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METHODS FOR TREATING ATTENTION DEFICIT

HYPERACTIVITY DISORDER

TECHNICAL FIELD
The present mvention relates to wethods of utilizing arylpiperazine devivatives for

treating attention deficit hyperactivity disorder.

BACKGROUND

The primary symptoms of attention deficit disorder {ADD/attention deficit
hyperactivity disorder (ADHD) include a persistent patiern of inattention, hyperactivity, and/
or impulsivity. The symptoms can appear individually, or in combination {Grohol, J., 2007},
The disorder is diagnosed using the American Psychiatric Association: Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5, 2013}, In order for a person to
qualify as having ADD/ADHD, they raust have had symptorus evident before age 12.
However, children do not “grow out of” the disorder; it affects both children and adults.
According to the DSM-5 criteria, an adult must meet 5 or more and a child must meet 6 or
more of the syraptoros for at least 6 months to qualify as baving ADD/ADHD. The disorder
has a negative impact on the affected person’s social, academic, and occupational
functioning. In addition, 20%-30% of children with ADD/ADHD also have a learming
disability, including dyslexia (Martin, B., 2007}, Other people with ADD/ADHD have
associated conditions such as Tourctic’s Syndrome, oppositional defiant disorder, conduct

disorder, anxiety, depression, or bipolar disorder.

There are many theories regarding the cause of ADD/ADHD. it has a strong genetic
basis. The primary genes mnvolved with the cause of ADHD are involved with the brain’s
ability to produce dopamine, as people with ADDVADHD typically have decreased levels of
dopanune in the brain. Some cxperts belicve that some food additives and sugar exacerbate
the condition. However, sugar is not a primary cause of the disorder. Other rescarch indicates
that a lack of omega-3 fatty acids (which are important for brain development and function)
may be causal of ADD/ADHD sywptoms. The addition of fish oil supplements appear to
alleviate the discase symptoms in some children, and may boost their scholastic performance.
Other factors considered causal for ADD/ADHD include maternal smooking. Women wheo
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suffer frora ADDVADHD are more fikely to smoke than woren without the disorder;

therefore, a genctic link cannot be excluded.

The Centers for Discase Control and Prevention (CDC) guotes ADD/ADHD as one of
the most prevalent childhood disorders affecting an estimated 6.4 million children (aged 4 to
17 years) have been diagnosed in the US in 2011, The percentage of children with
ADD/ADHD has increased frova 7.8% 10 2003 t0 9.5% in 2007 to 11% i 2011 (CDC ADHD
data and statistics, 2011). The incidence in adulis with ADD/ADHD was reported as 4% to
5% 10 2011 (Andshel et al. BMC Medicine 2011). The disorder is more prevalent 1n males,
children, people with chronic health problems, dysfunctional families, and lower-income

families.

Children and adults with ADDYVADHD are treated with the same medications. Parents
of children aged 4 to 17 years diagnosed with ADD/ADHD reported that 6.1% were being
treated with medications for the disorder in 2011 compared to 4.8% m 2007 (CDC ADHD:
Untted States, 20032011}, Effective behavior management techniques are also useful
training techniques for children with ADD/ADHD (Andshel et al,, 2011}, Typical
ADDADHD medications used to treat ADD/ADHD are categorized in one of four classes of
medications: stimulants, {amphetamine or methylphenidate), nonstimulants (including some
antthypertensives/central alpha-adrenergic agomsts), antidepressants (fricyclics), and atypical
antipsychotics. Typical medications used to treat ADDV/ADHD currently on the market that
are stimulants include amaphetamine, dextroamphetarine rowxed salts (Adderall®) and
dextroamphetamine (Dexedrine®); typical methylphenidate stimulants include
methylphenidate HCI (Ritalin®) and dexmethylphenidate (Focalin®); typical nonstimulants
fnclude atomoxetine HCI (Strattera®), guanfacine (Tenex® or Intuniv®), and clonidine
{Catapres®y; typical antidepressants include bupropion HCl {Wellbutrin®), venlataxine
(Effexor®), and imipramine {Tofrand®); and typical antipsychotics include aripiprazole
{Abilify®).

Although there arc a wide variety of redications to treat ADD/ADHD, there are some
associated risks with some of the approved medications. The FDA has issued a warning about
drug abuse with amphetamine stinmulants. There is also a concern regarding the possibility
that all amphetamine and methylphemdate stimulants used for ADDVADHD may merease the
risk of cardiac and psychiatric adverse events. The antidepressants used to treat ADD/ADHD
have shown an increased risk of suicide 1o adults, especially 1o the first 1-2 months of

treatment (Grohol, 1, 2007).
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Only 25% of children freated with medications for ADD/ADHD have a modest

improvement {Antshel et al. BMC Medicine 2011). There is also a challenge in optimizing

the benefit/risk ratio of treatment with careful adjustment of dosages and combined therapy

for comorbid conditions, such as depression (Martin, B., 2007). Even with the knowledge

gained to date regarding the disorder and the medications available, the disorder 1s difficult to

treat effectively. There is poor compliance to treatment and the psychiatric comorbidities that

complicate successtul outcomes for patients with ADD/ADHD.

There 1s a need for a new drug with an acceptable efficacy and reduced adverse

effects than the currently available therapies for treating ADDVADHD.
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DETAILED DESCRIPTION OF THE IRYVENTION
Definitions

“Alkyl” or “alkanyl” refers to a saturated, branched or straight-chain or cyclic
monovaleot hydrocarbon radical derived by the removal of one hydrogen atom from a single
carbon atom of a parent alkkane. Typical alkyl groups include, but are not limited to methyl;
cthyl; propyls such as propan-1-yl, propan-2yl, cyclopropan-1-y1; butyls such as butan-1-yl,
butan-2-yl, 2-methyl-propan-1-vl, 2-methyl-propan-2-vl, cyclobutan-1-yland the like.
Preferably, an alkyl group coraprises from 1-20 carbon atorns, more preferably, from 1 to 10,

or 1 to 6, or 1-4 carbon atoms.

“Alkenyl” refers to an unsaturated branched, straight-chain or cyclic alkyl radical
having at least one carbon-carbon double bond derived by the removal of one hydrogen atom
from a single carbon atom of a parent alikene. The group may be in either the ¢is or trans
conformation about the double bond(s). Typical alkenyl groups include, but are not limited
to, ethenyl; propenyls such as prop-1-en-1-yi, prop-1-en-2~-yi, prop-2-en-1-yl (allyl}, prop-2-
en-2-yi, cycloprop-1-en-1-yl, cycloprop-2-en-1-yi; butenyls such as but-1-en-1-yi, but-1-en-
2-yl, Z-vaethy~-prop-1-en-1~-yi, but-2-co-1-y1, but-2-en-2-y{, buta~1,3-dicu-1-v1, buta-1,3-dien-~

2-yl, eyclobut-1-en-1-yl, cyclobut-1-en-3-yi, cyclobuta-1,3-dien 1-yl, etc.; and the like.

“Alkynyl” refers to an unsaturated branched, straight-chain or cyciic alkyl radical
having at least oue carbon-carbon triple bond derived by the rerooval of one hydrogen atom
from a single carbon atom of a parent alkyne. Typical alkyny! groups include, but are not
lirnited to, cthynyl; propynyls such as prop-l-yn-1-yl, prop-2-yn- -yl cte.; butynyls such as

but-1-yn-1-yi, but-1-yn3-yl, but-3-yn-1-yi, etc.; and the like.

“Acyl” refers to a radical —C{O)R, where R is hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein
that may be optionally substituted by one or roore substitucnts as defined herein.
Representative examples include, but are not limited to formyl, acetyl, cyclohexylearbonyl,

cyclohexylmethylcarbonyl, benzoyl, benzylearbonyl and the like.

