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Background of the Invention

25  The release of glutamate at synapses at many sites in mammalian forebrain stimulates two
classes of postsynaptic, ionotropic receptors. These classes are usually referred to as
AMPA/quisqualate and N-methyl-D-aspartic acid (NMDA) receptors. AMPA/quisqualate
receptors mediate a voltage independent fast excitatory post-synaptic current (the fast EPSC),
whereas NMDA receptors generate a voltage-dependent, slow excitatory current. Studies

30 carried out in slices of hippocampus or cortex, indicate that the AMPA receptor mediated

fast EPSC is generally the dominant component by far at most glutamatergic synapses.

AMPA receptors are not evenly distributed across the brain but rather are largely restricted to



30 carried out in slices of hippocanpus or cortex, indicate that the
AMPA receptor nmedi ated fast EPSC is generally the dom nant conponent
by far at nost glutamatergic synapses. 2 the tel encephal on and
cerebellum These receptors are found in high concentrations in the
superficial layers of neocortex, in each of the major synaptic zones
of hi ppocanpus, and in the striatal conplex, as reported by Mnaghan
et al. the'télexﬁfeﬂhdloﬁ@z&ﬁ@?éﬁ&llﬁ&4l'ﬂ&@réc@%ﬂs%éfoun&ﬁluﬂﬂgﬁiohdénaﬂldﬁalirSthand
humans indicate that these structures organi ze conplex 5

per cepsupsriich daersnigeecstes, nraclheidbe malor snaptip genes o€ ippgrampus, and in

hi gher ar. o] t t n
those ggﬁﬁ‘%%lé%?&gyelk( £Ssm ponS|be S{ru?gt ég{ﬁmﬁg%%%ﬁ? |3\?gn§g]tl|§€:(ﬁggg
For t hStudeammmEtanﬂ(hmdansaimdwate thiat tigse Bﬂnmﬁurma@gb.mteccamdex her eby

enhance t he funct| oni n of .10 A r ce uI d |cant
bonsr| bercRiyal dRt RpuRes e PR (e PSS Fingder dhayiof

shoul dA8150rd cggtbw thédife mﬁyﬁum@mﬁﬁbmmmdrmg nsibleUdt Qﬁost SﬂCh as
t hose reporte by Arai and Lynch Brain Research 598:173-184 (1992),

i ndi catagnitiygtaciiviéie®asi ng the size of A MPA receptor-nmedi ated synaptic

response(s) enhances the induction of long-termpotentiation (LTP).

LTP is a stable increase in the strength of synaptic contacts that
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25 (1997); Hampson, et al., J. Neurosci. 18:2748-2763 (1998); Porrino et al., PLoS Biol 3(9):1-
14 (2006) and Lynch and Rogers, US Patent 5,747,492. There is a considerable body of
évidence showing that LTP is a substrate of memory. For example, compounds that block
LTP interfere with memory formation in animals, and certain drugs that disrupt leaming in
humans antagoniie the stabilization of LTP, as reported by del Cerro and Lynch,
30  Neuroscience 49: 1-6 (1992). Learning a simple task induces LTP in hippocampus that
occludes LTP generated by high frequency stimulation (Whitlock ez al., Science 313:1093-

1097 (2006)) and a mechanism that maintains LTP sustains spatial memory (Pastalkova, ef



3 at, Science 313:1141-1144 (2006)). O significant inportance to the
field of learning is the finding that in vivo treatnments with a
positive AVMPA-type glutamate receptor nodul ator restores
stabilization of basal dendritic LTP in m ddl e-aged aninmals (Rex, et
al., .1 NeurophysiolL 96:677-685 (2006B8). 5 Excitatory synaptic
transm ssion provides a major pathway by which neurotrophic factors
are increased within specific brain regiaons. As such, POt ntiation of
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(N-anisoyl-2-pyrrolidinone) increases currents mediated by brain AMPA receptors expressed

in Xenopus oocytes without affecting responses by y-aminobutyric acid (GABA), kainic acid
(KA), or NMDA receptors. Infusion of aniracetam into slices of hippocampus was also
shown to substantially increase the size of fast synaptic potentials without altering resting

25 membrane properties. It has since been confirmed that aniracetam enhances synaptic
responses at several sites in hippocampus, and that it has no effect on NMDA-receptor
mediated potentials (Staubli ef al., Psychobiology 18:377-381 (1990) and Xiao et al,
Hippocampus 1:373-380 (1991)).

' 30 Aniracetam has been found to have an eéxtremely rapid onset arid washout, and can be
applied repeatedly with no apparent lasting effects, which are desirable features for

behaviorally-relevant drugs. Aniracetam does present several disadvantages, however. The



4 peripheral adm nistration of aniracetamis not likely to influence
brain receptors. The drug works only at high concentrations (approx.
1000 p. M, and about 80% of the drug is converted to ani soyl - GABA
foll owi ng peripheral adm nistration in humans (Guenzi and Zanetti, J
Chr omat ogr. 530: 397-406(1990)). The netabolite, anisoyl-GABA, has
been 5 found to have |less synaptic activity than aniracetam In
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CX516 showed evidence for efficacy in inproving various formnms of
human nenory (Lynch et at, Internat. din. Psychopharm 11:13-19
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145:89-92 (1997); Ingvar ef al., Exp. Neurology 146:553-559 (1997)).

