

P\

NN
\/\/ ?

and the like.

The term “fused heteroarylcycloalkyl”, as used herein,
refers to a heteroaryl group, as defined above, fused to a
cycloalkyl group, as defined above and having the indicated
number of carbon atoms, the aryl and cycloalkyl groups hav-
ing two atoms 1n common, and wherein the cycloalkyl group
1s the point of substitution. Examples of fused heteroarylcy-
cloalkyl used herein include 6,7-dihydro-3SH-cyclopenta[b]
pyridine, 3,6,7,8-tetrahydroquinoline, 5,6,7,8-tetrahydriso-
quinoline, 35,6,7,8-tetrahydroquinazoline and the like

The term “alkylsulfanyl”, as used herein, refers to the
group R“S—, where R” 1s alkyl as described above.

The term “alkylsultfenyl”, as used herein, refers to the
group R*S(0O)—, where R 1s alkyl as described above.

The term “alkylsulfonyl”, as used herein, refers to the
group R“SO,—, where R“ 1s alkyl as described above.

The term “alkylsulfamoyl”, as used herein, refers to the
group R“NHSO,—, where R“ 1s alkyl as described above.

The term “dialkylsulfamoyl”, as used herein, refers to the
group R“R’NSO,—, where R” and R” are alkyl as described
above.

The term “alkylsulfinamoyl™, as used herein, refers to the
group R“NHSO—, where R” 1s alkyl as described above.

The term “dialkylsulfinamoyl™, as used herein, refers to the
group R“R°NSO—, where R* and R” are alkyl as described
above.

The term “alkylamino™, as used herein, refers to the group
R*“NH—, where R“ 1s alkyl as described above.

The term “acyl”, as used herein, refers to the group R“C
(O)—, where R” 1s alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, or heterocyclyl as described above.

The term “heteroaryloxy” as used herein, alone or in com-
bination, refers to the monovalent radical R“O—, where R“ 1s
heteroaryl as defined above.

The term “aryloxycarbonyl”, as used herein, refers to the
group R“—0O—C(O)—, where R” 1s aryl as described above.
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The term “‘acyloxy”, as used herein, refers to the group
R*C(O)O—, where R” 1s alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, or heterocyclyl as described above.

The term “‘aryloxy”, as used herein refers to the group

O—, where R” 1s aryl as described above.
The term “aroyloxy”, as used herein, refers to the group
R*C(O)O—, where R” 1s aryl as described above.

The term “heteroaroyloxy”, as used herein, refers to the
group R“C(O)O—, where R” 1s heteroaryl as described

Rﬂ

above.

Whenever the terms “‘alkyl”, “cycloalkyl”, “aryl”, “het-
eroaryl” or the like or either of their prefix roots appear 1n a
name of a substituent (e.g. arylalkoxyaryloxy) they shall be
interpreted as including those limitations given above for
“alky]” and “aryl”.

As used herein, the term “oxo” shall refer to the substituent

O.

As used herein, the term “mercapto”™ shall refer to the
substituent —SH.

As used herein, the term “carboxy” shall refer to the sub-
stituent C(O)OH.

As used herein, the term “cyano” shall refer to the substitu-
ent —CN.

As used herein, the term “nitro’ shall refer to the substitu-
ent —NO.,.

As used herein, the term “amino sulfonyl” shall refer to the
substituent —SO,NH,,.

As used herein, the term “sulfanyl” shall refer to the sub-

stituent —S

As used herein, the term “sulifenyl” shall refer to the sub-
stituent —S(O)—.

As used herein, the term “sulfonyl” shall refer to the sub-
stituent —S(O),—.

As used herein, the term “direct bond”, where part of a
structural variable specification, refers to the direct joining of
the substituents flanking (preceding and succeeding) the vari-

able taken as a “direct bond”.
The term “lower”, as used herein, refers to an group having,
between one and si1x carbons, and may be indicated with the

prefix C__.—. Lower alkyl may thus be indicated as C, -
alkyl, while lower alkylene may be indicated as C,_.-alky-

lene.

Aradical such as C_ -cycloalkyl-C__,-alkenyl shall desig-
nate that the radical’s point of attachment 1s 1n part of the
radical mentioned last.

As used herein, the term “optionally” means that the sub-
sequently described event(s) may or may not occur, and
includes both event(s) which occur and events that do not
OCCUL.

Asused herein, the term “substituted” refers to substitution
with the named substituent or substituents, multiple degrees
ol substitution being allowed unless otherwise stated.

As used herein, the term “attached” or “— (e.g. —C(O)
R"™ which indicates the carbonyl attachment point to the
scalfold) signifies a stable covalent bond.

As used herein, the terms “contain” or “containing” can
refer to 1n-line substitutions at any position along the above
defined alkyl, alkenyl, alkynyl or cycloalkyl substituents with
one or more of any of O, S, SO, SO,, N, or N-alkyl, including,
tor example, CH, O CH, , CH, SO, CH, , —CH,—NH—
CH, and so forth.
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Certain of the above defined terms may occur more than
once 1n the structural formulae, and upon such occurrence
cach term shall be defined independently of the other.

As used herein, the term “solvate” 1s a complex of variable
stoichiometry formed by a solute (in this invention, a com-
pound of formula (I)) and a solvent. Such solvents for the
purpose of the present invention may not interfere with the
biological activity of the solute. Solvents may be, by way of
example, water, ethanol, or acetic acid.

As used herein, the term “biohydrolyzable ester” 1s an ester
of a drug substance (1n this invention, a compound of formula
(I)) which either a) does not interfere with the biological
activity of the parent substance but confers on that substance
advantageous properties 1n vivo such as duration of action,
onset of action, and the like, or b) 1s biologically inactive but
1s readily converted in vivo by the subject to the biologically
active principle. The advantage 1s that, for example, the bio-
hydrolyzable ester 1s orally absorbed from the gut and 1s
transformed to (I) 1n plasma. Many examples of such are
known 1n the art and include by way of example lower alkyl
esters (e.g., C,_,), lower acyloxyalkyl esters, lower alkoxya-
cyloxyalkyl esters, alkoxyacyloxy esters, alkyl acylamino
alkyl esters, and choline esters.

As used herein, the term “biohydrolyzable amide™ 1s an
amide of a drug substance (1n this invention, a compound of
general formula (1)) which either a) does not interfere with the
biological activity of the parent substance but confers on that
substance advantageous properties in vivo such as duration of
action, onset of action, and the like, or b) 1s biologically
inactive but 1s readily converted 1n vivo by the subject to the
biologically active principle. The advantage 1s that, for
example, the biohydrolyzable amide 1s orally absorbed from
the gut and 1s transformed to (I) 1n plasma. Many examples of
such are known 1n the art and include by way of example
lower alkyl amides, a-amino acid amides, alkoxyacyl
amides, and alkylaminoalkylcarbonyl amides.

As used herein, the term “prodrug” includes biohydrolyz-
able amides and biohydrolyzable esters and also encom-
passes a) compounds 1n which the biohydrolyzable function-
ality 1 such a pmdrug 1s encompassed in the compound of
formula (1) and b) compounds which may be oxidized or
reduced biologically at a given functional group to yield drug
substances ol formula (I). Examples of these functional
groups include, but are not limited to, 1,4-dihydropyridine,
N-alkylcarbonyl-1,4-dihydropyridine, 1,4-cyclohexadiene,
tert-butyl, and the like.

The term “pharmacologically effective amount” or shall
mean that amount of a drug or pharmaceutical agent that wall
clicit the biological or medical response of a tissue, animal or
human that 1s being sought by a researcher or clinician. This
amount can be a therapeutically effective amount. The term
“therapeutically effective amount” shall mean that amount of
a drug or pharmaceutical agent that will elicit the therapeutic
response ol an animal or human that i1s being sought.

The term “treatment” and “treating” as used herein means
the management and care of a patient for the purpose of
combating a disease, disorder or condition. The term 1s
intended to include the full spectrum of treatments for a given
disorder from which the patient 1s suifering, such as the
delaying of the progression of the disease, disorder or condi-

tion, the alleviation or relietf of symptoms and complications,
the prevention of the disease and/or the cure or elimination of
the disease, disorder or condition. The patient to be treated 1s
preferably a mammal, 1n particular a human being.




US RE45,183 E

11
DESCRIPTION OF THE INVENTION

The present invention provides compounds of general for-
mula (I)

(1)

wherein R' is C,_.-cycloalkyl, C, . -heterocyclyl, or fused
aryl-C,_s-cycloalkyl, each of which 1s optionally substituted
with one or more substituents R°, R*, R and R®;

R” is C,_q-cycloalkyl, C,_.-heterocyclyl, or fused aryl-C,_-
cycloalkyl, each of which 1s optionally substituted with one or
more substituents R*“, R*!, R** and R, and

A 1s heteroaryl, optionally substituted with one or more sub-
stituents R’, R® or R”, and

R®, R* R>, R®° R, R’', R”® and R’° are independently
selected from the group consisting of

halogen, nitro, cyano, hydroxy, carboxy, —CF;; or

_NRlel;

C, qalkyl, C, .alkenyl, C,_ .-alkynyl, C,_s-cycloalkyl,
C;_q-cycloalkyl-C, -alkyl, aryl, aryl-C,_.-alkyl, het-
eroaryl-C, _.alkyl, C,_.-alkoxy, C,_(-cycloalkyl-C, .-
alkoxy, aryl-C,_.-alkoxy, heteroaryl, heteroaryl-C, -
alkoxy, aryloxy, heteroaryloxy, C, _.-alkylthio, arylthio,
heteroarylthio, aryl-C,_s-alkylthio, heteroaryl-C, -
alkylthio, alkylthio, C, _.-alkylsulionyl, C, _.-alkylsulfe-
nyl, aryl-sulfonyl, heteroarylsulfonyl, acyl, C, (-cy-
cloalkyl-C, _(-alkylthio, —C(O)—0O—C, _(-alkyl, C, -
alkoxy-C, (-alkyl, C,_.-alkylthio-C,_.-alkyl, carboxy-
C, _¢-alkyloxy, aroyl, heteroaroyl, amino-C,_-alkyl,
C,_g-alkylamino-C, _.-alkyl, di-(C, -alkyl)amino-C, .-
alkyl, C,_salkyl-sultamoyl, di(C,_s-alkyl)sulfamoyl,
C, _g-alkylsulfinamoyl or di(C,_s-alkyl)sulfinamoyl
cach of which 1s optionally substituted with one or more
substituents independently selected from R'*; or

—C(O)—NR"R", —C, _-alkyl-C(O)—NR"R'*; or

two substituents selected from R>, R*, R and R° or R°",
R>*, R*? and R attached to the same or adjacent atoms
together form a radical —O—(CH,,),_,—0—;

R' and R'' independently represent hydrogen, C,_.-alkyl,
—C(0)—C, _-alkyl, carboxy-C, .-alkyl, —C(O)—C, .-
alkyl-C(O)OH, —S(0),CH,;, or aryl;
R'* is halogen, cyano, hydroxy, carboxy, —CF,, C,_.-alkyl,
—S(0),CH,, or —S(O),NH,,;
R"* and R are independently selected from the group con-
sisting of hydrogen, C, _,-alkyl, hydroxy-C, _.-alkyl, carboxy-
C, _-alkyl, aryl, or heteroaryl, each of which 1s optionally
substituted with one or more substituents independently
selected from R">; or R** and R together with the nitrogen
to which they are attached form a heterocycle such as pipera-
zine, homopiperazine or morpholine;
R" is halogen, cyano, hydroxy, carboxy, —CF., C,_.-alkyl,
—S(0),CH;, or —S(O),NH,;
A 1s heteroaryl which 1s optionally substituted with one or
more substituents independently selected fromR’, R®* and R”;
R’, R® and R” are independently selected from

halogen, carboxy, cyano, nitro, hydroxy, CF,, SCN; or

C, ¢alkyl, C, (-alkenyl, C, .alkynyl, C,_.-alkoxy, C, -
alkylthio, C,_(-alkylamino, C,_calkylsulfonyl, C,_.-
alkylsultenyl, —C(O)—0O—C, _4-alkyl, —C(O)—C, -
alkyl, —C, _salkyl-C(O)—0O—C, _(-alkyl, —C, _.-alkyl-
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O—C(0O)—C, _-alkyl, —NH—C(O)—C, ¢-alkyl,
—C(C, _(-alkoxy-C, _.-alkyl, —C, .-alkyl-S—C, _.-alkyl,
carboxy-C,_(-alkyl, or hydroxy-C, -alkyl, each of
which 1s optionally substituted with one or more sub-
stituents independently selected from R'°; or

aryl, heteroaryl, aryl-C,_(-alkyl, heteroaryl-C, -alkyl,

aryl-C, _.-alkoxy, heteroaryl-C, .-alkoxy, aryl-C,_.-
alkylthio, heteroaryl-C, (-alkylthio, heteroaryl-thio-
C,_¢alkyl, aryloxy, heteroaryloxy, arylthio, het-
eroarylthio, arylsulfonyl, heteroarylsulfonyl, aryl-C, .-
alkylamino, each of which 1s optionally substituted on
the aryl or heteroaryl part with one or more substituents
independently selected from R'”; or

C,_g-cycloalkyl, C,_;-cycloalkenyl, C,_,-cycloalkyl-C, -

alkyl, C;g-cycloalkenyl-C, o _;1; c3.6-Cycloalkyl-
C,_galkoxy, C,_(-cycloalkyl-C, .-alkylthio, each of
which 1s optionally substituted on the cycloalkyl part
with one or more substituents independently selected
from R'®; or

—NR"R*°,—C,_.-alky]-NR"R*°, —C, .-alkyl-S—R~*",

—C, _-alkyl-S(O)—R*", —C, _-alkyl-S(0),—R>
wherein each alkyl part may be substituted with one or
more substituents independently selected from R*>; or

—C(ONR*™R>, —C, _-alkyl-C(O)NR**R*> optionally

substituted with one or more substituents independently
selected from R=°; or

two of R7, R® and R” can be taken together to form a C,_-

alkylene bridge;

R™, R'/,and R'® are independently C, _.alkyl, halogen, nitro,

cyano, hydroxy, carboxy, CF,, carboxy-C,_.-alkyl, hydroxy-

C, ¢-alkyl, —C, _(-alkyl-C(O)—O—C, _(-alkyl, —C(O)—

O—C, _4alkyl, —S(0),CH;, or —S(O),NH,;

R"™ and R*” independently represent hydrogen, C, _.-alkyl,

hydroxy-C, _-alkyl, carboxy-C, _.-alkyl, aryl, heteroaryl or

R'” and R'® together with the nitrogen to which they are

attached form a heterocycle such as piperazine, homopipera-

zine or morpholine;

R*" is selected from

C, _«-alkyl, carboxy-C,_(-alkyl,
alkyl or hydroxy-C,_-alkyl; or
aryl, heteroaryl, aryl-C,_c-alkyl, or heteroaryl-C, _.-alkyl,

wherein the aryl or heteroaryl part 1s optionally substi-
tuted with one or more substituents independently
selected from R**; or

C,_q-cycloalkyl, C,_;-cycloalkenyl, C,_,-cycloalkyl-C, -

alkyl, C;_s-cycloalkenyl-C, .-alkyl.
R** and R*° are independently selected from hydrogen and
C,_g-alkyl.
R**is halogen, nitro, cyano, hydroxy, carboxy, —CF,, C, -
alkyl, hydroxy-C, _.-alkyl, or carboxy-C, _-alkyl.
R* and R*° are independently C, .-alkyl, halogen, nitro,
cyano, hydroxy, carboxy, —CF;, —S(0),CH;, or
—S(0O),NH,
as well as any salt hereof with a pharmaceutically acceptable
acid or base, or any optical 1somer or mixture of optical
1somers, including a racemic mixture, or any tautomeric
forms.

In another embodiment R* is C,_,-cycloalkyl, tetrahydro-
turyl, tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyra-
nyl, tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, pip-
eridyl, pyrrolidinyl, morpholinyl, or piperazinyl, each of
which 1s optionally substituted with one or more substituents
R®, R* R> and R®.

In another embodiment R" is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cyclo-
heptenyl, cyclooctyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]hep-
tyl, norpinyl, norbonyl, norcaryl, adamantyl, tetrahydrofuryl,

C,_s-alkylamino-C, -
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tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, plperldyl
pyrrolidinyl, morphohnyl or plperazmyl cach of which 1s
optionally substituted with one or more substituents R>, R*,
R> and R®.

In another embodiment R' is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo [3.2.1]octyl, bicyclo [2.2.1]
heptyl, adamantyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which 1s optionally
substituted with one or more substituents R>, R*, R”> and R°.

In another embodiment R' is cyclopentyl, cyclohexyl,
bicyclo [2.2.1]heptyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which 1s optionally
substituted with one or more substituents R°, R*, R> and R°.

