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COMPOUNDS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
This International Application claims the benefit of earlier filed United States provisional
applications US 62/051,735, filed September 17, 2014, and US 62/052,283, filed

September 18, 2014, each of which is incorporated herein by reference in their entirities.

FIELD OF THE INVENTION

[0001] The field generally relates to compounds and methods of treatment and/or
prophylaxis of central nervous system (CNS) diseases, disorders, and/or injuries. In one
aspect, the field relates to inhibitors of phosphodiesterase 1 (PDE1) as neuroprotective
agents and/or neural regenerative agents. In a further aspect, the field relates to
preventing the development of a CNS disease or disorder in an individual at risk for the

development of a CNS disease or disorder.

BACKGROUND OF THE INVENTION _
[0002] Cyclic nucleotide phosphodiesterases (PDEs) downregulate intracellular cAMP
and cGMP signaling by hydrolyzing these cyclic nucleotides to their respective 5°-
monophosphates (5’AMP and 5°GMP). Eleven families of phosphodiesterases have been
identified, but only PDEs in Family I, the Ca**/calmodulin-dependent phosphodiesterases
(CaM-PDEs), which are activated by Ca®*-calmodulin, have been shown to mediate the
calcium and cyclic nucleotide (e.g. cAMP and cGMP) signaling pathways. The three
known CaM-PDE genes, PDE1A, PDE1B, and PDEIC, are all expressed in central
nervous system tissue. PDE1A is expressed throughout the brain with higher levels of
expression in the CA1 to CA3 layers of the hippocampus and cerebellum and at a lower
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 is

also detected in the heart, is present in neutrophils and has been shown to be involved in
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inflammatory responses of this cell. PDEI1C is expressed in olfactory epithelium,

cerebellar granule cells, striatum, heart, and vascular smooth muscle.

[0003] 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-PDE:s, resulting in reduced cAMP and cGMP. Dopamine D1 receptor
activation, on the other hand, leads to activation of adenylate cyclases, resulting in
increased cAMP. This cyclic nucleotide in turn activates protein kinase A (PKA; cAMP-
dependent protein kinase). Production of cGMP is known to occur in tissues involved in
cognitive function through various stimulations such as nitric oxide production induced
by high intra-cellular calcium levels and to subsequently activate protein kinase G (PKG;
cGMP-dependent protein kinase). PKG and PKA 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. D1 receptor signaling is disrupted in
schizophrenia, contributing to cognitive impairment in the disease. The role of cAMP
and cGMP in cognitive function has been well established in animal studies. Studies in
rodents also 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-PDE:s 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
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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 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 PDE1B should act to potentiate the effect of a dopamine D1

agonist by protecting cGMP and cAMP from degradation, and should similarly inhibit
dopamine D2 receptor signaling pathways, by inhibiting PDE] activity that is a
consequence of D2 receptor-mediated increases in intra-cellular calcium. 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. PDELI 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 such as
cognitive impairment associated with schizophrenia. PDE]1 inhibitors are also useful in
diseases that may be alleviated by the enhancement of progesterone-signaling such as

female sexual dysfunction.

[0006] Additionally, neurogenesis is a vital process in the brains of animals and humans,
whereby new nerve cells are continuously generated throughout the life span of the
organism. The newly formed cells are able to differentiate into functional cells of the
central nervous system and integrate into existing neural circuits in the brain.

Neurogenesis 1s known to persist throughout adulthood in two regions of the mammalian
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brain: the subventricular zone (SVZ) of the lateral ventricles and the dentate gyrus of the
hippocampus. In these regions, multipotent neural progenitor cells (NPCs) continue to
divide and give rise to new functional neurons and glial cells. It has been shown that a
variety of factors can stimulate adult hippocampal neurogenesis, e.g., adrenalectomy,
voluntary exercise, enriched environment, hippocampus dependent learning and
antidepressants. Other factors, such as adrenal hormones, stress, age and drugs of abuse

negatively influence neurogenesis.

[0007] While the importance of neurogenesis cannot be overstated, the failure of axons to
regenerate after spinal cord injury still remains one of the greatest challenges facing both
medicine and neuroscience. Unlike the myelinated axons of the peripheral nervous
system, myelinated axons of the central nervous systém do not regenerate after being
severed. An important development, however, has been the identification of inhibitory
proteins in the myelin sheaths that surround CNS axons. Certain bioactive molecules
appear to inhibit neurite outgrowth, leading to failure of CNS neuron regeneration.
Myelin contains a number of proteins that have been shown to inhibit neurite process
outgrowth. NogoA, a member of the reticulon family, was the first protein identified as a
neurite outgrowth inhibitor. It is expressed by oligodendrocytes and some neurons, and
can be found both intracellularly and on the cell surface (particuarly on the myelin
sheaths of axons). Other proteins that can contribute to inhibition of axon regeneration
include myelin-associated glycoprotein (MAG), oligodendrocyte-myelin glycoprotein

(OMgp) and the proteoglycan versican.

[0008] Thus, it appears that the CNS environment limits axonal regeneration after injury.
Indeed, CNS myelin has been identified as a major factor contributing to regenerative
failure. Evidence exists that shows that CNS proteins present in the myelin sheath inhibit

axonal growth and regeneration.

[0009] Various strategies have been proposed for overcoming the inhibition of axonal
regeneration. One strategy that has been effective has been to elevate the levels of

intracellular cAMP. This can be accomplished in several ways, such as: a peripheral
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conditioning lesion, administration of cAMP analogues, priming with neurotrophins or
treatment with the phosphodiesterase inhibitor rolipram (PDE4 inhibitor). The effects of
cAMP may be transcription dependent, and cAMP-mediated activation of CREB may
lead to upregulation and expression of genes such as arginase I and interleukin-6. The
products of these genes are believed to promote axonal regeneration, which raises the
possibility that other cAMP-regulated genes could yield additional agents that would be
beneficial in the treatment of spinal cord injury. However, with regard to increasing the
expression of IL-6, one significant disadvantage to this mechanism of action may be that
IL-6 is a potentially harmful pro-inflammatory cytokine, meaning, it is possible that high
levels of IL-6 could actually exacerbate the inflammation that occurs after spinal cord
injury which could then lead to increase in cell death. Indeed, a factor supporting this
concern is that IL-6 transgenic mice have been observed to have extensive astrogliosis,

neurodegeneration, and breakdown of the blood brain barrier.

SUMMARY OF THE INVENTION

[00010] The invention provides for a compound of Formula V:

o)

Rs

N

Formula V
wherein

(1) Rjis Ci4 alkyl (e.g., methyl);
(i1)  Rais H and R> and R3 are, independently, H or C;-4 alkyl
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(e.g., Rz and R3 are both methyl, or R» is H and Rais isopropyl);
(iii))  Rsis attached to one of the nitrogens on the pyrazolo portion of Formula

V and is a moiety of Formula A

5
Ri2
AN Ru
X = Z
Re/ \\I(/ \Rw
Rg
Formula A
wherein X, Y and Z are C, and Rg, Ro, R11 and Ri2 are H, and Rjo is halogen (e.g.
10 chloro), or heteroaryl optionally substituted with halogen, alkyl, haloalkyl,
hydroxy or carboxy (e.g., pyridyl or 2-halopyridyl, (for example, pyrid-2-yl, 5-
fluoropyrid-2-yl or 6-fluoropyrid-2-yl)); and
(iv) Re is H, Ci4alkyl (e.g. methyl, ethyl or propyl), arylamino optionally
substituted with Cj.4alkyl or halogen (e.g., phenylamino or 4-fluorophenylamino),
15 or thioCi.4alkyl (e.g., thioethyl); and

(v)  n=0;

in free, salt or prodrug form, including its enantiomers, diastereoisomers and racemates.

[00011] In a further aspect, the invention contemplates that the PDE1 inhibitors
(e.g., Formula V) are compounds of Formula V according to any of the following

20 formulae:

1.1 The compound of Formula V, wherein R is methyl;

1.2 The compound of Formula V or 1.1, wherein Rz and R3 are C14 alkyl;

1.3 The compound of Formula V or any of 1.1-1.2, wherein R2 and R3 are both
methyl;
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1.4 The compound of Formula V or any of 1.1-1.3, wherein Rio is heteroaryl
optionally substituted with halogen;
1.5 The compound of Formula V or any of 1.1-1.4, wherein Ryo is pyrid-2-yl;
1.6 The compound of Formula V or any of 1.1-1.4, wherein Ry is 5-fluoro-pyrid-
5 2-yl;
1.7 The compound of Formula V or any of 1.1-1.4, wherein Rio is 6-fluoro-pyrid-
2-yl;
1.8 The compound of Formula V or any of 1.1-1.7, wherein Re is Ci4alkyl;
1.9 The compound of Formula V or any of 1.1-1.8, wherein Re is ethyl;
10 1.10  The compound of Formula V or any of 1.1-1.8, Wherein R is propyl;
1.11  The compound of Formula V or any of 1.1-1.7, wherein Re is arylamino
optionally substituted with Ci4alkyl or halogen;
1.12 The compound of Formula V or any of 1.1-1.7, wherein R is 4-

fluorophenylamino;



WO 2016/044667 PCT/US2015/050814

1.13  Any of the preceding formulae wherein the compound is selected from the

group consisting

9
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or

in free, salt or prodrug form, including its enantiomers, diastereoisomers and racemates.

5 1.14  Any of the preceding formulae wherein the compound is selected from a

group consisting of:

L ar

10 infree, salt or prodrug form, including its enantiomers, diastereoisomers and racemates.

[00012] In one aspect, selective PDE] inhibitors of the any of the preceding
formulae (e.g., Formula V or 1.1 — 1.14) are compounds that inhibit phosphodiesterase-
mediated (e.g., PDE1-mediated, especially PDE1A or PDE1C-mediated) hydrolysis of
cGMP, e.g., the preferred compounds have an IC50 of less than 1 M, preferably less
15 than 500 nM, and more preferably less than 50 nM, in an immobilized-metal affinity

particle reagent PDE assay, in free or salt form.

[00013] It is one advantage of the present invention that a PDE]1 inhibitor (e.g., a

compound of any of Formula V or 1.1-1.14) may act as a neuroprotective agent and/or

9
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neuroregenerative agent. In the event of a CNS injury (e.g., spinal cord injury), disease,
or disorder, the compounds and methods disclosed herein may be employed to aid or
enhance neurite outgrowth and axonal regeneration even in the presence of inhibitors of

axonal regeneration.

[00014] Without being bound by any particular theory, it is believed that at least
one advantage of the present invention is that the administration of a PDE1 inhibitor
(e.g., any compound of Formula V or 1.1-1.14) may act to increase levels of intracellular
cAMP and initiate the transcription of genes that are necessary for overcoming the
inhibition of axonal regeneration and promoting neurite outgrowth and/or axonal
regeneration in the case of a CNS disease, disorder, or injury. For instance, increased
intracellular cAMP, such as would result from PDE] inhibition, would lead to increased

activity of cAMP-dependent proteins, such as protein kinase C (PKC).

[00015] Furthermore, it is believed that the administration of a PDE1 inhibitor
(e.g., a compound of any of Formula V or 1.1-1.14) may elevate the intracellular levels of
both cAMP and cGMP. Without being bound by theory, this rise in both cAMP and
cGMP may serve to counterbalance the potentially detrimental effects that may be
associated with chronically elevated levels of intracellular calcium. It has been observed
that elevated levels of intracellular calcium may be associated with the development of
various degenerative diseases. For instance, one possible explanation is that elevated
levels of intracellular calcium (e.g., chronically elevated levels of intracellular calcium)
leads to the activation of PDEI1, which then stimulates cAMP hydrolysis. The decreased
concentration of cAMP would then deactivate cAMP-dependent proteins such as protein

kinase C (PKC).

[00016] However, without being bound by any theory, it is believed that another
potential benefit of the administration of a PDE1 inhibitor (e.g., a compound of any of
Formula V or 1.1-1.14) is an increase in intracellular cGMP. This increase in intracellular
c¢GMP may lead to an increase in the activity of PKG, preventing a further rise in
intracellular calcium levels. Thus, without being bound by any theory, the administration

of a PDEI inhibitor (e.g., a compound of any of Formula V or 1.1-1.14) could have the

10
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dual benefit of, for example, playing a beneficial role in axonal regeneration (and/or
neuroprotection) while simultaneously decreasing the deleterious effects that may be

associated with elevated intracellular calcium levels.

[00017] In one embodiment the invention comprises compositions and methods to
treat or prevent a CNS disease, disorder, or injury (e.g., spinal cord injury, e.g., spinal
muscular atrophy, e.g., motor neuron injury), wherein the method comprises
administration of an effective amount of a PDE1 inhibitor (e.g., a compound of any of
Formula V or 1.1-1.14) to modulate intracellular levels of cAMP and/or cGMP. In‘one
embodiment, this increase in intracellular cAMP is neuroprotective and/or aids in the
increase or stimulation of neurogenesis (e.g., the PDE]1 inhibitor increases neurite

outgrowth and/or axonal regeneration).

[00018] In still a further embodiment, the invention comprises compositions and
methods to treat or prevent injuries to the peripheral nervous system (PNS) wherein the
method comprises administration of a PDE1 inhibitor to increase intracellular levels of
cAMP and/or cGMP which, either directly or indirectly, increases nerve regeneration

and/or is protective against further nerve damage.

[00019] In one embodiment the invention comprises compositions and methods to
prevent a CNS disease or disorder in a subject that is at risk for developing said disease

or disorder, wherein the method comprises:

1.) Obtaining a CNS sample from the subject;

2.) Measuring the levels of intracellular calcium from the sample;

3.) Comparing the levels of intracellular calcium in the biological sample
to a reference standard;

4.) Determining whether a patient is at risk for developing a CNS disease or
disorder based upon the level of intracellular calcium compared to the reference standard;

5.) Administering a PDE1 inhibitor (e.g., a compound of any of Formula V or 1.1-
1.14) to a subject based upon the subject’s levels of intracellular calcium (e.g.,
administration of a PDE1 inhibitor to a subject because they have elevated intracellular

calcium levels compared to the reference standard).

11
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[00020]

If not otherwise specified or clear from context, the following terms herein

have the following meanings:

(a)

(b)

(©)

(d)

(e)

“Alkyl” as used herein is a saturated or unsaturated hydrocarbon moiety,
preferably saturated, preferably having one to six 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, preferably comprising three to
nine carbon 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. Where the cycloalkyl optionally contains one or more atoms
selected from N and O and/or S, said cycloalkyl may also be a
heterocycloalkyl.

“Heterocycloalkyl” is, unless otherwise indicated, a saturated or
unsaturated nonaromatic hydrocarbon moiety, preferably saturated,
preferably comprising three to nine carbon 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, 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).

“Heteroaryl” as used herein is an aromatic moiety wherein one or more of
the atoms making up the aromatic ring is sulfur or nitrogen rather than
carbon, e.g., pyridyl or thiadiazolyl, which may be optionally substituted,

e.g., with alkyl, halogen, haloalkyl, hydroxy or carboxy.

12
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(f) Itisintended that wherein the substituents end in “ene”, for example,
alkylene, phenylene or arylalkylene, said substitutents are intended to
bridge or be connected to two other substituents. Therefore, methylene is
intended to be -CH>— and phenylene intended to be -CsHa— and
arylalkylene is intended to be, for example, -CsHs—CH>— or — CHz—
CeHa—.

[00021] 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

[00022] Compounds of the Invention, encompassing any of the compounds
disclosed 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.

[00023] Compounds of the Invention may in some cases also exist in prodrug
form. A prodrug form is a compound which converts in the body to a Compound of the
Invention. For exampie 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”

13
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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, i.e., Compound-O-
C(0)-Cialkyl, can hydrolyze in the body to form physiologically hydrolysable alcohol
(Compound-OH) on the one hand and carboxylic acid on the other (e.g., HOC(O)-Ci-
aalkyl). Alternatively, wherein the Compound of the Invention contains a carboxylic
acid, for example, Compound-C(O)OH, the acid ester prodrug of such compound,
Compound-C(0)0-Ci4alkyl can hydrolyze to form Compound-C(O)OH and alcohol HO-
Ciaalkyl. As will be appreciated the term thus embraces conventional pharmaceutical

prodrug forms.

[00024] 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.

Methods of Making Compounds of the Invention

[00025] 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 are 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.

[00026] Various starting materials and/or Compounds of the Invention may be
prepared using methods described in US 2008-0188492 A1, US 2010-0173878 A1, US
2010-0273754 A1, US 2010-0273753 A1, WO 2010/065153, WO 2010/065151, WO
2010/065151, WO 2010/065149, WO 2010/065147, WO 2010/065152, WO

14
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2011/153129, WO 2011/133224, WO 2011/153135, WO 2011/153136, WO
2011/153138, US 2014/0194396, PCT/US14/30412, and each reference is herein

incorporated by reference in its entirety.

[00027] The Compounds of the Invention include their enantiomers,
diastereoisomers and racemates, as well as their polymorphs, hydrates, solvates and
complexes. Some individual compounds within the scope of this invention may contain
double bonds. Representations of double bonds in this invention are meant to include
both the E and the Z isomer of the double bond. In addition, some compounds within the
scope of this invention may contain one or more asymmetric centers. This invention
includes the use of any of the optically pure stereoisomers as well as any combination of

stereoisomers.

[00028] It is also intended that the Compounds of the Invention encompass their
stable and unstable isotopes. That is, the Compounds of the Invention embrace the
replacement or enrichment of any atom, or more than one atom, of the structure by any
stable or unstable isotopic variant of that atom. Isotopes are atoms of the same element
that contain varying numbers of neutrons. An isotopic variant is any isotope of any
element other than its naturally most abundant isotope. An isotopic variant will contain
one or more additional, or one or more fewer, neutrons compared to the most naturally
abundant nuclide of the same element. Isotopes may either be stable (non-radioactive) or
unstable (radioactive). For example, the most naturally abundant nuclide of carbon is '*C,
and one known stable isotope of carbon is 1*C. Isotopes of an element generally share the
same characteristic electronic and chemical properties. It is expected that the activity of
compounds comprising such isotopes would be retained, and such compound would also
have utility for measuring pharmacokinetics of the non-isotopic analogs. For example,
the hydrogen atom at one or more atomic positions of the Compounds of the Invention
may be replaced with (or enriched in) deuterium. Examples of known stable isotopes
include, but are not limited to, deuterium (°H), ' C, ° N, and ¥ O. Examples of known
unstable isotopes include *H, 12, 13, 1, 1C, 8F. Unstable isotopes may be useful for
radio-imaging and/or pharmacokinetic studies of the compounds of the invention. One or

more atomic positions in a Compound of the Invention may be replaced with or enriched

15
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in any known isotopic variant. Natural sources of chemicals and reagents are not
generally isotopically pure, so that Compounds of the Invention made by traditional
chemical methods will generally have some normal, natural variation in isotopic
abundance. For example, the natural abundance of the element carbon consists
approximately of 98.93% 2C and 1.07% "3C. Therefore, Compounds of the Invention
made by traditional chemical means will typically consist of about 98.93% '2C and
1.07% C at each carbon atom of the structure. Enrichment refers to the presence of
more than the natural abundance of a minor isotope in a chemical structure. Thus, for
example, a Compound of the Invention may be enriched for the presence of 13C at one or
more carbon atom positions. As used herein, “replacement” refers to enrichment of an

isotopic variant of greater than about 95%.

[00029] Melting points are uncorrected and “dec” indicates decomposition.
Temperatures are given in degrees Celsius (°C); unless otherwise stated, operations are
carried out at room or ambient temperature, that is, at a temperature in the range of 18-25
°C. Chromatography means flash chromatography on silica gel; thin layer
chromatography (TLC) is carried out on silica gel plates. NMR data is presented using
delta values of the major diagnostic protons, given in parts per million (ppm) relative to
tetramethylsilane (TMS) as an internal standard. Conventional abbreviations for signal
shape are used. Coupling constants (J) are given in Hz. For mass spectra (MS), the lowest
mass major ion is reported for molecules where isotope splitting results in multiple mass
spectral peaks Solvent mixture compositions are given as volume percentages or volume

ratios. In cases where the NMR spectra are complex, only diagnostic signals are reported.

[00030] Terms and abbreviations:

BOC = tert-butoxycarbonyl

BOP = Benzotriazole-1-yl-oxy-tris(dimethylamino)phosphonium
hexafluorophosphate

BuLi = n-butyllithium

Bu'OH = rert-butyl alcohol,

CAN = ammonium cerium (IV) nitrate,

DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene,
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DIPEA = diisopropyléthylaminc,
DMEF = N,N-dimethylforamide,
DMSO = dimethyl sulfoxide,
Et20O = diethyl ether,

EtOAc = ethyl acetate,

equiv. = equivalent(s),

h = hour(s),

HPLC =high performance liquid chromatography,
LDA = lithium diisopropylamide
MeOH = methanol,

NBS = N-bromosuccinimide
NCS = N-chlorosuccinimide
NaHCOs3 = sodium bicarbonate,

NH4OH = ammonium hydroxide,

Pd;(dba)z = tris[dibenzylideneacetone]dipalladium(0)

PMB = p-methoxybenzyl,

POCI; = phosphorous oxychloride,
SOCI; = thionyl chloride,

TFA = trifluoroacetic acid,

TFMSA = trifluoromethanesulfonic acid

THF = tetrahedrofuran.
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[00031] The synthetic methods useful in this invention are illustrated below. The
definitions for the R groups are as set forth above for any of Formulae V or 1.1-1.14,

unless otherwise indicated.

