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PHARMACEUTICAL USE OF SUBSTITUTED PIPERIDINE CARBOXAMIDES

FIELD OF INVENTION
The present invention relates to novel substituted piperidine carboxamides, to their
use In therapy, to pharmaceutical compositions comprising the compounds, to the use of

sald compounds in the manufacture of medicaments, and to therapeutic methods comprising

the administration of said compounds. The present compounds modulate the activity of 11[3-

hydroxysteroid dehydrogenase type 1 (11BHSD1) and are accordingly useful in the treatment

of diseases In which such a modulation 1s beneficial, such as the metabolic syndrome.

BACKGROUND OF THE INVENTION

The metabolic syndrome I1s a major global health problem. In the US, the prevalence
In the adult population Is currently estimated to be approximately 25%, and it continues to
Increase both in the US and worldwide. The metabolic syndrome Is characterized by a com-
bination of insulin resistance, dyslipidemia, obesity and hypertension leading to increased
morbidity and mortality of cardiovascular diseases. People with the metabolic syndrome are
at Increased risk of developing frank type 2 diabetes, the prevalence of which Is equally es-
calating.

In type 2 diabetes, obesity and dyslipidemia are also highly prevalent and around
/0% of people with type 2 diabetes additionally have hypertension once again leading to In-
creased mortality of cardiovascular diseases.

In the clinical setting, it has long been known that glucocorticoids are able to induce

all of the cardinal features of the metabolic syndrome and type 2 diabetes.

11B-hydroxysteroid dehydrogenase type 1 (11BHSD1) catalyses the local genera-
tion of active glucocorticold In several tissues and organs including predominantly the liver

and adipose tissue, but also e.g. skeletal muscle, bone, pancreas, endothelium, ocular tissue

and certain parts of the central nervous system. Thus, 11BHSD1 serves as a local regulator

of glucocorticoid actions In the tissues and organs where it Is expressed (Tannin et al., J.
Biol. Chem., 266, 16653 (1991); Bujalska et al., Endocrinology, 140, 3188 (1999); Whorwood
et al., J. Clin. Endocrinol. Metab., 86, 2296 (2001); Cooper et al., Bone, 27, 375 (2000);
Davani et al., J. Biol. Chem., 275, 34841 (2000); Brem et al., Hypertension, 31, 459 (1998);
Rauz et al., Invest. Ophthalmol. Vis. Sci., 42, 2037 (2001); Moisan et al., Endocrinology, 127,
1450 (1990)).

The role of 11BHSD1 in the metabolic syndrome and type 2 diabetes is supported

by several lines of evidence. In humans, treatment with the non-specific 11BHSD1 inhibitor
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carbenoxolone improves insulin sensitivity in lean healthy volunteers and people with type 2
diabetes. Likewise, 11BHSD1 knock-out mice are resistant to insulin resistance induced by
obesity and stress. Additionally, the knock-out mice present with an anti-atherogenic lipid
profile of decreased VLDL triglycerides and increased HDL-cholesterol. Conversely, mice
that overexpress 11BHSD1 in adipocytes develop insulin resistance, hyperlipidemia and vis-

ceral obesity, a phenotype that resembles the human metabolic syndrome (Andrews et al., J.
Clin. Endocrinol. Metab., 88, 285 (2003); Walker et al., J. Clin. Endocrinol. Metab., 80, 3155
(1995); Morton et al., J. Biol. Chem. 276, 41293 (2001); Kotelevtsev et al., Proc. Natl. Acad.
Sci. USA, 94, 14924 (1997); Masuzaki et al., Science, 294, 2166 (2001)).

The more mechanistic aspects of 11BHSD1 modulation and thereby modulation of
Intracellular levels of active glucocorticoid have been investigated in several rodent models
and different cellular systems. 11BHSD1 promotes the features of the metabolic syndrome by
Increasing hepatic expression of the rate-limiting enzymes in gluconeogenesis, namely
phosphoenolpyuvate carboxykinase and glucose-6-phosphatase, promoting the differentia-
tion of preadipocytes into adipocytes thus facilitating obesity, directly and indirectly stimulat-
Ing hepatic VLDL secretion, decreasing hepatic LDL uptake and increasing vessel contractil-
ity (Kotelevisev et al., Proc. Nall. Acad. Sci. USA, 94, 14924 (1997); Morton et al., J. Biol.
Chem. 276, 41293 (2001); Bujalska et al., Endocrinology, 140, 3188 (1999); Souness et al.,
Steroids, 67, 195 (2002); Brindley & Salter, Prog. Lipid Res., 30, 349 (1991)).

