
WO 2007/075695PCT/US2006/048448 USE OF BENZO-FUSED HETEROCYCLE
SULFAMIDE DERIVATIVES FOR THE TREATMENT OF MANIA AND BIPOLAR DISORDER
CROSS REFERENCE TO RELATED APPLICATIONS  5This application claims the
benefit of U. S. Provisional Application 60/751,493, filed on
December 19, 2005, which is incorporated by reference herein in its
entirety. FIELD OF THE INVENTION  10The present invention is directed
to the use of benzo-fused heterocycle sulfamide derivatives for the
treatment of mania and bipolar disorder. BACKGROUND OF THE INVENTION
Bipolar disorder is psychiatric disorder characterized by
unpredictable 15 swings in mood from mania (or hypomania) to
depression. Some patients suffer only from recurrent attacks of
mania, which in its pure form is associated with increased
psychomotor activity; excessive social extroversion; decreased need
for sleep; impulsivity and impairment in judgment; and expansive,
grandiose, and sometimes irritable mood. In severe mania, patients
may 20 experience delusions and paranoid thinking indistinguishable
from schizophrenia. Half of patients with bipolar disorder present
with a mixture of psychomotor agitation and activation with
dysphoria, anxiety, and irritability. It may be difficult to
distinguish mixed mania from agitated depression. In some bipolar
patients (bipolar!! disorder); the full criteria for mania are
lacking, and 25 the requisite recurrent depressions are separated by
periods of mild activation and increased energy (hypomania). In
cyclothymic disorder, there are numerous hypomanic periods, usually
of relatively short duration, alternating with clusters of depressive
symptoms that fail, either in severity or duration, to meet the
criteria of major depression. The mood fluctuations are chronic and
30 should be present for at least 2 years before the diagnosis is
made.  WO 2007/075695PCT/US2006/048448 episode of either depression
or mania can be as short as several weeks or last as long as 8 to 12
months, and rare patients have an unremitting chronic course. The
term rapid cycling is used for patients who have four or more
episodes of either depression or mania in a given year. This pattern
occurs in 5 15% of all patients, almost all of whom are women. In
some cases, rapid cycling is linked to an underlying thyroid
dysfunction and, in others, it is iatrogenically triggered by
prolonged antidepressant treatment. Approximately half of patients
have sustained difficulties in work performance and psychosocial
functioning. 10        Patients suffering from bipolar disorder
typically complain of the following types of symptoms, depending on
whether they are in a "manic" or "high" phase versus a "depressed" or
"low" phase. In the manic phase symptoms include, but are not limited
to (a) increased physical and mental 15 activity and energy (b)
heightened mood, exaggerated optimism and self-confidence; (c)
excessive irritability, aggressive behavior; (d) decreased need for
sleep without experiencing fatigue; (e) grandiose delusions, inflated
sense of self-importance; (h) racing speech, racing thoughts, flight
of ideas; (i) impulsiveness, poor judgment, distractibility; (j)
reckless behavior and In the 20 most severe cases, (k) delusions and
hallucinations. In the manic phase symptoms include, but are not
limited to (a) prolonged sadness or unexplained crying spells; (b)
significant changes in appetite and sleep patterns; (c) irritability,
anger, worry, agitation, anxiety; (d) pessimism, indifference; (e)
loss of energy, persistent lethargy; (f) feelings of guilt,
worthlessness; (g) inability to 



25 concentrate, indecisiveness; (h) inability to take pleasure in
former interests,  social withdrawal; (i) unexplained aches and pains
and (if recurring thoughts of death or suicide. Bipolar disorder is
common, affecting -1% of the population in the 30 United States.
Onset is typically between 20 and 30 years of age, but many
individuals report premorbid symptoms in late childhood or early
adolescence. The prevalence is similar for men and women; women are
likely to have more depressive and men more manic episodes over a
lifetime.  WO 2007/07569.5PCT/US2006/048448     Lithium carbonate is
the mainstay of treatment in bipolar disorder, although sodium
valproate and olanzapine are equally. effective in acute mania, as is
lamotrigine in the depressed phase. The response rate to lithium 5
carbonate is 70 to 80% in acute mania, with beneficial effects
appearing in 1 te 2 weeks. Lithium also has a prophylactic effect in
prevention of recurrent mania and, to a lesser extent, in the
prevention of recurrent depression. Serious side effects from lithium
administration are rare, but minor complaints such as
gastrointestinal discomfort, nausea, diarrhea, polyuria, weight gain,
10 skin eruptions, alopecia, and edema are common.        In the
treatment of acute mania, lithium is initiated at 300 rug bid or tid,
and the dose is then increased by 300 mg every 2 to 3 days to achieve
blood levels of 0.8 to 1.2 meq/L. Because the therapeutic effect of
lithium may not appear until after 7 to 10 days of treatment,
adjunctive usage of lorazepam (1 15 to 2 mg every 4 11) or clozepam
(0.5 to 1 mg every 4 h) may be beneficial to control agitation.
Antipsychotics are indicated in patients with severe agitation who
respond only partially to benzodiazepines. Valproic acid is
an.altemative in patients who cannot tolerate lithium or 20 respond
poorly to it. Valproic acid may be better than lithium for patients
who experience rapid cycling (i.e., more than four episodes a year)
or who present with a mixed or dysphoric mania. Tremor and weight
gain are the most common side effects; hepatotoxicity and
pancreatitis are rare toxicities. Carbamazepine and oxcarbazepine,
although not formally approved by the 25 U.S. Food and Drug
Administration (FDA) for bipolar disorder, have clinical efficacy in
the treatment of acute mania. Preliminary evidence also suggests that
other anticonvulsant agents such as levtiracetam, zonisamide and
topliamate may possess some therapeutic benefit. 30,The recurrent
nature of bipolar mood disorder necessitates maintenance , treatment.
Compliance is frequently an issue and often requires enlistment and
education of concerned family members. Efforts to identify and modify
psychosocial factors that may bigger episodes are important, as is an
WO 2007/075695PCT/US2006/048448 emphasis on lifestyle regularity.
Antidepressant medications are sometimes required for the treatment
of severe breakthrough depressions, but their use should generally be
avoided during maintenance treatment because of the risk of
precipitating mania or accelerating the cycle frequency. Loss of
efficacy over 5 time may be observed with any of the mood-stabilizing
agents. In such situations, an alternative agent or therapy is
usually helpful.        There tains a need to provide an effective
treatment for mania and / or for bipolar disorder. Preferably, the
treatment of bipolar disorder comprises 10 treatment of the
depression and the mania. More preferably, the treatment of bipolar
disorder comprises treatment of the depression, the mania and the
cycling that are characteristic of the disorder. 



SUMMARY OF THE INVENTION  15The present invention is directed to a
method for the treatment of mania and! or bipolar disorder comprising
administering to a subject in need thereof a therapeutically
effective amount of a compound of formula. (I) R40R1 In  /
(CH2)a-N-S-N 0 R\ 2 wherein 20R1 and R2 are each independently
selected from the group consisting of hydrogen and lower alkyl; R4 is
selected from the group consisting of hydrogen and lower alkyl; a is
an integer from 1 to 2;  WO 2007/075695PCT/US2006/048448 wherein b is
an integer from 0 to 4; and wherein c is an integer from 0 to
each R5 is independently selected from the group consisting of
halogen, lower alkyl and nitro;     The present invention is further
directed to a method for the treatment of mania and / or bipolar
disorder comprising administering to a subject in need thereof a
therapeutically effective amount of compound of formula (II) OCH3
e...S N H  WO 2007/075695PCT/US2006/048448 or a pharmaceutically
acceptable salt thereof. 



The present invention is further directed to a method for the
treatment of mania comprising co-therapy with a therapeutically
effective amount of at least 5 one antipsychotic and a compound of
formula (1) or formula (II) as described herein. The present
invention is further directed to a method for the treatment of
bipolar disorder comprising co-therapy with a therapeutically
effective amount of at least one antidepressant and / or at least one
antipsychotic and a compound of formula (I) or formula (II) as
described herein. The present 10 invention is further directed to a
method for the treatment of bipolar disorder comprising co-therapy
with a therapeutically effective amount of at least one mood
stabilizer and a compound of formula (I) or formula (II) as described
herein. 15Exemplifying the invention is a method of treating mania
comprising administering to a subject in need thereof a
therapeutically effective amount of any of the compounds described
above. Exemplifying the invention is a method of treating bipolar
disorder comprising administering to a subject in need thereof a
therapeutically effective amount of any of the compounds 20 described
above.        In an embodiment, the present invention is directed to
the treatment of mania. In another embodiment, the present invention
is directed to the treatment of bipolar mania. In another embodiment,
the present invention is 25 directed to the treatment of bipolar
depression. In another embodiment, the present invention is directed
to the treatment of bipolar disorder. In another ' embodiment, the
present invention is directed to the treatment of the bipolar
cycling. In another embodiment, the present invention is directed to
the treatment of the depression and the mania associated with bipolar
disorder. In 30 yet another embodiment, the present invention is
directed to the treatment of the depression, the mania and the
cycling associated with bipolar disorder. In yet another embodiment,
the present invention is directed to a method for treating bipolar
disorder comprising stabilization of cycling. Thus, in an .  WO
2007/075695PCT/US2006/048448 embodiment, the present invention is
directed to a method of stabilizing bipolar cycling. DETAILED
DESCRIPTION OF THE INVENTION  5The present invention is directed to a
method for the treatment of mania and / or bipolar disorder
comprising administering to a subject in need thereof a
therapeutically effective amount of a compound of formula (I) R40 R1
I (OH2)aN S N II\n,2 0 n (0 



or a pharmaceutically acceptable salt thereof, wherein  , a, RI,  10
R2 and R4 are as herein defined. More specifically, the compounds of
the present invention are useful for the treatment of the mania,
regardless of cause. Further, the compounds of the present invention
are useful for the treatment of depression, mania and / or the
cycling that are characteristic of, symptomatic of or associated with
bipolar disorder. 15The present invention is further directed to
methods for the treatment of mania, bipolar depression, bipolar
mania, bipolar cycling and / or bipolar disorder Comprising
administering to a subject in need thereof co-therapy with at least
one antidepressant and / or at least one antipsychotic agent and / or
at least one mood stabilizer and a compound of formula (I) or formula
(II) as 20 described herein.         Bipolar disorder is psychiatric
disorder characterized by unpredictable swings in mood from mania (or
hypomania) to depression. As used herein, the term "bipolar disorder
shall include bipolar disorder I (e.g. single manic 25 episode, most
recent episode hypomanic, most recent episode manic, most recent
episode mixed, most recent episode depressed and most recent episode
unspecified), bipolar disorder II, cyclothymic disorder and bipolar
disorder not otherwise specified ( as these terms are defined by
their diagnostic criteria, in the Diagnostic and Statistical Manual
of Mental Disorders, 4th  WO 2007/075695PCT/US2006/048448 Edition,
Text Revision, American Psychiatric Association, 2000 (DSM-IV-TR))..
Preferably, the bipolar disorder is characterized by depressive and
manic (or hypomanic) phases, wherein the phases cycle. Preferably,
the bipolar disorder is bipolar disorder I or bipolar disorder II.
5As used herein, the term "mania" 'shall include mania or a manic
mood phase, regardless of underlying cause. As used herein, the term
"bipolar mania" is intended to mean the mania associated with,
characteristic of or symptomatic of a bipolar disorder. Thus, methods
of treating bipolar mania of the present invention are directed to
methods which treat the mania and / or 10 manic phase of bipolar
disorders.        As used herein, the term "bipolar depression" is
intended to mean the depression associated with, characteristic of or
symptomatic of a bipolar disorder. Thus, methods of treating bipolar
depression of the present invention are directed to methods which
treat the depression and /or depressed phase of 15 bipolar disorders.
As used herein, unless otherwise noted the terms "cycling" or
"bipolar cycling" shall refer to the alternation of mood between
depressive and manic phases characteristic of bipolar disorders.
Thus, the present invention includes 20 methods for the stabilization
of said cycling, including, but not limited to, decreasing the
frequency of the cycling and / or decreasing the magnitude of the
manic and / or depressive phases. As used herein, the term "mood
stabilizer" shall include any 



25 pharmaceutical agent which controls mood including, but not
limited to, lithium, valproic acid, sodium valproate, carbamazepine,
lamotrigine, topiramate, and the like. More specifically, a mood
stabilizer is any pharmaceutical agent which stabilizes the patients
mood may act as an antidepressant, an antimanic or both and biases
the patient mood toward euthymia. 30        As used herein, unless
otherwise noted, the term "antidepressant' shall mean any
pharmaceutical agent which treats depression. Suitable examples
include, but are not limited to mono-amine oxidase inhibitors such as
WO 2007/075695PCT/US2006/048448 phenelzine, tranylcypromine,
moclobemide, and the like; tricyclics such as imipramine,
amitriptyline, desipramine, nortriptyline, doxepin, protriptyline,
trimipramine, chlomipramine, amoxapine, and the like; tetracyclics
such as maprotiline, and the like; non-cyclics such as nomifensine,
and the like; 5 triazolopyridines such as trazodone, and the like;
serotonin reuptake inhibitors such as fluoxetine, sertraline,
paroxetine, citalopram, fluvoxamine, and the like; serotonin receptor
antagonists such as nefazadone, and the like; serotonin noradrenergic
reuptake inhibitors such as venlafaxirie, milnacipran and the like;
noradrenergic and specific serotonergic agents such as mirtazapine,
and the 10 like; noradrenaline reuptake inhibitors such as
reboxetine, and the like; atypical antidepressants such as bupropion,
and the like; natural products such as Kava-Kava, St. John's Wort,
and the like; dietary supplements such as sadenosylmethionine., and
the like; and neuropeptides such as thyrotropinreleasing hormone and
the like, and the like; compounds targeting 15 neuropeptide receptors
such as neurokinin receptor antagonists and the like; and hormones
such as triiodothyronine, and the like. Preferably, the
antidepressant is selected from the group consisting of fluoxetine,
imipramine, bupropion, venlafaxine and sertaline. 20As used herein
the term "antipsychotic" is intended to includes, but are is not
limited to (a) typical or traditional antipsychotics, such as
phenothiazines (eg, chlorpromazine, thioridazine, fluphenazine,
perphenazine, trifluoperazine, levomepromazin), thioxanthenes (eg,
thiothixene, flupentixol), butyrophenones (eg, haloperidol),
dibenzoxazepines (eg, loxapine), dihydroindolones (eg, 25 molindone),
substituted benzamides (eg, sulpride, amisulpride), and the like; and
(b) atypical antipsychotics, such as divalproate sodium,
paliperidone, clozapine, risperidone, olanzapine, quetiapine,
zotepine, ziprasidone, iloperidone, perospirone, blonanserin,
sertindole, ORG-5222 (Organon), and the like; and others such as
sonepiprazole, aripiprazole, nemonapride, SR- 30 31742 (Sanofi),
OX-516 (Cortex), SC-111 (Scotia), NE-100 (Taisho), and the like.  WO
2007/075695PCT/US2006/048448
2-methyl-4-(4-methyl-1-piperaziny1)-10H-thieno[2,3-b]benzodiazepine,
known as olanzapine and described in US Patent No 5,229,382 as useful
for the treatment of schizophrenia, schizophreniform disorder, acute
mania, mild anxiety states and psychosis; with a recommended dosage
of 5-30 mg/day, 5 preferably 5-10 mg/day (Physician's Desk Reference;
Kaplan & Sadock's Comprehensive Textbook of Psychiatry, Seventh
Edition, Volume II, Lippincott Williams & Wilkins: Philadelphia,
2000);
8-chloro-11-(4-methy1-1-piperaziny1)-5H-dibenzo[b,e][1,4]diazepine,
known as clozapine and disclosed in US Patent No. 3,539,573, with
clinical 10efficacy in the treatment of schizophrenia described in



312-14-(6-fluoro-1,2-benzisoxazol-3-y1)-1-piperidinyljethy11-6,7,8,9;
tetrahydro-9-hydroxy-2-methyl-H-Pyrido[1,2-a]pyrimidin74-one, known
as paliperidone, also known as 9-hydroxy-risperidone, described in US
Patent 25 5,5158,952, useful for the treatment of psychotic
disorders, with contemplated dosages in the range of 0.01mg/kg to
about 2-mg/kg body weight per day;
112-[345-chloro-1-(4-fluoropheny1)-1H-indo1-3-y1]-1-
piperidinyliethyl]imidazolidin-2-one, known as sertindole and
disclosed in US Patent No. 4,710,500, with US Patent No 5,112,838 and
US Patent No 30 5,238,945 disclosing the use of sertindole for the
treatment of schizophrenia; with a starting dose of 4 mg/day, with
increases of 4 mg every other day up to 24 mg/day, with final
recommended dosage range of 12 to 20 mg/day (Kaplan  WO
2007/075695PCT/US2006/048448 & Sadock's Comprehensive Textbook of
Psychiatry, Seventh Edition, Volume Lippincott Williams & Wilkins:
Philadelphia, pp. 2467-2468, 2000);
512-(4-dibenzo[b,f][1,4]thiazepin-11-y1-1-piperazinyflethoxylethanol,
known as quetiapine and disclosed in US Patent No 4,879,288 for the 5
treatment of schizophrenia; with a recommended dosage of 25-800
mg/day, preferably 150-750 mg/day (Physician's Desk Reference; Kaplan
& Sadock's Comprehensive Textbook of Psychiatry, Seventh Edition,
Volume II, Lippincott Williams & Wilkins: Philadelphia, 2000);
5-[244-(i,2-dibenzoisothiazol-3-y1)-1-piperazinyliethyll-6-chloro-1,3
- 10. dihydro-2H-indo1-2-one, known as ziprasidone and disclosed in
US Patent No 4,831,031 and US Patent No 5,312,925, with its utility
in the treatment of schizophrenia disclosed in US Patent No
4,831,031; with a recommended dosage of 40-160 mg/day, with a
preferred dosage for maintenance treatment and prevention of relapse
of 40 to 60 mg twice a day (Kaplan & Sadobk's 15 Comprehensive
Textbook of Psychiatry, Seventh Edition, Volume II, Lippincott
Williams & Wilkins: Philadelphia, pp. 2470-2471, 2000); and
sodium hydrogen bis(2-propylpentanoate), also known as divalproex
sodium, described in US Patent No. 5212326, with a recommended dosage
for the treatment of mania at an initial 750 mg/day with a maximum
recommended 20 dosage of 60 mg/kg/day (Physicians Desk Reference).
The term "subject" as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of
treatment, observation or experiment. 25        The term
'Therapeutically effective amount" as used herein, means that amount
of active compound or pharmaceutical agent that elicits the
biological or medicinalresponse in a tissue system, animal or human
that is being sought by a researcher, veterinarian, medical doctor or
other clinician, which includes 30 alleviation of the symptoms of the
disease or disorder being treated.        Wherein the present
invention is directed to co-therapy or combination therapy,
comprising administration of one or more compound(s) of formula (I)
or formula (II) and one or more antipsychotic and / or
antidepressant,  WO 2007/075695PCT/US2006/048448 