[00032] Intermediate compounds of formula IIb can be prepared by reacting a
compound of formula Ila with malonic acid and acetic anhydride in acetic acid,

optionally with heating (e.g., to about 90°C for about 3 hours):

o}
o R
)k HO o ACOH SN
+ \”/Y + (CHgCO),0 —
HN NH, heat )\
| o} OH o N o
R H
(lla) (Iib)
wherein R is Ci.4 alkyl, e.g., methyl.
[00033] Intermediates of formula Ilc can be prepared by reacting a compound of

formula IIb with a chlorinating compound such as POCl3, optionally with small amounts

of water and/or heating (e.g., heating to about 80°C for about 4 hours):

o] o]
R R
1\N 0 °C, dropwise 1\N
)\ + POCl; + HO > )\ |
then heat
o N o o N cl
H H
(Iib) (Ne)
[00034] Intermediates of formula IId may be prepared by reacting compounds of

formula IIc with, for example, a reagent P!-L in a solvent such as DMF, with a base such
as potassium carbonate, sodium bicarbonate, cesium carbonate, sodium hydroxide,

triethylamine, diisopropylethylamine or the like, at room temperature or with heating:

(@]
R, R
\N base 1\N
)\ l P T )\ l
O N Cl
H O TI\I Cl
1
(lic) P
(Id)
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wherein P! is a protective group (e.g., PMB or BOC); and L is a leaving group such as a
halogen, mesylate, or tosylate. Preferably, P! is PMB and the base is potassium

carbonate.

[00035] Intermediates of formula Ile may be prepared by reacting compounds of
formula IId with hydrazine or hydrazine hydrate in a solvent such as methanol, preferaby

with heating (e.g. reflux for about 4 hours):

O
R1\N R1\N
P U e O G
oZ SN a 0Z SN N7
I | H
p1 p1
(ld) (lie)
[00036] Intermediates of formula IVa may be prepared by reacting compound of
formula Ile with POCl; and DMF:
o]
R R
1\N 0°C tort. 1\N =
/l\ | . * POCls + DMF ————= )\ s
o SN N C oZ ST N
| H |
p1 p1
(lle) ‘ © (IVa)
[00037] Intermediates of formula IVb may be prepared by reacting a compound of

formula IVa with a reagent of formula F'-X in a solvent such as DMF with a base such

as potassium carbonate at room temperature:

O o)
R1\N = base R1\N =
NH + F'-X ———= N—F
@ S N A SV
l-l" ,!n
(Iva) (IVb)

wherein F! is a protecting group (e.g., a substituted benzyl group, such as 4-

bromobenzyl), and X is a halogen (e.g., Br).
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[00038] Intermediates of formula IVc may be prepared from compounds of
formula IVb by removing the protective group P! using an appropriate method. For
example, if P'is a PMB group, then it can be removed with TFA/TFMSA at ambient or
elevated temperature, whereas if P1 is BOC, then it can be removed using an acid such as

TFA or aqueous hydrochloric acid:

R

SN = . R =

N—F! deprotection N—F1
——y
7 N N o ,l\] =N
P! H
(IVb) (IVe)

[00039] Intermediates of formula IVd can be prepared by reacting a compound of

formula IVc with a chlorinating compound such as POCls, optionally with heating (e.g.,
reflux for 2 days or more, or microwave irradiation at 150-200°C for 5-10 minutes in a

sealed vial):

o o
R R
1\N = 1\N =
—F1 R E—— —F1
= /N Fo* POCh heat /k ~ /N F
o T N cl N N
H (Ivd)
(ive)
[00040] Intermediates of formula IVe can be prepared by reacting a compound of

formula IVd with an amino alcohol under basic condition in a solvent such as DMF,

optionally with heating:

O

Ry
\N

= - basic condition )\ N—F1
—F + R /\ < > x ~,/
g )\N \N/ 2 heat HN N N

(IVe)

wherein R1, Rz, Rz, and R4 are as defined previously for any of Formulae V or 1.1-1.14.
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[00041] Alternatively, intermediates IVe can be prepared directly from compounds
of formula IVc by reacting with an amino alcohol and a coupling reagent such as BOP in

the presence of a base such as DBU:

Q )
Ry H,oN OH
SN = 1 2 \ / coupling agent R’\N =
N—F + >
)\ ./ Rg/l \ base )\ - /N—F‘
H

R OH
(IVe) Rs

(IVe)

wherein Ri, Rz, R3, and R4 are as defined previously for any of Formulae V or 1.1-1.14.

[00042] Intermediates of formula IVf may be prepared by reacting a compound of
formula IVe with a dehydrating/halogenating agent such as SOCl; in a solvent such as

dichloromethane at room temperature or with heating at 35 °C:

o) 0O
R1\ R1\
N = N F dehydrating or halogenating reagent N = N—F
)\ e, / room temperature or heating )\ =,/ !
HN N N Nz N
R
2 OH RZHR
R3 F*3 ¢
R4
(IVe) (IVf)
[00043] Intermediates of formula IVg may be prepared by reacting a compound of

formula IVf with, catalysts such as a copper salt and 2,2,6,6-tetramethylheptane-3,5-
dione and a base such as cesium carbonate in a solvent such as NMP with heating:

O 0]

Ri~ R
N = catalyst(s) and base N =

/k /N———_F1 heat
S

7 N N

RZHR

R3 ¢ Rs3 ¢
(Ivf) (IVg)

Y
A\
e
J
Z
1|“1)

wherein, F? is a diaryl ether.
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[00044] Intermediates of formula IVh may be prepared by reacting a compound of
formula IVg with an acidici system, such as TFA and TEMSA in a solvent such as
dichloromethane, at room temperature:

O O

R1\ =
N NeF? TFA/TFMSA o N =
~. 7/ room temperature
Ao~

\
A\
e
J
£

N N
RZH R;:H
R3 Ra Rs3 Rs
(IVg) (IVh)
[00045] Intermediates of formula IVi may be prepared by reacting a compound of

formula IVh with a reagent of formula Rs—(CHz).—L in the presence of a base such as

potassium carbonate, in a solvent such as DMF at room temperature:

o) o)
R R
1\N = X 1™~ N =
/M ¢ Re—(CHA—L 2% . N—(CHa),
4 N Vi Y
N N N N 5
Rz F‘2
R
R, R4 R, 4
(IVh) (i)

wherein n is 0, and Rs is a moiety of Formula A, as defined previously for any of

Formulae V or 1.1-1.14, and L is a leaving group such as a halogen (e.g., Br).

[00046] Intermediates of formula IVj, wherein X is halogen (e.g., Cl), may be
prepared by reacting compounds of formula IVi with a halogenating agent (e.g. NCS or
NBS) and a base such as LIHMDS in a solvent such as THF at low temperature:
Q X
R
1\N =

N—/(CH>),
\N/ |
N/ N Rs
RzHR“ Rz)r’(R

Rs R3 !

(i) (1vj)

R1\
halogenating agent N =

- > N—(CH2)n
lithium reagent \N/ |
N7 N R

5
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[00047] Compounds of the Invention, may then be prepared from compounds of
Formula IVj by methods known to those skilled in the art. For example, by displacement

of the halogen X with an arylamine or an alkylmercaptan.

Methods of Using Compounds of the Invention

[00048] The invention further provides Method I, wherein Method I comprises the
prophylaxis and/or treatment of diseases, disorders, and injuries of the central nervous
system, wherein the method comprises the administration of an effective amount of a
PDE] inhibitor (e.g., any compound of Formula V or 1.1 — 1.14) to modulate the level of
intracellular cAMP.

[00049] For example, Method I also includes:

1.1. Method I, wherein the administration of the PDE1 inhibitor enhances the axonal
growth or regeneration, and/or slows or reverses the loss of such cells in a
neurodegenerative condition.

1.2. Any of preceding Method-1, et seq., wherein the CNS disease, disorder, or injury,
refers to damage that directly or indirectly affects the normal functioning of the
CNS.

1.3. Any of preceding Method-1, et seq., wherein the CNS disease, disorder, or injury
can be a structural, physical, or mechanical impairment and may be caused by
physical impact, e.g., crushing, compression, or stretching of nerve fibers. ‘

1.4. Any of preceding Method-1, et seq., wherein the CNS disease, disorder, or injury
is a spinal cord injury.

1.5. Method of 1.4, wherein the PDEL! inhibitor slows or arrests the progression of the
spinal cord injury.

1.6. Any of preceding Method-1, et seq., wherein the PDE1 inhibitor slows or arrests
axonal filament degradation. _

1.7. Any of preceding Method-1, et seq. wherein the CNS diseése, disorder, or injury

relates to motor neuron trauma.
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1.8. Any of preceding Method-1, et seq., wherein the disease, disorder, or injury is

selected from the group consisting of: neurological traumas and injuries, surgery
related trauma and/or injury, retinal injury and trauma, injury related to epilepsy,
spinal cord injury, brain injury, brain surgery, trauma related brain injury, trauma
related to spinal cord injury, brain injury related to cancer treatment, spinal cord
injury related to cancer treatment, brain injury related to infection, brain injury
related to inflammation, spinal cord injury related to infection, spinal cord injury
related to inflammation, brain injury related to environmental toxins, and spinal

cord injury related to environmental toxins.

1.9. Any of preceding Method-1, et seq., wherein the CNS disease, disorder, or injury

includes neuron or nerve fibers destroyed by or degraded by an illness (e.g.,
Parkinson’s Disease), a chemical imbalance, or a physiological malfunction such

anoxia (e.g., stroke), aneurysm, or reperfusion injury.

1.10. Any of preceding Method-1, et seq., wherein the CNS disease, disorder, or

injury is a neurodegenerative disorder.

1.11. Method of 1.10, wherein the neurodegenerative disease, disorder, or injury

is selected from the group consisting of: Alzheimer’s disease, Multiple Sclerosis,
Spinal Muscular Atrophy, Glaucoma, Frontotemporal dementia, Dementia with
Lewy bodies, Corticobasal degeneration, Progressive supranuclear palsy, Prion
disorders, Huntington’s disease, Multiple system atrophy, Parkinson’s disease,
Amyotrophic lateral sclerosis, Hereditary spastic paraparesis, Spinocerebellar
atrophies, Friedreich’s ataxia, Amyloidoses, Metabolic (diabetes) related
disorders, Toxin related disorders, chronic CNS inflammation, Charcot Marie
Tooth disease, diabetic neuropathy, injury due to cancer chemotherapy (e.g., by
vinca alkaloids and doxorubicin), brain damage associated with stroke, ischemia
associated with stroke, and neurological disorders including, but not limited to,
various peripheral neuropathic and neurological disorders related to
neurodegeneration including, but not limited to: trigeminal neuralgia,
glossopharyngeal neuralgia, Bell's palsy, myasthenia gravis, muscular dystrophy,
amyotrophic lateral sclerosis, progressive muscular atrophy, progressive bulbar

inherited muscular atrophy, herniated, ruptured or prolapsed vertebral disk
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syndromes, cervical spondylosis, plexus disorders, thoracic outlet destruction
syndromes, peripheral neuropathies such as those caused by e.g., lead,
acrylamides, gamma-diketones, carbon disulfide, dapsone, ticks, porphyria, and
Gullain-Barre syndrome.

1.12. Any of preceding Méthod-I, et seq., wherein the CNS disease, disorder, or
injury is a CNS lesion, a seizure or injury due to seizures (e.g., epileptic seizures),
radiation injury, injury due to chemotherapy and/or stroke or other ischemic
injury.

1.13. Any of preceding Method-I, et seq., wherein the administration of the
PDE] inhibitor is used to replenish, replace, and/or supplement neurons and/or
glial cells.

1.14. Any of preceding Method-1, et seq., wherein the PDEI inhibitor is
administered to a subject or a patient in need thereof.

1.15. Any of preceding Method-1, et seq., wherein the PDE1 inhibitor elevates
the level or expression of intracellular cAMP.

1.16. Any of preceding Method-1, et seq., wherein the PDE]1 inhibitor decreases
the level or expression of intracellular cAMP.

1.17. Any of preceding Method-1, et seq., wherein the PDE1 modulates activity
of PKA or PKG.

1.18. Any of preceding Method-I, et seq., wherein the PDElinhibitor increases
the activity of PKA or PKG.

1.19. Any of preceding Method-1, et seq., wherein the administration of the
PDE] inhibitor increases the level of both cAMP and cGMP.

1.20. Any of preceding Method-1, et seq., wherein the administration of the
PDEI]1 inhibitor elevates the level of intracellular cAMP, and wherein this
increased level intracellular cAMP has neuroprotective and/or neuroregenerative
effects.

1.21. Any of preceding Method-1, et seq., comprising administration of an
effective amount of the PDE]1 inhibitor to a patient that suffers from a disease or

disorder related to elevated (e.g., chronically elevated) intracellular calcium
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levels, and wherein the PDE]1 inhibitor prevents a further rise in said calcium
levels. '
1.22. Any of preceding Method-I, et seq., wherein the PDE1 inhibitor is
administered either alone or in combination with another active agent.
1.23. Any of preceding Method-1, et seq., wherein the disease, disorder, or
injury is related to motor neurons, and wherein the motor neuron disease,
disorder, or injury is Multiple Sclerosis.

1.24. Any of preceding Method-II, et seq., wherein the PDE1 inhibitor is

administered in combination with another active agent in order to treat Multiple

Sclerosis.
1.25. The method of 2.11, wherein the active agent is selected from the group
consisting of: Interferon, Glatiramer acetate, Natalizumab, Gilenya®

(fingolimod), Fampyra®, immunosuppresents, and corticoids.

[0050] In another embodiment the invention provides for Method II, wherein Method

II comprises compositions and methods of treatment or prophylaxis of a peripheral
nervous system (PNS) disease, disorder, or injury, wherein the method comprises
administration of an effective amount of a PDE1 inhibitor (e.g., any compound of

Formula V or 1.1-1.14) to increase intracellular levels of cAMP.

For example, Method II also includes:

2.1. Method II, wherein the PNS disease, disorder, or injury, refers to damage that

directly or indirectly affects the normal functioning of the CNS.
2.2. Any of preceding Method-II, et seq., wherein the PDE1 inhibitor is

administered to a subject or a patient in need thereof.

2.3. Any of preceding Method-II, et seq., wherein the PDE1 inhibitor elevates the

level or expression of intracellular cAMP.

2.4. Any of preceding Method-1II, et seq., wherein the PDE1 inhibitor (e.g.,
directly or indirectly) modulates activity of PKA and/or PKG.

2.5. Any of preceding Method-1II, et seq., wherein the PDE1 inhibitor (e.g.,
directly or indirectly) increases the activity of PKA and/or PKG.
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[0051]

2.6. Any of preceding Method-1I, et seq., wherein the administration of the PDE1
inhibitor increases the level of cAMP and/or cGMP.

2.7. Any of preceding Method-II, et seq., wherein the administration of the PDE1
inhibitor elevates the level of intracellular cAMP, and wherein this increased
level intracellular cAMP levels protects nerve fibers, regenerates nerve fibers,
or promotes nerve fiber growth (e.g., axonal regeneration).

2.8. Any of preceding Method-II, et seq., comprising administration of an
effective amount of the PDE1 inhibitor to a patient that suffers from a disease
or disorder related to elevated (e.g., chronically elevated) intracellular calcium
levels.

2.9. Any of preceding Method-II, et seq., wherein the PDE1 inhibitor is
administered either alone or in combination with another active agent.

2.10. The method of 2.9, wherein the active agent is selected from the IGF (e.g.,
IGF-1) or a steroid.

2.11. Any of preceding Method-II, et seq. wherein the PNS disease, disorder, or
injury is selected from the group consisting of: neuropathy (e.g., peripheral
neuropathy, autonomic neuropathy, and mononeuropathy), sciatica, carpal
tunnel syndrome, polyneuropathy, diabetic neuropathy, postherpetic neuralgia,

and thoracic outlet syndrome.

In another embodiment the invention provides for Method 111, wherein

Method ITI comprises compositions and methods to prevent a CNS disease or disorder in

a subject that is at risk for developing said disease or disorder, wherein the method

comprises:

1.) Obtaining a sample from the subject;

2.) Measuring the levels of intracellular calcium from the sample;

3.) Comparing the levels of intracellular calcium in the biological sample to a
reference standard;

4.) Determining whether a patient is at risk for developing a CNS disease or
disorder based upon the level of intracellular calcium compared to the reference

standard;
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5.) Administering a PDE1 inhibitor (e.g., a compound of any of Formula V or 1.1-
1.14) to a subject based upon the subject’s levels of intracellular calcium (e.g.,
administration of a PDE]1 inhibitor to a subject because they have elevated

intracellular calcium levels compared to the reference standard).

For example, Method III also includes:

3.1. Method III, wherein the sample is a biological sample.

3.2. Any of preceding Method-III, et seq., wherein the patient’s intracellular
calcium levels are measured using a chemical fluorescent probe.

3.3. Any of preceding Method-II1, et seq., wherein the patient’s intracellular
calcium levels are elevated compared to a control (e.g., reference standard).

3.4. Any of preceding Method-III, et seq., wherein a PDE1 inhibitor is
administered to a patient that is shown to have elevated intracellular calcium
levels compared to a control (e.g., reference standard).

3.5. Any of preceding Method-III, et seq., wherein the administration of a PDE1
inhibitor slows or prevents the development of a CNS and/or PNS disease or
disorder, wherein the CNS disease or disorder is one that correlates to
elevated (e.g., chronically elevated) levels of intracellular calcium.

3.6. Any of preceding Method-III, et seq., wherein the administration of a PDE1
inhibitor decreases the likelihood that an individual will develop a CNS and/or
PNS disease or disorder, wherein the CNS and/or PNS disease or disorder is
one that correlates with elevated (e.g., chronically elevated) levels of
intracellular calcium (e.g., any of the diseases, disorders or injuries listed in
Method [, et seq., and Method II, et seq.).

3.7. Any of preceding Method-III, et seq., wherein the method optionally
comprises measuring the patient’s intracellular levels of cAMP or cGMP.

3.8. Any of preceding Method-III, et seq., wherein the PDE1 inhibitor is
administered either alone or in combination with another active agent.

3.9. Any of preceding Method-III, et seq., wherein the PDE1 inhibitor is
administered because a patient has low levels of cAMP and/or cGMP

compared to a control subject.
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[0052] The Compounds of the Invention are useful in the treatment of diseases
characterized by disruption of or damage to cAMP and cGMP mediated pathways, e.g.,
as a result of increased expression of PDE1 or decreased expression of cAMP and cGMP
due to inhibition or reduced levels of inducers of cyclic nucleotide synthesis, such as
dopamine and nitric oxide (NO). By preventing the degradation of cAMP and cGMP by
PDE], thereby increasing intracellular levels of cAMP and cGMP, the Compounds of the

Invention potentiate the activity of cyclic nucleotide synthesis inducers.

[0053] In another embodiment, the invention also provides methods of treatment,
wherein the method comprises administering an effective amount of a PDE1 inhibitor
(e.g., any compound of Formula V or 1.1-1.14) to treat any one or more of the following

conditions:

(1) Neurodegenerative diseases, including Parkinson’s disease, restless
leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s disease,
and drug-induced movement disorders;

(i1) Mental disorders, including depression, attention deficit disorder,
attention deficit hyperactivity disorder, bipolar illness, anxiety, sleep
disorders, e.g., narcolepsy, cognitive impairment, e.g., cognitive
impairment of schizophrenia, dementia, Tourette’s syndrome, autism,
fragile X syndrome, psychostimulant withdrawal, and drug addiction;

(iii))  Circulatory and cardiovascular disorders, including cerebrovascular
disease, stroke, congestive heart disease, hypertension, pulmonary
hypertension, e.g., pulmonary arterial hypertension, and sexual
dysfunction, including cardiovascular diseases and related disorders as
described in International Application No. PCT/US2014/16741, the
contents of which are incorporated herein by reference;

(iv)  Respiratory and inflammatory disorders, including asthma, chronic
obstructive pulmonary disease, and allergic rhinitis, as well as
autoimmune and inflammatory diseases;

(v) Diseases that may be alleviated by the enhancement of progesterone-

signaling such as female sexual dysfunction;
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(vi) A disease or disorder such as psychosis, glaucoma, or elevated
intraocular pressure;

(vii)  Traumatic brain injury;

(viii)  Any disease or condition characterized by low levels of cAMP and/or
c¢GMP (or inhibition of cAMP and/or cGMP signaling pathways) in
cells expressing PDE1; and/or

(ix)  Any disease or condition characterized by reduced dopamine D1
receptor signaling activity,

comprising administering an effective amount of a Compound of the Invention, e.g., a
compound according to any of (e.g., any compound of Formula V or 1.1-1.14), in free or
pharmaceutically acceptable salt or prodrug form, to a human or animal patient in need

thereof.

[0054] In one aspect, the invention provides methods of treatment or prophylaxis for
narcolepsy. In this embodiment, PDE1 Inhibitors (e.g., any compound of Formula V or
1.1-1.14) may be used as a sole therapeutic agent, but may also be used in combination
or for co-administration with other active agents. Thus, the invention further comprises a
method of treating narcolepsy comprising administering simultaneously, sequentially, or

contemporaneously therapeutically effective amounts of

(1) a PDEI Inhibitor, e.g., a compound according to any of (e.g., any compound of
Formula V or 1.1-1.14), and
(ii) a compound to promote wakefulness or regulate sleep, e.g., selected from (a)
central nervous system stimulants-amphetamines and amphetamine like
compounds, e.g., methylphenidate, dextroamphetamine, methamphetamine, and
pemoline; (b) modafinil, (c) antidepressants, e.g., tricyclics (including
imipramine, desipramine, clomipramine, and protriptyline) and selective serotonin
reuptake inhibitors (including fluoxetine and sertraline); and/or (d) gamma
hydroxybutyrate (GHB),

in free or pharmaceutically acceptable salt or prodrug form, to a human or animal patient

in need thereof.
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[0055] In another aspect, the invention further provides methods of treatment or
prophylaxis of a condition which may be alleviated by the enhancement of the
progesterone signaling comprising administering an effective amount of a Compound of
the Invention, e.g., a compound according to any of Formula V or 1.1-1.14, in free or
pharmaceutically acceptable salt or prodrug form, to a human or animal patient in need
thereof. Diseases or conditions that may be ameliorated by enhancement of progesterone
signaling include, but are not limited to, female sexual dysfunction, secondary
amenorrhea (e.g., exercise amenorrhoea, anovulation, menopause, menopausal
symptoms, hypothyroidism), pre-menstrual syndrome, premature labor, infertility, for
example infertility due to repeated miscarriage, irregular menstrual cycles, abnormal
uterine bleeding, osteoporosis, autoimmmune disease, multiple sclerosis, prostate
enlargement, prostate cancer, and hypothyroidism. For example, by enhancing
progesterone signaling, the PDE1 inhibitors may be used to encourage egg implantation
through effects on the lining of uterus, and to help maintain pregnancy in women who are
prone to miscarriage due to immune response to pregnancy or low progesterone function.
The novel PDEI1 inhibitors, e.g., as described herein, may also be useful to enhance the
effectiveness of hormone replacement therapy, e.g., administered in combination with
estrogen/estradiol/estriol and/or progesterone/progestins in postmenopausal women, and
estrogen-induced endometrial hyperplasia and carcinoma. The methods of the invention
are also useful for animal breeding, for example to induce sexual receptivity and/or estrus

in a nonhuman female mammal to be bred.