WO 01/90090, WO 01/90091, WO 01/90092, WO 01/90093 and WO 01/90094 dis-

closes various thiazol-sulfonamides as inhibitors of the human 11p3-hydroxysteroid dehydro-
genase type 1 enzyme, and further states that said compounds may be useful in treating
diabetes, obesity, glaucoma, osteoporosis, cognitive disorders, Immune disorders and de-
pression. WO 04/089470 discloses various substituted amides as modulators of the human
11B-hydroxysteroid dehydrogenase type 1 enzyme, and further states that said compounds

may be useful In treating medical disorders where a decreased intracellular concentration of
active glucocorticoid is desirable. WO 2004/089415 and WO 2004/089416 discloses various

combination therapies using an 110-hydroxysteroid dehydrogenase type 1 inhibitor and re-

spectively a glucocorticolid receptor agonist or an antihypertensive agent.

We have now found novel substituted piperidine carboxamides that modulate the
activity of 11BHSD1 leading to altered intracellular concentrations of active glucocorticoid.

More specifically, the present compounds inhibit the activity of 11BHSD1 leading to de-

creased Intracellular concentrations of active glucocorticoid. Thus, the present compounds

can be used to treat disorders where a decreased level of active intracellular glucocorticoid is
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desirable, such as e.g. the metabolic syndrome, type 2 diabetes, impaired glucose tolerance
(IGT), Impaired fasting glucose (IFG), dyslipidemia, obesity, hypertension, diabetic late com-
plications, cardiovascular diseases, arteriosclerosis, atherosclerosis, myopathy, muscle
wasting, osteoporosis, neurodegenerative and psychiatric disorders, and adverse effects of
treatment or therapy with glucocorticoid receptor agonists.

Objects of the present invention are to provide compounds, pharmaceutical compo-

sitions and use of said compounds that modulate the activity of 11BHSD1.

DEFINITIONS

In the following structural formulas and throughout the present specification, the fol-
lowing terms have the indicated meaning:

The term "halogen” or "halo” means fluorine, chlorine, bromine or iodine.

The term "hydroxy" shall mean the radical -OH.

The term “sulfanyl” shall mean the radical -S-.

The term “sulfo” shall mean the radical HO;S-.

The term “sulfonyl” shall mean the radical —S(=0), -.

The term "oxo" shall mean the radical =0.

The term “amino” shall mean the radical -NH-.

The term "nitro" shall mean the radical -NO-.

The term "cyano” shall mean the radical -CN.

The term “carboxy” shall mean the radical —(C=0)0OH.

The term “perhalomethyl” includes but are not limited to trifluoromethyl, difluoro-
methyl, monofluoromethyl, trichloromethyl and the like.

The term “trihalomethyl” includes trifluoromethyl, trichloromethyl, tribromomethyl,
and triiodomethyl.

The term “trihalomethoxy” includes trifluorometoxy, trichlorometoxy, triboromometoxy,
and triiodometoxy.

The term "alkyl" as used herein represents a saturated, branched or straight hydro-
carbon group having the indicated number of carbon atoms, e.g. C»-alkyl, C_s-alkyl, C4.4-
alkyl, Ci5-alkyl, C,5-alkyl, Cs;5-alkyl, C4.s-alkyl, C4.10-alkyl, and the like. Representative ex-
amples are methyl, ethyl, propyl (e.g. prop-1-yl, prop-2-yl (or iso-propyl)), butyl (e.g. 2-
methylprop-2-yl (or fert-butyl), but-1-yl, but-2-yl), pentyl (e.g. pent-1-yl, pent-2-yl, pent-3-yl),
2-methylbut-1-yl, 3-methylbut-1-yl, hexyl (e.g. hex-1-yl), heptyl (e.g. hept-1-yl), octyl (e.g. oct-
1-yl), nonyl (e.g. non-1-yl), and the like. The term "C4s-alkyl” as used herein represents a

