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In vitro (standing) hydrolysis of Aripiprazole prodrug
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PHARMACEUTICAL COMPOSITIONS
HAVING IMPROVED STORAGE STABILITY

TECHNICAL FIELD
5 The present invention relates to a pharmaceutical composition that provides

long-term stability of a hydrolytically labile antipsychotic agent.

BACKGROUND OF THE INVENTION
U.S. patent nos. 4,734,416 and 5,006,528 disclose aripiprazole, 7-{4-[4-(2,3-

10 dichlorophenyl)-1-piperazinyl|butoxy }-3,4-dihydro-2(1 H)-quinolinone or 7-{4-[4-(2,3-
dichlorophenyl)-1-piperazinyl|butoxy }-3,4-dihydro carbostyril, as an atypical
antipsychotic agent useful in the treatment of schizophrenia, bipolar disease, depression
and other CNS disorders. Aripiprazole has the following chemical structure:

cl (\N/\/\/O

C|\©N\)

o)

15 Aripiprazole is sold under the tradename Abilify®. It acts as a dopamine D,
partial agonist, serotonin 5-HT1 4 receptor agonist and i1s an antagonist of the serotonin 5-
HT2a receptor. Abilify® is currently administered orally on a once-a-day dosing
schedule as Abilify® (aripiprazole) Tablets, Abilify Discmelt® (aripiprazole) Orally
Disintegrating Tablets and Abili(y® (aripiprazole) Oral Solution. In one embodiment,

20  Abilify® Injection for intramuscular use is a rapid-acting solution product for treating
agitation associated with schizophrenia and bipolar disease. Poor and variable patient
compliance with a once-a-day dosing schedule of psychiatric drugs has been reported.

Olanzapine (1,2-methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5]be-
nzodiazepine) is a second generation antipsychotic drug marketed as Zyprexa®. It is

25  useful for the treatment of disorders such as schizophrenia, bipolar disorder, psychotic

Date Regue/Date Received 2020-04-29
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depression, and Tourette syndrome. This active pharmaceutical ingredient acts as an
antagonist on 5-IT; serotonin receptors as well as the D /D, dopamine receptors, while
also exhibiting anticholinergic and antimuscarinic properties. Olanzapine belongs to the

benzodiazepine family, and has the following structure:

/
N
@(“Q
/
: (e

This compound is disclosed, for example, in U.S. Patent Nos. 5,229,382 and
6,169,084. An extended release intramuscular injection product containing the water-
insoluble salt olanzapine pamoate monohydrate is approved for use in schizophrenia.
10 Long-term stability is a critical consideration of drug formulation, expiry, shelf-
life, and manufacturing. As such, stable pharmaceutical formulations that do not result
in drug degradation of these and other antipsychotics through, e.g., hydrolysis and/or

oxidation, are desired.

15 SUMMARY OF THE INVENTION
Provided herein are pharmaceutical compositions comprising: (a) a

hydrolytically labile antipsychotic agent; (b) a non-ionic water insoluble and/or
immiscible ester co-surfactant; (¢) a water miscible and/or soluble non-ionic surfactant;
and (d) an aqueous vehicle; wherein the pharmaceutical composition comprises a

20  minimal amount of the antipsychotic hydrolysis products after standing for a certain
period of time. In an embodiment, the pharmaceutical composition comprises a minimal
amount of the antipsychotic hydrolysis products after standing for a certain period of
time at various temperature and humidity conditions. For example, the pharmaceutical
composition can comprise less than 50 parts per million, e.g., less than 30 parts per

25  million, e.g., less than 10 parts per million, after standing for up to, or more than, 24
months. In an embodiment, the pharmaceutical composition comprises less than 50
parts per million, e.g., less than 30 parts per million, e.g., less than 10 parts per million,
of the hydrolyzed antipsychotic agent degradation products after standing for at least 1

month, 3 months, 6 months, 9 months, 12 months, 18 months, or 24 months.
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In an embodiment, the pharmaceutical composition comprises less than 50 parts
per million, e.g.. less than 30 parts per million, e.g., less than 10 parts per million, of the
hydrolyzed antipsychotic agent degradation products at certain temperature and
humidity conditions, such as 25°C, with a relative humidity of 60%; 40°C, with a
relative humidity of 75%; or 30°C, with a relative humidity of 75%. In an embodiment,
the pharmaceutical composition comprises less than 50 parts per million, e.g., less than
30 parts per million, e.g., less than 10 parts per million, of the hydrolyzed antipsychotic
agent degradation products at temperatures of 25°C — 40°C. In an embodiment, the
degradation is minimized at temperatures selected from any of 25°C — 40°C, over a time
period selected from any of 1 month — 24 months, e.g., at least 1 month, 3 months, 6
months, 9 months, 12 months, 18 months, or 24 months. In other embodiments, the
pharmaceutical composition comprises less than S0, 49, 48, 47, 46, 45,44, 43,42, 41,
40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18,
17,16, 15, 14, 13,12, 11, 10,9, 8, 7, 6, 5, 4, 3, 2, or 1 parts per million of the
hydrolyzed antipsychotic agent degradation products at temperatures of 25°C — 40°C.

In an embodiment, the non-ionic water insoluble and/or immiscible ester co-
surfactant is a sorbitan ester of a carboxylic acid, wherein the carboxylic acid comprises
4 — 20 carbon atoms. A non-limiting example of this sorbitan ester is sorbitan laurate.
In another embodiment, the water miscible and/or soluble non-ionic surfactant is a
polyoxyethylene derivative of a sorbitan ester of a carboxylic acid, wherein the
carboxylic acid comprises 8 — 14 carbon atoms. A non-limiting example of such a
polyoxyethylene derivative of a sorbitan ester is polysorbate 20.

As described herein, the hydrolytically labile antipsychotic agent can be any
number of antipsychotic compounds that are susceptible to hydrolysis. In certain
embodiments, the compounds are in prodrug form. In one embodiment, the
antipsychotic agent is selected from the group consisting ol an aripiprazole prodrug
(e.g., a compound of Formula I or II), or olanzapine prodrug (e.g., a compound of
Formula IIL, IV or V). Non-limiting examples of such compounds are provided below,

as Compound A or Compound 1:
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In an embodiment of the pharmaceutical composition, the hydrolyzed drug
product that is formed to a minimal extent can be the aripiprazole drug form:
¢l N SO
cl NS
HN
O
and/or the N-methylene hydroxy compound having the following formula (referred to

herein as “the N- hydroxymethyl compound” or “N-hydroxymethyl aripiprzole”):

cl NSO

HO.__N

~
0o

In a particular embodiment of the pharmaceutical composition, the majority of
the antipsychotic agent is dissolved within the non-ionic water insoluble and/or
immiscible ester co-surfactant. In another particular embodiment of the pharmaceutical
composition, the antipsychotic agent is dissolved within the non-ionic water insoluble
and/or immiscible ester co-surfactant.

In an embodiment, the pharmaceutical composition is injectable. Furthermore,
the compositions can be casily resuspended by the user, e.g., through handshaking, in a
short time prior to administration. Accordingly, because the pharmaceutical
composition does not require reconstitution (i.e., addition of injection vehicle to drug
powder prior to use), the pharmaceutical composition can be referred to herein as “ready
o use.”

The composition comprising components (b) and (c) can have these components
at varying ratios. In a particular embodiment, the ratio of components (b) to (c) is
approximately 5 to 2, by weight.

The composition can comprise about 0.2 — 1 weight percent, about 0.4 — 0.7

weight percent, or about 0.5 weight percent component (b). When component (b) is
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sorbitan laurate, the composition can comprise about 0.2 — 1 weight percent, about 0.4 —
0.7 weight percent, or about (.5 weight percent sorbitan laurate. In an embodiment, the
composition comprises not more than 0.5 weight percent sorbitan laurate.

The composition also can comprise about 0.25 — 0.45 weight percent, about 0.3 —
0.4 weight percent, or about 0.37 weight percent component (b). When component (b)
is sorbitan laurate, the composition also can comprise about 0.25 — 0.45 weight percent,
about 0.3 — 0.4 weight percent, or about 0.37 weight percent sorbitan laurate. In a
particular embodiment, the composition comprises about (.37 weight percent sorbitan
laurate.

The composition can comprise about 0.05 — 0.8 weight percent polysorbate 20,
about 0.1 — 0.3 weight percent polysorbate 20, about 0.2 weight percent, or about 0.15
weight percent component (¢). When component (c) is polysorbate 20, the composition
can comprise about 0.05 — 0.8 weight percent polysorbate 20, about 0.1 — 0.3 weight
percent polysorbate 20, about 0.2 weight percent, or about 0.15 weight percent
polysorbate 20. In a particular embodiment, the composition comprises about 0.15
weight percent polysorbate 20.

The compositions can have varying amounts of antipsychotic agent in the
pharmaceutical composition. For example, the composition can be comprised of 15 — 35
weight percent, e.g., 20 — 30 weight percent, e.g., 20 — 26 weight percent antipsychotic
agent. In an embodiment, the composition can be comprised of 15 — 35 weight percent,
e.g., 20 — 30 weight percent, e.g., 20 — 26 weight percent aripiprazole prodrug (e.g.. a
compound of Formula I or II), or olanzapine prodrug (e.g., a compound of Formula IIL,
IV, or V).

In another embodiment, the composition can be comprised of 15 — 35 weight
percent, e.g., 20 — 30 weight percent, e.g., 24 — 30 weight percent, e.g., about 26.6
weight percent antipsychotic agent. In one embodiment, the composition can be
comprised of 15 — 35 weight percent, e.g., 20 — 30 weight percent, e.g., 24 — 30 weight
percent, e.g., about 26.6 weight percent aripiprazole prodrug (e.g., a compound of
Formula T or IT), or olanzapine prodrug (e.g., a compound of Formula III, IV, or V).

In one embodiment, the pharmaceutical composition is formulated for use in
delivering a water-insoluble antipsychotic agent into a host. In a preferred embodiment,
the host is human. The composition can be intended for parenteral (e.g., intramuscular,

intradermal, or subcutaneous) administration. In certain embodiments, the composition
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is formulated for delivery through a needle into a host. Accordingly, the composition
may be formulated for delivery for injection through a syringe equipped with a needle,
where the end-user resuspends the composition prior to use.

In certain embodiments, the pharmaceutical composition comprises a buffer as
the aqucous vehicle. The buffer may be selected from a phosphate, citrate, tartrate, or
acetate buffer. In a particular embodiment, the buffer is a phosphate buffer.

Also provided herein are methods of making the pharmaceutical compositions
described above. The methods involve adding the non-ionic water insoluble and/or
immiscible ester co-surfactant to the hydrolytically labile antipsychotic agent to
minimize in vitro degradation of the agent during standing. In an embodiment of the
method, the non-ionic water insoluble and/or immiscible ester co-surfactant minimizes
in vitro degradation of the agent during standing at various temperature and humidity
conditions.

