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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention generally relates to heteroaromatic compounds, which are
dopamine D1 ligands, for example dopamine D1 agonists or partial agonists.

BACKGROUND OF THE INVENTION

[0002] Dopamine acts upon neurons through two families of dopamine receptors, D1-like
receptors (D1Rs) and D2-like receptors (D2Rs). The D1-like receptor family consists of D1 and
D5 receptors which are expressed in many regions of the brain. D1 mRNA has been found, for
example, in the striatum and nucleus accumbens. See e.g., Missale C, Nash SR, Robinson
SW, Jaber M, Caron MG "Dopamine receptors: from structure to function", Physiological
Reviews 78:189-225 (1998). Pharmacological studies have reported that D1 and D5 receptors
(D1/D5), namely D1-like receptors, are linked to stimulation of adenylyl cyclase, whereas D2,
D3, and D4 receptors, namely D2-like receptors, are linked to inhibition of cAMP production.

[0003] Dopamine D1 receptors are implicated in numerous neuropharmacological and
neurobiological functions. For example, D1 receptors are involved in different types of memory
function and synaptic plasticity. See e.g., Goldman-Rakic PS et al., "Targeting the dopamine D1
receptor in schizophrenia: insights for cognitive dysfunction”, Psychopharmacology 174(1):3-16
(2004). Moreover, D1 receptors have been implicated in a variety of psychiatric, neurological,
neurodevelopmental, neurodegenerative, mood, motivational, metabolic, cardiovascular, renal,
ophthalmic, endocrine, and/or other disorders described herein including schizophrenia (e.g.,
cognitive and negative symptoms in schizophrenia), cognitive impairment associated with D2
antagonist therapy, ADHD, impulsivity, autism spectrum disorder, mild cognitive impairment
(MCI), age-related cognitive decline, Alzheimer's dementia, Parkinson's disease (PD),
Huntington's chorea, depression, anxiety, treatment-resistant depression (TRD), bipolar
disorder, chronic apathy, anhedonia, chronic fatigue, post-traumatic stress disorder, seasonal
affective disorder, social anxiety disorder, post-partum depression, serotonin syndrome,
substance abuse and drug dependence, Tourette's syndrome, tardive dyskinesia, drowsiness,
sexual dysfunction, migraine, systemic lupus erythematosus (SLE), hyperglycemia,
dislipidemia, obesity, diabetes, sepsis, post-ischemic tubular necrosis, renal failure, resistant
edema, narcolepsy, hypertension, congestive heart failure, postoperative ocular hypotonia,
sleep disorders, pain, and other disorders in a mammal. See e.g., Goulet M, Madras BK "D(1)
dopamine receptor agonists are more effective in alleviating advanced than mild parkinsonism
in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-treated monkeys", Journal of Pharmacology
and Experimental Therapy 292(2):714-24 (2000); Surmeier DJ et al., "The role of dopamine in
modulating the structure and function of striatal circuits", Prog. Brain Res. 183:149-67 (2010).
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[0004] New or improved agents that modulate (such as agonize or partially agonize) D1 are
needed for developing new and more effective pharmaceuticals to treat diseases or conditions
associated with dysregulated activation of D1, such as those described herein.

SUMMARY OF THE INVENTION

[0005] The present invention provides, in part, a compound of Formula I
R!' R

L Q'
7 NR® R

T3 T4
I
or a pharmaceutically acceptable salt thereof, wherein:

eachof T', T2 T3 and T4 is independently selected from the group consisting of H, halogen, -
CN, -SFs5 -OH, -N(R?)(RP), -C(=0)-N(R®)(RP), -C(=0)-OR®, -C(=0)-RY, Cyg alkyl, Cip
haloalkyl, Co_g alkenyl, C,_g alkynyl, C4_g alkoxy, Cq_g haloalkoxy, -S-(C4.g alkyl), C3.7 cycloalkyl,
4-to 7-membered heterocycloalkyl, Cs.7 cycloalkoxy, 5- or 6- membered heteroaryl,
cyclopropylmethyl, and cyclobutylmethyl, wherein each of the C4¢g alkyl, Cog alkenyl, Cog

alkynyl, -S-(C4.¢ alkyl), and C4_g alkoxy is optionally substituted with one or more substituents

each independently selected from the group consisting of halogen, -OH, -CN, -N(R®)(R®), C14
alkoxy, C4_4 haloalkoxy, and -S-(C4.4 alkyl); and wherein each of the C3 7 cycloalkyl, 4- to 7-

membered heterocycloalkyl, C3.7 cycloalkoxy, 5- or 6-membered heteroaryl, cyclopropylmethyl,
and cyclobutylmethyl of T, T2 and T3 is optionally substituted with one or more substituents
each independently selected from the group consisting of halogen, -OH, -CN, oxo, -N(Ra)(Rb),-
C(=0)OH, -C(=0)-C1.4 alkyl, -C(=0)-O-C1.4 alkyl, -C(=0)-N(R?)(RP), C1.4 alkyl, C1.4 haloalkyl,
C1.4 hydroxylalkyl, C1_4 cyanoalkyl, C4_4 alkoxy, C4_4 haloalkoxy, and -S-(C1_4 alkyl);

L' is selected from the group consisting of O and S;

each of R? and RP is independently selected from the group consisting of H, Cq.4 alkyl, Cs.7
cycloalkyl (e.g., cyclopropyl, cyclobutyl, bicyclo[1.1.1]pentan-1-yl, or bicyclo[1.1.1]pentan-2-yl),
and cyclopropylmethyl,

or R® and RP together with the N atom to which they are attached form 4- to 7-membered
heterocycloalkyl (e.g., azetidinyl, pyrrolidinyl, or 7-azabicyclo[2.2.1]heptan-7-yl) optionally
substituted with one or more substituents each independently selected from the group
consisting of halogen, -OH, -CN, oxo, -NHo, -NH(C1_4 alkyl), -N(C4_4 alkyl),, -C(=O)OH, -C(=0)-
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Cq.4 alkyl, -C(=0)-0-C_4 alkyl, -C(=0)-NH,, -C(=0)-NH(C1_4 alkyl), - C(=0)-N(C1.4 alkyl),, C1.4
alkyl, C4.4 haloalkyl, C41_4 hydroxylalkyl, C1_4 cyanoalkyl, C4_4 alkoxy, -S-(Cq_4 alkyl), and Cq4
haloalkoxy;

each of R® and R%is independently C_4 alkyl, C5.4 cycloalkyl-C1_, alkyl-, or C5 4 cycloalkyl:

Q'lis Qe
(R0, X

_%T;JLN/RmA
KN)\Xz

|
R10B

Q1h
provided that a ring carbon atom of the Q' ring is attached to the benzene ring of Formula I;

each of X! and X2 is independently O or S;

each of R', R2 R3 and R% is independently selected from the group consisting of H, halogen, -
OH, -NO,, -CN, -SF5, C44 alkyl, Cq_g haloalkyl, C4_g haloalkoxy, Co_g alkenyl, Co_g alkynyl, C3.7
cycloalkyl, a 4- to 10-membered heterocycloalkyl, -N(R®)(R®), -N(R7)(C(=0)R®),-C(=0)-N(R®)
(R8), -C(=0)-R8, -C(=0)-0OR8, -N(R”)(S(=0),R8), -S(=0),-N(R®)(R®), -SR8, and -OR8, wherein
each of the Cq_g alkyl, C3_7 cycloalkyl, and heterocycloalkyl is optionally substituted with 1, 2, or
3 substituents each independently selected from the group consisting of halogen, -CN, oxo, -
OH, Cy4 alkyl, Cq.4 alkoxy, C44 haloalkyl, C1.4 haloalkoxy, C5.¢ cycloalkyl, -N(R%)(R®),-N(R’)
(C(=O)R?®), -C(=0)-OR®, -C(=O)H, -C(=0)R®, -C(=O)N(R?)(R®), -N(R')(S(=0)2R®), -S(=0),-
N(R®)(R®), -SR8, and -OR&;

or RZ and R* together with the two carbon atoms to which they are attached form a fused 5- or
6-membered heteroaryl, a fused 5- or 6-membered heterocycloalkyl ring, a fused 5- or 6-
membered cycloalkyl ring, or a fused benzene ring, wherein each of the fused rings is
optionally substituted with 1, 2, or 3 substituents each independently selected from the group
consisting of halo, -CN, -OH, C4_4 alkyl, Cq1_4 alkoxy, C4_4 haloalkyl, and C4_4 haloalkoxy, and

wherein the fused heterocycloalkyl ring or fused cycloalkyl ring is further optionally substituted
with 1, 2, or 3 oxo;

RSis H, C1.4 alkyl, C4_4 haloalkyl, or C5_7 cycloalkyl,

RS is H or selected from the group consisting of Cq-4 alkyl, C1_4 haloalkyl, C5_7 cycloalkyl, a 4- to
10-membered heterocycloalkyl, Cg.1g aryl, a 5- to 10-membered heteroaryl, (C3.7 cycloalkyl)-
Cq.4 alkyl-, (4- to 10-membered heterocycloalkyl)-C4_4 alkyl-, (Cg.1¢ aryl)-C4_4 alkyl-, and (5- to
10-membered heteroaryl)-Cq_4 alkyl-, wherein each of the selections from the group is
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optionally substituted with 1, 2, 3, or 4 substituents each independently selected from the
group consisting of -OH, -CN, Cq.4 alkyl, C3.7 cycloalkyl, C1.4 hydroxylalkyl, -S-C1_4 alkyl, -
C(=O)H, -C(=0)-Cq.4 alkyl, -C(=0)-O-Cq14 alkyl, -C(=0)-NHp, -C(=0)-N(C4.4 alkyl)y, Cq4
haloalkyl, C1_4 alkoxy, and C1_4 haloalkoxy;

or R® and R8 together with the N atom to which they are attached form a 4- to 10-membered
heterocycloalkyl or a 5- to 10-membered heteroaryl, each optionally substituted with 1, 2, 3, 4,
or 5 substituents each independently selected from the group consisting of halogen, -OH, oxo,
-C(=0O)H, -C(=0)-C1_4 alkyl, -C(=0O)OH, -C(=0)-0-C1_4 alkyl, -C(=0)-NH,, -C(=0)-N(C1_4 alkyl),,
-CN, C4_4 alkyl, C4_4 alkoxy, Cq_4 hydroxylalkyl, C4_4 haloalkyl, and C_4 haloalkoxy;

R’ is selected from the group consisting of H, C1.4 alkyl, and C3.7 cycloalkyl;

R8 is selected from the group consisting of Cy.g alkyl, C3.7 cycloalkyl, a 4- to 10-membered
heterocycloalkyl, Cg.1¢ aryl, a 5- to 10-membered heteroaryl, (C3.7 cycloalkyl)-C4.4 alkyl-, (4- to
10-membered heterocycloalkyl)-C4_4 alkyl-, (Cg.10 aryl)-Cq.4 alkyl-, and (5- to 10-membered
heteroaryl)-C1_4 alkyl-, wherein each of the selections from the group is optionally substituted
with 1, 2, or 3 substituents each independently selected from the group consisting of halogen, -
CF3, -CN, -OH, oxo, -S-Cq_4 alkyl, Cq14 alkyl, C14 haloalkyl, Co_g alkenyl, Co_g alkynyl, C3_7
cycloalkyl, C1_4 alkoxy, and C1.4 haloalkoxy;

R'0 is selected from the group consisting of halogen, -OH, -CN, -SFs5, -NO,, C4.¢ alkyl, C1.5
haloalkyl, C1.¢ hydroxylalkyl, C1.g alkoxy, C4. haloalkoxy, Cs.7 cycloalkyl, Cog alkenyl, Cog
alkynyl, Cg.10 aryl, a 4- to 10-membered heterocycloalkyl, a 5- to 10-membered heteroaryl,
(Cs.7 cycloalkyl)-C1.4 alkyl-, (4- to 10-membered heterocycloalkyl)-C4_4 alkyl-, (Cg.1¢ aryl)-C4-4
alkyl-, (5-to 10-membered heteroaryl)-Cy.4 alkyl-, -N(R®)(R®), -N(R")(C(=0)R®), -S(=0)oN(R®)
(R8), -C(=0)-N(R®)(R8), -C(=0)-R8, -C(=0)-OR8, -SR8, and -OR8, wherein each of the Cig
alkyl, C5.7 cycloalkyl, Cg.19 aryl, 4- to 10-membered heterocycloalkyl, 5- to 10-membered
heteroaryl, (C3.7 cycloalkyl)-C4_4 alkyl-, (4- to 10-membered heterocycloalkyl)-C4_4 alkyl-, (Cg.10
aryl)-Cq_4 alkyl-, and (5- to 10-membered heteroaryl)-C4_4 alkyl- is optionally

substituted with 1, 2, 3, or 4 substituents each independently selected from the group
consisting of halogen, -OH, -CN, -NO,, C1.4 alkyl, C1_4 hydroxylalkyl, C1.4 alkoxy, -N(R®)(R®), -
S-(Cq4 alkyl), -S(=0)>-(Cq.4 alkyl), Cg.10 aryloxy, [(Cg.10 aryl)-Cq.4 alkyloxy- optionally
substituted with 1 or 2 Cq4 alkyl], oxo, -C(=O)H, -C(=0)-C44 alkyl, -C(=0)O-Cq_4 alkyl, -
C(=O)NH5,-NHC(=0)H, -NHC(=0)-(C1.4 alkyl), C3.7 cycloalkyl, a 5- or 6-membered heteroaryl,
C4.4 haloalkyl, and C4_4 haloalkoxy;

