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ORGANIC COMPOUNDS
This application claims priority from U.S. Provisional Application No.
61/349,952, filed May 31, 2010, the contents of which are hereby incorporated by

reference in their entirety.

TECHNICAL FIELD

[0001] The present invention relates to optionally substituted 4,5,7,8-tetrahydro-
(optionally 4-oxo0, 4-thioxo or 4-imino)-(1H or 2H)-imidazo[1.2-a]pyrazolo[4,3-
e]pyrimidine or 4,5,7,8,9-pentahydro-(optionally 4-0xo0, 4-thioxo or 4-imino)-(1H or
2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine compounds, preferably Compounds of
Formula I as described below, processes for their production, their use as
pharmaceuticals and pharmaceutical compositions comprising them. Of particular
interest are novel compounds useful as inhibitors of phosphodiesterase 1 (PDE1), e.g.,
in the treatment of diseases involving disorders of the dopamine D1 receptor
intracellular pathway, such as, among others, Parkinson’s disease, depression,
narcolepsy, damage to cognitive function, ¢.g., in schizophrenia, or disorders that may
be ameliorated through enhanced progesterone-signaling pathway, e.g., female sexual

dysfunction.

BACKGROUND OF THE INVENTION

[0002] Eleven families of phosphodiesterases (PDEs) have been identified but
only PDEs in Family I, the Ca®*-calmodulin-dependent phosphodiesterases (CaM-
PDEs), have been shown to mediate both the calcium and cyclic nucleotide (e.g.
cAMP and ¢cGMP) signaling pathways. The three known CaM-PDE genes, PDEIA,
PDEI1B, and PDEIC, are all expressed in central nervous system tissue. PDEIA is
expressed throughout the brain with higher levels of expression in the CA1 to CA3
layers of the hippocampus and cerebellum and at a low level in the striatum. PDE1A
is also expressed in the lung and heart. PDE1B is predominately expressed in the
striatum, dentate gyrus, olfactory tract and cerebellum, and its expression correlates
with brain regions having high levels of dopaminergic innervation. Although PDE1B
is primarily expressed in the central nervous system, it may be detected in the heart.

PDE1C is primarily expressed in olfactory epithelium, cerebellar granule cells, and

1
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striatum. PDE1C is also expressed in the heart and vascular smooth muscle.

[0003] Cyclic nucleotide phosphodiesterases decrease intracellular cAMP and
¢GMP signaling by hydrolyzing these cyclic nucleotides to their respective inactive
5’-monophosphates (5’ AMP and 5’GMP). CaM-PDEs play a critical role in
mediating signal transduction in brain cells, particularly within an area of the brain
known as the basal ganglia or striatum. For example, NMDA-type glutamate receptor
activation and/or dopamine D2 receptor activation result in increased intracellular
calcium concentrations, leading to activation of effectors such as calmodulin-
dependent kinase II (CaMKII) and calcineurin and to activation of CaM-PDEs,
resulting in reduced cAMP and cGMP. Dopamine D1 receptor activation, on the
other hand, leads to activation of nucleotide cyclases, resulting in increased cAMP
and cGMP. These cyclic nucleotides in turn activate protein kinase A (PKA; cAMP-
dependent protein kinase) and/or protein kinase G (PKG; cGMP-dependent protein
kinase) that phosphorylate downstream signal transduction pathway elements such as
DARPP-32 (dopamine and cAMP-regulated phosphoprotein) and cAMP responsive
element binding protein (CREB). Phosphorylated DARPP-32 in turn inhibits the
activity of protein phosphates-1 (PP-1), thereby increasing the state of
phosphorylation of substrate proteins such as progesterone receptor (PR), leading to
induction of physiologic responses. Studies in rodents have suggested that inducing
cAMP and cGMP synthesis through activation of dopamine D1 or progesterone
receptor enhances progesterone signaling associated with various physiological
responses, including the lordosis response associated with receptivity to mating in
some rodents. See Mani, et al., Science (2000) 287: 1053, the contents of which are
incorporated herein by reference.

[0004] CaM-PDEs can therefore affect dopamine-regulated and other
intracellular signaling pathways in the basal ganglia (striatum), including but not
limited to nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate
(e.g., NMDA receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., A2A
receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP, CNP), DARPP-
32, and endorphin intracellular signaling pathways.

[0005]  Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1

(PDE1) activity, functions in brain tissue as a regulator of locomotor activity and
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learning and memory. PDEI is a therapeutic target for regulation of intracellular
signaling pathways, preferably in the nervous system, including but not limited to a
dopamine D1 receptor, dopamine D2 receptor, nitric oxide, noradrenergic,
neurotensin, CCK, VIP, serotonin, glutamate (e.g., NMDA receptor, AMPA
receptor), GABA, acetylcholine, adenosine (e.g., A2A receptor), cannabinoid
receptor, natriuretic peptide (e.g., ANP, BNP, CNP), endorphin intracellular
signaling pathway and progesterone signaling pathway. For example, inhibition of
PDEIB should act to potentiate the effect of a dopamine D1 agonist by protecting
c¢GMP and cAMP from degradation, and should similarly inhibit dopamine D2
receptor signaling pathways, by inhibiting PDET1 activity. Chronic elevation in
intracellular calcium levels is linked to cell death in numerous disorders, particularly
in neurodegenerative diseases such as Alzheimer’s, Parkinson’s and Huntington’s
Diseases and in disorders of the circulatory system leading to stroke and myocardial
infarction. PDEI1 inhibitors are therefore potentially useful in diseases characterized
by reduced dopamine D1 receptor signaling activity, such as Parkinson’s disease,
restless leg syndrome, depression, narcolepsy and cognitive impairment. PDE1
inhibitors are also useful in diseases that may be alleviated by the enhancement of
progesterone-signaling such as female sexual dysfunction.

[0006] There is thus a need for compounds that selectively inhibit PDE1 activity,
especially PDETA and/or PDE1B activity.

SUMMARY OF THE INVENTION
[0007]  The invention provides optionally substituted 4,5,7,8-tetrahydro-

(optionally 4-0x0, 4-thioxo or 4-imino)-(1H or 2H)-imidazo[1.2-a]pyrazolo[4.3-
e]pyrimidine or 4,5,7,8,9-pentahydro-(optionally 4-0xo0, 4-thioxo or 4-imino)-(1H or
2H)-pyrimido[ 1,2-a]pyrazolo[4,3-¢]pyrimidine compounds, in free or salt form, e.g.,
optionally substituted:

¢ 45,7,8-tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine,

¢ 45,7,8-tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine-4(5H)-

one,
o 4.5,7,8-tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-¢e]pyrimidine-4(5H)-

thione,
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¢ 4.5,7,8-tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-¢]pyrimidine-4(5SH)-

imine,

¢ 4.5,7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine,

¢ 45.7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine-
4(5H)-one,

¢ 4,5,7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-¢]pyrimidine-
4(5H)-thione,

¢ 45,7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine-
4(5H)-imine,
in free or salt form, preferably (1 or 2 and/or 3 and/or 5) substituted, more

preferably with 3-oxy-substituted compounds.

