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This application claims the benefit of priority of U.S. provisional applications
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portions of which applications are incorporated by reference herein.
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



2 the tel encephal on and cerebellum These receptors are found in

hi gh concentrations in the superficial |ayers of neocortex, in each
of the major synaptic zones of hippocanpus, and in the striatal
conpl ex, as reported by Monaghan et al., in Brain Research
324:160-164 (1984). Studies in animals and humans indicate that
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et al., J. Neurosci. 15:8023-8030 (1995); Granger et al., Synapse 22:332-337 (1996); Arai et
al., JPET 278:627- 638 (1996); Lynch et al., Internat. Clin. Psychopharm. 11: 13-19 (1996);
Lynch et al., Exp. Neurology 145:89-92 (1997); Ingvar et al., Exp. Neurology 146:553-559
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 learning in
humans antagonize 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 er al., Science 313:1093-

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



30 Neuroscience 49: 1-6 (1992). Learning a sinple task induces LTP in
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substantially increase the size of fast synaptic potentials without
altering resting 25 nenbrane properties. It has since been confirned
t hat ari patetreiventenrsasd ghah msrdases AMPA receptor function was described by Ito et

20 al, J. Physiol. 424:533-543 (1990). These authors found that the nootropic drug aniracetam
(N-anisoyl-2-pyrrolidinone) increases currents mediated by brain AMPA receptors expressed
in Xenopus cocytes 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 extremely rapid onset and 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
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characteristic of aniracetam has been descri bed (Lynch and Rogers, US
Pat ent 5, 747,492). These corrpounds termed " Anpakines"(r), can be
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20 treatment of memory disorders, schizophrenia, and depression. In three separate clinical
trials, CX516 showed evidence for efficacy in improving various forms of human memory
(Lynch et al., Internat. Clin. Psychopharm. 11:13-19 (1996); Lynch et al., Exp. Neurology
145:89-92 (1997); Ingvar et 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
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15  The biological activity of the triazinones was unexpected and the potency at the AMPA
receptor is surprisingly high; the most potent triazinones in this class double AMPA receptor
currents at concentrations as low as 3 nM. A benzo[1,2,3]triazin-4-one compound as a

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 function in
primary neuronal cultures and in slices of rat hippocampus, and in ehhancing cogniﬁve

performance, such as performance in a delayed match to sample task. This unexpected
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20
These and other objects and features of the invention will become more fully apparent when
the following detailed description of the invention is read in conjunction with the

accompanying drawings.

25 Detailed Description of the Invention

1. 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
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The term "aryl" refers to a substituted or unsubstituted monovalent aromatic radical having a

single ring (e.g., phenyl) 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, thienyl 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;-C5) alkyl, (C;-C;) acyl, aryl,
heteroaryl, substituted aryl and heteroaryl, halogen, cyano, nitro, (C;-C;) alkylhalos (e.g.,

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



i ncl ude heterocyclic aromatic ring groups having one or nore
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unsaturated cyclic hydrocarbons, heterocycles and the like. The term

"conpound” |s used herein to refer to any specific chem cal conpound
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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



m xtures) of disclosed conpounds. The teen "effective anmount” refers
to the anount of a selected conpound of fornmula | that is 20 used to
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direct,appropriate physical responses involving novenent and

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 liierally 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,
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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 attention 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



15 may generate inhibitory post synaptic potentials (IPSP), thus
reducing the likelihood that a synapse will fire an action
potential. The general rule for postsynaptic action is: if the
reversal potential is nore positive than threshold, excitation
results; inhibition occurs if the retbrsal potential is nore
negative than threshold. See, for exanple, Chapter 7, NEUROSCI ENCE,
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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



di agnosed by those of ordinary skill in the art. The term
"cortico-striatal inbalance" is used to describe a state in which the
bal ance of neuronal activities in the interconnected cortex and
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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:



