Office de la Propriete Canadian CA 2661220 A1 2008/02/28

Intellectuelle Intellectual Property
du Canada Office (21) 2 661 220
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépdt PCT/PCT Filing Date: 2007/08/21 (51) Cl.Int./Int.Cl. CO7D 211/22(2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/02/28 ABTK 31/445(2000.01), AGTF 25/00(2006.01)

. . : _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2009/02/138 PREXA PHARMACEUTICALS, INC.. US

(86) N° demande PCT/PCT Application No.: US 2007/018522
(72) Inventeur/Inventor:
(87) N° publication PCT/PCT Publication No.: 2008/0243/71 HAUSKE, JAMES R.. US

(30) Priorite/Priority: 2006/08/21 (US60/839,403) (74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L..S.R.L.

(54) Titre : INHIBITEURS DE TRANSPORTEURS MULTIMEDIATEURS A UTILISER POUR LE TRAITEMENT DE
TROUBLES DU SYSTEME NERVEUX CENTRAL

54) Title: MULTIMEDIATOR TRANSPORTER INHIBITORS FOR USE IN TREATMENT OF CENTRAL NERVOUS
SYSTEM DISORDERS

R,

X

Ar

Y/

X (1T)

(57) Abréegée/Abstract:

The Invention provides a class of inhibitors according to formula (1), packaged Pharmaceuticals comprising such inhibitors, and
uses of the Inhibitors In treating, or the manufacturing medicaments for treating central nervous system disorders, including
depression, anxiety, sleep disorders, obesity, attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual
dysfunction, substance abuse, and movement disorders. Related business methods, such as methods for conducting a
pharmaceutical business and methods for conducting a medical assistance reimbursement program, are also provided. (ll)

B
.
'
e
BTN .
N : "c'-'-.n:‘-:{\: e L~
0

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




woO 2008/024371 A3 I B0 A0 00 AL 00 AR O 0

CA 02661220 2009-02-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
28 February 2008 (28.02.2008)

(51) International Patent Classification:
CO7D 211/22 (2006.01) AG6IP 25/00 (2006.01)
AG6IK 31/445 (2006.01)

(21) International Application Number:
PCT/US2007/018522

(22) International Filing Date: 21 August 2007 (21.08.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/839,403 21 August 2006 (21.08.2006) US

(71) Applicant (for all designated States except US): PREXA
PHARMACEUTICALS, INC. [US/US]; 5410 La Jolla
Blvd., Suite 212, La Jolla, CA 92037 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): HAUSKE, James, R.
[US/US]; 5410 La Jolla Blvd. #212, La Jolla, CA 92037
(US).

(74) Agents: VINCENT, Matthew, P. et al.; Fish & Neave
IP Group, Ropes & Gray LLP, One International Place,
Boston, MA 02110 (US).

(10) International Publication Number

WO 2008/024371 A3

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GGT, HN, HR, HU, ID, IL.,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, 7 W.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
8 May 2003

(54) Title: MULTIMEDIATOR TRANSPORTER INHIBITORS FOR USE IN TREATMENT OF CENTRAL NERVOUS SYS-

TEM DISORDERS

('_[I)

(57) Abstract: The invention provides a class of inhibitors according to formula (II), packaged Pharmaceuticals comprising such
inhibitors, and uses of the inhibitors in treating, or the manufacturing medicaments for treating central nervous system disorders,
including depression, anxiety, sleep disorders, obesity, attention deficit disorder (ADD), attention deficit hyperactivity disorder
ADHD), sexual dysfunction, substance abuse, and movement disorders. Related business methods, such as methods for conducting
a pharmaceutical business and methods for conducting a medical assistance reimbursement program, are also provided. (II)



CA 02661220 2009-02-18

WO 2008/024371 PCT/US2007/018522

10

15

20

25

30

MULTIMEDIATOR TRANSPORTER INHIBITORS FOR USE IN TREATMENT
OF CENTRAL NERVOUS SYSTEM DISORDERS

RELATED APPLICATIONS

This application claims the benefit of prionty to U.S. Provisional Patent
Application No. 60/839,403, filed August 21, 2006, which application is hereby

incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Neuronal signals are transmitted between cells at specialized sites of contact
known as synapses. The signals are generally transmitted across synapses by
diffusion of soluble neurotransmitter 'molecu‘les from a presynaptic cell to a
postsynaptic cell. Release of neurotransmitters is triggered by a change of electrical
potential in the presynaptic cell. The neurotransmitters rapidly diffuse across the
synaptic cleft and provoke an electrical change in the postsynaptic cell by binding to
neurotransmitter-gated ion channels. Excess neurotransmitters are rapidly removed
from the synaptic cleft, either by specific enzymes or by reuptake into the
presynaptic cell or surrounding glial cells. Reuptake is mediated by a variety of
neurotransmitter transporters. Rapid removal ensures both spatial and temporal

precision of signaling at a synapse. For example, rapid reuptake can prevent excess

‘neurotransmitters from influencing neighboring cells and can clear the synaptic cleft

before the next pulse of neurotransmitter release so that the timing of repeated, rapid
signaling events is accurately communicated to the postsynaptic cell.

An imbalance of neurotransmitters in the brain can occur when not enough
neurotransmitter is made and released from presynaptic cells or when the reuptake
of neurotransmitters by presynaptic cells is too rapid. If neurotransmitters such as
serotonin, norepinephrine, or dopamine are not made and released in effective
amounts or are cleared from the synaptic cleft too quickly, then celi-to-cell
communication can be affected. Clinical manifestations of such imbalances include
depression and related anxiety disorders and movement disorders. Serotonin-,

norepinephrine-, and dopamine-reuptake inhibitors (SNDRIs) represent a class of

potent, wide-spectrum medications that inhibit the reuptake of these
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neurotransmitters back into presynaptic cells. Inhibiting neurotransrhitter reuptake
can increase the amount of neurotransmitter present in the synapse, thus helping to
normalize the transmission of neuronal signals. Such normalization niay thus be
effective in the treatment of central nervous system ("CNS") disorders, such as
depression énd related anxiety disorders and movement disorders.