R19A is selected from the group consisting of H, Cq_g alkyl, C1_g hydroxylalkyl, Co_g alkenyl, -

S(=0),N(R%)(R8), -C(=0)-N(R®)(R®), -C(=0)-R8, -C(=0)-0OR®, -SR'®, -C(R'%),-OH, -C(R"4),-
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0S(=0)H, -C(R),-OP(=0)(OH),, -C(R1%)2-OR2, -C(R14),-OC(=0)-R >, -C(R14),-N(R®)(R9),

R'9B is selected from the group consisting of H, C4_g alkyl, C41.g haloalkyl, C4_g hydroxylalkyl,

Cs.7 cycloalkyl, Cs_g alkenyl, C3_g alkynyl, Cg.19 aryl, a 4- to 10-membered heterocycloalkyl, a 5-
to 10-membered heteroaryl, (C3.7 cycloalkyl)-C4_4 alkyl-, (4- to 10-membered heterocycloalkyl)-
C1.4 alkyl-, (Cg.10 aryl)-Cq4 alkyl-, (5- to 10-membered heteroaryl)-Cy.4 alkyl-, -S(=0)oN(R®)
(R8), -C(=0)-N(R>)(R®), -C(=0)-R8, and -C(=0)-OR8, wherein each of the Cig alkyl, Cs.7
cycloalkyl, Cg.1g aryl, 4- to 10-membered heterocycloalkyl, 5- to 10-membered heteroaryl, (C3.7
cycloalkyl)-Cq_4 alkyl-, (4- to 10-membered heterocycloalkyl)-Cq_4 alkyl-, (Cg.19 aryl)-C4_4 alkyl-,
and (5- to 10-membered heteroaryl)-Cq_4 alkyl-, is optionally substituted with 1, 2, 3, or 4
substituents each independently selected from the group consisting of halogen, -OH,-CN, -
NO,, C1.4 alkyl, Cy_4 hydroxylalkyl, C1.4 alkoxy, -N(R%)(R®), -S-(Cy_4 alkyl), -S(=0)2-(C1.4 alkyl),
Ce-10 aryloxy, [(Cg.10 aryl)-C1.4 alkyloxy- optionally substituted with 1 or 2 Cq_4 alkyl], oxo,-
C(=O)H, -C(=0)-Cq14 alkyl, -C(=0)O-Cq.4 alkyl, -C(=O)NHy, -NHC(=0O)H, -NHC(=0)-(C14
alkyl),-OC(=0)-C1.4 alkyl, Cs.7 cycloalkyl, a 5- or 6-membered heteroaryl, C1_4 haloalkyl, and
C1.4 haloalkoxy;

each R' is independently H or selected from the group consisting of Ci.19 alkyl, Csz.14
cycloalkyl, Co.1g alkenyl, Co_1g alkynyl, Cg.10 aryl, 4- to 10-membered heterocycloalkyl, 5- to 10-
membered heteroaryl, (C3.14 cycloalkyl)-C1_1g alkyl-, (4- to 14-membered heterocycloalkyl)-C4.
10 alkyl-, (Cg-10 aryl)-C1.1¢ alkyl-, (5- to 10-membered heteroaryl)-C4.1¢ alkyl-, wherein each of
the selections of the group is optionally substituted with 1, 2, 3, or 4 substituents each
independently selected from the group consisting of halogen, -OH, -CN, -NOy, C4_4 alkyl, C14
hydroxylalkyl, Cy4 alkoxy, -N(R®)(R8), -N(R7)C(=0)R8, -N(R”)C(=0)OR8, -N(R7)S(=0),R8 -
S(=0)oN(R%)(R8), -C(=0)-N(R>)(R®), -C(=0)-R8, -C(=0)-OR8, -SR8, -OR8 -S(=0),-R®, Cg.10
aryloxy, [(Cg.10 aryl)-C1_4 alkyloxy- optionally substituted with 1 or 2 C1_4 alkyl], oxo, -C(=O)H,-
NHC(=O)H, C3_.7 cycloalkyl, a 5- or 6-membered heteroaryl, C4_4 haloalkyl, and Cq_4 haloalkoxy;

R'5 is selected from the group consisting of Cq.5q alkyl, C3.14 cycloalkyl, Co.5q alkenyl, Cy.o0
alkynyl, Cg.10 aryl, 4- to 14-membered heterocycloalkyl, 5- to 10-membered heteroaryl, (C3.14
cycloalkyl)-C1.o9 alkyl-, (4- to 10-membered heterocycloalkyl)-C1_og alkyl-, (Cg.10 aryl)-Cq.20
alkyl-, (5- to 10-membered heteroaryl)-C4_5g alkyl-, wherein each of the selections of the group
is optionally substituted with 1, 2, 3, or 4 substituents each independently selected from the
group consisting of halogen, -OH, -CN, -NO», C4_4 alkyl, C1.4 hydroxylalkyl, C4_4 alkoxy, -N(R?)
(R%).,-N(R")C(=0)R?, -N(R")C(=0)OR®, -N(R")S(=0)2R?, -S(=0)2N(R°)(R®), -C(=0)-N(R*)(R®), -
C(=0)-R8, -C(=0)-OR®, -SR8 -OR8 -S(=0),-R8, Cg.19 aryloxy, [(Ce.10 aryl)-Cqa alkyloxy-
optionally substituted with 1 or 2 C1_4 alkyl], oxo, -C(=0O)H, -NHC(=0)H, C3.7 cycloalkyl, a 5- or
6-membered heteroaryl, Cq_4 haloalkyl, and C1_4 haloalkoxy; and



DK/EP 3013813 T3

t2is0or 1.

[0006] The present invention also provides a composition (e.g., a pharmaceutical composition)
comprising a compound of Formula | or a pharmaceutically acceptable salt thereof.

[0007] Compounds of Formula | and pharmaceutically acceptable salts thereof are D1
modulators (e.g., D1 agonists or partial agonists). Accordingly, the compounds of the present
invention may be useful for treating a D1-mediated (or D1-associated) disorder (e.g., cognitive
impairment such as cognitive impairment associated with schizophrenia or cognitive
impairment associated with Alzheimer's disease; schizophrenia; Alzheimer's disease; or
Parkinson's disease).

[0008] As used herein, the term "n-membered" where n is an integer typically describes the
number of ring-forming atoms in a moiety where the number of ring-forming atoms is n. For
example, pyridine is an example of a 6-membered heteroaryl ring and thiophene is an example
of a 5-membered heteroaryl group.

[0009] At various places in the present specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is specifically intended that the invention
include each and every individual subcombination of the members of such groups and ranges.
For example, the term "Cq_g alkyl" is specifically intended to include Cq alkyl (methyl), C, alkyl

(ethyl), C3 alkyl, C4 alkyl, Cs alkyl, and Cg alkyl. For another example, the term "a 5- to 10-

membered heteroaryl group" is specifically intended to include any 5-, 6-, 7-, 8-, 9- or 10-
membered heteroaryl group.

[0010] As used herein, the term "alkyl" is defined to include saturated aliphatic hydrocarbons
including straight chains and branched chains. In some embodiments, the alkyl group has 1 to
20 carbon atoms, 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms. For
example, the term "C1_pg alkyl" refers to linear or branched aliphatic hydrocarbon chains of 1 to

20 carbon atoms; the term "Cq.1g alkyl" refers to linear or branched aliphatic hydrocarbon
chains of 1 to 10 carbon atoms. For another example, as used herein, the term "C4_g alkyl," as
well as the alkyl moieties of other groups referred to herein (e.g., Cq_galkoxy) refers to linear or

branched radicals of 1 to 6 carbon atoms (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, or n-hexyl). For yet another example, the term "Cq4

alkyl" refers to linear or branched aliphatic hydrocarbon chains of 1 to 4 carbon atoms; the
term "C4_3 alkyl" refers to linear or branched aliphatic hydrocarbon chains of 1 to 3 carbon

atoms; the term "C4_ alkyl" refers to linear or branched aliphatic hydrocarbon chains of 1 to 2
carbon atoms; and the term "Cq alkyl" refers to methyl. An alkyl group optionally can be

substituted by one or more (e.g. 1 to 5) suitable substituents.
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[0011] As used herein, the term "alkenyl!" refers to aliphatic hydrocarbons having at least one
carbon-carbon double bond, including straight chains and branched chains having at least one
carbon-carbon double bond. In some embodiments, the alkenyl group has 2 to 20 carbon
atoms, 2 to 10 carbon atoms, 2 to 6 carbon atoms, 3 to 6 carbon atoms, or 2 to 4 carbon
atoms. For example, as used herein, the term "Co.o¢ alkenyl" refers to straight or branched
chain unsaturated radicals (having at least one carbon-carbon double bond) of 2 to 20 carbon
atoms; the term "Co_1g alkenyl" refers to straight or branched chain unsaturated radicals

(having at least one carbon-carbon double bond) of 2 to 10 carbon atoms; the term "C34

alkenyl" refers to straight or branched chain unsaturated radicals (having at least one carbon-
carbon double bond) of 3 to 4 carbon atoms; and the term "Co,_4 alkenyl" refers to straight or

branched chain unsaturated radicals (having at least one carbon-carbon double bond) of 2 to 4
carbon atoms. For another example, the term "Co_g alkenyl" means straight or branched chain
unsaturated radicals (having at least one carbon-carbon double bond) of 2 to 6 carbon atoms,
including, but not limited to, ethenyl, 1-propenyl, 2-propenyl (allyl), isopropenyl, 2-methyl-1-
propenyl, 1-butenyl, 2-butenyl, and the like.. An alkenyl group optionally can be substituted by
one or more (e.g. 1 to 5) suitable substituents. When the compounds of Formula | contain an
alkenyl group, the alkenyl group may exist as the pure E form, the pure Z form, or any mixture
thereof.

[0012] As used herein, the term "alkynyl" refers to aliphatic hydrocarbons having at least one
carbon-carbon triple bond, including straight chains and branched chains having at least one
carbon-carbon triple bond. In some embodiments, the alkynyl group has 2 to 20, 2 to 10, 2 to
6, or 3 to 6 carbon atoms. For example, as used herein, the term "Cog alkynyl" refers to

straight or branched hydrocarbon chain alkynyl radicals as defined above, having 2 to 6 carbon
atoms. For another rexample, the term "Co.pg alkynyl" is used herein to mean straight or
branched hydrocarbon chain alkynyl radicals as defined above, having 2 to 20 carbon atoms;
the term "Co_1g alkynyl" refers to straight or branched hydrocarbon chain alkynyl radicals as

defined above, having 2 to 10 carbon atoms; and the term "Cs5_g alkynyl" refers to straight or

branched hydrocarbon chain alkynyl radicals as defined above, having 3 to 6 carbon atoms. An
alkynyl group optionally can be substituted by one or more (e.g. 1 to 5) suitable substituents.

[0013] As used herein, the term "cycloalkyl" refers to saturated or unsaturated, non-aromatic,
monocyclic or polycyclic (such as bicyclic) hydrocarbon rings (e.g., monocyclics such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, or bicyclics
including spiro, fused, or bridged systems (such as bicyclo[1.1.1]pentanyl,
bicyclo[2.2.1]heptanyl, bicyclo[3.2.1]octanyl or bicyclo[5.2.0]nonanyl, decahydronaphthalenyl,
etc.). The cycloalkyl group has 3 to 15 carbon atoms. In some embodiments the cycloalkyl may
optionally contain one, two or more non-cumulative non-aromatic double or triple bonds and/or
one to three oxo groups. In some embodiments, the bicycloalkyl group has 6 to 14 carbon
atoms. For example, the term " Cs.14 cycloalkyl" refers to saturated or unsaturated, non-
aromatic, monocyclic or polycyclic (such as bicyclic) hydrocarbon rings of 3 to 14 ring-forming
carbon atoms (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[1.1.1]pentanyl, or
cyclodecanyl); and the term " C3_7 cycloalkyl" refers to saturated or unsaturated, non-aromatic,
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monocyclic or polycyclic (such as bicyclic) hydrocarbon rings of 3 to 7 ring-forming carbon
atoms (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[1.1.1]pentan-1-yl, or
bicyclo[1.1.1]pentan-2-yl). For another example, the term "C3_ g cycloalkyl" refers to saturated
or unsaturated, non-aromatic, monocyclic or polycyclic (such as bicyclic) hydrocarbon rings of
3 to 6 ring-forming carbon atoms. For yet another example, the term "Cs_4 cycloalkyl" refers to

cyclopropyl or cyclobutyl. Also included in the definition of cycloalkyl are moieties that have one
or more aromatic rings (including aryl and heteroaryl) fused to the cycloalkyl ring, for example,
benzo or thienyl derivatives of cyclopentane, cyclopentene, cyclohexane, and the like (e.g.,
2,3-dihydro-1H-indene-1-yl, or 1H-inden-2(3H)-one-1-yl). The cycloalkyl group optionally can
be substituted by 1 or more (e.g., 1 to 5) suitable substituents.