"therapeutically effective amount" shall mean that amount of the
combination of agents taken together so that the combined effect
elicits the desired biological or medicinal response. For example,
the therapeutidally effective amount of co-therapy comprising
administration of a compound of formula (I) or formula 5 (II) and at
least on antidepressant and / or at least one antipsychotic would be
the amount of the compound of formula (I) or formula (II) and the
amount of the antidepressant and / or antipsychotic that when taken
together or sequentially have a combined effect that is
therapeutically effective. Further, it will be recognized by one
skilled in the art that in the case of co-therapy with a 10
therapeutically effective amount, as in the example above, the amount
of the compound of formula (I) or formula (II) and/or the amount of
the antidepressant and / or antipsychotic individually may or may not
be therapeutically effective. As used herein, the terms "co-therapy"
and "combination therapy" 15 shall mean treatment of a subject in
need thereof by administering one or more compounds of formula (I) or
formula (II) in combination with one or more antidepressant(s) and /
or antipsychotic(s), wherein the compound(s) of formula (I) or
formula (II) and the antidepressant(s) and / or antipsychotic(s)are
administered by any suitable means, simultaneously, sequentially,
separately 20 or in a single pharmaceutical fermulation. Where the
compound(s) of formula (I) or formula (II) and the antidepressant(s)
and! or antipsychotic(s)are  administered in separate dosage forms,
the number of dosages administered per day for each compound may be
the same or different. The compound(s) of  formula (I) or formula
(II) and the antidepressant(s) and! or 25 antipsychotic(s)may be
administered via the same or different routes of administration.
Examples of suitable methods of administration include, but are not
limited to, oral, intravenous (iv), intramuscular (im), subcutaneous
(cc), transdermal, and rectal. Compounds may also be administered
directly to the nervous system including, but not limited to,
intracerebral, intraventricular; 30 intracerebroventricular,
intrathecal, intracistemal, intraspinal and / or pen-spinal routes of
administration by delivery via intracranial oi intravertebral needles
and / or catheters with or without pump devices. The compound(s) of
formula (I) or formula (II) and the antidepressant(s) and / or
antipsychetic(s) may be  WO 2007/075695PCT/US2006/048448 administered
according to simultaneous or alternating regimens, at the same or
different times during the course of the therapy, concurrently in
divided or single forms. 5In an embodiment, the present invention is
directed to a method for the treatment of depression associated with
or characteristic of or symptomatic of bipolar disorder. In another
embodiment, the present invention is directed to a method for the
treatment of mania associated with or characteristic of or
symptomatic of bipolar disorder. In yet another embodiment, the
present 10 invention is directed to a method for the treatment of
cycling (between depression and mania or the depressive and manic
phases) associated with or characteristic of or symptomatic of
bipolar disorder. In an embodiment of the present invention R1 is
selected from the group 15 consisting of hydrogen and methyl. In
another embodiment of the present invention R2 is selected from the
group consisting of hydrogen and methyl. In yet another embodiment of
the present invention R! and 1:12 are each hydrogen or R' and R2 are
each methyl. 20In an embodiment of the present invention -(OH2)a- is



In an embodiment of the present invention b is an integer from 0 to
2. In 30 another embodiment of the present invention c is an integer
from 0 to 2. In another embodiment of the present invention b is an
integer from 0 to 1. In another embodiment of the present invention c
is an integer from 0 to 1. In yet another embodiment of the present
invention the sum of b and c is an integer  WO
2007/075695PCT/US20061048448 form 0 to 2, preferably an integer form
0 to 1. In yet another embodiment of the present invention b is an
integer from 0 to 2 and c is 0. is selected from the 0 >4- 0, 10 CI R
I In an embodiment of the present invention,is selected from the
group consisting of 2-(2,3-dihydro-benzo[1,41dioxinyl),
2-(benzo[1,3]dioxoly1), 3- (3,4-dihydro-benzo[1,4]dioxepinyl),
2-(6-chloro-2,3-dihydro-benzo[1,41dioxinyl),
2:(6-fluoro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(chromanyl),
2-(5-fluoro-2,3- 15dihydro-benzo[1,41dioxinyl),
2-(7-chloro-2,3-dihydro-benzo[1,41dioxinyl),
chloro-benzo[1,3]dioxoly1),
2-(7-nitro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1,41]dioxinyl), 2-(5-chloro-2,3-dihydro-  WO
2007/075695PCT/US21106/948448 benzo[1,4]dioxinyl),
2-(6-bromo-2,3-dihydro-benzo[1,4]dioxinyl),
2-(6,7-dichloro2,3-dihydro-benzo[1,41clioxinyl),
2-(8-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-
(2,3-dihydro-naphtho[2,3-b][1,4]dioxinyl) and
2-(4-methyl-benzo[1,3]dioxoly1). 5In another embodiment of the
present invention,  is selected  from the group consisting
2-(benzo[1,3]clioxoly1), 2-(2,3-dihydro- benzo[1,4]dioxinyl),
2-(6-chloro-2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-chloro-2,3-
dihydro-benzo[1,4]dioxinyl),
2-(7-methyl-2,3-dihydro-benzo[1,4]dioxinyl), 2-(6-
bromo-2,3-dihydro-benzo[1,4]clioxinyl) and
27(6,7-dichloro-2,3-dihydro- 10benzo[1,4]clioxiny1)1 In another
embodiment of the present invention, is Selected from the group
consisting of 2-(2,3-dihydro-benzo[1,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1,4]dioxinyl) and 2-(6-bromo-2,3-dihydro-
benzo[1 ,4]clioxiny1). 



15In an embodiment of the present invention R5 is selected from the
group consisting of halogen and lower alkyl. In another embodiment of
the present invention R5 is selected from chloro, fluoro, bromo and
methyl. In an embodiment of the present invention, the stereo-center
on the 20 compound of formula (I) is in the S-configuration. In
another embodiment of the present invention, the stereo-center on the
compound of formula (I) is in the R-configuration. In an embodiment
of the present invention the compound of formula (I) is present as an
enantiomerically enriched mixture, wherein the % enantiomeric 25
enrichment (% ee) is greater than about.75`)/0, preferably greater
than about 90%, more preferably greater than about 95%, most
preferably greater than about 98%.             Additional embodiments
of the present invention, include those wherein 30 the substituents
selected for one or more of the variables defined herein (i.e.  WO
20071075695PCT1US20061048448 R1, R2, Rs, R4, X-Y and A) are
independently selected to be any individual substituent or any subset
of substituents selected from the complete list as defined herein.
5Representative compounds of the present invention, are as listed in
Tables 1 below. Additional compounds of the present invention are as
listed in Table 3. In Tables 1 and 2 below, the column headed
"stereo" defines the stereo-configuration at the carbon atpm of the
heterocycle attached at the starred bond. Where no designation is
listed, the compound was prepared as a 10mixture of
stereo-configurations. .Where an "R" or "S" designation is listed,
the stereo-configuration was based on the enantiomerically enriched
starting material. Table 1: Representative Compounds of Formula (I)
/ - . IRI RI40R1 11/ II 0R  . _ /(CH2)a--N---S-N  ID No. 



. _ / Stereo (CH2). NR4 al R2 1 2-(2,3-dihydro- benzo[1,41dioxinyl)
CH2 NH H H 2 2-(benzo[1,3]dioxoly1)  CH2 NH H H 3 3-(3,4-dihydro-2H-
benzo(1,4jdioxepinyl)  CH2 



NH H H 4 2-(2,3-dihydro- benzo[1 ,4]clioxinyl) S CH2 NH H H 5
2-(2,3-dihydro- benzo[1,4]dioxinyl) R CH2 . . NH H H 6
2-(2,3-dihydro- benzo[1,4)dioxinyl)  CH2 NH   . methyl 



methyl 7 2-(2,3-dihydro- benzo[1,4]dioxinyl)  CH2 N(CH3) H H  WO
2007/075695PCT/US2006/048448 8 2-(6-chloro-2,3-dihydro-
benzo[1,4]dioxinyl) S CH2 NH H H 9 2-(6-fluoro-2,3-dihydro-
benzo[1,4]dioxinyl) S CH2 NH H 



H 10 2-(chromanyl)  CH2 NH H H .13 2-(5-fluoro-2,3-dihydro- ben
zo[1,4]dioxinyl) S CH2 NH H H 14 2-(7-chloro-2,3-dihydro-
benzo[1,41dioxinyl) S CH 2 NH H H 15 2-(6-chlo ro- 



benzo[1,3]dioxoly1)  CH2 NH H H 16 2-(2,3-dihydro-
benzo[1,4]dioxinyl)  CH2CH2 NH H H 18 2-(7-nitro-2,3-dihydro-
benzo[114]dioxinyl) S CH 2 NH H H 19 2-(7-methyl-2,3-dihydro-
benzo[1,4]dioxinyl) S 



CH 2 NH H H 20 2-(5-chloro-2,3-dihydro- benzo[1,4]dioxinyl) S CH2 NH
H H 22 2-(8-methoxy-2,3- dihydro- benzo[1,4]dioxinyl) S CH2 NH H H 24
2-(6-bromo-2,3-dihydro- benzo[1,4]dioxinyl) S CH2 



NH H H 29 2-(6,7-d ichloro-2,3- dihydro- benzo[1,41dioxinyl) S CH2 NH
H H 30 2-(8-chl oro-2,3-di hydro- benzo[1,4]dioxinyl) S CH2 NH H H 33
2-(2,3-dihydro- naphtho[2,3- b][1,4]dioxinyl) S CH2 



NH H H  WO 2007/075695PCT/US2006/048448 35 2-(4-methyl-
benzo[1,3]dioxoly1)  CH2 . NH H H  Table 2: Additional Compounds of
the Present Invention   _R'40p01 /?Iii/ 1 IYI   XNSN . _ /II\ 12 0R  



ID No. / _ \ Iyi s.  _/ Stereo X NR14 R11 R12 23
2-(5-methoxy-2,37dihydro- benzo[1,4]clioxinyl) S CH 2 NH H H 26
2-(6-methylcarbony1-2,3- dihydro- benzo[1,4]dioxinyl) S CH2 NH H H 



32 2-(6-methoxycarbony1-2,3- dihydro- benzo[1,4]dioxinyl) S CH2 NH H
H  . 34 2-(6-hydroxymethy1-2,3- dihydro- benzo[1,41clioxinyl) S CH2 .
NH H H  36 2-(7-amino-2,3-dihydro- benzo[1,4]clioxinyl) S CH2 



NH H H             As used herein, unless otherwise noted, "halogen"
shall mean chlorine, 5bromine, fluorine and iodine.        As used
herein, unless otherwise noted, the term "alkyl" whether used alone
or as part of a substituent group, includes straight and branched
chains. For example, alkyl radicals include methyl, ethyl, propyl,
isopropyl, butyl, 10isobutyl, sec-butyl, t-butyl, pentyl and the
like. Unless otherwise noted, "lower" when used with alkyl means a
carbon chain composition of 1-4 carbon atoms.  WO
2607/075695PCT/US2006/048448        As used herein, unless otherwise
noted, "alkoxy" shall denote an oxygen ether radical of the above
described straight or branched chain alkyl groups. For example,
methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy and the
like. 5 As used herein, the notation "*" shall denote the presence of
a stereogenic center. When a particular group is "substituted" (e.g.,
alkyl, aryl, etc.), that 10 group may have one or more substituents,
preferably from one to five substituents, more preferably from one to
three substituents, most preferably from one to two substituents,
independently selected from the list of substituents. 15With
reference to substituents, the term "independently" means that when
more than one of such substituents is possible, such substituents may
be the same or different from each other. Under standard nomenclature
used throughout this disclosure, the terminal 20 portion of the
designated side chain is described first, followed by the adjacent
functionality toward the point of attachment. Thus, for example, a
"phenyl-alkylamino-carbonyl-alkyl" substituent refers to a group of
the formula    25Abbreviations used in the specification,
particularly the Schemes and Examples, are as followe: 



bcc=Dicyclohexyl Carbodiimide DCEDichloroethane DCM= Dichloromethane
DIPEA or D1EA=Diisopropylethylamine  WO 2007/075695PCTIUS2006/048448
DMF DMS0 EDC Et3N or TEA Et.20 EA or Et0Ac  Et0H IPA Hept HOBT HPLC
LAH ,M or Me0H NMR Pd-C RP HPLC PT or rt TEA TFA THF TLC
N,IV-Dimethylforma. mide  Dimethylsulfoxide  Ethylcarbodiimide
Triethylemine  Diethyl ether  Ethyl acetate =Ethanol 



2-propanol  Heptane  1-Hydroxybenzotriazole High Pressure Liquid
Chromatography  Lithium Aluminum Hydride =Methanol  Nuclear Magnetic
Resonance Palladium on Carbon Catalyst Reverse Phase High Pressure
Liquid Chromatography Room temperature  Triethylamine
=Trifluoroacetic Acid Tetrahydrofuran  Thin Layer Chromatography
Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally
exist as 5 diastereomers. It is to be understood that all such
isomers and mixtures thereof are encompassed within the scope of the
present invention. Furthermore, some of the crystalline forms for the
compounds may exist as polymorphs and as such are intended to be
included in the present invention. In addition, some of the compounds
may form solvates with water (i.e., 10 hydrates) or common organic
solvents, and such solvates are also intended to be encompassed
within the scope of this invention.  WO
2007/075695PCT/US2006/041841418        For use in medicine, the salts
of the compounds of this invention refer to non-toxic
"pharmaceutically acceptable salts." Other salts may, however, be
useful in the preparation of compounds according to this invention or
of their 5" pharmaceutically acceptable salts. Suitable
pharmaceutically acceptable salts of the compounds include acid
addition salts which may, for example, be formed by mixing a solution
of the compound with a solution of a pharmaceutically acceptable acid
such as hydrochloric acid, sulfuric acid, fumaric acid, maleic acid,
succinic acid, acetic acid, benzoic acid, citric acid, 10 tartaric
acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include alkali metal
salts, e.g., sodium or potassium salts; alkaline earth metal salts,
e.g., calcium or magnesium salts; and salts formed with suitable
organic ligands, e.g., quatemary ammonium 15 salts. Thus,
representative pharmaceutically acceptable salts include the
following:         acetate, benzenesulfonate, benzoate, bicarbonate,
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate,
carbonate, chloride, clavulanate, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, fumarate, 20gluceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine,
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isothionate,
lactate, lactobionate, laurate, malate, maleate, mandelate, mesylate,
methylbromide, methylnitrate, methylsulf ate, mucate, napsylate,
nitrate, N-methylglucamine ammonium salt, oleate, pamoate (embonate),



25palmitate, pantothenate, phosphate/diphosphate, polygalacturonate,
salicylate, stearate, sulfate, subacetate, succinate, tannate,
tartrate, teoclate, tcisylate, triethiodide and valerate.
Representative acids and bases which may be used in the preparation
30 of pharmaceutically acceptable salts include the following:
acids including acetic acid, 2,2-dichloroactic acid, acylated amino
acids, adipic acid, alginic acid, ascorbic acid, Laspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid,
(+)-camphoric acid, camphorsulfonic  WO 2007/075695PCT1US2006/048448
acid, (+)-(1S)-camphor-1O-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid,
dodecylsulfuric acid, ethane-1,2- disulfonic acid, ethanesulfonic
acid, 2-hydrocy-ethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid,
D-glucoronic acid, L-glutamic acid, a-oxo-glutaric acid, glycolic
acid, hipuric acid, hydrobromic acid, hydrochloric acid, (+)-L-lactic
acid, ()-DL-lactic acid, lactobionic acid, maleic acid, (-)-L-malic
acid, malonic acid, (t)-)7DL-mandelic acid, methanesulfonic acid,
naphthalene-2-sulfonic acid, 'naphthalene-1,5- disulfonic acid,
1-hydroxy-2-naphthoic acid, nicotinc acid, nitric acid, oleic acid,
10orotic acid, oxalic acid, palmitria acid, pamoic acid, phosphoric
acid, L- pyroglutamic acid, salicylic acid, 4-amino-salicylic acid,
sebaic acid, stearic acid, succinic acid, sulfuric acid, tannic acid,
(+)-L-tartaric acid, thiocyanic acid, p-toluenesulfonic acid and
undecylenic acid; and bases including ammonia, L-arginine,
benethamine, benzathine, calcium 15hydroxide, choline, deanol,
diethanolamine; diethylamine, 2-(diethylamino)- ethanol,
ethanolamine, ethylenediamine, N-methyl-gluCamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide,
4-(2-hydroxyethyl)-morpholine, piperazine, potassium hydroxide,
1-(2-hydroxyethyl)-pyrrolidine, secondary amine, sodium hydroxide,
triethanolamine, tromethamine and zinc hydroxide. 20        Compounds
of formula (I) may be prepared according to the process outlined in
Scheme 1.  WO 2007/075695PCT/US2006/048448        Accordingly, a
suitably substituted compound of formula (X), a known compound or
compound prepared by known methods, is reacted with sulfamide, a
known compound, preferably wherein the sulfamide is present in an
amount in the range of about 2 to about 5 equivalents, in an organic
solvent 5 such as THF, dioxane, and the like, preferably at an
elevated temperature in the range of about 50C to about 100C, more
preferably at about reflux temperature, to yield the corresponding
compound of formula (la).        Alternatively, a suitably
substituted compound of formula (X), a known compound or compound
prepared by known methods, is reacted with a suitably 10 substituted
compound of formula (XI), a known compound or compound prepared by
known methods, in the presence of a base such as TEA, DIPEA,
pyridine, and the like, in an organic solvent such as DMF, DMSO, and
the like, to yield the corresponding compound of formula (I).
15Compounds of formula (X) whereinis i (R )b>4- 



Q.."4.24,....."...0 may be prepared according to the process outlined
in Scheme 2.    0 (R5)0 0 (Xa) Scheme 2 20Accordingly, a suitably
substituted compound of formula (XII), a known compound or compound
prepared by known method (for example as described in Scheme 3 above)
is reacted with NH4OH, a known compound, optionally in 23  WO
2007/075695PCTIUS2006/048448 an organic solvent such as acetonitrile,
and the like, to yield the corresponding compound of formula (XIII).
The compound of formula (XIII) is reacted with a suitably selected
reducing agent, such as LAH, and the like, and the like, in an
organic solvent 5 such as THE, diethyl ether, and the like, to yield
the corresponding compound of formula (Xa). Compounds of formula (X)
wherein  Is selected from   may be prepared according to the process
outlined 10 in Scheme 3. 