10 The term"inpaired” is used to describe a function working at a
| evel that is less than normal. Inpaired functions can be
significantly inpacted such that a function is barely being carried
out, is virtually non-existent or is{aworking in a fashion that is
significantly less than normal. Inpaired functions nmay al so be
sub-optimal. The inpairment of function wll vary in severity 15
frompatient to patient and the condition to be treated. I
Conmpounds that | ncrease AMPA Receptor Function The present invention
is directed, in one aspect, to a conpound having the property of 20
enhanci ng AMPA receptor function. The specified conpound of this

i nvention having the structure |, below NN F N X X0 / The

synt hesi s of the invention conmpound,

8-cycl opropyl -3-[2-(3-fl uorophenyl)ethyl]-7,8- 25

di hydro-3H-[ 1, 3] oxazi no[ 6, 5-9][1, 2, 3] benzotri azi ne-4,9-dione, is
preferably carried out by the follow ng synthetic schene, wherein

the synthesis of the substituted salicylanm de is well- known in the
field of organic synthesis: 13 5 Nstep ACN A step B @2N\ N OH
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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
Synthesis (Fieser and Fieser) and Organic Syntheses (see web site at http://www.orgsyn.org/).

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



Ne/ JaJFO0O6 FO SCHEME 1 10 In Schenme 1, step A may be carried
out under standard conditions, anong themacid catalyzed insertion
of a formal dehyde synthon. For exanple, the salicylamde (1) is

di ssolved and heated in a suitable g@fganic solvent together wth
tri oxane and sulfuric or hydrochloric acid. Step Bis a nitration

reacti g{(&iaﬁlhﬁ&nﬁ&mat@m@%é eI MACE eyl fnfa8é Hinfas 1 Kaeand Sodhim

t hose I 'ed 1 n organi'c synthesis and detailed in such volunes at
Reagenpsriddete folopastl oy oxepat Hispilksinyaivesenuplirgiofi privagry apyng tonthpatiire acid,
Synt heses, (see web si.t.e at. http:./ f n. tep. i es
Che. o S0 3 PedRoamigeo Ml wePich A e g0 o o (Rt Rufs!
car boxgbiné naglichitldp exainpled Roinfionlyeed ateghiahyl ehlptide. axplybyhlogde or carbonyl

N, N- di net t%lgfornam de di net hyl acetla] and ?lﬁ(ﬁ)igi um , peri ogtate {)ol | owed
by 6xofimidazele Ftep Fyta rrductionipiian Ayl gitrodo gp P’iﬂ%faﬁ@eﬁ ¢tfLb%i tr o
aci d, j ab,gm-@é,coq ' j I Ry NG nts
known {égnggi&kl%ﬁéed chem g?%lﬁgg%é%gﬁgrﬁn%{?i{ﬂﬁgag(’%polggg&lcom%nj .?/gﬁsed
are t hhyphygencinlZo/Cul Stepdk®inpb thetttierinehe ring aod caobg/dardedyiut hy theadiision 8f ep
Eis a.redulcttirﬁn.xﬁéwgn aryl nitro to an aniline and can be effected
by r ey IR “variety of catalysts including, but not linited
to, Pd or Pt or Raney N and hydrogen or Zn/Cu. Step F forns the

triazinone ring and can be carried out by the additjon of |soanyl
ni t1Pi t Alljcamppriionsdigqlesed Bhibe prosens gBPlifatied wap be ppthesiged priggpove-
applicgtd t ' 3 3 j Qgheusi ng
R R e e S S L
exanpl esngésaiecsdriddd hewem a3 vl asghdse &ksowh osthe kriodiso chiréreara pll addifigo
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aspect of the invention, a nethod is provided for treating a

manmal i an subject suffering froma hypogl utamatergi c condition, or
frdmm deficiencies in the nunber or

IIL. 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



20 strength of excitatory synapses or in the nunber of AMPA
receptors. In such a subject, nenory or other cognitive functions may
be inpaired or cortical/striatal inbalance nmay occur, leading to

| oss of nmenory, denentia, depressi onwsattenti on di sorders, sexual
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st at es, urotoxi ¢ agents, Al zhelner's disease, and aging. These
conditions are readily recogni zed and di addosedaby those of ordinary
skill in the art and treated by m pisSt e’ n the patient an
effective anount of one o rmrel}{:o 00 according to the
present invention. ¥ esem. 1 p on Jthe nethod of treatnent
conpri ses adm nisteri Y the” sulfect™in Q@5 need of treatnment, in a