[0014] As used herein, the term "aryl" refers to all-carbon monocyclic or fused-ring polycyclic
aromatic groups having a conjugated pi-electron system. The aryl group has 6 or 10 carbon
atoms in the ring(s). Most commonly, the aryl group has 6 carbon atoms in the ring. For
example, as used herein, the term "Cg.1¢ aryl" means aromatic radicals containing from 6 to 10

carbon atoms such as phenylor naphthyl. The aryl group optionally can be substituted by 1 or
more (e.g., 1 to 5) suitable substituents.

[0015] As used herein, the term "heteroaryl" refers to monocyclic or fused-ring polycyclic
aromatic heterocyclic groups with one or more heteroatom ring members (ring-forming atoms)
each independently selected from O, S and N in at least one ring. The heteroaryl group has 5
to 14 ring-forming atoms, including 1 to 13 carbon atoms, and 1 to 8 heteroatoms selected
from O, S, and N. In some embodiments, the heteroaryl group has 5 to 10 ring-forming atoms
including one to four heteroatoms. The heteroaryl group can also contain one to three oxo or
thiono (i.e. =S) groups. In some embodiments, the heteroaryl group has 5 to 8 ring-forming
atoms including one, two or three heteroatoms. For example, the term "5-membered
heteroaryl" refers to a monocyclic heteroaryl group as defined above with 5 ring-forming atoms
in the monocyclic heteroaryl ring; the term "6-membered heteroaryl" refers to a monocyclic
heteroaryl group as defined above with 6 ring-forming atoms in the monocyclic heteroaryl ring;
and the term "5- or 6-membered heteroaryl" refers to a monocyclic heteroaryl group as defined
above with § or 6 ring-forming atoms in the monocyclic heteroaryl ring. For another example,
term "5-or 10-membered heteroaryl" refers to a monocyclic or bicyclic heteroaryl group as
defined above with 5, 6, 7, 8, 9 or 10 ring-forming atoms in the monocyclic or bicyclic
heteroaryl ring. A heteroaryl group optionally can be substituted by 1 or more (e.g., 1 to 5)
suitable substituents. Examples of monocyclic heteroaryls include those with 5 ring-forming
atoms including one to three heteroatoms or those with 6 ring-forming atoms including one,
two or three nitrogen heteroatoms. Examples of fused bicyclic heteroaryls include two fused 5-
and/or 6-membered monocyclic rings including one to four heteroatoms.

[0016] Examples of heteroaryl groups include pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
thienyl, furyl, imidazolyl, pyrrolyl, oxazolyl (e.g., 1,3-oxazolyl, 1,2-oxazolyl), thiazolyl (e.g., 1,2-
thiazolyl, 1,3-thiazolyl), pyrazolyl, tetrazolyl, triazolyl (e.g., 1,2,3-triazolyl, 1,24-triazolyl),
oxadiazolyl (e.g., 1,2,3-oxadiazolyl), thiadiazolyl (e.g., 1,3,4-thiadiazolyl), quinolyl, isoquinolyl,
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benzothienyl, benzofuryl, indolyl, 1H-imidazo[4,5-c]pyridinyl, imidazo[1,2-a]pyridinyl, 1H-
pyrrolo[3,2-c]pyridinyl, imidazo[1,2-a]pyrazinyl, imidazo[2,1-c][1,2,4]triazinyl, imidazo[1,5-
a]pyrazinyl, imidazo[1,2-a]lpyrimidinyl, 1H-indazolyl, 9H-purinyl, imidazo[1,2-a]lpyrimidinyl,
[1,2,4]triazolo[1,5-a]pyrimidinyl, [1,2,4]triazolo[4,3-b]pyridazinyl, isoxazolo[5,4-c]pyridazinyl,
isoxazolo[3,4-c]pyridazinyl, pyridone, pyrimidone, pyrazinone, pyrimidinone, 1H-imidazol-
2(3H)-one, 1H-pyrrole-2,5-dione, 3-oxo-2H-pyridazinyl, 1H-2-oxo-pyrimidinyl, 1H-2-oxo-
pyridinyl, 2,4(1H,3H)-dioxo-pyrimidinyl, 1H-2-oxo-pyrazinyl, and the like. The heteroaryl group
optionally can be substituted by 1 or more (e.g., 1 to 5) suitable substituents.

[0017] As used herein, the term "heterocycloalkyl" refers to a monocyclic or polycyclic
[including 2 or more rings that are fused together, including spiro, fused, or bridged systems,
for example, a bicyclic ring system], saturated or unsaturated, non-aromatic 4- to 15-
membered ring system (such as a 4- to 14-membered ring system, 4- to 10-membered ring
system, 5- to 10-membered ring system, 4- to 7-membered ring system, 4- to 6-membered
ring system, or 5- to 6-membered ring system), including 1 to 14 ring-forming carbon atoms
and 1 to 10 ring-forming heteroatoms each independently selected from O, S and N. For
example, ; the term "4- to 14-membered heterocycloalkyl" refers to a monocyclic or polycyclic,
saturated or unsaturated, non-aromatic 4- to 14-membered ring system that comprises one or
more ring-forming heteroatoms each independently selected from O, S and N; and the term "4-
to 10-membered heterocycloalkyl" refers to a monocyclic or polycyclic, saturated or
unsaturated, non-aromatic 4-to 10-membered ring system that comprises one or more ring-
forming heteroatoms each independently selected from O, S and N. For another example, the
term "4- to 6-membered heterocycloalkyl" refers to a monocyclic or polycyclic, saturated or
unsaturated, non-aromatic 4-to 6-membered ring system that comprises one or more ring-
forming heteroatoms each independently selected from O, S and N; and the term "5- to 6-
membered heterocycloalkyl" refers to a monocyclic or polycyclic, saturated or unsaturated,
non-aromatic 5- to 6-membered ring system that comprises one or more ring-forming
heteroatoms each independently selected from O, S and N. The heterocycloalkyl group
optionally can be substituted by 1 or more (e.g., 1 to 5) suitable substituents. The
heterocycloalkyl group can also optionally include one to three oxo or thiono groups.

[0018] Examples of such heterocycloalkyl rings include azetidinyl, tetrahydrofuranyl,
imidazolidinyl, pyrrolidinyl, piperidinyl, piperazinyl, oxazolidinyl, thiazolidinyl, pyrazolidinyl,
thiomorpholinyl, tetrahydrothiazinyl, tetrahydrothiadiazinyl, morpholinyl, oxetanyl,
tetrahydrodiazinyl, oxazinyl, oxathiazinyl, quinuclidinyl, chromanyl, isochromanyl, benzoxazinyl,
7-azabicyclo[2.2.1]heptan-1-yl, 7-azabicyclo[2.2.1]heptan-2-yl, 7-azabicyclo[2.2.1]heptan-7-yl,
2-azabicyclo[2.2.1]heptan-3-on-2-yl, 3-azabicyclo[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl
and the like. Further examples of heterocycloalkyl rings include tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, imidazolidin-1-yl, imidazolidin-2-yl, imidazolidin-4-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl,
piperazin-1-yl, piperazin-2-yl, 1,3-oxazolidin-3-yl, 1,4-oxazepan-1-yl, isothiazolidinyl, 1,3-
thiazolidin-3-yl, 1,2-pyrazolidin-2-yl, 1,2-tetrahydrothiazin-2-yl, 1,3-thiazinan-3-yl, 1,2-
tetrahydrodiazin-2-yl, 1,3-tetrahydrodiazin-1-yl, 1,4-oxazin-4-yl, oxazolidinonyl, 2-oxo-
piperidinyl (e.g., 2-oxo-piperidin-1-yl), and the like. Also included in the definition of
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heterocycloalkyl are moieties that have one or more aromatic rings (including aryl and
heteroaryl) fused to the nonaromatic heterocycloalkyl ring, for example pyridinyl, pyrimidinyl,
thiophenyl, pyrazolyl, phthalimidyl, naphthalimidyl, and benzo derivatives of the nonaromatic
heterocycloalkyl rings. Examples of such aromatic-fused heterocycloalkyl groups include
indolinyl, isoindolinyl, isoindolin-1-one-3-yl, 5,7-dihydro-6H-pyrrolo[3,4-b]pyridin-6-yl, 6,7-
dihydro-5H-pyrrolo[3,4-d]pyrimidin-6-yl, 4,5,6,7-tetrahydrothieno[2,3-c]pyridine-5-yl, 5,6-
dihydrothieno[2,3-c]pyridin-7(4H)-one-5-yl, 1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-5-yl, and
3,4-dihydroisoquinolin-1(2H)-one-3-yl groups. The heterocycloalkyl group is optionally
substituted by 1 or more (e.g., 1 to 5) suitable substituents. Examples of heterocycloalkyl
groups include 5- or 6-membered monocyclic rings and 9- or 10-membered fused bicyclic
rings.

[0019] As used herein, the term "halo" or "halogen" group is defined to include fluorine,
chlorine, bromine or iodine.

[0020] As used herein, the term "haloalkyl" refers to an alkyl group having one or more
halogen substituents (up to perhaloalkyl, i.e., every hydrogen atom of the alkyl group has been
replaced by a halogen atom). For example, the term "Cqg haloalkyl" refers to a Cqg alkyl

group having one or more halogen substituents (up to perhaloalkyl, i.e., every hydrogen atom
of the alkyl group has been replaced by a halogen atom). For another example, the term "Cq_4

haloalkyl" refers to a Cq.4 alkyl group having one or more halogen substituents (up to

perhaloalkyl, i.e., every hydrogen atom of the alkyl group has been replaced by a halogen
atom); the term "C4_3 haloalkyl" refers to a Cq_.3 alkyl group having one or more halogen

substituents (up to perhaloalkyl, i.e., every hydrogen atom of the alkyl group has been
replaced by a halogen atom); and the term "Cq.o haloalkyl" refers to a C4_» alkyl group (i.e.

methyl or ethyl) having one or more halogen substituents (up to perhaloalkyl, i.e., every
hydrogen atom of the alkyl group has been replaced by a halogen atom). For yet another
example, the term "C4 haloalkyl" refers to a methyl group having one, two, or three halogen

substituents. Examples of haloalkyl groups include CF3, CoFs, CHF5, CHyF, CHoCF3, CH)CI
and the like.

[0021] As used herein, the term "halocycloalkyl" refers to a cycloalkyl group having one or
more halogen substituents (up to perhalocycloalkyl, i.e., every hydrogen atom of the cycloalkyl
group has been replaced by a halogen atom). For example, the term "Cs34 halocycloalkyl"

refers to a cyclopropyl or cyclobutyl group having one or more halogen substituents. An
example of halocycloalkyl is 2-fluorocyclopropan-1-yl.

[0022] As used herein, the term "alkoxy" or "alkyloxy" refers to an -O-alkyl group. For example,
the term "C1_g alkoxy" or "Cq_g alkyloxy" refers to an -O-(C4_g alkyl) group; and the term "Cq_4

alkoxy" or "C1_4 alkyloxy" refers to an -O-(C4_4 alkyl) group; For another example, the term "C4.
2 alkoxy" or "Cq.o alkyloxy" refers to an -O-(Cq.2 alkyl) group. Examples of alkoxy include
methoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), tert-butoxy, and the like. The
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alkoxy or alkyloxy group optionally can be substituted by 1 or more (e.g., 1 to 5) suitable
substituents.

[0023] As used here, the term "haloalkoxy" refers to an -O-haloalkyl group. For example, the
term "C1_g haloalkoxy" refers to an -O-(C1_g haloalkyl) group. For another example, the term

"C1-4 haloalkoxy" refers to an -O-(C4_4 haloalkyl) group; and the term "Cq_.o haloalkoxy" refers
to an -O-(C1.2 haloalkyl) group. For yet another example, the term "C{ haloalkoxy" refers to a

methoxy group having one, two, or three halogen substituents. An example of haloalkoxy is -
OCF3 or-OCHF»,.

[0024] As used herein, the term "cycloalkoxy" or "cycloalkyloxy" refers to an -O-cycloalkyl
group. For example,, the term "C3_7 cycloalkoxy" or "C3.7 cycloalkyloxy" refers to an -O-(Cs3_7

cycloalkyl) group. For another example,, the term "Cs3g cycloalkoxy" or "Cs.g cycloalkyloxy"
refers to an -O-(C3_g cycloalkyl) group. Examples of cycloalkoxy include C3.¢ cycloalkoxy (e.g.,

cyclopropoxy, cyclobutoxy, cyclopentoxy, cyclohexanoxy, and the like). The cycloalkoxy or
cycloalkyloxy group optionally can be substituted by 1 or more (e.g., 1 to 5) suitable
substituents.

[0025] As used here, the term "Cg_1paryloxy" refers to an -O-(Cg.1paryl) group. An example of a
Cg-10 aryloxy group is -O-phenyl [i.e., phenoxy]. The Cg.1¢ aryloxy y group optionally can be

substituted by 1 or more (e.g., 1 to 5) suitable substituents.

