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(57) Abstract: The present invention is directed to a pure en-
antiomer of 1-(5-(4-chloro-3,5-dimethoxyphenyl)furan-2-yl)-
2-ethoxy-2-(4-(5-methyl-1,3,4-thiadiazol-2-yl)phenyl)ethan-
one, in particular, (S)-1-(5-(4-chloro-3,5-
dimethoxyphenyl)furan-2-yl)-2-ethoxy-2-(4-(5-methyl-1,3,4-
thiadiazol-2-yl)phenyl)ethanone. The present invention is
also directed a crystal structure of (S)-1-(5-(4-chloro-3,5-di-
methoxyphenyl)furan-2-yl)-2-ethoxy-2-(4-(5-methyl-1,3,4-
thiadiazol-2-yl)phenyl)ethanone, a pharmaceutical composi-
tion of (S)-1-(5-(4-chloro-3,5-dimethoxyphenyl)furan-2-yl)-
2-ethoxy-2-(4-(5-methyl-1,3,4-thiadiazol-2-yl)phenyl)ethan-
one, a method of inhibiting PDE10 with (S)-1-(5-(4-chloro-
3,5-dimethoxyphenyl)furan-2-yl)-2-ethoxy-2-(4-(5-methyl-
1,3,4-thiadiazol-2-yl)phenyl)ethanone, and a process and
particular individual intermediates used in the production of
(S)-1-(5-(4-chloro-3,5-dimethoxyphenyl)furan-2-yl)-2-eth-
0xy-2-(4-(5-methyl-1,3,4-thiadiazol-2-yl)phenyl)ethanone.
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OPTICALLY ACTIVE PDE10 INHIBITOR

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. §119(e) of U.S.
Provisional Patent Application No. 62/047,569, filed September 8, 2014, and U.S.
Provisional Patent Application No. 61/985,381, filed April 28, 2014. The foregoing

applications are incorporated herein by reference in their entireties.

BACKGROUND

Technical Field

This invention is directed to enantiomerically pure compounds having
activity as PDE inhibitors, and to compositions containing the same, as well as to
methods of treating various disorders by administration of such compounds to a warm-
blooded animal in need thereof. In particular, the present invention is directed to (S)-1-
(5-(4-chloro-3,5-dimethoxyphenyl)furan-2-yl)-2-ethoxy-2-(4-(5-methyl-1,3,4-
thiadiazol-2-yl)phenyl)ethanone (Compound 2001), which is useful as a PDEIOQ

inhibitor.

Description of the Related Art

Cyclic nucleotide phosphodiesterases (PDEs) are represented by a large
superfamily of enzymes. PDEs are known to possess a modular architecture, with a
conserved catalytic domain proximal to the carboxyl terminus, and regulatory domains
or motifs often near the amino terminus. The PDE superfamily currently includes more
than twenty different genes subgrouped into eleven PDE families (Lugnier, C., “Cyclic
nucleotide phosphodiesterase (PDE) superfamily: a new target for the development of
specific therapeutic agents.” Pharmacol Ther. 2006 Mar; 109(3):366-98).

A recently described PDE, PDE10, was reported simultancously by three
independent groups (Fujishige ez al., “Cloning and characterization of a novel human
phosphodiesterase that hydrolyzes both cAMP and cGMP (PDE10A),” J Biol Chem
1999, 274:18438-18445; Loughney et al., “Isolation and characterization of PDE10A, a



WO 2015/167968 PCT/US2015/027645

10

15

20

25

30

novel human 3’, 5'-cyclic nucleotide phosphodiesterase,” Gerne 1999, 234:109-117;
Soderling et al., “Isolation and characterization of a dual-substrate phosphodiesterase
gene family: PDE10A,” Proc Natl Acad Sci USA 1999, 96:7071-7076). PDE10 has the
capacity to hydrolyze both cAMP and cGMP; however, the K, for cAMP is
approximately 0.05 uM, whereas the Ky, for cGMP is 3 uM. In addition, the Viyax for
cAMP hydrolysis is fivefold lower than for cGMP. Because of these kinetics, cGMP
hydrolysis by PDE10 is potently inhibited by cAMP in vitro, suggesting that PDE10
may function as a cAMP-inhibited cGMP phosphodiesterase in vivo. Unlike PDES or
PDE9, PDEIO is inhibited by IBMX with an ICs (50% inhibitory concentration) of 2.6
uM. (See Soderling and Beavo, “Regulation of cAMP and ¢cGMP signaling: new
phosphodiesterases and new functions,” Current Opinion in Cell Biology, 2000,
12:174-179.)

