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Use of (1R,5S)-(+)-1-(Naphthalen-2-yl)-3-Azabicyclo[3.1.0]Hexane In The Treatment of

Conditions Affected by Monoamine Neurotransmitters

RELATED APPLICATIONS
[0001] This application claims priority benefit of United States Provisional patent
application Serial No. 61/574,231, filed July 30, 2011, the disclosure of which are
incorporated herein in its entirety by reference.
TECHNICAL FIELD
[0002] The present invention relates to compositions comprising (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane and methods for use of these compositions for
treatment and prevention of central nervous system disorders and other conditions affected
by monoamine neurotransmitters.
BACKGROUND OF THE INVENTION
- [0003] Attention-deficit hyperactivity disorder (ADHD) is a central nervous system
(CNS) disorder characterized by developmentally inappropriate inattention, hyperactivity,
and impulsivity (Buitelaar et al., 2010; Spencer et al., 2007). ADHD is one of the most
common developmental disorders in children with 5-10% prevalence (Scahill et al., 2000;
Polanczyk et al., 2007). While ADHD was once regarded as only a childhood disorder, it
can continue through adolescence and into adulthood. An estimated 2.9-4.4% of the adult
population has continuing ADHD (Kessler et al., 2006; Faraone and Biederman, 2005).
Major symptoms in adults include inattention, disorganization, lack of concentration and to
some extent impulsivity, which result in difficulty functioning, low educational attainment,
under achievement in vocational and educational pursuits, and poor social and family
relations (Biederman et al., 2006; Barkely et al., 2006).
[0004] The exact causes of ADHD are not known, but a dysfunction of the prefrontal
cortex and its associated circuitries has been posited as a key deficit in ADHD (Amsten,
2009). Consistent with this notion is the finding that abnormal catecholaminergic function
plays a key role, particularly in prefrontal cortical regions (Arnsten 2009). The
catecholamines norepinephrine (NE) and dopamine (DA) are highly involved in several

domains of cognition including working memory, attention, and executive function.
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Accordingly, these monoamine neurotransmitters are believed to work in concert in
modulating cognitive processes.
[0005] Pharmacotherapy is a primary form of treatment utilized to reduce the
symptoms of ADHD. Stimulants such as methylphenidate and amphetamines are commonly
used for ADHD. The major mechanism of action of the stimulants is inhibition of DA and
NE transporters. The stimulants are effective against the core symptoms of ADHD and have
~ aresponse rate of about 70% (Spencer et al., 2005). However, major concerns about
stimulants include risk of abuse, dependency, and diversion as well as potential neurotoxic
effects of amphetamines (Berman ef al., 2009). The abuse potential of stimulants is
particularly problematic in adults because substance abuse is a common co-morbidity with
adult ADHD (Levin and Kleber, 1995; Ohlmeier, 2008).
[0006] Another major drug used to treat ADHD is atomoxetine, which is a selective
norepinephrine reuptake inhibitor. Major advantages of atomoxetine compared to the
stimulants is lack of abuse potential, once-daily dosage, and superior treatment of co-
morbidities such as anxiety and depression. However, atomoxetine has lower efficacy and
takes 2-4 weeks for onset of action (Spencer et al., 1998; Newcorn et al., 2008).
[0007) Accordingly, there remains a need for effective pharmaceuticals which may
be used in the treatment of ADHD and other conditions affected by monoamine
neurotransmitters.

SUMMARY OF EXEMPLARY EMBODIMENTS
[0008] Provided herein are compositions and methods using an unbalanced triple reuptake
inhibitor, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane as shown below, and
pharmaceutically acceptable active salts, polymorphs, hydrates, derivatives and prodrugs
thereof, for the treatment of mammals, including humans, suffering from signs and symptoms
of central nervous system (CNS) disorders and other conditions amenable to treatement
involving administration of a triple monoamine reuptake inhibitor including, but not limited to,
adult ADHD, pediatric ADHD, oppositional defiance disorder, conduct disorder, substance
abuse, depression, anxiety disorders (panic, generalized anxiety, obsessive compulsive
disorder, post-traumatic stress disorder), autism, traumatic brain injury, cognitive impairment,
and schizophrenia (particularly for cognition), obesity, chronic pain disorders, personality

disorder, and mild cognitive impairment. Unbalanced as used herein refers to the relative



WO 2013/019271 PCT/US2012/000335

effects on each of the monoamine transporters. In this case reference is made to a triple
reuptake inhibitor with the most activity against the norepinephrine transporter, one sixth as
much to the dopamine transporter and one fourteenth to the serotonin transporter. In contrast, a
balanced triple reuptake inhibitor would have similar activity against each of the three

N
H

(1R,55)~(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane
[0009] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof as used herein is substantially free of the corresponding (-) enantiomer,
(1R,58)-(-)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane.
[0010] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane may be in the form of

a pharmaceutically acceptable active salt. Pharmaceutically acceptéble salts may include

monoamine transporters.

inorganic and organic acid addition salts such as hydrochloride salt.

[0011] It is shown herein that use of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is effective in treating,
preventing, alleviating, or moderating disorders affected by monoamine neurotransmitters or
biogenic amines, specifically disorders that are alleviated by inhibiting norepinephrine and/or
dopamine and/or serotonin reuptake.

[0012] Additionally provided herein are combinatorial compositions and coordinate
treatment means using additional or secondary psychotherapeutic agents in combination with
of (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof. Suitable secondary psychotherapeutic drugs for use in the
compositions and methods herein include, but are not limited to, drugs from the general
classes of anti-psychotic, antidepressants, anti-convulsant, mood-stabilizing, anxiolytic,
benzodiazepines, calcium channel blockers, and anti-inflammatories. (See, e.g., R J.
Baldessarini in Goodman & Gilman's The Pharmacological Basis of Therapeutics, 11th
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Edition, Chapters 17 and 18, McGraw-Hill, 2005 for a review). Exemplary atypical
antipsychotics include, for example, aripiprazole, ziprasidone, risperidone, quetiepine, or
olanzapine. Exemplary antidepressants include, for example, tri-cyclic antidepressants
(TCAs), specific monoamine reuptake inhibitors, selective serotonin reuptake inhibitors,
selective norepinephrine or noradrenaline reuptake inhibitors, selective dopamine reuptake
inhibitors, norepinephrine-dopamine reuptake inhibitors, serotonin-norepinephrine reuptake
inhibitors, multiple monoamine reuptake inhibitors, monoamine oxidase inhibitors, atypical
antidepressants, atypical antipsychotics, anticonvulsants, or opiate agonists.
[0013] Additional background information pertaining to (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane of the present invention may be found, for example, in U.S. Patent
Application No. 11/493,431, U.S. Patent Application No. 11/936,016, U.S. Patent Application
No. 12/135,053, U.S. Patent Application No. 12/334,432, and U.S. Patent Application No.
12/895,788, each of which is incorporated herein by reference in their entirety.
[0014] The present invention may be understood more fully by reference to the detailed
description and examples which are intended to exemplify non-limiting embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Figures 1A, 1B, and 1C are graphs showing that (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane increased extracellular concentrations of norepinephrine (NE)
(Fig. 1A), dopamine (DA) (Fig. 1B), and serotonin (5-HT) ( Fig. 1C) in rat prefrontal cortex.
(1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane was injected at time zero as
. indicated. Values are mean + SEM (n = 6 - 8) of baseline concentrations of the respective
monoamines. **<0.01 show significant difference in neurotransmitter level above baseline.
[0016] Figure 2 is a graph showing that (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane increased extracellular concentrations of dopamine (DA) (F ig. 2A), in
rat striatum. (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Thexane was administered at
time zero as indicated. Values are mean £ SEM (n = 6 - 8) percentage of baseline
concentrations of respective monoamines. **<0.01 show significant difference in DA versus
baseline.
[0017]) Figure 3 is a graph showing a dose-dependent effect of (1R,58)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane (EB-1020; 10-40 mg/kg p.o.) and desipramine

4
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(30 mg/kg p.o.) on immobility in a mouse tail suspension test. *=p<0.05 versus respective
vehicle.

[0018] Figure 4 is a graph showing the duration of effect of (1R,5S)-(+)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane (EB-1020; 20 mg/kg p.o.) in a mouse tail suspension test.
Desipramine (30 mg/kg p.o.) was evaluated 1 hour after drug administration. *=p<0.05.

- [0019] Figure 5 is a graph showing that administration of (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane (EB-1020; 20, 40 mg/kg p.o.) decreased locomotor activity at
several time points. Values are the mean (+ S.E.) of distance traveled in 15 minute epochs.

*=p<0.05 versus vehicle.

[0020] Figure 6 is a graph showing that neonatal 6-OHDA lesions resulted in an
increase in locomotor activity in periadolescent rats at PD 25 compared to sham-lesioned
controls.

[0021] Figures 7A and 7B are graphs showing that administration of (1R,5S)-(+)-1-

(naphthalen-2-yl)-3-azabicyclo([3.1.0]hexane (EB) and methylphenidate (MPH) reduced
locomotor activity in 6-OHDA-lesioned juvenile rats at PD25. Fig. 7A shows values at 5 min.
intervals; Fig. 7B shows values at 15, 60, and 90 min. Values are mean + SEM of locomotor

activity count. *=p<0.05 versus vehicle.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0022] Described herein is (1R,5S)-(+)-1-(naphthalen-2-y1)-3-
azabicyclo[3.1.0]hexane which provides therapeutic efficacy in the treatment of conditions
affected by monoamine neurotransmitters including, but not limited to, adult ADHD,
pediatric ADHD, oppositional defiance disorder, conduct disorder, substance abuse,
depression, anxiety disorders (panic, generalized anxiety, obsessive compulsive disorder,
post-traumatic stress disorder), autism, traumatic brain injury, cognitive impairment, and
schizophrenia (particularly for cognition), obesity, chronic pain disorders, personality
disorder, and mild cognitive impairment. Further described herein are coordinate treatment
methods and combined drug compositions, dosage forms, packages, and kits for preventing
or treating conditions affected by monoamine neurotransmitters including, but not limited to,
ADHD.
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[0023] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane is a triple reuptake
inhibitor (TRI), that inhibits the reuptake of the biogenic amines norephinephrine, dopamine,
and serotonin. It was previously described in U.S. Patent Application No. 12/334,432. It
possesses a desirable unbalanced triple monoamine uptake inhibition ratio, with highly potent
norepinephrine reuptake inhibition and lesser dopamine and, even lesser serotonin reuptake
inhibition in a ratio of ~1:6:14, respectively (ICso values of 6, 38, and 83 nM, respectively,
determined in MDCK, CHO-K1, and HEK 293 cells respectively expressing the
corresponding human recombinant transporters for [3H]norepinephrine, [3H]dopamine, and
[3H]serotonin; see Example II).

[0024]) This profile of robust reuptake inhibition of NE coupled with the lesser
reuptake inhibition of DA supports that (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane will be efficacious in treating ADHD. Norepinephrine and
dopamine are highly involved in several domains of cognition including working memory,
attention, and executive function, and are believed to work in concert in modulating
cognitive processes. Compared to the norephinephrine uptake inhibitor atomoxetine,
(1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Thexane has the added advantage of
enhancing dopamine function, but without the disadvantages of psychostimulants, which
have pronounced dopaminergic activities (Bymaster ef al., 2002). Support for this concept is
provided by a clinical study in which atomoxetine efficacy was augmented by subsequent
administration of the stimulant methylphenidate, a DA/NE reuptake inhibitor (Wilens et al.,
~2009). In that study, atomoxetine significantly improved scores on all executive function
measurements including working memory and organization, and the addition of
methylphenidate gave a significant further improvement. However, the combination had side
effects including increased rates of insomnia, irritability, appetite suppression, and a small
increase in diastolic blood pressure (Hammerness et al., 2009). Thus this study indicates the
combination of reuptake inhibition of NE and DA is effective for treating ADHD, while

| pointing out the disadvantages of stimulants. (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane advantageously may activate NE and DA circuitries involved with
attention without being stimulant-like.

[0025] The profile of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0}hexane

. supports that it will be beneficial for treatment of substance abuse, including but not limited
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to, alcohol, nicotine, opioids and stimulants like cocaine and methamphetamine. The
dopamine and norepinephrine reuptake inhibitor bupropion is useful and approved for
treatment of nicotine addiction (Hayes et al., 2003). The effects of (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane on norepinephrine and dopamine reuptake
indicate that it will likewise be useful in treating nicotine addiction. Furthermore, bupropion
has been shown to be effective in treatment of methamphetamine and other stimulant abuse
(Elkashef et al., 2008), indicating that (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane may likewise be useful in treating stimulant abuse. Chronic
methamphetamine use may result in low dopaminergic tone and dopamine uptake inhibitors
may help restore dopamine homeostasis in the synaptic cleft. As shown herein using an
animal model, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane increased
dopamine in dopamine-rich areas like the striatum, supporting its efficacy for stimulant
abuse. Dopamine transporter ligands are hypothesized to be useful in the treatment of
substance abuse as the ligand/drug would be expected to partially substitute for the stimulant,
and block the drug of abuse access to the transporters, thus decreasing stimulant self-
administration and minimizing the craving for the stimulant. (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane is shown herein to increase dopamine in the striatum of an
animal model without stimulating locomotor activity. Accordingly, (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane may reduce reward threshold and be beneficial
in treating substance abuse, but without the abuse potential of potent dopamine uptake
blocking/releasing compounds.

[0026] Provided herein are compositions and methods of (1R,5S)-(+)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane, as shown below, or a pharmaceutically acceptable salt
thereof, for the treatment of mammals, including humans, suffering from signs and
symptoms of disorders generally treated with norephinephrine and dopamine reuptake
inhibitors including, but not limited to, ADHD, oppositional defiance disorder, conduct
disorder, substance abuse, depression, anxiety disorders, autism, traumatic brain injury,

cognitive impairment, and schizophrenia.
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N
H

(1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane

[0027] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Jhexane may be prepared
by any means generally used for preparing such a compound. Synthesis of the compound is
detailed below in Example I. Additional exemplary means of preparing (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane may be found, for example, in U.S. Patent
Application No. 12/334,432, which is incorporated herein by reference in its entirety.

[0028] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane as used herein is
substantially free of the corresponding (-) enantiomer, (1R,58)-(-)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane. As used herein, the term “substantially pure (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]Thexane” means that the compositions contain more
(1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane than (1R,5S)-(-)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane. Specifically, the compositions refer to an enantiomeric
excess greater than 80%, preferably greater than 90%, more preferably greater than 95%, and
most preferably greater than 98% of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane as determined by configuration and/or optical activity. Typically,
the compositions contain no more than about 5% w/w of the corresponding (-) enantiomer,
more preferably no more than about 2%, more preferably no more than about 1% w/w of the
corresponding (-) enantiomer of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane.
[0029] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane can be prepared as
- an acid addition salt formed from an acid and the basic nitrogen group of (1R,5S)~(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane. Suitable acid addition salts are formed from
acids, which form non-toxic salts, examples of which are hydrochloride, hydrobromide,
hydroiodide, sulphate, hydrogen sulphate, nitrate, phosphate, and hydrogen phosphate.