L_RG
n

R2 R4

Rs
Formula [
wherein
@®  Qis-C(=8)-, -C(=N(Ry))-, -C(=0)- or CHy;
(ii) Lisa-0-;
(i)  Ryis Hor Cy4alkyl (e.g., methyl or ethyl);
(iv)  Ryis Hor Ci4alkyl (e.g., methyl or isopropyl) and R, and Rj are,
independently:
H,
C1salkyl (e.g., methyl or isopropyl) optionally substituted with

halo or hydroxy (e.g., Ry and Rj are both methyl, or R, is H and

Rj; is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,

heteroaryl,

PCT/US2011/038527

In another embodiment, the invention provides a Compound of Formula I
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(optionally hetero)arylCy_galkyl, or

R, and R; together with the carbon to which they are attached form a
3- to 6-membered ring; or

R, is H and R; and R, together form a di-, tri- or tetra-methylene
bridge,

(pref. wherein the R; and Ry together have the cis configuration, e.g.,
where the carbons carrying Rs and R4 have the R and S configurations,
respectively);

v) Rsis
a) -D-E-F, wherein:
D is a single bond, Cy4alkylene (e.g., methylene, ethylene or
prop-2-yn-1-ylene) or -C(=0)-;
E is a single bond, C;_4alkylene (e.g., methylene, —C=C-),
arylene (e.g., phenylene), arylCy4alkylene (e.g., benzylene)
or heteroarylene (e.g., pyridylene); and
Fis
H,
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
pyrid-2-yl, imidazol-1-yl, pyrazol-1-yl, 1,2,4-triazol-1-
yD),

halo (e.g., F, Br, Cl),

Ci4alkyl (¢.g., methyl),

haloC, 4alkyl (e.g., trifluoromethyl),

haloC;4alkoxy,

Ci4alkoxy (e.g., methoxy),

-C(O)-Rys,

-N(Rj6)(Ry7),

-5(0)2Ry,

Cscycloalkyl (e.g., cyclopentyl or cyclohexyl),or

heteroCs.scycloalkyl (e.g., pyrrolidinyl (for example,
pyrrolidin-1-yl, pyrrolidin-2-yl or pyrrolidin-3-yl),

5
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piperidinyl (e.g., piperidin-2-yl), tetrahydro-2H-pyran-
4-yl or morpholinyl);
wherein D, E and F are independently and optionally
substituted with one or more group selected from:
5 halo (e.g., F, Cl or Br),
Ci.alkyl (e.g., methyl or prop-2-yn-1-yl),
haloC;4alkyl (e.g., trifluoromethyl), and
C14alkoxy (methoxy),
for example, F is heteroaryl (e.g., pyridyl (for example pyrid-2-
10 yl, pyrid-3-yl, pyrid-4-yl), thiadiazolyl (e.g., 1,2,3-
thiadiazol-4-yl)), diazolyl (e.g., imidazol-1-yl or pyrazol-1-
yl), triazolyl (e.g., 1,2,4-triazol-1-yl), tetrazolyl or
oxadiazolyl (e.g., 1,2,4-oxodiazol-3-yl) optionally
substituted with one or more group selected from halo and
15 Cisalkyl (e.g., 4-methyl-imidazol-1-yl, 1-methyl-imidazol-
2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-
2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl),
or Fis aryl, e.g., phenyl, optionally substituted with one or
more halo (e.g., 4-fluorophenyl);
20 or Fis a Cszheterocycloalkyl (e.g., pyrrolidinyl) optionally
substituted with a C;salkyl (e.g., 1-methylpyrrolidin-3-yl,
1-methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or 1-
methylpiperidin-2-yl);
b) a substituted heteroarylC.4alkyl, €.g., substituted with haloC;.
25 salkyl;
or
¢) attached to one of the nitrogen atoms on the pyrazolo portion of

Formula I and is a moiety of Formula A
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Rz
\ R11
X 7 V4
Rs/ \T/ ~N R.,
R9
Formula A

wherein X, Y and 7 are, independently, N or C, and Rg, Rg, Ry; and

Ry, are independently H, halogen (e.g., Cl or F), -C4alkyl-
N(R22)(Ry3) (e.g., aminomethyl, isopropylaminomethyl or
isobutylaminomethyl), or —C;4alkyl-heterC; scycloalkyl (e.g.,
pyrrolidin-1-ylmethyl), and Ry is:
hydrogen,
halogen (chloro or flouro),
Ci4alkyl,
haloC4alkyl (e.g., trifluoromethyl),
haloC;4alkoxy (e.g., trifluoromethoxy),
Ci4alkoxy,
Cscycloalkyl,
hetCs scycloalkyl (e.g., pyrrolidinyl or piperidinyl, for
example piperidin-2-yl or pyrrolidin-2-yl),
Cj4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl), thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)),
diazolyl (e.g., imidazol-1-yl or pyrazol-1-yl), triazolyl
(e.g., 1,2,4-triazol-1-yl), tetrazolyl or oxodiazolyl (e.g.,
1,2,4-oxodiazol-3-yl),
arylcarbonyl (e.g., benzoyl),
Ci4alkylsulfonyl (e.g., methylsulfonyl),
aminosulfonyl (e.g., -S(O0):-N(Ri5)(R19),

7
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(vi)

PCT/US2011/038527

heteroarylcarbonyl,

Ci4alkylcarbonyl (e.g., methylcarbonyl),

Cj4alkoxycarbonyl, (e.g., -C(O)OCH;),

-C(O)OH,

haloC;4alkoxycarbony (e.g., trifluoromethylcarbonyl),

-C(ON(R15)(Ry9), Or

-Craalkyl-N(R5)(R19) (€.g., methylaminomethyl),
wherein the aryl, heteroaryl, cycloalkyl and heterocycloalkyl

are independently and optionally substituted with one or

more group selected from halo (e.g., F or Cl), C;.4alkyl

(e.g., methyl or prop-2-yn-1-yl) , Cy4alkoxy, C;4haloalkyl

(e.g., trifluoromethyl) and -SH;

For example, Ry is phenyl, pyridyl, pyrazolyl, piperidinyl,
pyrrolidinyl oxadiazolyl pyrimidinyl, optionally substituted
with one or more group selected from halo (e.g., F or Cl),
Ci4alkyl (e.g., methyl or prop-2-yn-1-yl) , C; 4alkoxy, Cy.
shaloalkyl (e.g., trifluoromethyl) and -SH, e.g. optionally
substituted with halo or Cy_salkyl, for example Ry is 1-
methylpiperidin-2-yl, piperidin-2-yl, 1-ethylpiperidin-2-yl,
I-methylpyrrolidin-2-yl, 1-methylimidazol-2-yl,
halopyridyl (for example 6-fluoropyrid-2-yl),

provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,
respectively, is not present;

Rgis
Ci4alkyl (e.g., isopropyl),
Cszcycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl), or
arylCy4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or

more group selected from halo (e.g., F, Cl), hydroxy, Cyealkyl,
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C16alkoxy and Csgcycloalkyl, for example, Rg is 3-
chlorophenyl or 4-fluorophenyl,

(vii) n=0orl;

(viii) when n=1, A is -C(R13R14)-, wherein Ry3 and R4 are, independently,
H, C;4alkyl, aryl, heteroaryl, (optionally hetero)arylC; 4alkoxy or
(optionally hetero)arylC, 4alkyl or Ry3 or Ry4 can form a di-, tri- or
tetramethylene bridge with R, or Ry;

(ix)  Rysis Cyaalkyl (e.g., methyl), haloC;4alkyl (e.g., trifluoromethyl), -
OH, -0C, 4alkyl (e.g., -OCH3), aryl (e.g., phenyl) or -N(Ry6)(R17);

(x) Ry and R;7 are independently H or Cy_4alkyl;

(xi)  Ryg and Ryy are independently

H,
Cpalky,
Cs.scycloalkyl,
heteroCs; scycloalkyl,
aryl (e.g., phenyl), or
heteroaryl,
wherein said aryl or heteroaryl is optionally substituted with
one or more group selected from:
halo (e.g., fluorophenyl, e.g., 4-fluorophenyl),
hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2-hydroxyphenyl),
Crealkyl,
haloC;.galkyl,
Cialkoxy,
aryl,
heteroaryl, and
C;scycloalkyl;

(xit) Ry is H, Cy4alkyl (e.g., methyl) or C;5cycloalkyl;

(xii1) Rpj is Cyealkyl (e.g., methyl) or -N(R;5)(Ryo);

(xiv)  Rg and Ry; are independently H or C; 4alkyl (e.g., methyl),

in free or salt form.
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[0009]

as follows:

1.1
1.2
1.3
1.4
1.5
1.6

1.7
1.8
1.9

In another embodiment, the invention provides a Compound of Formula I

Formula I, wherein Q is -C(=5)-, -C(=N(Ry))-, -C(=0)- or CHy;
Formula I or 1.1, wherein Q is -C(=S)-;
Formula I or 1.1, wherein Q is —C(=0)-
Formula I or 1.1, wherein Q is -C(=N(R0))-;
Formula I or 1.1, wherein Q is -CH»-;
Formula I, or any of 1.1-1.5, wherein R; is H or C;4alkyl (e.g., methyl
or ethyl);
Formula 1.6, wherein R is H;
Formula 1.6, wherein R; is Cy4alkyl (e.g., methyl or ethyl);
Formula I, or any of 1.1-1.8, wherein Ry is H or Cy4alkyl (e.g., methyl,
isopropyl) and R, and Rj are, independently:
H,
Cisalkyl (e.g., methyl or isopropyl) optionally substituted with
halo or hydroxy (e.g., R, and Rj3 are both methyl, or R, is H and
R; is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylCy_galkoxy,
(optionally hetero)arylCy_galkyl, or
R, and R; together with the carbon to which they are attached form
a 3- to 6-membered ring;
or
R, is H and R; and R, together form a di-, tri- or tetramethylene bridge,
(pref. wherein the R; and Ry together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,

respectively)

1.10  Formula 1.9, wherein R, or R; is H or C;alkyl (e.g., methyl or

isopropyl);

1.11  Formula 1.9, wherein R, or Rz is H;

1.12  Formula 1.9, wherein R, or Rs is Cy6alkyl (e.g., methyl or isopropyl);

10



WO 2011/153129

10

15

20

25

30

1.13
1.14
1.15

1.16
1.17

1.18
1.19

1.20

1.21

1.22

1.23

1.24

1.25

1.26

1.27
1.28

PCT/US2011/038527

Formula 1.9, wherein R, or Rs is methyl;
Formula 1.9, wherein R, or R is isopropyl;
Formula I, or any of 1.1-1.8, wherein R, is H and R3 and R4 together
form a di-, tri- or tetramethylene bridge (pref. wherein the R; and Ry
together have the cis configuration, e.g., where the carbons carrying Rs
and R4 have the R and S configurations, respectively);
Formula I or any of 1.1-1.15, wherein Rs is —D-E-F;
Formula 1.16, wherein D is a single bond, C;4alkylene (e.g.,
methylene, ethylene or prop-2-yn-1-ylene) or —C(=0)-;
Formula 1.17, wherein D is a single bond,;
Formula 1.17, wherein D is Cq4alkylene (e.g., methylene, ethylene or
prop-2-yn-1-ylene);
Formula 1.17, wherein D is methylene;
Any of formulae 1.16-1.20, wherein E is a single bond, C_4alkylene
(e.g., methylene, -C=C-), arylene (e.g., phenylene), arylC;4alkylene
(e.g., benzylene) or heteroarylene (e.g., pyridylene);
Any of formulae 1.16-1.20, wherein E is arylene (e.g., phenylene);
Any of formulae 1.16-1.20, wherein E is phenylene;
Any of formulae 1.16-1.20, wherein E is heteroarylene (e.g.,
pyridylene);
Any of formulae 1.16-1.20, wherein E is C;4alkylene (e.g., methylene,
-C=C-);
Any of formulae 1.16-1.20, wherein E is arylCy4alkylene (e.g.,
benzylene);
Any of formulae 1.16-1.20, wherein E is a single bond;
Any of formulae 1.16-1.27, wherein F is

H,

aryl (e.g., phenyl),

heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example, pyrid-2-

yl, pyrid-4-yl, pyrid-3-yl, imidazol-1-yl, pyrazol-1-yl, 1,2,4-
triazol-1-yl),
halo (e.g., F, Br, (1),
11
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haloCy4alkyl (e.g., trifluoromethyl),
haloCy4alkoxy,
Cj4alkoxy (e.g., methoxy),
-C(O)-Ris,
-N(Ri6)(R17),
-5(0)2Ra1,
Csscycloalkyl (e.g., cyclopentyl or cyclohexyl), or
heteroCs scycloalkyl (e.g., pyrrolidinyl (for example, pyrrolidin-1-
yl, pyrrolidin-2-yl or pyrrolidin-3-yl), piperidinyl (e.g.,
piperidin-2-yl), tetrahydro-2H-pyran-4-yl or morpholinyl);
wherein F is optionally substituted with one or more group selected
from:
halo (e.g., I, Cl or Br),
Ci4alkyl (e.g., methyl or prop-2-yn-1-yl),
haloCy 4alkyl (e.g., trifluoromethyl),
Ci.salkoxy, and
Ciaalkyl (e.g., 5-methylpyrid-2-yl),
for example, F is heteroaryl (e.g., pyridyl, pyrazolyl or
imidazolyl), aryl (e.g., phenyl) or heteroCs scycloalkyl (e.g.,
pyrrolidinyl (for example, pyrrolidin-1-yl, pyrrolidin-2-yl
or pyrrolidin-3-yl), piperidinyl (e.g., piperidin-2-yl),
tetrahydro-2H-pyran-4-yl or morpholinyl), optionally
substituted with one or more halo (e.g., F, Cl or Br), C;.
salkyl (e.g., methyl or prop-2-yn-1-yl), haloC,4alkyl (e.g.,
trifluoromethyl), C;4alkoxy ) or C;4alkyl (for example, F is
5-methylpyrid-2-yl, 4-methyl-imidazol-1-yl, 1-methyl-
imidazol-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-
fluoropyrid-2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl,
4-fluorophenyl, 1-methylpyrrolidin-3-yl, 1-
methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or 1-
methylpiperidin-2-yl);

1.29  Formula 1.28, wherein F is H;

12



WO 2011/153129

10

15

20

25

30

1.30
1.31
1.32
1.33
1.34

1.35

1.36

1.37

1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45

PCT/US2011/038527

Formula 1.28, wherein F is haloC; 4alkyl (e.g., trifluoromethyl);
Formula 1.28, wherein F is trifluoromethyl;

Formula 1.28, wherein F is halo (e.g., F, Br or Cl);

Formula 1.28, wherein F is CI;

Formula 1.28, wherein F is heteroaryl (e.g., pyridyl (for example
pyrid-2-yl, pytid-3-yl, pyrid-4-yl), or thiadiazolyl (e.g., 1,2,3-
thiadiazol-4-yl)), diazolyl (e.g., imidazol-1-yl or pyrazol-1-yl),
triazolyl (e.g., 1,2,4-triazol-1-yl), tetrazolyl or oxadiazolyl (e.g., 1,2,4-
oxodiazol-3-yl) optionally substituted with one or more halo (e.g., F,
Clor Br), Cy4alkyl (e.g., methyl or prop-2-yn-1-yl), haloC_salkyl
(e.g., trifluoromethyl), Cq4alkoxy or Ci4alkyl, (e.g., 5-
trifluoromethylpyrid-2-yl, 4-methyl-imidazol-1-yl, 1-methyl-imidazol-
2-y1, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-
fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl);

Formula 1.28, wherein F is heteroaryl (e.g., pyridyl, diazolyl, triazolyl,
for example, pyrid-2-yl, pyrid-4-yl, pyrid-3-yl, imidazol-1-yl, pyrazol-
1-yl, 1,2,4-triazol-1-yl) optionally substituted with one or more halo
(e.g., F, Cl or Br), C;4alkyl (e.g., methyl or prop-2-yn-1-yl), haloC;.
salkyl (e.g., trifluoromethyl), Ci4alkoxy ) or C;4alkyl;

Any Formulae 1.34-1.35, wherein F is pyrid-2-yl (e.g., pyrid-2-yl,
pyrid-3-yl, pyrid-4-yl);

