WD 03/ 045315 PCT/ US02/ 37646 CARBONYLBENZOXAZI NE COVPOUNDS FOR ENHANCI NG
GLUTAVATERG C SYNAPTI C RESPONSES Field of the Invention 5 This invention
rel at es twoamampsuhds, pharnaceuti cal conpositions and net krodaShos764aise in
the prevention and treatnent of cerebral insufficiency, including

enhancenent  of p B RRARINZOXAZINE ¢ AP UNYS FOTEENHANCING GRS NIKTERGIC
responsi bl e For—nrgtrer_order_ oen 'RAPTIC RESPONSES 17 NEL WOT KS, —WhT CIT ar e
involved in cognitive abilities, arererated to renory 10 inpai rnent, such

as is observed in a variety of denentias, and in inbal ances in neuronal
activity bpfewestihéIdvesticint brain regions, as is suggested in disorders such
as Parkinson's disease, schizophrenia and affective or nood disorders. In
a partiéul ar aspect, the present invention relates to conpounds useful for
treatment of sugf GOBRLA kRS to RBHpARES BREmAteutidil BSnpdsiiBaLariREIRIER dst f O
such treatnment. 15 Background of It)he I'nvention The rel ease of glutamate at
synapses atsermthg psivertioniand freatrentiod peretarlapsugficieney, inplidigeghancopent ofsses of
postsynaptig, .1 I On| t. T ¢ rred to
be 20" AvpArEediRIaRRE & AFRERIR R SRS SRRaRE ARt b ¢

AMPA/ qui sqUimdsabrin neteekd, ehschrmerinudlecdan vognitavg ebiliticke premelated tof memorgxci t at ory
post-siGapti c.curtrenf1 é\)thg fae ti EI‘:,’aSC £ anrgteasa &\I%Q@nbgﬁg&ts)tinore%r(%gperate a
vol t agd? deSIRATEEL SUCP 8oy SRITYR D VA TEISPentiss, fgi SLmbaRHCES Inelrandl | o) i ces
of hi ppocamuﬁly Féwﬁﬁfdigé&eﬁtwiﬁfﬁgﬁ)nﬁ,hﬁis shf%sté&mf isosdeeysuch asiakindond f ast
EPSC i s generally the dom nant .conponeny r at.npst glutamatergic
synapses. é‘SeaAWIWE@B’PGP‘%aféngﬁﬁth&ﬂoy%m' g&ﬂrnamfgﬁ‘aasa ?toégprteﬁeé‘t gr ai n but
rather ar ejph 38 rdtated ®2Tbhb&irasudetul FhiQreh @l aRihabatitidRdatdah&hels oBiRingl hese
receptors are found in high concentrations in the superficial |ayers of
neocortex,thiﬂWO@axphu@ﬁerhécqhﬁaqabnenéynapti c zones of hippocanpus, and in the
striat 8% conpl ex, as reported by Monaghan et al., in Brain Research 30

324: 160164 (1984). Studies in aninmals and hunans indicate that these

st r uct ur esBac¢kgrountbof thomyemtionper cept ual - not or processes and provi de the
substrates for higher-order behaviors. Thus, AMPA receptors nediate
transm ssion in those brain networks responsible for a host of cognitive

activities. 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

20 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
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.

25

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

restricted to the 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 et al., in Brain Research

30 324:160-164 (1984). Studies in animals and humans indicate that these 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.



WD 03/ 045315 PCT/ US02/ 37646 2 For the reasons set forth above, drugs that
nodul at e and thereby enhance the functioning of AMPA receptors coul d have
significawDobemsists for cognitive and intell ectual perf®@crarsor376guch
drugs should also facilitate menory encgdi ng. Experinental studies, such 5
as those reported by Arai and Lynch, Brain Research 598:173-184 (1992),
indicate that increasing the size of AMPA receptor-nedi ated synaptic

response(s) enhances the induction  of Jong-termpotentiation (LTP). LTP is
a stabl e incr ed®&heeasps Sgﬁfg_ﬁh@'fweﬁ“gﬁﬁli’?éﬁg’fi@a@éﬂ‘fg‘ﬁegy erﬁ‘ﬂ%‘ie D1 1 ows
repetitivesRaidgl FAMPA r@Eftbré diid RivedighdiRent BRI foPcHRARIVE andintellgenii ai N
during Ilearning. 10 Conpounds that enhance the functioning of the AWPA

form of gl perfermanserSaek grugs shouldpdso|facilifate memory Hgoding. Sxpameniabstydigs. sEb
) oF ] . aradidne. See.
For exarpl B s IERLBPEY ARTSR QRalBATH 6o B S839TRELG00h PaLAPLALE. Pee

PNAS 91: 77iferéfsing thOSidd of AVBA redeptat-mediBred synaplixsrespoB&:(s3 4ithaBeks th{elif@ntlion St aubl i
et al., PNAS 15 91:11158-1 (,1994) .. Shors et al ., urosci. Let.

186: 153- 159 lpayigEy poienfaligh zl‘je"?"%r%rTJP is 3 Stablgincragsgin .thel%‘F%l\g of A CLYHS .
Granger et h@{ followdRpRARe @ysﬁﬁ?glcﬁ%t&@&@ty%ﬁﬁﬁbm% od@lir in thelekifl ddri; 627- 638
(1996); Lynch et al., Internat. din. Psychopharm 11: 13-19 (1996); Lynch

et al ., Exleamigurol ogy 145:89-92 (1997); Ingvar et al., Exp. Neurol ogy

146: 553559 (1997); Hanpson, et al., J. Neurosci. 18:2748-2763 (1998); and
Lynch and Rogers, US 20 Patent 5,747,492. There is a considerabl e body of
evi dence showi ngpnafraindd iR enkange the fmctierting ofdhe AMitdrfprm phglutamatapiceptorsonpounds

L ot Pt Taglasd 36 FleSicR ofL P o R bt R cBhch B AR /MR 21 7

drugs t hat 28 arning i N hurans antagoni ze ron of LTP,
as report eéef fayadipeds. Se; fov erdiibld, Graiper Melly Hagpse 18:8261329 (19%){ Adib)es a5 A

prototype for a conpou hat .i ngcreases A rec r.functio

descri bed PYy4S Pl’yg‘ggla_lg?i)ﬂ . raPFfj'gr g’ia?n l§°24$@§3’§34§ '?’;9%éb§jaug‘*rﬂe°2ep@a§ hor s
found that of.nEl 580QG 600064)dE kG or@Ni NAFSLAMLA M6AH3SIBY (19952 Vaksoh bdiLNgNE)

i ncreases currents nedi ated by brain AMPA receptors expressed in Xenopus

oocyt es wi Newrasci A513023-8A3 (1880 dpmager Bialy SenepseBiityrdné (HOPH Argigp@a) | kai ni ¢
acid (KA, r S¢ [ i p o1 8hé of 30
o ppocaml EE AT SRR kbR, Al CIBL PBERLA NP 1EL) E9067 .
synapti ¢ pbyrehtet @l, £xp.\Weubhadogy 145180192 1G1P97 e Sngvaget mbixpaNerpbgpEt6t 3585591t has
si nce been firmed that anjracetar n S tic respon at
several si @lggﬂf ha‘ﬁpiﬁ)ﬂo?féimﬁé},e"r D) @%ﬁ g’??&nég%b%g%@tang ofers,

20 Patent 5,747,492. There is a considerable body of evidence 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, Neuroscience 49: 1-6 (1992).

25 A prototype for a compound that increases AMPA receptor function was described by
Ito et 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 oocytes without affecting responses by y-aminobutyric acid
(GABA), kainic acid (KA), or NMDA receptors. Infusion of aniracetam into slices of

30 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



WO 03/ 045315 PCT/ US02/ 37646 3 NVDA-receptor medi ated potentials (Staubli
et al., Psychobiology 18:377-381 (1990) and Xi ao et al., H ppocanpus

1: 373- 380Ww0OD1904B)5 Ani racet am has been found to have an ercmarset/yen@pi d
onset and washout, and can be 5 appliesl repeatedly with no apparent

| asting effects, which are desirable features for behaviorally-relevant

drugs. Aniracetam does present several, di vagnt ages, _h er. The
peri pher al Né(ﬁ?ﬁ‘FﬁCEEtP%fPF‘gﬁe‘bPOtﬁma]rsé%té‘fbé‘rﬁt F’é%%&‘?w?”i" &Y }8'92%/\?%# {la%(gééd brain

receptors. xhRe: & WppotRh ks 199338l doigh concentrations (approx. 1000 M,
and about 80% of the drug is converted to anisoyl-GABA foll ow ng

peri pheral adm nistration in humans (GQuenzi and 10 Zanetti, J. Chronatogr.

>30 397- 405 ( 19%aotarh s BERh 2Rl 1d Firve ANEMCl Tt pniiaRER bu LN B0 have

| ess synaptic activity an aniracetam A class of AMPA receptor- modul at i ng
conpounds tphtd cpeediyowitl ne ppayent laging effecty othish ese desichblenfhdnmnfori nst abi ity
characteristic of aniracetam,has been descrjbed ch.and, 15 Raggers, US
parent . 7ibasied)ly MaBERL AT RR S BR Per i B rody e 386

subst i t ut eferiphérabdiintisistratioh iof initatetdrhl ot filely tex@Mehe, brain receptors. The drug

1- (qui noxal i ne- 6-yl car bonyl ) pi peri di ne %rCX516; Angealoex r)). Typically,
they are cHews enlyjayhighpencentiaipus (appsex- AP0 1M b puthaborBlehohthe HHe &ved

bi oavai | abjddl,L¥eq &%ﬂ%g;gl.m%du\s@id;rbge;mefsgLdrmfstsrgrdmﬁ%ﬁq&sQ@am;aéfaf fi caci ous

drugs for the treatnent of nenor I sorders, I zophreni'a, an

depr esdDonZaretti, YhCleemsopa53t:39 40l 220)). Zhe metabdlie, aGxH1-6G Ao hesbeeni dence f or
efficacy ip inpprovi various.forns of human nenory (Lynch et al.,

| nt er nat . %“P .°l19§§/@gsosg¥ﬂ%°fﬁma°tivitytlla:?-ai'éacftf@'%); Lynch et al., Exp. Neurol ogy
145:89-92 (1997); Ingvar et al., Exp. Neurology 146:553-559 (1997)).

Anot her cl ass of Anpaki nes, benzoxazi nes, has been di scovered to have very
high 25 acti vid §lapseliAMEA recgptamodylatipe empgids hatkdees nptdisalay Hig lee

probabi | i t ¥, Qicy RhAHHGENInGAATR EhaPlteri S GHARRIRAM HaROGRG8scABEH hind US
Patent # 5, 736;543). The substituted benzoxazines are rigid benzam de

anal oguss Rbgdis, UiSTHaenefv4T,492¢ hese dongoikms,iterghep ' Appakines’, Eandmsubsetutddexi bl e
benzam de, CX516. 3%* geﬁrlfgad n,subst :l tuted benzof ur azan and .(?en ﬂig.adi azol e
conpounds. Pepgamigess W hjeB indv “t for BETEYy qyexatine it LYPBIPFY 1339@ Te potent
in the ani KalpaRRYetypRfallp hdyZeiheitally nbRRtabRItRM Mi#SccBOINA YRGS imprbekdar € al so
effective in cognition enhancenment. These cor(ripounds are WO 03/ 045315
PCT/ US02/ 3bigapgilabjlity. CX516 is active in animal tests used to detect efficacious drugs for the
treatment of memory disorders, schizophrenia, and depression. In three separate clinical
20 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)).

Another class of Ampakines, benzoxazines, has been discovered to have very high

25  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

previous compounds, and are also effective in cognition enhancement. These compounds are



structurally simlar to those disclosed in Lynch and Rogers, US Patent #
5,736,543. Previously disclosed structures that contained the

1, 3- benzoweaBnes34s one phar macophore were substituted on Pog/usenzmsme
portion by heteroatons, such as nitrogea or 5 oxygen (US Patents #
5,736,543 and 5, 962, 447), by substituted al kyl groups (US Patents #

5, 650, 409 sndtunglF&EnI 19 thosy distisedbintliyhelt and Rogés, 90 PRABE)5,73¥583.anot her cl ass
of 1,3- benzoxazi ne compounds contai ned a carbonyl external to the oxazine
ring (US Patent # 6,124,278), but not as a substituent on the benzene ring

structure. Now, pravib@ily &ikassed Sfucnieythabyltaibedaté 1, B bepdxhanzpyazi ne conpounds
has been di scovered that displays significant 10 activity on hi ppocanpal

synapti c r Bgpeprophora Mererfahitired onhe penzensnortion by SREDAIRY: HFkes MioLeARPA
recept oss @%e_ ?{J ?g%&g_fé #é _g,‘?gék@ £la 59391 H) BsuB&tflutb®ARY roups (US Patents #

Car bonyl - subst i enzoxazi ne-4-ore structures are the first
mol ecul es §0600% andiSe7 8ISV ) er unsubsied(WERYY H3456nB diangther dassRht.3have two

o of 7 pobspp R Bob gl irn ey BhATLBENG tidpedle ARARHRE 70, % e 6.

or 7-car bonyb4,3T8)shut hottasd sihsBrbrtrinched®nreas ring structune Noec b eelw alagk dfhe pot ency

T, 3- benzox B PEL i Rk ot b bert AR sRBLIRE e g EEMbounas

are di 90l os&fity BehipbScampRl sPHAPHA Faspeifses e nbur@Nvheld cdiheurRhe s@diatddibyent i on

i ncl udes, in one aspect, a conpound as shown by structure | ,aqg descri bed
in Secti onAMPAyreceniers prd igjanipal models prrogpiHon adireemany Gaskpayl-substitvrd f-Pat i on of
25 conmpoungs,,8fa tlilaSore! stacurgsre BRERstIMHIel ShdwRhGS 888SRivE YNAMPIACreEPRIONS €S
medi ated by AMPA receptors. The conpounds of the present invention are

si gni fi cantdoglulatets thatdrysetwiodgiyy atamsebransbing fromtthexsamgraton alpkyd tp thpchenzanped
conpounds i.n iqﬁr _aosri7Fri%si%/IlfA receptor function in WO 03/045315

PCT/ US02/ 37848 %5 primary neuronal cultures and in slices of rat

hi ppocanpus, and in enhancing cognitive
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The biological activity of the 6- or 7-carbonyl-substituted 1,3-benzoxazines was
unexpected and the potency at the AMPA receptor was surprisingly high; the most potent
1,3-benzoxazines are members of this class of compounds. These compounds are disclosed
herein.
20