saturated, branched or straight hydrocarbon group having from 1 to 6 carbon atoms, e.g. Cs.
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-alkyl, Cq3-alkyl, Ci4-alkyl, Ci6-alkyl, Cos-alkyl, Css-alkyl, and the like. Representative ex-
amples are methyl, ethyl, propyl (e.g. prop-1-yl, prop-2-yl (or iso-propyl)), butyl (e.g. 2-
methylprop-2-yl (or tert-butyl), but-1-yl, but-2-yl), pentyl (e.g. pent-1-yl, pent-2-yl, pent-3-yl),
2-methylbut-1-yl, 3-methylbut-1-yl, hexyl (e.g. hex-1-yl), and the like. The term "C44-alkyl” as
used herein represents a saturated, branched or straight hydrocarbon group having from 1 to
4 carbon atoms, e.g. C4o-alkyl, Cqs-alkyl, C4_4-alkyl and the like. Representative examples
are methyl, ethyl, propyl (e.g. prop-1-yl, prop-2-yl (or iso-propyl)), butyl (e.g. 2-methylprop-2-
yl (or tert-butyl), but-1-yl, but-2-yl), and the like.

The term "alkenyl" includes C,-Cg straight chain unsaturated aliphatic hydrocarbon
groups and branched C;-Cg unsaturated aliphatic hydrocarbon groups having the specified
number of carbon atoms. For example, this definition shall include but i1s not limited to
ethenyl, propenyl, butenyl, pentenyl, hexenyl, methylpropenyl, methylbutenyl and the like.

The term "alkynyl" includes C,-Cg straight chain unsaturated aliphatic hydrocarbon
groups and C,;-Cg branched unsaturated aliphatic hydrocarbon groups having the specified
number of carbon atoms. For example, this definition shall include but Iis not limited to
ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylbutynyl, and the like.

The term "saturated or partially saturated cyclic, bicyclic or tricyclic ring system”
represents but are not limited to azepanyl, azocanyl, 1,2,3,4-tetrahydro-quinolinyl, 1,2,3,4-
tetrahydro-isoquinolinyl, 1,2,3,4-tetrahydro-quinoxalinyl, indolinyl, 6-aza-bicyclo[3.2.1]octane,
2-aza-bicyclo[4.1.1]octane, 2-aza-bicyclo[3.2.1]octanyl, 7-aza-bicyclol[4.1.1]octanyl, 9-aza-

3,8
N

bicyclo|[3.3.2]decanyl, 4-aza-tricyclo|4.3.1 Jundecanyl, 9-aza-tricyclo[3.3.2.0%ldecanyl, 8-
aza-spirol4.5]decane.

The term “cycloalkyl” as used herein represents a saturated monocyclic carbocyclic
ring having the specified number of carbon atoms, e.9. Cs;s-alkyl, Css-alkyl, Cs.40-alkyl, and
the like. Representative examples are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo-
heptyl, cyclooctyl, and the like. Cycloalkyl Is also Intended to represent a saturated bicyclic
carbocyclic ring having from 4 to 10 carbon atoms. Representative examples are decahydro-
naphthalenyl, bicyclo[3.3.0]octanyl, and the like. Cycloalkyl is also intended to represent a
saturated carbocyclic ring having from 3 to 10 carbon atoms and containing one or two car-
bon bridges. Representative examples are adamantyl, norbornanyl, nortricyclyl, bicycle-
[3.2.1]octanyl, bicyclo[2.2.2]octanyl, tricyclo[5.2.1.0/2,6]decanyl, bicyclo|[2.2.1]heptyl, and the
like. Cycloalkyl Is also intended to represent a saturated carbocyclic ring having from 3 to 10

carbon atoms and containing one or more spiro atoms. Representative examples are

spiro[2.5]octanyl, spiro[4.5]decanyl, and the like.
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The term “cycloalkylalkyl” (e.g. cyclopropylmethyl, cyclobutylethyl, adamantylmethyl
and the like) represents a cycloalkyl group as defined above attached through an alkyl group
having the indicated number of carbon atoms or substituted alkyl group as defined above.

The term “cycloalkenyl” (e.g. cyclobutenyl, cyclopentenyl, cyclohexenyl, cyclohep-
tenyl, cyclooctenyl, cyclononenyl, cyclodecenyl and the like) represents a partially saturated,
mono-, bi-, tri- or spirocarbocyclic group having the specified number of carbon atoms.

The term “cycloalkylcarbonyl” (e.g. cyclopropylcarbonyl, cyclohexylcarbonyl) repre-
sents an cycloalkyl group as defined above having the indicated number of carbon atoms
attached through a carbonyl group.