[0056] In this aspect, PDE1 Inhibitors may be used in the foregoing methods of
treatment or prophylaxis as a sole therapeutic agent, but may also be used in combination
or for co-administration with other active agents, for example in conjunction with
hormone replacement therapy. Thus, the invention further comprises a method of
treating disorders that may be ameliorated by enhancement of progesterone signaling
comprising administering simultaneously, sequentially, or contemporaneously

therapeutically effective amounts of

/

(1) a PDEI Inhibitor, e.g., a compound according to any of Formula V or 1.1-1.14,

and
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(i) a hormone, e.g., selected from estrogen and estrogen analogues (e.g.,
estradiol, estriol, estradiol esters) and progesterone and progesterone analogues
(e.g., progestins)

in free or pharmaceutically acceptable salt or prodrug form, to a human or animal patient

in need thereof.

[0057] The invention also provides a method for enhancing or potentiating dopamine
D1 intracellular signaling activity in a cell or tissue comprising contacting said cell or
tissue with an amount of a Compound of the Invention, e.g., a compound according to
any of Formula V or 1.1-1.14, in free or pharmaceutically acceptable salt or prodrug

form, sufficient to inhibit PDE1 activity.

[0058] The invention also provides a method for treating a PDE1-related disorder, a
dopamine D1 receptor intracellular signaling pathway disorder, or disorders that may be
alleviated by the enhancement of the progesterone signaling pathway in a patient in need
thereof comprising administering to the patient an effective amount of a Compound of
the Invention, e.g., a compound according to any of Formula V or 1.1-1.14, in free or
pharmaceutically acceptable salt or prodrug form, that inhibits PDE1, wherein PDE1
activity modulates phosphorylation of DARPP-32 and/or the GluR1 AMPA receptor.

[0059] In another aspect, the invention also provides a method for the treatment for
glaucoma or elevated intraocular pressure comprising topical administration of a
therapeutically effective amount of a PDE1 Inhibitor of the Invention, e.g., a compound
according to any of Formula V or 1.1-1.14, in free or pharmaceutically acceptable salt
form, in an ophthalmically compatible carrier to the eye of a patient in need thereof.
However, treatment may alternatively include a systemic therapy. Systemic therapy
includes treatment that can directly reach the bloodstream, or oral methods of

administration, for example.

[0060] The invention further provides a pharmaceutical composition for topical
ophthalmic use comprising a PDE1 inhibitor; for example an ophthalmic solution,
suspension, cream or ointment comprising a PDE1 Inhibitor of the Invention, e.g., a

compound according to any of Formula V or 1.1-1.14, in free or ophthalmologically
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acceptable salt form, in combination or association with an ophthalmologically

acceptable diluent or carrier.

[0061] Optionally, the PDE1 inhibitor (e.g., any of Formula V or 1.1-1.14) may be
administered sequentially or simultaneously with a second drug useful for treatment of
glaucoma or elevated intraocular pressure. Where two active agents are administered, the
therapeutically effective amount of each agent may be below the amount needed for
activity as monotherapy. Accordingly, a subthreshold amount (i.e., an amount below the
level necessary for efficacy as monotherapy) may be considered therapeutically effective
and may also be referred alternatively as an effective amount. Indeed, an advantage of
administering different agents with different mechanisms of action and different side
effect profiles may be to reduce the dosage and side effects of either or both agents, as

well as to enhance or potentiate their activity as monotherapy.

[0062] The invention thus provides the method of treatment of a condition selected
from glaucoma and elevated intraocular pressure comprising administering to a patient in
need thereof an effective amount, e.g., a subthreshold amount, of an agent known to
lower intraocular pressure concomitantly, simultaneously or sequentially with an
effective amount, e.g., a subthreshold amount, of a PDE1 Inhibitor of the Invention, e.g.,
a compound according to any of Formula V or 1.1-1.14, in free or pharmaceutically
acceptable salt form, such that amount of the agent known to lower intraocular pressure

and the amount of the PDE] inhibitor in combination are effective to treat the condition.

[0063] In one aspect, one or both of the agents are administered topically to the eye.
Thus the invention provides a method of reducing the side effects of treatment of
glaucoma or elevated intraocular pressure by administering a reduced dose of an agent
known to lower intraocular pressure concomitantly, simultaneously or sequentially with
an effective amount of a PDE1 inhibitor. However, methods other than topical |

administration, such as systemic therapeutic administration, may also be utilized.

[0064] The optional additional agent or agents for use in combination with a PDE1
inhibitor may, for example, be selected from the existing drugs comprise typically of

instillation of a prostaglandin, pilocarpine, epinephrine, or topical beta-blocker treatment,
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e.g. with timolol, as well as systemically administered inhibitors of carbonic anhydrase,

e.g. acetazolamide. Cholinesterase inhibitors such as physostigmine and echothiopate

may also be employed and have an effect similar to that of pilocarpine. Drugs currently

used to treat glaucoma thus include, e.g.,

1.

Prostaglandin analogs such as latanoprost (Xalatan), bimatoprost (Lumigan) and
travoprost (Travatan), which increase uveoscleral outflow of aqueous humor.
Bimatoprost also increases trabecular outflow.

Topical beta-adrenergic receptor antagonists such as timolol, levobunolol
(Betagan), and betaxolol, which decrease aqueous humor production by the ciliary
body.

Alpha;-adrenergic agonists such as brimonidine (Alphagan), which work by a dual
mechanism, decreasing aqueous production and increasing uveo-scleral outflow.
Less-selective sympathomimetics like epinephrine and dipivefrin (Propine)
increase outflow of aqueous humor through trabecular meshwork and possibly
through uveoscleral outflow pathway, probably by a beta;-agonist action.

Mibotic agents (para-sympathomimetics) like pilocarpine work by contraction of the
ciliary muscle, tightening the trabecular meshwork and allowing increased outflow
of the aqueous humour.

Carbonic anhydrase inhibitors like dorzolamide (Trusopt), brinzolamide (Azopt),
acetazolamide (Diamox) lower secretion of aqueous humor by inhibiting carbonic
anhydrase in the ciliary body.

Physostigmine is also used to treat glaucoma and delayed gastric emptying.

[0065] For example, the invention provides pharmaceutical compositions

comprising a PDE] Inhibitor of the Invention, e.g., a compound according to any of

Formula V or 1.1-1.14, in free or pharmaceutically acceptable salt form, and an agent

selected from (i) the prostanoids, unoprostone, latanoprost, travoprost, or

bimatoprost; (ii) an alpha adrenergic agonist such as brimonidine, apraclonidine, or

dipivefrin and (iii) a muscarinic agonist, such as pilocarpine, in combination or

association with a pharmaceutically acceptable diluent or carrier. For example, the

invention provides ophthalmic formulations comprising a PDE-1 Inhibitor of the
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Invention, e.g., a compound according to any of Formula V or 1.1-1.14, together
with bimatoprost, abrimonidine, brimonidine, timolol, or combinations thereof, in
free or ophthamalogically acceptable salt form, in combination or association with an
ophthamologically acceptable diluent or carrier. In addition to selecting a
combination, however, a person of ordinary skill in the art can select an appropriate
selective receptor subtype agonist or antagonist. For example, for alpha adrenergic
agonist, one can select an agonist selective for an alpha 1 adrenergic receptor, or an
agonist selective for an alpha; adrenergic receptor such as brimonidine, for example.
For a beta-adrenergic receptor antagonist, one can select an antagonist selective for
either B1, or B2, or B3, depending on the appropriate therapeutic application. One can
also select a muscarinic agonist selective for a particular receptor subtype such as M-

Ms.

[0066] The PDEI] inhibitor may be administered in the form of an ophthalmic
composition, which includes an ophthalmic solution, cream or ointment. The
ophthalmic composition may additionally include an intraocular-pressure lowering

agent.

[0067] In yet another example, the PDE1 Inhibitors disclosed may be combined with
a subthreshold amount of an intraocular pressure-lowering agent which may be a
bimatoprost ophthalmic solution, a brimonidine tartrate ophthalmic solution, or

brimonidine tartrate/timolol maleate ophthalmic solution.

[0068] In addition to the above-mentioned methods, it has also been surprisingly
discovered that PDE1 inhibitors (e.g., any of Formula V or 1.1-1.14) are useful to
treat psychosis, for example, any conditions characterized by psychotic symptoms
such as hallucinations, paranoid or bizarre delusions, or disorganized speech and
thinking, e.g., schizophrenia, schizoaffective disorder, schizophreniform disorder,
psychotic disorder, delusional disorder, and mania, such as in acute manic episodes
and bipolar disorder. Without intending to be bound by any theory, it is believed that
typical and atypical antipsychotic drugs such as clozapine primarily have their

antagonistic activity at the dopamine D2 receptor. PDE] inhibitors, however,
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primarily act to enhance signaling at the dopamine D1 receptor. By enhancing D1
receptor signaling, PDE1 inhibitors can increase NMDA receptor function in various
brain regions, for example in nucleus accumbens neurons and in the prefrontal cortex.
This enhancement of function may be seen for example in NMDA receptors
containing the NR2B subunit, and may occur e.g., via activation of the Src and

protein kinase A family of kinases.

[0069] Therefore, the invention provides a new method for the treatment of
psychosis, e.g., schizophrenia, schizoaffective disorder, schizophreniform disorder,
psychotic disorder, delusional disorder, and mania, such as in acute manic episodes
and bipolar disorder, comprising administering a therapeutically effective amount of a
phosphodiesterase-1 (PDE1) Inhibitor of the Invention, e.g., a compound according to
any of Formula V or 1.1-1.14, in free or pharmaceutically acceptable salt form, to a

patient in need thereof.

[0070] PDE 1 Inhibitors may be used in the foregoing methods of treatment
prophylaxis as a sole therapeutic agent, but may also be used in combination or for
co-administration with other active agents. Thus, the invention further comprises a
method of treating psychosis, e.g., schizophrenia, schizoaffective disorder,
schizophreniform disorder, psychotic disorder, delusional disorder, or mania,
comprising administering simultaneously, sequentially, or contemporaneously

therapeutically effective amounts of:

(i) a PDELI Inhibitor of the invention, in free or pharmaceutically acceptable salt

form; and

(i1) an antipsychotic, e.g.,

Typical antipsychotics, e.g.,

Butyrophenones, e.g. Haloperidol (Haldol, Serenace), Droperidol
(Droleptan);
Phenothiazines, e.g., Chlorpromazine (Thorazine, Largactil),
Fluphenazine (Prolixin), Perphenazine (Trilafon), Prochlorperazine
(Compazine), Thioridazine (Mellaril, Melleril), Trifluoperazine

(Stelazine), Mesoridazine, Periciazine, Promazine,

36



10

15

20

25

WO 2016/044667 PCT/US2015/050814

Triflupromazine (Vesprin), Levomepromazine (Nozinan),
Promethazine (Phenergan), Pimozide (Orap);
Thioxanthenes, e.g., Chlorprothixene, Flupenthixol (Depixol,
Fluanxol), Thiothixene (Navane), Zuclopenthixol (Clopixol,
Acuphase);

Atypical antipsychotics, e.g.,
Clozapine (Clozaril), Olanzapine (Zyprexa), Risperidone
(Risperdal), Quetiapine (Seroquel), Ziprasidone (Geodon),
Amisulpride (Solian), Paliperidone (Invega), Aripiprazole
(Abilify), Bifeprunox; norclozapine,

in free or pharmaceutically acceptable salt form, to a patient in need thereof.

[0071] In a particular embodiment, the Compounds of the Invention are particularly

useful for the treatment or prophylaxis of schizophrenia.

[0072] Compounds of the Invention, in free or pharmaceutically acceptable salt form,
are particularly useful for the treatment of Parkinson’s disease, schizophrenia,

narcolepsy, glaucoma and female sexual dysfunction.

[0073] In still another aspect, the invention provides a method of lengthening or
enhancing growth of the eyelashes by administering an effective amount of a
prostaglandin analogue, e.g., bimatoprost, concomitantly, simultaneously or sequentially
with an effective amount of a PDE] inhibitor of the Invention, in free or

pharmaceutically acceptable salt form, to the eye of a patient in need thereof.

[0074] In yet another aspect, the invention provides a method for the treatment or
prophylaxis of traumatic brain injury comprising administering a therapeutically effective
amount of a PDEI Inhibitor of the Invention, e.g., a compound according to any of
Formula V or 1.1-1.14, in free or pharmaceutically acceptable salt form, to a patient in
need thereof. Traumatic brain injury (TBI) encompasses primary injury as well as
secondary injury, including both focal and diffuse brain injuries. Secondary injuries are
multiple, parallel, interacting and interdependent cascades of biological reactions arising

from discrete subcellular processes (e.g., toxicity due to reactive oxygen species,
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overstimulation of glutamate receptors, excessive influx of calcium and inflammatory
upregulation) which are caused or exacerbated by the inflammatory response and

progress after the initial (primary) injury.

[0075] The present invention also provides

(1) a Compound of the Invention, e.g., a compound according to any of
Formula V or 1.1-1.14, as hereinbefore described, in free or
pharmaceutically acceptable salt form for example for use in any
method or in the treatment of any disease or condition as hereinbefore
set forth,

(ii) the use of a Compound of the Invention, e.g., a compound according to
any of Formula V or 1.1-1.14, as hereinbefore described, in free or
pharmaceutically acceptable salt form, (in the manufacture of a
medicament) for treating any disease or condition as hereinbefore set
forth,

(ii1))  a pharmaceutical composition comprising a Compound of the
Invention, e.g., a compound according to any of Formula V or 1.1-
1.14, as hereinbefore described, in free or pharmaceutically acceptable
salt form, in combination or association with a pharmaceutically
acceptable diluent or carrier, and

(iv)  apharmaceutical composition comprising a Compound of the
Invention, e.g., a compound according to any of Formula V or 1.1-
1.14, as hereinbefore described, in free or pharmaceutically acceptable
salt form, in combination or association with a pharmaceutically
acceptable diluent or carrier for use in the treatment of any disease or

condition as hereinbefore set forth.

[0076] Therefore, the invention provides use of a Compound of the Invention, e.g., a
compound according to any of Formula V or 1.1-1.14, as hereinbefore described, in free
or pharmaceutically acceptable salt form, or a Compound of the Invention in a
pharmaceutical composition form (in the manufacture of a medicament) for the treatment

or prophylactic treatment of any one or more of the following diseases: Parkinson’s
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disease, restless leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s disease,
and/or drug-induced movement disorders; depression, attention deficit disorder, attention
deficit hyperactivity disorder, bipolar illness, anxiety, sleep disorder, narcolepsy,
cognitive impairment, e.g., cognitive impairment of schizophrenia, dementia, Tourette’s
syndrome, autism, fragile X syndrome, psychostimulant withdrawal, and/or drug
addiction; cerebrovascular disease, stroke, congestive heart disease, hypertension,
pulmonary hypertension, e.g., pulmonary arterial hypertension, and/or sexual
dysfunction; asthma, chronic obstructive pulmonary disease, and/or allergic rhinitis, as
well as autoimmune and inflammatory diseases; and/or female sexual dysfunction,
exercise amenorrhoea, anovulation, menopause, menopausal symptoms, hypothyroidism,
pre-menstrual syndrome, premature labor, infertility, irregular menstrual cycles,
abnormal uterine bleeding, osteoporosis, multiple sclerosis, prostate enlargement,
prostate cancer, hypothyroidism, and/or estrogen-induced endometrial hyperplasia and/or
carcinoma; and/or any disease or condition characterized by low levels of cAMP and/or
c¢GMP (or inhibition of cAMP and/or cGMP signaling pathways) in cells expressing
PDEI1, and/or by reduced dopamine D1 receptor signaling activity; and/or any disease or

condition that may be ameliorated by the enhancement of progesterone signaling.

[0077] The invention also provides use of a Compound of the Invention, in free or
pharmaceutically acceptable salt form, (the manufacture of a medicament) for the

treatment or prophylactic treatment of any one or more of:

a) glaucoma, elevated intraocular pressure,

b) psychosis, for example, any conditions characterized by psychotic
symptoms such as hallucinations, paranoid or bizarre delusions, or
disorganized speech and thinking, e.g., schizophrenia, schizoaffective
disorder, schizophreniform disorder, psychotic disorder, delusional
disorder, and mania, such as in acute manic episodes and bipolar disorder,

¢) traumatic brain injury, and/or

d) central and peripheral degenerative disorders particularly those with

inflammatory components.
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[0078] The phrase “Compounds of the Invention” or “PDE 1 inhibitors of the
Invention” encompasses any and all of the compounds disclosed herewith, e.g., a

Compound of Formula V or 1.1-1.14.

[0079] The words "treatment” and "treating" are to be understood accordingly as
embracing prophylaxis and treatment or amelioration of symptoms of disease as well as

treatment of the cause of the disease.

[0080] For methods of treatment, the word “therapeutically effective amount” as used
herein refers to an amount of a drug (e.g., a PDE1 inhibitor) sufficient to treat or
ameliorate the pathological effects a CNS or PNS disease, disorder, or injury. For
example, a therapeutically effective amount of a PDE1 inhibitor may be an amount
sufficient to, e.g., increase intracellular levels of cAMP or cGMP, decrease intracellular
levels of calcium, and/or increase neuroregeneration. Where relevant, a therapeutically
effective amount may also be the amount of a PDE1 inhibitor necessary to slow or

prevent the development of CNS or PNS disease or disorder.

[0081] The term “patient” or “subject” refers to human or non-human (i.e., animal)
patient. In a particular embodiment, the invention encompasses both human and
nonhuman patients. In another embodiment, the invention encompasses nonhuman

patients. In other embodiment, the term encompasses human patients.

[0082] The term ““control subject” as used herein, refers to any human or nonhuman
organism that does not have and/or is not suspected of having a CNS or PNS disorder,
syndrome, disease, condition and/or symptom. The term “reference standard” as used
herein, refers to the prior measurement and obtaining of results in a control subject or
population of control subjects. In another aspect, the term “reference standard” refers to
the prior measurement and obtaining of results in a patient prior to his or her

development of a CNS or PNS disorder, syndrome, disease, condition and/or symptom.

[0083] The term “biological sample” as used herein, may include any sample

comprising biological material obtained from, e.g., an organism, body fluid, waste
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product, cell or part of a cell thereof, cell line, biopsy, tissue culture or other source

containing a intracellular calcium, cAMP, or cGMP levels.

[0084] A "neurogenic agent” is defined as a chemical agent or reagent that can
promote, stimulate, or otherwise increase the amount or degree or nature of neurogenesis
In vivo or ex vivo or in vitro, relative to the amount, degree, or nature of neurogenesis in

the absence of the agent or reagent.

[0085] A “CNS injury” as used herein may include, e.g., damage to retinal ganglion
cells, a traumatic brain injury, a stroke-related injury, a cerebral aneurism- related injury,
a spinal cord injury or trauma, including monoplegia, diplegia, paraplegia, hemiplegia
and quadriplegia, a neuroproliferative disorder, or neuropathic pain syndrome. A “PNS
injury” as used herein may include, e.g., damage to the spinal or cranial nerves, wherein

that damage may include a lesion or some acute or chronic trauma.

[0086] Compounds of the Invention, (e.g., any of Formula V or 1.1-1.14) as
hereinbefore described, in free or pharmaceutically acceptable salt form, may be used as
a sole therapeutic agent, but may also be used in combination with or for co-

administration with other active agents.

[0087] Dosages employed in practicing the present invention will of course vary
depending, e.g. on the particular disease or condition to be treated, the particular
Compound of the Invention used, the mode of administration, and the therapy desired.
Compounds of the Invention may be administered by any suitable route, including orally,
parenterally, transdermally, or by inhalation, but are preferably administered orally. In
general, satisfactory results, e.g. for the treatment of diseases as hereinbefore set forth are
indicated to be obtained on oral administration at dosages of the order from about 0.01 to
2.0 mg/kg. In larger mammals, for example humans, an indicated daily dosage for oral
administration will accordingly be in the range of from about 0.75 to 150 mg,
conveniently administered once, or in divided doses 2 to 4 times, daily or in sustained
release form. Unit dosage forms for oral administration thus for example may comprise

from about 0.2 to 75 or 150 mg, e.g. from about 0.2 or 2.0 to 50, 75 or 100 mg of a
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Compound of the Invention, together with a pharmaceutically acceptable diluent or

carrier therefor.

[0088] Pharmaceutical compositions comprising Compounds of the Invention may be
prepared using conventional diluents or excipients and techniques known in the galenic

art. Thus oral dosage forms may include tablets, capsules, solutions, suspensions and the

like.