[0026] As used herein, the term "fluoroalkyl" refers to an alkyl group having one or more
fluorine substituents (up to perfluoroalkyl, i.e., every hydrogen atom of the alkyl group has
been replaced by fluorine). For example, the term "Cq_5 fluoroalky!" refers to a Cq_o alkyl group

having one or more fluorine substituents (up to perfluoroalkyl, i.e., every hydrogen atom of the
C, alkyl group has been replaced by fluorine). For another example, the term "C4 fluoroalkyl"

refers to a C¢ alkyl group (i.e., methyl) having 1, 2, or 3 fluorine substituents). Examples of
fluoroalkyl groups include CF3, CoF5, CHoCF3, CHF o, CHoF, and the like.

[0027] As used here, the term "fluoroalkoxy" refers to an -O-fluoroalkyl group. For example,
the term "C4.o fluoroalkoxy" refers to an -O-Cq_o fluoroalkyl group. For another example, the

term "C¢ fluoroalkoxy" refers to a methoxy group having one, two, or three fluorine
substituents. An example of C1 fluoroalkoxy is -OCF3 or -OCHF .

[0028] As used herein, the term "hydroxylalkyl" or "hydroxyalkyl" refers to an alkyl group
having one or more (e.g., 1, 2, or 3) OH substituents. The term "Cq_g hydroxylalkyl" or "Cq.g

hydroxyalkyl" refers to a C4_g alkyl group having one or more (e.g., 1, 2, or 3) OH substituents.
The term "C1_4 hydroxylalkyl" or "C1_4 hydroxyalkyl" refers to a Cq_4 alkyl group having one or
more (e.g., 1, 2, or 3) OH substituents; the term "Cq.3 hydroxylalkyl" or "Cq.3 hydroxyalky!"

refers to a C4_3 alkyl group having one or more (e.g., 1, 2, or 3) OH substituents; and the term
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"C4.2 hydroxylalkyl" or "C 1.5 hydroxyalky!" refers to a C4.o alkyl group having one or more (e.g.,
1, 2, or 3) OH substituents. An example of hydroxylalkyl is -CH>,OH or -CH,CH>OH.

[0029] As used herein, the term "cyanoalkyl" refers to an alkyl group having one or more (e.g.,
1, 2, or 3) -CN (i.e. -C=N or cyano) substituents. For example, The term "C4_4 cyanoalky!"

refers to a Cq_4 alkyl group having one or more (e.g., 1, 2, or 3) -CN substituents. An Example
of cyanoalkyl is -CH»-CN or -CH>CH»-CN.

[0030] As used herein, the term "oxo" refers to =0O. When an oxo is substituted on a carbon
atom, they together form a carbonyl moiety [-C(=O)-]. When an oxo is substituted on a sulfur
atom, they together form a sulfinyl moiety [-S(=0)-]; when two oxo groups are substituted on a
sulfur atom, they together form a sulfonyl moiety [-S(=0)»-].

[0031] As used herein, the term "optionally substituted" means that substitution is optional and
therefore includes both unsubstituted and substituted atoms and moieties. A "substituted" atom
or moiety indicates that any hydrogen on the designated atom or moiety can be replaced with
a selection from the indicated substituent group (up to that every hydrogen atom on the
designated atom or moiety is replaced with a selection from the indicated substituent group),
provided that the normal valency of the designated atom or moiety is not exceeded, and that
the substitution results in a stable compound. For example, if a methyl group (i.e., CHj) is

optionally substituted, then up to 3 hydrogen atoms on the carbon atom can be replaced with
substituent groups.

[0032] As used herein, unless specified, the point of attachment of a substituent can be from
any suitable position of the substituent. For example, piperidinyl can be piperidin-1-yl (attached
through the N atom of the piperidinyl), piperidin-2-yl (attached through the C atom at the 2-
position of the piperidinyl), piperidin-3-yl (attached through the C atom at the 3-position of the
piperidinyl), or piperidin-4-yl (attached through the C atom at the 4-position of the piperidinyl).
For another example, pyridinyl (or pyridyl) can be 2-pyridinyl (or pyridin-2-yl), 3-pyridinyl (or
pyridin-3-yl), or 4-pyridinyl (or pyridin-4-yl).

[0033] When a bond to a substituent is shown to cross a bond connecting two atoms in a ring,
then such substituent may be bonded to any of the ring-forming atoms in that ring that are
substitutable (i.e., bonded to one or more hydrogen atoms), unless otherwise specifized or
otherwise implicit from the context.

[0034] When a substituted or optionally substituted moiety is described without indicating the
atom via which such moiety is bonded to a substituent, then the substituent may be bonded via
any appropriate atom in such moiety. For example in a substituted arylalkyl, a substituent on
the arylalkyl [e.g., (Cg.1g aryl)-C1.4 alkyl-] can be bonded to any carbon atom on the alkyl part
or on the aryl part of the arylalkyl. Combinations of substituents and/or variables are
permissible only if such combinations result in stable compounds.
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[0035] As noted above, the compounds of Formula | may exist in the form of pharmaceutically
acceptable salts such as acid addition salts and/or base addition salts of the compounds of
Formula I. The phrase "pharmaceutically acceptable salt(s)", as used herein, unless otherwise
indicated, includes acid addition or base salts which may be present in the compounds of
Formula I.

[0036] Pharmaceutically acceptable salts of the compounds of Formula | include the acid
addition and base salts thereof.

[0037] Suitable acid addition salts are formed from acids which form non-toxic salts. Examples
include the acetate, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulfate/sulfate, borate, camphorsulfonate, citrate, cyclamate, edisylate, esylate, formate,
fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulfate, naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate, tannate, tartrate, tosylate, trifluoroacetate and
xinofoate salts.

[0038] Suitable base salts are formed from bases which form non-toxic salts. Examples include
the aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc salts.

[0039] Hemisalts of acids and bases may also be formed, for example, hemisulfate and
hemicalcium salts.

[0040] For a review on suitable salts, see "Handbook of Pharmaceutical Salts: Properties,
Selection, and Use" by Stahl and Wermuth (Wiley-VCH, 2002). Methods for making
pharmaceutically acceptable salts of compounds of Formula | are known to one of skill in the
art.

[0041] As used herein the terms "Formula |", "Formula | or pharmaceutically acceptable salts
thereof", "pharmaceutically acceptable salts of the compound or the salt [of Formula I]" are
defined to include all forms of the compound of Formula |, including hydrates, solvates,
isomers (including for example rotational stereoisomers), crystalline and non-crystalline forms,
isomorphs, and polymorphs thereof.

[0042] As it is known to the person skilled in the art, amine compounds (i.e., those comprising
one or more nitrogen atoms), for example tertiary amines, can form N-oxides (also known as

amine oxides or amine N-oxides). An N-oxide has the formula of (R1%0R200R300)N*.O- wherein

the parent amine (R100R200R300)

R 00’ RZOO, R300

N can be for example, a tertiary amine (for example, each of

is independently alkyl, arylalkyl, aryl, heteroaryl, or the like), a heterocyclic or

(R1 00R200R300)

heteroaromatic amine [for example, N together forms 1-alkylpiperidine, 1-
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alkylpyrrolidine, 1-benzylpyrrolidine, or pyridine]. For instance, an imine nitrogen, especially
heterocyclic or heteroaromatic imine nitrogen, or pyridine-type nitrogen

atom [such as a nitrogen atom in pyridine, pyridazine, or pyrazine], can be N-oxidized to form
the N-oxide comprising the group

(ENE

Thus, a compound according to the present invention comprising one or more nitrogen atoms
(e.g., an imine nitrogen atom) may be capable of forming an N-oxide thereof (e.g., mono-N-
oxides, bis-N-oxides or multi-N-oxides, or mixtures thereof depending on the number of
nitrogen atoms suitable to form stable N-oxides).

[0043] As used herein, the term "N-oxide(s)" refer to all possible, and in particular all stable, N-
oxide forms of the amine compounds (e.g., compounds comprising one or more imine nitrogen
atoms) described herein, such as mono-N-oxides (including different isomers when more than
one nitrogen atom of an amine compound can form a mono-N-oxide) or multi-N-oxides (e.g.,
bis-N-oxides), or mixtures thereof in any ratio.

[0044] Compounds of Formula | and their salts described herein further include N-oxides
thereof.

[0045] Compounds of Formula | (including salts thereof) may exist in a continuum of solid
states ranging from fully amorphous to fully crystalline. The term 'amorphous' refers to a state
in which the material lacks long-range order at the molecular level and, depending upon
temperature, may exhibit the physical properties of a solid or a liquid. Typically such materials
do not give distinctive X-ray diffraction patterns and, while exhibiting the properties of a solid,
are more formally described as a liquid. Upon heating, a change from apparent solid to a
material with liquid properties occurs, which is characterised by a change of state, typically
second order ('glass transition'). The term 'crystalline' refers to a solid phase in which the
material has a regular ordered internal structure at the molecular level and gives a distinctive
X-ray diffraction pattern with defined peaks. Such materials when heated sufficiently will also
exhibit the properties of a liquid, but the change from solid to liquid is characterized by a phase
change, typically first order ('melting point’).

[0046] Compounds of Formula | (including salts thereof) may exist in unsolvated and solvated
forms. When the solvent or water is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however, the solvent or water is weakly bound,
as in channel solvates and hygroscopic compounds, the water/solvent content will be
dependent on humidity and drying conditions. In such cases, non-stoichiometry will be the
norm.

[0047] The compounds of Formula | (including salts thereof) may exist as clathrates or other
complexes (e.g., co-crystals). Included within the scope of the invention are complexes such as
clathrates, drug-host inclusion complexes wherein the drug and host are present in
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stoichiometric or non-stoichiometric amounts. Also included are complexes of the compounds
of Formula | containing two or more organic and/or inorganic components, which may be in
stoichiometric or non-stoichiometric amounts. The resulting complexes may be ionized,
partially ionized, or non-ionized. Co-crystals are typically defined as crystalline complexes of
neutral molecular constituents that are bound together through non-covalent interactions, but
could also be a complex of a neutral molecule with a salt. Co-crystals may be prepared by melt
crystallization, by recrystallization from solvents, or by physically grinding the components
together; see O. Almarsson and M. J. Zaworotko, Chem. Commun. 2004, 17, 1889-1896. For
a general review of multi-component complexes, see J. K. Haleblian, J. Pharm. Sci. 1975, 64,
1269-1288.

[0048] The compounds of the invention (including salts thereof) may also exist in a
mesomorphic state (mesophase or liquid crystal) when subjected to suitable conditions. The
mesomorphic state is intermediate between the true crystalline state and the true liquid state
(either melt or solution). Mesomorphism arising as the result of a change in temperature is
described as 'thermotropic' and that resulting from the addition of a second component, such
as water or another solvent, is described as 'lyotropic’. Compounds that have the potential to
form lyotropic mesophases are described as 'amphiphilic’ and consist of molecules which

possess an ionic (such as -COO"Na*, -COOK*, or -SO3Na*) or non-ionic (such as -N"N*

(CHs)3) polar head group. For more information, see Crystals and the Polarizing Microscope

by N. H. Hartshorne and A. Stuart, 4! Edition (Edward Arnold, 1970).

[0049] Certain derivatives of compounds of Formula | which may have little or no
pharmacological activity themselves can, when administered into or onto the body, be
converted into compounds of Formula | having the desired activity, for example, by hydrolytic
cleavage. Such derivatives are

referred to as "prodrugs". Further information on the use of prodrugs may be found in Pro-
drugs as Novel Delivery Systems, Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella)
and Bioreversible Carriers in Drug Design, Pergamon Press, 1987 (Ed. E. B. Roche, American
Pharmaceutical Association).

[0050] Prodrugs can, for example, be produced by replacing appropriate functionalities
present in the compounds of Formula | with certain moieties known to those skilled in the art as
'pro-moieties' as described, for example, in Design of Prodrugs by H. Bundgaard (Elsevier,
1985), or in Prodrugs: Challenges and Reward, 2007 edition, edited by Valentino Stella, Ronald
Borchardt, Michael Hageman, Reza Oliyai, Hans Maag, Jefferson Tilley, pages 134-175
(Springer, 2007).

[0051] Moreover, certain compounds of Formula | may themselves act as prodrugs of other
compounds of Formula I.

[0052] Metabolites of compounds of Formula I, that is, compounds formed in vivo upon
administration of the drug may also exist.
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[0053] The compounds of Formula | (including salts thereof) include all stereoisomers and
tautomers. Stereoisomers of Formula | include cis and trans isomers, optical isomers such as
R and S enantiomers, diastereomers, geometric isomers, rotational isomers, atropisomers,
and conformational isomers of the compounds of Formula |, including compounds exhibiting
more than one type of isomerism; and mixtures thereof (such as racemates and
diastereomeric pairs). Also included are acid addition or base addition salts wherein the
counterion is optically active, for example, D-lactate or L-lysine, or racemic, for example, DL-
tartrate or DL-arginine.

[0054] In some embodiments, the compounds of Formula | (including salts thereof) may have
asymmetric carbon atoms. The carbon-carbon bonds of the compounds of Formula | may be
depicted herein using a solid line (

), a solid wedge (
b |

), or a dotted wedge (
—aoni 1]

). The use of a solid line to depict bonds to asymmetric carbon atoms is meant to indicate that
all possible stereocisomers (e.g., specific enantiomers, racemic mixtures, etc.) at that carbon
atom are included. The use of either a solid or dotted wedge to depict bonds to asymmetric
carbon atoms is meant to indicate that only the stereocisomer shown is meant to be included. It
is possible that compounds of Formula | may contain more than one asymmetric carbon atom.
In those compounds, the use of a solid line to depict bonds to asymmetric carbon atoms is
meant to indicate that all possible sterecisomers are meant to be included. For example,
unless stated otherwise, it is intended that the compounds of Formula | can exist as
enantiomers and diastereomers or as racemates and mixtures thereof. The use of a solid line
to depict bonds to one or more asymmetric carbon atoms in a compound of Formula | and the
use of a solid or dotted wedge to depict bonds to other asymmetric carbon atoms in the same
compound is meant to indicate that a mixture of diastereomers is present.