Summary of the Invention

The present invention includes, in one aspect, a compound as shown by structure I,
and described in Section II of the Detailed Description, which follows. Administration of
25 compounds of this class has been found to increase synaptic responses mediated by AMPA
receptors. The compounds of the present invention are significantly and unexpectedly more

potent than previously described compounds in increasing AMPA receptor function in



performance, such as performance in an 8-armradi al nmaze. This unexpected
activity translates into pharmaceutical conpounds and correspondi ng

met hods aWowsme4s3ihicl udi ng treatnment nethods, which utili 2eTaisgusfeucant |y

| ower concentrations (on a nole-to-noles5 basis) of the present conpounds
conpared to prior art conpositions. The ability of the conmpounds of the
invention to increase AMPA receptor-nediated responses makes the conpounds
usef ul f or PEmarynpweRal exltusssapd yedices i gt SinPARMPYS aF‘gE’iq“Mnﬁ’c"igﬁ@ng?e | ear ni ng
of behavi ofsAGRRBAGHE 2 HRABmMANLE AMRBENMSSRA RS ThisRstdeted GQRAY LT ons in

whi ch 10 AMPA receptors 'or synapses utilizing these receptors are reduced

i N nunber straslagss finte peamoyceuticah doreprivadseind goresspondingamsfhasly abysei inclading vi ty in
order to restore an i.nbal ance between.brain 20| rol se the

| evel s of ﬁ%%‘?’%%ﬁ‘%?gh"f‘% “f%é%tuol e st ﬁﬁ?ﬁg [%Vrer ) %%E’{“ &‘g'ltsgge?? %eleeht?’i%g)oﬁgi ncl udes a
met hod for bdshpof the pleseRnéonfoundsrcanipred &ipriod art sangositionsuf fering from a

hypogl utamatergi c condition, or froma deficiency in the nunber or

strength of excitatory synapses, or in the nunber of AMPA receptors, such
that nmenory or TiRtBfy SQAENInpsEndsWRRleliRALGH 6 idchadd ARBA rebtplbraafhiddl ons may
al so cause a cortical/striatal inbalance, |eading to schizophrenia or

schi zophr erssfopsenniakbsthi ogmpotodorsdiuhpr e yaniageofmumess, Thesewplude g’ﬂlblf@@g is

treated w fh .ef ' 0 . SEE e l, and
20" descr bitd AR ey PR Rlon BERIRALORAS LEBMoRHIGEILERAD |
phar madeut AMHA secephrs eplyadpses widizing drese Etepsoes @e ctedoteden nghpeecorefBmehcy.eat ur es
of the invention wll .becone nore.f.ul.l appar ent en the follow ng
et ai T ed ikl g Prr S ppyat T bl B SR Bats skt "5 ¢ he
acconpanyi si@réicidorniatreasBitiedtveldastaeipirophic fadtodshe Drawi ngs Figure 1 depicts
four conmpounds of the present invention, along with one conmpound 30 from
the prior art, which were assayed for activity and are described in the
experimental  sgGhbRd agiet, R ifRRi@Sindlud@Rd ndthod T6rtRe trdiEh &R b4 Rathmalian
PCT/ US02/ 37646 6 Detailed Description of the Invention |. Definitions The
terns B8l oswbirgywiferieg from pbpagdpteradtereiccprstiion, o feasa a defifiengy Bthepuahefps e,
QO her 5 te 0 i b £ SEBLtods WERH grt he sane
definiti oné@gﬁl{bzgécz&?ﬁ&sgf glquﬁr%redrugﬁf{/&ﬁ\shgdg%y%tﬁg’se sLﬁlaPngﬂ nrt he art.
other cognitive functions are impaired. Such conditions may also cause a cortical/striatal

imbalance, leading to schizophrenia or schizophreniform behavior. According to the method,
such a subject is treated with an effective amount of a compound as shown by structure I, and
20  described in Section II of the Detailed Description, following, in a pharmaceutically

acceptable carrier.
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

25  the accompanying drawings.

Brief Description of the Drawings

Figure 1 depicts four compounds of the present invention, along with one compound
30 from the prior art, which were assayed for activity and are described in the experimental

section and in Tables 1 and 2, infra.



The term"alkyl" is used herein to refer to a fully saturated nonoval ent
radi cal containing carbon and hydrogen, and which nay be a straight chain,
branched wo oepedsix. 10 Exanpl es of al kyl groups are net hpCI/usotigiese
n-butyl, n-heptyl, isopropyl, 2-methyl péopyl, cyclopropyl,

cycl opropyl et hyl , cyclobutyl cycl opentyl, cyclopentylethyl and

cycl ohexylmﬁm@mjhmﬁum al kyl " refers to al kyl as just described
i ncl udi ng P89k functional groups such as |ower al kyl containing 1-6
carbon ato » substltuted aryl, 15 acyl, halogen (i.e., alkyl hal os,

e.g., CF3), hydr oxy, al koxy, al koxyal kyl, am no, alkyl and dial kyl am no,
acyl am no, acylgxy, arylo ryl.oxyal kyl.. carboxyal k car.boxam do, thio,
t hi oet her s, botﬁ‘eé%ﬁrﬁrbglf’gé%g%ﬁe ﬁ%@’ﬁ‘tﬁ%ﬁ&‘&% qs%%ﬁﬂ‘/’#%gtg%vdﬁsé&

het er ocycl @em@inek dd@sell tkdscribb Ehelp2ésent idfelilion Hadé the Sarh©deFinitions by thode@etnir
unsubstituted nonoval ent aromatjc radical 20 having a single ring (e.qg.,
phenyl ) orarggererghydseddydbose eldlled indee st ., naphthyl). Other exanpl es

i nclude heterocyclic aromatic ring groups havi ng one or nore nitrogen,

oxygen, or sulfur atonms in the ring, such as imdazolyl, furyl, pyrrolyl,
pyridyl, thienyThederth 'Iaﬂwwllwsedhrﬁelntt@rerﬁqr't@mﬁ%lmsmm@d nmnyvalemeafd@pb to an ar yI

as just descri.bed that S r 5 such as

| ower al kyfomaml% carbon alnﬁﬂﬂ ?%ge%“%%]%‘f‘ﬂéi 0s f ghtgclﬁgﬁé—l%b%d gggcf(y al koxy,
al kloxya() :(KETamsngalkm glfidpsafuind]éﬁj delysll, drahsntylﬁ_;-hqnyy,l hlmr(lf];ﬁ’l 2an9thyﬂp(mpylar yl oxya
aryl oxyal ky car poxya rboxam do, thiq, thioet turate
and unsat u?ygloggppyh ‘?péombﬁerﬂ&’iafﬁ’ B‘Sﬁé‘%’l’ walosnsdy Ry F@Ee%ﬁﬁ¥lﬁ8d FY

"Het erocycl e" or heterocycllc refers to a carbocylic ring mhereln one or

nore carbon atons have been reE! aced with one or nore heteroatons such as
ni trogen, oxygeFhederm ‘substitnted aligelnsfeassto glkylastest drsgiated dnqlyding @ne or pgte ar e not

limted to i.di Sk 7

nmor phol i nefun?%(}gg%?&dﬁgﬁh% ?ng%r B@Q@Pﬁ@gﬁé ?%ﬁﬁ%ﬁﬁé# tel'?tl rzegﬁa%’r opyr an,

2- pyrr ébi daayhhelogenSi.v.edlieyl bhlas teamCE), WpdrenphlketyorlkoxynltyR akaooglkdendizi ne. The
term "subs t ed heteroc cI ref IS 4 cri bed
that 5 cofipteyi s Gt astiooh 8RS, A g Palksl BB PlnbiRlga 86" Loyt
aryl, cyanmijoekt2tspbh saturhitgd Ialm(lynsataiated)cthcally&too’ajbﬂnk,yieter(azmlmndalhdd}ke and

di al kyl am no, acylam no, acyl oxy, aryloxy, aryloxyal kyl, carboxyal kyl,

car boxami do, thio, thioethers, both saturated and unsaturated cyclic

hydrocarbons, hpfeqeatusi' S et ¥ alstibtititddr uARibIN@ed BORBVARANGIOHAE radisal US €d
herein to refer to any specific chem cal conmpound disclosed herein. Wthin

i ts us@0j nhavingasmgle igdeige PAsYR 9 Pltinle qoé‘ileé‘ﬁ%d Tings &-&, RgtaYI: SMFSund,

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

sulfur atoms in the ring, such as imidazolyl, furyl, pyrrolyl, pyridyl, thienyl and indolyl.

The term “substituted aryl” refers to an aryl as just described that contains one or
25  more functional groups such as lower alkyl, acyl, aryl, halogen, alkylhalos (e.g., CF3),
hydroxy, alkoxy, alkoxyalkyl, amino, alkyl and dialkyl amino, acylamino, acyloxy, aryloxy,
aryloxyalkyl, carboxyalkyl, carboxamido, thio, thioethers, both saturated and unsaturated

cyclic hydrocarbons, heterocycles and the like.

30 "Heterocycle" or "heterocyclic" refers to a carbocylic ring wherein one or more
carbon atoms have been replaced with one or more heteroatoms such as nitrogen, oxygen or

sulfur. Examples of heterocycles include, but are not limited to, piperidine, pyrrolidine,



but in certain instances may al so refer to stereoisoners and/ or optical
isonmers (including racem c m xtures) of disclosed conpounds. 15 The term
"ef fecti weOamoussts refers to the anount of a sel ected conmpoewnsons7eior nul a
| that is used to enhance gl utamatergi c7synaptic response by increasing
AVPA receptor activity. The precise ampunt used will vary dependi ng upon

the particul ar co ound el ect ed. an t nt e use and wei ght
of the subpe®polinegiijomogpho H"r’rP’rPFEaF‘P&tF -‘/gfaﬁ gg YSHPW"‘“’b{]?YW@@‘HB‘é ‘easi |y
det er m neds DylerbRbhinNE vEXRRIAB RMdB k@dbipdritidehe case of the 20 treatnent of a
condition or disease state, an effective anount is that amount which is

used to effectively treat the particular condition or disease state. The

term "pharnaceutl cal . éélétgf&?ilath%&%o%@@%feﬁsrto gl fkstid & it BAAbAIMAT  exCl i ent

which 1s not unaccep oxic to the su
admi ni s§ er @atairRloae nmenetfumbrhay g@ﬁpmclepﬁt lawbrsallaok,capqdl apl syano, ehalstegcr [ bed at

Iength by " Rem rraceutl a Sci nces

" phar naceulﬁd&cgp'i’vajﬂ%c"é'b‘f"%@ 8 ?‘8'11 and di AD%E%'I Ae o oaﬁrﬁn AT rglof( fose

cont enpl at fgiokulityneadbukyaBil, chrbyeitiddthio Itﬁloaﬂeraml’khmfﬁtalaihﬁ uhavirsted as

counterion an 30 inorganic anion such_as chloride, brom de, iodide,

sul fate, wcmh)@roqqrbpp%ﬂﬂ@temFNCE%at@ thelikeysphate, and the |ike, or an organic

ani on such as acetate, nalonate, pyruvate, propionate, fumarate,

cinnamate, tosylate, and the |ike. WO 03/045315 PCT/ US02/ 37646 8 The term

"patied®" or " sﬂhjt@m“comBOWe& ‘FMIIF\!@%&}F&{W@HX%IfIFiCB%IFHWOWBO‘H’éscri be an

anl mal , I i eat nent
s’ wi e B ARG oBRoxt, MERHERRR R shlle LT

| nvent i on ha 1rpcamndeﬂancmm)taim’efeetmtst@eamomssandﬁot bptoal lmﬁnetﬂmwdmmdl tions

or disease states whic Spe cif |c for a specific animal (especially,

for exanpl @€ “%1“’%%??%%6‘]‘88@5 &P"‘Bg‘m &nt), the termpatient or subject

refers to that particular animal. The term "sensory notor problens” is
used to describe a problemwhich arises in a 10 patient or subj ect from
the indbility tBheitermegfagtive ampwihigfers tﬁfﬂéf‘rarmupb?facfé]ﬁ?%@“m%ﬁq? eyl e

known sensggifly&H¢dlerh éﬂ@?llﬂaﬁm{t&%}g 's{/'rﬁgﬁc RRRARS! 1ﬂ$r€asi%@¥’3§hﬁﬁ Irec@ﬁ%p onses

i nvol vi ng novenent tion rm "cogni'tive task" cognitive
functi on" mcslvumédiepmchesmourbgsedrwﬂéthvmldmg upaBhppastiaras cmyp@lméatl ent or

subj ect th atlec{eg }([Se 1SntetngeocfJ 1%9 ttheo z[ge lﬁrrll Vwmelrégt ofTﬂesugjieé/t?rroﬁé off y&}ﬁihisgmon(?gndt he

so forth, but may be easily determined by routine experimentation. In the case of the
20 treatment of a condition or disease state, an effective amount is that amount which is used to

effectively treat the 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
25  acceptable excipients are described at length by E.W. Martin, in "Remington's

Pharmaceutical Sciences."

A "pharmaceutically acceptable salt" of an amine compound, such as those
contemplated in the current invention, is an ammonium salt having as counterion an
30 inorganic anion such as chloride, bromide, iodide, sulfate, sulfite, nitrate, nitrite, phosphate,
and the like, or an organic anion such as acetate, malonate, pyruvate, propionate, fumarate,

cinnamate, tosylate, and the like.



association cortices of the parietal, tenporal and frontal |obes, which
account for approximately 75% of all human brain tissue, are responsible
for nmuch wb oBle3ihf ormati on  processing that goes on bet weem/tsensmng i nput
and notor output. The diverse functionsgof the association cortices are
often referred to as cognition, which literally neans the process by 20
which we cone to know the world. Selectively attending to a particular

stimulus, recogpi zing, and,identifyin hese r.el evan A us..f eat ures and
pl anni ng and ex rt?r@n(?f‘ttﬁetj‘tt?{eSLE’éeé:{)d%‘ésgd‘ihé?%g%g‘g es@?”#‘f‘?@%%%@@@@or
abilities jedhiataerallya kAmnbusRmiRilinbludig & huRhs (6 ®héth @datinent of agWwith on. 25
The term "brain network"™ is used to describe different anatom cal regions
of the br athacomppandserpemppLians aggordingdadhespesentdnvention is REOVIAeASOr freatment vi t y
of neur el &8 bidior IFifiode SoitidlYBrul ACLRIA whibPhe Skl 18 BUARCHThA Of
proteins found i n sone nenbranes, Ich allTows positive rons to cross the
menbr ane i @speeiainferexhmple rehumandilbjert of pati8it),ghatemmpdtientr suljrArefers to that

(DL- a- am no- 3- hydr.oxy- 5- met hyl - 4-i soxazol epropi oni ¢ acid), but not NVDA
WO 03/ 045381 P AYUBH2/ 37646 9 The term "excitatory synapse" is used to
describe a cell-cell junction at which rel ease of a chem cal nessenger by
one cell causes depol arization of the, external menbrﬁpe of, the other cell.

An excitatory @%@B@é‘sﬂé‘&f moﬂg§r°gleﬁlﬁ’s’iss‘55?ﬁatﬁtdf’§9dh%ﬁ?’i9 °Wn‘?’1€ﬁh HEES R % ever sal
pot ent i@l Efa*ﬁ@ﬁt_ dr Subjt EroRQRd fnhdifity b AlegtdiCexidth MOt tiBREGIEE BbmaRS ive

t

consequently, in such a 5 synapse, a neurotransnitter increases the
probabi | i t knowmesensehinssiet 2 weasyto gisest appyeraiste Rhygien easponges invglying mesgment ( g
neuron W Iindf I.[;&, Producing an action potential). Reversal potentials and
t hreshol d poat entials determ ne postsynaptic excitation and inhibition. If
the reversal potential for a post synaptic potential ("PSP') is nore
positive than the action.potential threshold. ,the effect.of a. tr mtter
is excitatory a ¢ (fﬁ%rgslveatﬁ&e%icf) g?lé‘r’ey B%USOP gﬁlﬁ%ﬁt idSSCBB? aénnffnldg VO?&EPSP")
and thes I1groédsk bngpsifentdt salgedt ciat podlees thalghbot knbeinp eTeakiverseffurictiens efvier sal
potential for a post. s tic potential i negati ve than the action
potenti al %Sﬁ?%‘gﬁﬁlcﬂfnc?%g%{)erpéﬁg% {ep@prafgndiMFoﬁg)%ﬁghd?CW “Generat e
i nhi bi t or yapg%éima}apa/@% St aNBLRRE brdinSisédePRPYespdrdibfe HAHUEH iTehd iR rhitioal | hood
that a synapse will fire an action potential. The general rule for
post synapt precessing that goss on betwpen seespprigpdt angmponeytant. The divrse fprsdipns ofdhg han
t hr eshol d, i,tatio o1 0hi bi L1 an. o
pot ent | al " 1SR ebRet 7 et dt Lo e lotf BRals AR b
NEUROS@D) ENglich we@bine th inpwat eofitiISelestjveli attanding tdsipagicakesimuluscrecogdimuier | and,
MA 1997 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,

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

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

The term “AMPA receptor” refers to an aggregate of proteins found in some
membranes, which allows positive ions to cross the membrane in response to the binding of
30 glutamate or AMPA (DL-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid), but not
NMDA.