25  Another class of Ampakines, benzoxazines, has been discovered to have very high activity in
in vitro and in vivo models for assessing the probability of producing cognition enhancement
(Rogers and Lynch; US Patent # 5,736,543). The substituted benzoxazines are rigid
benzamide analogues with different receptor modulating properties from the flexible
benzamide, CX516. | | |

30
Certain substituted benzofurazan and benzothiadiazole compounds have been found to be

significantly and surprisingly more potent in the animal model of schizophrenia than



5 were substituted on the benzene portion by heteroatons, such as
nitrogen or oxygen (US Patents # 5,736,543 and 5,962, 447), by
substituted al kyl groups (US Patents # 5,650,409 and 5, 783,587), or
unsubstituted (WO 99/42456). Yet another class of |, 3-benzoxazi ne
conpounds contai ned a carbonyl externgl to the oxazine ring (US
Patent # 6,124,278), but not as a substituent on the benzene ring
structure. Now, a new class of triazinone conpounds 10 has been
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and correspondi ng nmet hods of use, includi ng treat ment net hods, which
utilize significantly | ower concentrationsy(on nol e-tonol e basi s)

of the present conpounds corrpar%d?m prd_orartRconpositions. 5 The
ability of the conpound of the i'hiven to ‘fncrease AMPA _
receptor-nedi ated responses nakgy S BRP ds useful for a variety
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AMPA receptor modulator is disclosed herein.
20 Summary of the Invention

The present invention includes, in one aspect, a compound as shown by structure I, and is
described in Section II of the detailed description, which follows. Administration of
compounds of this class has been found to increase synaptic responses mediated by AMPA
25  receptors. The compound of the present invention is significantly and unexpectedly more
potent than previously described compounds in increasing AMPA receptor functiqn in
- primary neuronal cultures and in slices of rat hippocampus, and in enhancing cogniﬁve

performance, such as performance in a delayed match to sample task. This unexpected



I n anot her aspect, the invention includes a nethod for the treatnent
of a mammal i an subject suffering froma hypogl utamatergi c condition,
or froma deficiency in the nunber or strength of excitatory
synapses, or in the nunmber of AMPA receptors, such that nenory or

ot her 15 cognitive functions are inpai,red. Such conditions may al so
cause a cortical/striatal inbalance, I'eading to schizophrenia or
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the following detailed description of the invention is read in conjunction with the

accompanying drawings.

25 Detailed Description of the Invention

I. Definitions
The terms below have the following definitions unless indicated otherwise. Other terms that
are used to describe the present invention have the same definitions as those terms are

30  generally used by those skilled in the art.

The term "alkyl" is used herein to refer to a fully saturated monovalent radical containing



20 pyridazinyl, pyrimdyl, benzofuryl, benzothienyl, benzim dazolyl,
benzoxazol yl , benzot hi azol yl, quinolyl, isoquinolyl, imdazolyl,
fury]. pyrrolyl, pyridyl, thienyl and indolyl. The term "substituted"
as used.in the term"substituted aryl, substituted aromati c,
substituted heteroaryl, or substituted heteroaromatic" herein
signifies that one or nore substituents may 25 be present, said
substituents being selected fromatons and groups, which when present
do not cpfbekl and hydregean apbwhidh nfayrhefamnaighochaing bmchecmrtceclid. &kamplof oﬂlVPA

recepto unction ubst| uents be present
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to a ciraveksd 9r&YPla%§xameképﬁal8Wegr6vpsrﬁ5ﬁ’r% eyl Bobptenysheptsruls progrppenyl,
repl ac h as nitrogen, oxygen or
pl aceg Eé%aeh&[nsm %ycg{)%et e?lgc%ﬁc ?ﬁcP Yexcyf g yg

sul fur. npl es of es ‘i ncludé, but are not linited to,
pi peri dine, pyrrolidine, norpholine, 5 thionorpholine, plpera2|ne
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one or nore functional groups such as |ower a kyI acyl, aryl, cyano,
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hydrocanhawd@nhenﬁmmaydhg@uﬂnﬂnmh&mhshewnmhdesmnhméhhﬂpound" is used

herein to refer to any specific chem cal conmpound discl osed 15
heldin. Wthin its use in context, the termgenerally refers to a

si ngl eTROMRAVRGI" RErs loh &@Etitaied o QSHARAEEd OISR dr&h&c faical having a
stereoi soners and/or optical isoners (including racem c mxtures) of
di scl osiagle cingp®dandiBenyl) or multiple condensed rings (e.g., naphthyl). Other examples

include heterocyclic aromatic ring groups having one or more nitrogen, oxygen, or sulfur

atoms in the ring, such as oxazolyl, isoxazolyl, pyrazolyl, thiazolyl, thiadiazolyl, tetrazolyl,
20  pyridazinyl, pyrimidyl, benzofuryl, benzothienyl, benzimidazolyl, benzoxazolyl,

benzothiazolyl, quinolyl, isoquinolyl, imidazolyl, furyl, pyrrolyl, pyridyl, thieny! and indolyl.

The term “substituted” as used in the term “substituted aryl, substituted aromatic, substituted
heteroaryl, or substituted heteroaromatic” herein signifies that one or more substituents may

25  be present, said substituents being selected from atoms and groups, which when present do
not prevent the compound from functioning as a potentiator of AMPA receptor function.
Examples of substituents that may be present in a substituted aromatic or heteroaromatic
group include, but are not limited to, groups such as (C-C;) alkyl, (C;-C5) acyl, aryl,
heteroaryl, substituted aryl and heteroaryl, halogen, cyano, nitro, (C;-C5) alkylhalos (e.g.,

30  CF3), hydroxy, (C;-Cy) alkoxy, alkoxyalkyl, amino, alkyl and dialkyl amino, acylamino,
acyloxy, aryloxy, aryloxyalkyl, carboxyalkyl, carboxamido, thio, thioethers, both saturated
and unsaturated (Cs-Cg) cyclic hydrocarbons, (C3-Csg) heterocycles and the like.



