:e3e\vh: 6pTfn n Aus non ACYLBENZOXAZI NES. FOR ENHANCI NG SYNAPTI C 22 AUG 2002
RESPONSE(S) FI ELD OF.THE | NVENTI q:mmlmm ““ mwmtlon relates to the prevention
" and treat ng] ng cerebral Insuffi udi ng enhancepphlysedpigcept or
oni N 1% i i Tor

functi oni napses in brain net voﬁtvo{a@s* responsi bl e for higher or
behaviors. In a particular aspect, the invention relates to nethods for the
use of the conpounds disclosed herein, and to nethods for the preparation
thereof. 10 BAWWNDA@YB@N%WA%@S FORERNHANOING™Rt € at
synapses at nany sites In na tes two cl asses of
postsynaptic ionotropic recep ' usually referred to as
AMPA/ qui squal ate and N-nethyl -D-aspartic acid (NVDA) receptors. 15

AMPA/ qui squal at.g .+ ' vol t age i ndependent fast excitatory
post synaptic m@%@q‘t?@ mﬁéﬁgg whereas NMDA receptors generate a
vol t age- dependeyis in%b@WnS¥kidsdb HeyprévtntiSnMhnd PhatflefiorGafebiad out in slices

of hi ppocanpus or cortex indicate that the AMPA receptor-nedi ated fast epsc
i s by fannsufficichoy; inaintingenhacementatf rmtor@lmntlamnggn gyrepspnapsds under nost

circunstances, 20 A e tor not evenly distributed across the
br a1 1 buPCREFUAPORPES bF By 1108, FPera s bRl EHEcisHERaHe SHATEST obel | um
These reGaRLOtSmahsdd Brig ds@ohih%om ERRERHIGE BBRi, And REMSHPE fof fleal

| ayers of neocortex, in each of the maj or synaptic zones of hi'ppocanpus,

and in tlpeepstamnatlrwkeoforrpl ex, as reported by Monaghan et al., in Brain
Research 324:160-164 (1984). Studies in animals and humans indicate that

t hesd025 structures or gani ze conpl ex perceptual not or processes and provi de
the substrates g lgg H@f’ﬂw oNThus, AMPA receptors mediate
transm ssion |n t hose brain networks respon3| ble for a host of cognitive
activities. Fahetdlease efiglansnseit synipsbs amaty, sids irgmainhaliaefdresien t he

functioning of AMPA receptors could have significant benefits for cognitive
per f or nafdmulatggtvo glagsgs 0§ n@ﬁﬁwaet@p v@ngtéomaéqcr:ptpm dhessieipsses arcwdriy.

resoar on o Bgst S AEA Ry O Eibattc 5SOPABA) PiBlby %"
SUBSTH TURBM BAokq(4Rhdk rec2Bors mEdﬁteMJ@ltZ@Q thdependent fast excitatory post-

synaptic current (the fast epsc) whereas NMDA receptors generate a voltage-dependent,

slow excitatory current. Studies carried out in slices of hippocampus or cortex indicate
that the AMPA receptor-mediated fast epsc is by far the dominant component at most
glutamatergic synapses under most circumstances.

20 AMPA receptors are not evenly distributed across the brain but instead are
largely restricted to telencephalon and cerebellum. These receptors are found in high
concentrations in the superficial layers of neocortex, in each of the major synaptic zones
of hippocampus, and in the striatal complex, as reported by Monaghan ef al., in Brain
Research 324:160-164 (1984). Studies in animals and humans indicate that these

25  structures organize complex perceptual-motor processes and provide the substrates for
higher-order behaviors. Thus, AMPA receptors mediate transmission in those brain
networks responsible for a host of cognitive activities.

For the reasons set forth above, drugs that enhance the functioning of AMPA
receptors could have significant benefits for cognitive performance. Such drugs should

30 also facilitate memory encoding. Experimental studies, such as those reported by Arai

and Lynch, Brain Research, 598:173-184 (1992), indicate that increasing the size of

LT
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WO 99151240 -2 PCT/ US99/ 07325 AMPA receptor - medi at ed synaptic respons®3AU6 200
_enhances the induction of long-termpotentiation (LTP). LTP is a stable
increase i{dd@hrength of synaptic contacts that follows pEapsdobiiacs
physi ol ogi cal activity of a type known to occur in the brain during
| ear ni ng. Conpounds that enhance the funcghioning of the AVMPA form of
glutamate receptors facilitate the induction of LTP and the acquisition of
| earned tasks as neasured by a nunber of paradigns. Granger et al., Synapse
15: 326- 32N N1PA%30e t&ﬁ@&ihled@%a@hc {estﬁ@(s?én%ﬁZesﬁﬁelmGu&%ﬂ‘bflongft@dm et al.

Brain Res. 638: 305 346 1994); Staubli et al., PNAS 91:11158-1162 (1994)
Shors et aotentipiennr @GsIFV. LIBtlsaatslﬂe 183ca36 ) the 4199E)h ofisamantin centacs that J.

T i
Gin. PsyglonhaiBm démﬂa?eﬁﬂa%%éihe fluidiohin gtofa&eAMlﬁmon%p Rlaffve 145: 89-92

(1997); Ingvar et a . Neurol ogy 146:553-559 (1997) npson et al.

J. Neufos (teceptoilsﬁfaél"}’mﬂe ﬁMﬁdecl@@&f LTIPIeamﬁ $}macqen51tmh of leAmelleask0mscCi .

18: 2748- 2763 (1998) and In nat i on Pat ent Applicati Ilcatl on No. WO
94/ 02475 (MV@‘!L@QSMH&’EB?} §‘ﬁ “%ﬁéﬁ’ls yi@sﬁéﬁéﬁgézgy I99%k Uni versity

of Cal'forS'?%u%leth%ﬁAS@laﬂ? Mﬁf@pml BO8Y pPkin RUL §888; 3h0WGpR, L nal LTP

is the substrate of exa , conpounds interfere
Wi t h menoisyaubifenal i RNAS 91 ﬂmlsmﬂ 562 ((:1994)@8h6r@leﬂaldmg&>shh3&t H6esraptsal ear ni ng
i n humans ant agoni ze the stabilization of LTP, as reported by del Cerro and
Lynch, Nelt¥sei A g4.J.dVquregsn ) 5:8023:5030 61995 Grpnest ehafpSmEBIe a conpound

e R A o S e T L B

drug ani r @gpiiaphdrht. ant B9 (129p) ILyath elidlOBL). NenfdleasIIS: 899 @99D; hedirat ed by
brain AMPA receptors expressed in Xenopus oocytes w thout affecti rllg]

r esponses byl JFeni Neniolggyi1d6u08 o 5P CRER):, Huapsonce! aloleN€lRA§Cl b2 M0
receptors, u(‘{?g gfatn?ﬁ]sl ?nyetzaq’ 9%&%@?}2{@5 ?2@0207?3 f(ast &%) 9ld ﬁk«f&&%ﬁﬁ%&@“’as al so

shown to i ntrease synaptic potenti

wi t hout aIﬁﬁllbﬂ@nmlhmmmm/wmQP(CTM%V%%@S(L?mm@dmgérsconf i rmed
t hat ani racet am enhances syna I C responses at several sites In

hi ppotanpRegeninel thadiniversipgef Gaifemiadct on NVDA-recept or nedi at ed

potentials. See, for exanp! t, a e 0 8: 377-381
(1990) and Xi ao Té’t 15aco%%d%anggggﬁt%w&mﬁ??%Bg ﬁ’akllgggls)tg ﬂ%?%‘%& am has
al so been pfepbigl Fd?ehé‘r\é?_lcaao Un@selay bIoHBETP ThdEfer S Indngl: Fordfadion i Z aus
t oot WD 99/51240 -3 PCI/ US99] 07325 rapi d onset and washout, and can be

appl i ed r epewiseand cetain drigs s disaipt leaming wglmameemsgommb@st@hibzavan uabl e
traits for {Egnaa\élrgéfﬁﬁt‘lfdébc‘re‘?‘!l %é%tanggﬁak L‘;Iooéztezlzjcnaﬂbell 3 é19t92f A5iskpher al

admi ni stra of aml1s no g uen i receptors.

The dpeig mﬁ& Ofr c@&nﬂ&uﬁ@tlﬁﬂﬁm&ﬁvé@tfh@ﬁﬁteéthc]AMPm\ﬂ:c@m wad@ngiosand .
Zanetti, rorratl%g‘ 530:397-406 ( 1990) report that about 80% of the
drug is hPMﬂ@Ie‘yﬁéd/ yélﬁl §8§453MBA(¥Q9OD &hﬁwm$ f?ﬁé‘ﬁ éhat@éﬁPW@ﬂfr ation in

humans. The net a i )6/# e u {&ab nly weak
ani racet a RE e?%ljnc@ S ﬁ? 5% %‘f’\ nbn‘lf}prg % P% P{Sl hat \c/}'ebrglpay the | ow
pot ency aw_Mm h&reswrs Bystesaby i Xerlop&é addyhdstwithohpdetifg teSpdnSesdy y@ni r acet am
has recently been disclosed. These

aminobutyric acid (GABA), kainic acxd (KA), or NMDA receptors. Infusion of

25  aniracetam into slices of hippocampus was also shown to substantially increase the size

of fast synaptic potentials without altering resting 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. See, for

example, Staubli et al., in Psychobiology 18:377-381 (1990) and Xiao et al.,

30  Hippocampus 1:373-380 (1991). Aniracetam has also been found to have an extremely
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10 conpounds, termed "Anpaki nes", are disclosed in International Patgmu 00
Application Publicatioen No. WO 94/0247S (PCTI US93/ 06916) (Lynch and oge@g,
Regents of the University of California). The Arnpaki nes generally are
substit ut edVP&H33M des, are chemically nore stable than ani Pﬁ@@ts?;%m‘énd
show i nproved bioavailability as judged by experinents perfornmed by
Posi tron Em ssi on Tonography (PET) [see, "?or exanple, 15 Staubli et al., in
PNAS 91: 111S8-11162 (1994)]. Additional Anpakines in the form of benzoyl
pi peri di nes ﬂnd yrrolidi nes hav 0 . been g scgqver ed and are tl_}e subj ect

[

al
of " pendi nd A ONEET 258 a0} AR fan B RIS FRERI Al T o ApPaigRy HRERIFES | | ed
June 2, 1 ; b JiRE agj 1oV jjscover ed
recently t% g%?g\%eoﬁ%&éﬁx%g%& e {yé}ﬁpgﬁ Ha;?t%%e\‘;??y I ?}r‘ﬁ@? Iﬁ o?’hﬁglaigﬁﬁhe\%lvo nodel s
f or assessidrgnist&idw aftaalradetdny isafot likelp tonhfloemg beaig rdceptors. Ehdrdmmgevaekd [ Roger s
and Lynch "Henzoxazi nes for Enhancing Synaptic Response”) U.S. Patent No.
5, 736, 543 0onl%atigh egsiceptrations Gdgl mpv) and Kueatirand Zanettial Gierigfoglevel opnent has
uncovetged ri 0 o p i t hat ce potent
Fesponges SRR B0 e BRI En07R Gl AT KRRLNER o o B
si gni fi canbliywingpetpledaltidasiistpationtiy ha@ama Tae rieabblie @idoyl-GHAEAXAZ I Nes.
These 25 conpounds are disclosed herein. SUBSTI TUTE SHEET (RULE 26) zZ z
au~ 200z \neenGund 2a baveonicyoilozmsetan-lgoeliesty: OF THE | NVENTION It has now
been di scovered {hat naptic.r n . i by AVPA. receptors are
i ncreased by adné\r??a_gf ?g?ci I u%?is g‘%{rolgovecﬁ%(’:nglgléﬁ%%q’anc&yﬁncﬁgﬂggg‘ﬁﬁeﬁ e 5
derivati vesdrolit: intabilityciafactdtitin oV lira6Q iR RO flserly Hebr 8istIBYRNTh@R tO0
i ncrease AMPA Teceptor-nediated responses nmakes the conpounds useful in
servi g a cempoands, tehmpd' pmpalsnes’nark dcloged indnfeimaterah JatehieAprdmateomg  of

cona ¢ | on@phicatian dtp- AR a s (5 ERISR5 Bya B Bcnea RBRS, Reetls et or s
are reducqehilfspHesIsoRia)eTld KPR es ééﬁexiany %ﬁ%ssti@dt_é&yéf&ms&esaréo when

enhanced excitatory synaptic activity woul d be beneficial. It has been
unexpect ecdhymitialy moee stablt hen anfrecetanpod sbiew ahprohel poasdailitynasgudgedn

evi dence enhanced bi oavai l iljty and .i ncreased t tc stabili
Commar o 05 BB e 2y b e B T A RaEH PR b e dH O of t he
present i RYAMI LD, WPNELS VBT 1 18RLIA1BR19945]hREENEna! ArnRk KSR @E &nh dmact i ve

or to evidence significantly reduced activity I S conpared to the prior art
conpounds benmex ppetiditkesy araqhintsilidads baveaaicodrten distoreted and apeatheduliject bfie pri or
art conpounds. venti on conpounds.are .deno ' he e | es t hat
ol 1 ow ¢ o PRediza L BHER SHTRiET BrrbrcaittsariaLiy Dok g 8 flsh iah 2l By AL nei 1
ability tQeh/135638 AniMRAL BeRRHALInAO nivHebh BRcdverealré &Ry f ndvdt hi ppocanpus,
to be substantially nore nmetabolically stable than structurally related
Anpaki nes unexypctedlypghmedtvity npirowigaend i vive mlodelafir assessg/the askmbilisueth as
perforgance [n.an eight-arm radiﬁ% maze., The and ot her ects and

ht .
advant%ge SrAuciNgLoEniaR epipRcenet (RassTsndinge gﬁfnzf)f‘?ﬁ‘ﬁer‘ﬁ%t ff®ti on t hat
follows. § icTKEE&ﬂéﬁEIS.(ﬂé&E NB), 73663 I%ued A4 2 1998 B Qgucture-
PCT/ US99107325 -5 TAI'LED DESCRI PTI ON"OF THE | NVENTI ON AND PREFERRED
EMBCODI MENagivihedayelopogntms ehcovesedy meveseries nf/empoondsaacy! dendoerinasxthal nes

having the S fol low ng fornula:. o
g produce potent regponses In in vitro assays of AMPA receptor activation and show

significantly improved biostability compared to isomeric benzoxazines. These

25  compounds are disclosed herein.
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OR \ NQY R2r' ~%\O X R Werein: R and R2 are either individual 22 AUG 2007
.nmonoval ent noieties or joined together to forma single dival ent m)i ety. As
nonoval ent ieties, R and R2 are either the 10 sane or dif égg] are
each either 99@3&@4 or OR4 provided that at |east one of

not H and in which R" is either H C -Cgalkyl, C-C6 quoroaI kyI C - CZ
arylalkyl, or C -C 0 heteroarylalkyl. As a si ngI e divalent noiety, R and

