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ABSTRACT
The disclosure provides the use of substituted heterocycle fused gamma-carboline
compounds of Formula I as pharmaceuticals for the treatment of residual symptoms of

psychosis or schizophrenia.

Formula [

The disclosure also provides novel long acting injectable formulations of substituted
heterocycle fused gamma-carboline compounds of Formula I and use of such long acting
injectable formulations for the treatment of residual symptoms of psychosis or

schizophrenia.
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HETEROCYCLE FUSED GAMMA-CARBOLINE COMPOUNDS FOR USE IN
TREATMENT OF SCHIZOPHRENIA

This application claims priority from U.S. Provisional Application Nos.
61/911,416 filed on December 3, 2013; 61/925,607 filed on January 9, 2014; 61/975,702
filed on April 4, 2014; and 62/032,326 filed on August 1, 2014.

TECHNICAL FIELD

[0001] The present invention relates to use of particular substituted heterocycle fused
gamma-carbolines as described herein, in free or pharmaceutically acceptable salt forms,
as pharmaceuticals and pharmaceutical compositions as primary or adjunct therapy in the
treatment of acute and residual phases of schizophrenia, particularly including the
treatment of residual symptoms such as active social avoidance, passive social withdrawal,
emotional withdrawal, anxiety, tension, stereotyped thinking, and somatic concerns. The
compounds disclosed herein can be used to treat both acute symptoms and residual
symptoms that appear during acute exacerbations but define the residual phase of the
illness, e.g., schizophrenia, once the acute symptoms wane. Therefore, the compounds
disclosed herein can be used alone or in combination with other antipsychotic medications
as well as other active agents that treat co-morbid disorders such depression and/or sleep
disorders. As the response profile across symptoms associated with schizophrenia may be
particularly beneficial in improving social function, the compounds disclosed herein can
be used to improve social integration and social function. Such a response profile can be

beneficial to prodromal, exacerbation and residual phases of schizophrenia.

BACKGROUND OF THE INVENTION

[0002] Psychosis, particularly schizophrenia affects 1.1% of the population
worldwide. This illness comprises three phases: prodromal phase, active phase and
residual phase. Prodromal phase is an carly phase wherein subclinical signs and
symptoms are observed. These symptoms may include loss of interest in usual pursuits,
withdrawal from friends and family members, confusion, trouble with concentration,
feeling of listless and apathy. Active phase is characterized by exacerbations of positive
symptoms such as delusions, hallucinations and suspiciousness. Residual phase is

characterized by negative symptoms such as emotional withdrawal, passive social

1
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withdrawal, and stereotyped thinking, and symptoms of general psychopathology
including active social avoidance, anxiety, tension, and somatic concerns. Residual phase
symptoms are often accompanied by depression, cognitive dysfunction and insomnia.
Collectively, these residual phase symptoms are not well-treated by many antipsychotic
drugs currently available on the market and therefore are usually observed after the active
phase symptoms have subsided after treatment. This phase of the illness is when patients
would like to return to more productive and fulfilling lives, but since the residual negative
symptoms and cognitive impairment are not properly treated, this goal is frustrated. There
remains an urgent need for anti-psychotic agents, which can treat not just the active or
acute phase symptoms, but also the residual phase symptoms of psychosis, ¢.g.,
schizophrenia.

[0003] Substituted heterocycle fused gamma-carbolines are known to be agonists or
antagonists of 5-HT, receptors, particularly 5-HT24 and 5-HT2c receptors, in treating
central nervous system disorders. These compounds have been disclosed in U.S. Pat. Nos.
6,548,493; 7,238,690; 6,552,017; 6,713,471; U.S. RE39680, U.S. RE39679, U.S. Nos.
7,183,282 and 7,071,186, as novel compounds and medical use for the treatment of
disorders associated with 5-HT2a receptor modulation such as obesity, anxicty, depression,
psychosis, schizophrenia, sleep disorders, sexual disorders, migraine, autism, conditions
associated with cephalic pain, social phobias, and gastrointestinal disorders such as
dysfunction of gastrointestinal tract motility. PCT/US08/03340 and U.S. Application
Serial No. 10/786,935 also disclose methods of making substituted heterocycle fused
gamma-carbolines and uses of these gamma-carbolines as serotonin agonists and
antagonists useful for the control and prevention of central nervous system disorders such
as addictive behavior and sleep disorders.

[0004] In addition, WO 2009/145900, WO 2011/133224, WO 2013/155505, WO
2013/155504 and WO 2013/155506 teach further substituted heterocyclic fused gamma-
carboline compounds and/or their use for the treatment of one or more disorders involving
the 5-HT24, serotonin transporter (SERT) and/or dopamine D1/D2 pathways.

[0005] Although the above-cited references pertaining to substituted heterocyclic
fused gamma-carboline compounds teach treatment of certain disorders associated with
psychosis and/or depression, none of these references disclose treatment of residual

symptoms of psychosis, particularly residual symptoms of schizophrenia.
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SUMMARY OF THE INVENTION

[0006] It has been discovered that particular substituted heterocycle fused gamma-
carboline compounds (the compounds described herein below) possess mechanisms of
action that are believed to have the potential to yield a first-in-class antipsychotic therapy.
The Compounds of Formula I combine potent serotonin 5-HT24 receptor antagonism,
dopamine receptor phosphoprotein modulation, or DPPM, glutamatergic modulation and
serotonin reuptake inhibition into a single drug candidate for the treatment of acute and
residual schizophrenia. At dopamine D2 receptors, the Compounds of Formula I have dual
properties and act as both post-synaptic antagonists and pre-synaptic partial agonists. The
Compounds of Formula I also stimulate phosphorylation of glutamatergic NMDA NR2B,
or GIuN2B, receptors in a mesolimbic specific manner. It is believed that this regional
selectivity in the brain arcas thought to mediate the efficacy of antipsychotic drugs,
together with serotonergic, glutamatergic, and dopaminergic interactions, may result in
antipsychotic efficacy for positive, negative, affective and cognitive symptoms associated
with schizophrenia. The serotonin reuptake inhibition could allow for antidepressant
activity for the treatment of schizoaffective disorder, co-morbid depression, and/or as a
stand-alone treatment for major depressive disorder. It is believed that the Compounds of
Formula I may also be useful for the treatment of bipolar disorder and other psychiatric
and neurodegenecrative disorders, particularly behavioral disturbances associated with
dementia, autism and other CNS diseases. These features of the Compounds of Formula I
may be able to improve the quality of life of patients with schizophrenia and enhance
social function to allow them to more fully integrate into their families and their
workplace. In addition, the Compounds of Formula I may be shown to treat disorders at
either low-doses (e.g., sleep, aggression and agitation) or high-doses (e.g., acute
exacerbated and residual schizophrenia, bipolar disorders, and mood disorders).

[0007] As the compounds described below are effective in treating not just acute
symptoms, but also residual symptoms of psychosis, the invention therefore provides, in
one aspect, methods of using the particular substituted heterocycle fused gamma-carboline
compounds (the compounds described herein below), cither alone or as an adjunctive
therapy for the treatment of residual symptoms of psychosis, particularly schizophrenia.
This is a new and unexpected utility.

[0008] Thus, the present invention is directed to a method (Method A) for the

treatment of residual symptoms comprising administering to a patient in need thereof an
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effective amount of the Compound of Formula I:

wherein:

Formula [

X is —O-, —-NH- or -N(CH3) —;

Y is -O—, —C(R2)(OH) —, —C(R3)(OR1) or -C(O)—;

Riis Ci-salkyl (e.g., methyl) or a physiologically hydrolysable and acceptable
acyl, e.g., selected from —C(O)-Ci21alkyl (e.g., —C(O)-Cisalkyl, —C(O)-Ce.
1salkyl or —C(O)-Cis.21alkyl), for example wherein Ry is —C(0)-Cesalkyl, —C(O)-
Cralkyl, —C(0)-Coalkyl, —C(O)-Cnialkyl, —C(O)-Cizalkyl, or —C(O)-Cisalkyl
e.g., wherein such compound hydrolyzes to provide a natural or unnatural,
saturated or unsaturated fatty acid of formula R;-OH and a Compound of
Formula 1 wherein Y is -C(R2)(OH)-, e.g., wherein the compound hydrolyzes
to form the hydroxy Compound of Formula I wherein Y is -C(R2)(OH)- on the
one hand and octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic acid
or hexadecanoic acid on the other hand);

Rz is H or -Cisalkyl (e.g., methyl); and

Rz is H or -Cisalkyl (e.g., methyl);

e.g., wherein “alkyl” refers to a straight chain hydrocarbon moiety, optionally
saturated or unsaturated and optionally substituted with one or more hydroxy or

Ciooalkoxy (e.g., ethoxy) groups;

in frec or pharmaceutically acceptable salt form.

[0009]

In a further embodiment, the compound of Formula I of Method A 1s a

compound wherein:

X is -O—, -NH- or -N(CH3) —;
Y is —O—, -C(H)(OH) —, -C(H)(OR1) or —C(O)—; and
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R1 is a physiologically hydrolysable and acceptable acyl, e.g., selected from —
C(0)-Cizalkyl (e.g., —C(0)-Cisalkyl, -C(O)-Cs-15alkyl or —C(0)-Cis-21alkyl),
for example wherein R1 is —C(0O)-Csalkyl, —C(O)-Cralkyl, —C(O)-Coalkyl, —
C(0)-Crialkyl, —C(0O)-Cizalkyl, or —C(0)-Cisalkyl ¢.g., wherein such
compound hydrolyzes to provide a natural or unnatural, saturated or
unsaturated fatty acid of formula R1-OH and a Compound of Formula I
wherein Y is -C(R2)(OH)-, e.g., wherein the compound hydrolyzes to form the
hydroxy Compound of Formula I wherein Y is -C(R2)(OH)- on the one hand
and octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic acid or
hexadecanoic acid on the other hand);
e.g., wherein “alkyl” refers to a straight chain hydrocarbon moiety, optionally
saturated or unsaturated and optionally substituted with one or more hydroxy or
Ciaoalkoxy (e.g., ethoxy) groups;
in free or pharmaceutically acceptable salt form.
[0010] In a further embodiment, the patient of Method A is suffering from residual
symptoms of psychosis, for example, schizophrenia (e.g., residual sub-type), delusional
disorder (c.g., somatic type), major depression with psychosis, bipolar disorder with
psychotic symptoms, brief psychotic disorder, schizophreniform disorder, schizoaffective
disorder or psychosis caused by a medical condition or substance use. Preferably, the
patient is suffering from residual symptoms of schizophrenia.
[0011] In another further embodiment, the residual phase symptoms include: negative
symptoms such as blunted affect, emotional withdrawal, poor rapport, passive or
apathetic social withdrawal, difficulty in abstract thinking, lack of spontaneity and flow of
conversation and stercotyped thinking; general psychopathology symptoms such as
somatic concern, anxiety, guilt feelings, tension, mannerisms and posturing, depression,
motor retardation, uncooperativeness, unusual thought content, disorientation, poor
attention, lack of judgment and insight, disturbance of volition, poor impulse control,
preoccupation and active social avoidance; cognitive impairment and sleep disorders (e.g.,
msomnia). In a particular embodiment, Method A treats residual symptoms (negative,
effective and cognitive symptoms) associated with schizophrenia.
[0012] In another further embodiment, the effective amount of the Compound of
Formula I is about 1 mg to about 140 mg per dose per day, in another embodiment, about

2.5 mg to about 120 mg, in another embodiment about 10 mg to about 120 mg per dose
5

Date Regue/Date Received 2021-05-28



10

15

20

25

30

per day, in another embodiment, about 60 mg to about 120 mg per dose per day, in still
another embodiment, about 10 mg to about 60 mg per dose per day, in another
embodiment, about 20 mg to about 60 mg per dose per day, in still another embodiment,
about 20 mg, about 40 mg, or about 60 mg per dose per day. The compounds of the
current invention are effective in treating both the positive symptoms, which occur during
active or acute phase of psychosis (e.g., effective in treating positive symptoms such as
delusions and hallucinations) as well as negative and other residual symptoms generally
observed in the residual phase. Preferably, the effective amount for the treatment of acute
and residual symptoms of schizophrenia is about 60 mg per day. In particular
embodiment, the dosages disclose herein for oral administration are based on the amount
of the Compounds of Formula I in acid addition salt form, particularly toluene sulfonic
acid addition salt form.
[0013] Therefore, the invention provides methods as follows:
1.1 Method A comprising a compound of Formula I, wherein X is -N(CH3);
1.2 Method A comprising a compound of Formula I, wherein X is -NH;
1.3 Method A comprising a compound of Formula I, wherein X is O;
14  Method A or any of 1.1-1.3, comprising a compound of Formula I, wherein
Y is —C(0)-;
1.5 Method A or any of 1.1-1.3, comprising a compound of Formula I, wherein
Y is —O—;
1.6  Method A or any of 1.1-1.3 comprising a compound of Formula I, wherein
Y is -C(R2)(OH)-, e.g., —C(H)YOH)-;
1.7 Method A or any of 1.1-1.3 comprising a compound of Formula I, wherein
Y is—C(R3)(ORy1), e.g., —C(H)(ORy);
1.8 Method A or formula 1.7, wherein R; is —C(0O)-Ci-z21alkyl (e.g., -C(O)-Ci.
salkyl, —C(O)-Cs.1salkyl or —C(O)-Cis-21alkyl), preferably said alkyl is a
straight chain, optionally saturated or unsaturated and optionally substituted
with one or more hydroxy or Ci2.alkoxy (e.g., ethoxy) groups, for example
R1 is =C(0)-Csalkyl, -C(0O)-Cralkyl, —C(O)-Coalkyl, —C(O)-Cnialkyl, —
C(0)-Cizalkyl or —-C(0)-Cisalkyl wherein such compound hydrolyzes to
form the residue of a natural or unnatural, saturated or unsaturated fatty

acid, e.g., the compound hydrolyzes to form the hydroxy compound on the
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1.9