PDEI10 contains two amino-terminal domains that are similar to the
cGMP-binding domains of PDE2, PDES and PDE6, which are domains conserved
across a wide variety of proteins. Because of the wide conservation of this domain, it is
now referred to as the GAF domain (for the GAF proteins: cGMP binding
phosphodiesterases; the cynobacterial Anabaena adenylyl cyclase; and the Escherichia
coli transcriptional regulator fhlA). Although in PDE2, PDES and PDE6 the GAF
domains bind cGMP, this is probably not the primary function of this domain in all
cases (e.g., E. coli are not thought to synthesize cGMP). Interestingly, in vitro binding
studies of PDEI10 indicate the dissociation constant (K4) for cGMP binding is well
above 9 uM. As in vivo concentrations of cGMP are not thought to reach such high
levels in most cells, it seems likely that either the affinity of PDE10 for cGMP is
increased by regulation, or that the primary function of the GAF domain in PDE10 may
be for something other than cGMP binding.

Inhibitors of the PDE family of enzymes have widely been sought for a
broad indication of therapeutic uses. Reported therapeutic uses of PDE inhibitors
include allergies, obtrusive lung disease, hypertension, renal carcinoma, angina,
congestive heart failure, depression and erectile dysfunction (WO 01/41807 A2). Other
inhibitors of PDE have been disclosed for treatment of ischemic heart conditions (U.S.

Pat. No. 5,693,652). More specifically, inhibitors of PDE10 have been disclosed for
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treatment of certain neurological and psychiatric disorders including, Parkinson’s
disease, Huntington’s disease, schizophrenia, delusional disorders, drug-induced
psychosis and panic and obsessive-compulsive disorders (U.S. Patent Application No.
2003/0032579). PDE10 has been shown to be present at high levels in neurons in areas
of the brain that are closely associated with many neurological and psychiatric
disorders. By inhibiting PDE10 activity, levels of cAMP and ¢cGMP are increased
within neurons, and the ability of these neurons to function properly is thereby
improved. Thus, inhibition of PDE10 is believed to be useful in the treatment of a wide
variety of conditions or disorders that would benefit from increasing levels of cAMP
and cGMP within neurons, including those neurological, psychotic, anxiety and/or
movement disorders mentioned above.

Compounds of Formula (T) are known and potent inhibitors of PDE10:

OR;

wherein:

VYN TRV
zﬁi zﬁi a@f
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Ry is Cialkyl, C,ghaloalkyl, C,¢aralkyl,
aryl, -(CH»),O(CH>),.CHj3 or -(CH2),N(CH3)y;

R, is (i) substituted or unsubstituted aryl or (ii) substituted or
S unsubstituted heterocyclyl;

Rj; is substituted or unsubstituted aryl;

R4 is hydrogen, C, ¢alkyl or C; ¢haloalkyl;

nisl,2,3,4,5 or 6; and

mis0,1,2,3,4,50r6.
10 Compounds of Formula (IT) are known and potent inhibitors of PDE10:

(m
wherein
QisSorO,
15 X is Cl or Br, and
R', R? and R* are each independently C(; galkyl.

Compounds of Formula (III) are known and potent inhibitors of PDE10:

()

20 wherein

QisSorO,and
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X is Cl or Br.
The compounds having the structure of Formula (I), Formula (II),
Formula (IIT), and Compound 1001 fall within the scope of PDEI10 inhibitors disclosed
in International PCT Application Publication No. WO 2011/112828. 1-(5-(4-chloro-3,5-
dimethoxyphenyl)furan-2-yl)-2-ethoxy-2-(4-(5-methyl-1,3,4-thiadiazol-2-
yl)phenyl)ethanone (Compound 1001) is specifically disclosed as compound no. 65-10.