pharmaceutical ly accepyabde carri gy, an effective anount of 8-

cycl opropyl - 3-[ 2-(3-fl udtr ophenyl ) et hyl ] -7, 8-di hydro-3H[ 1, 3] oxazi no[ 6
,5-59][1, 2, 3] benzotri azi ne-4, 9-dione having the formula: NOF N\ N
' J  Oooa pharphecautind b accersdtladsditecmsaliiof an a&igbt baspthezgof. of an acid or
base thereof. As noted above, treatnment of a subject according to the
met hod of the invention is useful for enhancing AMPA receptor
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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: Enbancement 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), MgCI2 (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),



t han previously described conpounds in enhanci ng AMPA receptor
activity, as shown in the in vitro and in vivo tests descri bed
below. IV. Biological Activity: Enhancenent of AMPA Receptor Function
20 Synaptic responses nedi ated by AMyd receptors are increased
according to the nmethod of the invention, using the conpound
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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 Jbenzotriazine-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



conpound were divided by the baseline response in order to calculate
t he percentage increase.  Conpounds are deened active in this test
if, at a test concentration of 3 Mor less, they produce a greater
than 100% i ncrease in the value of t st eady-state current neasured
20 due to application of glutamate al one. The concentration at which
the glutamate i nduced current is increased by 100%is comonly
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di sease, and aging. These conditions are readily recogni zed and
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adm ni $ieaeiay, dosagen andyouies af adpingstmiien phibe somravnd gl §p detgimingst o

conmpou ’l@éordmg to the size and condition of the subject, according to standard pharmaceutical
practices. 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.



15 according to the present invention. Cenerally, dosages and rout es
of adm nistration of the conpound will be determined according to
the size and condition of the subject, according to standard
pharmaceutical practices. Dose Ievel1§ enpl oyed can vary w dely, and
can readily be determ ned by those of 20 skill in the art. Typically,
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i nviént iboffersypi cal |y include a conventional pharnmaceutical carrier or
exci pient and may additionally include other nedicinal agents,
carriers, adjuvants, additives and the like. Preferably, the
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prepared by dissolving or dispersing the conpounds (about 0.5% to
about 20% by weight or nore), and optional pharnmaceutical adjuvants,

ina C%ﬂein%e co%’xiﬁ)@ition 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 phospholipid; 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.,



as, for exanple, aqueous saline, aqueous dextrose, glycerol, or
ethanol, to forma solution or 15 suspension. For use in oral liquid
preparation, the conposition may be prepared as a sol ution,
suspensi on, erul sion, or syrup, beinq supplied either in liquid form
or adried form suitable for hydrati%n in water or normal saline.
When the conposition is enployed in the formof solid preparations
for or abgadThdedihpaitiontio be 2dininheergd @Bdoat4ina udikiyy dfehd scaidsompound
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preparati . .25 An inj.ectabl.e co siti.on. for parenteral. .
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effecting increased AMPA receptor currents in a subject. 5 The
foll owi ng exanples illustrate but are not intended in any way to

limt the invention. Unless otherwi se stated, all tenperatures are
given in degrees Celsius. Unless &ABWI§5e stated, all NWVR spectra
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no nclaiure as provided by the conputer software 10 ChenSketch by
ACD Labs. o

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 c;oncentratcd
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



Exanple 1 8-Cycl opropyl -3-12-(3-fl uorophenvl)ethvll-7
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mn, V\/m ch produced an orange sol uti on.
concentrated and more product crystallized (1.2 g) as an off white solid. Subsequently,

15 another 5 g of mixed isomers were isolated from the mother liquor, this mix was used in the

following step.