The term "effective amount” refers to the anount of a sel ected
compound of fornmula I that is 20 used to enhance gl utamatergic
synapti c response by increasi ng AMPA receptor activity. The precise
anount used will vary dependi ng upon the particul ar conpound sel ected
and its intended use, the age and weigght of the subject, route of

adm nistration, and so forth, but nmay be easily determ ned by routine
experinentation. In the case of the treatnent of a condition or

di sease state, an effective anount is that anmpunt which is used to

ef f ect'[Hetdrgcyctad ar "hdteroonibial refers fosa casbnsallie riag WhereH) Qe g1ose sqreonrg{gms
term "phar maceutical | | 8.3 t GRhingr or

excct pi BRTE P ehep o i o SEbA Ry GRL flch of ilpSn R Bnf @I, 01

i s adnipingiley d@theterhgtlnnrlidecalt by mt apted bd, pipexidingi pymtdidmeemdwhelindged
at length by EW Mrtin, in "Rem ngton's Pharnpceutical Sci ences. "
9 the 'g-wfi‘ﬁmohnﬁvﬁﬁﬁrﬁ%iﬁ?’ tetgahydrofifag ?Wé@l’i’raﬂ TPHEPISENO0E Kt eri on an
I norgani c Aani ong s Iy . Lde, iodide, sulfate, sulfite,
nitrat%?mﬂgfrl gig%ggg%ﬁggg@:%n m?ﬁ%gﬁ%ﬁe, or an organi ¢ anion such
as acetate, nalonate, pyruvate, propionate, fumarate, cinnamate,
tosylate, and the like. 5 The term"patient" or "subject" is use
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t he conpounds or conpositions according to the present Inventjon is
prbi deklxyBkkyl, améed, pikyt arst diakkel aninp, asylaniing, pedexys endex; exexwlkY;i sease

stat escar c;ngzﬁk)?l[ garls)&?a%igkl)ﬁhfo?{m&tﬁegg %'oIh' s%ngﬂécf'B{d unsaturated cyclic

hydrocarbons, heterocycles and the like.

The term “compound” is used herein to refer to any specific chemical compound disclosed
15 herein. Within its use in context, the term generally refers to a single compound, but in
certain instances may also refer to stereoisomers and/or optical isomers (including racemic

mixtures) of disclosed compounds.

The term "effective amount" refers to the amount of a selected compound of formula I that is

20  used to enhance glutamatergic synaptic response by increasing AMPA receptor activity. The
precise amount used will vary depending upon the particular compound selected and its
intended use, the age and weight of the subject, route of administration, and so forth, but may
be easily determined by routine experimentation. In the case of the treatment of a condition
or disease state, an effective amount is that amount which is used to effectively treat the

25  particular condition or disease state.

The term "pharmaceutically acceptable carrier" refers to a carrier or excipient which is not
unacceptably toxic to the subject to which it is administered. Pharmaceutically acceptable

excipients are described at length by E.-W. Martin, in "Remington's Pharmaceutical

- 30 Sciences."

A "pharmaceutically acceptable salt" of an amine compound, such as those contemplated in



10 (especially, for exanple, a human subject or patient), the term
patient or subject refers to that particular animal. The term
"sensory notor problens” is used to describe a problemwhich arises
in a patient or subject fromthe inability to integrate externa
information derived fromthe five kno&n 15 senses in such a way as to
di rect appropriate physical responses’invol ving novenent and acti-on.
The term "cognitive task" or "cognitive function" is used to describe
an endgavifre®l inPEMRORSIS ak ¥menodain 4 haingatjoRkikribnat inofpadic\w@sont snckught
or know ng. The diverse functions of the 20 assqciation cortices of
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not or and thatlikeThe di verse functions of the association cortices are
often referred to as cognition, which literally neans the process by
whi ch we conme to know the world. Selectively attending to a
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stinmulus features and pl'anni ng and experiencing the response are sone
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‘e 'gbz . cspetialin for 5?%;?1‘@'} ;g%%‘d{ b et S\ e priSer of ket refers to that
( DL- a- gRiPQa3miualr oxy- 5- met hyl - 4-i soxazol epropi oni ¢ acid), but not
NVDA. The term "excitatory synapse” is used to describe a cell-cel
junction at which rel ease of a

The term “sensory motor problems” is used to describe a problem which arises in a patient or

subject from the inability to integrate external information derived from the five known
15 senses in such a way as to direct appropriate physical responses involving movement and

action.

The term “cognitive task™ or “cognitive function” is used to describe an endeavor or process
by a patient or subject that involves thought or knowing. The diverse functions of the

20  association cortices of the parietal, temporal and frontal lobes, which account for
approximately 75% of all human brain tissue, are responsible for much of the information
processing that goes on between sensory input and motor output. The diverse functions of the
association cortices are often referred to as cognition, which li'terally means the process by
which we come to know the world. Selectively attending to a particular stimulus, recognizing

25 and identifying these relevant stimulus features and planning and experiencing the response
are some of the processes or abilities mediated by the human brain which are related to

cognition.

The term “brain network” is used to describe different anatomical regions of the brain that

30 communicate with one another via the synaptic activity of neuronal cells.

o~ The term “AMPA receptor” refers to an aggregate of proteins found in some membranes,



5 chem cal nessenger by one cell causes depol arization of the
external nmenbrane of the other cell. An excitatory synapse describes
a postsynaptic neuron which has a reversal potential that is nore
positive than the threshold potential and consequently, in such a
synapse, a neurotransmtter increasesgthe probability that an
excitatory post synaptic potential wll result (a neuron will fire
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20

The term “motor task” is used to describe an endeavor taken by a patient or subject that

involves movement or action.

The term “perceptual task” is used to describe an act by a patient or subject of devoting

25  aftention to sensory inputs.

The term “synaptic response” is used to describe biophysical reactions in one cell as a
consequence of the release of chemical messengers by another cell with which it is in close
. contact.
30
The term “hypoglutamatergic condition” is used to describe a state or condition in which
transmission mediated by glutamate (or related excitatory amino acids) is reduced to below

~ normal levels. Transmission consists of the release of glutamate, binding to post synaptic



consi dered hypogl utamatergi c conditi ons and which can be treated
usi ng the conpounds, 5 conpositions and net hods according to the
present invention include, for exanple, |oss of nenory, denentia,
depression, attention disorders, sexual dysfunction, novenent

di sorders, including Parkinson's disegse, schizophrenia or

schi zophreni f orm behavi or, nmenory and | earning disorders, including
those disorders which result from aging, trauma, stroke and
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The term “affective disorder” or “mood disorder” describes the condition when sadness or

20 elation is overly intense and continues beyond the expected impact of a stressful life event, or
arises endogenously. As used herein, the term “effective disorder” embraces all types of mood
disorders as described in, for example, Diagnostic and Statistical Manual of Mental

Disorders, Fourth Edition (DSM IV), pages 317-391.