The term "notor task” is used to describe an endeavor taken by a patient or

subject that involves novenent or action. 20 The term "perceptual task" is

used to dwemsikB1mN act by a patient or subject of devot Pag/tsnr/enté on to

sensory inputs. The term"synaptic response” is used to describe

bi ophysi cal reactions in one cell as a 25 consequence of the release of

chenical nessegﬁgrs by another cell with which |® ﬁ in cIos contact The
g

t erm "hypogl ut Jiegcitainmy FmpRE” isjuged 18 deFCribe 3 b‘é‘cﬁo%?t h3FledsEndi t i on
in - which isansM] x%%ﬁn@gelp&’augés%ﬁim{z&l&ﬂfftﬂe@x%ﬁdn@iﬁﬁfah@bﬂhb’ am no
acids) is reduce | ow normal |evels. Transnm ssion consists of the
rel ease of 0tg¢rurlﬂlécnm @(Cltibpn@b’msq despribst a peprRpAPLiE npwreRShiGh bas 2aRvPishe openi ng
of channel o HAGAAL mbf J303E 1k RR RGNS pBltGAA BHsucAly, infleh a

hypogl ut a ergic condition 1s reduce XcI tat ory post synaptic current. It
can ariSe $ynape \MDcORhadndtE iREHEISDPBTHUBY thatancmyitatdry pbss syraptéepodntive not ed
phases of tr SSI on. ditions or i, der ed
hypog! ut anﬁflgr t(,(a ooHaR Y"ﬁgﬁ TR P%ﬁC%S%R&B%Mf)r g%ﬁeésaw é‘?’nﬁlalaf'l %%thcegﬂr%% unds,
conposi ti Oﬁ&e@q@ﬁ d@ﬁhﬁ@@l §os?@ﬁ£1ft1‘d leR@tation dndentibieilo: M thé feversdlipoRntiad édragst f or

exanpl e, | oss of d%/ dementi a, depression, attention disorders, sexual
dysfunct i oWnamﬁ\P@F?Bml( ol §dpose P@“Wﬁél}aﬁéheri’ﬁtl?jaﬁ%q%]dh’e%h%q Segdiect of a

schi zophre Nt postRRbHc ftchtial @RBSHHEndths or ders,
i ncl udi ng ?‘iﬁ‘%’%@%?ﬁ?‘?@ggm‘%ﬁﬁ sul t ftro agﬁﬁg,c@auﬁa@ str?;ke and

neur oddgenﬁnmaﬁae acliaqottatisl, byshn:rteums If Hogevemskpntentinlefdr apashsydapty- i nduced
states, neur o0t oxi hei. rer di sea L

condi ti onsPYyie légﬁ’r? @eg?%ceoﬂdannl tée non BOteIH}agﬁlrrleSg@g’ tﬁé;g?ﬁ%g&ggf]J@??%and skill
in the artma}'].@en}-ﬂ& ihgibitary @GittsyrﬁphcslbdterﬂhlaKIPSPrb&iuat’E{decmg the likelthobdthdescri be a
state in which t balance n]O onal CIVItIESII’]thElnt rconnect ed
cortex andsﬂ?ﬂéﬂ‘ﬁﬁﬁg“nﬁ??%%‘?ﬂ“& %‘f gRetg eafP’é%‘)StSWBH‘f KR 15, B RRIFYSSSA o und.

"ACti Vity' psidiiabe nRESFSERRM thy tebeeldl &eahtioneeslIts ighiasn sl etthéfeverbilol ogi cal
t echni ciues | ntbal ance can be established by allal ng these neasures to the
pIC

two 15 18t r petentiakis mewe pagativetban hieshold: Sen fricsrmple.drhapiy SINEUROIGIENCE, j t o1 j a.

The term "afif.26! DIf PR Hifuer RlsociPO thedisalefigtd, MI€ 997 bes the condition
when sadness or elation is overly intense and conti nues beyond the

expected i npact of a stressful

The term “motor task™ is used to describe an endeavor taken by a patient or subject
that involves movement or action.

20
The term “perceptual task™ is used to describe an act by a patient or subject of

devoting attention to sensory inputs.

The term “synaptic response” is used to describe biophysical reactions in one cell as a
25 consequence of the release of chemical messengers by another cell with which it is in close

contact.

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
30 below normal levels. Transmission consists of the release of glutamate, binding to post
synaptic receptors, and the opening of channels integral to those receptors. The end point of

the hypoglutamatergic condition is reduced excitatory post synaptic current. It can arise from



life event, or arises endogenously. As used herein, the term"effective

di sorder" enbraces all 20 types of nood di sorders as described in, for
exanpl e, Woagnests c and Statistical Manual of Mental D secaarss/3teaart h
Edition (DSM 1V), pages 317-391. The tewm "schi zophrenia” is used to
describe a condition which is a coomon type of psychosis, characterized by
a disor deranymfth@ehrehabdve ngteqbphnsmmnsns@m Gendifiang 87 dippasexsiafes witgch are

hat | uct nat | oRer & AthoBii SRS AL AALY A cahibe kit WAL odinddlh@! est 1 om

ot her peop{®™ S and  the 1 nvest nent fs or her
own. Schi zaphposifibs dnd nikhde actdiditey tethe paesgm‘lm/pnmfn indwdea for dxzsnpicd é(liss of at her

than a single en and distinctio reactiv process
schi zophr eRPEEY: éfé" E%-dlel’fé?s&nn attepion i ‘?%orrﬁ?ﬁﬁ Eefﬁuﬁl (ﬁ'ﬁﬁwﬂ%ﬂog 1gpvement GG,

" schi zophr gBlfiRE Phrkeb 8 8REasé sthitdphREiadt schtdpRroRTvIRbeRavidr/¥abrichy Aad

anbul atory schi zophrenia, 30 catatonic schizophrenia, hebephrenic

schi zophr elerming|diordses, Melyding shase Aiserders hich §§“lt SemiagisnTamaastofe Bitioneur ot i ¢

schi zophr eg@u?ode SRetily &is&ﬁé}k %QMs%s@ass&lm Ritls Gl ARRBE B, neuddibkit €l at ed
psychotic disorders which are simlar to schizophrenia, but which are not

necessari | sedisadjbemer ndisesh andiginge Ahese penditioas argserdiyrshesmined anthd ot her
psychotic gll sor%jle[; Hyggo%{dpr?jgﬁ&ﬁlﬁ E]/llJ§02/ 37646 11 may be di agnosed using

gui del i nes e exanpl e, Diagnostic and Statistical Mnual
of Mential Di sorders, Fourth Edition (DSM N) Sections 293.81, 293.82,
295.10, 295. 20Th62&’fn %mcagﬁxamlm&%céﬁ’ﬁs us2® t deScrib2 @ 5ta80in whech.the ba@de 3,

298.8. 5 The term "hrain function” used scri he e i ned tasks
of percei vPigurongl ﬁPEﬁP%‘Pﬂ&‘“‘FWP‘?ﬁC @oré?ﬁ&n‘ﬁ %%%ﬁﬂag ﬁt&a‘la &Pgeérzﬁﬁlla &t i mul i
and i nt er ngbmR h¥dall) Rind PABKEESAR be asbéiSed B3 dlciriciRBEdT@ig of Mold&iRs O

describe a function working at a level that is |ess than normal. [npaired

functions bialvgisel te¢hgigues. &mbalange Faphgestallisbedchy alr’h]é(tngéheﬁ%m’é%ﬁ“tﬁﬁ tq the B el v .
bei ng %0 wc‘fdrca%%rp?binﬁﬁtﬁla}/{ ﬁa%?(lré%rﬁlg@loﬁfléicﬁlgl re or is working in a fashion

t hat |s si gni ese than nor functl ons may al so be
sub-optimal . The inpairment of function w I I vary in severity from patient

to patient and jhe co‘%ﬁ' tio be trea ncrease AVPA

Recept or Functi bt CtB’FfrsaéS@fﬂer |(ﬁv1§‘ﬂ?4 %ﬁor?? g‘fsfrmts Hl(f con&lg neﬂl Aspect, to

conpounds £wésgr dieonds ReKtivtesk andrheings a@oﬁ&/meekmenﬁmpact ofhodtiessful These

are conpounds having the structure |la or |

Vo N er{) olife event, or arglses endogenously. As used herein, the term ef?ectlve dlsorgc)er en?braces aHN/ Rz A
20  types of mood disorders as described in, for example, Diagnostic and Statistical Manual of

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

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

25  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
reactive and process schizophrenias. As used herein, the term schizophrenia or
“schizophreniform” embraces all types of schizophrenia, including ambulatory schizophrenia,

30 catatonic schizophrenia, hebephrenic schizophrenia, latent schizophrenia, process
schizophrenia, pseudoneurotic schizophrenia, reactive schizophrenia, simple schizophrenia,
and related psychotic disorders which are similar to schizophrenia, but which are not

necessarily diagnosed as schizophrenia per se. Schizophrenia and other psychotic disorders



AR OQOX laR Xt Ib R Q inwhich: 20 Q and Q are independently
hydr ogen, -CH2-, -0-, -S-, alkyl, or substituted alkyl, R is hydrogen,
al kyl or wogewnisiswith Q nay be a cycloal kyl ring, R2 nayPoe/sbyamte or if
present may be - CH2-, -CO-, -CH2CH2-, -1@H2CO-, -CH2O, -CRR -, or -CONR-,
25 Y is hydrogen or -OR3, or serves to link the aromatic ring to A as a

le bond 03/ / US02/ 37646 d ,
T T T N N

being a | omnucﬂbﬁmﬂamméysq&uah nminlaylaesra IV} Setibyd 2@13,1 93, &mmnox ut ed

| ower al kyl ene such as - CRR g aromatic ring to Ato forma
subst i t ut e?P5e30, &rsifh 393 4%?%6%2957793@ @9%@%&7@& 3r??§g§ or a bond linking the
5 oxygen to Ain order to forma 5- or 6-nenbered ring, Ais -NRR, -OR

al kyl, substituted al kyl, cycloal kyl, substituted cycl oal kyl,

cycl oal kyl al ky| Theaery * bras'xuﬁmttiimﬁtiaade@tqdewri&e ﬂetcemb’my‘ttaekswf percg'uibs,t i tuted
heterocycle cont a ggen or

sul fur, 10 nf_egfaémgf;}ﬂ{egg%#& rgﬁpoiu}mgdto f%%e P%lmuﬁrsatr)lﬁ E“n%em%%nd)%&gﬁlnl pr | tut ed
arylalkyl al kyl , substltuted al kyl , cycloalkyl substltuted cycloalkyl,

or heterocycloalkyl i s, absent or dro yl, arylal kyl
substituted aryfhe t%rﬂ’oélpp‘i‘{?fietf usg gFWPga §1 g?ﬁn w a%‘\ég £ *{J‘lﬁ%/eég’ah%/ S\lgpp than

cycl oal kyl noridDshpditdl %ﬂlcﬁd&ﬁ |09@i)d<§{%mﬁ’é’anﬂ§1ﬂnﬂa@tbd‘ such @@€4 RMEOM it BarBlytbeingor m a
4- to 8-nenbered ring, e substituted 15 by X and nay be |inked

to Y td0f opamied @i, newﬁe#lb@omemjteam isumprking iy fashyen tatis Fkgnlésﬂ‘«tﬂaﬂ%s 8148 or two
het er oat 0%%? %@e@%&%&fs rrEHmtafsg Q€ QutP Sptintit! |”Ith 'impMHfjof)@ﬂc%oh peepgpdent 'y

R, hal o, or -
severity from patient to patient and the condmon to be treated

1I. Compounds that Increase AMPA Receptor Function

15 The present invention is directed, in one aspect, to compounds having the property of

enhancing AMPA receptor function. These are compounds having the structure Ia or Ib,

below:
X 0O 0O X O
Y /Q'\ Q!
7
N /R2 A N \R2
A
017 Y 0/|\Q/
1
0 X' a R X! b R!
in which:
20 Q and Q' are independently hydrogen, -CH,~, ~O—, —S—, alkyl, or substituted
alkyl,

R' is hydrogen, alkyl or together with Q may be a cycloalkyl ring,
R? may be absent, or if present may be -CH,—, -CO-, -CH,CH,—, -CH,CO-,
—CH;0—-, -CRR'-, or -CONR-,
25 Y is hydrogen or —OR?, or serves to link the aromatic ring to A as a single
bond, =N— or -NR—,



20000000 ROORRNH ROH,R R'CHOROOH OH OR' The synthesis of
1, 3-benzoxazi n-4-one structures substituted with carbonyl noieties at the
6- or 7-paeimsioeisiare preferably carried out by the foll owPag/usouswss 1)

6- carbonyl substituted 1, 3-benzoxazi n-#-one structures may be synthesi zed
by the trial kyl al um num 25 assi sted sel ective am nol ysis of esters of

4- hydr oxyi sopht hal atRé is fydtdgemmikyb gubstimtedelkyk ar erves i link thihattechpdioysigen teur t her
reactions, known to thpse skilled in .the ester
remai ning in the 6- posigf’?'gﬂngﬁio(‘)”reaa&yl 13)6S‘tuzr’?}{af;rlssaf or r#%ﬁg?gté?lk%j 8&2&8%“ ety
of other carbonyl conbaenlkidesnebuth aaoCRRIHTinking thearormatetringgo atm:fnra:sa am des,
al dehydes, ketones, oxipes, ,or other esters 045315, PCT/ 37646
13 In like manner, 7-C%EE§{5W§/4 ordpsdst ‘T‘f?ﬁéd?ir %mSVDR?S 9% ﬁrﬁb%’%"g’tnlg Sures
may be ssynt hesi zed byo,?geﬂewﬁlosd&@bﬁhﬁeglorammaﬁlbaamngof esters of

2- hydr oxyt er epht hal ate fol | owed ]Z reaction with an al deh

il lustrated. Conver ¢t 5mNER.-R, alkyle sibstitated alkyly CXCB’aWhé‘FbSU'@éfil%‘ﬂ?ﬂlkyl
containi ng noi eties a.sggﬁﬁ%flkﬁglgﬁ%?@uﬁsﬁﬁteﬁ feﬁﬂ u'b§t1tM‘d=:<§ hin the

scope of the 5 inventi ositions osedl |n t e present
application may be synlichesiyzledorsyininpene abwvéetdestomsbmliaﬁrexmnt nitsdgey or

anal ogous synthetic ste to these specifically presented in the exanples
descri bed herein as wesluﬁﬁras those known in the art. Isolation of stereo-

and/ or jpopti cal Isornersaydfagfenbﬁypa@fau@mﬁbsbmteaamwsstmmmﬁylam myll known in
the art. 00 0 OR R NHZ R% O 11, RO
O 10 I11. Method of Trsé‘hifﬁ\‘iﬁﬂ all&éc@ﬁhﬁ%‘ %l@S‘HWéd sxsinabiorl gf hﬁtt?fécyc}?a’éﬁlm on,

method is provided fgfs aBge%%ﬂH}Gr eriérymwmtylasnb%m@&ﬁ sbdieed 9@1amypm a

hypogl ut anat er gi ¢ condi ti on, rom deficiencies in the numbef or
strength of excitator yalbﬂr,rﬁab%@ﬁedﬁlkﬂﬁwﬂhdkmﬁvbéﬁut@ﬁ CYAMEIKylr@GWU@Fls In such

together with R to form a 4- to 8-membered ring, which may be substituted
15 by X and may be linked to Y to form a 6-membered ring and which may
optionally contain one or two heteroatoms such as oxygen, nitrogen or
sulfur,
X and X' are independently R, halo, -CO,;R, -CN, -NRR', -NRCOR', -NO,, —
N3 or —OR.