Major depression is characterized by feelings of intense sadness and despair,
mental slowing and loss of concentration, pessimistic worry, agitation, and self-
deprecation. Physic_al changes also occur, especially in severe or "melancholic”
depression. These include insomnia or hypersomnia, anorexia and weight loss (or
sometimes overeating), decreased enérgy and libido, and disruption of normal
circadian rhythms of activity, body temperature, and many endocrine functions.

Treatment regimens commonly include the use of tricyclic antidepressants,
monoamine oxidase inhibitors, some psychotropic drugs, lithium, and
electroconvulsive therapy (ECT) (see R. J. Baldessarini in Goodman & Gilman's

The Pharmacological Basis of Therapeutics, 9th Edition, Chapter 19, McGraw-Hill,

1996 for a review). More recently, new classes of antidepressant drugs are being

developed including selective serotonin ‘reuptake inhibitors (SSRIs), specific
monoamine _reuptake inhibitors, and 5-HT,a receptor agonists, antagonists and
partial agonists.

Anxiety is an emotional condition characterized by feelfngs such as
apprehension and fear accompanied by physical symptoms such as tachycardia,
increased respiration, sweating and tremor. It is a normal emotion but when it is
severe and disabling it becomes pathological.

Anxiety disorders are generally treated using benzodiazepine sedative-
antianxiety agents. Potent benzodiazepines are effective in panic disorder as well as
in generalized anxiety disorder, however, the risks associated with drug dependency
may limit their long-term use. 5-HT)s receptor partial agonists also have useful
anxiolytic and other psychotropic activity, and less likelthood of sedation and
dependence (see R. J. Baldessarini in Goodman & Gilman's The Pharmacological
Basis of Therapeutics, 9th Edition; Chapter 18, McGraw-Hill, 1996 for a review).

Other inhibitors, such as serotonin-, norepinephrine-, and dopamine-reuptake

inhibitors, may also find use in the treatment of anxiety disorders.

-2 .
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A movement disorder is a neurological disturbance that involves one or more
muscles or muscle groups. Movement disorders affect a significant portion of the
population, causing disability as well as distress. Movement disorders include
Parkinson's disease, Huntington's chorea, progressive supranucleaf- palsy, Wilson's
disease, Tourette's syndrome, epilepsy, tardive dyskinesia, ahd various chronic
trembrs, tics and dystonias. Different clinically observed movement disorders can
be traced to the same or similar areas of the brain. For example, abnormalities of
basal ganglia (é large cluster of cells deep in the hemispheres of ' the brain) are
postulated as a causative factor in diverse movement disorders.

Parkinson's disease is a movement disorder of increasin g occurrence in aging
populations. Parkinson's disease 1s a common disabling disease of old age affecting
about one percent of the population over the age of 60 in the United States. The
incidence of Parkinson's disease increases with age and the cumulative lifetime risk
of an individual developing the disease is about 1 in 40. Symptoms include
pronounced tremor of the extremities, bradykinesia, ngidity and postural change. A
perceived pathophysiological cause of Parkinson's disease is progressive destruction
of dopamine producing cells in the basal gangha which comprise the pars
compartum of the substantia nigra, basal nuclei located in the brain stem. Loss of
dopaminergic neurdns results in a relative excess of acetylcholine. Jellinger, K. A.,
Post Mortem Studies 1n Pérkinson’s Disease--Is It Possible to Detect Brain Areas For
Specific S.ymptoms?, J Neural Transm 56 (Supp);1-29:1999. Parkinson's disease i1s
a progressive disorder which can begin with mild limb stiffness and infrequent
tremors and pProgress over a period of ten or more years to frequent tremors and
memory impairment, to uncontrollable tremors and dementia.

Tardive dyskinesia (TD) is a chronic disorder of the nervous system,
characterized by involuntary, irregular rhythmic movements of the mouth, tongue,
and facial muscles. The upper extremities also may be involved. These movements
may be accompanied, to a variable extent, by other involuntary movements and
movement disorders. These include rocking, writhing, or twisting movements of the
trunk (tardive dystonia), forcible eye closure (tardive blepharospasm), an irresistible

impulse to move continually (tardive akathisia), jerking movements of the neck

(tardive spasmodic torticollis), and disrupted respiratory movements (respiratory

-3 -
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dyskinesia). The vast majority of TD cases are caused by the prolonged use of
antipsychotic drugs (neuroleptics). A relatively small number are caused by the use
of other medications, such as metoclopramide, that, like neuroleptics, block
dopamine receptors. TD often manifests or worsens in severity after neuroléptio
drug therapy is discontinued. Resumption of neuroleptic therapy willﬁ temporarily
suppress the involuntary movements, but may aggravate them in the long run.
Tardive dyskinesia affects approximafely .15-20% of patients treated with
neuroleptic drugs (Khot et al., Neuroleptics and Classic Tardive Dyskinesia, in Lang
AE, Weiner W1 (eds.): Drug Induced Movement Disorders, Futura Publishing Co.,
1992, pp 121-166). Therefore, the condition attects himdreds of thousands of people
in the United States alone. The cumulative incidence.of TD is substantially higher

in women, in older people, and in those being treated with neuroleptics. for

conditions other than schizophrenia, such as bipolar disorder (manic-depressive

illness) (see, e.g., Hayashi et al., Clin. Neuropharmacol, 19:390, 1996; Jeste et al.,
Arch. Gen. P’sychiatry," 52:756, 1995). Unlike the acute motor side eftects of
neuroleptic drugs, TD does not reépond in general to antiparkinson drugs (Decker et
al., New Eng. J] Med., Oct. 7, p. 861, 1971).