Formula 1.34, wherein F is pyridyl (e.g., pyrid-2-yl, pyrid-3-yl, pyrid-
4-y1) optionally substituted with one or more halo (e.g., phenyl, 4-
fluorophenyl or 3-chlorophenyl);

Formula 1.34 or 1.37, wherein F is 6-fluoropyrid-2-yl;

Formula 1.34 or 1.37, wherein F is 3-fluoropyrid-2-yl;

Formula 1.34 or 1.37, wherein F is 4-fluoropyrid-2-yl;

Formula 1.34, wherein F is 5-fluoropyrid-2-yl;

Formula 1.34, wherein F is 5-trifluoromethylpyrid-2-yl;

Formula 1.34, wherein F is 5-methylpyrid-2-yl;

Formula 1.34, wherein F is 6-thio-pyrid-2-yl;

Formula 1.34, wherein F is 1,2,4-triazolyl (e.g., 1,2,4-triazolyl);

13
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Any Formulae 1.34-1.35, wherein F is diazolyl (e.g., imidazol-1-yl or
pyrazol-1-yl);
Formula 1.34, wherein F is imidazol-1-yl or pyrazol-1-yl;
Formula 1.34, wherein F is aryl (e.g., phenyl) optionally substituted
with one or more:

halo (e.g., F, Cl or Br),

Ci.salkyl (e.g., methyl or prop-2-yn-1-yl),

haloC;4alkyl (e.g., trifluoromethyl),

Cj4alkoxy or

Cialkyl (e.g., S-methylpyrid-2-yl);
Formula 1.34 or 1.47, wherein F is phenyl optionally substituted with
the substituents set forth in formula 1.47;
Formula 1.34 or 1.47, wherein F is 4-fluorophenyl or 3-chlorophenyl;
Formula 1.34, wherein F is C;.;cycloalkyl (e.g., cyclopentyl,
cyclohexyl) optionally substituted with one or more halo (e.g., F, Cl or
Br), Ci4alkyl (e.g., methyl or prop-2-yn-1-yl), haloC;4alkyl (e.g.,
trifluoromethyl), C;4alkoxy or C;4alkyl;
Formula 1.51, wherein F is cyclohexyl;
Formula 1.51, wherein F is cyclopentyl;
Formula 1.28, wherein F is heteroCs_scycloalkyl (e.g., pyrrolidinyl (for
example, pyrrolidin-1-yl, pyrrolidin-2-yl or pyrrolidin-3-yl),
piperidinyl (e.g., piperidin-2-yl), tetrahydro-2H-pyran-4-yl or
morpholinyl) optionally substituted with one or more halo (e.g., I, Cl
or Br), Cy4alkyl (e.g., methyl or prop-2-yn-1-yl), haloC,_salkyl (e.g.,
trifluoromethyl), C;4alkoxy or C;4alkyl;
Formula 1.54, wherein F is pyrrolidinyl (¢.g., pyrrolidin-3-yl,
pyrrolidin-2-yl or pyrrolidin-1-yl) optionally substituted with one or
more Cy4alkyl;
Formula 1.54, wherein F is 1-methylpyrrolidinyl or 1-
ethylpyrrolidinyl;
Formula 1.54, wherein F is piperidinyl (e.g., piperidin-2-yl) optionally
substituted with one or more halo (e.g., F, Cl or Br), C;4alkyl (e.g.,

14
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methyl or prop-2-yn-1-yl), haloCy4alkyl (e.g., trifluoromethyl), C;.
salkoxy or Cy4alkyl;

Formula 1.54 or 1.57, wherein F is piperidinyl (e.g., piperidin-2-yl)
optionally substituted with Cy4alkyl (e.g., methyl or prop-2-yn-1-yl);
Formula 1.54 or 1.57, wherein F is 1-methylpiperdin-2-yl or 1-
ethylpiperidin-2-yl;

Formula 1.54, wherein F is tetrahydro-2H-pyran-4-yl;

Formula 1.28, wherein F is aryl (e.g., phenyl) optionally substituted
with one or more halo (e.g., I, Cl or Br), Cy4alkyl (e.g., methyl or
prop-2-yn-1-yl), haloCy.4alkyl (e.g., trifluoromethyl), C;4alkoxy or C;.
salkyl;

Formula 1.61, wherein F is phenyl;

Formula 1.61, wherein F is 4-fluorophenyl;

Formula 1.28, wherein F is -S(0),R,; wherein Ry; is Cygalkyl (e.g.,
methyl) or -N(R5)(R19);

Formula 1.64, wherein Ry is Cyealkyl (e.g., methyl);

Formula 1.64, wherein Ry1 18 -N(R5)(R19):

Formula 1.28, wherein F is -C(0O)-R;5 and Rys is Ci4alkyl (e.g.,
methyl), haloCy4alkyl (e.g., trifluoromethyl), -OH, -OC4alkyl (e.g., -
OCHj3), aryl (e.g., phenyl) or -N(R6)(R17);

Formula 1.28, wherein F is -C(0O)-Rjs5and Rys is Cy4alkyl (e.g.,
methyl), haloCy4alkyl (e.g., trifluoromethyl), -OH, —OCq4alkyl (e.g., -
OCHjy), aryl (e.g., phenyl) or -N(Ry6)(Ry7);

Formula 1.68, wherein Ry5is Cy4alkyl (e.g., methyl);

Formula 1.68, wherein Rysis haloC; 4alkyl (e.g., trifluoromethyl);
Formula 1.68, wherein R;5is —OH;

Formula 1.68, wherein Ry5is —OC4alkyl (e.g., methoxy or ethoxy);
Formula 1.68, wherein Rysis ethoxy;

Formula 1.28, wherein F is -N(R16)(R17);

Any of formulae 1.16-1.74, wherein D, E and F are independently and
optionally substituted with one or more :

halo (e.g., F, Cl or Br),
15
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Ci4alkyl (e.g., methyl or prop-2-yn-1-yl),
haloCy4alkyl (e.g., trifluoromethyl), or
Cj4alkoxy (methoxy);

1.76  Formula I or any of 1.1-1.15, wherein Rs is a substituted

heteroarylalkyl, e.g., substituted with haloalkyl,

1.77  Formula I or any of 1.1-1.15, wherein Rs is attached to one of the

nitrogen atoms on the pyrazolo portion of Formula I and is a moiety of

Formula A
I:{12
\ Ry
X Z z
o \T/ Ry
Ro
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry; and Ry, are

independently H, halogen (e.g., Cl or F), —C_4alkyl-N(R»;)(Ry3) (e.g.,
aminomethyl, isopropylaminomethyl or isobutylaminomethyl), or —Cy.
salkyl-heterCs gcycloalkyl (e.g., pyrrolidin-1-ylmethyl), and Ry is:

hydrogen,

halogen (chloro or flouro),

Cjaalkyl,

haloCy4alkyl (e.g., trifluoromethyl),

haloCj4alkoxy (e.g., trifluoromethoxy),

C14alkoxy,

Cscycloalkyl,

hetCs scycloalkyl (e.g., pyrrolidinyl or piperidinyl, for

example piperidin-2-yl or pyrrolidin-2-yl),
Ci4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
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heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl), thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)),
diazolyl (e.g., imidazol-1-yl or pyrazol-1-yl), triazolyl
(e.g., 1,2,4-triazol-1-yl), tetrazolyl or oxodiazolyl (e.g.,
1,2.4-oxodiazol-3-yl),

arylcarbonyl (e.g., benzoyl),

Ci4alkylsulfonyl (e.g., methylsulfonyl),

aminosulfonyl (e.g., -S(0),-N(Ry5)(R19),

heteroarylcarbonyl,

Ci4alkylcarbonyl (e.g., methylcarbonyl),

Cy4alkoxycarbonyl, (e.g., -C(O)OCH,),

-C(O)OH,

haloC; 4alkoxycarbony (e.g., trifluoromethylcarbonyl),

-C(O)N(R5)(Ry9), o1

-Cr4alkyl-N(R5)(R19) (€.g., methylaminomethyl),

wherein the aryl, heteroaryl, cycloalkyl and heterocycloalkyl

are independently and optionally substituted with one or
more group selected from halo (e.g., F or Cl), Cyalkyl
(e.g., methyl or prop-2-yn-1-yl) , Cy4alkoxy, C;.4haloalkyl
(e.g., trifluoromethyl) and -SH;