1001

While advances have been made with regard to inhibition of PDEI0,
there remains a need in the field for inhibitors of PDE10, as well as the need to treat
various conditions and/or disorders that would benefit from the same. It is an object of
the invention to provide compounds, methods of use, and compositions for the

inhibition of PDE10 with enantiomerically pure compounds.

BRIEF SUMMARY

The present invention is directed to a pure enantiomer of Compound
1001, in particular, Compounds 2001 and 3001. The present invention is also directed
to a crystal structure of Compound 2001, a pharmaceutical composition of Compound
2001, a method of inhibiting PDE10 with Compound 2001, and a process and particular
individual intermediates used in the production of Compound 2001.

In one embodiment, the invention is directed to a compound having the

following structure:

2001
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or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

In a further embodiment of the invention, Compound 2001 is
enantiomerically pure (e.g, is present in an enantiomeric excess of at least about 98%).

In a further embodiment of the invention, Compound 2001 is
substantially free of its enantiomer.

In a further embodiment of the invention, Compound 2001 comprises at
least 80%, at least 90%, at least 95%, or at least 99% by weight of the designated
enantiomer (e.g., the designated enantiomer is present in an enatiomeric excess of at
least about 60%, 80%, 90%, or about 98%).

In one embodiment, the invention is directed to a compound having the

following structure:

3001

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

In a further embodiment of the invention, Compound 3001 is
enantiomerically pure (e.g, is present in an enantiomeric excess of at least about 98%).

In a further embodiment of the invention, Compound 3001 is
substantially free of its enantiomer.

In a further embodiment of the invention, Compound 3001 comprises at
least about 80%, at least about 90%, at least about 95%, or at least about 99% by weight
of the designated enantiomer (e.g., the designated enantiomer is present in an
enatiomeric excess of at least about 60%, 80%, 90%, or about 98%).

In another embodiment, the invention is directed to a compound having

the following structure:
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2001

in crystalline form.

In a further embodiment of the invention, the crystalline form of
Compound 2001 can be characterized by X-ray powder diffraction measured using
CuKa radiation at about 150 K, for example, 150 K = 10 K, or 150 K = 1 K, which
provides a characteristic X-ray powder diffraction pattern having principle 26 peaks at
about 8, 11.2, 12, 13.8, 14.3, 16.5, 17.8, 18, 19.4, 21.2, 21.6, 22.2, 22.8, 23.9, 25.6,
27.5, 29, and 29.6.

In a further embodiment of the invention, the crystalline form of
Compound 2001 has an X-ray powder diffraction pattern substantially the same as that
shown in Figure 1.

In another embodiment, the invention is directed to a pharmaceutical
composition comprising Compound 2001 and a pharmaceutically acceptable carrier or
diluent.

In another embodiment, the invention is directed to a method for
inhibiting PDE10 in a warm-blooded animal, comprising administering to the animal an
effective amount of Compound 2001 or a pharmaceutical composition thereof.

In a further embodiment, the method for treating neurological disorders
in warm-blooded animals having said neurological disorders, comprising administering
to the animal an effective amount of Compound 2001 or a pharmaceutical composition
thereof, wherein the neurological disorder is selected from the group consisting of
psychotic disorders, anxiety disorders, Parkinson's disease, Huntington's disease,
Alzheimer's disease, encephalitis, phobias, epilepsy, aphasia, Bell's palsy, cerebral
palsy, sleep disorders, pain, Tourette's syndrome, schizophrenia, delusional disorders,
bipolar disorders, post-traumatic stress disorders, drug-induced psychosis, panic

disorders, obsessive-compulsive disorders, attention-deficit disorders, disruptive
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behavior disorders, autism, depression, dementia, epilepsy, insomnias and multiple
sclerosis.
In a further embodiment of the invention, the neurological disorder is
schizophrenia.
5 In a further embodiment of the invention, the neurological disorder is

post-traumatic stress disorder.