The term “hetcycloalkylcarbonyl” (e.g. 1-piperidin-4-yl-carbonyl, 1-(1,2,3,4-tetra-
hydro-isoquinolin-6-yl)carbonyl) represents an hetcycloalkyl group as defined above having
the indicated number of carbon atoms attached through a carbonyl group.

The term “hetcycloalkyl” (e.g. tetrahydrofuranyl, tetrahydropyranyl, tertahydrothio-
pyranyl, piperidine, pyridazine and the like) represents a saturated mono-, bi-, tri- or spiro-
carbocyclic group having the specified number of carbon atoms and one or two additional
heteroatoms or groups selected from nitrogen, oxygen, sulphur, SO or SO..

The term “hetcycloalkylalkyl” (e.g. tetrahydrofuranylmethyl, tetrahydropyranylethyi,
tertahydrothiopyranylmethyl, and the like) represents a hetcycloalkyl group as defined above
attached through an alkyl group having the indicated number of carbon atoms or substituted
alkyl group as defined above.

The term "alkyloxy" (e.g. methoxy, ethoxy, propyloxy, allyloxy, cyclohexyloxy) repre-
sents an alkyl group as defined above having the indicated number of carbon atoms attached
through an oxygen bridge.

The term "alkyloxyalkyl” (e.g. methyloxymethyl and the like) represents an alkyloxy
group as defined above attached through an “alkyl” group.

The term "aryloxy" (e.g. phenoxy, naphthyloxy and the like) represents an aryl group
as defined below attached through an oxygen bridge.

The term “hetaryloxy” (e.g. 2-pyridyloxy and the like) represents a hetaryl group as
defined below attached through an oxygen bridge.

The term "aryloxyalkyl" (e.g. phenoxymethyl, naphthyloxyethyl and the like) repre-
sents an aryloxy group as defined above attached through an "alkyl” group having the Indi-
cated number of carbon atoms.

The term "arylalkyloxy" (e.g. phenethyloxy, naphthylmethyloxy and the like) repre-

sents an arylalkyl group as defined below attached through an oxygen bridge.
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The term “hetarylalkyloxy” (e.g. 2-pyridylmethyloxy and the like) represents a hetary-
lalkyl group as defined below attached through an oxygen bridge.

The term "hetaryloxyalkyl” (e.g. 2-pyridyloxymethyl, 2-quinolyloxyethyl and the like)
represents a hetaryloxy group as defined above attached through an “alkyl” group having the
iIndicated number of carbon atoms.

The term "hetarylalkyloxyalkyl" (e.g. 4-methoxymethyl-pyrimidine, 2-methoxymethyl-
quinoline and the like) represents a hetarylalkyloxy group as defined above attached through
an “alkyl” group having the indicated number of carbon atoms.

The term "arylalkyloxyalkyl" (e.g. ethoxymethyl-benzene, 2-methoxymethyl-
naphthalene and the like) represents an arylalkyloxy group as defined above attached
through an "alkyl” group having the indicated number of carbon atoms.

The term "alkylthio" (e.g. methylthio, ethylthio and the like) represents an alkyl group
as defined above attached through a sulphur bridge.

The term "alkyloxycarbonyl” (e.g. methylformiat, ethylformiat and the like) represents
an alkyloxy group as defined above attached through a carbonyl group.

The term "aryloxycarbonyl” (e.g. phenylformiat, 2-thiazolylformiat and the like)
represents an aryloxy group as defined above attached through a carbonyl group.

The term "arylalkyloxycarbonyl” (e.g. benzylformiat, phenyletylformiat and the like)
represents an “arylalkyloxy” group as defined above attached through a carbonyl group.

The term "arylalkyl” (e.g. benzyl, phenylethyl, 3-phenylpropyl, 1-naphtylmethyl, 2-(1-
naphtyl)ethyl and the like ) represents an aryl group as defined below attached through an
alkyl having the indicated number of carbon atoms or substituted alkyl group as defined
above.

The term “hetarylalkyl” (e.g. (2-furyl)methyl, (3-furyl)methyl, (2-thienyl)methyl, (3-
thienyl)methyl, (2-pyridyl)methyl, 1-methyl-1-(2-pyrimidyl)ethyl and the like) represents a
hetaryl group as defined below attached through an alkyl having the indicated number of
carbon atoms or substituted alkyl group as defined above.

The term "alkylcarbonyl” as used herein refers to the alkyl group as defined above
having the indicated number of carbon atoms attached through a carbonyl group. Represen-
tative examples are acetyl (methylcarbonyl), propionyl (ethylcarbonyl), butanoyl (prop-1-
ylcarbonyl, prop-2-ylcarbonyl), pentylcarbonyl, 3-hexenylcarbonyl, octylcarbonyl, and the like.