(XIV)(XV) (R5)64-.NH2 (Xb) Scheme 3 Accordingly, a suitably
substituted compound of formula (XIV), a known 15 compound or
compound prepared by known methods, is reacted with NRICH, in the
presence of a coupling agent such as DOC, and the like, optionally in
an organic solvent such as acetonitrile, and.the like, to yield the
corresponding compound orformula (XV). The compound of formula (XV)
is reacted with a suitably selected 20 reducing agent, such as LAH,
and the like, in an organic solvent such as THE, diethyl ether, and
the like, to yield the corresponding compound of formula (Xb).  WO
2007/075695PCT/U52006/048.148  .Compounds of formula (X) whereinis
selected from (R5)64-1_,7-25- 0and wherein a is 2, may be prepared
according to the process outlined in Scheme 4. 0 (R5)b(R5) +,-- 00 b
(XVII) 



(XVI) H2 (115)F5-1- (XC) Scheme 5      Accordingly, a suitably
substituted compound of formula (XVI) wherein J1 is.a suitable
leaving group such as Br, Cl, I, tosyl, mesyl, triflyl, and the like,
a 10 known compound or compound prepared by known methods (for
example, by activating the corresponding compound wherein J1 is 0H);
is reacted with a cyanide such as potassium cyanide, sodium cyanide,
and the like, in an organic solvent such as DMSO, DMF, THF, and the
like, to yield the corresponding compound of formula (XVII). 15The
compound of formula (XVII) is reduced according to known methods, for
example by reacting with a suitable reducing agent such as LAH,
borane, and the like, to yield the corresponding compound of formula
(Xc).  WO 2007/075695PCT/US2006/048448    Compounds of formula (X)
whereinis selected from and wherein a is 17 may be prepared according
to the  Scheme 5       Accordingly, a suitably substituted compound
of formula (XVIII), a known compound or compound prepared by known
methods is activated, according to known method, to yield the
corresponding compound of formula (XIX), wherein 10J2 is a suitable
leaving group, such tosylate, Cl, Br, I, mesylate, triflate, and the
like.       The compound of formula (XIX) is reacted with a
phthalimide salt such as Potassium phthlimide, sodium phthalimide,
and the like, in an organic solvent such as DMF, DMSO, acetonitrile,
and the like, preferably, at an 15 elevated temperature in the range
of from 50C to about 200C, more preferably, at about reflux
temperature, to yield the corresponding compound of formula (XX).  WO
2007/075695PCT/US2006/048448 



The compound of formula (XX) is reacted with N21-14, a known
compound, in an organic solvent such as ethanol, methanol, and the
like, preferably, at an elevated temperature in the range of from
about 50C to about 100C, more preferably, at about ref lux
temperature, and the like, to yield the 5 corresponding compound of
formula (Xd). (R5)o 0may be similarly prepared according to known
methods or for example, according to the processes outlined in
Schemes 2 through 5 above, by selecting and substituting the
corresponding naphthyt-fused compounds for the benzo-fused starting
materials. 15 One skilled in the art will further recognize that
wherein a single enantiomer (or a Mixture of enantiomers wherein one
enantiomer is enriched) of a compound of formula (X) is desired, the
above processes as described in    Schemes 1 through 5 may be applied
by substituting the corresponding single 20 enantiomer (or mixture of
enantiomers wherein one enantiomer is enriched) for the appropriate
starting material.  WO 2007/075695PCT/US2006/048448        One
skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or
solvent systems, said reaction step may also be carried out in a
mixture of the suitable solvents 5 or solvent systems. Where the
processes for the preparation of the compounds according to the
invention give rise to mixture of stereoisomers, these isomers may be
separated by conventional techniques such as preparative
chromatography. 10 The compounds may be prepared in racemic form, or
individual enantiomers may be prepared either by enantiospecific
synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques,
such as the formation of diastereomeric pairs by salt formation with
an optically active acid, such as (-)-di-p-toluoyi-D-tartaric acid
15and/or ()-di-p-toluoyl-L-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may
also be resolved by formation of diastereomeric esters or amides,
followed by chromatographic separation and removal of the chiral
auxiliary. Alternatively, the compounds may be resolved using a.
chiral HPLC column. 20        During any of the processes for
preparation of the compounds of the present invention, it may be
necessary and/or desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved by means of
conventional protecting groups, such as those described in Protective
25 Groups in Organic Chemistry, ed..J.F.W. McOmie, Plenum Press,
1973; and T.W. Greene & P.G.M. Wuts, Protective Groups in Organic
Synthesis, John Wiley & Sons, 1991. The protecting groups may be
removed at a convenient subsequent stage uSing methods known from the
art. 30The present invention further comprises pharmaceutical
compositions containing one or more compounds of formula (I) with a
pharmaceutically acceptable carrier. Pharmaceutical compositions
containing one or more of the compounds of the invention described
herein as the active ingredient can be 



WO 2007/075695PCT/US2006/048448 prepared by intimately mixing the
compound or compounds with a pharmaceutical carrier according to
conventional pharmaceutical compounding techniques. The carrier may
take a wide variety of forms depending upon the desired route of
administration (e.g., oral, parenteral). Thus for liquid 'oral 5
preparations such as suspensions, elixirs and solutions, suitable
carriers and additives include water, glycols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring agents and the
like; for solid oral preparations, such as powders, capsules and
tablets, suitable carriers and additives include starches, sugars,
diluents, granulating agents, lubricants, binders, disintegrating
agents 1.0 and the like. Solid oral preparations may also be coated
with substances such as sugars or be enteric-coated so as to modulate
major site of absorption. For parenteral administration, the carrier
will usually consist of sterile water and other ingredients may be
added to increase solubility or preservation. Injectable suspensions
or solutions may also be prepared utilizing aqueous 15carriers along
with appropriate additives.         To prepare the pharmaceutical
compositions of this invention, one or more compounds of the present
invention as the active ingredient is intimately admixed with a
pharmaceutical carrier according to conventional 20 pharmaceutical
compounding techniques, which carrier may take a wide variety of
forms depending of the form of preparation desired for
administration, e.g., oral or parenteral such as intramuscular. In
preparing the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed. Thus, for liquid oral
preparations, such as for example, suspensions, elixirs and
25solutions, suitable carriers and additives include water, glycols,
oils, alcohols, flavoring agents, preservatives, coloring agents and
the like; for solid oral preparations such as, for example, powders,
capsules, caplets, gelcaps and tablets, suitable carriers and
additives include starches, sugars, diluents, granulating agents,
lubricants, binders, disintegrating agents and the like. 30 Because
of their ease in administration, tablets and capsules represent the
most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If desired, tablets
may be sugar coated or enteric coated by standard techniques. For
parenterals, the carrier will usually  WO
2007/075695PCT/US2006/048448 comprise sterile water, through other
ingredients, for example, for purposes such as aiding solubility or
for preservation, may be included. Injectable suspensions may also be
prepared, in which case appropriate liquid carriers, suspending
agents and the like may be employed. The pharmaceutical 5
compositions herein will contain, per dosage unit, e.g., tablet,
capsule, powder, injection, teaspoonful and the like, an amount of
the active ingredient necessary to deliver an effective dose as
described above. The pharmaceutical compositions herein will contain,
per unit dosage unit, e.g., tablet, capsule, powder, injection,
suppository, teaspoonful and the like, of from 10 about 0.1-1000 mg
and may be given at a dosage of from about 0.01-200.0 mg/kg/day,
preferably from about 0.1 to 100 mg/kg/day, more preferably from
about 0.5-50 mg/kg/day, more preferably from about 1.0-25.0 mg/kg/day
or any range therein. The dosages, however, may be varied depending
upon the requirement of the patients, the severity of the condition
being treated and the 15 compound being employed. The use of either



tablets, pills, capsules, powders, granules, sterile parenteral
solutions or 20 suspensions, metered aeroSol or liquid sprays, drops,
ampoules, autoinjector devices or suppositories; for oral parenteral,
intranasal, sublingual or rectal administration, or for
administration by inhalation or insufflation. Alternatively, the
composition may be presented in a form suitable for once-weekly or
once-monthly administration; for example, an insoluble salt of the
active compound, 25 such as the decanoate salt, may be adapted to
provide a depot preparation for intramuscular injection. For
preparing solid compositions such as tablets, the principal active
ingredient is mixed with a pharmaceutical carrier, e.g. conventional
tableting ingredients such as corn starch, lactose, sucrose,
sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate
or gums, 30 and other pharmaceutical diluents, e.g. water, to form a
solid preformulation composition containing a homogeneous mixture of
a compound of the present invention, or a pharmaceutically acceptable
salt thereof. When referring to these preformulation compositions as
homogeneous, it is meant that the active  WO
2007/075695PCT/US2006/048448 ingredient is dispersed evenly
throughout the composition so that the composition may be readily
subdivided into equally effective dosage forms such as tablets, pills
and capsules. This solid preformulation composition is then
subdivided into unit dosage forms of the type described above
containing 5 from 0.1 to about 1000 mg of the active ingredient of
the present invention. The tablets or pills of the novel composition
can be coated or otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For example, the tablet
or pill can comprise an inner dosage and an outer dosage component,
the latter being in the form of an envelope over the 10 former. The
two components can be separated by an enteric layer which serves to
resist disintegration in the stomach and permits the inner component
to pass intact into the duodenum or to be delayed in release. A
variety of material can be used for such enteric layers or coatings,
such materials including a number of polymeric acids with such
materials as shellac, cetyl 15 alcohol and cellulose acetate.
The liquid forms in which the novel compositions of the present
invention may be incorporated for administration orally or by
injection include, aqueous solutions, suitably flavored syrups,
aqueous or oil suspensions, and flavored 20 emulsions with edible
oils such as cottonseed oil, sesame oil, coconut oil or peanut oil,
as well as elixirs and similar pharmaceutical vehicles. Suitable
dispersing or suspending agents for aqueous suspensions, include
synthetic and natural gums such as tragacanth, acacia, alginate,
dextran, sodium carboxymethylcellulose, methylcellulose,
polyvinyl-pyrrolidone or gelatin. 25        The method of treating
depression described in the present invention may also be carried out
using a pharmaceutical composition comprising any of the compounds as
defined herein and a pharmaceutically acceptable carrier. The
pharmaceutical composition may contain between about 0.1 mg and 1000
mg, 30 preferably about 50 to 500 mg, of the compound, and may be
constituted into any form suitable for the mode of administration
selected. Carriers include necessary and inert pharmaceutical
excipients, including, but not limited to, binders, suspending
agents, lubricants, flavorants, sweeteners, preservatives, dyes, and
WO 2007/075695PCT/US2006/048448 coatings. Compositions suitable for



suspensions.       Advantageously, compounds of the present invention
may be administered in a single daily dose, or the total daily dosage
may be administered in divided 10 doses of two, three or four times
daily. Furthermore, compounds for the present invention can be
administered in intranasal form via topical use of suitable
intranasal vehicles, or via transdermal skin patches well known to
those of ordinary skill in that art. To be administered in the form
of a transdermal delivery system, the dosage administration will, of
course, be continuous rather than 15 intermittent throughout the
dosage regimen.        For instance, for oral administration in the
form of a tablet or capsule, the active drug component can be
combined with an oral, non-toxic pharmaceutically acceptable inert
carrier such as ethanol, glycerol, water and the like. Moreover, - 20
when desired or necessary, suitable binders; lubricants,
disintegrating agents and coloring agents can also be incorporated
into the mixture. Suitable binders include, without limitation,
starch, gelatin, natural sugars such as glucose or beta-lactose, corn
sweeteners, natural and synthetic gums such as acacia, tragacanth p
or sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, 25 sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch, methyl cellulose,
agar, bentonite, xanthan gum and the like. The liquid forms in
suitably flavored suspending or dispersing agents such as the
synthetic and natural gums, for example, tragacanth, acacia, methyl-
30 cellulose and the like. For parenteral administration, sterile
suspensions and solutions are desired. Isotonic preparations which
generally contain suitable preservatives are employed when
intravenous administration is desired.  WO
2007/075695PCT/US2006/048448        Compounds of this invention may
be administered in any of the foregoing compositions and according to
dosage regimens established in the art whenever treatment of
depression is required. 5The daily dosage of the products may be
varied over a wide range from 0.01 to 200 mg / kg per adult human per
day. For oral administration, the compositions are preferably
provided in the form of tablets containing, 0.01, 0.05, 0.1, 0.5,
1.0,2.5; 5.0, 10.0, 15.0, 25.0, 50.0, 100, 150, 200, 250, 500 and
1000 milligrams of the active ingredient for the symptomatic
adjustment of the dosage 10 to the patient to be treated. An
effective amount of the drug is ordinarily supplied at a dosage level
of from about 0.01 mg/kg to about 200 mg/kg of body weight per day.
Preferably, the range is from about 0.1 to about 100.0 mg/kg of body
weight per day, more preferably, from about 0.5 mg/kg to about 50
mg/kg, more preferably, from about 1.0 to about 25.0 mg/kg of body
weight per day. The 15 compounds may be administered on a regimen of
1 to 4 times per day.        Optimal dosages to be administered may
be readily determined by those skilled in the art, and will vary with
the particular compound used, the mode of administration, the
strength of the preparation, the mode of administration, and 20 the
advancement of the disease condition. In addition, factors associated
with the particular patient being treated, including patient age,
weight, diet and time of administration, will result in the need to
adjust dosages.           One skilled in the art will recognize that,
both in vivo and in vitro trials 25 using suitable, known and
generally accepted cell and / or animal models are predictive of the
ability of a test compound to treat or prevent a given disorder.



30 and / or those suffering from a given disorder, may be completed
according to  methods well known in the clinical and medical arts.
WO 20071075695PCT/US2006/048448        The following Examples are set
forth to aid in the understanding of the invention, and are not
intended and should not be construed to limit in any way the
invention set forth in the claims which follow thereafter. 5Example 1
((3,4-Dihydro-2H-benzorb111,41dioxepin-3-v1)methyl)sulfamide
(Compound #3) 0 0 II HN-S-NH2 0 Catechol (5.09 g, 46.2 mmol) and
potassium carbonate were combined 10 in acetonitrile and heated to
reflux for one hour. 2-Chloromethy1-3-chloro-1- . propene (5.78
gi46.2 mmol) was added and the reaction was continued at reflux for
24 hours. The solution was cooled to room temperature and filtered.
The filtrate was evaporated and the residue was diluted with water
and extracted with diethyl ether (3 x). The combined organic solution
was dried 15 over Mg804 and concentrated. Chromatography (2% ethyl
ether in hexane) yielded
3-methylene-3,4-dihydro-2H-benzo[b][1,4]dioxepine as a colorless oil.
MS (ESI): 163.2 (M+H+) 1H NMR (300 MHz, CDCI3), 8: 6.94 (m, 4H), 5.07
(s, 2H), 4.76 (s, 4H).
3-Methylene-3,4-dihydro-2H-benzo[b][1,4]dioxepine (5.00 g, 30.8 mmol)
20 was dissolved in dry THF (100 mL). Borane-THF (1.0 M in THF, 10.3
mL) was added at 0C. The reaction was stirred at RT for 5 hours.
Aminosulfonic acid (6.97 g, 61.6 mmol) was added. The reaction was
heated to reflux overnight. The reaction was cooled to room
temperature and aqueous sodium hydroxide. (3.0 M, 100 mL) was added.
The solution was extracted with ethyl acetate (3 x 25 100 mL). The
combined organic solution was dried over MgSO4. The solution was
concentrated under vacuum and purified by chromatography (2% to 8%
methanol in dichloromethane) to yield
((3,4-dihydro-2H-benzo[b][1,4]dioxepin3-yOmethyl)amine as a colorless
oil. MS (ESI): 180.1 (M+H)  WO 2007/075695PCT/US2006/048448
1H NMR (300 MHz, DMSO), 8: 6.92 (m, 4H), 4.21 (m, 2H), 4:07 (m, 2H),
3.33 (broad, 2H), 3.16 (d, J= 4 Hz, 1.H), 2.72 (d, J= 4 Hz, 1H), 2.30
(m, 1H).
((3,4-Dihydro-2H-benzo[b][1,4]dioxepin-3-yOmethyparnine (2.90 g, 16.2
. mmol) and sulfamide (3.11 g, 32.4 mmol) were combined in dry
dioxane (60 ml) 