In one embodiment, the invention is directed to a process to prepare a

compound of Formula (IT-a):

10 (1-a)
wherein
QisSorO,
X 18 Cl or Br, and
R', R?, and R* are each independently Ca-syalkyl,

15 according to the following General Scheme (I):
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" (I-a)

(I1-b)

which process comprises:
converting boronic acid Al to carbaldehyde Bl through
activation of the boronic acid with an activating reactant A2;
S converting carbaldehyde Bl to acetal C1 under acid catalysis

with a suitable source of orthoformate;
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converting acetal C1 to nitrile D1 through catalyzed cyanation
with a metal catalyst and a cyanide source ;
hydrolyzing D1 with a suitable acid to give carboxylic acid E1;
converting carboxylic acid E1 to amide F1 with a suitable base, a
S suitable coupling reagent, and a source amine;
converting amide F1 to a compound of Formula (IT) with an

anionic coupling reagent having structure H1,

wherein
M is a Group I metal, a Group II metal, Cu, or Zn;
10 R, R?, and R? are each independently Ca-epalkyl;
misl, 2,3, or4;
pis 1,2, 3, or4;
separating a compound of Formula (II-a) from a compound of
Formula (II-b) by chiral HPLC;
15 and optionally converting the compound of Formula (II-a) to a

salt.

In one embodiment, the compound of Formula (II-a) is Compound 2001:

2001

20 In one embodiment, the invention is directed to a process to prepare a

compound of Formula (I1I-a):

10
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(Ili-a)

wherein Q is S or O and X is Cl or Br,

according to the following General Scheme (III):

11
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(-b)

which process comprises:
converting boronic acid Al to carbaldehyde Bl through
activation of the boronic acid with an activating reactant A2;
S converting carbaldehyde Bl to acetal C1-1 under acid catalysis

with a suitable source of orthoformate;

12
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converting acetal CI1-1 to nitrile D1-1 through catalyzed cyanation with a metal
catalyst and a cyanide source ;

hydrolyzing D1-1 with a suitable acid to give carboxylic acid E1-1;

converting carboxylic acid EI-1 to amide F1-1 with a suitable base, a suitable
coupling reagent, and a source amine;

converting amide F1-1 to a compound of Formula (III) with an anionic coupling
reagent having structure HI-1,

wherein

M is a Group I metal, a Group II metal, Cu, or Zn;

R is C(.¢)alkyl;

mis 1, 2,3, or4;

pis 1,2, 3, or4;

separating a compound of Formula (III-a) from a compound of Formula (III-b) by
chiral HPLC;

optionally converting the compound of Formula (III-a) to a salt.

In one embodiment, the compound of Formula (III-a) is Compound 2001:

2001

According to a first aspect, the present disclosure provides a pharmaceutical
composition that is enantiomerically pure comprising a compound having the following

structure:

VN‘\.

N

},s
in crystalline form having an X-ray powder diffraction pattern comprising 20 peaks at

11.2,22.8, and 25.6 when measured using CuKa radiation at about 150 K..

13
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According to 3 second aspect the presend disclosure provides a pharmaceutical
camipasttion comprising a compound that 1z at least 80%, at least M4, at least 93%, or at

least 99% by weighl of the designated enantiomer having the following struckure:

in crystalline torm baving an x-ray powder diffraction pattern compnsing 26 peaks at [1.2,

228, and 25.6 when measured vsing CaKe radiation at about 150 K.

According to a third aspect, the present disclosure further provides a
phamaceutical composition of the first or second aspect, further compnsing a

pharmaceutically acceptable carmer or diluent.

According to a fourth aspecl, the present disclosure provides a method for
inlibiting PDELQ in 2 wamm-blooded animal. compasing administering o the ammai an

effective amount of a pharmaceutical composition of the third aspect.