The term "arylcarbonyl” (e.g. benzoyl) represents an aryl group as defined below at-

tached through a carbonyl group.
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The term “hetarylcarbonyl” (e.g. 2-thiophenylcarbonyl, 3-methoxy-anthrylcarbonyil,
oxazolylcarbonyl and the like) represents a hetaryl group as defined below attached through
a carbonyl group.

The term "alkylcarbonylalkyl” (e.g. propan-2-one, 4,4-dimethyl-pentan-2-one and the
like) represents an alkylcarbonyl group as defined above attached through an alkyl group as
defined above having the indicated number of carbon atoms.

The term “hetarylcarbonylalkyl” (e.g. 1-pyridin-2-yl-propan-1-one, 1-(1-H-imidazol-2-
yl)-propan-1-one and the like) represents a hetarylcarbonyl group as defined above attached
through an alkyl group as defined above having the indicated number of carbon atoms.

The term "arylalkylcarbonyl” (e.g. phenylpropylcarbonyl, phenylethylcarbonyl and
the like) represents an arylalkyl group as defined above having the indicated number of car-
bon atoms attached through a carbonyl group.

The term “hetarylalkylcarbonyl” (e.g. imidazolylpentylcarbonyl and the like) repre-
sents a hetarylalkyl group as defined above wherein the alkyl group Is In turn attached
through a carbonyl.

The term "alkylcarboxy" (e.g. heptylcarboxy, cyclopropylcarboxy, 3-pentenylcarboxy)
represents an alkylcarbonyl group as defined above wherein the carbonyl Is In turn attached
through an oxygen bridge.

The term "arylcarboxy” (e.g. benzoic acid and the like) represents an arylcarbony!
group as defined above wherein the carbonyl is In turn attached through an oxygen bridge.

The term "alkylcarboxyalkyl" (e.g. heptylcarboxymethyl, propylcarboxy tert-butyl, 3-
pentylcarboxyethyl) represents an alkylcarboxy group as defined above wherein the carboxy
group Is In turn attached through an alkyl group as defined above having the indicated num-
ber of carbon atoms.

The term "arylalkylcarboxy" (e.g. benzylcarboxy, phenylpropylcarboxy and the like)
represents an arylalkylcarbonyl group as defined above wherein the carbonyl is in turn at-
tached through an oxygen bridge.

The term “hetarylalkylcarboxy” (e.g. (1-H-imidazol-2-yl)-acetic acid, 3-pyrimidin-2-yl-
propionic acid and the like) represents a hetarylalkylcarbonyl group as defined above
wherein the carbonyl is In turn attached through an oxygen bridge.

The term "alkylS(0O)," (e.g. ethylsulfonyl, ethylsulfinyl and the like) represents an al-
Kyl group as defined above, wherein the alkyl group Is In turn attached through a sulphur

bridge wherein the sulphur is substituted with n oxygen atoms.
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The term "arylS(O)," (e.g. phenylsulfinyl, naphthyl-2-sulfonyl and the like) represents
an aryl group as defined above, wherein the aryl group Is in turn attached through a sulphur
bridge wherein the sulphur is substituted with n oxygen atoms.

The term "arylalkylS(0O)," (e.g. benzylsulfinyl, phenetyl-2-sulfonyl and the like) repre-
sents an arylalkyl group as defined above, wherein the arylalkyl group Is In turn attached
through a sulphur bridge wherein the sulphur Is substituted with n oxygen atoms.

The term "bridge” as used herein represents a connection in a saturated or partly
saturated ring between two atoms of such ring that are not neighbors through a chain of 1 to
3 atoms selected from carbon, nitrogen, oxygen and sulfur. Representative examples of such
connecting chains are -CH,-, -CH,CH»-, -CH,NHCH>,-, -CH,CH>-CH>»-, -CH,OCH,-, and the
like. In one embodiment according to the invention, the connecting chain is selected from the
group consisting of -CH»-, -CH,CH,-, or -CH,OCH,-.

The term “spiro atom” as used herein represents a carbon atom in a saturated or
partly saturated ring that connects both ends of a chain of 3 to 7 atoms selected from carbon,
nitrogen, oxygen and sulfur. Representative examples are -(CH»)s-, -(CH>)3-, -(CH2)4-, -
CH,NHCH,CH,-, -CH,CH,NHCH,>CH,-, -CH,NHCH,CH,CH,-, -CH,CH,OCH,-, -OCH,CH,0-,
and the like.