Examples of pharmaceutically acceptable addition salts include inorganic and organic acid
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addition salts. The pharmaceutically acceptable salts include, but are not limited to, metal
salts such as sodium salt, potassium salt, cesium salt and the like; alkaline earth metals such
as calcium salt, magnesium salt and the like; organic amine salts such as triethylamine salt,
pyridine salt, picoline salt, ethanolamine salt, triethanolamine salt, dicyclohexylamine salt,
N,N’-dibenzylethylenediamine salt and the like; organic acid salts such as acetate, citrate,
lactate, succinate, tartrate, maleate, fumarate, mandelate, acetate, dichloroacetate,
trifluoroacetate, oxalate, formate and the like; sulfonates such as methanesulfonate,
benzenesulfonate, p-toluenesulfonate and the like; and amino acid salts such as arginate,
asparginate, glutamate, tartrate, gluconate and the like. The hydrochloride salt formed with
hydrochloric acid is an exemplary useful salt.
[0030] As disclosed herein, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is effective in treating
a variety of conditions, but not limited to, ADHD, substance abuse, depression, anxiety
disorders, autism, traumatic brain injury, cognitive impairment, and schizophrenia
(particularly for cognition), obesity, chronic pain disorders, personality disorder, and mild
| cognitive impairment. Within related aspects of the invention, combinatorial formulations
are provided that use substantially pure (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]Jhexane or a pharmaceutically acceptable salt thereof alone or in
combination with other psychotherapeutic drugs to modulate, prevent, alleviate, ameliorate,
reduce or treat symptoms or conditions influenced by monoamine neurotransmitters or
~ biogenic amines. Subjects amenable to treatment according to the invention include
mammalian subjects, including hmﬂans, suffering from or at risk for any of a variety of
conditions including, but not limited to, ADHD, depression, anxiety, panic disorder, post-
traumatic stress disorder, obsessive compulsive disorder, schizophrenia and allied disorders,
obesity, tic disorders, addiction, Parkinson’s disease, and chronic pain.
- [0031] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof may be administered alone or in combination with
one or more other psychotherapeutic drugs including, but not limited to, drugs from the
general classes of anti-convulsant, mood-stabilizing, anti-psychotic, anxiolytic,

benzodiazepines, calcium channel blockers, and antidepressants. (See, e.g., R J. Baldessarini
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in Goodman & Gilman's The Pharmacological Basis of Therapeutics, 11th Edition, Chapters
17 and 18, McGraw-Hill, 2005 for a review).

[0032] Within the coordinate administration methods of the invention, the secondary
therapeutic and/or psychotherapeutic drug is administered concurrently or sequentially with
(1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Thexane or a pharmaceutically acceptable
salt thereof to treat or prevent one or more symptoms of the targeted disorder. When
administered simultaneously, the additional therapeutic and/or psychotherapeutic agent and
(1R,55)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof may be combined in a single composition or combined dosage form.
Alternatively, the combinatorially effective additional therapeutic and/or psychotherapeutic
drug (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof may be administered at the same time in separate dosage forms.

When the coordinate administration is conducted simultaneously or sequentially, the
additional therapeutic and/or psychotherapeutic agent and (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof may each exert
biological activities and therapeutic effects over different time periods, although a
distinguishing aspect of all coordinate treatment methods of the invention is that treated
subjects exhibit positive therapeutic benefits.

[0033] Administration (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or
a pharmaceutically acceptable salt thereof or the coordinate treatment method or
combinatorial drug composition of the invention to suitable subjects will yield a reduction in
one or more target symptom(s) associated with the selected disorder or development of the
disorder by at least 2%, 5%, 10%, 20%, 30%, 50% or greater, up to a 75-90%, or 95% or
greater, compared to placebo-treated or other suitable control subjects. Comparable levels of
efficacy are contemplated for the entire range of disorders described herein, including all
contemplated neurological and psychiatric disorders, and related conditions and symptoms,
for treatment or prevention using the compositions and methods of the invention. These
values for efficacy may be determined by comparing accepted therapeutic indices or clinical
values for particular test and control individuals over a course of treatment/study, or more
typically by comparing accepted therapeutic indices or clinical values between test and

control groups of individuals using standard human clinical trial design and implementation.

10
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[0034] As used herein, the terms "prevention” and "preventing," when referring to a
disorder or symptom, refers to a reduction in the risk or likelihood that a mammalian subject
will develop said disorder, symptom, condition, or indicator after treatment according to the
invention, or a reduction in the risk or likelihood that a mammalian subject will exhibit a
recurrence or relapse of said disorder, symptom, condition, or indicator once a subject has
been treated according to the invention and cured or restored to a normal state (e.g., placed in
remission from a targeted disorder). As used herein, the terms "treatment" or "treating,"
when referring to the targeted disorder, refers to inhibiting or reducing the progression,
nature, or severity of the subject condition or delaying the onset of the condition.

[0035]) In accordance with the invention, compounds disclosed herein, optionally
formulated with additional ingredients in a pharmaceutically acceptable composition, are
administered to mammalian subjects, for example a human patient, to treat or prevent one or
more symptom(s) of a disorder alleviated by inhibiting norepinephrine reuptake, and/or
dopamine reuptake, and/or serotonin reuptake. In certain embodiments, "treatment" or

- "treating" refers to amelioration of one or more symptom(s) of a disorder, whereby the
symptom(s) is/are alleviated by inhibiting dopamine and/or norepinephrine and/or serotonin
reuptake. In other embodiments, "treatment” or "treating" refers to an amelioration of at least
one measurable physical paramefer associated with a disorder. In yet another embodiment,
“treatment"” or "treating" refers to inhibiting or reducing the progression or severity of a
disorder (or one or more symptom(s) thereof) alleviated by inhibiting dopamine and/or
norepinephrine and/or serotonin reuptake, e.g., as discerned based on physical, physiological,
and/or psychological parameters. In additional embodiments, "treatment" or "treating" refers
to delaying the onset of a disorder (or one or more symptom(s) thereof) alleviated by
inhibiting norephinephrine and/or dopamine and/or serotonin reuptake.

[0036] An "effective amount," "therapeutic amount," "therapeutically effective
amount,” or "effective dose" of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane
or a pharmaceutically acceptable salt thereof and/or an additional psychotherapeutic agent as
used herein means an effective amount or dose of the active compound as described herein
sufficient to elicit a desired pharmacological or therapeutic effect in a human subject. In the
case of therapeutic agents for ADHD or substance abuse, these terms most often refer to a

significant reduction in an occurrence, frequency, or severity of one or more symptom(s) of a
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specified disorder, including any combination of neurological and/or psychological
symptoms, diseases, or conditions, associated with or caused by the targeted disorder.
[0037] As disclosed herein, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is effective in treating
a variety of conditions including ADHD. This disorder is distinguished by symptoms of
difficulty staying focused and paying attention, difficulty controlling behavior, impulsivity,
disorganization, and hyperactivity (over-activity). ADHD is diagnosed in both children and
adults based on criteria described in the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (2000), Text Revision (DSM-IV-TR), American Psychiatric
| Association, Washington, D.C. The DSM-IV-TR criteria describe three subtypes of ADHD:
Attention Deficit Hyperactivity Disorder-predominantly hyperactive-impulsive subtype;
Attention Deficit Hyperactivity Disorder-predominantly inattentive subtype (also referred as
Attention Deficit Disorder or ADD); and Attention Deficit Hyperactivity Disorder-combined
subtype. In the predominantly inattentive type, a person can have six or more of the
following disruptive and age-inappropriate symptoms: difficulty paying attention to details,
difficulty keeping attention on tasks, difficulty following instructions, difficulty organizing
activities, difficulty following conversations, being easily distracted, and forgetful of daily
routines. In the predominantly hyperactive-impulsive type, a person can have six or more of
the following disruptive and age-inappropriate symptoms: fidgeting often, inappropriate
running about, trouble playing or enjoying leisure activities quietly, excessive talking,
blurting out answers, trouble waiting turn, and interrupting others. In the combined type, both
inattentive and hyperactive-impulsive behaviors can be present. (1R,5S)-(+)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is effective in
treating all subtypes of ADHD, both in adult and pediatric ADHD. (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is
likewise effective in treating ADHD allied disorders, such as Attention-Deficit/Hyperactivity
Disorder not otherwise specified (NOS); Conduct Disorder; Oppositional Defiant Disorder;
and Disruptive Behavior Disorder not otherwise specified (NOS).
[0038] Therapeutic efficacy can alternatively be demonstrated by a decrease in the
frequency or severity of symptoms associated with the treated condition or disorder, or by

altering the nature, occurrence, recurrence, or duration of symptoms associated with the
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treated condition or disorder. In this context, “effective amounts," "therapeutic amounts,"
"therapeutically effective amounts," and "effective doses” of additional psychotherapeutic
drugs (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof within the invention can be readily determined by ordinarily skilled
artisans following the teachings of this disclosure and employing tools and methods generally
known in the art, often based on routine clinical or patient-specific factors.

[0039] Efficacy of the coordinate treatment methods and drug compositions of the
invention will often be determined by use of conventional patient surveys or clinical scales to
measure clinical indices of disorders in subjects. The methods and compositions of the
invention will yield a reduction in one or more scores or selected values generated from such
surveys or scales completed by test subjects (indicating for example an incidence or severity
of a selected disorder), by at least 5%, 10%, 20%, 30%, 50% or greater, up to a 75-90%, or
95% compared to correlative scores or values observed for control subjects treated with
placebo or other suitable control treatment. In at risk populations, the methods and
compositions of the invention will yield a stable or minimally variable change in one or more
scores or selected values generated from such surveys or scales completed by test subjects.
More detailed data regarding efficacy of the methods and compositions of the invention can
be determined using alternative clinical trial designs.

[0040] Useful patient surveys and clinical scales for comparative measurement of
clinical indices of psychiatric disorders in subjects treated using the methods and
compositions of the invention can include any of a variety of widely used and well known
surveys and clinical scales. Several surveys are available for ADHD, including assessments
for adults, children, those rated by clinical investigators, and those rated by subjects treated.
Among these useful tools are the Wender Utah Rating Scale (WURS) (Ward et al., 1993);
Adult Rating Scale (ARS) (Weyandt er al., 1995); Curent Symptoms Scale (CSS) (Barkley
and Murphy, 1998); Conners Adult ADHD Rating Scale (CAARS) (Conners et al., 1999);
Adult Problems Questionnaire (APQ) (De Quiros and Kinsbourne, 2001); Young Adult
Rating Scale (YARS) (Du Paul et al., 2001); Assessment of Hyperactivity and Attention
(AHA) (Mehringer et al., 2002); Attention Deficit Scales for Adults (ADSA) (Triolo and
Murphy, 1996); ADHD Rating Scale (ADHD-RS) (Du Paul et al., 1998); Brown Attention
Deficict Disorder Series (BADDS) (Brown, 1996); Symptom Inventory (SI) (McCann and
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Roy-Byrne, 2004); Young Adult Questionnaire (YAQ) (Young, 2004); Adult Self Report
Scale (ASRS) (Adler et al., 2006), and the Caterino Scale (Caterino ef al., 2009).
[0041] The methods and compositions of the invention will yield a reduction in one
or more scores or values generated from these clinical surveys (using any single scale or
survey, or any combination of one or more of the surveys described above) by at least 10%,
20%, 30%, 50% or greater, up to a 75-90%, or 95% compared to correlative scores or values
observed for control subjects treated with placebo or other suitable control treatment. In
prophylactic treatment, the methods and compositions of the invention will yield a
stabilization or diminished change in the scores or values generated from these clinical
surveys.
[0042] (IR,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof is useful for treating or preventing endogenous
disorders alleviated by inhibiting norepinephrine and/or dopamine and/or serotonin reuptake.
. In addition to ADHD, such disorders include, but are not limited to, addictive and substance
abuse disorders, depression, anxiety disorder, panic disorder, conduct disorder, autism,
traumatic brain injury, cognitive impairment, obesity, chronic pain disorders, personality
disorder, obsessive compulsive disorder, schizophrenia and allied disorders, Parkinson's
disease, and tic disorders, such as Tourette’s syndrome.

[0043] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
| pharmaceutically acceptable salt thereof may be therapeutic for depressive disorders,
including but not limited to, major depressive disorder, recurrent; dysthymic disorder;
depressive disorder not otherwise specified (NOS); major depressive disorder, single
episode; depression associated with bipolar disorder, alzheimers, psychosis or Parkinson’s
disease; postnatal depression; and seasonal affected disorder. Anxiety disorders amenable to
treatment with compositions disclosed herein include panic disorder, general anxiety
disorder, obsessive compulsive disorder, post traumatic stress disorder, and social anxiety
disorder. Addictive disorders amenable for treatment and/or prevention employing the
methods and compositions of the invention include, but are not limited to, eating disorders,
impulse control disorders, alcohol-related disorders, nicotine-related disorders, amphetamine-
related disorders, cannabis-related disorders, cocaine-related disorders, hallucinogen use

disorders, inhalant-related disorders, and opioid-related disorders. Substance abuse disorders
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amenable to treatment with (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof include, but are not limited to alcohol-related
disorders, nicotine-related disorders, amphetamine-related disorders, cannabis-related
disorders, cocaine-related disorders, hallucinogen-use disorders, inhalant-related disorders,
and opioid-related disorders.

[0044] Disorders alleviated by (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof are not limited to the
specific disorders described herein, and the compositions and methods disclosed herein will
be understood or readily ascertained to provide effective agents for treating and/or preventing
a wide range of additional disorders and associated symptoms. For example, the compounds
of the invention will provide promising candidates for treatment and/or prevention of
cognitive disorders, bipolar disorder, anorexia nervosa, bulimia nervosa, cyclothymic
disorder, chronic fatigue syndrome, chronic or acute stress, learning disorders, reading
problems, gambling addiction, manic symptoms, phobias, panic attacks, academic problems
in school, smoking, abnormal sexual behaviors, schizoid behaviors, sleep disorders,
stuttering, fibromyalgia and other somatoform disorders (including somatization disorder,
conversion disorder, pain disorder, hypochondriasis, body dysmorphic disorder,
undifferentiated somatoform disorder, and somatoform NOS, incontinence (i.e., stress

_ incontinence, genuine stress incontinence, and mixed incontinence), inhalation disorders,
mania, migraine headaches, and peripheral neuropathy.

[0045] By virtue of their multiple reuptake inhibitor activity, the novel compounds of
the present invention are thus useful in a wide range of veterinary and human medical
applications, in particular for treating and/or preventing a wide array of disorders and/or
associated symptom(s) alleviated by inhibiting norepinephrine and/or dopamine. The
unbalanced norepinephrine—dopamine-serotonin reuptake inhibition ratio of ~1:6:14,
respectively of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane provides for
higher dosages of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane to be used
without triggering substance abuse associated with dopamine and dopaminergic side effects
such as elevated heart rate, increased blood pressure, insomnia, appetite suppression, and

irritability seen in dosages of stimulant medications.
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[0046] Within additional aspects of the invention, combinatorial formulations and
coordinate administration methods are provided which employ an effective amount of a
(IR,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof, and one or more additional active agent(s) that is/are combinatorially formulated
or coordinately administered with the compound of the invention--yielding a combinatorial
formulation or coordinate administration method that is effective to modulate, alleviate, treat
or prevent a targeted disorder, or one or more symptom(s) thereof, in a mammalian subject.
Exemplary combinatorial formulations and coordinate treatment methods in this context
comprise a therapeutic compound of the invention in combination with one or more
additional or adjunctive treatment agents or methods for treating the targeted disorder or
symptom(s), for example one or more antidepressant or anxiolytic agent(s) and/or therapeutic
method(s).

[0047] In related embodiments of the invention, the compounds disclosed herein can
be used in combination therapy with at least one other therapeutic agent or method. In this
context, compounds of the invention can be administered concurrently or sequentially with
administration of a second therapeutic agent, for example a second agent that acts to treat or
prevent the same, or different, disorder or symptom(s) for which the compound of the
invention is administered. The compound of the invention and the second therapeutic and/or
- psychotherapeutic agent can be combined in a single composition or administered in different
compositions. The second therapeutic and/or psychotherapeutic agent may also be effective
for treating and/or preventing a disorder or associated symptom(s) by inhibiting dopamine
and/or norepinephrine and/or serotonin reuptake. The coordinate administration may be done
simultaneously or sequentially in either order, and there may be a time period while only one
. or both (or all) active therapeutic agents, individually and/or collectively, exert their
biological activities and therapeutic effects. A distinguishing aspect of all such coordinate
treatment methods is that the compound of the invention exerts at least some detectable
therapeutic activity toward alleviating or preventing the targeted disorder or symptom(s), as
described herein, and/or elicit a favorable clinical response, which may or may not be in
conjunction with a secondary clinical response provided by the secondary therapeutic agent.
Often, the coordinate administration of a compound of the invention with a secondary

therapeutic agent as contemplated herein will yield an enhanced therapeutic response beyond
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the therapeutic response elicited by either or both the compound of the invention and/or
secondary therapeutic agent alone.