[0055] In some embodiments, the compounds of Formula | (including salts thereof) may exist
in and/or be isolated as atropisomers (e.g., one or more atropenantiomers). Those skilled in
the art would recognize that atropisomerism may exist in a compound that has two or more
aromatic rings (for example, two aromatic rings linked through a single bond). See e.g.,
Freedman, T. B. et al., Absolute Configuration Determination of Chiral Molecules in the
Solution State Using Vibrational Circular Dichroism. Chirality 2003, 15, 743-758; and
Bringmann, G. et al., Atroposelective Synthesis of Axially Chiral Biaryl Compounds. Angew.
Chem., Int. Ed. 2005, 44, 5384-5427.

[0056] When any racemate crystallizes, crystals of different types are possible. One type is the
racemic compound (true racemate) wherein one homogeneous form of crystal is produced
containing both enantiomers in equimolar amounts. Another type is a racemic mixture or
conglomerate wherein two forms of crystal are produced in equal or different molar amounts
each comprising a single enantiomer.
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[0057] The compounds of Formula | (including salts thereof) may exhibit the phenomena of
tautomerism and structural isomerism. For example, the compounds of Formula | may exist in
several tautomeric forms, including the enol and imine form, the amide and imidic acid form,
and the keto and enamine form and geometric isomers and mixtures thereof. All such
tautomeric forms are included within the scope of the compounds of Formula |. Tautomers may
exist as mixtures of a tautomeric set in solution. In solid form, usually one tautomer
predominates. Even though one tautomer may be described, the present invention includes all
tautomers of the compounds of Formula |. For example, when one of the following two
tautomers of the invention is disclosed in the experimental section herein, those skilled in the
art would readily recognize that the invention also includes the other.

For another example, when one of the following three tautomers of the invention is disclosed in
the experimental section herein, those skilled in the art would readily recognize that the
invention also includes each of the others.

OH o)
NH SN N
| ] |
N’go N’J*o N)\OH
0
Ay Ay NP

[0058] The present invention includes all pharmaceutically acceptable isotopically-labelled
compounds of Formula | (including salts thereof) wherein one or more atoms are replaced by
atoms having the same atomic number, but an atomic mass or mass number different from the
atomic mass or mass number which predominates in nature.

[0059] Examples of isotopes suitable for inclusion in the compounds of the invention (including
salts thereof) include isotopes of hydrogen, such as 2H and 3H, carbon, such as ''C, 13C and
14C, chlorine, such as 36Cl, fluorine, such as '8F, iodine, such as '23| and 29I, nitrogen, such
as BN and "N, oxygen, such as 20, 70 and '80, phosphorus, such as 32P, and sulphur,

such as 3%S.

[0060] Certain isotopically-labelled compounds of Formula |, for example, those incorporating
a radioactive isotope, are useful in drug and/or substrate tissue distribution studies. The

radioactive isotopes tritium, i.e., 3H, and carbon-14, i.e., 4C, are particularly useful for this
purpose in view of their ease of incorporation and ready means of detection.

[0061] Substitution with heavier isotopes such as deuterium, i.e., 2N, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased in
vivo half-life or reduced dosage requirements, and hence may be preferred in some
circumstances.
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[0062] Substitution with positron-emitting isotopes, such as ''C, '8F, %0 and 3N, can be
useful in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy.

[0063] Isotopically-labeled compounds of Formula | (including salts thereof) can generally be
prepared by conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and Preparations using an
appropriate isotopically-labeled reagent in place of the non-labeled reagent previously
employed.

[0064] An embodiment of the present invention is a compound of Formula | or a

pharmaceutically acceptable salt thereof, wherein L is O.

[0065] An embodiment of the present invention is a compound of Formula | or a

pharmaceutically acceptable salt thereof, wherein L'is S.

[0066] An embodiment of the present invention is a compound of Formula | or a
pharmaceutically acceptable salt thereof, wherein X' is O. In a further embodiment, X2 is O. In

a yet further embodiment, each of X! and X2 is O.

[0067] An embodiment of the present invention is a compound of Formula | or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula | is a compound
of Formula 1B-1, IB-2, IB-3, IB-4, or IB-5, IB-6, IB-7, IB-8, IB-9, or IB-10:

(R1 (R10)
3 R1 R3 t2x'1
Q_( N=REE o /—_EN—H
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/ Y rd Wl W | ¥
R1OB . R108
T3 T
B-1 IB-2
R! R® R0 1 R! R3 1
X X
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N \-
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_ R108 . R10B
T3 '|"1 T3 T4
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[0068] In one embodiment of a compound of Formula | or a pharmaceutically acceptable salt
thereof of the present invention or in one embodiment of a compound of Formula 1B-1, IB-2,
IB-3, 1B-4, IB-5, IB-6, IB-7, IB-8, IB-9, or IB-10, or a pharmaceutically acceptable salt thereof, of
the present invention:

R10 is selected from the group consisting of -CN, C1.4 alkyl, C3.4 cycloalkyl, cyclopropylmethyl,

and cyclobutylmethyl, wherein the C4_4 alkyl of R10is optionally substituted with one or more
substituents each independently selected from the group consisting of halogen, -OH, -CN, C1_4

alkoxy, and C4_4 haloalkoxy; and wherein each of the C34 cycloalkyl, cyclopropylmethyl, and

cyclobutylmethyl of R'0 is optionally substituted with one or more substituents each
independently selected from the group consisting of halogen, -OH, -CN, Cq4 alkyl, C44

haloalkyl, C1_4 hydroxylalkyl, C1_4 cyanoalkyl, C4_4 alkoxy, and C1_4 haloalkoxy;

R19A is selected from the group consisting of H, C4.3 alkyl, C4.3 hydroxylalkyl, Co4 alkenyl, -
S(=0)2N(R%)(R®), -C(=0)-N(R°)(R®), -C(=0)-R® -C(=0)-OR® -C(R'),-OH, -C(R™).-
0S(=0)5H,-C(R14),-OP(=0)(OH)5, -C(R),-OR'®, and -C(R'%),-OC(=0)-R>; and

R19B js selected from the group consisting of C1.4 alkyl, C3.4 cycloalkyl, cyclopropylmethyl, and

cyclobutylmethyl, wherein the Cq_4 alkyl of R10B jg optionally substituted with one or more
substituents each independently selected from the group consisting of halogen, -OH, -CN, C1_4

alkoxy, and C4_4 haloalkoxy; and wherein each of the C34 cycloalkyl, cyclopropylmethyl, and
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cyclobutylmethyl of R'0B is optionally substituted with one or more substituents each
independently selected from the group consisting of halogen, -OH, -CN, C44 alkyl, Cq14

haloalkyl, C4_4 hydroxylalkyl, C1_4 cyanoalkyl, Cq_4 alkoxy, and C4_4 haloalkoxy.

[0069] In a further embodiment of the above compound of Formula | or a pharmaceutically
acceptable salt thereof or in a further embodiment of the above compound of Formula IB-1, IB-
2, IB-3, IB-4, IB-5, IB-6, IB-7, IB-8, IB-9, or IB-10, or a pharmaceutically acceptable salt thereof,

each of R'% and R'%B js independently selected from the group consisting of C1.3 alkyl, C1.3

haloalkyl, and cyclopropyl. In a yet further embodiment, each of R'9 and R'%8 is independently
selected from the group consisting of C1.3 alkyl and cyclopropyl. In a still further embodiment,

each of R0 and R js independently methyl or ethyl. In a yet still further embodiment, each

of R'% and R'98 s methy!.

[0070] In one embodiment of a compound of Formula IB-1 or IB-6, or a pharmaceutically

acceptable salt thereof, R197 is selected from the group consisting of H, Cy.3 alkyl, Cy3

hydroxylalkyl, and C.4 alkenyl (e.g., allyl). In a further embodiment, R1% is not H.

[0071] In one embodiment of a compound of Formula IB-1 or IB-6, or a pharmaceutically
acceptable salt thereof, R197 is selected from the group consisting of H, -S(=0),N(R®%)(R6),-
C(=0)-N(R®%)(R®), -C(=0)-R8, -C(=0)-0OR8, -C(R'%),-OH, -C(R'%),-0S(=0),H, -C(R14)»-OP(=0)
(OH)5, -C(R'),-OR', and -C(R'4),-OC(=0)-R". In a further embodiment, R1%A is selected
from the group consisting of H, -S(=0)2N(R®)(R), -C(=0)-N(R%)(R®), -C(=0)-R8-C(=0)-ORS8, -
CHy-OH, -CH»-0S(=0),H, -CHy-OP(=0)(OH),, -CH»-OR'®, and -CH,-OC(=0)-R'®. In a yet

further embodiment, R10A is not H.

[0072] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10, i.e.., a compound of Formula I1B-1, IB-2, IB-3, IB-4, IB-5, IB-6, IB-7, IB-8, IB-9 or

IB-10), or a pharmaceutically acceptable salt thereof, each of R' and R? is independently
selected from the group consisting of H, halogen, -CN, Cq_g alkyl, C1_g haloalkyl, C4_g alkoxy,
C1.¢ haloalkoxy, Csg cycloalkyl, -C(=0)-(C1.4 alkyl), -C(=O)OH, and C(=0)-O-(C4.4 alkyl),
wherein each of the Cq_g alkyl and C3.4 cycloalkyl is optionally substituted with 1, 2, 3, 4, or 5
substituents each independently selected from halogen, -OH, -CN, Cq_4 alkyl, C1.4 haloalkyl,

C4.4 alkoxy, and C_4 haloalkoxy. In a further embodiment, each of R' and R? is independently
selected from the group consisting of H, halogen, -C4_4 alkyl, C4_4 alkoxy, and C3_4 cycloalkyl,

wherein each of the C1_4 alkyl and C1.4 alkoxy of R' and RZ is optionally substituted with 1, 2, 3,

4, or 5 substituents each independently selected from halogen, -OH, Cq_4 alkoxy, and Cq4
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haloalkoxy; and wherein the C3_4 cycloalkyl of R'and R?is optionally substituted with 1, 2, 3, 4,
or 5 substituents each independently selected from halogen, -OH, C4_4 alkyl, C1_4 haloalkyl, C4.

4 alkoxy, and C4_4 haloalkoxy. In a yet further embodiment, each of R' and R?is independently

H, methyl, or halogen (e.g., F). In a still further embodiment, each of R' and RZ is

independently H or halogen (e.g., F). In a yet further embodiment, each of R' and R2 is H.

[0073] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, each of R3 and R* is
independently selected from the group consisting of H, halogen, -CN, - C1_4 alkyl, C4_4 alkoxy,
and Cs.4 cycloalkyl, wherein each of the Cq.4 alkyl and Cy.4 alkoxy of R3 and R* is optionally
substituted with 1, 2, 3, 4, or 5 substituents each independently selected from halogen, -OH,
C1.4 alkoxy, and Cy.4 haloalkoxy; and wherein the Cs4 cycloalkyl of R3 and R* is optionally
substituted with 1, 2, 3, 4, or 5 substituents each independently selected from halogen, -OH,
C1.4 alkyl, C1_4 haloalkyl, C1.4 alkoxy, and C4.4 haloalkoxy. In a further embodiment, each of R3
and R%is independently H, F, CI, CN, or methyl wherein the methyl is optionally substituted with
1, 2, or 3 substituents each independently selected from the group consisting of halogen, -OH,
and Cq_4 alkoxy. In a yet further embodiment, R3is H; and R*is H, halogen, or methyl, wherein
the methyl is optionally substituted with 1, 2, or 3 substituents each independently selected

from the group consisting of halogen, -OH, and Cy_4alkoxy. In a still further embodiment, R3 is

H and R*is methyl.

[0074] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceu-tically acceptable salt thereof, each of R' and R? is

independently H, methyl, or halogen (e.g., F or Cl); and each of R3 and R%is independently H,
halogen (e.g., F or Cl), CN, or methyl wherein the methyl is optionally substituted with 1, 2, or 3
substituents each independently selected from the group consisting of halogen, -OH, and Cq_4

alkoxy. In a further embodiment, each of R', R2 and R3is H, and R* is H, halogen, or methyl.

In a yet further embodiment, R%is H or methyl. In a still further embodiment, R%is methyl.