The mixed isomer solids from the previous step (5 g, A20 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 phéses were

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



"The reaction m xture was stirred for 90 mn and then poured over
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at 40 Golid, Mhichrwdshatusatdin iy wesate aogiedlipla baigpicentals (omrwl@mal)g,
2.4 mmol) was added and the mxture was stirred overnight. Addition

of wat ghe b&ife Sdiid fadifl (R fawio@CRépX 065 3(&5 2. 3ntuno) ved disedlved ine mphagesf THF
whi ch were separated and the organi c_phase was filtered %ﬂg washed
wi th wétlml) 3l mpfbangh (Kb @‘Pﬂa%%e%%ﬁ%%yr%ﬁﬁaé@ GV el (1 G8eFat e and

the combi,p Z ?rgg:ad}hf; ?(ﬁ)%f WAEL Ried WAS HE thik Mk ERatirR dWekiBhientdEmBéta@Ye T

magnesi um te an entrated under vacuumto 21 give a wet,
yel u50wOmmgﬂu eft¢Owiidh §1.Chowedroinipletiomn afithenesctioned fion addiion of MR &

L A

M, 20 WaQadhddQaat TBF/mwitkdnob(1f B\Wnd RS nine@itrat hild @dsh was concentrated
under vacuum. Chloroform was added and evaporated to remove any residual water. DMF (2
mL) and an excess of isoamylnitrite (5 mL) were added and the mixture was stirred for 2.5 hr

20 after which TLC showed the reaction was complete. 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;) 5 8.78 (1H, s), 7.82 (1H, s), 7.3-6.8 (4H, m), 5.33 (2H, 5), 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: Conc. HC1(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



5 at anbient tenperature overnight. The m xture was concentrated
under vacuum and redissolved in nethylene chloride (10 m).

3- Fl uorophenethylam ne (0.56 nL, 4.3 mmol) and triethylamne (1.1
m., 7.9 mmol) were dissolved in net h)%ene chloride (15 M.) to which
the freshly prepared solution of the®fcid chloride was added. After
bei ng [N or.2.hr [ S e |

W and s TR I 3T L b O ARG ARG R BUE RS e wd
The pr eeistedd! ddtinpationaBhecrosidenvasdeqdentialle wast@d with hahagiol € 0ank)eindow
solid, which was triturated in ethyl acetate to give |light beige
cryst ald{ @03l 1.3 nmmol). The beige solid fromthe previous step
(0.53 g, 1.3 nmol) was dissolved in a mxture of THE (20 nL) and
met hanol (20 nL) and added to freshly prepared Zn/Cu reagent (10 g,
see5 below). Formc acid (10 drops) was added and the m xture was
stirred at anbient tenperature 1%W@Qt, after which TLC showed
conpletion of the reaction. After "addrtion of DMF (2 nL), the

m xture was stirred for 10 min, and then filtered through silica gel
(2 cm. The silica was wagpedviiPhbsidldeicaeTéaimel (1:1) and the
conbined filtrate and wash was concentrated under vacuum Chloroform
was added and evaporated to renove any residual water. DMF (2 nl)
and ,an -ex - LR L e L6 AR, i el e was
ot 15 d BF 8P G018k AL Pl eiorr odFhon A WEAEHER AR, A lctsi
conpl etrimafkebicbiding tofihedfoHbwink peddedure.5 nl) caused precipitation of
t he product, which was washed with ethyl acetate and air dried to
give 0,29 g of a yellowsolid with the follow ng properties: M 181
- 182 Gnimhib aNVRaibAAHed Maler an&dekR)by@h8notRrtiththdnSihistefed@irlglaHHarsilton
7.3-6.8 (4H m, 5.33 (2H s), 4. 6‘}’ (2H m 3.21 (2H, m _  2.76 (IH,
nm 1. 03yrie pump. Shatultisgaphiesqrdiag elgetrodss aphiasaried drfo theapgalarant paslegnd

abqye) s, freshl A i I ] : (3
ot 5 e O RS RS RhSFHE: R TRVIES tmliRE oSl D, g
The st ibhdelingoCOrkedigpbnsédre 2lidited ubink Witk mémphasiopdles K00 afpule whi ch
the water was decanted off. An additional 100 nl of water was added
wi t h vidgetiowsdedivered phymimipyhe giraplatingelestipde<igld FESEs a@ww@m a
spat Ul g, EYAC1ink'd cﬁ?évé'&éabwﬁ%%?s‘i‘ﬂrﬂﬂxt)%éyﬂgh%tsbrdﬁbﬂQf%é@tscoﬁfw&xkdmed

for 2 mn. ter 30 renmovi ng the water ecantation, the solid was
was hed HEGIhisdnjeetedd irtiaperitoneblp and ewfkeddie kel potenials are e&@ded. Eveleed added

to 2t0he p(s)tglntlia S g‘r@?eéorrlgedst%} arprplrtggmg\{glsy 8 %lio%{ggd dr\{lvgI Iaclinei\in?‘strsa 1(')1%" grl Snil 81fe 22

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.