Focal dystonias are a class of related movement disorders involving the
intermittent sustained contraction of a group of muscles. The prevalence of focal
dystonias in one US county was estimated aé 287 per million (Monfoe Counfy .
Study); this suggests that at least 70,000 people are affected in the US alone. The
spasms of focal dystonia can last rnaﬁy seconds at a time, causing major disruption

of the function of the affected area. Some of the focal dystonias are precipitated by

- repetitive movements; writer's cramp is the best known example. Focal dystonia can

involve the face (e.g., blepharospasm, mandibular dystonia), the neck (torticollis),
the limbs (e.g., writer's cramp), or the trunk. Dystonia can occur spontaneously or
can be precipitated by exposure to neuroleptic drugs and other dopamine receptor
blockers (tardive dystonia). No systemic drug therapy is generally ettective, but
some drugs give partial relief to some patients. Those most often prescribed are
anticholinergics, baclofen, benzodiazepines, and dopamine agoriists and antagonisté.
The most consistently effective treatment is the injection of botulinum toxin into

affected muscles.
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The various focal dystonias tend to respond to the same drugs (Chen, Clin.
Orthop, June,102-6, 1998; Esper et al, Tenn. Med, January, 90:18-20, 1997; De
Mattos et al., Arq. Neuropsyéhiatry, March 54:30-6, 1996).. This suggests that a
new treatment helpful fbr_ one focal dystonia would be likely to be helpful for

another. Furthermore, the common symptoms, signs, and responses to medication

of spontaneous (idiopathic) dystonia and .neuroleptic-induced dystonia suggest that

" an effective treatment for a drug-induced focal dyétonia will be effective for the

same dystonia occurring spontaneously.
A tic is an abrupt repetitive movement, gesture, or utterance that often

mimics a normal type of behavior. Motor tics include movements such as eye

blinking, head jerks or shoulder shrugs, but can vary to more complex purposive

appearing behaviors such as facial expressions of emotion or meaningful gestﬁres of
the arms and head. In extreme cases, the moﬁemént can be obscene (copropraxia) or
self injurious. Phonic or vocal tics range from throat clearing sounds to complex
vocalizations and speech, sometimesn with coprolalia .(obscene speech) (Leckman et
al., supra). Tics are irregular in time, though consistent regarding the muscle groups
involved. Characteristically, they can be suppressed for a short time by voluntary
effort. '

Tics are estimated to affect 1% to 13%' of boys and 1% to 11% of girls, the
male-female ratio being less than 2' to' 1. Approximately 5% of children between the
ages of 7 and 11 years are affected with tic behavior (Leckman. et al,
Neuropsychiatry of the Bas. Gang., December, 20(4): 839-861, 1997). The
estimated prevalence of multiple tics with vocalization, e.g., Tourette's syndrome,
varies among different reports, ranging from 5 per 10,000 to 5 per 1,000. Tourette's
syndrome is 3-4 times more common in boys than girls and 10 times more common
in children and adolescents than 1n adults (Leckman et al., supra; Esper et al, Tenn.
Med. 90:18-20, 1997).

Gilles de la Tourette syndrome (TS) is the most severe tic disorder. Patients

- with TS have multiple tics, including at least one vocal (phonic) tic. TS becomes

apparent in early childhood with the presentation of simple motor tics, for example,

eye blinking or head jerks. Initially, tics may come and go, but in time tics become

persistent and severe, and begin to have adverse effects on the child and the child's

5.
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By the age of 10, most children have developed an awareness of the premonitory
urges that frequently precede a tic. Such premonitions may enable the individual to
voluntary suppress the tic, yet premonition unfortunately adds to the discomfort
associated with having the disorder. By late adolescence/early adulthood, tic
disorders can improve -signiﬁcantly in certain individuals. However, adults who
continue to suffer from tics often have particularly severe and debilitating
symptbms. (Leckman et al., supra). '

Although the present day pharmacopeia offers a vanety of agents to treat
depression and related anxiety disorders and movement disorders, none of these
agents can prevent or cure these conditions. Furthermore, the most effective
treatments are often associated with intolerable side effects. There remains a clear-
cut need for new treatments for CNS disorders that have greater efficacy and fewer

side effects than those currently available.

SUMMARY OF THE INVENTION

The present invention relates to the discovery of certain transporter inhibitors
(collectively referred to herein as the "subject inhibitors"), and the use of those
inhibitors in methods of treatfnent, and the production of packaged pharmaceuticals
and pharmaceutical preparations. In particular, the invention relates to compounds
having dopamine transport ("DAT") inhibitory activity, norepinephrine transport
("NET") inhibitory activity and/or serotonin transport ("SERT") inhibitory activity.
In. some embodiments, the inhibitors are selective DAT inhibitors. In other
embodiments, the inhibitors are selective DAT and NET inhibitors. In yet other
embodiments, the inhibitors are selective‘DAT, NET, and SERT inhibitors.

The subject inhibitors are represented by Formula I, or are a

pharmaceutically acceptable salt, solvaie, metabolite or pro-drug thereof:
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wherein, as valence and stability permat,

Ar, independently for each occurrence, represents a substituted or
unsubstituted aryl or heteroaryl ring;

X represents -H or -OR;

Y represents -O-, -S-, -C(R);-, or -N(R)-;

R, independently for each oc_currenée, represents -H or lower alkyl;

R, represents one or more substituents to the ring to which it is

attached, such as halogen, amino, acylamino, amidino, cyano, nitro, azido,

ether, thioether, sulfoxido, -J-R,, -J-OH, -J-lower alkyl;' -J-lower alkenyl, -J-

'SH, -J-NH,, or substituted or unsubstituted' lower alkyl, lower alkenyl,

cycloalkyl, heterocyclyl, cy;:loalkylalkyl, heterocyclylalkyl, aryl, heteroaryl,
aralkyl, or heteroaralkyl, or protected forms of the above;

R,, independently for each occurrence, represents H dr substituted or
unsubstituted lower alkyl, cycloalkyl, heterocyclyl, aralkyl, heteroaralkyl,
aryl, or heteroaryl,;

J represents, independently for each occurrence, a chain having from
0-8 (preferably from 0-4) units selected from -C(R)-, -N(R)-, -O-, and -S-;

n is an integer from O to 2;

pisOorl; and

q is an integer from O to 2, preferably 1.