Rz toget her forma group selected from. S .0 R ,N I~ L~0O0555~, Q
>SS , R~ , or RS’ MXRY O rein:. Rsis (CRZ)m,
CRZCRz , or CR—CR R is H Bﬁlllogeir’\ ﬂéygtr{c)lﬁg}z@waﬁekyl, C, - C6 hal oal kyl,
C C 2 arylal kyl, or C3-C, 0 heteroaryl al kyI and is either the sane or
different in any R5; R6 is H cyano, OH, -C6 al kyl, C,-C6 fluoroal kyl, C

C . arylalkyl, oIft hes nqy Beeﬂ@ﬁffét’@ﬁé)ﬁlayﬂélakw respgnses iweigted byLMPA kyl , or

OR4, and R4 CG fluor oaI kyl ,
C-Cz ar yrFaePEoyT ar% ”§c %Ese%ﬁy Qﬁﬁiﬁgs’rtrgg?% fsz %/‘fe?uﬁ?%f%cw be&“ R kyl, or C, - CG
1 uor 08l kyderivafe® "Fh‘i: a@ﬂﬁt‘ B the nat €l G oot WISk invetord @Wﬁére@dekéﬁl@ne

cycl oal kyl, aryl, aryl al , or SUBSTI TUTE SHEET ( RULE 26) 2 2 AUG 2002

WD 9915| 24@@@%@9@@@%@@@@@%@@ useful dmserving reyapetyrof

i ndependent | rm a _cov t .bo ~ linking Qto
t he benzoﬂf‘%’(’ﬁgs Wcrrq’dit aF‘ii aimé helearping %JbﬁP%v”irng@en ‘?é]‘é’pf’%} an terns
shal | be ysegdidrO 2HE L thdsehiIe AR FEMHNdItIE R WhRh JMPAtreéergtor@bk §e§ used

herein to include both straight-chain, branched-chain and cyc oal kyl
speci es. Thidizingitimst féceptovadrk yddticddan nsmiietser effici¢noy, orah thbse bivtimsamegt e and

mJItlpIequorl e substitutions, wth rfluoyingted C - noi eti es bei ng
pr ef etPed WhFHé’nﬂaé’th#e’éﬁ’Sﬂmy fWP%@‘éWH@StQ‘f? i‘L ?“F ?lég Iéh%ﬁ%‘?gubst i tuted
carbocyl ol PRE tol yl,
pyridyl, u'nS zong"gﬁ%%%&?{g%yp gﬁ‘} Wgﬁf&fse@pﬁlﬁe%for ose corrpounds
in which I?nhamdd R3aedibilingland idorebsctimmaatailie atabitity esmpared w&frﬁﬂid’lﬁds ebonpounds

are those in which one of these two nbpieties is Hand the other is OR
where R4 itRe RQrRgy o addiion) the cogpounds of the nigsepbinkentionywhieh Reremr e

pref erably _hej L
pr ef er abl iém acgl l@é‘tgnﬁ &%S&gle lﬁﬁgf%ercgft%r FA&%@%&yr clu"s pre&erred
to belH, annhpé@edsoﬂﬁppuoeﬁ:ecasmplounds bmdpmmrdlwéﬂﬂyﬂleﬂenhmdd Xcttiy Y t oget her
forma coval ent bond. The terns "effective amount” or "therapeutically
ef fecti vec%’ﬁﬁfﬁfito?@%‘é‘éﬁf‘??ﬁ%?}ﬁ‘ﬁ&ut the present application to describe an
anount or concentration of one or nore of the conpounds according to the
present invention which is used to produce a desired effect or

Invention compounds are demonstrated in the examples that follow to possess

surprising biological activity as evidenced by their ability to increase AMPA receptor

20  function in slices of rat hippocampus, to be substantially more metabolically stable than \
structurally related Ampakines, and to promote improvement in relevant memory tasks,
such as performance in an eight-arm radial maze. These and other aspects and

advantages of the invention will become apparent from the description that follows.
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25 treat a specific condition in a patient or subject. Conpounds according
to the present invention may be used to inprove the perfornmance of aZ2? AUG 2007
" patient on sensory-notor problens, to enhance the performap > uSdo/3 ) ect's
i nvol vi ngwmggmitdove t asks dependent upon brain networks utiTizing AVPA

recptors to inprove the strength of rrengry encoding or to inprove brain
functioning in subjects with deficienci® in the nunber of excitatory
synapses 30 or AlV~A receptors. The present conpounds may al so be used in

effective anounts to SUBSTI 3”2%1'@‘% 002 WO 99151240
_"j_ PCT/ US99/ 07325 de@%@%ﬁ@@ﬁglﬂg su jectﬁto | earn a
cognitive, nmotor or percept Y}lp PRVFEFRED TMBODIMENTS t he quantity and/or
severity of errors made by a subject in recalling a cognitive, notor or
perceptual task. The present conpounds are al so useful for treating human
subj ects to enhance synaptic response nedi ate rs. In
addition, the Tﬁ)ﬁég@ﬁ?u@S@éFPﬁdﬁFﬁ?gt EEPLGR a[?saé:éf%te??%é }gagﬁ]%?oghr eni a,

schi zgphreni f.or bekllavi or or depression in a human patient or subject. In
each 'nstf‘glilfb“ém EFE Tt he present conpounds are used, they are used in
amounts or concentrations effective forOproducing a desired effect or for
treating a specific_gondition in a patijfent. 10 The term "patient" or
"subject" is used tRroughout_ t he~specification to describe an ani nal,

i ncluding a human, to eat ne or ue-Wth the conpounds or

conposi tions according presept invention is provided. For treatnent
or use with/or of thos ion %sease states which are specific for
a specific animal (BSpeciaflly, r anpl e, a human subject or patient),
the term patient or subject refers RO that particular animal. 15 The term
"sensory notor problens” is used to describe a problemwhich arises in a
patient oVbeBiect fromthe inability to integrate external information
derived from t@%nhinﬂ%rgflm@ﬂirﬂﬁnéﬁﬁ nidoSdled nibistey ofbitied togatietio Appraopr i at e
physi cal responses involving novenent and action. iU The term " "cognitive
task" is used to desmgle bvalnt moittavismanpvalenapoietas, Br and fh; ae eithgsit

i nvol ves thought or know ng. The diverse. funct;i of 1 gy §dgat i on
cortil®es of the par§agegrd f‘éﬂﬁ&flgﬁfeaﬁ%‘ah?l}hgﬁgé b%@%&‘)rm@cﬁ%ﬁcount for

approxi mat el y 75% of , A le QRN GhAR! IsSRUR, 2Rl 18 WIRAPRNSlelther HAT,-Cuch of
the information processing that goes on between sensory input and notor

out put. The di ver sealkyInC}-Coflsoroblikyh €, &% soelatvi, on Codhd hetaeanilalybiieh

referred to as cognition, which litegrally, neans.the proc Y/ ich we

cone to know t he wogingie dB’éleéﬁF‘iO%F@f’b{ é{“% Enmgﬁfgl%’“& P S%ﬁqscéerta f§<§[4{|§'wl us,

recogni zi ngga_nd identifying . these relevant stigul us feafures and pl anning
cin

and experi g-S('he spB ar g 'song, t b/ pr oge or abilities
medi at ed B;g/ theR® , R . A Q ~ T ﬁ_<\N_ Sﬁ-%o
\O_ \O.. S R N NF N

15  wherein:
RSis (CR,), , CR,CR, ,or CR=CR , RisH,halogen, cyano, C,-C¢

alkyl, C,-C, haloalkyl, C,-C,arylalkyl, or C,-C,, heteroarylalkyl and is
either the same or different in any R’;
R¢is H, cyano, OH, C,-C, alkyl, C,-C fluoroalkyl, C,-C,, arylalkyl, or C,-C;,
20 heteroarylalkyl, C,-C,, heteroarylalkyl, or OR’, and R* is the same as
above;
R’ is H, C,-C, alkyl, C,-C, fluoroalkyl, C,-C, arylalkyl, or C,-Cy
heteroarylalkyl;
R’ is H, C,-C, alkyl, or C,-C, fluoroalkyl;
25 Q is a substituted or unsubstituted lower alkylene, cycloalkyl, aryl, arylaikyl, or
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30 human brain which are related to cognition. SUBSTI TUTE SHEET (R:Z”QEI? 262)
2 2 AUG 2002 WD 99151240 PCT/ US99/ 07325 _g_ The term "brain networ K U 7002
used to desges bdrf4di fferent anatom cal regions of the brain phatusowsysasni cat e
wi th one another via the synaptic activity of neuronal cells. 5 The term
"AMPA receptor" refers to an aggregate otéproteins found in some nenbranes,
whi ch allows positive ions to cross the nenbrane in response to the binding
of glutamate or AMPA (DL-a-am no- 3-hydr oxy-5-net hyl - 4-i soxazol epr opi oni c
acid), but not NVDAhetefoafylaelkyer m "excitatory synapse" is used to describe a
cell-cell junction at which rel eas f a chem cal nessenger by one cell
causes depol ar iz 8#d ¥rropoth pdepsndsp ?I’ PreiRBethFifonn aREalgRiond el | . An
excitatory synapse i ed . i ‘napti c neuron which has a
reversal potenti al wliFg’“i g%@?%&@?ﬁ%ﬁ?ﬁéﬁ%ﬁe t hreshol d potential and
consequently, iRishi5oStighda synapse, a neurotransmitter increases the
probability that an excitatory post synaptic potential wll result ( a
neuronSwi | | fi mgspovduci ng an action potential). Reversal potentials and
threshol d potentials determ ne postsynaptic excitation and inhibition. If
the reversal potential for a post synaptic potential ("PSP') is nore

posi tive than $aekiRNemRlBRl balsddlb 88RebE thd fi8sch ifehid @ transmitter
is excitatory and prodlces an excitatory post synaptic potential 20
("EPSP") and the firing of an action potential by the neuron. If the
reversal potential for a post napti.c potential is npre negative than the
action potenti 2t€ ‘F‘Fi’?g%! I ,USF%EXTF’r"atﬁé‘Fﬁ“E)‘%é?Oﬂ? straightrqhaine Pianghied-ohaip. gener at e
i nhi by gor J; in P . i ol i hood
that 2oy inBEghoaKIaplac. PRL Baby BuSroak T pcdlgfelk REMERTDob Rt

post synaptidtipie fiuoriné sitbstithitidrize witt \perfmkinpetd €0, ahoietsesrbeing preBired. Vet han
threshold, excitation results; inhibition 25 occurs if the reversal

pot enti al T8 AEyle Ncliles P8 spbsiuted prisnsbstitated carpesylis,andheterocrhapt er 7,
NEURGSCI E i LRAUEL j . | der | and,
Vi 1967, TE Rttt Bl BB, oA FhaReS B B them T O
taken by a patient or subject which involves novenent or action. 30

SUBSTI TUTE SHEET (RULE 26) 2 2, AUG 2002 WO, 99/ 51240 PCT/ US99/07325 _g_
The t & m " per cBPSUAT thosgsempaungds imwhigh Be apd Rharedpdixidualonpvalent ent or

subj ect Ofmdietge@,\érggitcﬂgd %Iﬁﬁ‘lﬁc&l? Erlcgtﬂ%s%'?ﬁ' mféﬁ Jn@mf.ttﬁese -tl;b(? mto?erti@gi's(s% tic

response” 1s US o desc physi cal reactions I n one as a
consequencie: athertiheORE vhareeR ' eittive @, €3 lalkyk ss€pGeflsoroylkgh otitheR® mak! with
which it is in close contact. The term "schi zophrenia” is used to describe

a condi t i orefoublyiveing eitherdamerelkyls GofC, ghwendsil stillonaeastlerblyed by a
di sorder | %ﬁ(&?{,)tz %{' ”5?{] Ind h%%pfrgfe?ablys u&ﬁ(éﬁs)z. R? is preferred to be H, and Q is