5 and heated to reflux overnight. Chloroform was added and the
precipitate was removed by filtration. The filtrate was concentrated
under vacuum and purified by chromatography (2% to 8% acetone in
dichloromethane) to yield the title compound as an off-white solid.
258.8 (MH) 101H NMR (300 MHz, DMSO), 6:6.92 (m, 4H), 6.71 (broad,
1H), 6.59 (broad, 2H), 4.19 (m, 2H), 4.04 (m, 2H), 3.00 (m, 2H), 2.39
(m, 1H). Example 2
N-(2,3-Dihydro-benzof1,41dioxin-2-vImethyl)-sulfamide (Compound #11
ThH2 150        Racemic 2,3-dihydro-1,4-benzdioxin-2-ylmethylamine
(4.4 g, 26 mmol) and sulfamide (5.1 g, 53 mmol) were combined in 1,4
dioxane (100 mL) and refluxed for 2 h. The reaction was cooled to
room temperature and a small amount of solid was filtered and
discarded. The filtrate was evaporated in . 20 vacuo and the residue
was purified using flash column chromatography (DCM:Methanol - 10:1)
to yield a white solid. The solid was recrystallized from DCM to
yield the title compound as a white solid. mp; 97.5 98.5C Elemental
Analysis: 25Anal Calc: 0744.25; H, 4.95; N, 11.47; S, 13.13 Anal
Found: C, 44.28; H, 4.66; N, 11.21; S, 13.15        H1 NMR (DMSO d6)
56.85 (m, 4H), 6.68 (bd s, 3H, NH), 4.28 (m, 2H), 3.97 (dd, J = 6.9,
11.4 Hz, 1H), 3.20 (m, 1H), 3.10 (m, 1H)..  WO
2007/075695PCT/US2006/048448 Example 3
(Benzoi1,31dioxo1-2-vImethvI)sulfamide (Compound #2)  o 0' \II  0
HN-S-N H2 II 



0 Catechol (10.26 g, 93.2 mmol), sodium methoxide (25% by weight in 5
methanol, 40.3 g, 186 mmol), and methyl dichloroacetate (13.3 g, 93.2
mmol) were combined in dry methanol (100 mL). The solution was heated
to reflux overnight. The reaction was cooled to room temperature,
acidified by addition of concentrated hydrochloric acid and then
reduced in volume under vacuum to about 50 mL. Water was added and
the mixture was extracted with diethyl 10 ether (3 x 100 mL). The
combined organic solution was dried with MgSO4, concentrated to a
brown solid, and chromatographed (2% ethyl acetate in hexane) to
yield benzo[1,3]dioxole-2-carboxylic acid methyl ester as a colorless
oil. MS (ESI): 195.10 (M+H-I-). 151H NMR (300 MHz, CDCI3), 5:6.89
(broad, 4H), 6.29 (s, 1H), 4.34(q, J =7 Hz, 2H), 1.33 (t, J=7 Hz,
3H).        To benzo[1,3]clioxole-2-carboxylic acid methyl ester
(7.21 g, 40.0 mmol) was added ammonium hydroxide (29% in water, 10
mL) and enough acetonitrile to make the mixture homogeneous (-5 mL).
The solution was 20 stirred for two hours at room temperature and
then distilled water was added. Benzo[1,3]dioxole-2-carboxylic acid
amide precipitated as a white solid and was collected by filtration
and used without further purification. MS (ESI): 160.00 (M-i-H+)
1H NMR (300 MHz, DMSO), 5: 7.99(s, broad, 1H), 7.72 (s, broad, 1H),
256.94 (m, 2H) 6.86 (m, 2H), 6.30 (s, 1H).
Benzo[1,3]dioxole-2-carboxylic acid amide (5.44g, 32.9 Mmol) was
dissolved in tetrahydrofuran (THF, 100 mL). Lithium aluminum hydride
(LAH, 1M in THE, 39.5 mL; 39.5 mmol) was added slowly to the solution
at room temperature. The reaction was stirred at room temperature for
24 hours. 30 Distilled water was added to destroy the excess LAH.
Aqueous sodium  WO 2007/075695PCT/US2006/048448 hydroxide (3.0 M, 100
mL) was added and the solution was extracted with ethyl adetate (3 x
100 mli). The combined Organic solution was washed with water and
dried over MgSO4. The solvent was evaporated to yield
Cberizo[1,3]dioxo1-2-yl-methylamine as a colorless oil. 5MS (ESI):
152.1 (M+H-1-)              1H NMR (300 MHz, CDCI3), 8: 6.87 (m,
411), 6.09 (t, J= 4 Hz, 1H), 3.13 (d, J = 4 Hz, 2H)
C-Benzo[1,3]dioxo1-2-yl-methylamine (2.949, 19.4 mmol) and sulfamide
(3.74 g, 38.9 mmol) were combined in dry dioxane (50 mL) and the
solution 10 was heated to reflux overnight. The reaction was
concentrated and the residue was chromatographed (2% to 10% acetone
in dichloromethane) to yield the title compound as a white solid. MS
(ESI): 230.0 (M+11) 



1H NMR (300 MHz, CDCI3), 6:6.87 (m, 4H), 6.25 (t, J= 4 Hz, 1H), 4.79
15(broad, 1H), 4.62 (broad, 1H), 3.64 (d, J= 4 Hz, 2H). Example 4
(2S)-(-)-N-(2,3-Dihydro-benzo(1,41dioxin-2-vImethyl)-sulfamide
(Compound #41          Catechol (13.2 g, 0.12 mol) and potassium
carbonate (16.6 g, 0.12 mol) were stirred in DMF (250 mL) and
(2R)-glycidyl tosylate (22.8 g, 0.10 mol) was added and the reaction
was stirred at 60C for 24 h. The reaction was cooled to room
temperature and diluted with be water (1 L) and extracted with
diethyl 25 ether (4 times). The combined organic solution was washed
3 times with 10% potassium carbonate, once with water, once with
brine and evaporated in vacuo to yield a white solid which was
purified by flash column chromatography (DCM:Methanol - 50:1) to
yield ((2S)-2,3-dihydro-benzO[1,4]dioxin-2-yI)- methanol as a solid.
WO 2007/075695PCT/US2006/048448        The solid (13.e g, 68 mmol)
was dissolved in pyridine (85 mL) cooled to 0C, p-toluenesulfonyl
chloride (13.0 g, 68 mm.ol) was added and the reaction mixture
stirred at room temperature for 20h. The reaction was diluted with
diethyl ether (1 L) and 1N HCI (1.2 L). The organic layer was
separated and 5 washed 2 times with 1N HCI (500 mL), 4 times with
water (150 mL), once with brine, dried (MgSO4) and evaporated in
vacuo to yield a white solid which was purified by flash column
chromatography (Hept:EA - 21) to yield toluene-4- sulfonic acid
(2S)-2,3-dihydro-benzo[1,41dioxin-2-ylmethyl ester as a white solid.
10The white solid was combined with potassium phthalimide (14.4 g, 78
mmol) in DMF (250 mL) and heated to ref 1w for 1 h, cooled to room
temperature and poured into vigorously stirring water (1.5 L) and
stirred 30 min. White solid was filtered and the solid was washed
several times with water, 2% NaOH, and water again and let air dry to
yield a (2S)-2-(2,3-DihYdro-
15benzo[1,4]clioxin-2-ylmethyl)-isoindole-1,3-dione as white powdery
solid.        The powdery white solid was combined with hydrazine
(2.75 g, 86 mmol) in Et0H (225 mL) and heated at ref lux for 2 h,
cooled to room temperature and 1N HCI added to pH 1.0 and stirred for
15 min. White solid was filtered and washed with fresh Et0H (solid
discarded) and the filtrate was evaporated in 20 vacuo to a solid,
which was partitioned between diethyl ether and dilute aqueous Na0H.
The diethyl ether solution was dried (Na2SO4) and evaporated in vacuo
to a yield a light yellow oil. The oil was purified by flash column
chromatography (DCM:Me0H - 10:1) to yield an oil. A portion of the
oil (4.82 g, 29 mmol) in 2-propanol (250 mL) was treated with 1N HCI
(30 mL) and 25 heated on steambath until homogeneous and then let
cob] to room temperature. After 3 h, the mixture was ice cooled for 2
h. A white flaky solid  (the corresponding NCI salt of
(2S)-C-(2,3-Dihydro-benzo[1,4]dioxin-2-yI)- methylamine) was filtered
off and then recrystallized again from 2-propanol to yield a white
solid. 30= -69.6 (c = 1.06, Et0H) 



The white solid was partitioned between DCM and dilute NaOH, and the
DCM was dried (NaSO4) and evaporated in vacuo to yield
(2S)-C-(2,3-Dihydrobenzo[1,4]clioxin-2-y1)-methylamine as an oil.  WO
2007/075695PCT/US2006/048448 [a]o = -57.8 (o = 1.40, CHCI3) The oil
(2.1 g, 12.7 mmol) and sulfamide (2.44g, 25.4 mmol) were refluxed in
dioxane (75 mL) for 2 h and the crude product was purified by flash
column chromatography (DCM:Me0H 10:1) to yield a white solid, which
was 5 recrystallized from DCM to yield the title compound as a white
crystalline solid. mp 102-103C [alp = -45.1 (c = 1.05, M);
1H NMR (DMS0d6) 86.86 (m, 4H), 6.81 (bd s, 3H, NH), 4.3 (m, 2H), 3.97
(dd, J = 6.9, 11.4 Hz, 1H), 3.20 (dd, = 5 . 5 , 13.7 Hz, 1H), 3.10
(dd, J = 106.9, 13.7 Hz, 1H) Elemental Analysis: Anal Cab:C, 44.25;
H,.4.95; N, 11.47; S, 13.13 Anal Found:C, 44.20; H, 4.69; N, 11.40;
S, 13.22. 15Example 5
N-(2,3-Dihydro-benzo(1,41dioxin-2-vImethyl)-N',N' dimethvlsulfamide
(Compound #6)  0 H N,. 0 Racemic
2,3-dihydro-1,4-benzdioxin-2-yirnethylamine (8.25 g, 5.0 mmol) 20 and
triethylamine (1.52 g, 15 mmol) were combined in DMF (10 mL) and
cooled in an ice bath as dimethylsulfamoyl chloride (1.44 g, 10 mmol)
was added. The reaction mixture was then stirred for 3 hr with
continued cooling. The reaction mixture was partitioned between ethyl
acetate and water, and the ethyl acetate solution was washed with
brine, dried (MgSO4) and evaporated in vacuo to 25. yield an oil. The
oil was purified using flash column chromatography (ethyl
acetate:Heptane - 1 : 1 ) to yield a white solid, which was
recrystallized (ethyl acetate/Hexane) to yield the title compound as
a white floccular solid. mp 76 - 78C MS 273 (MI-11 



WO 2007/075695PCT/US2006/048448 Elemental Analysis: Anal Calc:C,
48.52; H, 5.92; N, 10.29; S, 11.78 Anal Found: C, 48.63; H, 5.62; N,
10.20; S. 11.90                      1H NMR (CDCI3) 66.87 (m, 4H),
4.59 (bd m, 1H, NH), 4.35 (m, 1H), 4.27 5(dd, J = 2.3, 11.4 Hz, 1H),
4.04 (dd, J = 7.0, 11.4, 1H), 3.36 (m, 2H), 2.82 (s, 6H).
Example 6
N-(2,3-Dihydro-benzof1,41dioxin-2-vImethyl)-N-methylsulfamide
10(Compound #71 o o 0 .H2N/        Racemic
2,3-dihydro-1,4-benzdioxin-2-ylmethylamine (825 mg, 5 mmol) was
dissolved in ethyl formate (15 mL), refluxed for 30 min and
evaporated in vacua to yield
N-(2,3-dihydro-benzo[1,4]dioxin-2-ylmethyl)-formamide as an oil.
15The oil in diethyl ether (25 mL) was treated with 1M LAH in THF
(9.0 mL, 9.0 mmol) at 0C and stirred for 5 h at room temperature. The
reaction was cooled in an ice bath and quenched with water (0.50 mL),
followed by 3 N NaOH (0.50 mL) and water (0.50 mL). The mixture was
then stirred at room temperature for 1 h. Solid was filtered and the
filtrate was evaporated in vacuo 20 to yield a residue which was
partitioned between 1N HCI and diethyl ether. The aqueous phase was
basified with 1N NaOH and extracted with diethyl ether. The organic
phase was dried (MgSO4) and evaporated in vacuo to yield
(2,3-dihydro-benzo[1,41dioxin-2-ylmethyl)-methyl-amine as an oil. MS
180 (MEI') 25IH NMR (CDCI3) 86.85 (m, 4H), 4.30 (m, 2H), 4.02 (dcl,.J
= 7.9, 11.6  Hz, 1H), 2.85 (m, 2H), 2.50 (s, 3H)        The oil (380
mg, 2.1 mmol) and sulfamide (820 mg, 8.5 mmol) were combined in
dioxane (15 mL), refluxed for 1.5 h and evaporated in vacuo to yield
a crude residue. The residue was purified via column chromatography
40  WO 2007/075695PCT/US2006/048448 



(ethyl acetate/Heptane 1:1) and the resultant solid was
recrystallized from ethyl acetate/Hexane to yield the title compound
as a white solid. mp 97-98C MS 257 (M-1) 5Elemental Analysis: Anal
Cab:C, 46.50; H, 5.46; N, 10.85; S, 12.41 Anal Found:C, 46.48; H,
5.65; N, 10.90; S, 12.07                            1H NMR (CDCI3)
86.86 (m, 4H), 4.52 (bs, 2H), 4.46 (m, 1H), 4.29 (dd, J = 2.3, 11.5
Hz, 1H), 4.05 (dd, J = 6.5, 11.5 Hz, 1H), 3.51 (dd, J = 6.7, 14.9 Hz,
101H), 3.40 (dd, J = 5.9, 14.9 Hz, 1H), 2.99.(s, 3H). Example 7
128)4-1-N-(6-Chloro-2,3-dihydro-benzoil,41dioxin-2-vImethvI)-sulfamid
e (Compound #8)  Cl0 0 f/ NH2 15 Following the procedure outlined in
Example 4 above, 4-chlorocatechol was reacted to yield a mixture of
(25)-C-(7-Chloro-2,3-dihydrobenzo[1,41clioxin-2-y1)-methylamine and
(23)-C-(6-Chloro-2,3-dihydrobenzo[1,4)dioxin-2-y1)-methylamine (ca.
3:1 ratio of 6-chloro:7-chloro isomers 20 by RP HPLC). The mixture
was dissolved in 2-propanol (100 mL) and 1N HCI in diethyl ether was
added until pH = 1.0 was attained. The hydrochloride salt that
precipitated was filtered (2.65 g) and re-crystallized from
methanol/IPA to yield white crystals. The white. crystals were
partitioned between DCM and dilute 25 NaOH. The DCM was dried and
evaporated in vacuo to yield purified
(2S)-C(6-Chloro-2,3-dihydro-benzo[1,4)dioxin-2-y1)-methylamine as an
oil. [alp = -67.8 (c = 1.51, CHCI3) The oil (7.75 mmol) and sulfamide
(1.50 g, 15.5 mmol) were combined in dioxane (50 mL) and refluxed for
2.0 h, cooled to room temperature and  WO
2007/075695PCT/US2006/048448 



evaporated in vacuo to yield a solid. The product was purified via
flash column using DCM/methanol 20:1 to yield the title compound as a
white solid. MS 277 (M-1) [a]r) = -59.9 (c = 1,11, M) 51H NMR (CDC13)
66.90 (d, J =2.2 Hz, 1H), 6.81 (m, 2H), 4.76 (m, 1H), 4.55 (s, 2H),
4.40 (m, 1H), 4.29 (dd, J = 2.4, 11.5 Hz, 1H), 4.05 (dd, J = 7.1,
11.5 Hz, 1H), 3.45 (m, 2H) Elemental Analysis: Anal Cabo:C, 38.78; H,
3.98; N1, 10.05 10Anal Found:C, 38.80; H, 3.67; N, 9.99.       The
filtrates of the crystallized hydrochloride salt of
(2S)-C-(6-Chloro2,3-dihydro-benzo[1,41clioxin-2-y1)-methylamine
prepared above were recovered (ca. 1:1 of 6-chloro:7-chloro isomers)
and evaporated in vacuo to yield a solid, which was partitioned
between DCM (200 mL) and dilute NaOH 15 (0.5 M, 50 mL). The DCM
solution was washed once with brine, dried (Na2SO4) and evaporated in
vacuo to yield an oil, which was purified via reverse phase HPLC (10-
50% ACN with 0.16% TFA in water with 0.20% TFA) to yield
(2S)-C-(7-Chloro-2,3-dihydro-benzo[1,41clioxin-2-y1)-methylamine as a
residue. 20The residue was combined with sulfamide (0.90 g, 9.4 mmol)
in dioxane (25 mL) and refluxed for 2.5 h, cooled to room temperature
and evaporated in vacuo to yield an oil. The oil was purified by
flash column chromatography using DCM/methanol - 10:1 to yield
(2S)-(-)-N-(7-Chloro-2,3-dihydrobenzo[1,4]dioxin-2-ylmethyl)-sulfamid
e as a white solid. 25MS 277 (M-1)                 1H NMR
(CDC13/CD300) 56.88 (d, J = 0.7 Hz, 1H), 6.81 (m, 2H), 4.37 (m, 1H),
4.30 (dd, J = 2.3, 11.6 Hz, 1H), 4.04 (dd, J = 7.0, 11.6 Hz, 1H),
3.38 (m, 2H). 30Example 8  Chroman-2-vImethylsulfamide (Compound #10)
WO 2007/075695PCT/US2006/048448 H0 N 0q NH2
Chroman-2-carboxylic acid (4.5 g, 25 mmol) and HOBT (3.86 g, 25 mmol)
were combined in DCM (40 mL) and DMF (10 mL).
Dimethylaminopropyiethylcarbodiimide (EDC, 4.84 g, 25 mmol) was added
at 5 room temperature and the reaction mixture was stirred for 30
min. Ammonium hydroxide (2.26 mL, 33.4 mmol) was added and the
reaction mixture was stirred for 16h. The reaction mixture was
diluted with DCM (50 mL) and water (50 mL) and the pH of the mixture
was adjusted to about pH = 3.0 with IN HCI. The DCM was separated and
the aqueous phase extracted twice with DOM. 10 The combined DCM phase
was dried (Na2SO4 and evaporated in vacuo to yield an oil, which was
purified with flash column chromatography (ethyl acetate) to yield an
oil.        The oil (5.35.g, 30 mmol) in THF (90 mL) was stirred as
1M LAH in THF (36 mL, 36 mmol) was added and the reaction mixture was
then stirred at room 