In some embodiments, the invention provides a packaged pharmaceutical

comprising: an inhibitor of the invention in an amount sufficient to treat or prevent

depression, anxiety, a sleep disorder, Obesity, -attention deficit disorder (ADD),

-7 -
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attention deficit hyperactivity disorder (ADHD), sexual dysfunction, or substance
abuse and formulated in a pharmaceutically acceptable carrier; and instructions
(written and/or pictorial)- describing the use of the formulation for treating the
patient. In certain embodiments, the inhibitor of the invention is in an amount
sufficient to treat or prevent depression, a sleep disorder, obesity, attention deficit

disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual

dysfunction, or substance abuse.

In other embodiments, the invention provides a packaged pharmaceutical
comprisiﬁg: an inhibitor of the invention in an amount sufﬁcieht to treat or prevent a
movement disorder and formulated in a pharma.ceuti.cally acceptable cam’ef; and
instructions (writteh and/or pictorial) describing the use of the formulation for
treating the patient.‘ In specific embodiments, the movement disorder may be
selected from ataxia, corticobasal ganglionic degeneration (CBGD), dyskinesia,
dystonia, tremors, hereditary spastic paraplegia, Huntington's disease, multiple
system atrophy, myoclonus, Parkinsoh's disease, progressive supranuclear palsy,
restless legs syndrome, Rett syndrome, spasticity, Sydenham's chorea, other choreas,
athetosis, .ballism, stereotypy, tardive dyskinesia/dystonia, tics, Tourette's syndrome,
olivopontocerebellar atrophy (OPCA), diffuse Lewy body disease; hemibalismus,
hemi-facial spasm, restless leg syndrome, Wilson's disease, stiff man syndrome,
akinetic mutism, psychomotor retardation, painful legs moving toes syndrome, a gait
disorder, a drug-induced movement disorder, or other movement disorder. The
inhibitor may be provided in an amount sufficient to treat or prevent a movement
disorder in a patient by a statistically significant amount when assessed by one or
more of Hoehn and Yahr Staging of Parkinson's Disease, Unified Parkinson Disease
Rating Scale (UPDRS), and Schwab and England Activities of Daily Living Scale.

The inhibitor may be prOvided'in an amount sufficient to treat or prevent a

. movement disorder in a patient by a statistically significant amount when assessed

by a standardized test in combination with an empirical test selected from computer
tomography (CT), magnetic resonance imaging (MRI), and positron emission
tomography (PET).

In some embodiments, the packaged pharmaceutical may further comprise

another medication selected from dopamine precursors, dopaminergic agents,

-8 -
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dopaminergic and anti-cholinergic agents, anti-cholinergic agents, dopamine
agonists, MAO-B (monoamine oxidase B) inhibitors, COMT (catechol O-
methyltransferase) inhibitors, muscle relaxants, sedatives, anticonvulsant agents,
dopamine reuptake inhibitors, dopamine blockers, -blockers, carbonic anhydrase

inhibitors, narcotic agents, GABAergic agents, or alpha antagonists.

In another embodiment, the packaged pharmaceutical is provided in an
escalating dose which produces an escalating serum concentration of said

inhibitor(s) over a period of at least 4 hours.

In some embodiments, the invention provides for the use of an inhibitor of

the invention in the manufacture of a pharmaceutical composition for prophylaxis or

‘treatment of a patient ‘sﬁsceptible to or suffering from depression, anxiety, a sieep

disorder, obesity, attention deficit disorder (ADD), attention deficit hyperactivity

disorder (ADHD), sexual dysfunction, or substance abuse. In certain embodiments,

thé invention provides for the use of an inhibitor of the invention in the manufacture
of a pharmaceutical composition for prophylaxis or treatment of a patient susceptible
to or suffering from depression, a sleep disorder, obesity, attention deficit disorder
(ADD), attention deficit hyperactivity disorder (ADHD), sexual dysfunction, or

substance abuse.

In other efnbodiments, the invention provides for the use of an inhibitor ot
the invention in the manufacture of a pharmaceutical composition for prophylaxis or
treatment of a patient susceptible to or suffering from a movement disorder. The
mbvement disorder may be selected from ataxié, corticobasal ganglionic
degeneration (CBGD), dyskinesia, dystonia, tremors, hereditary spastic paraplegia,
Huntington's disease, multiple system atrophy, myoclonus, Parkinson's disease,
progressive supranuclear palsy, restless legs syndrome, Rett syndrome; spasticCity,
Sydcnhém's chorea, other choreas, athetosis, ballism, stereotypy, tardive
dyskinesia/dystonia, tics, Tourette's syndrome, olivopontocerebellar atrophy
(OPCA), diffuse Lewy body disease, hemibalismus, hemi-facial spasm, restless leg
syndrome, Wilson's disease, stiff man syndrome, akinetic mutism, psychomotor

retardation, painful legs moving toes syndrome, a gait disorder, a drug-induced
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movement disorder, or other movement disorder. The use may be for treatment of a

human patient.

In some embodiments of the invention, the packagéd pharmaceutical or use
may be for oral administration. In some embodiments of the packaged

pharmaceutical or use, the inhibitor may be formulated as a transdermal patch.

In ‘yet another embodiment, the invention provides a method for treating
depression, anxiety, a sleep disorder, obesity, attention deficit disorder (ADD),
attention deficit hyperactivity disorder (ADHD), sexual dysfunction, or substance
abuse comprising administering to the patlent a composition of an inhibitor of the
invention in an amount sufficient to treat the depression, anxiety, a sleep disorder,
obesity, attention deficit disorder (ADD), attention deficit hyperactivity disorder
(ADHD), sexual dysfunctiori, or substénce abuse in the animal as evaluated by a
staﬁdardized- test. In certain embodiments, the invention provides a method for

treating depression, a sleep disorder, obesity, attention deficit disorder (ADD),

attention deficit hyperactivity disorder (ADHD), sexual dysfunction, or substance

abuse Comprising administering to the patient a composition of an inhibitor of the
invention in an amount sufficient to treat the depression, a sleep disorder, obesity,
attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD),
sexual dysfunction, or substance abuse in the animal as evaluated by a standardized

test.