[0075] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to IB-10), or a pharmaceu-tically acceptable salt thereof, each of R' and R3 is
independently H, halogen, -CN, methyl, or methoxy, wherein each of the methyl and methoxy
is optionally substituted with 1, 2, or 3 substituents each independently selected from the group

consisting of halogen, -OH, and C1_4 alkoxy; and RZ and R? together with the two carbon atoms
to which they are attached form a fused 5- or 6-membered heteroaryl, a fused 5- or 6-
membered heterocycloalkyl ring, a fused 5- or 6-membered cycloalkyl ring, or a fused benzene

ring, wherein each of the fused rings is optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of halo, -CN, -OH, C4_4 alkyl, C4_4 alkoxy, C1.
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4 haloalkyl, and C_4 haloalkoxy, and wherein the fused heterocycloalkyl ring or fused cycloalkyl

ring is further optionally substituted with 1, 2, or 3 oxo. In a further embodiment, each of R’
and R3 is independently H, halogen, -CN, methyl, C4_4 fluoroakyl, methoxy, or C4 fluoroalkoxy.
In a yet further embodiment, R2 and R? together with the two carbon atoms to which they are
attached form an optionally substituted fused 5- or 6-membered heteroaryl. In a still further

embodiment, each of R' and R3is H.

[0076] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to I1B-10), or a pharmaceu-tically acceptable salt thereof, each of T', T2 T3 and T is
independently selected from the group consisting of H, halogen, -CN, C4_4 alkyl, C4_4 haloalkyl,

Co_4 alkenyl, Cq_4 alkoxy, C1.4 haloalkoxy, and C3.4 cycloalkyl, wherein each of the Cq_4 alkyl,
C,.4 alkenyl, and Cy.4 alkoxy of T!, T2, T3, and T# is optionally substituted with one or more
substituents each independently selected from the group consisting of halogen, -OH, -CN, Cq_4
alkoxy, and C1_4 haloalkoxy; and wherein the C3 4 cycloalkyl of T, 72 73 and T4 is optionally
substituted with one or more substituents each independently selected from the group
consisting of halogen, -OH, -CN, C4_4 alkyl, C1_4 haloalkyl, C1_4 hydroxylalkyl, C1.4 cyanoalkyl,
C1.4 alkoxy, and Cq.4 haloalkoxy. In a further embodiment, each of T! T2 T3 and T4 is
independently selected from the group consisting of H, halogen, Cq_4 alkyl, C1_4 hydroxylalkyl,
C4.4 haloalkyl, C4_4 alkoxy, Cq_4 haloalkoxy, C3_4 cycloalkyl, and C3_4 halocycloalkyl. In a further

embodiment, at least one of T!, T2, T3, and T4 is other than H.

[0077] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceu-tically acceptable salt thereof, T' is other than H. In a further
embodiment, T is selected from the group consisting of halogen, Cs.4 cycloalkyl, C1.4 alkyl, Cq.
4 haloalkyl, Cq_4 alkoxy, and C1_4 haloalkoxy, wherein each of the C3_4 cycloalkyl and C1_4 alkyl
is optionally substituted with one or more substituents each independently selected from the

group consisting of halogen and -OH. In a yet further embodiment, T! is selected from the
group consisting of halogen, C3 4 cycloalkyl, C34 halocycloalkyl, C4_4 alkyl, C4_4 haloalkyl, C1_4
hydroxylalkyl, C4_4 alkoxy, and C1_4 haloalkoxy.

[0078] In a still further embodiment, T! is selected from the group consisting of halogen,
cyclopropyl, halocyclopropyl, methyl, ethyl, C4_o haloalkyl, C1_» hydroxylalkyl, methoxy, ethoxy,

and Cy_» haloalkoxy. In a further embodiment, T' is selected from the group consisting of

halogen, cyclopropyl, halocyclopropyl, methyl, C1 haloalkyl, methoxy, and C4 haloalkoxy. In a

further embodiment, T'! is selected from the group consisting of Cs.4 cycloalkyl, Cs4

halocycloalkyl, C1_4 alkyl, and C1_4 haloalkyl.

[0079] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
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IB-1 to IB-10), or a pharmaceu-tically acceptable salt thereof, T' is selected from the group
consisting of Cqy.4 alkyl and Cq_4 haloalkyl. In a further embodiment, T! is selected from the

group consisting of methyl, ethyl, and Cy_, haloalkyl. In a further embodiment, T' is Cy.,
haloalkyl (e.g., C4.2 fluoroalkyl).

[0080] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T is selected from the group
consisting of C1_4 alkoxy, and C1.4 haloalkoxy. In a further embodiment, T1 is selected from the

group consisting of methoxy, ethoxy, and Cq.o haloalkoxy. In a further embodiment, T'is Cio

haloalkoxy (e.g., C4.2 fluoroalkoxy).

[0081] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, Tlis halogen.

[0082] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T! is selected from the group
consisting of Cs.4 cycloalkyl and Cs.4 halocycloalkyl. In a further embodiment, T' is Cs4
cycloalkyl.

[0083] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T2 is selected from the group
consisting of H, halogen, -CN, C3_4 cycloalkyl, C3 4 halocycloalkyl, C1_4 alkyl, C1_4 haloalkyl, C1_4
alkoxy, and Cq.4 haloalkoxy, wherein each of the C3.4 cycloalkyl and Cq.4 alkyl is optionally
substituted with one or more substituents each independently selected from the group
consisting of halogen and -OH. In a further embodiment, T2 is selected from the group
consisting of H, halogen, -CN, C3_4 cycloalkyl, C3 4 halocycloalkyl, C1_4 alkyl, C1_4 haloalkyl, C1_4
hydroxylalkyl, C1_4 alkoxy, and C1_4 haloalkoxy. In a yet further embodiment, T2 is selected from
the group consisting of H, halogen, methyl, ethyl, C4_5 haloalkyl, C1_o hydroxylalkyl, C1_o alkoxy,

and C1. haloalkoxy. In a still further embodiment, T2 is selected from the group consisting of

H, halogen, methyl, -CH,OH, and C1 haloalkyl. In a yet still further embodiment, T2 is H.

[0084] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T3 is selected from the group
consisting of H, halogen, -CN, C3_4 cycloalkyl, C3 4 halocycloalkyl, C1_4 alkyl, C1_4 haloalkyl, C1_4

hydroxylalkyl, C1.4 alkoxy, and Cy.4 haloalkoxy. In a further embodiment, T3 is selected from

the group consisting of H, halogen, methyl, -CH,OH, and C1 haloalkyl (e.g., C1 fluoroalkyl). In a

yet further embodiment, T3 is H.
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[0085] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T4 is H, halogen, methyl, -CH,0H,

or Cq haloalkyl. In a further embodiment, T4isHorF.Ina yet further embodiment, T4is H.

[0086] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, each of T' T2 and T3 is
independently selected from the group consisting of H, halogen, C1.5 alkyl, C1.2 haloalkyl, C1.2
hydroxylalkyl, C1.o alkoxy, C1.o haloalkoxy, cyclopropyl, and halocyclopropyl; and T4is H. In a

further embodiment, each of T' T2 and T3 is independently selected from the group
consisting of H, halogen, methyl, C; haloalkyl, -CH,OH, cyclopropyl, methoxy, and C;

haloalkoxy; and T4isH.Ina yet further embodiment, each of T, T2 and T3is independently
selected from the group consisting of H, halogen (F, ClI, Br, or I), methyl, C4 fluoroalkyl (e.g.,
CF3 or CHF5), -CH>OH, cyclopropyl, methoxy, and C4 fluoroalkoxy (e.g., -OCF3 or -OCHF5);
and T4 is H. In a still further embodiment, T' is other than H and at least one of T2 and T3 is H.

In a further embodiment, each of T2 and T3 is H.

[0087] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas
IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T is selected from the group
consisting of halogen (F, Cl, Br, or I), methyl, -CH,OH, C4 fluoroalkyl (e.g., CF3 or CHFy),
methoxy, C4 fluoroalkoxy (e.g., -OCF3 or -OCHF5), cyclopropyl, and fluorocyclopropyl; and

each of T2, T3, and T4 is H.

[0088] In one embodiment of a compound of Formula | (e.g., a compound of one of Formulas

IB-1 to IB-10), or a pharmaceutically acceptable salt thereof, T is selected from the group
consisting of halogen, C¢_ alkyl, C4_o haloalkyl, C1_.o hydroxylalkyl, C4_o alkoxy, C4.o haloalkoxy,

cyclopropyl, and halocyclopropyl; each of T2 and T2 is independently selected from the group
consisting of H, halogen, Cq alkyl, C4.o haloalkyl, C4» hydroxylalkyl, Cqi.o alkoxy, Cq.2

haloalkoxy, cyclopropyl, and halocyclopropyl; and T4 is H. In one further embodiment, one of
T2 and T3 is H and the other is not H. In another further embodiment, T2is H and T3 is not H.

In yet another further embodiment, T2is not H and T3is H.

[0089] In one embodiment, the compound of Formula | or a salt thereof is a compound of
Formula IB-1 or a salt thereof. In one embodiment, the compound of Formula | or a salt
thereof is a compound of Formula IB-2 or a salt thereof. In one embodiment, the compound of
Formula | or a salt thereof is a compound of Formula IB-3 or a salt thereof. In one
embodiment, the compound of Formula | or a salt thereof is a compound of Formula IB-4 or a
salt thereof. In one embodiment, the compound of Formula | or a salt thereof is a compound of
Formula IB-5 or a salt thereof. In one embodiment, the compound of Formula | or a salt
thereof is a compound of Formula IB-6 or a salt thereof. In one embodiment, the compound of
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Formula | or a salt thereof is a compound of Formula IB-7 or a salt thereof. In one
embodiment, the compound of Formula | or a salt thereof is a compound of Formula IB-8 or a
salt thereof. In one embodiment, the compound of Formula | or a salt thereof is a compound of
Formula IB-9 or a salt thereof. In one embodiment, the compound of Formula | or a salt
thereof is a compound of Formula IB-10 or a salt thereof.

[0090] In one embodiment of a compound of Formula I1B-1, I1B-2, IB-3, IB-4, IB-5, I1B-6, IB-7, IB-

8, IB-9, or IB-10, or a pharmaceutically acceptable salt thereof, each of R'0 and R'%B is
independently selected from the group consisting of C4_3 alkyl, C4_3 haloalkyl, and cyclopropyl;

each of R! and R? is independently H, methyl, or halogen (e.g., F); each of R3 and R% is
independently H, F, CI, CN, or methyl wherein the methyl is optionally substituted with 1, 2, or 3
substituents each independently selected from the group consisting of halogen, -OH, and Cq_4

alkoxy; T! is selected from the group consisting of halogen, Cq.o alkyl, C4.» haloalkyl, Cq.o

hydroxylalkyl, C4.2 alkoxy, C4.2 haloalkoxy, cyclopropyl, and halocyclopropyl; each of T2and T3
is independently selected from the group consisting of H, halogen, C4_5 alkyl, C1.2 haloalkyl, C4.

2 hydroxylalkyl, C4_» alkoxy, C¢.o haloalkoxy, cyclopropyl, and halocyclopropyl; and T4is H. In

one further embodiment, each of R'® and R'%B is independently selected from the group
consisting of C1.3 alkyl and cyclopropyl; each of R! and R? is H; R3 is H; and R* is methyl. In
one yet further embodiment, the compound or a salt thereof is a compound of Formula IB-1 or
a salt thereof. In another yet further embodiment, the compound or a salt thereof is a
compound of Formula IB-2 or a salt thereof. In another yet further embodiment, the compound
or a salt thereof is a compound of Formula IB-3 or a salt thereof. In another yet further
embodiment, the compound or a salt thereof is a compound of Formula IB-4 or a salt thereof.
In another yet further embodiment, the compound or a salt thereof is a compound of Formula
IB-5 or a salt thereof. In another yet further embodiment, the compound or a salt thereof is a
compound of Formula IB-6 or a salt thereof. In another yet further embodiment, the compound
or a salt thereof is a compound of Formula IB-7 or a salt thereof. In another yet further
embodiment, the compound or a salt thereof is a compound of Formula IB-8 or a salt thereof.
In another yet further embodiment, the compound or a salt thereof is a compound of Formula
IB-9 or a salt thereof. In another yet further embodiment, the compound or a salt thereof is a
compound of Formula IB-10 or a salt thereof.

[0091] In one embodiment, the invention also provides one or more of the compounds
described in the Examples section of the subject application, as long as they are within the
scope of the appended claims, and pharmaceutically acceptable salts of the compounds or the
N-oxides.

[0092] One embodiment of the prevent invention provides a compound selected from:

(-)-6-{4-[(3-cyclopropylpyridin-2-yl)oxy]-2-methylphenyl}-1,5-dimethylpyrimidine-2,4(1H,3H)-
dione;
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(-)-6-{4-[(3-chloro-5-fluoropyridin-2-yl)oxy]-2-methylphenyl}-1,5-dimethylpyrimidine-
2,4(1H,3H)-dione;

6-{4-[(3-chloropyridin-2-yl)oxy]-2-methylphenyl}-5-ethyl-1-methylpyrimidine-2,4(1H,3H)-dione;

(-)-1,5-dimethyl-6-(2-methyl-4-{[3-(trifluoromethyl)pyridin-2-ylJoxy}phenyl)pyrimidine-
2,4(1H,3H)-dione;

(-)-6-{4-[(3-chloro-5-methylpyridin-2-yl)oxy]-2-methylphenyl}-1,5-dimethylpyrimidine-
2,4(1H,3H)-dione;

6-{4-[(3-chloro-4-methylpyridin-2-yl)oxylphenyl}-1,5-dimethylpyrimidine-2,4(1H,3H)-dione;

(-)-6-(4-{[3-(difluoromethoxy)pyridin-2-ylJoxy}-2-methylphenyl)-1,5-dimethylpyrimidine-
2,4(1H,3H)-dione;

6-{4-[(3-chloropyridin-2-yl)sulfanyl]-2-methylphenyl}-1,5-dimethylpyrimidine-2,4(1H,3H)-dione;
(-)-6-{4-[(3-chloropyridin-2-yl)oxy]-2-methylphenyl}-1,5-dimethylpyrimidine-2,4(1H,3H)-dione;
6-{4-[(3-cyclopropylpyridin-2-yl)oxy]phenyl}-1,5-dimethylpyrimidine-2,4(1H,3H)-dione; and

1-cyclopropyl-6-(4-((3-(difluoromethyl)pyridin-2-yl)oxy)-2-methylphenyl)-5-methylpyrimidine-
2,4(1H,3H)-dione,

or a pharmaceutically acceptable salt thereof.