1.10

1.11
1.12

1.13
1.14

1.15

1.16
1.17

1.18

one hand and octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic
acid or hexadecanoic acid on the other hand);
Method A or formula 1.7, wherein R, is — C(O)-Cs.15alkyl, e.g., -C(O)-
Coalkyl;
Method A or formula 1.7, wherein R; is -C(0)-Ci-salkyl, e.g., -C(O)-
Csalkyl;
Method A or formula 1.7, wherein R is -Ci.salkyl (e.g., methyl);
Method A or any of formula 1.1-1.11, wherein R; is H or -Cisalkyl (e.g.,
methyl);
Method A or any of formula 1.1-1.11, wherein Ro is H;
Method A or any of formula 1.1-1.11, wherein Rz is -Ci-salkyl (e.g.,
methyl);
Method A or any of formula 1.1-1.11, wherein Rz is H or -Ciealkyl (e.g.,
methyl);
Method A or any of formula 1.1-1.11, wherein Rz is H;
Method A or any of formula 1.1-1.11, wherein Rs is —Cisalkyl (e.g.,
methyl);
any of the preceding methods wherein the Compound of Formula I is
selected from a group consisting of a compound of Formula I wherein:
Xis —O-and Y is -C(H)(OH) —,
X is —NH- and Y is -C(H)(OH) —,
X is —-N(CH3)- and Y is -C(H)(OH)-,
Xis —O-and Y is -C(O) —,
Xis—O-and Y is -O—,
X is -N(CHz3)- and Y is —-C(O) —,
X is -N(CH3)- and Y 1s -O—,
X is -NH- and Y is -C(O)-,
Xis—-NH-and Y is —O-,
X is -N(CH3)- and Y is —C(H)(OR.),
X is —NH- and Y is -C(H)(OR)), or
Xis —O—and Y is -C(H)(ORy);
Xis —O—and Y is —-C(CH3)(OH) —,
X is -NH- and Y is C(CH3)(OH) —,

7
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1.19

1.20

1.21

1.22

1.23

1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

X is -N(CH3)- and Y is C(CH3)(OH)-,

any of the preceding methods wherein X is —O- and Y is —C(O)- in the
Compound of Formula

any of the preceding methods wherein X is -NH- and Y is -C(H)(OH)- in
the Compound of Formula I;

any of the preceding methods wherein X is -N(CH3)- and Y is -C(H)(OH)-
in the Compound of Formula I is;

any of the preceding methods wherein X is —O- and Y is —C(O)- in the
Compound of Formula

any of the preceding methods wherein X is —O- and Y is —O- in the
Compound of Formula

any of the preceding methods wherein X is —-N(CH3)- and Y is —C(O)- in
the Compound of Formula I;

any of the preceding methods wherein X is —O- and Y is —C(H)(OH)- in the
Compound of Formula I

any of the preceding methods wherein X is -NH- and Y is -C(H)(OH)- in
the compound of Formula I;

any of the preceding methods wherein X is -N(CH3)- and Y is -C(H)(OH)-
in the compound of Formula I;

any of the preceding methods wherein X is -N(CH3)- and Y is “C(H)(OR1)
and R, is —C(O)-Ci.n1alkyl in the compound of Formula I;

any of the preceding methods wherein X is -N(H)- and Y is —-C(H)(OR1)
and R is —C(0)-Ciz1alkyl in the compound of Formula I;;

any of the preceding methods wherein X is —O- and Y is —C(H)(OR1) and
R1 is —C(0)-Ci-n1alkyl in the compound of Formula [;

Any of the preceding methods, wherein the Compound of Formula I is a

compound of Formula [A:

OH

Date Regue/Date Received 2021-05-28



Any of the preceding methods, wherein the Compound of Formula I is a

1.32
compound of Formula IB:
F
H /\/\/Q/
N
H

Any of the preceding methods, wherein the Compound of Formula I is a

1.33
compound of Formula IC:
F
H
N
N OH
x A"

1.34  Any of the preceding methods, wherein the Compound of Formula I is a

compound of Formula ID (sometimes referred to herein as Compound B):
F
H
OH
" H
-~ N \)

Any of the preceding methods, wherein the Compound of Formula I is a

10 1.35
compound of Formula [E (sometimes referred to herein as Compound A):
F
H
N
N
- N \)

1.36  Any of the preceding methods, wherein the Compound of Formula I is a

compound of Formula IF:
9
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1.37  Any of the preceding methods, wherein the Compound of Formula I is a

compound of Formula IG:

. - 4,
o
./'N\-_JN' ;

5 1.38  Any of the foregoing methods wherein the Compound of Formula I is
administered orally, for example in once a day in a single daily dose or
twice a day in a divided dose, for example in the form of a tablet or
capsule.

1.39  Any of the foregoing methods wherein the effective amount of the
10 Compound of Formula I is a daily oral dosage of 10 - 120 mg/day, e.g.,
about 60 mg of the p-toluene sulfonic acid addition salt of the Compound

of Formula IE:

/N\)

1.40  Any of the foregoing methods wherein the Compound of Formula I is

15 administered as a sustained release injectable form, e.g., an injectable depot

10
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1.41

1.42

1.43

1.44

form, e.g., administered once or twice a month, e.g., in the form of a

bioerodable microparticle, e.g., the Compound of Formula IE:
F

N

e.g., in free base form.

Any of the foregoing methods comprising administering a long acting
injectable formulation of a Compound of Formula I, e.g., Composition 2,
e.g., any of Compositions 2.1, ef seq. as set forth below.

Any of the foregoing methods further comprising administering one or
more other therapeutic agents such as additional antipsychotic agents
and/or anti-depressive agents and/or hypnotic agents;

Method 1.38, wherein the one or more other therapeutic agents are selected
from anti-depressive agents such as compounds that modulate GABA
activity (e.g., enhances the activity and facilitates GABA transmission), a
GABA-B receptor agonist, a 5-HT modulator (e.g., a 5-HT1a receptor
agonist, a 5-HT2a receptor antagonist, a 5S-HT2a receptor inverse agonist,
etc.), a melatonin receptor agonist, an ion channel modulator (e.g., blocker),
a serotonin-2 receptor antagonist/reuptake inhibitor (SARIs), an orexin
receptor antagonist, an H3 receptor agonist, a noradrenergic receptor
antagonist, a galanin receptor agonist, a CRH receptor antagonist, human
growth hormone, a growth hormone receptor agonist, estrogen, an estrogen
receptor agonist, a neurokinin-1 drug; and antipsychotic agents, e.g.,
atypical antipsychotic agents, in free or pharmaceutically acceptable salt
form;

Method 1.42 or 1.43, wherein the one or more other therapeutic agents are
antipsychotic agents, e.g., chlorpromazine, haloperidol, droperidol,
fluphenazine, loxapine, mesoridazine molindone, perphenazine, pimozide,
prochlorperazine promarzine, thioridazine, thiothixene, trifluoperazine,

clozapine, aripiprazole, olanzapine, quetiapine, risperidone, ziprasidone,

11
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1.45

1.46

1.47

1.48

paliperidone, asenapine, lurasidone, iloperidone, cariprazine, amisulpride,
zotepine, sertindole, wherein the one or more other therapeutic agents are
administered as an adjunct to the compound of Formula I or the compound
of Formula I is an adjunct to the one or more other therapeutic agents;

Any of the foregoing methods, wherein the effective amount is 1 mg to 120
mg per day or 10 mg to 120 mg per day, or 10 mg to 60 mg per day, or 10
mg to 40 mg per day, or 1 mg to 10 mg per day, or 10 mg per day, 20 mg
per day, 40 mg per day or 60 mg per day; In a particular embodiment, the
effective amount of the Compound of Formula I disclosed in this formula is
based on the amount of the Compound of Formula I in an acid addition salt,
non-prodrug form, e.g., in toluenesulfonic acid addition salt, non-prodrug
form.

Method A or any of 1.38-1.45, wherein the one or more other therapeutic
agents are anti-depressive agents, ¢.g., one or more antidepressants selected
from selective serotonin reuptake inhibitors (SSRIs)(e.g., selected from
citalopram, escitalopram oxalate, fluoxetine, fluvoxamine maleate,
paroxetine, sertraline, dapoxetine), serotonin-norepinephrine reuptake
mhibitors (SNRIs)(e.g., selected from venlafaxine, desvenlafaxine,
duloxetine, milnacipran, levomilnacipran, sibutramine), and tricyclic
antidepressants; triple reuptake inhibitors, anxiolytics, busperone, and
trazadone;

Methods 1.45 wherein compound of Formula 1 is administered as an
adjunct to one or more other therapeutic agents such as SSRI anti-
depressive agents or the SSRI anti-depressive agents are administered as an
adjunct to the compound of Formula [;

The method of 1.47, wherein said one or more antidepressant agents are
selected form SSRI’s such as citalopram (Celexa, Cipramil, Emocal,
Sepram, Seropram), escitalopram oxalate (Lexapro, Cipralex, Esertia),
fluoxetine (Prozac, Fontex, Seromex, Seronil, Sarafem, Fluctin (EUR)),
fluvoxamine maleate (Luvox, Faverin), paroxetine (Paxil, Seroxat, Aropax,
Deroxat, Paroxat), sertraline (Zoloft, Lustral, Serlain), dapoxetine;

in free or pharmaceutically acceptable salt form;

12
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149  Any of the foregoing methods, wherein the compound of Formula I is
administered as part of a long-acting injectable microsphere composition;
1.50 The method of 1.49, wherein the long-acting injectable microsphere

composition is a composition according to any one of 2.1 to 2.22 herein

below.
[0014] In a particular embodiment of Method A et seq., the patient is a patient who
has not responded or has not responded adequately to treatment with another antipsychotic
agent, e.g., chlorpromazine, haloperidol, droperidol, fluphenazine, loxapine, mesoridazine
molindone, perphenazine, pimozide, prochlorperazine promazine, thioridazine,
thiothixene, trifluoperazine, clozapine, aripiprazole, olanzapine, quetiapine, risperidone,
ziprasidone, paliperidone, asenapine, lurasidone, iloperidone, cariprazine, amisulpride,
zotepine, sertindole. Therefore, the compound of Formula I may be administered as a
primary therapy or an adjunct therapy, e.g., adjunct to another antipsychotic agent.
[0015] In another aspect, the invention provides a method (Method B) for the
treatment of any of the following disorders: schizoaffective disorder, co-morbid
depression, major depressive disorder, bipolar disorder (e.g., bipolar I and/or bipolar I1
disorder), Autism Spectrum disorder (e.g., autistic disorder, Asperger’s disorder, Pervasive
developmental disorder not otherwise specified (PDD-NOS), Rett’s disorder (Rett
syndrome), childhood disintegrative disorder) comprising administering to a patient in
need thereof an effective amount of a Compound of Formula I, in free or pharmaceutically
acceptable salt form. In a particular embodiment, the disorder of Method B is bipolar
disorder (c.g., bipolar I and/or bipolar II disorder). In another particular embodiment, the
disorder of Mecthod B is Autism Spectrum disorder. In still another particular
embodiment, the disorder of Method B is major depressive disorder.
[0016] Therefore, depending on the combination of disorders to be treated, the
Compounds of Formula [ may be used strategically. For example at lower doses (for
example, a daily oral dose of 1-10 mg, e.g., 1 mg, 5 mg and 10 mg of the Compound of
Formula I in toluenesulfonic acid addition salt form), the Compounds of Formula I are
useful for the treatment of sleep disorder, aggression and agitation, Alzheimer’s discase
and other dementias, Autism Spectrum disorder, Parkinson’s disease and Intermittent
Explosive Disorder (IED). At higher dose (for example, a daily oral dose of 60 mg of the
Compound of Formula I in toluenesulfonic acid addition salt form), the Compounds of

Formula I are useful for treating acute exacerbated and residual schizophrenia, bipolar
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depression, major depressive disorder, generalized anxiety disorder. At very high dose
(for example a daily oral dose of 120 mg of the Compound of Formula I in toluenesulfonic
acid addition salt form), morning administration may produce somnolence/sedation.
Therefore, at such higher daily doses, administration in the evening is preferable.

[0017] The Compounds of Formula [ may exist in free or salt form, e.g., as acid
addition salts. In this specification unless otherwise indicated language such as
“Compounds of Formula I, “antipsychotic agents”, “anti-depressive agents”, “other
therapeutic agents”, and the like 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 Formula I are intended for use
as pharmaceuticals, therefore pharmaceutically acceptable salts are preferred. Salts which
arc unsuitable for pharmaceutical uses may be useful, for example, for the isolation or
purification of free Compounds of Formula I or their pharmaceutically acceptable salts,
arc therefore also included. Pharmaceutically acceptable salts include, for example, the
hydrochloride, mesylate and tosylate salts. Preferably, the Compounds of Formula I,
particularly wherein X is -N(CH3)- and Y is —C(O)-, are in tosylate (toluenesulfonic acid
addition) salt form. Where dosage amounts of salts are given by weight, e.g., milligrams
per day or milligrams per unit dose, the dosage amount of the salt may be based on the
weight of the corresponding free base or as otherwise indicated. In a particular
embodiment, the dosage of the Compounds of Formula I in acid addition salt form for oral
administration is based on the weight of the toluenesulfonic acid addition salt form, not the
free base form. For example, in a particular embodiment, the 10mg, 60mg, 120mg dosage
amount of the Compound of Formula I is based respectively, on 10mg, 60mg and 120mg
of the Compound of Formula I in toluenesulfonic acid addition salt form, not based on the
amount of the free base. For example, 60 mg dosage of the compound for oral
administration of Compounds of Formula I (e.g., wherein X is -N(CH3)- and Y is —C(O)-)
in toluene sulfonic acid addition salt form refers to the compound in tosylate salt form,
which is equivalent to approximately 41.7 mg of said compound in free base form.

[0018] The invention also provides the foregoing methods, e.g., Mcthod A, e.g.,
any of 1.1-1.50, and Method B, wherein the Compound of Formula I, in free or
pharmaceutically acceptable salt form is administered in a composition, wherein said
Compound of Formula I in free or pharmaceutically acceptable salt form is in admixture

or in association with a pharmaceutically acceptable diluent or carrier.
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[0019] In a particular embodiment, the invention also provides the foregoing
methods, e.g., Method A, e.g., any of 1.1-1.50, and Method B, wherein the Compound of
Formula I, in free or pharmaceutically acceptable salt form is administered in an
immediate release or sustained or delayed release formulation, e.g., depot formulation.
[0020] In one embodiment, the sustained or delayed release formulation comprises the
Compounds of Formula I disclosed herein (e.g., the compound of formula I or any of those
described in any of formulae 1.1-1.50) in a polymeric matrix. In another embodiment, the
Compounds of Formula I are dispersed or dissolved within the polymeric matrix. In a
further embodiment, the polymeric matrix comprises standard polymers used in depot
formulations such as polymers selected from a polyester of a hydroxy fatty acid and
derivatives thereof, or a polymer of an alkyl alpha-cyanoacrylate, a polyalkylene oxalate, a
poly(ortho) ester, a polycarbonate, a polyortho-carbonate, a polyamino acid, a hyaluronic
acid ester, and mixtures thereof. In a further embodiment, the polymer is selected from a
group consisting of polylactide, poly d,l-lactide, poly glycolide, PLGA 50:50, PLGA
75:25, PLGA 85:15 and PLGA 90:10 polymer. In another embodiment, the polymer is
selected from poly(glycolic acid), poly-D,L-lactic acid, poly-L-lactic acid, copolymers of
the foregoing, poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone,
polydioxonone, poly(ortho carbonates), poly(acetals), poly(lactic acid-caprolactone),
polyorthoesters, poly(glycolic acid-caprolactone), polyanhydrides, and natural polymers
including albumin, casein, and waxes, such as, glycerol mono- and distearate, and the like.
In a particular embodiment, the polymeric matrix comprises poly (d,I-lactide-co-
glycolide). The Compound of Formula I in a polymeric matrix may be in admixture or in
association with a pharmaceutically acceptable diluent or carrier.