[0048] In one embodiment, combination therapy involves alternating between
administering a compound of the present invention and a second therapeutic agent (i.e.,
alternating therapy regimens between the two drugs, e.g., at one week, one month, three
month, six month, or one year intervals). Alternating drug regimens in this context will often
reduce or even eliminate adverse side effects, such as toxicity, that may attend long-term

. administration of one or both drugs alone.

[0049] In certain embodiments of the invention, the additional psychotherapeutic
agent is an atypical antipsychotic, which in combination with (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane may be useful for treating conditions including, but not limited
to, autism, treatment resistant depression, schizophrenia, bipolar disorder and personality
disorders. Atypical antipsychotics that may be useful include, but are not limited to,
aripiprazole, ziprasidone, risperidone, quetiepine, or olanzapine.

[0050] In other embodiments of combinatorial formulations and coordinate treatment
methods provided herein, the secondary psychotherapeutic agent is an anti-depressant for
treatment of conditions including, but not limited to, depression, difficult to treat depression,
atypical depression, and treatment resistant depression. Examples of useful antidepressants
include, but are not limited to, any species within the broad families of tri-cyclic
antidepressants (TCAs) including, but not limited to, amitriptyline, imipramine,
clomipramine, or desipramine; specific monoamine reuptake inhibitors; selective serotonin
reuptake inhibitors (SSRIs) including, but not limited to, escitalopram, fluoxetine,
fluvoxamine, sertraline, citalopram, vilazodone, and paroxetine; selective norepinephrine or
noradrenaline reuptake inhibitors including but not limited to, tertiary amine tricyclics such
as amitriptyline, clomipramine, doxepin, imipramine, (+)-trimipramine, and secondary amine
tricyclics including amoxapine, desipramine, maprotiline, nortriptyline, and protriptyline;
selective dopamine reuptake inhibitors; multiple monoamine reuptake inhibitors, e.g., that
inhibit both serotonin and norepinephrine reuptake (SNRIs) including, but not limited to,
venlafaxine, duloxetine, milnacipran, sibutramine, SEP-227162, LY 2216684, or inhibit both
norepinephrine and dopamine, including but not limited to bupropion, amineptine, prolintane,

dexmethylphenidate or pipradrol or those that inhibit both serotonin and dopamine;
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monoamine oxidase inhibitors (MAOIs); and indeterminate (atypical) antidepressants. In
another embodiment, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof may be used in combination with lithium for
treatment of depressive disorders or bipolar disorder.
[0051]) In additional embodiments of combinatorial formulations and coordinate
treatment methods provided herein, the secondary psychotherapeutic agent may be an
anticonvulsant including but not limited to gabopentin, pregabalin, lamotrigine,
carbamazepine, oxcarbazepine, valproate, levetriacetam, and topiramate. Additional
psycﬁothempeutic agents may additionally include opiate agonists including, but not limited
to, buprenorphine, methadone and LAAM. Exemplary anxiolytics include, but are not
limited to, buspirone, benzodiazepines, selective serotonin reuptake inhibitors, azapirones,
barbiturates, hydroxyzine, and pregabalin.
[0052] In additional embodiments of combinatorial formulations and coordinate
treatment methods provided herein, the secondary psychotherapeutic agent is an anti-
addictive-disorder or anti-substance abuse agent. Examples of useful anti-addictive-disorder
agents include, but are not limited to, tricyclic antidepressants; glutamate antagonists, such as
ketamine HCI, dextromethorphan, dextrorphan tartrate and dizocilpine (MK 801); degrading
enzymes, such as anesthetics and aspartate antagonists; GABA agonists, such as baclofen and
| muscimol HBr; reuptake blockers; degrading enzyme blockers; glutamate agonists, such as
D-cycloserine, carboxyphenylglycine, L-glutamic acid, and cis-piperidine-2,3-dicarboxylic
acid; aspartate agonists; GABA antagonists such as gabazine (SR-95531), saclofen,
bicuculline, picrotoxin, and (+) apomorphine HCI; and dopamine antagonists, such as
spiperone HCI, haloperidol, and (-) sulpiride; anti-alcohol agents including, but not limited
to, disulfiram and naltrexone; anti-nicotine agents including but not limited to, clonidine;
anti-opiate agents including, but not limited to, methadone, clonidine, lofexidine,
levomethadyl acetate HCI, naltrexone, and buprenorphine; anti-cocaine agents including, but
not limited to, desipramine, amantadine, fluoxidine, and buprenorphine; anti-lysergic acid
diethylamide ("anti-LSD") agent including but not limited to, diazepam; anti-1-(1-
phenylcyclohexyl)piperidine ("anti-PCP") agent including, but not limited to, haloperidol.
[0053] In other embodiments of combinatorial formulations and coordinate treatment

methods provided herein, the secondary therapeutic agent is an appetite suppressant.
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Examples of useful appetite suppressants include, but are not limited to, fenfluramine,
phenylpropanolamine, bupropion, and mazindol.

[0054] In yet additional embodiments of combinatorial formulations and coordinate
treatment methods provided herein, the secondary therapeutic agent is an anti-Parkinson's-
disease agent. Examples of useful anti-Parkinson's-disease agents include, but are not limited
to dopamine precursors, such as levodopa, L-phenylalanine, and L-tyrosine; neuroprotective
agents; dopamine agonists; dopamine reuptake inhibitors; anticholinergics such as
amantadine and memantine; and 1,3,5-trisubstituted adamantanes, such as 1-amino-3,5-
dimethyl-adamantane. (See, U.S. Pat. No. 4,122,193).

[0055] In further embodiments of combinatorial formulations and coordinate
treatment methods provided herein, the secondary therapeutic agent is an anti-inflammatory
agent. Examples of useful anti-inflammatory agents included, but are not limited to
celecoxib, ibuprofen, ketoprofen, naproxen sodium, piroxicam, sulindac, aspirin, and
nabumetone.

[0056] Suitable routes of administration for a (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof as disclosed herein
include, but are not limited to, oral, buccal, nasal, aerosol, topical, transdermal, mucosal,

_ injectable, slow release, controlled release, iontophoresis, sonophoresis, and other
conventional delivery routes, devices and methods. Injectable delivery methods are also
contemplated, including but not limited to, intravenous, intramuscular, intraperitoneal,
intraspinal, intrathecal, intracerebroventricular, intraarterial, and subcutaneous injection.
[0057] Suitable effective unit dosage amounts of a (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof of the invention for
" mammalian subjects may range from about 1 to about 1800 mg, about 10 to about 1800 mg,
25 to about 1800 mg, about 50 to about 1000 mg, about 75 to about 900 mg, about 100 to
about 750 mg, or about 150 to about 500 mg. In certain embodiments, the effective dosage
will be selected within narrower ranges of, for example, about 5 to about 10 mg, 10 to about
25 mg, about 30 to about 50 mg, about 10 to about 300 mg, about 25 to about 300 mg, about
50 to about 100 mg, about 100 to about 250 mg, or about 250 to about S00 mg. These and
other effective unit dosage amounts may be administered in a single dose, or in the form of

multiple daily, weekly or monthly doses, for example in a dosing regimen comprising from 1
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to 4, or 2-3, doses administered per day, per week, or per month. In exemplary embodiments,
dosages of about 10 to about 25 mg, about 30 to about 50 mg, about 25 to about 150, about
50 to about 100 mg, about 100 to about 250 mg, or about 250 to about 500 mg, are
administered one, two, three, or four times per day. In more detailed embodiments, dosages
of about 50-75 mg, about 100-200 mg, about 250-400 mg, or about 400-600 mg are
administered once or twice daily. In further detailed embodiments, dosages of about 50-100
mg are administered twice daily. In alternate embodiments, dosages are calculated based on
body weight, and may be administered, for example, in amounts from about 0.5 mg/kg to
about 20 mg/kg per day, 1 mg/kg to about 15 mg/kg per day, 1 mg/kg to about 10 mg/kg per
day, 2 mg/kg to about 20 mg/kg per day, 2 mg/kg to about 10 mg/kg per day or 3 mg/kg to
about 15 mg/kg per day.

[0058] The amount, timing, and mode of delivery of compositions of the invention
comprising an effective amount of a (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof will be routinely
adjusted on an individual basis, depending on such factors as weight, age, gender, and
condition of the individual, the acuteness of the condition to be treated and/or related
symptoms, whether the administration is prophylactic or therapeutic, and on the basis of
other factors known to effect drug delivery, absorption, pharmacokinetics, including half-life,
and efficacy. An effective dose or multi-dose treatment regimen for the compounds of the
invention will ordinarily be selected to approximate a minimal dosing regimen that is
necessary and sufficient to substantially prevent or alleviate one or more symptom(s) of a
neurological or psychiatric condition in the subject, as described herein. Thus, following
administration of (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof of the invention according to the formulations and
methods herein, test subjects will exhibit a 10%, 20%, 30%, 50% or greater reduction, up to a
75-90%, or 95% or greater, reduction, in one or more symptoms associated with a targeted
monoamine neurotransmitter influenced disorder or other neurological or psychiatric
condition, compared to placebo-treated or other suitable control subjects.

[0059] Pharmaceutical dosage forms of a compound of the present invention may
optionally include excipients recognized in the art of pharmaceutical compounding as being

suitable for the preparation of dosage units as discussed above. Such excipients include,
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without intended limitation, binders, fillers, lubricants, emulsifiers, suspending agents,
sweeteners, flavorings, preservatives, buffers, wetting agents, disintegrants, effervescent
agents and other conventional excipients and additives.

{0060] Pharmaceutical dosage forms of (1R,5S)-(+)-1-(naphthalen-2-y1)-3-
azabicyclo[3.1.0]hexane may include inorganic and organic acid addition salts. The
pharmaceutically acceptable salts include, but are not limited to, metal salts such as sodium
salt, potassium salt, cesium salt and the like; alkaline earth metals such as calcium salt,
magnesium salt and the like; organic amine salts such as triethylamine salt, pyridine salt,
picoline salt, ethanolamine salt, triethanolamine salt, dicyclohexylamine salt, N,N’-
dibenzylethylenediamine salt and the like; organic acid salts such as acetate, citrate, lactate,
succinate, tartrate, maleate, fumarate, mandelate, acetate, dichloroacetate, trifluoroacetate,

- oxalate, formate and the like; sulfonates such as methanesulfonate, benzenesulfonate, p-
toluenesulfonate and the like; and amino acid salts such as arginate, asparginate, glutamate,
tartrate, gluconate and the like.

[0061] Within various combinatorial or cdordinate treatment methods of the
invention, the additional psychotherapeutic agent and (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof may each be
administered by any of a variety of delivery routes and modes, which may be the same or
different for each agent.

[0062] An additional psychotherapeutic compound and/or and (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof of
the present invention will often be formulated and administered in an oral dosage form,
optionally in combination with a carrier or other additive(s). Suitable carriers common to
pharmaceutical formulation technology include, but are not limited to, microcrystalline
cellulose, lactose, sucrose, fructose, glucose dextrose, or other sugars, di-basic calcium
phosphate, calcium sulfate, cellulose, methylcellulose, cellulose derivatives, kaolin,
mannitol, lactitol, maltitol, xylitol, sorbitol, or other sugar alcohols, dry starch, dextrin,
maltodextrin or other polysaccharides, inositol, or mixtures thereof. Exemplary unit oral
dosage forms for use in this invention include tablets and capsules, which may be prepared
by any conventional method of preparing pharmaceutical oral unit dosage forms can be

utilized in preparing oral unit dosage forms. Oral unit dosage forms, such as tablets or
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capsules, may contain one or more conventional additional formulation ingredients,
including, but are not limited to, release modifying agents, glidants, compression aides,
disintegrants, lubricants, binders, flavors, flavor enhancers, sweeteners and/or preservatives.
Suitable lubricants include stearic acid, magnesium stearate, talc, calcium stearate,
hydrogenated vegetable oils, sodium benzoate, leucine carbowax, magnesium lauryl sulfate,
colloidal silicon dioxide and glyceryl monostearate. Suitable glidants include colloidal silica,
fumed silicon dioxide, silica, talc, fumed silica, gypsum and glyceryl monostearate.
Substances which may be used for coating include hydroxypropy! cellulose, titanium oxide,
talc, sweeteners and colorants. The aforementioned effervescent agents and disintegrants are
useful in the formulation of rapidly disintegrating tablets known to those skilled in the art.
These typically disintegrate in the mouth in less than one minute, and preferably in less than
thirty seconds. By effervescent agent is meant a couple, typically an organic acid and a
carbonate or bicarbonate.

[0063] (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof of the invention can be prepared and administered in
any of a variety of inhalation or nasal delivery forms known in the art. Devices capable of
depositing aerosolized formulations of co-crystals of (IR,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof of the invention in the
sinus cavity or pulmonary alveoli of a patient include metered dose inhalers, nebulizers, dry
powder generators, sprayers, and the like. Pulmonary delivery to the lungs for rapid transit
across the alveolar epithelium into the blood stream may be particularly useful in treating
impending episodes of depression. Methods and compositions suitable for pulmonary delivery
of drugs for systemic effect are well known in the art. Suitable formulations, wherein the
carrier is a liquid, for administration, as for example, a nasal spray or as nasal drops, may
include aqueous or oily solutions of a compound of the present invention, and any additional
active or inactive ingredient(s).

[0064] Intranasal delivery permits the passage of active compounds of the invention
into the blood stream directly after administering an effective amount of the compound to the
nose, without requiring the product to be deposited in the lung. In addition, intranasal delivery
can achieve direct, or enhanced, delivery of the active (1R,5S)-(+)-1-(naphthalen-2-y1)-3-

azabicyclo[3.1.0]hexane to the central nervous system. In these and other embodiments,
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intranasal administration of the compounds of the invention may be advantageous for treating
disorders influenced by monoamine neurotransmitters, by providing for rapid absorption and
delivery.

[0065] For intranasal and pulmonary administration, a liquid aerosol formulation will
often contain an active compound of the invention combined with a dispersing agent and/or a
physiologically acceptable diluent. Alternative, dry powder aerosol formulations may contain
a finely divided solid form of the subject compound and a dispersing agent allowing for the
ready dispersal of the dry powder particles. With either liquid or dry powder aerosol
formulations, the formulation must be aerosolized into small, liquid or solid particles in order
to ensure that the aerosolized dose reaches the mucous membranes of the nasal passages or the
lung. The term "aerosol particle" is used herein to describe a liquid or solid particle suitable of
a sufficiently small particle diameter, e.g., in a range of from about 2-5 microns, for nasal or
pulmonary distribution to targeted mucous or alveolar membranes. Other considerations
include the construction of the delivery device, additional components in the formulation, and
particle characteristics. These aspects of nasal or pulmonary administration of drugs are well
known in the art, and manipulation of formulations, aerosolization means, and construction of
delivery devices, is within the level of ordinary skill in the art.