Accordingly, in one aspect, provided herein is a method for minimizing in viiro
degradation of a hydrolytically labile antipsychotic agent comprising adding to a
composition comprising the antipsychotic agent and an aqueous vehicle (a) a non-ionic
water insoluble and/or immiscible ester co-surfactant and (b) a water miscible and/or
soluble non-ionic surfactant.

In still another aspect, provided herein is a method for the preparation of an
aqueous pharmaceutical composition comprising a hydrolytically labile antipsychotic
agent, wherein the method comprises adding to a composition comprising the
antipsychotic agent and an aqueous vehicle (a) a stabilizing amount of a non-ionic water
insoluble and/or immiscible ester co-surfactant and (b) a water miscible and/or soluble
non-ionic surfactant. When component (a) is sorbitan laurate, the stabilizing amount
can be about 0.2 -1 weight percent, about 0.4 — 0.7 weight percent, or about 0.5 weight
percent sorbitan laurate. In an embodiment, the stabilizing amount is not more than 0.5
weight percent sorbitan laurate.

When component (a) is sorbitan laurate, the stabilizing amount also can be about
0.25 — 0.45 weight percent, about (.3 — 0.4 weight percent, or about (.37 weight percent
component (b). In a particular embodiment, the stabilizing amount is about 0.37 weight
percent sorbitan laurate.

In embodiments of the method, the resulting formulations are recady to use

formulations.
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In embodiments of the method, the non-ionic water insoluble and/or immiscible
ester co-surfactant is provided in an amount sufficient to minimize in vitro degradation
of the antipsychotic agent. In another embodiment, when the ester co-surfactant is
sorbitan laurate, about 0.2 —1 weight percent, about 0.4 — 0.7 weight percent, or about

5 0.5 weight percent sorbitan laurate is an amount sufficient to minimize in vitro
degradation of the antipsychotic agent. In other embodiments, the method includes
adding not more than 0.5 weight percent sorbitan laurate.

In yet another embodiment, when the ester co-surfactant is sorbitan laurate, 0.25
- 0.45 weight percent, about 0.3 — 0.4 weight percent, or about 0.37 weight percent is

10 sufficient to minimize in vitro degradation of the antipsychotic agent. In a particular
embodiment, the method includes adding about 0.37 weight percent sorbitan laurate.

In still another embodiment of the methods, the non-ionic water insoluble and/or
immiscible ester co-surfactant is provided in an amount providing less than 50 parts per
million, e.g., less than 30 parts per million, e.g., less than 10 parts per million, of the

15 hydrolyzed antipsychotic agent degradation products after the total composition stands
for at least 24 months.

Also provided herein is a method for treating disorders of the central nervous
system, comprising administering an effective amount of any of the preceding
compositions to an individual in need of such treatment.

20 In one embodiment, the disorder is anxiety or depression. In another
embodiment, the disorder is bipolar disorder. In still another embodiment, the disorder
is autism-related irritability. In yet another embodiment, the disorder is a psychotic
condition. The psychotic condition may be schizophrenia or schizophreniform disorder.

Alternatively, the psychotic condition may be acute mania.

CA 2885196 2019-11-15
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According to an aspect, the invention provides for a method for minimizing
hydrolysis of a hydrolytically labile antipsychotic agent comprising adding to a
composition comprising the antipsychotic agent and an aqueous vehicle (a) sorbitan
laurate and (b) polysorbate 20,

5 wherein the hydrolytically antipsychotic agent is Compound A or Compound 1:

cl (\N’\/\/O\% Cl (\N/\/\/O
cl
Y
N
o)

10 O—
A 1

According to another aspect, the invention provides for a method for the
preparation of an aqueous pharmaceutical composition comprising a hydrolytically
labile antipsychotic agent, wherein the method comprises adding to a composition

10 comprising the antipsychotic agent and an aqueous vehicle (a) a stabilizing amount of
sorbitan laurate and (b) polysorbate 20,

wherein the hydrolytically antipsychotic agent is Compound A or Compound 1:

cl (\N”\/\/O cl (\N/\/\/O
% \(j oo

10 ©
A

According to another aspect, the invention provides for the use, for treating
15 disorders of the central nervous system in an individual in need of such treatment, of an

effective amount of the pharmaceutical composition of the invention.

According to another aspect, the invention provides for the use of the
pharmaceutical composition of the invention in the preparation of a medicament for
20 treating disorders of the central nervous system in an individual in need of such

treatment.

7a
CA 2885196 2019-11-15
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According to another aspect, the invention provides for the pharmaceutical
composition of the invention for use in the treatment of disorders of the central nervous

in an individual in need of such treatment.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a schematic showing in vitro (standing) hydrolysis of a particular
aripiprazole prodrug first to an N-hydroxymethyl hydrolysis product and then to
aripiprazole. As demonstrated in the exemplification section, the formation of these
hydrolysis products is minimized i vitro (i.e., through standing) in the pharmaceutical
formulations described herein.

Figure 2 is a graph showing the increased solubility of Compound 1 with
increasing concentration of a non-ionic water insoluble and/or immiscible ester co-
surfactant. The experiments demonstrate that the total concentration of the prodrug
hydrolysis products was less than 5 ppm in all vehicles following vigorous shaking of

the suspension for 25 days.

DETAILED DESCRIPTION OF INVENTION

Pharmaceutical Compositions

Provided herein are pharmaceutical compositions comprising: (a) a
hydrolytically labile antipsychotic agent; (b) a non-ionic water insoluble and/or
immiscible ester co-surfactant; (¢) a water miscible and/or soluble non-ionic surfactant;
and (d) an aqueous vehicle; wherein the pharmaceutical composition comprises a
minimal amount of the antipsychotic hydrolysis products after standing for a certain
amount of time. For example, the pharmaceutical composition comprises less than 50
parts per million, e.g., less than 30 parts per million, e.g., less than 10 parts per million,
of the hydrolyzed antipsychotic agent degradation products after standing for up to, or
more than, 24 months. In an embodiment, the pharmaceutical composition comprises

less than 50 parts per million, e.g., less than 30 parts per million, e.g., less than 10 parts

CA 2885196 2019-11-15
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per million, of the hydrolyzed antipsychotic agent degradation products after standing
for at least 1 month, 3 months, 6 months, 9 months, 12 months, 18 months, or 24
months.

In an embodiment, the pharmaceutical composition comprises less than 50 parts
per million, e.g., less than 30 parts per million, e.g., less than 20 parts per million, e.g.,
less than 10 parts per million, e.g., less than 7 parts per million, of the hydrolyzed
antipsychotic agent degradation products at certain temperature and humidity conditions,
such as 25°C, with a relative humidity of 60%; 40°C, with a relative humidity of 75%;
and 30°C, with a relative humidity of 75%. In an embodiment, the pharmaceutical
composition comprises less than 50 parts per million, e.g., less than 30 parts per million,
e.g., less than 20 parts per million, e.g., less than 10 parts per million, e.g., less than 7
parts per million, of the hydrolyzed antipsychotic agent degradation products at certain
temperatures, such as 25°C, 30°C, or 40°C. In an embodiment, the pharmaceutical
composition comprises less than 50 parts per million, e.g., less than 30 parts per million,
e.g., less than 20 parts per million, e.g., less than 10 parts per million, ¢.g., less than 7
parts per million, of the hydrolyzed antipsychotic agent degradation products at certain
temperatures, such as 25°C —40°C, over certain time periods, such as at least 1 month, 3
months, 6 months, 9 months, 12 months, 18 months, or 24 months. In an embodiment,
the pharmaceutical composition comprises less than 50 parts per million, e.g., less than
30 parts per million, e.g., less than 20 parts per million, e.g., less than 10 parts per
million, e.g., less than 7 parts per million, of the hydrolyzed antipsychotic agent
degradation products at certain temperatures, such as 25°C — 40°C, over certain time
periods, such as 1 month — 24 months. In an embodiment, the degradation is minimized
at temperatures selected from any of 25°C —40°C, over a time period selected from any
of 1 month-24 months, e.g., at least 1 month, 3 months, 6 months, 9 months, 12 months,
18 months, or 24 months.

In an embodiment, the pharmaceutical composition minimizes formation of the
hydrolyzed product when the composition is stored at what the World Health
Organization refers to as defines “Normal Storage Conditions” (see WHO Technical
Report Series, No. 908, 2003, Annex 9 Guide to Good Storage Practices for
Pharmaceuticals, Appendix: Storage and Labeling Conditions): storage in dry, well-
ventilated premises at temperatures of 15 —25 °C or, depending on climatic conditions,

up to 30 °C. The compositions provided herein are effective in minimizing drug
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degradation through, e.g., hydrolysis, in all climactic zones, as well as “Normal Storage

Conditions” in those zones as defined by the WHO:

Climatic Zone Temperature Humidity Rinimum Buration
Zone | 210 £ 2°C 45% rH £ 5% H 12 Months
Zone il 250+ 2P 50% rH + 5% rH 12 klonths
Jone il G 1 20 35% H £ 5% H 12 kenths
Zone W 30%C + 2°C 55% rH £ 5% rH 12 konths

Zone vl 30°C + 2°C #8% rH + 5% H 12 Konths
Refrigerated 50 £ 3¢ Me Humidity 12 Konths
Frozen 1550 550 Mo Humidity 12 Kanths

Examples of regions in climatic zone 1 are: USA, Japan, UK, Northern Europe,
Canada, and Russia.

In an embodiment, the non-ionic water insoluble and/or immiscible ester co-
surfactant is a sorbitan ester of a carboxylic acid, wherein the carboxylic acid comprises
4 — 20 carbon atoms. A preferred sorbitan ester is sorbitan laurate. In another
embodiment, the water miscible and/or soluble non-ionic surfactant is a polyoxyethylene
derivative of a sorbitan ester of a carboxylic acid, wherein the carboxylic acid comprises
8 — 14 carbon atoms. A preferred polyoxyethylene derivative is polysorbate 20.

The pharmaceutical compositions provided herein are advantageous because they
offer superior preservation of the active agent. In particular, studies have demonstrated
that the hydrolytically labile antipsychotic agent undergoes minimal in vitro hydrolysis
after sitting (e.g., sitting during storage) for various periods of time (see Figures 3 — 5).
This slow degradation was observed even as the solubility of the agent in the injection
vehicle composition increased, which was unexpected (see Figure 2). Without being
bound by theory, it is believed that the slow degradation of the therapeutic agent can be
attributed to the higher solubility of the compound in the non-ionic water insoluble
and/or immiscible ester co-surfactant, e.g., sorbitan laurate, as opposed to the aqueous
portion of the vehicle.

In an embodiment, the pharmaceutical composition comprises less than 50 parts
per million, less than 30 parts per million, or less than 10 parts per million, of the
hydrolyzed antipsychotic agent degradation products after standing for at least 24
months. In an embodiment, the pharmaceutical composition comprises less than 50
parts per million, e.g., less than 30 parts per million, e.g., less than 10 parts per million,
of the hydrolyzed antipsychotic agent degradation products after standing for at least 1

month, 3 months, 6 months, 9 months, 12 months, 18 months, or 24 months.
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The pharmaceutical composition can further comprise an aqueous vehicle, such
as phosphate buffered saline, as well as any of the pharmaceutical components described
herein.