In another embodiment R’ is selected from

Ly Oy
ﬁ, 0,
SVIGVASY

In another embodiment R! is selected from

Sy 0y Oy
Ly -y

In another embodiment R! is selected from

y - Uy

In another embodiment R* is C,_.-cycloalkyl, tetrahydro-
turyl, tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyra-
nyl, tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, pip-
eridyl, pyrrolidinyl, morpholinyl, or piperazinyl, each of
which 1s optionally substituted with one or more substituents
RBDjRSIRSZ Ellld RBS.
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In another embodiment R* is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cyclo-
heptenyl, cyclooctyl, bicyclo[3.2.1 Joctyl, bicyclo[2.2.1]hep-
tyl, norpinyl, norbonyl, norcaryl, adamantyl, tetrahydrofuryl,
tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,

pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s

optionally substituted with one or more substituents R*°, R*",
R** and R,

In another embodiment R* is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]
heptyl, adamantyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-

nyl, morpholinyl, or piperazinyl, each of which 1s optionally
substituted with one or more substituents R°°, R>*, R>* and
R,

In another embodiment R* is cyclopentyl, cyclohexyl,
bicyclo[2.2.1]heptyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which 1s optionally
substituted with one or more substituents R>°, R>*, R>* and
R*.

In another embodiment R? is selected from

()

N

~_
RSAC

In another embodiment R~ is selected from

N

)
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In another embodiment R” is selected from
N R
\/>/ . \CV

In another embodiment R' and R* are both cyclohexyl.
In another embodiment R>, R*, R>, R°, R°", R°', R°* and
R-> are independently selected from the group consisting of
halogen, cyano, hydroxy, carboxy, —CF;; or
C, _¢alkyl, C,_.-alkenyl, C,_s-cycloalkyl, C,_4-cycloalkyl-
C,_galkyl, aryl, aryl-C,_.-alkyl, C,_.-alkoxy, C,_.-Cy-
cloalkyl-C, _.-alkoxy, arvl-C, .-alkoxy, C,_c-alkylthio,
arylthio , C, _s-alkylsulfonyl , C,_s-alkyl-carbonyl,
—C(0)—0—C, _4-alkyl, each of which 1s optionally
substituted with one or more substituents independently
selected from R'%: or
—C(O)—NR""R™, —C, _-alkyl-C(O)—NR"R'; or
two substituents selected from R’, R*, R° and R° or R°°, R**,

R>? and R attached to the same or adjacent atoms together
torm a radical —O—(CH,), ;—

In another embodiment R°, R4 R‘_5 R° R°, R’ R’ and

R>? are independently selected from the group eensmtmg of
halogen, —CF,, methyl, ethyl, propyl, 1sopropyl, butyl, tert-
butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phe-
nyl, naphtyl, benzyl, phenyl-ethyl, methoxy, ethoxy, phe-
nylthio, methylsulfonyl, ethylsulfonyl, methylcarbonyl,
cthylcarbonyl, —C(O)—0O—CH,, —C(O)—0O—CH,CHj;,
cach of which 1s optionally substituted with one or more
substituents independently selected from R'?; or

two substituents selected from R>, R*, R> and R° or R°",
R*', R** and R* attached to the same or adjacent atoms
together form a radical —O—(CH,),_ ;—0O

In another embodiment R®, R*, R°>, R°.R” 0, , R°", R°* and
R-> are independently selected from the group censmtmg of F,
Cl, —CF;, methyl, ethyl, propyl, 1sopropyl, butyl, or tert-
butyl; or

two substituents selected from R>, R*, R and R° or R°",
R>', R’ and R™ attached to the same or adjacent atoms
together form a radical —O—(CH,),_,—O

In another embodiment R'® and R"" independently repre-
sent hydrogen, methyl, ethyl, propyl, C(O) CH,, —C(O)—
CH,CH,, —CH,C(O)OH, —CH,CH,C(O)OH, —C(O)—
CH,—C(O)OH, —C(0)—CH,CH,—C(O)OH,
—S(0),CH;, or phenyl.

In another embodiment R'® and R"" independently repre-
sent hydrogen, methyl, ethyl, —C(O)—CH,, —CH,C(O)
OH, —C(O)—CH,—C(O)OH, —S(0O),CH,, or phenyl.

In another embodiment R'® and R'! independently repre-
sent hydrogen, methyl, ethyl, or phenyl.

In another embodiment R'? is halogen, cyano, hydroxy,
carboxy, —CF;, or C,_.-alkyl.

In another embodiment R'* is halogen, cyano, hydroxy,
carboxy, CF,, methyl, ethyl or propyl.

In another embodiment R"® and R'* are independently
selected from the group consisting of hydrogen, C, _.-alkyl,
hydroxy-C, _-alkyl, carboxy-C, (-alkyl, phenyl, or naphtyl,
cach of which 1s optionally substituted with one or more
substituents independently selected from R'>; or

R'® and R'* together with the nitrogen to which they are
attached form a heterocycle such as piperazine, homopipera-
zine or morpholine.
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In another embodiment R'® and R'* are independently
selected from the group consisting of hydrogen, methyl,
cthyl, propyl, hydroxy-methyl, hydroxy-ethyl, carboxy-me-
thyl, carboxy-ethyl, phenyl, or naphtyl, each of which 1s
optionally substituted with one or more substituents indepen-
dently selected from R">; or R' and R'* together with the
nitrogen to which they are attached form a heterocycle such as
piperazine, homopiperazine or morpholine.

In another embodiment R'® and R'* are independently
selected from the group consisting of hydrogen, methyl,
cthyl, propyl, or phenyl, each of which 1s optionally substi-

tuted with one or more substituents independently selected
from R'>.

In another embodiment R'> is halogen, cyano, hydroxy,
carboxy, CF,, methyl, ethyl, or propyl.

In another embodiment R'> is halogen, hydroxy, carboxy,
—CF,, methyl, or ethyl.

In another embodiment A 1s thiazolyl, thiadiazolyl, pyrazi-
nyl or 4,5,6,7-tetrahydrobenzothiazolyl optionally substi-
tuted with one or more substituents independently selected
from R’, R® and R”.

In another embodiment A 1s

MR

\

A

In another embodiment A 1s thiazolyl or thiadiazolyl

optionally substituted with one or more substituents indepen-
dently selected from R’, R® and R”.

In another embodiment A 1s thiazolyl, 1,2,4-thiadiazolyl,
or 1,3,4-thiadiazolyl, optionally substituted with one or more
substituents independently selected from R’, R® and R”.

In another embodiment A 1s

R’ R’
N
De )Es\éN . )‘\s\>\Rg

In another embodiment R’, R® and R” are independently
selected from
halogen, carboxy, cyano, nitro, hydroxy, —CF,, —SCN;

or
C, _s-alkyl, C,_.-alkenyl, C,_.-alkoxy, C, _(-alkylthio, C, .-
alkylamino, C,_c-alkylsulfonyl, C,_c-alkylsulfenyl,
—C(O)—0—C, _4alkyl, —C(O)—C, (-alkyl, —C, -
alkyl-C(O)—0O—C, _.-alkyl, —C, _.-alkyl-O—C(O)—
C, ¢-alkyl, —NH—C(O)—C, 4-alkyl, —C,_,-alkoxy-
C, salkyl, C, _(-alkyl-S C, .-alkyl, C,_s-cycloalkyl-
C, ¢-alkyl, C,_4-cycloalkyl-C, _(-alkoxy, (5 .-Cy-
cloalkyl-C, _(-alkylthio each of which 1s optionally sub-

stituted with one or more substituents independently
selected from R'°; or

aryl, heteroaryl, aryl-C, _.-alkyl, heteroaryl-C,_.-alkyl,
aryl-C, _-alkoxy, heteroaryl-C, _(-alkoxy, aryloxy, het-
croaryloxy, heteroarylthio, each of which 1s optionally
substituted on the aryl or heteroaryl part with one or
more substituents independently selected from R"”; or

C,_q-cycloalkyl, C,_s-cycloalkenyl, C,_s-cycloalkyl-C,_
alkyl, C,_s-cycloalkenyl-C,_-alkyl, each of which 1is
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optionally substituted on the cycloalkyl part with one or
more substituents independently selected from R'®; or
—NR"R*®,—C,_(-alkyl-NR'""R*°, —C, .-alkyl-S—R*",
—C, _alkyl-S(O)—R~", —C,_.-alkyl-S(O),—R"*'
wherein each alkyl part may be substituted with one or
more substituents independently selected from R*; or
—C(O)NR**R**, —C,_.-alkyl-C(O)NR**R** optionally
substituted with one or more substituents independently
selected from R=°; or
two of R’, R® and R” can be taken together to form a C, .-
alkylene bridge.
In another embodiment R’, R® and R” are independently
selected from
halogen, carboxy, cyano, or —CF; or
C, _¢-alkyl, C,_.-alkenyl, C,_;-alkoxy, C, _-alkylthio, C, -
alkylsulfonyl, —C(O)—0O—C, _-alkyl, —C(O)—C, -
alkyl, —C, (-alkyl-C(O)}—0—C, (-alkyl, —C, -
alkyl-O—C(O)—C, _4-alkyl, —C, _.-alkoxy-C, _(-alkyl,
C,_s-cycloalkyl-C, _(-alkyl, each of which 1s optionally
substituted with one or more substituents independently
selected from R'°; or
aryl, heteroaryl, aryl-C,_.-alkyl, heteroaryl-C,_.-alkyl,
cach of which 1s optionally substituted on the aryl or
heteroaryl part with one or more substituents indepen-
dently selected from R"’; or
C,_scycloalkyl, C,_;-cycloalkyl-C, _(-alkyl, each of which
1s optionally substituted on the cycloalkyl part with one
or more substituents independently selected from R'®;
or
NR'"R?", C,_.-alkyl-NR'”"R*", wherein each alkyl part
may be substituted with one or more substituents
independently selected from R*>; or
—C(O)NR**R*, —C,_.-alkyl-C(O)NR**R** optionally
substituted with one or more substituents independently
selected from R=°; or
two of R’, R® and R” can be taken together to form a C, .-
alkylene bridge.
In another embodiment R’, R® and R” are independently
selected from

halogen, carboxy or —CF5; or
C, ¢alkyl, C, -alkoxy, C, (-alkylthio, C,_.-alkyl-C
(0)—0—C, (-alkyl, —C, ,-alkyl-O—C(O)—C, -

alkyl or —C(O)—0—C, -alkyl, each of which 1s
optionally substituted with one or more substituents
independently selected from R'°; or
phenyl, benzyl, or heteroarylthio, wherein heteroaryl 1s
pyridyl or imidazolyl, and wherein each aryl or het-
croaryl 1s optionally substituted on the aryl or heteroaryl
part with one or more substituents independently
selected from R'”: or
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, each
of which 1s optionally substituted on the cycloalkyl part
with one or more substituents independently selected
from R'®; or
two of R’, R® and R” can be taken together to form a C,_-
alkylene bridge.
In another embodiment R’, R® and R” are independently
selected from halogen, carboxy, —CF,, S—CH,,
S—CH,CH,;, methyl, ethyl, propyl, 1sopropyl, butyl, tert-
butyl, methoxy, ethoxy, —CH,—C(O)—0O—CH,, —CH,—

C(0)—O—CH,CH,, — CH,CH,— C(0)—O—CH,,
~ CH,CH, C(0)-O—CH,CH;. — CH, O C(O)—
CH,, - CH,0C(O)CH,CH,, —CH,CH, O C

O)—CH,;, —CH,CH,—0O—C(O)—CH,CH,;, —C(O)—
O—CH,, or —C(O)—0O—CH,CH,, each of which is option-
ally substituted with one or more substituents independently
selected from R'®; or heteroarylthio, wherein heteroaryl is
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pyridyl or imidazolyl, each optionally substituted on the het-
croaryl part with one or more substituents independently
selected from R'’.

In another embodiment R’, R® and R” are independently
selected from Cl, F, Br, CF,, methyl, ethyl, methoxy, ethoxy,
—CH,—C(0)—-0O—-CH,CH,, —C(O)—0O—CH,, or
—C(0)—0O—CH,CH,; or heteroarylthio, wherein het-
eroaryl 1s pynidyl or imidazolyl, each optionally substituted
on the heteroaryl part with one or more substituents indepen-
dently selected from R'’.

In another embodiment R'®, R'’, and R'® are indepen-
dently C, _(-alkyl, halogen, hydroxy, carboxy, —CF;, car-
boxy-C, (-alkyl, hydroxy-C, -alkyl, —C,_(-alkyl-C(O)—
O—C, _4-alkyl, —C(O)—0O—C, _,-alkyl, or —S(0O),CH,.

In another embodiment R'®, R'/, and R"® are indepen-
dently methyl, ethyl, propyl, halogen, hydroxy, carboxy,
—CF,, carboxy-methyl, carboxy-ethyl, carboxy-propyl,
hydroxy-methyl, hydroxy-ethyl, hydroxy-propyl, —CH,—C
(0O —0O—CH,, —CH,C(O)—0O—CH,CH,;, —CH,CH,—
C(O)—0O—CH,, —CH,CH,—C(0)—0O—CH,CH,,
—C(O)—0—CH,, —(C(O)—0O—CH,CH,, —C(O)—0—
CH,CH,CHj;, or —S(O),CH,.

In another embodiment R'®, R/, and R'® are indepen-
dently methyl, ethyl, propyl, halogen, carboxy, carboxy-me-
thyl, carboxy-ethyl, carboxy-propyl, hydroxy-methyl,
hydroxy-ethyl, hydroxy-propyl, —CH,—C(O)—O—CH,,

— CH, C(0)-O CH,CH,, — CH,CH, C(O)—0O—
CH,, —CH,CH, C(O)-O CH,CH,, —C(O)-O—
CH,, —C(O)-O—CH,CH,, —C(O)—-O—CH,CH,CH,,

or —S(O),CHs;.

In another embodiment R'” and R*° independently repre-
sent hydrogen, C,_-alkyl, hydroxy-C, .-alkyl, carboxy-C,._
s-alkyl, phenyl, or naphtyl, or R'” and R"® together with the
nitrogen to which they are attached form a heterocycle such as
piperazine, homopiperazine or morpholine.

In another embodiment R"” and R*" independently repre-
sent hydrogen, methyl, ethyl, propyl, carboxy-methyl, car-
boxy-ethyl, carboxy-propyl, hydroxy-methyl, hydroxy-
ethyl, hydroxy-propyl, phenyl, or naphtyl, or R'” and R'®
together with the nitrogen to which they are attached form a
heterocycle such as piperazine, homopiperazine or morpho-
line.

In another embodiment R*' is selected from

C,_s-alkyl, carboxy-C, _.-alkyl, or hydroxy-C, (-alkyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents
independently selected from R**; or

C;_g-cycloalkyl, or C,_4-cycloalkyl-C, (-alkyl.

In another embodiment R*! is selected from

methyl, ethyl, propyl, carboxy-methyl, carboxy-ethyl, car-

boxy-propyl, hydroxy-methyl, hydroxy-ethyl, hydroxy-
propyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents
independently selected from R**; or

C-,_g-cycloalkyl, or C;_4-cycloalkyl-C, _.-alkyl.

In another embodiment R*! is selected from

methyl, ethyl, carboxy-methyl, carboxy-ethyl, carboxy-

propyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents

independently selected from R>*.
In another embodiment R** and R*’ are independently

selected from hydrogen, methyl, ethyl, or propyl.
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In another embodiment R** is halogen, hydroxy, carboxy,
—CF,, methyl, ethyl, propyl, carboxy-methyl, carboxy-
cthyl, carboxy-propyl, hydroxy-methyl, hydroxy-ethyl, or
hydroxy-propyl.

In another embodiment R*> and R*° are independently
C, _-alkyl, halogen, hydroxy, carboxy, or —CF,.