EXAMPLES

Example 1

7,8-Dihydro-2-(4-(pyridine-2-yl)benzyl)-3-(4-fluorophenylamino)- 5,7,7-trimethyl-[2H]-
imidazo-[1,2-alpyrazolo[4,3-e]pyrimidin-4(SH)-one

Lr

F
N
~
e
NN N
y |
N

(@) 7-(4-Methoxybenzyl)-5-methyl-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-
d]pyrimidine-4,6(SH,7H)-dione

Q n

[0089] A suspension of 7-(4-methoxybenzyl)-5-methyl-2H-pyrazolo[3,4-
d]pyrimidine-4,6(5H,7H)-dione (8.43 g, 29.4 mmol), 2-(4-(chloromethyl)phenyl)-
pyridine (6.0 g, 29.4 mmol) and K>COs3 (4.07 g, 29.4 mmol) in DMF (100 mL) is stirred
at room temperature overnight. Solvent is removed under reduced pressure. The obtained
residue is treated with water (150 mL) and hexanes (25 mL). The mixture is stirred at
room temperature for an hour, and then filtered. The filter cake is washed with water

three times (3 x 50 mL), and then dried under vacuum to give 13 g of crude product
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(yield: 97%), which is used in the next step without further purification. MS (ESIT) m/z
454.2 [M+H]".

(b) 5-Methyl-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

[0090]  TFA (50 mL) is added into a suspension of 7-(4-Methoxybenzyl)-5-methyl-2-
(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-dione (13 g, 28.7
mmol) in methylene chloride (80 mL) to give a tan solution, and then TFMSA (4 mL) is
added. The reaction mixture is stirred at room temperature overnight. Solvents are
removed under reduced pressure. The obtained residue is treated with water (150 mL),
cooled to 0 °C, and then adjusted to pH 8-9 with 28% ammonium hydroxide (approx. 35
mL). After filtration, the obtained solids are washed with water three times (3 x 50 mL),
and then dried under vacuum to give 12.8g of crude product (crude yield: 134%), which
is used in the next step without further purification. MS (ESI) m/z 334.1 [M+H]".

(c) 6-Chloro-5-methyl-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-d]pyrimidin-4(5SH)-

one

[0091] 5-Methyl-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-d]pyrimidine-
4,6(5H,7H)-dione (8.5 g, 25.5 mmol) is suspended in POCl3z (300 mL), and then slowly
heated to reflux. After the mixture is refluxed for 30h, POCls is removed under reduced
pressure. The obtained residue is treated with water (300 mL), cooled to 0 °C, and then
adjusted to pH 8-9 with 28% ammonium hydroxide (approx. 30 mL). After filtration, the
obtained solids are washed with water five times (5 x 50 mL), and then dried under
vacuum to give 8.6 g of crude product (crude yield: 96%), which is used in the next step

without further purification. MS (ESI) m/z 352.1 [M+H]*.

(d) 6-(1-Hydroxy-2-methylpropan-2-ylamino)-5-methyl-2-(4-(pyridin-2-yl)benzyl)-2H-
pyrazolo[3.,4-d]pyrimidin-4(5H)-one

[0092] A mixture of 6-Chloro-5-methyl-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo[3,4-
d]pyrimidin-4(5H)-one (4.0 g, 11 mmol), 2-amino-2-methylpropan-1-ol (6.5 mL, 71
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mmol) and DIPEA (3.4 mL, 20 mmol) in DMA (20 mL) is heated at 130 °C for an hour.
Solvent is removed under reduced pressure. The obtained residue is treated with water
(200 mL). After filtration, the filter cake is washed with water twice (2 x 50 mL), and
then dried under vacuum to give 3.7 g of crude product (crude yield: 80%), which is used

in the next step without further purification. MS (EST) m/z 405.2 [M+H]*.

(e) 7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

[0093] Thionyl chloride (756 pL, 10.4 mmol) is added dropwise to a solution of
crude 6-(1-hydroxy-2-methylpropan-2-ylamino)-5-methyl-2-(4-(pyridin-2-yl)benzyl)-2H-
pyrazolo[3,4-d]pyrimidin-4(SH)-one (4.2 g, 10.4 mmol) in DMF (84 mL). The reaction
mixture is stirred at room temperature for 20 min. Water (5 mL) is added to quench the
reaction. Solvents are removed under reduced pressure. The obtained residue is treated
with methylene chloride, and then washed with 5% NaHCO3 aqueous solution three
times. The organic phase is evaporated to dryness to give 6.1g of crude product (crude
yield: 152%), which is used in the next step without further purification. MS (ESI) m/z
387.2 [M+H]".

(f) 7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

[0094] 1.0M LiHMDS (55.4 mL, 55.4 mmol) in THF is added dropwise to a solution
of crude 7,8-dihydro-2-(4-(pyridin2-yl)benzyl)-5,7,7-trimethyl-[2H]-imidazo-[ 1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (4.6 g, 11.9 mmol) and hexachloroethane (2.58 g,
10.9 mmol) in methylene chloride (130 mL) at O °C. The reaction mixture is stirred at O
°C for 30 min, and then quenched with water (100 mL) and methylene chloride (150
mL). The organic phase is washed with water three times (3 x 70 mL), and then

evaporated to dryness. The obtained crude product is purified on a neutral aluminum
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oxide column to give 1.5 g of pure product (HPLC purity: 96%; yield: 30%). MS (ESI)
m/z 421.1 [M+H]".

(g) 7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-3-(4-fluorophenylamino)- 5,7,7-trimethyl-
[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(SH)-one

[0095] 7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-
imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (550 mg, 1.31 mmol), 4-
fluorobenzenamine (125 pL, 1.31 mmol) and potassium carbonate (361 mg, 2.61 mmol)
in tert-amyl alcohol (3 mL) are degassed with argon and then Xantphos (15 mg, 0.026
mmol) and Pda(dba)s (12 mg, 0.013 mmol) are added. The suspension is degassed again,
and then slowly heated to 110 °C. The reaction mixture is stirred at 110 °C under argon
overnight. Another batch of Pdz(dba)s (12 mg) and Xantphos (15 mg) is added. The
reaction is heated at 110 °C for additional 24 h for complete conversion. After routine
workup, the crude product is purified by silica-gel column chromatography to give 352
mg of final product as a beige solid (HPLC purity: 97.4%; yield: 54%). 'H NMR (500
MHz, Chloroform-d) ¢ 8.68 (dt, J=4.7, 1.3 Hz, 1H), 7.88 (d, /= 8.3 Hz, 2H), 7.74 (td, J
=7.7, 1.8 Hz, 1H), 7.68 (d, J= 8.0 Hz, 2H), 7.23 (ddd, /= 7.4, 4.8, 1.2 Hz, 1H), 7.06 (d,
J=8.3 Hz, 2H), 7.00 - 6.93 (m, 2H), 6.94 — 6.87 (m, 2H), 6.79 (s, 1H), 4.90 (s, 2H), 3.71
(s, 2H), 3.35 (s, 3H), 1.40 (s, 6H). MS (ESI) m/z 496.2 [M+H]".

[0096] The compound of Example 1 shows good selectivity for PDE1 and inhibts
PDE activity at an ICso value of equal to or less than SnM.

Example 2
7,8-Dihydro-2-(4-(6-Fluoropyridin-2-yl)benzyl)-3-(4-fluorophenylamino)-5,7,7-
trimethyl-[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5SH)-one
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[0097] The synthesis method is analogous to example 1 wherein 2-(4-
(chloromethyl)phenyl)-6-fluoropyridine is added in step (a) instead of 2-(4-
(chloromethyl)phenyl)-pyridine. Final product is obtained as a off-white solid (HPLC
purity: 99%). '"H NMR (500 MHz, Chloroform-d) J 7.89 (d, J = 8.4 Hz, 2H), 7.83 (q, J =
8.0 Hz, 1H), 7.58 (dd, J =7.5, 2.3 Hz, 1H), 7.05 (d, J = 8.3 Hz, 2H), 7.00 - 6.84 (m, 6H),
4.91 (s, 2H), 3.76 (s, 2H), 3.39 (s, 3H), 1.47 (s, 6H). MS (ESI) m/z 514.3 [M+H]*

Example 3
7,8-Dihydro-2-(4-(pyridine-2-yl)benzyl)-3-(3,4-difluorophenylamino)-5,7,7-trimethyl-
[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

(a) 2-(4-Bromobenzyl)-7,8-dihydro-5,7,7-trimethyl-[2H]-imidazo-[1,2-a] pyrazolo[4,3-
e]pyrimidin-4(5H)-one
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[0098] The title compound is synthesized using the procedure analogous to the one
described from step (a) to step (e) of Example 1 wherein 1-bromo-4-
(bromomethyl)benzene was added in step (a) instead of 2-(4-(chloromethyl)phenyl)-
pyridine. MS (ESI) m/z 388.1 [M+H]".

(b) 2-(4-Phenoxybenzyl)-7,8-dihydro-5,7,7-trimethyl-[2H]-imidazo-[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(5H)-one '

[0099] 2-(4-Bromobenzyl)-7,8-dihydro-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (118 g, 304 mmol) is added to a suspension of
phenol (57 g, 606 mmol) and cesium carbonate (200 g, 614 mmol) in NMP (900 mL),
followed by 2,2,6,6-tetramethylheptane-3,5-dione (7 mL, 33.5 mmol) and CuCl (15 g,
152 mmol). The reaction mixture is heated at 120 °C under nitrogen atmosphere for 10 h.
After the completion of the reaction, the mixture is diluted with water (4 L), and then
extracted with ethyl acetate. The combined organic phase is evaporated to dryness. The
obtained crude product is purified by silica gel column chromatography to give 103 g of

product (yield: 84%). MS (EST) m/z 402.2 [M+H]*.

(¢) 7,8-Dihydro-5,7,7-trimethyl-[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-

one

[00100] TFA (600 mL) is added to a suspension of 2-(4-phenoxybenzyl)-7,8-dihydro-
5,7,7-trimethyl-[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (103 g, 257
mmol) in methylene chloride (210 mL) to give a tan solution, and then TFMSA (168 mL)
is added. The reaction mixture is stirred at room temperature until the starting material
disappears. The reaction mixture is poured into cold water (3 L). After filtration, the filter
cake is washed with water twice, and then basified with ammonium hydroxide aqueous
solution, followed by adding ethyl acetate with stirring. The precipitated solids are

filtered, washed successively with water three times, ethyl acetate twice and methanol
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once, and then dried under vacuum to give 45 g of product (yield: 80%). MS (ESI) m/z
220.2 [M+H]*.

(d) 7,8-Dihydro-2-(4-(pyridin-2-yl)benzyl)-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(SH)-one

[00101] A suspension of 7,8-dihydro-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (1.5 g, 6.84 mmol), 2-(4-
(bromomethyl)phenyl)pyridine (1.7 g, 6.84 mmol) and K>COs (2.83 g, 20.5 mmol) in
DMF (60 mL) is stirred at room temperature for 2-3 days. Solvent is removed under
reduced pressure. The obtained residue is treated with water (100 mL), sonicated and
then filtered. The filter cake is dried under vacuum to give 2.19 g of crude product (yield:
83%), which is used in the next step without further purification. MS (ESI) m/z 387.1
[M+H]*.

(e) 7,8-Dihydro-2-(4-(pyridine-2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(SH)-one

[00102] 1.0M LiHMDS (3.0 mL, 3.0 mmol) in THF is added dropwise to a solution of
crude 7,8-dihydro-2-(4-(pyridin2-yl)benzyl)-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(SH)-one (1.16 g, 3.0 mmol) and hexachloroethane (2.13 g,
9.0 mmol) in methylene chloride (30 mL). The reaction mixture is stirred at room
temperature for 90 minutes, and is then quenched with cold water (200 mL). The mixture
is extracted with methylene chloride three times (50 mL x 3), and the combined organic
phase was washed with brine (30 mL), and then evaporated to dryness under reduced
pressure. The obtained residue is purified on a neutral alumina oxide column to give 960
mg of pure product as an off-white solid (HPLC purity: 96.8%; yield: 76%). MS (ESI)
m/z 421.2 [M+H]*.

(f) 7,8-Dihydro-2-(4-(pyridine-2-yl)benzyl)-3-( 3,4-difluorophenylamino)- 5,7,7-
trimethyl-[2H}-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5 H)-one
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[00103] 7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-
imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one (230 mg, 0.546 mmol), 3,4-
difluorobenzenamine (106 mg, 0.821 mmol) and potassium carbonate (300 mg, 2.17
mmol) in fert-amyl alcohol (2.8 mL) are degassed with argon, and then Xantphos (26 mg,
0.045 mmol) and Pdz(dba); (20 mg, 0.022 mmol) are added. The suspension is degassed
again, and then heated to 110 °C. The reaction mixture is stirred at 110 °C under argon
overnight. After routine workup, the crude product is purified on a basic alumina oxide
column to give 194 mg of final product as a beige solid (HPLC purity: 99%; yield: 69%).
'H NMR (500 MHz, Chloroform-d) & 8.69 (d, J = 4.5 Hz, 1H), 7.88 (d, J = 8.2 Hz, 2H),
7.76 (td, J=1.8, 1.6 Hz, 1H), 7.67 (d, /] =7.9 Hz, 1H), 7.26 — 7.17 (m, 2H), 7.15 (d, J =
8.2 Hz, 2H), 7.03 (m, 1H), 6.69 (m, 1H), 6.60 (m, 1H), 5.05 (s, 2H), 3.79 (s, 2H), 3.29 (s,
3H), 1.47 (s, 6H). MS (ESI) m/z 514.2 [M+H]".

Example 4
7,8-Dihydro-2-(4-(pyridin2-yl)benzyl)-3-( 4-fluoro-3-methylphenylamino)-5,7,7-
trimethyl-[2H]-imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

o HN/d/
N

F
\N)jf(
NTONT N
NN

[00104] The synthesis method is analogous to example 3 wherein 4-fluoro-3-
methylbenzenamine was added in step (f) instead of 3,4-difluorobenzenamine. Final
product is obtained as an off-white solid (HPLC purity: 97%). 'H NMR (500 MHz,
Chloroform-d) ¢ 8.70 (ddd, /=4.8, 1.9, 1.0 Hz, 1H), 7.86 (d, J = 8.3 Hz, 2H), 7.77 (td, J
=7.7,1.9 Hz, 1H), 7.68 (d, /= 8.0 Hz, 1H), 7.26 (m, 1H), 7.06 (d, J = 8.3 Hz, 2H), 6.97
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—6.86 (m, 2H), 6.81 - 6.69 (m, 2H), 4.91 (s, 2H), 3.81 (s, 2H), 3.40 (s, 3H), 2.13 (d, J =
1.4 Hz, 3H), 1.49 (s, 6H). MS (ESI) m/z 510.2 [M+H]*

Example 5
7,8-Dihydro-2-(4-(5-fluoropyridin2-yl)benzyl)- 3-ethyl-5,7,7-trimethyl-[2H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

O
~
£
N
/N
F

(a) 7,8-Dihydro-2-(4-(5-fluoropyridin2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-
imidazo-[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

[00105] The title compound is prepared using the procedure analogous to the one
described in steps (a) to (f) of Example 1 wherein 2-(4-(chloromethyl)phenyl)-5-
fluoropyridine was added in step (a) instead of 2-(4-(chloromethyl)phenyl)-pyridine. MS
(ESD) m/z 439.2 [M+H]".

(b) 7,8-Dihydro-2-(4-(5-fluoropyridin2-yl)benzyl)-3-ethyl-5,7,7-trimethyl-[2H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(SH)-on

[00106] Ethylmagnesium bromide (3.0 M in ether, 3 mL) is added dropwise to a
reaction vial containing ZnClz (1.2 g, 8.8 mmol) at O °C under argon. The mixture is
stirred at room temperature for 20 min, and is then cooled to — 78 °C. 9-Methoxy-9-
borabicyclo[3.3.1]nonane (1.0 M in hexanes, 8 mL) is added dropwise. After the
completion of the addition, the mixture is stirred at room temperature for 40 min. 7,8-
Dihydro-2-(4-(5-fluoropyridin2-yl)benzyl)-3-chloro-5,7,7-trimethyl-[2H]-imidazo-[1,2-
a]pyrazolo[4,3-e]pyrimidin-4(5SH)-one (352 mg, 0.8 mmol) in anhydrous DMF (15 mL)
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is slowly added to the mixture, followed by 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl (S-Phos, 38 mg) and palladium acetate (13 mg). The reaction vial is
sealed and stirred at room temperature for 30 min, and is then heated at 100 °C for 4
days. The mixture is diluted with water (150 mL), and then extracted with
dichloromethane (60 mL x 3). The combined organic phase is evaporated to dryness
under reduced pressure. The residue is purified by a with a semi-preparative HPLC
system equipped with a reversed-phase C18 column using a gradient of 0 — 26%
acetonitrile in water containing 0.1% formic acid over 16 min to give 177 mg of product
as a pale yellow solid (HPLC purity: 99.5%; yield: 51%). 'H NMR (500 MHz,
Chloroform-d) 6 8.53 (d, J=2.9 Hz, 1H), 7.92 (d, /= 8.3 Hz, 2H), 7.69 (dd, J = 8.8, 4.2
Hz, 1H), 7.47 (td, J = 8.4, 2.9 Hz, 1H), 7.25 (d, J = 9.0 Hz, 2H), 5.29 (s, 2H), 3.73 (s,
2H), 3.41 (s, 3H), 2.95 (q, J = 7.6 Hz, 2H), 1.42 (s, 6H), 1.18 (t, J = 7.5 Hz, 3H). MS
(ESI) m/z 433.3 [M+H] *.

Example 6
7,8-Dihydro-2-(4-(6-fluoropyridin2-yl)benzyl)-3-ethyl-5,7,7-trimethyl-[2H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

O
~

N
N
N)\N =N

b

=Z

[00107]  The title compound is prepared using the procedure analogous to the one
described in Example 5 wherein 2-(4-(chloromethyl)phenyl)-6-fluoropyridine was added
in step (a) instead of 2-(4-(chloromethyl)phenyl)-5-fluoropyridine. 'H NMR (400 MHz,
Chloroform-d) 6 7.98 (d, J = 8.4 Hz, 2H), 7.84 (m, 1H), 7.59 (dd, J = 7.5, 2.4 Hz, 2H),
725(d,J=8.4Hz, 3H), 6.87 (dd, J=8.1, 3.0 Hz, 1H), 5.28 (s, 2H), 3.71 (s, 2H), 3.38 (s,
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3H), 2.94 (q, J = 7.5 Hz, 2H), 1.40 (s, 6H), 1.17 (t, J= 7.5 Hz, 3H). MS (ESI) m/z 433.2
[M+H] "

[00108] The compound of Example 5 shows good selectivity for PDE1 and inhibts
PDE activity at an ICso value of equal to or less than 30nM.

Example 7
7,8-Dihydro-2-(4-(5-fluoropyridin2-yl)benzyl)-3-propyl-5,7,7-trimethyl-[2H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one

O

~
N N
N)\N =N

-

/N

F

[00109] The title compound is prepared using the procedure analogous to the one
described in Example 5 wherein propylmagnesium bromide was added in step (b) instead

of ethylmagnesium bromide. MS (ESI) m/z 447.2 [M+H]"*.

[00110] The compound of Example 7 shows good selectivity for PDE1 and inhibts
PDE activity at an ICsp value of equal to or less than 15nM.

Example 8
7,8-Dihydro-2-(4-(6-fluoropyridin2-yl)benzyl)-3-propyl-5,7,7-trimethyl-[2H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5SH)-one
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[00111] The title compound is prepared using the procedure analogous to the one
described in Example 5 wherein propylmagnesium bromide was added in step (b) instead
of ethylmagnesium bromide, and 2-(4-(chloromethyl)phenyl)-6-fluoropyridine was added
in step (a) instead of 2-(4-(chloromethyl)phenyl)-5-fluoropyridine. MS (ESI) m/z 447.2
[M+H]".

Example 9
7,8-Dihydro-2-(4-chlorobenzyl)-3-(4-fluorophenylamino)- 5,7,7-trimethyl-[2 H]-imidazo-
[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5SH)-one

F
O HN
~
N
Lepls
o]

[00112]  The title compound is prepared using the procedure analogous to the one
described in Example 1 wherein 1-chloro-4-(chloromethyl)benzene was added in step (a)

instead of 2-(4-(chloromethyl)phenyl)-pyridine. MS (ESI) m/z 453.2 [M+H]*

[00113] The compound of Example 9 shows good selectivity for PDE1 and inhibts

PDE activity at an ICso value of equal to or less than SnM.
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Example 10: Measurement of PDEIB inhibition in vitro using IMAP Phosphodiesterase
Assay Kit

[00114] Phosphodiesterase I B (PDEIB) is a calcium/calmodulin dependent
phosphodiesterase enzyme that converts cyclic guanosine monophosphate (cGMP) to 5'-
guanosine monophosphate (5-GMP). PDEIB can also convert a modified cGMP
substrate, such as the fluorescent molecule cGMP-fluorescein, to the corresponding
GMP-fluorescein. The generation of GMP-fluorescein from cGMP-fluorescein can be
quantitated, using, for example, the IMAP (Molecular Devices, Sunnyvale, CA)

immobilized-metal affinity particle reagent.

[00115]  Briefly, the IMAP reagent binds with high affinity to the free 5'- phosphate
that is found in GMP-fluorescein and not in cGMP-fluorescein. The resulting GMP-
fluorescein-IMAP complex is large relative to cGMP-5 fluorescein. Small fluorophores
that are bound up in a large, slowly tumbling, complex can be distinguished from
unbound fluorophores, because the photons emitted as they fluoresce retain the same

polarity as the photons used to excite the fluorescence.