For example, Ry is phenyl, pyridyl, pyrazolyl, piperidinyl,

pyrrolidinyl oxadiazolyl pyrimidinyl, optionally substituted
with one or more group selected from halo (e.g., F or Cl),
Ci4alkyl (e.g., methyl or prop-2-yn-1-yl) , C;4alkoxy, C;.
shaloalkyl (e.g., trifluoromethyl) and -SH, e.g. optionally
substituted with halo or Cy_4alkyl, for example Ry is 1-
methylpiperidin-2-yl, piperidin-2-yl, 1-ethylpiperidin-2-yl,
I-methylpyrrolidin-2-yl, 1-methylimidazol-2-yl,
halopyridyl (for example 6-fluoropyrid-2-yl),

provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,

respectively, is not present;
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Formula 1.77, wherein Rs is a substituted heteroarylmethyl, e.g., para-
substituted with haloalkyl;
Formula 1.77, wherein Rs is a moiety of Formula A wherein Rs, Ro,
Ry1, and Ry, are H and R is phenyl;
Formula 1.77, wherein Rs is a moiety of Formula A wherein Rs, Ro,
Ry1, and Ry, are H and Ry is pyridyl or thiadiazolyl;
Formula 1.77, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ri1, and Ry, are, independently, H or halogen, and Ry is haloalky];
Formula 1.77, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ry, and Ry, are, independently, H, and Ry is alkyl sulfonyl;
Formula I or any of 1.1-1.82, wherein Ry is
Ci4alkyl (e.g., isopropyl),
Cs4cycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl), or
arylCy4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
more group selected from halo (e.g., F, CI), hydroxy, Cyealkyl,
C1salkoxy and Csgcycloalkyl, for example, Rg is 3-
chlorophenyl or 4-fluorophenyl;
Formula 1.83, wherein Rg is C;4alkyl (e.g., isopropyl);
Pormula 1.83, wherein Rg is Csycycloalkyl (e.g., cyclopentyl or
cyclohexyl);
Formula 1.83, wherein Rg is heteroaryl (e.g., pyridyl, for example,
pyrid-4-yl);
Formula 1.83, wherein Rg is arylCy4alkyl (e.g., benzyl);
Formula 1.83, wherein Reis aryl (e.g., phenyl) optionally substituted
with one or more group selected from halo (e.g., F, Cl), hydroxy, C;.
calkyl, Cy_galkoxy and C;scycloalkyl;
Formula 1.83, wherein Rg is fluorophenyl (e.g., 4-fluorophenyl);
Formula I or any of 1.1-1.89, wherein n = 0;

Formula I or any of 1.1-1.89, wherein n = 1;
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Formula 1.91, wherein n=1, A is -C(R3R4)-, wherein Ry3 and R4, are,
independently, H or C;4alkyl, aryl, heteroaryl, (optionally
hetero)arylC; 4alkoxy or (optionally hetero)arylC,4alkyl;
Formula I or any of 1.1-1.92, wherein R and Ry7 are independently H
or Cyalkyl;
formula 1.93, wherein Ry and Ry7 are H;
formula 1.93, wherein Ry and Ry7 are Cy4alkyl;
formula 1.93, wherein Ry6 is H and Ry7 is Cyalkyl;
Formula I or any of 1.1-1.96, wherein R;s and Ry are independently
H,
Cyalky,
Csscycloalkyl,
heteroC;gcycloalkyl,
aryl (e.g., phenyl), or
heteroaryl,
wherein said aryl or heteroaryl is optionally substituted with
one or more group selected from:
halo (e.g., fluorophenyl, e.g., 4-fluorophenyl),
hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2-hydroxyphenyl),
Cialkyl,
haloCjgalkyl,
Ci¢alkoxy,
aryl,
heteroaryl, and
Csscycloalkyl;
Formula I or any of 1.1-1.97, wherein R;s and Ry9 are independently H
or Cy4alkyl (e.g., methyl);
Formula I or any of 1.1-1.98, wherein Ry is H, Cy4alkyl (e.g., methyl)
or Caycycloalkyl;
Formula 1.99, wherein Ry is H;

Formula 1.99, wherein Ry is Cj4alkyl (e.g., methyl);
19
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1.102 Formula 1.99, wherein Ry is Csscycloalkyl;
1.103 Formula T or any of 1.1-1.102, wherein R, is C;¢alkyl (e.g., methyl)
or —-N(Rj5)(R9) and Ryg and Ry are independently H or Cy.4alkyl;
1.104 Formula 1.103, wherein Ry; is Cygalkyl (e.g., methyl);
5 1.105 Formula 1.103, wherein R,; is —N(R1s)(R19) and Rys and Ryg are
independently H or Cy_4alkyl;
1.106 Formula I or any of 1.1-1.105, wherein R,, and R,3 are independently
H or Cy.4alkyl (e.g., methyl);
1.107 Formula 1.106, wherein Ry, and Ry; are H;
10 1.108 Formula 1.106, wherein Ry, and Ry; are C;4alkyl (e.g., methyl);
1.109 Formula 1.106, wherein Ry, is H and R,z is C; 4alkyl (e.g., methyl);
1.110 any of the preceding formulae wherein the compound is selected from

a group consisting of;

N N
N’J / A\ F
15 N __

20
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N N” N
(o 0
y
) N a
/ \ F —
— 9 F 9
0 o/<
\NJ%N O 9
~ s ~
! i
F_ / \ F
Cl

N7 N N7 °N
U N b N
/ \ F / \ F
— , — and
Q o/@
~
N)%N
N7 N N
N
/ N—F
5 I.111 any of the preceding formulae wherein the compounds inhibit

phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1B-
mediated) hydrolysis of cGMP, e.g., with an ICs; of less than 1uM,
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preferably less than 500nM, more preferably less than 50nM, still more
preferably less than 10nM, most preferably less than 1nM in an
immobilized-metal affinity particle reagent PDE assay, for example, as
described in Example 12,

5 in free or salt form.

[0010] In one embodiment, the compound of formula I as described above, is

L_RG

R Q
1\N/
A GR
N SN N g

A

n
Rs” : g

a compound of Formula II:

Rs 4
Formula II
10 wherein
1) Qis-C(=5)-, -C(=N(Ry))-, -C(=0)- or CHy;
(i) Lisa-0-;

(iii)  Ryis Hor Cj4alkyl (e.g., methyl or ethyl);
(iv)  Rais Hor Cy4alkyl (e.g., methyl or isopropyl) and R, and Rj are,
15 independently:
H,
C1.6alkyl (e.g., methyl or isopropyl) optionally substituted with
halo or hydroxy (e.g., R, and Rj3 are both methyl, or R, is H and
R3 is methyl, ethyl, isopropyl or hydroxyethyl),
20 aryl,
heteroaryl,
(optionally hetero)arylCy_galkoxy, or
(optionally hetero)arylCy_galkyl, or
R, and R; together with the carbon to which they are attached form a
25 3- to 6-membered ring; or

R, is H and R; and R4 together form a di-, tri- or tetramethylene bridge

22
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(pref. wherein the R3 and Ry together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,
respectively);

V) Rsis
5 a) -D-E-F, wherein
D is Cyaalkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);
E is arylene (e.g., phenylene); and
Fis aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl,