20  preferred to be lower alkylene, and X and Y together form a covalent bond. \

The term “‘effective amount” or “therapeutically effective amount” is used throughout
the present application to describe an amount or concentration of one or more of the
compounds according to the present invention which is used to produce a desired effect or

25  treat a specific condition in a patient or subject. Compounds according to the present
invention may be used to improve the performance of a patient on sensory-motor problems,
to enhance the performance of subjects involving cognitive tasks dependent upon brain
networks utilizing AMPA recptors, to improve the strength of memory encoding or to
improve brain functioning in subjects with deficiencies in the number of excitatory synapses

30 or AMPA receptors. The present compounds may also be used in effective amounts to
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10 del usi ons and hal |l uci nati ons, and extensive w thdrawal of the
dindividual's interest-from other people and the outside world, and Z%QUBZWZ
investnment of it in his or her own. Schizophrenia is now c i group
of mental WPSYPW&s rather than a single entity, and distiﬁgﬁwgﬁ&ﬁgziade
bet ween reactive and process schizophrenias. As used herein, the term

schi zophreni a or schi zophreni form enbraces all types of 15 schi zophreni a,

i ncl udi ng anbul atory schi zophreni a, catatonic schizophrenia, hebephrenic
schi zophrgni a, | atent schizophreni rocess. schi zophreni a eudoneurotic
schi zopnrEnas BRI ER APENIRRL Ry e RPN E R O B P B P Eat e
psychot i GiegieasihglBe Fuiktity Andloe séieAty ¥eriods madd BYPALRRE i re€alling\NédERitAke not
necessarily di agnosed as schi zophrenia per se. Schizophrenia and ot her
psychot i gnetor efi psrnegtiad taskm Y ho preging geropehdd ararsegise fié Farieegtings hundn syhiedtsi n,

f | Di i d Statist, |. of .Ment.al D d , F th
o t 5 on (eRies Saaass Gedtibs PR AR BBb0g 198RS, BSREH! °on a0,
295. 60, 23RpblndsPR Bused 9 trdat s@l%Zop?lﬁerg@,f%cﬁizoéhr%foﬁh%efleﬁﬁcﬂ‘o"rlaE@'Eﬁianﬂ%t i on”

is used to describé the conbined tasks of perceiving, integrating,
filterinduarnd patsponsiertt in eachemstamice sithicrathe peseht compouak arentsed; ltdycmal

processes. The conpounds of the esenf invention ca synt hesi.zed in a
vari ety dpeduamouy '9{&08695\?@}&%55%%91 ’f?fﬁé‘tdiuéméﬁéiﬁ?’é"gre%%ﬁtéﬁ%?ﬁ [EfgHa8 2 One

met hod f : rati pRedf 30 the conpounds of the present invention
conprisegﬁméﬁgggﬁﬁg%éﬁ%ﬁ%E%&(RULE 26) 2 2 AUG 2002 WD 99/51240 -10
PCT/ US99/ 07325 preparing an ortho hydroxy substituted benzyl am ne by

contacting a suitably substituted phenol w th hydroxynethyl phthalimde in
an i n8rt sol vahe UM TPaliertyiof afibiect df ypspsthraughent dlie spacifisrionde desckbe &l f oni ¢

acid or dl, ih&%iﬁg%@i%&ﬁﬂ%&% R BPuée%ﬁFtﬁéE%ﬂg&ﬁmL Br ddAfpoRiiibns AT L ET

t he benzyl'ic am ne erate y treatnent wt azine 1 n‘ethanol, it

i s acyl atae¢briiyig fo theiprésehyinaaitionas p@viizt b Bxyirégmatiod utcowil/otofBosan am de.
Ring closure to an_acyl benzoxazi ne can be achieved by treatnent with

f or mal deleguditionsror glisgase $ars whish &tq spaeifig fon ytneeifigla (rspecinlly; {os exarmples es
of the type._sh | ow, .0 O R to wherein.e nd, R2 is,as defined
above: andurt S SRR 1 B afishlo MR BeESR i B Ap

het enecyclic, or benzyl group, any of which nmay have structurally diverse
vari abl e substituents. 15 Another nmethod for the preparation of the

conpounds of ThetePR e §E1OTY HOORPrAvtemsip HFaskte detnmibg amroijem digheaiisgs ani ne
o ! - . PO o e
o ShaSes 01 8 SRAS P S AE T

formof an aceta or oxidfza e or ketone is
gener at ethefidle Gabahyseasesbin sucht § ong acid dirdetaappedpriatet piofsidabDvespageei ty to
cyclyze with the am de nitrogen and the phenol to give rotationally
restrict &VOL{IpgBOYPRENtANd3Fti9The t ype shown below. OR ~N (CR2)n 2 Ro | R3

SUBSTI, TUTE SHEET ( RULE 26)
20

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

25  that goes on between sensory input and motor output. The diverse functions of the
association cortices are often referred to as cognition, which literally means the
process by which we come to know the world. Selectively attending to a particular
stimulus, recognizing and identifying these relevant stimulus features and planning
and experiencing the response are some of the processes or abilities mediated by the

30  human brain which are related to cognition.
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2 2 AU G 2002 WO 99/51240 PCT/US99/07325 -11 wherein each R and R2 is as
defined above and in addition may be an aromatic carbocyclic, aromati éZ AUG 2002
het er ocycl iwo 9gs12€nzyl group, any of which nmay have struct wcalisgsoiner se
vari abl e substituents. This application is related to U S patent no.
5,736,543, issued April 7, 1998 and to pai8ent application serial nunber
PCT/LTS93/ 06916, filed July 23, 1993, published as WO 941 02475 on 3
February 1994, the rel evant teachings of which are incorporated herein by
reference. 10 The above-descri bed conpounds can be incorporated into a
variety of formulations (e.g., capsule, tablet, tined-rel ease capsule,
Syrup, supposi tPhdtermnibesh abivedrkofsnised raiestebeedifiitehtGhatoBlical egibisedrer abl y
in conbination with a pharmaceutically acceptable carrier, exclpient or
addi ti ve, thorbraidrthati synmunioatetwitla opelapetber. vigi the Isgmdpyic aghvihoos newdea of

delivery (e ? , oral, buccal, rectal, parenteral, intraperitoneal, 15
cut aneous,cezel ‘c.) can be enployed. Dose |evels enployed can vary w dely, and
can readily be determ ned by those of ordinary skill in the art. Typically,

anmounts in the mlli gramup to decigramquantities are enployed. O al

adm ni stration Q [ » dal [ r . of . cause of

t he unexpect edlf/@gl\‘/r%ra eA B%éggt‘égi I%gébr% ?é}i)atn figggagtoggﬁo%ﬁyﬁgl?f%osﬁggunds

accor di ng hémbhages) WdBendllows\pesitive forday closs e itk th Yespense to theltivdiagot Wi ce
or even once, daily. Subjects contenplated for treatnment with the invention
conpounds ﬁlmﬁéfh%ﬂ@ﬁsdmd@}n%%lﬂp@a]@)@dowﬁ'ﬁﬂ@}'4Ha<!§f@¥<‘d@n§¢1940mniamib,sb,ut aeld t he
like. Inv I conpounds can be used, for exanple, as a research tool for
st udyi ng ' bi ophysi cal and bi ochem cal properties of the AMPA receptor
and the consequences of selectively enhancing excitatory transnm ssion on
the operation of neuronal circuitry. Because invention conpounds reach
central synapseBie terpyexgitRlorasynenser of used §q desgrib 2 edbleceatimntionabivhishfreletss of

enhanci ng ANPA receptor currents...30 Metabol.ically. stabl e .conpounds ich
re-post 108 eI FsPlengit ViR e A1 P e of o ey OGRS Sy e O
WO 99/ 5124fher 1311 PEH SRR 633Bpse Ud liRA S ddranke syR&jtRMehdh viROH h4af | ons in
humans. For exanple, increasing the strength of excitatory synapses could

conpensat aeYassal posstisl wiick isrmpreessivive thap dist thresheld potential end vdrshquegtingnand
brain .di sease (e.q., Al zhei ner. s). Enhancing, AMPA receptors could cause
mor e PSpr U beBEgih g R CCh gte PR U e R 5 BT R P B
regi ons andtdnfidbwiPresalt P4 AEHEE wall firdSroBasie: Aad¥idh GERANHA). REDESS] X%ﬂafrhials and
cognitive performance. As anot her exanple, because increasi ng AVPA
r ecept or - rvér@slmléaotueew@ detemning ppstEymaplesexsitptign and ishibigesifdhe teversalygptential
bel i eved tQ_ enc nory. .net Ki.cal 1y st.abl.e AVPA .nmodul at qrs ar

3 BT SRRy TERE 0 BB L Wap MR P PR T ol thoons

expected to %B as nenory ennancers.

cont enpl ategfdcd ¢ira ttAMEMERTROENSI00Y ard Yo DIcRS BNEXTIBNGEBdsORmapEd pientialpr ovi ng
the performance of subjects with sensow- mot or probl ems dependent upon |
br ai n2fRet WORRSP D@nd the @wﬁm acHerpetential by thernsurong If the reyerstlopateniisb fagfa

subj ects i red. i jtiv t _upo rai,n tworks. .
o] oot o R ARl ShvE ph Bl ISRRCAS D A BB B BB
merory defihlibR6yi288 ma gntie ihhibiorydsosPdyauptittisdiohtidBSIPSPReRus fEidieihe
contenplated uses for the conpounds of the present invention include
correct i ndikslibanstthakea sysypsearillifae en actinmmotingat i Bie deacreloule fanpbstnypapticactivm
FE€GIONS  is: Ifthe reversal potential is more positive than threshold, excitation results; inhibition

25  occurs if the reversal potential is more negative than threshold. See, for example, Chapter 7,

NEUROQSCIENCE, edited by Dale Purves, Sinauer Associates, Inc., Sunderland, MA 1997.

The term “motor task” is used to describe an endeavor which is taken by a

patient or subject which involves movement or action.

30
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20 responsi ble for behaviors associated with psychiatric disorders, ??§ﬂ %%Z
~schi zophreni a. Accordingly, invention conpounds, in suitable fornula é,
can be enpl oyed f.or decreasing the anount of tine needed tq | n

cogni tive, WPo¥61248r perceptual task. Alternatively, inventﬂgﬁ%@gﬁg%ﬁﬁds, in
suitable fornul ati ons, can be enpl oyed fqgr 25 increasing the tinme for which
cognitive, notor or perceptual tasks are™fetained. As another alternative,

i nvention conpounds, in suitable fornulations, can be enpl oyed for

decreasing the_gquantity and/or .severity of errors mde in recalling a
Cogni L1 ve. ot SRS AFEERTAbESY J8 sl dierPeat ag i hegiept auetisshel a1 y
advant agegeting atiBtioH uaisdryAputdave suffered injury to the nervous system
or who have endured di sease of the nervous 30 system especially injury or
di sease which affects the nunber of AMPA receptors in the SUBSTI TUTE SHEET
(RULE 26) z z AUG zD02 WO 99151240 -13 PCT/ US99/ 07325 nervous system

| nventi on conpdbetRmaissnapdisirasponea’de usas tofdescaibe diaphasiraldeadtignsin orend
thereafter, the individual.is esented with a cognitive,  not Q

or copt uarell 45 SotRedlhit™ph L 1B Bh et cmBe BB R o e oBen,

i nvent i onywigy, iPes adddRiceh@éied to a patient or a subject in need of therapy
an effective anount of the conpound. Having generally described the
invention, reference is now made to the foll owi ng exanpl es which are
intended to illustrate certain of the preferred enbodi nents and

conpari sons. THe tefs |“seletbpireaiplieasar ® dvséridea Emdirivaswhideds aoliniont i ng t he
scope of this invention as is nore broadly set forth above and in the

appended BP&i fspsyelost-EhpeperiNrHESHisomh ipthe thinking grocesses, such as
8- Tet 1 ah -1, 3-di oxel o [4. 5- .0[ 2 Le . i.ne-8( 1
3 de ol C 1 B0fidas’ 8, B hation® BEERIR v Rlattornd RERERIPE WIBERL O o1 o

by azeot r gpinCotHérStdobleadridahe blitsile G, Qb EHY i Gdstthér@vf Gt i0fs Gk her dbg
remai ni ng solution (50 nL) was cooled, 9.14 30%66' 2 mmol ) sesanol, 10.01 g

(57 nmol ) Sehizeppeends yiraewydongiderndld giodp of apental gbsarders Hpbeothenns wiaels added,

and the resylti .qreen sol i,on was_refluxed averni.ght,. The bl ack reaction
e vl Rdn Rl i derel Sive T Brod S B ineonl . R et
washed t hp&eint | RS t¥nt hschbophhiad of 08éHizvphieaEbRP N ahbracdealpoghesl @rqueous

phases were back extracted with ethyl acetate, which was conbined with the
chl or 6f or sahézepbienisn aneiuding e gmbubstory o dichigephigriat ecatatpric r sshigephretiat

resulted { rb(r%gfex%xl%pors@l%izc?p?m[r%ia,zgllz%/tﬁrﬂt S sﬁtﬂzcg‘)h%e% ar ng%\é&%m %E@Irz?%gnig aken up

. . e
i n dichl ol?o hane an er rough ashor um o ica gel. A

di chl or onpiehaseufdtits ecifophPepis | leb@ive? bct@phieni, Gotiplenamhizvphfentdheardl uent and
evaporated to yield 9.3 g of N-(2-hydroxy-4,5 , _
met hy| enewlaisd, beyshotig diierdesy micheargssimilpiatq eshizophienia Hyvgvhicihiptehneixhi bi t ed

A U

s )sz( 3 U{fséor(zi%r)%z Hay Sk didzn8sed sl gusdelinaebtablidiRdB ot Bkhmysik, DB@n&WBSTr TLI TE
and Statistical Manual of Mental Disorders, Fourth Edition (DSM IV) Sections
293.81, 293.82, 295.10, 295.20, 295.30, 295.40, 295.60, 295.70, 295.90, 297.1, 297.3,

298.8.