15 temperature for 20 h. The reaction was quenched with water,
stirred for 2 hours, the solution decanted, dried (Na2SO4) and
evaporated in vacuo to yield C-chroman-2-yl-methylamine as an oily
amine.        The oily amine (1.63 g, 10 mmol) and sulfamide (1.92 g,
20 mmol). were combined in dioxane (50 mL) and brought tO reflux for
2 h. The solution was 20 cooled and evaporated in vacuo to yield an
oil, which was purified via column chromatography (DCM:Methanol 10:1)
to yield a white solid. The solid was recrystallized from ethyl
acetate/hexane to yield chroman-2-ylmethylsulfamide as a white solid.
mp 100-101C 25MS 241 (M-1) Elemental Analysis: Anal Cab:0,49:57; H,
5.82; N, 11.56; S, 13.23 Anal Found: p, 49.57; H, 5.80; N, 11.75; S,
13.33. 30Example 9  WO 2007/075695PCT/US2006/048448
242,3-Dihydro-benzof1,41dioxin-2-v1)-ethvisulfamide (Compound #16) H0
0N N'NH2 0 0.       Potassium cyanide (2.05 g, 31.5 mmol) was added
to 2-bromomethyl(2,3 dihydrobenzo[1,4]dioxine) (6.87 g, 30 mmol) in
DMS0 (90 mL) and stirred 5 at ambient temperature for 20 h. The
reaction mixture was then diluted with water (250 mL) and extracted
twice with diethyl ether. The diethyl ether was washed with water,
then washed twice with brine, dried (Na2SO4) and . evaporated in
vacuo to yield 2-cyanomethyl-(2,3 dihydrobenzo[1,4]dioxine) as a
white solid. 101H NMR (CDCI3) a 6.89 (m, 4H), 4.50 (m, 1H), 4.31 (dd,
J = 2.3, 11.5 Hz, 1H), 4.08 (dd, J = 6.2, 11.6 Hz, 1H), 2.78 (d, J =
6.1, Hz, 2H) The 2-cyanomethyl-(2,3 dihydrobenzoll ,4]dioxine) was
dissolved in THF (50 mL) and 1M BH3 in THF (80 mL, 80 mmol) was added
and the reaction mixture ref luxed for 5 h, then stirred at ambient
temperature for 16h. With ice 15 bath cooling, 2N HCI was added until
pH = 1.0 was achieved. The reaction mixture was then stirred for lh
at room temperature and evaporated in vacuo to yield an oil. The oil
was partitioned between 3N NaOH and diethyl ether, and the diethyl
ether solution was washed with brine, dried (Na2SO4) and evaporated
in vacuo to yield crude 2-(2,3 dihydrobenzo[1,4]dioxin-2- 20
yl)ethylamine. MS (M+H) 180. 



The crude 2-(2,3 dihydrobenzo[1,4]dioxin-2-ypethylamine in dioxane
(100 mL) was combined with sulfamide (3.0 g, 31 mmol) and heated to
reflux for 2 h. The solution was cooled and evaporated in vacuo to
yield an orange . 25 solid, which was purified by. column
chromatography (DCM:Me0H - 10:1) to yield a white solid. The solid
was re-crystallized from DCIV1to yield the title compound as a solid.
MS (M-1) 257 MP 101 - 103C (corr)  WO 2007/075695PCT/US2006/048448
1H NMIR (CDCI3): 66.86 (m, 4H), 4.70 (m, 1H), 4.52 (s, 2H), 4.30 (m,
2H), 3.94 (dd, J = 7.4, 11.3 Hz, 1H), 3.43 (dd, J = 6.4, 12.9 Hz,
2H), 1.94 (dd, J = 6.5, 12.9,2H). Elemental Analysis: 5Measured: C,
46.48; H, 5.60; N, 10.81; S, 1241 Calculated: C, 46.50; H, 5.46; N,
10.85; S, 12.41 Example 10             (29)-(-)-N46,7
Dichloro-2,3-dihydro-benzof1,41dioxin-2-vImethvI)- 10sulfamide
(Compound #29) 0 Cl (s) 0 Cl 4,5 Dichloroatechol (8.6 g, 48 mmol) and
potassium carbonate (6.64 g, 48 mmol) were stirred in DMF (200 mL).
(2R)-Glycidyi tosylate (9.129, 40 mmol) was added and.the reaction
mixture was stirred at 60C for 24 h. The 15 reaction mixture was
cooled to room temperature and then diluted with ice water (600 mL)
and extracted with diethyl ether (4 times). The combined organic
solution was washed 3 times with 10% potassium carbonate, twice with
brine, dried (MgSO4) and evaporated in vacuo to yield a viscous oil
of (25)-2- (6,7-dichloro-2,3-dihydro-benzo[1,4]clioxine) methanol.
20The (2S)-2-(6,7 dichloro-2,3-dihydro-benzo[1,4]dioxine) rriethanol
oil (6.4 g, 27 mmol) was dissolved in pyridine (50 mL) cooled to 0C.
Then, ptoluenesulfonyl chloride (5.2 g, 27 mmol) was added and the
reaction mixture was stirred at room temperature for 20h. The
reaction mixture was diluted with diethyl ether and IN HCI (750 mL)
and the organic layer was separated and 25 washed 2 times with 1N HCI
(250 mL), once with water (150 mL), twice with  brine, dried (M9SO4)
and evaporated in vacuo to yield light yellow solid of
toluener4-sulfonic acid
(25)-6,7-dichloro-2,3-dihydro-benzo[1,4]dioxin-2- ylmethyl ester, 



WO 2007/075695PCT/US2006/048448                 1H NMR (000I3): 87.79
(d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.94 (s, 1H), 6.83 (s,
1H), 4.37 (m, 1H), 4.2 (m, 3H), 4.03 (dd, J = 6.3, 11.7 Hz, 1H), 2.47
(s, 3H).  Toluene-4-sulfonic acid
(25)-6,7-dichloro-2,3-dihydro-benzo[1,4]clioxin- 5 2-ylmethyl ester
(8.0 g, 20.5 mmol) was combined with potassium phthalimide (6.1 g, 33
mmol) in DMF (75 mL) and heated to ref lux for 1 h, cooled to room
temperature and poured into vigorously stirring water (0.5 L) and
then stirred 30 min. White solid was filtered and the solid was
washed several times with water, 2% NaOH, and water again and then
let air dry to yield (2S)-2-(6,7-
10dichloro-2,3-dihydro-benzo[1,4]dioxin-2-ylmethyp-isoindole-1,3-dion
e (6.0 g, 80%) as a white powdery solid.        The white powdery
Solid was combined with hydrazine (1.06 g, 33 mmol) in Et0H (80 mL)
and heated at reflux for 2 h, then cooled to room temperature. 1N HCI
was added to adjust the reaction mixture's pH to PH 1.0 and the 15
reaction mixture was then stirred for 15 min. White solid was
filtered and washed with fresh Et0H (solid discarded) and the
filtrate was evaporated in vacuo to a solid, which was partitioned
between diethyl ether and dilute aqueous NaOH. The diethyl ether
solution was dried (Na2SO4) and evaporated in vacuo to a yield a
viscous oil of (2S)-2-aminomethyl-(6,7-dichloro-2,3-
20dihydro-benzo[1,4]dioxine).               1H NMR (CDCI3): 86.98 (s,
1H), 6.96 (s, 1H), 4.25 (dd, J = 2.0, 11.2 Hz, 1H), 4.15 (m, 1H), 4.0
(m, 1H), 2.97 (d, J = 5.5 Hz, 2H)        A portion of the oil (3.8 g,
16 mmol) and sulfamide (3.1 g, 32.4 mmol) were refluxed in dioXane
(100.mL) for 2 h and the crude product was purified by 25 flash
column chromatography (DCM:Me0H 20:1) to yield the title compound as
a white solid, which was recrystallized from ethyl acetate! hexane to
yield the title compound as a.white crystalline solid. MS [M-Elf
311.0 rrip 119-121C 30[alp = -53.4  (c = 1.17, M)               1H
NMR (DMS0d6): 87.22 (s, 1H), 7.20 (s, 1H), 6.91 (bd s, 1H), 6.68 (bd
s, 2H), 4.35 (m, 2H), 4.05 (dd, J = 6.5, 11.5 Hz, 1H), 3..15 (m, 2H)
Elemental Analysis:  WO 2007/075695PCT/US2006/048448 Elemental
Analysis: Measured: C, 34.52; H, 3.22; N, 8.95; Cl, 22.64; S, 10.24
Calculated: C, 34.64; H, 2.68;.N, 8.87; Cl, 22.94; S, 10.35. 5Example
11
(29)-(-)-N-(7-Amino-2,3-dilwdro-benzol-1,41dioxin-2-ylmethvI)-sulfami
de (Compound #36)  



0 % ......NH2 H 0 ../- 0  (2S)-(-)-N-(2,3-Dihydro-7-nitro-benzo[1
,4]clioxin-2-ylmethyl)-sulfamide 10 (1.2 g, 4.15 mmol), was prepared
from 4-nitrocatechol according to the process outlined in Example 4.
The (25)-(-)-N-(2,3-Dihydro-7-nitro-benzo[1,41cliOxin-2-
ylmethyl)-sulfamide, was then combined with 10% Pd/C in methanol (120
mL) and shaken under hydrogen atmosphere (39 psi) at room temperature
for 3 h. The solids were filtered and washed with 10% M in DCM and
the filtrate was 15 evaporated in vacuo to yield crude product. The
crude product was dissolved in 0.2 N HCI (25 mL), frozen and
lyophilized to yield the title compound as a white flaky solid, as
the corresponding hydrochloride salt. MS (M-i-H) 260
1H NMR (DMSO d6): 310.2 (bd s, 3H), 6.86 (m, 1H), 6.85 (s, 1H), 6.74
20(dd, J = 2.5, 8.4 Hz, 1H); 4.22 (m, 2H), 3.88 (dd, J = 6.7, 11.4
Hz, 1H), 3.04 (m, 2H)                                     Example 12
(29)-(-)-N-(7-Ellethyl-2,3-dihydro-benzof1,41dioxin-2-vImethvI)-sulfa
mide ?3(Compound #19)   0 % ."NH2 0,01-? (s 0 0  WO
2607/075695PCT/US2006/048448        Title compound was prepared
according to the procedure described in Example 4 above, starting
with 4-methylcatechol, to yield a white solid, which was
recrystallized from ethyl acetate/ hexane to yield the title compound
as a white solid, 5MS [M-Hy 257                1H NMR (0D013): 86.76
(m, 1H), 6.66 (m, 2H), 4.80 (m, 1H), 4.57 (bd.s, 1H), 4,40 (m, 1H),
4.28 (m, 1H), 4.03 (dd, J = 6.9, 11.4 Hz, 1H), 3.45 (m, 2H), 2.25 (s,
3H). 



Elemental Analysis 10Calculated: C, 46.50; H, 5.46; N, 10.85; S,
12.41 Found:C, 46.65; H, 5.60; N, 10.84; S. 12.61. Example 13
15Dominant-Submissive Relations (DSR) in Rat In Vivo Assay The DSR
assay is divided into two models: Reduction of Dominant Behavior
Model (RDBM) of mania and Reduction of Submissive Behavior Model
(RSBM) of depression. The RDBM, wherein the dominant animals are
treated with test compound, is predictive of the ability of the test
compound to 20 treat mania. The RSBM, wherein the submissive animals
are treated with test compound, is predictive of the ability of the
test compound to treat depression.        Male Sprague Dawley rats
(140 to 160g) from Charles River Laboratories Wilmington, MA were
used in this assay. Shipments of rats were 25 received at two-week
intervals. Each shipment went through five-day quarantine, one-week
acclimation period, and one-week selection process, followed by
five-weeks of drug or vehicle treatment to those pairs selected. Rats
were housed four per cage. Access to food was restricted to one hour
per day after testing on Monday through Thursday. After testing on 30
,Friday, rats had free access to food until being fasted again on
Sunday. At no time were the rats deprived of water. The food
deprivation periods used had little effect on weight gain as the
average weight of rats was about 300g at the end of the study. At the
conclusion of experiment rats were sacrificed by  WO
2007/075695PCT/US2006/048448 decapitation, the trunk blood and brains
were collected for in vitro experiments and drug concentration
measurements. The basic testing apparatus consisted of two chambers
connected with a 5 tunnel only large enough to allow one rat to pass
through at a time. On the floor, at the mid-point of the tunnel was a
container of sweetened milk. This basic apparatus was replicated, so
that a total of four pairs of rats can be.video tracked
simultaneously. The camera can distinguish rats marked by different
colors. Thus, the rats' heads were colored for the purpose of video
tracking, 10 red in one cage and yellow in the other cage. Only one
animal at a time can have comfortable access to the feeder, but both
animals can drink milk during' the five-minute daily session. During
the five-minute daily sessions, time spent in the feeder zone by each
rat was recorded by the video tracking software and saved into a text
file. 15The test began with a random assignment of rats into pairs.
Each member of a pair was placed in an opposite chamber of the
testing apparatus. The time spent in the feeder zone by each animal
was recorded. During the first week (five days) of testing the
animals habituate to the new environment. Dominance was assigned to
the animal with the highest score during the 20 second week of
testing if three criteria were achieved. First, there must have been
a significant difference (two-tailed t-test, P<0.05) between the
average daily drinking scores of both animals. Second, the dominant
animal score must have been at least 25% greater than the submissive
animal's score. Finally, there must have been no "reversals" during
the pair selection week where the 25 putative submissive rat
out-scored its dominant partner on isolated occasions. 



Ideally there were minimal reversals during the acclimation week as
well. About twenty-five to thirty-three percent of the initial animal
pairs achieved these criteria and only these pairs were continued in
the Study. Significant differences between time spent on the feeder
by dominant 30 and.submissive rats were determined by ANOVA using
GraphPad Prism software (GraphPad Software, Inc. San Diego, CA)
followed by a two-tailed t-test (P<0.05). Comparisons were made
between treatment groups using normalized dominance level values in
paired animals. The dominance level is 49  WO
2007/075695PCT/U52006/048448 a value that measures social relation
between paired subjects. Dominance level (DL) = FTD-FTS where FTD is
the feeder time of dominant rats and FTS is the feeder time of
Submissive rats. The normalization was conducted according to the
formula: 5Dominance Level (week n in %) = (Dominance Level (week n))
/ (Dominance Level (week 2)       The statistical significance of the
difference in dominance level between the control group (pairs of
rats where both dominant and submissive animals 10 were treated with
vehicle) and the treatment group (submissive rats were treated with
drug and dominant rats with vehicle) was determined by ANOVA,
followed by a t-test. The activity onset time value at 50% of
response (AOT-50) and the minimum and maximum response to drug were
calculated based on the reduction of the dominance level value using
non-linear regression analysis 15 (GraphPad Software, Inc., San
Diego, CA). The normalized DL values were used for this calculation,
where DL values for treatment weeks were normalized as a percent of
the second week (pretreatment) value of that pair according the above
formula. In these settings the minimum of the response (DL)
determined drug positive activity, corresponding to. efficacy, since
DL valueswere always 20 reduced if the response to a drug was
positive. In the case of the negative response to a drug (worsening
of symptoms) DL values were increased. If the drug did not have such
activity the maximum of the response did not exceed 100%. Any maximal
DL value significantly higher then control value (about 100%)
indicated drug negative activity. 25       Compound #8 was evaluated
in the rat.RDBM according to the procedure described in more detail
below.        Groups of dominant rats were treated p.o. QD with
Compound #8; at 0.05 mg/kg (n=4), at 0.5 mg/kg (n=6), at 2.5 mg/kg
(n=6), at 5.0 mg/kg n=6) 30 and at 50.0 mg/kg (n=3) . A vehicle
control group of dominant rats was treated with 0.5% methylcellulose
(n=3) and a second control group of dominant rats was treated i.p. QD
with sodium valproate at 30 mg/kg (n=6 from 2 studies of n=3 each).
WO 2007/075695PCT/US2006/048448 All treatments were administered
approximately 1 hour prior to testing. All treatments started on
Saturday after the second testing week (selection week). Compound #8
was administered orally (p.o). 5When dominant animals were treated
with Compound #8 at 0.05 mg/kg, 0.5 mg/kg and 50.0. mg/kg, the
difference between dominant and submissive rats was lost after the
first week of treatment; and after the second week of treatment when
dosed at 2.5 mg/kg and 5.0 mg/kg. Similarly, when dominant animals
were treated with sodium yalproate, the difference between dominant
10 and submissive rats was also lost after first week of treatment.
In this study, the permissiveness of the dominant rats treated with
Compound #8 or sodium  valproate was observed to increase. Thus the
treated dominant rats permitted their submissive partners to increase
their time on the feeder. To compare different drug and dose effecty