[00116] In the phosphodiesterase assay, cGMP-fluorescein, which cannot be bound to
IMAP, and therefore retains little fluorescence polarization, is converted to
GMPfluorescein, which, when bound to IMAP, yields a large increase in fluorescence
polarization ( mp). Inhibition of phosphodiesterase, therefore, is detected as a decrease

in mp.

Enzyme assay

[00117] Materials: All chemicals are available from Sigma-Aldrich (St. Louis, MO)
except for IMAP reagents (reaction buffer, binding buffer, FL-GMP and IMAP beads),

which are available from Molecular Devices (Sunnyvale, CA).

[00118] Assay: The following phosphodiesterase enzymes may be used: 3',5'-cyclic-
nucleotide specific bovine brain phosphodiesterase (Sigma, St. Louis, MO)

(predominantly PDEIB) and recombinant full length human PDEI A and PDE1B (r-
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hPDEI A and r-hPDEIB respectively) which may be produced e.g., in HEK or SF9 cells
by one skilled in the art. The PDEI enzyme is reconstituted with 50% glycerol to 2.5
U/mL. One unit of enzyme will hydrolyze 1.0 umol of 3',5'-cAMP to 5'-AMP per min at
pH 7.5 at 30°C. One part enzyme is added to 1999 parts reaction buffer (30 uM CaCl,, 10
U/mL of calmodulin (Sigma P2277), 10 mM Tris-HC1 pH 7.2, 10 mM MgCl, 0.1%
BSA, 0.05% NaN3) to yield a final concentration of 1.25mU/mL. 99 pL of diluted
enzyme solution is added into each well in a flat bottom 96-well polystyrene plate to
which 1 pL of test compound dissolved in 100% DMSO is added. The compounds are

mixed and pre-incubated with the enzyme for 10 min at room temperature.

[00119] The FL-GMP conversion reaction is initiated by combining 4 parts enzyme
and inhibitor mix with 1 part substrate solution (0.225 pL) in a 384-well microtiter plate.
The reaction is incubated in dark at room temperature for 15 min. The reaction is halted
by addition of 60 pL of binding reagent (1:400 dilution of IMAP beads in binding buffer
supplemented with 1:1800 dilution of antifoam) to each well of the 384-well plate. The
plate is incubated at room temperature for 1 hour to allow IMAP binding to proceed to
completion, and then placed in an Envision multimode microplate reader (PerkinElmer,

Shelton, CT) to measure the fluorescence polarization ( mp).

[00120] A decrease in GMP concentration, measured as decreased mp, is indicative
of inhibition of PDE activity. ICso values are determined by measuring enzyme activity in
the presence of 8 to 16 concentrations of compound ranging from 0.0037 nM to 80,000
nM and then plotting drug concentration versus AmP, which allows ICso values to be

estimated using nonlinear regression software (XLFit; IDBS, Cambridge, MA)

[00121] Various compounds of Examples 1-9 demonstrate good selectivity for PDE1,

and can inhibit PDE1 at ICsp values equal to or less than 50nM in the present assay.

EXAMPLE 11

[00122] A selective PDE1 inhibitor of the present invention demonstrates microsomal

stability in human microsomal stability assays. The aforementioned selective PDE1
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inhibitor demonstrates a K value less than 0.01, and demonstrates a half-life of T1/2 of

about 100-1800 minutes.

EXAMPLE 12

[00123] A selective PDEI inhibitor of the present invention demonstrates the ability to
cross the blood-brain barrier. Following an injection of 10mg/kg in a suitable mouse
model, the aforementioned selective PDE1 inhibitor is detectable at about 3 pM less than

about 0.5 hours following the injection.
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What is claimed:

1. A compound of Formula V

Re

Formula V
wherein

)] R} is Ci4 alkyl (e.g., methyl);

(i1) R4 is H and R and R3 are, independently, H or C14 alkyl

(e.g., Rz and R3 are both methyl, or R, is H and R is isopropyl);

(ili)  Rsis attached to one of the nitrogens on the pyrazolo portion of Formula

V and is a moiety of Formula A

Ry2
Ry
O
X /Z
Ra/ \T/ \Rm
Re
Formula A

wherein X, Y and Z are C, and Rs, Ry, Ri1 and Ry2 are H, and Rjo is halogen, or
heteroaryl optionally substituted with halogen, alkyl, haloalkyl, hydroxy or
carboxy (e.g., pyridyl or 2-halopyridyl, (for example, pyrid-2-yl, 5-fluoropyrid-2-
yl or 6-fluoropyrid-2-yl)); and
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(iv) Re is H, Ci4alkyl, arylamino optionally substituted with Ci4alkyl or
halogen (e.g., phenylamino or 4-fluorophenylamino); and
(v) n=0;

in free or pharmaceutically acceptable salt form.

A compound according to claim 1, wherein wherein R; is methyl.
A compound according to any of claims 1-2, wherein R and R3 are Ci4 alkyl.

A compound according to any of claims 1-3, wherein Rz and R3 are both methyl.

A o

A compound according to any of claims 1-4, wherein Rio is heteroaryl optionally
substituted with halogen.

A compound according to any of claims 1-5, wherein R is pyrid-2-yl.

A compound according to any of claims 1-5, wherein Rio is 5-fluoro-pyrid-2-yl.

A compound according to any of claims 1-5, wherein Rio is 6-fluoro-pyrid-2-yl.

N S

A compound according to any of claims 1-8, wherein Re is Ci4alkyl.

10. A compound according to any of claims 1-9, wherein Re is ethyl.

11. A compound according to any of claims 1-9, wherein Re is propyl.

12. A compound according to any of claims 1-8, wherein Re is arylamino optionally

substituted with Cjalkyl or halogen.

13. A compound according to any of claims 1-8 or 12, wherein R is 4-
fluorophenylamino.
14. A compound according to any one of claims 1-13, wherein the compound is

selected from:
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o)

~N

99,

B\/JN "
N
/\F

in free or pharmaceutically acceptable salt form.

15. A compound according to any one of claims 1-13, wherein the compound is

selected from:

- = MF‘
2 e 4
A

NN

r N

720 Nl P
! H

-

b

in free or pharmaceutically acceptable salt form.

16. A pharmaceutical composition comprising a compound according to any one of
claims 1-15 in admixture with at least one pharmaceutically acceptable carrier or
excipient.

17. A method for the prophylaxis and/or treatment of a CNS disease, disorder, and/or
injury, wherein the method comprises the administration of an effective amount of
a PDE1 inhibitor to a subject, wherein the administration of the PDE] inhibitor
modulates the subject’s level of intracellular cAMP, wherein the PDE1 inhibitor
is a compound according to any one of claim 1-15 or a pharmaceutical

composition according to claim 16.
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18.

19.

20.

21.

22.

23.

24.

A method according to claim 17, wherein the CNS disease, disorder, or injury is a
spinal cord injury.

The method according to claim 17, wherein the CNS disease, disorder, or injury
relates to motor neuron trauma.

The method according to any of claim 17-19, wherein the CNS disease, disorder,
or injury is selected from the group consisting of: neurological traumas and
injuries, surgery related trauma and/or injury, retinal injury and trauma, injury
related to epilepsy, spinal cord injury, brain injury, brain surgery, trauma related
brain injury, trauma related to spinal cord injury, brain injury related to cancer
treatment, spinal cord injury related to cancer treatment, brain injury related to
infection, brain injury related to inflammation, spinal cord injury related to
infection, spinal cord injury related to inflammation, brain injury related to
environmental toxins, and spinal cord injury related to environmental toxins.

The method according to any of claims 17-20, wherein the CNS disease, disorder,
or injury is a neurodegenerative disorder.

The method according to claim 21, wherein the neurodegenerative disease,
disorder, or injury is selected from the group consisting of: Alzheimer’s disease,
Multiple Sclerosis, Glaucoma, Frontotemporal dementia, Dementia with Lewy
bodies, Corticobasal degeneration, Progressive supranuclear palsy, Prion
disorders, Huntington’s disease, Multiple system atrophy, Parkinson’s disease,
Amyotrophic lateral sclerosis, Hereditary spastic paraparesis, Spinocerebellar
atrophies, Friedreich’s ataxia, Amyloidoses, Metabolic (diabetes) related
disorders, Toxin related disorders, chronic CNS inflammation, and Charcot Marie
Tooth disease.

A method of treatment or prophylaxis of a PNS disease, disorder, or injury,
wherein the method comprises administration of an effective amount of a PDE1
inhibitor to a subject in order to increase the subject’s intracellular levels of
cAMP, wherein the PDE1 inhibitor is a compound according to any one of claim
1-15 or a pharmaceutical composition according to claim 16.

A method according to any one of claims 17-23, wherein the PDEI] inhibitor is

administered to a patient that is shown to have elevated intracellular calcium
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25.

levels compared to a control subject (e.g., reference standard).
A method of prophylaxis of the development of a CNS disease or disorder in a
subject that is at risk for developing a CNS disease or disorder, wherein the
method comprises:
1.) Obtaining a CNS sample from the subject;
2.) Measuring the levels of intracellular calcium from the sample;
3.) Comparing the levels of intracellular calcium in the biological sample
to a reference standard;
4.) Determining whether a patient is at risk for developing a CNS disease
or disorder based upon the level of intracellular calcium compared to the
reference standard;
5.) Administering a PDE1 inhibitor to a subject based upon the subject’s
levels of intracellular calcium put them at risk for the development of a
CNS disease or disorder (e.g., administration of a PDE] inhibitor to a
subject because they have elevated intracellular calcium levels compared
to the reference standard), wherein the PDE1 inhibitor is a compound
according to any one of claim 1-15 or a pharmaceutical composition

according to claim 16.
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[0047]  SRTA , ANZARAMIIG R A, A - 56 FIPDELHMHI 7 (BN VERL . 1-1. 14sP R4 — =X,
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HIAL &) B 55— ANV TE 25 Ak F2 40 A P9 cGMPE B8 0 . AT i 40 S P cGMP R 386 AT 51 A2 PKGYE 14
F 38 m , TR 40 M PN £S5 7K SE B g — P 38 o (R G, AN 2 AT I ER B TR 4F, PDEL #0155 (471 s =KV
1. 1-1. 14— &) e AT EENERL, FlEHREAE (FI/BMHER
) e 2R, BRR B (R TT RS S A P 5K AR AR B ER .

(0048]  7E—3CHE 7 R, 4K B B V6 TT SL TP CNSE I RAE B AR 7 (19 n s BEH147 » 11
WA BEHENES, plinia s & it WA ST &, RF R 7L e AT REN
PDE1#IHIFA] (Bl anRVERL . 1-1. 14 R — KA E ) , LA TETE cAMPFI /Bl cGMPHY 48 g P 7K
T AE—SLHE T R, X HHHE N cAMPHI 3G N2 s 42 AR 37 B N/ BOR B T M4 R AR I 18 nE Rl
B (B aOPDE LM H1I57) 38 n b S A= K AN /B R B AE) ©

[0049] &R —SEHETT RH, AR\ CHERITRIY BAE A R4S (PNS) I H &Y
53, oA BTk 77 v .45 e FAPDEL #1157, DA 3§ i c AMP AN/ B cGMPRI AR AR N 7K, L EL 3%
B IEFAEN/BRP R TH— S mant.

[0050]  F—seiE s R, A KB EFEE RSB Y ACNSE kB hE KU M & A, TR CNS
RIRBURER A ST, R i

(00511  1.) MAMEFZRIZONSEE & 5

[0052]  2.) MIEAES A FI45 K

[0053]  3.) ¥ FriRAE Yok & 40 P 57K T 55 BRAR AT LL 355

[0054]  4.) 5SEFRUEARLL , BT AIBE A 5K T, B8 B R 75 A T BLONS S5 97 307 e
B RS A 5

[0055]  5.) T MR 4HAE A 457K F , $PDEL &7 (Bl tn=vakl. 1-1. 145 R4 — R0
&) W E A (B At PDEL I IR R Z M, B 5 S E R L, KRR A&
UL E5 KT o

[0056] & F 3 Te4F AU B BN 2 WT LUVE 2 U B 0%, A SCAT M TR ARE R 1o
_FQX:

[0057] () IASSCRT FIRG “Wedd” R MBS B AR B R, fuik 2 MmAe, ik F1E64
BRIR T, HAT DL R ERE S S RERY , 3F BT LMTIE B i s R (Bl an & ak s R R R E B,
- =-EUR.

[0058]  (b) WnASCHT A “FRki " R A MEIE55 MR R, ik 2 M,
MEBEIBINKIE T, KPR B> — e FFRRHES MBI Z A EN LN, I H
H] DR AR, B an# i 3 (BN & E B0 (R R BRI B, R B AR F14
8K 2 ANtk ENFIOFN/BLSHI R T, iR IRkt 228 m] LL2 2 b 2t .

(00591 (c) BRIE AAMNUEEA, “FeI k27 BB A B E AN JE 75 B 1 1 R 2R, A% v A
B, RIEEE3-INRET, ZOH P — B EFRRIES R L -SSR E MG, H
H 2 D —ANBR AN OBSHUAR , BT il 2 3R J5e 25 1T LU AR gl BRI , B an gt o X (191 an'
R (BREEGREEL,

[0060]  (d) NASCRTFIR “H " REARB A B, Mk R FE, ERFEHEALN,
flant e (BIanF &) xR (BIIn@ R s ket (Bl =5 P ) i B R A5
[ 75 B a4 75 B (51 A B R L Bt g 2 2R 2) B,

[0061] () WAL R Y “Ze 5 2" R KA HRF AR F PR — DS DR ImEE T IE
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B i 75 IR B ], 49 anmbe nE ZE B —me L, OWT DT A B, ) an e be AR L 3R L e ARBR £
FREL AR EEU .

[0062]  (f) FHHARYZ MEVAREELL “ene” 45 B ("B NTEEE”) B, i dn L m s W oR B Bl o5 2
Tee , BriR BUAE B TEMF s S A A B R (Rt , W R BT 2 -CHe-, - B
IRFETNHAR - Cota-, £ H. 75 55 7 Je 2 791 A 2 451) 21 - CeHa - CHz - B -CHa- CeHa- o

[0063]  FEAULEA Hidh,BrAE BAMER, B AEHLEY HRDGEBABEEEL
KNHWE D, a0 v B SR I B e 3, 50 2 &1 & B B VR L, I B 355N L
R ARBUEMERAELY, Aty % L8 & THY B AT 6
AR, Flx TARKALEMHEAE LTRZHEN S ERAAms , HnxEs
WP EFEEN .

[0064] A& BLEY) (B8 LA FFRAERMGEY) 7T LA LAl ES B 2h % 3K L ) an g hn s 2k
FERFEAERRHEP, BRIERIER  EWARBELED ARBEEFENEHEIER
EWE YD, B a0 B BB A sb T 20, B8 B &9 &8 BRI BURER T, Biin s h T 30
ARPUEDERAEAY, IMREL S LSS A ETAHYHRMETRER
FAET, B anss F A RAM SN SR K 2% L2 o Bmaiieim s, B mix s
W EFEEN

[0065] A KREALEVMEFLER FTUMAERNFE AR ERNBUBAKALEY
BB i, B KAN A S B RESR RN, X RET A e B 7 b
AT 7K i AN AT 2 32 B BR o A0 AR SCF ARG “AE 3R 2 ERKARM AN AT e 2 9 B fe e AR B AR T
A CLKAEF AR (EARANEDEARERRENFRT) 3B EARARALEMRFR
ERAREMBERT) MARBLEYHE, ENE SEKEAFNETREEE FTHZH .
Ft, YA RENEDESZEEFF i EY-0HrT , Frid tb & P BB Rl 4 R4 &
Y)-0-C (0) ~Cr-a B =PI FEAR N /KA, — T R % ERKRREE (b &49-0H) , B —
75 AR ER (1 40HOC (0) ~Cr-o28) B , YA RANE M EF R HI i -&4-C (0) OH
B, BT A6 A 4 B BR S 50 25 B 46 & #0-C (0) 0-Cr-a bt ZE W 7K A , T R LA 4 -C (0) OHFNEEHO-
Cr-afe 2 o \E Q¥ 45 2R AR A BRBE , 2 AE (R 2846 MR 25 T 25 73

[0066] S— 5T, AKRFERMEAWEEY, HEFHBRLZE L2 H 378 A
RSV K% E T 82 8k .

[0067] & A K BRI -E W 7 V2%

[0068]  AREAEY R EANTH 2% L0 H2 52 (1 L AT DASR P AR SCH#38 FUET 28 4511 7 % |
52 KA 75 R AL U R B VR ) & X R EEIEEAR T T R AL,
IR MRS, BE 4 Fax e vk i SRR a7 DUE i A Ak 22 4038 B ide 332 9 75 V5% R 25 10
F AT 2 5 A W & B EI AR SR 1%

[0069] & FfJE AL AN/ B A & BE AL &4 AT F FHUS 2008-0188492 A1.US 2010-0173878 Al.
US 2010-0273754 A1.US 2010-0273753 A1.WO 2010/065153.W0 2010/065151.W0 2010/
065151.W0 2010/065149.W0 2010/065147.WO 2010/065152.W0 2011/153129.W0 2011/
133224.W0 2011/153135.W0 2011/153136.W0 2011/153138.US 2014/0194396.PCT/US14/
304129 iR 1) 75 156 & 85 5 TR BIESIANEKE RS .

[0070]  Z/& BRAL &4 6045 FL T Bk Rl 48 L JEXT B e A iR AN AN e, UL R K 2 g B K

13



CN 107106563 A W B B 9/31 T

W BTN ERE B Ak B8 TEE 1 — MR A 4] L& XU 7R A5 R B P AU
IR BB ERIERZ B E b ARHTERE AN — LW EE - 8%
AR IFFRF L o AR B BIET — MO F AL AE T AL R EZS WA EEA SN
.

[0071] AR RARALEVEHEERENARENRAMR  BHER, ARHLE
VaFERTR R FREARES A REAMNETRRENEEEMNIIE—RFHEZT
—NMRF AMNEREAAAFFHOHRTENRF AT EERERRBREER
LRI AR RIMEMENM R SHE TR RAREENZERL  ANETHEES
INEREZ NS E LN HENTE DR T MR U RTEER GRS R 38 A
BT OB HERD) B, B R AR REEMRERYC, BN BB ERAMLER
BCURMAMEZEF L ZME B PR . IR 68 Frid R A X ri 241
EIERREE, SF B e e BE AT NEIER AR 4R 30 F1# 0L Rk
B, 2K BAAER IR E N R FEERERFITLPEMER G EEMN .CafkeE
[F 7 T BRI EFEE R F 4R CH) JBCU5NF80, B & p A e g BALE B B EH . 12T
T BT MC R R e R R AT A TN - RRAR A/ BUA R B LS I 25 KB T T
AR AWEVH LD EE AR FOL B v 3 2 A0 R R B & el s & £S5
[F] A7 3R AR AR AL 2 5 FLRGR B R AR SRIFEHE AR FAL R AR, UL E T B AL % 7 ik
B AEARANED — BB EEEMEEENIER KRR HIMTEROEREFEKRY
FH98.93% 2 CHI1.07 % *CHI k. (R 1t , BT AR AL 22 TF B & 0 A R B AL & D FE S5 H 0 &
BRIRF L, @ H K498.93%12CHN1.07 % BCHIR . B S F8 L S M h /DI RIS 1
ZTRAREEMFE. B, Flinm TN RS MREFHLER P CHEEEEARALHLE
W) INSCH BTH, “E B R T RA95% R R B4R .

[0072] & A RAERZIE, B (dec) KRB EBURIKE (C) A BRIAERH A, TN
EE SR BIA IR VB 18FE 25 °C F 4T o (B 18V 75 P W Rl JiS 0 3 ¥, 78 /2 B4 V5% (TLC)
FERERIAR - 3E4T - NMRELHE DL 3 BLRRAE R 7 FO S{E 243, LLARNT 1B 9 P FR i VD BR 386 B R e
(TMS) BB 52 (ppm) A H AFFES RN ENES . BEE L () AH2A H 0 T B
HEMS) M EFRMNESHREBEERILEN ST . RERKEENEEE T BFREY
H R LR TR E 2 L BRARFAEL 45 Y . SANMROGIE A2 B R B I, (N HRIEHRAE(E 5

[0073]  RiEFMYERGIE .

[0074] BOC=#H(-T & jrE

[0075] BOP=K3f =M-1-H-FH-= CHEEER) /B

[0076] BuLi=1F T &4

[0077]  Bu'OH=#T &

[0078]  CAN=FHHER%H (IV) %%

[0079] DBU=1,8-Z—&ZF& ¥ [5.4.0] +—Hk-7-/%,

[0080] DIPEA=_RHEHZI%

[0081]  DMF=N,N-— I EH B %

[0082]  DMSO=_FR% T HA

[0083] Et0=Z

14
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[0084] EtOAc=Z.FRZ B

[0085] equiv.=H&

[0086] h=/]NBt

[0087)  HPLC= @Rk AE 12

[0088] LDA=_—RAEEHEE

[0089] MeOH=FHIRE

[0090]  NBS=N-yRACHEFAmE T iz

[0091]  NCS=N-&AXHE OB I A%

[0092]  NaHCOs=TRERE4H

[0093]  NH:OH=5 %1k 4%

[0094]  Pdz(dba) s==[ZWFRZEFE] —4E (0)
[0095]  PMB=3Xf F &g J k3

[0096]  POCls=4 &ALk

[0097]1  SOCl.= TEALELE

(0098] TFA=Z=% 2

(00991  TFMSA= =% F

[0100]  THF= Y&k

[0101]  FICZFIE T AR B n] FEA BT v - 2R BRI B i B3y RTEkl.1-1.14
AR — TR, HF faRkR s

[0102]  XITbfyH RS LA T Hl % F R Tatb EW ER BN BRETE LR
R AT IN#H (B2 KZA90°C , REFKL3/DET) -

0

0 R4
\N

HO 0O
[0103] )]\NH ' W T (CHeOR0 '—%%}c_) )\
Ht\f 2 T A7\ o ﬁ 0

0 OH
Ry
(lla) ()
[0104]  HobRBEC kRPN &L,
[0105]  FITcHE4ART NN #& F R IIbik &Y 5E AL S H InPOCLs R N , B BT A

AEKAN/EInE (Flhn, InEE K Z4180°C , (R L44/0N0T) .