[0021] The sustained or delayed release formulations as hereinbefore described are
particularly useful for sustained or delayed release, wherein the Compounds of Formula 1
arc released upon degradation of the polymeric matrix. These formulations may release
the Compounds of Formula I over a period of up to 180 days, e.g., from about 14 to about
30 to about 180 days. For example, the polymeric matrix may degrade and release the
Compounds of Formula I over a period of about 30, about 60 or about 90 days. In another
example, the polymeric matrix may degrade and release the Compounds of Formula I over
a period of about 120, or about 180 days.

[0022] In still another further embodiment, the sustained or delayed release

formulation is formulated for administration by injection.
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[0023] For example, the disclosure provides long-acting injectable (LAI) formulations
of Compounds of Formula I. Such LAIs may be optimized as to carrier composition,
particle size, molecular weight of carrier, loading of active ingredient, and dosage, e.g., as
described in the examples. In addition to convenience of administration, and ensuring
patient compliance, LAI formulations of Compounds of Formula I surprisingly provide
advantages as to pharmacokinetics and side effects. When a Compound of Formula I is
administered using an LAI formulation, as opposed to an oral dosage form, the first pass
metabolism in the liver is avoided, meaning that a lower proportion of Compound of
Formula I is metabolized before reaching the brain. Sustained or delayed release
formulations as described herein generally impart fewer extrapyramidal side effects, and
offer better tolerability and reduced total dose than the corresponding immediate relcase
formations. Sustained or delayed release formulations, and particularly long-acting
injectable formulations, allow a patient to achieve and maintain therapeutically effective
levels of drug in the CNS while receiving a much lower total dosage than would be needed
to achieve the same body level of drug using immediate release oral formulations. For
long-acting injectable formulations in particular, this effect is partly due to the avoidance
of the first-pass metabolism that occurs with oral medications, including oral sustained and
delayed relcase medications.
[0024] The effective amount of the Compound of Formula [ when administered as a
long-acting injectable formulation is therefore found to be much lower than the effective
amount when administered orally, e.g., from about 100 mg per month to about 600 mg per
month, and preferably from 150 mg per month to 300 mg per month.
[0025] In a particular embodiment, therefore, the disclosure provides a long-acting
injectable formulation (Composition 2) comprising polymeric microspheres, wherein the
microspheres comprise:

a poly(D,L-lactide-co-glycolide) polymer (PLGA) polymer matrix and

an effective amount of a Compound of Formula I, as hereinbefore described, in free or

pharmaceutically acceptable salt form, the Compound of Formula I being dispersed,

dissolved or encapsulated in the polymer matrix.
For example, the disclosure provides:

2.1 Composition 2, wherein the PLGA polymer is about 75:25 PLA/PLG with either

carboxylic acid or carboxylic ester end groups.
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Composition 2 or 2.1, wherein the PLGA polymer is about 75:25 PLA/PLG with
carboxylic acid end groups.

Composition 2, 2.1 or 2.2, wherein the Compound of Formula I is in free base
form.

Any foregoing Composition wherein the Compound of Formula I is selected from
Compounds of Formula [A, 1B, IC, ID, IE.

Any foregoing Composition wherein the Compound of Formula I is the

Compound of Formula IE:
F
H
N
N

e.g., in free base form.
Any of the foregoing Compositions, wherein the Compound of Formula I is a

compound of Formula ID:
F
H
N
OH
; " H
~ N \)

e.g., in free base form.
Any foregoing Composition wherein the average molecular weight range for the
PLGA polymer is, for example 20kD to 200kD, for example, 24,000 to 38,000
daltons, or about 113,000 daltons or about 159,000 daltons.
Any foregoing Composition wherein the time frame for complete degradation of
the microspheres and release of the encapsulated drug compounds is, e.g., less
than 6 months, less than 4 months, less than 3 months, Iess than 2 months, or less
than 1 month.
Any foregoing Composition wherein the diameter of the microspheres, e.g., the
average diameter (or Dso), the 10" percentile diameter (D1o), the 25™ percentile

diameter (D2s), the 75% percentile diameter (D7s), or the 90" percentile diameter
17
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(Doo), 1s from about 10 um to about 200 pum, for example, from about 20 pum to
about 160 um, or from about 20 um to about 120 pm, or from about 20 pm to
about 100 pm, or from about 20 pm to about 80 pm, or from about 20 pm to
about 70 pm, or from about 20 um to about 60 pum, or from about 20 um to about
50 pm, or from about 20 pm to about 40 um, or from about 20 pm to about 30
pum, or from about 25 um to about 70 um, or from about 25 pm to about 60 um,
or from about 25 um to about 50 pm, or from about 25 pm to about 40 um, or
from about 30 pm to about 60 pm, or from about 30 to 50um, or from about 30
pum to about 40 um, or from about 30 wm to about 120 um, or from about 40 um
to about 120 pm, or from about 40 um to about 100 pm, or from about 40 um to
about 80 um, or from about 40 pum to about 70 pum, or from about 40 um to about
60 um, or from about 40 um to about 50 um, or from about 50 yum to about 100
pm, or from about 50 pum to about 80 um, or from about 50 pm to about 70 pm,
or from about 50 um to about 60 pm, or from about 60 pm to about 100 pm, or
from about 60 pm to about 90 um, or from about 60 pm to about 80 pm, or from
about 60 um to about 70 pm, or from about 70 pum to about 100 pum, or from
about 70 pm to about 90 um, or from about 70 pum to about 80 pum, or from about
75 pm to about 110 pm, or from about 40 um to about 160 pm, or from about 50
pum to about 160 pm, or from about 50 pm to about 120 um, or about 20 pm,
about 30 pm, about 40 um, about 50 pm, about 60 um, about 70 pm, about 80
um, about 90 um, or about 100 um.

2.10 Any foregoing Composition wherein the diameter of the microspheres, e.g., the

average diameter (or Dso), the 10" percentile diameter (Do), the 25% percentile
diameter (D2s), the 75" percentile diameter (D7s), or the 90 percentile diameter
(D9o), 1s from 10 um to 160 pm, for example, 20 um to 70 um, 25 pm to 70 pm,
40 to 120 pm, or 20 pm to 60 pm, or 20 pum to 50 pm, 30 pm to 60 pm, 30 to
50pum, 40 pum to 50 pm, or about 30 wm, or about 40 pum, or about 50 pum.

2.11 Any foregoing Composition wherein the amount of the Compound of Formula I

dispersed, dissolved or encapsulated in each microsphere, on average, is from
about 5% by weight to about 50% by weight, for example, from about 10% by
weight to about 50% by weight, or from about 20% by weight to about 40% by
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weight, or from about 30% by weight to about 40% by weight, or, for example,
about 8.5% by weight, or about 16% by weight, or about 30% by weight, or about
35% by weight, or about 40% by weight.

2.12 Any foregoing Composition wherein the inherent viscosity is about 0.1 to about 1,
for example about 0.3 to about 0.4, about 0.7, about 0.8, about 0.9 dL/g.

2.13 Any of the foregoing Compositions for use in Method A, e.g. any of Methods 1.1
et seq. or in Method B, as hereinbefore described.

2.14 Any of the foregoing Compositions for use in patients who have difficulty
adhering to a regular treatment regimen, either intentionally or unintentionally.

2.15 Any of the foregoing Compositions for administration to patients on a weekly,
biweekly or monthly basis, or once every 2, 3 4, 5 or 6 months.

2.16 Any of the foregoing Compositions for intramuscular, intraperitoneal, intrathecal,
epidural, or subcutancous injection, ¢.g. subcutancous or intramuscular injection,
e.g., intramuscular injection.

2.17 Any of the foregoing Compositions for intramuscular injection.

2.18 Any of the foregoing Compositions, further comprising an antioxidant, e.g., in an
amount effective to inhibit or reduce oxidation of the Compound of Formula 1.

2.19 Any of the foregoing Compositions further comprising an antioxidant, wherein
the antioxidant is a water-soluble antioxidant (e.g., ascorbic acid, lipoic acid), ora
lipid-soluble antioxidant (e.g., lipoic acid, vitamin E, tocopherols, carotenes or
phenolic antioxidants), or a neutral or weakly basic antioxidant, or a catalytic
antioxidant (e.g., ebselen), or a metal-containing antioxidant.

2.20 Any of the foregoing Compositions further comprising an antioxidant, wherein
the antioxidant is a lipidic or neutral or weakly basic antioxidants, e.g., wherein
the polymer comprises carboxy end groups.

2.21 Any of the foregoing Compositions, further comprising an antioxidant, wherein
the anti-oxidant is a phenolic antioxidant (e.g., butylated hydroxyanisole (BHA)
or butylated hydroxytoluene (BHT)).

2.22 Any of the foregoing Compositions, further comprising an antioxidant, wherein

the anti-oxidant is BHT.

[0026] In still another embodiment, the invention provides Methods A or B as
hereinbefore described wherein the Compound of Formula I is formulated in an osmotic

controlled release oral delivery system (OROS) for delivery of the Compounds of Formula
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I, e.g., analogous to the systems described in WO 2000/35419 and EP 1 539 115 (U.S.
Pub. No. 2009/0202631). Therefore in one embodiment, the invention provides Methods
A or B as hereinbefore described, wherein the compound of Formula I is formulated in a
device comprising (a) a gelatin capsule containing the Compound of Formula I, in free or
pharmaceutically acceptable salt form, as hereinbefore described; (b) a multilayer wall
superposed on the gelatin capsule comprising, in outward order from the capsule: (i) a
barrier layer, (ii) an expandable layer, and (iii) a semipermeable layer; and (c) and orifice
formed or formable through the wall. (Composition P.1)

[0027] In still another embodiment, the invention provides Methods A or B as
hereinbefore described wherein the compound of Formula I is formulated in a composition
comprising a gelatin capsule containing a liquid, the Compounds of Formula I, in free or
pharmaceutically acceptable salt form as hereinbefore described, the gelatin capsule being
surrounded by a composite wall comprising a barrier layer contacting the external surface
of the gelatin capsule, an expandable layer contacting the barrier layer, a semi-permeable
layer encompassing the expandable layer, and an exit orifice formed or formable in the
wall. (Composition P.2)

[0028] In still another embodiment, the invention provides Methods A or B as
hereinbefore described wherein the compound of Formula I is formulated in a composition
comprising a gelatin capsule containing a liquid, the Compound of Formula I, in free or
pharmaceutically acceptable salt form as hereinbefore described, the gelatin capsule being
surrounded by a composite wall comprising a barrier layer contacting the external surface
of the gelatin capsule, an expandable layer contacting the barrier layer, a semipermeable
layer encompassing the expandable layer, and an exit orifice formed or formable in the
wall, wherein the barrier layer forms a scal between the expandable layer and the
environment at the exit orifice. (Composition P.3)

[0029] In still another embodiment, the invention provides a composition comprising a
gelatin capsule containing a liquid, the Compound of Formula I, in free or
pharmaceutically acceptable salt form as hereinbefore described, the gelatin capsule being
surrounded by a barrier layer contacting the external surface of the gelatin capsule, an
expandable layer contacting a portion of the barrier layer, a semi-permeable layer
encompassing at least the expandable layer, and an exit orifice formed or formable in the
dosage form extending from the external surface of the gelatin capsule to the environment

of use. (Composition P.4). The expandable layer may be formed in one or more discrete
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sections, such as for example, two sections located on opposing sides or ends of the gelatin
capsule.

[0030] In a particular embodiment, the Compounds of Formula I in the Osmotic-
controlled Release Oral delivery System (i.c., in Composition P.1-P .4) as hercinbefore
described are in a liquid formulation, which formulation may be neat, liquid active agent,
liquid active agent in a solution, suspension, emulsion or self-emulsifying composition or
the like.

[0031] Further information on Osmotic-controlled Release Oral delivery System
compositions including characteristics of the gelatin capsule, barrier layer, expandable
layer, semi-permeable layer, and orifice may be found in WO 2000/35419. Other
Osmotic-controlled Release Oral delivery Systems may be found in EP 1 539 115 (U.S.
Pub. No. 2009/0202631).

[0032] In still another embodiment, the invention provides Methods A or B as
hereinbefore described wherein the compound of formula I is formulated in a device
comprising (a) two or more layers, said two or more layers comprising a first layer and a
second layer, said first layer comprising the Compound of Formula I, in free or
pharmaceutically acceptable salt form as herein before described, said second layer
comprising a polymer; (b) an outer wall surrounding said two or more layers; and (c) an
orifice in said outer wall. (Composition P.5)

[0033] Composition P.5 preferably utilizes a semi-permeable membrane surrounding
the three-layer-core described herein: in these embodiments the first layer is referred to as
a first drug layer and contains low amounts of drug (c.g., the Compounds of Formula I)
and an osmotic agent such as a salt, the middle layer referred to as the second drug layer
contains higher amounts of drug, excipients and no salt; and the third layer referred to as
the push layer contains osmotic agents and no drug. At least one orifice is drilled through
the membrane on the first drug layer end of the capsule-shaped tablet. (Composition P.6)
[0034] Composition P.5 or P.6 may comprise a membrane defining a compartment,
the membrane surrounding an inner protective subcoat, at least one exit orifice formed or
formable therein and at least a portion of the membrane being semi-permeable; an
expandable layer located within the compartment remote from the exit orifice and in fluid
communication with the semi-permeable portion of the membrane; a first drug layer
located adjacent to the exit orifice; and a second drug layer located within the

compartment between the first drug layer and the expandable layer, the drug layers
21

Date Regue/Date Received 2021-05-28



10

15

20

25

30

comprising the Compound of Formula I in free or pharmaceutically acceptable salt
thereof. Depending upon the relative viscosity of the first drug layer and second drug
layer, different release profiles are obtained. It is imperative to identify the optimum
viscosity for each layer. In the present invention, viscosity is modulated by addition of a
salt, e.g., sodium chloride. The delivery profile from the core is dependent on the weight,
formulation and thickness of each of the drug layers. (Composition P.7)

[0035] In a particular embodiment, Composition P.7 comprises the first drug layer
comprising salt and the second drug layer containing no salt. Composition P.5-P.7 may
optionally comprise a flow-promoting layer between the membrane and the drug layers.
Compositions P.1-P.7 will generally be referred to as Osmotic-controlled Release Oral
delivery System Composition.