In another embodiment, the invention provides a method for treating a

movement disorder comprising administering to the patient a composition of an

inhibitor of the invention 1n an amount sufficient to treat the movement disorder 1n

the animal as evaluated by a standardized test. In specific embodiments, the
movement disorder may be selected from ataxia, corticobasal ganglionic
degeneration (CBGD), dyskinesia, dystonia, tremors, hereditary spastic paraplegia,
Huntin'gton's disease, multiple system atrophy, myoc]onus, Parkinson's disease,
progressive supranudear palsy, restless legs syndrome, Rett syndrome, spasticity,
Sydenham's chorea, other choreas, athetosis, ballism, stereotypy, tardive

dyskinesia/dystonia, tics, Tourette's syndrome, olivopontocerebellar atrophy

(OPCA), diffuse Lewy body disease, hemibalismus, hemi-facial spasm, restless leg

-10 -
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syndrome, Wilson's disease, stiff man syndrome, akinetic mutism, psychomotor

retardation, painful legs moving toes syndrome, a gait disorder, a drug-induced

movement disorder, or other movement disorder. The inhibitor may be provided in
an amount sufficient to treat a movement disorder in a patient by a statistically
significant amount when assessed by one or more of Hoehn and Yahr Staging of
Parkinson's Disease, Unified Parkinson Disease Rating Scale (UPDRS), and Schwab
and England Activities of Daily Living Scale. The inhibitor may be provided in an
amount sufficient to treat or prevent a movement disorder in a patient by a
statistically significant amount when assesséd by a standardized test in combination
with an empirical test selected from compﬁter tomography (CT), magnetic resonance

imaging (MRI), and positron emission tomography (PET).

In some embodiments, the above methods may comprise coadministration of
the .inhibitor with one or more of a dopamine precursor, a dopaminergic agent; a
dopaniinergic and anti-cholinergic agent, an anti-cholinergic agent, a dopamine
agdnist, a MAO-B (monoamine oxidase B) inhibitor; a COMT (catechol O-
methyltransferase) inhibitor, a muscle relaxant, a sedative, an anticonvulsant agent, a

dopamine reuptake i-nhibitor, a dopamine blocker, a B-blocker, a carbonic anhydrase

- inhibitor, a narcotic agent, a GABAergic agent, or an alpha antagonist.

In another eﬁibodirnent, the invention provides a method for conducting a
pharmaceutical business, comprising: (a) manufacturing the packaged
pharmaceutical of the invention; and (b) marketing to healthcare providers the
benefits of using the package or preparation to treat patients suffering from
depression, anxiety, a éleep disorder, obesity, attention deficit disorder (ADD),

attention deficit hyperactivity disorder (ADHD), sexual dysfunction, substance |

abuse, or a movement disorder. In certain embodiments, the package or preparation

is to treat patients suffering from depression, a sleep disorder, obesity, attention
deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual

dysfunction, substance abuse, or a movement disorder. In certain embodiments, the
package or preparation is to treat patients suffenng from depression or a movement

disorder.
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In another embodiment, the invention provides a method for conducting a
pharmaceuticzﬂ busineSs, comprising: (a) pi'oviding a distribution network for selling
the packaged pharmaceutical of the invention; and (b) providing instruction:material
to patients or physicians for using the package or preparation to treat patients
suffering from depression, anxiety, a sleep disorder, obesity, attention deficit
disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual
dysfunction, substance abuse, or a movement disorder. In certain embodiments, the
package or . preparation 1s to treat patients - suffering from depression; a sleep
disorder, obesity, attention deficit disorder (ADD), attention deficit hyperactivity
disorder (ADHD), sexual dysfunction, substance abuse, or a movement disorder. In
certain embodiments, the package or preparation is to treat patients suffering from

depression or a movement disorder.

In another embodiment, the invention provides a method for conducting a
phannaceutibal ‘business, comprising: (a) determining an appropriate dosage of an
inhibitor of the invention to enhance function performance in a clasé of patients
suffering from depression, anxiety, a sleep disorder, obesity, attention deficit
disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual
dysfunction, substance abuse, or a mbvement disorder; (b) conducting therapeutic
profiling of ohe or more formulations of the inhibitor identified in step (a), for
efficacy and toxicity in animals; and (c) providing a distribution network for selllng
a the formulatlons identified in step (b) as having an acceptable therapeutic profile.
The method may include an additional step of providing a sales group for marketing
the preparation to healthcare providers. In certain embodiments, the class of patients
is suffering from depression, a sleep disorder, obesity, attention deficit disorder
(ADD), attention deficit hyperactivity disorder (ADHD), sexual dysfunction,
substance abuse, or a movement disorder. In certain embodiments, the class of

patients is suffering from depression or a movement disorder.

.In another embodiment, the invention provides a method for conducting a
medical assistance reimbursement program, comprising: (a) providing a
reimbursement program which permits, for prescription of an inhibitor of the
invention for treating depression, anxiety, a sleep disorder, obesity, attention deficit
disorder (ADD), attention deficit hyperactivity disorder (ADHD), sexual
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dysfunction, substance abuse, or a movement order, at least partial reimbursement to
a healthcare provider or patient, or payment to a drug distributor; (b) procéssing one
or more claims for prescription of an inhibitor of the invention; and (c) reimbursing
the healthcare provider or patient, or paying a drug distributor, at least a ‘portion of

the cost of said prescription. In certain embodiments, the inhibitor of the invention

is for treating depression, a sleep disorder, obesity, attention deficit disorder (ADD),

- attention deficit hyperactivity disorder (ADHD), sexual dysfunction, substance

abuse, or a movement order. In certain embodiments, the inhibitor of the invention

is for treating depression or a movement disorder.