15 the initial control week values. The strongest effect of Compound
#8 was observed at a dosage of 0.5 mg/kg with a significant
difference in dominance level (pL) values between vehicle and
compound treated rats starting in the second week and continuing
through the treatment duration of 5 weeks. Higher doses of Compound
#8 (2.5 mg/kg, 5.0 mg/kg, and 50.0 mg/kg) showed a 20 weaker
response, which was not significantly different from that obaerved
with the 0.5 mg/kg dose.        In comparison, sodium valproate
treated animals (30 mg/kg) consistently showed a decreased dominance
level after the second week of treatment with the effect increasing
in the following weeks. The effect of lithium chloride (100 25mg/kg)
was significantly different from control only after the third week of
treatment. To estimate activity onset time (ACT), daily average
values for feeder time of dominant and submissive animal pairs were
plotted and significant 30 differences between these two groups were
calculated using the two-tail t-test. The first day of consistent
lack of statistical significance occurred after treatment with
Compound #8 at 0.05 mg/kg on the 3rd day; at 0.5 mg/kg on the  WO
2007/075695PCT/U52006/048448 4th day, at 2.5 mg/kg on the 10th day,
at 5.0 mg/kg on the 1 lth day and at 50.0 mg/kg on the 3ffi day.
To compare activity onset time (ACT) between different treatments the
activity onset time was estimated from the non-linear regression fit.
The non- 5 linear regression model was fit for each drug and dose
normalized daily DL values. AOT53 for Compound #8 at 0.05 mg/kg and
0.5 mg/kg was significantly shorter from that of lithium.
Effects of Compound #8 in the RDBM were dose dependent, with a
calculated ED50 of 0.03  0.004 mg/kg [CI = 0.01 -0.04] and and Emax
of 116.4 10  2.3% [Cl = 109.2- 123.6].        In this assay, Compound
48 reduced dominant behavior indicating that the compound is active
as an anti-manic agent. Example 14 15Dominant-Submissive Relations
(DSR) in Rat In Vivo Assay The DSR assay is divided into two models:
Reduction of Dominant Behavior Model (RDBM) of mania and Reduction of
Submissive Behavior Model (RSBM) of depression. The RDBM, wherein the
dominant animals are treated with test compound, is predictive of the
ability of the test compound to 20 treat mania. The RSBM, wherein the
subrnissive animals are treated with test compound, is predictive of
the ability of the test compound to treat depression.        Male
Sprague Dawley rats (140 to 160g) from Charles River Laboratories
Wilmington, MA were used in this assay. Shipments of rats were 25
received at two-week intervals. Each shipment went through five-day
quarantine, one-week acclimation period, and one-week selection
process, followed by five-weeks of drug or vehicle treatment to those
pairs selected. Rats were housed four per cage. Access to food was
restricted to one hour per day after testing on Monday through
Thursday. After testing on 30 Friday, rats had free access to food
until being fasted again on Sunday. At no time were the rats deprived
of water. The food deprivation periods used had little effect on
weight gain as the average weight of rats was about 300g at the end
of the study. At the conclusion of experiment rats were sacrificed by



WO 2007/075695PCT/US2006/048448 decapitation, the trunk blood and
brains were collected for in vitro experiments and drug concentration
measurements. The basic testing apparatus consisted of two chambers
connected with a tunnel only large enough to allow one rat to pass
through at a time. On the 5 floor, at the mid-point of the tunnel was
a container of sweetened milk. This basic apparatus was replicated,
so that a total of four pairs of rats can be video tracked
simultaneously. The camera can distinguish rats marked by different
colors. Thus, the rats' heads were colored for the purpose of video
tracking, red in one cage and yellow in the other cage. Only one
animal at a time can 10 have comfortable access to the feeder, but
both animals can drink milk during the five-minute daily session.
During the five-minute daily sessions, time spent in the feeder zone
by each rat was recorded by the video tracking software and saved
into a text file. The test began with a random assignment of rats
into pairs. Each 15 member of a pair was placed in an opposite
chamber of the testing apparatus. The time spent in the feeder zone
by each animal was recorded, During the first week (five days) of
testing the animals habituate.to the new environment. Dominance was
assigned to the animal with the highest score during the - second
week of testing if three criteria were achieved. First, there must
have 20 been a'significant difference (two-tailed t-test, P<0.05)
between the average daily drinking scores of both animals. Second,
the dominant animal score must have been at least 25% greater than
the submissive animal's score. Finally, there must have been no
"reversals" during the pair selection week where the putative
submissive rat out-scored its dominant partner on isolated occasions.
25Ideally there were minimal reversals during the acclimation week as
well. About twenty-five to thirty-three percent of the initial animal
pairs achieved these criteria and only these pairs were continued in
the study.       Terminal blood samples (0.5-1.0 mL) were collected
post experiment into heparinized tubes. Blood samples were
centrifuged for cell removal, and  30 200 iiL of plasma supernatant
was then transferred to a clean vial, placed on dry ice, and
subsequently stored in a -80C freezer prior to analysis. Two hundred
microliters of acetonitrile containing internal standard was added to
100 KL.of plasma or brain tissue to precipitate proteins and/or
tissue residues. 53  WO 2007/075695PCT/US2006/048448 Samples were
centrifuged and supernatant removed for analysis by liquid
chromatography-triple quadruple mass spectrometry (LC-MS-MS).
Calibration standards were prepared by adding appropriate volumes of
stock solution directly into blank plasma or brain tissue homogenates
and treated identically 5 to collected samples. Calibration standards
were prepared in the range of 0.01 to 10 uM for quantitation.
LC-ESI-MS/MS (negative mode) analysis was performed utilizing
multiple reaction monitoring (MRM) for detection of characteristic
ions for the test compound. Significant differences between time
spent on the feeder by dominant 10 and submissive rats were
determined by ANOVA using GraphPad Prism software (GraphPad Software,
Inc. San Diego, CA) followed by a two-tailed t-test (P<0.05).
Comparisons were made between treatment groups using normalized
dominance level values in paired animals. The dominance level is a
value that measures social relation between paired subjects.
Dominance 15 level (DL) = FTD-FTS where FTD is the feeder time of
dominant rats and FTS is the feeder time of submissive rats. The



Dominance Level (week n in %) = (Dominance Level (week n)) /
(Dominance Level (week 2) 20        The statistical significance of
the difference in dominance level between the control group (pairs of
rats where both dominant and submissive animals were treated with
vehicle) and the treatment group (submissive rats were treated with
drug and dominant rats with vehicle) was determined by ANOVA, 25
followed by a t-test. The activity onset time value at 50% of
response (A07-50) and the minimum and maximum response to drug were
calculated based on the reduction of the dominance level value using
non-linear regression analysis  (GraphPad Software, Inc., San Diego,
CA). The normalized DL values were used for this calculation, where
DL values for treatment weeks were normalized 30 as a percent of the
second week (pretreatment) value of that pair according the above
formula. In these settings the minimum of the response (DL)
determined drug positive activity, corresponding to efficacy, since
DL values were always reduced if the response to a drug was positive.
In the case of the negative  WO 2007/075695PCT/U52006/048448 response
to a drug (worsening of symptoms) DL values were increased. If the
drug did not have such activity the maximum of the response did not
exceed 100%. Any maximal DL value significantly higher then control
value (about  100%) indicated drug negative activity. 5
Compound #8 was evaluated in the Rat Reduction of Submissive Behavior
Model (RSBM) of depression (Malatynska, E., Rapp, FL, Harrawood, D.,
and Tunnicliff, G., Neuroscience and Biobehavioral Review, 82 (2005)
306- 313; Malatynska, E., and Knapp, R.J., Neuroscience and
Biobehavioral  10 Review, 29 (2005) 715-737).        More
specifically, Compound #8 was administered p.o. (orally) to the
submissive rats at 2.5 mg/kg (n=8), 12 mg/kg (n=12), 60 mg/kg (n=12)
and 120 mg/kg (n=7), once a day for 5 weeks while the dominant
partners were dosed with vehicle (0.5% aqueous methylcellulose). As
controls, additional groups of 15rats were treated i.p. with
fluoxetine at 10.0 mg/kg (n=10) and i.p. venlafaxine at 30.0 mg/kg
(n=6). All treatments were administered approximately 1 hour prior to
testing..Compound #8 was observed to reduce submissive behavior in a
dose-dependent manner. When submissive animals were treated with
Compound #8, the 20 significant difference between dominant and
submissive rats was lost after the first week of treatment. This was
true for all doses used, indicating that the onset of activity was
independent from the dose. By contrast, when submissive animals were
treated with fluoxetine the significant difference between dominant
and submissive 'rats was lost after third week of treatment. (This 25
method of data analysis did not take into account the fluctuation of
behavior that occurs in the control group.) To compare different drug
and dose effects the data were normalized to the initial control week
values.        Dominance Level (DL) values in the group of submissive
rats treated with 2.5 mg/kg dose of Compound #8 did not significantly
differ from control. 30 However, the group treated with Compound #8
at 12.0 mg/kg showed DL values significantly different from vehicle
treated controls after the second, fourth and fifth week of
treatment. Similarly, the group treated with Compound #8 at 60 mg/kg
showed a significant difference in DL values relative to vehicle  WO
2007/075695PCT/US2006/048448 starting at the first week and
continuing through the treatment duration.of 5 weeks. At the highest
dose, (120 mg/kg) Compound #8 DL values were 



significantly different from the control group after first week,
however, this significance dissipated after the second week of
treatment. 5Fluoxetine treated animals (10 mg/kg) consistently showed
increased submissiveness during first week of treatment. In
comparison with fluoxetine treated animals (10 mg/kg), Compound #8
treated groups did not show this effect. At 60.0 mg/kg dose of
Compound #8, the difference in DL values with fluoxetine treated
group was statistically significant at p<0.001 after first week 10
and p<0.05 after second week of treatment. There was no significant
difference between normalized DL levels of pairs treated with
fluoxetine and Compound #8 during subsequent treatment weeks. To
estimate activity onset time, daily average values for feeder time of
15 dominant and submissive animal pairs were plotted and significant
differences between these two groups were calculated using the
two-tail t-test. The first day of consistent lack of statistical
significance occurred after treatment with Compound #8 at 12.0 mg/kg
on the 6th day and at 60 mg/kg on the 4' day. There was no consistent
loss of significance between dominant and submissive 20 rats feeder
time after treatment with Compound #8 at 2.5 mg/kg and 120.0 mg/kg.
To compare activity onset time between different treatments the
activity onset time was estimated from the non-linear regression fit.
The non-linear regression model was fit for each drug and dose
normalized daily DL values. 25 Activity Onset Time at the 50% effect
(A0T50) and Emax for Compound #8 at 2.5 mg/kg, 12 mg/kg and 60 mg/kg
was 2.1; 5.3 and 1:6 days, respectively and was not significantly
different between doses.. The maximum of the effect derived from this
analysis was 52.4  32.7% (SEM), 87.9  42.6% (SEM) and 116.9  29.5%
(SEM) for the 2.5 mg/kg, 12 mg/kg and 60 mg/kg dose 30respectively
and was also not significantly different between these doses.
In summary, the effect of Compound #8 in the RSBM assay was dose
dependent, with a calculated ED50 of 6.6  0.8 mg/kg [CI = 3.0-10.2]
and Emax of 131.4  4.7% [Cl = 111.3 - 151.5].  WO
2607/675695PCT/US2006/048448        In this assay, Compound #8
reduced submissive behavior indicating that the compound is active as
an anti-depressant agent. 5Example 15-17 Kindling and Bipolar Cycling
Discussion in current literature suggests that the mechanisms
underlying kindling may be similar to the mechanism of cycling in
bipolar disorder and It may be related to mood stabilization. Thus,
the amygdala kindling and hippocampal kindling assays described in
more detail hereinafter may be 10 predictive of the ability of a test
compounds to treat the cycling associated with, characteristic of or
symptomatic of bipolar disorder. (Ghaemi, S.N., Boiman, E.E., and
Goodwin, F.K., Soc. of Bio. Psychiatry, (1999), vol. 45, pp137-144;
Stoll, A.L., and Severn, W.E., Harvard Rev. Psychiatry, July/August
(1996), Vol. 4, No..2, pp 77-89) 15 Example 15  Amvgdala Kindling
Assay (Kindling Prevention)         Briefly, the assay procedure was
as follows. Adult male, SpragueDawley rats weighing between 250-300 g
were obtained from Charles River, 20 Wilmington, MA. All the animals
were housed on a 12:12light dark cycle and permitted free access to
both food (Prolab RMH 3000) and water except when removed from the
home cage for experimental procedures. Animals were oared for in a
matter consistent with the recommendations detailed in the National
Research Council Publication, "Guide for the Care and Use of 



25Laboratory Animals" in g temperature controlled, pesticide-free
facility. Kindling stimulations were routinely performed between 9 AM
-2 PM to avoid any circadian variations.        Compound #8 was
triturated in a small volume of 0.5% methylcellulose, sonicated for
10 min, and brought to a final volume with 0.5% methylcellulose. 30
Compound #8 was administered systemically (i.p.) in a volume of 0.04
m1/10 g body weight and all tests were conducted at thepre-determined
time of peak effect of 0.5 hours after i.p. administration.  WO
2007/075695PCT/US2006/048448        The ability of Compound #8 to
block the expression of amygdala kindled seizures was determined as
follows. Rats were anaesthetized with a ketamine (120mg/kg, i.p.) and
xylazine (12mg/kg, i.p.) cocktail. Under aseptic conditions, a
bipolar electrode (Plastic One, Roanoke, VA) was stereotaxically
implanted 5 into the right.basolateral amygdala (AP -2.2, ML -4.7, DV
-8.7; Paxinos and Watson). Anterior-posterior and lateral
measurements were from Bregma, whereas the dorsal-ventral measurement
was from the skull surface. Sterile skull screws (3-4) were implanted
for the indifferent reference electrode. Electrodes were fixed using
dental cement and acrylic. The wound was then 10 closed using sterile
1818 Michel suture clips (Roboz, Gaithersburg, MD). Neomycin
antibiotic ointment was applied to the wound and a single dose of
penicillin (60,000 IU, im, AgriLabs) was administered to the each rat
before returning them to clean cages for one week of post operative
recovery. Amygdala kindling was then performed according to the
following 15 protocol. Following a brief acclimation (< 5 minutes) to
the recording chamber, baseline EEG recordings were obtained (MP 100,
Biopac Systems Inc., Goleta, CA). Rats were then randomized to
receive either vehicle (0.5% methylcellulose) or Compound #8 (75
mg/kg, i.p.) (n = 10 rats per group). On the day of the experiment, a
single dose of Compound #8 or 0.5% 20 methylcellulose was
administered 30 minutes prior to amygdala stimulation (200 pA for 2
seconds). The behavioral seizure score and AD duration was recorded
for rats in each treatment group.. Behavioral seizure scores were
determined using the Racine scale; i.e., 0 = no response; stage 1 =
grooming/hyperactivity; stage 2 = head nodding/tremor; stage 3 =
unilateral 25 forelimb clonus; stage 4 = cionus with rearing; and
stage 5 = generalized tonicclonic seizure with rearing and falling
(Racine, 1972). After-discharge (AD) activity was digitally recorded
for up to 180 seconds following the stimulation  train and the
duration of the primary AD was Measured. Rats were. considered fully
kindled when they displayed five consecutive Stage 4 or 5 generalized
30 seizures. Daily stimulations were continued for up to 13
consecutive days in all three groups until rats in the
vehicle-treated group were fully kindled (i.e., five consecutive
Stage 4 or 5 seizures). At this time, all rats were allowed a
one-week stimulus and drug-free period; after which they were
re-challenged in the  WO 2007/075695PCT/US2006/048448 absence of drug
with the same stimulus employed during the acquisition phase (i.e.,
days 1-13). Rats treated with Compound #8 were subsequently
stimulated once per day until they reached a fully kindled state.
5The after-discharge (AD) duration in both the vehicle and Compound
#8 treated groups displayed a progressive increase over the course of
the kindling acquisition phase. No statistical difference between
treatment groups was observed. Compound #8 prevented the acquisition
of the full generalized kindled 10 seizure. This conclusion is based



The results of this study demonstrate that Compound #8 possesses the
20 ability to modify the development of kindling in the amygdala
kindled rat model of partial epilepsy. These results are consistent
with the conclusion that Compound #8 possesses disease-modifying
effects. This conclusion is based on the finding that the seizure
score, at the conclusion of the drug- and stimulation-free period, of
rats in the Compound #8 treatment group remained 25 significantly
lower than that of the vehicle-treated rats. Furthermore, once the
stimulation protocol was resumed in the absence of drug, the seizure
score progressed at a rate that was parallel tothe vehicle-treated
group.        The finding that the seizure score, but not the
after-discharge duration, in the compound treatment group one-week
after the stimulus- and.drug-free 30 week was markedly lower than
that of the vehicle-treated group suggests that Compound #8 prevented
the acquisition of the secondarily generalized seizure but not the
focal seizure.  WO 2007/075695PCT/US2006/048448 Example 16
Hippocampal Kindling Model (Interruption of Kindled State)  Kindled
seizures provide an experimental model of focal seizures,
allowing scientists to study complex brain networks that may
contribute to 5 seizure spread and generalization from a focus. In
the present rapid hippocampal kindling model adult male Sprague-
Dawley rats (300-400 g) were surgically implanted with bipolar
electrodes placed in the hippocampus. The rats were kindled by
repetitive electrical stimulation (50 Hz, 10 s train of 1 ms,
biphasic 200 gA pulses every 30 min for 10 6 h every other day for a
total of 60 stimulations) resulting in stage 5 bilateral motor
seizures. One week later, the rats received 2-3 supra-threshold
stimulations delivered every 30 min before treatment with test
compound, to ensure stability of the behavioral seizure stage and
after-discharge duration. Fifteen minutes after the last stimulation,
a single dose of vehicle or test 15 compound was administered i.p.
(intraperitoneally). After 15 min, each rat was then stimulated every
30 min for 3 to 4 h. After each stimulation, individual seizure
scores and after-discharge durations were recorded. The group mean -
SEM were calculated for each parameter. Eight rats per dose and a
minimum of four doses were used to establish an EID50 value. Efficacy
was 20 measured as the ability of a compound to modify the seizure
score (severity of spread) and after-discharge duration (ADD;
excitability) of the generalized seizures.        Using this
approach, a compound that reduces the seizure score from 5 to 3
without any effect on the ADD suggest the utility of the compound for
the 25 treatment of secondarily generalized seizures. In contrast, a
compound that reduces the seizure score from 5 to less than 1, as
well as reduces the ADD, suggest the utility of the compound for the
treatment of focal seizures. Thus, according to the theories
presented in current literature (Ghaemi, S.N., Boiman, E.E., and
Goodwin, F.K., Soc. of Bio. Psychiatry, (1999), vol. 45, pp137-144;
30 Stoll, A.L., and Severus, W.E., Harvard Rev. Psychiatry,
July/August (1996), Vol. 4, No, 2, pp 77-89) a decrease in seizure
score and / or ADD may also be predictive of the ability of a test
compound to treat the cycling associated with bipolar disorder.  WO
2007/075695PCT/US2006/048448 Compound #8 (formulated in a 0.5%
aqueous solution of methylcellulose) exhibited anticonvulsant
activity in this model with an ED50= 68.5  1.3 mg/kg (corresponding
to a decrease in seizure score at 45 min, and 5peak activity at 165



the ADD (p = 0.07). Ethosuximide was ineffective in this model;
whereas, phenytoin, carbamazepine and valproic acid significantly
suppressed seizure activity, but at doses associated with toxicity.
10  In this model, 6 out of 8 rats showed a significant reduction in
global seizure activity (score < 3) after treatment with Compound #8,
as shown in Figure 5. Similar protection was observed for valproic
acid (at toxic doses > 300 mg/kg) and carbamazepine (at toxic doses
>26 mg/kg). Comparison Results from this assay are as listed in Table
4, below. 15 Table 4: Evaluation of Compound #8 and Reference Drugs
in the Rat Hippocampal Kindling Test   Dose (mg/kg), hp. Mean Seizure
Score After-Discharge Duration (% of control) Compound #8 100 TD50 -
100  2.1 0.5 (p = 0.0003) 15324% (p=0.07) Ethosuximide 250 TD50= 189
5  0.1 