25  The term “schizophrenia” is used to describe a condition which is a common type of
psychosis, characterized by a disorder in the thinking processes, such as delusions and
hallucinations, and extensive withdrawal of the individual’s interest from other people and
the outside world, and the investment of it in his or her own. Schizophrenia is now considered
a group of mental disorders rather than a single entity, and distinction is made between

30 reactive and process schizophrenias. As used herein, the term schizophrenia or
“schizophreniform” embraces all types of schizophrenia, including ambulatory schizophrenia,

catatonic schizophrenia, hebephrenic schizophrenia, latent schizophrenia, process



schi zophreni a, pseudoneurotic schi zophrenia, reactive schizophrenia,
si mpl e schi zophrenia, and rel ated psychotic di sorders which are
simlar to schizophrenia, but which are not necessarily diagnosed as
schi zophreni a per se. Schizophrenia and ot her psychotic di sorders may
be diagnosed usi ng guidelines establitghed in, for exanple, D agnostic
and Statistical 5 Manual of Mental Disorders, Fourth Edition (DSM IV)
Sect i onchiZzgBraia, p&@o@@mtmhizophr@@a 1285tive 88hi 3tphradib sinple Kiroplirenia,
295.70 73 2 The te bra c i s used
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be sub-optinmal. The inpairment of function will vary in severity 15
frompatient to patient and the condition to be treated. |
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is directed, in one aspect, to a conpound having the property of 20
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ntion having the structure |, below. The synthesis of the
invention conpound, 8-cyc|opropy1-342-(3-f|uorophenypethy11-7,8- 25
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Impaired functions may also be sub-optimal. The impairment of function will vary in severity

15 from patient to patient and the condition to be treated.
II. Compounds that Increase AMPA Receptor Function
The present invention is directed, in one aspect, to a compound having the property of

20  enhancing AMPA receptor function. The specified compound of this invention having the
structure I, below:

The synthesis of the invention compound, 8-cyclopropyl-3-[2-(3-fluorophenyl)ethyl}-7,8-
25  dihydro-3H-[1,3]oxazino[6,5-g][1,2,3]benzotriazine-4,9-dione, is preferably carried out by
the following synthetic scheme, wherein the synthesis of the substituted salicylamide is well-

“known in the field of organic synthesis:



S SCHEME 1 10 In Schene 1, step A may be carried out under standard
condi tions, anong them acid catal yzed insertion of a fornmal dehyde
synt hon. For exanple, the salicylamde (1) is dissolved and heated in
a suitable organic solvent together with ttioxane and sul furic or
hydrochloric acid. Step Bis a nitration reaction that can be carried
out under mld conditions known to 15 those skilled in organic
synthesis and detailed in such volunes at Reagents for Organic
Synthesis (Fieser and Fieser) and Organi c Syntheses (see web site at
http://ww. orgsynorgo. Step C involves the 2-step oxidation of the
met hyl group of conpound 3 to a carboxylic acid 14 via an :

i nternedi ate al dehyde enpl oyi ng N, N-di net hyl f or mam de di net hyl acet al
and sodi um periodate foll owed by oxone. Step D involves coupling of a
primary amine to the nitro acid, which can be acconplished using a
varbety of coupling reagents known to a skilled chem st. Sone
non-limting exanples commonly used are thionyl chloride, oxalyl
chloride or carbonyl 5 diimdazole. Step Eis a reduction of an aryl
nitroto an aniline and can be effected by reduction using a variety
of catalysts including, but not limted to, Pd or Pt or Raney N and
hydrogen or Zn/Qu. Step F forms the tgiazinone ring and can

carried out by Jthe ition of isoanyj n%?f&te in Eg&, 10 Al
conpositi NOsed siep At he presSe . | ceen Bn
al ogous—3ynt het tegj to

by the ab dedtri bed—retdaods
those sp€cNA Cabliy presented i » 3 ero”as wel |
as those knqwn in the art. Al so clabned are all addition sglts with a
pharmaceutically acceptabl e acid or “base thereof

step C
e

SCHEME 1

10
In Scheme 1, step A may be carried out under standard conditions, among them acid

catalyzed insertion of a formaldehyde synthon. For example, the salicylamide (1) is dissolved
and heated in a suitable organic solvent together with trioxane and sulfuric or hydrochloric
acid; Step B is a nitration reaction that can be carried out under mild conditions known to

15 those skilled in organic synthesis and detailed in such volumes at Reagents for Organic
Syﬁthesis (Fieser and F iesér) and Organic Synthéses (see web site at httpé//www.orgsyn.org/).

Step C involves the 2-step oxidation of the methyl group of compound 3 to a carboxylic acid



15 111. Method of Treatnent According to one aspect of the invention,
a method is provided for treating a mammal i an subject suffering from
a hypoglutarnatergic condition, or fromdeficiencies in the nunber or
20 strength of excitatory synapses or in the nunber of AMPA
receptors. In such a subject, nenory @ other cognitive functions may
be inpaired or cortical/striatal inbalance my occur, |leading to |oss
of nmenwiagn idemading aldtbpleegsploying a/tlt/dhn¢tbyifqimg1i¢bedimeﬂwbmml and sodium
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carrier, an ef fecti ve anount of 8-
cyclopropyl 3-[2-(3-fluorophenyl)ethyl]-7,8-di hydro-31/41, 3j oxazi no[ 6
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described methods using analogous synthetic steps to those specifically presented in the
examples described herein as well as those known in the art. Also claimed are all addition

" salts with a pharmaceutically acceptable acid or base thereof.

15
1I1. Method of Treatment

According to one aspect of the invention, a method is provided for treating a mammalian
subject suffering from a hypoglutamatergic condition, or from deficiencies in the number or
20  strength of excitatory synapses or in the number of AMPA receptors. In such a subject,
memory or other cognitive functions may be impaired or cortical/striatal imbalance may
occur, leading to loss of memory, dementia, depression, attention disorders, sexual
dysfunction, movement disorders, schizophrenia or schizophreniform behavior. Memory
disorders and learning disorders, which are treatable according to the present, invention
25  include those disorders that result from aging, trauma, stroke and neurodegenerative
disorders. Examples of neurodegenerative disorders include, but are not limited to, those
associated with drug-induced states, neurotoxic agents, Alzheimer’s disease, and aging.
These conditions are readily recognized and diagnosed by those of ordinary skill in the art
and treated by administering to the patient an effective amount of one or more cbmpounds

30 according to the present invention.