10 triazolyl, for example, pyrid-2-yl, imidazol-1-yl, pyrazol-1-
yl, 1,2,4-triazol-1-yl), Csscycloalkyl (e.g., cyclopentyl or
cyclohexyl), or heteroCs scycloalkyl (e.g., pyrrolidinyl (for
example, pyrrolidin-1-yl, pyrrolidin-2-yl or pyrrolidin-3-
yl), piperidinyl (e.g., piperidin-2-yl), tetrahydro-2H-pyran-

15 4-yl or morpholinyl), wherein F is optionally substituted
with one or more halo or Cysalkyl (e.g., F is 4-methyl-
imidazol-1-yl, 1-methyl-imidazol-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl, 4-fluorophenyl, 1-methylpyrrolidin-

20 3-yl, I-methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or 1-
methylpiperidin-2-yl);

or
b) attached to one of the nitrogen atoms on the pyrazolo portion of

Formula II and is a moiety of Formula A

R12
\ Ri
X Z z
v \T/ Ry
25 Ro
Formula A
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wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry; and
Ry, are independently H, halogen (e.g., Cl or FF), and Ry is C;.
seycloalkyl, hetCsseycloalkyl (e.g., pyrrolidinyl or piperidinyl, for
example piperidin-2-yl or pyrrolidin-2-yl), aryl (e.g., phenyl), or
heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl, pyrid-
4-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl (e.g.,
imidazol-1-yl or pyrazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl or oxadiazolyl (e.g., 1,2,4-oxodiazol-3-yl), wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are independently
and optionally substituted with one or more halo (e.g., F or Cl) or
Cq4alkyl, for example Ry is 4-methyl-imidazol-1-yl, 1-methyl-
imidazol-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-
fluoropyrid-2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl, 4-
fluorophenyl, 1-methylpyrrolidin-3-yl, 1-methylpyrrolidin-2-yl, 1-
ethylpiperidin-1-yl or 1-methylpiperidin-2-yl;
Rgis
Ci4alkyl (e.g., isopropyl or isobutyl),
Csscycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylCy4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., T, Cl), hydroxy, C;galkyl, Cjgalkoxy, Cs.
scycloalkyl, for example, R is isopropyl, isobutyl, cyclopentyl,
cyclohexyl, phenyl, 3-chlorophenyl or 4-fluorophenyl;
n=0orl;
when n=1, A is -C(R13Ry4)-, wherein Ry3 and Ry are, independently, H
or Cj4alkyl, aryl, heteroaryl, (optionally hetero)arylCy.
salkoxy,(optionally hetero)arylC; 4alkyl or Ry3 or Ry4 can form a di-,
tri- or tetramethylene bridge with R, or Ry;

Ry is H, Cy4alkyl (e.g., methyl) or C;5cycloalkyl,

in free or salt form.
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[0011] In still another embodiment, the Compound of Formula I as described

above is a Compound of Formula III:

L_RG

R _Q
1\N/
)\ ’N
NZ N7 N gy
A
n
Ry s N

Rs 4
Formula III
5 wherein
1)  Qis-C(=N)-, -C(=N(Rz))-, -C(=0)- or CHy;
(ii) Lisa-0-;

(i)  Ryis Hor Cy4alkyl (e.g., methyl or ethyl);
(iv)  Ryis Hor Ci4alkyl (e.g., methyl, isopropyl) and R, and R3 are,
10 independently:
H,
Cisalkyl (e.g., methyl or isopropyl) optionally substituted with
halo or hydroxy (e.g., Ry and Rj are both methyl, or R, is H and
Rj; is methyl, ethyl, isopropyl or hydroxyethyl),
15 aryl,
heteroaryl,
(optionally hetero)arylC,_alkoxy,
(optionally hetero)arylCy_ealkyl, or
R; and Rj together with the carbon to which they are attached form a
20 3- to 6-membered ring; or
R, is H and Rs and Ry together form a di-, tri- or tetramethylene bridge
(pref. wherein the R3 and R4 together have the cis configuration, e.g.,
where the carbons carrying R3 and R4 have the R and S
configurations, respectively);
25 (v) Rsis
a) —D-E-F, wherein
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D is Cj.4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);

E is arylene (e.g., phenylene); and

Fis aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl,

5 triazolyl, for example, pyrid-2-yl, imidazol-1-yl, pyrazol-1-
yl, 1,2,4-triazol-1-yl), Cs5cycloalkyl (e.g., cyclopentyl or
cyclohexyl), or heteroCs scycloalkyl (e.g., pyrrolidinyl (for
example, pyrrolidin-1-yl, pyrrolidin-2-yl or pyrrolidin-3-
yl), piperidinyl (e.g., piperidin-2-yl), tetrahydro-2H-pyran-

10 4-yl or morpholinyl), wherein F is optionally substituted
with one or more halo or Cy4alkyl (e.g., F is 4-methyl-
imidazol-1-yl, 1-methyl-imidazol-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl, 4-fluorophenyl, 1-methylpyrrolidin-

15 3-yl, 1-methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or 1-
methylpiperidin-2-yl);

or
b) attached to one of the nitrogen atoms on the pyrazolo portion of

Formula III and is a moiety of Formula A

I:{12
\ I:{11
X Z Z
Rs/ ~N T 72BN R.s
20 Ro
Formula A

wherein X, Y and 7 are, independently, N or C, and Rg, Ry, Ry and
Ry, are independently H or halogen (e.g., Cl or F), and Ry is Cs.
seycloalkyl, hetCs seycloalkyl (e.g., pyrrolidinyl or piperidinyl, for
25 example piperidin-2-yl or pyrrolidin-2-yl), aryl (e.g., phenyl), or
heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl, pyrid-
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4-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl (e.g.,
imidazol-1-yl or pyrazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl, oxadiazolyl (e.g., 1,2,4-oxodiazol-3-yl), wherein the
aryl, heteroaryl, cycloalkyl and heterocycloalkyl are independently
and optionally substituted with one or more halo (e.g., F or Cl) or

Ciaalkyl;

R6 1s:

Ci.4alkyl (e.g., isopropyl),

Csqcycloalkyl (e.g., cyclopentyl or cyclohexyl),

aryl (e.g., phenyl),

heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),

wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F or Cl), hydroxy or C;galkyl, for example, Rg
is 3-chlorophenyl or 4-fluorophenyl,

n=0orl;

when n=1, A is -C(R13Ry4)-, wherein Ry3 and Ry are, independently, H
or Cj4alkyl, aryl, heteroaryl, (optionally hetero)arylC.
salkoxy,(optionally hetero)arylC; 4alkyl or Ry3 or Ry4 can form a di-,
tri- or tetramethylene bridge with R, or Ry;

Ry is H, Cy4alkyl (e.g., methyl) or C;5cycloalkyl,

in free or salt form.