0
R . R
i POCI H,0 0°c, ifihm SN
+ + e
oroe] ] T mEmR Py
o N 0

O N Cl
H

(b} (llc)
[0107]  RITdrb e 4AAT LU E R I Ic &5 B a0k 77 P - X FORS an Bk R 49 . B B U 4M
BRER S AU = 7 1 5 PR 7 I 1 T ADVP o T SR 3 7E A R R 3k
%
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o) o)
R-]\ R1\
P N
+ P—L i |
[0108] oZ SN

|

(lic) Pl

(W)

[0109]  HARPLR{RIEE (I NPMBEKBOC] ; BLA B £, 5 inpg % . B B B4 s o AP R R
Big AR Hh , PL R PMB, ELARZ BREREH

[0110] K ITed [al4& T LA 0T H14& : (ERI T &Y 5 B K &Y 1E 7 a0 B S AR J
R, ARIBTE AT (BB L14/N)

o)
R R
1\ 1\N
+ NHNH;® HO ————» ,
[o111] )\ Ha 3 _NH,
o) N N
| H
p1
(Iid) (lte)

(01121  FIvarhaaa] LU I Iefh &4 5POCY s FIDMF 2 4 T 41 4 «

R’\ 0°C % rt R1\N =
+ POCl; + DMF ———— = NH
[0113] )\ O)\T_ ~v
P1
(lie) (IVa)
(01141 SRTVbH [ FT L5 2 TVatb & 40 5 1 20 F X RG34 582 16 47 78 95 79 49 DM
rh % I e S T )
o o)
Ri~ . R4
(0115] )N\)‘ji\/r\m + F1.X 5’5&‘ j\ //N___F1
0Z N N o NN N
b b
(Iva) (IVb)

[0116]  HAFZ2EFE FImERKFE 4R E) , 3 BX2 K X (BB .

(01171 IVerbia & n] DL R FIE 2 05 kR 2 R EP!, B IVb L &9l & . 5,
U1 RPHRPMBE [, A A AT FE S B IR B R H0IRE T, FITFA/TRMSAYG HLRR 3 , T I SRP1 R
BOC, 3R-4 RI F| FIER B fnTFABL 2h B , i Hif 2=
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o ‘ 0
R1\ R1\
N N N N\
[0118] )\ ~./ — )\ ~./
(0} N N o) N N
2 }
(lVb) (IVe)

01191 IVdrh (a4 RNEE R IVelb &9 5 &AM S W HIIPOCLs, (R TE I T (Bian[E]
2R BE R R 808 T % 3 £ 150-200 C T Uk SRS 5- 1045 = BTG il & «

o

R1\ R1\

—F’ + POCI N—F‘
[0120] )\ T 3 )\

(Ivd)
(IVc)

[0121]  RIVer [al4& ] LA U0 T il &  FERRME 45 F , R IVAdfb & 90 5 & F 88 15 1A 77 1 o
DMFH , fE3E BN T R L

0]
R H,N OH ] =
1\N/”jf\N o 2 Bk & )N\/“I\N_[ﬂ
—F1 . \ < . )
=~/ R2 3h, ™ N
[0122] Cl)\N N R, Ra LR HN N
R
(IVd) 2 OH
R
R4
(Ve)

[0123]  HAR; RoRsFIR4FE) BU I X VERL . 1-1. 147 4F 4] — AT 2 LAY .
[0124] 8%, IR IVe AT 3@ 13 7E B 5 AN DBUTEAE T , 158 & 3 B FNE BE 750 ) t0BOP S N7 , Bl

A1V EWEES &
0 0
R X
Ny 1BER) NN
)\ N—F‘ %——( . N - )\ N-—F1
B /
[0125] 9 T TN SN
H Ry OH
(IVc) Rs
(IVe)

[0126]  Hrd, Ry RoRsFIR4E e vkl 1-1. 14 4R — R 2 X
[0127]1  sRIVE B4R W] 20 #i4 : R IVeth &4 5 B /K 75/ 549 40 7570451 anSOC Lo 78 ¥ 77 f51) fin —
AL T EIREBS TN T /R »
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Q 0
R e s Rise
= BRSO
o - —
/I\ =~ 7 T B R A ik )\ ~ /
[0128] N SN N o T N
R
2 OH R2HR
R, LR
(IVe) (V)

(01291 KIVgrh A f&mTLAEN T 2% : XIVEAL &M SREAFIGI IR EEF02, 2,6, 6- 10 B BE
$e-3 , 5~ R RG] S gk PR B 7E T 7751 ANMP R L T IR T R

(0] (0]
R1\ % . R1\
N = 1 EALT) F ik, _ N 2 N
PP W o 3 J P,
N N . Va N

N N

N
R )r{
R2)r<R4 ’ Rq

R3 Rs
(Ivf) (IVg)

(01311  Hrb PR =35 2Rk,
[0132]  sRIVhH AE N EE R IVeth &9 58 1 R G55 tnTFAFI TRMSAZE IS 7 6l fn — &

[0130]

Ko T ZE IR T R 4%
0 _ o]
R R
1\N = TFA/TEMSA 1\N =
)\ NF TR g )\ v
= % s =
[0133] NZ N N NZ N N
Rz)r‘( RQH
(vg) (Vh)

[0134]  ZIVi v (AT IE L RG] ANBR R #AF7E T, A8 IVhib &4 572 Rs- (CH2) oL
FEVE T anDMF R L F 238 F S RE T 14

o) 0
R R
™y = P SN =
NH + Rs—(CHpp—L  —— > N—(CHz)n
\N/ J \N/ [
[0135] N N N7 TN Rs
RZH R2)r<
L, R k, R
(IVh) : (i)

[0136]  HrAn 20, ARsZAZEH], i b sexdvakl. 1-1. 14 fEfa— KT E XH, 3F B
L2 B & E 5 e 2 (54nBr) .

[0137] IV dr(alfA (LR X2K & (Flancl)) @il RIvitk &4 5% 4657 (B anNCS ax,
NBS) F0#s 451l anL 1 HMDSTE ¥ 75 an THF b« TIGIR T S R ] 4% «

18



CN 107106563 A W B P 14/31 T

0O (o) X
R s
NNJIA Bn NN
N—(CHa)n > N——(CH2),
)\ = ./ 473X, 7 )\ =~ 7
[0138] NnZ N7 N Jas o N N N ;las
Ry Ra R, Ra

(M) (1vj)

[0139]  4R)5, M@ ARSI AR A R E Ap 73, BRIV &SP H & AR B EY. B
i A5 R E T B R AT B e R X

[0140] Ak BAALG W E B 7k

(0141]  ARKR\BRMETVEL, K HETEFEF RS RGN R AR5 5 T 1/ 5%
BT B B 77 R A I R A E RIPDELHN T (B ansRVERL. 1-1. 14T 1k &4) , LA
T 4HE N cAMPKF

[0142]  filgn, HiETEEEE:

[0143]  1.1.779kT, H it FHPDE L #5738 o 5 S8 A K B B 4 , A1/ BIR 2 s 19 208
1719 b TR R 4Rk

[0144] 1.2 80HE L& T 3J5iE-TH BIARAT — I, A ONSER R R AiE B 457+ B 3 ak m) 82
SLMECNSIE# ThEE IR E .

[0145]  1.3.®IME LA K TN A E-TH BT — I, H A ONSHRIR RRE S 5 7T LA & 4544
Y BLAARE , FE 0T DL B i ) oM 2 AT 4RO B B B R BB B A .

[0146]  1.4.HGTHI LA T 57 vE- 1R AR — 30, F AR ONSHER R R RE B 45475 2 B B4 45 -
(01471 1.5.75VK1.4, E A PDE1 #MHI7 FE LS B FH 1H 5 B8 415 19 % AL

[0148]  1.6.RUMILL K T FU5 -1 BIAEAT — I, F A PDE1 1 H)75) 2E 52 B FH. 1k 5y 5 £4F 4 %
fi&o

[0149]  1.7.H0ME LA K T35 E-TH MR — I, H AR ONSER 7R R E B % 58 sh 42 7o
BHHER .

[0150]  1.8.®yMEILA & T 575 -1 BEAT — 0, Ho o BriR B R IE B R A 1L B - #4 4)
o A0 345 AR AR 5 B B 4% A0/ B A AL BE 49 RN RA% « SR AR SR B AR5 B BE TR A
P 3545 T AR 45 AR 2R B B 4545 « B4 FE DR BB BB IR AT SRR VR T ARSI 1R L 5
TESEVRTT AR B BE40% 5 G AR R B 12457 « 5 2% A AR SR B B 52497 « 5 R G A SR () 4 B8
145 52 GEMRIPE T SR F R AR RS A S TSR KRN E IR .
[0151]  1.9.®YMHE LA K& T 575 -1 B AT — I, A FriR ONSHR I « 70 iE Bk 45155 40 8 95
(5 an a4 FREC ) A4 51 2% VR B AR 38 Th BE R AS B an SR EURE (B an ek X0 3 ik gl 5 -
TEARAA IR B AR ) PR 2 TUER R B AT 4

[0152]  1.10. BT LA K& F 575 ¥E-TH B4R — I, H A BT IACNS 7 o fE B 715 =2 49 8
IRATHERRIE

[0153]  1.11.75%k1.10, A iRBITHEA IR FUAIE B BT /R IFRK R . 2 K HETE
o EREMENLEYE IR (AU B R B B AR R R R R AR (BT AL B RREL L Bt
REWRE. . FEVKK.ZRASH . HERER VSHMEBEL GREEEEERERE.
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BEENNEYE B EEERER Friedreich’ s) FFFHR A JEMFEE AU BERW) AHXH R
iE B R AR ROIREE I8 HECNS 2 E B BT B -7 (Charcot Marie Tooth) 7 ¥ JR % 14
IR JEREIT (B KEREVEMZ R E) IR B 5 KA X h . 55
RABFFI S I BMZ RERIE RSB EAR T 5HEBITHINE M AR ML HE N
e, BEERRE TEXHERE  EREMZE . JUR Bell) WE.EENT /- MEFIR .
W8 R EE AL AT VLB 48 3T M E BE A B 40 A R B IR B Bl e e Y 1)
LA E IHESR  $H 2 ARG B BR H O BRR 42 B 4E - B B A 2 55 191 o G TR B A
K.y -ZERZE . ZHALER VBRI B S AR K AT L nhRE 1 = - F (Gullain-Barre) 4%
A1iE.

[0154]  1.12. UM LA F ZU5 k-1 BT — TR, 3 A CNSHR I « 3 il B4R 45 R CNS TR
RAEE M & AE (FIanEm T R AE) 51HA 35745 U 345 AT 51 545 F1/ 80 REHE
Aty g i 4 F5 45 o

[0155]  1.13. AT LA K T 5175 V-1 BAEAT — B, Fo A 5 PDELIM KRBy i I A T #h 78 B
PN /SR ML TR/ B R4 A

[0156]  1.14. 8T A K T35 E-TH B 4E 4 — IR, 3 # K PDE 1 #0570 5t FH 2 7R EE H 94
REEE

[0157]  1.15. 87 LA K& 575 ¥E-1 9 4Ffaf — T, £ 4 PDE1 #1351 4 155 48 . P c AMPR 7K
(01581  1.16. AT LA KR T 575 #E-T9 BT — T, F 9 PDEL #1177 B IR 48 i Y cAMPR 7K
[0159]  1.17. R AR T 5 -1 44— I, A PDEL 1 15 PKABKPKG I V& 14
[0160]  1.18. AT LA K T 75k~ H B Efa] — 1T, B PDE 1404155 38 INPKABRPKG R V& 14:
[0161]  1.19. 80T LA K& T 5 73— 19 BIAF AT — I3, F = PDE 101 #1) 37 £¢) 5t FH 384 fn c AMP A0
cGMP7KF.

[0162]  1.20. 80T LA K& F 575 ¥E-T 9 (424 — I, 3+ PDE 14 il 35 B4 5t A v 40 g 9
cAMPHI 7K, 3¢ HLH A BT ik 40 19 c AMP/K S 5 BB s 2 AR P/ B 2 AR A
[0163]  1.21.R0TH LA K FFYFFIE-1H B4R — T, B8 1a) 8 2 it 7R AR E R PDE L #]57)] ,
ik B BN A A5 K A& (ST s FE5 B R B AE » 3 L H H PDEL 47 il 571 B3
1EFTREE KR — B F & o

[0164]  1.22. BYTE LA K T FU5 vE- 19 B4 — I, Hh 48 PDEL 31 7 B ph it B 5 H
eEEYRAEHR.

[0165]  1.23.FUTH LA K F 55 k-1 BT — T, Ho AR Frid B R A5 2 i3 B A4
2 TCAIRE, 3 B A IE S A TT R I B 2 2 R AL .

[0166]  1.24 . BUTHILA K F 577511 BIATAT — I, A 4% PDEL #1157 55 FoAth & Y 4 4
AR, LAYRTT 2 RIERELL

[01671 1.25.2. 11054, AP R ESEYREE TIME BBERENER (Glatiramer
acetate) . B ER A HT (Natalizumab) . Gilenya® (354 2is) Fampyra®. 45 44

FFIE _E R B R
[0168]  7E 53—kt 7 R, A K BHARHE 7 VA LT, Hoop 5 i T TR G 1R 7 ST A 142
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4t (PNS) =7 « R iE B 35155 B 4EL & P A 5 v, B rb Bk O 12 B 356 e 78 2% B B9 PDE 131 1 571
(B an=VELL . 1-1. 145 R 4b A4) » CASR 3 40 P9 9 cAMPZK T

(01691  Hiim, HIEITIEALLE . .

(01701 2.1.75VEIT, HAPNSE R AE B 115 1 B 51 [A) BB CNS IE 5 ThRE R R E .
[0171] 2.2, AUTH B K R B0 A7 v~ B 4Ffa] — 300, A S PDEL G E 2 F EH A
fhek B .

(0172)  2.3.ROTH LA K T B 7731190 B 4 4a] — 350, e A PDE 130 #0757 FH 50 40 M2 A c AMPFA 7K
[0178] 2.4 . AHTE LA K& F BI85~ T1 5 BT — I, F oR PDE 13057 (B 40 B BE ek 81 3%) 14
I PKAFA /X PKGIE 4

(01741 2.5 . AT LA K& F 3 77 3%~ 115 B AR AR — 390, 3L AR PDE 1M 177 (451 40 B 482 B[R] %) F+
=1 PKAF / 5K PKGYE 14

[0175]  2.6. BT LA 2% T 3177 vk~ 1T o BT AT — X5, 3L o PDE 130 1) 751 ) 1t B 7 cAMP A / B
cGMP7KF o

[0176] 2.7 WU LA K& T 575 #5119 AT A7 — 301, 2 A1 PDE 140 1) 7 (6 5t FB F+ s 4R
cAMP/K-F, 3 B A Bk 40 P cAMP/K B Tt 1 (R 3P 40 48 47 4 , AR PR 4 S Bk (R a3k
SagEK GlnHmREL) .

[0177)  2.8. Wi LA & T B0 A V- 11+ By AT fa] — T, oA & ) BB 3 e F A & A9 PDE 1300 1
7, Bk B BB A 5 KA (B a0 18 P T ) BRI R R BRI

(01781 2.9 WyTH LA K& T 577 - 115 4T 47T — TR, £ A K PDE L HI ) 77 s bt I B 55
EIEEY RA G

(01791 2.10. 2.98975%%, HAHFTRiE MY Rk B 1GF (14N 1GF-1) B [E AE .

[0180]  2.11.HGTEILAJ T BTG - TTHR AT — I, A PNSIR A R AE S R 457 1 B M 2%
(Bl EE AR B EHEREMEMHER) A F LR B EEIE . AR FE IR
AR ORGSR B AR D42 A1k .

[0181] FER—LHEF RSP, AR\ IEIIL, HA 11163 76 8 TR 5% % i
JRUE B /N = TR NS5 97 B AE O 4B & W R0 7 ¥25 , B Fh iR 5 VR B9

(0182]  1.) MAMEBIRIGHES 5

[0183]  2.) JWEHEM BB E57KF

[0184]  3.) A EWFES I N E5/K T 5 S AR AT HL B

[0185] 4.) 55 EirvEMLL, B THRAE KT, EBE T EA BONSKIRIURIERN
A 5

[0186]  5.) BT MRHI4NME A 45K, I A& FPDELI &I (Flanvekl. 1-1. 147 {F
m—X &Y (Bl MAGE FAPDELIIGHIF, R A 5 & rEMLL, A F A S 4
HEEIKF) .

[0187)  fHlan, FFVETITEAL4E

(01881  3.1.4¥EIII, Hehkefh2EMRER .

[0189]  3.2.WIME LA K N A7vk-T119 M T — I, oo R AL 22 58 4R 6, NI B 2B 4
B BI85 7K
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[0190]  3.3.®UMI LA K& NI AvE-TTIH BEAT— I, K 534 8 (Bl S %55 4E) At , &
HAMBA BT TFREFAEL

[0191] 3.4 .BUME LA KR FE A ¥E-TITH AR — 30, Ao PDELHMGIFE A E &, 5X¢
B (BInSE i) AL, Frid 838 B8 BE A S 4 A 557K

(0192 3.5. /00 LA K& T 75 - T1TH (¥ 4E 48 — I, 3L =R PDE1 400 1) 751 i Jte A A2 22 5By 1k
CNSHN/ B PNSHR I35 B fE I FE A » L FH ONSHR IR BURIE 2 5 & (B a8 1 =) B4R A 45
IKFAERET

(01931  3.6. AT LA K T J5E-TITH 39447 — T, 2+ PDE 14 i) 77 2% it FH B 1R85 2
CNSF1/ B PNS I BRI AE B 7] B 14 , H A ONS AN/ B PNS I R B i 2 57 (Bl ante 7+ a)
B 4 PN 5 7K AR SR 1 (B B 5 ek T AN ¥ 1 145 vh B 3710 7 iE B3R 9+ MR AT — )
(01941  3.7.®ITI LA K& T FE-TITH B AR — I, o prid ik Rk tha S M E B E W
cAMPEX,cGMP I 41 P 7K o

(01951  3.8.RUMILAK T -1 IR — I, H A i PDET I S i aE 5 R
EEEYRAERER.

[0196]  3.9. %y LA K& T 77 vE- 11T I 4E AT — T, 3 A il FHPDE 1401157 , R R b5 %ok B A
R AL , B3 B KK P 5 cAMPAI/28.cGMP.

[0197] AR BALESYR] T 1B IT I E7E T cAMPAI cGMPAY 5 1 38 B 4 A SR B 3R B B IR »
FIanfE VAR F R ZER S S S5 02 B A —E 40 & (NO) #0850 K PR KA PDELR
15 38 N B cAMPFNcOMP R 1A P& (IR Y 45 2R . 8 1L 5 1 c AMP I cGMP4# PDE 1 [ £ 34 HR b 3% i c AMP
FcOMPRI AP 7K F , AR BB S Y385 ML B BR & B FRIREYE

[0198]  FE S —SEHE 7 R, AR AIBRML TIRIT 73k, &7 iR G155 A A EKPDELHN
HIF7 (B anVERL . 1-1. 14 BMERI L& 4 DLIEIT T R R —FEiE .

(01991 (i) METHEEIR, BFERERB A TR B E shPRE 5 EWR . FTRRER
R ANZ5 ) 5 IE B REAS 5

[0200]  (ii) fE#HFRETS , EIFHEL 7 &= ST GRFERE 05 (v B 6 E £ 305 - SUH 1% R iR
(bipolar illness) £ & HEARFEAS 61 40 & VR VR BE 7 « I\ S0 45 55 6 0 4 0 S B WA A 453
E R EFRFR LGS IIUMIE BEYEXSE B HE A5 A0 D2 77 B AN 259 e

[0201]  (1i1) FEFAFACo 0B 5 0E , 60 45 i I 78 09 « o XL 78 I A4 o B 95 1 L I 1 7
If 451 4n it s ik v o RO ThEE R % , S 45 E PR BB 5 5 PCT/US2014/16741 7 Bk i Lo I 8
IR AFERRE , S H A B SIAXHIERNSE

[0202]  (iv) MR RS RN MR IE , B 3G ISR EM R A R & 4K, UL R E &
G & PE RN 78 PRI 5

[0203]  (v) JE3d $E 3R Z2 B 5 5 1T SR AR XD R 0 151 G e 4 14 Th e P i

[0204]  (vi) R JPA BURE B a0 kE #9% T LR B A S AR P &

[0205]  (vii) B4 R ds s

[0206]  (viii)4F{E7E T 7ERIEPDEL A 40 A {K /K P c AMPFD /B cOMP (B35 c AMPF /B,
cOMPAS 5@ B M HI]) AT B R B & ; /B

[0207]  (ix) LAPRAKAY 2 2 AGD1 ZARAE 5 E R AR R R B 3

[0208] QHAFEHMARIYEE BABTRENAKBILEY, B0 B EZ % o]
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B AT A AR IE (B analvekl . 1-1. 14 B AIL-&9) B4 &4 .