25 The term “brain function” is used to describe the combined tasks of perceiving,

integrating, filtering and responding to external stimuli and internal motivational processes.
The compounds of the present invention can be synthesized in a variety of ways,

using conventional synthetic chemistry techniques. One method for the preparation of

30 the compounds of the present invention comprises:
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2 2 AU G 2002 WO 99151240 PCT/ US99/ 07325 -14 22 AUG 2002

N-(2- Hydr oxy- 4, 5 nmet hyl enedi oxybenzyl )phthalimde (2.0 g; 6.7 nmol) was

' d| ssol ved pj, tetrahydrofuran (THF) under argon. Sodi upchyssdiszs(0. 27
g; 6.78 \’n} as a 60% di spersion in mneral oil was added portion-wi se to

the stirred solution and after 30 mn, Q5 nL (7.01 nmmol) chl oronet hyl

et hyl ether was added. The m xture was allowed to stand overni ght,

fol |l owi ng which additional equival ents of sodium hydride and chl or onet hyl

ethyl ether were adgegamiitarpdrtidgdrdy subanhict ®enAnamilt by nddctihur hr. The
vol ume of solution was reduced on a rotary evaporator and the residue was

partiti oneditabist swbetitutedpend vdthdiyerexomsitst plihdimigpm @mwgw@lvswa\g’él fas

further extracted w th.dichloronme thr ed organic
| ayers wef@! a%ge‘if‘ ¢ S 3540 X Sha y%luﬁﬂr(“i&ﬁ s°68|h8n¥3%‘“ rag%(f galfs?ﬁ'?ee tines)
and with ?o&%&éﬁ@i&qn%éd}ﬁmw&ﬁzﬁ@fmlﬂe Iisemgataﬂb)e&eaﬁeﬁt wigli um sul fate.
Evaporation of the solvent and dissolution of the resulting brown liquid in

et hyl &t haydgaueircetysioslisis aoylatet byverseitady hetivatad dasbokiylie acid toprodwrs anashed
with ethyl ether/petrol eum et ernat ant and wash
sol utions@ Rmscﬂ?%sarea&?&na?a&h%?w %m?ﬁ%‘tﬂ? gWﬁ%‘P by palmspt ‘89915 silica gel
chromatog for d of 1.70
of N (3 aFchdy 82 o BRI TN AROERRT) pi SRR AR Yy 1
(th|n fil glownlel®vand 1709 cm . " HNWVR (200 M—Iz). 8 7.80-7.90 (2H, rr);
7.67-7.77 (2H, m; 6.77 (2H, s); 5.88 (2H, s); 5.19 (2H, s); 4.86 (2H, s);
3.73 (2H, q, J =7.04 Hz); and 1.21 ppm (3 t, J = 7.15 Hz). 20
N- ( 2- Et hoxynet hoxy- 4, b- et hyI enedl oxybenzy )phthalimde (1.70 g, 4.77 mmol)
was treated with 0.5%K in 90 nL refluxing ethanol for
three hr. The reaction xture was codVNed an he pht hal hydr azi de was
renoved by filtration a d threeftinmes with ethyl ether. The organic
sol utions were combi neg Ylevaporated to dryness on a rotary evaporator
to yield a residue, 8n-"Up Ty chl oronet hane. The organi ¢
sol ution was washed three t| mes wi Th 10% 5odi um hydr oxi de and the conbi ned
aqueoys solutions were back-extracted with dichloronmethane two tines. The

combi ned organic solutions WeEe washed with brine and dried over sodium
sul f at e/ pot assmheiciisash Raerd REishs eArgdoboye apdid adgitipsinay g ¥pmatr

(0.0 g SomestiomoEPefiER JRREAT AR 35, Bagopred e atlagy |1 01 C

PCT/ US991Q#32% vaadsly sstuehteat sol i di fied upon standing. IR 3298 cm'.
'HNVR (200 MHz): 8 6.77 ( 1 H, s); 6.75 ( 1 H, s): 5.91 (2H, s): 5.18 (2H,
s); 3.74 (2H, g, J = 7.1 Hz); 3.73 (2H, s);

15 Another method for the preparation of the compounds of the present invention

comprises contacting the benzyl amine with an activated acid that contains an incipient
aldehyde or ketone in the form of an acetal or ketal or oxidizable alcohol. The aldehyde
or ketone is generated and catalyzed by a strong acid in a solvent of low basicity to

cyclyze with the amide nitrogen and the phenol to give rotationally restricted structures

20  of the type shown below:

R N/./<
—
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| .45 {2H, br s); and 1.24 ppm(3H, t, J = 7.1 Hz). 5 4,4-Di et hoxybu%%/ré'ug 00
~acid (716 ng, 4.0G mmol) was activated by addition to a solution of mg;
(3.78 mmol ) of carbonyl diimdazole in 10 nlL dichl oronet haj}% -Eg'sﬁoﬁ%l ution
was stirrOIUH40o hr, after which a solution of 978 my (438

2- et hoxynet hoxy- 4, 5- met hyl enedi oxybenzyl;gmine in 15 ni di chl or onet hane was
added and allowed to stand for three days The solution was i V washed with
phosphat e buffer (0 1 M pH 6.8) three times and once with brine before

being dried ov Wl ave | 249
(98%yi el d) of eJVh |qU| ém?sﬁea 1??’?1&%%’ r&ta% %gy%)ag A (1A,
s); 6.75 afddtht1§c)a.tbo5yc9ﬁ6axﬁﬁla(lc heﬂelrocpdshct b1 béixz?llgrbﬁ;lr,l an?)o:f“fﬁuch7mé)21|rzhve8) 4.49 (
| H t, J =5.5Hz); 4.34 (2H,,d, J =5.8 Hz); 3.78-3.89 (6H m; 2.26
(2H, t, J;tmctgragyldmersefagablezwstl&tentsa = 7.5 &5.4 Hz); and 15 |.13-1.30 ppm
(9H, t, J = 7.0 Hz). The am de/acetal (1.20 g, 3.12 mmol) from above was
conbined with 4 nL 2-propanol and 200 ~L conc. HCl in 20 nL THF and al | owed
to stand at room tenperature overnight. The residue resulting from
evaposati on of Thicapphaesntis related pULS gataned. H236ye43) iwaterApaId, 1998

di chl oronet hane. The_ aqueous_| ayer was extracted with dichl oronethane three

times andnd %P%%Pﬂﬂlcé?%ﬁir@l f“ﬁfaéﬁflp&gUﬁéﬁ/W% Al tuly €& 1PEh 10% HCL,
th t to b
i oq ovaputisl s MY 028N BLiikGG 0o 18e BERAIRESAISBH 8 0 o1 1S

that was jfisipdritedh@Bindy refetergel (20% et hyl acet at e/ hexane) and crystallized
from 25 di chl oronmet hane/ethyl ether to yield 301 ng (41 % of the

acyl bénzoxazine with mp 163 - 164 C. IR 1697 cmi. "H "TIvIR (200 MHz):
"6 1) (4182 ( iegPor d%cube?awg?qqfd S35 thecthoreidy g byt el © Zng 0
2.14-2. 0 6 Z WO

50) o240 TRt agmigh{g%wﬂ Eel%ﬂpiwlsﬁu Bdupposiory. Afeiae

6a, 7, 8, 9farm, trahsddrmeal bathdéte ki m@@rablmp;@ymbma@pz withty] pHarma@hieallyoxazi ne- 9( 1
|1 N—h thl‘hh d 97. 46 .42. 1 mwl) ,...3,4.5

et L)C/)Ingnea ﬁ%%ﬁ%&? %8 %é} r! " afmngﬁtgdtt?nt%glaﬁgﬁo‘é%ISIHBH?%Y’aci d
nonohydr%ﬁodsqn&%s Gfdé}w@ry@ ,)orwewccdu &%@le&%dt&aﬁﬂn eisldhesiof orm and the

m xture was refluxed for ee days under Dean-Stark trap W th occasi onal
renoval chtaneusretc. Tgem bgreovpoxsdl lnqsgtﬁvmlmnmlmmémemvmbwmdglm andsiahi ca pl ug,

th | . ith chl nbi ned . i
boruti ongehally B0 gt ERpar BEhest b orfibad P irothe 281 TP Ry AR RGRHET f ed by
flash chhﬁﬁ?g&whﬁwecvgrm qdh&me@raeer@ﬁﬁ]am @ra%dﬁﬁmstrat—f&?(dn@tt@fdﬁ?d' ate was

obt ai ned as |l ow solid (5.8 g) conposed of a m xture of isoners, which
was used tiwes Id@w) i elearhiprefomeris B@awmf thweeWiedlyrfamraldbcbquﬂablmyg 4.5

1) Wasn&l taslbs?ly oef%o}nrﬁoa'x?ds accordmge%o q‘le present invention may be given orally as
<V few as twice or even once, daily. Subjects contemplated for treatment with the
invention compounds include humans, domesticated animals, laboratory animals, and

the like.

Invention compounds can be used, for example, as a research tool for studying

25  the biophysical and biochemical properties of the AMPA receptor and the consequences
of selectively enhancing excitatory transmission on the operation of neuronal circuitry.
Because invention compounds reach central synapses, they will allow for testing of the

behavioral effects of enhancing AMPA receptor currents.

30 Metabolically stable compounds which are positive modulators of AMPA
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15 treated with 0.7 g {7.4 mmol) chloromethyl ethyl ether and 0.3 g (;_ZéUG 2002
nmol ) sodi um hydride (as a 60% di spersion in mneral oil) under argon for

" one hr. V\Q{,ﬁgw%ﬁ?% added and the separated aqueous phase wapcexksagtsd t hree
times with dichloronet hane. The conbi ned organi c phases were washed three
times with 10% sodi um hydr oxi de and oncg2with brine prior to being dried

over sodium sul fate. Evaporation of the solvent 20 gave an oil that

di ssolved in ethyl ether and crystallized to yield 0.63 g (38% white

cryst al s culvkms havedhardBpdertial bpplicaiiork iahdmank)Pocekample, HshdBs10266@ MHz) : b
7.6-7.9 (4H, m; 6,70 ( 1H, s); 6™ ( 1 H s); 5.17 (2H, s); 4.82 {2H, s);
4.18 (4Hstreneth of exgitptepry sypapses.coyld zoppynsate{gr lpsses ghSHNARSES OF receptors 7 1 1) |

N-(2-eth M- 4..5- i b ola\ L 69 25
ol ) v R A YA fege LRGSO Rl R s WREPA Pibepibre
refl uxedch@id chive @for8irapid peoceSagd byomultisiaptie cibstried @ued in MEhéribrath hyl et her

was added to the mixture, and a white precipitate was renoved by
filtrati oegiorEaad thusteouldpirducsesns ingrstredn péreepsualimmier apdcpgdiied hyl et her and

t he conmbi ned organic sol utions re evaporate ield a residue that was
partiti oﬁ@'go efts BRRHFT eé‘f‘ﬂlg}C\Z\Eﬁcdmieo‘é}gr%sé‘?%w‘%%S%t%férpec{f‘ﬁtgé 30 organic
phase wag.JyBshethlithes sylafRs cMinbbs JOHe g@ebuﬁev@&@kraf@bmm ,the aqueous
SUBSTI TUTE" SHEET ( RULE 26 2 2 AUG 2002 WD 99151240 -17 PCT/ US99/ 07325
washes waretabobcdiiyretable Ad DA ckodulatora eteadtpeatgdcte bsifturctighal lab memest hane. The
organi ¢ sol uti ons were conbi ned and washed with brine and dried over sodium
sul fate/ ﬁ%%?ﬁum carbonat e. Subsequent evaporation of solvent gave

2- et hgxymet hoxy4, 5- et hyl enedi oxybenzyi am ne as a |ight yellow oil (346 g,
86% crude), which 5 solidified upon standing. IR 3375 cm'.