[0036] The invention further provides a pharmaceutical composition as
hereinbefore described comprising a Compound of Formula I in free or pharmaceutically
acceptable salt form, e.g., as described in any of Methods A or 1.1-1.50, or Mcthod B in
admixture with a pharmaceutically acceptable diluent or carrier, e.g., in an immediate or
sustained or delayed release formulation, including a long-acting injectable formulation,
for use in the treatment of residual symptoms as described in any of Methods A, or 1.1-
1.50, or for use in the treatment of the disorders as described in Method B.

[0037] In another aspect, the invention provides use of the Compound of Formula I
or the pharmaceutical composition comprising the compound of Formula I in free or
pharmaceutically acceptable salt form as described in Methods A or 1.1-1.50, formulated
in an immediate release or sustained or delayed release formulation, including a long-
acting injectable formulation, as hereinbefore described, (in the manufacture of a
medicament) for the treatment of residual symptoms as described in any of Methods A or
1.1-1.50, or for the treatment of the disorders as described in Method B.

[0038] In another aspect, the invention provides use of the Compound of Formula I
or any pharmaceutical composition as hereinbefore described (e.g., Compositions P.1 to
P.7 or Composition 2) comprising the Compound of Formula I in free or pharmaceutically
acceptable salt form as described in Methods A or 1.1-1.50, wherein the compound is in
admixture or association with an antioxidant. Without being bound by any particular
theory, it is believed that the presence of an antioxidant within the composition will

stabilize the compound of Formula I. In a preferred embodiment, the long acting injectable
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microspheres contain an antioxidant, wherein it is believed that the antioxidant will

stabilize the compound of Formula I during release from the microsphere.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1: PANSS Negative Symptom Sub-Scale for patient subgroup with
prominent negative symptoms at baseline.

[0040] FIG. 2: Total PANSS in sub-group of patients with depression at baseline.
[0041] FIG. 3: PANSS Negative Symptom Sub-Scale in sub-group of patients with

depression at baseline.
[0042] FIG. 4: Prosocial PANSS Factor Change from Baseline compared to
Placebo (* p< 0.05 versus Placebo; ** p< 0.01 versus Placebo; and *** p< 0.001 versus

Placebo ).

DETAILED DESCRIPTION OF THE INVENTION

[0043] The current invention provides an unmet need in the treatment of not only
acute symptoms, but also residual symptoms of psychosis, particularly schizophrenia.
Patients suffering from schizophrenia are currently treated with either conventional or
atypical antipsychotic agents. These agents, which may be effective in treating positive
symptoms of psychosis, generally are inadequate for treating residual symptoms. Thus, a
different or additional treatment is needed to improve outcomes. In one embodiment, the
methods of the present invention use a compound of Formula I alone as hereinbefore
described, or used in a combination of the compound of Formula I and one or more
different antipsychotic agents for the treatment of residual symptoms and acute symptoms
of psychosis.

[0044] As used herein “residual symptoms” include negative symptoms and general
psychopathology symptoms as described in the Positive and Negative Symptom Scale
(PANSS) for Schizophrenia described in Kay et al., Schizophr. Bull. (1987) 13(2):261-
276. Negative symptoms include: blunted affect, emotional withdrawal, poor rapport,
passive/apathetic social withdrawal, difficulty in abstract thinking, lack of spontaneity and
flow of conversation and stereotyped thinking. General psychopathology symptoms

include: somatic concem, anxiety, guilt feelings, tension, mannerisms and posturing,
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depression, motor retardation, uncooperativeness, unusual thought content, disorientation,
poor attention, lack of judgment and insight, disturbance of volition, poor impulse control,
preoccupation and active social avoidance. Residual symptoms may also include
depression, cognitive impairment and sleep disorders (e.g., insomnia). Of these residual
symptoms, the Compounds of Formula I are particularly useful for the treatment of
passive social withdrawal, stereotyped thinking, somatic concems, anxiety, tension, active
social avoidance and depression. Most patients with schizophrenia exhibit deficits in
social function preventing successful reintegration into society. Social function deficits
can be measured using the PANSS-Derived Prosocial factor. Prosocial factor is comprised
of items from the Positive, Negative and General Psychopathology subscales such as
active social avoidance, emotional withdrawal, passive social withdrawal, stercotyped
thinking, hallucinatory behavior and suspiciousness. This factor is shown to be sensitive
to change in the clinical trial setting. Since the Compounds of Formula I, particularly
Compound A as defined in Example 1, reduce negative symptoms and also treat several
other symptom domains, it is believed that the Compounds of Formula I may be useful in
treating social function deficits. Therefore, the compounds of the present invention are
particularly useful in improving social integration and social function in patients suffering
from schizophrenia. Social function is the ability to recognize, understand, process and
use external cues to solve problems, maintain work performance and conduct interpersonal
relationships.

[0045] Treatment of these residual symptoms is also particularly effective in
schizophrenic patients also suffering from depression. 60 mg of the Compound of Formula
I, particularly Compound A as defined in Example 1 in toluenesulfonic acid addition salt
form, administered once daily in the moming improves symptoms associated with
schizophrenia measured by a statistically significant and clinically meaningful decrease in
the PANSS total score after 28 days of treatment. This compound A also does not cause
hyperprolactinemia, EPS/akathisia, weight gain or cardiovascular safety issues. At the
same dosage, this compound A also statistically significantly improves the positive
symptom subscale and the general psychopathology subscale of the PANSS. Further, the
Compound of Formula I, particularly Compound A as defined in Example 1 in
toluenesulfonic acid addition salt form at 60 mg improves negative symptoms in a
subgroup of patients with prominent negative symptoms at baseline. Significantly, it also

improves certain items on the negative symptom and general psychopathology subscales
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consistent with improved social function.

[0046] The term “acute symptoms” of psychosis or schizophrenia refers to positive
symptoms of the PANSS such as delusions, conceptual disorganization, hallucinatory
behavior and suspiciousness.

[0047] The term “psychosis” refers to illnesses such as schizophrenia, delusional
disorder, major depression with psychosis, bipolar disorder with psychotic symptoms,
brief psychotic disorder, schizophreniform disorder, schizoaffective disorder or psychosis
caused by a medical condition or substance use. Preferably, the patient suffering from
residual symptoms of psychosis is a patient suffering from residual symptoms of
schizophrenia.

[0048] The term “bipolar disorder” refers to a disorder characterized by extreme
shifts in mood. Individuals with bipolar disorder may experience intense feelings of over-
excitement, irritability, and impulsivity with grandiose beliefs and racing thoughts,
referred to as a manic episode. Symptoms of depression may include feeling tired,
hopeless and sad, with difficulty concentrating and thoughts of suicide. Some people
experience both types of symptoms in the same “mixed” episode. Severe symptoms of
bipolar disorder can be associated with hallucinations or delusions, otherwise referred to
as psychosis.

[0049] The words "treatment" and "treating” are to be understood accordingly as
embracing prophylaxis and treatment or amelioration of symptoms of disease and/or
treatment of the cause of the disease.

[0050] The term “patient” may include a human or non-human patient.

[0051] If not otherwise specified or clear from context, the following terms herein
have the following meanings:

() “Alkyl” as used herein is a saturated or unsaturated hydrocarbon
moiety, e.g., one to twenty-one carbon atoms in length, which may be
linear or branched (e.g., n-butyl or tert-butyl), preferably linear, unless
otherwise specified. For example, "C1-21 alkyl" denotes alkyl having 1
to 21 carbon atoms. In one embodiment, alkyl is optionally substituted
with one or more hydroxy or Cizzalkoxy (e.g., ethoxy) groups. In
another embodiment, alkyl contains 1 to 21 carbon atoms, preferably
straight chain and optionally saturated or unsaturated, for example Ry is

an alkyl chain containing 1 to 21 carbon atoms, preferably 6-15 carbon
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atoms, 16-21 carbon atoms, ¢.g., so that together with the -C(O)- to
which it attaches, e.g., when cleaved from the compound of Formula I,
forms the residue of a natural or unnatural, saturated or unsaturated
fatty acid.
5 Methods of Making Compounds of Formula 1
[0052] The compounds of the formula I and their pharmaceutically acceptable salts
may be made using the methods as described and exemplified in any of the following
patents or applications: U.S. Pat. No. 6,548,493; 7,238,690; 6,552,017; 6,713,471; U.S.
RE39680; U.S. RE39679; PCT/US08/03340; U.S. Application Serial No. 10/786,935; WO
10 2011/133224 A1, WO 2009/114181 and WO 2013/155505. 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.
[0053] Compounds of Formula I refer to Compounds of Formula I or any of the
15  compounds described in Methods 1.1-1.50, which include:

oo I ST
S o
/N\)NH /\/\(')(@’/N\)NH NS
b F@dt ey
A NY@ L

B B

B

B

in free or pharmaceutically acceptable salt form. The Compounds of Formula I also
20  include other specific compounds wherein Y is —C(H)(OH)- or -C(H)(OR1) wherein R; is
previously defined and X is —O-, -N(H)-, or -N(CH3s)- . These include, for example:
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in [ree or pharmaceutically acceplable salt form. A specific Compound of Formula I also
includes Compound A which is the compound of Formula I wherein X is -N(CH3)- and Y

5  is —C(O)-. The terms “Compounds of Formula I’ and “Compounds of Formula I’ may be
used interchangeably and may be used as a sole therapeutic agent, or they may also be
used in combination or for co-administration with other active agents. Also, in the
methods of the present invention the phrase “a compound of Formula I may include more
than one of the compounds of Formula I.

10 [0054] Compounds of Formula I may in some cases also exist in prodrug form. A
prodrug form is compound which converts in the body to an active Compound of Formula
I. The term “pro-drug” is an art recognized term and refers to a drug precursor prior to
administration that generates or releases the active metabolite in vivo following
administration, via some chemical or physiological process. For example when the

15 Compounds of Formula I contain hydroxy or carboxy substituents, these substituents may
form physiologically hydrolysable and acceptable esters. As used herein, “physiologically
hydrolysable and acceptable ester” means esters of Compounds of Formula I which are
hydrolysable under physiological conditions to yield acids (in the case of Compounds of
Formula I which have hydroxy substituents) or alcohols (in the case of Compounds of

20  Formula I which have carboxy substituents) which are themselves physiologically
tolerable at doses to be administered. For example, wherein Y of the compound of
Formula I is -C(H)(OR), and R; is a physiologically hydrolysable and acceptable acyl for
example —C(O)-Cimalkyl, e.g., —C(0)-Csalkyl or -C(O)-Coalkyl, these compounds may
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hydrolyze under physiological condition to yicld a compound of Formula I wherein Y is —
C(H)(OH) on the one hand and Ci-21alkyl-C(O)OH, e.g., Csalkyl-C(O)OH or Coalkyl-
C(O)OH on the other hand. In particular, Compounds of Formula I, wherein Y is —O—, -
C(R2)(OH)-, -C(R3)(OR1) or —C(O)—; R1 is Ci6 alkyl (c.g., methyl) and R, and R3 are H or
C1 alkyl (e.g., methyl) are active moieties. In contrast, Compounds of Formula I, wherein
R1is —C(0)-Ci1malkyl is a physiologically labile moiety, will have weak activity or no
activity, but under physiological conditions will undergo hydrolysis to produce the
Compounds of Formula I, Ry is cleaved off to leave -C(R2)(OH) or -C(R3)(OH) and the
other hydrolysis product is not toxic at relevant concentrations, €.g., at concentrations
which would be provided by in vivo hydrolysis of a dosage of the prodrug compound.
Under some physiological conditions, Compounds of Formula I, wherein R1 is Ci-6 alkyl
(c.g., methyl), may also under go in vivo conversion to the more active compound wherein
R1 is H, and therefore these compounds may be considered to be both active moieties and
pro-drugs.

[0055] As will be appreciated the term prodrug thus embraces conventional
pharmaceutical prodrug forms. Wherein a prodrug (e.g., the compound of formula (1)
wherein R; is —C(0)-Ci21alkyl) is used, the dosage amount is calculated based on the
amount of the active Compound of Formula I, e.g., Y is —O—, -C(R2)(OH)-, -C(R3)(OR1)
or —C(O)—; R1 is Ci.6 alkyl (e.g., methyl), R, and Rz are H or Ci.6 alkyl (e.g., methyl),
particularly the compound of formula (I) wherein Y is C(=0) or Y is C(H)(OH) in free
base form or in the salt form, ¢.g., in toluenesulfonic acid addition salt form.

[0056] The Compounds of Formula I may comprise one or more chiral carbon atoms.
The compounds thus exist in individual isomeric, e.g., enantiomeric or diastereomeric
forms or as mixtures of individual forms, ¢.g., racemic/diastercomeric mixtures. Any
isomer may be present in which the asymmetric center is in the (R)-, (S)-, or (R,S)-
configuration. The invention is to be understood as embracing both individual optically
active isomers as well as mixtures (e.g., racemic/diastercomeric mixtures) thereof.
Accordingly, the Compounds of Formula I may be a racemic mixture or they may be
predominantly, e.g., in pure, or substantially pure, isomeric form, e.g., greater than 70%
enantiomeric/diastercomeric excess (“ee”), preferably greater than 80% ee, more
preferably greater than 90% ee, most preferably greater than 95% ee. The purification of

said isomers and the separation of said isomeric mixtures may be accomplished by
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standard techniques known in the art (e.g., column chromatography, preparative TLC,
preparative HPLC, simulated moving bed and the like).

[0057] Geometric isomers by nature of substituents about a double bond or a ring may
be present in cis (Z) or trans (£) form, and both isomeric forms are encompassed within
the scope of this invention.