The pi'actice of the present invention will employ, unless otherwise
indicated, conventional techniques of synthetic chemistry, organic chemistry,
inorganic chemistry, organometallic chemistry, pharmaceutical chemistry, and
behavioral science, which are within the skill of the art. Such techniques are
described in the literature. See, for example, Advanced Orgahic Chemistry:
Reactions, Meéhanisms; And Sthicture by J. March (John Wiley ahd Sons, IN.Y.,
1992); The Chemist's Companion: A Handbook Of Practical Data, Techniques, And

| References by A. J. Gordon and R. A. Ford (Wiley, NY, 1972); Synthetic Methods

Of Organometallic And Inorganic Chemistry by W.A. Herrmann and Brauer (Georg
Thieme Verlag, N.Y., 1996); Experimental Organic Chemistry by D. Todd
(Prentice-Hall, N.J., 1979); Experimental Organic Chemistry: Standard And

Microscale by L. M. Harwood (Blackwell Science, M.A., 1999); Expenmental

Analysis Of Behavior by . H. Iversen and K. A. Lattal (Elsevier, N.Y., 1991); A

- Practical Guide To Behavioral Research: Tools And Techniques by R. Sommer and

B. Sommer (Oxford University Press, N.Y., 2002); Advances In Drug Discovery
Techniques by A. L. Harvey (Chichester, N.Y., 1998); Quantitative Calculations In

Pharmaceutical Practice And Research by T. P. Hadjiioannou (VCH, N.Y., 1993);

Drug Fate And Metabolism: Méthods And Techniques by E. R. Garrett and J. L.
Hirtz (M. Dekker, N.Y., 1977); Behavioral Science Techniques: An Annotated
Bibliography For Health Professionals by M. K. Tichy (Praeger Publishers, N.Y .,

1975).

-13 -



CA 02661220 2009-02-18

WO 2008/024371 PCT/US2007/018522

10

15

20

25

30

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1-3 show in vivo efficacy of four illustrative dopamine transporter

inhibitors, (1), (6), (3), and (4), as measured by forced swim test

using rats.

DETAILED DESCRIPTION OF THE INVENTION

I Overview

The present invention relates to the discovery of certain neurotransmitter
transporter inhtbitors (colleciively referred to herein as thé ""subject inhibitors")
which’can be used to prevent or reduce conditions associated with CNS disorders,
including depression, anxiety, a. sleep disorder, obesity, attention deficit disorder
(ADD), atterition deficit hyperactivity disorder (ADHD), sexual dysfunction,
substance abuse, and movement disorders. In certain embodiments, the subject
inhibitors can, for example, be effective as part of a therapy for treating depression,
sleep disorders, obesity, attention deficit . disorder (ADD), attention deficit
hyperactivity disorder (ADHD), certain sexual dysfunctions, substance abuse (such
as for the treatment of cocaine abuse), and movement disorders. |

One aspect of the invention features a pharmaceutical package comprnsing
one or more of the' subject inhibitor(s) in an amount sufficient to treat or prevent a
CNS disorder in a patient, a pharmaceutically acceptable carrier, and instructions
(written and/or pictorial) describing the use of ‘the formulation for treating the
patient. The CNS disorder may be depression, anXiety, a sleep disorder, obesity,
attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD),
sexual dysfunction, or substance abuse. In certain embodiments, the CNS disorder

may be depression, a sleep disorder, obesity, attention deficit disorder (ADD),

~ attention deficit hyperactivity disorder (ADHD), sexual dysfunction, or substance

abuse. The CNS disorder may be a movement disorder, such as ataxia, corticobasal
ganglionic degeneration (CBGD),_ dyskinesiei, dystonia, tremors, hereditary spastic
paraplegia, Huntington's disease, multiple system atrophy, myoclonus, Parkinson's
disease, progressive supranuclear palsy, restless legs syndrome, Rétt syndrome,

spasticity, Sydenham's chorea, other choreas, athetosis, ballism, stereotypy, tardive

dyskinesia/dystonia, tics, Tourette's syndrome, olivopontocerebellar atrophy
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(OPCA), diffuse Lewy body disease, hemibalismus, hemi-facial spasm, restless leg
syndrome, Wilson's disease, stiff man syndrome, akinetic mutism, psychomotor
retardation, painful legs moving toes syndrome, a gait disorder, a drug-induced
movement disorder, or other rno?ernent disorder.

In certain preferred embodiments, the invention features a pharmaceutical

preparation comprising one or more of the subject inhibitors provided as a single

oral dosage formulation in an amount sufficient to treat or prevent a CNS disorder in-

a patient.

In other preferred embodiments, the invention features a pharmaceutical
preparation comprising one or more inhibitors provided in the form of a transdermal
patch and formulated for sustained release of the inhibitor(s) in order to admimster
an amount sufficient to treat or prev‘ent a CNS disorder in a patient.

In many preferred embodiments of the packages, preparations, compositions,

and methods, the invention features one or more inhibitor(s) provided in an amount

sufficient to treat or prevent a CNS disorder in a patient by a statistically significant

amount when assessed by a standardized performance test. For instance, the subject
inhibitor(s) are provided in an amount sufficient to treat or prevent a movement

disorder in a patient by a statistically significant amount when assessed by one or

" more of Hoehn and Yahr Staging of Parkinson's Disease, Unified Parkinson Disease

Rating Scale (UPDRS), and Schwab and England Activities of Daily Living Scale.
In certain embodiments of the packages, preparations, compositions, and

methods, the invention features one or more inhibitor(s) provided in an amount

~ sufficient to treat or prevent a CNS disorder in a patient by a statistically sigmficant

amount when assessed by a standardized test in combination with an empirical test
selected from computer tomogfaphy (CT), magnetic resonance imaging (MRI), and
positron emission tomography (PET).

Another aspect of the invention features the use of the pharmaceutical
composition of the subject inhibitors in the manufacture of a medicament for
prophylaxis or treatment of an animal susceptible to or suffering frdm a CNS
disorder, such as, for example, depression, anxiety, a sleep disorder, obesity,

attention deficit disorder (ADD), attention deficit hyperactivity disorder (ADHD),

sexual dysfunction, substance abuse. or a movement disorder such as the disorders
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recited above, which inhibitor is represented by Formula [, or a pharmaceutically

acceptable salt, solvate, metabolite, or pro-drug thereof. In certain embodiments, the

- CNS disorder is, for example, depression, a sleep disorder, obesity, attention deficit

disorder (ADD); attention deficit hyperactivity disorder (ADHD), sexual
dysfunction, substance abuse, or a movement disorder. In certain embodiments, the
CNS disorder 1s, for example, .depression or a movement disorder. -

Another aspect of the invention relates to a method for conducting a
pharmaceutical " business, which includes: (a) manufaCturing the packages,
preparations, and compositions of the present invention; and (b) marketing to
healthcare providers the benefits of using the packages, preparations, and
compositions of the present invention to treat or prevent a CNS disorder of treated
patients.