(0209]  —J5TH, A<k B4R AL VE I7 BRIARH & (B MR B 5 ik  FEAS SE 5 320 , A K PDE LM
w5 (B a0 RVERL . 1-1. 14 R T & W) RIEME—1RIT YR (B R ET UL 5 H Mg 19
JR B A {8 PR B 5 5 HL AT 1 400 SR B B R o R b, 5 B B L3 VA 9T R M PR R B 77 vk, L
BIERE RIRER R M R EREM A EE IR A REN ISR % L #2 0
AR

(0210] (i) PDEL#MHIF, Bl aniR#E (Bl anvakl. 1-1. 14P B{EA1L &4) Rtk &4,
[0211] (1) RHANESBAVERALEY, GlInikE (o) PRME RENEH-FKAKE
MZETRRZEEAL &4, B iRk B B s L 45 be 2 3Efthdy  FP LR TR B ANIIL 384K 5 (b) BEIX3ESE, ()
PUHIAR 5 an = FRPUHAR ) (ELFE A IKRE | Hb 5 i B L &R 1A B AN 2 &5 4) Rk 34 M vE
BRI (EFER AT A& M) s /3% (d) v -$BHE T ER GHB) «

[0212]  A—75H, 4 KB IE RS I S TRy vl iE i e n e B (5 B4 S AR R B
%, AN FERMIASGY EEEHERENHE A% L2 R
KA RANE DB ARIERVERL. 1-1. 4R E A — RN & B IR RE S £ S
A EZAME R E R B EE AR TSRS, 4 RIME (FliniEshEm S 5 I
YU 4848 FEAERAREAR R BRI AR RRIR) , HZ R4 &1L, B0, A B Hlin R E 7~ 5l &
BAE . AR BEEAS, R EFEHM, BREME, 8 & REKR, 2 &KL, 5757
AR, 1 51 R 928 F1 B R BR TR VAR - 90, 8 i3S = 22 BR S 546 5, PDE L3157 el i@ i %f 7
BN ERMAERTATRENER, 3T B T ER %NS B IRZERThEE T 5 T Rr= 8
2 M e S B3 SRR - 5 20 S 7 B R BY 35TPDE 3k FAE AT B TR I X B TR LR S
AL MEBE-FSHFE N BRI EREE SR, Bl 5 MR/ B/ M=/
B ZE B/ R R A T A - AR B 7 Al mT BT sh W R, 9 0 70 B A AR ) N PR
FLEN S SRS R/ S Bh 1

[0213]  FEIXJ5 1A, PDELHDIFUAT (B ME— V8 T ¥ 5, T iR I8 y7 BLIR: 5 ik . (H 2 I8
AT U5 FoAth & M) RBR & {5 I B FIBT M A, Bl in SR ST IRBA FIk, AR ic 8
VRT3 5R 22 B S T 1 B 4 AU PR 1 O VK L % 5 VA B S R A AR R SRR B b
(contemporaneously) [F) 7 ZH AT A B sh) B & 5 G T B M ER B B2 % LRl #%H)
AT AR

[0214] (i) PDE14M&IF, BlaniR = vakl. 1-1. 14—k &4, A

[0215]  (ii) B, Bldnik B MEBEE FOMEBCE N (91 Gt — B L ot = i — R G 2%) D
ZlR 5 Z B (B anZa8 R (progestin)) o

[0216] 7% BRICIR (LI B R MM A AR L E DI AR A E 5L FEEN %, &
BIEF TR MRS E B MEIPDELE R BB a2 % LT 2/ i 2 R
)7 & BA A& B AR R R VER L . 1-1 . 140 — R 1k & st

[0217]  AKHAGCREEFTERLFBEEHIERITPIEL-HXFRIE. ZE DI ZEARNES
16 % 15 B 2 T A I 3 0 22 R 15 508 B T R AN RRE B 7V 2 VR L R ) R 2 T A A
PDEINE M EM BB % L 2R AR AN A RELILEY, HI AR IE R VL
1.1-1. 14H R — A4 &4, H A PDELVE M 8 7 DARPP-32 F01/ BK,G 1 uR 1 AMPA 5% 42 A 8% R
1.
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[0218] A —J7m, A KB R A H T 6T FOLIRBUR A w1 7 i3, 1207 B HE I AR R
FRR AR T RIIE T B B B0 B 825 2 b T B2 I #h 1 3004 A R BA PDE 1490 1) 371 /=5 350 e
EF/EANBENRE  ARBAESWHmRREAVEL. 1-1. 14 EFA—K UL EW R
i, B ARHE 657 AT LB 2 B8 IT - & 56T B4E B 06t B R MR A VR ¥T SE O R
75

[0219] AR EIGRE AT RERERN AK S S PDEIMHI R LA &Y flina & 5R
P AT 52 52 00 1 B 77 S 1 A 5 B TR 4 O 90 T EBBR ) T 5 2 (4 2R T =X A A 2% B (¥ PDE 1 410
B AR FEAVER L. 1-1. 14 R — AL S DRI ER BHA R IR Bl PR SR B 7).

[0220)  {Ekth, PDE1#RHF) (1 anz0VELL. 1-1. 4R —) TLL 5 A F a7 B LHR 2K
HR FE 5t 5 B 58 — Ah 25 W0 AR o IR et 8 R o 2406 PR P PV P ) R, B0 SR VR 9T R AR T
DR TN R —IriErE R 2. Bk, TLLCA W RE & EMET 2 —7 iR
FT@K-FEE) RGBT AR, & v LB IR E E . Lhr b, AR B AR E RN
il AA R B AR R A R R A0 = 7T R R R AR B R B A M SR R & FNBIE A, LA KR
YEANE M 5 I B — ST R 1

[0221] PRk, AR BIRALVAIT % B F ORI AR EA SR BN H L, Z A EaEnEER
583 IR 1A  [R) e Bk 2 e PR 2380 2491 . R 41 8 0 PR R IR PR ) 2 0 J A R A Bl
VLB E BT B B2 % LT A BB A9 AR BIPDE L &5], Bl iR 45 x0vakl . 1-1. 14
AR — KB &4, LA RE MR B 89 B &14 5 i & FIPDE LI B 40 & 75 — xR IT
Bt B RA R .«

[0222]  — 75T, 5 — FPEL P Fh 42 B3R S5 e P 2 AR AR o (R bk, A R BR SR L RA AR VR 7 5 R R 5%
HR FE 5+ 15 B A PR O 7% » 303 1o s P P B P IR AR P R 69 2 04 R 5 AR & Y PDE 1410
151 0 R0 8 [ e B 2t PR SR S B o SR T 5 3 FT LAMSE PR SR B e P L MR T v, Bl T 4 1
T -

[0223]  FJT SPDE1#MHIFIE &AM L H e AT UGl aniE A RF 249, 85 a5
BIBURRER LB K B _ERRE I I B SR & B-FH B VG 77 )0 FRVERD S /R , LA R & &
it FH ) B B ST i 410 861790, 491 4n 2 P A fie o 55 T LA A8 D IR kA 0 41 50 491 20 B R SRR 2,
BiRBA (echothiopate) , 3 HH R A RMTILEFRHER B, B 87 B FI87E IR 1
2y, B

[0224] 1. WIZUAR R XU BI IR BRI FI R (&EFIE Xalatan)) , L FATFIE (5 EAR
(Lumigan) ) FIEHRAT SR (Travatan) , KR Bk B IR 2 R B IUBR o Lb a7 5 5k
WA/ G -

[0225] 2. FH#iB-'% L ARER RE 2 AR FE T Bl N B ¥& /R , 7o A i 4 /R (JUAR (Betagan))
FEARIE IR, H B ARBE AR 8 B3 K P2 A

[0226]  3.ax-'§ ERRFREBBIFIGIINIR K JE € (B4R (Alphagan) ) , Hi@id X E MLl k2
TR, BRAR S /K= AR A IR L R IR

[0227] 4 BAREFHHMZBEAL L E EIRFEFMITAEK G5 5 (Propine)) 3055
IRGE/NZEREIFEE , UL R AT R AR 5 EYURSE B 2 00 H , AT AR @I B shfE A
[0228] 5. 4RAE T (RIS AP ZY) AL & bl i Ui e RV R e 1 L, S (B /N R ) 5
TRAIEB5 7K 18 0
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[0229] 6. BKEREFBE M HIF a0 £ i % (87 &% & (Trusopt) ) AR ARME K (JRILEA (Azopt)) < &
BEMe i (Diamox) 388 ot 490 1R PR A 0 ok B2 T g 1 P2 A B 7K 0 d o

[0230] 7. FHRERMAHATIETEARMES BT,

(02311  fgn, AR KERIRMZAMAEY, HEF 54 % o] 82 00 B 7 S8 s 4 & 5k
BRI R B F LT B A9 AR BIPDELHNHIF , Bl anR $E R VERL . 1-1. 14—
HIALEY, L KIEE TR : Q) siFIIRESR, SEmHIE, b T 5 &, th R AT 51 R E
HLDRTFIER; (1) oF LRRE e Esh M iR B 2 52 , Bal ] 5k 8 st TT AR AR (111) BE R
BEhF B At & & . F a0, A K B IR IR BRI, K-S H iR Bl T 82 i N A Kk
BIPDE-1#0 %5 Bl MBI/ R VELL. 1-1. 14 EA—RB L EWLL KL SETFIE .
abrimonidine JRE B & JEML K /REHA S, B15R B ] 82 FIF R S /4 40 & Bk
£ AR B T IR BRE A, AT BRI AR N RGBS 1k B 3 B B Eh R B B
o flan, X Fa'F LERREEESNF, AMITER'E IR R AR EFEBEFBE 2%
IR R AR EEFI B IRE B E T B-F LR RSN AR E JHE
7R, ATTA] % 38130 Bo 3k Baide B M FE F 77 o A TR AT 18 5 B 4 52 42 M 28 481) My —Ms 1) e 4%
Y E RSN

[0232]  WIAEPDE1#MHIFICARR BHE & =05 A , L EREIR AN FLFI BB 7). IR
FHHEYIRT AR RE KRR A R R

[0233] RTER—SEHEFIH, vl KA FFRIPDEL I HI7 5 T B 2 B RIR N B RA S,
B ¥ i AT DL 2 b S A 2 R IR BHA R B A BRIRE B E IR BHE W BB B ARIRE fé
5E /T SR BRME NG 1% /R AR BHA VR T

[0234] B&7T EiRAEE,BC HFH &K BLPDEL#D &5 (B an=Rvakl . 1-1. 149 f4E4T — )
A T 1897 RS B an DR # R R AR B In 40 3 AR AT B A o IR R B AR B S E AR
FELREIE B AEAAT 7 5B, B Gk 4 a0 SL0E L 15 B M 2 BORE L KE 1 0 BURERE RS IR R RS P R
15 ARE ANERAT , ) 0 At BT M R AR FIXUAR S BB TS . U 2 AR B R4, I\ A
AFNE A FUR MR 25 Pl 0 BT B B A X 2 E LD 52 AR i 45 B iE 1% . 2R T , PDE1 371
FEE R INZEREDIZEESESHER 8T 8D1 Z &5 5 1% F , PDELHI |57 7] 15
JIn2S i [X 325 5 an 7E AR AZ A & e FET A 52 BT INMDASZ & ThE « BTk The i 3858 7 W T
151l 2018 5 NR2BIE. 22 7T INMDA 3% A , 3 BT 451 40 i St FI 2R B W BB A K IR BB ) Ve AL T R 26
[0235]  [K| g, A A BEHR AL VE 785 1070 B Q0 A% 1 20 B0E 4B B M 40 SU0E PR 4> SUERE R
RS S (R AT AR AE A BRAE A 3T J7 vk, Bl a0y T 2 R M Ak AE A SUAR 1 R RS R B 0T
L HEREREERNBEERRTAREN IR % LT 82 3 AR A K 8RR
—FEE5-1 (PDED) #Mai3), B aniR#EAVERL . 1-1. 14 R4 — EIL- &40

[0236]  PDE1HR&IFITT/E AR —IRTT YR A TRIT P LR 5  (BREFTAT S
H Ay B 4E A B R e F - BR i, ARk B X BB TR I RE £ 7 9 Ok #R  RLE 1B B
FURE VRS > ZLRE BE RS MR ES R PR B AR SRR v, B FE R R E RN B E R,
IR BRI B Ve T B A E ) :

(02371 (i) A K BHRIPDEIIMHIF] , H ke eg 8k 2h % Lo 52 2R T2 =0hY s 0

[0238]  (ii) HUKE#m 54D, B0

[0239] 2 fpE R ZS, a0
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[0240]  ZKT ERZEHI N HE IR ERE (Haldol .Serenace) EWKFIZ (Droleptan) ;

[0241]  nyIERER B NS N (Thorazine.Largactil) &% J58% (Prolixin) &5 3k
(Trilafon) & & % (Compazine) \FiFiEBE Mellaril Melleril) . =& fil&
(Stelazine) ERIEE NREE L L& . =W (Vesprin) £ FEHE Nozinan) « FHE
(Phenergan) IL & 554F (Orap) ;

[0242]  ngzndi 2k ) an & LI Mg . = &0 Ml (Depixol,Fluanxol) EHAMENE (Navane) Bk E(IE
B2 (Clopixol,Acuphase) ;

[0243] R ABIHUREIPIHRE, B,

(0244] & EF (Clozaril) \BEF (B 5K FIEER (BB &7 (BB Fhf
BR (Geodon) E M4 F (Solian) \MHIEIRER (Invega) BT SLARME (Abilify) JEEZE A iE
(Bifeprunox) ; = F & EF,

[0245]  HOWUeRsaidy ¥ brl 8 e .

[0246]  FE—BARSCHET B, AR P& Y04 5 BT 1877 BUF0S R 1 0 B5E

[0247] BBl % b2 SR A R B AW 5T BT ETrMER KR s
FORE VR AEVERESR B YRR FIMEYE 1 ThRERERS .

[0248] IERTER—H T, A K BH IR ML K BIEINEE BA KK ik, & EE T m S EHY
B HIHR R [F) 48 . B o Bk ok i F R A E R AT SR R it BT R 55 X EN
BB b T2 S U AR & BH PDE1 il SR SEFR

[0249]  IEAE R —J7TH , A K B IR ML VE T S TRBH GG IR B0 5 ik, KERE A& EH Y
BE AR A RER RS % LR % 8 0 4 & B PDE 13 #1771 an iR 98 R vek
1. 1-1. 14— &Y. B 5 (TBD B8R R M Hin gk x 55, 8153
ERFNSR IR P AN 145 o 4k R M35 VR B B BT I FE K 2 & AT 48 B8 0 0 AR B K
IR R L (B anvE VR B FER 2 B A5 0 B R A SOE EiR BRI EN)
Higd & Rk 30 51 2 E R B R 5 R %Ak .

[0250] A BHIE Rt

[0251] (i) BTk B2 % LT 2 S WA KB &4, FlantR #Evakl . 1-
L 4R — &Y, H T L SCATR AT 5 v B AR T R B E 18 7
[0252]  (ii) bEOCRRRAiiF B B2 % L AT B2 s s Ak B4k & B anAR B Vel . 1-
1. 14 AE A — A R TR TT B SRR BT R BORAE R g (EHIE A FiaiT £
R AT R BURAER 25 B ) ‘
[0253]  (iii) YA, HEH L XR M S h% LS AN AL HALE
W IIARIEVERL . 1-1 . 14 F A — R W, Z U EY 525 % E T2 R B
HH SIS,

[0254]  (iv) 5MAHEY, HEH LU RN E R A% LT #Z SR ANA L R0 &Y
BIANARIERVELL . 1-1 . 14— R EY  Z UMW 525 % Lo BT B 84
HEBEA,

[0255] Rk 2544 &4 A TV6 97 b SCRR IR AT A S5 0 BRI JiE

[0256] Rk, Ak B3R i BS B 25 2% LT 8252 3 M0 1 SRR A & B AL & 0 151 SR 38
VERL . 1-1. 14FE] — KB VI A SYF R A K L&Y F T 1697 B TRs
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YEWGTT NIRRT AT AT — PP el 22 T & , SR H)4& BT 897 S VR IT T b B m AT (T —
FHERZ M ZF &  BER R A TRESE . BT IE31K A . F EWIL K T /RK
HEREC T A1/ B2 5 AR AU IZ BIFR 1S s 3R L E B BRIGRE TS v B J1R a1 2 BhFR 1S W XU
PEBH% (bipolar illness) EERE BEARFERS . A VR MERE SR DA B35 ) a0okS 40 40 ZLRE A\ 50
TE R B E R SRR IIUMUAE  Ja 1 XSRS AE A5 10 04 4 77 780 7 A0/ B0 24 W Rl RR 5 fid IfL
BEIR T XG FE I O RS vt P e s LS 51 S A 2 ik e e D/ B Th BB RS s B M
1% 11 PR 22 14 B o0 R/ B R 1 B A6, DA IR B B B M R 4 1 2 7 5 0/ BSUMEE A2 14 T e PR AR
EEMEAE ZIEHER AR FE IR R RE IR OR BERTSGAIE R0 kA
B AANAZAEN. R TFE ML F REE . 2 KA 5150 AE R 87T 51 AR & F1 5
AR T RE AR F1/ BB R -5 B 0 2 B IS A 0 AN/ B E ; AP iE 72 T 7 R A PDE1 19 48
B B (R 7K S cAMP AR/ B cGMP (3538 c AMPFH/ X, cGMP1E 5 1B BE O $Mik1) BT = R m Bl B/
SCCARR K 2 B RED1 AR5 S iE M ARHMER AT B R M BUR B A /BT E S 22 (S 5 % 51
BRI AT SRR ER & .

[0257]) ARG RAEFE A F EAT B2 BN AR \NEY AT IR 7 SRpr 6
7 I R ATAT — F BN 2 T 7 1Y) FH 3R BRCLE 11 28 VR 97 BRI MR VR 9T T R AR AT — P E 2 PR e
125 ik

[0258] &) HIEHR, RIEHA S,

[0259]  b) ¥& 9%, Hl LU MR AE R I INZI %  EE AR AR HF RN EESRE S IEME
R ELVFRE AR AT 08 18, 9 A4S o 20 SE 1B B 1 0 B0 A 0 RUE B AE PR A K
PR RS ABRE AT , Bl an S R BRI M R R RO SURR R R R TS

[0260]  c) A5 14 o 453 4% , A/ 8K,

[0261]  d) HAXFA BB R AT VEIRAE , 455 A2 BB ARE T AR 43 () AR L

[0262] %5iE “AREALEY BK “A< & BA KIPDEL &I F)” SIE SCH A F AT R B L&
YA nsVERl. 1-1. 14454 .

[0263]  FHIE “VA T AHRL I K B8 AR D BEFE B o R IR 1 PR AR 7 BB LA R R i R Y
[0264]  XFFVRIT L, X FT AR FE Y897 B 3 E” 5 B LAYA T B 82 FICNS B PNS /74 «
T IE B AR 4 1D 0 3 25 U R I 254 (PDEL#D I 70) B9 &= o B 4, ¥ 97 8 A= A9 PDE 1 310 il 551 AT LA
7 8 LA 5 T 386 0 40 B P9 c AMPER cGMP7K F . B (R 40 BB P9 57K S A/ 3 ineh & B AE ) &= . 48
Felt , VA IT A R E R AT L R IELZ 54 B LECNS B PNSH % B I iE & J i 78 I PDE L3I I &
[0265]  AiE“BE”BHCME" B ANBIEN (BI3h¥)) B A — BELi Ry, AKHE
FEANFENEE ER—EHARF  ARPARFEEARE LR —ERARP,ZRIEHE
FENEE .

[0266]  SCH T FHBIAIE “Sf BEAMA” 48R T NBAE NG WL, R B AN/ 80R 3 IR 58 ZB.ONS
BUPNSIRAE SR 1E B0 I BN/ BUREAR 3O BT I ARE “S AR F5 X3 BB Fl % B
MBS, A MEMREER. A—FHH, RE “SEHRHE 575 H BCONSEPNSIHRIE 5 &
IE R R BN/ BURER 2 BT, BE R TN EMIRELE R .

[0267) BT FHBIALE “EMeEm” P EHEESF B HI A YUE AR RF Y 90 f ek H 4l
FIER 4 AP AR AR AS L RS SR B S AU PR 9 £ L cAMPER cOGMP7K T ) ELAth SR IE SR 1S I £
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MRS

[0268] g “FRE RKAEF & X AR T W) R BHAFIET #04 R A B2 E el 5T, s R
Bt RIBREL 7 S G AR P9 B B AR B AR S 2 R A B B BURE R B SR AL 2 R BGRAF
[0269] ST By IR “ONSTR 4% 7] 60 45 6 n X 4L W B4 45 15 4 B B 40 28, B Y i 44 ,
R~ B 345 , KA 3h Ak - HE S 1345 , B BB 1R BB 47 , B 6 B U % AR 1
NV Fi BRI, PR 42 A5 P A5 B M 48 PE R TR 55 & 1iE - SCHR BT F I “PNS#R 4557 o] EL 35 9 an et
AREMALRMHENRE, KPR RETOHEHE (esion) S — L2 HS BT .
[0270] bR fIERSE A ¥ R S AR B &Y (Flanvekl. 1-1. 149
AR —3) T RER—BITYR.ELEUATEXthEMRASFERASERTS
HALVE MY B R A .

[0271]  sEiEA4s & BH Sk A3 & 24 2R R AR 18 45 an B3 77 B BB R R B0 28 BT A I B4
A RBED TR R A BT R ARKBLEY T BT EEEEN
AR, BHEOR. B BES . EFS0E RN A, (B2 7% E T O AR . 8%
5, LL290.0122. 0mg/kg K A E O FRiE IS RATLLRB S AW BN R, FlinstF
BIT EXXETRRI R S R, R KRB s A, O IRAE AR R HREB NS
0.75%150mg , J7 B — it A EE DL AR B K iE A2 Z 4k s LR GER .
BRI, AR e R B B AL R B BN mT A& B 29000 2E 7581 50mg « BN £ ) 0. 2882 . 0 F
50.758100mg ) 4 /2 B AL-A 4L K A F R B 25 % L ] B 2 R R s ik

[0272] A A KBS IEIZIPE A AT LUK F 50 A8 B S i & JUR BB 7 R 77
AR R )25 o BRI 7 1 AR E T 0] LA EHE 71 IR B A R AR & 7745 .