[0066] Yet additional compositions and methods of the invention are provided for
topical administration (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof of the present invention. Topical compositions may
comprise a compound of the present invention and any other active or inactive component(s)
incorporated in a dermatological or mucosal acceptable carrier, including in the form of aerosol
sprays, powders, dermal patches, sticks, granules, creams, pastes, gels, lotions, syrups,
ointments, impregnated sponges, cotton applicators, or as a solution or suspension in an ‘
aqueous liquid, non-aqueous liquid, oil-in-water emulsion, or water-in-oil liquid emulsion.
These topical compositions may comprise a compound of the present invention dissolved or
 dispersed in water or other solvent or liquid to be incorporated in the topical composition or
delivery device. It can be readily appreciated that the transdermal route of administration may
be enhanced by the use of a dermal penetration enhancer known to those skilled in the art.

Formulations suitable for such dosage forms incorporate excipients commonly utilized therein,
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particularly means, e.g. structure or matrix, for sustaining the absorption of the drug over an
extended period of time, for example 24 hours.

[0067] Yet addiﬁonal formulations of a compound of the present invention are
provided for parenteral administration, including aqueous and non-aqueous sterile injection
solutions which may optionally contain anti-oxidants, buffers, bacteriostats and/or solutes
which render the formulation isotonic with the blood of the mammalian subject; aqueous and
non-aqueous sterile suspensions which may include suspending agents and/or thickening
agents; dispersions; and emulsions. The formulations may be presented in unit-dose or multi-
dose containers. Pharmaceutically acceptable formulations and ingredients will typically be
sterile or readily sterilizable, biologically inert, and easily administered. Parenteral
preparations typically contain buffering agents and preservatives, and may be lyophilized for
reconstitution at the time of administration.

[0068] Parental formulations may also include polymers for extended release
following parenteral administration. Such polymeric materials are well known to those of
ordinary skill in the pharmaceutical compounding arts. Extemporaneous injection solutions,

~ emulsions and suspensions may be prepared from sterile powders, granules and tablets of the
kind previously described. Preferred unit dosage formulations are those containing a daily
dose or unit, daily sub-dose, as described herein above, or an appropriate fraction thereof, of
the active ingredient(s).

[0069] Within exemplary compositions and dosage forms of the invention, (1R,5S)-
(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt
thereof for treating disorders disclosed herein is administered in an extended release or
sustained release formulation. In these formulations, the sustained release composition of the
formulation provides therapeutically effective plasma levels (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof over a sustained
delivery period of approximately 8 hours or longer, or over a sustained delivery period of
approximately 18 hours or longer, up to a sustained delivery period of approximately 24 hours
or longer.

[0070] In exemplary embodiments, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is combined with a

sustained release vehicle, matrix, binder, or coating material. As used herein, the term
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“sustained release vehicle, matrix, binder, or coating material” refers to any vehicle, matrix,
binder, or coating material that effectively, significantly delays dissolution of the active
compound in vitro, and/or delays, modifies, or extends delivery of the active compound into
the blood stream (or other in vivo target site of activity) of a subject following administration
(e.g., oral administration), in comparison to dissolution and/or delivery provided by an
“immediate release” formulation, as described herein, of the same dosage amount of the active
compound. Accordingly, the term “sustained release vehicle, matrix, binder, or coating
material” as used herein is intended to include all such vehicles, matrices, binders and coating
materials known in the art as “sustained release”, “delayed release”, “slow release”, “extended
release”, “controlled release”, “modified release”, and “pulsatile release” vehicles, matrices,
binders and coatings.

[0071] In one aspect, the current invention comprises an oral sustained release dosage
composition for administering (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof. In a related aspect, the invention comprises a method
of reducing one or more side effects that attend administration of an oral dosage form of
(IR,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof by employing a sustained release formulation. Within this method, following oral
administration of (1R,5S)-(+)- 1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof, the active agent is released in a sustained, delayed,
gradual or modified release delivery mode into the gastrointestinal tract (e.g., the intestinal
lumen) of the subject over a period of hours, during which the (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof reaches, and is
sustained at, a therapeutic concentration in a blood plasma, tissue, organ or other target site of
activity (e.g., a central nervous system tissue, fluid or compartment) in the patient. When
following this method, the side effect profile of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is less than a side effect
profile of an equivalent dose of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or
a pharmaceutically acceptable salt thereof administered in an immediate release oral dosage
form.

[0072] In certain embodiments, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-

azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is released from the
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sustained release compositions and dosage forms of the invention and delivered into the blood
plasma or other target site of activity in the subject at a sustained therapeutic level over a
period of at least about 6 hours, often over a period of at least about 8 hours, at least about 12
hours, or at least about 18 hours, and in other embodiments over a period of about 24 hours or
greater. By sustained therapeutic level is meant a plasma concentration level of at least a lower
end of a therapeutic dosage range as exemplified herein. In more detailed embodiments of the
invention, the sustained release compositions and dosage forms will yield a therapeutic level of
(1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof following administration to a mammalian subject in a desired dosage amount
(e.g.,5, 10, 25, 50, 100 200, 400, 600, or 800 mg) that yields a minimum plasma concentration
of at least a lower end of a therapeutic dosage range as exemplified herein over a period of at
least about 6 hours, at least about 8 hours, at least about 12 hours, at least about 18 hours, or up
to 24 hours or longer. In alternate embodiments of the invention, the sustained release
compositions and dosage forms will yield a therapeutic level (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof following
administration to a mammalian subject in a desired dosage amount (e.g., 5, 10, 25, 50, 100,
200, 400, 600, or 800 mg) that yields a minimum plasma concentration that is known to be
associated with clinical efficacy, over a period of at least about 6 hours, at least about 8 hours,
at least about 12 hours, at least about 18 hours, or up to 24 hours or longer.

[0073] In certain embodiments, the (1R,5S)-(+)-1-(naphthalen-2-y1)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is released from the
compositions and dosage forms of the invention and delivered into the blood plasma or other
target site of activity in the subject (including, but not limited to, areas of the brain such as the
prefrontal cortex, frontal cortex, thalamus, striatum, ventral tegmental area, other cortical areas,
hippocampus, hypothalamus, or nucleus accumbens) in a sustained release profile
characterized in that from about 0% to 20% of the active compound is released and delivered
(as determined, e.g., by measuring blood plasma levels) within in 0 to 2 hours, from 20% to
50% of the active compound is released and delivered within about 2 to 12 hours, from 50% to
85% of the active compound is released and delivered within about 3 to 20 hours, and greater

than 75% of the active compound is released and delivered within about 5 to 18 hours.
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[0074] In more detailed embodiments of the invention, compositions and oral dosage
forms of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof are provided, wherein the compositions and dosage forms, after
ingestion, provide a curve of concentration (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof agents over time, the
curve having an area under the curve (AUC) which is approximately proportional to the dose
(1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0Jhexane or a pharmaceutically acceptable
salt thereof administered, and a maximum concentration (Cpay) that is proportional to the dose
(1R,58)~(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof administered.

[0075] In other detailed embodiments, the Cpax (1R,58)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof provided after oral
delivery of a composition or dosage form of the invention is less than about 80%, often less
than about 75%, in some embodiments less than about 60%, or 50%, of a Cpax Obtained after
administering an equivalent dose of the active compound in an immediate release oral dosage
form.

[0076] Within exemplary embodiments of the invention, the compositions and dosage
forms containing (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof and a sustained release vehicle, matrix, binder, or
coating will yield sustained delivery of the active compound such that, following
administration of the composition or dosage form to a mammalian treatment subject, the Cuax
of the (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof in the treatment subject is less than about 80% of a Cpax provided in a
control subject after administration of the same amount of the (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof in an immediate
 release formulation.

[0077] As used herein, the term “immediate release dosage form” refers to a dosage
form (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof wherein the active compound readily dissolves upon contact with a
liquid physiological medium, for example phosphate buffered saline (PBS) or natural or

artificial gastric fluid. In certain embodiments, an immediate release formulation will be
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characterized in that at least 70% of the active compound will be dissolved within a half hour
after the dosage form is contacted with a liquid physiological medium. In alternate
embodiments, at least 80%, 85%, 90% or more, or up to 100%, of the active compound in an
immediate release dosage form will dissolve within a half hour following contact of the dosage
form with a liquid physiological medium in an art-accepted in vitro dissolution assay. These
general characteristics of an immediate release dosage form will often relate to powdered or
granulated compositions (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0Jhexane or a
pharmaceutically acceptable salt thereof in a capsulated dosage form, for example in a gelatin-
encapsulated dosage form, where dissolution will often be relatively immediate after
dissolution/failure of the gelatin capsule. In alternate embodiments, the immediate release
dosage form may be provided in the form of a compressed tablet, granular preparation, powder,
or even liquid dosage form, in which cases the dissolution profile will often be even more
immediate (e.g., wherein at least 85%-95% of the active compound is dissolved within a half
hour).

[0078] In additional embodiments of the invention, an immediate release dosage form
will include compositions wherein the (1R,5S)-(+)-1-(naphthalen-2-y1)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is not admixed, bound,
coated or otherwise associated with a formulation component that substantially impedes in
vitro or in vivo dissolution and/or in vivo bioavailability of the active compound. Within

- certain embodiments, (1R,5S)-(+)-1-(naphthalen-2-y1)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof will be provided in an immediate release dosage form
that does not contain significant amounts of a sustained release vehicle, matrix, binder or
coating material. In this context, the term “significant amounts of a sustained release vehicle,
matrix, binder or coating material” is not intended to exclude any amount of such materials, but
an amount sufficient to impede in vitro or in vivo dissolution of an (1R,5S)-(+)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof in a formulation
containing such materials by at least 5%, often at least 10%, and up to at least 15%-20%
compared to dissolution of the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof when provided in a composition that is essentially free

of such materials.
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[0079] In alternate embodiments of the invention, an immediate release dosage form
(1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof may be any dosage form comprising the active compound which fits the FDA
Biopharmaceutics Classification System (BCS) Guidance definition (see, e.g.,
http://www.fda.gov/cder/OPS/BCS_guidance.htm) of a “high solubility substance in a rapidly
dissolving formulation.” In exemplary embodiments, an immediate release formulation of
(1R,58)~(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0Jhexane or a pharmaceutically acceptable
salt thereof according to this aspect of the invention will exhibit rapid dissolution
characteristics according to BCS Guidance parameters, such that at least approximately 85% of
| the (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof in the formulation will go into a test solution within about 30 minutes at
pH 1, pH 4.5, and pH 6.8.

[0080] The compositions, dosage forms and methods of the invention thus include
novel tools for coordinate treatment of disorders involving monoamine neurotransmitters by
providing for sustained release and/or sustained delivery of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof. As used herein,
“sustained release™ and “sustained delivery” are evinced by a sustained, delayed, extended, or
modified, in vitro or in vivo dissolution rate, in vivo release and/or delivery rate, and/or in vivo
pharmacokinetic value(s) or profile.

[0081] The sustained release dosage forms of the present invention can take any form
as long as one or more of the dissolution, release, delivery and/or pharmacokinetic
property(ies) identified above are satisfied. Within illustrative embodiments, the composition
or dosage form can comprise (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof combined with any one or combination of: a drug-

. releasing polymer, matrix, bead, microcapsule, or other solid drug-releasing vehicle; drug-
releasing tiny timed-release pills or mini-tablets; compressed solid drug delivery vehicle;
controlled release binder; multi-layer tablet or other multi-layer or multi-component dosage
form; drug-releasing lipid; drug-releasing wax; and a variety of other sustained drug release
materials as contemplated herein, or formulated in an osmotic dosage form.

[0082] The present invention thus provides a broad range of sustained release

compositions and dosage forms comprising (1R,5S)-(+)-1-(naphthalen-2-yl1)-3-
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azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof, which in certain
embodiments are adapted for providing sustained release of the active compound(s) following,
e.g., oral administration. Sustained release vehicles, matrices, binders and coatings for use in
accordance with the invention include any biocompatible sustained release material which is
inert to the active agent and which is capable of being physically combined, admixed, or
incorporated with the active compound. Useful sustained release materials may be dissolved,
degraded, disintegrated, and/or metabolized slowly under physiological conditions following
delivery (e.g., into a gastrointestinal tract of a subject, or following contact with gastric fluids
or other bodily fluids). Useful sustained release materials are typically non-toxic and inert
when contacted with fluids and tissues of mammalian subjects, and do not trigger significant
adverse side effects such as irritation, immune response, inflammation, or the like. They are
typically metabolized into metabolic products which are biocompatible and easily eliminated
from the body. ’

~ [0083] In certain embodiments, sustained release polymeric materials are employed as
the sustained release vehicle, matrix, binder, or coating (see, e.g., “Medical Applications of
Controlled Release," Langer and Wise (eds.), CRC Press., Boca Raton, Fla. (1974);
"Controlled Drug Bioavailability," Drug Product Design and Performance, Smolen and Ball
(eds.), Wiley, N.Y. (1984); Ranger and Peppas, 1983, J Macromol. Sci. Rev. Macromol Chem.
23:61; see also Levy et al., 1985, Science 228: 190; During et al., 1989, Ann. Neurol. 25:351;
Howard et al, 1989, J. Neurosurg. 71:105, each incorporated herein by reference). Within
exemplary embodiments, useful polymers for co-formulating with (1R,5S)-(+)-1-(naphthalen-
2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof to yield a
sustained release composition or dosage form include, but are not limited to, ethylcellulose,
hydroxyethyl cellulose; hydroxyethylmethyl cellulose; hydroxypropyl cellulose;
hydroxypropylmethyl cellulose; hydroxypropylmethyl cellulose phthalate; '
hydroxypropylmethylcellulose acetate succinate; hydroxypropylmethylcellulose acetate
phthalate; sodium carboxymethylcellulose; cellulose acetate phthalate; cellulose acetate
trimellitate; polyoxyethylene stearates; polyvinyl pyrrolidone; polyvinyl alcohol; copolymers
of polyvinyl pyrrolidone and polyvinyl alcohol; polymethacrylate copolymers; and mixtures
thereof.
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[0084] Additional polymeric materials for use as sustained release vehicles, matrices,
binders, or coatings within the compositions and dosage forms of the invention include, but are
not limited to, additional cellulose ethers, e.g., as described in Alderman, Int. J. Pharm. Tech.

- & Prod. Mfr., 1984, 5(3) 1-9 (incorporated herein by reference). Other useful polymeric
materials and matrices are derived from copolymeric and homopolymeric polyesters having
hydrolysable ester linkages. A number of these are known in the art to be biodegradable and to
lead to degradation products having no or low toxicity. Exemplary polymers in this context
include polyglycolic acids (PGAs) and polylactic acids (PLAs), poly(DL-lactic acid-co-
glycolic acid)(DL PLGA), poly(D-lactic acid-coglycolic acid)(D PLGA) and poly(L-lactic
acid-co-glycolic acid)(L PLGA). Other biodegradable or bioerodable polymers for use within
the invention include such polymers as poly(e-caprolactone), poly(g-aprolactone-CO-lactic
acid), poly(e-aprolactone-CO-glycolic acid), poly(8-hydroxy butyric acid), poly(alkyl-2-
cyanoacrilate), hydrogels such as poly(hydroxyethyl methacrylate), polyamides, poly-amino
acids (e.g., poly-L-leucine, poly-glutamic acid, poly-L-aspartic acid, and the like), poly (ester
ureas), poly (2-hydroxyethyl DL-aspartamide), polyacetal polymers, polyorthoesters,
polycarbonates, polymaleamides, polysaccharides, and copolymers thereof. Methods for
preparing pharmaceutical formulations using these polymeric materials are generally known to

those skilled in the art (see, e.g., Sustained and Controlled Release Drug Delivery Systems, J.