In another embodiment R*> and R*° are independently
methyl, ethyl, propyl, halogen, hydroxy, carboxy, or —CF,.
In another aspect the invention provides a compound of gen-
eral formula (I1I)

(11)
O
R! )J\ A
\N N"/
| H
R2

wherein R' is C,_.-cycloalkyl, C,_;-heterocyclyl, or fused
aryl-C,_q-cycloalkyl, each of which 1s optionally substituted
with one or more substituents R>, R*, R> and R®:
R* is C,_.-cycloalkyl, C,_ -heterocyclyl, or fused aryl-C, -
cycloalkyl, each of which 1s optionally substituted with one or
more substituents R°°, R*!, R°# and R”>, and
R?, R* R>, R° R, R’ R’® and R’° are independently
selected from the group consisting of
halogen, nitro, cyano, hydroxy, oxo, carboxy, —CF,; or
—NR'™R': or
C,_¢alkyl, C, .-alkenyl, C, .-alkynyl, C, s-cycloalkyl,
C;_q-cycloalkyl-C, _(-alkyl, aryl, aryl-C, .-alkyl, het-
croaryl-C, _.-alkyl, C,_-alkoxy, C,_.-cycloalkyl-C, -
alkoxy, aryl-C,_.-alkoxy, heteroaryl, heteroaryl-C, .-
alkoxy, aryloxy, heteroaryloxy, C,_,-alkylthio, arylthio,
heteroarylthio, aryl-C,_.-alkylthio, heteroaryl-C, .-
alkylthio, C, _(-alkylsulfonyl, C,_c-alkylsulienyl, aryl-
sulfonyl, heteroarylsulfonyl, C,_(-cycloalkyl-C, _.-alky-
Ithio, —C(O)—0—C, _(-alkyl, C,_(-alkyl-C(O)—O
C, _¢-alkyl, C,_-alkoxy-C, (-alkyl, C,_(-alkylthio-C, .-
alkyl, carboxy-C, .-alkyloxy, amino-C, .-alkyl, C, .-
alkylamino-C, .-alkyl, di-(C,_¢-alkyl)amino-C, 4-
alkyl, C,_c-alkylsultamoyl, di(C,_,-alkyl)sultamoyl,
C, _g-alkylsulfinamoyl or di(C,_c-alkyl)sulfinamoyl
cach of which 1s optionally substituted with one or more
substituents independently selected from R'*; or C(O)
R*’, C(O) NR"R"™, C, _;-alkyl-C(O) NR""R"*; or
two substituents selected from R>, R*, R and R® or R°°,
R>", R** and R attached to the same or adjacent atoms
together form a radical —O—(CH,), ,—0O—;
R' and R"" independently represent hydrogen, C,_.-alkyl,
—C(0)—C, (-alkyl, carboxy-C, (-alkyl, —C(O)—C, -
alkyl-C(O)OH, S(O),CH,, or aryl;
R*’isC, -alkyl,C,_.-alkenyl, C,_.-alkynyl, C, .-cycloalky],
C,_q-cycloalkyl-C, .-alkyl, aryl, aryl-C, _.-alkyl, heteroaryl,
heteroaryl-C, 4-alkyl, carboxy-C, 4-alkyl, C, s-alkoxy-C, -

alkyl,  C, .-alkylthio-C, .-alkyl,  R'HN—C, -alkyl,
RIR' - N—C, .-alkyl, RR"N_—S(0),—C,_ .-alkyl,
R'R' - N_—C(0)—C, .-alkyl, C, -alkyl-C(O)—NH—

C, _¢-alkyl, aryl-C(O)—NH—C, -alkyl, heteroaryl-C(O)—
NH—C, -alkyl, C,_4-cycloalkyl-C(O)—NH—C, _(-alkyl,
C, «-alkyl-S(O), NH C, ,-alkyl, aryl-S(O), NH C, _.-alkyl,
heteroaryl-S(O),—NH—C, _(-alkyl, or C,_s-cycloalkyl-S
(0O),—NH-—C, _-alkyl, each of which 1s optionally substi-
tuted with one or more substituents independently selected
from R'*:

R'* is halogen, cyano, hydroxy, —C(O)—O—C, _.-alkyl,
carboxy, —CF;, C, _s-alkyl, —S(0),CH;, or —S(O),NH,;
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R"™ and R'* are independently selected from the group con-
sisting of hydrogen, C, _(-alkyl, hydroxy-C, _.-alkyl, carboxy-
C, _¢-alkyl, aryl, or heteroaryl, each of which is optionally
substituted with one or more substituents independently
selected from R'>; or R'> and R'* together with the nitrogen
to which they are attached form a heterocycle such as pipera-
zine, homopiperazine or morpholine;
R™ is halogen, cyano, hydroxy, carboxy. —CF,, C,_.-alkyl,
—S(0),CH,, or —S(0O),NH,;
A 1s heteroaryl which 1s optionally substituted with one or
more substituents independently selected from R’, R® and R”;
R’, R® and R” are independently selected from
halogen, carboxy, cyano, nitro, hydroxy, —CF,, —SCN;
or
C, _«-alkyl, C,_c-alkenyl, C, _(-alkynyl, C, _(-alkoxy, C, -
alkylthio, C,_.-alkylamino, C,_.-alkylsultonyl, C, .-
alkylsulfenyl, —C(0)—0—C,_-alkyl, formyl,
—C(O)—C, ¢-alkyl, —C, _(-alkyl-C(O)—0O—C, -
alkyl, —C, ¢-alkyl-O—C(O)—C, -alkyl, —NH—C
(0)—C, <-alkyl, —C, (-alkoxy-C, -alkyl, —C, -
alkyl-S—C, _.-alkyl, carboxy-C,_.-alkyl, or hydroxy-
C,_-alkyl, each of which 1s optionally substituted with
one or more substituents independently selected from
R*®: or
aryl, heteroaryl, aryl-C,_(-alkyl, heteroaryl-C, -alkyl,
aryl-C, _.-alkoxy, heteroaryl-C, _.-alkoxy, aryl-C, .-
alkylthio, heteroaryl-C, _c-alkylthio, heteroaryl-thio-
C,_salkyl, aryloxy, heteroaryloxy, arylthio. het-
eroarylthio, arylsulfonyl, heteroarylsultonyl, aryl-C, -
alkylamino, each of which 1s optionally substituted on
the aryl or heteroaryl part with one or more substituents
independently selected from R'’; or
C,_g-cycloalkyl, C,_,-cycloalkenyl, C,_;-cycloalkyl-C, _.-
alkyl, C,_s-cycloalkenyl-C, (-alkyl, C,_(-cycloalkyl-
C,_¢-alkoxy, C, -cycloalkyl-C, .-alkylthio, each of
which 1s optionally substituted on the cycloalkyl part
with one or more substituents independently selected
from R'®: or
—NR"R*®, —C, _,-alkyl-NR"R*", —C, _.-alkyl-S—R*',
—C, _alkyl-S(O)—R*', —C, _.-alkyl-S(O),—R*"' or
—S(0),—NR"R*", wherein each alkyl part may be
substituted with one or more substituents independently
selected from R*>; or
—C(ONR**R*®, —C, _.-alkyl-C(O)NR**R*" optionally
substituted with one or more substituents independently
selected from R*°; or
two of R7, R® and R” can be taken together to form a C,,_.-
alkylene bridge;
R™, R'/, and R'® are independently C,_.-alkyl, halogen,
nitro, cyano, hydroxy, carboxy, —CF,, carboxy-C, (-alkyl,
hydroxy-C, _(-alkyl, —C, _-alkyl-C(O)—0O—C, _;-alkyl,
—C(0)—0—C, -alkyl, —NR'"R*°, —NHS(O),CH,,
—C(O)NR'"R*", —S(0),CH,, or —S(O),NH,;
R"™ and R*" independently represent hydrogen, C,_.-alkyl,
hydroxy-C,_(-alkyl, carboxy-C,_.-alkyl, aryl, heteroaryl or
R'” and R'® together with the nitrogen to which they are
attached form a heterocycle such as piperazine, homopipera-
zine or morpholine;
R*' is selected from
C, _«-alkyl, carboxy-C,_-alkyl,
alkyl or hydroxy-C,_-alkyl; or
aryl, heteroaryl, aryl-C, _(-alkyl, or heteroaryl-C, _.-alkyl,
wherein the aryl or heteroaryl part 1s optionally substi-
tuted with one or more substituents independently
selected from R**: or
C,_q-cycloalkyl, C,_qcycloalkenyl, C,_s-cycloalkyl-C, -
alkyl, C;_s-cycloalkenyl-C, .-alkyl.

C,_s-alkylamino-C, _,-
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R** and R** are independently selected from hydrogen, C, _-
alkyl, C, .-cycloalkyl, aryl, heteroaryl or R** and R*
together with the nitrogen to which they are attached form a
heterocycle such as pyrrolidine, piperidine or morpholine;
R** is halogen, nitro, cyano, hydroxy, carboxy, —CF, C, -
alkyl, hydroxy-C, «-alkyl, or carboxy-C, _.-alkyl.

R*> and R*° are independently C,_.-alkyl, halogen, nitro,
cyano, hydroxy, —C(O)—0O—C, . -alkyl carboxy, —C, -
alkyl-C(O)—0O—C, 4-alkyl, carboxy-C, (-alkyl, —CF;,
—S(0),CH,;, or —S(0O),NH, as well as any salt hereof with
a pharmaceutically acceptable acid or base, or any optical
1Isomer or mixture of optical 1somers, including a racemic
mixture, or any tautomeric forms.

In one embodiment R" is C,_,-cycloalkyl, tetrahydrofuryl,
tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s
optionally substituted with one or more substituents R>, R,
R> and R®.

In another embodiment R' is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cyclo-
heptenyl, cyclooctyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]hep-
tyl, norpinyl, norbonyl, norcaryl, adamantyl, tetrahydrofuryl,
tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s
optionally substituted with one or more substituents R>, R*,
R> and R®.

In another embodiment R' is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]
heptyl, adamantyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which is optionally
substituted with one or more substituents R?, R*, R> and R°.
In another embodiment R' is cyclopentyl, cyclohexyl, bicy-
clo[2.2,1]heptyl, tetrahydrofuryl, tetrahydrothienyl, tetrahy-
dropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidinyl,
morpholinyl, or piperazinyl, each of which 1s optionally sub-
stituted with one or more substituents R>, R*, R and R°.

In another embodiment R" is selected from
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In another embodiment R” is C,_¢-cycloalkyl, tetrahydro-
turyl, tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyra-
nyl, tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, pip-
eridyl, pyrrolidinyl, morpholinyl, or piperazinyl, each of
which 1s optionally substituted with one or more substituents
Rsaj RSlj R32 and R33.

In another embodiment R* is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cyclo-
heptenyl, cyclooctyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]hep-
tyl, norpinyl, norbonyl, norcaryl, adamantyl, tetrahydrofuryl,
tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s

optionally substituted with one or more substituents R>, R*",
R**and R,

In another embodiment R* is cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]
heptyl, adamantyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which is optionally
substituted with one or more substituents R*°, R**, R** and
R,

In another embodiment R* is cyclopentyl, cyclohexyl,
bicyclo[2.2.1]heptyl, tetrahydrofuryl, tetrahydrothienyl, tet-
rahydropyranyl, tetrahydrothiopyranyl, piperidyl, pyrrolidi-
nyl, morpholinyl, or piperazinyl, each of which is optionally
substituted with one or more substituents R*°, R°*, R** and
R,

In another embodiment R is selected from

RS]

A~ N

K/>/= Sk/% @
K]?/ m >/

In another embodiment R is selected from

R32
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-continued
R3 3
R32
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In another embodiment R” is selected from

v Oy
3 Qy
Ly -y

In another embodiment R” is selected from

v

) )

R31
\N

or

¢ O

In another embodiment R* and R” are both cyclohexyl.
In another embodiment R®, R*, R>, R°, R°°, R°!, R** and.
R* are independently selected from the group consisting of

halogen, oxo, cyano, hydroxy, carboxy, —CF;; or
— NR'"R*: or
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C, _¢-alkyl, C,_-alkenyl, C;_s-cycloalkyl, C,_s-cycloalkyl-
C,_salkyl, aryl, aryl-C,_.-alkyl, C,_(-alkoxy, C,_.-Cy-
cloalkyl-C, _(-alkoxy, aryl-C, .-alkoxy, C, .-alkylthio,
arylthio, C,_.-alkylsulfonyl, —C(O—O—C, .-alkyl, or
C, _(-alkyl-C(O)—0—C, _-alkyl, each of which 1s
optionally substituted with one or more substituents
independently selected from R'?; or

—C(O)—R*’, —C(O)—NR"R"™, —C, (-alkyl-C(O)—

NR"’R'*: or
two substituents selected from R>, R*, R° and R° or R°°, R**,
R>* and R”” attached to the same or adjacent atoms together
form a radical —O—(CH,), ;—0O—

In another embodiment R”, R4 R5 R® R*° R’ R’* and
R>? are independently Selected from the group consmtmg of

halogen, oxo, —CF;; or

— NR'*“R*'*; or

C, _qalkyl, C, s-cycloalkyl, C, _(-alkoxy, C,_.-alkylthio,

aryl, aryl-C,_(-alkyl, arylthio, C,_s-alkylsulionyl,
—C(O)—0—C, 4alkyl, C,_(-alkyl-C(O)—0—C, .-
alkyl, each of which 1s optionally substituted with one or
more substituents independently selected from R'%; or

—C(O)—R*’; or
two substituents selected from R?, R*, R°> and R® or R*°, R*!,
R>* and R*” attached to the same or adjacent atoms together
form a radical —O—(CH,, ), ;—

In another embodiment R, R4 R5 R° R*°, R’ R** and
R>? are independently selected from the group consisting of

halogen, —CF,; or

methyl, ethyl, propyl, 1sopropyl, butyl, tert-butyl, cyclo-

propyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl,
naphtyl, benzyl, phenyl-ethyl, methoxy, ethoxy, phe-
nylthio, methylsulfonyl, ethylsulfonyl, —C(O)—0O
CH,, —C(0O)—0O—CH,CH,, each of which 1s option-
ally substituted with one or more substituents
independently selected from R'*; or

—C(O)—R*’; or
two substituents selected from R>, R*, R° and R°® or R°°, R**,
R>* and R*” attached to the same or adjacent atoms together
form a radical —O—(CH,), ;—0O—

In another embodiment R, R4 R5 R°, R*°, R’ R*? and
R>? are independently selected from the group consisting of F,
Cl, —CF;, methyl, ethyl, propyl, 1sopropyl, butyl, or tert-
butyl; or two substituents selected from R>, R*, R”> and R® or
R*°, R**, R*? and R’ attached to the same or adjacent atoms
together form a radical —O—(CH,),_,—O

In another embodiment R'® and R"" independently repre-
sent hydrogen, methyl, ethyl, propyl, —C(O)—CH,,
—C(O)—CH,CH,, —CH,C(O)OH, —CH,CH,C(O)OH,
—C(0)—CH,—C(0O)OH, —C(O)—CH,CH,—C(O)OH,
—S(0),CH;, or phenyl.

In another embodiment R'® and R"" independently repre-
sent hydrogen, methyl, ethyl, —C(O)—CH,, —CH,C(O)
OH, —C(O)—CH,—C(O)OH, —S(0O),CH,, or phenyl.

In another embodiment R'® and R'! independently repre-
sent hydrogen, methyl, ethyl, or phenyl.

In another embodiment R*’ is C,_.-alkyl, C,_.-alkenyl,
C, s-alkynyl, C; s-cycloalkyl, C,_¢-cycloalkyl-C, .-alkyl,
aryl, aryl-C,_.-alkyl, heteroaryl, heteroaryl-C,_.-alkyl, car-
boxy-C, _-alkyl, C,_(-alkoxy-C, _-alkyl, C,_c-alkylthio-
C,.-alkyl, R'’"HN—C, .-alkyl, R'°R"'—N—C, .-alkyl,
R"R"—N—S(0),—C, (-alkyl, or R"R" —N—C(O)—
C, _¢-alkyl, each of which 1s optionally substituted with one or
more substituents independently selected from R'“.

In another embodiment R*” is C,_.-alkyl, C,_.-cycloalkyl,
C;_s-cycloalkyl-C, _(-alkyl, aryl, heteroaryl, heteroaryl-C, _.-
alkyl, Carboxy-C, .-alkyl, C,_.-alkoxy-C,_.-alkyl, R'""HN—
C, -alkyl, R""R""—N—C, .-alkyl, R'""R"'—N—S(0),—
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C,_.-alkyl, or R"™R"—N—C(0)—C, .-alkyl, each of which
1s optionally substituted with one or more substituents inde-
pendently selected from R'*.

In another embodiment R*’ is C, _-alkyl, C,_q-cycloalkyl,
C,_g-cycloalkyl-C, _(-alkyl, aryl or heteroaryl, each of which
1s optionally substituted with one or more substituents inde-
pendently selected from R'~.

In another embodiment R*" is methyl, ethyl, propyl, n-bu-
tyl, 1sobutyl, 1,1,1-trnifluoroethyl, cyclopropyl, cyclopentyl,
Cyclopropylmethyl, phenyl, pyridyl, thiophene, imidazole,
or thiazole, each of which 1s optionally substituted with one or
more substituents independently selected from R'*.

In another embodiment R*’ is methyl, ethyl, propyl, n-bu-
tyl, 1sobutyl, 1,1,1-trifluoroethyl, cyclopropyl, cyclopentyl,
cyclopropylmethyl, phenyl, or pyridyl, thiophene, imidazole,
or thiazole.

In another embodiment R'* is halogen, cyano, hydroxy,
carboxy, —CF;, or C,_.-alkyl.

In another embodiment R'* is halogen, cyano, hydroxy,
carboxy, CF;, methyl, ethyl or propyl.

In another embodiment R'® and R'* are independently
selected from the group consisting of hydrogen, C, _-alkyl,
hydroxy-C, _(-alkyl, carboxy-C, .-alkyl, phenyl, or naphtyl,
cach of which 1s optionally substituted with one or more
substituents independently selected from R'°; orR'® and R'*
together with the nitrogen to which they are attached form a
heterocycle such as piperazine, homopiperazine or morpho-
line.

In another embodiment R'® and R'* are independently
selected from the group consisting of hydrogen, methyl,
cthyl, propyl, hydroxy-methyl, hydroxy-ethyl, carboxy-me-
thyl, carboxy-ethyl, phenyl, or naphtyl, each of which 1s
optionally substituted with one or more substituents indepen-
dently selected from R"*>; or R'* and R'* together with the
nitrogen to which they are attached form a heterocycle such as
piperazine, homopiperazine or morpholine.

In another embodiment R'® and R'* are independently
selected from the group consisting of hydrogen, methyl,
cthyl, propyl, or phenyl, each of which 1s optionally substi-

tuted with one or more substituents independently selected
from R'>.