According to a fifth aspect. the present disclosuwre provides a methad for treating a
newrological diserder in a warm-blooded animal having said neurological disorder,
compnsing administening to the>animal an effective amount of a phammaceutical
comipasition of the third aspect wherein the neurciogical disorder is selected from the
group consisting of psychotic disorders, anxiety disorders. Parkinson's disease.
Huntington's discase, Alzheimer's disease. encephalitis, phobias, eptlepsy, aphasia. Bell's
palsy, carebral palsy, sleep diserders, pain, Tourette's syndrome, schizophrenia, detusional
desorders, bipolar disorders. post-traumatic stress disorders, drug-induced psychosis. panic
disorders. obsessive-compulsive disorders, attentien-deticit disorders, disruptive behaviosr

disorders, autism, depression, dementia, epilepsy, tnsomnias and multiple sclerosis.

According to a fifth aspect, the present disclosure pmvides use of a pharmaceutical

13A
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composition according the first or second aspect in the manufacture of a medicament for
the treatment of a neurological disorder selected from the group consisting of psychotic
disorders, anxiety disorders, Parkinson's disease, Huntington's disease, Alzheimer's
disease, encephalitis, phobias, epilepsy, aphasia, Bell's palsy, cerebral palsy, sleep
disorders, pain, Tourette's syndrome, schizophrenia, delusional disorders, bipolar
disorders, post-traumatic stress disorders, drug-induced psychosis, panic disorders,
obsessive-compulsive disorders, attention-deficit disorders, disruptive behavior disorders,

autism, depression, dementia, epilepsy, insomnias and multiple sclerosis.

These and other aspects of the invention will be apparent upon reference to the following
detailed description. To this end, various references are set forth herein which describe in
more detail certain background information, procedures, compounds and/or compositions,

and are each hereby incorporated by reference in their entirety.

13B
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an XRPD of the Dioxane Solvate of Compound 2001,
measured at about 150 K + 1 K.

Figure 2 is packing diagram of Compound 2001 Dioxane Solvate viewed
down the crystallographic a axis.

Figure 3 is packing diagram of Compound 2001 Dioxane Solvate viewed
down the crystallographic b axis.

Figure 4 is packing diagram of Compound 2001 Dioxane Solvate viewed
down the crystallographic c axis.

Figure 5 is an ORTEP Drawing of Compound 2001 Dioxane Solvate.

Figure 6 shows the inhibition of Human PDE10 by Compound 1001.

Figure 7 shows the inhibition of Human PDE10 by Compounds 1001,
2001, and 3001.

DETAILED DESCRIPTION
Definitions

Terms not specifically defined herein should be given the meanings that
would be given to them by one of skill in the art in light of the disclosure and the
context. As used throughout the present application, however, unless specified to the
contrary, the following terms have the meaning indicated:

“Amino” refers to the -NH, radical.

“Cyano” refers to the -CN radical.

“Hydroxy” or “hydroxyl” refers to the -OH radical.

“Imino” refers to the =NH substituent.

“Nitro” refers to the -NO, radical.

“Ox0” refers to the =O substituent.

“Thioxo” refers to the =S substituent.

“Ci.¢alkyl” means a straight chain or branched, noncyclic or cyclic,
unsaturated or saturated aliphatic hydrocarbon radical containing from 1 to 6 carbon

atoms. Representative saturated straight chain alkyls include methyl, ethyl, n-propyl, n-

14
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butyl, n-pentyl, n-hexyl, and the like; while saturated branched alkyls include isopropyl,
sec-butyl, isobutyl, tert-butyl, isopentyl, and the like. Representative saturated cyclic
alkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like; while
unsaturated cyclic alkyls include cyclopentenyl and cyclohexenyl, and the like.
Unsaturated alkyls contain at least one double or triple bond between adjacent carbon
atoms (referred to as an “alkenyl” or “alkynyl”, respectively). Representative straight
chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl,
isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-
dimethyl-2-butenyl, and the like; while representative straight chain and branched
alkynyls include acetylenyl, propynyl, 1-butynyl, 2- butynyl, 1-pentynyl, 2-pentynyl, 3-
methyl-1-butynyl, and the like.