Another- aspect of the invention relates to a method for conducting a

pharmaceutical business, comprising: (a) providing a distribution network for selling

~ the packages, preparations, and compositions of the present invention; and (b)

providing instruction material to patients or physicians for using the packages,
preparations, and .compositions of the present invention to treat or prevent a CNS
disorder of treated patients. | |
‘ ; Yet another aspect of the invention relates to a method for conducting a

pharmaceutical business, compnsing: (a) deterfnining an appropriate dosage of an
inhibitor to treat or prevent a CNS disorder in a class of patients; (b) conducting
therapeutic profiling of one or more formulations of the inhibitor identified in step
(a) for efficacy and toxicity in animals; and (c) providing a distribution network for
selling the formulations identified in step (b) as having an acceptable therapeutic
profile, wherein the patient suffers from one or more of the disorders recited above.

For instance, the subject business fne_thod can include an additional step of
providing a sales group for marketing the preparation to healthcare providers.

Another aspect of the invention relates to a method for conducting a medical
assistance reimbursement program, comprising: (a) providing a reimbursement
program which permits, for prescription of an inhibitor(s) for treating a CNS

disorder, at least partial reimbursement to a healthcare provider or patient, or

payment to a drug distributor; (b) processing one or more claims for prescription of
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an inhibitor(s) for treating a CNS disorder; and (c) reimbursing the healthcare
provider or patient, or paying a drug distributor, at least a portion of the cost of said
prescription.

Another aspect of the invention relates to a method for conducting a

pharmaceutical business, comprising: (a) determining an appropriate dosage of an

inhibitor to treat or prevent a CNS disorder function in a class of patients; and (b)

licensing, to a third party, the rights for further development and sale o_f the inhibitor

for treating or preventing a CNS disorder, wherein the patient suffers from one or

‘more of the disorders recited above.

II. Definitions

For convenience, certain terms employed in the specification, examples, and
appended claims are collected here.

As used herein, the term "movement- disorders" includes akinesias and
akinetic-rigid syndfomes, dyskinesias and medication-induced parkinsonism (such
as neuroleptic-induced parkinsonism, neuroleptic malignant syndrome, neuroleptic-
induced acute dystonia, neuroleptic-induced acute akathisia, neuroleptic-induced
tardive dyskinesia and medication-induced postutal tremor). Examples ot "akinetic-
ngid .syhdromes" ‘include Parkinson's disease, drug-induced parkinsonism,
postencephalitic parkinsonism, progressive supranuclear palsy, multiple system
atrophy, corticobasal degeneration, parkinsonism-ALS dementia complex and basal
ganglia calcification. Examples of "dyskinesias" 1nclude tremof (including rest
tremor, p_bstural tremor and intention tremor), chorea (such as Sydenham"s chorea,
Huntington's disease, benign hereditary chorea,. neuroacanthocytosis, Symptomatic
chorea, di'ug-induced chorea and hemiballism), myoclonus (including generalized

myoclonus and focal myoclonus), tics (including simple tics, complex tics and

- symptomatic tics),and dystonia (including generalized dystonia such as 10diopathic

dystonia, drug-induced dystonia, symptomatic dystonia and paroxymal dystonia, and
focal dystonia such as blepharospasm, oromandibular dystonia, spasmodic
dysphonia, spasmodic torticollis, axial dystonia, dystonic writer's cramp and
hemiplegic dystonia). Another "movement disorder” which may be treated

according to the present invention i1s Gilles de la Tourette's syndrome, and the
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symptoms thereof.

As used herein, the term "depression" includes depressive disorders, for
example, single episodic or recurrent major depressive disorders, and dysthymic
disofders, depressive neurosis, and neurotic depression; melancholic depression
including anorexia, weight loss, insomnia and early morning waking, and
psychomotor retardation; atypical depression (or reactive depression) including
increased appetite, hyp'ersomnia, psychomotor agitation or imtability, seasonal
affective disorder, or bipolaf disorders or manic depression, for example, bipolar‘I
disorder, bipolar II disorder and cyclothymic disorder.

Other mood dlsorders encompassed within the term "depression” include

- dysthymic disorder with early or late onset and with or without atypical features;

dementia of the Alzheimer's type, with early or late onset, with depressed mood;

vascular dementia with depressed mood, disorders induced by alcohol
amphetamines, cocaine, hallucmogens inhalants, opioids, phencychdme sedatlves
hypnotics, anxiolytics and other substances; schlzoaffectlve disorder of the

depressed type; and adjuStment disorder with depressed mood.

The term "anxiety disorders" includes, but i1s not limited to obsessive-
compulsive disorder, psychoactive substance anxiety disorder, post-traumatic stress
disorder, generalized anxiety disorder, anxiety disorder NOS, and organic anxiety
disorder. Anxiety disorders include panic disorder with or without agoraphobia,
agoraphobia without history of panic disorder, specific phobias, for example,
specific animal phobias, social phobias, obsessive-compulsive disorder, stress
disorders includihg post-traumatic stress disorder and acute stress disorder, and
generalized ahxiety disorders. - "Generalized anxiety" is typically defined as an
extended period (e.g., at ]easi six months) of excessive anxiety or wbrry with
symptoms on most days of that period. The anxiety and worry 1s difficult to control
and may be accompanied by restlessness, being easily fatigued, difficulty '
concentrating, irritability, muscle tension, and disturbed sleep. "Panic disorder” is
defined as the presence of recurrent panic attacks followed by at least one month of
persistent concem about having another panic .attack. A "panic attack” 1s a discrete

period in which there is a sudden onset of intense apprehension, fearfulness or terror.