In another embodiment R'> is halogen, cyano, hydroxy,
carboxy, —CF 5, methyl, ethyl, or propyl.

In another embodiment R'> is halogen, hydroxy, carboxy.
—CF,, methyl, or ethyl.

In another embodiment A 1s thiazolyl, thiadiazolyl, pyrazi-
nyl, Pyridyl, 5,6-dihydro-4H-cyclopentathiazolyl, or 4,5,6.7/-
tetrahydrobenzothiazolyl optionally substituted with one or
more substituents independently selected from R’, R*and R”.

In another embodiment A 1s

R?
)

\

A

In another embodiment A 1s thiazolyl or thiadiazolyl

optionally substituted with one ormore substituents indepen-
dently selected from R’, R® and R”.

In another embodiment A 1s thiazolyl, 1,2,3-thiadiazolyl,
or 1,3,4-thiadiazolyl, optionally substituted with one or more
substituents independently selected from R’, R® and R”.
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In another embodiment A 1s

N R N/<R NN
Dfpﬁ, )‘\S\/N or /H\S\>7R8

In another embodiment A 1s

Fo P on

D—Rﬁ or )}LS\>—R8

In another embodiment R’, R® and R” are independently
selected from

halogen, carboxy, cyano, nitro, hydroxy, —CF,, —SCN;
or

C, _¢alkyl, C,_(-alkenyl, C,_(-alkoxy, C, (-alkylthio, C, -
alkylamino, C,_-alkylsulfonyl, C, _.alkylsultenyl, C(O)
O C,_alkyl, C(O) C, _(-alkyl, C,_(-alkyl -C(O)—0O
C, _galkyl, —C, _¢alkyl-O—C(0O)—C, _-alkyl,
—NH—C(O)—C, _alkyl, —C, (-alkoxy-C,_.-alkyl,
—C, _s-alkyl-S—C, _c-alkyl, C;_g-cycloalkyl-C, -
alkyl, C,_(-cycloalkyl-C, (-alkoxy, C,_(-cycloalkyl-
C,_¢-alkylthio each of which 1s optionally substituted
with one or more substituents independently selected
from R'°; or

aryl, heteroaryl, aryl-C, _.-alkyl, heteroaryl-C,_c-alkyl,
aryl-C, _.-alkoxy, heteroaryl-C,_.-alkoxy, aryloxy, het-
croaryloxy, heteroarylthio, each of which 1s optionally
substituted on the aryl or heteroaryl part with one or
more substituents independently selected from R'’; or

C,_gs-cycloalkyl, C,_s-cycloalkenyl, C,_s-cycloalkyl-C, -
alkyl, C,_s-cycloalkenyl-C, (-alkyl, each of which 1is
optionally substituted on the cycloalkyl part with one or
more substituents independently selected from R'®; or

—NR"R*®,—C,_.-alkyl-NR'""R*°, —C, .-alkyl-S—R*",
—C, _alkyl-S(O)—R*'—C, _.-alkyl-S(O),—R*'
wherein each alkyl part may be substituted with one or
more substituents independently selected from R*>; or

—C(O)NR*R*, —C,_.-alkyl-C(O)NR**R** optionally
substituted with one or more substituents independently

selected from R*°; or
two of R7, R® and R” can be taken together to form a C,,_.-
alkylene bridge.

In another embodiment R’, R® and R” are independently
selected from
halogen, carboxy, cyano, or CF;; or
C, _¢alkyl, C,_(-alkenyl, C, _.-alkoxy, C, (-alkylthio, C, -
alkylsulfonyl, —C(O)—0—C, _-alkyl, —C(O)—C, -
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alkyl, C,_alkyl-C(O) O C,_s-alkyl, C,_s-alkyl-O—C
(0)—C, s-alkyl, —C, (-alkoxy-C, (-alkyl, C,_q-
cycloalkyl-C, (-alkyl, each of which 1s optionally
substituted with one or more substituents independently
selected from R'°; or
aryl, heteroaryl, aryl-C,_(-alkyl, heteroaryl-C, -alkyl,
cach of which 1s optionally substituted on the aryl or
heteroaryl part with one or more substituents 1ndepen-
dently selected from R"’; or
C;_g-cycloalkyl, C,_¢-cycloalkyl-C, _.-alkyl, each of which
1s optionally substituted on the cycloalkyl part with one
or more substituents independently selected from R*>;
or
—NR"R*", —C,_-alkyl-NR'"”R*", wherein each alkyl
part may be substituted with one or more substituents
independently selected from R*>; or
—C(O)NR**R**, —C, _.-alkyl-C(O)NR**R*> optionally
substituted with one or more substituents independently
selected from R*°; or
two of R’, R® and R” can be taken together to form a C, .-
alkylene bridge.
In another embodiment R’, R® and R” are independently
selected from
halogen, carboxy or —CF5; or
C, (alkyl, C,_(-alkoxy, C,_.-alkylthio, —C, (-alkyl-C
(0O)—0—C, 4alkyl, —C, (-alkyl-O—C(O)—C, -
alkyl or —C(O)—0O—C, .-alkyl, each of which 1s
optionally substituted with one or more substituents
independently selected from R'°; or
phenyl, benzyl, or heteroarylthio, wherein heteroaryl 1s
pyridyl or imidazolyl, and wherein each aryl or het-
croaryl 1s optionally substituted on the aryl or heteroaryl
part with one or more substituents independently
selected from R'’; or
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, each
of which 1s optionally substituted on the cycloalkyl part

with one or more substituents independently selected

from R'®: or
two of R7, R® and R” can be taken together to form a C,,_.-

alkylene bridge.
In another embodiment R’, R® and R” are independently

selected from halogen, carboxy, —CF,, S—CH,,

S—CH,CH;, methyl, ethyl, propyl, 1sopropyl, butyl, tert-
butyl, methoxy, ethoxy, CH, C(O) O CH,, CH, C(O)—0—
CH,CH,, —CH,CH,—C(0)—0—CH,, —CH,CH,—C
(O)—0O—CH,CH,,—CH,O—C(O)—CH,,—CH,—0—C
(O)—CH,CH,;, —CH,CH,—0O—C (0O) CH;, CH,CH, O
C(O) CH,CH,, C(O) O—CH,, or —C(O)—0O—CH,CHs;,
cach of which 1s optionally substituted with one ormore sub-
stituents independently selected from R'°; or heteroarylthio,
wherein heteroaryl 1s pyridyl or imidazolyl, each optionally
substituted on the heteroaryl part with one or more substitu-
ents independently selected from R'”.

In another embodiment R’, R® and R” are independently
selected from Cl, F, Br, —CF;, methyl, ethyl, methoxy,
ethoxy, —CH,—C(O)—0O—CH,CH,, —C(0O)—0O—CH,;,
or —C(O)—0O—CH,CH,; or heteroarylthio, wherein het-
eroaryl 1s pyridyl or imidazolyl, each optionally substituted
on the heteroaryl part with one or more substituents indepen-
dently selected from R'”.

In another embodiment R'®, R'/, and R'® are indepen-
dently C, _<-alkyl, halogen, hydroxy, carboxy, —CF,, car-
boxy-C, (-alkyl, = Hydroxy-C, (-alkyl, —C, (-alkyl-C
(0)—0 C,_s-alkyl, C(O) O C, _-alkyl, or S(O),CHj;.
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In another embodiment R'°, R'’/, and R'® are indepen-
dently methyl, ethyl, propyl, halogen, hydroxy, carboxy,
—CF,, carboxy-methyl, carboxy-ethyl, carboxy-propyl,
hydroxy-methyl, hydroxy-ethyl, hydroxy-propyl, —CH,—C

(0)—O—CH,, ~ CH, C(O)—O—CH,CH,,
~ CH,CH, C(O)0O—CH,, —CH,CH, C(O)—-O
CH,CH,, —C(O)-O CH,, —C(O)_O CH,CH,,

—C(0O)—0—CH,CH,CH,, or —S(0O),CH,.

In another embodiment R'®, R'’, and R'® are indepen-

dently methyl, ethyl, propyl, halogen, carboxy, carboxy-me-
thyl, carboxy-ethyl, carboxy-propyl, hydroxy-methyl,
hydroxy-ethyl, hydroxy-propyl, —CH,—C(0O)—0O—CH,,
CH, C(O) O CH,CH,, CH,CH, C(O) O CH,;, —CH,CH,—
C(O)—0O—CH,CH,, —C(0)—0—CH,, —(C(0)—0
CH,CH,;, —C(O)—0—CH,CH,CH,, or —S(0O),CHs;.
In another embodiment R'” and R** independently repre-
sent hydrogen, C, (-alkyl, hydroxy-C, (-alkyl, carboxy-
C,_.-alkyl, phenyl, or naphtyl, or R" and R*" together with
the nitrogen to which they are attached form a heterocycle
such as piperazine, homopiperazine or morpholine.

In another embodiment R'” and R** independently repre-
sent hydrogen, methyl, ethyl, propyl, carboxy-methyl, car-
boxy-ethyl, carboxy-propyl, hydroxy-methyl, hydroxy-
ethyl, hydroxy-propyl, phenyl, or naphtyl, or R and R*"
together with the nitrogen to which they are attached form a
heterocycle such as piperazine, homopiperazine or morpho-
line.

In another embodiment R*' is selected from

C, _¢-alkyl, carboxy-C,_c-alkyl, or hydroxy-C, -alkyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents
independently selected from R**; or

C,_g-cycloalkyl, or C,_,-cycloalkyl-C, .-alkyl.

In another embodiment R*' is selected from

methyl, ethyl, propyl, carboxy-methyl, carboxy-ethyl, car-

boxy-propyl, hydroxy-methyl, hydroxy-ethyl, hydroxy-
propyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents
independently selected from R**; or

C,_s-cycloalkyl, or C,_s-cycloalkyl-C, _-alkyl.

In another embodiment R*' is selected from

methyl, ethyl, carboxy-methyl, carboxy-ethyl, carboxy-

propyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part

1s optionally substituted with one or more substituents
independently selected from R**.

In another embodiment R** and R*’ are independently
selected from hydrogen, methyl, ethyl, or propyl.

In another embodiment R** is halogen, hydroxy, carboxy,

CF,, methyl, ethyl, propyl, carboxy-methyl, carboxy-
cthyl, carboxy-propyl, hydroxy-methyl, hydroxy-ethyl, or
hydroxy-propyl.

In another embodiment R*> and R*° are independently
C, _¢-alkyl, halogen, hydroxy, carboxy, or CF,.

In another embodiment R*> and R*° are independently
methyl, ethyl, propyl, halogen, hydroxy, carboxy, or —CF,;.

In another aspect the invention provides a compound as
described herein which 1s an activator of glucokinase, when
tested 1n the Glucokinase Activation Assay (I) disclosed
herein at a glucose concentration of 2 mM.

In another aspect the mmvention provides a compound as
described herein which 1s an activator of glucokinase, when
tested 1n the Glucokinase Activation Assay (I) disclosed
herein at a glucose concentration of from 10 to 15 mM.

In another aspect the mvention provides a compound as
described herein which, at a concentration of 30 uM, 1is
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capable of providing an at least 1.5, such as at least 1.7, for
instance at least 2.0 fold activation of glucokinase in the
Glucokinase Activation Assay (I) disclosed herein at a glu-
cose concentration of 2 mM.

In another aspect the mvention provides a compound as
described herein which, at a concentration of 30 uM, is
capable of providing an at least 1.5, such as at least 1.7, for
instance at least 2.0 fold activation of glucokinase in the
Glucokinase Activation Assay (I) disclosed herein at a glu-
cose concentration of from 10 to 15 mM.

In another aspect the mvention provides a compound as
described herein which, at a concentration of 5 uM 1s capable
of providing an at least 1.5, such as atleast 1.7, for instance at
least 2.0 fold activation of glucokinase in the Glucokinase
Activation Assay (1) disclosed herein at a glucose concentra-
tion Of 2 mM.

In another aspect the mvention provides a compound as
described herein which, at a concentration of 5 uM 1s capable
of providing an at least 1.5, such as at least 1.7, for instance at
least 2,0 fold activation of glucokinase 1n the Glucokinase
Activation Assay (I) disclosed herein at a glucose concentra-
tion of from 10 to 15 mM.

In another aspect the invention provides a compound as
described herein which provides an increase 1n glucokinase
activity, where the increase in glucokinase activity provided
by the compound increases with increasing concentrations of
glucose.

In another aspect the mvention provides a compound as
described herein which provides an increase 1n glucokinase
activity 1 Glucokinase Activation Assay (1) disclosed herein
at a glucose concentration of 15 mM, which increase 1s sig-
nificantly higher than the increase in glucokinase activity
provided by the compound 1n Glucokinase Activation Assay
(I) disclosed herein at a glucose concentration of 5 mM.

In another aspect the mvention provides a compound as
described herein which, at a compound concentration of 10
uM provides an increase 1n glucokinase activity 1 Glucoki-
nase Activation Assay (I) disclosed herein at a glucose con-
centration of 15 mM, which increase 1s significantly higher
than the increase i glucokinase activity provided by the
compound at a compound concentration of 10 uM 1n Glu-
cokinase Activation Assay (I) disclosed herein at a glucose
concentration of 5 mM.

In another aspect the invention provides a compound as
described herein which, at a compound concentration of 10
uM provides an increase 1 glucokinase activity in Glucoki-
nase Activation Assay (1) disclosed herein at a glucose con-
centration of 15 mM, which increaseis atleast 1.1 fold higher,
such as at least 1.2 fold higher, for instance at least 1.3 fold
higher, such as at least 1.4 fold higher, for instance 1.5 fold
higher, such as at least 1.6 fold higher, for instance at least 1.7
fold higher, such as at least 1.8 fold higher, for instance at
least 1.9 fold higher, such as at least 2.0 fold higher than the
increase 1 glucokinase activity provided by the compound at
a compound concentration of 10 uM 1n Glucokinase Activa-
tion Assay (1) disclosed herein at a glucose concentration of 5

mM.
In another aspect the mvention provides a compound as

described herein, which compound increases glucose utiliza-
tion in the liver without inducing any increase in insulin
secretion 1n response to glucose.

In another aspect the mvention provides a compound as
described herein, which compound shows a significantly
higher activity 1n 1solated hepatocytes compared to the activ-
ity of the compound in Ins-1 cells.

In another aspect the invention provides a compound as
described herein, which compound shows a significantly
higher activity 1n 1solated hepatocytes measured as described
in the Glucokinase Activity Assay (1) compared to the activ-
ity of the compound in Ins-1 cells measured as described 1n

the Glucokinase Activity Assay (111).
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In another aspect the invention provides a compound as
described herein, which compound shows an activity 1n 1s0-
lated hepatocytes measured as described 1n the Glucokinase
Activity Assay (II) which activity 1s at least 1.1 fold higher,
such as at least 1.2 fold higher, for instance at least 1.3 fold
higher, such as at least 1.4 fold higher, for mstance 1.5 fold
higher, such as at least 1.6 fold higher, for instance at least 1.7
fold higher, such as at least 1.8 fold higher, for instance at
least 1.9 fold higher, such as at least 2.0 fold higher, for
instance at least a 3.0 fold higher, such as at least a 4.0 fold
higher, for instance at least 5.0 fold higher, such as at least 10
fold higher than the activity of the compound 1n Ins-1 cells
measured as described 1n the Glucokinase Activity Assay
(111).

In another aspect the invention provides a compound as
described herein, which compound shows no activity in the
Ins-1 cells measured as described 1n the Glucokinase Activity
Assay (11I).

In another aspect the invention provides a method of pre-
venting hypoglycemia comprising administration of a com-
pound according to the present invention.

In another aspect the invention provides the use of a com-
pound according to the present invention for the preparation
of a medicament for the prevention of hypoglycemia.

In another aspect the mvention provides a compound as
described herein, which 1s an agent usetul for the treatment of
an 1ndication selected from the group consisting of hyperg-
lycemia, IGT, insulin resistance syndrome, syndrome X, type
2 diabetes, type 1 diabetes, dyslipidemia, hypertension, and
obesity.

In another aspect the mmvention provides a compound as
described herein for use as a medicament.

In another aspect the mmvention provides a compound as
described herein for treatment of hyperglycemia, for treat-
ment of IGT, for treatment of Syndrome X, for treatment of
type 2 diabetes, for treatment of type 1 diabetes, for treatment
of dyslipidemia, for treatment of hyperlipidemia, for treat-
ment of hypertension, for treatment of obesity, for lowering of
tood intake, for appetite regulation, for regulating feeding
behaviour, or for enhancing the secretion of enteroincretins,
such as GLP-1.

In another aspect the invention provides a pharmaceutical
composition comprising, as an active ingredient, at least one
compound as described herein together with one or more
pharmaceutically acceptable carriers or excipients.

In one embodiment such a pharmaceutical composition
may be 1n unit dosage form, comprising from about 0.05 mg
to about 1000 mg, preferably from about 0.1 mg to about 500
mg and especially preferred from about 0.5 mg to about 200
mg ol the compound according to the present invention.