4, 4- Di et hoxybutAdditioreat appl{caiiGnspntempbledifoo ke avapoandsiof dteguiesopt additi on to a
sol ution_of 213 (.1.31, |) of car b&gﬂ%k. diimdazole in 5

di chi or offBteRBgReIncKe ImpraYineshe Reomsiancs RIFupisris JthReRsONAMEl PRI o

sol ution . - . ;

ot hoxyme et 1fBn bl iRt Rei PP A receptorg improying he performance o
added andf altjaneichptaired iracugnitirertaskis ghpenddiepswbrain matwouls utiis e AMRA h

phosphate buffer (0.1 H6.8) three tinmes and once wWith brjne before
bei n& dr F%P@%%m%@éﬁr@mgB?rif%ff’@?lcerﬁésugﬁpﬁt"ﬁ”@‘rf“%%ryfqe 1Py f“ﬁirtgﬁgh a snal |
pl ug of sili orated to yield 436 ng (84%crude) of an oil.
| R 3293ﬁg%’&g%é%ug%&se%§@he am de/ acetal (436 ng, 1.1 mmol) from above

was conbined with 2 nL 2-propanol and 100 ~L conc. HC in 10 nL THF and
allowed to stand at room tenperature overni %gt. The residue resPIting from

evaporati on of Rugfges gnjermplat estf_ﬁk RCrsiad ioémet?!r?fﬁ‘ﬁt‘%"éﬂﬂ"%’ﬁ‘ﬂ UEshed
three ti %ﬁeéﬁn%?ul%cg;t/ 14 Irs%st%xg{liﬁl LiABanithddh vkBYe3 Q] Umbiysladesigns and once

with brine pri over sodium sul fate. Renoval of the sol vent
gave@ Whdspensilsit fat Hehaviowassariayat with poyehiafricodisatderhsochoasstiaophienhy| et her
and washed twice with ethyl ether/petroleumether to yield 123 ng (45% of
t he acyl benzoxazine with mp. = 151 - 152 C. IR 1708 and 1689 (sh) cm.
"HNVR (200 MHz)4 4 oS (HHyie5016 ; a¥e (1H, d,
J = 25 16.7 HZ)’?‘CC%T‘%‘}Q&‘&W%"?‘ C?f"g(?ﬂ‘?dsl'%ﬁ,‘mgele Sé?%%g.gésﬂcm); i
ppm ( 4H, fordectexsddPtie dndimt 31 Bnd ndeded adledmer dogditive aretnf @, Bragpgltesko [ 2, 1- b

[20(])"23] be%%én%%iivgls: i]ﬁggntgog_éojﬁlzp@ugciis? ri]nesu?tgblg (I?nSn'l;;[;I;mUTnE c§1|1_| fl:E ;rmlgllé{ycls' 026) 2 2 A6
25  increasing the time for which cognitive, motor or perceptual tasks are retained. As
another alternative, invention compounds, in suitable formulations, can be employed for
decreasing the quantity and/or severity of errors made in recalling a cognitive, motor or
perceptual task. Such treatment may prove especially advantageous in individuals who

have suffered injury to the nervous system, or who have endured disease of the nervous

30  system, especially injury or disease which affects the number of AMPA receptors in the
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WO 99/ 51240 PCT/ US99107325 -18 Trinethyl al uninumas a 2 M sol ution ih2 AUG 2007
toluene (2.3 nL, 4.6 mol ) was added to a two-neck flask under argon and

" cooled to -Sto -10 C. 2-Ethoxymet hoxy4, 5- et hyl enedi oxyben ) 1.0 g,
4. 18 mol WA xture of isomers) in 5 nL dry chl orofor mgﬁ@gga/ %% to the
flask and the resulting solution was he{_/\g_at the sane tenperature for 20
mn. After the solution was allowed to rmto anbient tenperature, 0.81 g
(4.6 mmol) of nethyl 5,5-dinethoxyval erate was added and the resulting

sol ution was refl ux ver ni et s VWL t hanol
and phospHares Sty iy B BB rBphnds JPPadr ARl R0 R FCRIIEAALS thd'D

di chl or ongtbame. thd Meliviaed] edpresaad witlph as@stiwemetonas herdepmadl kasphdis phat e
buffer three tinmes, once with brine, 10 and dried over sodiumsulfate. The
ani de wasagluinsfaned compaundsgpeorgiag tathepreseriinenfipe gay b adpimstered to a

di chl or onet hane/ et hyl  .et he 1 as..el.uent r ja NVMR) to be a
m xt ure GRUFRLOE aéﬁg?éf)‘l'lfit“g%({%éfﬁﬁrﬁ%%]%‘? Fféec&\)/ﬁpargaﬁnggf?ﬁ%t\éﬁ oé'ydused wi t hout
furthsr purification. IR 3279 and 1632 ) cm'. 15 The oil from above was
di ssolved in 10 nL THF, 2 nL 2-propanol, and 100 ~L conc. HC and all owed
to stand for ZHavimg géierllyalesaibed Wesinventiongdferendeis noacmedn tamee folewingsi due
was taken up in dichloronethan whi ch was shed three.times with 10% HCl ,
three ti reEampjes Wﬁ@bﬁrﬁﬁa?ﬁﬁ?ﬁ%ﬁt%‘?mﬁaf %‘%EE@?W@W@PF%%E% e being
dried over ' § A Y ARPIahie 33t Rf el dABstRH Y& RinitfRAMEe ScopBiok fhisol i d

t hat was Cﬁﬁl%gﬁéd;{paﬁ%?g%@er omﬁgpgﬁl gr onet hane? et hyl et ﬁ%r to \;i/yieel d 141 ny
of the s-ihagkidmas ASmereysdallssefortihabope andint thasgpehdrsitabdmsa t r ansf or mat i on
occurs at 147 Cto give a new formthat nelts at 163 C. IR 1647 and | 639
cm ' 10unresol ved doublet). ' HNVR (200 MHz): 86.58(1H,s);6.39(IHs);5.31

(I H d, J=16.4Hz); 5. 16(I H, t, J=3. vicad, E9RTHDSISA: 12 (1H d, J = 16.7 Hz);
2.30-2.60 (2H, m; 1.00-2.20 (;tﬁ?mrvr{i; angql .70-1.90 25 ppm( 1 H m.
Exanpl e 4 Example 1

Sa, 6, 7, 8- Tet rahydro- 1, 3- di oxol o[ 4, 5- r.ol I o] [ xazi ne- 8, 10(
| 0l - ~ di onéa ﬂevejn@r%méeﬁw{‘%@ﬁw[oﬁigﬁé@&%‘%‘%&%@@ﬂ&
PCT/ US99/ 07325 -19 4, 5- Met hyl enedi oxysal i cyl am de (496 ny; 2.74 mol) was

di ssolved in 10 nL trifluoroacetic acid to which was added 491 ng (2. 79
mol 154, 4- di et hoxy buifphiesesatfpric agifitnegnobydmate (386 gr E5¢ bl Way ¢y was

duced to 5 nl qn.a rot. tor. 5 addi 1 on. ichi onal 526

o of g, Azes o Pl d ~ebRrRah aaRliaf fioodF hé ieRhe HhRELSh OTh

trifluor %Eg%vh%@&édé OaISs (6BTOMBIS])R¥s AP, GI § (57 rn6l) Nagyakthed®- t aken up
y

in turn by acetate and et hanol and again isolated by evaportation of
t he sol veptithalimnide,lang, 100 eidpioforwawersiabdfied eedl thegresilige SrerNAPMIIONRYaS1 720,

1657, i 617, |, 470, 12 and 1177 cm' . ' HN Q e 13): b
8.32 ( 1 fF«‘ﬁ“’b“r“‘ %‘5@3’“@“0?% b‘@?‘“’(‘%"“ﬁ?"‘%}? Wé‘.t' ﬁ‘kl/’l??"('% a&fb%s%’;dﬂg&gg@ ?9 , s): 5.25
( 1 H t,m9 witflenloddorm, dnd Fashel thrékkimed iwithReuriddGodiud [Hpdberdk. ThE. The
internediate acid was added to a solution of 1.09 g {6.17 mmol) of carbonyl

di i M dazgloelédrqReous phasesmerthackraxtractedhvithiethy! acsfatey whech wigs cambiiede i | ky 15

ppedieglp A A IR SRR e e S
suspensi qgomyfa?gdfﬁtriﬁﬁéf JoRRAls 0B rdBSy SRPEFaYRGvaa dkeh BF iniithIBronthahe Was
y fi

i sol at ed tration and washed w th dichl oronet hane. UV and | R spectra
.i ndi cat e drfdafilteréd thréughershedicatuen &silicagel. iAsdicileromeghene ringe afabosiicand

t her ef it in 10 ni dichl t 0 with 105
o 1t FiAl A AP s cogt ePer R N P o e L e
, homogeneﬁgé?yﬂégg?iéﬂﬂ&kmpmmimm%g 116w s&l@&@sls??, WHich bXfiiledasid sporce Wi th

brine, a y dried over Na., . Renova 1tlhe sol vent by
evapor at i @nTLC4R¢ge @.& dichtorognathdnek IBol 768, antHE9% 6 'd HARIRAS MHRBHS i n

Bé;%”?%é"?‘éf%éﬁ%ﬁ%; dbi7ofh GRS BE B s 546 0B 5857 ?ﬁﬂsai‘c??g 520"t o

i j ) o= 224-225 C. IR 1750 , 1673 , 1625
>c”rrie' -rr?at M?%B{JW@?’@74( 1 H s); 6.47 ((i)H, s); ESH)OS ?SH, s); (5”)77
(1H, 1d, J = 5.0 & 7.1 Hz); 2.69-2.78 (1H, m): 2.53-2.64 (2H, m: and

2.29-2.39 ppm (IH, nm. FAB M5. niz =248 (P+1). SUBSTTTUTE SAEET ( RULE 26)
2 2 au~ Zoo2
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WO 99/ 51240 -20BI OLOG CAL DATA Exanple 5 In Yitrn Physiol ogi cal Testi2fgAUG 2002
PCTNS99/ 07325 5 The physi ol ogi cal effects of invention conpounds can be

“tested in Wg(J%lWOth slices of rat hippocanpus accordi ng topehgisbadshaw ng
procedure. Citatory responses (field EPSPs) are neasured in hi ppocanpal

slices, which are maintained in a recordiyng chanber continuously perfused

with artificial cerebrospinal fluid (A . During ai 5 30 mnute

interval, the perfusion nmediumis switched io one containing various 10

concentrations of tIth1%?0)&84{%%@3@13%PQ&ﬁ?ﬁpﬁtﬁﬁlhﬁﬁﬁe‘%E‘.Oi gEetinglof) ¥

before and at the end of dru erfusion were Superinposed in order to

cal cul at ewaodiksoived 1p20 cdntetramcirafasie (THFERSRrangsini Sedlemarndride(@.28hg; i ncr ease
inthe width of the response at one-half the peak height (half width). I S
To conduct’¥ AEad) #scsed dtSH%rSWPb?)B’é‘éFﬁ’B&él Wes2dded powan T ignic e stred i zed, 2

th ol - . i - : - Chi ck
wer e pr opSaig it = e P, OIS OB O Ml ISl RRIR M Db TRIBS 1 1)

converst i oIt mixaab Miag uiewédLaiant @ erdightb Bowingrwiticldadditioith] kywiohlentd of Physi ol .
276: 353-367 (1978)]. The chanber was constantly perfused at 0.5 nL/mn

wi t h ACSmodutm hydiidegnd ichloragethyd gthyh etheriware agdded and alioppd 4o 1eapsior gyS04 2. 5,
Cad 2 3.4 H 2 | se 10.and L-ascorbate A_bipol ar ni.chrome

St ml at 1 G ETIPp e THe YRR of Pofen VT RRBC ARG S TS o

r adi at umregitiud Wes pirReEAmReceh Watdr ehdldicilbréthemend Thé hquddas grise@fassubfiel d
CA3. 25 Current pulses (0.1 nmsec) through the stinulating el ectrode

act i vat e farthenaxiracted witbfdichingogethare (diree bmes)sandrth¢ pqod) organiedayerheierear i se

f N t bdi vi si 3 d tetrni t ) th
tenaril: ecopitg e SRBRE IR Gl Pafoh b ulrE P L SR BE en ¢ o
rel ease tfifelsbRMBAbEIRS b dMBIver sddiuith JMBitE EVaBGatidPot e sBRShr dnapt i c

AVPA receptors which then transiently open an associated i on 30 channel and
permit a dsoiuienofithegasulting teawe liquiden pthyt sthemgrvie crystald, whidh wereur r ent

el ORIV ST (o 30b and el R R S0 P10, 23
e o, RES U U, B A gcorced b o
15  silica gel chromatography (10% - 20% ethyl acetate/hexane) for a total yield 0of 1.70 g
of N-(2-ethoxymethoxy-4,5-methylene-dioxybenzyl)phthalimide (71%). IR (thin film):
1770 and 1709 cm™. "HNMR (200 MHz): § 7.80-7.90 (2H, m); 7.67-7.77 (2H, m); 6.77
(2H, s); 5.88 (2H, s5); 5.19 (2H, s); 4.86 (2H, s); 3.73 (2H, q, ] =7.04 Hz); and 1.21 ppm
(3H,t,J=7.15 Hz).
20
N-(2-Ethoxymethoxy-4,5-methylenedioxybenzyl)phthalimide (1.70 g,
4.77 mmol) was treated with 0.5 mL (16 mmol) hydrazine in 90 mL refluxing ethanol
for three hr. The reaction mixture was cooled and the phthalhydrazide was removed by
filtration and washed three times with ethyl ether. The organic solutions were combined
25  and evaporated to dryness on a rotary evaporator to yield a residue, which was taken up
in dichloromethane. The organic solution was washed three times with 10% sodium
hydroxide and the combined aqueous solutions were back-extracted with
dichloromethane two times. The combined organic solutions were washed with brine

and dried over sodium sulfate/potassium carbonate. Evaporation of the solvent gave of