(p = 0.20) 78  13% (p = 0.03) Phenytoin 30 TD50 = 15 4.3  0.3 (p =
0.02). 209  43% (p = 0.02) Carbamazepine 75 TD50 = 26 2.3  0.6 (p =
0.005) 72  13% (p = 0.02) Valproic acid 350 TD50 = 316 0.3  0.2 (p
<0.0001) 3  1% (p <0.0001) E050 = median therapeutic dose; 1 L)sa =
me on to P = paired West; one-tailed  WO 2007/075695PCT/US2006/048448



Example 17  Lamotriqine Resistant Amvqdala Kindled Rat Model
(Interruption of Kindled State\ Compound #8 was evaluated in the
lamotrigine (LTG)-resistant 5 amygdala kindled rat model (NINDS).
Amygdala kindling is less severe than hippocampal kindling, such that
many AEDs are effective against amygdala kindled seizures, but are
ineffective against hippocampal kindled seizures. For example,
lamotrigine can significantly reduce amygdala kindled seizure score
and ADD (ED 50 = 25 mg/kg, i.p., Cl = 4-50  mg/kg; score - 2; ADD
reduced by 10 62%), but is unable to protect against hippocampal
kindled seizures. In the LTG-resistant amygdala kindling model, rats
were dosed with LTG (5 mg/kg, i.p., q.d.) during the acquisition
phase of kindling. This dose has been shown to have no effect on
kindling itself, but leads to the development of fully kindled rats
that are resistant to the anticonvulsant effects of LTG. Once 15
kindled (supra-threshold stimulation of 150 pA biphasic 60 Hz current
pulse for 1 second; - 2 weeks), rats were re-challenged with a high
dose of LTG (45 mg/kg, i.p.) one week later to insure resistance.
After a 3-4 day wash out period, rats received 2-3 supra-threshold
stimulations delivered every 30 min before treatment with Compound #8
(or vehicle) to ensure stability of the 20 behavioral seizure stage
and after-discharge duration. Fifteen minutes after the last
stimulation, a single dose of vehicle or test compound was
administered i.p. After 15 min, each rat was then stimulated every 30
min for 3 to 4 h. After each stimulation, individual seizure scores
and after-discharge durations were recorded. The group mean t.t.- SEM
was calculated for each 25 parameter.        Compound #8 (75 mg/kg,
i.p., n = 9) significantly reduced the seizure score and
after-discharge duration. Eight out of nine rats were protected such
that the seizure score was reduced from a 5 to 0.8 and the
after-discharge ' duration was reduced 86% (from 73 sec to 10 sec).
Four of the nine rats 30 exhibited ataxia and sedation at this dose.
Example 18  Tail Suspension Test (Acute)  WO
2007/075695PCT/US2006/048448        In the tail suspension test (TST)
for evaluating compounds for anti, depressant activity, mice are
suspended by their tails to a metal or plastic rod using clip or
scotch tape. The test is usually quite short, 5-7 min, and the amount
of time the mice spend immobile is recorded either manually or with
an 5 automated device. Agents which have antidepressant activity,
decrease the duration of immobility of mice in this test.        The
basic apparatus for the tail suspension assay consisted of a yellow
plastic chamber (91 x 45 x 10 cm) divided for four arenas 25, 20, 20
and 25 cm wide separated by yellow plastic walls 0.75 cm thick. Mice
were suspended by 10. their tails using a rubber clip (7 cm long)
attached to the plastic rod that was placed on the top of a testing
chamber half way through its deep dimension. Each experimental
session was videotaped and analyzed for four animals in the real time
by computer software ("Depression Scan" Clever Sys Inc.). The
computer justification of immobility was calibrated with the use of
animals 15 dosed with lorazeparn while justification of movement was
calibrated with the high dose of desipramine treated animals.
Control, vehicle treated animals and animals treated with Compound #8
were analyzed under the calibrated settings. The settings were
adjusted separately for dark (CH3/HeJ and C57BI/6J strains) and white
mice (Balb/cJ and NJ strains). A yellow 20 background was used for
dark mice and a blue background was used to record movements of white



25 compounds that have potential antidepressant properties decrease
the duration of immobility and at the same time increases mobility in
the TST.        Data were analyzed using GraphPad Prism software
(GraphPad Software, Inc. San Diego, CA). For the comparison of the
effect of different doses for various drugs on immobility in the TST
one-way analyses of variance 30 (ANOVA) were used followed by
Dunnett's multiple comparison test. The EDso and Emax values were
calculated foi DMI, VLX, DLX and Compound #8 using non-linear
regression analysis with one phase exponential decay equation for  WO
2007/075695PCT/US2006/048448 curve fitting. The ED50 and Em ax values
were compared using two-way ANOVA and Bonferroni post-hoc test. The
dose-response for different antidepressants and Compound #8 in 5 the
CH3/HeJ mice was evaluated. Compound #8 was suspended in 0.5% of
methylcellulose. Positive controls included duloxetine (DLX),
venlafaxine (VLX)and desipramine (DMI) which were dissolved in 0.5%
methylcellulose and lorazepam (LOR) which was suspended in 0.5% of
methylcellulose in water by sonication. AU drugs and vehicles were
administered orally (p.c.) by gavage in 10 a volume of 10 mL/kg. .
The mice were ordered 5 weeks old and at the beginning of experiment
their weight was 20  5g. Animals were housed in groups of four in
plastic cages at an ambient temperature of 21C to 23C with an
automated 12/12 hours light/dark cycle and accesi to water and a
commercial rodent food ad 15libitum.        This group was divided
into eight experiments testing the effects of Compound #8, positive
controls (DMI, VLX, DLX) at different doses and negative control
(LOR) at 5 mg/kg. Each experiment consisted of seven treatment groups
with four animals per group. A total of 28 animals per 20 experiment
were used. Every two consecutive experiments (1 & 2, 3 & 4, 5 & 6 and
7 & 8) were exact replicas of each other. This resulted in a total
number of eight animals per treatment group at the end of the study.
One treatment group of four animals in each experiment was a vehicle
treated group. In addition to the vehicle treated group, the effects
of [WI at 6 mg/kg, 12 mg/kg, 30 mg/kg, 25 60 mg/kg and 120 mg/kg and
LOR at 5 mg/kg were tested in experiments 1 and 2. In experiments 3
and 4 the effects of Compound #8 at 6 mg/kg, 12 mg/kg, 30 mg/kg, 60
mg/kg, 120 mg/kg and 240 mg/kg were tested. In experiments 5 and 6
the effects of DLX at 6 mg/kg, 12 mg/kg, 30 mg/kg, 60 mg/kg, 120
mg/kg and LOR at 5 mg/kg were tested. In experiments 7 and 8 30 the
effects of VLX at 6 mg/kg, 12 mg/kg, 30 mg/kg, 60 mg/kg, 120 mg/kg
and LOR at 5 mg/kg were tested. In the course of the study one mouse
died due to miss-dosing in the group treated with Compound # 8 12
mg/kg, so this group consisted of seven animals on the end of the
study.  WO 2007/075695PCT/US2006/048448 Compound #8 and all tested
antidepressant drugs decreased immobility time and increased mobility
time in 0H3/HeJ mice during a 7-min testing session. Compound #8
effects were statistically significant at 12 mg/kg, 60 5 mg/kg, and
120 mg/kg. Significance was determined in comparison to parallel
controls treated with vehicle.        DMI effects were statistically
significant at 12, 30, 60 and 120 mg/kg. VLX effectswere
statistically significant at 6, 12, 30, 60 and 120 mg/kg. DLX effects
were statistically significant at 60 and 120 mg/kg. 10ED50 and Emax
values were calculated from these results by non-linear regression
analysis. ED50 and Emax values are listed in Table 5 below. ED50
values calculated for immobility and mobility were not significantly
different across treatments. The ED50 value for Compound #8 was



WO 2007/075695PCT/US2006/040448 Mobility Drug EDso mg/kg SEM EDso Cl
Cmpd #8 3.6 2.9 -46-11.8 DMI 24.4 9.0 -0.5- 49.3 VLX 21.1 8.4 -2.1
-44.4 DLX 61.5 20.9 3.6-119.3 Drug Emax % of C SEM Em" 



Cl Cmpd #8 95.6 13.0 59.4 - 131.7 DMI 195.7 24.9 126.7 -264.7 VLX
412.6 53.9 263.0 - 562.2 DLX . 175.5 28.3 96.9 - 254.2 Immobility
Drug EDso mg/kg SEM EDso Cl Cmpd #8 5.6 3.3 1.7-12.1 



DMI 27.4 16.0 11.3 -55.0 VLX 25.0 15.4 8.8 - 55.1 DLX 31.4 15.7 22.4
-42.6 Drug Ema.4 of C SEM Emax CI Cmpd #8 22.2 6.1 2.8 -41.6 DMI 38.5
6.3 18.5.- 58.5 VLX 63.7 



11.1 28.4 - 98.9 DLX 80.4 6.4 59.9- 100.9         In summary, studies
described in this example show that Compound #8 has
antidepressant-like activity, as measured by the tail suspension
test. The ED50 for Compound #8 was calculated as 3,6  2.9 mg/kg and
the Emax 5 calculated as 22.2  6.1% under the condition of our study.
Example 19  Forced Swim Test (Acutel The Forced Swim test (FST) is a
commonly used procedure to screen. 10 compounds for possible
antidepressant properties. This test is also known as the behavioral
despair test. Rodents placed in familiar tanks filled with water
present a wide variety of escape or immobility behaviors.
Antidepressant drugs from different classes markedly increase escape
behaviors and/or decrease latency or duration of immobility. Since
these effects are characteristic of 15clinically active
antidepressants the compounds with unknown clinical activity showing
such effects in the FST are interpreted to have potential to treat
human mood disorders.  WO 2007/075695PCT/US2006/048448 Compound #8
and maprotyline were dissolved in 10% solutol. Venlafaxine and
desipramine were dissolved in water. All drugs and their vehicles
were administered orally (p.o.) by gavage in a volume of 5 mL/kg.
5Male Sprague Dawley rats (140 to 160 g) from Charles River
Laboratories Wilmington, MA were used. The animals went through a
five-day quarantine period before being subjected to the experimental
procedure. Animals were housed in groups of four in plastic cages at
an ambient temperature of 21C to 23C with an automated 12 hour
light/dark cycle and 10 access to water and commercial rodent food ad
libitum. Animals were not handled more than for the routine bedding
change prior to pre-test swim session. 



The study was divided into six experiments testing the effects of 15
Compound #8, three positive controls (desipramine, maprotyline,
venlafaxine) and a negative control (lorazepam) at different doses.
Each experiment consisted of seven treatment groups with n = 4
animals per group. A total of 28 animals per experiment were used.
Two consecutive experiments (1 and 2, 3 and 4, and 5 and 6) were
exact replicas of each other. This resulted in a total 20 number of
eight animals per treatment group at the end of the study. One
treatment group of n = 4 animals in each experiment was a vehicle
treated group. In addition to the vehicle treated group, the effects
of desipramine at 3 mg/kg, 6 mg/kg, 12 mg/kg, 30 mg/kg and 60 mg/kg
and lorazepam at 1 mg/kg were tested in experiments 1 and 2. In
experiments 3 and 4 the effects of 25 Compound #8 at 3 mg/kg, 6
mg/kg, 12 mg/kg, 30 mg/kg, 60 mg/kg and 120 mg/kg were tested. In
experiments 5 and 6 the effects of venlafaxine and maprotyline at 12
mg/kg, 30 mg/kg, and 60 mg/kg were tested. In the course of the study
one rat died due to miss-dosing in group treated with desipramine 12
mg/kg, so this group consisted of seven animals on the end of the
study. 30The basic apparatus consisted of a cylinder (46 cm tall x
-20 cm diameter) filled with water to 30 cm deep, at a temperature of
25  1C. The automated version of the FST was used to perform the
experiments. Plumbing for automatic filling and emptying water
connected the four cylinders. Cylinders  WO
2007/075695PCT/US2006/048448 were placed in the dividing chambers 25
cm wide to separate animals visually. Each 5-minute experimental
session was videotaped and analyzed in real time by computer software
(Clever Systems, Inc.) for four animals at a time. The immobility,
swimming, climbing and escape times were recorded by the 5 software.
The four activities are defined as follow. Immobility: the animal
floats motionlessly or makes only those movements necessary to keep
its head above water; Climb: the animal vigorously moves vertically
while scratching the wall around the cylinder; Swim: the animal moves
horizontally around in the cylinder more than necessary to keep its
head above water; and Escape: sum 10 of all vigorous active
movements.        The ability of a test compound to decrease the
duration or frequency of immobility, or changes in swimming, climbing
and escape times, was measured using the FST procedure described
above. Clinically effective antidepressants and/or novel compounds
that have potential antidepressant properties 15 decrease the
duration or frequency of immobility in the FST when administered
between,the pre-test and the test sessions. The analysis of the
results in the studies described was focused on the immobility time
during 5-minute test session. 20There were two swim sessions in each
experiment. First, a pre-test swim session for 15 minutes was
performed. Following 48 hours later was a test session of 5-minute
duration. Upon completion of a swim session, each animal was placed
under a heat lamp in a cage with soft bedding for approximately 15
minutes to prevent hypothermia. 25Animals were pre-treated with a
vehicle or test compound after completing the pre-test swim session,
then 24 hours later and then shortly prior to the 5-minute test
session; i.e., three injections were given to each animal between the
two swim sessions that occurred on 3 consecutive days. The time prior
to test session was 1 hour for desipramine, maprotyline, venlafaxine,
30 lorazepam or 4 hours for Compound #8; the time of the maximal
effect in the maximal electroshock seizures (MES) test.        Data



WO 2007/075695PCTIUS2006/048448 doses for various drugs on immobility
in the FST one-way ANOVA was used followed by Dunnett's multiple
comparison test. The ED50 and Emax values were calculated for
desipramine and Compound #8 using non-linear regression analysis with
a one-phase exponential decay equation for curve fitting. The 5 ED5D
and E,-"" values were statistically compared using two-tail t-test.
All tested antidepressant drugs decreased immobility time during the
5-minute testing session. The desipramine effect was statistically
significant at 6 mg/kg, 12 mg/kg, 30 mg/kg, and 60 mg/kg. The
calculated ED50 for 10 desipramine was 2.0  0.1 mg/kg (Cl = 1.3- 3.3
mg/kg) and its Em ax was 50.0  8.4 seconds (Cl = 31.8- 57.7). The
effect of treatment with Compound #8 was statistically significant at
12 mg/kg, 60 mg/kg, and 120 mg/kg compared to vehicle treated
controls. The large variability between individual rats rendered the
effect of the 30 mg/kg dose of Compound #8 not significantly
different from 15 control, For this reason the immobility data for 30
mg/kg dose were not used in the ED50 calculation. The ED50 calculated
for Compound #8 was 5.6  0.6 mg/kg (Cl = 2.2- 15.6 mg/kg) and its
Emax was 67.0  11.6 seconds (Cl = 30.3 - 103.8). The ED50 value for
Compound #8 was significantly different from the ED50 value for
desipramine at p <0.001 (two tail t-test). There was no 20
statistically significant difference between Em ax values for
desipramine and Compound #8. Verilafaxine and maprotyline (postive
controls) were tested only at three doses of 12 mg/kg, 30 mg/kg, and
60 mg/kg. The immobility of  animals treated at the 30 mg/kg and 60
mg/kg doses were significantly different from vehicle-treated
controls for both venlafaxine and maprotyline. However, 25 there were
too few data points to calculate an ED50 for these two drugs.
Lorazepam (negative control) was tested at 1 mg/kg and showed no
significant effect on the rats' immobility time during the testing
session. The results indicate that Compound #8 has
antidepressant-like activity in the FST. 30Table 6: ED 0 and Emax
values for Compound #8 and DMI in the FST  EDGE) SEIVI   SEM   mg/kg
E050 CI E050 EMaX % Emax 