“Acyloxyalkyloxycarbonyl” refers to a radical -C{OYOCRR7OC(OHR™’, where R,
R, and R""" are cach independently hydrogen, alkyl, cycloalkyl, eycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarvlalkoyl, as defined herein that oay be optionally

substituted by one or more substituents as defined herein. Representative examples inchade,
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but not limited to ~<C{OYOCH,OC{OHCHa, ~C(OHYOCHOC{OYCHLCH,;, —

“Acylalkyloxycarbonyl” refers to a radical —C{OYOCR'RVC(OR™, where R7, R,
and R’ are cach independently hydrogen, alkvl, cycloalkyl, cyclobeteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylaliyl, as defined herein that may be optionally substituted
by one or more substituents as defined herein. Representative examples inclade, but not
limited to ~C{OYOCH,C{O)YCH;, ~C{OYOCHC(OYCH,CH;, ~C{OYOCH(CH)C{OHYCHCH,,
~C{HOCH(CH)T(OYCHs and the ke,

“Acyloxyalkyloxycarbonylamine” vefers to a radical -NRC{OYOCR'RVOC{OR™,
where R, R7, R, and R arc cach independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylatkyl, heteroalkyl, beteroaryl, heteroarylalkyl, as defined herein
that may be optionally substituted by one or more substituents as defined herem.
Representative examples include, but not limited to -NBC{GY OCH,O0C(OYCH,, —
NHC{OOCHOCOYCHCH, ~NHEOYOCH{CHHYOC(OYCHCH;, ~
NHC(OYOCH(CH;)OC(O)YCcHs and the like.

“Acylalkyloxycarbonylaming” refers to a radical -NRC(OYOCR'RC{OMR™’, where
R, R, R, and R*” are each independently hydrogen, alkyi, cycloalkyl, cycloheteroalkyi,
aryl, arylaikyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally substituted by one or more substituents as defined herein. Representative examples
melude, but not limited to -NHC{OYOCH,C(O)YCH,, -NHC{OYOCH,C(O)YCH,CH,, -
NHC(OHYOCHCHAYC(OYCHCH, -NHC(OOCH{CH )0 eHs and the tike.

“Acylaming” refers to “amide” as defined herein.

“Alkylamine” means a radical —INHR where R represents an alkyl, or cycloalkyl
group as defined herein that may be optionally substituted by one or more substituents as
defined herein. Representative examples include, but are not limmted to, methylamino,

ethylamino, 1-methylethylamino, cyclohexylamine and the like.

“Alkoxy” refers to a radical —OR where R represents an alkyl, or eycloalkyl group as
ictined herein that may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not himited to wethoxy, ethoxy, propoxy,

butoxy, cyclohexyloxy and the like.
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“Alkoxycarbonyl” refers to a radical —C(O)-alkoxy where alkoxy is as defined

herein,

“Alkoxycarbonylalkoxy” refers to a radical —OCR'R”C(O)-alkoxy where alkoxy is
as defined herein. Similarty, where R” and R are each independently hydrogen, alkyl,
cycloalkyl, eycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalioyl, as
defined herein that may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to —OCH,C{OYOCH,,
—OCH,C(O)OCH,CH,;, —OCH(CH)C(OYOCH, CH;, —OCH{CH)C{OYOCHCH;,
—OCH(CHCsH Y OYOCHCHR, —OC{CH M CHRC(O)YOCH,CHa, and the like.

“Alkoxycarbonylalkylamine” refers to a radical —NRCR'RVC{0)-alkoxy where
alkoxy is as defined herein. Similarly, where R, R, R and R’ are each independently
bydrogen, allyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are not limited to
------- NHCH,C(OYOCH, —N{CH)CHC{OYOCH, CH,, —NHCH{CHO)C(OYOCH,CH.,
—NHCH(CH YC(OYOCH,CH;, —NHCH(CHCHOC(CYOCH,CHa,

------- NHC(CH3 {CH3C(OYOCH,CH;, and the hike.

“Alkylsulfonyl” refers to a radical —S{{3}3,R where R is an alkyl, or cycloalkyl group
as defined herein that may be optioually substituted by one or more substituents as defined
herein. Representative examples include, but are not limited to, methyisulfonyl,

cthylsulfonyl, propylsulfonyl, butylsulfonyl, and the hike.

“Alkylsulfinyl” refers to a radical —8{Q R where R is an alkyl, or cycloalkyl group
as defined herein that may be optionally substituted by one or more substituents as defined
herein. Representative examples include, but are not imited to, methylsulfinyl, ethylsulfinyl,
propylsulfinyl, butylsulfinyl, and the like.

“Alkylthio” refers to a radical —SR where R s an alkyl or cycloalkyl group as
defined/ herein that may be optionally substituted by one or more substituents as defined
heremn. Representative examples imclude, but are not limited to methylthio, cthylthio,
propylthio, butylthio, and the like.

“Amide” or “acylamine” refers to a radical —NR'C(OR"’, where R” and R are each

independently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, arvl, arylalkyl, heteroalkyl,

e



(¥4

10

20

WO 2015/157451 PCT/US2015/024976

heteroaryl, heteroarylalkyl, as defined herein that may be optionally sabstituted by one or
more substituents as defined herein. Representative examples include, but are not limited to,
formylarmno acetylamino, cyclohexylcarbonylamivo, cyclohexyimethylcarbonyi-amino,

benzoylamino, benzylcarbonylamine and the like.

“Aryl” refers to a monovalent aromatic hydrocarbon radical derived by the removal of
oue hydrogen ators from a single carbon atom of a parent aromatic ring system. Typical aryl
groups include, but are not limited to, groups dertved from benzene, naphthalene, and the
hie. Preferable, an aryl group comprises from 6 to 20 carbou atorus, more preferably,

between 6 to 12 carbon atoms.

“Arvlalkyl” refers to an acyclic alkyl in which one of the hydrogen atoms bonded to a
carbon atorn, typically a terminal or sp’ carbon atom, is replaced with an aryl group.
Typically arylalleyl groups include, but not limited to, benzyl, 2-phenylethan-1-vl,
naphthylhcthyl, 2-naphthylethan-1-yi, naphthobenzyl, 2-naphthophenylethan-1-yl and the
like. Preferably, an arylalioyl group is (Ce-Caglarylalkyl, e.g., the alkyl moiety of the arvlalicyl
group 18 {C-Cyp) and the aryl raoicty 18 {Ce-Cho), more preferably, an arvialkyl group 15 (Ce-
Choy arylalkyl, e.g., the alkyl moiety of the arylalloyl group 15 (C1-Cy) and the aryl moiety is

{(Cs-Cyy).

“Arylalkoxy” refers to an —O-arylalkyl radical where arylalkyl is as defived herein

that may be optionally substituted by onc or roore substituents as defined herein.

“Arvialkoxycarbonylalkoxy” refers to a radical —OCR’R 7 C{O)-arylalkoxy where
arylalkoxy is as dehined herein. Similarly, where R” and R’ are each independently
hydrogen, alkyl, cycloalkyl, eyclohetercalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined berein that voay be optionally substituted by one ot more
substituents as defined herein. Representative examples include, but are not limited to
—OCH,C{OOCH,CHs, —OCH{CH)C(OHYO CHLCols, —OCH(CcHC(0)Y0 CHCgH,
—OCH{CHCH)C(3)0 CHYCols, —OC(CH(CH )OO CHCeHs, and the hke.

“Arylalkoxycarbonylalkvliaming” refers to a radical —NRCR'R7'C{O)-arylalkoxy
where arylalkoxy is as defined herein. Similarly, where R, R7, R” and R’ are cach
wndependently hydrogen, alkyl, cycloalkyl, cycloheteroalloyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substitucots as defined herein. Representative examples include, but are not himited 1o
------- NHCH,C{OYOCH,Cels, —MN{CH ) CH, C{OYOCUH C s, —NHCH{CH YC{OYOCH CeHs,

~

R .
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“Arvioxycarbonyl” refers to radical —C(O)-O-aryl where arvl is defined herein that

may be optionally substituted by one or more substituents as defined herein.