[0058] The Compounds of Formula [ may be included as a sustained or delayed
release formulation, e.g., depot formulation, e.g., by dispersing, dissolving or
encapsulating the Compounds of Formula I in a polymeric matrix as described
hereinbefore in P.1-P.7, such that the Compound is continually released as the polymer
degrades over time. The release of the Compounds of Formula I from the polymeric
matrix provides for the controlled- and/or delayed- and/or sustained-release of the
Compounds, ¢.g., from the pharmaceutical depot composition, into a subject, for example
a warm-blooded animal such as man, to which the pharmaceutical depot is administered.
Thus, the pharmaceutical depot delivers the Compounds of Formula I to the subject at
concentrations effective for treatment of the particular disease or medical condition over a
sustained period of time, e.g., 14-180 days, preferably about 30, about 60 or about 90
days.

[0059] Polymers useful for the polymeric matrix in the Composition of the Invention
(e.g., Depot composition of the Invention) may include a polyester of a hydroxy-fatty acid
and derivatives thereof or other agents such as polylactic acid, polyglycolic acid, polycitric
acid, polymalic acid, poly-beta.-hydroxybutyric acid, epsilon.-capro-lactone ring opening
polymer, lactic acid-glycolic acid copolymer, 2-hydroxybutyric acid-glycolic acid
copolymer, polylactic acid-polyethylene glycol copolymer or polyglycolic acid-
polyethylene glycol copolymer), a polymer of an alkyl alpha-cyanoacrylate (for example
poly(butyl 2-cyanoacrylate)), a polyalkylene oxalate (for example polytrimethylene
oxalate or polytetramethylenc oxalate), a polyortho ester, a polycarbonate (for example
polyethylene carbonate or polyethylenepropylenc carbonate), a polyortho-carbonate, a
polyamino acid (for example poly-gamma.-L-alanine, poly-.gamma.-benzyl-L-glutamic
acid or poly-y-methyl-L-glutamic acid), a hyaluronic acid ester, and the like, and one or
more of these polymers can be used.

[0060] If the polymers are copolymers, they may be any of random, block and/or graft
copolymers. When the above alpha-hydroxycarboxylic acids, hydroxydicarboxylic acids

and hydroxytricarboxylic acids have optical activity in their molecules, any one of D-
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isomers, L-isomers and/or DL-isomers may be used. Among others, alpha-
hydroxycarboxylic acid polymer (preferably lactic acid-glycolic acid polymer), its ester,
poly-alpha-cyanoacrylic acid esters, etc. may be used, and lactic acid-glycolic acid
copolymer (also referred to as poly(lactide-alpha-glycolide) or poly(lactic-co-glycolic
acid), and hereinafter referred to as PLGA) are preferred. Thus, in one aspect the polymer
useful for the polymeric matrix is PLGA. As used herein, the term PLGA includes
polymers of lactic acid (also referred to as polylactide, poly (lactic acid), or PLA). Most
preferably, the polymer is the biodegradable poly(d,l-lactide-co-glycolide) polymer.
[0061] In a preferred embodiment, the polymeric matrix of the invention is a
biocompatible and biodegradable polymeric material. The term “biocompatible” is defined
as a polymeric material that is not toxic, is not carcinogenic, and does not significantly
induce inflammation in body tissues. The matrix material should be biodegradable
wherein the polymeric material should degrade by bodily processes to products readily
disposable by the body and should not accumulate in the body. The products of the
biodegradation should also be biocompatible with the body in that the polymeric matrix is
biocompatible with the body. Particular useful examples of polymeric matrix materials
include poly(glycolic acid), poly-D,L-lactic acid, poly-L-lactic acid, copolymers of the
foregoing, poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone,
polydioxonone, poly(ortho carbonates), poly(acetals), poly(lactic acid-caprolactone),
polyorthoesters, poly(glycolic acid-caprolactone), polyanhydrides, and natural polymers
including albumin, casein, and waxes, such as, glycerol mono- and distearate, and the like.
The preferred polymer for use in the practice of this invention is dl-(polylactide-co-
glycolide). It is preferred that the molar ratio of lactide to glycolide in such a copolymer be
in the range of from about 75:25 to 50:50.

[0062] Useful PLGA polymers may have a weight-average molecular weight of from
about 5,000 to 500,000 daltons, e.g., about 150,000 daltons, or 20,000 to 200,000 daltons,
for example, 24,000 to 38,000 daltons, or about 113,000 daltons or about 159,000 daltons.
For example, the PLGA polymer has a weight-average molecular weight of 24,000 to
38,000 daltons. Dependent on the rate of degradation to be achieved, different molecular
weight of polymers may be used. For a diffusional mechanism of drug release, the
polymer should remain intact until all of the drug is released from the polymeric matrix
and then degrade. The drug can also be released from the polymeric matrix as the

polymeric excipient bioerodes.
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[0063] The PLGA may be prepared by conventional methods, or may be commercially
available. For example, PLGA can be produced by ring-opening polymerization with a
suitable catalyst from cyclic lactide, glycolide, etc. (see EP-0058481B2; Effects of
polymerization variables on PLGA properties: molecular weight, composition and chain
structure).

[0064] It is believed that PLGA is biodegradable by means of the degradation of the
entire solid polymer composition, due to the break-down of hydrolysable and
enzymatically cleavable ester linkages under biological conditions (for example in the
presence of water and biological enzymes found in tissues of warm-blooded animals such
as humans) to form lactic acid and glycolic acid. Both lactic acid and glycolic acid are
water-soluble, non-toxic products of normal metabolism, which may further biodegrade to
form carbon dioxide and water. In other words, PLGA is belicved to degrade by means of
hydrolysis of its ester groups in the presence of water, for example in the body of a warm-
blooded animal such as man, to produce lactic acid and glycolic acid and create the acidic
microclimate. Lactic and glycolic acid are by-products of various metabolic pathways in
the body of a warm-blooded animal such as man under normal physiological conditions
and therefore are well tolerated and produce minimal systemic toxicity.

[0065] In another embodiment, the polymeric matrix useful for the invention may
comprise a star polymer wherein the structure of the polyester is star-shaped. These
polyesters have a single polyol residue as a central moiety surrounded by acid residue
chains. The polyol moiety may be, ¢. g., glucose or, ¢. g., mannitol. These esters are
known and described in GB 2,145,422 and in U. S. Patent No. 5,538,739.

[0066] The star polymers may be prepared using polyhydroxy compounds, ¢. g.,
polyol, e. g., glucose or mannitol as the initiator. The polyol contains at least 3 hydroxy
groups and has a molecular weight of up to about 20,000 Daltons, with at least 1,
preferably at least 2, e.g., as a mean 3 of the hydroxy groups of the polyol being in the
form of ester groups, which contain polylactide or co-polylactide chains. The branched
polyesters, e. g., poly (d, I-lactide-co-glycolide) have a central glucose moicty having rays
of linear polylactide chains.

[0067] The sustained or delayed release formulation as hereinbefore described may
comprise the polymer in the form of microparticles (e.g., microspheres) or nanoparticles,
or in a liquid form, with the Compounds of Formula I dispersed or encapsulated

therein. “Microparticles” is meant solid particles that contain the Compounds of Formula

31

Date Regue/Date Received 2021-05-28



10

15

20

25

30

I either in solution or in solid form wherein such compound is dispersed or dissolved
within the polymer that serves as the matrix of the particle. By an appropriate selection of
polymeric materials, a microparticle formulation can be made in which the resulting
microparticles exhibit both diffusional release and biodegradation release properties.
[0068] When the polymer is in the form of microparticles, the microparticles may be
prepared using any appropriate method, such as by a solvent evaporation or solvent
extraction method. For example, in the solvent evaporation method, the Compounds of
Formula I and the polymer may be dissolved in a volatile organic solvent (for example a
ketone such as acetone, a halogenated hydrocarbon such as chloroform or methylene
chloride, a halogenated aromatic hydrocarbon, a cyclic ether such as dioxane, an ester
such as ethyl acetate, a nitrile such as acetonitrile, or an alcohol such as ethanol) and
dispersed in an aqueous phase containing a suitable emulsion stabilizer (for example
polyvinyl alcohol, PVA). The organic solvent is then evaporated to provide microparticles
with the Compounds of Formula I encapsulated therein. In the solvent extraction method,
the Compounds of Formula I and polymer may be dissolved in a polar solvent (such as
acetonitrile, dichloromethane, methanol, ethyl acetate or methyl formate) and then
dispersed in an aqueous phase (such as a water/PVA solution). An emulsion is produced to
provide microparticles with the Compounds of Formula I encapsulated therein. Spray
drying is an alternative manufacturing technique for preparing the microparticles.

[0069] Another method for preparing the microparticles of the invention is also
described in both U.S. Pat. No. 4,389,330 and U.S. Pat. No. 4,530,840.

[0070] The microparticle of the present invention can be prepared by any method
capable of producing microparticles in a size range acceptable for use in an injectable
composition. One preferred method of preparation is that described in U.S. Pat. No.
4,389,330. In this method the active agent is dissolved or dispersed in an appropriate
solvent. To the agent-containing medium is added the polymeric matrix material in an
amount relative to the active ingredient that provides a product having the desired loading
of active agent. Optionally, all of the ingredients of the microparticle product can be
blended in the solvent medium together.

[0071] Solvents for the Compounds of Formula I and the polymeric matrix material
that can be employed in the practice of the present invention include organic solvents,
such as acetone; halogenated hydrocarbons, such as chloroform, methylene chloride, and

the like; aromatic hydrocarbon compounds; halogenated aromatic hydrocarbon
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compounds; cyclic ethers; alcohols, such as, benzyl alcohol; ethyl acetate; and the like. In
one embodiment, the solvent for use in the practice of the present invention may be a
mixture of benzyl alcohol and ethyl acetate. Further information for the preparation of
microparticles useful for the invention can be found in U.S. Patent Publication Number
2008/0069885.

[0072] The amount of the Compounds of Formula I incorporated in the microparticles
usually ranges from about 1 wt % to about 90 wt. %, preferably 30 to 50 wt. %, more
preferably 35 to 40 wt. %. By weight % is meant parts of the Compounds of Formula I per
total weight of microparticle.

[0073] The sustained or delayed release formulation may comprise a
pharmaceutically-acceptable diluent or carrier, such as a water miscible diluent or carrier.
[0074] In one embodiment, the sustained or delayed release formulation is a long-
acting injectable formulation. In a further embodiment, the long-acting injectable is
formulated using polymeric microspheres, e.g., microspheres comprising a PLGA matrix
with Compounds of Formula I in free or pharmaceutically acceptable salt form dispersed,
dissolved or encapsulated therein. In a preferred embodiment, the PLGA polymer is about
75:25 PLA/PLG (lactide:glycolide) with either carboxylic acid or carboxylic ester end
groups. In a preferred embodiment, the Compound of Formula I is present in the
microsphere as its free base. The microspheres may be prepared using methods known in
the art, for example, by an emulsification-solvent evaporation method without micro-
sieving, or an emulsification-solvent evaporation method with dry micro-sieving, or an
emulsification-solvent evaporation method with wet micro-sieving.

[0075] The rate at which the PLGA microspheres degrades depends largely on the
chosen molecular weight range of the polymer molecules and on the size of the
microspheres. In one embodiment, the average molecular weight range for the PLGA
polymer is 24,000 to 38,000 daltons. In another embodiment, the PLGA polymer has an
average molecular weight of about 113,000 daltons. In still another embodiment, the
PLGA polymer has an average molecular weight of about 159,000 daltons. In some
embodiments, the time frame for complete degradation of the microspheres and release of
the encapsulated drug compounds is, e.g., less than 6 months, less than 4 months, less than
3 months, Iess than 2 months, or less than 1 month.

[0076] The diameter of the microspheres, ¢.g., the average diameter (or Dsp), the 10%

percentile diameter (D1o), the 25 percentile diameter (D2s), the 75 percentile diameter
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(D7s), or the 90 percentile diameter (Doo), can be from about 1 pum to about 100 pum, or
about 2 um to about 80 um, or from about 2 pm to about 60 um, or about 2 pum to about
50 pm, or about 2 pum to about 40 um, or about 2 pm to about 30 pm, or about 5 um to
about 35 um, or from about 5 pm to about 25 pm, or from about 5 pum to about 20 um, or
from about 10 um to about 20 um, or about 10 pm to about 200 um, from about 20 um to
about 160 um, or from about 20 pm to about 120 pm, or from about 20 um to about 100
pm, or from about 20 um to about 80 pm, or from about 20 um to about 70 pum, or from
about 20 um to about 60 pm, or from about 20 pm to about 50 um, or from about 20 um
to about 40 um, or from about 20 um to about 30 um, or from about 25 pm to about 70
pm, or from about 25 um to about 60 pm, or from about 25 pum to about 50 pum, or from
about 25 pm to about 40 um, or from about 30 pm to about 60 pm, or from about 30 to
50um, or from about 30 pum to about 40 um, or from about 30 yum to about 120 um, or
from about 40 pm to about 120 pm, or from about 40 pm to about 100 pm, or from about
40 pm to about 80 um, or from about 40 pm to about 70 pm, or from about 40 pm to
about 60 pm, or from about 40 pm to about 50 pm, or from about 50 pm to about 100 pum,
or from about 50 um to about 80 um, or from about 50 pm to about 70 pum, or from about
50 pm to about 60 pum, or from about 60 pm to about 100 pm, or from about 60 um to
about 90 pm, or from about 60 pm to about 80 pm, or from about 60 um to about 70 ym,
or from about 70 um to about 100 pm, or from about 70 pm to about 90 pum, or from about
70 pm to about 80 pum, or from about 75 pm to about 110 pm, or from about 40 um to
about 160 um, or from about 50 pm to about 160 pm, or from about 50 um to about 120
pum, or about 20 pm, about 30 um, about 40 pm, about 50 um, about 60 um, about 70 pm,
about 80 pm, about 90 pum, or about 100 um. Such particle size measurements can be
made, for example, using photomicroscopy, scanning electron microscopy, laser
diffraction, light scattering, and other techniques known to those skilled in the art.

[0077] The amount of drug encapsulated in each microsphere, on average, can be from
about 5% by weight to about 50% by weight, for example, 10% by weight to about 50%
by weight, or from about 20% by weight to about 40% by weight, or from about 30% by
weight to about 35% by weight, or about 8.5% by weight, or about 16% by weight, or
about 30% by weight, or about 35% by weight, or about 40% by weight. In a preferred

34

Date Regue/Date Received 2021-05-28



10

15

20

25

30

embodiment, the amount of drug encapsulated in each microsphere is about 8.5% by
weight or about 16% by weight.