The pharmaceutical compositions also offer minimized excipient levels while co-

5  optimizing both re-suspendability and acceptable injectability, and maintain good
physiochemical attributes of the antipsychotic agent. The compositions require reduced
resuspension times using, for example, hand shaking. In one embodiment, the
pharmaceutical compositions can be resuspended for injection within 1 — 60 seconds of
handshaking. Accordingly, the pharmaceutical compositions described herein can also

10 be referred to as “ready to use.”

In addition to the re-suspendability and stability advantages described above, the
pharmaceutical compositions provided herein result in reduced tissue reactions upon
injection.

When the pharmaceutical composition is to be used as an injectable composition,

15  including but not limited to injection through a needle or needle-less injection, it can be
formulated into a conventional injectable vehicle. Suitable vehicles include
biocompatible and pharmaceutically acceptable solution and/or emulsions.

Provided below are representative drawings of the sorbitan esters that can be
used as component (b) in the pharmaceutical compositions described herein. Sorbitan

20  laurate can also be referred to as “‘sorbitan monolaurate”:

HQ  oH
HQ  oH o
i Aor
Aoy o oM
© © n OH
OH
Sorbitan Ester n=6-12 Sorbitan Laurate (n = 10)

Provided below are representative drawings of the polyoxyethylene derivative of
a sorbitan ester of a carboxylic acid used as component (¢) in the pharmaceutical

compositions:
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In a particular embodiment, component (c) is polysorbate 20, sold under the
trademark TWEEN ®. The polysorbate can be added in an amount that reduces surface
tension of a drug product or aids in suspension stability of the drug product.

The ratios of (b) and (c) can vary. In one embodiment, the ratio of components
(b) to (¢) is approximately 10 ©0 0.5, e.g., 10to 1, e.g., 8 10 1, e.g., 5:2, by weight. In
another embodiment, the ratio of components (b) to (c¢) is approximately 5 to 2, by
weight. In still another cmbodiment, the composition compriscs component (a), sorbitan
laurate, and polysorbate 20, wherein the ratio of sorbitan laurate and polysorbate 20 is
approximately 5 to 2, by weight. In still another embodiment, the composition
comprises sorbitan laurate, and polysorbate 20, wherein the ratio of sorbitan laurate and
polysorbate 20 is approximately 3 to 1, by weight. In another embodiment, the
composition comprises sorbitan laurate, and polysorbate 20, wherein the ratio of sorbitan
laurate and polysorbate 20 is approximately 2 to 1, by weight. In yet another
embodiment, the composition comprises sorbitan laurate, and polysorbate 20, wherein
the ratio of sorbitan laurate and polysorbate 20 is within the range of approximately 3 to
1 -2t 1, by weight. In a particular embodiment, the composition comprises sorbitan
laurate, and polysorbate 20, wherein the ratio of sorbitan laurate and polysorbate 20 is
approximately a ratio of 3 to arange of 1 — 2, by weight. In another particular
embodiment, the composition comprises sorbitan laurate and polysorbate 20, wherein
the ratio of sorbitan laurate and polysorbate 20 is approximately 3 to 1.2, by weight.

As described in the table below, the sorbitan laurate/polysorbate 20 ratio can be

approximately 0.625, 1, 1.25, 2, 2.5, or 5, representing a range of 0.625 — 5:
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SML % | Polysorbate 20 % | SML/Polysorbate 20 Ratio

1 0.8 125

05 0.5 1

0.5 0.2 25
1 0.5 2

0.5 0.8 0.625
1 0.2 5

0.5 0.1 5

The weight percent of components (b) and (¢) can vary in the pharmaceutical
compositions provided herein. In one embodiment, the composition comprises about 0.2
— 1 weight percent component (b), e.g., sorbitan laurate. In another embodiment, the
composition comprises about 0.4 — 0.7 weight percent component (b), e.g., sorbitan
laurate. In still another embodiment, the composition comprises about 0.5 weight
percent component (b), e.g., sorbitan laurate.

In another embodiment, the composition comprises about 0.25 — 0.45 weight
percent component (b), e.g., sorbitan laurate. In another embodiment, the composition
comprises about 0.3 — 0.4 weight percent component (b), e.g., sorbitan laurate. In still
another embodiment, the composition comprises about 0.37 weight percent component
(b), e.g., sorbitan laurate.

In another embodiment, the composition comprises about .05 — (.8 weight
percent component (¢), e.g., polysorbate 20. In yet another embodiment, the
composition comprises about 0.1 — 0.3 weight percent component (¢), e.g.. polysorbate
20. In still another embodiment, the composition comprises about 0.2 weight percent
polysorbate 20. In yet another embodiment, the composition comprises about 0.15
weight percent polysorbate 20.

The compositions provided herein can also have varying amounts of
hydrolytically labile antipsychotic agent. In an embodiment, the antipsychotic agent is
an aripiprazole prodrug or an olanzapine prodrug. In a particular embodiment, the
antipsychotic agent is an aripiprazole prodrug. In one embodiment, the composition
comprises approximately 15 — 35 weight percent aripiprazole prodrug (e.g., a compound
of Formula I or II), or olanzapine prodrug (e.g., a compound of F'ormula III, IV, or V).

In another embodiment, the composition comprises approximately 20 — 30 weight
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percent aripiprazole prodrug (e.g., a compound of Formula I or II), or olanzapine
prodrug (e.g., a compound of Formula III, IV, or V). In still another embodiment, the
composition comprises approximately 20 — 26 weight percent aripiprazole prodrug (e.g.,
a compound of Formula I or II), or olanzapine prodrug (e.g., a compound of Formula III,
IV, or V). In another embodiment, the composition comprises approximately 24 — 26
weight percent aripiprazole prodrug (e.g., a compound of Formula I or II), or olanzapine
prodrug (e.g., a compound of Formula III, IV, or V).

In one embodiment, the composition comprises approximately 15 — 35 weight
percent aripiprazole prodrug (e.g., a compound of Formula I or II), or olanzapine
prodrug (e.g., a compound of Formula III, TV, or V). In another embodiment, the
composition comprises approximately 20 — 30 weight percent aripiprazole prodrug (e.g.,
a compound of Formula T or II), or olanzapine prodrug (e.g., a compound of Formula IIT,
IV, or V). In still another embodiment, the composition comprises approximately 24 —
30 weight percent aripiprazole prodrug (e.g., a compound of Formula I or II), or
olanzapine prodrug (e.g.. a compound of Formula IIL, IV, or V). In a particular
embodiment, the composition comprises approximately 26.6 weight percent aripiprazole
prodrug (e.g., a compound of Formula I or II), or olanzapine prodrug (e.g., a compound
of Formula IIT, TV, or V).

In an embodiment, the pharmaceutical composition comprises:

(a) 15 — 35 weight percent aripiprazole prodrug (e.g., a compound of Formula I

or II) or olanzapine prodrug (e.g,, a compound of Formula III, TV, or V);

(b) 0.25 —0.45 weight percent sorbitan laurate;

(c) 0.2 -1 weight percent polysorbate 20; and

(d) an aqueous vehicle.

In another embodiment, the pharmaceutical composition comprises:

(a) 24 — 30 weight percent aripiprazole prodrug (e.g.. a compound of Formula 1

or II) or olanzapine prodrug (e.g,, a compound of Formula IIL, 1V, or V);

(b) 0.3 — 0.4 weight percent sorbitan laurate;

() 0.1 — 0.3 weight percent polysorbate 20; and

(d) an aqueous vehicle.

In still another embodiment, the pharmaceutical composition comprises:

(a) about 26.6 weight percent aripiprazole prodrug (e.g., a compound of Formula

I or II) or olanzapine prodrug (e.g,, a compound of Formula I, IV, or V);
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(b) about 0.37 weight percent sorbitan laurate;
(c) about .15 weight percent polysorbate 2(); and
(d) an aqueous vehicle.
In an embodiment, the pharmaceutical composition comprises:
(a) 15 — 35 weight percent compound I:
o TN ©

C|\©/N\)
i N
“tigo—

1 .
(b) 0.25 —0.45 weight percent sorbitan laurate;
(c) 0.2 — 1 weight percent polysorbate 20; and
(d) an aqueous vehicle.
In another embodiment, the pharmaceutical composition comprises:

(a) 24 — 30 weight percent compound I:

ot A
T g )

1

O

(b) 0.3 — 0.4 weight percent sorbitan laurate;

(¢) 0.1 — 0.3 weight percent polysorbate 20; and

(d) an aqueous vehicle.

In still another embodiment, the pharmaceutical composition comprises:

(a) about 26.6 weight percent compound I:

Cl N/\/\/O
cl I\(\)
o N
“iro—

1

O
(b) about 0.37 weight percent sorbitan laurate;
(c) about 0.15 weight percent polysorbate 20; and

(d) an aqueous vehicle.
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In one embodiment, the pharmaceutical has a high storage stability such that the
decomposition of a hydrolytically labile antipsychotic prodrug (e.g., aripiprazole
prodrug, e.g., compound I) to its antipsychotic hydrolysis products will be less than 5
ppm when the composition is stored at 25°C and 60% relative humidity for 6 months. In
onc embodiment, the decomposition of aripiprazolc prodrug (e.g., compound I) to N-
hydroxymethyl hydrolysis products will be less than 5 ppm when the composition is
stored at 25°C and 60% relative humidity for 6 months.

In another embodiment, the decomposition of the hydrolytically labile
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) to its antipsychotic
hydrolysis products will not exceed 6 ppm when the composition is stored at 25°C and
60% relative humidity for 9 months. In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) to N-hydroxymethyl hydrolysis products will
not exceed 6 ppm when the composition is stored at 25°C and 60% relative humidity for
9 months.

In another embodiment, the decomposition of the hydrolytically labile
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) to its antipsychotic
hydrolysis products will not exceed 14 ppm when the composition is stored at 25°C and
60% relative humidity for 18 months In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) to N-hydroxymethyl hydrolysis products will
not exceed 14 ppm when the composition is stored at 25°C and 60% relative humidity
for 18 months.

In still another embodiment, the decomposition of the hydrolytically labile a
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) to its antipsychotic
hydrolysis products will not exceed 24 ppm when the composition is stored at 25°C and
60% relative humidity for 24 months In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) (o N-hydroxymethyl hydrolysis products will
not exceed 24 ppm when the composition is stored at 25°C and 60% relative humidity
for 24 months .

In another embodiment, the pharmaceutical has a high storage stability such that
the decomposition of the hydrolytically labile antipsychotic prodrug (e.g., aripiprazole
prodrug, e.g., compound I) to its antipsychotic hydrolysis products will be less than 5
ppm when the composition is stored at 30°C and 75% relative humidity for 6 months. In

one embodiment, the decomposition of aripiprazole prodrug (e.g., compound I) to N-

16



CA 02885196 2015-03-16

WO 2014/080285 PCT/IB2013/002995

10

15

20

25

30

hydroxymethyl hydrolysis products will be less than 5 ppm when the composition is
stored at 25°C and 60% relative humidity for 6 months.