R. Robinson, ed., Marcel Dekker, Inc., New York, 1978, incorporated herein by reference).
[0085] In other embodiments of the invention, the compositions and dosage forms
(IR,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable
salt thereof coated on a polymer substrate. The polymer can be an erodible or a nonerodible
polymer. The coated substrate may be folded onto itself to provide a bilayer polymer drug
dosage form. For example (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof can be coated onto a polymer such as a polypeptide,
collagen, gelatin, polyvinyl alcohol, polyorthoester, polyacetyl, or a polyorthocarbonate, and
the coated polymer folded onto itself to provide a bilaminated dosage form. In operation, the
bioerodible dosage form erodes at a controlled rate to dispense the active compound over a
sustained release period. Representative biodegradable polymers for use in this and other
aspects of the invention can be selected from, for example, biodegradable poly(amides), poly

(amino acids), poly(esters), poly(lactic acid), poly(glycolic acid), poly(carbohydrate),
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poly(orthoester), poly (orthocarbonate), poly(acetyl), poly(anhydrides), biodegradable
poly(dehydropyrans), and poly(dioxinones) which are known in the art (see, e.g., Rosoff,
Controlled Release of Drugs, Chap. 2, pp. 53-95 (1989); and U.S. Pat. Nos. 3,811,444;
3,962,414, 4,066,747, 4,070,347, 4,079,038; and 4,093,709, each incorporated herein by
reference).

[0086] In another embodiment of the invention, the dosage form comprises (1R,5S)-
(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0}hexane or a pharmaceutically acceptable salt
thereof loaded into a polymer that releases the drug by diffusion through a polymer, or by flux
through pores or by rupture of a polymer matrix. The drug delivery polymeric dosage form
comprises the active compound contained in or on the polymer. The dosage form comprises at
least one exposed surface at the beginning of dose delivery. The non-exposed surface, when
present, can be coated with a pharmaceutically acceptable material impermeable to the passage
of a drug. The dosage form may be manufactured by procedures known in the art, for example
by blending a pharmaceutically acceptable carrier like polyethylene glycol, with a pre-
determined dose of the active compound(s) at an elevated temperature (e.g., 37°C), and adding
it to a silastic medical grade elastomer with a cross-linking agent, for example, octanoate,
followed by casting in a mold. The step is repeated for each optional successive layer. The
system is allowed to set for 1 hour, to provide the dosage form. Representative polymers for
manufacturing such sustained release dosage forms include, but are not limited to, olefin, and
vinyl polymers, addition polymers, condensation polymers, carbohydrate polymers, and silicon
polymers as represented by polyethylene, polypropylene, polyvinyl acetate,
polymethylacrylate, polyisobutylmethacrylate, poly alginate, polyamide and polysilicon. These
polymers and procedures for manufacturing them have been described in the art (see, e.g.,
Coleman et al., Polymers 1990, 31, 1187-1231; Roerdink et al., Drug Carrier Systems 1989, 9,
57-10; Leong et al., Adv. Drug Delivery Rev. 1987, 1, 199-233; and Roff et al., Handbook of
Common Polymers 1971, CRC Press; U.S. Pat. No. 3,992,51 8).

[0087] In other embodiments of the invention, the compositions and dosage forms
comprise (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof incorporated with or contained in beads that on dissolution or diffusion
 release the active compound over an extended period of hours, for example over a period of at

least 6 hours, over a period of at least 8 hours, over a period of at least 12 hours, or over a
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period of up to 24 hours or longer. The drug-releasing beads may have a central composition
or core comprising (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier, along with
one or more optional excipients such as a lubricants, antioxidants, dispersants, and buffers.

The beads may be medical preparations with a diameter of about 1 to 2 mm. In exemplary
embodiments they are formed of non-cross-linked materials to enhance their discharge from
the gastrointestinal tract. The beads may be coated with a release rate-controlling polymer that
gives a timed release pharmacokinetic profile. In alternate embodiments the beads may be
manufactured into a tablet for therapeutically effective drug administration. The beads can be
made into matrix tablets by direct compression of a plurality of beads coated with, for example,
an acrylic resin and blended with excipients such as hydroxypropylmethyl cellulose. The
manufacture and processing of beads for use within the invention is described in the art (see,
e.g., Lu, Int. J. Pharm., 1994, 112, 117-124; Pharmaceutical Sciences by Remington, 14" ed,

- pp1626-1628 (1970); Fincher, J. Pharm. Sci. 1968, 57, 1825-1835; and U.S. Pat. No.
4,083,949, each incorporated by reference) as has the manufacture of tablets (Pharmaceutical
Sciences, by Remington, 17" Ed, Ch. 90, pp1603-1625, 1985, incorporated herein by
reference).

[0088] In another embodiment of the invention, the dosage form comprises a plurality
of tiny pills or mini-tablets. The tiny pills or mini-tablets provide a number of individual doses
for providing various time doses for achieving a sustained-release drug delivery profile over an
extended period of time up to 24 hours. The tiny pills or mini-tablets may comprise a
hydrophilic polymer selected from the group consisting of a polysaccharide, agar, agarose,
natural gum, alkali alginate including sodium alginate, carrageenan, fucoidan, furcellaran,

. laminaran, hypnea, gum arabic, gum ghatti, gum karaya, gum tragacanth, locust bean gum,
pectin, amylopectin, gelatin, and a hydrophilic colloid. The hydrophilic polymer may be
formed into a plurality (e.g., 4 to 50) tiny pills or mini-tablet, wherein each tiny pill or mini-
tablet comprises a pre-determined dose (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof, e.g., a dose of about 10
ng, 0.5 mg, 1 mg, 1.2 mg, 1.4 mg, 1.6 mg, 5.0 mg etc. The tiny pills and mini-tablets may
further comprise a release rate-controlling wall of 0.001 up to 10 mm thickness to provide for

timed release of the active compound. Representative wall forming materials include a
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triglyceryl ester selected from the group consisting of glyceryl tristearate, glyceryl
monostearate, glyceryl dipalmitate, glyceryl laureate, glyceryl didecenoate and glyceryl
tridenoate. Other wall forming materials comprise polyvinyl acetate, phthalate, methylcellulose
phthalate and microporous olefins. Procedures for manufacturing tiny pills and mini-tablets
are known in the art (see, e.g., U.S. Pat. Nos. 4,434,153; 4,721,613; 4,853,229; 2,996,431;
3,139,383 and 4,752,470, each incorporated herein by reference). The tiny pills and mini-
tablets may further comprise a blend of particles, which may include particles of different sizes
and/or release properties, and the particles may be contained in a hard gelatin or non-gelatin
capsule or soft gelatin capsule.

[0089] In yet another embodiment of the invention, drug-releasing lipid matrices can
be used to formulate therapeutic compositions and dosage forms comprising (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof. In
one exemplary embodiment, solid microparticles of the active compound are coated with a thin
controlled release layer of a lipid (e.g., glyceryl behenate and/or glyceryl palmitostearate) as
disclosed in Farah et al., U.S. Pat. No. 6,375,987 and Joachim et al., U.S. Pat. No. 6,379,700
(each incorporated herein by reference). The lipid-coated particles can optionally be
compressed to form a tablet. Another controlled release lipid-based matrix material which is
suitable for use in the sustained release compositions and dosage forms of the invention
comprises polyglycolized glycerides, e.g., as described in Roussin et al., U.S. Pat. No.
6,171,615 (incorporated herein by reference).

[0090] In other embodiments of the invention, drug-releasing waxes can be used for
producing sustained release compositions and dosage forms comprising (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof.

- Examples of suitable sustained drug-releasing waxes include, but are not limited to, carnauba
wax, candedilla wax, esparto wax, ouricury wax, hydrogenated vegetable oil, bees wax,
paraffin, ozokerite, castor wax, and mixtures thereof (see, e.g., Cain et al., U.S. Pat. No.
3,402,240; Shtohryn et al. U.S. Pat. No. 4,820,523; and Walters, U.S. Pat. No. 4,421,736, each
incorporated herein by reference).

[0091] In still another embodiment, osmotic delivery systems are used for sustained
release delivery of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof (see, e.g., Verma et al., Drug Dev. Ind. Pharm., 2000,
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26:695-708, incorporated herein by reference). In one exemplary embodiment, the osmotic
delivery system is an OROS® system (Alza Corporation, Mountain View, Calif.) and is
adapted for oral sustained release delivery of drugs (see, e.g., U.S. Pat. No. 3,845,770; and U.S.
Pat. No. 3,916,899, each incorporated herein by reference).

[0092] In another embodiment of the invention, the dosage form comprises an osmotic
dosage fofm, which comprises a semi-permeable wall that surrounds a therapeutic composition
comprising (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof. In use within a patient, the osmotic dosage form comprising a
homogenous composition imbibes fluid through the semipermeable wall into the dosage form
in response to the concentration gradient across the semipermeable wall. The therapeutic
composition in the dosage form develops osmotic energy that causes the therapeutic
composition to be administered through an exit from the dosage form over a prolonged period
of time up to 24 hours (or even in some cases up to 30 hours) to provide controlled and
sustained prodrug release. These delivery platforms can provide an essentially zero order
delivery profile as opposed to the spiked profiles of immediate release formulations.

[0093] In alternate embodiments of the invention, the dosage form comprises another
osmotic dosage form comprising a wall surrounding a compartment, the wall comprising a
semipermeable polymeric composition permeable to the passage of fluid and substantially
impermeable to the passage of the active compound present in the compartment, a drug-
containing layer composition in the compartment, a hydroge! push layer composition in the
compartment comprising an osmotic formulation for imbibing and absorbing fluid for
expanding in size for pushing the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1 .OJhexane
or a pharmaceutically acceptable salt thereof composition layer from the dosage form, and at
least one passageway in the wall for releasing the drug composition. This osmotic system
delivers the active compound by imbibing fluid through the semipermeable wall at a fluid
imbibing rate determined by the permeability of the semipermeable wall and the osmotic
pressure across the semipermeable wall causing the push layer to expand, thereby delivering
the active compound through the exit passageway to a patient over a prolonged period of time

* (up to 24 or even 30 hours). The hydrogel layer composition may comprise 10 mg to 1000 mg
of a hydrogel such as a member selected from the group consisting of a polyalkylene oxide of

1,000,000 to 8,000,000 which are selected from the group consisting of a polyethylene oxide of
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1,000,000 weight-average molecular weight, a polyethylene oxide of 2,000,000 molecular
weight, a polyethylene oxide of 4,000,000 molecular weight, a polyethylene oxide of
5,000,000 molecular weight, a polyethylene oxide of 7,000,000 molecular weight and a
polypropylene oxide of the 1,000,000 to 8,000,000 weight-average molecular weight; or 10 mg
to 1000 mg of an alkali carboxymethylcellulose of 10,000 to 6,000,000 weight average
molecular weight, such as sodium carboxymethylcellulose or potassium
carboxymethylcellulose. The hydrogel expansion layer may comprise a hydroxyalkylcellulose
of 7,500 to 4,500,00 weight-average molecular weight (e.g., hydroxymethylcellulose,

" hydroxyethylcellulose, hydroxypropylcellulose, hydroxybutylcellulose or
hydroxypentylcellulose), an osmagent, e.g., selected from the group consisting of sodium
chloride, potassium chloride, potassium acid phosphate, tartaric acid, citric acid, raffinose,
magnesium sulfate, magnesium chloride, urea, inositol, sucrose, glucose and sorbitol, and other
agents such a hydroxypropylalkylcellulose of 9,000 to 225,000 average-number molecular
weight (e.g., hydroxypropylethylcellulos)e, hydroxypropypentylcellulose,
hydroxypropylmethylcellulose, or hydropropylbutylcellulose), ferric oxide, antioxidants (e.g.,
ascorbic acid, butylated hydroxyanisole, butylatedhydroxyquinone, butylhydroxyanisol,
hydroxycomarin, butylated hydroxytoluene, cephalm, ethyl gallate, propyl gallate, octyl
gallate, lauryl gallate, propyl-hydroxybenzoate, trihydroxybutylrophenone, dimethylphenol,
dibutylphenol, vitamin E, lecithin and ethanolamine), and/or lubricants (e.g., calcium stearate,
magnesium stearate, zinc stearate, magnesium oleate, calcium palmitate, sodium suberate,
potassium laureate, salts of fatty acids, salts of alicyclic acids, salts of aromatic acids, stearic
acid, oleic acid, palmitic acid, a mixture of a salt of a fatty, alicyclic or aromatic acid, and a
fatty, alicyclic, or aromatic acid).

[0094] In the osmotic dosage forms, the semipermeable wall comprises a composition
that is permeable to the passage of fluid and impermeable to passage of the (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof.
The wall is nontoxic and comprises a polymer selected from the group consisting of a cellulose
acylate, cellulose diacylate, cellulose triacylate, cellulose acetate, cellulose diacetate and
cellulose triacetate. The wall typically comprises 75 wt % (weight percent) to 100 wt % of the
cellulosic wall-forming polymer; or, the wall can comprise additionally 0.01 wt % to 80 wt %
of polyethylene glycol, or 1 wt % to 25 wt % of a cellulose ether (e.g., hydroxypropylcellulose
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or a hydroxypropylalkycellulose such as hydroxypropylmethylcellulose). The total weight
percent of all components comprising the wall is equal to 100 wt %. The internal compartment
comprises the drug-containing composition alone or in layered position with an expandable
hydrogel composition. The expandable hydrogel composition in the compartment increases in
dimension by imbibing the fluid through the semipermeable wall, causing the hydrogel to
expand and occupy space in the compartment, whereby the drug composition is pushed from
the dosage form. The therapeutic layer and the expandable layer act together during the
operation of the dosage form for the release of drug to a patient over time. The dosage form
comprises a passageway in the wall that connects the exterior of the dosage form with the
internal compartment. The osmotic powered dosage form delivers the (1R,58)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof from
the dosage form to the patient at a zero order rate of release over a period of up to about 24

" hours. As used herein, the expression "passageway”" comprises means and methods suitable for
the metered release of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof from the compartment of an osmotic dosage form.
The exit means comprises at least one passageway, including orifice, bore, aperture, pore,
porous element, hollow fiber, capillary tube, channel, porous overlay, or porous element that

- provides for the osmotic controlled release of the active compound. The passageway includes
a material that erodes or is leached from the wall in a fluid environment of use to produce at
least one controlled-release dimensioned passageway. Representative materials suitable for
forming a passageway, or a multiplicity of passageways comprise a leachable poly(glycolic)
acid or poly(lactic) acid polymer in the wall, a gelatinous filament, poly(vinyl alcohol), leach-

~ able polysaccharides, salts, and oxides. A pore passageway, or more than one pore
passageway, can be formed by leaching a leachable compound, such as sorbitol, from the wall.
The passageway possesses controlled-release dimensions, such as round, triangular, square and
elliptical, for the metered release of prodrug from the dosage form. The dosage form can be
constructed with one or more passageways in spaced apart relationship on a single surface or
on more than one surface of the wall. The expression "fluid environment" denotes an aqueous
or biological fluid as in a human patient, including the gastrointestinal tract. Passageways and

equipment for forming passageways are disclosed in U.S. Pat. Nos. 3,845,770; 3,916,899;

37



WO 2013/019271 PCT/US2012/000335

4,063,064; 4,088,864; 4,816,263; 4,200,098; and 4,285,987 (each incorporated herein by
reference).

[0095] In more detailed embodiments, a compound of the present invention may be
encapsulated for delivery in microcapsules, microparticles, or microspheres, prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly(methylmethacylate) microcapsules,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions.