In the present invention, the method of treatment comprises administering to the subject in



5 or a pharmaceutically acceptable addition salt of an acid or base
t hereof As noted above, treatnment of a subject according to the

met hod of the invention is useful for enhancing AVPA receptor
activity, and thus may be used to facilitate the |earning of 10
behavi ors dependent upon AMPA receptotss, and to treat conditions,
such as nenory inpairnent, in which . AMPA receptors, or synapses

utilizing,these receptqrs, are reduced.in nunbers.or. effici . The
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accordance with the nethod have been foundgo be nore effective than
previously described conpounds in enhanci nd] AMPX\ eceptor activity,
as shown in the in vitro and in y#vo L8~ degCri bed bel ow. |V.

Bi ol ogi cal Activity:_ Enhancenent!lof A tor Function 20
Synapti c responses -:ﬂi;ae DYANVRA-T BCED S are increased according

to the method of the i} ion, usklng the conmpound descri bed herein.
The conpound is denonstxsft’ed to béoéubstantially nore potent than
prewy ousl y-descri bed conpounds in increasing AMPA nedi ated whol e cel
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follows. 25 Cortica S were prepare ay 18-19 enbryonic
Sprague-Dawl ey rats and recorded after 3 days in culture. The
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schizophrenia or schizophreniform behavior, or other behavior as described above. The

15 compounds administered in accordance with the method have been found to be more effective
than previously described compounds in enhancing AMPA receptor activity, as shown in the

in vitro and in vivo tests described below.

IV. Biological Activity: Enhancement of AMPA Receptor Function

20
Synaptic responses mediated by AMPA receptors are increased according to the method of
the invention, using the compound described herein. The compound is demonstrated to be -
substantially more potent than previously-described compounds in increasing AMPA
mediated whole cell currents in cultured neurons. The in vitro assay is described as follows.

25 | Cortical cells were prepared from day 18-19 embryonic Sprague-Dawley rats and recorded
after 3 days in culture. The extracellular solution (ECS) contained (in mM): NaCl (145), KCl
(5.4), HEPES (10), MgC12 (0.8), CaCl2 (1.8), glucose (10), sucrose (30); pH. 7.4. In order to
block the voltage-gated sodium currents, 40 nM TTX was added to the recording solution.

- The intracellular solution contained (in mM): K-gluconate (140), HEPES (20), EGTA (1.1),



5 at 2 kHz, digitized at 5 kHz and recorded on a PCwith pC atnp 8.
The cells were vol tage-cl anped at -80 nV. Solutions were applied by
DAD- 12 system A baseline response for each cell was recorded using. a
1 s pulse of 5001..tM glutamate disso%ved in ECS. Responses to test
conpound were then determ ned by appl ®ation of a 10 s pul se of test
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8- cycl epuRMYshffdent damfpoks ABRaNYREIAYd hHdw 8xteHpBIEbR t3dtalculated maximum
[ 1, 3] oxazi no[ 6,5-g][1, 2, 3] benzotri 87i ne-4, 9-di one di spl ayed an EC2x

val ue shar@elit1Vl. 25 V. Adninistration, Dosages, and Fornul ation As
not ed above, the compound and nmethod of the invention increase AVPA

30 receptor-nedi at ed. r espons and | for 1h
ypogl do& BParg1oE of BiseR ERRER bl o0 GG o0y el BB Rl
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The co @ﬂﬂ%d@é’re%\g@ed% 8 8ekelitd response in order to calculate the percentage

increase. Compounds are deemed active in this test if, at a test concentration of 3 pM or less,
they produce a greater than 100% increase in the value of the steady-state current measured
20  due to application of glutamate alone. The concentration at which the glutamate induced

current is increased by 100% is commonly referred to as the EC2x value.

The compound of this invention, 8-cyclopropyl-3-[2-(3-fluorophenyl)ethyl]-7,8-dihydro-3H-
[1,3]oxazino[6,5-g][1,2,3]benzotriazine-4,9-dione displayed an EC2x value of 0.1 pM.
25

V. Administration, Dosages, and Formulation

As noted above, the compound and method of the invention increase AMPA

30 receptor-mediated responses, and are useful for the treatment of hypoglutamatergic
conditions. The compound is also useful for treatment of conditions such as impairment of
memory or other cognitive functions, brought on by a deficiency in the number or strength of

) excitatory synapses, or in the number of AMPA receptors. The compound may also be used



in the treatment of schizophrenia or schizophrenifom behavior
resulting froma cortical/striatal inbalance, and in facilitation of
| ear ni ng of behavi ors dependent upon AMPA receptors. 5 In subjects
treated with the present compound, pharnmaceutical conpositions and
met hods nenory or other cognitive fundfions may be inpaired, or
cortical/striatal inbalance may occur, leading to | oss of nmenory,
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resul t af‘trauna, stroke and neurodegenerative di sorders.
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ani mal s, ora ory animal s Formul at 1 ons cont ai ni ng
thektommamﬂd@aodﬁndsﬂgtmwmﬂhe.present i nvention may take the form of
solid, sem -solid, |yophilized powder, or liquid dosage forns, such
as, for exanple, tablets, capsul es, powders, sustained-release
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dos agespractlces. Dose levels employed can vary widely, and can readily be determined by those of
20  skill in the art. Typically, amounts in the milligram up to gram quantities are employed. The
composition may be administered to a subject by various routes, e.g. orally, transdermally,
perineurally or parenterally, that is, by intravenous, subcutaneous, intraperitoneal, or
intramuscular injection, among others, including buccal, rectal and transdermal
administration. Subjects contemplated for treatment according to the method of the invention

25 include humans, companion animals, laboratory animals, and the like.