30 2-ethoxymethoxy-4,5-methylenedioxybenzylamine as a slightly yellow liquid (0.98 g,
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the mddle of the stratumradi atum of CAl. For the experinents surmar'gge@ﬁ 20
Table 1, the intensity of the stinulation current was adjusted to produc /

“hal f maxi s (typically about 1.5 - 2.0 nV). Paired i b

pul ses m@%ﬁgﬁ every 40 sec with an interpul se interval §g;rm§%%&7?r%ec (see
bel ow). The field EPSPs of the second rggponse were digitized and anal yzed
to determne anplitude, half wdth, and response area. If the responses
were 10 stable for 15-30 mnutes (baseline), test conpounds were added to
t he perf ygsé |4 [ - MRS e i on was

t hen chaggéﬁnglgk:gﬁt?%&?g%ﬁlg)r%i%%%@gpgél??g%% %’3 se stiR 2??31-??%%' §A/§§§used si nce
sti mul at (1HY, 9f6.75HE HBE);f5.99e(23], s); 5. 18aRH, s)1 3.74q2Hy qtles 7i1rHz)y h&Bi(2Hs);whi ch
generate an _inhibitory post~ynaptic potential (IPSP) in the pyram dal

cel I's of !@A ZFH, hig)s2 Pm&éﬁd’fﬁ§ﬁpﬁ@pi cally sets in after the EPSP
reaches its peak. It accelerates the repolarization and shortens the decay
phase of the EPSP, and thus could partially mask the effects of the test

conpoginds. One of uleDietloryBtYTiE 86 (T SMEf 4. 0B APHad tivated bl BRRt6S that it
can not be reactivated for several hundred mlliseconds follow ng a

st i nmul at fonsqiutieneof 61RIng GhEhmmaioef cathenpldismdezpleth tdmbdvant age to

elimnate. | PSP by delivernin aired | ses, separ at.ed by 200 m.l i seconds
and s ngichiRoalata 0¥ SRR e 8y S e ru o ne ol o Epse
r ecor ded(d 85 fin@lifofCAdthafreethsty- Lrabth Pen@oxGHEnAKMRe 1151 2BIKNOWN to be
medi ated by AMPA receptors: the receptors are present in the synapses

[ Kessl er dighloa¢methBreawas added asbglowedo giand forrge dpys. Thelsalntigrswahat

I 'i vel | ogk .t h t | ectivel | ock the fi.eld. EPS Mul | t
o S50 Sihed Blippos nae e 0.4 s Birke BB ad s s GiTPeBE e AP
recept or ,GhaaAed oA doGSmENPRE! Bfagor Ahidrkik éomega%aé@g%%@?psyﬂemw? of the

synaptic current and prolongs its duration [Tang et Cci ence, supraj.
These ef yeliiveliquid. IR: rl 644 ed” i 'HINMB (20@MHAFEGP,784$Hr 9p6.75 6, s), 1.9%

1t o at ub LE(ECET Tk & 17428 BF BT & T3 Befikh Gy & Trdta, i a0 et
al ., Hi PROSaMIIS 85 (. an), SIRYBH (9= 4k Hzg;Hi.M@(}EﬁP,lJ& 75 & 9438, (d92) J.

Similar results have been reported for the previously disclosed stable
benzani dé.13dr30/mem (@3, tof =gl Hacet am [ I nt ernati onal Patent Application

Publ i cati on No. WD 94/02475 (PCT/LJS93/06916) 5 (Lynch and Rogers, Regents
of the University of California)]. Invention conpounds were assayed in the

physi ol ogi cal test Tay shiierd@ardiies 33l o B0 vdePR BhbRRdWimdata
presented in Table 1 below. In addition, a’conmpound that |lacks the rigidity

of the bmlizbpapamdsnd200 he conedE@lini20veln THFaridsallaived td steddeat rasmt he 10 fifth
entry. This serves as aﬁ"@é arison thaf illustrates thhe signi ficant
r

i ncreas et_ef‘}?eéf’é‘frie\?i"?‘?‘%lj'é ’T‘)@F eI R PRy a’?‘?fé“‘_?’b\%f B ER1EILS WS 1 ot ati onal
freedom bd?hﬁ&?é@ltbe't\ﬂe&%t&oﬂﬁ'dgdhq’orgﬁl@ﬁﬁhe.%"eraahédi'k W&Pw@%@fe@ wafh?o I ncrease
in response at 300 pM of conpound 1 to 20% at 2 mM'for the benzyl
pyrrol i ddinbloejmetlifelthree simes snd thepootedmrganic fractiogs iveee wished twiee withde
structur ?O‘%fH(gl?{mgeutri]nquA'v’vith 10% sodium hydroxide, and once with brine prior to being
dried over sodium sulfate. Removal of the solvent gave an off-white solid that was
purified on silica gel (20% ethyl acetate/hexane) and crystallized from
25  dichloromethane/ethyl ether to yield 301 mg (41%) of the acylbenzoxazine with m.p. =
163 - 164 °C. IR: 1697 cm™. '"HNMR (200 MHz): § 6.51 (1H, s); 6.40 (1H, s); 5.91 (2H,
s); 5.31 (1H,dd,J=5.3 & 1.6 Hz); 4.85 (1H, d, ] = 16.5 Hz); 4.20 (1H, d, ] = 16.4 Hz),

and 2.14-2.69 ppm (4H, m).

30
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whi ch coul d be considered a rigid nodel of aniracetam is inactive inZf g6 200
slice nodel at 300 pM Considering the biological activity that has been

- denonst r at gy bgkenzam des wherein the single carbonyl noi eyassy@gisacent
to the aromatic ring (Rogers et al., US. Pat. No. 5,650,409), one would
expect little, or no activity fromthe acyd-benzoxazi nes of 20 the present
invention. it is now apparent however, that whereas the presence of two
carbonyl groups in the rigid benzoxazine structure (to provide the imde)
is not favorable for biological actEXAMBLE2si ngl e carbonyl noiety in
either position is sufficient. Mreover, it is_unexpected that the carbonyl
in the positbah8& prirahydror hé-digxin@getlpamelofa v | Sdbenpexagingrdét ifd-aneng (i n
contrast to the conmpounds disclosed in U S. patent no. 25 5,650, 409)
produced significantly greater bioavailability and enhanced activity. The

first two data CNL@mx%eﬁ@Dbﬁth&ﬁﬁfll%\gg?.h@g,h@i.f mnidlg 3f0r pl asma cl earance

(58 mn) and the bioavailability ( ) in the rat for the conpound of
Exanpl é 1.etiylesdiakyphenoh(Pores.c2rpmmed), and prielhenssuifsmic 2ed vonolgsipoandi ng

1598) . whi O G Rimrelavaa i flmiRlerstot e it bt e 2/ 2 auc
2002 V0 995124023, B S ERYIRD PpueaibAbhdo O ik ThELRRA 35%

respectively. The thir colu reports the magnitude e I ncrease
i n the anpoiutiodevasffiltehesl tEFfABEh atsilich elug) vesilicapipemisreished sith kAlorgiodguced a

significant increase. The characteristic of 431 con‘gound to produce an
i ncrease i Wdithecompinped FepRiR selufigrs Werssvaporaed tpield gyslpwsehd Bat Wake ability

to i”ﬁb?‘éjasuﬁtfﬁg%?@égg Engpgﬁ%?%@hwﬁgﬁak101%%?.:%@%é%wéf&a.erﬁe%ﬁgfng&hé{mﬁf Tabl e

1 descri e nost potent conpoun or enhanci ng
menory i n dgbdised dsat yaewesolid $5.8@d) compoded af antigtupesfastingsrs, weiictgwasus8d ar m

radi al maze as described in Staubli et al., PNAS 91:11158-1162 (1994). 0 O~
~ RAN ( CHPYithout furfliey Ruriiction Table 1.- Conpound mn R Hal f |ife*

B~oavai | ab~l i ty"EPSP ResponsesMaze MED~(min) (% (cone)(ng/kg)l 1 1 CHZ 58
10025 (300 uMNT"2 2 1 CHZ NT NT20 (30 pM0.13 2 2 CH NT NT10 (30 p. M NT4
1 1 C=O NT NTO (300 p. MNT NT NT 20 (2 m MNT* Pl asna cl earance follow ng

i v adm ni st rat i obhesaligtfromabder(1ergl4. aaimiol)ivedsrdigsplynd &s1 ampeFlemidage of AUC

for iy _adm nstratront Percenta i ncrease in the e f the EPSP
responide1s” t%‘?‘f?h’r@%gﬁ 4 Oﬁf)e"%&fg’é‘etthéfﬁ?tﬁ%}reg'\‘ﬁéa %&5&?&368@05@53% i nt he
ei ght-arm [ 0/ +5i8Rtn kesdrad; ' te : i bed in
detai | i L e o et T WARE Bl Rl

under st oodnd hieepanatedtaqatous phaset wasrextracted thoeh imesavitlodish@noaimnbeTlef f ect ed

T e YRS OE 06ed A 35, LS A 1R L1 o g

once with brine prior to being dried over sodium sulfate. Evaporation of the solvent

20  gave an oil that dissolved in ethyl ether and crystallized to yield 0.63 g (38%) white '
crystals. M.p. = 97-98.5 °C. IR: 1771 and 1709 cm™. "HNMR (200 MHz): § 7.6-7.9
(4H, m); 6.70 (1H, s); 6.69 (1H, s); 5.17 (2H, s); 4.82 (2H, s); 4.18 (4H, m); 3.71 (2H,
q,J=7.2Hz); and 1.2 ppm (3H, t, ] = 7.1 Hz).

N-(2-ethoxymethoxy-4,5-ethylenedioxybenzyl)phthalimide (625 mg, 1.69

25  mmol) was mixed with 0.2 mL (6.4 mmol) hydrazine in 30 mL ethanol and refluxed for
three hr. The reaction mixture was cooled, 30 mL ethyl ether was added to the mixture,
and a white precipitate was removed by filtration. The filter cake was washed three
times with diethy! ether and the combined organic solutions were evaporated to yield a
residue that was partitioned between ethyl ether and 10% sodium hydroxide. The

30  organic phase was washed three times with 10% sodium hydroxide, and the aqueous
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WO 99151240 -24 W claim 1. A conpound having the structure: 0 xl j\zA G 2002
(CR2)n 2 R wherein: PCT/US99/07325 X and Xz are independently sele H
fromH -NR-Z -OR3, and -CH-OR ; or X and Xz taken toget - 420-

. -OCZR 40VOIISEMR: 20. | - N=CRs20REz N, - OCR6=N- _Nokﬁ&d%‘gﬁﬂg@

10 each occurrence of Rin the (CRZ) noigly is independently H, hal ogen,
cyano, hydroxy, C,-C6 al koxy, C,-C3 fluoroal koxy, thiol, C -C6 alkyl, C -C3
fluoroal kyl, Cz-C6 al koxyal kyl, C6 C, Z aryl, C -C, 2 heteroaryl, C,-C,Z

aryl al kyl,, ?sﬂﬁi\gm?e c%gab‘?ﬁ&iatfrmlb%l:m;ctracggytﬁi% \Qllilwilgﬁ(l)ﬂron%thage T}Fe,r&f%zgff%al kyl ,

C -C, Z arylalkoxy, C,z 15 heteroar koxy, carboxyalk oth R
groups t agditives warecoribhinedhatd wmadwah(baneﬁnﬂnmouendﬁﬁmﬁdentIy H C, -C6
al kyl, C,-C3 fluoroaikyl het er oaryl , yl al kyl , or heteroaryl al kyl ;
each occmuﬂ%w&@t%ﬁlumqréonaméﬁ%ﬁaw Fyaparation %eolam&;gpve Zethexymethnoal kyl

ﬁgt ((a:? ogr 3‘1 eﬁ?’?engdlog%%ﬁ%% ’ge?%ﬁadéh?éé %‘?Z]Oﬁlr@%agmléé%ccﬁg’xyc e ri ng that

i ncl udes dofigified upog eRndihgNIR: 83¢hHc@ecurrence of R is independently H C -C6
al kyl, C -C3 fluoroallcyl, C2-C6 al koxyal kyl, C -C,, aryloxyalkyl, C- C z
aryl aI kyl, or C4 25 C, 2 heteroaryl al kyl ; SUBSTTTUTE SHEET ( RULE 26)

4,4-Diethoxybutyric acid (270 mg, 1.53 mmol) was activated by addition
to a solution of 213 mg (1.31 mmol) of carbonyl diimidazole in 5 mL dichloromethane.
The solution was stirred for 30 min, after which a solution of 347 mg (1.45 mmol) of 2-
10  ethoxymethoxy-4,5-ethylenedioxybenzylamine in 1 mL dichloromethane was added
and allowed to stand over night. The solution was washed with phosphate buffer (0.1 M,
pH 6.8) three times and once with brine before being dried over sodium sulfate. The
solution was filtered through a small plug of silica gel and evaporated to yield 436 mg
(84% crude) of an oil. IR: 3293 and 1644 cm’.
15
The amide/acetal (436 mg, 1.1 mmol) from above was combined with 2
mL 2-propanol and 100 pL conc. HCl in 10 mL THF and allowed to stand at room
temperature overnight. The residue resulting from evaporation of the solvents was taken
up in dichloromethane and washed three times with 10% HC], three times with 10%
sodium hydroxide, and once with brine prior to being dried over sodium sulfate.
Removal of the solvent gave a white solid that was crystallized from
dichloromethane/ethyl ether and washed twice with ethyl ether/petroleum ether to yield
123 mg (45%) of the acylbenzoxazine with m.p. = 151 - 152 °C. IR: 1708 and 1689 (sh)
cm™. '"HNMR (200 MHz): § 6.58 (1H, s); 6.41 (1H, s); 5.32 (1H, dd); 4.86 (1H,d, J =
25 16.7 Hz); 4.22 (4H, m); 4.20 (1H, d, ] = 16.3 Hz); and 2.12-2.70 ppm (4H, m).