[0096] A variety of methods is known by which (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof can be encapsulated in
the form of microparticles, for example using by encapsulating the active compound within a
biocompatible, biodegradable wall-forming material (e.g., a polymer)--to provide sustained or
delayed release of the active compound. In these methods, the active compound is typically
dissolved, dispersed, or emulsified in a solvent containing the wall forming material. Solvent
is then removed from the microparticles to form the finished microparticle product. Examples
of conventional microencapsulation processes are disclosed, e.g., in U.S. Pat. Nos. 3,737,337,
4,389,330, 4,652,441, 4,917,893; 4,677,191, 4,728,721, 5,407,609; 5,650,173; 5,654,008; and
6,544,559 (each incorporated herein by reference). These documents disclose methods that can
be readily implemented to prepare microparticles containing (1R,5S)-(+)-1-(naphthalen-2-yl)-
3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof in a sustained release
formulation according to the invention. As explained, for example, in U.S. Pat. No. 5,650,173,
by appropriately selecting the polymeric materials, a microparticle formulation can be made in
which the resulting microparticles exhibit both diffusional release and biodegradation release
properties. For a diffusional mechanism of release, the active agent is released from the
microparticles prior to substantial degradation of the polymer. The active agent can also be
released from the microparticles as the polymeric excipient erodes. In addition, US. Pat. No.
6,596,316 (incorporated herein by reference) discloses methods for preparing microparticles
having a selected release profile for fine tuning a release profile of an active agent from the
microparticles.

[0097] In another embodiment of the invention, enteric-coated preparations can be

used for oral sustained release administration. Preferred coating materials include polymers
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with a pH-dependent solubility (i.e., pH-controlled release), polymers with a slow or pH-
dependent rate of swelling, dissolution or erosion (i.e., time-controlled release), polymers that
are degraded by enzymes (i.e., enzyme-controlled release) and polymers that form firm layers
that are destroyed by an increase in pressure (i.e., pressure-controlled release). Enteric
coatings may function as a means for mediating sustained release of (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]Jhexane or a pharmaceutically acceptable salt thereof by
providing one or more barrier layers, which may be located entirely surrounding the active
compound, between layers of a multi-layer solid dosage form (see below), and/or on one or
more outer surfaces of one or multiple layers of a multi-layer solid dosage form (e.g., on end
faces of layers of a substantially cylindrical tablet). Such barrier layers may, for example, be
composed of polymers which are either substantially or completely impermeable to water or
aqueous media, or are slowly erodible in water or aqueous media or biological liquids and/or
which swell in contact with water or aqueous media. Suitable polymers for use as a barrier
layer include acrylates, methacrylates, copolymers of acrylic acid, celluloses and derivatives
 thereof such as ethylcelluloses, cellulose acetate propionate, polyethylenes and polyvinyl
alcohols etc. Barrier layers comprising polymers which swell in contact with water or aqueous
media may swell to such an extent that the swollen layer forms a relatively large swollen mass,
the size of which delays its immediate discharge from the stomach into the intestine. The
barrier layer may itself contain active material content, for example the barrier layer may be a

- slow or delayed release layer. Barrier layers may typically have an individual thickness of 10
microns up to 2 mm. Suitable polymers for barrier layers which are relatively impermeable to
water include the Methocel™ series of polymers, used singly or combined, and Ethocel™
polymers. Such polymers may suitably be used in combination with a plasticizer such as
hydrogenated castor oil. The barrier layer may also include conventional binders, fillers,
lubricants and compression acids etc such as Polyvidon K30 (trade mark), magnesium stearate,
and silicon dioxide.

[0098] Additional enteric coating materials for mediating sustained release (1R,5S)-
(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt
thereof include coatings in the form of polymeric membranes, which may be semipermeable,
porous, or asymmetric membranes (seg, €.g., US Patent No. 6,706,283, incorporated herein by

. reference). Coatings of these and other types for use within the invention may also comprise at
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least one delivery port, or pores, in the coating, e.g., formed by laser drilling or erosion of a
plug of water-soluble material. Other useful coatings within the invention including coatings
that rupture in an environment of use (e.g., a gastrointestinal compartment) to form a site of

- release or delivery port. Exemplary coatings within these and other embodiments of the
invention include poly(acrylic) acids and esters; poly(methacrylic) acids and esters;
copolymers of poly(acrylic) and poly(methacrylic) acids and esters; cellulose esters; cellulose
ethers; and cellulose ester/ethers.

[0099] Additional coating materials for use in constructing solid dosage forms to
mediate sustained release of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof include, but are not limited to, polyethylene glycol,
polypropylene glycol, copolymers of polyethylene glycol and polypropylene glycol,
poly(vinylpyrrolidone), ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
carboxymethyl cellulose, carboxymethylethyl cellulose, starch, dextran, dextrin, chitosan,
collagen, gelatin, bromelain, cellulose acetate, unplasticized cellulose acetate, plasticized
cellulose acetate, reinforced cellulose acetate, cellulose acetate phthalate, cellulose acetate
trimellitate, hydroxypropylmethylcellulose, hydroxypropylmethyl-cellulose phthalate,
hydroxypropylmethylcellulose acetate succinate, hydroxypropylmethylcellulose acetate
trimellitate, cellulose nitrate, cellulose diacetate, cellulose triacetate, agar acetate, amylose
triacetate, beta glucan acetate, beta glucan triacetate, acetaldehyde dimethyl acetate, cellulose
 acetate ethyl carbamate, cellulose acetate phthalate, cellulose acetate methyl carbamate,
cellulose acetate succinate, cellulose acetate dimethaminoacetate, cellulose acetate ethyl
carbonate, cellulose acetate chloroacetate, cellulose aé:etate ethyl oxalate, cellulose acetate
methyl sulfonate, cellulose acetate butyl sulfonate, cellulose acetate propionate, cellulose
acetate p-toluene sulfonate, triacetate of locust gum bean, cellulose acetate with acetylated

- hydroxyethyl cellulose, hydroxlated ethylene-vinylacetate, cellulose acetate butyrate,
polyalkenes, polyethers, polysulfones, polyethefsulfones, polystyrenes, polyvinyl halides,
polyvinyl esters and ethers, natural waxes and synthetic waxes.

[00100] In additional embodiments of the invention, sustained release (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof is
provided by formulating the active compound in a dosage form comprising a multi-layer tablet

or other multi-layer or multi-component dosage form. In exemplary embodiments, the active
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compound is formulated in layered tablets, for example having a first layer which is an
immediate release layer and a second layer which is a slow release layer. Other multi-layered
dosage forms of the invention may comprise a plurality of layers of compressed active
ingredient having variable (i.e., selectable) release properties selected from immediate,
extended and/or delayed release mechanisms. Multi-layered tablet technologies useful to
produce sustained release dosage forms of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0Jhexane or a pharmaceutically acceptable salt thereof are described, for
example, in International Publications WO 95/20946; WO 94/06416; and WO 98/05305 (each
- incorporated herein by reference). Other multi-component dosage forms for providing
sustained delivery (1R,58)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
pharmaceutically acceptable salt thereof include tablet formulations having a core containing
the active compound coated with a release retarding agent and surrounded by an outer casing
layer (optionally containing the active compound) (see, e.g., International Publication WO
95/28148, incorporated herein by reference). The release retarding agent is an enteric coating,
so that there is an immediate release of the contents of the outer core, followed by a second
phase from the core which is delayed until the core reaches the intestine. Additionally,
International Publication WO 96/04908 (incorporated herein by reference) describes tablet
formulations which comprise an active agent in a matrix, for immediate release, and granules
in a delayed release form comprising the active agent. Such granules are coated with an enteric
coating, so release is delayed until the granules reach the intestine. International Publication
WO 96/04908 (incorporated herein by reference) describes delayed or sustained release
formulations formed from granules which have a core comprising an active agent, surrounded
by a layer comprising the active agent.

[00101] Another useful multi-component (bi-layer tablet) dosage form for sustained
delivery of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically
acceptable salt thereof is described in US Patent No. 6,878,386 (incorporated herein by
reference). Briefly, the bilayer tablet comprises an immediate release and a slow release layer,
optionally with a coating layer. The immediate release layer may be, for example, a layer
which disintegrates immediately or rapidly and has a composition similar to that of known

- tablets which disintegrate immediately or rapidly. An alternative type of immediate release

layer may be a swellable layer having a composition which incorporates polymeric materials
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which swell immediately and extensively in contact with water or aqueous media, to form a
water permeable but relatively large swollen mass. Active material content may be
immediately leached out of this mass. The slow release layer may have a composition
comprising (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Jhexane or a pharmaceutically
acceptable salt thereof with a release retarding vehicle, matrix, binder, coating, or excipient
which allows for slow release of the active compound. Suitable release retarding excipients
include pH sensitive polymers, for instance polymers based upon methacrylic acid copolymers,
which may be used either alone or with a plasticiser; release-retarding polymers which have a
high degree of swelling in contact with water or aqueous media such as the stomach contents;
polymeric materials which form a gel on contact with water or aqueous media; and polymeric
materials which have both swelling and gelling characteristics in contact with water or aqueous
media. Release retarding polymers which have a high degree of swelling include, inter alia,
cross-linked sodium carboxymethylcellulose, cross-linked hydroxypropylcellulose, high-

" molecular weight hydroxypropylmethylcellulose, carboxymethylamide, potassium
methacrylatedivinylbenzene co-polymer, polymethylmethacrylate, cross-linked
polyvinylpyrrolidone, high-molecular weight polyvinylalcohols etc. Release retarding gellable
polymers include methylcellulose, carboxymethylcellulose, low-molecular weight
hydroxypropylmethylcellulose, low-molecular weight polyvinylalcohols,
polyoxyethyleneglycols, non-cross linked polyvinylpyrrolidone, xanthan gum etc. Release
retarding polymers simultaneously possessing swelling and gelling properties include medium-
viscosity hydroxypropylmethylcellulose and medium-viscosity polyvinylalcohols. An
exemplary release-retarding polymer is xanthan gum, in particular a fine mesh grade of
xanthan gum, preferably pharmaceutical grade xanthan gum, 200 mesh, for instance the
product Xantural 75 (also known as Keltrol CR™ Monsanto, 800 N Lindbergh Blvd, St Louis,
Mo. 63167, USA). Xanthan gum is a polysaccharide which upon hydration forms a viscous
gel layer around the tablet through which the active has to diffuse. It has been shown that the
smaller the particle size, the slower the release rate. In addition, the rate of release of active
compound is dependent upon the amount of xanthan gum used and can be adjusted to give the
desired profile. Examples of other polymers which may be used within these aspects of the
invention include Methocel K4M™, Methocel ES™, Methocel ESO™, Methocel EAM™,
Methocel K1SM™ and Methocel K100M™. Other known release-retarding polymers which
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may be incorporated within this and other embodiments of the invention to provide a sustained
release composition or dosage form of (1R,5 S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof include, hydrocolloids
such as natural or synthetic gums, cellulose derivatives other than those listed above,
carbohydrate-based substances such as acacia, gum tragacanth, locust bean gum, guar gum,
agar, pectin, carrageenan, soluble and insoluble alginates, carboxypolymethylene, casein, zein,
and the like, and proteinaceous substances such as gelatin.

[00102] Within other embodiments of the invention, a sustained release delivery device
or system is placed in the subject in proximity of the target of the active compound, thus
requiring only a fraction of the systemic dose (see, e.g., Goodson, in "Medical Applications of
Controlled Release," supra, vol. 2, pp. 115-138, 1984; and Langer, 1990, Science 249:1527-
1533, each incorporated herein by reference). In other embodiments, an oral sustained release
pump may be used (see, e.g., Langer, supra; Sefton, 1987, CRC Crit. Ref. Biomed. Eng.
14:201; and Saudek et al., 1989, N. Engl. J. Med. 321:574, each incorporated herein by
reference).

[00103] The pharmaceutical compositions and dosage forms of the current invention will
typically be provided for administration in a sterile or readily sterilizable, biologically inert, and
easily administered form.

" [00104] In other embodiments the invention provides pharmaceutical kits for reducing
symptoms in a human subject suffering from a disorder affected by monoamine
neurotransmitters, including depression. The kits comprise (1R,5S5)-(+)-1 -(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof in an effective amount,
and a container means for containing (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0Jhexane or a pharmaceutically acceptable salt thereof for coordinate
administration to the said subject (for example a container, divided bottle, or divided foil pack).
The container means can include a package bearing a label or insert that provides instructions
for multiple uses of the kit contents to treat the disorder and reduce symptoms in the subject.
In more detailed embodiments, the (lR,SS)—(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane
or a pharmaceutically acceptable salt thereof is admixed or co-formulated in a single,
combined dosage form, for example a liquid or solid oral dosage form. In alternate
embodiments, the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or a
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pharmaceutically acceptable salt thereof is contained in the kit in separate dosage forms for
coordinate administration. An example of such a kit is a so-called blister pack. Blister packs
are well-known in the packaging industry and are widely used for the packaging of
pharmaceutical dosage forms (tablets, capsules and the like).

[00105] Unless the context clearly requires otherwise, throughout the description and
the claims, the words "comprise," "comprising," and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
"including, bﬁt not limited to.” Words using the singular or plural number also include the
plural or singular number respectively. Additionally, the words "herein,” "above," "below"
and words of similar import, when used in this application, refer to this application as a
whole and not to any particular portions of this application. When the claims use the word
"or" in reference to a list of two or more items, that word covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list and any
combination of the items in the list.

[00106] It is to be understood that this invention is not limited to the particular
formulations, process steps, and materials disclosed herein as such formulations, process
steps, and materials may vary somewhat. It is also to be understood that the terminology
employed herein is used for the purpose of describing particular embodiments only and is not
| intended to be limiting since the scope of the present invention will be limited only by the
appended claims and equivalents thereof.

[00107] The following examples illustrate certain aspects of the invention, but are not
intended to limit in any manner the scope of the invention.

Example I
Preparation of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane

[00108] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane may be prepared
as follows:
Step 1: Synthesis of [(1S,2R)-2-(aminomethyl)-2-( 2-naphthyl)cyclopropyl]methan-1-ol, p-

toluenesulfonic acid salt
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[00109] 500g (2.99 mol, 1.0 eq) of 2-naphthylacetonitrile was charged to a 12 L 3-
neck round bottom flask equipped with overhead stirrer, addition funnel, thermocouple,
nitrogen inlet, cooling bath and drying tube. 3.0 L of tetrahydrofuran was added and stirred
at room temperature to dissolve all solids. 360 g (3.89 mol, 1.30 eq) (S)-(+)-epichlorohydrin
was added and then the solution was cooled to an internal temperature of — 25 °C. 3.0 L of a
2 molar solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (6.00 mol, 2.0 eq) was
added to the reaction mixture via addition funnel at a rate such that the internal temperature
of the reacti'on mixture is maintained at less than -15 °C. After completion of the addition,
the mixture was stirred at between -20 °C and -14 °C for 2 hours 15 minutes. Borane-
dimethylsulfide complex (750 mL of a 10.0 molar solution, 7.5 mol, 2.5 eq) was then slowly
added to the reaction mixture at a rate such that the internal temperature was maintained at
less than -5 °C. Upon completion of the borane-dimethylsulfide addition the reaction mixture
~ was heated to an internal temperature of 60 °C and stirred overnight at this temperature.
Additional borane-dimethylsulfide complex (75 mL, 0.75 mol, 0.25 eq) was then added and
the reaction mixture stirred at 60 °C for 1 hour 45 minutes. The reaction mixture was cooled
.to room temperature and then quenched by slow addition into pre-cooled (3 °C) 2 molar
aqueous hydrochloric acid (5.76 L, 11.5 mol, 3.8 eq) at a rate such that the temperature of the
quench solution was maintained at less than 22 °C. The two phase mixture was then heated
at an internal temperature of 50 °C for 1 hour followed by cooling to RT. Isopropyl acetate
(2.0 L) and water (2.5 L) were added, the mixture agitated, and then the layers were allowed
to settle. The upper organic layer was discarded. Aqueous ammonia (750 mL) was added to
the aqueous layer which was then extracted with isopropylacetate (2.5 L). The aqueous layer
was extracted with isopropylacetate (2.5 L) a second time. The organic extracts were
combined and then sequentially washed with a 5% solution of sodium dibasic phosphate in
water (2.0 L) followed by saturated brine (2.0 L). The organic layer was then concentrated to
a total volume of 5.0 L and then heated to 50 °C. para-Toluene sulfonic acid monohydrate
(541 g, 2.84 mol) was then added in portions. During the addition white solids precipitated
and a mild exotherm was observed. Upon completion of the addition the mixture was
allowed to cool to RT and the solids collected by filtration. The filtercake was washed twice
with isopropylacetate, 1.0 L each wash. The filtercake was then dried to a constant weight to
give 664.3 g (55% yield) of the desired product as a white solid.
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Step 2: Synthesis of (5S,1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCI salt

[00110] The amine-tosylate salt from step 1 (2037.9 g, 5.10 mol) was suspended in
isopropylacetate ( 13.2 L) to give a white slurry in a 50 L 3-neck RB equipped with an
overhead stirrer, thermocouple, addition funnel, nitrogen inlet and drying tube.
Thionylchloride (445 mL, 6.12 mol, 1.20 eq) was then added via addition funnel over one
hour 5 minutes. The maximum internal temperature was 24 °C. After stirring for 4 hours 15
minutes 5 molar aqueous sodium hydroxide (6.1 L, 30.5 mol, 5.98 eq) was added via addition
funnel at a rate such that the maximum internal temperature was 30 °C. The mixture was
then stirred for one hour 15 minutes after which the layers were allowed to settle and the

- layers were separated. The organic layer was washed with 1 molar aqueous sodium
hydroxide (2.1 L). The aqueous layers were then combined and back extragted with
isopropyl acetate (7.6 L). The organic layers were combined and washed with saturated
aqueous brine (4.1 L). The organic layer was then dried over magnesium sulfate, filtered to
remove solids, and then concentrated to a total volume of 4.2 L in vacuo. Hydrogen chloride
in isopropyl alcohol (5.7 N, 0.90 L, 5.13 mol, 1 eq) was then added over 50 minutes using an
external water/ice bath to keep the internal temperature less than 30 °C. After stirring for 45
minutes the solids were collected by filtration and the filtercake washed two times with
isopropyl acetate, 2.3 L each wash. The filtercake was then partially dried and then taken

forward to step 3 as a wetcake.