[0078] Details of Osmotic-controlled Release Oral delivery System composition may
be found in EP 1 539 115 (U.S. Pub. No. 2009/0202631) and WO 2000/35419.

[0079] A "therapeutically effective amount” is any amount of the Compounds of
Formula I which, when administered to a subject suffering from a disease or disorder, is
effective to cause a reduction, remission, or regression of the disease or disorder over the
period of time as intended for the treatment.

[0080] Depression is estimated to occur in 50% of schizophrenic patients.
Schizophrenia patients with co-morbid depression, when compared to patients with only
schizophrenia, generally have worse overall mental and physical health, lower quality of
life, greater impairment of social relationships, less satisfaction with sleep, ability to
perform daily activities, capacity for work, transportation, social support and self-esteem.
Therefore, depressive symptoms exacerbate deficits in psychosocial functioning and
heighten risk for psychotic relapse. Unlike dopamine receptor antagonists, Compounds of
Formula I, particularly Formula A as defined in Example 1 normalize brain dopamine
activity, particularly in the prefrontal cortex. The Compounds of Formula I, particularly
Formula A as defined in Example 1, bind to 5-HT2a and dopamine D> receptors. In
addition, the compounds of Formula I also modulate glutamatergic phosphoprotein
(D1/GluN3g) and dopamine phosphoprotein (DPPM). Compounds of Formula I also
exhibit nanomolar binding affinity for the serotonin transporter compared to known
antidepressants. Therefore, in addition to treating acute symptoms (e.g., hallucinations
and delusions) and residual symptoms, the compounds of Formula I are also useful for the
treatment of depression and/or sleep disorders. For schizophrenic patients who also suffer
from depression, the Compounds of Formula I are particularly useful for improving total
PANSS and negative symptoms. While one of the atypical antipsychotic drugs,
risperidone, is also useful for treating some negative symptoms, this compound is less
effective compared to the sub-group of patients with depression at the baseline treated
with the Compound of Formula I (See Figures 2 and 3 and Example 1). Therefore, in
certain embodiments, the methods of the current invention are particularly useful for the
treatment of depression and/or sleep disorders in patients suffering from acute and/or
residual symptoms of psychosis as well as for the treatment of acute and/or residual

symptoms of psychosis in patients suffering from depression and/or sleep disorders.
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[0081] In a further embodiment, the invention provides a method of treating residual
symptoms by administering the compound of Formula I in combination with one or more
other therapeutic agents such as antipsychotic agent(s) and/or anti-depressive agent(s)
and/or hypnotic agents. In such methods, the antipsychotic and/or anti-depressive and/or
hypnotic agents may be an adjunct to the compound of Formula I or the compound of
Formula I may be an a to the antipsychotic agent and/or anti-depressive agent and/or
hypnotic agent. As used herein the term “adjunctive” or “adjunct” refers to any treatment
that is used in conjunction with another to increase the chance of cure, or to increase the
first treatment's efficacy. In other words, adjunctive therapy acts as an aid to the primary
treatment. In another embodiment, the compound of formula I is used as a mono-therapy
to treat acute symptoms and/or residual symptoms of schizophrenia as well as depression
and/or sleep disorders (e.g., insomnia) in patients suffering from schizophrenia.

[0082] Other therapeutic agents which can be optionally administered to a patient
in need thereof include compounds that modulate GABA activity (e.g., enhances the
activity and facilitates GABA transmission), a GABA-B receptor agonist, a 5-HT
modulator (e.g., a 5-HT14 receptor agonist, a 5S-HT24 receptor antagonist, a 5-HT2a
receptor inverse agonist, etc.), a melatonin receptor agonist, an ion channel modulator
(e.g., blocker) , a serotonin-2 receptor antagonist/reuptake inhibitor (SARIs), an orexin
receptor antagonist, an H3 receptor agonist, a noradrenergic receptor antagonist, a galanin
receptor agonist, a CRH receptor antagonist, human growth hormone, a growth hormone
receptor agonist, estrogen, an estrogen receptor agonist, a neurokinin-1 drug, and
antipsychotic agents, ¢.g., atypical antipsychotic agents, in free or pharmacecutically
acceptable salt form.

[0083] The term “GABA” refers to gamma-aminobutyric acid. The GABA
compounds are compounds which bind to the GABA receptor, and include, but are not
limited to one or more of doxepin, alprazolam, bromazepam, clobazam, clonazepam,
clorazepate, diazepam, flunitrazepam, flurazepam, lorazepam, midazolam, nitrazepam,
oxazepam, temazapam, triazolam, indiplon, zopiclone, eszopiclone, zaleplon, Zolpidem,
gabaxadol, vigabatrin, tiagabine, EVT 201 (Evotec Pharmaceuticals) or estazolam.
[0084] Other optional therapeutic agents are SHT2a receptor antagonists such as
ketanserin, risperidone, eplivanserin, volinanserin (Sanofi-Aventis, France), pruvanserin,
pimavanserin (ACP-103), MDL 100907 (Sanofi-Aventis, France), HY 10275 (Eli Lilly),
APD125 (Arena Pharmaceuticals, San Diego, CA), or AVE8488 (Sanofi-Aventis, France).
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[0085] Still other optional therapeutic agents include pizotifen.

[0086] Other optional therapeutic agents arc SHT14 receptor agonists such as
repinotan, sarizotan, eptapirone, buspirone or MN-305 (MediciNova, San Diego, CA).
[0087] Other optional compounds are melatonin receptor agonists such as
melatonin, ramelteon (ROZEREM®, Takeda Pharmaceuticals, Japan), VEC- 162 (Vanda
Pharmaceuticals, Rockville, MD), PD-6735 (Phase Il Discovery or agomelatine.

[0088] Other optional therapeutic agents are ion channel blockers such as
lamotrigine, gabapentin or pregabalin.

[0089] Other optional therapeutic agents are orexin receptor antagonists such as
orexin, a 1,3-biarylurea, SB-334867-a (GlaxoSmithKline, UK), GW649868
(GlaxoSmithKline) or a benzamide derivative, for example.

[0090] Other optional therapeutic agents are serotonin-2 receptor
antagonist/reuptake inhibitors (SARI) such as Org 50081 (Organon -Netherlands),

ritanserin, nefazodone, serzone or trazodone.

[0091] Other optional therapeutic agents are neurokinin-1 drugs such as Casopitant
(GlaxoSmithKline).
[0092] Specific examples of additional therapeutic agents include modafinil,

armodafinil, doxepin, alprazolam, bromazepam, clobazam, clonazepam, clorazepate,
diazepam, flunitrazepam, flurazepam, lorazepam, midazolam, nitrazepam, oxazepam,
temazapam, triazolam, indiplon, zopiclone, eszopiclone, zaleplon, zolpidem, gabaxadol,
vigabatrin, tiagabine, EVT 201 (Evotec Pharmaceuticals), estazolam, ketanserin,
risperidone, eplivanserin, volinanserin (Sanofi-Aventis, France), pruvanserin, MDL
100907 (Sanofi-Aventis, France), HY10275 (Eli Lilly), APD125 (Arena Pharmaceuticals,
San Diego, CA), AVE8488 (Sanofi-Aventis, France), repinotan, sarizotan, eptapirone,
buspirone, MN-305 (MediciNova, San Diego, CA), melatonin, ramelteon (ROZEREM®,
Takeda Pharmaceuticals, Japan), VEC- 162 (Vanda Pharmaceuticals, Rockville, MD), PD-
6735 (Phase 11 Discovery), agomelatine, lamotrigine, gabapentin, pregabalin, orexin, a
1,3-biarylurea, SB-334867-a (GlaxoSmithKline, UK), GW649868 (GlaxoSmithKline), a
benzamide derivative, Org 50081 (Organon -Netherlands), ritanserin, nefazodone, serzone,
trazodone, Casopitant (GlaxoSmithKline), amitriptyline, amoxapine, bupropion,
citalopram, clomipramine, desipramine, doxepin, duloxetine, escitalopram, fluoxetine,
fluvoxamine, imipramine, isocarboxazid, maprotiline, mirtazapine, nefazodone,

nortriptyline, paroxetine, phenlzine sulfate, protriptyline, sertraline, tranylcypromine,
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trazodone, trimipramine, velafaxine, chlorpromazine, haloperidol, droperidol,
fluphenazine, loxapine, mesoridazine molindone, perphenazine, pimozide,
prochlorperazine promazine, thioridazine, thiothixene, trifluoperazine, clozapine,
aripiprazole, olanzapine, quetiapine, risperidone, ziprasidone, paliperidone, asenapine,
lurasidone, iloperidone, cariprazine, amisulpride, zotepine, sertindole, in free or
pharmaceutically acceptable salt form.

[0093] The combination compositions of the invention can include mixtures of the
combined drugs, as well as two or more separate compositions of the drugs, which
individual compositions can be, for example, co-administered together to a patient at the
same of different times.

[0094] In another aspect, the invention provides use of the Compound of Formula I
or any of the pharmaceutical compositions described hercinbefore (Compositions P.1-P.7
and Compositions 2, and 2.1-2.17) comprising the Compound of Formula I in free or
pharmaceutically acceptable salt form as described in Methods A or 1.1-1.50, wherein the
compound is in admixture with an antioxidant. In a preferred embodiment, long acting
injectable microsphere formulations of the present invention contain an antioxidant. In
some embodiments, the antioxidant is a water soluble antioxidant (e.g., ascorbic acid,
lipoic acid), while in other embodiments, the antioxidant is a lipid-soluble antioxidant
(e.g., lipoic acid, vitamin E, tocopherols, carotenes, and phenolic antioxidants). In some
embodiments, the antioxidant is a neutral or weakly basic antioxidant. Other possible
antioxidants include catalytic antioxidants (c.g., ebselen) and metal-containing
antioxidants. In a preferred embodiment, the antioxidant is a phenolic antioxidant, such as
butylated hydroxytoluene (BHT) or butylated hydroxyanisole (BHA). In a more preferred
embodiment, the antioxidant is BHT.

[0095] Dosages employed in practicing the present invention will of course vary
depending, for example, on the particular disease or condition to be treated, the particular
Compound of Formula I used, the mode of administration, and the therapy desired. Unless
otherwise indicated, an amount of the Compound of Formula I for administration (whether
administered as a free base, prodrug or as a salt form) refers to or is based on the amount
of the Compound of Formula I in free base form (i.e., the calculation of the amount is
based on the free base amount). In a particular embodiment, however, the dosage of the
Compound of Formula I is administered based on the amount of the salt form, e.g., the

toluenesulfonic acid addition salt form. Compounds of Formula I may be administered by
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any suitable route, including orally, parenterally or transdermally, but are preferably
administered orally. As a monotherapy, the compound of Formula I may be administered
at about 1 mg to 120 mg per day or 10 mg to 120 mg per day, or 10 mg to 60 mg per day,
or 10 mg to 40 mg per day, or 1 mg to 10 mg per day, or 10 mg per day, 20 mg per day, 40
mg per day or 60 mg per day, preferably about 60 mg of the compound in toluenesulfonic
acid addition salt form per day. Wherein 120 mg is administered, it is preferably
administered at night time.

[0096] As a long-acting injectable microsphere formulation, the dosage of the
Compound of Formula I depends on both the average loading of drug within the
microspheres (expressed as % w/w) and on the dosage of microspheres administered
(mg/kg). As a monotherapy, the Compound of Formula I may be administered as
microspheres to provide a dosage of 1 to 50 mg/kg of the Compound of Formula I, for
example, 5 to 25 mg/kg, preferably 5-10 mg/kg, for example about 5 mg/kg. A dose of
about 5 mg/kg of the compound of Formula I can be provided, for example, by employing
a dose of 60 mg/kg of microspheres, wherein each microsphere contains on average a
loading of about 8.5% w/w of the Compound of Formula 1.

[0097] The dosages of a compound of Formula I and/or the other anti-psychotic
and/or anti-depressive agent of Method A can be the same as or lower than the approved
dosage for the drug, the clinical or literature test dosage or the dosage used for the drug as
a monotherapy. For example the daily dosage of compound of Formula I to be
administered in combination with another anti-psychotic agent and/or an anti-depressive
agent is about 1 mg to about 140 mg, in another embodiment about 1 mg to about 120 mg,
in another embodiment about 10 mg to about 120 mg, in another embodiment about 10 mg
to about 60 mg, in another embodiment about 10 mg to about 40 mg, in another
embodiment about 20 mg to about 40 mg, in another embodiment about 1 mg to about 10
mg, and in still another embodiment, about 60 mg of the compound in free base or
toluenesulfonic acid addition salt form. The amount of antipsychotic agent to be
administered in combination with the compound of Formula I is about 0.01 mg to about
1000 mg, in another embodiment, about 0.1 mg to about 600 mg, ¢.g., about 1 mg to about
200 mg, e.g., about 1 mg to about 50 mg, e¢.g., about 1 mg to about 15 mg, ¢.g., about 4
mg. The amount of anti-depressive agent to be administered in combination with the
compound of Formula I is about 0.01 mg to about 2000 mg, in another embodiment about

0.1 mg to about 200 mg, in another embodiment about 10 mg to about 200 mg. In a
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particular embodiment, the second therapeutic agent is the antipsychotic agent risperidone
at a daily dose of about 2 mg to about 4 mg and the antidepressant is sertraline and the
daily dosage of sertraline is between about 20 mg and 100 mg.

[0098] In a specific embodiment, the dosages of a compound of Formula I and/or
the second (or third) therapeutic agents of Method A are lower than when used in a
monotherapy. Therefore, in a particular embodiment, the daily dosage of a compound of
Formula I is lower than 100 mg once daily, or less than 60 mg, or less than 40 mg, or less
than 30 mg, or less than 20 mg, or less than 10 mg. In another preferred embodiment, the
dosages of both the Compound of Formula I and the anti-psychotic agent and/or the anti-
depressive agent of Method A are lower than the dosages used for the individual drugs as
monotherapy. Therefore, in a particular embodiment, for example, Method A comprises
administering (1) a Compound of Formula I at a dosage lower than 100 mg once daily,
e.g., less than 60 mg or less than 40 mg; and/or (2) an antidepressant, for example an SSRI
such as sertraline, at a daily dosage of less than 50 mg, more preferably, less than 20 mg,
still more preferably, less than 10 mg, most preferably less than 6 mg; and/or (3) an
antipsychotic agent, for example risperidone, at a daily dosage of less than 4 mg, in free or
pharmaceutically acceptable salt form.