“Aryloxycarbonylalkoxy” refers to a radical —OCR RV C(O)-aryloxy where aryloxy
is as defined herein. Stnularly, where R” and R are each independently hydrogen, alkyl,
cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as
defined herein that may be optionally substituted by ove or moore substituents as defined
herein. Representative examples include, but are not limited to —OCHC{OYOCHs,

------ OCHCH)C(0YOCsHs, —OCH(CH)COYOCHs, —OCH(CH,CoHs )C(0)Y0CH;,

“Arvloxycarbonylalkylamino” refers to a radical —NRCR'RVC{O)-aryloxy where
aryloxy is as defined herein. Similarly, where R, R°, R” and R are each independently
hydrogen, alkyl, cycloalkyl, cyclohetercalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl,
heteroarylalioyl, as defined herein that may be optionally substituted by one or more
substituents as defined herein. Representative examples include, but are not limited to

»»»»»»»» NHCH,C(O)YOCeHs, —N{CHCHO(OYOCeHs, —NHCH(CHC(OYOCHs,

“Carbamoyl” refers to the radical —C{O)NRR where each R group 1s independently,
hydrogen, alkyl, cycloaliyl, cycloheteroalkyl, aryl, arylalloyl, heteroalkyl, heteroaryl,
heteroarylalkyl, as defined herein that may be optionally substituted by one or more

substituents as defined herein.

“Carbamate” refers to a radical —NRC(O)OR”’, where R and R are each
fdependently hydrogen, alkyl, cycloalkyl, eycloheteroalkyl, arvl, arylalkyl, heteroalkoyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein. Representative examples include, but are not limsited to,
methylcarbamate (—NHC(OYOCH;3), ethylcarbamate (—NHC{OYOCH,CH),
benzylcarbamate (—NHC(GYOCHCsHs), and the hike.

“Carbonate” refers to a radical —OC{OYOR, where R 1s alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arvlatkyl, heteroalkyl, heteroaryl, heteroarylalkoyl, as defined herein

8-
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that may be optionally substituted by one or roore substitucnts as defined herein.

Representative exaraples include, but are not limtted to, methyl carbonate (—C{OYOCH,),

cyclohexyl carbonate (—C(OYOCH ), phenyl carbonate (—C(OYOCHs), benzyl carbonate
{(—C{OYOCH,CgHs), and the like.

“Cycloaltkyl” refers to a substituted or unsubstituted cylic alkyl radical. Typical

cycloalloyl groups include, but are not limited to, groups dertved frorn cyelopropane,

cyclobutane, cyclopentane, cyclohexane, and the like. In a preferred embodiment, the

cycloalkyl group 18 (Cs-Cio) cycloalkyl, more preferably (Cs-C5) eycloalkyl,

“Cyclohcteroalkyl” refers to g saturated or unsaturated cyclic alkyl radical in which

one or more carbon atoms (and any assoctated hydrogen atoms) are independently replaced

with the same or different heteroatorn. Typical heteroatoms to replace the carbon ator(s)

include, but are not limited to, N, P, O, 8, 84, etc. Where a specific level of saturation is

intended, the nomenclature “cycloheteroalkanyl” or “cycloheteroalkenyl” is used. Typical

cycloheteroalkyl groups include, but are not limited to, groups derived from epoxides,

imidazolidine, morpholine, piperazine, piperidine, pyrazolidine, pyrrolidine, quinuchidine,

and the like,

“Cycloheteroaikoxycarbonyl” refers to a radical —C{O}—0OR where R is

cycloheteroalkyl as defined herein that may be optionally substituted by one or more

substituents as defined herein.

“Dhalkylamino” means a radical —NRR’ where R and R’ independently represent an

alkyl or cycloalkyl group as defined herein that may be optionaily substituted by one or more

substituents as defined herein. Representative examples include, but are not limited to

dimethylamino, methylethylamino, di-{1-methyicthylamino, {cyclohexyh{methyljarino,

{cyclohexyi(ethyhDamino, (cyclohexyi(propyhamine, and the hike,

“Ester” refers to a radical -

—C{(NOR, where R is alkyl, substituted alkyl, cycloalkyl,

substituted cycloalkyl, cycloheteroalloyl, substituted cycloheteroalkyl, aryl, substituted aryl,

arylalkyl, substituted arylalkyl, heteroalkyl, substituted heteroalkyl, heteroaryl, substituted

heteroaryl, heteroarylalkyl, substituted heteroarvlalioyl as defined herein that may be

optionally substituted by one or more substitucnts as defined herein. Representative examples

inchade, but are not limited to, methyl ester (—{{OYOUH,), eyelohexyl ester

(YK

<
<O

Hi1), phenyl ester {

C{OYOCsH:), benzyl ester (—C{OYOCHCsHs), and the

G
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“Hther” refers to a radical —OR, where R is allkyl, cycloalioyl, eyclohetercalkyl, aryl,

arylalkyl, heteroalioyl, beteroaryl, heteroarylalkyl, as defined herein that may be optionally

substituted by one or more substituents as defined herein.
“Halogen” means fluoro, chloro, bromo, or 1odo.

“Heteroaryl” refers to a monovalent heteroaromatic radical derived by the removal of
one hydrogen atom from a single atom of a pareut heteroaromatic ring system. Typical
heteroaryl groups include, but are not limntted to, groups derived {rom acriding, arsindole,
carbazole, carboline, chromane, chromene, cinnoline, furan, imidazole, indazole, indole,
mdoline, indolizine, isobenzofuran, 1sochromene, isoindole, isoindoline, isoguinoline,
isothiazole, 1soxarole, naphthyridine, oxadiazole, oxazole, perimmidine, phenanthridine,
phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole,
pyridazine, pyriding, pyrimidine, pyrrole, pyrrolizine, guinazoline, quinoline, guimolizine,
quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the like.
Preferably, the heteroaryl group is between 5-20 membered heteroaryl, with 5-10 membered
heteroaryl being particularly preferred. Preferred heteroaryl groups are those derived from
thiophene, pyrrole, benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole,

oxazole and pyrazine.

“Heterparyloxycarbonyl” refers to a radical —C{O)}—OR where R is heteroaryl as

defined that may be optionally substituted by one or more substituents as defined herein.

“Heterparylalkyl” refers to an acyclic alkyi radical in which one of the hydrogen
atoms bonded to a carbon atom, typically a terroinal or sp3 carbon atom, is replaced with a
heteroaryl group. Preferably, the heteroarylalkyl radical is a 6-30 carbon membered
heteroarvialkyl, e.g., the alkyl moiety of the heteroarylalkyl is 1-10 membered and the
heteroaryl moiety is a 5-20 membered heteroaryl, more preferably, a 6-20 membered
heteroarylalkyl, e.g, the alkyl rooicty of the heteroarylalkyl 1s 1-8 membered and the

heteroaryl moiety is a 5-12 membered heteroaryl.
“Oxo” means the divalent radical =0.

“Pharmaccutically acceptable” means approved or approvable by a regulatory agency
of the Federal or state government or listed 1o the U.S. Pharmacopoeia or other generally

recognized pharmacopoeia for use in animals, and more particularly in humans.
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“Pharmaccutically acceptable salt” refers to a salt of a compound of the wnveuntion,
which is pharmacecutically acceptable and possesses the desired pharmacological activity of
the parent compound. Such salts include: (1) acid addition salts, formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and
the bike; or formed with organic acids such as acetic acid, succinic acid, maleie acid, fumaric
acid, tartaric acid, citric acid, cinnamic acid, methanesulfonic acid, and the like; or (2) salts
formed when an acidic proton present in the parcnt corpound is replaced by a metal ion, ¢.g.,
an atkali metal ion, an alkaline ecarth ion, or an aluminum ion; or coordinates with an organic
base such as ethanolamine, dicthanolamine, tricthanolamine, N-methylglucamine and the
tike.