Step 3: Crude (5S.1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCI salt hot slurry in

isopropy! alcohol

[00111] The wetcakes from two separate runs of step 2 (total of 4646.6 g starting
amine tosylate salt) were combined and suspended in isopropyl alcohol (34.6 L) in a 50 L 3-
neck round bottom flask equipped with overhead stirrer, heating mantel, thermocouple,
reflux condenser, nitrogen inlet, and drying tube. The slurry was then heated to reflux,
stirred for three hours at reflux, and then allowed to cool to room temperature. The solids

were collected by filtration and the filtercake washed twice with isopropyl alcohol, 6.9 L
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each wash. The filtercake was then dried to a constant weight to give 2009.2 g of (5S,1R)-1-
(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCl salt (70 % yield from 4646.6 g of amine tosylate
salt).

Step 4: Recrystallization of (5S,1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0Thexane HCI salt

from ethanol to upgrade the enantiomeric excess

[00112] The (5S,1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCI salt from step 3
(2009.2 g, 8.18 mol) was charged to a 50 L 3-neck round bottom flask equipped with an
overhead stirrer, heating mantel, reflux condenser, nitrogen inlet, thermocouple, and drying
tube. Ethanol (21.5 L of special industrial) was then added and the mixture heated to reflux
to dissolve all solids. After dissolution of solids heating was discontinued and the mixture
was allowed to cool to room temperature during which time solids reformed. The solids
were then collected by filtration and the filtercake washed with ethanol (4.3 L). The
filtercake was then dried to a constant weight to give 1434.6 g (71 % yield ) of recrystallized
(5S,1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCl salt. Chiral HPLC assay showed an

enantiomeric excess of > 99.5 %.

Step 5: Rework to improve color profile

[00113] (5S,1R)-1-(2-naphthyl)-3-azabicyclo[3.1.0]hexane HCI (1405.6 g, 5.72 mol)
was charged to a 22 L 3-neck round bottom flask equipped with overhead stirrer, heating
mantel, thermocouple, nitrogen inlet and drying tube. Water (14.0 L) was added and the
mixture heated to 34 °C to dissolve all solids. The solution was then transferred to a large
separatory funnel and tetrahydrofuran (2.8 L) followed by isopropyl acetate (2.8 L) was
added. The two phase mixture was agitated and the layers were then allowed to settle. The
upper organic layer was discarded. Aqueous ammonia (1.14 L) was then added and the

" aqueous layer extracted with isopropylacetate (14.0 L). The organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo to give an off-white solid. The solid
was dissolved in isopropy! alcohol (14.0L) and transferred to a 22 L 3-neck round bottom
flask equipped with overhead stirrer, thermocouple, addition funnel, nitrogen inlet and drying
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tube. Hydrogen chloride in isopropyl alcohol (5.7 N, 175 mL, 1.0 mol) was then added over
10 minutes. Near the end of this addition the formation of solids was evident. The slurry was
stirred for 30 minutes then additional hydrogen chloride in isopropanol (840 mL, 4.45 mol)
was added over 65 minutes keeping the internal temperature less than 25 °C. The solids were
collected by filtration and the filtercake washed twice with isopropyl alcohol, 2.8 L each
wash. The filtercake was then dried to a constant weight to give 1277.1 g (91% yield) of the

product as an off-white solid.

Example II
Inhibition of Monoamine Uptake by (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane

~ [00114] The ability of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane for
inhibiting transport of norepinephrine (NE) and/or dopamine (DA) and/or serotonin (5-HT)
was evaluated using cell lines (such as the HEK 293 cell line) that stably express
recombinant human NE, DA, and 5-HT transporters, respectively. Techniques for stably
transfecting mammalian cell lines with neurotransmitter transporters and measuring the
effects of drugs on amine uptake have been described in the literature (e.g., Eshleman AJ, J
Pharmacol Exp Ther 289:877-885, 1999) and are well known to those skilled in the art
[00115] Monoamine uptake was determined in MDCK, CHO-K 1, and HEK-293 cell
lines respectively transfected with NE, DA, and 5-HT uptake transporters by MDS Pharma
Services (Taipei, Taiwan 112, R. O. C.). The cells were incubated in 5 mM Tris-HCl, and 7.5
mM HEPES buffer, pH 7.1, containing 120 mM NaCl, 5.4 mM KCl, 1.2 mM CaCl,, 1.2 mM
MgSO4, 5 mM D-glucose, and 1 mM Ascorbic Acid. The cellular homogenates were
incubated with radioligands and various concentrations of drugs for 10 minutes at 25°C. The
[’H]-radioligands incorporated into the cells were determined according to published
methods using liquid scintillation counting (Perovic and Miiller 1995; Eshleman et al., 1999).
[00116] The results of these assays are shown in Table 1, below, which indicates the
ICsp value, defined as that concentration of compound necessary to inhibit uptake by 50%.
These are standard terms known to those skilled in the art.
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" [00117]
Table 1
Inhibition of Monoamine Uptake by (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane
Compound ICs0, nM
Norepinephrine 61
Dopamine 38+ 6
Serotonin 83+12
[00118] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane inhibited uptake

by human monoamine transporters with a ratio of 1:6:14 for NE, DA and 5-HT.

Example II1
Effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane on Monoamine
Transporters In Vivo

[00119] To evaluate the effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane on monoamine uptake transporters in vivo, microdialysis studies
were performed in rat brain regions.

[00120] Microdialysis studies were conducted using male Wistar rats (250-300 g) bred
at the Institute of Pharmacology, the Polish Academy of Sciences, Krakow, Poland. The rats
(250-300 g) were housed on a 12 h/12 h light/dark cycle at a constant temperature and
humidity, and were provided with food and water ad libitum. The microdialysis procedure
has been previously described (Popik et al., 2006). Briefly, the rats were anaesthetized with
ketamine (75 mg/kg IM) and xylazine (10 mg/kg IM), placed in a stereotaxic apparatus
(David Kopf Instruments, Tujunga, CA, USA) with their skulls exposed. Small holes were
drilled in the skull for insertion of the vertical microdialysis probes into the prefrontal cortex
and striatum, respectively using the following coordinates: 2.9 mm anterior from the bregma,
0.8 mm lateral from the sagittal suture and — 4.5 ventral from the dura surface (prefrontal
cortex); 1.8 mm anterior from the bregma, 2.7 mm lateral from the sagittal suture and —7.0
mm ventral from the dura surface (striatum) (Paxinos and Watson, 1998). Microdialysis
probes were constructed by inserting two fused silica tubes (30 and 35 mm long, 150 pm
o.d.; Polymicro Technologies Inc., Phoenix, AZ, USA) into a microdialysis fiber (220 um
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0.d.; AN69, Hospal, Bologna, Italy). The tube assembly was placed in a stainless steel
cannula (22G, 10 mm) forming the shaft of the probe. Portions of the inlet and outlet tubes
were individually placed inside polyethylene PE-10 tubing and were glued for protection.
The free end of the dialysis fibre was sealed, and 3 mm of the exposed length used for
dialysis in prefrontal cortex and 4 mm for striatum. One day after the surgery and probe
implantation, the inlet of the dialysis probes was connected to a syringe pump (BAS, IN,
USA) which delivered an artificial cerebrospinal fluid (aCSF) composed of [in mM]: NaCl
145, KC1 2.7, MgCl, 1.0, CaCl, 1.2; pH = 7.4 at a flow rate of 1.5 ul/min. After a two hour
rinsing period to stabilize the extracellular level of neurotransmitters, 3-4 baseline samples
were collected in 20 minute sampling periods. Next, (1R,5S)-(+)-1-(naphthalen-2-y1)-3-

~ azabicyclo[3.1.0]hexane (dissolved in 0.9% saline solution) at doses of 10 or 20 mg/kg
intraperioneally (i.p.) was administered to the animals at 4ml/kg and consequent dialysate
fractions were collected every 20 min for 3 hrs. At the end of the experiments the rats were
sacrificed and their brains were histologically examined to validate the correct probe
placement

- [00121] Dopamine, and serotonin (5-HT) were analysed by HPLC with
electrochemical detection. Chromatography was performed using an LC-10 AD pump
(Shimadzu Europa GmbH, Warszawa, Poland), an LC-4B amperometric detector with a
cross-flow detector cell (BAS, IN, USA) and BDS-Hypersil C18 analytical column (3 x 100
mm, 3 pm, Thermo Electron Corp., UK). The mobile phase was composed of 0.1 M
monochloracetic acid adjusted to pH = 3.7 with 3 M sodium hydroxide, 0.5 mM EDTA, 25
mg/L 1-octanesulfonic acid sodium salt, 5.7 % methanol, and 2.5 % acetonitrile. The flow
rate was 0.5 ml/min, and the applied potential of a 3 mm glassy carbon electrode was +600
mV with a sensitivity of 2 nA/V. Norepinephrine was measured using HPLC system
equipped with a P580 pump (Dionex, CA, USA) connected to a BAS injection valve with a
10 pl injection loop and a BDS-Hypersil analytical column (2.0 x 100 mm, a 3 pm, Thermo
Electron Corp., UK). The mobile phase was composed of 0.05 M potassium dihydrogen
phosphate (adjusted to pH = 3.7 with ortho-phosphoric acid), 0.5 mM EDTA, 150 mg/L 1-
octanesulfonic acid sodium salt, 10 mM NaCl, and 1.2 % acetonitrile. The flow rate was 180
ul/min. NE in the dialysates was detected with a BAS UniJet radial flow detector cell
coupled to a LC-4B amperometric detector (BAS, IN, USA). The applied potential of a 3-
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mm glassy carbon electrode was +600 mV with a sensitivity of 2 nA/V. The
chromatographic data were processed by Chromax 2001 (Pol-Lab, Warszawa, Poland)
software run on a personal computer. The values were not corrected for an in vitro probe
recovery, which was approximately 15 % for all investigated substances.

- [00122] (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane (10 and 20 mg/kg
i.p.) markedly increased extracellular concentrations of NE in rat prefrontal cortex 40
minutes after administration, had a peak increase of over 325 and 375% of baseline at the 10
and 20 mg/kg doses, respectively, and the increase was sustained over 3 hours (F 1g 1a).
(IR,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane increased extracellular
concentrations of DA in prefrontal cortex by 20 minutes, the peak increase was from 240-
300% of baseline for the two doses and the increase was sustained for over 3 hours (Fig. 1b).
The extracellular concentrations of 5-HT were also markedly increased by (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane by 40 minutes and with a peak increase of
300% of baseline (Fig. 1c). The increase produced by the 20 mg/kg dose was delayed
compared to the 10 mg/kg dose, and both doses had significant increases in S-HT
extracellular concentrations for over 3 hours.

[00123] In rat striatum, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]Jhexane
markedly increased extracellular concentrations of DA within 40 minutes, had peak increases
of over 275 and 375% of baseline for the 10 and 20 mg/kg doses (Fig. 2). The effect on DA
extracellular concentrations persisted for over 3 hours. (1R,5S)-(+)-1-(naphthalen-2-yl)-3-

. azabicyclo[3.1.0]hexane similarly decreased extracellular concentrations of another
metabolite of DA, HVA..

[00124] These data show that administration of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane markedly increased extracellular concentrations of NE, DA and 5-
HT in rat prefrontal cortex, as well as DA in striatum. These brain regions are thought to be
involved in ADHD. Therefore these data support use of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane in treating ADHD. The microdialysis data is consistent with a
mechanism of action of triple uptake inhibition by (1R,5S)-(+)-1-(naphthalen-2-yl)-3-

azabicyclo[3.1.0]hexane, and in agreement with its binding profile.
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Example IV
Effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in a Mouse Model
of Depression
[00125] The behavioral effects of (1R,5S)-(+)-1-(naphthalen-2-y1)-3-

azabicyclo[3.1.0]Thexane were evaluated in a model predictive of antidepressant activity, the
mouse tail suspension test (Cryan and Mombereau, 2004).

[00126] For the tail test suspension test, male CD-1 (Crl.) derived mice weighing 20-
26 g were provided by BioLasco Taiwan (Charles River Laboratories Technology Licensee).
All animals were maintained in a controlled temperature (23°C - 24°C) and humidity (60% -
70%) environment with 12 hours light dark cycles for at least one week prior to use. For the
tail suspension test, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane was
administered orally at dose from 10-40 mg/kg p.o. to groups of 10 CD-1 derived male mice
by MDS Pharma Services, Taipei, Taiwan 112, R. O. C.. (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane was dissolved in 2% Tween 80 and was administered at 10 ml/kg 60
minutes prior to the tail suspension test. During the test, the mice were suspended on the
edge of a shelf 58 cm above a table top by adhesive tape placed approximately 1 cm from the
tip of the tail. The duration of immobility was recorded for a period of 5 minutes (during 2-7
minutes of the tail suspension). The duration of the effects of (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane was also evaluated in the tail suspension test by varying
pretreatment time.

[00127] Oral administration of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane dose-dependently reduced the amount of time immobilized with a
minimal effective dose of 20 mg/kg and immobility was reduced to 87% of control levels at
40 mg/kg (Fig. 3). The efficacy of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane was equivalent to the tricyclic antidepressant desipramine. The
duration of effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in the tail
suspension test was evaluated at 20 mg/kg p.o. and the drug significantly reduced immobility
to 84, 82, 75 and 47% of control at 30, 60, 120 and 240 minutes (Fig. 4). (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane also reduced immobility of rats in the forced
swim test at 40 mg/kg p.o. (data not shown).
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[00128] Oral administration of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane produced potent inhibition of immobility in the tail suspension test
comparable to desipramine, and had a long duration of effect for over 4 hours in this test,
indicating oral activity and a long duration of action. Inhibition of immobility in this acute
test is considered to be predictive of antidepressant activity and suggests that (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]Jhexane would have antidepressant activity (Cryan and
Mombereau, 2004). Depression is a common co-morbidity in ADHD and is not well treated
by stimulants. (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane may therefore
effectively treat ADHD and depression.