Formulations containing the compound according to the present invention may take the form

of solid, semi-solid, lyophilized powder, or liquid dosage forms, such as, for example,

tablets, capsules, powders, sustained-release formulations, solutions, suspensions, emulsions,'
30 suppositories, creams, ointments, lotions, aerosols, patches or the like, preferably in unit

dosage forms suitable for simple administration of precise dosages.



18 Pharmaceuti cal conpositions according to the present-invention
typically include a conventional pharmaceutical carrier or excipient
and may additionally include other nedicinal agents, carriers,

adj uvants, additives and the like. Preferably, the conposition wll
be about 0.5 to 75% by weight of a cofpound or conpounds of the
invention, with the 5 renai nder consisting essentially of suitable
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h as a.sac haride r cellulo

addi ti g excipient s I

prepara cl?l%‘)(ril%Oxg Slﬂ(’:flgrca% 58 Hreggregg)épbsﬁ(’lﬁ%oé GPTTEE ?C(H’%‘?quﬂp%égomé) %
filler toabalit 20%stBONELBIOr ndvte), Gt cRdpHal MBS utidHd hgjabAnts, S 8 darkibr, b
manuf acture of nedi cal preparations. 25 An mLect abl e conposition for

par ent éFdPT SAMP, SAReRUP SN @que?weéapw gkystrehion e‘ﬂhh@lcf@rfp@mﬁ golptiorgor
Sui jtsabls@sdendon. $Bk Hid 19'&21151 tg{né g@ %3&81)19 B e%lcntedsa.? Luti on.

The conposition may al so for suspen 'nalipidor
phosphebluppnl suspensioh, qnués;malor sysparesagiupplied ¢itheain la;gndaﬁmm @ audrisd 6orm

suitable for hydration in water or normal saline.

When the composition is employed in the form of solid preparations for oral administration,

20  the preparations may be tablets, granules, powders, capsules or the like. In a tablet
formulation, the composition is typically formulated with additives, e.g. an excipient such as
a saccharide or cellulose preparation, a binder such as starch paste or methyl cellulose, a
filler, a disintegrator, and other additives typically used in the manufacture of medical
preparations. ‘

25
An injectable composition for parenteral administration will typically contain the compound
in a suitable i.v. solution, such as sterile physiological salt solution. The composition may
also be formulated as a suspension in a lipid or phosphohp1d in a liposomal suspension, or
in an aqueous emulsion.

30 | |
Methods for preparing such dosage forms are known or will be apparent to those skilled in

the art; for example, see Remington's Pharmaceutical Sciences (17th Ed., Mack Pub. Co.,




19 1985). The conposition to be adnministered will contain a quantity
of the selected conpound in a pharnmaceutically effective anmount for
effecting increased AMPA receptor currents in a subject. 5 The
foll owing exanples illustrate but are not intended in any way to
limit the invention. Unless otherwi se'Stated, all tenperatures are
given in degrees Celsius. Unless otherw se stated, all NWVR spectra
are /H ,
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nonencla%ure as provided by the conputer software 10 ChenSketch by
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mol ) s add the m xture, whi was stirred for 3 days.
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was extracted with chloroform (200 nlL). The conbi ned organi c phases
werld® wédtsabkaichby P habhi car bonat e sol ution (100 MI and dried over
sodium sul fate. Concentration gave 22.7 g of amde as an off white
solid. 25 The amide (22.7 g, 119 mmol) and trioxane (36g, 0.4 nol)
wer e dissolved in chloroform (250 rut), which was stirred at room
tenperature. Sodium sulfate (32 g)Eandpledncentrated sul furic acid (80
drops) wer %%geﬂ : i hhe nlxtU{e‘mas‘requxedmf%r 30 nm__after which
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4-Methylsalicylic acid (21.3 g, 140 mmol) was dissolved in methylene chloride (120 mL)
| followed by CDI (22.7 g, 140 mmol) in portions. The mixture was stirred at room
temperature for 24 hr, and then briefly heated to boiling. A solution of cyclopropylamine (8.0
20 g, 140 mmol) in triethylamine (5 mL, 36 mmol) was added to the mixture, which was stirred
for 3 days. Water (200 mL) was added and the pH was adjusted to 2 using 12 M hydrochloric
acid. The phases were separated and the aqueous phase was extracted with chloroform (200
mL). The combined organic phases were washed with sodium bicarbonate solution (100 mL)

and dried over sodium sulfate. Concentration gave 22.7 g of amide as an off white solid.

25 The amide (22.7 g, 119 mmol) and trioxane (36 g, 0.4 mol) were dissolved in chloroform
(250 mL), which was stirred at room temperature. Sodium sulfate (32 g) and concentrated
sulfuric acid (80 drops) were added and the mixture was refluxed for 30 min, after which an

additional 40 drops of conc. sulfuric acid were added. After 90 min, the solids were removed



20 by filtration and washed with ethyl acetate. The conbi ned sol vents
were renoved under vacuumto give 30 g of oil. The oil was purified
using flash chromatography (250 g silica gel, ethyl acetate: hexane
30: 70, then 40:60) to give 20.1 g of 7 nethylbenzoxa2|none as a
colorless oil. 5 The benzoxa2|none (1% g, 79 mmol ) was di ssolved in
met hyl ne chlori mhlc acet | cid (30 nL was, added.
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following step.

The mixed isomer solids from the previous step (5 g, '20 mmol) were suspended in N,N-
dimethylformamide dimethyl acetal (30 mL) and DMF (10 mL) and heated to 125 °C for 16
hr. The solvent was removed under vacuum to yield a dark brown residue. The residue was
20  dissolved in THF (100 mL). Sodium periodate (11 g, 51 mmol) was dissolved in water (100
mL) and added to the reaction mixture, which was stirred for 15 min at room temperature.
The beige slurry was extracted with chloroform (200 mL), which was dried over sodium
sulfate and diluted with ethyl acetate (200 mL). The solvents were allowed to slowly
evaporate, which resulted in the crystallization of the desired isomer (2.0g, 7.6 mmol) as an

25  off white solid).

The nitro aldehyde intermediate (524 mg, 2.0 mmol) was dissolved in DMF (10 mL) at 40 °C.