[0099] For the treatment of the disorders disclosed herein wherein the sustained or
delayed release formulation is used to achieve longer duration of action, the dosages will
be higher relative to the shorter action composition, e.g., higher than 1-100 mg, e.g., 25
mg, 50 mg, 100 mg, 500 mg, 1,000 mg, or greater than 1000 mg. In a particular
embodiment, the dosage regimen for sustained or delayed release formulation includes an
mitial oral immediate release dosage along with depot release so as to provide a steady-
state blood level of the drug. Duration of action of the Compounds of Formula I may be
controlled by manipulation of the polymer composition, i.c., the polymer:drug ratio and
microparticle size. Wherein the formulation of the invention is a depot formulation,
administration by injection is preferred. In a preferred embodiment, the formulation is a
long-acting injectable microsphere formulation, as described hereinabove.

[00100] The compounds to be administered in the methods of the present
mvention can be in the form of free acid or frec base or as pharmaceutically acceptable
salts. The phrase "pharmaceutically acceptable salts" refers to derivatives of the above
disclosed compounds wherein the parent compound is modified by making acid or base

salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited
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to, mineral or organic acid salts of basic residues such as amines; alkali or organic salts
of acidic residues such as carboxylic acids; and the like. The pharmaceutically
acceptable salts include the conventional non-toxic salts or the quaternary ammonium
salts of the parent compound formed, for example, from non-toxic inorganic or organic
acids. For example, such conventional non-toxic salts include those derived from
morganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric
and the like; and the salts prepared from organic acids such as acetic, propionic, succinic,
glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmoic, maleic, hydroxymaleic,
phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, iscthionic, and the like.
Preferably, the Compounds of Formula I are in a toluenesulfonic acid addition salt form.
[00101] The pharmaceutically acceptable salts of the compounds to be used in the
methods of the invention can be synthesized from the parent compound which contains a
basic or acidic moiety by conventional chemical methods. Generally, such salts can be
prepared by reacting the free base forms of these compounds with a stoichiometric
amount of the appropriate acid in water or in an organic solvent, or in a mixture of the
two; gencrally, non-aqueous media such as diethyl ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile are preferred. Further details for the preparation of these
salts, e.g., toluenesulfonic acid salts in amorphous or crystal form, may be found in
PCT/US08/03340 (WO 2008/112280) and/or WO 2009/114181 and WO 2011/133224.
[00102] Pharmaceutical compositions comprising the Compounds of Formula I
may be prepared using conventional diluents or excipients and techniques known in the
galenic art. For example the compounds can be administered in a wide variety of different
dosage forms, i.e., they may be combined with various pharmaceutically-acceptable inert
carriers in the form of tablets, capsules, lozenges, troches, hard candies, powders, sprays,
aqueous suspension, injectable solutions, elixirs, syrups, and the like.

[00103] For oral administration, the pharmacecutical compositions may take the
form of, for example, tablets or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (c.g. pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. lactose,
microcrystalline cellulose or calcium phosphate); tubricants (e.g. magnesium stearate, talc
or silica); disintegrants (e.g. potato starch or sodium starch glycolate); or wetting agents

(c.g. sodium lauryl sulfate). The tablets may be coated by methods well known in the art.
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Liquid preparations for oral administration may take the form of, for example, solutions,
syrups or suspensions, or they may be presented as a dry product for constitution with
water or other suitable vehicle before use. Such liquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents
(c.g. sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying agents (e.g.
lecithin or acacia); non-aqueous vehicles (¢.g. almond oil, oily esters or ethyl alcohol); and

preservatives (e.g. methyl or propyl p-hydroxybenzoates or sorbic acid).

[0100] For immediate release formulation, the compound of Formula I, in free or
pharmaceutically acceptable salt form as hereinbefore described may be formulated with a
pharmaceutically acceptable diluents or carrier. For sustained or delayed release
formulation, the compound of the compound of Formula I, in free or pharmaceutically
acceptable salt form as hereinbefore described may be formulated as hereinbefore
described in any of Compositions P.1-P.7.

[0101] In a particular embodiment, the Compound of Formula I is formulated in a

capsule as follows:

Composition % wiw Placebo

60 mg Compound of Formula I wherein X is -N(CH3)- and 20 0

Y is —C(O)- in toluene sulfonic acid addition salt form;

Mannitol (Perlitol® 100SD NF) 73.7 73.7

Croscarmellose Na

Glyceryl Monostearate 1 1

Imperial Talc 500 0.3 0.3
[0102] For buccal administration the composition may take the form of tablets

or lozenges formulated in conventional manner.

[0103] The Compounds of Formula [ may be formulated for parenteral
administration by injection, including using conventional catheterization techniques or
fusion. Formulations for injection may be presented in unit dosage form, e.g. in ampules
or in multi-dose containers, with an added preservative. The compositions may take such
forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain
formulating agents such as suspending, stabilizing and/or dispersing agents.
Alternatively, the active ingredient may be in powder form for reconstitution with a

suitable vehicle, e.g. sterile pyrogen-free water, before use.
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[0104] The Compounds of Formula I may also be formulated in rectal
compositions such as suppositories or retention enemas, ¢.g., containing conventional
suppository bases such as cocoa butter or other glycerides.

[0105] For intranasal administration or administration by inhalation, the
Compounds of Formula I are conveniently delivered in the form of a solution or
suspension from a pump spray container that is squeezed or pumped by the patient or as an
aerosol spray presentation from a pressurized container or a nebulizer, with the use of a
suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized
aerosol, the dosage unit may be determined by providing a valve to deliver a metered
amount. The pressurized container or nebulizer may contain a solution or suspension of
the active compound. Capsules and cartridges (made, for example, from gelatin) for use in
an inhaler or insufflator may be formulated containing a powder mix of an active
compound and a suitable powder base such as lactose or starch. When aqueous
suspensions and/or elixirs are desired for oral administration, the essential active
ingredient(s) therein may be combined with various sweetening, or flavoring agents,
coloring matter or dyes and, if so desired, emulsifying and/or suspending agents as well,
together with such diluents as water, ethanol, propylene glycol, glycerin and various like
combinations thereof.

[0106] The following example is to illustrate the invention but should not be

interpreted as a limitation thereon.

EXAMPLE 1: Treatment of acute as well as residual symptoms of schizophrenia

[0107] For purposes of this example, Compound A refers to the compound of
Formula I wherein X is -N(CH3)- and Y is —C(O)-; tosylate salt unless otherwise
indicated. A randomized, double-blind, placebo-controlled, in-patient trial is performed.
Four treatment arms, 4-week treatment duration, QAM dosing are performed as follows:
60 mg of Compound A; 120 mg of Compound A; positive control (4 mg Risperidone); and
placebo. The primary outcome is measured by the change from baseline on Positive and
Negative Syndrome Scale (PANSS) Total Score at Day 28. Secondary measures explore
key differentiating features.

[0108] 60 mg Compound A Treatment Arm receives 60 mg of Compound A
once daily for 28 days. 120 mg Compound A Treatment Arm receives 60 mg Compound
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A on Study Day 1 followed by 120 mg Compound A once daily for 27 days. Risperidone
Treatment Arm receives 2 mg risperidone on Study Day 1 followed by 4 mg risperidone
once daily for 27 days. Placebo Treatment Arm receives placebo once daily for 28 days.
All doses are administered in the morning with breakfast.

[0109] Key inclusion criteria: Clinical diagnosis of schizophrenia according to
DSM-IV-TR is confirmed by modified SCID-CT. Screening Brief Psychiatric Reading
Scale (BPRS) score of 40 or greater (18-items scored 1-7 each). Minimum score of 4 or
higher on at lcast two of the following positive items: suspiciousness, conceptual
disorganization, hallucinatory behavior, unusual thought content. Current exacerbated
episode lasts no longer than 4 weeks. Sufficient history and/or independent reporter must
verify that current state is an exacerbated state for the individual. Prior response to
antipsychotic therapy within the last 5 years, defined as clinically significant and
documented decrease in delusions and/or hallucinations during a documented exacerbated
episode (and at least 3 months prior exposure to antipsychotic therapy).

[0110] The trial has a high subject completion rate (74%) compared to an
average of 62% completion rate in other 4-week antipsychotic trials. 19% discontinues
during the study treatment period (during Day 1-28). 7% completes study treatment
through Day 28, but are lost to follow up. At 60 mg, the trial shows that Compound A
demonstrates antipsychotic efficacy on primary endpoint total PANSS change from

baseline at Day 28:
Table 1

Treatment Arm LS Mean Change from LS Mean p-value Effect
(N/arm) Baseline on Day 28 Difference Size

Total PANSS (= SE) using from Placebo

MMRM/ITT
Placebo (N=80) -74+£1.7 n/a n/a n/a
60 mg Compound A -132+17 -5.8 0.017 0.4
(N=76)
120 mg Compound A -83+1.7 -0.9 0.708 0.1
(N=80)
4 mg Risperidone -134+1.7 -6.0 0.013 0.4
(N=75)
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[0111] For patients with prominent negative symptoms at baseline (e.g., patients
with a score of 4 or higher on at least 3 negative symptom items at baseline), 60 mg of
Compound A improves negative symptoms qualitatively (see Figure 1).

[0112] In a subgroup of patients with symptoms of depression that are secondary
to schizophrenia measured by the cut-off score for depression (Calgary Depression Scale
for Schizophrenia, CDSS, score > 6) at baseline (which accounts for approximately 16%
of the patients in the study), 60 mg of Compound A significantly reduces depression as
measured by the CDSS (p = 0.044). Compound A at 60 mg also robustly improves total
PANSS (See Figure 2) and negative symptoms (See Figure 3).

[0113] At 60mg, Compound A is also shown to significantly improve the Prosocial
PANSS Factor change from baseline compared to placebo (See Figure 4).

EXAMPLES 2-10: Preparation of Long-Acting Injectable Microsphere Formulations

Example 2: Preparation of the PLGA (PLA/PLG = 75/25, 0.32 — 0.44 dl/g)
microspheres of Compound A free base (Lot A)

[0114] For purposes of Examples 2-10, Compound A refers to the compound of
Formula I wherein X is -N(CH3) — and Y is —C(O) — in free base form.
[0115] 2 g of Poly(vinyl alcohol) (PVA, 87 — 89% hydrolyzed, typical molecular

weight 13,000 —23,000) in 400 mL of deionized water is sonicated in a bath sonicator for
5 — 10 min and then filtered to give 0.5% PVA aqueous solution. The filtrate is transferred
to a 500 mL flat bottom flask. 0.80 g of Compound A and 1.2 g of PLGA polymer
(PLA/PLG = 75/25, 0.32 — 0.44 dl/g, acid end groups) are dissolved in 15 mL of
dichloromethane. This solution is added into the 0.5% PVA aqueous solution dropwise
with vigorous stirring. A mechanical overhead stirrer is used and the stirring speed is
around 700 ppm during the addition. After the completion of the addition, the mixture is
stirred at this speed for an hour and then stirred at approximately 550 ppm for 4 hours. An
argon stream is applied throughout the process to promote the evaporation of
dichloromethane from the aqueous solution. A size 75 um microsieve is stacked on the top
of a 20 um microsieve. The suspension is slowly poured onto the stacked microsieves and
then washed with water at least five times. The microspheres collected on the 20 pm
microsieve is transferred into a 50 mL falcon tube with deionized water and then

lyophilized to give 1.43 g of Compound A PLGA microspheres with a size distribution of
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20 — 60 pm. The drug content in the obtained microspheres is 37.5%, as determined by
HPLC. The initial loading for this preparation is 40% (calculated based upon 0.8 g of
Compound A free base in 1.2g of the PLGA polymer). Drug entrapment efficiency is
93.8%.

Example 3: Preparation of the PLGA (PLA/PLG =75/25, 0.32 — 0.44 dl/g)
microspheres of Compound A free base (Lot B)

[0116] This lot of Compound A PLGA microspheres is prepared using a procedure
similar to the one described in Example 2 except that sterilized water is used in the whole
process instead of deionized water and all labwares in touch with microspheres are
sterilized. 1.49 g of Compound A PLGA microspheres with a size distribution of 20 — 50
pum are obtained. The drug content in the obtained microspheres is 38%, as determined by
HPLC. The initial drug loading for this lot is 40% and drug entrapment efficiency is
85.8%.

Example 4: Preparation of the PLGA (PLA/PLG = 75/25, 0.89 dl/g) microspheres of
Compound A free base (Lot C)

[0117] 2 g of Poly(vinyl alcohol) (PVA, 87 — 89% hydrolyzed, typical molecular
weight 13000 — 23000) in 400 mL of sterilized water is sonicated in a bath sonicator for 5
— 10 min and then filtered to give 0.5% PVA aqueous solution. The filtrate is transferred
to a 500 mL flat bottom flask. 0.80 g of Compound A and 1.2 g of PLGA polymer
(PLA/PLG =75/25; 0.89 dl/g; MW: 159,000 d; ester end groups) are dissolved in 16 mL
of dichloromethane with sonication. This solution is added into the 0.5% PVA aqueous
solution dropwise with vigorous stirring. A mechanical overhead stirrer is used and the
stirring speed is ~ 700 ppm during the addition. After the completion of the addition, the
mixture is stirred at this speed for an hour and then stirred at approximately 550 ppm for 4
hours. An argon stream is applied throughout the process to promote the evaporation of
dichloromethane from the aqueous solution. A size 75 um microsieve is stacked on the top
of a 20 um microsieve. The suspension is slowly poured onto the stacked microsieves and
then washed with water at least five times. The microspheres collected on the 20 pm
microsieve is transferred into a 50 mL falcon tube with deionized water and then
lyophilized to give 0.78 g of Compound A PLGA microspheres with a size distribution of

20 — 70 pm. The drug content in the obtained microspheres is 36%, as determined by
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HPLC. The initial loading for this preparation is 40% (calculated based upon 0.8 g of
Compound A free base in 1.2g of the PLGA polymer). Drug entrapment efficiency is 90%.

Example 5: Preparation of the PLGA (PLA/PLG = 75/25, 0.68 dl/g) microspheres of
Compound A free base (Lot D)

[0118] This fot of Compound A PLGA microspheres is prepared using a procedure
similar to the one described in Example 4 except that a new type of PLGA polymer
(PLA/PLG = 75/25; 0.68 dl/g; MW: 113,000 d; acid end groups) is used in the
microsphere preparation. 1.11 g of Compound A PLGA microspheres with a size
distribution of 25 — 75 um are obtained. The drug content in the obtained microspheres is
36%, as determined by HPLC. The initial drug loading for this lot is 40% and drug

entrapment efficiency is 90%.