Example V
Effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane on Mouse
Locomotor Activity
[00129] The effect of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane was

evaluated in a mouse model of locomoter activity.

[00130] For the locomotor activity determination, male CD-1 (Crl.) derived mice were
orally administered (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane as described
in Example IV. Locomotor activity for mice in groups of 10 was assessed by placing mice
individually into custom built chambers in a quiet isolated 22°C room (conducted by MDS
Pharma Services, Taipei, Taiwan 112, R. O. C.). At 15-minute intervals over 2 hours post-
dosing, total travel distances (in cm) for individual animals were recorded using the Etho
Vision Pro System (Noldus, USA).

[00131] Oral administration of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane did not significantly increase spontaneous locomotor activity of
mice, but did significantly decrease locomotor activity at several time points (Fig. 5).

[00132] These data indicate that (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane has a low potential for abuse liability. Since (1R,5S)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane increased DA extracellular concentrations (see
Example III), it might be expected to have stimulant-like activity and thereby increase
locomotor activity, but this was not the case in the adult mice. Increases of DA in the ventral

striatum have been hypothesized to be involved in both the locomotor-stimulating aspects of
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stimulants and their rewarding effects (Wise and Bozarth 1987). The results suggest that
unlike stimulants, (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane would not be
subject to drug abuse liability.

Example VI
Effect of (lR,SS)-(+)-1-(naphthalen-Z-yl)-3-azabicyclo[3.1..0]hexane in a Model of
ADHD
[00133] The behavioral effects of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-

azabicyclo[3.1.0]hexane were evaluated in a model of ADHD, which can be simulated in
juvenile rates with neonatal 6-hydroxydopamine (6-OHDA) lesions (Davids et al., 2003). In
this animal model, the NE neurons are protected from the neurotoxic effects of 6-OHDA by
pretreatment with the NE transporter inhibitor desipramine, so the NE system is largely intact
and can respond to NE transporter inhibitors (Davids et al., 2002). Furthermore, the 6-OHDA
lesions produce learning and memory deficits in learning models including the T maze, and

~ active and passive avoidance tasks (Shaywitz et al., 1978; Wool et al., 1987; Takasuna and
Iwasaki, 1996). Performance in these learning and memory models was improved by
administration of stimulants (Shaywitz et al., 1978; Wool et al., 1987). Thus, this model
incorporates both hyperactivity and learning deficits found in ADHD.

[00134] Methods of lesioning neonatal rats with 6-OHDA were carried out as detailed
in Zhang et al. (2001). Briefly, on postnatal day 1 (PD 1), male Sprague-Dawley rat pups
were randomly assigned to a nursing dam (10/dam). On PD 5, pups receive a subcutaneous
injection of 25 mg/kg desipramine hydrochloride to protect noradrenergic neurons, followed
in 45 min. by randomly assigned intracisternal injection of vehicle or 6-OHDA
hydrobromide (100 pg free base) under hypothermic anesthesia. Pups were returned to
nursing dams immediately after the intracranial injections. Locomotor activity was
monitored individually for 90 min. in the periadolescent period on PD 25, using a
microcomputer controlled infrared photobeam activity monitoring system. Locomotor
activity was defined as breaking of consecutive photobeams and the activity accumulated in
5 minute bins. Behavioral testing was conducted in a novel environment (transparent plastic
cages containing fresh bedding) within a grid of horizontal infrared beams. Each dose of
(1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane (1, 3 and 10 mg/kg) or
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methylphenidate (3 mg/kg) was dissolved in saline and given i.p. immediately prior to
testing. The effects of sham versus 6-OHDA lesions on dopamine neurons in rats were
quantified as decrements of DA transporters labeled with [3H]2-f-carbomethoxy-3-B-[4’-
iodophenyl]tropane ([3H]B-CIT), a selective DA transporter radioligand (Kula ef al. 1999).
Sections were preincubated (60 min., room temp [RT]) in 50 mM Tris-HCI buffer (pH 7.7)
containing 120 mM NaCl and 4 mM MgCl,, then in fresh buffer (60 min) containing 2 nM

[*H]B-CIT. Nonspecific binding was defined with 1 pM GBR-12909. Slides were then
washed (2 x 5 min) in ice-cold buffer, dipped in ice-cold water, and air-dried. Radiolabeled
slides and calibrated [3H]standards were exposed to [3H]sensitive films for 10-14 d at 4°C.
Tritium-sensitive Hyperfilms were developed and fixed in Kodak D-19 for 5 min. at RT.
Images were quantified with a computer-controlled MCID image analyzer. Brain regions of
interest were outlined and their optical density was measured with two sections representing
total binding, with two samples representing nonspecific binding. Optical density of sampled
regions was measured and the amount of ligand bound within each area was calculated as
nCi/mg tissue. Mean values of non-specific binding in each region were subtracted from the
mean total binding to determine specific binding, which was converted into fmol/mg of
radioligand bound.

[00135] The levels of dopamine transporters in dopamine-rich areas of the lesioned rat

brains were used as a marker for dopamine neurons and the 6-OHDA lesions in the neonatal

rats resulted in a decrement of binding of [3H]B-CIT to dopamirie transporters compared to

sham injected rats at day 29 (Table 2). The binding in the 6-OHDA lesioned rats was

markedly reduced to 25.7, 22.2 and 32.2% of control levels of sham-lesioned rats in lateral

caudate-putamen, medial caudate-putamen, and nucleus accumbens septi, respectively.
Table 2

Effect of neonatal 6-OHDA lesioning on binding of [3H]B-CIT to dopamine transporters
quantified autoradiographically in juvenile rats

Brain region Sham controls 6-OHDA Lesioned | % Sham Lesion
Lateral caudate-putamen 120+ 5.7 30.9 +2.4* 25.7
Medial caudate-putamen 112+8.9 24.9 +3.5* 22.2
Nucleus accumbens septi 70.6 +3.4 22.8+1.8% 32.2

Data are specific binding (mean fmol/mg tissue + SEM) for N=10-12 rats;
*= p<0.001 vs. corresponding sham-lesioned controls
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[00136] Locomotor activity was monitored individually for 90 min. in the
periadolescent period on PD 25. The 6-OHDA neonatal lesions resulted in a marked overall
increase in locomotor activity in the periadolescent rats over the 90 minute testing period in a
representative study (Fig. 6). Initially, locomotor activity was similar in sham and lesioned
rats, but the sham-lesioned rats activity declined to a low level, whereas the lesioned rats
locomotor activity remained stable over the 90 minute testing period. The cumulative
locomotor scores for sham-lesioned rats and 6-OHDA-lesioned rats were 303.2 + 9.9 and
2758 £ 3.0, respectively, a 9 fold difference (p<0.001).

[00137] Compared to saline-treated controls, administration of 1 mg/kg (1R,55)-(+)-1-
(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane significantly reduced locomotor activity in the
hyperactive 6-OHDA-lesioned juvenile rats for the first 35 minutes of behavioral testing,
(Fig. 7a,b, *p<0.05). Administration of 3 mg/kg (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane produced a longer effect as this dose significantly attenuated
locomotor hyperactivity in 6-OHDA-lesioned animals for 45 minutes after its administration.
Administration of 10 mg/kg (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane
produced a sustained and significant effect in reducing locomotor activity in the 6-OHDA-
lesioned animals throughout the 90 min. of behavioral testing. Finally, administration of 3
mg/kg of methylphenidate produced significant attenuation of locomotor activity in 6-

OHDA -lesioned animals for 90 min. of testing.

[00138] These data demonstrate that (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane dose-dependently inhibited the locomotor hyperactivity in juvenile
rats lesioned with 6-OHDA as neonates. This inhibition by (1R,5S)-(+)-1-(naphthalen-2-yl)-
_ 3-azabicyclo[3.1.0]hexane is similar to that observed for stimulants and NE reuptake
inhibitors (Davids et al., 2002). (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane
may therefore be used to effectively treat ADHD.
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Example VII
Efficacy of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in the Treatment |
of Adults with ADHD
[00139] The efficacy of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in

treating adult subjects for ADHD is assessed in a clinical study, similar to that described by
Spencer et al., 1998. The study consists of a randomized, double-blind, placebo-controlled,
crossover study of of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in the
treatment of adults with ADHD.

[00140] Subjects between the ages of 19-60 years of age meet DSM-IV-TR criteria for
ADHD, describe a chronic course of ADHD symptoms, and endorse impairment associated
with ADHD. Criteria excluding potential subjects include clinically significant chronic
medical conditions, abnormal baseline laboratory values, psychiatric disorders, drug or
alcohol abuse, current use or use in the previous 3 months of psychotropic medication, and
mental retardation.

[00141] The study design includes two four-week treatment periods separated by a
two-week washout period. Study medication is administered at 100 mg/day (50 mg b.i.d.) in
an oral formulation, either tablet or capsule. Subjects are seen and evaluated each week over
the four-week treatment period. Prior to and throughout the trial, subjects are evaluated for
safety parameters by a variety of measures including assessing blood pressure, heart rate,
weight, medication accountability and tolerability, and adverse effects.

[00142] Efficacy is determined by measuring the change from the baseline of an
ADHD rating scale, such as the ADHD Rating Scale or the Conners Adult ADHD Rating
Scale (CAARS), which can be investigator rated or self rated. Efficacy in treating ADHD or
" improvement in ADHD is defined as a reduction in the rating scale score of approximately
30% or more at the endpoint of treatment, and a reduction that is at least 10%, preferably 15-
20% greater than that observed with placebo. The statistical significance of results is
analyzed using statistical methods known in the art.
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Example VIII ‘
Efficacy of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in the Treatment
of Methamphetamine Dependence

[00143] The efficacy of (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane in
treating subjects for methamphetamine dependence is assessed in a clinical study, similar to
that described by Elkashef et al., 2008. The study consists of a randomized, double-blind,
placebo-controlled, two-arm study of of (1R,5S)-(+)-1-(naphthalen-2-y1)-3-
azabicyclo[3.1.0]hexane in the treatment of adults with methamphentamine dependence.
[00144] Subjects between the ages of 18-65 years of age meet DSM-IV-TR criteria for
methamphetamine dependence. Criteria excluding potenfial subjects include clinically
significant chronic rﬁedical conditions, serious medical illness, seizure disorder, pregnancy or
lactation, and psychiatric disorder that required ongoing medication (as assessed by
Structured Clinical Interview for DSM-IV disorders).

[00145] The study design includes a two-week baseline period followed by 12 week
treatment with either (1R,5S)-(+)-1-(naphthalen-2-yl)-3-azabicyclo[3.1.0]hexane or placebo.
Study medication is administered at 100 mg/day (50 mg b.i.d.) in an oral formulation, either
tablet or capsule. Subjects are seen three times each week over the 12-week treatment
period, and provide urine samples for analysis of methamphetamine and creatinine, and to
complete a substance abuse report. During the trial, subjects complete a weekly assessment
of substance craving, such as the Brief Substance Craving Scale. Depression is assessed
biweekly with the Hamilton Depression Rating Scale (HAMD). Assessment of addiction is
made at baseline and the end of treatment with the Addiction Severity Index. ADHD
symptoms are assessed at baseline and the end of treatment ADHD using a rating scale, such
as the ADHD Rating Scale or the Conners Adult ADHD Rating Scale (CAARS). Prior to
and throughout the trial, subjects are evaluated weekly for safety parameters by a variety of
measures including assessing blood pressure, heart rate, weight, medication accountability
and tolerability, and adverse effects.

. ~ [00146] The primary outcome of the study is assessment of participants who abstained
from methamphetamine use during each week of treatment based on urine analysis. Efficacy
is assessed by the percentage of subjects who had a methamphetamine-free week over each

of the study weeks. Secondary outcomes of the study include substance craving (differences
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in the Brief Substance Craving Scale), depression (HAMD scores), addiction severity
(differences in the Addiction Severity Index), and ADHD (ratings scale scores). The
statistical significance of results is analyzed using statistical methods known in the art.

[00147] All publications and patents cited herein are incorporated herein by reference
for the purpose of describing and disclosing, for example, the materials and methodologies
that are described in the publications, which might be used in connection with the presently
described invention. The publications discussed above and throughout the text are provided
solely for their disclosure prior to the filing date of the present application. Nothing herein is
to be construed as an admission that the inventors are not entitled to antedate such disclosure

by virtue of prior invention.
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What is Claimed is:

1. A method for treating ADHD or a related behavioral disorder in a subject comprising
administering to a subject in need of treatment for ADHD or a related behavioral disorder a
pharmaceutical composition comprising an effective amount of (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]hexane or a pharmaceutically acceptable salt thereof.

2. The method according to claim 1, wherein the ADHD is selected from the group
consisting of Attention Deficit Hyperactivity Disorder-predominantly hyperactive-impulsive
subtype, Attention Deficit Hyperactivity Disorder-predominantly inattentive subtype, and
Attention Deficit Hyperactivity Disorder-combined subtype.

3. The method according to claim 1, wherein the related behavioral disorder is selected

from the group consisting of Conduct Disorder and Oppositional Defiant Disorder.

4, The method according to claim 1, wherein the subject is a human child, adolescent, or
adult.

5. The method according to claim 4, wherein the subject is an adult.

6. The method according to claim 4, wherein the subject is a child.

7. The method according to claim 1, wherein the pharmaceutical composition further

comprises an additional psychotherapeutic agent, wherein the additional psychotherapeutic
agent is an antidepressant, anti-psychotic, anti-convulsant or anxiolytic agent.

8. The method according to claim 7, wherein the additional psychotherapeutic agent is a
tri-cyclic antidepressant, specific monoamine reuptake inhibitor, selective serotonin reuptake
inhibitor, selective norepinephrine or noradrenaline reuptake inhibitor, selective dopamine
reuptake inhibitor, multiple monoamine reuptake inhibitor, monoamine oxidase inhibitor,
atypical antidepressant, atypical antipsychotic, or anticonvulsant. .

9. The method according to claim 1, wherein the effective amount is effective to
decrease ADHD symptoms.

10.  The method according to claim 9, wherein the effective amount is effective to

decrease the subject’s score on an ADHD rating scale.
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11.  The method according to claim 1, wherein the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or pharmaceutically acceptable salt thereof has no more than 2%
w/w of the corresponding (-) enantiomer.

T 12, The method according to claim 1, wherein the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or pharmaceutically acceptable salt thereof has no more than 1%
w/w of the corresponding (-) enantiomer.

13. The method according to claim 1, wherein the pharmaceutically acceptable salt is a
hydrochloride salt.

14. A method for treating a substance abuse disorder in a subject comprising
administering to a subject in need of treatment for a substance abuse disorder a
pharmaceutical composition comprising an efféctive amount of (1R,5S)-(+)-1-(naphthalen-2-
yl)-3-azabicyclo[3.1.0]Jhexane or a pharmaceutically acceptable salt thereof.

15. The method according to claim 14, wherein the substance abuse disorder is selected
~ from the group consisting of alcohol-related disorders, nicotine-related disorders,
amphetamine-related disorders, methamphetamine-related disorders, cannabis-related
disorders, cocaine-related disorders, hallucinogen-use disorders, inhalant-related disorders,
and opioid-related disorders.

16.  The method according to claim 14, wherein the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or pharmaceutically acceptable salt thereof has no more than 2%

" wiw of the corresponding (-) enantiomer.

17. The method according to claim 14, wherein the (1R,5S)-(+)-1-(naphthalen-2-yl)-3-
azabicyclo[3.1.0]hexane or pharmaceutically acceptable salt thereof has no more than 1%
w/w of the corresponding (-) enantiomer.

18.  The method according to claim 14, wherein the pharmaceutically acceptable salt is a
hydrochloride salt.
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