“Pharmaceutically acceptable vehicle” refers to a diluent, adjuvant, excipient or
carrier with which a compound of the mvention is administered.

“Phosphate” refers to a radical —OP{ONORHOR), where R™ and R” are each
mdependently hydrogen, alkyl, cycloalkyl, cycloheteroalioyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined heretn that may be optionally substituted by one or

more subsiituents as defined herein.

“Phosphonate” refers to a radical —P{O}OR¥OR’}, where R and R are cach
wndependently hydrogen, alkyl, cycloalkyl, cycloheteroalloyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein.

“Preventing” or “Preveution” refers to a reduction wn risk of acquiring a discase or
disorder (i.c., causing at least one of the clinical symptoms of the discase not to develop in a
paticut that maay be exposed to or predisposed to the disease but does not yet experience or
display symptoms of the disease).

“Racemate” refers to an equimelar mixture of enantiomers of a chiral molecule.

“Substituted” refers to a group n which one or more hydrogen atoms are cach
fndependently replaced with the same or different substituents{(s}. Typical substituents
,—0", =0, —O0R™, —SR™, —8, =5, —NR™R”,
=NR™, — X3, —CFa, —CN, —OCN, —SCN, —NO, —NO;, =N, —Nz, —S{0OhQ,
—S(OL0H, —S8(0R0OR™, —OS(010", —OS(0)R™, —P{OYO-),, —P(OXORMY O™,
—OP(OYOR™OR™), —CIOR™, —C(SIRM, —C(OYOR!, —C(OINR™R™, —C(0YO,

54

include, but are not hmited to, —X, —R
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»»»»»»» CESIOR™, - NRPCCOINRYRY, - NRPCENRMRY, - NRTTCINRINR R, and

»»»»»»» CINRPONR MR, where each X is independently a halogen; each R™, R”, R and R” are
wndependently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, aryviallyl, substituted
arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroaliyl, substituted cycioheteroalkyl,
heteroalkyl, substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarvialioyl,
substituted heteroarylalkyl, —NR™R™, —C(OWR’® or —S(OLR or optionally R* and R
together with the atom to which they are both attached form a cycloheteroalkyl or substituted
eycloheteroallyl ring; and R™ and RY are independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arvlalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalioyl,
cycloheteroalkyl, substituted cyclohetercalkyl, heteroalkyl, substituted heteroalkyl,

heteroaryl, substituted heteroaryl, hetercarylatkyl, substituted heteroarylalloyl.

“Sulfate” refers to a radical —OS(O K OYOR, where R is hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein

that may be optionally substituted by one or roore substitucnts as defined herein.

“Sulfonamide” refers to a radical —S{O}MHNR’R”, where R” and R” are
fdependently hydrogen, alkyl, cycloalkyl, eycloheteroalkyl, arvl, arylalkyl, heteroalkoyl,
heteroaryl, heteroarylalkyl, as defined herein that may be optionally substituted by one or
more substituents as defined herein or optionally R™ and R” together with the atom to which
they are both attached form a cycloheteroalkyl or substituted cycloheteroalkyl ring.
Representative examples include but not limited to azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, 4-{NR™"-piperazinyl or imidazolyl group wherein said group may be optionally
substituted by one or more substituents as defined hercin. R hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, beteroalkyl, heteroaryl, heteroarylalkyl, as defined herein
that may be optionally substituted by one or more substituents as defined herein.

“Sultfonate” refers to a radical —8{O¥O)OR, where R 13 hydrogen, alkyl, cycloalkvl,
cycloheteroalkyl, aryl, arvlalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein
that may be optionally substituted by one or more substituents as defined herein.

“Thio” means the radical —SH.

“Thioether” refers to a radical SR, where R 1s alkyl, cycloalkyl, cycloheteroalkyi,
aryl, arylaikyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined herein that may be
optionally substituted by one or maore substitucnts as defined herein.

12
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“Treating” or “Treatment” of auy discase or disorder refers, in oue embodiment, to
amcliorating the discase or disorder {(1.¢., arresting or reducing the development of the disease
or at feast one of the chinical syraptoms thereof). In another embodiment “treating” or
“treatment” refers to ameliorating at least one physical parameter, which may not be
discernible by the patient. In yet another emabodiment, “treating” or “treatment” refers to
inhibiting the disease or disorder, either physically {e.g., stabilization of a discernible

symptom}, physiclogically, (e.g., stabilization of a physical parameter), or both.

“Therapeutically effective amouunt” rocans the amount of a coropound that, when
administered to a patient for treating a disease, is sufficient to effect such treatment for the
discase. The “therapeutically effective amount” will vary depending on the compound, the
disease and is severity and the age, weight, etc., of the patient to be treated, and can be

determined by one of skill in the art without undue cxperimentation.

The present wnvention is directed to a method for treating attention deficit disorder
{ADDVattention deficit hyperactivity disorder (ADHD) by administering a compound of
Formula I to a paticut. The terms of ADD and ADHD can be used 1nterchangeably. ADHD
is a neuropsychiatric discase/disorder, which is caused by the imbalance of key
neurechericals dopamine and serotonin in the braim. Compounds of Formula I have potent
binding affinities at the dopamine and serotonin receptors. In addition, Compounds of
Formula T exhibit potent binding atfinity with partial agonist activity at the dopamine (D, Dy
and D) and serotonin (S-HT 14 and 5-HTaa) receptors, and antagonist activity at the serotonin
5-HTys, 5-HTe and 5-HT7 receptors. The partial agonist activities for these key highly
expressed receptors in the brain cause dopamine-serotonin stabilizing effect in the brain.

The inventor has discovered that compounds of Fornwla 1, which has Dopamine Dy
receptor antagonist activity, prevents stress induced cognitive deficits {sce Dopamine Dy
receptor antagonist effect in Arnsten, A F.T., et al, Newropsychopharmacology 2004, 23: 403-
410). The inventor has discovered that compounds of Formula 1, which has serotonin 5-HT )y
receptor antagonist activity, improves cognition and ameliorate ADHD symptoms (see 5-
HTop receptor antagonist effect in Manor, L, eta |, J Clin Psychiatry 2012, 73: 1517-1523).
The mventor has further discovered that compounds of Formula [, which has serotonin S-HT,
receptor antagonist activity, improves cognition and behavioral symptoms {see 5-HTp

receptor antagonist effect in Waters, K. A et al, Behavioral Research 2012, 228:211-21K).
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ADHD has been conceptualized in relation to varying cognitive problems including
attention, reward response, executive functioning, and other co gnitive processes. By
blocking key dopamune (I, D1 and Dy) receptors and serotonin (§-HT,4 and S-HTya, 5-
HT.g, 5-HTg and 5-HT5) receptors, compounds of Formmla I improve the comorbid major

conditions of ADHD such as cognition impairroent and some of the behavioral symptoms.