In yet another embodiment, the decomposition of hydrolytically labile
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) (o its antipsychotic
hydrolysis products will not exceed 6 ppm when the composition is stored at 30°C and
75% relative humidity for 12 months. In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) to N-hydroxymethyl hydrolysis products will
not exceed 6 ppm when the composition is stored at 30°C and 75% relative humidity for
12 months.

In still another embodiment, the decomposition of hydrolytically labile
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) to its antipsychotic
hydrolysis products will not exceed 24 ppm when the composition is stored at 30°C and
75% relative humidity for 24 months . In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) to N-hydroxymethyl hydrolysis products will
not exceed 24 ppm when the composition is stored at 30°C and 75% relative humidity
for 24 months.

In yet another embodiment, the pharmaceutical has a high storage stability such
that the decomposition of a hydrolytically labile antipsychotic prodrug (e.g., aripiprazole
prodrug, e.g., compound I) to its antipsychotic hydrolysis products will be less than 5
ppm when the composition is stored at 40°C and 75% relative humidity for 3 months. In
one embodiment, the decomposition of aripiprazole prodrug (e.g., compound I) to N-
hydroxymethyl hydrolysis products will be less than 5 ppm when the composition is
stored at 40°C and 75% relative humidity for 3 months.

In another embodiment, the decomposition of the hydrolytically labile
antipsychotic prodrug (e.g., aripiprazole prodrug, e.g., compound I) to its antipsychotic
hydrolysis products will not exceed 16 ppm when the composition is stored at 40°C and
75% relative humidity for 12 months. In one embodiment, the decomposition of
aripiprazole prodrug (e.g., compound I) to N-hydroxymethyl hydrolysis products will
not exceed 16 ppm when the composition is stored at 40°C and 75% relative humidity
for 12 months.

In certain embodiments, the composition is stored in a sealed (e.g., septum

stoppered), colorless, glass vial.
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The aqueous vehicle of the pharmaceutical compositions provided herein can be
a buffer. The buffer may be selected from a phosphate, citrate, tartrate or acetate buffer.
In a particular embodiment, the buffer is a phosphate buffer.

The pharmaceutical compositions provided herein can further comprise
additional components. For example, the use of additional wetting agents or surfactants
in a pharmaceutical composition may promote one or more of the following:

(1) Surface tension reduction, which may aid in wetting, since a ‘lower surface
tension” liquid will wet surfaces or particles more readily than a ‘high surface tension’
liquid. Lowering the surface tension of a liquid may also decrease the incidence of
foaming. The surface tension of a liquid will be lower as more surfactant is added;

(2) Formation of micelles (i.e., spherical or non-spherical surfactant structures in
solution that have the capability to dissolve non-soluble components); and/or

(3) Increase of suspension physical stability.

The pharmaceutical compositions can also contain an aqueous vehicle, which is a
vehicle that dilutes and suspends the drug. The vehicle of interest herein is one that is
pharmaceutically acceptable (safe and non-toxic for administration to a human) and is
useful for the preparation of a reconstituted formulation. Exemplary vehicles include
sterile water, sterile water for injection (WFI), bacteriostatic water for injection (BWFI),
a pH buffered solution (e.g., phosphate-buffered saline), sterile saline solution, Ringer's
solution, or dextrose solution. The buffer can be phosphate, citrate, tartrate, or acetate.
In a particular embodiment, the vehicle is phosphate-buffered saline, which is a water-
based salt solution containing either sodium chloride or potassium chloride and either
sodium phosphate or potassium phosphate. In one embodiment, the phosphate buffer
comprises isotonic saline with 5 — 50 mM phosphate buffer at pH 4.0 - 9.0, e.g., 5.0 -
8.0,e.g.,50-75.

The pharmaceutical compositions can [urther contain an additional surfactant
that preferentially adsorbs to an interface between two immiscible phases, such as the
interface between water and an organic polymer solution, a water/air interface or organic
solvent/air interface. Suitable surfactants include but are not limited to fatty alcohols
such as polyethylene glycols (PEGS) and cetyl alcohol.

Optionally, the pharmaceutical compositions can further comprise a dispersant,
such as, for example, carboxymethyl cellulose (CMC), carboxymethyl cellulose sodium,

cross-linked sodium carboxymethyl cellulose, calcium carboxymethyl cellulose, and low
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substituted hydroxypropyl cellulose magnesium aluminum silicate, or a mixture thereof.
In a particular embodiment, the pharmaceutical composition comprises carboxymethyl
cellulose.

The pharmaceutical compositions may also optionally comprise an antioxidant to
inhibit the oxidation of ingredicnts. Some examples of antioxidants include, but are not
limited to, ascorbic acid, ascorbyl palmitate, butylated hydroxyanisole, a mixture of 2-
and 3-tertiary-butyl-4-hydroxyanisole, butylated hydroxytoluene, sodium iso-ascorbate,
dihydroguaretic acid, potassium sorbate, sodium bisulfate, sodium metabisulfate, sorbic
acid, potassium ascorbate, vitamin E, 4-chloro-2,6-ditertiary butylphenol, alpha-
tocopherol, and propylgallate.

The pharmaceutical compositions can further include a lipid, e.g., a neutral lipid.
Neutral lipids include any lipid that remains neutrally charged at a pH between about 4
and 9. Neutral lipids include, without limitation, cholesterol, other sterols and
derivatives thereof, phospholipids, and combinations thereof. The phospholipids include
any one phospholipid or combination of phospholipids capable of forming liposomes.
They include phosphatidylcholines, phosphatidylethanolamines, lecithin and fractions
thereof, phosphatidic acid, phosphatidylglycerols, phosphatidylinositols,
phosphatidylserines, plasmalogens and sphingomyelins. The phosphatidylcholines
include, without limitation, those obtained from egg, soy beans, or other plant sources or
those that are partially or wholly synthetic or of variable lipid chain length and
unsaturation, POPC, OPPC, natural or hydrogenated soy bean PC, natural or
hydrogenated egg PC, DMPC, DPPC, DSPC, DOPC, and derivatives thereof. In one
embodiment, phosphatidylcholines are POPC, non-hydrogenated soy bean PC and non-
hydrogenated egg PC. Phosphatidylethanolamines include, without limitation, DOPE,
DMPE and DPPE and derivatives thereof. Phosphatidylglycerols include, without
limitation, DMPG, DLPG, DPPG, and DSPG. Phosphatidic acids include, without
limitation, DSPA, DMPA, DLPA, and DPPA.

The pharmaceutical compositions can also advantageously employ a density
enhancing agent, such as a sugar, e.g., mannitol or sorbitol, and/or a tonicity adjusting
agent, such as sodium chloride or glycerol.

Other pharmaceutical carriers that could be used in the pharmaceutical
compositions provided herein also include water, aqueous methyleellulose solutions,

saline, dextrose solutions, fructose solutions, ethanol, or oils of animal, vegetative, or
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synthetic origin. The pharmaceutical carrier may also contain preservatives, and buffers
as are known in the art.

The terms “pharmaceutical composition”, ““formulation”, “injectable
composition,” ezc. are used synonymously throughout the application.

The pharmaccutical compositions described herein may also be in the form of an
emulsion. The term “emulsion” as used in this specification denotes a two-phase system
in which one phase is finely dispersed in the other phase. An emulsifier can be used in
the pharmaceutical compositions to form the emulsion. The term emulsifier, as used by
this invention, denotes an agent that can reduce and/or eliminate the surface and the
interfacial tension in a two-phase system. Such an agent possesses both hydrophilic and
lipophilic groups in the emulsifier agent.

The pharmaceutical compositions described herein may also be in the form of
adispersion. As used herein, the term “dispersion” is to be understood as a mixture in
which fine particles of one substance (e.g., a drug) are scattered throughout another
substance (e.g., aliquid). Dispersions include suspensions and colloids.

The methods of the invention include administering the compositions described
herein, thereby obtaining an extended release or sustained release profile in the patient.
“Extended-release” or “‘sustained-release” includes dosage forms whose drug-release
characteristics of time course and/or location are chosen to accomplish therapeutic or
convenience objectives not offered by conventional dosage forms such as a solution or
an immediate release dosage form. An extended release profile includes deliveries that
achieve a therapeutically effective amount of the antipsychotic agent, e.g., aripiprazole
prodrug (e.g., a compound of Formula I or II), or olanzapine prodrug (e.g., a compound
of Formula III, IV or V), is present in the plasma of the individual for at least about 7
days, preferably at least about 14 days, or more preferably at least about 21 days
alternatively for at least 2, 3, 4, 6 or 8 weeks or as much as three months.

In one embodiment, the pharmaceutical compositions can be administered as a
single or sole (undivided) dose. However, the composition is also useful for those
individuals that require constant or chronic therapy, such as those that receive repeated
doses over several hours, days, weeks, months, or more. In such dosing regimens, the
method can comprise a first administration of a first extended release composition and a
sccond administration of a second extended release composition. The second

composition can be the same, substantially the same or different as the first and can
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include the same active agent or a different active agent. For example, the second
composition can be administered at about 7 days, or more, such as at least about 14 days,
or at least about 17 days, after the first administration, where the first administration
results in the release of agent for a periodof' 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14
days, or more.

The injectable, pharmaceutical compositions described herein can be injected
into a patient in any number of ways. The term “injectable” as used herein refers to a
composition that is suitable to be delivered to an individual in an injection, such as with
an injection device, including one that employs a syringe or a cartridge, which may be
housed in a manual injection device or an auto-injection device, for example.
Specifically, the injectable composition is suitable for parenteral administration. As
used herein, the term “parenteral administration” refers to administration through
injection or infusion. Parenteral administration includes, but is not limited to,
intravenous administration, intradermal administration, subcutaneous administration or
intramuscular administration. The term “intravenous administration” means
administration into a vein. “Intradermal administration” is injection into the upper layer
of skin (i.e., the dermis), just beneath the epidermis. “Subcutaneous administration”
refers to administration just below the skin. “Intramuscular administration” is the

injection directly into a muscle.

Antipsychotic Agents

As discussed above, the pharmaceutical compositions provided herein are useful
for the administration of hydrolytically labile antipsychotic agents to a subject. In
particular, the pharmaceutical compositions minimize the formation of the hydrolysis
product of the hydrolytically labile antipsychotic agent contained therein during
standing, such that the pharmaceutical composition has an improved shell life. As used
herein the term “antipsychotic” refers all drugs used to treat psychosis. Common
conditions for which antipsychotics are prescribed include schizophrenia, mania, and
delusional disorder, although antipsychotics are also used to counter psychosis
associated with a wide range of other diagnoses. Antipsychotics also act as mood
stabilizers making them suitable for the reatment of bipolar disorder (even when no

symptoms of psychosis are present). The pharmaceutical compositions provided herein
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are particularly useful for formulating a water-insoluble antipsychotic into an injectable
composition.
In one embodiment, the antipsychotic drug of the pharmaceutical composition is
an aripiprazole prodrug. The aripiprazole prodrug can comprise, consist essentially of,
5 or consist of an aripiprazole prodrug in a crystalline, non-crystalline or amorphous form,
an aripiprazole prodrug solvate (including ethanolates and hydrates), or other
aripiprazole prodrug polymorphs.
The term “prodrug” is art-recognized and is intended to encompass compounds
which, under physiological conditions, are converted into active compounds, e.g., those
10 described herein. A common method for making a prodrug is to select moieties that are
hydrolyzed or otherwise cleaved under physiological conditions to provide the desired
compound. In other embodiments, the prodrug is converted by an enzymatic activity of
the host animal.
Preferred aripiprazole prodrugs that can be used in the pharmaceutical
15 compositions include the prodrugs described in U.S. Publication No. 2011/0003828.