O 0O 0O O 0 0]
R R
OH OH OJ\RH

The synthesis of 1,3-benzoxazin-4-one structures substituted with carbonyl moieties at

20

the 6- or 7-position are preferably carried out by the following routes: 1) 6-carbonyl
substituted 1,3-benzoxazin-4-one structures may be synthesized by the trialkylaluminum-

25  assisted selective aminolysis of esters of 4-hydroxyisophthalate, followed by ring closure
using an aldehyde. Further reactions, known to those skilled in the art, may be carried on the
ester remaining in the 6-position in order to transform the ester into a variety of other
carbonyl containing, but not limited to moieties such as amides, aldehydes, ketones, oximes,

or other esters.



subj ect, menory or other cognitive functions may be inpaired, or
cortical/striatal inbalance may occur, leading to | oss of nenory,

denent i a;,woepessi on, attention disorders, sexual dysfuneCirarsp2/smyenent

di sorders, schizophrenia or schi zophrenidform behavior. Menory 20 di sorders
and | earning disorders, which are treatable accordi ng to the present,

i nvention |ncludethose di sor ers th %SUH fr tra stroke

m agi
and neur odegendP &K¢ (anneg; Tsrpaylsubsiuted ). drbengpxann g-g ﬁ@?eé d| sorders

i ncl ude, é%tl@&@edrlﬁrtan luh#8sisRd diréet a&ﬁh@@@xs oﬁ&%?&é@l@@r%ykﬁp%hﬂ%'f&md

states, neurotoxic agents, Al zhei ner di sease, and a 9 These

condi t | onsbyeaction adthiap aldghysig as ﬂ@araéﬂddcmvagmﬁ&lewyrqaﬁ%@ Gfto Fhefi nary skil |
in the art gon, gﬁ&n{aﬁrﬁﬁg i6iefi% aéﬁé&meatf&rtw& bStidr Mo RAk Wethin AOscBhE SiGhd Ve
anount of one nor e conpounds accordi ng to the present invehtion. In the
presentSi nmemtloonAlltchmpmmmehsciﬁsedmeém messent epplicationewsaydd winthesized bniget o t he
WO 03/ 045315 P 0, 6. 14 subjec n_need re

phar mace ut Foexs-AS scrl‘ijg d2 m usmg éa‘tparlo%ou a&}heg ’Ft s, %5 the];est % ﬁg{&emr{t& ift t%eun d
havi ng t hee)d‘aﬁfplﬂsl H&cnb’ecﬁhe@ﬁ(as@vel@dtﬂbsé&ndﬁnﬂle\arﬂ\l IR&BUO@OQtéfe@an/oO X~ | a R

X Ib R 5 wherein Q and re |nde dently h - 0-

al kyl, or %‘ﬁ’ﬁ%‘t‘?‘l"ﬂﬁr%’&ayléq %{ém‘ﬁbyﬂ’é IFR%P’@& re %W%WBPH thth her with Q may

be a cycloal kyl ring, 10 may be absent, or if present may be -CH2-,

-CO, -CH2CHz2-, -CHCO, -CHZOH, -CRR -, or -CONR-, Y is hydrogen or -OR3,
or serves to link the@omatic ring to A asga single bond, =N @y -NR-, R3
i s hydrogen, alkyl, s i b

nmet hyl ene 15 or (€TRy
l'inking thegqaro
or 7-

10

1. Method of Treatment

According to one aspect of the invention, a method is provided for treating a

15 mammalian subject suffering from a hypoglutamatergic condition, or from deficiencies in the
number or 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

20 disorders and learning disorders, which are treatable according to the present, invention
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

25 and treated by administering to the patient an effective amount of one or more compounds

according to the present invention.

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



menbered ring, or a bond linking the aromatic ring to Ain order to forma
5- or 6-nenbered ring, Ais -NRR, -OR alkyl, substituted al kyl,
cycl oal kywp osilssts t ut ed cycl oal kyl, 20 cycl oal kyl al kyl , @&cylusoysissd i t ut ed
aryl, a heterocycle or a substituted h®terocycle containing one or two
het eroat oms such as oxygen, nitrogen or sulfur; Ris hydrogen, aryl,
aryl al kyl , subjeosinineerd eftreatment, irsapfetmacattisdllyngopepidble darries) dnyefffective apotmttoft ed
al kyl, cycl oal ko\{J subst i t.ut eﬂ_ cycl oal kyl, or heterocycloalkyl, 25 R is
hydrogen, afQPouad Hranglip OBl it uted aryl, substituted aryl al kyl, alkyl,
substituted al kyl, cycloal kyl, substituted cycloal kyl or may join together
WO 03/ 045315 PCT/ US02/ 37646 15 with Rto forma 4- to 8-nenbered ring,
whi ch may be substituteg by ¢ or X or linkedgo Yspby Rgand which may
optionally contain one pr t hekg\oatoms sugh as’‘joxygdp, nitrogen or

e

sul fur, X and X arkd hal 0, -CHRR N RC,‘Gﬁ -N02, -N3

Q ,y ,

or 5 -0OR As noted 4 tregtnent "R a shbj ec brdindy to t met hod
f or]_ enhgnci ng AMPA r ¢ cfivity, and thus
5| gﬂg of beR S perigent Aipon AVPA

of the inventioR is

e
receptors, and tolireatlconditignsS such as nenory | inpair en® i n which
AMPA receptors, oK)syné$§e§aut' i zing these recept df's,,areRteduced in 10
nunbers or efficiency. The nethod is al so useful for é“%ancing excitatory
synaptic activity in order to restore an inbal ance between brain
subregi gns, which may nmanifest itself in schizophrenia or schizophreniform
behavi or, or other behavior as described above. The conpounds adm ni stered
in accordawbereini t h t he met hod have been found to be nore effective than

previ ously descri bed, coppounds. in h i @{P_A recept RYY as
shown in the 15 i nq?/i‘“fdr@ %&n a?pﬁndflg&oﬁ{%goﬁgg’ eéc’r_i(ﬁé?bgh]\?v.&t%u&t&%f}%l ogi cal
Activity 20 A Enhanceseyl} of AMPA Receptor Function Synaptic responses

Mmvent fon,using | hac GoRAGRBEIRLSLPFBE B Cr P eSa BB unds are
demonstipat ed, in t her?Ex3MHela8snt, BA pfetdnk Ay bé CCiRe, sobst-aLCaL, YCARCO-pot ent
than ~CH;0-, -CRR'-, or -CONR-,
Y is hydrogen or —OR?, or serves to link the aromatic ring to A as a single
bond, =N-— or -NR—,
R? is hydrogen, alkyl, substituted alkyl, or lower alkylene such as a methylene

may be used to fa

15 or ethylene, or substituted lower alkylene such as -CRR'- linking the
aromatic ring to A to form a substituted or unsubstituted 5, 6 or 7-
membered ring, or a bond linking the aromatic ring to A in order to form a
5- or 6-membered ring,
A is -NRR', -OR, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
20 cycloalkylalkyl, aryl, substituted aryl, a heterocycle or a substituted
heterocycle containing one or two heteroatoms such as oxygen, nitrogen or
sulfur;
R is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, or heterocycloalkyl,
25 R'is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl or may join together



previ ousl y-descri bed conpounds in increasing AMPA nedi at ed whol e cel |
currents in 25 cul tured neurons and AMPA receptor function in slices of rat
hi ppocanpw®.030Bs® in vitro assays are described as fol | @es/UusSanseiua
Exanpl e 64 below. The field EPSP (exciti&tory post-synaptic potential)
recorded in field CAl after stinmulation of CA3 axons is known to be

ot al . Brain Ros. - so0vtaite B it BuEppbaRlind i hybE SNIRRITR TS0 S

receptor selectively bXetknked® ¥ibgRA alcRBRCK May bstionsily dhntain diﬁIOEtWIE supra) .
Aniracetam which has been shown to increase tgtﬁ nmean open time of the
AVPA recept or channel ,hetgpat@poushaspxpgen UEpSENSTBUBIL 16 i ncreases t he

anpl i tude of the Syemtd' FUhdS B deARAR AR ONOR, LNRRIURRCCID, NGO at.,
Sci ence, supra). These e faect se?’arg rrgred |%{the field EPSP (seeSe&f or
exanpl e5 Staubli et al-QR. Psychobi oI ogy, supra; Xiao et al., Hi ppocanpus,
supra; Staubli gt .4 i ts have
been reported f‘gr ?ﬁﬁieabB‘Feé\%lQ%ﬁlgﬁ%lflg &?ngcggrdlnyug?@%éhﬁgéﬂﬂ %vghgﬁlgFogs of
ani r acet anmsehy ﬂﬂl@nl&lﬁdinB(Agﬂ?Aé recEiEdf alinity, aﬂﬂdhus\fﬁy%/u@@ﬂtﬁ 590111@?6 theli¢amming t he

data shown | n Tabl a b| RO, ni chr ome ctrode was

posi t i onedOf:br?h’iVﬁ‘Es @3&‘? “(cg?tf’rétzl?ﬂﬁ? kmflg? fsuelanaes P canpal
subfield GMp aﬁ'ln@ﬁemt\ﬂncﬂ RBIPlA%dﬁt’oer)r @H@sbsﬁltﬁzﬁé&es@ﬁcﬁﬁﬁ@ ratdaeduckdinExanpl e
64. Current puI ses nsec) through 10 the stinulating electrode activate

a popull@t i eHmbers qrig CS‘élﬁthﬁ‘é Prieiofhis Ay Hsefp! fonenhapdingqgitatoryjsymapticaqivily {y om
neur ons 'nmfdmo%gg%Milﬁibgmn&%%waeagb;aﬁ{ﬂb@gbﬁs Which YRIREAFeQNsdif@ dendrites
of CAl neurons. Activation of these synapses causes themto rel ease the
transm t t eschizgphrenizren sshizaphyenifiesn behigvinn o ethershavianap described mbPi. T ept or s,

whi ch thencdldRdsShlo0RE th actfladRd fih e Gikuld Tt oUR Bund MhdREelredtiyg odi um
current to e e postsynaptic ce current results in a

vol t age i nthainpreeiwbsipdatiibedapmpaadein(enhancing AMPARSE)tor achivith a§ siowedothded by a
hi gh i qpedance recordin | ect rod ositioned in the mddle of the stratum
r adi atH& of? Vg an ”Tﬁléofegiséﬁicﬂk’ﬁpoﬁo‘%he stinulation current was adjusted to
produce hal f-nmaxi mal EPSPs 20 (typically about 1.5 - 2.0 nV). Paired
stinmulation pul ses were given every 40 sec with an interpul se interval of
200 msec, as described further in Exanple 64. H ppocanpal slices were

mai nt ai ned ‘ﬂg&%@ chanmber continuously perfused wth artificial
cer ebr ospi nal ). During 15 - 30 mnute intervals, the perfusion
25 nmedi um was switched to one cont ai ni ng vari ous concentrations of the test

corrpoulrig Respg'r]:sgsnc%gllmllteo%tA%Aﬁg&g{or el lmlloef ore and at the end of drug

perfusion were

Synaptic responses mediated by AMPA receptors are increased according to the
method of the invention, using the compounds described herein. These compounds are
demonstrated, in the Examples that follow, to be substantially more potent than
previously-described compounds in increasing AMPA mediated whole cell currents in

25  cultured neurons and AMPA receptor function in slices of rat hippocampus. These in vitro

assays are described as follows, and in Example 64 below.

The field EPSP (excitatory post-synaptic potential) recorded in field CA1l after
stimulation of CA3 axons is known to be mediated by AMPA receptors, which are present in
30 the synapses (Kessler et al., Brain Res. 560: 337-341 (1991)). Drugs that selectively block
the receptor selectively block the field EPSP (Muller et al., Science, supra). Aniracetam,

which has been shown to increase the mean open time of the AMPA receptor channel,



in order to calculate the percent increase in EPSP anplitude. Invention
conpound 1A (the nost active isoner of product of Exanple 1, as shown 30
in Fig. IWpoand3neference conpound CX516, disclosed in USPPatusn/37646
5,747,492, were assayed in the physiol#gical test system descri bed above.
The first data colum of Table 1, below, shows the estinate of the
concent r at inorase$ the awplituds of the symeptiscutrers endiprgloagits dueation KEewrs/03/ 045315
PCT/ US02/ 37646 17 incr t he i i val ue
10% above ‘Hee"cfjé'é%rf’}' ne esieee\?g‘?t.g grefﬂ@ﬁ%mly %%?r%g Eg gp gféag\rrf%ﬂ &E%B§;§5%;6%§ . (M

(n' 1) ( g/ RGrhotkokbd6supBs) 880t 12, Bippxamphse supba;BtBbD edd., Bligrwcampsis2: 88npl e #
Xill of US Patent # 5,747,492 1. Concentration of..c t hat .causes a
1% i nor a8 oD SRl barabeBi e frdhe e avel G RPRETA e B o8 o

hi ppocagpak,afdgh 6fanfracetN ASALK @id KopeR] PCOPIMLING. What4/024us)es at | east a
doubling of the steady-state current induced in cortical neurons in
primary culture by 300 pMglutamate. 10 3. Mninmum Effective Dose that
produces a stat oséﬂtﬁﬁlltl{e%aﬁa'sgwﬁ {noRBfe 1! m;&yﬁ@mmé RinREfRAY eREtrodeRyas he

ei ght-armradi al” maze tas or cognition/nmenory enhancenent. t The

unr esol vedpgitisiedin thd dendatiplager i(stiatusn radietiny) of the hippocagpel subfighd €ANsiose to

determ ned 1 t he i,n Tabl. ow, present invent i npound
pr oduced aweipﬁgl}@{égﬁqﬂ&f\hgs Pﬁ?‘ﬁ‘&?’@p‘? h‘g'eqﬁs g Ldlhp%(%e(? Z{r?r{;’p%u i;Iand was
ef fectijge ak sERMEERY dledtlo@Sctivaxs alpopulaidn Of the Bthaflepcqmhingeyl (8€) fitess, pr esent

conpound on AMPA receptor nediated cell _currents was al so assessed in
primary neWhiShanisediAm peugons i e shilvigon eAs P“a‘{ fegpaatg SinWS%FsonfEe %’.naﬁteﬁ/l caused

a doubl i ng,of Al RErslsCROWARLAE Bh&HE Eyrafies b Whdnioqbledle teaRnsgigBer at ed by 500
M gl utamate. The mmj ori t%/. of the tested conmpounds were equally or nore
ef fecti ve ghtamatehGlutanediebingcte regrmaniaAMPASIParh ¢ hidhdheidtassigRityspen
substitute A (e Ik a oBOMEARERY SV RE&PPHC Edinghison as
Shown 1 1 TabTEOSREEh Bpnfr AP pera b Fd ARGt ek

15  current results in a voltage in the extracellular space (the field EPSP), which is recorded by a

high impedance recording electrode positioned in the middle of the stratum radiatum of CAl.

The intensity of the stimulation current was adjusted to produce half-maximal EPSPs
20 (typically about 1.5 - 2.0 mV). Paired stimulation pulses were given every 40 sec with an

interpulse interval of 200 msec, as described further in Example 64.

Hippocampal slices were maintained in a recording chamber continuously perfused
with artificial cerebrospinal fluid (ACSF). During 15 - 30 minute intervals, the perfusion
25 medium was switched to one containing various concentrations of the test compounds.
Responses collected immediately before and at the end of drug perfusion were superimposed

in order to calculate the percent increase in EPSP amplitude.