[0012]

In still another embodiment of the invention, the Compound of

Formula I is a compound of Formula I'V:

L/Re

Formula IV
27
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wherein:

(i)

(i)
(iii)
(iv)

Q is -C(=8)-, -C(=N(Ryx))-, -C(=0)- or CHy;
Lisa-0-;

R;is H or C4alkyl (e.g., methyl or ethyl);
Rsis

a) -D-E-F, wherein

D is Cysalkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);

E is arylene (e.g., phenylene);

Fis aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl,
triazolyl, for example, pyrid-2-yl, imidazol-1-yl, pyrazol-1-
yl, 1,2,4-triazol-1-yl), Cs.scycloalkyl (e.g., cyclopentyl or
cyclohexyl), or heteroCs.scycloalkyl (e.g., pyrrolidinyl (for
example, pyrrolidin-1-yl, pyrrolidin-2-yl or pyrrolidin-3-
yl), piperidinyl (e.g., piperidin-2-yl), tetrahydro-2H-pyran-
4-yl or morpholinyl), wherein F is optionally substituted
with one or more halo or Cysalkyl (e.g., F is 4-methyl-
imidazol-1-yl, 1-methyl-imidazol-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl, 4-fluorophenyl, 1-methylpyrrolidin-
3-yl, I-methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or 1-
methylpiperidin-2-yl);

or
b) attached to one of the nitrogen atoms on the pyrazolo portion of

Formula IV and is a moiety of Formula A

Riz
Ry
| h
X z
Z
Rg/ \Y/ \Rm
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Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry; and
Ry, are independently H or halogen (e.g., Cl or F), and Ry is Cs.
seycloalkyl, hetCsseycloalkyl (e.g., pyrrolidinyl or piperidinyl, for
5 example piperidin-2-yl or pyrrolidin-2-yl), aryl (e.g., phenyl), or
heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl, pyrid-
4-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl (e.g.,
imidazol-1-yl or pyrazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl, oxadiazolyl (e.g., 1,2,4-oxodiazol-3-yl), wherein the
10 aryl, heteroaryl, cycloalkyl and heterocycloalkyl are independently
and optionally substituted with one or more halo (e.g., F or Cl), Cy.
salkyl;
V) Rg is:
C;4alkyl (e.g., isopropyl),
15 Cscycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or Cyalkyl, for example, Re is
20 3-chloropheny! or 4-fluorophenyl,
(xi) Ry is H, Cy4alkyl (e.g., methyl) or Cs5cycloalkyl,
in free or salt form.
[0013] In yet another embodiment, the Compound of Formula I is a compound
of Formula V:

|— e

25
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Formula V
wherein:
@®  Qis-C=0);
(i) Lis-0-

(iii))  Rjis Cy4alkyl (e.g., methyl or ethyl);
(iv)  Rsis attached to one of the nitrogen atoms on the pyrazolo portion of

Formula V and is a moiety of Formula A

Rz
\ Ry
X Z z
Rg/ \T/ ~N R.s
Ro
Formula A

wherein X, Y and Z are C, and Rg, Ro, Ry; and Ry, are
independently H, and Ry is:

hetC; scycloalkyl (e.g., pyrrolidinyl or piperidinyl, for
example piperidin-2-yl or pyrrolidin-2-yl),

aryl (e.g., phenyl), or

heteroaryl (e.g., pyridyl (for example pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)),
diazolyl (e.g., imidazol-1-yl or pyrazol-1-yl), triazolyl
(e.g., 1,2,4-triazol-1-yl), tetrazolyl or oxadiazolyl (e.g.,
1,2,4-oxodiazol-3-yl),

wherein the aryl, heteroaryl, cycloalkyl and
heterocycloalkyl are independently and optionally
substituted with one or more halo (e.g., F or Cl), Cy.
salkyl, for example Ry is 4-methyl-imidazol-1-yl, 1-
methyl-imidazol-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-
2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl, 4,6-
dichloropyrid-2-yl, 4-fluorophenyl, 1-methylpyrrolidin-

30



WO 2011/153129 PCT/US2011/038527

3-yl, 1-methylpyrrolidin-2-yl, 1-ethylpiperidin-1-yl or
1-methylpiperidin-2-yl;
(v) Rgis
Cszcycloalkyl (e.g., cyclopentyl or cyclohexyl),
5 aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylCj4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy, C;salkyl, Cjsalkoxy, Cs.
10 scycloalkyl, for example, Rg is isopropyl, isobutyl, cyclopentyl,
cyclohexyl, phenyl, 3-chlorophenyl or 4-fluorophenyl,
in free or salt form.
[0014] In another embodiment, the Compound of Formula I is a compound of
Formula VI

L/Re

N 5
15
Formula VI
wherein:
@H  Qis-C(=0);
(i) Lis-0-
20 (ii)  Ryis Ciaalkyl (e.g., methyl or ethyl);

(iv)  Rsis attached to one of the nitrogen atoms on the pyrazolo portion of

Formula VI and is a moiety of Formula A
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Rz
\ R11
X 7 V4
Rs/ \T/ ~N R.,
R9
Formula A

wherein X, Y and Z are C, and Rg, Ro, Ry; and Ry, are
independently H, and Ry is selected from piperidinyl (e.g.,

5 piperidin-2-yl), pyrrolidinyl (e.g., pyrrolidin-2-yl), pyridyl (for
example pyrid-2-yl, pyrid-3-yl), diazolyl (e.g., pyrazol-1-yl), 6-
fluoropyrid-2-yl, 1-methylpyrrolidin-3-yl, 1-methylpyrrolidin-
2-yl, 1-ethylpiperidin-1-yl or 1-methylpiperidin-2-yl;

(v)  Rgis
10 Cs4cycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylCy4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
15 more halo (e.g., F, Cl), hydroxy, C;salkyl, Cisalkoxy, Cs.
scycloalkyl,
for example, Ry is cyclopentyl, cyclohexyl, phenyl, 3-chlorophenyl
or 4-fluorophenyl,
in free or salt form.
20 [0015] In still another embodiment, the invention provides a Compound of

Formula VII;
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Formula VII
wherein:
@ Qis-C(=0)
5 (i) Lis-0-;

(iii))  Rjis Cy4alkyl (e.g., methyl or ethyl);
(iv)  Rsis attached to one of the nitrogen atoms on the pyrazolo portion of

Formula VII and is a moiety of Formula A

Ri2
\ Ri4
X Z Z
Rs/ \\‘(/ ~N .,
Re
10 Formula A

wherein X, Y and 7 are C, and Rg, R, Rq; and Ry, are
independently H, and Ry is selected from piperidinyl (e.g.,
piperidin-2-yl), pyrrolidinyl (e.g., pyrrolidin-2-yl), pyridyl (for
example pyrid-2-yl, pyrid-3-yl), diazolyl (e.g., pyrazol-1-yl), 6-
15 fluoropyrid-2-yl, 1-methylpyrrolidin-3-yl, 1-methylpyrrolidin-

2-yl, 1-ethylpiperidin-1-yl or 1-methylpiperidin-2-yl;

(v)  Reis selected from cyclopentyl, cyclohexyl, phenyl, 3-chlorophenyl or

4-fluorophenyl,

in free or salt form.
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[0016] In still another embodiment, the invention provides a Compound of
Formula VIII:
|— P
R, Q
\N/
)\ N
/
/
7 N N g,
Formula VIII
5 wherein;
@  Qis-C(=0)
(i) Lis-O-;

(iii))  Rjis Cy4alkyl (e.g., methyl or ethyl);

(iv)  Rsis attached to one of the nitrogen atoms on the pyrazolo portion of

10 Formula VIII and is a moiety of Formula A
R12
AN Ri1
X Z z
Rs/ N \‘( N Ris
Ro
Formula A

wherein X, Y and Z are C, and Rg, Rg, Ry; and Ry, are
independently H, and Ry is pyrid-2-yl, 6-fluoropyrid-2-yl, 1-
15 methylpyrrolidin-3-yl, 1-methylpyrrolidin-2-yl, 1-
ethylpiperidin-1-yl or 1-methylpiperidin-2-yl;
(v)  Reis phenyl or 4-fluorophenyl,

in free or salt form.
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In still another embodiment, the invention provides a compound of any

of the foregoing formulae, e.g., any of Formula I-VIII or any of formulae 1.1-1.111,

wherein Ry is selected from any of 3-fluoropyrid-2-yl and 4-fluoropyrid-2-yl, 5-

fluoropyrid-2-yl, 6-fluoropyrid-2-yl.

[0018]

If not otherwise specified or clear from context or unless otherwise

specified, the following terms herein have the following meanings:

(a)

(b)

(©

(d)

“Alkyl” as used herein is a saturated or unsaturated hydrocarbon
moiety, preferably saturated, preferably having one to six carbon
atoms, in some instances one to four carbon atoms, which may be
linear or branched, and may be optionally mono-, di- or tri-
substituted, e.g., with halogen (e.g., chloro or fluoro), hydroxy, or
carboxy.