In a particular embodiment, the aripiprazole prodrug is a compound of Formula

(I) or Formula (1I):
RC
(\N/\/\/O (\,L >0
Rz/N\) Rz/N\) YO .
HN_
o]
U (1
wherein
20 R?is absent, and R? is -CH,OC(O)R!, —-CH>OC(O)OR!, -CH>OC(O)N(R ') or —
C(O)R
or
RPis absent, and R*is -CH,OC(O)R!, <CH20C(0)OR', —CH,0C(O)N(R ), or —
C(O)RY;
25 R® is -CH,OC(O)R!, ~CH,0C(O)OR!, -CH0C(O)N(R")2 or —-C(O)R;

wherein each R! is independently selected from the group consisting of hydrogen, -

substituted or unsubstituted aliphatic, and substituted or unsubstituted aryl; and
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wherein each R” is selected from the group consisting of substituted or
unsubstituted aryl and substituted or unsubstituted heteroaryl;

wherein Y © is a pharmaceutically acceptable counterion; and

wherein represents a single or double bond.

5 Suitable counterions include, e.g., chloride, bromide, iodide, sulfate, phosphate,
acetate, benzoate, tartrate, citrate, propionate, gluconate, lactate, maleate, fumarate,
camsylate, glucepate, mesylate, napsylate, pamoate, conjugate bases of organic
carboxylic acids, and the like.

In one embodiment of formula (I), the aripiprazole prodrug is a compound of

10  formula (I'):
cl (\N AP

c.ijJ

Q)
wherein R* is CH;OC(O)R' and wherein R! is selected from substituted or
unsubstituted aliphatic.
In a particular embodiment of formula (T'), R! is —-CH,OC(0)-(CH,),CH;
15 (Compound A). In another particular embodiment of formula (I'), R'is —CH,OC(O)-
(CH2)10CHz (Compound 1). Compounds A and 1 are depicted below:

N AN /\/\/O
o % G-
N
10 O—‘/ 5
A 1
In an embodiment of the pharmaceutical composition, when the hydrolytically

20  labile antipsychotic agent is an aripiprazole prodrug, the hydrolyzed drug product that is

formed to only a minimal extent can be the aripiprazole drug form:

(\N/\/\/O

c\éNJ
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and/or the N-methylene hydroxy compound having the following formula:

cl (\N/\/\/O

cl N
HO._N

0o
In another embodiment, the antipsychotic drug of the pharmaceutical
5  composition is an olanzapine prodrug. The olanzapine prodrug substance can comprise,
consist essentially of, or consist of the olanzapine prodrug in a crystalline, non-
crystalline or amorphous form, an olanzapine prodrug solvate (including for example
ethanolates and hydrates), or other olanzapine prodrug polymorphs.

The olanzapine drug substance can also include olanzapine prodrugs of Formula

10 (1), (IV) or (V):

an (IV) (V)

wherein R*, R* and R* are independently -CH,OC(O)R', -CH,OC(O)OR', —
CHOC(O)N(R"),, ~C(O)R" or -C(0)OCRH(RN-OC(0)(G'*)uR";

wherein R' is independently selected from the group consisting of hydrogen,

15  substituted or unsubstituted aliphatic, and substituted or unsubstituted aryl;
wherein each R* and R’ is independently selected from hydrogen, C; — C; alkyl,

aryl or substituted aryl; preferably, hydrogen or methyl;

wherein G'?is selected from NH, CHa, -S-or -O-;

whereinmis Oor 1;

20 wherein R® is selected from C3—Cye-alkyl, substituted Ci3— Cys-alkyl, Ci3— Cos-
alkenyl, substituted C,3- Cy¢-alkenyl, C;3—Cpe-alkynyl, substituted C;3— Cye-alkynyl,
Ci3—Cas-cycloalkyl, and substituted Cy3— Cas-cycloalkyl, aryl-Ciz— Cos-alkyl,
substituted aryl-Ci3~ Cyg-alkyl, C;~ Cyp-aryl, substituted C;~ Cyp-aryl, heteroaryl-C,z ~

Cye-alkyl, substituted heteroaryl-C;3— Cps-alkyl; optionally substituted Cy3— Cyq-
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alkylaryl, optionally substituted C;3— Cy¢-alkenylaryl and optionally substituted Cy3—
Cas-alkynylaryl; and

wherein Y © is a pharmaceutically acceptable counterion.

Suitable counterions include, e.g., chloride, bromide, iodide, sulfate, phosphate,
acetate, benzoate, tartrate, citrate, propionate, gluconate, lactate, maleate, fumarate,
camsylate, glucepate, mesylate, napsylate, pamoate, conjugate bases of organic
carboxylic acids, and the like.

In one embodiment of formula (IIT), R* is -C(0)OCH,OC(O)R® and R® is
selected from Cy3—Cye-alkyl. In a particular embodiment of formula (I1I), R s -
C(0)OCH,0C(O)(CH»)14CH3 (Compound O-56). In another particular embodiment of
formula (IIT), R* is -C(0)OCH>OC(0)(CH,),6CH; (Compound O-111). In still another
particular embodiment of formula (11I), R* is -C(O)OCH,OC(O)CHa ) sCHs
(Compound O-112). Compounds O-56, O-111 and O-112 are depicted below:

O-112
In one embodiment of formula (IV), R*" is -C(O)OCH,0C(O)R® and R® is

selected from Cja—Cas-alkyl. In a particular embodiment of formula (IV), R*is -
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C(0)OCH,0OC(0)(CH2)14CH; (Compound O-7). In another particular embodiment of
formula (IV), R™is -C(O)OCH0C(O)(CH,) 1sCHz (Compound 0-8). In still another
particular embodiment of formula (IV), R®is -C(O)OCH,OC(O)CH;)15CH3
(Compound O-9). Compounds O-7, O-8 and O-9 are depicted below:

o7

O-8

Accordingly, aripiprazole, or olanzapine, or a compound of Formula I, 11, III, IV,
or V can be referred to as an “antipsychosis agent” or “hydrolytically labile
antipsychotic agent.”

10 An “aliphatic group” or “aliphatic” is non-aromatic moiety that may be saturated
(e.g. single bond) or contain one or more units of unsaturation, e.g., double and/or triple
bonds. An aliphatic group may be straight chained, branched or cyclic, contain carbon,
hydrogen or, optionally, one or more heteroatoms, and may be substituted or
unsubstituted.

15 An aliphatic group, when used as a linker, preferably contains between about 1

and about 24 atoms, more preferably between about 4 to about 24 atoms, more
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preferably between about 4 to about 12 atoms, more typically between about 4 and about
& atoms. An aliphatic group, when used as a substituent, preferably contains between
about 1 and about 30 atoms, more preferably between about 4 to about 19 atoms. In
addition to aliphatic hydrocarbon groups, aliphatic groups include, for example,
polyalkoxyalkyls, such as polyalkylene glycols, polyamines, and polyimines, for
example. Such aliphatic groups may be further substituted. It is understood that
aliphatic groups may include alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl groups described herein.

In certain embodiments, the aliphatic groups of the present invention are alkyl
chains containing from 5 to 11 carbon atoms. In other embodiments, the aliphatic
groups are alkyl chains containing from 15 to 19 carbon atoms.

The term “aryl”, alone or in combination, means a carbocyclic aromatic system
containing one, two or three rings wherein such rings may be attached together in a
pendent manner or may be fused. The term “aryl” embraces aromatic radicals such as
phenyl, naphthyl, tetrahydronaphthyl, indane, and biphenyl. In an embodiment, aryl is
unsubstituted or independently substituted one or more times with halogen, C,_salkyl, or
0- Cysalkyl.

The term “heteroaryl” embraces unsaturated heterocyclyl radicals. Examples of
heteroaryl radicals include unsaturated 3 to 6 membered heteromonocyclic group
containing 1 to 4 nitrogen atoms, for example, pyrrolyl, pyrrolinyl, imidazolyl,
pyrazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl (e.g., 4H-1,2,4-triazolyl,
1H-1,2,3-triazolyl, 2H-1,2,3-triazolyl, etc.), tetrazolyl (e.g. 1 H-tetrazolyl, 2H-tetrazolyl,
elc.), etc.; unsaturated condensed heterocyclyl group containing 1 to 5 nitrogen atoms,
for example, indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
indazolyl, benzotriazolyl, tetrazolopyridazinyl (e.g., tetrazolo[1,5-b]pyridazinyl, etc.),
etc.; unsaturated 3 (o 6-membered heteromonocyclic group containing an oxygen atom,
for example, pyranyl, furyl, efc.; unsaturated 3 to 6-membered heteromonocyclic group
containing a sulfur atom, for example, thienyl, efc.; unsaturated 3- to 6-membered
heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for
example, oxazolyl, isoxazolyl, oxadiazolyl (e.g., 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl,
1,2,5-oxadiazolyl, etc.) etc.; unsaturated condensed heterocyclyl group containing 1 to 2
oxygen atoms and 1 to 3 nitrogen atoms (e.g. benzoxazolyl, benzoxadiazolyl, ezc.);

unsaturated 3 to 6-membered heteromonocyclic group containing 1 to 2 sulfur atoms and

27



CA 02885196 2015-03-16

WO 2014/080285 PCT/IB2013/002995

10

15

20

25

30

1 t 3 nitrogen atoms, for example, thiazolyl, thiadiazolyl (e.g., 1,2,4- thiadiazolyl,
1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, etc.) etc.; unsaturated condensed heterocyclyl
group containing | to 2 sulfur atoms and 1 to 3 nitrogen atoms (e.g., benzothiazolyl,
benzothiadiazolyl, ezc.) and the like.

The term “substituted” refers to the replacement of onc or more hydrogen
radicals in a given structure with the radical of a specified substituent including, but not
limited to: halo, alkyl, alkenyl, alkynyl, aryl, heterocyclyl, thiol, alkylthio, arylthio,
alkylthioalkyl, arylthioalkyl, alkylsulfonyl, alkylsulfonylalkyl, arylsulfonylalkyl, alkoxy,
aryloxy, aralkoxy, aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aryloxycarbonyl, haloalkyl, amino, trifluoromethyl, cyano, nitro,
alkylamino, arylamino, alkylaminoalkyl, arylaminoalkyl, aminoalkylamino, hydroxy,
alkoxyalkyl, carboxyalkyl, alkoxycarbonylalkyl, aminocarbonylalkyl, acyl,
aralkoxycarbonyl, carboxylic acid, sulfonic acid, sulfonyl, phosphonic acid, aryl,
heteroaryl, heterocyclic, and aliphatic. It is understood that the substituent may be
further substituted.