After the solution was cooled to ambient, oxone (1.47 g, 2.4 mmol) was added and the

mixture was stirred overnight. Addition of water (25 mL) and ethyl acetate (30 mL) produced

two phases, which were separated and the organic phase was filtered and washed with water.
30  The aqueous phase was extracted with ethyl acetate and thé combined organic pheses were

washed twice with water, dried over magnesium sulfate and concentrated under vacuum to



The nitro al dehyde internediate (524 ng, 2.0 nrnol) was dissolved in
DMF (10 nmL) at 40 C. After the solution was cool ed to anbient, oxone
(1.47 g, 2.4 mol) was added and the m xture was stirred overnight.
Addition of water (25 InL) and ethyl acetate (30 nth) produced two
phases, which were separated and the %rganl c phase was filtered and
washed with water. 30 The aqueous phase was extracted with ethyl
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dried over maghesi um sul %ate ‘and conCentrated under vacuumto
give a wet, yellow residue (0.54 g, 1.9 mna), which was used WI t hout
further puri fication. A solution of the nitro acid internediate (0.54
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freshly prepared ution of the acid chloride was added. After being

stirrednd tnetlwlammet( hé mis|7:.8 inerelaierewissplaad i mﬁhﬂqm@denMS @L)Np vhyieh
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product S vvas concent rated under vacuum
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crystals (0.53 1.3 mmol). The beige solid fromthe prevjous
(0.183 @ag&ewﬁm %é”‘%ﬂ‘%%ﬂl\’/‘é‘ﬂl Vas %nﬁ?rs&afﬁdémévrvraﬁwg%gw)a ys

met hangid 2RidHwvaaRelrdd Geth@ afcétﬁé% %lﬁrnggmage &y lthiSdo 5 ¢ ?Qﬁ@tmxﬁc;l@. g,

see below). Formc acid (10 drops) was added and t he m xture was
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conpl etion react |t|ono , the mxture
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excess of |soarryl nitrite (5 nL) were added and the m xture was
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t he product, was acetate and air dried
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”) 26 02ér3fich T.CaREWED 88 rBRMMbA Hh3 cofblete. Addition of diethyl ether (5 mL) caused
precipitation of the product, which was washed with ethyl acetate and air dried to give 0.29 g
of a yellow solid with the following properties: MP 181 — 182 °C; "H NMR (300 MHz,
CDCl;) & 8.78 (1H, s), 7.82 (1H, s), 7.3-6.8 (4H, m), 5.33 (2H, s), 4.67 (2H, m) 3.21 (2H, m)
2.76 (1H, m) 1.02 (2H, m) and 0.86 ppm (2H, m).

25  The Zn/Cu reagent (used above) was freshly prepared in the following manner: Cone. HCI (3
mL) was added to 10 g zinc in 100 mL water during vigorous stirring. The stirring continued
for 2 min (clumps start to form), after which the water was decanted off. An additional 100
mL of water was added with vigorous stirring. Any remaining clumps were crushed with a
spatula. Conc. HCI (3 mL) was added and the stirring was continued for 2 min. After

30 removing the water by decantation, the solid was washed with an additional 100 mL of water.

Water (50 mL) was added to the solid and the stirring was continued while a solution of



25 The Zn/ Cti reagent (used above) was freshly prepared in the

foll owi ng manner: Conc. Ml (3 nth) was added to 10 g zinc in 100 nL
wat er during vigorous stirring. The stirring continued for 2 mn_
(clunmps start to fornm), after which the water was decanted of f An
additional 100 nL of water was added With vigorous stirring. Any
remai ni I [ r i tuyl.a. ne.

dded SAE G0 preisR oy BBl et B S e Tl v,
wat er hymdesabt décatatior. Mae s3ldud waa Senpatisll) washbd @ith adthahblo3amIDRAdni L
of water. %%trﬁt (50 m.) was added to the solid and the stirring was
cont i nudef )}a solution of 22 CuSO4 (300 ng in 50 nL water) was
added slowWy. After the zinc turned black, the water was renoved by
decantation. The residue was sequentially washed with nethanol (50
m.) Sand THF (50 inL). 5 EXAMPLE 2 In Vivo Physiol ogi cal Testing 10
The physiol ogical effects of the t&@gﬂ@% conpound were tested in
vVivo in anesthetized ani mals acco he foll ow ng procedures.
Ani mal s are nai ntai ned under anesthesia by phenobarbital adm nistered
using a Ham |l ton syringe pumpvivalPuRiabddiba 1@e@ng ecordi ng el ectrodes
are inserted into the perforant path and 15 dentate gyrus of the

hi ppocanpus, respectively. Once el ectrodes are inplanted, a stable

paiiSes 10780y UBEEH R R GoR bbb ek D' 3bF (TRRRRUARLT,
el ect r afenaldacebdlitg5REe fullewinyprocsdacks=tit a stabl e baseline is

achi eved (about 20-30 mn), after which a solution of test conpound
in HPCD is injected intraperitoneally and evoked field potentials are

recor deghimfi¥ QkeMaintained under anesthesia by phenobarbital administered using a Hamilton

syringe pump. Stimulating and recording electrodes are inserted into the perforant path and

15 dentate gyrus of the hippocampus, respectively. Once electrodes are implanted, a stable
baseline of evoked responses are elicited using single monophasic pulses (100 us pulse
duration) delivered at 3/min to the stimulating electrode. Field EPSPs are monitored until a
stable baseline is achieved (about 20-30 min), after which a solution of test compound in
HPCD is injected intraperitoneally and evoked field potentials are recorded. Evoked

20 potentials are recorded for approximately 2 h following drug administration or until the
amplitude of the field EPSP returns to baseline. In the latter instance, it is common that an iv

administration is also carried out with an appropriate dose of the same test compound.

S—éyclopropy1—3- [2-(3-fluorophenyl)ethyl]-7,8-dihydro-3 H-[1,3}oxazino[6,5-
25 gj1,2,3]benzotriazine-4,9-dione produced an increase in the amplitude of the field EPSP of

10% at a dose of 5 mg/kg following iv administration.

While the invention has been described with reference to specific methods and embodiments,
it will be appreciated that various modifications may be made without departing from the

30 , invention.