“Cycloalkyl” as used herein is a saturated or unsaturated nonaromatic
hydrocarbon moiety, preferably saturated, comprising three to nine
carbon atoms, in some instances three to seven atoms, at least some of
which form a nonaromatic mono- or bicyclic, or bridged cyclic
structure, and which may be optionally substituted, e.g., with halogen
(e.g., chloro or fluoro), hydroxy or carboxy.

“Heterocycloalkyl” is, unless otherwise indicated, saturated or
unsaturated nonaromatic hydrocarbon moiety, preferably saturated,
comprising three to nine carbon atoms, in some instances three to
seven atoms, at least some of which form a nonaromatic mono- or
bicyclic, or bridged cyclic structure, wherein at least one carbon atom
is replaced with N, O or S, which heterocycloalkyl may be optionally
substituted, e.g., with halogen (e.g., chloro or fluoro), hydroxy or
carboxy.

“Aryl” as used herein is a mono or bicyclic aromatic hydrocarbon,
preferably phenyl. In some instances, aryl is optionally substituted,
e.g., with alkyl (e.g., methyl), halogen (e.g., chloro or fluoro),
haloalkyl (e.g., trifluoromethyl), hydroxy, carboxy, or an additional
aryl or heteroaryl (e.g., biphenyl or pyridylphenyl).
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(e) “Heteroaryl” as used herein is an aromatic moiety wherein one or more
of the atoms making up the aromatic ring is sulfur, oxygen or nitrogen
rather than carbon, e.g., pyridyl or thiadiazolyl which may be
optionally substituted, e.g., with alkyl, halogen, haloalkyl, hydroxy or

5 carboxy.

(f) Wherein E is phenylene, the numbering is as follows:

(g) Itis intended that wherein the substituents end in “ene”, for example,
alkylene, phenylene or arylalkylene, said substituents are intended to
10 bridge or be connected to two other substituents. Therefore,
methylene is intended to be —CH,—, ethylene is intended to be —CH,-
CH,- and phenylene intended to be —C¢Hs— and arylalkylene is
intended to be -C¢H;~CH,— or — CH,—C¢Hy—.
(h) The Compounds of the Invention are intended to be numbered as

15 follows:
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[0019] The term "substituted," as used herein, means that any one or more
hydrogens on the designated atom is replaced with a selection from the indicated
group, provided that the designated atom'’s normal valency is not exceeded, and that
the substitution results in a stable compound. Similarly, the substituents defined for
the Compounds of the Invention are intended to result in stable compounds.

[0020] Compounds of the Invention, encompassing any of the compounds
disclosed herein, e.g., optionally substituted 4,5,7,8-tetrahydro-(optionally 4-oxo, 4-
thioxo or 4-imino)-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine or 4,5,7,8,9-
pentahydro-(1H or 2H)-(optionally 4-0xo, 4-thioxo or 4-imino)-pyrimido[1,2-
a]pyrazolo[4,3-e]pyrimidine compounds, e.g., (1 or 2 and/or 3 and/or 5)-substituted:
45,7 8-tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine, 4,5,7,8-
tetrahydro-(1H or 2H)-imidazo|1,2-a]pyrazolo[4,3-¢|pyrimidine-4(SH)-one, 4,5,7,8-
tetrahydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-¢|pyrimidine-4(5 H)-thione,
4,5,7,8-tetrahydro-(1H or 2H)-imidazo[1,2-alpyrazolo[4,3-¢]pyrimidine-4(5H)-imine,
4,5,7.8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-¢]pyrimidine,
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4,5,7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine-4(5H)-
one, 4,5,7,8,9-pentahydro-(1 H or 2H)-pyrimido[ 1,2-a]pyrazolo[4,3-e]pyrimidine-
4(5H)-thione, 4,5,7,8,9-pentahydro-(1 H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-
e]pyrimidine-4(SH)-imine compounds, e.g., Compounds of Formula I, e.g., any of
formulae 1.1-1.111, or Compounds of any of Formulae II-VIII as described herein,
may exist in free or salt form, e.g., as acid addition salts. In this specification unless
otherwise indicated, language such as “Compounds of the Invention” is to be
understood as embracing the compounds in any form, for example free or acid
addition salt form, or where the compounds contain acidic substituents, in base
addition salt form. The Compounds of the Invention are intended for use as
pharmaceuticals, therefore pharmaceutically acceptable salts are preferred. Salts
which are unsuitable for pharmaceutical uses may be useful, for example, for the
isolation or purification of free Compounds of the Invention or their pharmaceutically
acceptable salts, are therefore also included. In particular embodiment, the salt of the
compounds of the invention is a formic acid addition salt.

[0021] Compounds of the Invention may in some cases also exist in prodrug
form. A prodrug form is compound which converts in the body to a Compound of the
Invention. For example when the Compounds of the Invention contain hydroxy or
carboxy substituents, these substituents may form physiologically hydrolysable and
acceptable esters. As used herein, “physiologically hydrolysable and acceptable
ester” means esters of Compounds of the Invention which are hydrolysable under
physiological conditions to yield acids (in the case of Compounds of the Invention
which have hydroxy substituents) or alcohols (in the case of Compounds of the
Invention which have carboxy substituents) which are themselves physiologically
tolerable at doses to be administered. Therefore, wherein the Compound of the
Invention contains a hydroxy group, for example, Compound-OH, the acyl ester
prodrug of such compound, for example, Compound-O-C(0)-Cy4alkyl, can hydrolyze
in the body to form physiologically hydrolysable alcohol (Compound-OH) on the one
hand and acid on the other (e.g., HOC(O)-C;4alkyl). Alternatively, wherein the
Compound of the Invention contains a carboxylic acid, for example, Compound-

C(O)OH, the acid ester prodrug of such compound, for example, Compound-C(O)O-
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Cp4alkyl can hydrolyze to form Compound-C(O)OH and HO-C, 4alkyl. As will be
appreciated the term thus embraces conventional pharmaceutical prodrug forms.

[0022] The invention also provides methods of making the Compounds of the
Invention and methods of using the Compounds of the Invention for treatment of
diseases and disorders as set forth below (especially treatment of diseases
characterized by reduced dopamine D1 receptor signaling activity, such as
Parkinson’s disease, Tourette’s Syndrome, Autism, fragile X syndrome, ADHD,
restless leg syndrome, depression, cognitive impairment of schizophrenia, narcolepsy
and diseases that may be alleviated by the enhancement of progesterone-signaling
such as female sexual dysfunction), or a disease or disorder such as psychosis or
glaucoma). This list is not intended to be exhaustive and may include other diseases
and disorders as set forth below.

[0023] In another embodiment, the invention further provides a
pharmaceutical composition comprising a Compound of the Invention, in free or
pharmaceutically acceptable salt form, in admixture with a pharmaceutically

acceptable carrier.

DETAILED DESCRIPTION OF THE INVENTION
Methods of Making Compounds of the Invention

[0024] The compounds of the Invention and their pharmaceutically acceptable
salts may be made using the methods as described and exemplified herein and by
methods similar thereto and by methods known in the chemical art. Such methods
include, but not limited to, those described below. If not commercially available,
starting materials for these processes may be made by procedures, which are selected
from the chemical art using techniques which are similar or analogous to the synthesis
of known compounds. Various starting materials and/or Compounds of the Invention
may be prepared using methods described in WO 2006/133261; WO 2009/075784;
PCT/US2009/06438 (or WO 2010/065148); PCT/US2009/006442 (or WO
2010/065151) and PCT/US2009/006439 (or WO 2010/065149). All references cited
herein are hereby incorporated by reference in their entirety.

[0025] The Compounds of the Invention include their enantiomers,

diastereoisomers and racemates, as well as their polymorphs, hydrates, solvates and
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