For simplicity, chemical moictics that are defined and referred to throughout can
be univalent chemical moieties (e.g., alkyl, aryl, efc.) or multivalent moieties under the
appropriate structural circumstances clear to those skilled in the art. For example, an
“alkyl” moiety can be referred to a monovalent radical (e.g. CH;-CH,-), or in other
instances, a bivalent linking moiety can be “alkyl,” in which case those skilled in the art
will understand the alkyl to be a divalent radical (e.g., -CH»-CHb»-), which is equivalent
to the term “alkylene.” Similarly, in circumstances in which divalent moieties are

I EEINT) LRI

required and are stated as being “alkoxy”, “alkylamino”, “aryloxy”, “alkylthio”, “aryl”,

EENNTS ERETS

“heteroaryl”, “heterocyclic”, “alkyl” “alkenyl”, *“alkynyl”, “aliphatic”, or “cycloalkyl”,

those skilled in the art will understand that the terms alkoxy”, “alkylamino”, “aryloxy”,
“alkylthio”, “aryl™, “heteroaryl”, “heterocyclic”, “alkyl”, “alkenyl”, “alkynyl”,
“aliphatic”, or “cycloalkyl” refer to the corresponding divalent moiety.

The term “compound” is defined herein to include pharmaceutically acceptable
salts, solvates, hydrates, polymorphs, enantiomers, diastereoisomers, racemates and the

like of the compounds having a formula as set forth herein.
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Methods of Treatment

The pharmaceutical compositions provided herein can be used for treatment of a
variety of disorders in a subject in need thereof. For example, the disclosed
compositions may be used to treat conditions selected from: disorders such as cerebral
deficit subscquent to cardiac bypass surgery and grafting, stroke, cercbral ischemia,
spinal cord trauma, head trauma, perinatal hypoxia, cardiac arrest, hypoglycemic
neuronal damage, dementia (including AIDS-induced dementia), Alzheimer's disease,
Huntington's Chorea, amyotrophic lateral sclerosis, ocular damage, retinopathy,
cognitive disorders, idiopathic and drug-induced Parkinson's disease, muscular spasms
and disorders associated with muscular spasticity including tremors, epilepsy,
convulsions, cerebral deficits secondary to prolonged status epilepticus, migraine
(including migraine headache), urinary incontinence, substance tolerance, substance
withdrawal (including, substances such as opiates, nicotine, tobacco products, alcohol,
benzodiazepines, cocaine, sedatives, hypnotics, efc.), psychosis, schizophrenia, anxiety
(including generalized anxiety disorder, panic disorder, social phobia, obsessive
compulsive disorder, and post-traumatic stress disorder (PTSD)), attention deficit
disorder (ADD), attention deficit hyperactivity disorder (ADHD), mood disorders
(including depression, mania, bipolar disorders), circadian rhythm disorders (including
jet lag and shift work), trigeminal neuralgia, hearing loss, tinnitus, macular degeneration
of the eye, emesis, brain edema, pain (including acute and chronic pain states, severe
pain, intractable pain, neuropathic pain, inflammatory pain, and post-traumatic pain),
tardive dyskinesia, sleep disorders (including narcolepsy), attention deficit/hyperactivity
disorder, and conduct disorder.

In another embodiment, the present invention provides a method of treating
cardiac and cardiovascular disorders such as angina, arrhythmia, and hypertension, in a
patient in need thereol. The method comprises administering o the subject a
therapeutically effective amount of a composition of the invention or a pharmaceutically
acceptable salt thereof.

The invention further relates to the treatment of fever, diabetes, allergy, asthma,
infection, inflammation, and ulcers in a patient in need thereof, comprising
administering to the subject a therapeutically effective amount of a composition of the

invention or a pharmaceutically acceptable salt thereof.
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The invention further relates to the treatment of sleep modulation comprising
administration of a composition of the invention. Sleep modulation includes decreasing
the time to sleep onset, increasing the average sleep bout length, and increasing the
maximum sleep bout length.

In a particular cmbodiment, the pharmaccutical compositions described hercin
can be used to treat anxiety, depression, bipolar disorder, autism-related irritability, and
psychotic conditions including acute mania, schizophrenia, and schizophreniform
disorder in a subject.

The term “treated,” “treating” or “treatment” includes the diminishment or
alleviation of at least one symptom associated with psychosis or a related CNS disorder.

2 G

The term ““treated,” ““treating” or “treatment” as used in reference to a disease or
condition shall mean to intervene in such disease or condition so as to prevent or slow
the development of, prevent or slow the progression of, halt the progression of, or
eliminate the disease or condition.

As used herein, the term “modulating” or “modulate” refers to an effect of
altering a biological activity, especially a biological activity associated with an injection
site reaction.

The term “subject” is intended to include animals, which are capable of suffering
from or afflicted with dementia associated with psychosis or arelated CNS disorder,
including, without limitation, psychotic conditions including acute mania, schizophrenia
and schizophreniform disorder, bipolar disorder, anxiety and depression. Examples of
subjects include mammals, e.g., humans, dogs, cows, horses, pigs, sheep, goats, cats,
mice, rabbits, rats, and transgenic non-human animals. In certain embodiments, the
subject is a human, e.g., a human suffering from, at risk of suffering from, or potentially
capable of suffering from any of the diseases described herein.

The term “aboul” or “approximaltely” usually means within 20%, more
preferably within 10%, and most preferably still within 5% of a given value or range.
Alternatively, especially in biological systems, the term “about” means within about a
log (i.e., an order of magnitude), preferably within a factor of two of a given value.

In one embodiment, a therapeutically effective amount of the agent is given to a
subject using the pharmaceutical compositions provided herein. The term
“therapeutically effective amount” is further meant to define an amount resulting in the

improvement of any parameters or clinical symptoms. The actual dose may vary with

30



CA 02885196 2015-03-16

WO 2014/080285 PCT/IB2013/002995

10

15

20

25

30

each patient and does not necessarily indicate a total elimination of all disease
symptoms. In the case of antipsychotics, the management of exacerbations and
maintenance of remission of psychiatric symptoms are main goals of therapy, and
selection of the appropriate drug and dosage in a particular disease balances these goals
with the minimization of adverse cvents attributable to the drug.

A therapeutically effective amount of the compound used in the treatment
described herein can be readily determined by the attending diagnostician, as one skilled
in the art, by the use of conventional techniques and by observing results obtained under
analogous circumstances. In determining the therapeutically effective dose, a number of
factors are considered by the attending diagnostician, including, but not limited to: the
species of mammal; its size, age, and general health; the specific disease involved; the
degree of or involvement or the severity of the disease; the response of the individual
patient; the particular compound administered; the mode of administration; the
bioavailability characteristic of the preparation administered; the dose regimen selected;
the use of concomitant medication; and other relevant circumstances.

Preferred suitable dosages for the compounds used in the treatment described
herein are on the order of about 1 mg to about 600 mg, preferably about 3, 5, 10, 15, 20,
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 95, 100, 120, 140, 160, 180, 200, 220,
240, 260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500, 520, 540, 560, 580
to about 600 mgs total of active agent. Dosing schedules may be adjusted to provide the
optimal therapeutic response. For example, administration can be one to three times
daily for a time course of one day to several days, weeks, months, and even years, and
may even be for the life of the patient. Practically speaking, a unit dose of any given
composition used in the treatment described herein can be administered in a variety of
dosing schedules, depending on the judgment of the clinician, needs of the patient, and
so forth. The specific dosing schedule will be known by those of ordinary skill in the art
or can be determined experimentally using routine methods. Exemplary dosing
schedules include, without limitation, administration five times a day, four times a day,
three times a day, twice daily, once daily, every other day, three times weekly, twice
weekly, once weekly, twice monthly, once monthly, and so forth. Unit dose
preparations provided herein can contain aripiprazole, a compound of Formula I or a
compound of Formula II in the range of about 20 to about 900, e.g., 60 to about 800,

mgs (aripiprazole base equivalents). Unit dose preparations provided herein can contain
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olanzapine, a compound of Formula III, or a compound of Formula IV in the range of 40
to about 500 mgs (olanzapine base equivalents). Unit dose preparations provided herein
can contain a compound of Formula V in the range of 160 to about 1000 mgs
(lurasidone base equivalents).

Preferred amounts according to the sclected mode of administration are able to
be determined by one skilled in the art. Pharmaceutical compositions can be
manufactured utilizing techniques known in the art. Typically the therapeutically
effective amount of the compound will be admixed with a pharmaceutically acceptable

carrier.

EXEMPLIFICATION OF THE INVENTION
The invention is further illustrated by the following examples. The examples

should not be construed as further limiting.

Example I — Siability Study

Figure 1 shows in vitro hydrolysis of a particular aripiprazole prodrug to N-
methyl-hydroxy hydrolysis products. As demonstrated below, the formation of these
hydrolysis products is minimized in vitro (i.e., through standing) in the pharmaceutical
formulations described herein.

The solubility of Compound 1 was determined in vehicles containing 10 mM pH
7 phosphate buffer, 0.2% polysorbate 20 (PS), 0.8% saline, and various amounts of
sorbitan monolaurate (SML). As shown in Figure 2, Compound 1 showed increasing
solubility with increasing SML concentration. At a given SML concentration, the trend
of Compound 1 concentration as a function of pH is consistent with an estimated pKa of
~ 7. The total concentration of the hydrolysis products of Compound 1, aripiprazole and
N- hydroxymethyl aripiprzole, was found o be less than 5 ppin in all vehicles [ollowing
vigorous shaking of the suspension for 25 days. The degradation of dissolved
Compound 1 was further followed in the drug vehicle containing 0.50% SML and 0.2%
PS. Without being bound by theory, despite the increase in solubility, the observed slow
degradation of Compound 1 at 25°C, 30°C and 40°C can be explained by higher
solubility of Compound 1 in the organic droplets of SML as opposed (o the aqueous

portion of the vehicle.
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Table 1 herein below shows in vitro (standing) studies of the pharmaceutical
compositions described herein. This study was conducted at 25°C, with a relative
humidity of 60%. The study demonstrated that the total concentration of the prodrug

5 hydrolysis products did not exceed 6 ppm after 12 months of standing or 22 ppm after
24 months of standing.

Table 2 herein below shows in vitro (standing) studies of the pharmaceutical
compositions described herein. This study was conducted at 30°C, with a relative
humidity of 75%. The study demonstrated that the total concentration of the prodrug

10 hydrolysis products did not exceed 16 ppm after 6 months of standing.

Table 3 herein below shows in vitro (standing) studies of the pharmaceutical
compositions described herein. This study was conducted at 40°C, with a relative
humidity of 75%. The study demonstrated that the total concentration of the prodrug
hydrolysis products did not exceed 6 ppm after 12 months of standing or 22 ppm after

15 24 months of standing.