“Ci.ealkylene” or “Cjealkylene chain™ refers to a straight or branched
divalent hydrocarbon chain linking the rest of the molecule to a radical group,
consisting solely of carbon and hydrogen, which is saturated or unsaturated (i.e.,
contains one or more double and/or triple bonds), and having from one to six carbon
atoms, e.g., methylene, cthylene, propylene, r-butylene, ethenylene, propenylene,
n-butenylene, propynylene, #-butynylene, and the like. The alkylene chain is attached to
the rest of the molecule through a single or double bond and to the radical group
through a single or double bond. The points of attachment of the alkylene chain to the
rest of the molecule and to the radical group can be through one carbon or any two
carbons within the chain.

“Ci.¢alkoxy” refers to a radical of the formula -OR, where R, is an alkyl
radical as defined above, for example, methoxy, ethoxy and the like.

“Aryl” means a hydrocarbon ring system radical comprising hydrogen, 6
to 18 carbon atoms and at least one aromatic ring. The aryl radical may be a
monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may include fused or
bridged ring systems. Aryl radicals include, but are not limited to, aryl radicals derived
from aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene, benzene,
chrysene, fluoranthene, fluorene, as-indacene, s-indacene, indane, indene, naphthalene,

phenalene, phenanthrene, pleiadene, pyrene, and triphenylene.

15
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“Cjearalkyl” means a radical of the formula -R,-R. where Ry is an
alkylene chain as defined above and R. is one or more aryl radicals as defined above,
for example, benzyl, diphenylmethyl and the like.

“Cycloalkyl” or “carbocyclic ring” refers to a stable non-aromatic
monocyclic or polycyclic hydrocarbon radical consisting solely of carbon and hydrogen
atoms, which may include fused or bridged ring systems, having from three to fifteen
carbon atoms, preferably having from three to ten carbon atoms, and which is saturated
or unsaturated and attached to the rest of the molecule by a single bond. Monocyclic
radicals include, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl. Polycyclic radicals include, for example, adamantyl,
norbornyl, decalinyl, 7,7-dimethyl-bicyclo[2.2.1]heptanyl, and the like.

“Halo” or “halogen” refers to bromo, chloro, fluoro or iodo.

“Ciehaloalkyl” refers to a C;ealkyl radical, as defined above, that is
substituted by one or more halo radicals, as defined above, e.g., trifluoromethyl,
difluoromethyl, trichloromethyl, 2,2,2-trifluoroethyl, 1,2-difluoroethyl,
3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the like.

“Enantiomerically pure” in reference to a particular stereoisomer (e.g.,
Compound 2001), means that it is substantially free of its enantiomer (e.g., Compound
3001). That is, an “enantiomerically pure” stereoisomer has an enantiomeric excess of
at least about 98%, or at least about 98.5%, at least about 99%, at least about 99.5%, at
least about 99.8%, or at least about 99.9%.

“Heterocycle” or “heterocyclyl” means a 4- to 7-membered monocyclic,
or 7- to 10-membered bicyclic, heterocyclic ring which is either saturated, unsaturated
or aromatic, and which contains from 1 to 4 heteroatoms independently selected from
nitrogen, oxygen and sulfur, and wherein the nitrogen and sulfur heteroatoms may be
optionally oxidized, and the nitrogen heteroatom may be optionally quaternized,
including bicyclic rings in which any of the above heterocycles are fused to a benzene
ring. The heterocycle may be attached via any heteroatom or carbon atom. An aromatic
heterocycle is referred to herein as a “heteroaryl”, and includes (but is not limited to)
furyl, benzofuranyl, thiophenyl, benzothiophenyl, pyrrolyl, indolyl, isoindolyl,

azaindolyl, pyridyl, quinolinyl, isoquinolinyl, oxazolyl, isooxazolyl, benzoxazolyl,
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pyrazolyl, imidazolyl, benzimidazolyl, thiazolyl, benzothiazolyl, isothiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl, phthalazinyl, oxadiazolyl,
thiadiazolyl, benzisoxazolyl, triazolyl, tetrazolyl, indazolyl and quinazolinyl. In
addition to the heteroaryls listed above, heterocycles also include morpholinyl,
pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperazinyl, and the like. In addition,
heterocycles also include benzothiophen-2-yl, 2,3-dihydrobenzo-1,4-dioxin-6-yl,
benzo-1,3-dioxol-5-yl and the like.