Example 6: Preparation of the PLGA (PLA/PLG = 75/25, 0.68 dl/g) microspheres of
Compound A free base (Lot E)

[0119] This lot of PLGA microspheres is prepared using a procedure similar to the
one described in Example 4 except that a different type of PLGA polymer (PLA/PLG =
75/25; 0.68 dl/g; MW: 113,000 d; acid end groups) and a microsieve with a pore size of 75
um is used in the microsphere preparation. 0.25 g of Compound A PLGA microspheres
with a size distribution of 75 — 110 um are obtained. The drug content in the obtained
microspheres is 37%, as determined by HPLC. The initial drug loading for this lot is 40%
and drug entrapment efficiency is 93%.

Example 7: Preparation of the PLGA (PLA/PLG = 75/25, 0.68 dl/g) microspheres of
Compound A free base (Lot F)

[0120] This lot of Compound A PLGA microspheres is prepared using a procedure
similar to the one described in Example 4 except that a new type of PLGA polymer
(PLA/PLG = 75/25; 0.68 dl/g; MW: 113,000 d; acid end groups) and microsieves with
pore sizes of 53 um and 106 um, respectively, are used in the microsphere preparation.
1.22 g of PLGA microspheres with a size distribution of 52 — 101 um are obtained. The
drug content in the obtained microspheres is 37%, as determined by HPLC. The initial

drug loading for this lot is 40% and drug entrapment efficiency is 93%.
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Example 7-A: Preparation of the PLGA (PLA/PLG = 75/25, 0.32 — 0.44 dl/g)
microspheres of Compound A free base (Lot F)

[00108] 2 g of Poly(vinyl alcohol) (PVA, 87 — 89% hydrolyzed, typical molecular
weight 13000 — 23000) in 400 mL of sterilized water is sonicated in a bath sonicator for 5
— 10 min and then filtered to give 0.5% PVA aqueous solution. The filtrate is transferred
to a 500 mL flat bottom flask. 0.40 g of Compound A and 2.1 g of PLGA polymer
(PLA/PLG = 75/25; 0.32 — 0.44 dl/g; acid end groups) are dissolved in 21 mL of
dichloromethane with sonication. This solution is added into the 0.5% PV A aqueous
solution dropwise with vigorous stirring. A mechanical overhead stirrer is used and the
stirring speed is ~ 500 ppm during the addition. After the completion of the addition, the
mixture is stirred at approximately 500 ppm for 5 hours. An argon stream is applied
throughout the process to promote the evaporation of dichloromethane from the aqueous
solution. A size 75 pm microsieve is stacked on the top of a 30 um microsieve. The
suspension is slowly poured onto the stacked microsieves and then washed with water at
Ieast five times. The microspheres collected on the 30 um microsieve is transferred into a
Y4 oz glass vial and then dried under vacuum to give 1.43 g of Compound A free base
PLGA microspheres with a size distribution of 25 — 70 um. The drug content in the
obtained microspheres is 8.5%, as determined by HPLC. The initial loading for this
preparation is 16% (calculated based upon 0.4 g of Compound A free base in 2.1 g of the
PLGA polymer). Drug entrapment efficiency is 53%.

Example 8: Preparation of the PLGA (PLA/PLG = 75/25, 0.68 dl/g) microspheres of
Compound B free base (Lot G)

[0121] For purposes of this example, Compound B refers to the compound of
Formula I wherein X is —N(CH3) — and Y is -CH(OH) —. 2 g of Poly(vinyl alcohol)
(PVA, 87 — 89% hydrolyzed, typical molecular weight 13000 —23000) in 400 mL of
deionized water is sonicated in a bath sonicator for 5 — 10 min and then filtered to give
0.5% PV A aqueous solution. The filtrate is transferred to a 500 mL flat bottom flask. 0.80
g of Compound B (free base) and 1.2 g of PLGA polymer (PLA/PLG = 75/25,0.32-0.44
dl/g, acid end groups) are dissolved in 15 mL of dichloromethane. This solution is added
mto the 0.5% PV A aqueous solution dropwise with vigorous stirring. A mechanical

overhead stirrer is used and the stirring speed is around 700 ppm during the addition. After
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the completion of the addition, the mixture is stirred at this speed for an hour and then
stirred at approximately 550 ppm for 4 hours. An argon stream is applied throughout the
process to promote the evaporation of dichloromethane from the aqueous solution. A size
75 pum microsieve is stacked on the top of a 20 um microsieve. The suspension is slowly
poured onto the stacked microsieves and then washed with water at least five times. The
microspheres collected on the 20 um microsieve is transferred into a 50 mL falcon tube
with deionized water and then lyophilized to give 1.36 g of Compound B PLGA
microspheres with a size distribution of 13 — 60 um. The drug content in the obtained
microspheres is 29%, as determined by HPLC. The initial loading for this preparation is
40% (calculated based upon 0.8 g of Compound B free base in 1.2g of the PLGA
polymer). Drug entrapment efficiency is 72.5%.

Example 9: Loading Determination of Long-Acting Injectable Microspheres

[0122] About 5 mg of microspheres are dissolved in 10 mL of a 1:2 v/v
dichloromethane/acetonitrile mixture. 1 mL of the solution is transferred into 1.5 mL
microtube and solvent is removed using the Savant Speed Vac; then the residue is
reconstituted in 95% acetonitrile/5% water. This solution is filtered (Waters 0.2um Nylon
syringe filter) and measurements are conducted in triplicate via Waters Acquity UPLC
with a PDA UV absorbance detector set at 314 nm. The mobile phase is gradient
acetonitrile-water with v/v 0.1% formic acid. Waters Acquity UPLC HSS T3 (2.1 X 50
mm) column is used with the flow rate at 0.3 ml/min. A standard curve is prepared to
include about 0.1-0.7 mg/mL of the expected Compound A concentration.

[0123] Drug loading is determined as: percent drug loading =100 x (10 x
concentration of filtered solution)/weight of microspheres used. The results are reported as

the mean +SD.

Example 10: Drug Release Determination of Long-Acting Injectable Microspheres

[0124] Microsphere drug release experiments are carried out in 0.1 M phosphate
buffer (pH 7.4) containing 10 mM ascorbic acid. Microsphere suspensions containing
known amounts of drug (about 30 mg) are placed in a regenerated cellulose membrane

dialysis device (Float-a-Lyzer). The Float-a-Lyzer is placed in a 45-mL falcon tube
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containing 40 mL buffer, the release medium maintained at 37 °C and shook horizontally
at 100 rpm in an oven. The buffer is replaced with fresh solution at predetermined time
intervals. The drug content of the release medium is determined via UPLC using UV-vis
absorbance at 314 nm with a standard curve constructed with known concentrations of

ITI07 (3~30 pg/mL).

Example 11: Pharmacokinetics of Long-Acting Injectable Microspheres

[0125] For in vivo characterization, in vivo drug release (pharmacokinetic study) is
determined. The pharmacokinetics of the formulation is studied in adult male Sprague-
Dawley rats. Rats (N=12/experiment) arc injected subcutaneously in the intra-scapular
region with a suspension (2 ml/kg) of Compound A free base formulated in biodegradable,
PLGA microspheres (about 60mg/rat) suspended in a solution of 0.5% low viscosity
carboxymethylcellulose in sterile saline containing 0.1%Tween-20. At specified times
after injection (i.c., 24 hours to 28 days) rats (N=2 or 3/time point) are tested for 5-HT2a
agonist-induced head twitch behavior as a functional indicator of 5-HT2a antagonist
activity due to circulating Compound A levels. For these measurements rats are injected
intraperitoneally with 2, 5-dimethoxy-4-iodoamphetamine (DOI) (2.5 mg/kg) in a volume
of 2 ml/kg. Five minutes later rats are observed for stereotypic head twitch behaviors
which are manually counted and recorded. Rats are killed by decapitation at specified
time points (i.e., 24 h — 28 days after injection of the formulation) and trunk blood and
brain tissue is collected for analysis of levels of Compound A and its known metabolites
(Compound B), using an HPLC-MS/MS method.

[0126] Using a procedure as described or similarly described above, several long-
acting injectable microsphere formulations are analyzed for their in vivo release profile of
the compound of Formula I wherein X is -N(CH3) — and Y is —C(O) — (Compound A free
base). The results are summarized in the below tables. Table 2 shows the physical
characteristics of LAI microsphere formulations 2-7 and 7A. Particle size distribution is
determined using photomicroscopy.

Table 2
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nitial | Actual
Inherent drug | Entrapment Size
Molecular ' . drug . . . C o .
Ex. R Viscosity loading | efficiency | distribution
Weight (dL/g) content (wt/wt (%) (nm)
& (wt/wt%) ¢ H
%)
0.32 -
2 24K - 38K 0.44 40 38 95 22-57
0.32 -
3 24K - 38K 0.44 40 38 95 24-48
4 159K 0.89 40 36 90 28-63
5 113K 0.68 40 36 90 25-173
6 113K 0.68 40 37 93 75-108
7 113K 0.68 40 37 93 52-101
0.32 -
7-A 24K - 38K 0.44 16 8.5 53 25-69

Actual drug loading describes the % weight/weight of Compound A in the microspheres.
Microspheres are dosed to the animals at either 60 mg/kg or 30 mg/kg. Compound A dose,

in Table 2, represents the amount of drug dosed to the animal (actual drug loading x

microsphere dose). Plasma and brain levels ol both Compound A, and the major

metabolite of Compound A (Compound B), are measured on Day 1, Day 3, Day 7, Day

10, Day 14 and Day 21 after subcutancous injection in rats. The results are shown in Table

3.
Table 3
Values are Compound A (Compound B) (ng/mL)
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It is observed, unexpectedly, that a superior release profile (prolonged release) is obtained

using a lower microsphere loading. The microsphere formulation having a loading of 8.5%

by weight (Ex. 7-A) yields a release profile with a peak brain level of drug at day 7, with
measurable levels of drug through day 21 of the study (11 ng/mL brain level on day 21).
In contrast, the microspheres with higher loading of drug result in carlier peak release of

drug with no measurable levels or low levels of drug being maintained beyond day 10 of

the study.
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CLAIMS

Use for the treatment of negative symptoms of schizophrenia in a schizophrenic

patient, of an amount of a Compound of Formula I:

Formulal

wherein:
X is -N(CH3)- and Y is -C(O)-;
in free or pharmaceutically acceptable salt form,
wherein the amount of the Compound of Formula I is 40 mg to 60 mg per day,

measured as the weight of the corresponding free base form of the Compound.

The use according to claim 1, wherein the compound of Formula I is in

pharmaceutically acceptable salt form.

The use according to claim 1, wherein the compound of Formula I is in toluene

sulfonic acid addition salt form.

The use according to any one of claims 1 to 3, wherein the negative symptoms are
selected from the group consisting of emotional withdrawal, passive social
withdrawal, apathetic social withdrawal, lack of spontaneity, stereotyped thinking,

and active social avoidance.

The use according to any one of claims 1 to 4, wherein the use improves positive

symptoms and the negative symptoms of schizophrenia in the patient.

The use according to any one of claims 1 to 5, wherein the use improves social

integration and social function of the patient.

The use according to any one of claims 1 to 6, wherein the patient has prominent

negative symptoms of schizophrenia at initiation of the treatment, as indicated by a
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score of 4 or higher on at least 3 negative symptom items in the Positive and Negative
Syndrome Scale (PANSS).

8. Use for the treatment of schizophrenia, without causing hyperprolactinemia,
EPS/akathisia, weight gain or cardiovascular side effects, in a patient in need thereof

of an amount of a Compound of Formula I:

Formula [

wherein:
X is -N(CHs)- and Y is -C(O)-;
in free or pharmaceutically acceptable salt form,
wherein the amount of the Compound of Formula I is 40 mg to 60 mg per day,

measured as the weight of the corresponding free base form of the Compound.

9. Use for the treatment of schizophrenia in a patient in need thereof of an amount of a

Compound of Formula I:

Formulal

wherein:
X is -N(CH3)- and Y is -C(O)-;
in free or pharmaceutically acceptable salt form,
wherein the patient has co-morbid depression, and wherein the patient has prominent
negative symptoms of schizophrenia at initiation of the treatment and after treatment
with an antipsychotic agent, as indicated by a score of 4 or higher on at lcast 3

negative symptom items in the Positive and Negative Syndrome Scale (PANSS),
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10.

11.

12.

13.

14.

15.

16.

17.

wherein the amount of the Compound of Formula I is 40 mg to 60 mg per day,

measured as the weight of the corresponding free base form of the Compound.

The use according to claim 9, wherein the patient has a Calgary Depression Scale for

Schizophrenia (CDSS) score of greater than 6 at the initiation of treatment.

The use according to claim 9 or 10, wherein the use is effective to significantly reduce

the patient’s symptoms of depression.

The use according to any one of claims 1 to 8, wherein the patient has co-morbid

anxiety, cognitive impairment, and/or insomnia.

The use according to claim 12, wherein the use is effective to reduce the patient’s

symptoms of anxiety, cognitive impairment and/or insomnia.

The use according to any one of claims 1 to 13, wherein the amount of the Compound
of Formula I is about 40 mg per day, measured as the weight of the corresponding

free base form of the Compound.

The use according to any one of claims 1 to 13, wherein the compound is in
toluenesulfonic acid addition salt form and the amount of the Compound of Formula I
is 60 mg of the salt form administered once per day, which is equivalent to about 41.7

mg of the free base form.

The use according to any one of claims 1 to 13, wherein the patient still suffers from

negative symptoms of schizophrenia after treatment with an antipsychotic agent.

The use according to any one of claims 1to 13, wherein the patient has previously not

responded adequately to treatment with an antipsy chotic agent.
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Figure 2

i
L5
g
S -10-
<
A o
5 &
= é ~20-
5
&b
g0
R=E- e
O = i)
2 & i
= 4
- p=0018
2 o -40 T T T T

- Placebo 60mg of 120mg of 4mg of
Comp A Comp A Risperidone
Figure 3
,. N=14 N=T N=12 N=td

L5
=

2

<

A o

g5

22

e

% &

g0

= o

Oz

8 ~ T

RN = [.066

8 S 'ﬂ T T T T

2 8 Placebo 60mg of 120mg of 4mg of

Comp A Comp A Risperidone

2/3

Date Regue/Date Received 2021-05-28



Figure 4
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