Invention compound 1A (the most active isomer of product of Example 1, as shown
30 in Fig. 1), and reference compound CX516, disclosed in US Patent # 5,747,492, were
assayed in the physiological test system described above. The first data column of Table 1,

below, shows the estimate of the concentration of each test compound that would be required



EXAMPLE AMP' (M EC2x2 (M CX516* 80 830 CX559** 300 > 10 A" 0.3 0.12
IBtt 30 > 10 2 >102.6 5102 6 100 1.4 11 1 0.09 18 100 4 21 10 1.8
WO 03/ 0458093@6GBI3JS02/ 37646 18 22 10 0.2 27 10 1 28 10PET/U382/3B445 46 3
2.4 The concentration of nodul ator thaty7i ncreases the anplitude of the

f EPSP by 10% 2 The concentrati on of nodul at or requi red to doubl e the steady
state current induced by 300 Mgl ut amat e on cul tur% rons * Exanple #
XH of US pdpcsepse thegmplifpdeiofthefield EEJR tay value L 4,qboygst phpssiine leved. 962, 447
(shown in Figure 1) Mre active enantionmer of Exanple 1 tt Less active
enanti omer of Exanple 1 Studies that conpared the effects of AVPA

nodul at ors on rmﬂ'@’sl;ln&ptlc (as reported 10 here) and pol ysynaptic
responses denonstr at £ %t rease T He: of the
nonosynaptic field HPSP g‘pg}'fb*#fle t%'&%n |ng§§'€se “;E]ig d% on a
trisynaptic responsg _(Servio et al. NePodci 74?ngi 9- 1035 (1996)).
Furt hernore, the concentra€Xsrs*of the rddullat @30t hat Bkdkgd t hese
responses was shown fto exj st Iasrra from e iorally.+ rlel evant doses
(Granger et al., Sy:]apseﬁlxgﬁ‘ﬂhgﬁ‘*? Ohe ot@ ratd((y)sn df conpound 15
sufficient to produce a 10% I ncrease |n anpl1tude of t he nonosynaptic field

EPSP, ag * Example # XIII of US Patent # 5,747,492
1. Concentration of compound that causes a 10% increase in the amplitude of the field
EPSP in field CA1 of rat hippocampal slice
2. Concentration of compound that causes at least a doubling of the steady-state current
induced in cortical neurons in primary culture by 300 uM glutamate.

10 3. Minimum Effective Dose that produces a statistically significant improvement in behavior

in the eight-arm radial maze task for cognition/memory enhancement.
! The unresolved product of Example 1 was used for this test.
ND = Not determined

15
As the data in Table 1 show, the present invention compound produced an

increase in the amplitude of the fEPSP in hippocampus and was effective at concentrations
as low as 0.3 uM. The potency of the present compound on AMPA receptor mediated cell
currents was also assessed in primary neuronal culture, wherein concentrations as low as

20 0.12 pM caused a doubling of the steady-state current in cultured neurons generated by 500
uM glutamate. The majority of the tested compounds were equally or more effective than the
reference compounds, CX516 and the heteroatom substituted benzoxazine CX559, in

increasing AMPA receptor function as shown in Table 2.

25 TABLE2.
EXAMPLE AMP' (uM) ECyx* (M)
CX516* 80 830
CX559** 300 > 10
1AY 0.3 0.12
1B™ 30 > 10
2 > 10 2.6
5 10 2
6 100 1.4
11 1 0.09
18 100 4
21 10 1.8




reported in Table 1 and Table 2, is likely to represent a behaviorally

rel evant plasma concentration. B. Behavioral Testing 20 The conpounds of
t he i nvenwioa/oas3es al so ef fective in rel evant ani mal behaviromalSor/asde t hat
have been shown to correlate with efficgcy in the treatnment of a variety of
di seases, such as schizophrenia, and in nodels of cognitive perfornmance,
such as pErTormgce T an Bigr m rfadi algpaze. |25 The third data col um

shows t he[VED w ffcacy Ll(‘f FTprove parior ngnce in the eight-armradial

nmaze taskj—whi-ef-testsrfor L pTov ot ey &g cognition (MEDC). This task
has been Hdescri A—GUS—\-%—-{—S(—&&E)H—W— PNAS 91: 777-781 (1994)) and
LynCh and RO(]P:i& PCT] I:)Ilhl’]3 No. 94/ A75) The Con'pound of Exan'p| e 1

was 250-t|{mes n#fre 30 poter than Cx5184in this test. V. Adnini stration,
Dosages, ahthdwheatrationosf MAuRRY bR ESaeOnE ABpthayE4le fEPSP Ay 1%t ed above,

t he conpouhtise cnckniefidhod nafdulatee rdgnirebidoublé the seadystatdvitrentiaduspd by 3¢fedi at ed
responses, ngla{agla@s,gfcmlmréd)ﬁeutdﬁe treatnent of hypogl utamatergic

condi tionsx éﬁ&%le@&mm Rt wls o@od reat ment of conditions such as

| npai r Ment «of, JIIDE ¥ 0PUSPaRhi}ES 96087 (Siows if Bt 19nS, brought on by a
defici encyT gl;lgwggll;q;,ﬁgmgrof%{xgﬁﬂgtlh of excitatory synapses, or in the

M

nunmber of e(cﬁ%a Qficiner bPEYanly 1@l SO be used in the treatnent of
schi zophrenl 4 or 'S¢ I zophreni f orm behavior resulting froma
cortical/striatal |rrbal ance, and in facilitation of |earning of behaviors

dependent upon $iBés tihamempmeé the EfedtnoSAMP Aanaslutatasperemongsyaptin @s ppededht
conpou utical 0sitio

cogni t110e" PERCERgRG e e P RRRa vau s Be et [BL APERe T Mo Hua PO

occur, | eadioﬁ@syh@tlh Giskl RPSPreRamylifieiorn iricseasetd306% sh arrisyadritio ndsporse
dlsorders sexual ~ dysfuncti orders ChIZO hr enia or

schi zophr efierdP fi de ‘(/‘l"fﬁ‘encq\/ﬁ‘ﬂdpgyﬁﬁb 9&5 E“fﬁﬁamrf% %?Oﬂﬁe"%f‘té%’roc@? whi ch
are treat aMOgul%Fﬁﬁing@HedttﬁesE RRpEIsE&SRALshbvy RNUkisPi, plabra iffds] Belevisaly e

di sorders that result fromaging, trauma, stroke and neur odegener ative

di sor ders. reE«anqﬁoe@ (Gfanges et old Syewmes. aurrake Thiss e gencentratien gfieomoued ar e not

e dat © PG pRRIRY DYl T Hhbiflade W URSHbRALSR AAPHEG QT ¢ agents,
reported in Table 1 and Table 2 is likely to represent a behaviorally relevant plasma

concentration.

B. Behavioral Testing

20
The compounds of the invention are also effective in relevant animal behavioral tasks
that have been shown to correlate with efficacy in the treatment of a variety of diseases, such
as schizophrenia, and in models of cognitive performance, such as performance in an 8-arm
radial maze.
25

The third data column shows the MED for efficacy to improve performance in the
eight-arm radial maze task, which tests for improved memory and cognition (MEDc). This
task has been described previously (Staubli et al., PNAS 91:777-781 (1994)) and Lynch and
Rogers, PCT Pubn. No. WO 94/02475). The compound of Example 1 was 250-times more

30 potent than CX516 in this test.

V. Administration, Dosages, and Formulation



These conditions are readily recogni zed and di agnosed by those of ordinary
skill inthe art and treated by admnistering to the patient an effective
anount ofwong/oe31srore conpounds 20 according to the pres@ct/UsSay&mté on.
General |y, dosages and routes of adm nigtration of the conmpound will be
determ ned according to the size and condition of the subject, according
to standard pharmaceutical practices. Dose | evels enployed can vary
widely, and can readily be determned by those of 25 skill in the art.

Typi cally, amou Emé bwf?m@cb g&rnammnétgocg&ﬁﬁe {AHaRbA IcRSsea{pRNP! oyed. The
conposi tion may mn| stered to a subject by various routes, e.g.
orally, trammmfmeahdtgd respoescs,med arlusgfulor tpatreatmemtarf hxpogtumatqfsc by

i nt ravenous ubcuyt aneo a er| ta tion,
anong ot he?oéldﬁ’ioﬂ%l Wﬂ@u%?lg%ag{l forr eC P‘ﬁ%a“‘%lﬁ‘%’ﬁss“ &%kr}%u'ﬁ%a i on.

Subj ect's cayiRpdBiee flutiohs; BRvughR 0h by'lﬁ deficiinag int the hmﬁaenet medgthbf t he
i nvention 30 include humans, conpanion_ani mals, | abora o[)%/ H rr@ and t he
|ike. For neNCHMPBRYNapsst: of iRtHsgumber of SR/ FREEPIRE cB1ed My 2 i Eent

i nvention gay.,{4 %?sc%o&ﬁéﬁéé@s%ﬁlzgﬁénmf)al?i%presagné foén faQéﬂﬁ'bQ/fstrﬁ&Il id,

sem -solid, lyophilized powder, or liquid dosage forns, such as, for
exanpl e, t mitlabines, amhpsf@nﬂetstlonplf\lmen@ ofdehavigrndapendsnicipen AMRATICERIPSNS,

sol utions, suspensions, emnulsions, suppositories, creans, ointnents,

| otions, aerosols, patches or the | | ke, preferably in uni t dosage for ns
sui t ablie for silﬂphlg'ecasjméatddsrtimahé prnseofcompemicsaahamgteipal ®mphationaeedt i cal

conposi tions accordin resent invention. ty l.u

convent i onEf hﬁ%ﬁﬂﬁ%gf ?@%ﬂ COE‘&EY% @?CQISPS Ié'%%p‘i"@ﬁire ﬁ %mal\/s (r}gl lfngﬁlg?ﬁe

i ncl ude ot fgy occ[ﬁ?(l’daﬁin@@dloégﬁ'ﬁﬁéinorﬁaérhélﬁfanepﬁswhg atiémdion adﬁhdérti \sesuadnd the

| i ke. Preferabl the com 05|t|on wi || hout 0.5 to 75%&/ wei ght of a
conpound of YS@{S‘H%‘BH ﬁ’d’é(e‘B‘fntfiﬁ%r F‘ﬁﬂ\ﬁéﬂ?‘?ﬁ?ﬁf’m"vﬁrt‘g 1gqphreRormbelaif MemoRs st i ng

essenti al | yisGfiers thd RithRigRNBFIRRCAMER 58 hreR¥K1é RcBiAirE: to BRIprédémlinvention,
adm ni stration, such exci 3 ents include pharmaceutical grades of mannitol,

| act 0sa5 singludthoserdispidess s resultfiomt agings BamarsEke apdrURIcesalivin  cel | ul ose,
gl ucose, g@%&hérg "Exal g[egﬁpneurm%[ﬂgﬁhw’ﬁl%&epﬁﬂah& b?trﬁ% ﬁ&ﬁmlltb(kﬁ) thloge ,des' red,

the conposition may al so contarn mnor anounts of non-toxic auxiliary
subst anc esassonidnechwith\émgnmcmmneummls adepisnyylzbgjmet’ sdisease, ardagmgf f er s.
Li quid conpositions can b are di ssal.vi t he
conpounds ?BB?Rdltﬁmgafetr?? /oa‘b‘i//dlﬁ@‘)@‘%tbyéﬂ&% ama&?&ﬁl %lec? al

phar maceut jfgateartdiby \i@rﬂﬁﬁ%terin@ tcﬁthe patient an effective amount of one or more compounds

20  according to the present invention.

Generally, dosages and routes of administration of the compound will be determined
according 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

25  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

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

Formulations containing the compounds according to the present invention may take



carrier, such as, for exanple, aqueous saline, aqueous dextrose, glycerol,
or ethanol, to form20 a solution or suspension. For use in oral liquid
pr epar at iw0,03pB1£onpositi on nay be prepared as a sol uti @eQI/Gsaypwmsi on,
enmul sion, or syrup, being supplied eith®r in liquid formor a dried form
suitable for hydration in water or normal saline. Wen the conposition is
enpl oyed i thetfdren dfeplid, sémisslid dygphiized pavwdsnor tigwid desage e dwdhesdor at i on, the

preparations tabl ets anul u . .ike. In a
abl ot 1 or RAHLY SR AP bnpotidy SheeaR e imy RBR fBioRt, shipbsdnl Ve
e.g. an ex&h@sin, suppositorie§ cramaobinacits dotions, aedobald, pstehesroe tha ikt ipeeferallybi nder

such as starch paste or nmethyl .cellulpse, .a filler, a disintegrator, and
ot her addi t“i‘\?‘é‘é’ofaﬁﬁif‘ifgisls‘?mﬁ}getjar JiRple ﬁg‘“WEHﬁ?%?fl@Feé?‘SSflosaﬁ?di cal preparations.
30 An ipjectable conposition for parenteral admnistration will typically

contain the conpound in a suitable i.v. solution, such as sterile
physi ol ogi cal sBiarmagentife] epmpositiansaeyquding togfhe pressptrinygahion Gpisally inglpde a

conposi t | opod]@@guﬁﬁgsp%fl{?ﬁcwc%&ﬁ& ASipRnSHARRY3E@Roally fnclidP bler

phosphol i prd, posonal suspensf’on, or In an aqueous enul sion.
Met hods f omegiciapleageunts; cauiets, atjsagte, additives and ¢helikositreforablyi the cerepapivarait t o

those 5 skilled iLn art. far exanpl.e. see Rem.nhgt.on ceuti cal
Sci ences ( Gi‘fl?‘?“":%.% fo ﬁ%ky welght Oqéﬁ?mﬁ‘gglg)o.f o m&%ﬁ%@% i I?Yegﬁoﬁgﬁ%g&

admi ni gper gehadet consibfin dIseatisllyaTkiitalle@harifaceusied] ecdigients. Forpalind in a
pharmaceutically effective anmount for effecti ng in reaseg AMPA recept or
currents i piminisfiponesuch excinigats melufepiiapgacsyticagrades of maanitol factogg, starghe ™ o

i ntended i p,a0¥uWBYeatdle, lsbdThrh sdddRarink, 1YIBRH: | RMhuloddNpIBERe, Yelath, Whsibsest at ed, al |
tenperatures-are given in degrees Celsius. Unless otherw se stated, all

NVR spect r magmesiui dartidhme.sind therlike dfidesited; ehesiomapsiéen may alyegriging@inPlor of or m or
deut er at ed, DGO &5 oﬁ.ﬁglsmmlﬁ QA RES HRLILEhd A0fs il EL o

standard. fRAfrare spectta were recorde n a Fresnel
crystall5 obufa€l 15 crystals or in a KBr pellet in a ATl Mttson Geni ni
series FTIR All nanes of conpounds conformto |IUPAC nonenclature as
provi ded by the conmputer software Chem stry 4-D DrawIM Pro3.0 by

Cheni nnovat i on Sqhidwemgesitidh carFbédidpated by ARsdlRnShr di§pershig-tBaddntpatthdsyr r ol i di no
[2,1-b] pyrrolidino [2",1 "-2',3"] (1, -oxazi,no? [a5',6'_- . :
(about 0.5% to about 20% by weight or more), and optional pharmaceutical adjuvants, in a
carrier, such as, for example, aqueous saline, aqueous dextrose, glycerol, or ethanol, to form
20  a solution or suspension. For use in oral liquid preparation, the composition may be prepared
as a solution, suspension, emulsion, or syrup, being supplied either in liquid form or a dried

form suitable for hydration in water or normal saline.