The term “substituted” as used herein (for example, in the context of a
substituted heterocyclyl or substituted aryl) means that at least one hydrogen atom is
replaced with a substituent. “Substituents” within the context of this invention include
halogen, hydroxy, oxo, cyano, nitro, imino, thioxo, amino, alkylamino, dialkylamino,
alkyl, alkoxy, alkylthio, haloalkyl, aryl, aralkyl, heteroaryl, heteroarylalkyl, heterocycle
and heterocyclealkyl, as well as —-NR,Rp -NR,C(=0)Rp, —-NR,C(=O)NR,NR,
—NR,C(=0)OR, —-NR,SOzR},, —C(=0)R,, —C(=0)OR,, —C(=O)NR,Rp, -OC(=O)NR,Rs,
—OR,, —=SR,, —SOR,, =S(=0),R,, —OS(=0)1R,, —=S(=0),0R,, =NSOzR, and —SO,NR,Ry,
In the foregoing, R, and Ry, in this context may be the same or different and
independently hydrogen, alkyl, haloalkyl, cycloalkyl, aryl, aralkyl, heterocyclyl. In
addition, the foregoing substituents may be further substituted with one or more of the
above substituents.

The compounds of the present invention may generally be utilized as the
free acid or free base. Alternatively, the compounds of this invention may be used in the
form of acid or base addition salts. Acid addition salts of the free amino compounds of
the present invention may be prepared by methods well known in the art, and may be
formed from organic and inorganic acids. Suitable organic acids include maleic,
fumaric, benzoic, ascorbic, succinic, methanesulfonic, acetic, trifluoroacetic, oxalic,
propionic, tartaric, salicylic, citric, gluconic, lactic, mandelic, cinnamic, aspartic,
stearic, palmitic, glycolic, glutamic, and benzenesulfonic acids. Suitable inorganic acids
include hydrochloric, hydrobromic, sulfuric, phosphoric, and nitric acids. Base addition
salts included those salts that form with the carboxylate anion and include salts formed
with organic and inorganic cations such as those chosen from the alkali and alkaline

carth metals (for example, lithium, sodium, potassium, magnesium, barium and
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calcium), as well as the ammonium ion and substituted derivatives thereof (for example,
dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, and the like). Thus,
the term “pharmaceutically acceptable salt” of formulas (I) & (II) is intended to

encompass any and all acceptable salt forms.

Embodiments of the Invention

In one embodiment, the PDEI10 inhibitor has the following structure of

Compound 2001:

2001

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

In a further embodiment, Compound 2001, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, is enantiomerically pure (e.g, is present in
an enantiomeric excess of at least about 98%).

In a further embodiment, Compound 2001, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, is substantially free of its enantiomer.

In a further embodiment, Compound 2001, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, comprises at least 80%, at least 90%, at
least 95%, or at least 99% by weight of the designated enantiomer (e.g., the designated
enantiomer is present in an enatiomeric excess of at least about 60%, 80%, 90%, or
about 98%).

In one embodiment, the invention is directed to a compound having the

following structure:
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3001

or a pharmaceutically acceptable salt, solvate, or prodrug thereof.
In a further embodiment of the invention, Compound 3001 is
S enantiomerically pure (e.g, is present in an enantiomeric excess of at least about 98%).

In a further embodiment of the invention, Compound 3001 is
substantially free of its enantiomer.

In a further embodiment of the invention, Compound 3001 comprises at
least 80%, at least 90%, at least 95%, or at least 99% by weight of the designated

10 enantiomer (e.g., the designated enantiomer is present in an enatiomeric excess of at

least about 60%, 80%, 90%, or about 98%).