8-cyclopropyl-3-[2-(3-fluorophenyl)ethyl]-7,8-dihydro-3H-[1,3]oxazino[6,5-
25 g][1,2,3]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.



CuS™ (300 nmg in 50 nL water) was added slowy. After the zinc turned
bl ack, the water was renoved by decantation. The residue was
sequentially washed with nmethanol (50 nL) and THE (50 nL). 5 EXAMPLE
2 In Vivo Physiological Testing 10 The physiol ogi cal effects of the

i nvention conmpound were tested in vi ¥8 in anesthetized aninals
according to the foll ow ng procedures. Animals are naintai ned under
anest hagi Pys eiinheHPi tal adm nistered using a Hamlton syringe
punp. Stinulating and recording el ectrodes are inserted into the
perforant path and 15 dentate gyrus of the hi ppocanpus,

respectively. Once el ectr .are inplanted, a stable baseline of
evoked 1r esp&%oé%pogpgogﬁﬁeg?'?‘g%a'usi ng singl e nonophasi c pul ses (100 s
pul se duration) delivered at 3/mn to the s mulating el ectrode.
Field EPSPs are nonitored until a shabl e bagleli i's achi eved (about
20-30 min), after which a solutionlo ‘r compound in HPCD is
injected intraperitonegr]y and gvoled g.papientials are recorded.
Evoked 20 potentials are Of ded” f o appr oxBrately 2 h fol | owi ng
drug adm ni stration or un he am@itude of the field EPSP returns
to baseline. In the latter Tnstance, it is comon that an iv

admi’ni stration is also carried out with an appropri ate dose of the
sane t iti i thereof.

8-cycl gg%g%@%‘{i%?l(lyﬁcfc ?%%?I%B%deﬁrl&nl S)alettoff)?ln ]aflg,oéP aclisiehydr o-3H[ 1, 3] oxazi no
[6,5 25 g][1, 2, 3] benzotri azi ne-4, 9-di one produced an increase in the
anplitude of, the field ERSP of. 10% dose of 5 ng/kg following iv
adni ni Strat ﬁo??mwpgggg’ﬁéorﬂ%@ae’ﬁlﬁ%% ]ﬂ%“snaiﬁ‘een described with reference
to specific nmethgdsychipdosBqdi(saRbpheriyl)ethyl]+7, S dihgor ¥ B3 Josaiid6,5-
various nodifications may be nmade w t hout departi,n% fromthe

A 0.
i nviéntion. 23  WelE233benzeirggine-4P-digne R ShHEAETCHY qﬁﬁ?ﬂﬁhl%‘?‘%ﬁ‘on

salt of an acid or base thereof.

3. A method for the treatment of a mammalian subject, wherein the subject suffers from
a hypoglutamatergic condition or a deficiency in the number or sirength of
15 excitatory synapses or in the number of AMPA receptors, such that memory
or other cognitive functions are impaired, said method comprising
administerihg to said subject, in a pharmaceutically acceptable carrier, an

effective amount of a compound according to any of claim 1 or 2.

20 4. A method for the treatment of a mammal wherein the subject suffers from 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 behavior, said method comprising administering to said

25 subject, ina pharmaceuﬁcally acceptable carrier, an effective amount of a

compound according to any of claims 1 or 2.