Compounds Useful In The Invention

Compounds of Forrmula (I} arc uscful for the present invention:

RB

0. N
LI

R4

Formufa {

wherein:

A is ~(CHyp, ~O-(CHa e, ~S-(CHy e, -SIONO(CH e, -NH-(CH:)m,
~CH-0-(CHy)yr, (CH)p-0-CH,-CHy-, -CH-S-{CHy )y, -(CH;),-S-CH,-CHy-,
SCH-S$(OKO-(CHalum, (CH - S(OKO)-CHa-CHa-, ~0-C{OMCHy -,
-3-C{O-(CHa by, -NH-C{OW{(CH)y-, ~CHp-C(O-0-(CHa by,
CH-CLOWNH-CHy e, ~CHo-C{OWS~{CHy )y, ~(CHY)-C(OO-CHy-CHy-,
-(CH 3p-C{O-NH-CH,-CHy-, -(CHp )y-C(O}-5-CHz-CHp-,
~CH-O-C{O-(CH) )y, -CHp-NH-C{O)-(CHj)p-, ~CH-S5-C{O}-(CH; ),

S CH - O-C{O-CH-CHa~, {CH - NH-CO3-CH,-CHa-, or
{CH)-S5-C(O-CH,-CHy-, wherein 1 18 an integer from 1 o 7

Bis O, S, S(OXO), or NR; and

each of RY, R%, B, RY, R%, RS, R7, and R® is independently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroatkyl, substituted cycloheteroalioyl, heteroaryl, substitated
heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, acylalkyloxycarbonyl,
acyloxyalkyloxycarbonyl, acylalkyloxycarbonylamine,

acyloxyalkyloxycarbonylaming, allkoxy, alkoxycarbonyl, alkoxycarbonvlalkoxy,
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alkoxycarbonyllalikylamino, alkylsolfinyl, alkylsulfonyl, alkylthio, amino,
alkylaminoe, arylalkylamino, dialkylamino, arylalkoxy, arylalkoxycarbonylalkoxy,
aryiatkoxycarbonyvlatkylamine, aryloxycarbonyl, arvlioxycarbonylalkoxy,
aryloxycarbonylalkylamino, carboxy, carbamoyl, carbamate, carbonate, cyans, halo,
heteroaryloxycarbonyl, hydroxy, phosphate, phosphouate, sulfate, sulfonate, or
sulfonamide, wherein Rl, Rz, R, R4, R, RS R and R¥and A may optionally be
substituted with isumpc&' that include, but not Hmited to "H (deuterium), “H (tritium),
Be 00, PR, PN, Y0, %0, MP, 7P, and S with 2H (deuterium) being preferred;

or a pharmaceutically acceptable salt, racemate or diastercomeric mixtures thereof,

in one embodiment, compounds of Formula I has the structure of Formmla Ja:

RO
0. N A
A
TG

Formula Ia

in another aspect of the invention, A is ~{CHa .

In another aspect of the mvention, A 15 ~O-(CHy)-, -5-(CHy -, -CHy-O-(CHa )y, -
{CH - O0-CHp-CHp-, ~CHp-S{CH: )Yypm, o1 ~(CH - 8-CH-CHy-; with A being —O-(CHyu-
preferred.

In another aspect of the invention, A 18 -NH-C{O-(CHj)p-, -CHp-NH-C(O-(CHy)e, -
CHy-C{OWNH-(CHy - 0t «{CH:)y-C(0)-NH-CHa-CHo-.

in another aspect of the invention, B is O.
in another aspect of the invention, RS, R4,, RS, R, and Rare H.

. o~ . . " 1 AT
In another aspect of the nvention, cach of R and R” 15 mndependently H, halogen,

halealkyl or alkoxy.

in a preferred embodiment, A 18 ~0O-(CHa )y, n=2-5; Bis O, R‘z‘, Ri Ré, R’, and R%are
H; and R' and R? is independently H, halogen, haloalkyl or alkoxy.
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Preferred compounds of Forraula [ include, for example,

H
DTN i SN Q\,/\\_//\N/‘\I e
o £ K/N SN Ci
l

6-{4-(4-(2,3-dichlorophenyl}piperazin-1-ylibutoxy}-2H-benzo[bl] 1 4 Joxazin- ~3(4H)-one,

and its hydrochloride salt; and

H
O‘O WUN : OCH,

6-{4~(4-(2-methoxyphenylipiperazin-1-yhbutoxy-2H-beunzo bl 1,4joxazin-3(- 4H)-one, and
its hydrochloride.
The compounds useful for this invention have one or more of the following
10 characteristics or properties:
{ay Compounds of the imvention can have affinity for dopamine D, receptors;
{by Compounds of the invention can have affinity for serotonin D4 receptors;

{¢) Compounds of the mnvention can have affinity for serotonin 5-HT 4

receptors;

15 {(d) Compounds of the invention can have affinity for serotonin 5-HT)a
receplors,;

(e} Compounds of the invention can have affinity for serotonin 5-HTyp
receptors;

() Compounds of the invention can have affinity for serotonin 5-HT,

24 Receptors.

The compounds useful for the present invention further pertain to enantiomerically
isolated compounds of Formula 1 The isolated cnantiomeric forms of the compounds of
Formula I are substantially free from one another (i.e., in enantiomeric excess). In other

25 words, the “R” forms of the compounds are substantially free from the “S” forms of the
compounds and are, thus, in enantiomeric excess of the “S” forms. Conversely, “S” forms of

the compounds are substantially free of “R” forms of the compounds and are, thus, in
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cnantioreric excess of the “R” forms. In one embodiment of the invention, the isolated
enantiomeric compounds are at least about in 80% cnantiomeric excess. Thus, for example,
the compounds are at least about 90% enantiomeric excess, preferably at least about 95%
cnantiomeric ¢xcess, more preferably at least about 97% enantiomeric excess., Or even more

preferably, at least 99% or grester than 99% cnantiormcric cxcess.

Formula I compounds can be synthesized according U.S. Patent No. K, 188,076, which

is incorporated herewith in its entirety.

Method of Treating ADD/ADHD

The present nvention is directed to a method for treating attention deficit disorder
{ADD} and/or attention deficit hyperactivity disorder {ADHD). The method compriscs the
step of adrnistering an effective amount of compound of Formula 1 to a patient who is

suffering from ADHD.

The present invention ameliorates at least one clinical symptom and/or at least one
physical parameter associated with ADHD. The treated paticots improve ADHD rating scale
IV (ARS-1V), ADHD sclf-report scale (ASRS), chinical global impression (CGH), and/or

cognitive functions,

ADHD rating scale IV {ARS-IV) rates the following behaviors: 1. Fails to give close
attention to details or makes carcless mistakes in work. 2. Fidgets with hands or feet or
squarms in seat. 3. Has difficulty sustaining attention in tasks or play activities. 4. Leaves
seat in situations in which remaining seated s expected. 5. Does not seem to listen when
spoken to directly. 6. Runs about or climbs excessively in situations in which it 1s
inappropriate. 7. Boes not follow through on instructions and fails to finish work. 8. Has
difficuliy playing or engaging in leisure activities quictly. 9. Has difficulty organizing tasks
and activities. 180, Is “on the go” or acts as if “driven by a motor.” 11, Avoids tasks that
require sustained mental effort. 12, Talks excessively. 13, Loses things necessary for tasks
ot activities. 14. Blurts out answers before questions have been completed. 13, Is casily
distracted. 16. Has difficulty awaiting turn. 17, Is forgetful in daily activities. 18. Interrupts
or intrudes on others.

Kessler et al (Psychological Medicine, 35:245-256, 2005} report the WHO adult
ADHD seif-report scale {ASRS), for use in the general population. The ASRS Symptom
Checklist 1s a self-reported questionnaire used to assist in the diagnosis of adult ADHD.

17-
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The clinical global impression - improvement scale (CGI-1) 15 a 7 point scale that
requires the clinician to assess how much the patient's iliness has improved or worsened
relative to a baschive state at the beginning of the intervention. and rated as: 1, very much
improved; 2, much improved; 3, minimally improved; 4, no change:; 5, minimally worse; 6,

much worse; or 7, very much worse.