When the composition is employed in the form of solid preparations for oral
25 administration, 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.
30
An injectable composition for parenteral administration will typically contain the

compound in a suitable i.v. solution, such as sterile physiological salt solution. The



2, 1] benzo [4,5-e] 1, 3-oxazaper hydroi ne-6,12-dione O~ N ~ N/ O O Mthod
A. 2,5-Di hydroxyterephthalic acid (3.75 g, 18.9 mmvl) was added to a

sol uti on wb 03@%3¢ar bonyl diim dazole (6.20 g, 38.2 mmol) iPeTAGE76ahydr ous
di met hyl formam de. The solution was &'l owed to stir at roomtenperature
for 24 h at which tinme 4- am nobutyral dehyde diethyl acetal (6.30 g, 39.0

nol ) was added.. The Sﬁ| Et'ﬁ)gl% vvag stirred f.oar .an a %istﬂmnf?il in24 h at room
t enper at ur E"MRSIHOR Mgy ke e tagmplated af ¢ syspengign & g oLRIOTRROIPIGIN A\ 03/ 045315
PCT/ US02/ 3} £dk6malddsgeRsiy, @linh aasoublemalsisi.i | | ation and the residue was
purified by flash chromat ography (hexane:ethyl acetate 2:1) on silica gel
to yield 4.0 g of the crude bisacetal/am de. The internedi ate was

di ssolved in 12y tﬂbds%;&¥¢a?1ﬂgs_ | £35de8 Gorin® alfkh&n &r WillFe ab?dréﬂt%@ﬂh@@ce“ c
acid, 20 ng carrpﬁorsulfon c acid an(% activated 4A nol ecul ar sieves were
added. Fhesi8liedga dteiaon fonexample sedhgmingtoninPhaymacsntigal Sciences (A dEdpMackc. The

crude prodyct SiLi : hex : I ate
05: 5 Loyl G §o1 S 10F “EnpRliR iF e ATl 0 FUARTRIN BB ®, o
(250 L) abgmpdubd aregharmeaaeally effdctve apfountfer effdcting mereased BMP Antecéptdrl owed by
dilution with diet h%bljﬁgt her pronoted crystallization. The sol ution was

cool ed to“HrESdNAS g (199 white solid was collected by filtration. M
= 270-271 C. IR 2977, 10 2880, 1667, 1453, 1422, 1335, 1181, 1073, and 780

cm'. 11 NWR (500 Miz) 8 7. 55 (114 . s) 7.53 (1H sg,, 5,47 (2H m 3.86
(2H, ml0 3. 62 (g follywing expmples iflustjte byt asenqt nien ﬁ‘r}“z‘. Y8y polimitthey  ang 1. 96
ppM (2H, MpveRhNOMe othkrwist ﬁﬁt@d’,|a_11%n%e?ﬂﬂﬁé’ﬁr@%ﬁéé@iﬁ@l@%’eé@&éi@. URR ng, 1.97
mmol ) and 4-am nobutyral dehyde diethyl acetal (> 90% (1.30 g, >_ 7.2
mol ) wer eothontiserstatedaslliNYBRaspsetra ase rib spieeffa g were obfdeedriBact i on mi xt ure
was al | owe o) L I i : i L

Groa 2. 1 el aBSuhf oP BN PRSQRRTEAN by kS ERnthl ML e 10

t he react i etandard. iftaeed, (IR spedtravwase tecadedchs kirin fmhsyontadiresat] anystadrod Nkl owed t o

stand fl%r gry?t'als -cl)-rh {nsa Ig%rx 1;[6 gteln \Q@SFI Mattson Gemini series FTIR. All names of compounds

Qi ia]

conform to IUPAC nomenclature as provided by the computer software Chemistry 4-D
Draw™ Pro3.0 by ChemInnovation Software, Inc.

EXAMPLE 1
20 [R,S), (R,S)-3aH,9aH-pyrrolidino[2,1-b]pyrrolidino[2',1"'-2',3'](1,3-0xazino)[5',6'-
2,1]benzo[4,5-e]1,3-oxazaperhydroine-6,12-dione

Method A:
2,5-Dihydroxyterephthalic acid (3.75 g, 18.9 mmol) was added to a solution of
25  carbonyl diimidazole (6.20 g, 38.2 mmol) in 50 mL anhydrous dimethyl formamide. The
solution was allowed to stir at room temperature for 24 h at which time 4-
aminobutyraldehyde diethyl acetal (6.30 g, 39.0 mmol) was added. The solution was stirred
for an additional 24 h at room temperature, and then heated briefly to 80 °C. The solvent was



20 concentrated on silica gel under reduced pressure and eluted with ethyl
acetate. The fractions were concentrated under reduced pressure to yield
420 mg ( Moup/oef31product as a white solid wth physical &ea/GspEgisn©scopi C
characteristics essentially identical ta those reported for product
derived by Method A, above. 25 EXAMPLE 2 (R S),

(R S)-3aH, &mdqu/lpyrulcum dm[llzqtmnlgpd the residue was punﬁed by flash chromatography

Ey;r 8!(1’;12:313@1?%;“3 ey ?aeCE%@] éi% i sglr‘fe %Q@"Lﬁ 4I\?lsg ‘5% é:rg eat eé’% ?(?511%)

suspensi oninffrmedidte tiah¥idsodvediis 0Ffnb alethyleae clﬂor(di()@ wm};h 22.1bL mfhiojoaviic03/ 045315

PCT/ US02/ 37646 23 in a solution of 0 d 2 n dry
CHC13 was #dded mg @rppesfgnic actﬁr?é‘dra%ta’étefj"éﬁ 19&‘[%&‘6‘09&?6%%9]@%‘&% 1.5 h at
Whi ch t 5erch {iddGRA® cb&iﬁﬁ&?&ee% hthﬁdgéalwtacmec\fmpmsmsr ated under

reduced pressure, diluted wth 2, and re-concentrated under reduced

pressure. dlhenategamé ongiticalze éhﬂxmthym acpiute]S: %rt?/ylddlél%g of eligtiyhaeh wass

am nobut yr h de W se.
After chi I SSOV mg{hgl%p%/élh(l)%ﬁ@gﬂé) n&ﬂ’) 3.969[%%@ Cf% (71 et h V\?%h@%gl%\%s gﬁded to
t he m xtur ﬁl,L fmthowﬂd byalflutidn witkediethpl ethmpwmoadarybtaﬂmtlonATh@sohmoh waheoodesl ut i on

was diluted with Cl hed . .se iaI i 1.h 2/ r d
NaHCOB, saﬁﬂé&%‘ﬁ% abé“\rﬁ%?'{‘ﬁ%%‘s“ %WK&I‘ZE& ‘3%@{{5‘?#9&3
concentjpat eghounekar 145@d11f2§d13|@5 eﬁ%wmmr&ﬂd &y &5 SEINAERl (500 MBz)d-7.6l5 MI—I;HC13 to
which 10 was added 30 gﬁ n’g(hhorsul fonic acid. The reaction nixture was

stirred fof-51f1Hh shd7( CER D X S 2Hnmd 244 @H amby @127 (PHan): 244 (b

pressure. c/ MeOH (99:1) gave 270 ng (36% of white

crystalli n!e;_'l g%%gbri‘%ﬁﬁ%ﬁg followi ng properties: MP = 248-252 C. IR

1673, 1432, 1356 and 1138 cmi. 'H NMR (500 MHz) 5 8.58 (0.5H, s), 8.52

(0 5H, s), %?Jﬁ_{(lH rr) 5.50 (2H, m 3.80-3.85 (2H, n), 3.60-3.65 (2H,
, 2.40- oMghio , 2.20- 15 2.30 (2H, m, 2.05-2.15 (2H, n) and

1 90-2.180 ppm (Ekkhyrr) 5- dE))ﬁAME‘jctEreBht(naﬂhtSISOng'ly D7 tinet)nd dHniistmoraldehyde

e] pyrrolidino 3- oxazaper hydr oi ne- 6- car
Lelpy diethyl acetal (> 910%) (130 g,=27. gmmo ) were combined and %eatgg to reﬂux%r 90 s.

The reaction mixture was allowed to cool to ambient and subsequently diluted with 10 mL
CH,Cl,. Trifluoroacetic acid (2.0 mL) and 5A molecular sieves were added to the reaction
mixture, which was heated briefly to reflux and allowed to stand for 2 h. This mixture was
20 concentrated on silica gel under reduced pressure and eluted with ethyl acetate. The fractions
were concentrated under reduced pressure to yield 420 mg (71%) of product as a white solid
with physical and spectroscopic characteristics essentially identical to those reported for

product derived by Method A, above.

25 EXAMPLE 2
(R,S), (R,S)-3aH,6aH-pyrrolidino(2,1-b]pyrrolidino[2',1"-3',2'](1,3-0xazino)[6',5'-
2,1]benzo[4,5-¢]1,3-0xazaperhydroine-10,12-dione
0 0
CLICLD
(0] (0]
To a heated (40 °C) suspension of 2,4-dihydroxyisophthalic acid (500 mg, 2.5 mmol)



Il Me~OY O 20 O Trinethylalumnum (2.0 mL of 2 Min toluene, 4.0 mmol)
was added to a solution of 810 ng di nethyl hydroxyterephthalate (3.85
nmol ) i n WO ogd4331y CHCL3, which was stirred for 20 mn. PCT/US02/37646

4- Am nobut yr al dehyde di ethyl acetal (758 ngy, 4.65 mmol) was added and the
reaction m xture was heated to reflux for 6 h. Trifluoroacetic acid (2.0

m.) and 5A nol ecul ar, ves re Qol e ti V\/ni ch was
heated to F‘é‘fﬁobﬁlo’bf"f%(%a??% (}I@%‘BS fgmgﬁg ﬁ‘i‘fﬁg‘# cti on
m xture M%&n@%ﬂﬁﬁlﬁh&%a@m&&e&oﬂ% a8 ®hich BER it PebMtCiemspapdne S kelufigidl el ut ed
wi th hexane/Et OAc (1:1) to provide of the title benzoxazine as a

V\/m te sol i dayganbeniypredulrlr rgueed pr@sur%ﬁﬂstngwe;h@m@hwd reroapgentepted indery 1088

"HN 01 (1 H d, J =
o He) %W(’F{%&iﬂéﬁegﬁéwgp G 107 ﬁﬁ f Mﬂ% gg g0t (2 Hz). 5.53
gr) 1H, tEx,SA ﬁ/P amimoButjialdehyde GigthyBadetab(l, 003, egm@)zwe@ddedﬂrom\wae Afgoclsllisg thyom (3H,
9- ox0- 3aH- Wkoél[t%gRC(% %g’ﬁ‘ gﬁe&yﬁﬁlﬁe ‘fasoﬂdfe%to&ea?gf)ué?’w rho\?/ar?élll(}wedctgr boxyl at e
O O Me.,, Qahh to@mbdniBifiey I h4hdwotlition wias difédadttaCH, (14, washed, seqheﬁtl 1t)h and

4- ani nobut yr al dehyde 10 dj et hyl | (1,60 g, d and
neated o 1EpI PamoNCan e NRC by Eon iedit Voo Do g o BEPLnt and

di ssol ved {85 dfctisrafcliGidr relilibdd! prER8 6f e QisBEIval ih 10 hidry cmmi towhiew| ecul ar
sieves were added to the solution, which was stirred for . Concentration

onto silli cwagedded Aime craphoswifopic aeidjFhe reasHOTIN IR Ay ftiried Iﬁ%fxl& hengthene (2: 1)

Y15, 1aa5 arplsdo it bf it fntd e B SEOAIRQR 33D V65, )
8.12 (1H, dm mé (360/& of whit@cr¥sthitine pofvdeRw{th thel folthwidlg propetics: MP)= 248-258 ClH t, J

EXiNE,EEHf-,) R 675, 19521350 and 1138 onv 51 R (500 MBS s €58 6. 41,35, PR SAY),

6.51 (1H, m), 5.50 (2H, m) 3.80-3.85 (2H, m), 3.60-3.65 (2H, m), 2.40-2.45 (2H, m), 2.20-
15 2.30 (2H, m), 2.05-2.15 (2H, m) and 1.90-2.00 ppm (2H, m).

EXAMPLE 3
(R,S)-Methyl 9-0x0-3aH-benzo[e]pyrrolidino[2,1-bj1,3-0xazaperhydroine-6-
carboxylate
0]

@)
,O

Me (0]

20 o

Trimethylaluminum (2.0 mL of 2 M in toluene, 4.0 mmol) was added to a solution of
810 mg dimethyl hydroxyterephthalate (3.85 mmol) in 15 mL dry CHCl3, which was stirred
for 20 min. 4-Aminobutyraldehyde diethyl acetal (750 mg, 4.65 mmol) was added and the
reaction mixture was heated to reflux for 6 h. Trifluoroacetic acid (2.0 mL) and 5A molecular
25  sieves were added to the cooled solution, which was heated to reflux briefly and allowed to
stand for 30 min. The reaction mixture was concentrated onto silica gel under reduced
pressure and eluted with hexane/EtOAc (1:1) to provide 387 mg of the title benzoxazine as a

white solid with MP = 76-78 °C. IR: 1725, 1672, 1439, 1291, 1212 and 1088 cm™. '"H NMR



20

(R S)-6-(Pi peridyl carbonyl)-3aH benzo[ e] pyrrolidino[2, 1-b] 1, 3- oxazaper hydr o
i n-9-one WO03M415 O (R, S) - Met hyl - 9- oxo- 3aH- benzol e] pyr r ol iPdiTspR37646]

1, 3- oxazaper hydr oi ne- 6- carboxyl ate (BExanple 3, above) (387 ng, 1.56 mmuol)
was dissolved in 10 nL dry CHC13 to which trinethylalumnum (2.0 nL of 2M
i n tol ueneod MH2NSH.Q1 (WHsd,dckdsel Hi)y 17176 (e, ddy) 480, RS Hay 7¢vptili i md .S 4. 7

i et e aasahad o T iekar Gz ge0-2sh D af LIPS el under
reduced pressure WO 03/045315 PCT/ US02/ 37646 25 and elution with

Et CAc/ MeCH (99:1) yielded 300 ng of _a white crystalline solid with MP =
149-151 C. IR 1670, 1632 and 1440 EXAMPLELANVR (200 MHz) S 7.96 (1H, d, J

= 7.9 H), 7 ] N PR . a coxazaberh inks7-J = 5.6
o). 3 8004, o‘b‘]ﬁ%iﬁ?"“‘%%%"°’§".J3f‘é”.’§?§‘8ﬁi§5§§;‘§{‘1‘“ﬂ2?0‘3‘3?360’5(ﬁfﬁ, ol T 201, 60
ppm (6H, m. 5 EXAMPLE 6 (R S)-6a-hydro- ai—l-pyrrolidino [ 2, 1-b] pyrrolidino
[2',1'-2,3] quinazolino [7, 6-¢€] 1,8- oxazapper hydr oi ne- 6, 12-di one O N

CNfl, I/ O O Hydroxyterephthalicfacid (4. g, 22 nmol) was di ssolved in

200 mL THE to which 10 was Mkded.axQ_e >~f _d{ azonet hane in di et hyl

ether. The reaction m xture was (ﬁuen acgtic acid, diluted with
r d pressure, and eluted
@ waxy solid with MP = 69-75 C.

CH2Cl 2, concentrated onto silica gel de
wi th hexane/ EtQAc (4:1) to yield 4.40 g a
IR 1720, 1678, 1436, 1319, 1 a 109, cm 1. Di et hyl
hydr oxyt er epht h%ﬂ"é?ﬁ@’?(‘@y BX%S,OP%é%ﬁwRﬂB%%’ ﬁ%@@é&?‘gﬁapbn%u@aé%aydn% xed 15
wWith 7100 fmyneri @i .re'og, 8¢ inchof )overdoniBittd ahddBeatedas teflaR for90tsUTIE: mixsurpour ed
onto ice and "extracted with ethyl acetate. The ?r%a iC Iat)I/er,V\(ra% V\ﬁshed
with pH 7 Wh@@lmg@mp@mblent and dissolved in 10 mL CHCI;. Trifluoroacetic acid (1.0 m

and 5A molecular sieves were added to the solution, which was stirred for 2 h. Concentration

onto silica gel under reduced pressure and elution with hexane/EtOAc (2:1) yielded 500 mg
(42%) white solid with MP = 164-166 °C. IR: 1711, 1669, 1615, 1445 and 1285 cm™. 'H

15 NMR (200 MHz) 5 8.62 (1H, d, ] =2.2 Hz), 8.12 (1H, dd, J =8.7 & 2.2 Hz), 7.02 (1H, d, J =
8.6 Hz), 5.55 (1H, t, J = 5.66 Hz), 3.92 (3H, s), 3.50-3.90 (3H, m) and 1.80-2.60 ppm (3H,

m).