Cl EM3X  WO 2007/075695PCT/US2006/048448 Compound #8 5.6 0.6 2.2 -
15.6 57.0 11.6 30.3 -103.8 DMI 2.0 0.1 1.3 - 3.3 50.0 8.4 31.8 - 57.7
Example 20 Chronic Mild Stress Model (Chronic)  In the chronic mild
stress (CMS) model rats subjected to a variety of mild 5 stressors
for a prolonged period of time show, among other behavioral,
biochemical and physiological impairments, a substantial decrease in
their responsiveness to rewarding stimuli. This deficit is usually
monitored by a decrease in the consumption of the 1% sucrose
solution, but can also be seen in other tests, such as place
preference conditioning or intracranial self- 10 stimulation. Since
the subsensitivity to reward appears to reflect anhedonia (inability
to experience pleasure), which is a core symptom of major depressive
disorders, the CMS procedure may serve as a suitable research tool in
studies into the mechanisms of antidepressant action. 15Male Wistar
rats were brought into the laboratory two months before the 



start of the experiment. Except as described below, the animals were
singly housed with food and water freely available, and were
maintained on a 12-h light/dark and in a constant temperature (22
2C) and humidity (50  5%) conditions. 20The animals were first
trained to consume a 1% sucrose solution; training consisted of eight
lh baseline tests in which sucrose was presented, in the home cage,
following 14h food and water deprivation; the sucrose intake was
measured by weighing pre-weighed bottles containing the sucrose
solution, at the end of the test. Subsequently, sucrose consumption
was 25 monitored, under similar conditions, at weekly intervals
throughout the whole _experiment.         On the basis of their
'sucrose intakes in the final baseline test, the animals were divided
into two matched groups. One group of animals was subjected to the
chronic mild stress procedure for a period of 7 consecutive 30 weeks.
Each week of stress regime consisted of: two periods of food or water
deprivation, two periods of 45 degree cage tilt, two periods of
intermittent 70  WO 2007/075695PCT/U52006/048448 illumination (lights
on and off every 2h), two periods of soiled cage (250 ml water in
sawdust bedding), one period of paired housing, two periods of low
intensity stroboscopic illumination (150 flashes/min), and three
periods of no stress. All stressors were 10 - 14 h of duration and
were applie.d individually 5 and continuously, day and night. Control
animals were housed in separate rooms and had no contact with the
stressed animals. They were deprived of food and water for the
14h.preceding each sucrose test, but otherwise food and water were
freely available in the home cage. On the basis of their sucrose
intakes following initial 2 weeks of stress, 10 both stressed and
control animals were each divided further into matched subgroups (n =
8), and for subsequent five weeks they received once daily
intraperitoneal administration of vehicle (0.5% methylcellulose, 1
ml/kg), Compound #8 at 12 mg/kg, 30 mg/kg or 60 mg/kg, imipramine at
10 g/kg or . venlafaxine at 10 mg/kg as reference treatments. The
drugs were administered 15 at approx. 10.00 and the weekly sucrose
tests were carried out 24h following the last drug injections. After
five weeks all treatments were terminated and 24h later the blood
and/or brain samples were collected from all animals and submitted
for further biochemical analysis. Stress was continued throughout the
entire period of treatment. 20Animals were individually removed from
their housing rooms to another room for sacrifice. Then they were
decapitated in a semi-randomized order. , Whole brains were be
removed, rapidly frozen in dry ice/n-heptane immediately after
sacrifice and stored in plastic vials at -70 C. Trunk blood for
plasma was collected into EDTA tubes which contained EDTA
(approximately 1.6mg/mlof 25 blood). The EDTA blood was centrifuged
directly at 1500 xg for 10 min at 4C. The plasma was aspirated and
stored in Eppendorf tubes at -70C. Additionally, 2 lots of 20m1 of
plasma from nave animals were prepared for generating a compound
standard curve for bioanalysis. All results obtained in this study
were analyzed by multiple analyses of 30 variance with three
between-subjects factors (stress/control, drug treatments  and
successive sucrose tests). The Fisher's LSD test was used for the
post: hoc comparisons of means.  WO 2007/075695PCT/US2006/048448
Chronic mild stress caused a gradual decrease in the consumption of
1% sucrose solution. In the final baseline test, all animals drank
approx. 11 g of sucrose solution. Following the initial two weeks of



10 Treatment effect: F(1,84) = 22.651; p<0.001 and Treatment x Weeks
interaction: F(5,84) = 2.717; p=0.025] in stressed animals.
Similarly, Venlafaxine was inactive in controls [Treatment effect:
F(1,84) = 0.208; NS] and caused significant Treatment effect: F(1,84)
= 35,724; p<0.001 and Treatment x Weeks interaction: F(5,84) = 3.219;
p=0.010] in stressed animals. 15As compared to Week 0 scores, the
increases in sucrose intake in stressed animals reached statistical
significance after four weeks of treatment with imipramine (p<0.05)
and venlafaxine (p<0.01) and this effect was maintained thereafter.
One stressed animal (no 480) did not respond to venlafaxine treatment
but it was not excluded from the statistical analysis. 20As compared
to vehicle administration, Compound #8 did not cause significant
Treatment effects in control [F(3,168) = 1.198; NS] and in stressed
[F(3,168) = 1.676; NS] animals, indicating that the compound is
inactive in the CMS model of depression. 25Example 21  Resident /
Intruder Assay (also known as Chronic Social Stress Assay)
The behavioral resident / intruder assay is used to screen compounds
for anti-depressant-like activity. Compound #8 was tested in this
assay, with the assay run according to the procedure as described in
Rygula, R., 30 Abumaria, N., Flugge, G., Fuchs, E., Ruther, E.,
Havemann-Reinecke, U., Behavioral Brain Research, 162 (2005), ppl
27-134.       Tables 5, 6 and 7 below, list the mean and standard
deviation values for measured parameters, for the following
compounds, administered p.o. (orally):  WO
2007/075695PCT/US2006/048448 vehicle, control compounds imipramine at
10 mg/kg and venlafaxine at 10 mg/kg, Compound #8 at 60 mg/kg and
Compound #8 at 120 mg/kg. Table 5: Resident Intruder Effect on
Sucrose Intake  Dose Sucrose Intake Mean t SD Treatment mg/kg Week 3
Week 4 Week 5 Vehicle - non-stressed 0 



90.2  2.5* 89.0  4.2* 91.7 . 2.1* Vehicle - stressed 0 51.7 - 26.7
69.3  7.5 66.3  6.1 lmipramine - non-stressed 10 87.9  2.7 89.7  5.3
91.0  3.7 Imipramine - stressed 10 70.5  19.5 78.3  15.1 73.6  19.4
Venlafaxine - non-stressed 10 88.4  9.1 91.5  5.6 87.9  15.0
Venlafaxine - stressed 10. 74.5  16.7 



76.1  18.2 73.3 17.6 Compound #8 - non-stressed 60 90.9  3.5 92.3
1.4 88.9 7.4 Compound #8 - stressed 60 92.1 :.I.-. 3.2* 89.5  c .9*
92.4  4.5* Compound #8 - non-stressed 120 83.6  22.1 91.3  4.6 89.3
5.1 Compound #8 - stressed 120 76.1  20.8 75.5 t 20.6 87.4- 79* 5*
statistically significantly different from vehicle stressed animals
Table 6: Resident Intruder Effect on Locomotor Activity Treatment
Dose 



mg/kg Locomotor Mean t SD Rearing Mean t SD Sniffing Up Mean t SD
Sniffing Do Mean t SI   week 1 week 1 week 1 week 1   8184.7 -J..-
1597.2 50.8 -s- 10.2* 47.8  9.6 24.5  4.i Vehicle  week 5 week 5 week
5 week 5 



non-stressed 0 8102.3 1805.6* 46.8  7.6* 43  6.6* 29.8 5.3   week 1
week 1 week 1 week 1   5816.8  1589.6 28  11.2 27.5  10.8 15.8  5:
Vehicle  week 5 week 5 week 5 week 5 stressed 0 



3920.8 887.3 189.1 14.5 .6.7 9 2.6  WO 2007/075695PCT/U82006/048448
lmipramine non-stressed 10 week 1 8162.8 929.9 week 5 7278  1030 week
1 51.5  12.6 week 5 42.1 2.9 week 1 48.1 J.-. 10.3 week 5, 37.52:1
week 1 25.8 4.9 week 5 26.4  5.2   



week 1 week 1 week 1 week 1   6037.8  1382.8 30  9.5 27.5  7.9 14.4
4.4 Imipramine  week 5 week 5 weeks weeks stressed 10 5642.8 998.6
27.8  7.4 24.3  5.1 17.3   week 1 week 1 



week 1 week 1   9094.9  1832.7 48.3  11.2 43.3  8.9 27.1  52
Venlafaxine  week 5 week 5  week 5 week 5 non-stressed 10 8078.6
1665.2 40.1  8.9 38.6  7.7 27  4.7   week 1 week 1 week 1 week 1 



6233.6  1087.2 30.8  6.6 28.6 - 6.5 14.9  3.5 Venlafaxine  week 5
week 5 week 5 week 5 stressed 10 6250.1  789.2* 35.1 7.4 33.1 - 7.5*
18.3  3.6   week 1 week 1 week 1 week 1   



8288.6  2117.5 49.6  8.7 44.1 9.4 20.9  3.:: Compound #8  week 5 week
5 week 5 week 5 non-stressed 60 7922.9  1476 37.4  11.5 33.4  11.2
23.5  6.z   week 1 week 1 week 1 week 1   5858.5  708.2 26.5  6.1 



25  7.3 13 J.- 3.3 Compound #8  week 5 week 5 week 5 week 5 stressed
60 7080.9  1238.7* 32.8  10.3 30.6  11.1 24.8  5.7   week 1 week 1
week 1 week 1   8056.6 t 867.2 42  10.6 37.6 8.4 22.8  3.: 



Compound #8  week 5 week 5 week 5 weeks non-stressed 120 B648.3
106,0.9 36.5 6.3 33.5 5.9 25.5 4.   week 1 week 1 week 1 week 1
6168.3 :I: 1132.1 29.3  7 27.5  6.1 13  3.6 Compound #8  



week 5 week 5 week 5 week 5 stressed 120 6444  1010.3* 30.1 6.4 30.4
7.5 22.5  4; * statistically significantly different from vehicle
stressed animals  WO 2007/075695PCT/US2006/048448 Table 7: Resident
Intruder Effect on Forced Swim Test Treatment Dose mg/kg Immobility
during 5min: Week 5 Mean  SD Vehicle - non-stressed 0 165.5 :1_- 25*
Vehicle - stressed 0 227 *40.2 Imipramine - non-stressed 



10 125.3 *50.1 lmipramine - stressed 10 157.5 1.1-. 71.6 Venlafaxine
- non-stressed 10 181.8 :4.-., 27.6 Venlafaxine - stressed 10 190.4
*36.8 Compound #8 - non-stressed 60 164.3 *25.3 Compound #8 -
stressed 60 175.1 *29.5 Compound #8 - non-stressed 120 136.7 *34.9
Compound #8 - stressed 120 128.3 *37.4 * * statistically
significantly different from vehicle stressed animals 5Compound #8
was active in the resident / intruder assay indicating that Compound
#8 would be expected to be active as an anti-depressant. 



Example 22 As a specific embodiment of an oral composition, 100 mg of
the 10 Compound #8 prepared as in Example .7 is formulated with
sufficient finely divided lactose to provide a total amount of 580 to
590 mg to fill a size 0 hard gel capsule. While the foregoing
specification teaches the principles of the present 15invention, with
examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the
usual variations, adaptations and/or modifications as come within the
scope of the following claims and their equivalents. 20  CLAIMS:  1.A
compound of formula (I) R40R1 III/ (CH2)a-N-S-N II\to 2 0 or a
pharmaceutically acceptable salt thereof for use in the treatment of
mania, wherein       R1 and R2 are each independently selected from
the group consisting of hydrogen and lower alkyl; R4 is selected from
the group consisting of hydrogen and lower alkyl; a is an integer
from 1 to 2;  is selected from the group consisting of  I(R5)b (R5)0 



(R5)b-t o    (R5)1,---(-- 0  wherein b is an integer from 0 to 4; and
wherein c is an integer from 0 to 2;        each R5 is independently
selected from the group consisting of halogen, lower alkyl and nitro;
wherein "lower alkyl" refers to a carbon chain composition of 1-4
carbon atoms,    2.A compound of formula (I) R40R1 III (CH2).-N-S-N
II\r,2 00)       or a pharmaceutically acceptable salt thereof for
use in the treatment of bipolar disorder, wherein       R1 and R2 are
each independently selected from the group consisting of hydrogen and
lower alkyl; . R4 is selected from the group consisting of hydrogen
and lower alkyl; a is an integer from 1 to 2; 



wherein b is an integer from 0 to 4; and wherein c is an integer from
0 to 2;         each R5 is independently selected from the group
consisting of halogen, .lower alkyl and nitro; wherein "lower alkyl"
refers to a carbon chain composition of 1-4 carbon atoms,    3.A
compound of formula (I) R40R1 III (CH2)aN SN II\ 2 0R (I)       or a
pharmaceutically acceptable salt thereof for use in the treatment of
bipolar depresSion,  wherein       R1 and R2 are each independently
selected from the group consisting of hydrogen and lower alkyl; R4 is
selected from the group consisting of hydrogen and lower alkyl; a is
an integer from Ito 2;  is selected from the group consisting of
(R5)5 (R5)b 



(R5)b (R5)c o>1--   (R5)b (R5)e ,,..,,H,.."c?,. t__
"..r.-:-..,,,___".0.,.......*-_ 1(R5)bli 00  and     wherein b is an
integer from 0 to 4; and wherein c is an integer from 0 to 2;
each R5 is independently selected from the group consisting of
halogen, lower alkyl and nitro; wherein "lower alkyl" refers to a
carbon chain composition of 1-4 carbon atoms,  0, then a is 1. 4.The
compound or a pharmaceutically acceptable salt thereof as in any of 



Claims 1, 2 and 3, wherein       R1 and R2 are each independently
selected from the group consisting of hydrogen and lower alkyl; R4 is
selected from the group consisting of hydrogen and lower alkyl; a is
an integer from Ito 2; 'RI is selected from the group consisting of
(R5)c (R5 )b o 0 (125)c (R5)o 0 (R5)c I .0  wherein b is an integer
from 0 to 2; and wherein c is an integer from 0 to 1;        each R5
is independently selected from the group consisting of halogen, lower
alkyl and nitro; wherein "lower alkyl" refers to a carbon chain
composition of 1-4 carbon atoms, provided that when (R5)c  



0  , then a is 1.  5.The compound or a pharmaceutically acceptable
salt thereof as in Claim 4, wherein        R1 and R2 are each
independently selected from the group consisting of hydrogen and
lower alkyl;  R4 is selected from the group consisting of hydrogen
and lower alkyl; a is an integer froth 1 to 2;  is selected from the
group consisting of   wherein b is an integer from 0 to 2; and
wherein cis 0;        each R5 is independently selected from the
group consisting of halogen, lower alkyl and nitro; wherein "lower
alkyl" refers to a carbon chain composition of 1-4 carbon atoms,
6.The compound or a pharmaceutically acceptable salt thereof as in
Claim 



5, wherein        R1 and R2 are each independently selected from the
group consisting of hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and methyl; a is an integer from Ito 2;
is selected from the group consisting of
2-(2,3-dihydrobenzo[1,4]dioxinyl), 2-(benzo[1,31dioxoly1),
2-(3,4-dihydro-2Hbenzo[1,41dioxepinyl),
2-(2,3-dihydro-benzo[1,4]clioxinyl), 2-(6-chloro-2,3-
dihydro-benzo[1,4]dioxinyl),
2-(6-fluoro-2,3-dihydro-benzo[1,4]dioxinyl), 2- (chromanyl),
2-(5-fluoro-2,3-dihydro-benzo[1,41dioxinyl), 2-(7-chloro-2,3-
dihydro-benzo[1,4]dioxinyl), 2-(6-chloro-benzo[1,31dioxoly1),
2-(7-nitrO-2,3- dihydro-benzof1,41dioxinyl),
2-(7-methyl-2,3-dihydro-benzo[1,4]dioxinyl), 2-(5-
chloro-2,3-dihydro-benzo(1,4]dioxinyl), 2-(6-bromo-2,3-dihydro-
benzo[1,4]dioxinyl), 2-(6,7-dichloro-2,3-dihydro-benzo[1,4]dioxinyl),
2-(8-chloro2,3-dihydro-benzo[1,4]dioxinyl),
2-(2,3-dihydro-naphtho[2,3-b][1,4]dioxinyl) and
2-(4-methyl-benzo[1,3]dioxolyl); wherein "lower alkyl" refers to a
carbon chain composition of 1-4 carbon atoms,        provided that
when then a is 1.  is 2-(3,4-dihydro-2H-benzo(1,41dioxepinyl),  7.The
compound or a pharmaceutically acceptable salt thereof as in Claim 6,
wherein       RI and R2 are each independently selected from the
group consisting of hydrogen and methyl; R4 is selected from the
group consisting of hydrogen and methyl; a is an integer from Ito 2;
is selected from the group consisting of 2-(benzo[1,3]dioxoly1),
dihydro-benzo[1,41dioxinyl), 2-(2,3-dihydro-benzo[1,4]dioxiny1).
2-(6-chloro-2,3- dihydro-benzo[1,4]dioxinyl),
2-(7-chloro-2,3-dihydro-benzo[1,41]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1,4]dioxinyl),
2-(6-bromo-2,3-dihydrobenzo[1,4]dioxinyl) and
2-(6,7-dichloro-2,3-dihydro-benzo[1,41clioxinyl).  8. The compound of
any of Claims 1, 2 and 3, wherein the compound of formula (I) is
selected from the group consisting of (2S)-(-)-N-(6-chloro-2,3-
dihydro-benzo[1,4]dioxin-2-ylmethylysulfamide; and pharmaceutically
acceptable salts thereof.  9. A compound selected from the group
consisting (2S)-(-)-N-(6-chloro-2,3-
dihydro-benzo[1,4]clioxin-2-ylmethyl)-sulfamide; and pharmaceutically
acceptable salts thereof for use in the treatment of mania.   10. A
compound selected from the group consisting (25)-(-)-N-(6-chloro-2,3-
dihydro-benzof1 ,41dioxin-2-ylmethyl)-sulfamide; and pharmaceutically
acceptable salts thereof for use in the treatment of bipolar
disorder.  11. A compound selected from the group consisting
(2S)-(-)-N7(6-chloro-2,3-
dihydro-benzorl,41dioxin-2-ylmethyl)-sulfamide; and pharmaceutically
acceptable salts thereof for use in the treatment of bipolar
depression.  12. A compound of formula (11) OCH30 _NH2 



H or a pharmaceutically acceptable salt thereof for use in the
treatment of mania.  13. A compound of formula (II) OCH30 H 0(II)
or a pharmaceutically acceptable salt thereof for use in the
treatment of bipolar disorder.  14. A compound of formula (II) OCH30
0       or a pharmaceutically acceptable salt thereof for use in the
treatment of bipolar depression.   15. The compound or a
pharmaceutically acceptable salt thereof of any of Claims 2 and 10,
wherein the treatment of bipolar disorder comprises treating the
depression and the mania of bipolar disorder.  16. The compound or a
pharmaceutically acceptable salt thereof of any of Claims 2 and 101
wherein the treatment bipolar disorder comprises treating the
depression, the mania and the cycling of bipolar disorder. 