The term "aryl” as used herein Is intended to include monocyclic, bicyclic or poly-
cyclic carbocyclic aromatic rings. Representative examples are phenyl, naphthyl (e.qg.
naphth-1-yl, naphth-2-yl), anthryl (e.g. anthr-1-yl, anthr-9-yl), phenanthryl (e.g. phenanthr-1-
yl, phenanthr-9-yl), and the like. Aryl is also intended to include monocyclic, bicyclic or poly-
cyclic carbocyclic aromatic rings substituted with carbocyclic aromatic rings. Representative
examples are biphenyl (e.g. biphenyl-2-yl, biphenyl-3-yl, biphenyl-4-yl), phenylnaphthy!
(e.g.1-phenylnaphth-2-yl, 2-phenylnaphth-1-yl), and the like. Aryl is also intended to include
partially saturated bicyclic or polycyclic carbocyclic rings with at least one unsaturated moiety
(e.g. a benzo moiety). Representative examples are, indanyl (e.g. indan-1-yl, indan-5-yl), In-
denyl (e.g. inden-1-yl, iInden-5-yl), 1,2,3,4-tetrahydronaphthyl (e.g. 1,2,3,4-tetrahydronaphth-
1-yl, 1,2,3,4-tetrahydronaphth-2-yl, 1,2,3,4-tetrahydronaphth-6-yl), 1,2-dihydronaphthyl (e.g.
1,2-dihydronaphth-1-yl, 1,2-dihydronaphth-4-yl, 1,2-dihydronaphth-6-yl), fluorenyl (e.g. fluo-
ren-1-yl, fluoren-4-yl, fluoren-9-yl), and the like. Aryl is also intended to include partially satu-
rated bicyclic or polycyclic carbocyclic aromatic rings containing one or two bridges. Repre-
sentative examples are, benzonorbornyl (e.g. benzonorborn-3-yl, benzonorborn-6-yl), 1,4-
ethano-1,2,3,4-tetrahydronapthyl (e.g. 1,4-ethano-1,2,3,4-tetrahydronapth-2-yl,1,4-ethano-
1,2,3,4-tetranydronapth-10-yl), and the like. Aryl is also intended to include partially saturated

bicyclic or polycyclic carbocyclic aromatic rings containing one or more spiro atoms. Repre-
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sentative examples are spiro[cyclopentane-1,1’-indane]-4-yl, spiro[cyclopentane-1,1’-indene]-
4-y|, spiro|piperidine-4,1°-indanel-1-yl, spiro|piperidine-3,2’-indanel-1-yl, spiro|[piperidine-4,2'-
Indanel-1-yl, spiro[piperidine-4,1’-indane]-3’-yl, spiro[pyrrolidine-3,2’-indanel-1-yl, spiro[pyrro-
lidine-3,1°-(3,4'-dihydronaphthalene)]-1-yl, spiro[piperidine-3,1'-(3',4'-dihydronaphthalene)]-1-
yl, spiro[piperidine-4,1’-(3',4’-dihydronaphthalene)]-1-yl, spiro[imidazolidine-4,2’-indane]-1-yl,

spiro[piperidine-4,1’-indenel-1-yl, and the like.