When used to treat ADHD, oue or more compound of Formoula I can be admnunistered
alone, or in combination with other agents, to a patient. The patient may be an animal,

preferably a mammal, and more preferably a human,

Formula I compounds are preferably admimistered orally. Forroula | compounds may
also be administered by any other convenient route, for example, by infusion or bolus
mjection, by absorption through epithelial or maucocutancous lintngs (e.g., oral mucosa, rectal
and intestinal mucosa, etc.). Administration can be systemic or local. Various delivery
systems are known, {¢.g., encapsulation 1o Hposomes, microparticles, microcapsules,
capsules, etc.) that can be used to administer a compound and/or composition of the
mvention. Methods of administration include, but are not limited to, intradermal,
intramuscular, intraperitoneal, infravenous, subeutancous, intranasal, epidural, oral,
sublingual, intranasal, intracerebral, intravabinal, transdermal, rectally, by inhalation, or
topically, particularly to the cars, nose, eyes or skin. Transdermal administration may be

preferred for young children.

Formula I compounds can be delivered via sustained release systems, preferably oral
sustained release systerns. o one exobodioent, a pump may be used (see, Langer, supra;
Sefton, 1987, CRC Crit. Ref Biomed. Eng. 14:201; Saudek et al., 1989, N. Engl. J. Med.
321:574).

In one embodiment, polymeric materials can be used (see “Medical Applications of
Controiled Release,” Langer and Wise (eds.}, Wiley, New York (1984); Ranger and Peppas,
1983, 1. Macromol. Sci. Rev. Macromol Chem. 23:61; see also Levy et al,, 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351; Howard ct al, 1989, J. Neurosurg.
71:103). o a preferred embodiment, polymeric matenals are used for oral sustained release
deltvery. Preferred polymers include sodium carboxymethyleellulose,
hydroxypropyleellulose, hydroxypropylmethyiceliulose and hydroxyethyleeltulose (most
preferred, hydroxypropylmethyicellnlose). Other preferred cellulose ethers have been

described in the art (Bamba et al, Int. J. Pharm., 1979, 2, 307).
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In one embodument, enteric-coated preparations can be used for oral sustained relcase
administration. Preferred coating materials inchude polymers with a pH-dependent solubility
(1.e., pH-controlled release), polymers with a slow or pH-dependent rate of swelling,
dissolution or erosion (i.c., time controlled release), polymers that are degraded by enzymes
(1.c., enzyme conirolled release) and polymers that forro firm layers that are destroyed by an

increase in pressure {i.e., pressure-controlied release).

i still another embodiment, osmotic delivery systems are used for oral sustained
release adronistration {Verma ¢t al,, Drog Dev, Ind. Pharm,, 2000, 26:695-708). Ina
preferred embodiment, OROS® gsmotic delivery systems are used for oral sustained release
delivery devices {See for example, Theeuwes et al,, U.S. Pat. No. 3,845.770; and Thecuwes

et al, U.S. Pat. No. 3,916,899},

In yet another erabodiment, a controlled-release system can be placed n proxunuty of
the target of the compounds and/or composition of the invention, thus requiring only a
tfraction of the systernic dose (See, ¢.g., Goodson, in “Medical Applications of Controlled
Release,” supra, vol. 2, pp. 115-138 (1984)). Other countrolled-release systems discussed in

Langer, 1990, Science 249:1527-1533 may also be used.

Formula | compounds may be cleaved either chemically and/or enzymatically. One
or more enrymes present in the stomach, intestinal lumen, intestinal tissue, blood, liver, brain
or any other suitable tissuc of a maroral may enzymatically cleave the compounds and/or

compositions of the invention,

Pharmaceutical Formulation of the Invention

The present pharmaceutical forrmulation contains a therapeutically effective amount of
one or more compounds of Formula 1, preferably in purified form, together with a suitable
amount of a pharmaceutically acceptable vehicle. When administered to a patient, the
pharmaceutical formulation is preferably sterile. Water is a preferred vehicle when the
compound of the invention is administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as hiquid vehicles, particularly for
injectable solutions. Suitable pharmaceutical vehicles also include excipients such as starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodiurn stearate, glycerol

monostearate, tale, sodium chloride, dried skim milk, glycerol, propylene, glycol, water,
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cthanol and the ke, The present agents, or pH buffering agents. In addition, auxihary,

stabilizing, thickening, lubricating and coloring agents may be used.

Pharmaccutical corpositions comprising a compound of the mvention ruay be
manmufactured by means of conventional mixing, dissolving, granulating, dragee-making
levigating, and emulsifying, encapsulating, entrapping or lyophilizing process.
Pharmaceutical compositions may be formulated in conventional manner using one ot more
physiologically acceptable carriers, diluents, excipients or auxiliaries, which facilitate
processing of compounds of the invention nto preparations which can be used

nharmaceutically. Proper formulation 18 dependent upon the route of administration chosen.
y

The present compositions can take the form of solutions, suspensions, enmmulsion,
tablets, pills, pellets, and capsules, capsules containing hquds, powders, sustained-release
formulations, suppositorics, emulsions, acrosols, sprays, suspensions, or any other form
suttable for use. In one embodiment, the pharmaceutically acceptable vehicle is a capsule
{(see e.g., Grosswald et al,, 1.8, Pat. No. 5,698,155}, Other examples of suitable
pharmaceutical vehicles have been described in the art (sce Remington’s Pharmaccutical
Sciences, Philadelphia College of Pharmacy and Science, 17" Edition, 1985). Preferred
compositions of the invention are formulated for oral dehivery, particularly for oral sustained

release administration.

Compositions for oral delivery may be in the form of tablets, lozenges, aqueous or
otly suspeunsions, granules, powders, enulsions, capsules, syrups or clixirs, for example,
Orally administered corapositions may contain one or more optionally agents, for example,
sweetening agents such as fructose, aspartame or saccharin; flavoring agents such as
peppermaint, oil of wintergreen, or cherry coloring agents and preserving agents to provide a
pharmaceutically palatable preparation. Moreover, where in tablet or pill form, the
compositions may be coated to delay disintegration and absorption in the gastrointestinal
tract, thereby providing a sustained action over an extended period of time. Selectively
permeable membranes surrounding an ostootically active driving corapound are also suitable
for orally administered compounds of the invention. In these later platforms, fluid from the
environment surrounding the capsule is imbibed by the driving compound, which swells to
displace the agent or agent composition through an aperture. These delivery platforms can
provide an essentially zero order delivery profile as opposed to the spiked profiles of
mmmediate release formulations. A time delay material such as glycerol monostearate or
glycerol stearate may also be used. Oral compositions can include standard vehicles such as
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mannitol, lactose, starch, magnesium stearate, sodium saccharine, celiulose, magnesivro

carbonate, etc. Such vehicles are preferably of pharmaceutical grade.

For oral liquid preparations such as, for exaraple, suspensions, clixirs and solutions,
suitable carriers, excipients or diluents include water , saline, alkyleneglycols (e.g., propylene
glycol}), polyalkylene glycols {e.g., polyethylene glycol} oils, alcohols, slightly acidic buffers
between pH 4 and pH 6 {(e.g., acetate, citrate, ascorbate at between about oM to about 50
mM) ete. Additionally, flavoring agents, preservatives, coloring agents, bile salts,

acylcamitines and the like may be added.

Composttions for adroinistration via other roules may also be conteruplated. For
buccal administration, the compositions may take the form of tablets, lozenges, ¢tc.
formulated in conventional roanver. Liquid drug formulations suitable for use with
nebulizers and iquid spray devices and EHD acrosol devices will typically include a
compound of the invention with a pharmaceutically acceptable vehicle, Preferably, the
pharmaceutically acceptable vehicle is a liquid such as alcohol, water, polyethylene glycol or
a perfluorocarbon. Optionally, another material may be added to alter the aerosol propertics
of the solution or suspension of compounds of the invention. Preferably, this material is
liquid such as alcohol, glycol, polyglycol or fatty acid. Other methods of formulating liquid
drug solutions or suspeunsion suitable for use i acrosol devices are known to those of skill in
the art {see, ¢.g., Biesalski, U.S. Pat. No. 5, 112,598; Bicsalski, U.S. Pat. No. 5,556,611} A
compound of the invention may also be formulated 1u rectal or vaginal compositions such as
suppositories or retention enermas, e.g., containing conventional suppository bases such as
cocoa, butter or other glycerides. In addition to the formulations described previously, a
compound of the invention may also be formulated as depot preparation. Such long acting
tormulations may be administered by implantation (for example, subcutancously or
wirarusculariy) or by intramuscular fjection. Thus, for example, a compound of the
invention may be formulated with suitable polymeric or hydrophobic materials (for example,
as an eroulsion in an acceptable oil) or ton exchange resins, or as sparingly soluble

derivatives, for example, as a sparingly soluble salt.