EXAMPLE 3
6a,7,8,9-Tetrahydro-1,4-dioxan(2,3-g]pyrido[2,1-b][1,3]benzoxazine-10(10/,12H)-
dione

30
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2 2 AUG 2002 WD 99/ 51240 -25 PCT/US99/ 07325 each occurrence of R ilg AUG 2002
I ndependently H, hal ogen, cyano, carboxyallcyl, carboxam do, C -C6 alkyl,
"G, -C fludv@ayigm c2-0s al koxyal kyl, C~ G, ~ aryl oxyal kyl , PET/USI%07325
aryl al kyl, or C4-C, 2 heteroarylal kyl; each occurrence of Rs S
I ndependently H, cyano, hydroxy, C, -C6 dlskoxy, 5 C-C6 alkyl, C-C3
fluoroal kyl, C2-C6 al koxyal kyl , or C C, = aryl al kyl, C4 C 2

het er oaryi al kyl ., .C6 2 aryl oxy, C, Z aryl oxyal kyI aryI al koxy, or
C4-C, 2 heter oar?ﬂ%@)@}“m@awsd’c%%ﬁogﬁ'@é ) OIF@el(%3lr?1Tdé‘p§ﬁmt WasH, C, -C6

al kyl , Iu ro Y; I lc ,0r ryl al kyl ;
and nis afgsck Rl ﬁécﬁ flaﬁk a%legmrggn%n(?cyor]]gdatléclgrtgalr?c%b %%Hwﬁltﬁ?%i n whi ch

both X aﬁsie%yientaaikﬁrybeh@g%hﬁr(l@rge4-1®@@aaloas a mikufR4H@someds) in Oe{RAAP-; and

ni s2or3. 15 3. A conpound in accordance with claim1 in which both X and
X' taken Oﬂlbgefonerwaélﬂéd@dzmmzﬁﬂmihe raspdting sodutpongyasdeldat the seampound | n

accordance with a th X and.X tak together are - N-;
and n” |s(i‘°2m8?rat§re£§’ b@’%n&&%ﬁhe F‘?‘lméoc]c%?sc?gﬁggd\}\? Yvﬁn%Fa"i”ﬂl? Nt EpETARRe, bot h X
and X't gKgns LG RIAAY o%@thzi\g 5 QiethOfyvaltrate Was a@fRd afd tHR résudfing: 6. A
conpound I n accordance with claimi1 or 5 in which both X an Xz 25 taken

t oget her sahiorM-a®réfiuxed ovex mghtp"ﬁlnmdaqtmna(asqudmhc@wﬂmmtmn amdl or 2 wherein

each occurrence of R noi ety i s i ndepe fI uoro cyano,
hydr oxy, P&O %@xgﬂlw,-@l %E&g@% Weedlmawalp 35?9 orccne he

f 1 uor oal lf%hled%rgag@c ﬂ{agt%x&f&k WEhed%Th%l%smgBWrXMe Qmeg, oncé‘Wtjh%HﬁX,l . A-C 2

10  and dried over sodium sulfate. The amide was purified to a light yellow oil on silica gel
with dichloromethane/ethyl ether (4:1) as eluent and proved (via NMR) to be a mixture
of free and protected phenolic compounds that was used without further purification.

IR: 3279 and 1632 ) cm”.

15 The oil from above was dissolved in 10 mL THF, 2 mL 2-propanol, and 100
L conc. HCI and allowed to stand for 24 hr. The solvent was removed under vacuum
and the residue was taken up in dichloromethane, which was washed three times with
10% HCI, three times with 10% sodium hydroxide, and once with brine before being
dried over sodium sulfate. Evaporation of the solvent gave a white solid that was

20  crystallized from dichloromethane/ethy] ether to yield 141 mg of the e-lactam. As
crystals of the product are heated, a transformation occurs at 147 °C to give a new form
that melts at 163 °C. IR: 1647 and 1639 cm™ (unresolved doublet). 'HNMR (200 MHz):
6 6.58 (1H, s); 6.39 (1H, s); 5.31 (1H, d, ] = 16.4 Hz); 5.16 (1H, t, J = 3.4 Hz); 4.22
(4H, m); 4.12 (1H, d, ] = 16.7 Hz); 2.30-2.60 (2H, m); 1.00-2.20 (3H, m); and 1.70-1.90

25  ppm (1H, m).

Example 4

5a,6,7,8-Tetrahydro-1,3-dioxolo[4,5-glpyrrolo[2,1-b][1,3]benzoxazine-8,10(10H)-

dione
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“heteroarylal kyl, C6-C,z aryloxy, C -C 2 aryloxyal kyl, C, - C z aryl al |l coxy,

C4-C,, het #) koxy, or both R groups together are =
OCCUI‘I‘EHCEQ{,OQ%EI s independently H, arylalkyl, or heter oar yPaIlE%&”'and
each occurrence of R' is independently Hyofluoro, cyano, carboxyal kyl,

C -C6 alkyl, C -C3 fluoroal kyl, C2-C6 al %xyal kyl, C~ C,z aryl oxyal kyI ,
C -C Z arylalkyl, or C4-C,2 heteroarylal kyl. 8. A conmpound in accordance
with claim3 in which each occurrence of Ris independently H, fluoro,
cyano, hydroxy, C -C6 al koxy, C, -C, 10 fluoroal koxy, C,-C6 alkyl, C, -C,

fi | kyl, C, | k ] Ik |
i & Phe et oar MBI isysnide o RS 98 el yiaf dispored imdloy”
aryl al koxy,1, #ubroachift RIOBMHi ¥&Xade® 9 PRI Fﬂ9 %%m 4-888lRGBuie =0 and

each occurrence of R is independently H arylalkyl, or heteroarylal kyl. 15
9. A conpeciddAfter Mdudh@an@wnmhlhonm mdnwmtovﬂrmbwn@avrarxocvaporammdof Ris

d d fl fl | k ,
R e b VR TR R By B b Sk SR Ly by o
C C JA arélleaplﬁ)ﬁle’to %ncr%e nﬁiu%wae&yé &hckoohs refRvEd @-l;éﬂo%%n abrd tidsoftd

aryl oxyal C -C,z aryl al koxy, C4-C, 2 heteroaryl al koxy, or botﬁ R groups
t oget her anaetakém umndtueab)hetbyicauctakemoé ethbndR'andsagamdmﬂmm&ylwapoi-ﬂancamﬂ al kyl ,
or heteroaryl al ky ongound i n .accordance with claim6 in whi ch

each occh@éﬁB’é“‘oF‘@ll}”s‘h??ﬂﬁ’@ Jebiested (g high yaguym. &Rah@0, Ak 4RV, C, - cs

al koxy, | ‘XSP{JI 5? I

al koxyal kM% (l.i%djgé&)ﬁe'}t(fejer%ar (ﬁ8Wh§T§Pﬁ9{de§;%g?ﬁo§$yl al kyl ,

C6 C 1 ar leGD(yH & 6. @@Pﬁrsylma}m;/)l 5.26 (18, Q] ar4/$ He) @48-2.6421, R); and
heteroaryl al koxy, or. both R 30 groups together are =0 and SUBSTTTUTE SHEET

(RULE 26)2-062.2ppu&Bond - 27

The intermediate acid was added to a solution of 1.09 g (6.17 mmol) of
carbonyl diimidazole in 20 mL of methylene dichloride. After 24 hr a white milky
15  suspension was observed. A TLC analysis suggested some starting material remained
and therefore an additional 474 mg CDI was added to the suspension. No further
reaction was observed and the white solid was isolated by filtration and washed with
dichloromethane. UV and IR spectra indicate that this intermediate (310 mg) is the
; acyl imidazole and therefore it was suspended in 10 mL dichloromethane and treated
20  with 105 mg triethylamine for 4 days, at which time the reaction solution was
homogeneous. The solution was washed with 10% HCI (3 times) and once with brine,
and finally dried over Na,SO,. Removal of the solvent by evaporation yielded 205.6
mg white solid. The solid was dissolved in trifluoroacetic acid, but no change
occurred (via TLC) over a period of days. The product was re-isolated and crystallized
25  from CHCL/Et,0 to yield material with m.p. = 224-225 °C. IR: 1750 (s), 1673 (m),
and 1625 (m) cm™. '"HNMR (500 MHz) § 7.4 (1H, s); 6.47 (1H, s); 6.05 (2H, s); 5.77
(14, dd, ] = 5.0 & 7.1 Hz); 2.69-2.78 (1H, m); 2.53-2.64 (2H, m); and 2.29-2.39 ppm
(1H, m). FAB MS: m/z =248 (P+1).
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each occurrence of R is independently H arylalkyl, or heteroaryl al22chit 2001
11. The conpound in accordance with claim1l which is

" ba, 6,7, 8-taloekytno- 1, 3 di oxol o[ 4, 5-g] pyrrolo[2,1-b] [ 1, 3] benvessazbase- 8( |
OH) -one. 12. A conpound in accordance with claim1l which is

6a, 7, 8,9-tetrahydro-1,4 dioxin[2,3-g]pyre-o[ 2,1-b] [ 1, 3] benzoxazi ne- 9(
11H)-one. 13. A conpound in accordance with claim1 which is

6a, 7, 8, 9-tetrahydro-1, 4 dioxan[ 2, 3-g] pyrido[2,1-b] [ 1, 3]benzoxazine-10( 1
OH, 12H) -drone. 14. Use of a conprObhOGICGAL MADAto any one of clains 1-13 in
t he manufacture of a nedicanment for _use in inproving the performance of a
subj ect on sensory-notor probl ens oEXe@m@M i ve tasks dependent upon brain

networks utilizing AMPA rece 5. 5.. e.p conmpound according to any

of claims 1-13 in the nanuf a%uﬂ-@#yﬂgﬁm 2 AcaHeft for use in decreasing the
anount of tine needed for a subject to learn a cognitive, notor or :
perceptual task, or for increasing the tinme for which said subj ect retains
the cognitive, fbephysplogeateftctad! inuskion compbandsdere betesiedd: vitre wgthantity or

severity qf errors. made by a suybject i recallin% a go nitive, notor or
per cept uafcEH8krat FPPORRPTACEOY 8 ol W SRR IS ﬁ%‘%ﬁfyé?saf"ﬁ&s 1-13 in

the manu @&‘ie(&‘ﬁﬁspég afe fﬁ%%&écf‘ﬁ%%éo%mﬁleséﬂcgsf gvéur%‘téf'é’ﬂnah(?alﬁéﬁﬂta r@comgg-n Use of

subj ect t nhance synaptic response nedi y AMPA receptors

a conpounchagthencditingothsdy pasfusetl with atifisial ekSbrospiidh @uid(AESFOL Durengod 18-

medi cament for use in the treatnent of schizophrenia,  schizophreniform
behavi or , SOMIES &Y Rl fhe nersiRD mgdium by PRiched i enefopfaining Wariougat nent . 18. A

phar eut | - b | Sl f j |,east one
Componnd. bt RAPBEIE (R <GARRLIGE, RekpdscS ob SR} BRRAAY g2
conposi t i the eAd 6Ddrahig p@riusion varesupBrifpotdicih ctdsre catulge dothhthe pacenut i cal |y
acceptable carrier, excipient or additive. 20. adm nistration. 21,

admi ni st riaeease in EPSPagplitydeand percent increase in the width of the response at one-half

the peak height (half-width).

15 To conduct these tests, the hippocampus was removed from anesthetized, 2
month old Sprague-Dawley rats and in vitro slices (400 micrometers thick) were
prepared and maintained in an interface chamber at 35 °C using conventional
techniques [see, for example, Dunwiddie and Lynch, J. Physiol. 276: 353-367 (1978)].
The chamber was constantly perfused at 0.5 mL/min with ACSF containing (in mM):

20  NaCl 124, KCl 3, KH7PO4 1.25, MgS04 2.5, CaCly 3.4, NaHCO3 26, glucose 10 and

L-ascorbate 2. A bipolar nichrome stimulating electrode was positioned in the dendritic
layer (stratum radiatum) of the hippocampal subfield CA1 close to the border of
subfield CA3.