In another aspect the invention provides the use of a com-
pound according to the mnvention for increasing the activity of
glucokinase.

In another aspect the invention provides the use of a com-
pound according to the invention for the preparation of a
medicament for the treatment of metabolic disorders, for
blood glucose lowering, for the treatment of hyperglycema,
for the treatment of IGT, for the treatment of Syndrome X, for
the treatment of 1impaired fasting glucose (IFG), for the treat-
ment of type 2 diabetes, for the treatment of type 1 diabetes,
for delaying the progression of impaired glucose tolerance
(IGT) to type 2 diabetes, for delaying the progression of
non-insulin requiring type 2 diabetes to mnsulin requiring type
2 diabetes, for the treatment of dyslipidemia, for the treatment
of hyperlipidemaa, for the treatment of hypertension, for low-
ering of food intake, for appetite regulation, for the treatment
of obesity, for regulating feeding behaviour, or for enhancing
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the secretion of enteroincretins. In another aspect the inven-
tion provides the use of a compound according to the mnven-
tion for the preparation of a medicament for the adjuvant
treatment of type 1 diabetes for preventing the onset of dia-
betic complications.

In another aspect the mnvention provides the use of a com-
pound according to the invention for the preparation of a
medicament for increasing the number and/or the size of beta
cells 1in a mammalian subject, for treatment of beta cell degen-
eration, 1n particular apoptosis of beta cells, or for treatment
of functional dyspepsia, 1n particular irritable bowel syn-
drome.

In one embodiment the invention provides any of the above
uses 1n a regimen which comprises treatment with a further
antidiabetic agent.

In another embodiment the invention provides any of the
above uses 1n a regimen which comprises treatment with a
further antihyperlipidemic agent.

In another embodiment the invention provides any of the
above uses 1n a regimen which comprises treatment with a
turther antiobesity agent.

In another embodiment the imvention provides any of the
above uses 1n a regimen which comprises treatment with a
further antihypertensive agent.

In a further aspect the mvention provides the use of a
compound according to the mvention or a pharmaceutical
composition as described above for the treatment of meta-
bolic disorders, for blood glucose lowering, for the treatment
of hyperglycemia, for treatment of IGT, for treatment of Syn-
drome X, for the treatment of impaired fasting glucose (IFG),
for treatment of type 2 diabetes, for treatment of type 1
diabetes, for delaying the progression of impaired glucose
tolerance (I1GT) to type 2 diabetes, for delaying the progres-
s10n of non-1nsulin requiring type 2 diabetes to msulin requir-
ing type 2 diabetes, for treatment of dyslipidemia, for treat-
ment ol hyperlipidemia, for treatment of hypertension, for the
treatment or prophylaxis of obesity, for lowering of food
intake, for appetite regulation, for regulating feeding behav-
iour, or for enhancing the secretion of enteroincretins.

In a further aspect the mvention provides the use of a
compound according to the mvention or a pharmaceutical
composition as described above for the adjuvant treatment of

type 1 diabetes for preventing the onset of diabetic compli-
cations.

In a further aspect the mvention provides the use of a
compound according to the mvention or a pharmaceutical
composition as described above for increasing the number
and/or the size of beta cells 1n a mammalian subject, for
treatment of beta cell degeneration, in particular apoptosis of
beta cells, or for treatment of functional dyspepsia, in particu-
lar 1rritable bowel syndrome.

Embodiment 1

In a further aspect the invention provides a compound of
general formula (1)

()
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wherein R' is C,_;-cycloalkyl, C,_;-heterocyclyl, or fused
Aryl-C, _q-cycloalkyl, each of which 1s optionally substituted
with one or more substituents R>, R*, R> and R°:
R” is C,_q-cycloalkyl, C,_.-heterocyclyl, or fused aryl-C,_-
cycloalkyl, each of which 1s optionally substituted with one or
more substituents R*°, R*!, R°* and R*>, and
R?, R* R>, R° R, R’ R’* and R’° are independently
selected from the group consisting of
halogen, nitro, cyano, hydroxy, oxo, carboxy, —CF,; or
—NR'R*: or
C, ¢alkyl, C, .-alkenyl, C, (-alkynyl, C, s-cycloalkyl,
C,_gs-cycloalkyl-C, _(-alkyl, aryl, aryl-C, .-alkyl, het-
eroaryl-C, _.-alkyl, C,_(-alkoxy, C,_.-cycloalkyl-C, -
alkoxy, aryl-C,_.-alkoxy, heteroaryl, heteroaryl-C, .-
alkoxy, aryloxy, heteroaryloxy, C,_s-alkylthio, arylthio,
heteroarylthio, aryl-C,_-alkylthio, heteroaryl-C, .-

alkylthio, C,_c-alkylsulfenyl, C;_.-cycloalkyl-C, -
alkylthio, C,_c-alkylsulfenyl, C;_.-cycloalkyl-C, -
alkylthio, C, (-alkyl-C(O)—0O—C, (-alkyl, C, ;-
alkoxy-C, _-alkyl, C,_s-alkylthio-C,_.-alkyl, carboxy-

C,_¢-alkyloxy, amino-C, -alkyl, C,_.-alkylamino-C, .-

alkyl, di-(C,_g-alkyl)amino-C, _.-alkyl, Ci 4
alkylsulfamoyl, di(C,_,-alkyl)sultamoyl, C, 6
alkylsulfinamoyl or di(C,_-alkyl)sulfinamoyl each of

which 1s optionally substituted with one or more sub-
stituents independently selected from R'?; or
—C(O)—R*’, —S(0),—R*’, —C(O)—NR""R™, C, -
alkyl-C(O) NR'"’R'*; or
two substituents selected from R>, R*, R and R° or R°",
R*', R** and R>” attached to the same or adjacent atoms
together form a radical —O—(CH,,),_,—0—;
R' and R'' independently represent hydrogen, C,_.-alkyl,
—C(0)—C, _-alkyl, carboxy-C, .-alkyl, —C(O)—C, .-
alkyl-C(O)OH, —S(0),CH,;, or aryl;
R*7 is C,_.-alkyl, C, .-alkoxy, C, .-alkenyl, C,_ .-alkynyl,
C;_s-cycloalkyl, C,_s-cycloalkyl-C, (-alkyl, aryl, aryl-C, .-
alkyl, aryl-C,_.-alkenyl, heteroaryl, heteroaryl-C,_-alkyl,
carboxy-C, (-alkyl, C, _(-alkoxy-C, (-alkyl, C, .-alkylthio-
C, -alkyl, R'’"HN—C, .-alkyl, R'°R"'—N—C, .-alkyl,
R"R'"—N—S(0),—C,_.-alkyl, RR'"'—N—C(O)
—C, ¢alkyl, C, (-alkyl-C(O)—NH—C, (-alkyl, aryl-C
(O)—NH—C, _-alkyl, heteroaryl-C(O)—NH—C, _.-alkyl,
C;_s-cycloalkyl-C(O)—NH—C, -alkyl, C, _s-alkyl-
S(0O),—NH—C, -alkyl, aryl-S(O),—NH—C, _(-alkyl, het-
croaryl-S  (O),—NH—C, .-alkyl, or C,_s-cycloalkyl-
S(0O),—NH—C, _(-alkyl, each of which 1s optionally substi-
tuted with one or more substituents independently selected
from R*~;
R'* is halogen, cyano, hydroxy, —C(0O)—O—C,_.-alkyl,
carboxy, —CF,, C, _(-alkyl, C, _(-alkoxy, —S(O),CH,, or
—35(0),NH,;
R'* and R'* are independently selected from the group con-
sisting of hydrogen, C, _,-alkyl, hydroxy-C, _.-alkyl, carboxy-
C, «-alkyl, aryl, or heteroaryl, each of which 1s optionally
substituted with one or more substituents independently
selected from R'>; or R'” and R'* together with the nitrogen
to which they are attached form a 3 to 8 membered heterocy-
clic ring with the said nitrogen atom, the heterocyclic ring
optionally containing one or two further heteroatoms selected
from nitrogen, oxygen and sulphur;
R" is halogen, cyano, hydroxy, carboxy, —CF,, C,_.-alkyl,
—S(0),CH;, or —S(O),NH,;
A 1s heteroaryl which 1s optionally substituted with one or
more substituents independently selected from R’,R® and R”;
R’, R® and R” are independently selected from
halogen, carboxy, cyano, nitro, hydroxy, —CF,, —SCN;
or
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C, _«-alkyl, C,_c-alkenyl, C, _(-alkynyl, C, _.-alkoxy, C, -
alkylthio, C,_s-alkylamino, C, _-alkylsultenyl,
—C(0)—0—C, _-alkyl, formyl, —C(O)—C, -alkyl,
—C, _alkyl-C(O)—0—C, _(-alkyl, —C, _4-alkyl-O
C(O)—C, 4-alkyl, —NH—C(O)—C, -alkyl, —C, -
alkoxy-C, _.-alkyl, C, (-alkyl-S C,_4-alkyl, carboxy-
C, ¢-alkyl, or hydroxy-C,_-alkyl, each of which 1is
optionally substituted with one or more substituents
independently selected from R'°; or aryl, heteroaryl,
aryl-C, _-alkyl, heteroaryl-C, .-alkyl, aryl-C, _.-alkoxy,
heteroaryl-C,_.-alkoxy, aryl-C, .-alkylthio, heteroaryl-
C,_g-alkylthio, heteroaryl-thio-C, _(-alkyl, aryloxy, het-
croaryloxy, arylthio, heteroarylthio, aryl-C,_.-alky-
lamino, each of which 1s optionally substituted on the
aryl or heteroaryl part with one or more substituents
independently selected from R'’; or
C,_gcvcloalkyl, C, ,-cycloalkenyl, C,_¢-cycloalkyl-C, .-
alkyl, C,_s-cycloalkenyl-C, (-alkyl, C,_(-cycloalkyl-
C, ¢-alkoxy, C,_-cycloalkyl-C, _(-alkylthio, each of
which 1s optionally substituted on the cycloalkyl part
with one or more substituents independently selected
from R'®: or
—NR"R*®, —C, _-alkyl-NR"R*°, —C, _.-alkyl-S—R*',
—C, .alkyl-S(O—R*', —C, -alkyl-S(O),—R*',
—S8(0),—R*" or —S(0),—NR'”R*", wherein each
alkyl part may be substituted with one or more substitu-
ents independently selected from R*>; or
C(O)NR**R**, C(C, .-alkyl-C(O)NR**R*> optionally
substituted with one or more substituents independently
selected from R*°; or
two of R’, R® and R” can be taken together to form a C, .-
alkylene bridge;
R™, R'/, and R"® are independently C,_ .-alkyl, halogen,
nitro, cyano, hydroxy, carboxy, oxo, —CF;, carboxy-C, .-
alkyl, hydroxy-C, (-alkyl, —C, (-alkyl-C(O)—0O—C, -
alkyl, —C(O)>—0—C, (-alkyl, —NR"R*°, —NHS
(0),CH,, —C(O)NR"R*", —S(0),CH,, or —S(0O),NH._;
R"™ and R*” independently represent hydrogen, C,_.-alkyl,
hydroxy-C, _-alkyl, carboxy-C, _-alkyl, aryl, heteroaryl,
C,_g-heterocyclyl, or —S(O),—C, _.-alkyl, each of which 1s
optionally substituted with one or more substituents indepen-
dently selected from R**, or R'” and R*" together with the
nitrogen to which they are attached form a 3 to 8 membered
heterocyclic ring with the said nitrogen atom, the heterocyclic
ring optionally containing one or two further heteroatoms
selected from nitrogen, oxygen and sulphur, the heterocyclic
ring 1s optionally substituted with one or more substituents

independently selected from R>*;
R*" is selected from
C, _«-alkyl, carboxy-C,_(-alkyl,
alkyl or hydroxy-C, _-alkyl; or
aryl, heteroaryl, aryl-C, _.-alkyl, or heteroaryl-C, _.-alkyl,
wherein the aryl or heteroaryl part 1s optionally substi-
tuted with one or more substituents independently
selected from R**; or
C,_g-cycloalkyl, C,_s-cycloalkenyl, C,_s-cycloalkyl-C, _,-
alkyl, C;_s-cycloalkenyl-C, .-alkyl;
R** and R** are independently selected from hydrogen, C, _-
alkyl, C, .-cycloalkyl, aryl, heteroaryl or R** and R*
together with the nitrogen to which they are attached form a 3
to 8 membered heterocyclic ring with the said mitrogen atom,
the heterocyclic ring optionally containing one or two further
heteroatoms selected from nitrogen, oxygen and sulphur, the
heterocyclic ring 1s optionally substituted with one or more
substituents independently selected from R>*;

C,_s-alkylamino-C, -
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R** is halogen, nitro, cyano, hydroxy, carboxy, —CF,, C,_.-
alkyl, hydroxy-C, (-alkyl, carboxy-C, (-alkyl, —C(O)
—C, _galkyl, —C(O)—0—C, -alkyl or —C,_(-alkyl-C
(0O)—0—C, _s-alkyl;

R*> and R*° are independently C,_.-alkyl, halogen, nitro,
cyano, hydroxy, —C(O)—0O—C, _(-alkyl, carboxy, —C, -
alkyl-C(O)—0O—C, _4-alkyl, carboxy-C, (-alkyl, —CF;,
—S(0),CH,, or —S(O),NH, as well as any salt hereof with
a pharmaceutically acceptable acid or base, or any optical
1somer or mixture ol optical 1somers, including a racemic
mixture, or any tautomeric forms.

Embodiment 2

A compound according to embodiment 1 wherein R' is
C,_q-cycloalkyl, indanyl, tetrahydrofuryl, tetrahydrothiotu-
ryl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopy-
ranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl, pyrrolidinyl,
morpholinyl, or piperazinyl, each of which 1s optionally sub-
stituted with one or more substituents R>, R*, R> and R°.

Embodiment 3

A compound according to any one of the embodiments 1 to
2 wherein R is cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl,
bicyclo[3.2.1]octyl, bicyclo[2.2.1]heptyl, norpinyl, norbo-
nyl, norcaryl, adamantyl, indanyl, tetrahydrofuryl, tetrahy-
drothioturyl, tetrahydrothienyl, tetrahydropyranyl, tetrahy-
drothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
Pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s
optionally substituted with one or more substituents R>, R,
R> and R®.

Embodiment 4

A compound according to embodiment 3 wherein R' is
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep-
tyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]heptyl, adamantyl,
indanyl, tetrahydrofuryl, tetrahydrothienyl, tetrahydropyra-
nyl, tetrahydrothiopyranyl, piperidyl, pyrrolidinyl, morpholi-
nyl, or piperazinyl, each of which 1s optionally substituted
with one or more substituents R°, R*, R and R°.

Embodiment 5

A compound according to embodiment 4 wherein R is
cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[2.2.1]heptyl,
tetrahydrofuryl, tetrahydrothienyl, tetrahydropyranyl, tet-
rahydrothiopyranyl, pipenidyl, pyrrolidinyl, morpholinyl, or
piperazinyl, each of which is optionally substituted with one
or more substituents R, R*, R” and R°.

Embodiment 6

A compound according to embodiment 5 wherein R’ is
selected from

AN

R* R’
N \./"\ /\
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7. A compound according to embodiment 6 wherein R' is
selected from

\ty A
Jéy N/
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Embodiment 8

A compound according to embodiment 7 wherein R’ is
selected from

VA4

Sy Ly

2

N

N PN
~_ N~

>

Embodiment 9

A compound according to embodiment 8 wherein R' is
selected from

PN
RS

Embodiment 10

4

A compound according to embodiment 9 wherein R’ is
selected from

/Z/,
~

RKN/\

N\
N
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Embodiment 11

A compound according to embodiment 10 wherein R is

Y

Embodiment 12

A compound according to embodiment 10 wherein R" is

Embodiment 13

A compound according to embodiment 10 wherein R' is

RS

Embodiment 14

A compound according to any one of the embodiments 1 to
13 wherein R is C,_,-cycloalkyl, tetrahydrofuryl, tetrahy-
drothioturyl, tetrahydrothienyl, tetrahydropyranyl, tetrahy-
drothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl, pyrro-
lidinyl, morpholinyl, or piperazinyl, each of which 1is
optionally substituted with one or more substituents R*°, R,
R** and R™".

Embodiment 15

A compound according to embodiment 14 wherein R” is
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohex-
enyl, cycloheptyl, cycloheptenyl, cyclooctyl, bicyclo[3.2.1]
octyl, bicyclo[2.2.1]heptyl, norpinyl, norbonyl, norcaryl,
adamantyl, tetrahydrofuryl, tetrahydrothiofuryl, tetrahy-
drothienyl, tetrahydropyranyl, tetrahydrothiopyranyl, 1,4-di-
oxanyl, 1,3-dioxanyl, piperidyl, pyrrolidinyl, morpholinyl, or
piperazinyl, each of which 1s optionally substituted with one
or more substituents R*°, R*!, R*# and R*".