[0093] The present invention also provides compositions (e.g., pharmaceutical compositions)
comprising a compound of Formula | (including a pharmaceutically acceptable salt thereof).
Accordingly, in one embodiment, the invention provides a pharmaceutical composition
comprising (a therapeutically effective amount of) a compound of Formula | (or a
pharmaceutically acceptable salt thereof) and optionally comprising a pharmaceutically
acceptable carrier. In one further embodiment, the invention provides a pharmaceutical
composition comprising (a therapeutically effective amount of) a compound of Formula | (or a
pharmaceutically acceptable salt thereof), optionally comprising a pharmaceutically acceptable
carrier and, optionally, at least one additional medicinal or pharmaceutical agent (such as an
antipsychotic agent or anti-schizophrenia agent described below). In one embodiment, the
additional medicinal or pharmaceutical agent is an anti-schizophrenia agent as described
below.

[0094] The pharmaceutically acceptable carrier may comprise any conventional
pharmaceutical carrier or excipient. Suitable pharmaceutical carriers include inert diluents or
fillers, water and various organic solvents (such as hydrates and solvates). The pharmaceutical
compositions may, if desired, contain additional ingredients such as flavorings, binders,
excipients and the like. Thus for oral administration, tablets containing various excipients, such
as citric acid, may be employed together with various disintegrants such as starch, alginic acid
and certain complex silicates and with binding agents such as sucrose, gelatin and acacia.
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Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are
often useful for tableting purposes. Solid compositions of a similar type may also be employed
in soft and hard filled gelatin capsules. Non-limiting examples of materials, therefore, include
lactose or milk sugar and high molecular weight polyethylene glycols. When aqueous
suspensions or elixirs are desired for oral administration, the active compound therein may be
combined with various sweetening or flavoring agents, coloring matters or dyes and, if desired,
emulsifying agents or suspending agents, together with diluents such as water, ethanol,
propylene glycol, glycerin, or combinations thereof.

[0095] The pharmaceutical composition may, for example, be in a form suitable for oral
administration as a tablet, capsule, pill, powder, sustained release formulation, solution or
suspension, for parenteral injection as a sterile solution, suspension or emulsion, for topical
administration as an ointment or cream or for rectal administration as a suppository.

[0096] Exemplary parenteral administration forms include solutions or suspensions of active
compounds in sterile aqueous solutions, for example, aqueous propylene glycol or dextrose
solutions. Such dosage forms may be suitably buffered, if desired.

[0097] The pharmaceutical composition may be in unit dosage forms suitable for single
administration of precise dosages. One of ordinary skill in the art would appreciate that the
composition may be formulated in sub-therapeutic dosage such that multiple doses are
envisioned.

[0098] In one embodiment the composition comprises a therapeutically effective amount of a
compound of Formula | (or a pharmaceutically acceptable salt thereof) and a pharmaceutically
acceptable carrier.

[0099] Compounds of Formula | (including pharmaceutically acceptable salts thereof) are D1
modulators. In some embodiments, a compound of Formula | is a D1 agonist [i.e., binding
(having affinity for) and activating D1 receptors]. In some embodiments, using dopamine as a
reference full D1 agonist, a compound of Formula | is a superagonist (i.e., a compound that is
capable of producing a greater maximal response than the endogenous D1 agonist, dopamine,
for a D1 receptor, and thus exhibiting an efficacy of more than about 100%, for example
120%). In some embodiments, using dopamine as a reference full agonist, a compound of
Formula | is a full D1 agonist (i.e., having an efficacy of about 100%, for example, 90%-100%,
compared to that of dopamine). In some embodiments, using dopamine as a reference full D1
agonist, a compound of Formula | is a partial agonist [i.e., a compound having only partial
efficacy (i.e., less than 100%, for example 10%-80% or 50%-70%) at a D1 receptor relative to
the full agonist, dopamine, although it binds and activates a D1 receptor]. A D1 agonist
(including superagonist, full agonist, and partial agonist) can agonize or partially agonize an
activity of D1. In some embodiments, the EC5y of a compound of Formula | with respect to D1

is less than about 10 pM, 5 uM, 2 uyM, 1 yM, 500 nM, 200 nM, 100 nM, 50, 40, 30, 20, 10, 5, 2,
or 1 nM.
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[0100] The compounds of the present invention are useful for modulating (such as agonizing
or partially agonizing) an activity of D1 receptor (either in vitro or in vivo).

[0101] Another embodiment of the invention includes the compounds of Formula | for use in
treating a D1-mediated (or D1-associated) disorder.

[0102] The compounds of Formula | used for treatment of a D1-mediated disorder also include
pharmaceutically acceptable salts of the compounds.

[0103] D1-mediated (or D1-associated) disorders include neurological disorders [such as
Tourette's syndrome; tardive dyskinesia; Parkinson's disease (including e.g., cognitive
impairment associated with PD); cognitive disorders {including amnesia, age-related cognitive
decline, dementia [e.g., senile dementia, Alzheimer's-associated dementia, HIV-associated
dementia, Huntington's-associated dementia, Lewy body dementia, vascular dementia,
frontotemporal dementia, drug-related dementia (for example, dementia associated with
pharmacotherapy therapy such as D2 antagonist therapy)], delirium, and cognitive impairment
(e.g., cognitive impairment associated with AD or cognitive impairment associated with PD,),
and mild cognitive impairment}; Huntington's chorea/ disease; and restless leg syndrome
(RLS)]; psychiatric disorders [such as cognitive impairment (e.g., cognitive impairment
associated with schizophrenia or cognitive impairment associated with pharmacotherapy
therapy (e.g., D2 antagonist therapy)); anxiety (including acute stress disorder, generalized
anxiety disorder, social anxiety disorder, panic disorder, post-traumatic stress disorder, and
obsessive-compulsive disorder); factitious disorder (including acute hallucinatory mania);
impulse control disorders/impulsivity (including compulsive gambling and intermittent explosive
disorder); mood disorders (including bipolar | disorder, bipolar Il disorder, mania, mixed
affective state, depression {e.g., age-related depression, major depression, chronic
depression, seasonal depression, psychotic depression, postpartum depression, and treatment
resistant depression (TRD)}; psychomotor disorders; psychotic disorders [including
schizophrenia (including, for example, cognitive and negative symptoms in schizophrenia),
schizoaffective disorder, schizophreniform, and delusional disorder]; substance abuse and
drug dependence (including narcotic dependence, alcoholism, amphetamine dependence,
cocaine addiction, nicotine dependence, and drug withdrawal syndrome); drug abuse relapse,
eating disorders (including anorexia, bulimia, binge eating disorder, overeating, hyperphagia,
and pagophagia); autism spectrum disorder (e.g., autism); chronic apathy, anhedonia, chronic
fatigue, seasonal affective disorder, and pediatric psychiatric disorders (including attention
deficit disorder, attention deficit hyperactive disorder (ADHD), conduct disorder, and autism)],
endocrine disorders (such as hyperprolactinemia), or other disorders including drowsiness,
excessive daytime sleepiness, cachexia, inattention, sexual dysfunction (e.g., erectile
dysfunction, post-SSRI sexual dysfunction), pain, migraine, systemic lupus erythematosus
(SLE), hyperglycemia, atherosclerosis, dislipidemia, obesity, diabetes, sepsis, post-ischemic
tubular necrosis, renal failure, hyponatremia, resistant edema, narcolepsy, cardiovascular
disease (e.g., hypertension), congestive heart failure, postoperative ocula hypotonia, sleep
disorders, and serotonin syndrome.
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[0104] Another embodiment of the invention provides the compounds of Formula | for use in
treating neurological disorders [such as Tourette's syndrome; tardive dyskinesia; Parkinson's
disease; cognitive disorders {including amnesia, senile dementia, HIV-associated dementia,
Alzheimer's-associated dementia, Huntington's-associated dementia, Lewy body dementia,
vascular dementia, drug-related dementia (for example, cognitive impairment associated with
D2 antagonist therapy), delirium, and mild cognitive impairment)}; RLS; and Huntington's
chorea/disease], psychiatric disorders [such as anxiety (including acute stress disorder,
generalized anxiety disorder, social anxiety disorder, panic disorder, post-traumatic stress
disorder and obsessive-compulsive disorder); factitious disorder (including acute hallucinatory
mania); impulse control disorders/impulsivity (including compulsive gambling and intermittent
explosive disorder); mood disorders (including bipolar | disorder, bipolar Il disorder, mania,
mixed affective state, major depression, chronic depression, seasonal depression, psychotic
depression, and postpartum depression); psychomotor disorders; psychotic disorders
(including schizophrenia, schizoaffective disorder, schizophreniform, and delusional disorder);
drug dependence (including narcotic dependence, alcoholism, amphetamine dependence,
cocaine addiction, nicotine dependence, and drug withdrawal syndrome); eating disorders
(including anorexia, bulimia, binge eating disorder, hyperphagia, and pagophagia); and
pediatric psychiatric disorders (including attention deficit disorder, attention deficit/hyperactive
disorder, conduct disorder, and autism)], or endocrine disorders (such as hyperprolactinemia)
in a mammal, for example a human, comprising administering to said mammal a
therapeutically effective amount of a compound of Formula | or a pharmaceutically acceptable
salt thereof.

[0105] Another embodiment of the invention includes the compounds of Formula | for use in
treating a disorder in a mammal (e.g., a human), wherein the disorder is selected from
schizophrenia (e.g., cognitive and negative symptoms in schizophrenia), cognitive impairment
[e.g., cognitive impairment associated with schizophrenia, cognitive impairment associated with
AD, cognitive impairment associated with PD, cognitive impairment associated with
pharmacotherapy therapy (e.g., D2 antagonist therapy), and mild cognitive impairment],
attention deficit hyperactivity disorder (ADHD), impulsivity, compulsive gambling, an eating
disorder (e.g., anorexia, bulimia, binge eating disorder, overeating, hyperphagia, and
pagophagia), autism spectrum disorder, mild cognitive impairment (MCI), age-related cognitive
decline, dementia (e.g., senile dementia, HlV-associated dementia, Alzheimer's dementia,
Lewy body dementia, vascular dementia, or frontotemporal dementia), restless leg syndrome
(RLS), Parkinson's disease, Huntington's chorea, anxiety, depression (e.g., age-related
depression), major depressive disorder (MDD), treatment resistant depression (TRD), bipolar
disorder, chronic apathy, anhedonia, chronic fatigue, post-traumatic stress disorder, seasonal
affective disorder, social anxiety disorder, postpartum depression, serotonin syndrome,
substance abuse and drug dependence, drug abuse relapse, Tourette's syndrome, tardive
dyskinesia, drowsiness, excessive daytime sleepiness, cachexia, inattention, sexual
dysfunction (e.g., erectile dysfunction or post-SSRI sexual dysfunction), migraine, systemic
lupus erythematosus (SLE), hyperglycemia, atherosclerosis, dislipidemia, obesity, diabetes,
sepsis, post-ischemic tubular necrosis, renal failure, hyponatremia, resistant edema,
narcolepsy, hypertension, congestive heart failure, postoperative ocular hypotonia, sleep
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disorders, and pain.

[0106] Also disclosed is a method for treating schizophrenia (e.g., cognitive and negative
symptoms in schizophrenia or cognitive impairment associated with schizophrenia) or
psychosis in a mammal, for example a human, comprising administering to said mammal (e.g.,
a human) a therapeutically effective amount of a compound of Formula | or a pharmaceutically
acceptable salt thereof.

[0107] Another embodiment of the invention includes the compounds of Formula | for use in
treating schizophrenia (e.g., cognitive and negative symptoms in schizophrenia or cognitive
impairment associated with schizophrenia) in a mammal, for example a human, comprising
administering to said mammal a therapeutically effective amount of a compound of Formula |
or a pharmaceutically acceptable salt thereof.

[0108] Another embodiment of the invention includes the compounds of Formula | for use in
the treatment of cognitive impairment [e.g., cognitive impairment associated with
schizophrenia, cognitive impairment associated with AD, or cognitive impairment associated
with PD] in a mammal, for example a human, comprising administering to said mammal a
therapeutically effective amount of a compound of Formula | or a pharmaceutically acceptable
salt thereof.

[0109] Another embodiment of the invention includes the compounds of Formula | for use in
treating AD (e.g., treating cognitive impairment associated with AD), PD (e.g., treating cognitive
impairment associated with PD), RLS, depression, or MDD in a mammal, for example a
human.