STt

[0273] sChEfIL

(0274]  7,8-"&-2- (4- (krg-2-2) ) -3~ G-F|AEREHL) 5,7, 7-=H H-[2H] -k
M1, 2-a] Mt I (4, 3-e] ¥ENE-4 (5H) -

F
O HN
~
0
Z N

[0275] N?N

ﬁJ

[0276]  (a) T- (4-FREHLFFEE) -5-FF H-2- (4- (M pe-2-3%) %) -2H-mt e 54 (3, 4-d] %
nE-4,6 (5H, 7H) - —#A

[0277] 57— (4-BR R L 3E) —5-FF F—2H-mb e 3t [ 3, 4-d] mEnE -4, 6 (5H, 7H) - — @[ (8. 43¢,
29.4mmol) 2~ (4- (G B &) A F) -mkIE (6.0g,29.4mmol) F1K2C03 (4.07g,29.4mmol) [¥JDMF
(100mL) V& B 7E 2R T B RS 7 - N e B 2298 771 1648 B A9 5% B8 90 A 7K (150mL) e %
(25mL) AL KGR S WIAE ZIR B L/, SR S5 8 A V10 A /K e 37k (3 X 50mL) , AR B B
2GR FFR.97T%)  AFH— DAL BEATT P RMS(ESDn/z

N
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454, 2[M+H]",

[0278]  (b) 5-HF F-2- (4~ (kmE-2-%) FF) -2H-nt M3 (3, 4-d]mERE-4,6 (BH, 7TH) - — R
[0279]  J4&TFA (50mL) RN FI7- (4-F S EFE) -5~ H-2- (4- (Erg-2-F) F5) -2H-At
M [3,4-d ) MEnE—4,6 (5H, 7TH) - —#H (13g,28. Tmmol) B — 45 B 4% (80mL) R B¥k T , 153
18 B, SR G IINTEMSA (4ml) 4 R BLR S A ZEHFEE R 8RB £WF 1520
B AK (150mL) 43, B EHIZ0°C, 2R 5 28 % E &b (K4135mL) P ZE pH 8-9. it I8
J5 155 20 & Y R K MEEE3IR (3X50mL) , A BEEE T, 83128474 M=%
134%) , REH —Ba B H AT T —2PFH MS (ESI) m/z334. 1 [M+H] .

[0280]  (c) 6-% -5 FF F-2- (4- (MEre-2-FL) " 55) —2H-ME M 3 [3, 4-d] Mg —4 (5H) -FR
[0281]  4g5-FE-2- (4- (Mpng-2-%) “F &) -2H-Mbme 3 [3,4-d]MEnE-4,6 (5H, 7TH) - —
(8.5g,25.5mmol) YE& TPOC13 (300mL) #, 2R & 18 I BRI IR &4 BR300 /G , I
& £POCLs. B 15 BRI AR B # F/K (300mL) b EE, B #1ZE0°C, R 5 28 % A b8 (K4
30mL) A ZEpH 8-9.:3 U85, 115 B84 Bl a9 F/K k5K (5 X 50mL) , R Ja B2 TR, 15 2
8.6gHr=Y) (H=2:96%) , RAH—PHAN B HAT T —PEH M ESDm/z 352.1 M+
HI",

[0282] (d) 6- (1-F2E-2-F HEF-2-FEFE) -5-F FE-2- (4- (Mt re-2-3&) FF&) -2H-nL
FF [3,4-d] m%nE -4 (5H) B

[0283] 486-F-5-FF H-2- (4- (MERE-2-2) FEHL) —2H-mt e 5F (3, 4-d] &g -4 (5H) -
(4.0g,11mmol) \2-& F-2-F H A 4x-1-8% (6.5mL, 71mmol) FIDIPEA (3.4mL, 20mmol) f¥JDMA
(20mL) IR EHTEL30°C T M#R /NG o P B 28 7 A5 18 BRI 5% 88 9 F 7K (200mL) 408 . i
JEFE IR T K R 2Ik (2 X50mL) R E R T T8, B RIS, Tgk = (R 80%) , R&
BN B HEAT T — 28 MS ESD m/z 405.2[M+H] ",

[0284]  (e) 7,8-& -2~ (4- (MkmE-2-F%) “FFL) -5,7, T-=FFE- [2H] WK 3¢ [1,2-alnit
M3t (4, 3-e] ME0E -4 (5H) -FR

[0285] & WEHRIES (756uL,10.4mmol) W MEMH6- (1-FER-2-FERF/-2-HEFH) -5-F
H-2- (4- (kng-2-3) FE ) —2H-nk M [3,4-d] BEE-4 (5H) — R (4.2g,10. 4mmol) KIDMF
(84mL) EW H N5 I N VRS WIAE S IR FE20mino A 7K (5mL) , LLYE K N o Pl R Z2 18 77 o
B IR E Y A S B EE, SRS FA5 % NaHCOs /K IR T e e 3Tk G BN A R E T, 15
36, 1t =9 G/ X : 152%) , RE#H—PAHN B HAT TSP M ESDm/z 387.2
[M+H] ",

[0286]  (f)7,8-—&-2- (4~ (MLHE-2-F) ) -3-F-5,7, T- = E-[2H] -BKME -1, 2~
a) MLt [4, 3-e] MEnE—4 (5H) ~HR

[0287]1 7EO°CF,441.0M LiHMDS (55.4mL,55.4mmol) A THFYE Wi InF#H7 , 8- — & -2- (4-
(MErE2~2E) FH) -5,7, 7- = - [2H] -BRM 3 [1, 2-a ] bt Me 3 (4, 3—e ] MERE -4 (5H) —FH
(4.6g,11.9mmol) FI/NE Z k%% (2.58g,10.9mmol) B & &% (130mL) IE i+ G R N IR-& )
FEOCHEHE30min, A& /K (100mL) AT &0 5 52 (150mL) ¥4 K 48 HLAR A K Wk 31K (3 X
70mL) ,REERET BEDEEME P HEEEAL, B2 . 5gH =Y HPLCALE :
96% ; P2 Z :30%) MS (ESI)m/z 421.1[M+H]*.

[0288] (g) 7,8-=&-2- (4~ (MkrE—-2-F) ¥ &) -3- U-FUREEH) 5,7, -=H H-[2H] -
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R FF-[1, 2-a] ML [4, 3-e ] WEE -4 (5H) R

[0289] #57,8- & -2- (4- (MEme-2-F%) ) -3-%(-5,7, T-=F & [2H]-BRkmE FF-[1, 2-
alltt i3t (4, 3-e]BEBE—4 (5H) —BH (550mg, 1. 31mmol) 4-FFEf& (125uL,1.31mmol) FIEKER 47
(361mg,2.61mmol) HI A~ /X & (3mL) B S HE SIS, 2R E M AXantphos (15mg,
0.026mmol) A1Pdz (dba) 3 (12mg,0.013mmol) R BR BB, REEIBMAEII0C AR
SEAT . BRMBAEYTLII0C FH L MA 5 —#tPdz (dba) 3 (12mg) Fl1Xantphos
(15mg) 4 RMYFELL0C T EMii24h, AsE &b EMEAEF A YA R R
Wradifh,, 18 3)352mg & P24, Jo K A FE R4 HPLCARE 1 97.4% ; 53 :54%) .'H NMR (500MHz,
& f5-d) 88.68(dt,J=4.7,1.3Hz,1H) ,7.88(d,J=8.3Hz,2H) ,7.74 (td,J=7.7,1.8Hz,
1H) ,7.68(d,J=8.0Hz,2H) ,7.23(ddd,J=7.4,4.8,1.2Hz,1H) ,7.06 (d,J=8.3Hz,2H) ,
7.00-6.93 (m,2H) ,6.94-6.87 (m,2H) ,6.79 (s,1H) ,4.90(s,2H) ,3.71 (s,2H) ,3.35(s,3H) ,
1.40(s,6H) .MS (ESI)m/z 496.2[M+H]".

[0290] skt @l B AL A 45T PDEL BR B 3 #5244 , 3 LA %5 T B T-5nME) ICsofE #1151 PDEE
P

[0291]  sLjafs|2

[0292] 7,8-—"&-2- (4- (6-FMne-2-%) F &) -3- U-FHEEEHE) 5,7, T-=ZF &~
[2H]-BkmMF-[1,2-a] b ME 3 (4, 3—e ] MENE~4 (5H) -FR

A
[0293] prf
0293
-+ @D

[0294] Ahﬁﬁ/i%’é“?ﬂ:ﬁ”@'l HAPAELSE (@), IA2- (4- (EF &) RE) -6-%nt
0, R 2- (4- (R ) R Mg BRI LY, (E KA B E Y HPLCLEE :99%) o 'H
NMR (500MHz , & 15-d) §7.89 (d,J=8.4Hz,2H) ,7.83(q,J=8.0Hz,1H) ,7.58(dd,J=7.5,
2.3Hz,1H) ,7.05(d,J=8.3Hz,2H) ,7.00-6.84 (m,6H) ,4.91 (s,2H) ,3.76 (s,2H) ,3.39 (s,
3H) ,1.47 (s,6H) .MS(ESDm/z 514.3[M+H]"

[0295]  SERGEHI13

[0296] 7,8~ & -2- (4- (MEmE-2-3) ) -3- B, 4-“HAFEEEE) 5,7, T-=ZH &~
[2H]-BKMEFF—~[1,2-a] LM (4, 3—e ] MENE~4 (5H) -
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7N
[0298]  (a) 2- (4—JRHFH) -7,8-25-5,7, T-=FF H-[2H]-BkMEIF-[1,2-a] it 3[4, 3~
e] g4 (5H) -
[0299] R AR T LGP IR (0) 2R (o) FATIR T ERI 7%, A b L&), B
HERIR () 1, IMALI-R-4- (R E) K, KB 2- (4- (EHFE) XE) -itrg MS(ESDm/z
388.1[M+H]".
[0300] (b) 2- (4-FHEXFR)-7,8-5-5,7,7- =B H-[2H] -BEMEFF-[1, 2-a] L me 3+
[4,3-e]mEwE-4 (5H) i
[0301]  ¥j2- (4—RFEHE) -7,8-25-5,7, T-= B K- [2H] Bk H-[1,2-a]ntk e 3[4, 3-e]
mERE -4 (5H) ~BR (118g,304mmol) AN BBy (57¢,606mmol) FNHHER 46 (200g ,614mmol) FINMP
(900mL) VB2 W, BEfE IIA2,2,6,6-TU R ZE B 4e-3, 5- —Fd (7mL, 33 . 5mmol) FICuCl (15g,
152mmol) o ¥ 2 BB EWE RS SA T T120°C T n#10h. e BUR B G RS K (4L)
WE, REHCRCBEER EEHMENAEERET BRNHEEMAERAE A AL,
BE103g7H (F7Z :84%) MS (ESI)m/z 402.2[M+H]*.
(0302]  (c)7,8-Z&-5,7,7-=FR - [2H] DKM H-[1,2-al At H [4, 3—e ] BERE-4 (5H) -
B
[0303] 4 TFA (600mL) A F2- (4-ZREFFH) -7,8-25-5,7, 7-=H F-[2H] -Tk M I
(1,2-alftmedf (4, 3-e]mEnE-4 (5H) ~EF (103g,257mmol) A & FF k5% (210mL) R &9+, B 3
BRI, ARG IMNTEMSA (168mL) 4 R MR S E =B T iR, B3 FERE L O R B
REWBIAAK QL H UG, B0 KR IR, A B S S EKE R, B G
FEWRET , IO\ B8 2 B8 G UTIE B B R 38, IR FK e =R, 2 BR Z BRI HER IX
UL K IR EE e — IR, ARG B T 1, B B45g7= ) (FZ :80%) MS (ESDm/z 220.2[M+H
1%
[0304]  (d) 7,8-=&-2-(4- (WkmE-2-5) ¥ F) -5,7, T-=H H-[2H] -BRMEH-[1,2-a)nit
e3[4, 3-e ] MENE-4 (5H)
[0305]  4%7,8-"4&-5,7,7T-=F - [2H]-DKMEFF-[1,2-a] LM (4, 3-e] % nE -4 (5H) - R
(1.5g,6.84mmol) .2 (4- (JREF FL) K H) miknE (1.7g,6.84mmol) FiK2COs (2.83g,20.5mmol) K]
DMF (60mL) VR 2 Z IR T #E2-3R R R 2 7 15 210 5% 88 4 /K (100mL) A4b2E, &8
AT, RIS IE B IEHE T TR, 5512, 19¢M 7Y 2R :83%) , RZ#—Haifk, K H
FHF T8 MS(ESDm/z 387.1[M+H] ",
[0306]  (e) 7,8-—&—2- (4- (MEmE—2-%5) ) -3-F-5,7, T-=H HE-[2H] -pkme -1, 2-
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al LM It (4, 3-e] ERE—4 (5H) -ER

[0307]  %1.0M LiHMDS (3.0mL,3.0mmol) I THF¥ARIE MBI T, 8- =& -2- (4- (LIE-2-
B R -5,7,7- =B HE-[2H])-BkMEFF-[1,2-a] LM (4, 3-e ] M5 0E -4 (5H) -FR (1. 16g,
3.0mmol) FI/NEZ e (2.13g,9.0mmol) B9 50 &t (30mL) WM+ 44 R BB S Y E = IR
FE90min, 4R 5 FIA 7K (200mL) EK WG IRE W A — & F e ZEEN3IR (50mL X 3) , & FH10H
MLAE AR 7K (30mL) Mk, RAEMER KR ET BB EREVE P HENEEAAL, 152
960mg A=, AR I B HPLCAIE :96.8% ;2 Z . 76%) MS (ESI)m/z 421.2[M+H]",
[0308] () 7,8- =& -2- (4- (MLME-2-%) F ) -3- 3, 4-“HFEEEHE) 5,7, T-=F £~
[2H] -k FE-[1,2-a] LM FF (4, 3-e]WENE-4 (SH) —HR

[0309] #57,8- "4 -2- (4~ (ALmE-2-2) £ 5) 3-8 5,7, T-=H - [2H] Bk - [1, 2-
a) MM 3 (4, 3-e]MERE-4 (5H) —H (230mg, 0. 546mmol) .3, 4- —H AL (106mg,0.821mmol) 0
TRES AR (300mg, 2. 17mmol) MIA-TKEZ (2. 8mL) IR &Y A SIS, 2R G i AXantphos (26mg ,
0.045mmol) F1Pdz (dba) 3 (20mg,0.022mmol) KR EIRF LS, R E MM E1107C K R TR
EMEES[ATTFLIOCH LR EE LG B AERME S EE bk, 1|
F1194mg & 724, FyK B [ 54 (HPLCAERE - 99% ;72 % :69%) o'H NMR (500MHz , & f/i—d) &
8.69(d,J=4.5Hz,1H) ,7.88(d,J=8.2Hz,2H) ,7.76 (td,J=7.8,1.6Hz,1H) ,7.67(d,]J=
7.9Hz,1H) ,7.26-7.17 (m,2H) ,7.15(d,J=8.2Hz,2H) ,7.03 (m,1H) ,6.69 (m, 1H) ,6.60 (m,
1H) ,5.05(s,2H) ,3.79(s,2H) ,3.29(s,3H) ,1.47 (s,6H) .MS (ESD m/z 514.2[M+H]".

[0310] sS4 7,8- & —2- (4- (Mkre-2-3) F3) -3- U-F-3-FERERE) -5,7,7-
=R [2H] Bk -1, 2-a] LM (4, 3-e ] ERE -4 (5H) —

e

O HN

- .
N)%

N

[0311] N)\N <\

NN
[0312] & RRFEERMNT L3, A AES IR () #, A4 -3- P EEE, RE3,4-2
BAM BB L =Y, AR A EEEY HPLCLEE :97%) . 'H NMR (500MHz , & f/-d) 88.70
(ddd,]=4.8,1.9,1.0Hz,1H) ,7.86(d,J=8.3Hz,2H) ,7.77 (td,J=7.7,1.9Hz,1H) ,7.68
(d,]J=8.0Hz,1H) ,7.26 (m,1H) ,7.06 (d,J=8.3Hz,2H) ,6.97-6.86 (m,2H) ,6.81-6.69 (m,
2H) ,4.91 (s, 2H) ,3.81(s,2H) ,3.40(s,3H) ,2.13(d,J=1.4Hz,3H) ,1.49 (s,6H) .MS (EST) m/
z 510.2[M+H]”
[0313]  =ZjEfa15
[0314]  7,8- & -2- (4- G-FMLAE-2-28) F ) -3-2F-5,7, - =F H- [2H] -BKPE I
[1,2-a]mtmeit[4,3-e]mEnE-4 (5H) -HH
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[0316]  (a) 7,8-Z&-2- (4~ G-FMnE-2-F) ¥ H) -3-&-5,7,7-= F &-[2H] -Br M -
[1,2-a]nttmk 3[4, 3-e ] BENE-4 (5H) -Hd

[0317]  FIFHRLAT LHEFILHI S IR () ~ () FHRK L, H &R EUEY, K E S B
(a) #, IIAN2- (4- (R ) K5 -5-Fnkne , R E2- (- (EHH) ) -ntng MS (ESD m/z
439.2[M+H]",

[0318]  (b) 7,8-Z=& -2~ (4- (5-FMtnE-2-%) &) -3-2.%-5,7, 7-= F F- [2H] -k me
FH-[1,2-a] e3[4, 3-e] EnE-4 (5H) —ER

[0319]  ZEOCTH, &S SA T, IR Z 28 (3. OMH) Z BE VA8, 3mL) N E & F ZnCl2
(1.2g,8.8mmol) B RBLE NGB AWEZEHFE20min, REAHE-78°C.HIM-BE
F-9-BXUFF [3.3. 1] F4t (1. OMBI B8 W, 8ml) « IMASERR G IR S M E =18 T i
40min. VRSP ZBINAT, 8- =4 -2- (4- (5-FMbe-2- &) ) -3-&-5,7,7-=HF
F-[2H]-DKMEFF-[1,2-a] b M 3[4, 3-e ] Mg ~4 (5H) - R (352mg, 0. 8mmol) &I 7/K DMF
(15mL) V& FE R IIN2- IR R il -2 67 - — AR FBE 2K (S-Phos, 38mg) FM L 48
(13mg) R M EZH, FEZEE FHAE30nin, SREEL100°C T MM4R RS K
(150mL) #7828 J5 Fl Z & 5% (60mL X 3) ZXEL W & H BV AERIER R ET BREME
S0 SR AHCISAE A I S HPLCR G 4L, FIFHEH0. 1% B ERAI0-26% B & (Ji£ 16min) [
KB BB TTngF=4), Nk o5 & B k4 (HPLCAIE :99.5% ;7% K :51%) .'H NMR
(500MHz , & {5i—d) 68.53 (d,J=2.9Hz,1H) ,7.92(d,J=8.3Hz,2H) ,7.69(dd,J=8.8,4.2Hz,
1H) ,7.47 (td,J=8.4,2.9Hz,1H) ,7.25(d,J=9.0Hz,2H) ,5.29 (s, 2H) ,3.73 (s, 2H) ,3.41
(s,3H),2.95(q,J=7.6Hz,2H) ,1.42(s,6H) ,1.18(t,J=7.5Hz,3H) .MS(EST) m/z 433.3[M+
HI".

[0320]  sEjEf)6

(03211  7,8-=&-2- (4- (6-mMLmE-2-%) ¥ ) -3-2. 25,7, 7-=F F- [2H] -Br M -
[1,2-almtMe It (4, 3-e]BENE-4 (5H) —FH
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N
)\N N'

[0322] BVI
/ \ F

[0323]  FFRMAFLREFISHATRRIFE, FIEFEUEY, KPR AELE () 1, MA2-
(4- (E R ) %K) -6~ , A& 2- (4- (FHRE) FH) -5-FMrE.'H NMR (400MHz , & 45—
d)87.98(d,J=8.4Hz,2H) ,7.84 (m,1H) ,7.59(dd,J=7.5,2.4Hz,2H) ,7.25(d,J=8.4Hz,
3H) ,6.87(dd,J=8.1,3.0Hz,1H) ,5.28 (s,2H) ,3.71(s,2H) ,3.38(s,3H) ,2.94(q,J=
7.5Hz,2H) ,1.40(s,6H) ,1.17 (t,J=7.5Hz,3H) .MS (ESD) m/z 433.2[M+H]".

[0324]  sZiERISHIALE Y E N IFHIPDELIERR M4, 7 LA F 51K T 30nMf ICsofH , 3 HIPDE
TEE

[0325]  sEjitfsl7

[0326] 7,8-_"&-2-(4- G-HFMboe-2-&) F ) -3-NFE-5,7, T-=H F-[2H] -BKME H-
[1,2-alnttmedf (4, 3-e]mEnE-4 (5H) — R

0]
~
9
N/ N N
[0327] )r/
N
7\
F

(03281  FFHZEML T SL a5 iR B 7%, il & ¥R AL &4, AR L IR () F, IR
PIFEAE , BRI Z 45 MS (EST) m/z 447 .2[M+H]",

[0329]  sSERGHITHIL &) Eon R [FHIPDELESEM: , 7 L T 8K T 15nMEY ICsofE , #IPDE
TEE

[0330]  sSEj#5I8

[0331]  7,8-Z&-2- (4- (6-FALAE-2-FE) FI) -3-THEE-5,7, T- = FF 2 [2H] WK M 34—
[1,2-alftMe 3t [4,3-e]mE0E-4 (5H) -FA
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Abstract
The subject matter generally relates to compounds and methods of
treatment and/or prophylaxis of CNS diseases, disorders, and/or injuries.
In one aspect, the subject matter relates to inhibitors of phosphodiesterase
1 (PDE1) as neuroprotective agents and/or neural regenerative agents. In
a further aspect, the subject matter relates to individuals that are at risk

for the development of CNS disease or disorder.