The term “hetaryl” or "heteroaryl” as used herein is intended to include monocyclic
heterocyclic aromatic rings containing one or more heteroatoms selected from nitrogen, oxy-
gen, sulfur, SO and S(=0)2. Representative examples are pyrrolyl (e.g. pyrrol-1-yl, pyrrol-2-
yl, pyrrol-3-yl), furanyl (e.g. furan-2-yl, furan-3-yl), thienyl (e.g. thien-2-yl, thien-3-yl), oxazolyl
(e.g. oxazol-2-yl, oxazol-4-yl, oxazol-5-yl), thiazolyl (e.g. thiazol-2-yl, thiazol-4-yl, thiazol-5-yl),
iImidazolyl (e.g. Imidazol-2-yl, imidazol-4-yl, imidazol-5-yl), pyrazolyl (e.g. pyrazol-1-yl, pyra-
zol-3-yl, pyrazol-5-yl), isoxazolyl (e.g. isoxazol-3-yl, isoxazol-4-yl, iIsoxazol-5-yl), isothiazolyl
(e.g. Isothiazol-3-yl, iIsothiazol-4-yl, isothiazol-5-yl), 1,2,3-triazolyl (e.g. 1,2,3-triazol-1-yl,
1,2,3-triazol-4-yl, 1,2,3-triazol-5-yl), 1,2,4-triazolyl (e.g. 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl,
1,2,4-triazol-5-yl), 1,2,3-oxadiazolyl (e.g. 1,2,3-oxadiazol-4-yl, 1,2,3-oxadiazol-5-yl), 1,2,4-
oxadiazolyl (e.g. 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl), 1,2,5-oxadiazolyl (e.g. 1,2,5-0xa-
diazol-3-yl, 1,2,5-oxadiazol-4-yl), 1,3,4-oxadiazolyl (e.g. 1,3,4-oxadiazol-2-yl, 1,3,4-oxadiazol-
5-yl), 1,2,3-thiadiazolyl (e.g. 1,2,3-thiadiazol-4-yl, 1,2,3-thiadiazol-5-yl), 1,2,4-thiadiazolyl
(e.g. 1,2,4-thiadiazol-3-yl, 1,2,4-thiadiazol-5-yl), 1,2,5-thiadiazolyl (e.g. 1,2,5-thiadiazol-3-yl,
1,2,5-thiadiazol-4-yl), 1,3,4-thiadiazolyl (e.g. 1,3,4-thiadiazol-2-yl, 1,3,4-thiadiazol-5-yl), tetra-
zolyl (e.qg. tetrazol-1-yl, tetrazol-5-yl), pyranyl (e.g. pyran-2-yl), pyridinyl (e.g. pyridine-2-yl,
pyridine-3-yl, pyridine-4-yl), pyridazinyl (e.g. pyridazin-2-yl, pyridazin-3-yl), pyrimidinyl (e.g.
pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl), pyrazinyl, 1,2,3-triazinyl, 1,2,4-triazinyl, 1,3,5-
triazinyl, thiadiazinyl, azepinyl, azecinyl, and the like. Hetaryl or heteroaryl is also intended to
Include bicyclic heterocyclic aromatic rings containing one or more heteroatoms selected
from nitrogen, oxygen, sulfur, S(=0) and S(=0)2. Representative examples are indolyl (e.g.
iIndol-1-yl, indol-2-yl, indol-3-yl, indol-5-yl), isoindolyl, benzofuranyl (e.g. benzolblfuran-2-yl,
benzolblfuran-3-yl, benzo|[blfuran-5-yl, benzo|clfuran-2-yl, benzo|c]furan-3-yl, benzo|c]furan-
5-yl), benzothienyl (e.g. benzo|b]thien-2-yl, benzo|b]thien-3-yl, benzo[b]thien-5-yl, benzo-
[c]thien-2-yl, benzo|c]thien-3-yl, benzo|c]thien-5-yl), Indazolyl (e.g. iIndazol-1-yl, indazol-3-vl,
Indazol-5-yl), indolizinyl (e.g. indolizin-1-yl, Indolizin-3-yl), benzopyranyl (e.g. benzo|b]pyran-
3-yl, benzo[b]pyran-6-yl, benzo|c]pyran-1-yl, benzo[c]pyran-7-yl), benzimidazolyl (e.g. ben-
zimidazol-1-yl, benzimidazol-2-yl, benzimidazol-5-yl), benzothiazolyl (e.g. benzothiazol-2-yl,

benzothiazol-5-yl), benzisothiazolyl, benzoxazolyl, benzisoxazolyl, benzoxazinyl, benzotria-
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zolyl, naphthyridinyl (e.g. 1,8-naphthyridin-2-yl, 1,7-naphthyridin-2-yl, 1,6-naphthyridin-2-yl),
phthalazinyl (e.g. phthalazin-1-yl, phthalazin-5-yl), pteridinyl, purinyl (e.g. purin-2-yl, purin-6-
yl, purin-7-yl, purin-8-yl, purin-9-yl), quinazolinyl (e.g. quinazolin-2-yl, quinazolin-4-yl, quina-
zolin-6-yl), cinnolinyl, quinoliny (e.g. quinolin-2-yl, quinolin-3-yl, quinolin-4-yl, quinolin-6-yl),