Dosage for the Treatment

The amount of Formula I compound adroimstered is dependent on, arong other

factors, the subject being treated, and the weight of the subject, the severity of the affliction,
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the wanner of adwnistration and the judgment of the prescribing physician. For example,
the dosage may be delivered in a pharmaceutical composition by a single administration, by
multiple applications or controlled release. In one embodiment, the compounds of the
invention are delivered by oral sustained release administration. In one embodiment, the
compounds of the invention arc admunistered twice per day, and preferably, once per day.
Dosing may be repeated intermittently, may be provided alone or in combination with other
drugs, and may continue as long as required for cffective treatment of the disease state or
disorder.

The compounds of Formula I may be administered in the range 6.1-500 mg
preferably 1-100, or 0.5-50 mg per day given in one or roore doses. For exaraple, the
compounds are administered T mg, S mg, 10 mg, 15 mg, 20 mg, 25 mg, 35 mg or 50 mg per
day. The actual dosage depends on the age and body weight of the subject. In general, under
the age group 12 years, the daily dosage is between 0.5 10 2.5 mg. Between the age group of
12-18 years, the daily dosage is 2.5 to 5 mg. Above the age group 18 years, the daily dosage

s 5 to 50 mg.

Combination Therapy

i certain embodiments of the present invention, the compounds of the invention can
be used in cornbination therapy with at least one other therapeutic agent. Formula |
compounds and the therapeutic agent can act additively or synergistically. In one
cembodiment, Formula I compound is adrinistered concurrently with the administration of
another therapeutic agent, which can be part of the same composition of Formula |
compound. In another ernbodiment, a composition comprising a compound of the invention

is administered prior or subsequent to administration of another therapeutic agent.

The invention is further ithustrated by the following examples.

EXAMPLES

Example 1. In Vitro Pharmacology Resulis
Two aryiptperazine derivatives of Formula (I were tested in the 1o vitro
pharmacological assays to evaluate their activities for dopamine D; and Dy, and serotonin 5-

HT 14, 3-HT)a, 5-HTop, S-HT; and 5-HT; receptors.

DL
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Methods employed to evaluate the test compounds A and B 1o radioligand binding
assays were adopted from the scientific literature refercuces as shown in Table 1 to maxirnize
reliability and reproducibility. Reference standards were run as an integral part of cach assay
to ensure the validity of the results obtained. Ki values were calculated using the equation of
Cheog and Prusoff (Cheng, Y., Prosoff, W.H. Biochem Pharroacol 1973, 22: 3099-3108).

Compound A = 6-(4-(4-(2-methoxyphenyl jpiperazin- 1-yhbutoxy)}-2H-
benzo{bl 1.4joxazin-3(~- 4H)-one hydrochlonde.

Compound B = 6-(4-{4-(2,3-dichlorophenybpiperazin- 1 -yl }butoxy)}-2H-

benzolbil 1 ,4Joxazin- 3(4H}-one hydrochloride.

Table 1.

Compound Assay Ki (nM) Reference
A Do 0.36 1
A 5-HT s 0.65 2
B By, 0.45 3
B Dag (.26 4
B Dy 0.0 5
B S-HT1a 1.5 2
B 5-HTy4 2.5 4
B 5-HTm 0.19 6
B S-HTs 51 7
B 5-HT~ 2.7 8,9

Litersture References in Table 1:

I. Gundlach, A L., etal,, Life Sciences 1984, 35: 1981-1986.

2. Hoyer, 3., et al, Eor J Pharmacol, 1985, 118: 13-23

3. Hall, D. a., ¢t al, Brit J Pharmacol, 1997, 121:731-736.

4. Carpenter, J. W, et al, (2002) Configuring radioligand receptor binding assays for

HTS using scintillation proximity assay technology. Methods in Molecular Biology

-23-
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190 High Throughput Screening: Methods and Protocols
fwww nege.nithgov/guidance/manualtoc. html]

5. Van Tol, ¢t al, nature 1992, 358: 149-152,

6. Bonhaus, W, et al, Brit ] Pharmaco], 1995, 115:622-628,
7. Monsma, F. 1, ¢t al, Mol Pharmacol, 1993, 43: 320-327.

K. Shen, Y. et al, J. Biol Chem, 1993, 268: 182003-18204.

g, Adham, N,, et al, J Pharmacol Exp Ther, 1998, 287: 508-514.

Table 1 shows that both Coropounds A and B have strong activities for
pharmacological blocakade of key dopamine {(I; and Dy) receptors and serotonin (5-HT1a
and 5-HTaa, 5-HTos, 5-HTg and 5-HTy) receptors, and therefore, they are expected to be
effective for the treatment of ADHD, especially comorbid major conditions such as cognition

mmpairment and some of the behavioral symptoms.

Example 2. Treatment of ADHD in Adolescents and Adults

Objective: This is a prospective, open-label, 6-week study of Comapound B, 6-(4-(4-(2,3-
dichlorophenyhpiperazin-1-ylibutoxy)-2H-benzolbl{ 1 4joxazin -3(4H}-one hydrochloride, in
outpatient children, adolescents and adults with a primary diagoosis of ADHD and free of
other major psychopathology. The stx-week treatment phase is proceeded by a 1-3 week

screening phase.

Patient Inclusion Criferia

Patients meet all of the following inchision criteria:

1. Qutpatients, children, adelescents and aduits (inclusive);

2. Currently meets DSM-IV (American Psychiatric Association, 1994) criteria for a primary

diagnosis of ADHD (cither predominantly inattentive type or combined type} based on

the resulis of ser~-structured diagnostic assessment (K-SADS-PL}Kaunfman et al., 1997)

and based on the results of a clinical interview with a child and adolescent psychiatrist;

3. Patients, who n the investigator’s opirion, have substantial symptoms of ADHD for
which pharmacotherapy is indicated;

4. Has provided written informed assent to participate in this study.

Patient Exclusion Criteria
Patients do not meet any of the following exclusion criteria:

1. Patients who have a history of allergy or hypersensitivity intolerance to Compound B;
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2. Patients with an active or prior neurological/medical disorder for which treatment
with Compound B would be contraindicated (such as tardive dyskinesia or neursleptic

malignant syndrome);

3. Patients with clinical evidence of autistic disorder, Rett’s syndrome or Asperger’s
syndrome;

4. Paticuts with any bipolar spectrum disorder;

5. Paticnts with any schizophrenia spectrum disorder;

6. Patients with conduct disorder;

7. Patients with post-traumatic stress disorder or generalized anxiety disorder;

8. Patients with a substance abuse disorder;

9. Females who are sexually active, pregnant or lactating;

10. Patients with a suicide attempt requiting medical/psychiatric care withio the past 6
months;

1. Patient taking psychotropic agents within one week of basceline (3 days for

psychostimulants, 2 weeks for fluoxetine};

12, Patients with evidence of mental retardation (1.Q. < 70} based on the results of the
Peabody Picture Vocabulary Test- B {(PPVT-IH{Dunn and Dunn, 1981}

13 Patients who have a gencral medical or neurclogical condition that could interfere

with the interpretation of the clinical response to Compound B treatment;

14, Patients who are unable to swallow pills or capsules;
15.  Patients for whorm the need for hospitalization during the course of the study appears
hikely.