In one embodiment, the PDE10 inhibitor has the following structure of

Compound 2001:

15  in crystalline form.
In one embodiment, Compound 2001, in crystalline form, has an X-ray
powder diffraction pattern comprising principle 20 peaks at about 8, 11.2, 12, 13.8,
14.3, 16.5, 17.8, 18, 19.4, 21.2, 21.6, 22.2, 22.8, 23.9, 25.6, 27.5, 29, and 29.6 when
measured using CuKo radiation at about 150 K, for example, 150 K + 10 K, or 150 K +
20 1K
In a further embodiment, Compound 2001, in crystalline form, has an X-

ray powder diffraction pattern measured using CuKa radiation at about 150 K, for
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example, 150 K + 10 K, or 150 K + 1 K, substantially the same as that shown in Figure
1.

The crystal structure of Compound 2001 was determined by single
crystal X-ray structure analysis.

Other alternative embodiments are directed to a quantity of a crystalline
form of Compound 2001 wherein at least about 50%, at least about 75%, at least about
05%, at least about 99%, or about 100%, of said substance is present in crystalline form
as characterized by any of the abovementioned XRPD spectra defined embodiments.
The presence of such amounts of crystalline Compound 2001 is typically measurable
using XRPD analysis of the compound.

In another embodiment of the invention, pharmaceutical compositions
containing a compound of structure 2001 is disclosed. For the purposes of
administration, the compounds of the present invention may be formulated as
pharmaceutical compositions. Pharmaceutical compositions of the present invention
comprise one or more compounds of the present invention and a pharmaceutically
acceptable carrier and/or diluent. The PDEI10 inhibitor is present in the composition in
an amount which is effective to treat a particular disorder--that is, in an amount
sufficient to achieve desired PDE10 inhibition, and preferably with acceptable toxicity
to the warm-blooded animal. Typically, the pharmaceutical compositions of the present
invention may include a PDEI10 inhibitor in an amount from 0.1 mg to 1,250 mg per
dosage depending upon the route of administration, and more typically from 1 mg to 60
mg. Appropriate concentrations and dosages can be readily determined by one skilled in
the art.

In general terms, a typical daily dosage might range from about 1 ng/kg
to 100 mg/kg, preferably 0.01-100 mg/kg, more preferably 0.1-70 mg/kg, depending on
the type and severity of the disease whether, for example, by one or more separate
administrations. For repeated administrations over several days or longer, depending on
the condition, the treatment is sustained until a desired suppression of disease
symptoms occurs. However, other dosage regimens may be useful. The progress of this
therapy can be monitored by standard techniques and assays. The specification for the

dosage unit forms of the invention are dictated by and directly dependent on the unique
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characteristics of the active compound and the particular therapeutic effect to be
achieved, and the limitations inherent in the art of compounding such an active
compound for the treatment of individuals.

Pharmaceutically acceptable carrier and/or diluents are familiar to those
skilled in the art. For compositions formulated as liquid solutions, acceptable carriers
and/or diluents include saline and sterile water, and may optionally include
antioxidants, buffers, bacteriostats and other common additives. The compositions can
also be formulated as pills, capsules, granules, or tablets which contain, in addition to a
PDEI0 inhibitor, excipients such as diluents, binders, and Iubricants. One skilled in this
art may further formulate the PDE10 inhibitor in an appropriate manner, and in
accordance with accepted practices, such as those disclosed in Remington's
Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., Easton, PA 1990.

In another embodiment, the present invention provides a method for
treating diseases such as (but not limited to) psychotic disorders, anxiety disorders,
movement disorders and/or neurological disorders such as Parkinson’s disease,
Huntington’s disease, Alzheimer’s disease, encephalitis, phobias, epilepsy, aphasia,
Bell’s palsy, cerebral palsy, sleep disorders, pain, Tourette’s syndrome, schizophrenia,
delusional disorders, bipolar disorders, post-traumatic stress disorders, drug-induced
psychosis, panic disorders, obsessive-compulsive disorders, attention-deficit disorders,
disruptive behavior disorders, autism, depression, dementia, cognitive disorders,
epilepsy, insomnias and multiple sclerosis as discussed above. Such methods include
administering of a compound of the present invention to a warm-blooded animal in an
amount sufficient to treat the condition. In this context, “treat” includes prophylactic
administration. Such methods include systemic administration of a PDE10 inhibitor of
this invention, preferably in the form of a pharmaceutical composition a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>