Embodiment 16

A compound according to embodiment 15 wherein R is
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bicyclo
[3.2.1]octyl, bicyclo[2.2.1]heptyl, adamantyl, tetrahydrofu-
ryl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopy-
ranyl, piperidyl, pyrrolidinyl, morpholinyl, or piperazinyl,
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cach of which 1s optionally substituted with one or more _continued
substituents R*°, R*!, R?# and R>". R3!
Embodiment 17 5 O
A compound according to embodiment 16 wherein R” is R>

cyclopentyl, cyclohexyl, bicyclo[2.2.1]heptyl, tetrahydrotu-
ryl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopy-
ranyl, pyrrolidinyl, morpholinyl, or piperazinyl, each of 10

N/\
which 1s optionally substituted with one or more substituents | K/>/ | N>/ |

A

R303 1{31j R32 Ellld R33.

Embodiment 18 5 <j
A compound according to embodiment 17 wherein R? is >/

selected from

20
R 30 R31 R3! R3Y
/ \.-»-"‘\/ \A/ Embodiment 20
™ d R32 |/ A
" K/ ’ s A compound according to embodiment 19 wherein R” is

selected from

Q\/ O\/ OV Oy Yy
Oy O Oy ) K/ Nk/>/

45

A

Embodiment 19 Embodiment 21

A compound according to embodiment 20 wherein R” is

A compound according to embodiment 18 wherein R* is 50
selected from

selected trom

o, 0, Oy Uy
T

60

3]
R3 1
R3Z R33 .
h RBBC O\
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Embodiment 22

A compound according to embodiment 21 wherein R is
selected from

j\j\/

R R3l
N N

NN
N

Ly

Embodiment 23

A compound according to embodiment 22 wherein R” is

Y

()

Embodiment 24

A compound according to embodiment 22 wherein R is

Y

Embodiment 25

R31
\N/\

A compound according to embodiment 22 wherein R* is

4

Embodiment 26

R

(

A compound according to any one of the embodiments 1 to
25 wherein R' and R* are both cyclohexyl.

Embodiment 27

A compound according to any one of the embodiments 1 to
26 wherein R?, R*, R°, R®, R?°, R?!, R?* and R>® are inde-
pendently selected from the group consisting of
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halogen, oxo, cyano, hydroxy, carboxy, —CF;; or

—NR'"™R"; or C,_.-alkyl, C,_.-alkenyl, C, .-cycloalkyl,
C,_s-cycloalkyl-C, _-alkyl, aryl, aryl-C,_.-alkyl, C, .-
alkoxy, C,_.-cycloalkyl-C, _.-alkoxy, aryl-C,_.-alkoxy,
C, _g-alkylthio, arylthio, —C(O)—0—C, (-alkyl, or
C,_salkyl-C(O)—0—C, (-alkyl, each of which 1s
optionally substituted with one or more substituents
independently selected from R'?; or

—C(O)—R*', —S(0),—R*’, —C(O)—NR"R™,
—C, _.-alkyl-C(O)—NR"R'*; or two substituents
selected from R>, R*, R> and R° or R°°, R°!, R°* and R
attached to the same or adjacent atoms together form a
radical —O—(CH, ), ;—O

Embodiment 28

A compound according to embodiment 27 wherein R, R,
R>, R® R, R*!, R’? and R’ are independently selected from
the group consisting of
halogen, oxo, —CF;; or
NR'°R*': or

C,_«-alkyl, C, s-cycloalkyl, C, _(-alkoxy, C,_s-alkylthio,
aryl, aryl-C,_.-alkyl, arylthio, C(O) O C, _,-alkyl, or
C, _(-alkyl-C(O)—0—C, -alkyl, each of which 1s
optionally substituted with one or more substituents
independently selected from R'*; or

—C(O)—R*" or —S(0),—R*’; or
two substituents selected from R?, R*, R®> and R® or R°°, R*!,

R>* and R attached to the same or adjacent atoms together
form a radical —O—(CH,,), ,—O

Embodiment 29

A compound according to embodiment 28 wherein R>, R,
R>, R® R, R*!, R°? and R’ are independently selected from

the group consisting of
halogen, —CF,; or
methyl, ethyl, propyl, 1sopropyl, butyl, tett-butyl, cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl,
naphtyl, benzyl, phenyl-ethyl, methoxy, ethoxy, pro-
poxy, phenylthio, —C(O)—O—CH,, or —C(O)—0—
CH,CH,, each of which 1s optionally substituted with
one or more substituents independently selected from
R'*: or
—C(O)—R*" or —S(0),—R*’; or
two substituents selected from R?, R*, R®> and R® or R°°, R*!,
R>* and R attached to the same or adjacent atoms together

form a radical O (CH,), ; O.

Embodiment 30

A compound according to embodiment 29 wherein R>, R,
R>, R® R, R*!, R°? and R’ are independently selected from

the group consisting of

halogen, —CF,; or

methyl, ethyl, propyl, 1sopropyl, butyl, tert-butyl, cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl,
naphtyl, benzyl, phenyl-ethyl, methoxy, ethoxy, pro-
poxy, phenylthio, —C(O)—O—CH,, or —C(O)—0—
CH,CH,, each of which 1s optionally substituted with
one or more substituents independently selected from
R'*: or

—C(O)—R*" or —S(0),—R*".

Embodiment 31

A compound according to embodiment 30 wherein R>, R”,
R>,R° R, R’', R** and R are independently selected from
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the group consisting of F, Cl, —CF;, methyl, ethyl, propvl,
isopropyl, butyl, or tert-butyl, —C(O)—R*" or —S(0),—
RZT

Embodiment 32

A compound according to embodiment 28 wherein R>, R,
R>,R°% R*°,R*', R*? and R”° are independently selected from

C,_.-alkyl or —C(O)—R*’.
Embodiment 33

A compound according to any one of the embodiments 1 to
32 wherein R'® and R'" independently represent hydrogen,
methyl, ethyl, propyl, —C(O)—CH,, —C(O)—CH,CH,;,
—CH,C(O)OH, —CH,CH,C(O)OH, —C(O)—CH,—C
(O)OH, —C(0O)—CH,CH,—C(O)OH, —S(0O),CH,, or
phenyl.

Embodiment 34

A compound according to embodiment 33 wherein R'® and
R" independently represent hydrogen, methyl, ethyl,
—(C(0)—CH,, —CH,C(O)OH, —C(0)—CH,—C(O)OH,
—S(0),CH;, or phenyl.

Embodiment 35

A compound according to embodiment 34 wherein R'® and
R independently represent hydrogen, methyl, ethyl, or phe-
nyl.

Embodiment 36

A compound according to any one of the embodiments 1 to
35wherein R’ is C, _.-alkyl, C,_.-alkoxy, C,_.-alkenyl, C, -
alkynyl, C, s-cycloalkyl, C,_;-cycloalkyl-C, -alkyl, aryl,
aryl-C, _.-alkyl, aryl-C,_(-alkenyl, hetereoaryl, heteroaryl-
C, _¢-alkyl, carboxy-C, _.-alkyl, C,_(-alkoxy-C, (-alkyl, C,
alkylthio-C, .-alkyl, R""HN—C, -alkyl, R'"°R''"N—C, -
alkyl, R"'R"N—S(0),—C, .-alkyl, or R'"°R"'"N—C(O)—
C, «-alkyl, each of which 1s optionally substituted with one or
more substituents independently selected from R"*.

Embodiment 37

A compound according to embodiment 36 wherein R’ is
C, ¢-alkyl, C, _(-alkoxy, C,_s-cycloalkyl, C; s-cycloalkyl-
C, _salkyl, aryl-C, .-alkenyl, aryl, heteroaryl, heteroaryl-
C, qalkyl, carboxy-C, _(-alkyl, C,_(-alkoxy-C, -alkyl,
RIDP\T C, .-alkyl, R"®R"'N C,_.-alkyl, R"™R'"'N S(O),—

C, -alkyl, or R""R"'"N—C(0O)—C, _-alkyl, each of which is
optionally substituted with one or more substituents indepen-
dently selected from R'~.

Embodiment 38

A compound according to embodiment 37 wherein R*’ is
C, (-alkyl, C,_(-alkoxy, C,_s-cycloalkyl, C,_s-cycloalkyl-
C, «-alkyl, aryl, heteroaryl-C, _-alkyl, aryl-C, -alkyl, C, .-
alkoxy-C, _.-alkyl or heteroaryl, each of which is optionally
substituted with one or more substituents independently
selected from R*~.

Embodiment 39

A compound according to embodiment 38 wherein R*” is
methyl, ethyl, propyl, n-butyl, 1sobutyl, 1,1,1-trifluorom-
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cthyl, cyclopropyl, cyclopentyl, cyclopropylmethyl, phenyl,
pyridyl, thiophene, imidazole, or thiazole, each of which 1s
optionally substituted with one or more substituents indepen-
dently selected from R'*.

Embodiment 40

A compound according to embodiment 39 wherein R’ is
methyl, ethyl, propyl, n-butyl, isobutyl, 1,1,1-trifluoroethyl,
cyclopropyl, cyclopentyl, cyclopropylmethyl, phenyl, or
pyridyl, thiophene, imidazole, or thiazole.

Embodiment 41

A compound according to any one of the embodiments 1 to
40 wherein R'* is halogen, cyano, hydroxy, carboxy, —CF,
or C,_salkyl.

Embodiment 42

A compound according to embodiment 41 wherein R'* is
halogen, cyano, hydroxy, carboxy, CF,, methoxy, methyl,
cthyl or propyl.

Embodiment 43

A compound according to any one of the embodiments 1 to
42 wherein R"® and R'* are independently selected from the
group consisting of hydrogen, C, _(-alkyl, hydroxy-C, .-
alkyl, carboxy-C, _(-alkyl, phenyl, or naphtyl, each of which
1s optionally substituted with one or more substituents 1nde-
pendently selected from R'>; or R'* and R'* together with the
nitrogen to which they are attached form a 3 to 8 membered
heterocyclic ring with the said nitrogen atom, the heterocyclic
ring optionally containing one or two further heteroatoms
selected from nitrogen, oxygen and sulphur.

Embodiment 44

A compound according to embodiment 43 wherein R~ and
R are independently selected from the group consisting of
hydrogen, methyl, ethyl, propyl, hydroxy-methyl, hydroxy-
cthyl, carboxy-methyl, carboxy-ethyl, phenyl, or naphtyl,
cach of which 1s optionally substituted with one or more
substituents independently selected from R'>; orR'® and R'*
together with the nitrogen to which they are attached form a 3
to 8 membered heterocyclic ring with the said mitrogen atom,
the heterocyclic ring optionally containing one or two further
heteroatoms selected from nitrogen, oxygen and sulphur.

Embodiment 45

A compound according to embodiment 44 wherein R'* and
R' are independently selected from the group consisting of
hydrogen, methyl, ethyl, propyl, or phenyl, each of which 1s
optionally substituted with one or more substituents indepen-
dently selected from R"".

Embodiment 46

A compound according to any one of the embodiments 1 to
44 wherein R'> is halogen, cyano, hydroxy, carboxy, —CF,
methyl, ethyl, or propyl.
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Embodiment 47

A compound according to embodiment 46 wherein R'° is
halogen, hydroxy, carboxy, —CF 5, methyl, or ethyl.

Embodiment 48

A compound according to any one of the embodiments 1 to
4’7 wherein A 1s thiazolyl, thiadiazolyl, pyrazinyl, pyridyl,
benzothiazolyl, 5,6-dihydro-4H-cyclopentathiazolyl, 4,5.6,
/-tetrahydro-benzothiazolo-pyridyl, 6,7-dihydro-pyran-
othiazolyl, or 4,3,6,7-tetrahydrobenzothiazolyl optionally
substituted with one or more substituents independently
selected from R’, R® and R”.

Embodiment 49

A compound according to embodiment 48 wherein A 1s

'S
1\

S

Embodiment 50

A compound according to embodiment 48 wherein A 1s
thiazolyl or thiadiazolyl optionally substituted with one or
more substituents independently selected from R’, R> and R”.

Embodiment 51
A compound according to embodiment 50 wherein A 1s
thiazolyl, 1,2,4-thiadiazolyl, or 1,3,4-thiadiazolyl, optionally

substituted with one or more substituents independently
selected from R’, R® and R”.

Embodiment 52

A compound according to embodiment 51 wherein A 1s

R?
A K
/
S S
N""'N
| \%RS
S
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Embodiment 53

A compound according to embodiment 52 wherein A 1s

DD
\eN\/ng R®  or IT# :\>— R®

Embodiment 54

A compound according to embodiment 53 wherein A 1s

|y

S

Embodiment 55

A compound according to any one of the embodiments 1 to

54 wherein R’, R® and R” are independently selected from

halogen, carboxy, cyano, nitro, hydroxy, —CF,, —SCN;
or

C, _«-alkyl, C,_(-alkenyl, C, _.-alkoxy, C, _-alkylthio, C, _,-
alkylamino, C,_-alkylsultenyl, —C(O)—0—C,_-
alkyl, —C(O)—C, ¢-alkyl, —C,_(-alkyl-C(O)—O—
C,_g-alkyl, —C,_¢alkyl-O—C(O)—C, (-alkyl,
—NH—C(O)—C, _-alkyl, —C, (-alkoxy-C, (-alkyl,
—C, _¢alkyl-S—C, _-alkyl, C,_s-cycloalkyl-C, -
alkyl, C,_(-cycloalkyl-C,_(-alkoxy, C,_(-cycloalkyl-
C,_s-alkylthio each of which 1s optionally substituted
with one or more substituents independently selected
from R'°; or

aryl, heteroaryl, aryl-C,_(-alkyl, heteroaryl-C, .-alkyl,
Aryl-C,_-alkoxy, heteroaryl-C, _.-alkoxy, het-
croarylthio-C, _.-alkyl, aryloxy, heteroaryloxy, het-
eroarylthio, each of which 1s optionally substituted on
the aryl or heteroaryl part with one or more substituents
independently selected from R'”; or

C,_q-cycloalkyl, C,_;-cycloalkenyl, C,_,-cycloalkyl-C, -
alkyl, C,_s-cycloalkenyl-C,_-alkyl, each of which 1s
optionally substituted on the cycloalkyl part with one or
more substituents independently selected from R'®; or

—NR"R*®, —C, _-alkyl-NR"R*", —C, _.-alkyl-S—R*',
—C, _alkyl-S(O)—R*', —C, .-alkyl-S(O),—R*",
—S(0),—R*" or —S(0),—NR'’R*", wherein each
alkyl part may be substituted with one or more substitu-
ents independently selected from R*>; or

—C(ONR*R*, —C, _-alkyl-C(O)NR**R*> optionally
substituted with one or more substituents independently
selected from R*°: or
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two of R, R® and R” can be taken together to form a C,_«-
alkylene bridge.

Embodiment 56

A compound according to embodiment 55 wherein R, R®
and R” are independently selected from

halogen, carboxy, cyano, or —CF5; or

C, ¢alkyl, C, . -alkenyl, C,_c-alkoxy,
—C(0)—0—C, _4-alkyl, —C(O)—C, _,-alkyl, ]
alkyl-C(O)—0O—C, _s-alkyl, —C,_(-alkyl-O—C(O)—
C,_alkyl, —C,_.-alkoxy-C, .-alkyl, C,_scycloalkyl-
C,_¢-alkyl, each of which 1s optionally substituted with
one or more substituents independently selected from
R'°: or aryl, heteroaryl, aryl-C,_.-alkyl, heteroaryl-
C,_-alkyl, each ot which 1s optionally substituted on the
aryl or heteroaryl part with one or more substituents
independently selected from R'’; or

C,_s-cycloalkyl, C,_s-cycloalkyl-C, . -alkyl, each of which
1s optionally substituted on the cycloalkyl part with one
or more substituents independently selected from R*>;
or

—NR"R*®, —C,_-alkyl-NR""R*®, —S(0),—R*" or
S(0), NR'"R*" wherein each alkyl part may be substi-
tuted with one or more substituents independently
selected from R*; or

—C(O)NR**R**, —C,_.-alkyl-C(O)NR**R** optionally
substituted with one or more substituents independently
selected from R=°; or

two of R, R® and R” can be taken together to form a C, .-
alkylene bridge.

C, _¢-alkylthio,

Embodiment 57

A compound according to embodiment 56 wherein R, R®
and R” are independently selected from
halogen, carboxy or —CF;; or
C, salkyl, C,_-alkoxy, C, .-alkylthio, —C, _.-alkyl-C
(O)—0—~C, galkyl, —C, 1-6"
alkyl or —C(O)—0O—C, _.-alkyl, each of which 1is
optionally substituted with one or more substituents
independently selected from R'®; or
phenyl, benzyl, or heteroarylthio, wherein heteroaryl 1s
pyridyl or imidazolyl, and wherein each aryl or het-
croaryl 1s optionally substituted on the aryl or heteroaryl
part with one or more substituents independently
selected from R'’; or
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, each
of which 1s optionally substituted on the cycloalkyl part
with one or more substituents independently selected
from R'®: or
C(O)NR*R*, S(0), R*" or S(O), NR"R*"; or
two of R’, R® and R” can be taken together to form a C,_-
alkylene bridge.