EXAMPLE 5
20  (R,S)-6-(Piperidylcarbonyl)-3aH-benzo[e|pyrrolidino[2,1-b]1,3-0xazaperhydroin-9-one

(R,S)-Methyl-9-0x0-3aH-benzo[e]pyrrolidino[2,1-b]1,3-oxazaperhydroine-6-
carboxylate (Example 3, above) (387 mg, 1.56 mmol) was dissolved in 10 mL dry CHCIj; to
which trimethylaluminum (2.0 mL of 2M in toluene, 4.0 mmol) was added followed by 400

25 mg piperidine (4.7 mmol). The reaction mixture was heated to reflux for 3 h, cooled to

ambient, and quenched with acetic acid. Concentration onto silica gel under reduced pressure



saturated NaCl, and dried over anhydrous Na2SO4. The sol vent was renoved
under reduced pressure to yield crude 3.0 g

di et hyl -wohgd43xy-4-ni troterephthalate. IR 1739, 1688, P&6441S02/1%4@, 1338
and 1254 cm -1 20 Di met hyl - 2- Hydr oxy- 4-28i tr ot erepht hal ate (3.0 g, 11.8
mmol) was reduced in 25 nL MeOH in a Parr hydrogenation bottle by 90 nmg 10

% Pd- C under. hyd Th st
(Tt o o ation e Te PR @b IS v poq' g of R B Rhalfie R MR I, cquced
pressure. Holisi0p .t §7d)es8N8aEu4d¥em{. ZH]NMR'(@d(ﬁﬁHz)lé 296 aHjidpe hylHA; am no-

4-hydroxyterephthal ate as a yel low solid, which was used w thout further

purificatiom (1#5dR0OE1 }(20,79(!3)@}1 8: 25Tkl 1 Tes6 Habld G0 40044H ) Bd§-349 ut i on
of 2-pyrrol, n nmL dry benzene. After 2 h,
1.20 g di rr{apghpol2ﬁ)aﬁn1&?’lgﬁ{491)ﬁ?/%¥-g§)}t gphtﬁ ‘?’gte (5.3 mmol ) was added and
the m xfure was heated to reflux fJdEXSMPLE @he reaction m xture was dil uted

wth CH2C12, e it at ur.a nd.,, [Q 02/ 37646
%6 concent r alby-tetor Bat R e bR AR A et Pl b3y

Et OAc/ MeCH (99:1) vyielded 53%éx#@perhydroine-6,12-dione

9- car boxynet hyl - 8- hydr oxy- 2, 3-di hydro-1 Hpyrrolo[ 2, 1-b][1, 3] -

qui nazol i ne-6-one as white solid. IR 1691,01678, 1471, 1440 and 1249 cm'.
NVR (200 MHz) S 10.60 (1 H, s), 7.80 (1H, s), 4.19 (2H t,
J =7.2 H), 4.02 (3H, s), 3 !

(2H, m. 9-carboxynet hyl - 8- yd
1, 3] qui nazol i ne-6-one (530 m nobut yr al dehyde di et hyl
acetal (1.00 g, 6.2 mmol) wer e heated to reflux for 90 s. The
cool ed reaction mxture was dilutéd with CH2Cl2, to which was added 2.0 niL

trifluoroacetic_acid a cul Si eves 0 . xtur. tirred
for 1 h, conceﬁ%‘f’@&“‘cﬂﬂ fA\“sﬁ‘cl“i@ 21[3 ‘P’asrdéﬁa(’f m&%&éﬂ a‘ﬁlasl?el ut ed
Wi th By QAC)Mefdbed exd&) of Meﬂfah@fﬁtdl 1efhet. TBe feadtioh infituid W3 qﬁ&ithé‘d)m in

CHC13/ I\/EO—I and renmoval of solvents under reduced pressure y| el ded 600 ngy
of product w{toaegfic aeid.gilgied math GhClhgcanremratop ontosilise ¢ ynder reducedmgessures) 660,

1464, 1209 1, s),
5.58 (1 H, a“t%%qﬁtwéh @%WE@@% é%&ﬁeldwéa&i%’gﬁ lméth%lp 3%3?31% iH, S?r),
3.55-3.70 {72, 167R, 1436,]]9319,21Iﬂ,121md1]10&c61 0 Hz) and 1.90-2. 60 ppm (6H 1.
Exg\wskgzrn(eRGS)C%l%%L %Xl%%%ﬁ%algte%(fgo allj-?enzgvias cocﬂéﬁrtcr)gl b an mlie% 1-b

15  with 7 mL fuming nitric acid for 40 min. The reaction mixture was poured onto ice and

extracted with ethyl acetate. The organic layer was washed with pH 7 phosphate buffer,
saturated NaCl, and dried over anhydrous Na,SO4. The solvent was removed under reduced
pressure to yield crude 3.0 g dimethyl-2-hydroxy-4-nitroterephthalate. IR: 1739, 1688, 1549,
1442, 1338 and 1254 cm™

20 Dimethyl-2-Hydroxy-4-nitroterephthalate (3.0 g, 11.8 mmol) was reduced in 25 mL
MeOH in a Parr hydrogenation bottle by 90 mg 10 % Pd-C under hydrogen (70 psi) for 3 h.
The catalyst was removed by filtration and the solution was concentrated onto silica gel
under reduced pressure. Elution with hexane/EtOAc (2:1) yielded 1.20 g dimethyl 2-amino-
4-hydroxyterephthalate as a yellow solid, which was used without further purification.

25 POCI; (0.95 g, 6.2 mmol) was added to a stirred solution of 2-pyrrolidinone (1.00 g,
11.8 mmol) in 10 mL dry benzene. After 2 h, 1.20 g dimethyl 2-amino-4-
hydroxyterephthalate (5.3 mmol) was added and the mixture was heated to reflux for 5 h.
The reaction mixture was diluted with CH,Cl,, washed with saturated NaHCO; and



HO Et O 20 O Diethyl 2,5-dihydroxyterephthalate (7.00 g, 27.5 mol ) and

4- am nobut yr al dehyde diethylacetal (7.00 g, 43.4 nmol) were placed in a

| ar ge t eswotoghbessahd boiled for 5 min. The reaction m xtuPETWs82/pwws ed i nt o
a separatory funnel and thoroughly m xed with 800 nL EtOAc and 100 nL 6 N
HCl. After 30 min the organic | ayer was dried over Na2SO4 and the 25

sol vent mneatmptedanm retduchimésduraogtebiligmg@i ElutionghwighEte/NMe@H{9%Y on silica

|t 49 ff
Commounn WiEAEE Ry AN FRSRERS Al SRRl 00 | e
(5 Zgoml\/;-lz)4<ﬁllx3&0141%r6 -brle ddwlﬁt}:,sol?d 5 16%1%2@, 1471, 441?40(ahm1249 ¢m” . SNMB §zon H, Ht, J =
1.80 WO oaM@@Eéi%%céﬁ UB@?M%@M%IE B 94@#* a?rr?dHi) ﬁggbﬁ% Zéﬁ% D

7.2 Hz) s EXAMPLE By geRnd)2-20-4 K arbonyl) 3aH 5 benzo [e€] pyrrolldl no
[2, 1-b] lE(3 oxazaperhﬁ::lrm n- 9- OﬁangZgNgﬁN | AD O Trinethylalumnum (1.1 nL

of 2Min tol uerﬁécaﬂ@annﬂml §-hm@<y4b®dwdrsrlﬁéme{él(bzl[lﬂqul)nevéaw added to

a solution 1b

1, 3- oxazi n%?@_ %ar ‘?‘Z leyéi 3&8%% |yﬁg§hé@lk%céaﬂh@l-i T dgp\%rgct i Ln

m xture wammblﬁbdhaahemledto raffhlklfw@OfsoThabOhled mmﬂuadntxmrawm dhwted vithd quenched
W th aceti id. oncent ra under
reduced pr‘ggg@?’é‘) Ay @faﬁ?%%d% 3503? é dlg’{il e(‘)’ulfl/]i Sé?V(?lg %? ng (90%
white 30l iglixhre khaB/Blrred]tBAl' H,?cﬁncﬁntrdtéﬁ onl&ﬁﬁca gkﬁu?xﬁler r}:d\ibéd ﬁfedsuileZEﬂﬁi elﬁtbd "H

NVR (200 Mz S7.96ﬁ42( 2 Hz),
7.00 (1 H,with EtQAGMeOHPO:18). cho(lqﬂathn ijhﬂssolrltlprzyvlthﬁhazwahmﬁﬁ?ldi\ffe% and

1.40-2.60 zﬁ-ﬂn Orfméva%% J@en&%n@;%!:eﬁ p?ess&rBle%)d'eé Pk % Bk @9%) %@-k"wlﬂﬁélz 0

[e] pyrroli 1, 3-oxazi n-6 car boxam e
solid with MP = 245- 250 °C.IR: 1681, 1660 1464, 1209 and1137 cm™. '"HNMR (200

MHz) 5 8.21 (1H, s), 7.80 (1H, s), 5.58 (1H, t, ] = 5.8 Hz), 4.20 (2H, t, ] = 7.3 Hz), 3.75-3.95
15 (1H, m), 3.55-3.70 (1H, m), 3.19 (2H, t, J = 8.0 Hz) and 1.90-2.60 ppm (6H, m).

EXAMPLE 7 -
(R,S)-Ethyl 7-hydroxy-9-oxo-3aH-benzo[e]pyrrolidino[2,1-b]1,3-0xazine-6-carboxylate
O
HO
1
B 0

20 0

Diethyl 2,5-dihydroxyterephthalate (7.00 g, 27.5 mmol) and 4-aminobutyraldehyde
diethylacetal (7.00 g, 43.4 mmol) were placed in a large test tube and boiled for 5 min. The
reaction mixture was poured into a separatory funnel and thoroughly mixed with 800 mL
EtOAc and 100 mL 6 N HCI. After 30 min the organic layer was dried over Na,SO4 and the

25  solvent was evaporated to yield a yellow oil, which was purified on silica gel to provided 4.90
g (64%) colorless, fluffy crystals of the title compound with MP = 139-141 °C. IR: 1676,
1454, 1240 and 1200 cm™. "H NMR (200 MHz) & 10.48, (1H, s), 7.54 (1H, 5), 7.47 (1H, 5),
5.46 (1H, t, J = 5.6 Hz), 4.42 (2H, q, J = 7.2 Hz), 3.75-3.95 (1H, m), 3.50-3.70 (1H, m), 1.80-



1 ON NI O 020 To 1.6 g (5 nmmol) di met hyl am ne hydrochloride in 60 nL
of dry CH2C12 was added 10 nL of 2.0 M ALMe3 in toluene with stirring
under Ar.wbime4smdl es (1.4 g) of the ester of Exanple 7 iPaTAGOm7606 CH2CL2
was then added and refluxed for 0.5 h & which tine the CH2Cl2 was
distilled off and replaced with 40 nL of dry toluene. After refluxing for
anot her hour the reaction nixture mxed wwth 50 nL 3 M HClI. After the
| ayers wer268@bhmaadil-428rmdidus= 74 was extracted with 3 X 50 nL of
CH2Cl 2. The conbi ned organic | ayers were WO 03/045315 PCT/ US02/ 37646 28
dried over NaSO4i and the sol vent renoved |n vacuo to yield 810 ng crude
phenolic anmide (58%yield). IR 16BRAMRLE8 ¢ . \5 277.2 anu (M+H). To the
am de product from above (81 nm. of anhydrous DMF

under argon, was added 174 ng‘?p%%"w %%ﬁ}fb ﬁ%’all at once, with good
stirring. After 5 10bm’m[apynroim’mﬁ[é;l}tél,a-tomnpeltﬂyértbwwnteerrper ature was
raised to 65 C and 0.25 nL of Mel bll 6 mm@ was added at once. After 2 h
the reaction m xture was cool ed to [gnbi ent and quenched with 5 nlL of
water. Water and DVF were the e g2\ p acuum and the residue was
chr omat ogr aphed on 150 g of kili&a ge th Et Conbi ned fractions
yielded 600 ng (71%. IR 166 nd 1 2912(MH—|) "H NWR
(500 MHz) S 7.43 10 (1H, s), 6788 (1 H, s) 0549(1H , 3.86 (3H, s)

300 0 e g e SebT e ol Bl Ryl ™

(R, S) - N- (2-thively Qepeaddaed t))(a7sof&}il§|r[ @fxsoo%g:maﬁ,aab&xb@rammeb@j[pyreypyhbnulﬂqzn2 1- b]
1,3- 15 oxazaEer hydr oi n-6-yl)) car boxam d HO OO Et hy

7- hydr oxy- 9-1j énsaweo"érﬁ%w}%wlrodnmab Hb’[OZmI_t dB] (“1H§bo¥19ﬁ%°16m8‘é‘+f5 M/l ate
\(NeEi’( erp 6 7 1RR8Y ®)refidk P4 4; codleBFo SBILA:, AR Qubi-haNPRaPefCacid THO mtkturd a3 MO )

concentrated onto silica gel under reduced pressure and eluted with hexane/EtOAc (1:1) to
yield 537 mg (90%) white solid with MP = 134-136 °C. IR: 1673, 1626, 1434 and 1255 cm™.
'H NMR (200 MHz) & 7.96 (1H, d, J=2.0 Hz), 7.53 (1H, dd, J=8.4, 2.2 Hz), 7.00 (1H, d,
J=8.4 Hz), 5.52 (1H, t, J=5.7 Hz), 3.20-4.00 (6H, m) and 1.40-2.60 ppm (10H, m)

15
EXAMPLE 9
(R,S)—(7-methoxy-9-oxo(3aH—benz0[e]pyrrolidino[Z,l-b]1,3-oxazin;6-yl))-N,N-
dimethylcarboxamide

| 0O
| )
N

20 To 1.6 g (5 mmol) dimethylamine hydrochloride in 60 mL of dry CH,Cl, was added
10 mL of 2.0 M ALMe; in toluene with stirring under Ar. Five mmoles (1.4 g) of the ester of
Example 7 in 40 mL of CH;Cl, was then added and refluxed for 0.5 h at which time the
CH,C]l, was distilled off and replaced with 40 mL of dry toluene. After refluxing for another
hour the reaction mixture was mixed with 50 mL 3 M HCI. After the layers were separated,

25  aqueous layer was extracted with 3 X 50 mL of CH,Cl,. The combined organic layers were



conmbi ned and heated to reflux for 90 s. The cool ed reaction nm xture was
diluted with CHC13, 20 acidified with acetic acid and concentrated onto
silica geWouwndes31s educed pressure. Elution wth CH2Cl2/ MPORUSEE3BY6 yi el ded
1.50 g hydroxyet hyl am de as a waxy soliz. IR 3000-3500, 1650, 1562, 1470,
1344, 1264, 1211 and 1066 cm'' 25 WD 03/ 045315 PCT/ US02/ 37646 29 EXANMPLE
11 (R'S), {fRdSyve2RhSIM, dititht SdvénireBrovedaz odduditopfld 830 pig crude phenolic amide

Iidi "1t -20 0 3 1(1,,3= i L@ -2,1]b 4, 5-
27 2 Bkt ek G B i e L4
N- ( 2- Hydr oxyet hpd thé dmligGhecsdayt-fEond 2tk €816 BN 2.0 [nehgdy inrd0l mido fremhRirdusd)ME, 3-

oxazaper hydr oi n-6-yl ) ) carboxam de_(product from Exanpl.e 10 1.5 5.13
mol ) was URISE HEom 3S pddedd 7Hmeds > E‘,’H@l)?%?/ bﬁ%‘ir{ ﬁ]g]f‘t Wt H”‘ti‘.ggoarit&mg‘ Astl
trimet hyl o ; uffEeh Satlrehas HAITOEHC a0 85 2 Mepl ) and
heat ed txo E(Se uﬁr‘?gg'&%g(pﬁg The %Igg?grgprgargti cs)n_m' xture aWas neutralized with
pot assi um ¢ldréhomal) evasadiled ehorentAflter 2d thereastion mibdere geab conleste ambignicand 10

ressure. El utjaqgn.wth, hexane OA | i i t hyl
Pt at e af M ikt p T YARE SRR Dlr ek B FGELUEN Shide R bl SLEY
and 1421 cegsiliue wht ddMtndte@phelVbld | 5B df fiea (g6l Wwith Et©Ac. Cottinédfrdekipnssyielded 54
(0.5H, s), 7.5 0. 5H, 53 (1H,

1 6.22 (0.5H, 6.21 (0.5H s), 5.45-

M), 4. 20- 46%pmg §H%)RR: 136674511131.6@%&(1'1-@1-1%5 ,5913? éMﬂé)-(?l’d %,(53%1\45@& 723. 90- 2. 58
4H . ) ) m), 3.