Table 4 herein below shows that there are low levels of aldehyde formation in

the pharmaceutical compositions described herein. This study was conducted at 40°C,

with a relative humidity of 75%.
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Example Il — Prodrug Synthesis Procedures

Synthesis of Aripiprazole Prodrugs

(\ NSO CH,O ~o~O
al DMF, NEts

Aripiprazole
OH O

Compound A-1: Preparation of 7-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-
5  1-(hydroxymethyl)-3,4-dihydroquinolin-2(1H)-one
A mixture of Aripiprazole (20g, 45 mmol), triethylamine (1mL, 7.1 mmol),
formaldehyde (37% aqueous solution, 70 mL) and dimethylformamide (200 mL) was
heated to 80°C for 20 h. The reaction mixture was cooled, diluted with ethyl acetate (400
mL) and washed with water/brine (1:1, 3 x 500 mL). The organic phase was dried over
10 MgSOs, filtered and evaporated to dryness under vacuum to give hemi-aminal A-1 as a

white solid (18.6 g, containing 25% Aripiprazole, 65% yield based on A-1).

n
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Compound 1: (7-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2-o0xo-3,4-
dihydroquinolin-1(2H)-yl)methyl acetate

O
cl (\N/\/\/
cl N

N
H3C:~‘éo" X
A solution of Compound A-1 (50.63 g. 0.105 mol) in anhydrous tetrahydrofuran
(THF, 80 mL.) was treated with acetic anhydride (15.3 mL, 0.16 mol) and heated for 2.0
hours at 60°C (oil-bath). To the above solution, tricthylamine (2.0 mL, 0.014 mol) was
added and stirred for 16 hours at 60°C. The solvent was removed using a rotator
evaporator. To the resulting crude mixture, ethyl acetate (150 mL) and heptane (50 mL)
was added. The solution was washed with NaHCO3 (5% aqueous solution, 250 mL,).
After separation of the two layers, pH of the aqueous layer was adjusted to above 7. The
aqueous layer was further extracted using the organic mixture. The organic layer was
separated and washed with 5% NaHCOj; solution, followed by deionized water, and
brine. The solution was dried using anhydrous MgSQ.,, filtered and evaporated under
vacuum. The resulting product was purified using silica gel column chromatography
using ethanol: ethyl acetate (5:95) as the eluent. Fractions containing the desired
product were combined and d-tartaric acid (12.5 g dissolved in 60:5 ethanol: water) was
added, resulting in the precipitation of the desired product (48.78 g, 89% yield). 'II
NMR (CDCI3, 300MHz) § 1.73 (m, 2H), 1.84 (m, 2H), 2.12 (s, 3H), 2.50 (t, 2H), 2.68
(m, 6H), 2.87 (dd, 2H), 3.08 (m, 4H), 3.98 (, 2H), 5.91 (s, 2H), 6.59 (1, 2H), 6.96 (dd,
111), 7.08 (dd, 11I), 7.15 (m, 21I).
Compound 1: (7-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2-0xo-3,4-
dihydroquinolin-1(2H)-yl)methyl dodecanoate
ol N °

c.ijJ )

_/
10 O o

Compound 1 was prepared in an analogous fashion to Compound 1. The desired
product was isolated as a crystalline solid (0.3 g, 21 % yield). The molecular weight was
confirmed by mass spectrometer analysis. Figure 2-6 shows the PXRD, IR, Raman,

TGA spectrum of the desired product. "H NMR (CDCI3, 300MHz) § 0.87 (t, 3H), 1.24
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(m, 16H), 1.62 (m, 2H), 1.83 (m, 2H), 1.86 (m, 2H), 2.36 (t, 2H), 2.49 (t, 2H), 2.68 (m,
6H), 2.86 (dd, 2H), 3.08 (m, 4H), 3.97 (t, 2H), 5.91 (s, 2H), 6.59 (m, 2H), 6.96 (dd, 1H),
7.07 (dd, 1H), 7.14 (m, 2H).
Compound A-28: (7-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2-0xo0-3,4-
dihydroquinolin-1(2H)-yl)methyl benzylcarbamate

Cl (\N/\/\/O

cl N
N_o

N
~
7

To a solution of hemi-aminal A1 (4 g, 8.4 mmol), 4-dimethylaminopyridine
(0.15g, 1.3 mmol) and triethylamine (1.1 ml., 7.5 mmol) in dichloromethane (30 mL.)
was added benzylisocyanate (1.03 mL, 8.3 mmol) and the reaction mixture stirred for 24
hours. The reaction mixture was then heated at 35°C for 20 hours, cooled and washed
with water/brine (1:1, 50 mL). The organic phase was dried over MgSQy, filtered and
evaporated under vacuum. The residue was further purified by chromatography on silica
cluting with cthyl acetate/dichloromethane/methanol (1:1:0.1) to give the desired
product as an off white foam (530 mg, 14% yield). "H NMR (CDCls;, 300MHz) 3 1.58-
1.88 (m, 4H), 2.48 (t, 2H), 2.60-2.72 (m, 6H), 2.85 (m, 2H), 300-3.12 (m, 4H), 3.96 (t,
2H), 4.40 (d, 2H), 5.13 (NH), 5.96 (s, 2H), 6.58 (dd, 1H), 6.79 (d, 1H), 6.92-6.98 (m,
1H), 7.04 (d, 1H), 7.12-7.16 (m, 1H), 7.23-7.35 (m, 6H); m/z (M*H) 611.12 and 613.10.
Compound A: (7-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butoxy)-2-ox0-3,4-
dihydroquinolin-1(2H)-yl)methyl hexanoate

ol [TONTTY °
Cl N
\©/ \/\/\[(O\/N
@) O

Compound A was prepared in an analogous fashion to Compound A-28. The
desired product was isolated as a yellow solid (3.69g, 87% yield). "H NMR (CDCls,
300MHz) 6 0.78 (t, 3H), 1.11-1.28 (m, 4H), 1.40-1.78 (m, 6H), 2.20-2.40 (m, 4H), 2.40-
2.60 (m, 6H), 2.73-2.81 (m, 2H), 2.85-3.00 (m, 4H), 3.88-4.00 (m, 2H), 5.75-5.83 (m,

2H), 6.55-6.62 (m, 2H), 7.03-7.12 (m, 2H), 7.20-7.26 (m, 2H). m/z (M*H) 576.4 and
578.4.
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QOlanzapine Prodrugs

Synthesis of chloromethyl 2-methyl-4-(4-methylpiperazin-1-yl)-SH-
benzo[b]thieno[2,3-e][1.4]diazepine-5-carboxylate [A]

To a solution of olanzapine (18.0 g, 57.7 mmol) and tricthylamine (16 mL, .12
mol) in dichloromethane (250 mL) was warmed to 35 °C and once a clear solution
formed, the reaction was cooled to 5 °C. To this was added chloromethyl chloroformate
(7.6 mL, 86.5 mmol) over 20 minutes. The reaction was stirred at room temperature for
30 min and allowed to warm to room temperature. After 15 min at room temperature the
reaction mixture was diluted with dichloromethane (100 mL), then washed with aq satd
NaHCOs (75 mL) and water (350 mL). The organic phase was dried over MgSQO4 and
filtered. The organic phase was then concentrated under vacuum at 45 °C to a volume
of ~150mL. The mixture was diluted with cthyl acctate (30mlL.) and ~20-30mL further
was evaporated under vacuum. The mixture was cooled to room temperature and the
resulting solid precipitate filtered and washed with ethyl acetate. After drying under
vacuum at 35 °C for 90 min chloromethyl 2-methyl-4-(4-methylpiperazin-1-yl)-5H-
benzo[b]thieno[2,3-e][ 1,4]diazepine-5-carboxylate [A] (17.1g, 73%) was obtained as a
yellow solid. "H-NMR (300MHz, CDCl5) § 7.62-7.14 (4H, m), 6.27-6.22 (1H, m), 5.84-
5.69 (1H, m), 5.47-5.23 (1H, m), 3.89-3.63 (4H, m), 2.66-2.22 (10H, m).

General Procedure for the synthesis of aliphatic carboxylic acid substituted

compounds derived from [A]:
To a solution of chloromethyl 2-methyl-4-(4-methylpiperazin-1-yl)-5H-

benzo[b]thieno[2,3-¢][1,4]diazepine-5-carboxylate [A](1 equiv) in dimethylformamide
((13 mL/g of [A])) was added cesium carbonate (1 equiv) and the appropriate aliphatic
carboxylic acid (2 equiv). The reaction mixture was heated at 60 °C for 2-6 h, until
starting material [A] had been consumed (loss of starting material determined by TLC).
The reaction mixture was cooled, diluted with saturated aqueous NaHCO3 (50 mL/g of
[A]) and diethyl ether (75 mL/g of [A]). After being stirred for 15 min the mixture was
filtered through celite and the organic phase separated. This was dried over MgSQO4 and
evaporated. The residue was purified by column chromatography on silica eluting with
30% THEF in EtOAc and the product containing fraction combined and evaporated. The

residue was co-evaporated from hexanes.
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Compound O-56: (palmitoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-5H-
benzo[b]thieno[2,3-e][1,4]diazepine-5-carboxylate
o 0
ool L
/NC NN N

S

Using the procedure as described above with the exception of heating at 60°C for
5 1 day gave (palmitoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-SH-
benzo[b]thieno[2,3-¢][1,4]diazepine-5-carboxylate (1.51 g, 75%) as a yellow oil. 'H-
NMR (300MHz, CDCls) 6 7.62-7.55 (1H, m), 7.45-7.21 (2H, m), 7.17-7.08 (1H, m),
6.26-6.20 (1H, m), 5.66-5.35 (2H, m). 3.90-3.79 (2H, m), 3.68-3.54 (2H, m), 2.47-2.45
(4H, m), 2.33-2.24 (811, m), 1.61-1.50 2H, m), 1.35-1.15 (24H, m), 0.92-0.81 (3H, m)
10  Compound O-111: (stearoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-SH-
benzo[b]thieno[2,3-e][1,4]diazepine-5-carboxylate

Q o
ahr A L
/N/\///\N N\
S
Using the procedure as described above gave (stearoyloxy)methyl 2-methyl-4-(4-
methylpiperazin-1-yl)-SH-benzo[b]thieno[2,3-¢][ 1,4 ]diazepine-5-carboxylate (1.51 g,
15 75%) as a yellow oil. "H-NMR (300MHz, CDCl) § 7.63-7.54 (1H, m), 7.46-7.37 (1H,
m), 7.36-7.26 (1H, m), 7.18-7.07 (1H., m), 6.28-6.19 (1H, m), 5.67-5.56 (1.5H, m), 5.38-
5.34 (1H, m), 3.91-3.78 (2H, m), 3.69-3.54 (2H, m), 2.50-2.40 (4H, m), 2.31-2.24 (6H,
m), 1.61-1.50 (2H, s), 1.34-1.20 (30H, m), 0.87 (3H, t). [M+H]" = 653.14.
Compound O-112: (icosanoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-5H-
20 benzo[b]thieno[2,3-¢][1,4]diazepine-5-carboxylate

o o)
AL L

N//\ NN N
— \// S

N

Using the procedure as described above gave (icosanoyloxy)methyl 2-methyl-4-

(4-methylpiperazin-1-yl)-5H-benzo|b Jthieno|2,3-¢][ 1,4 ]diazepine-5-carboxylate (1.51 g,
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75%) as a yellow oil. 'H-NMR (300MHz, CDCL) 3 7.63-7.54 (1H, m), 7.46-7.37 (11,
m), 7.36-7.26 (1H, m), 7.18-7.07 (1H, m), 6.28-6.19 (11, m), 5.67-5.57 (1.5H, m), 5.37-
5.34 (1H, m), 3.90-3.78 (21, m), 3.69-3.53 (2H1, m), 2.49-2.40 (4H, m), 2.32-2.24 (6H,
m), 1.61-1.50 (21, s), 1.34-1.20 (341, m), 0.87 (3H, 1). [M+H]" = 681.19.