20 potentials are recorded for approximately 2 h follow ng drug
adm nistration or until the anplitude of the field EPSP returns to
baseline. In the latter instance, it is conmon that an iv

adm nistration is also carried out with an appropriate dose of the
sane test conpound. 8-cycl opropyl-23 [2-(3-fl

uorophenyflethyl] 7, 8-di hydro-3H[1, 3] oxazi no[6,5- 25 gji

t 4,9-di one produced an increase in the anplitude

of fﬁéggfégéﬁEgéﬂE@¥ 10% at a dose of 5 ng/kg following iv
adm nistration. Wile the invention has been described with reference
'to specific methods and enbodi nents, ’ it will be appreciated that "
varibus nbepmpewnd ofiike feigaulse made wit hout departing fromthe 30
invention. 23 WHAT IS CLAIMED: 1. A conpougd of the fornula. or a
pharmaceutically acceptable additign salt'nf a cid or base thereof.
2. A conpound of the fornula in gfdi
8- Cycl opropyl-312- ( 35 quoropheny th

,5- g][1, 2, 3]benzotr| .o arnaceutlcally
acceptable addi tion sal an aci g or base thereof 3. A conmpound of
claim1 or 2 for use in e treatment of a hypogl ut amat er gi ¢

condi tion or deficiency in the nunber or strength or excitatory

synapse in.the nu f.. AVP, h hat menory or
ot h g‘ oAty AEFSP ”gﬁge aglldgloﬁr’?@éf’f gc‘ WSS Hind of claim1 or 2 -
for use in the treatnent of a hypoglutanaterglc condition or

deficiencies in the number or strength of excitatory synapses or in
t he Zaunbek conpawpftee opnsladn slagen 1ithattis:a cortical /striatal inbal ance

occurs | eadi ng_E0.5G3LAORY-BMiGorBhnedG AR Ean) &6 BHRANAGkYo(6,5-

g][l ,2,3]benzotriazine-4,9-dione, or a pharmaceutically acceptable addition

i hydro 3H (1, 3] oxazi no[ 6

salt of an acid or base thereof.

3. A compound of claim 1 or 2 for use in the treatment of a hypoglutamatergic condition or
deficiency in the number or strength or excitatory synapses or in the number of AMPA

receptors, such that memory or other cognitive functions are impaired.

4, A compound of claim 1 or 2 for use in the treatment of a hypoglutamatergic condition or
deficiencies in the number or strength of excitatory synapses or in the number of AMPA
receptors such that a cortical/striatal imbalance occurs leading to schizophrenia or

schizophreniform behaviour.

5. A compound of claim 1 or 2 for use in the treatment of schizophrenia.

6. A compound of claim 1 or 2 for use in the treatment of Parkinson’s disease.

7. A compound of claim 1 or 2 for use in the treatment of Alzheimer’s disease;

8. A pharmaceutical composition comprising an effective amount of a compound according

any of claims 1-2 in combination with a pharmaceutically acceptable carrier, additive or

excipient.



5. A compound of claim1l or 2 for use in the treatnent of

schi zophrenia. 6. A conpound of claim1 or 2 for use in the treatnent
of Parkinson's disease. 7. A conpound of claiml1 or 2 for use in the
treatment of Al zheiner's disease. 8. A pharnaceutical conposition
conprising an effective anobunt of a conpound accordi ng any of clains
1-2 in conbination with a pharmaceutically acceptable carrier,
additive or excipient. 24 9. The corrp%tﬂ tion according to claim$8
wherein said conpound conpri ses about 5% to about 75% by wei ght of
said conposition and said carrier, additive or excipient conprises
about 25% to about 95.5% of said conposition. 10. Use of a conpound
according to any of clainms 1-2 in the manufacture of a medi canent for
usfef i N9t Pe Theadmpesitionracgorsgigtel dzm aauﬂaéremtsaudmtmmiundtcbmpss@ &lut 0.5% to
suffers ro nat.er |c condi tion ciency in the
unber or  So1BhaE R BB SoEl ol sfh A ER A RliE Sl ctir oA
receptors, sangrisehabonteddss o asoudBhSEL, efagid ddnvmsftionct i ons are
impaired. 11. Use of a conpound accordingly to any of clains |land 2
in the manufacture of a nmedi canent for use in the treatnent of

schi zophr enUse oﬂécorhb@.:rmfacaommmommgl ohcleitisdi-agn the ramwfaftunel diamsedicammsht
2 in the uf act a_nedi canent . f or in t t r eat 0

par ki noon < ohr e kdhS vl B s FR R duRiE ki g S BRETS Mr e
1 and 2 in mypegmléta@mmcmdﬂfona)rmiémmamh trﬁeamumisa drl&tréh@ihtof eatitamny

of ADHD. 14, a,.co rdi n to_an al ne

Che. manuf actBRBs ot IRt ARG (eBRole”s Rl R LmEnBh S srdppfiuld
Syndr one. 1ftinctidee aoé ingpairedpound according to any clains 1 and 2 in

t he manufacture of a nmedicanment for use in the treatnent of Fragile-X
Syndrone. 16. Use of a conpound accordingly to any of clains 1 and 2

in thel ’rranulﬂsa&:oﬁﬂ eoroolandramdociamgbnto dhgrof tlaiend tartdzintthe atamefzctuod of a

Al zhei mer’ Smgcljlgae"n%esar% ‘for use in the treatment of schizophrenia.

12. Use of a compound according to any of claims 1 and 2 in the manufacture of a

medicament for use in the freatment of Parkinson’s disease.

13. Use of a compound according to any of claims 1 and 2 in the manufacture of a

medicament for use in the freatment of ADHD.

14. Use of a compound according to any of claims 1 and 2 in the manufacture of a

medicament for use in the treatment of Rett Syndrome.

15. Use of a compound according to any claims 1 and 2 in the manufacture of a medicament

for use in the treatment of Fragile-X Syndrome.

16. Use of a compound accordingly to any of claims 1 and 2 in the manufacture of a

medicament for use in the treatment of Alzheimer’s disease.