[0110] The term "therapeutically effective amount" as used herein refers to that amount of the
compound (including a pharmaceutically acceptable salt thereof) being administered which will
relieve to some extent one or more of the symptoms of the disorder being treated. In reference
to the treatment of a D1-mediated disorder (e.g., schizophrenia), a therapeutically effective
amount refers to that amount which has the effect of relieving to some extent (or, for example,
eliminating) one or more symptoms associated with a D1-mediated disorder (e.g.,
schizophrenia, or cognitive and negative symptoms in schizophrenia, or cognitive impairment
associated with schizophrenia).

[0111] The term "treating", as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which such term
applies, or one or more symptoms of such disorder or condition. The term "treatment", as used
herein, unless otherwise indicated, refers to the act of treating as "treating" is defined herein.
The term "treating" also includes adjuvant and neo-adjuvant treatment of a subject.

[0112] Administration of the compounds of Formula | may be effected by any method that
enables delivery of the compounds to the site of action. These methods include oral routes,
intranasal routes, inhaled routes, intraduodenal routes, parenteral injection (including
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intravenous, subcutaneous, intramuscular, intravascular or infusion), topical, and rectal
administration.

[0113] In one embodiment of the present invention, the compounds of Formula | may be
administered/effected by oral routes.

[0114] Dosage regimens may be adjusted to provide the optimum desired response. For
example, a single bolus may be administered, several divided doses may be administered over
time or the dose may be proportionally reduced or increased as indicated by the exigencies of
the therapeutic situation. It may be advantageous to formulate parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form, as
used herein, refers to physically discrete units suited as unitary dosages for the mammalian
subjects to be treated; each unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specifications for the dosage unit forms of the invention are
dictated by a variety of factors such as the unique characteristics of the therapeutic agent and
the particular therapeutic or prophylactic effect to be achieved. In one embodiment of the
present invention, the compounds of Formula | may be used to treat humans.

[0115] It is to be noted that dosage values may vary with the type and severity of the condition
to be alleviated, and may include single or multiple doses. It is to be further understood that for
any particular subject, specific dosage regimens should be adjusted over time according to the
individual need and the professional judgment of the person administering or supervising the
administration of the compositions, and that dosage ranges set forth herein are exemplary only
and are not intended to limit the scope or practice of the claimed composition. For example,
doses may be adjusted based on pharmacokinetic or pharmacodynamic parameters, which
may include clinical effects such as toxic effects and/or laboratory values. Thus, the present
invention encompasses intra-patient dose-escalation as determined by the skilled artisan.
Determining appropriate dosages and regimens for administration of the chemotherapeutic
agent is well-known in the relevant art and would be understood to be encompassed by the
skilled artisan once provided the teachings disclosed herein.

[0116] The amount of the compound of Formula | or a pharmaceutically acceptable salt
thereof administered will be dependent on the subject being treated, the severity of the
disorder or condition, the rate of administration, the disposition of the compound and the
discretion of the prescribing physician. Generally, an effective dosage is in the range of about
0.0001 to about 50 mg per kg body weight per day, for example about 0.01 to about 10
mg/kg/day, in single or divided doses. For a 70 kg human, this would amount to about 0.007
mg to about 3500 mg/day, for example about 0.7 mg to about 700 mg/day. In some instances,
dosage levels below the lower limit of the aforesaid range may be more than adequate, while
in other cases still larger doses may be employed without causing any harmful side effect,
provided that such larger doses are first divided into several small doses for administration
throughout the day.
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[0117] As used herein, the term "combination therapy" refers to the administration of a
compound of Formula | or a pharmaceutically acceptable salt thereof together with an at least
one additional pharmaceutical or medicinal agent (e.g., an anti-schizophrenia agent), either
sequentially or simultaneously.

[0118] The present disclosure includes the use of a combination of a compound of Formula |
(or a pharmaceutically acceptable salt thereof) and one or more additional pharmaceutically
active agent(s). If a combination of active agents is administered, then they may be
administered sequentially or simultaneously, in separate dosage forms or combined in a single
dosage form. Accordingly, the present invention also includes pharmaceutical compositions
comprising an amount of: (a) a first agent comprising a compound of Formula | (including an
N-oxide thereof or a pharmaceutically acceptable salt of the compound or the N-oxide); (b) a
second pharmaceutically active agent; and (c) a pharmaceutically acceptable carrier, vehicle or
diluent.

[0119] Various pharmaceutically active agents may be selected for use in conjunction with the
compounds of Formula | (including or pharmaceutically acceptable salts thereof), depending
on the disease, disorder, or condition to be treated. Pharmaceutically active agents that may
be used in combination with the compositions of the present invention include, without
limitation:

1. (i) acetylcholinesterase inhibitors such as donepezil hydrochloride (ARICEPT, MEMAC);
or Adenosine Aop receptor antagonists such as Preladenant (SCH 420814) or SCH
412348;

2. (ii) amyloid-B (or fragments thereof), such as AB1.isconjugated to pan HLA DR-binding
epitope (PADRE) and ACC-001 (Elan/Wyeth);

3. (iii) antibodies to amyloid- (or fragments thereof), such as bapineuzumab (also known
as AAB-001) and AAB-002 (Wyeth/Elan);

4. (iv) amyloid-lowering or -inhibiting agents (including those that reduce amyloid

production, accumulation and fibrillization) such as colostrinin and bisnorcymserine (also

known as BNC);

(v) alpha-adrenergic receptor agonists such as clonidine (CATAPRES);

. (vi) beta-adrenergic receptor blocking agents (beta blockers) such as carteolol;

. (vii) anticholinergics such as amitriptyline (ELAVIL, ENDEP),

. (viii) anticonvulsants such as carbamazepine (TEGRETOL, CARBATROL);
9. (ix) antipsychotics, such as lurasidone (also known as SM-13496; Dainippon Sumitomo);
10. (x) calcium channel blockers such as nilvadipine (ESCOR, NIVADIL);
(
(
(
(
(

© N o o

11. (xi) catechol O-methyltransferase (COMT) inhibitors such as tolcapone (TASMAR);

12. (xii) central nervous system stimulants such as caffeine;

13. (xiii) corticosteroids such as prednisone (STERAPRED, DELTASONE);

14. (xiv) dopamine receptor agonists such as apomorphine (APOKYN);

15. (xv) dopamine receptor antagonists such as tetrabenazine (NITOMAN, XENAZINE,
dopamine D2 antagonist such as Quetiapine);

16. (xvi) dopamine reuptake inhibitors such as nomifensine maleate (MERITAL);
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17. (xvii) gamma-aminobutyric acid (GABA) receptor agonists such as baclofen (LIORESAL,
KEMSTRO);
18. (xviii) histamine 3 (H3) antagonists such as ciproxifan;

19. (xix) immunomodulators such as glatiramer acetate (also known as copolymer-1;
COPAXONE);

20. (xx) immunosuppressants such as methotrexate (TREXALL, RHEUMATREX);

21. (xxi) interferons, including interferon beta-1a (AVONEX, REBIF) and interferon beta-1b
(BETASERON, BETAFERON);

22. (xxii) levodopa (or its methyl or ethyl ester), alone or in combination with a DOPA
decarboxylase inhibitor (e.g., carbidopa (SINEMET, CARBILEV, PARCOPA));

23. (xxiii) N-methyl-D-aspartate (NMDA) receptor antagonists such as memantine
(NAMENDA, AXURA, EBIXA);

24. (xxiv) monoamine oxidase (MAQ) inhibitors such as selegiline (EMSAM);

25. (xxv) muscarinic receptor (particularly M1 subtype) agonists such as bethanechol
chloride (DUVOID, URECHOLINE);

26. (xxvi) neuroprotective drugs such as 2,3,4,9-tetrahydro-1H-carbazol-3-one oxime;

27. (xxvii) nicotinic receptor agonists such as epibatidine;

28. (xxviii) norepinephrine (noradrenaline) reuptake inhibitors such as atomoxetine
(STRATTERA);

(xxix) phosphodiesterase (PDE) inhibitors, for example,PDE9 inhibitors such as BAY 73-

6691 (Bayer AG) and PDE 10 (e.g. PDE10A) inhibitors such as papaverineg;

30. (xxx) other PDE inhibitors including (a) PDE1 inhibitors (e.g., vinpocetine), (b) PDE2
inhibitors (e.g., erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA)), (c) PDE4 inhibitors (e.g.,
rolipram), and (d) PDES5 inhibitors (e.g., sildenafil (VIAGRA, REVATIO));

31. (xxxi) quinolines such as quinine (including its hydrochloride, dihydrochloride, sulfate,
bisulfate and gluconate salts);

32. (xxxii) B-secretase inhibitors such as WY-25105;

33. (xxxiii) y-secretase inhibitors such as LY-411575 (Lilly);

34. (xxxiv) serotonin (5-hydroxytryptamine) 1A (5-HT 1) receptor antagonists such as

29.

spiperone;

35. (xxxv) serotonin (5-hydroxytryptamine) 4 (5-HT4) receptor agonists such as PRX-03140
(Epix);

36. (xxxvi) serotonin (5-hydroxytryptamine) 6 (5-HTg) receptor antagonists such as
mianserin (TORVOL, BOLVIDON, NORVAL);,

37. (xxxvii) serotonin (5-HT) reuptake inhibitors such as alaproclate, citalopram (CELEXA,
CIPRAMIL);

38. (xxxviii) trophic factors, such as nerve growth factor (NGF), basic fibroblast growth factor
(bFGF; ERSOFERMIN), neurotrophin-3 (NT-3), cardiotrophin-1, brain-derived
neurotrophic factor (BDNF), neublastin, meteorin, and glial-derived neurotrophic factor
(GDNF), and agents that stimulate production of trophic factors, such as propentofylline;

and the like.

[0120] The compound of Formula | (including a pharmaceutically acceptable salt thereof) is
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optionally used in combination with another active agent. Such an active agent may be, for
example, an atypical antipsychotic or an anti-Parkinson's disease agent or an anti-Alzheimer's
agent. Accordingly, another embodiment of the invention provides methods of treating a D1-
mediated disorder (e.g., a neurological and psychiatric disorder associated with D1),
comprising administering to a mammal an effective amount of a compound of Formula |
(including an N-oxide thereof or a pharmaceutically acceptable salt of the compound or the N-
oxide) and further comprising administering another active agent.

[0121] As used herein, the term "another active agent" refers to any therapeutic agent, other
than the compound of Formula | (including or a pharmaceutically acceptable salt thereof) that
is useful for the treatment of a subject disorder. Examples of additional therapeutic agents
include antidepressants, antipsychotics (such as anti-schizophrenia), anti-pain, anti-
Parkinson's disease agents, anti-LID (levodopa-induced dyskinesia), anti-Alzheimer's and anti-
anxiety agents. Examples of particular classes of antidepressants that can be used in
combination with the compounds of the invention include norepinephrine reuptake inhibitors,
selective serotonin reuptake inhibitors (SSRIs), NK-1 receptor antagonists, monoamine
oxidase inhibitors (MAOIs), reversible inhibitors of monoamine oxidase (RIMAs), serotonin and
noradrenaline reuptake inhibitors (SNRIs), corticotropin releasing factor (CRF) antagonists, a-
adrenoreceptor antagonists, and atypical antidepressants. Suitable norepinephrine reuptake
inhibitors include tertiary amine tricyclics and secondary amine tricyclics. Examples of suitable
tertiary amine tricyclics and secondary amine ftricyclics include amitriptyline, clomipramine,
doxepin, imipramine, trimipramine, dothiepin, butriptyline, iprindole, lofepramine, nortriptyline,
protriptyline, amoxapine, desipramine and maprotiline. Examples of suitable selective serotonin
reuptake inhibitors include fluoxetine, fluvoxamine, paroxetine, and sertraline. Examples of
monoamine oxidase inhibitors include isocarboxazid, phenelzine, and tranylcyclopramine.
Examples of suitable reversible inhibitors of monoamine oxidase include moclobemide.
Examples of suitable serotonin and noradrenaline reuptake inhibitors of use in the present
invention include venlafaxine. Examples of suitable atypical anti-depressants include
bupropion, lithium, nefazodone, trazodone and viloxazine. Examples of anti-Alzheimer's agents
include Dimebon, NMDA receptor antagonists such as memantine; and cholinesterase
inhibitors such as donepezil and galantamine. Examples of suitable classes of anti-anxiety
agents that can be used in combination with the compounds of the invention include
benzodiazepines and serotonin 1A (5-HT 1A) agonists or antagonists, especially 5-HT 1A partial
agonists, and corticotropin releasing factor (CRF) antagonists. Suitable benzodiazepines
include alprazolam, chlordiazepoxide, clonazepam, chlorazepate, diazepam, halazepam,
lorazepam, oxazepam, and prazepam. Suitable 5-HT1A receptor agonists or antagonists
include buspirone, flesinoxan, gepirone, and ipsapirone. Suitable atypical antipsychotics
include paliperidone, bifeprunox, ziprasidone, risperidone, aripiprazole, olanzapine, and
quetiapine. Suitable nicotine acetylcholine agonists include ispronicline, varenicline and MEM
3454. Anti-pain agents include pregabalin, gabapen<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>