5. The method according to claim 4 wherein said condition is schizophrenia.



NNFN;)CO NJ O/ O 5 or a pharmaceutically acceptable addition
salt of an acid or base thereof. 2. A conpound of the fornula in
claiml that is:

8- Cycl opropyl - 3-[ 2- (3-fl uor ophenyl )etZQyI ]-7,8-di hydro-3H[ 1, 3] oxazi no
[6,5 10 g][l 2, 3] benzotri azi ne-4, 9-di"one, or a pharnmaceutically
accept gp ARTels] NP od for
t he treat mentg(lg# a ﬁ%gén(’?rglﬁggé]dgﬁbggggmﬂ{v%erel ght ﬁéggz&%}ng%]}t é‘sjﬁfg%‘sgrs
from a hypoglutamatergic condition or a deficiency in the nunber or

ecoptdrs,  ShRRepdCisie ¥ SRR ovei Bt e R A AR Sgese

i npai red, said nmethod conprising admnistering to said subject, in a

phar maceutical |y acceptable carrier, an effective amunt of a
conpourdd acdophermereiicak pgmpgsitiqngomprisioe ap effoqive amaupkafissampernd he

treatnment of a i ;9%15

hypogl ut amat er gi cono%,\%})?:)on Coﬂlruw? g?gﬁgﬁggéq%ﬁﬁagﬁnu %rhc%l} strength
of excitatory symmﬂscmmar,mddxheenLWmlemf AMPA receptors such that
a corticallstriatal inbalance occurs |eading to schizophrenia or

schi zophreni f or m behavi or, said nethod conprising admnistering to

said 29 SUbH‘ﬁEE@mb&nﬁm%@JrHﬁgQ&Elaﬁﬁk|vs)he?é?r§ﬁﬁ’d athPouRad chipfises @Bout 0.5%
ef fective anmount of conpound according to 2&: of clarms 1 or 2. 5.

ThelOnet hod accor #i abgult B% baweight ohssidtampsaitign eotheid fasrier, additive or
schi zophreni a. 24, .8, coglgﬁges a%gut%%o{o%lnbgg S;S%h laiaéana SRl said

XCl
condition is Parﬁ RS according to claim3
wherein said condition is Al zhei ner's di sease.

10. Use of a compound according to any of claims 1-2 in the manufacture of a
medicament for use in the treatment of a mammalian subject, wherein the
15 subject suffers from a hypoglutamatergic condition or a deficiency in the
number or strength of excitatory synapses or in the number of AMPA

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

11. Use of a compound according to any of claims 1 and 2 in the manufacture of a
20 medicament 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 treatment of Parkinson’s disease.

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

medicament for use in the treatment 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.
- 30 ' » ‘ ,
15.  Use of a compound according to any of claims 1 and 2 in the manufacture of a

medicament for use in the treatment of Fragile-X Syndrome.



5 8. A pharmaceutical conposition conprising an effective anmount of a
conpound according any of clainms 1-2 in conbination with a
pharmaceutically acceptable carrier, additive or excipient. 9. The
conposition according to claim8 whergin said conmpound conpri ses
about 0.5% 10 to about 75% by wei ght of said conposition and said
carrier, additive or excipient conprises about 25%to about 95.5% of
sai d conposition 10. Use of a conpound according to any of clains
1-2 in act ure of I J t of a
manmmal |1ta6h su 18 £ FO% eurngiaﬁ rﬁfé@% sub jtlae"f(‘f?1 agé?edrlgle ror%%arcﬁééw
hypogl ut amat er gi enedivagieni fonthetreatntbat bCARReer’s dishssenunber or strength
of excitatory synapses or in the nunber of AMPA receptors, such that
menory or other cognitive functions are inpaired. 11. Use of a -
conpound according to any of clainms 1 and 2 in the manufacture of a
20 medi canent for use in the treatnent of schizophrenia. 12. Use of a
conpound according to any of clainms | and 2 in the manufacture of a
medi canent for use in the treatment of Parkinson's disease. 25 13.
Use of a conpound according to any of clains | and 2 in the

manuf acture of a nedicanent for use in the treatnent of ADHD. 14.
Use of a conpound according to any of clains 1 and 2 in the

manuf acture of a nmedicament for use in the treatnent of Rett
Syndrone. 30 15. Use of a conpound according to any of clains 1 and 2
in the manufacture of a nedicanment for use in the treatnment of
Fragile-X Syndrone. 25 16. Use of a conpound according to any of
clainms 1 and 2 in the manufacture of a nedi cament for the treatnment

of Al zheimer's disease.