During a panic attack, the individual may experience a variety of symptoms
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including palpitations, sweating, trembling, shortness of breath, chest pain, nausea
and dizziness. Panic disorder may occur with or without agoraphobia.

"Phobias" includes agoraphobia, specific phobias and social phobias.
"Agorap‘hobia" is characterized by an anxiety about being 1n p]aces or situations
from which escape might be difficult or embarrassing or in which help may not be
available in the event of a panic attack. Agoraphbbia may occur without history of a
panic attack. A "specific phobia" is characterized by climcally significant anxiety
provoked by feared objeét or situation. Specific phobias include the following
subtypes: animal type, cued by anirﬁals-'or insects; natural environment type, cued
by objects :.in the natural environment, for example storms, heights or water; blood-
injection—injury type, cued by the sight of blood or an injury or by se_eihg or
receiving an injection or othef invasive medical procedure; situational type, cued by
a specific situation such as public iranspdrtation, tunnels, bridges, elevators, flying,

driving or enclosed spaces; and other type where fear is cued by other stimul.

~ Specific phobias may also be referred to as simple phobias. A "social phobia" is

characterized by clinically significant 'ahxiety provoked by exposure to certain types
of social or performance circumstances. Social phobia may also be referred to as
social anxiety disorder. . |

Other anxiety disorders encompassed within the term "anxiety" include
am{iety disorders induced by alcohol, amphetamines, caffeine, cannabis, cocaine,
hallucinogens, inhalants, phencycedine, sedatives, hypnotics, anxiolytics and other
substances, and adjustment disorders with anxiety or with mixed anxiety and
depression. '

Anxiety may be present with or without other disorders such as depression in '
mixed anxiety and depressive disorders. The compositions of the present inveﬁtion
are therefore useful in the treatment of anxiety with‘ or without accompanying
depression.

- An "effective amount” of, e.g., a subject inhibitor, with respect to the subject
method of treatment, refers to an amount of the inhibitor in a pharmaceutical
preparation which, when applied as part of a desired dosage regimen, brings about

improved state according to clinically acceptable standards.

- The term "treat," "treating," or "treatment" as used herein means to
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counteract a medical condition (e.g., a CNS disorder) to the extent that the medical
condition is improved according to clinically acceptable standard(s). For example,
"to treat a CNS disorder” means to improve the CNS disorder or relieve symptoms
of the particular CNS disorder in a patient, wherein the improvement and relief are
evaluated with a clinically acceptable standardized test (e.g., a patient self-
ésseSSmenf scale) and/or an empirical test (e.g., PET scan).

The_ term "amelioration” 1n the case of a movement disorder refers to a
decrease in the abnormal involuntary movements characterizing these two types of
dyskinesia, as can be determined for example by using the Abnormal Involuntary
Movement Scale (AIMS) as will be spec1ﬁed herein below.

The term- "prevent,” "preventmg," or "prevention” as used herein means
reducing the probability / risk of developing a condition in a subject (e.g., a human),
or delaying th.e onset of a condition in the subject, or lessening the severity of one or
more symptoms of a condition (eg , @ CNS disorder) that may develop in the
subject, or any « combmatlon thereof. |

A "patient" or "subject” to be treated by the subject method can mean either a
human or non-human animal. .

The term "prodrug" repfesents compounds which are rapidly transformed in
vivo, for example, by hydrolysis in blood into the therapeutically active agents of the
present invention. A common method for making a prodrug 1s to include selected
moieties ‘which are converted under physiologic conditions (enzymatic or
nonenzymatic) to reveal the desired molecule. A thorough discussion is provided in
T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the

A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers 1n

Drug Design, American Pharmaceutical Association and Pergamon Press, 1987,

both of which are incorporated herein by reterence.

By "transdermal patch" is meant a system capable of delivery of a drug to a
patient via the skin, or any suitable external surface, including muCosa] membranes,
such as those found inside the mouth. Such delivery systems generally comprise a
flexible backing, an adhesive, and a drug-retaining fnatrix, the backirig protecting
the adhesive and matrix, and the adhesive holding the whole on the skin of the

patient. On contact with the skin, the drug-retaining matrix delivers drug to the skin,
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the drug then passing through the skin into the patient's system.

The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls described below, but that
contain at least one double or triple bond respective]y. |

The terms "alkoxyl" or "alkoxy" as used herein refer to an alkyl group, as
defined belcow, having an oxygen"ra.dical attached thereto. Representative -alkoxy
groups include methoxy, ethoxy, propyloky, tert-butoxy, and the like. An "ether" 1s
two hydrocarbons covalently linked by an‘ oxygen. Accordingly, the substituent of
an alkyl that renders that alkyl an ether is or resembles an alkoxyl., such as can be
represented by one of -O-alkyl, -O-alkenyl, -O-élkynyl, -O-(CHz)m-Rg, where Rg
represents an aryl, a cyc-loa-lkyl, a cycloalkenyl, a heterocycle, or a polycycle, and m
is zero or an integer in the range of 1 to 8. | |

The term "alkyl" réfers to the radical of saturated aliphatic groups, including
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic)
groups, alkyl-substituted cycloalkyl ' groupé, and cycloalkyl-substituted alkyl groﬁps.
In preferred embodiments, a stréight chain or branched chain alkyl has 8 or fewer
carbon atoms in its backbone (e.g., C1-C8 for straight chains,. C3-C8 for branched
chains), and more preferably 5 or fewer. Likewisé, preferred cycloalkyls have from
3-10 carbon atoms in their ring structure, and more preferably have 5, 6, or 7
carbons in the ring structure. ‘

Moreover, the term "alkyl" ' (or "lower alkyl") as used throughout the
specification, examples, and claims is intended to inélude both "unsubstituted
alkyls" and "substifuted alkyls,” the latter of which refers to alkyl moieties having
substituents replacing a hydrogen on one or more carbons of the hydrocarbon
backbone. Such substituents can include, for example, a halogen, a hydroxyl, a
carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a
thiocarbonyl (such as a t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>