Embodiment 58

A compound according to embodiment 57 wherein R’, R®
and R” are independently selected from halogen, carboxy,
—CF;, —S—CH,, —S—CH,CH,;, —S—CH,CH,CH;,
methyl, ethyl, propyvl, 1sopropyl, butyl, tert-butyl, methoxy,

ethoxy, — CH, C(O)—O—CH,, — CH, C(0)—O
CH,CH,, —CH,CH,C(O)-O—CH,, — CH,CH,C
(0O CH,CH,, — CH, O C(O)CH,, —CH,—

O—C(0O)—CH,CHs;, —CH,CH,—0—C(O)—CHs;,
—CH,CH,—0—C(O)—CH,CHsj, —C(O)>—0O—CHa;,
—C(0O)—0O—CH,CH,, each of which 1s optionally substi-
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tuted with one or more substituents independently selected
from R'°; or heteroarylthio, wherein heteroaryl is pyridyl or
imidazolyl, each optionally substituted on the heteroaryl part

with one or more substituents independently selected from
RY, or —S(O),—R*".

Embodiment 59

A compound according to embodiment 58 wherein R/, R®
and R” are independently selected from CI, F, Br, —CF,,

S—CH;, —S—CH,CH;, —S—CH,CH,CH,;, methyl,
cthyl, methoxy, ethoxy, —CH,—C(O)—0O—CH,CH,,
—C(0)—0—CH,, or —C(O)—0O—CH,CH,, each of

which 1s optionally substituted with one or more substituents
independently selected from R'®; or heteroarylthio, wherein
heteroaryl 1s pyridyl or imidazolyl, each optionally substi-
tuted on the heteroaryl part with one or more substituents
independently selected from R'”.

Embodiment 60

A compound according to any one of the embodiments 1 to

59 wherein R'®, R'/, and R'® are independently C, _.-alky],
halogen, hydroxy, oxo, carboxy, —CF;, carboxy-C, _.-alkyl,
hydroxy-C, .-alkyl, —C,_.-alkyl-C(O)—0O—C, _-alkyl,

— C(0)—O—C, .-alkyl, —NR'R?*°, — C(O)NR”R? or
—S(0),CH..

Embodiment 61

A compound according to embodiment 60 wherein R*°,
R'7, and R'® are independently methyl, ethyl, propyl, halo-
gen, hydroxy, oxo, carboxy, —CF,, carboxy-methyl, car-
boxy-ethyl, carboxy-propyl, hydroxy-methyl, hydroxy-
cthyl, hydroxy-propyl, CH, C(O) O CH,, CH, C(O)—0O—
CH,CH,, —CH,CH,—C(0)—-0—CH,, —CH,CH,—C
(O —0O—CH,CH,, —(C(O)—0O—CH, —C(0O)—0—
CH,CH,, —C(O)—0O—CH,CH,CH;, or S(O),CH,.

Embodiment 62

A compound according to embodiment 61 wherein R'°,
R'7, and R'® are independently methyl, ethyl, propyl, halo-
gen, 0Xo, carboxy, carboxy-methyl, carboxy-ethyl, carboxy-
propyl, hydroxy-methyl hydroxy-ethyl, hydroxy-propyl,

~ CH, C(0)-O—CH,, —CH,C(O)—OCH,CH,,
~ CH,CH,C(0)—O—CH,, —CH,CH, C(O)—0O—
CILCH., —C(O)—O—CH,, —C(O)—O—CH,CH.,
— C(0)—O—CH,CH,CH,, or —S(0),CH..

Embodiment 63

A compound according to embodiment 60 wherein R*°,
R'/, and R'® are independently carboxy, —NR'’R*°, or

—C(O)NRlQRzﬂ.
Embodiment 64

A compound according to any one of the embodiments 1 to
63 wherein R'” and R*" independently represent hydrogen,
C,_¢-alkyl, hydroxy-C, _-alkyl, carboxy-C,_-alkyl, phenyl,
naphtyl, C,_s-heterocyclyl, or —S(0),—C, _-alkyl, each of
which 1s optionally substituted with one or more substituents
independently selected from R**; or R'” and R*" together
with the nitrogen to which they are attached form a 3 to 8
membered heterocyclic ring with the said nitrogen atom, the
heterocyclic ring optionally containing one or two further
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heteroatoms selected from nitrogen, oxygen and sulphur, the
heterocyclic ring 1s optionally substituted with one or more
substituents independently selected from R**.

Embodiment 65

A compound according to embodiment 64 whereinR'” and
R*" independently represent hydrogen, methyl, ethyl, propy],
carboxy-methyl, carboxy-ethyl, carboxy-propyl, hydroxy-
methyl, hydroxy-ethyl, hydroxy-propyl, phenyl, or naphtyl,
or R'” and R*" together with the nitrogen to which they are
attached form a 3 to 8 membered heterocyclic ring with the
said nitrogen atom, the heterocyclic ring optionally contain-
ing one or two further heteroatoms selected from nitrogen,
oxygen and sulphur, the heterocyclic ring 1s optionally sub-

stituted with one or more substituents independently selected
from R**.

Embodiment 66

A compound according to embodiment 64 wherein R'” and
R*" independently represent hydrogen, C,_.-alkyl, or R'” and
R*" together with the nitrogen to which they are attached form
a 3 to 8 membered heterocyclic ring with the said nitrogen
atom, the heterocyclic ring optionally containing one or two
turther heteroatoms selected from nitrogen, oxygen and sul-
phur, the heterocyclic ring 1s optionally substituted with one
or more substituents independently selected from R**.

Embodiment 67

A compound according to embodiment 66 wherein R'” and
R=" independently represent hydrogen, methyl, ethyl, or pro-
pyl, or R"” and R*" together with the nitrogen to which they
are attached form a 3 to 8 membered heterocyclic ring with
the said nitrogen atom, wherein the heterocyclic ring 1s pyr-
rolidyl, piperidyl, piperazinyl, homopiperazinyl, or mor-
pholinyl, the heterocyclic ring 1s optionally substituted with
one or more substituents independently selected from R**.

Embodiment 68

A compound according to any one of the embodiments 1 to
67 wherein R*' is selected from

C, _¢-alkyl, carboxy-C, _.-alkyl, or hydroxy-C, _(-alkyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part
1s optionally substituted with one or more substituents
independently selected from R*%; or

C,_gs-cycloalkyl, or C,_4-cycloalkyl-C, .-alkyl.

Embodiment 69

A compound according to embodiment 68 wherein R*" is
selected from

methyl, ethyl, propyl, carboxy-methyl, carboxy-ethyl, car-
boxy-propyl, hydroxy-methyl, hydroxy-ethyl, hydroxy-
propyl; or

phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part
1s optionally substituted with one or more substituents
independently selected from R**; or

C,_gs-cycloalkyl, or C,_4-cycloalkyl-C, .-alkyl.

5

10

15

20

25

30

35

40

45

50

55

60

65

50
Embodiment 70

A compound according to embodiment 69 wherein R*' is
selected from
methyl, ethyl, carboxy-methyl, carboxy-ethyl, carboxy-
propyl; or
phenyl, naphtyl, or phenyl-C, _.-alkyl, wherein the aryl part
1s optionally substituted with one or more substituents
independently selected from R>*.

Embodiment 71

A compound according to any one of the embodiments 1 to
70 wherein R** and R*’ are independently selected from
Hydrogen, C, _-alkyl, C,_s-cycloalkyl, phenyl, naphtyl, or
R** and R* together with the nitrogen to which they are
attached form a 3 to 8 membered heterocyclic ring with the
said nitrogen atom, the heterocyclic ring optionally contain-
ing one or two further heteroatoms selected from nitrogen,

oxygen and sulphur, the heterocyclic ring 1s optionally sub-
stituted with one or more substituents independently selected

from R>~.

Embodiment 72

A compound according to embodiment 71 wherein R** and
R* are independently selected from hydrogen, methyl, ethyl,
propyl, butyl, cyclopropyl, cyclobutyl, cyclopenlyl, cyclo-
hexyl, cycloheptyl, phenyl, naphtyl, or R** and R*” together
with the nitrogen to which they are attached form a 3 to 8
membered hetemcyclic ring with the said nitrogen atom,
wherein the heterocyclic ring 1s pyrrolidyl, piperidyl, piper-
azinyl, homopiperazinyl, or morpholinyl, the heterocyclic
ring 1s optionally substituted with one or more substituents
independently selected from R**.

Embodiment 73

A compound according to any one of the embodiments 1 to
72 wherein R** is halogen, hydroxy, carboxy, —CF., C,_-
alkyl, hydroxy-C, _-alkyl, carboxy-C, .-alkyl, C(O) C, .-
alkyl, —C(O)—0O—C, 4-alkyl or —C,_;-alkyl-C(O)—O—
C,_g-alkyl.

Embodiment 74

A compound according to embodiment 73 wherein R** is
carboxy, C, _.-alkyl, carboxy-C, .-alkyl, —C(O)—C, .-
alkyl, —C(O)—0—C, (-alkyl or —C, _-alkyl-C(O)—O—
C,_¢-alkyl.

Embodiment 75

A compound according to any one of the embodiments 1 to
wherein R*> and R*° are independently C, _.-alkyl, halogen,
hydroxy, carboxy, or CF,.

Embodiment 76

A compound according to embodiment 75 wherein R*> and
R*° are independently methyl, ethyl, propyl, halogen,
hydroxy, carboxy, or —CF,.

Embodiment 77

A compound according to any one of the embodiments 1 to
76, which compound 1s an activator of glucokinase, when
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tested 1n the Glucokinase Activation Assay (I) disclosed
herein at a glucose concentration of 2 mM.

Embodiment 78

A compound according to any one of the embodiments 1 to
7’7, which compound 1s an activator of glucokinase, when
tested 1n the Glucokinase Activation Assay (I) disclosed
herein at a glucose concentration of from 10 to 15 mM.

Embodiment 79

A compound according to any one of the embodiments 1 to
78, which compound, at a concentration of 30 uM, 1s capable
of providing an at least 1.5, such as at least 1.7, for instance at
least 2.0 fold activation of glucokinase 1n the Glucokinase
Activation Assay (1) disclosed herein at a glucose concentra-
tion of 2 mM.

Embodiment 80

A compound according to any one of the embodiments 1 to
79, which compound, at a concentration of 30 uM, 1s capable
of providing an at least 1.5, such as at least 1.7, for instance at
least 2.0 fold activation of glucokinase 1n the Glucokinase
Activation Assay (I) disclosed herein at a glucose concentra-
tion of from 10 to 15 mM.

Embodiment 81

A compound according to any one of the embodiments 1 to
80, which at a concentration of 5 uM 1s capable of providing
an atleast 1.5, such as atleast 1.7, for instance at least 2.0 fold
activation of glucokinase 1n the Glucokinase Activation
Assay (I) disclosed herein at a glucose concentration of 2

mM.

Embodiment 82

A compound according to any one of the embodiments 1 to
81, which at a concentration of 5 uM 1s capable of providing
an at least 1.5, such as atleast 1.7, for instance at least 2.0 fold
activation of glucokinase 1n the Glucokinase Activation
Assay (I) disclosed herein at a glucose concentration of from

10 to 15 mM.

Embodiment 83

A compound according to any one of the embodiments 1 to
82, which compound provides an increase in glucokinase
activity, where the increase in glucokinase activity provided
by the compound increases with increasing concentrations of
glucose.

Embodiment 84

A compound according to embodiment 83, which provides
an mcrease 1n glucokinase activity in Glucokinase Activation
Assay (1) disclosed herein at a glucose concentration of 15
mM, which increase 1s significantly higher than the increase
in glucokinase activity provided by the compound 1n Glu-
cokinase Activation Assay (1) disclosed herein at a glucose
concentration of 5 mM.

Embodiment 85

A compound according to any one of the embodiments 83
to 84, which at a compound concentration of 10 uM provides
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an increase 1n glucokinase activity in Glucokinase Activation
Assay (I) disclosed herein at a glucose concentration of 15
mM, which increase 1s significantly higher than the increase
in glucokinase activity provided by the compound at a com-
pound concentration of 10 uM 1n Glucokinase Activation

Assay (I) disclosed herein at a glucose concentration of 5
mM.

Embodiment 86

A compound according to any one of the embodiments 83
to 85, which at a compound concentration of 10 uM provides
an increase 1n glucokinase activity in Glucokinase Activation
Assay (I) disclosed herein at a glucose concentration of 15
mM, which increase 1s at least 1.1 fold higher, such as at least
1.2 fold higher, for instance at least 1.3 fold higher, such as at
least 1.4 fold higher, for instance 1.5 fold higher, such as at
least 1.6 fold higher, for instance at least 1.7 fold higher, such
as at least 1.8 fold higher, for instance at least 1.9 fold higher,
such as at least 2.0 fold higher than the increase 1n glucoki-
nase activity provided by the compound at a compound con-
centration of 10 uM 1n Glucokinase Activation Assay (I)
disclosed herein at a glucose concentration of 5 mM.

Embodiment Liver Specificity

87. A compound according to any one of the embodiments
1 to 86, which compound increases glucose utilization in the
liver without inducing any increase in insulin secretion 1n
response to glucose.

Embodiment 88

A compound according to any one of the embodiments 1 to
86, which compound shows a significantly higher activity 1n
1solated hepatocytes compared to the activity of the com-
pound 1n Ins-1 cells.

Embodiment 89

A compound according to any one of the embodiments 87
to 88, which compound shows a significantly higher activity
in 1solated hepatocytes measured as described in the Glucoka-
nase Activity Assay (II) compared to the activity of the com-
pound 1n Ins-1 cells measured as described 1n the Glucoki-
nase Activity Assay (I11I).

Embodiment 90

A compound according to embodiment 89, which com-
pound shows an activity 1n 1solated hepatocytes measured as
described 1n the Glucokinase Activity Assay (1I) which activ-
ity 1s at least 1.1 fold higher, such as at least 1.2 fold higher,
for mstance at least 1.3 fold higher, such as at least 1.4 fold
higher, for mstance 1.5 fold higher, such as at least 1.6 fold
higher, for instance at least 1.7 fold higher, such as at least 1.8
fold higher, for instance at least 1.9 fold higher, such as at
least 2.0 fold higher, for imnstance at least a 3.0 fold higher,
such as at least a 4.0 fold higher, for instance at least 5.0 fold
higher, such as at least 10 fold higher than the activity of the
compound in Ins-1 cells measured as described 1n the Glu-
cokinase Activity Assay (I1I).

Embodiment 91

A compound according to embodiment 89, which com-
pound shows no activity in the Ins-1 cells measured as
described in the Glucokinase Activity Assay (I111).
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Embodiment 92

A method of preventing hypoglycemia comprising admin-
istration of a compound according to any one of the embodi-
ments 1 to 91.

Embodiment 93

The use of a compound according to any one of the
embodiments 1 to 91 for the preparation of a medicament for
the prevention of hypoglycemia.

Embodiment 94

A compound according to any one of embodiments 1 to 91,
which 1s an agent useful for the treatment of an indication
selected from the group consisting of hyperglycemia, 1GT,
insulin resistance syndrome, syndrome X, type 2 diabetes,
type 1 diabetes, dyslipidemia, hypertension, and obesity.

Embodiment 95

A compound according to any one of embodiments 1 to 94
for use as a medicament.

Embodiment 96

A compound according to any one of embodiments 1 to 94
for treatment of hyperglycemia, for treatment of IGT, for
treatment of Syndrome X, for treatment of type 2 diabetes, for
treatment of type 1 diabetes, for treatment of dyslipidemua,
for treatment of hyperlipidemia, for treatment of hyperten-
s10m, for treatment of obesity, for lowering of food 1ntake, for
appetite regulation, for regulating feeding behaviour, or for
enhancing the secretion of enteroincretins, such as GLP-1.

Embodiment 97

A pharmaceutical composition comprising, as an active
ingredient, at least one compound according to any one of
embodiments 1 to 96 together with one or more pharmaceus-
tically acceptable carriers or excipients.

Embodiment 98

A pharmaceutical composition according to embodiment
9’7 1n unit dosage form, comprising from about 0.05 mg to
about 1000 mg, preferably from about 0.1 mg to about 300 mg
and especially preferred from about 0.5 mg to about 200 mg
of the compound according to any one of embodiments 1 to

96.

Embodiment 99

Use of a compound according to any one of the embodi-
ments 1 to 96 for increasing the activity of glucokinase.

Embodiment 100

Use of a compound according to any one of embodiments
1 to 96 for the preparation of a medicament for the treatment
of metabolic disorders, for blood glucose lowering, for the
treatment of hyperglycemia, for the treatment of 1GT, for the
treatment of Syndrome X, for the treatment of impaired fast-
ing glucose (IFG), for the treatment of type 2 diabetes, for the
treatment of type 1 diabetes, for delaying the progression of
impaired glucose tolerance (IGT) to type 2 diabetes, for
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delaying the progression ol non-insulin requiring type 2 dia-
betes to insulin requiring type 2 diabetes, for the treatment of
dyslipidemia, for the treatment of hyperlipidemia, for the
treatment of hypertension, for lowering of food intake, for
appetite regulation, for the treatment of obesity, for regulating
teeding behaviour, or for enhancing the secretion of entero-
incretins.