5 I1soquinolinyl (e.g. iIsoquinolin-1-yl, iIsoquinolin-3-yl, isoquinolin-4-yl), quinoxalinyl (e.g. qui-
noxalin-2-yl, quinoxalin-5-yl), pyrrolopyridinyl (e.g. pyrrolo[2,3-b]pyridinyl, pyrrolo[2,3-
clpyridinyl, pyrrolo[3,2-c]pyridinyl), furopyridinyl (e.g. furo[2,3-b]pyridinyl, furo[2,3-c]pyridinyl,
furo[3,2-c]pyridinyl), thienopyridinyl (e.g. thieno[2,3-b]pyridinyl, thieno[2,3-c]pyridinyl, thieno-
[3,2-c]pyridinyl), imidazopyridinyl (e.g. imidazo[4,5-b]pyridinyl, Iimidazo[4,5-c]pyridinyl, imi-

10  dazo|[1,5-a]pyridinyl, imidazo[1,2-a]pyridinyl), imidazopyrimidinyl (e.g. imidazo[1,2-a]pyri-
midinyl, imidazo|3,4-a]pyrimidinyl), pyrazolopyridinyl (e.g. pyrazolo|[3,4-b]pyridinyl, pyra-
zolo[3,4-c]pyridinyl, pyrazolo|[1,5-a]pyridinyl), pyrazolopyrimidinyl (e.g. pyrazolo[1,5-a]pyri-
midinyl, pyrazolo[3,4-d]pyrimidinyl), thiazolopyridinyl (e.g. thiazolo[3,2-d]pyridinyl), thia-
zolopyrimidinyl (e.g. thiazolo|[5,4-d]pyrimidinyl), imdazothiazolyl (e.g. imidazo|2,1-b]thiazolyl),

15  triazolopyridinyl (e.g. triazolo[4,5-b]pyridinyl), triazolopyrimidinyl (e.g. 8-azapurinyl), and the
like. Hetaryl or heteroaryl is also intended to include polycyclic heterocyclic aromatic rings
containing one or more heteroatoms selected from nitrogen, oxygen, sulfur, S(=0) and
S(=0),. Representative examples are carbazolyl (e.g. carbazol-2-yl, carbazol-3-yl, carbazol-
9-yl), phenoxazinyl (e.g. phenoxazin-10-yl), phenazinyl (e.g. phenazin-5-yl), acridinyl (e.g.

20  acridin-9-yl, acridin-10-yl), phenothiazinyl (e.g. phenothiazin-10-yl), carbolinyl (e.g. pyrido-
[3,4-b]indol-1-yl, pyrido[3,4-b]Jindol-3-yl), phenanthrolinyl (e.g. phenanthrolin-5-yl), and the
like. Hetaryl or heteroaryl is also intended to include partially saturated monocyclic, bicyclic
or polycyclic heterocyclic rings containing one or more heteroatoms selected from nitrogen,
oxygen, sulfur, S(=0) and S(=0),. Representative examples are pyrrolinyl, pyrazolinyl, imi-

25 dazolinyl (e.g. 4,5-dihydroimidazol-2-yl, 4,5-dihydroimidazol-1-yl), indolinyl (e.g. 2,3-dihydro-
iIndol-1-yl, 2,3-dihydroindol-5-yl), dihydrobenzofuranyl (e.g. 2,3-dihydrobenzo|b]furan-2-yl,
2,3-dihydrobenzo|b]furan-4-yl), dinydrobenzothienyl (e.g. 2,3-dihydrobenzo|b]thien-2-yl, 2,3-
dihydrobenzo|b]thien-5-yl), 4,5,6,7-tetrahydrobenzo|b]furan-5-yl), dihnydrobenzopyranyl (e.g.
3,4-dihydrobenzo|b]pyran-3-yl, 3,4-dihydrobenzo|b]pyran-6-yl, 3,4-dihydrobenzo|c]pyran-1-yl,

30  dihydrobenzolc]pyran-7-yl), oxazolinyl (e.g. 4,5-dihydrooxazol-2-yl, 4,5-dihydrooxazol-4-yl,
4,5-dihydrooxazol-5-yl), Isoxazolinyl, oxazepinyl, tetrahydroindazolyl (e.g. 4,5,6,7-tetrahydro-
Indazol-1-yl, 4,5,6,7-tetrahydroindazol-3-yl, 4,5,6,7-tetrahydroindazol-4-yl, 4,5,6,7-tetra-
hydroindazol-6-yl), tetrahydrobenzimidazolyl (e.g. 4,5,6,7-tetrahydrobenzimidazol-1-yl,
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