25 Current pulses (0.1 msec) through the stimulating electrode activate a
population of the Schaffer-commissural (SC) fibers that arise from neurons in the
subdivision CA3 and terminate in synapses on the dendrites of CA1 neurons. Activation
of these synapses causes them to release the transmitter glutamate. Glutamate binds to
the post-synaptic AMPA receptors which then transiently open an associated ion

30 channel and permit a sodium current to enter the postsynaptic cell. This current results
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The conposition according to claim18 or 19 adapted for oral or par tmghgz
_The conposition according to claim18 or 19 adapted for oral The cozzoun
according to any one of clainms 1 to 13 for use as a .A . A A3 A A
| . Al . AFl . AWO RS0 . A3. A3 .A[F. A . A Al.A . AF[F. A3h. Al FY. Aﬁ?’ﬁ"’%’ﬁﬁs

E.Al. A .An. A% Au( AXrFGE r

I <~ytoi d_YU] ca] cRa] caV] ca] ca] ca] ca] ca] ca?l:‘a] ca] caV]caV]ca] caV]ca] ca]ca]ca]c
a] calca] ca] ca]ca] ca] ca]ca]cal c”alc<alc(a <?LX\k4 D

I
&DTp} 6Lr } xr ngb\ Wi d . c (
L it e
g]r (Z:a] caV] cal}d?a c' ]‘%}g %Z éé)a 03)]: cai%fgé ga %%1 e(c:%ﬁdén %%C\t}joggfgg i%na é%] calcalc
aV] ca N utiexBjd}iloGT the stratum radiatum of CAL.

L ####3| wr mgb] X] ] ca] ca] cal] ca] ca] ca] ca] ca] c(a] cal] ca] ca] caV] ca] ca] ca] caV] ca]
caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]ca]ca

$SEISSPEESESS YRS 24 L )od el ’lr\@n)( x| x o+ <) ' - ca] ca]ca]ca
] ca] ca] ca] ca] c??gé&)ceé% ca ca% %%ﬁ%%l‘]zgg]@%ﬁjegéﬂeﬁ{c%?%i]ctglfﬂég]?lé%ﬁ%%a] ]ca] ]ca] ]ca]
ca] ca!' 1, durtehdwd3adidnbbGaH6R &S RAE-hEHIANEPLSEs (typically about 1.5 - 2.0 mV).

; =) ?GA{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca{_ca] ca] caV] ca]

ca] ca] ca] Baifuadignjationeajsenews] & wncaypoat teec oA gEpulse interval o

BHBgBBB. G? Hi - L |.gb] Xl gb o a] cal] cal] ca
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cajca  analyzed to determine amplitude, half-width, and response area. If the responses were
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cal cal ba) saicTe Sel) it isp g g calpaputs] et edfsv b ipaapcn] ool ool ca
ca) ca] calcalcalca Ar ) eaa "cjc Vv ca
ca] ca] ca] toé]aé’gfééfg o H:‘é’}'ﬂ’;%sck}hémﬁﬁ]eBiF@g@f?g’éﬁ L?df%‘él cg] ga] ca] ca]
ca] ca] ca] gakga] ca] ca] ca! f ggggghhh! h&hj hk_kl m
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca]ca]ca! Krrr
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AXaBY10% & ()-!'10% & ()- F :10% & ()- MO & ()-F10% & ()-z!F

' $10%&( &( & () - r Foks fidlAMPEP(cbedreed B ficta Cla1 kP Wrkulaiord OPEK @kons is

25  known to be mediated by AMPA receptors: the receptors are present in the synapses
[Kessler ez al., Brain Res. 560: 337-341 (1991)] and drugs that selectively block the
receptor selectively block the field EPSP [Muller ez al., Science, supra]. Aniracetam
increases the mean open time of the AMPA receptor channel and as expected from this
increases the amplitude of the synaptic current and prolongs its duration [Tang e al.

30  Science, supra). These effects are mirrored in the field EPSP, as reported in the
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above for the generation of data presented in Table 1 below. In addition, a compound
that lacks the rigidity of the benzoxazines of the present invention is also listed as the

10  fifth entry. This serves as a comparison that illustrates the significant increase in activity
derived by eliminating the two degrees of rotational freedom inherent in the nonrigid
benzyl pyrrolidinone (compare 20% increase in response at 300 uM of compound 1 to

20% at 2 mM for the benzyl pyrrolidinone).

15 It is also important to recognize that the imide structure of compound 4,
which could be considered a rigid model of aniracetam, is inactive in the slice model at
300 pM. Considering the biological activity that has been demonstrated for benzamides
wherein the single carbonyl moiety is adjacent to the aromatic ring (Rogers et al., U.S.
Pat. No. 5,650,409), one would expect little, or no activity from the acylbenzoxazines of
20  the present invention. It is now apparent however, that whereas the presence of two -,
carbonyl groups in the rigid benzoxazine structure (to provide the imide) is not
favorable for biological activity, a single carbonyl moiety in either position is sufficient.
Moreover, it is unexpected that the carbonyl in the position alpha to the nitrogen and
gamma to the aromatic ring (in contrast to the compounds disclosed in U.S. patent no.

25  5,650,409) produced significantly greater bioavailability and enhanced activity.

The first two data columns of Table 1 show the half-life for plasma clearance
(58 min) and the bioavailability (100%) in the rat for the compound of Example 1.
These data can be compared with those of the corresponding benzamide (Example 1 of

30 U.S. patentno. 5,736,543, issued April 7, 1998), which exhibits a half-life and
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1pty I( )Z%%%&; ﬁ‘ 8%%%@4 %dg:l_@%%%%@l? ﬁ‘n&(hlst coléﬁ’loof«i;able 1 describes the

0%&' ( ) - ! Hr&shdQPdcze XS th Iﬂdsﬁé&%oﬁw)opo(lﬁﬁlﬁg/@n}(ahcmé%mb%n rats that were
10G10%=&' () - B. CCC<DEaG*<~\=!I'pl "109%* & ()-!~1"10988& ()-!|"10%=& () -
109%&' () - tes@g@n g)leang;;ng@gga@)gna@;pg £ §-agy J 1zp|;_:naze pedesgribed in Staubli et al.,
10Ss?10%& #. ) #10988& ()-3!sF1" 109%°P& ()-!kl™ 10%?/8/&' ()-3J(J-
35S L aeperts i has 1(162%1686‘/@&' ()- ,# 100&& ()-f 100/<z&' ()-1109%Z& ()-
| 109Z& () - LLLLLBMANMABPE: !

(CHz)m/’ij: /K/(CHz)n

10 Table 1.
Compound m n R Half-life* Bioavailability’ EPSP Response! Maze MED?
(min) (%) (conc.) (mg/kg)
1 1 1 CH, 58 100 25 (300 uM) NT*
2 2 1 CH, NT NT 20 (30 uM) 0.1
3 2 2 CH, NT NT 10 (30 pM) NT
4 1 C=0 NT NT 0 (300 uM) NT

] D/\é NT NT 20 (2 mM) NT

* Plasma clearance following iv administration n rat
* AUC for oral administration as a percentage of AUC for 1v admimstration
! Percentage increase in the area of the EPSP response
15 ! Minimum Effective Dose to improve performance of rats in the eight-arm radial maze.

“NT = not tested

The invention has been described in detail with reference to particular
embodiments thereof. It will be understood, however, that variations and modifications
20  can be effected within the spirit and scope of the invention as defined by the following

claims.
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X' and X? are independently selected from H, -NR?,, ~-OR?, and
-CH,OR’; or

X' and X? taken together are -OCR*,0—, ~OC,R*,0-, ~OC,R*,0-,
-N=CR?’,CR’*,=N-, ~OCR*=N—-, =N-O-N= or =N-S-N=;

10 each occurrence of R in the (CR,) moiety is independently H, halogen,

5  wherein:

cyano, hydroxy, C,-C, alkoxy, C,-C, fluoroalkoxy, thiol, C,-C;
alkyl, C,-C, fluoroalkyl, C,-C, alkoxyalkyl, C,-C,, aryl, C,-C,,
heteroaryl, C,-C,, arylalkyl, C,-C,, heteroarylalkyl, C,-C,,
aryloxy, C,-C,, aryloxyalkyl, C,-C,, arylalkoxy, C,-C,,
15 heteroarylalkoxy, carboxyalkyl, or both R groups together are
=0;
each occurrence of R' is independently H, C,-C, alkyl, C,-C, fluoroalkyl,
aryl, heteroaryl, arylalkyl, or heteroarylalkyl ;
each occurrence of R? is independently H, C,-C, alkyl, C,-C, fluoroalkyl,
20 C,-C,, aryl, C,-C,, heteroaryl, C,-C,, arylalkyl, C,-C,,
heteroarylalkyl, or both R? groups together form a carboxyclic
ring that includes the nitrogen atom;
each occurrence of R*is independently H, C,-C, alkyl, C,-C, fluoroalkyl,
C,-C, alkoxyalkyl, C,-C,, aryloxyalkyl, C,-C,, arylalkyl, or C,-
25 C,, heteroarylalkyl;
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2. A compound in accordance with claim 1 in which both X! and X?
taken together are —OCR*,0-~, ~OC,R*,0-, or —OC,R*,0~; and

nis 2 or 3.

15 3. A compound in accordance with claim 1 in which both X' and X*

taken together are-N=CR*,CR*,=N—; and n is 2 or 3.

4. A compound in accordance with claim 1 in which both X' and X

taken together are -OCR°=N—; and nis 2 or 3.

5. A compound in accordance with claim 1 in which both X' and X?

taken together are =N-O-N= or =N-S-N=; and nis 2 or 3.

6. A compound in accordance with claim 1 or 5 in which both X' and X?

25  taken together are =N-O-N=.

7. A compound in accordance with claim 1 or 2 wherein
each occurrence of R in the (CR,) moiety is independently H, fluoro,
cyano, hydroxy, C,-C, alkoxy, C,-C, fluoroalkoxy, C,-C, alkyl, C,-C,

30 fluoroalkyl, C,-C, alkoxyalkyl, C,-C,, heteroaryl, C,-C,, arylalkyl, Ci-C,,
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9. A compound in accordance with claim 4 in which each occurrence of

R is independently H, fluoro, cyano, hydroxy, C,-C, alkoxy, C,-C,

fluoroalkoxy, C,-C, alkyl, C,-C, fluoroalkyl, C,-C alkoxyalkyl, C;-C,,

heteroaryl, C,-C,, arylalkyl, C,-C,, heteroarylalkyl, C,-C,, aryloxy, C,-
20 C,, aryloxyalkyl, C,-C,, arylalkoxy, C,-C,, heteroarylalkoxy, or both R

groups together are =0,

and each occurrence of R' is independently H, arylalkyl, or

heteroarylalkyl.

25 10. A compound in accordance with claim 6 in which each occurrence of
R is independently H, fluoro, cyano, hydroxy, C,-C, alkoxy, C,-C,
fluoroalkoxy, C,-Cq alkyl, C,-C, fluoroalkyl, C,-C alkoxyalkyl, C,-C,,
heteroaryl, C,-C,, arylalkyl, C,-C,, heteroarylalkyl, C,-C,, aryloxy, C,-
C,, aryloxyalkyl, C,-C,, arylalkoxy, C,-C,, heteroarylalkoxy, or both R
30 groups together are =0; and
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14.  Use of a compound according to any one of claims 1-13 in the manufacture
of a medicament for use in improving the performance of a subject on sensory-motor

problems or cognitive tasks dependent upon brain networks utilizing AMPA receptors.

15.  Use of a compound according to any of claims 1-13 in the manufacture of a
medicament for use in decreasing the amount of time needed for a subject to learn a
cognitive, motor or perceptual task, or for increasing the time for which said subject retains
the cognitive, motor or perceptual tasks, or for decreasing the quantity or severity of errors

made by a subject in recalling a cognitive, motor or perceptual task.

16.  Use of a compound according to any of claims 1-13 in the manufacture of a
medicament for use in a method to treat a human subject to enhance synaptic response

mediated by AMPA receptors.

17.  Use of a compound according to any of claims 1-13 in the manufacture of a
medicament for use in the treatment of schizophrenia, schizophreniform behavior, or

depression in a human subject in need of such treatment.

18. A pharmaceutical composition comprising an effective amount of at least

one compound according to any of claims 1-13.




I's

V| |[:NA41010 F310%+s& ()- F10%)s& ()-f F 10%+s& ()- F 10%+s& Q- AU 2002
10%+s& () - Fs1l0%s+s& ()- Normal " "Headi ng 13]c" "Headi ng 23] c" "Headl ng
33] ¢c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragr agh Font>"F <& . 6: ?2GLWN\ dmvT@ E
<r$' 1GALZf Kr bEFE \ ue<j T[ ! #$&(y) +0; -28-

1146T8: =BBaGILavHO QWW \ " bf hl ongKr svy0zb) (_nE; h: "t 6>6} 5~3F6Ti nes New
RomanAri al Couri er New'h Root EntryWrdDocunent

" HSYER () *+, - . Y9 123AR6788hposition  according to claim 18 further comprising a
<=>? @ABCDEFGHI JKLMNOPQRST YZ[\]"_"abcdef ghij kl mopqr st uvwxyz{|}~
pharmaceutically acceptable carrier, excipient or additive.

20.  The composition according to claim 18 or 19 adapted for oral or parenteral

administration.

21. The composition according to claim 18 or 19 adapted for oral

administration.

22, The compound according to any one of claims 1 to 13 for use as a

medicament.