Embodiment 101

Use of a compound according to any one of embodiments
1 to 96 for the preparation of a medicament for the adjuvant
treatment of type 1 diabetes for preventing the onset of dia-
betic complications.

Embodiment 102

Use of a compound according to any one of embodiments
1 to 96 for the preparation of a medicament for increasing the
number and/or the size of beta cells 1n a mammalian subject,
for treatment of beta cell degeneration, 1n particular apoptosis
of beta cells, or for treatment of functional dyspepsia, 1n
particular irritable bowel syndrome.

Embodiment 103

Use according to any one of the embodiments 100 to 102 1n
a regimen which comprises treatment with a further antidia-
betic agent.

Embodiment 104

Use according to any one of the embodiments 100 to 103 1n
a regimen which comprises treatment with a further antihy-
perlipidemic agent.

Embodiment 105

Use according to any one of embodiments 100 to 104 in a
regimen which comprises treatment with a further antiobesity
agent.

Embodiment 106

Use according to any one of embodiments 100 to 105 1n a
regimen which comprises treatment with a further antihyper-
tensive agent.

Embodiment 107

Use of a compound according to any one of the embodi-
ments 1 to 96 or a pharmaceutical composition according to
embodiment 97 or embodiment 98 for the treatment of meta-
bolic disorders, for blood glucose lowering, for the treatment
of hyperglycemia, for treatment of IGT, for treatment of Syn-
drome X, for the treatment of impaired fasting glucose (IFG),
for treatment of type 2 diabetes, for treatment of type 1
diabetes, for delaying the progression of impaired glucose
tolerance (I1GT) to type 2 diabetes, for delaying the progres-
s10n of non-insulin requiring type 2 diabetes to msulin requir-
ing type 2 diabetes, for treatment of dyslipidemia, for treat-
ment ol hyperlipidemia, for treatment of hypertension, for the
treatment or prophylaxis of obesity, for lowering of food
intake, for appetite regulation, for regulating feeding behav-
iour, or for enhancing the secretion of enteroincretins.

Embodiment 108

Use of a compound according to any one of the embodi-
ments 1 to 96 or a pharmaceutical composition according to
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embodiment 97 or embodiment 98 for the adjuvant treatment
of type 1 diabetes for preventing the onset of diabetic com-
plications.

Embodiment 109

Use of a compound according to any one of the embodi-
ments 1 to 96 or a pharmaceutical composition according to
embodiment 97 or embodiment 98 for increasing the number
and/or the size of beta cells 1In a mammalian subject, for
treatment of beta cell degeneration, i particular apoptosis of
beta cells, or for treatment of functional dyspepsia, 1n particu-
lar 1rritable bowel syndrome.

Embodiment Al

In another aspect the mvention provides a compound of
general formula (1)

(D

wherein R' is C,_,-cycloalkyl, C,_.-cycloalkenyl, C,_-het-
erocyclyl, C, g-heterocycloalkenyl, fused aryl-C, 4-cy-
cloalkyl, or fused heteroaryl-C,_s-cycloalkyl, each of which
is optionally substituted with one or more substituents R>, R,
R> and R°;
R is C,_.-cycloalkyl, C, _.-cycloalkenyl, C,_.-heterocyclyl,
C,_gs-heterocycloalkenyl, fused aryl-C,_s-cycloalkyl or fused
heteroaryl-C,_-cycloalkyl, each of which 1s optionally sub-
stituted with one or more substituents R>°, R*!, R** and R*°,
and
R®, R* R>, R®° R, R’', R** and R’" are independently
selected from the group consisting of
halogen, nitro, cyano, hydroxy, oxo, carboxy, —CF,; or
—NR'™R': or
C,_salkyl, C, (-alkenyl, C,_(-alkynyl, C, ;-cycloalkyl,
C;_s-cycloalkyl-C, -alkyl, aryl, aryl-C,_.-alkyl, het-
croaryl-C, _.-alkyl, C,_(-alkoxy, C,_.-cycloalkyl-C, -
alkoxy, aryl-C,_c-alkoxy, heteroaryl, heteroaryl-C, .-
alkoxy, aryloxy, heteroaryloxy, C,_.-alkylthio, arylthio,
heteroarylthio, C,_;cycloalkylthio, aryl-C, -alkylthio,
heteroaryl-C, _(-alkylthio, C,_c-alkylsulfenyl, C,_-Cy-
cloalkyl-C, .-alkylthio, C,_;-alkyl-C(O)—O—C, -
alkyl, C,_(-alkoxy-C, -alkyl, C,_(-alkylthio-C, -
alkyl, carboxy-C,_.-alkyloxy, amino-C, _.-alkyl, C, .-
alkylamino-C, _-alkyl, di-(C, _-alkyl)amino-C, -
alkyl, C,_s-alkylsultamoyl, di(C,_s-alkyl)sulfamoyl,
C,_¢-alkylsultinamoyl or di(C,_c-alkyl)sulfinamoyl
cach of which 1s optionally substituted with one or more
substituents independently selected from R'?; or
—C(O)—R*/, —S(0),—R*’, —C(O)—NR"“R™,
—S(0),—NR"’R", —C, _-alkyl-C(O)—NR""R"*; or
two substituents selected from R>, R*, R and R° or R°°,
R>*, R*? and R attached to the same or adjacent atoms
together form a radical —O—(CH,), ,—0O—;
R' and R"" independently represent hydrogen, C,_.-alkyl,
—C(0)—C, _4-alkyl, —C(O)—0O—C, ,-alkyl, carboxy-
C, ¢-alkyl, —C(O)—C, (-alkyl-C(O)OH, —S(0O),—C, -
alkyl, or aryl; R*’ is C,_.-alkyl, C,_.-alkoxy, C,_.-alkeny],
C, (-alkynyl, C,_s-cycloalkyl, C,_s-cycloalkyl-C,_-alkyl,
C;_gs-cycloalkyl-C,_(-alkenyl, aryl, aryl-C, _-alkyl, aryloxy-
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C, _¢-alkyl, aryl-C,_(-alkenyl, heteroaryl, C;_-heterocyclyl,
heteroaryl-C, .-alkyl, C,_s-heterocyclyl-C, (-alkyl, Het-
croaryloxy-C, _(-alkyl, carboxy-C, (-alkyl, carboxy-C,_-
alkenyl, C,_(-alkoxy-C, -alkyl, C,_(-alkoxy-C,_.-alkenyl,
C,_s-alkylthio-C, _c-alkyl, R'HN—C, .-alkyl, R'R''—
N—C, .-alkyl, R"°R""—N—C, _.-alkenyl, R'"°R"'—N—S
(0),—C, (-alkyl, R"™R"™—-N—-C(O)—C, .-alkyl, C,_-
alkyl-C(O)—NH—C, _-alkyl, aryl-C(O)—NH—C, _¢-alkyl,
heteroaryl-C(O)—NH—C, _.-alkyl, C,_s-cycloalkyl-C(O)—
NH—C, (-alkyl, C, _(-alkyl-S(O),—NH—C, _.-alkyl, aryl-S
(O),—NH—C, .-alkyl, heteroaryl-S(O),—NH—C, -
alkyl, or C,_s-cycloalkyl-S(O),—NH—C, _(-alkyl, each of
which 1s optionally substituted with one or more substituents
independently selected from R'%;
R"™ is halogen, cyano, hydroxy, —C(O)
carboxy, CF,, C, salkyl, C,_c-alkoxy,
—S(0),CH;, or —S(0O),NH,;
R"™ and R'* are independently selected from the group con-
sisting of hydrogen, C, _-alkyl, hydroxy-C, _.-alkyl, carboxy-
C, _¢-alkyl, aryl, or heteroaryl, each of which is optionally
substituted with one or more substituents independently
selected from R™>; or R*> and R together with the nitrogen
to which they are attached form a 3 to 8 membered heterocy-
clic ring with the said nitrogen atom, the heterocyclic ring
optionally containing one or two further heteroatoms selected
from nitrogen, oxygen and sulphur;
R"™ is halogen, cyano, hydroxy, carboxy, —CF., C,_.-alkyl,
—S(0),CH,, or —S(0O),NH.,;
A 1s heteroaryl which 1s optionally substituted with one or
more substituents independently selected from R’, R®* and R”;
R’, R® and R” are independently selected from

halogen, carboxy, cyano, nitro, hydroxy, —CF;, —SCN;

or
C, _«-alkyl, C,_¢-alkenyl, C,_(-alkynyl, C, _(-alkoxy, C, -

O—C, _(-alkyl,
NRlDRl 1 !

alkylthio, C,_.-alkenylthio, C, (-alkylamino, C,_.-
alkylsulfenyl, —C(0)—0—C,_-alkyl, formyl,
—C(0)—C, ¢alkyl, —C, (-alkyl-C(O)—0O—C, -

alkyl, —C, (-alkyl-O—C(O)—C, _-alkyl, —NH—C
(0)—C, ¢-alkyl, —C, (-alkoxy-C, -alkyl, —C, -
alkyl-S—C, _.-alkyl, carboxy-C,_.-alkyl, or hydroxy-
C,_s-alkyl, each of which 1s optionally substituted with
one or more substituents independently selected from
R'°: or

aryl, heteroaryl, aryl-C, (-alkyl, heteroaryl-C, _.-alkyl,
aryl-C, _-alkoxy, heteroaryl-C, _.-alkoxy, aryl-C, .-
alkylthio, heteroaryl-C, (-alkylthio, heteroaryl-thio-
C,_-alkyl, heteroaryl-oxy-C, _.-alkyl, aryloxy, het-
croaryloxy, arylthio, heteroarylthio, aryl-C,_.-alky-
lamino, —C(O)-aryl, or —C(O)-heteroaryl, each of
which 1s optionally substituted on the aryl or heteroaryl
part with one or more substituents independently
selected from R'’; or

C,_q-cycloalkyl, C, q-cycloalkenyl, C,_;-cycloalkylthio,
C,_q-cycloalkyl-C, (-alkyl,  C, ;-cycloalkenyl-C, -
alkyl, C,_-cycloalkyl-C, (-alkoxy, C,_-cycloalkyl-
C,_g-alkylthio, each of which 1s optionally substituted
on the cycloalkyl part with one or more substituents
independently selected from R'®; or

C,_g-heterocyclyl, C,_s-heterocyclyl-C, _.-alkyl, C,_s-het-
crocyclyl-C, _c-alkylthio, C,_s-heterocyclylthio, C, -
heterocyclyl-amino-C,_.-alkyl, or —C(O)—C,_jhet-
erocyclyl, each of which is optionally substituted with
one or more substituents independently selected from

R*°: or

—NR"R*®, —C,_.-alky-NR"R*°, —C, .-alkenyl-

NR'R*", —C, (-alkyl-S—R*!, —C,_,-alkyl-S(O)—

R*, C, .-alkyl-S(0), R*', S(0), R*' or —S(0O),—
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NR'"R*", wherein each alkyl part may be substituted
with one or more substituents independently selected
from R*; or —C(ONR**R*—C, .-alkyl-C(O)
NR**R**—C,  -alky]l- NH—NR**R*—C, -alkyl-
NH—C(O)—C, _.-alkyl-NR**R*?, each optionally sub-
stituted with one or more substituents independently
selected from R*°; or
two of R, R® and R” can be taken together to form a C, .-
alkylene bridge; the C,_.-alkylene bridge 1s optionally sub-
stituted with one or more substituents independently selected
from R*'°:
R'®, R'/, and R'® are independently C,_-alkyl, halogen,
nitro, cyano, hydroxy, carboxy, oxo, —CF;, carboxy-C, -
alkyl, hydroxy-C, _(-alkyl, C, .-alkyl-C(O) O C, .-alkyl,
—C, _alkyl-C(O—NR"R*®, —C(0O)—0—C, _,-alkyl,
—C(0)—C,_.-alkyl-C(O)—C, -alkyl, —NR'”R*°, —NHS
(0),C,_c-alkyl, —C(O)NR'"R*®, —S(0),C, (-alkyl, or
—S(O),NR"R*";
R'” and R*" independently represent hydrogen, C,_.-alkyl,
hydroxy-C, _-alkyl, carboxy-C,_-alkyl, aryl, heteroaryl,
C,_g-heterocyclyl, aryl-C, .-alkyl, C,_;-heterocyclyl-C, .-
alkyl, —C(O)—0—C, (-alkyl, —C,_(-alkyl-C(O)—0O
C, .-alkyl, —C, .-alkyl-NR**R**, or —S(0),—C,_.-alkyl,
cach of which 1s optionally substituted with one or more
substituents independently selected from R**, or R'” and R*"
together with the nitrogen to which they are attached form a 3
to 8 membered heterocyclic ring with the said nitrogen atom,
the heterocyclic ring optionally containing one or two further
heteroatoms selected from nitrogen, oxygen and sulphur, the
heterocyclic ring 1s optionally substituted with one or more
substituents independently selected from R**;
R*' is selected from
C, _¢-alkyl, C, .-alkenyl, carboxy-C, .-alkyl, C,_.-alky-
lamino-C, _.-alkyl or hydroxy-C,_(-alkyl, —C, _(-alkyl-
NR**R*>: or
aryl, heteroaryl, aryl-C, -alkyl, or heteroaryl-C, _.-alkyl,
wherein the aryl or heteroaryl part 1s optionally substi-
tuted with one or more substituents independently
selected from R**: or
C,_g-cycloalkyl, C,_,-cycloalkenyl, C,_s-cycloalkyl-C, .-
alkyl, C,_s-cycloalkenyl-C, _.-alkyl;
R**and R** are independently selected from hydrogen, C, -

alkyl, carboxy-C, (-alkyl, —C,_.-alkyl-C(O)—0O—C, .-
alkyl, —C(0)—O—C, .-alkyl, —C, .-alkyl-S(O),—C,_
alkyl, C, s-cycloalkyl, aryl, or heteroaryl; or R** and R*>

together with the mitrogen to which they are attached form a 3
to 8 membered heterocyclic ring with the said nitrogen atom,
the heterocyclic ring optionally containing one or two further
heteroatoms selected from nitrogen, oxygen and sulphur, the
heterocyclic ring 1s optionally substituted with one or more
substituents independently selected from R**;

R** is halogen, nitro, cyano, hydroxy, carboxy, oxo, —CFj,
C, _g-alkyl, hydroxy-C, _.-alkyl, carboxy-C, _s-alkyl,
—C(0)—C, _4-alkyl, —C(0)—C,_4-cycloalkyl, —C(O)-
aryl, C(O)-heteroaryl, C(O) C,_s-heterocyclyl —C(O)—O
C, galkyl, —C, (-alkyl-C(O)—O—C, -alkyl, aryl, het-
croaryl, aryl-C,_.-alkyl, heteroaryl-C, c-alkyl, (5 ¢-
cycloalkyl, C,_s-heterocyclyl, C,_s-cycloalkyl-C, .-alkyl,
C;_g-heterocyclyl-C, ¢ ... c1.6-alkyl-C(O)—C; g-hetero-
cyclyl, —C(0O)—0O—C, .-alkyl-aryl, —NH—S (O),R", or
—S(0),R?, wherein each cyclic moiety is optionally substi-
tuted with one or more substituents independently selected
from R*";

R*> and R*® are independently C,_.-alkyl, halogen, nitro,
cyano, hydroxy, C(O) O C,_-alkyl, carboxy, C, _.-alkyl-C
(0)—0—C, _-alkyl, carboxy-C, _.-alkyl, —CF,,
—S(0),CH;, or —S(O),NH,,;
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R*® is Cl_ﬁ-alkyl carboxy-C, _-alkyl, —C,_-alkyl-C(O)—
O—C, 4alkyl, C, ,-cycloalkyl, aryl, aryl-C,_.-alkyl, het-
croaryl optionally substituted with C,_calkyl, —INH,, or
—N(CH,):
R*” is halogen, nitro, cyano, hydroxy, carboxy, oxo, CF,,
C,_¢-alkyl, or C,_,-alkoxy;
as well as any salt hereof with a pharmaceutically acceptable
acid or base, or any optical 1somer or mixture of optical
isomers, including a racemic mixture, or any tautomeric
forms.

Embodiment A2

A compound according to embodiment Al wherein R" is
C;_gs-cycloalkyl, C,_s-cycloalkenyl, indanyl, tetrahydroturyl,
tetrahydrothiofuryl, tetrahydrothienyl, tetrahydropyranyl,
tetrahydrothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s
optionally substituted with one or more substiments R>, R*,
R> and R®.

Embodiment A3

A compound according to any one of the embodiments Al
to A2 wherein R' is cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]heptyl, norpi-
nyl, norcaryl, adamantyl, indanyl, tetrahydrofuryl, tetrahy-
drothioturyl, tetrahydrothienyl, tetrahydropyranyl, tetrahy-
drothiopyranyl, 1,4-dioxanyl, 1,3-dioxanyl, piperidyl,
pyrrolidinyl, morpholinyl, or piperazinyl, each of which 1s
optionally substituted with one or more substituents R>, R,
R> and R°.

Embodiment A4

A compound according to embodiment A3 wherein R is
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohex-
enyl, cycloheptyl, bicyclo[3.2.1]octyl, bicyclo[2.2.1]heptyl,
adamantyl, indanyl, tetrah<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>