General procedure for the synthesis of Compounds 7-9
Synthesis of chloromethyl 2-methyl-4-(4-methylpiperazin-1-yl)-10H-
benzo[b]thieno[2,3-e]{1,4]diazepine-10-carboxylate [C]

To a solution of olanzapine (5.0 g, 16 mmol) in tetrahydrofuran (50 mlL) at-78
°C was added tetramethylethylenediamine (2.4 ml., 16 mmol), followed by 2M n-Bul.i
in hexanes (8.0 mL, 16 mmol) over 5 min. The reaction mixture was stirred for 15 min
and then chloromethyl chloroformate (2.1 mL, 24 mmol) added and the reaction mixture
stirred a further 30 min. The reaction mixture was then warmed to room temperature,
stirred for 1 h and quenched with water (50 mL). This mixture was diluted with brine
(50 mL) and extracted with ethyl acetate (50 mL). The organic phase was dried over
MgSOy, evaporated and the residue further purified by column chromatography on silica
eluting with 0.2:1:1 methanol/dichloromethane/ethyl acetate to give chloromethyl 2-
methyl-4-(4-methylpiperazin- 1-yl)-10H-benzo[b]thieno[2,3-¢][1.4 diazepine-10-
carboxylate [C] (5.6 g, ~50% pure by '"H NMR and LCMS). This was used directly in
the next reaction without further purification. '"H-NMR (300MHz, CDCls) § 7.02-7.30
(411, m), 6.45 (111, s), 5.78-5.92 (1.511, m), 5.52-5.60 (0.511, m), 3.50-3.70 (411, m),
2.35-2.55 (7H, m), 2.32 (3H, s). [M+H]" = 405.0

General Procedure for the synthesis of aliphatic carboxylic acid substituted

compounds derived from [C]:

To a solution of chloromethyl 2-methyl-4-(4-methylpiperazin-1-yl)-10H-
benzo[b]thieno[2,3-e][1.,4]diazepine-10-carboxylate (C:1 equiv) in dimethylformamide
(13 mL/g of [C]) was added Cs,COs (1 equiv) and the appropriate aliphatic carboxylic
acid (2 equiv). The reaction mixture was heated at 65 °C for 2-6 h, until starting
material [A] had been consumed (loss of starting material determined by TLC). The
reaction mixture was cooled, diluted with saturated aqueous NaHCO; (50 mL/g of [C])
and ethyl acetate (75 mL/g of [C]). After being stirred for 15 min the mixture was
filtered through celite and the organic phase separated. This was dried over MgSO4 and
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evaporated. The residue was further purified by column chromatography on silica
eluting with 1:9 methanol/ethyl acetate and after evaporation of the product containing
fractions, the residue was co-evaporated with hexane (2 x 10 mL/g [C]).

Compound O-7: (hexadecanoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-
10H-benzo[b]thieno[2,3-e][1,4]diazepine-lO—carboxylate

/N\)

Using the general procedure described above, employing palmitic acid and 1.0g
of the intermediate [C], provided (hexadecanoyloxy)methyl 2-methyl-4-(4-
methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-¢][1,4]diazepine-10-carboxylate
(Compound 0-7) (1.60 g, 39% yield) as a pale yellow oil. "H-NMR (300MHz, CDCl)
0 7.00-7.25 (4H, m), 6.43 (1H, s), 5.62-5.90 (2H, m), 3.51-3.66 (4H, m), 2.30-2.56
(10H, m), 1.58-1.68 2H, m), 1.20-1.34 (26H), 0.87 (3H, t). [M+H]" = 625.07.
Compound O-8: (stearoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-10H-
benzo[b]thieno[2,3-e][1,4]diazepine-l()-carboxylate

ey

Using the general procedure described above, employing stearic acid and 2.8g of
the intermediate [C], provided (stearoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-
yD)-10H-benzo[b]thieno[2,3-e][1,4]diazepine- 10-carboxylate (Compound O-8) (1.44 g,
32% yield) as a pale yellow oil. "H-NMR (300MHz, CDCL) § 6.99-7.22 (4H, m), 6.43
(1H, s), 5.62-5.88 (2H, m), 3.51-3.66 (4H, m), 2.30-2.66 (10H, m), 1.55-1.70 2H, m),
1.20-1.34 (30H), 0.87 (3H, t). [M+H]" = 653.21.

Compound O-9: (arachidoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-10H-
benzo[b]thieno[2,3-¢][1,4]diazepine-10-carboxylate
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Compound O-9 can be made using the general procedure described above, and
by employing arachidic acid and the intermediate [C], which could then provide
(arachidoyloxy)methyl 2-methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-
e][1,4]diazepine-10-carboxylate (Compound O-9).

5
Example Il - Exemplary Aripiprazole Prodrug Formulation
Formulation Amount Per
Dose (Yow/w)
Compound 1 26.6
Sorbitan monolaurate 0.37
Polysorbate 20 0.15
Sodium Chloride 0.59
CMC NA
Sodium Phosphate Dibasic Anhydrous 0.06
Sodium Dihydrogen Phosphate Monobasic 0.05
Dihydrate
Water for Injection QS to 100

pH range: 5.0 - 7.4
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Attorney Docket No.:550742 (ALT-006PC)
CLAIMS

1. A method for minimizing hydrolysis of a hydrolytically labile antipsychotic
agent comprising adding to a composition comprising the antipsychotic agent and an
aqueous vehicle (a) sorbitan laurate and (b) polysorbate 20,

wherein the hydrolytically antipsychotic agent is Compound A or Compound 1:

(NSO N/\/\/O
o ‘% R &

A

2. The method according to claim 1, wherein sorbitan laurate is provided in an

amount sufficient to minimize hydrolysis of the antipsychotic agent.

3. The method according to claim 2, wherein the amount sufficient to minimize

hydrolysis is 0.25 — 0.45 weight percent of the total composition.

4, The method according to claim 2, wherein the amount sufficient to minimize

hydrolysis is 0.3 — 0.4 weight percent of the total composition.

5. The method according to claim 2, wherein the amount sufficient to minimize

hydrolysis does not exceed 0.5 weight percent of the total composition.

6. The method according to any one of claims 1 to 5 . wherein sorbitan laurate is
provided in an amount providing less than 50 parts per million of the hydrolyzed

antipsychotic agent after the total composition stands for at least 24 months.

7. The method according to any one of claims 1 to 6, wherein hydrolysis is
minimized at temperatures selected from any of 25°C - 40°C, over a time period selected

from any of 1 month — 24 months.

CA 2885196 2019-11-15 4]
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8. A method for the preparation of an aqueous pharmaceutical composition
comprising a hydrolytically labile antipsychotic agent, wherein the method comprises
adding to a composition comprising the antipsychotic agent and an aqueous vehicle (a) a
stabilizing amount of sorbitan laurate and (b) polysorbate 20;

5 wherein the hydrolytically antipsychotic agent is Compound A or Compound I:

(\N/\/\/O N/\/\/o
RSl co s

10 ©
A 1

9. The methods according to any one of claims 1 to 8, wherein the composition is in

a ready to use form.
10

10.  The method according to any one of claims 1 to 9, wherein the antipsychotic

agent is Compound 1:

cl (\N/\/\/O
al N
LCRET
00— o
1

15

11. The method according to any one of claims 1 to 10, wherein a hydrolysis product

is one of the following compounds:
)
Cl r/\N/A\J/\\/
CI\©/N\/'

HN

CA 2885196 2019-11-15 42
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12. A pharmaceutical composition comprising:

5 (a) Compound A or Compound 1

ST TS

A 1

(b) sorbitan laurate;
(¢) polysorbate 20; and
(d) an aqueous vehicle,
10 wherein the pharmaceutical composition comprises less than 50 parts per million

of the hydrolysis product of the antipsychotic agent after standing for at least 24 months.
13.  The pharmaceutical composition according to claim 12, wherein the
pharmaceutical composition comprises less than 30 parts per million of the hydrolyzed

15 antipsychotic agent after standing for at least 24 months.

14.  The pharmaceutical composition according to claim 12 or 13, wherein the

antipsychotic agent is Compound 1

20 1
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15.  The pharmaceutical composition according to any one of claims 12 to 14,

wherein a hydrolysis product is of one or more of the following formulas:

cl r/A\N/A\v/A\V/O
Cl N
HN

m@hu

16.  The pharmaceutical composition according to any of claims 12 to 15, wherein

10 the majority of the antipsychotic agent is dissolved within sorbitan laurate.

17. A pharmaceutical composition comprising:

(a) 24 — 30 weight percent compound 1:
Cl l/\N/\/\/O

c1\©/w\) ]

-/
10 © o

1 .
15 (b) 0.3 — 0.4 weight percent sorbitan laurate;
(c) 0.1 — 0.3 weight percent polysorbate 20; and

(d) an aqueous vehicle.

CA 2885196 2019-11-15 44
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18. A pharmaceutical composition comprising:

(a) about 26.6 weight percent compound 1:

cl (\N/\/\\/O

cl N

(b) about 0.37 weight percent sorbitan laurate;
5 (c) about 0.15 weight percent polysorbate 20; and

(d) an aqueous vehicle.

19. Use, for treating disorders of the central nervous system in an individual in need of
such treatment, of an effective amount of the pharmaceutical composition as defined in

10 any one of claims 12 to 18.

20. Use of the pharmaceutical composition as defined in any one of claims 12 to 18, in
the preparation of a medicament for treating disorders of the central nervous system in

an individual in need of such treatment.

15
21. The pharmaceutical composition as defined in any one of claims 12 to 18, for use in
the treatment of disorders of the central nervous in an individual in need of such
treatment.

20
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In vitro (standing) hydrolysis of Aripiprazole prodrug

AL O
it oy
f\/\/\({}vN X C/\/\g,(} N Y
o~

~~ O

Compound 1 Dissolved
Compound 1
| (\N’\/\/O | (\N,\/\/o
Cl\é,NJ Cl\é,N\/ X OH
AN B O N m
0 o
Aripiprazole N-Hydroxymethy! aripiprazole Lauric acid
Q
e

Formaldehyde
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