Test Compound: Compound B, 6-(4-(4-(2,3-dichlorophenyl}piperazin-1-ylibutoxy}-2H-
benzo{bl{ |, 4Joxazin -3{4H}-onc hydrochloride, is formulated in the form of liquid, tablet, or
capsule.

Placebo contains the same vehicle without the active compound.

Methodelegy: This is open-label, 6-week clinical activity study.

A total of 20-120 patients are enrolled; about 3/4 of the patients are treated with
Compound B, and 1/4 of the patients are treated with placebo. The test corapounds and the

placebo are delivered either by oral administration or by transdermal patch for 6 weeks.
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For oral adwinistration, patients take 9.5-50 mg of test compound or placebo once a
day.

For transdermal adminmstration, doses that achieve similar blood concentration as that
of effective oral doses are given to patients. The patches are replaced every week, every two
weceks, or every 4 weeks.

Safcty assessments and measures of ADHD syroptomatology are collected prior to

and during therapy, i.c., at baseline and Weeks 1, 2, 3, 4, and 6.

Criteria for Evaluation:
Safety:

Safety assessments and adverse events are monttored throughout the study.

Clinical Activity:

The clinical activity parameters are the measurement of ADHD rating scale IV {ARS-

IV}, clincal global impression (CGI), and cognitive measures.

Primary End Point: ARS-IV and CGl of treated patients are expected to be better

than those of patients treated with placebo.

Secondary end pownt: Trail Making Test A and B of treated patients s expected to be

better than those of patients treated with placebo.

While the toveuntion has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it will be understood by persons
skilled in the relevant art that various changes in form and details can be made therein
without departing from the scope of the invention. All printed patents and publications
referred to in this application are hereby incorporated herein in their entirety by this

reference.

-26-
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WHAT IS CLAIMED Is:

I A method of treating attention deficit hyperactivity disorder (ADHD), the method
comprising administering to a patient in need thereof an effective amount of a corapound of

Formula 1:

"
O. N e
Rgoli\%j“‘“@@

Formula 1

or a pharmaccutically acceptable salt, 1somer, racemate, or diastercomeric mixture thereof,
wherein:

A s HCHy ) —O-(CHy )y, -5-(CHa )y, -NH-(CHp ), -CH,-O-(CHy)y-, -(CH )~ O-CH,-CHy-,
~CHo-8~(CHy )y, wherein n is an integer from 1 t0 7

and

R RE R RY RS, R, and R® are independently hydrogen, alkyl, substituted afloyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, alkoxy,
alkoxycarbonyl, alkylsulfinyl, alkylsulfonyl, alkylthio, amine, alkyvlamino, dialkylaminoe,
arvlalkoxy, carboxy, carbamoyl, carbamate, carbonate, cyano, halogen, or hydroxy; wherein

the hydrogen of R', R%, R, R\, R®, R7 and R® and A arc optionally substituted with 'H

{deuterium).
2. The method according to Claim 1, wherein A is ~O-(CHy -
3 The method according to Claim 1, wherein A 18 (CHy ).

4, The method according to Claim 1, wherein R°, RY RS R, and R% are hydrogen.
5. The method according to Claim 1, wherein R is H.
6. The method according to Claim 1, wherein R and R are mdependently H, halogen,

or atkoxy.
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7. The method according to Claim 6, wherein R' is H, and R” is methoxy.
8. The method according to Claim 1, wherein R and R? are chloro.
g, The method according to Claim 1, wherein A is ~O-(CHj ) and Ri R‘;,, Rf’, R, and

R® arc independently hydrogen or alkyl,

10, The method according to Claim 9, wherein 1{3, R4, Ré,, R’, and R® are hydrogen.
11.  The method according to Claim 9, wherein R is H, and R” is methoxy.

12, The method according to Claim 9, wherein R’ and R? are chloro.

13, The method according to Claim 1, wherein the compound is 6-{4-(4-(2-

methoxyphenylpiperazin-1-yhbutoxy)-2H-benzolbli 1 4 joxazin-3(- 4H}-onc hvdrochloride.

14, The method according to Claim 1, wherein the compound is
6-{4-{4~(2,3~dichlorophenylpiperazin- 1-yhbutoxy}-2H-benzo{ bl 1 ,4Joxazin- 3{(4H)-one

hydrochloride.

15, The method according to Claim 1, wherein the compound is in the form of a

hydrochloride salt.

16. The method according to Claim 1, wherein the compound is administered in a
2
pharmaceutical composition comprising a pharmaceutically acceptable carrier, excipient, or

diluent.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rute 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: Claims 1-16 are drawn to a method of treating attention deficit hyperactivity disorder (ADHD).

The first invention of Group I+ is restricted to a method of.treating attention deficit hyperactivity disorder (ADHD), the method comprising
administering to a patient in need thereof an effective amount of a compound of Formula 1: or a pharmaceutically acceptable salt,

. isomer, racemate, or diastereomeric mixture thereof, wherein: A is -(CH2)n-; wherein nis 1; R1, R2, R3; R4, R6, R7, and R8 are
independently hydrogen; wherein the hydrogen of R1, R2, R3, R4, R6, R7, R8 and A are unsubstituted with 2H (deuterium). It is
believed that claims 1, 3-6, 15, and 16 read on this first named invention and thus these claims will be searched without fee to the extent
that they read on the above embodiment. ’ . '

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. An exemplary election would be a method of treating attention deficit hyperactivity disorder
(ADHD), the method comprising administering to a patient in need thereof an effective amount of a.compound of Formula 1: or a
pharmaceutically acceptable salt, isomer, racemate, or diastereomeric mixture thereof, wherein; A is ~O-(CH2)n-; wherein nis 1; R1, R2,
R3, R4, R6, R7, and R8 are independently hydrogen; wherein the hydrogen of R1, R2, R3, R4, R6, R7, R8 and A are unsubstituted with
2H (deuterium). Additional formula(e) will be searched upon the payment of additional fees. Applicants must specify the claims that read
on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if
different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied
to the “+" group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups 1+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables
"R1, R2, R3, R4, R6, R7, R8 and A.

The Groups |+ share the technical features of a méthod of treating attention deficit hyperactivity disorder (ADHD), the method
comprising administering to a patient in need thereof an effective amount of a compound of Formula 1: or a pharmaceutically acceptable
salt, isomer, racemate, or diastereomeric mixture thereof. However, these shared technical features do not represent a contribution over
the prior art. ‘

Specifically, US 2004/0048869 A1 to Chappell et al. teach a method of treating depression, anxiety or psychosis in a mammal (See
Abstract), the method comprising administering to a patient in need thereof an effective amount of a compound of Formula 1: or a
pharmaceutically acceptable salt, isomer, racemate, or diastereomeric mixture thereof, wherein: A is =(CH2)n- wherein n is 1; R1 and R2
are independently alkyl, R3, R4, R6, R7, and R8 are independently hydrogen (See Paras. [00392] and [00394], .
6-[4-(3,4-dimethyl-phenyl)-piperaZin-1-ylm ethyl]-4H-benZo[1,4]oxaZin-3-one) In regards to a method of treating attention deficit
hyperactivity disorder (ADHD), a recitation of the intended use of the claimed invention must result in a structural difference between the
claimed invention and the prior art in order to patentably distinguish the claimed invention from the prior art. If the prior art is capable of
performing the intended use, it meets the claim. In this case, the compound of Formula 1 can be used to treat various neurological
disorders and can therefore also be used for the treatment of ADHD.

Additionally, “Compound Summary for: CID 9968343" to PubChem teaches a compound of Formula 1: or a pharmaceutically acceptable
salt, isomer, racemate, or diastereomeric mixture thereof, wherein: A is ~(CH2)n- wherein n is 1; R1 and R2 are independently alkyl, R3,
R4, R6, R7, and R8 are independently hydrogen (See Pg. 1;...see shown structure...).

- The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature. :
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