(R's)- 20, SR GRF Lol () 86 R ), 284 QHym) 365 AR m JLCHLS. (o0 5.

2',3'] (1, 386x3Lish@)49[(BH, 18),2241]1Hiye)a2d6 [ U], 5a)ahd 1.95 ppm (1H, m).
1, 3- oxazaper hydroi ne-4,10-dione O Q):) N DO N) O

EXAMPLE 10
(R,S)-N-(2-Hydroxyethyl)(7-hydroxy-9-oxo(3aH-benzo[e]pyrrolidino[2,1-b]1,3-

15 oxazaperhydroin-6-yl))carboxamide

(0]
HO
N
HO” o
O

Ethyl 7-hydroxy-9-oxo-3aH-benzo[e]pyrrolidino[2,1-b]1,3-oxazine-6-carboxylate
(Example 7 above) (1.20 g, 4.83 mmol) and ethanolamine (1.00 g, 16.3 mmol) were
combined and heated to reflux for 90 s. The cooled reaction mixture was diluted with CHCl3,
20 acidified with acetic acid and concentrated onto silica gel under reduced pressure. Elution
with CH,Cl/MeOH (95:5) yielded 1.50 g hydroxyethylamide as a waxy solid. IR: 3000-3500,
1650, 1562, 1470, 1344, 1264, 1211 and 1066 cm”

25



O D ethyl 2,5-dihydroxyterephthal ate and et hanol am ne were m xed and
heated to 20 reflux for 90 s. The cooled m xture was diluted with

chl or of orwp ogw#i3ahol , and acetic acid and concentrated omCo/UGsN/B3T36 gel
under reduced pressure. Elution with CH3Cl 2/ MeOH (90:10) provided 1.20 g
of crude bisam de. The crude am de was suspended in 20 nL dry CHC13
together with 4.6 nL trinethylorthoformate (43 mmol) and 1.0 nL 96% formc
acid (21 mmwl) and refluxed for 6FHXAMREEddol ed nixture was neutralized

wi th potassi %ﬂﬁ& b0 fidin32"'a ntrated
onto silica :}gggag{) §g\t??a%% reggé?aef%{rno ucél%\%\gg el 39 n'glzng’q((:lrciﬁstal i zed
from et hyl acet at e oxazing)51,6i- BHbWO(@S e343- WZMTWEP-4M1@WP 305- 306 C.
IR 1675, 1458 and 1421 cm'. 'H NWR (200 §Hz) S 7.62, (0.5 H s), 7.60
(0.5 H s), 6.24 (0.5 H, s), 6.23 (0. 5 H H)., 4.20-4.42 (6H, m and
3.50-3.70 ppm (2H, m. 5 EXAMg.E 18 (B
(R, S) - 1l aH, 4aH- pi peri di no[ 2, ¥ b] pi per " Nl 3']1(1, 3-

oxazaper hydroino) [5',6' -4, 5]Renx0 -ox,Jss:\nfe 7 14-dione O ON CN I
O 10 The synthesis was perfornmed 'Oy as for Exanple 1, Method A
except for substitution of 5-am nentanal di et hyl acetal for

4- am nobut yr al dehyde di ethyl acetal. "H NWR (200 WMHz) 6 7.502 (s), 7.493
(s), 5.39 (2H ldxéz Hifdroxfetlilﬁ)(ﬁhﬁir&(ykﬁbxo(fa}ﬂﬂenéé{bﬂpyﬂﬂhdlnb[2:1 blg3-Hz), 2.78 (2H,
tm J = 13 Hz) é é . 15 EXAMPLE
14 Prepar apxa@@pedwd{% yl)Eﬁ@ﬁﬁlﬁﬁ%(ﬂf‘?ﬂ“ﬂt-ffﬂné5?‘%’&9‘?/19) @aﬁ-gb A%B‘“[%W

pyrrolidi n?us{w%d(]:d Bl20%n3 dry@ﬁ’él' ﬂ)ggth%th A mL trimethylorthoformate (43 mmol) and

1.0 mL 96% formic acid (21 mmol) and heated to reflux for 6 h. The cooled reaction mixture

was neutralized with potassium carbonate and concentrated onto silica gel under reduced
10  pressure. Elution with hexane/EtOAc (1:1) and recrystallization from ethyl acetate afforded
430 mg white solid with MP = 285-287 °C. IR: 1675, 1458 and 1421 cm™. '"H NMR (200
MHz) & 7.66 (0.5H, s), 7.64 (0.5H, s), 7.54 (0.5H, s), 7.51 (0.5H, s), 6.22 (0.5H, s), 6.21
(0.5H, s), 5.45-5.53 (1H, m), 4.20-4.40 (3H, m), 3.75-3.95 (1H, m), 3.55-3.70 (2H, m) and
1.90-2.58 ppm (4H, m).
15 EXAMPLE 12
(R,S), (R,S)-2H,3H,8H,9H,12aH,6aH-1,3-0xazolidino[2,3-b]1,3-0xazolidino[2",3"'-
2',3'1(1,3-0xazino)[5',6'-2,1]benzo[4,5-e]1,3-0xazaperhydroine-4,10-dione

SO0

Diethyl 2,5-dihydroxyterephthalate and ethanolamine were mixed and heated to
20 reflux for 90 s. The cooled mixture was diluted with chloroform, methanol, and acetic acid
and concentrated onto silica gel under reduced pressure. Elution with CH,Cl,/MeOH (90:10)
provided 1.20 g of crude bisamide. The crude amide was suspended in 20 mL dry CHCls
together with 4.6 mL trimethylorthoformate (43 mmol) and 1.0 mL 96% formic acid (21

mmol) and refluxed for 6 h. The cooled mixture was neutralized with potassium carbonate



ZD Ya N O O20 To a solution of nethyl

9- oxo- 3aH benzo[ e] pyrrolidino[2,1-b] 1, 3-oxazaperhydroi ne- 6-carboxyl ate
(conpoundwofo3xzmpl e 3) in 20 nL nethanol in a 125-nm, Eripemmsyms7ehé ask

was added 20 nL IN NaOH. After stirringsovigorously for 30 mn, the solution
was acidified to pH2 wth INHC. The resulting white precipitate was
filtered amd cvasdnedtedbtth sitiba gdl unduatednced Prassurs Fraducineas ehusedi and ofysellizedy et hyl
acet at e/ net hanal (1/1) an ried gver anhydrou l o~ IHRE ution was
concentr at amteglyque@}%foyﬁg! %g“’% gﬁé}@) ‘GlFlte\/ﬂ‘ﬁx" & ‘%‘ﬁﬁ ﬁg—%%%?(fz&aﬁ%%’ 1637

cm . VO 0343312 Ref!. USQMR (BMH3)ls 7.62,70.8 BS BENSO @5 B 5), 6.24 (0.5 H, 5),

9- oxo- 3aH- benzo[ e] pyrrolidino[2,1-b]1, 3-oxazi ne-6-carboxylic acid (300 ng,
1. 29 mmol ) 623 (CHACY)24 34 42 dekban)land 3.5 & Wapyl @Hi W)-dazol e (209 ng, 1.29

mmol) ig a 25-nL round bottom flask. After 2 h, norpholine was added vi a.
syringe” The resulting reaction mxture was stirred for 30 mn and then
washed with IN HCl, saturated 5 NaHXBYIPEEA3bri ne. The organic | ayer was
then dried over NEESOR,S)-1144a8-pipedidamil bbipipdritine[2'61821,3'1(@,3375 ng of

foam The product wasappertydesindys sha Simhigjélaplogazine-3j14idbanegel by el uting
with ethyl acetate to yield 330 ng of off-white crystals (85% with MP =
184-186 C. IR 1669 and 1636 cn'. "HNWVR @ 7.98 (1H, d, J = 7.5 Hz), 7.10
(1H, d, J =8.9 Hz), 6.99 (1 H__d, = 1. ), 5.51 (1 H t, J=6H
3.85 (1 H m, 3.78 (4H, bs),3. 1] 6 10 (2H, bs), 3.40
bs), 2.45 (111, m, 2.27 (1 K rﬁN m and 1.98 ppm (1H, m
EXAMPLE 15 Preparation of 0
(R, S)-6-[(4-Hydroxypi peridyl)carbo GI]-SaFFbenzo[e]pyrroIidino[2,1- b]
1,3-0xd2in-9-one O HONN [/ 15 O To a suspension of

9- 0x0- 3aH benzotg] YithEH Wik fertbanell esdehtially3s B BrArhisle 6; MBhEOX)ekidpt forci d (160

mg, 0.689 mmol) in 2 nL dichloronethane in a pear shaped 25-nl flask was
added substitution of 5-aminopentanal diethyl acetal for 4-aminobutyraldehyde diethyl acetal. 'H

NMR (200 MHz) § 7.502 (s), 7.493 (s), 5.19 (2H, dd, J = 4.18 & 9.6 Hz), 4.47 (2H, dm, J =
14 Hz), 2.78 (2H, tm, J = 13 Hz), 2.24 (2H, m), 1.85 (6H, m) and 1.51 ppm (4H, m).

),
' (2H1
Al L H, .

@

15
EXAMPLE 14
Preparation of (R,S)-6-(morpholin-4-ylcarbonyl)-3aH-benzo[e]pyrrolidino[2,1-b]1,3-
oxazin-9-one
0
“~ x
A D
0]
0
20 To a solution of methyl 9-oxo-3aH-benzo[e]pyrrolidino[2,1-b]1,3-oxazaperhydroine-

6-carboxylate (compound of Example 3) in 20 mL methanol in a 125-mL Erlenmeyer flask
was added 20 mL 1N NaOH. After stirring vigorously for 30 min, the solution was acidified
to pH 2 with 1N HCI. The resulting white precipitate was filtered and washed with 25 mL
water. This solid was redissolved in ethyl acetate/methanol (1/1) and dried over anhydrous

25 NaySOs. The solution was concentrated to afford 703 mg (81%) of white solid. IR: 1712 and
1637 cm’.



1,1 -carbonyl diimdazole (112 ng, 0.689 nmol). Stirring was nai ntai ned
under positive argon pressure and conplete dissolution was achieved in 1
h. The soWwotmBom3nkas stirred an 20 additional 2 h and thenpraadsd2/sicesd y vi a
syringe to a stirred solution of 4-hydriaxypi peridine (148 ng, 3.44 mol)
in 5 m CH2Cl12. The resulting reaction m xture was washed with IN HCl ,

sat urat ed NaH and brjne, . The ani ed ove an rous Nat
s, filtered ﬂS‘EBWé‘@ﬂPf%P’éQﬁ%g @M% (\ﬁgﬁocﬁ é\]?x o o%aﬁ] ﬂle f oam
was cryst ahdid @ed nfg, 909 nfAGALHELEGds @dgeal 10-cdbSnyIdlintilazelei (269 1ag) 1129 ( 72%)
W|th MP = 130-135 C. | R 3400, 1657 25 and 1619 cm'. "H NVR S 7. 96 (1H d,

é = 7.9 |-|?nm017) in @ 2f-mlpyoupd bq;tom flask A_Eef 2 hymgwhellnepya§)adde§ vgllsyrleg_e iqh t,J =
E 1 ) te tlﬁg}re%ilﬁg%x?t?é xga% f%ljre(ﬁor §q)m$n’3an§§he(11wa|§hedr@nh N ﬁ@‘l @thlé'tedm 3. 60

0 :
H, bs) (1H, m, 2.13
1H m35 2N®H(:(Dbd anbbdine. ThO8rgdrlidfayermas tlibn@mec(Q@rMazSﬁ)s)ﬁlwmd a11d 4@1cpmmt<(d1H
bs). WO 03/0 PCT/ 1US02/.37646 32 atj o
(R S)-6- [(@%%@f‘ﬁéﬁﬁ%% 09 e PLAdPEH P}’“ﬁ ‘hybi’ﬁ oaf%?%% P‘EF% P% 1.
b] 1, 3- oxaziifeify Wilieeth{D abRate td¥ield 33(N~n@ oEbffivhite I@@tamm@wm@mﬂh@e °C.
preparatlon of the corrpound of exanple 14 was followed wth
substi t ut i B 1669 andnisBhginpi PENMER 1293 GH, dohphéHzhd - 10418i 4/ d ‘%H%‘S{)@M | R

1666 and 7 0 ,

5.51 (1H, b?ggsfgg“(}ﬁl«% %'\{RHG‘S%%%MJS%@{ mf 3 ““]1‘5”)%0 @ngg) (31H bs)

2. 48 (4b, (@H, b, 320 (BHbs)s2.45 AL m)( 227 (1Hym), 2131@ H thB-Iand 11?13 pem @il nd), 96 ppm (1
H nm). EXAMPLE 17 Preparation of

(R, S)-6-[(4-am nopi peridyl)carbonyl]-3aH benzo[ e] pyrrolidino[2, 1-

b] 1, 3-oxazin-9-one O H2N N EXAMPLE 15

Preparation of (R,S)-6-[(4-Hydroxypiperidyl)carbonyl]-3aH-benzo[e]pyrrolidino[2,1-

b]1,3-0xazin-9-one

To a suspension of 9-oxo-3aH-benzo[e]pyrrolidino[2,1-b]1,3-0xazine-6-carboxylic

15

acid (160 mg, 0.689 mmol) in 2 mL dichloromethane in a pear shaped 25-mL flask was added
1,1’-carbonyldiimidazole (112 mg, 0.689 mmol). Stirring was maintained under positive
argon pressure and complete dissolution was achieved in 1 h. The solution was stirred an

20 additional 2 h and then added slowly via syringe to a stirred solution of 4-hydroxypiperidine
(148 mg, 3.44 mmol) in 5 mL CH,Cl,. The resulting reaction mixture was washed with 1IN
HC], saturated NaHCOj3 and brine. The organic layer was dried over anhydrous Na; SO,
filtered and concentrated to afford 174 mg of white foam. The foam was crystallized from
CH,Cly/Et,0 to yield 158 mg of white solid (72%) with MP = 130-135 °C. IR: 3400, 1657

25 and 1619 cm™. '"HNMR § 7.96 (1H, d, J = 7.9 Hz), 7.10 (1H, d, J = 7.6 Hz), 7.00 (1H,s), 5.51
(1H, t,J = 6.0 Hz), 4.16 (1H, bs), 3.99 (1H, m), 3.86 (1H, m), 3.63 (1H, m), 3.60 (1H, bs),
3.42 (1H, bs), 3.17 (1H, bs), 2.45 (1H, m), 2.27 (1H, m), 2.13 (1H, m), 2.0 (1H, bs), 1.99 (1H,
m), 1.61 (2H, bs) and 1.49 ppm (1H, bs).



NY-(: O15 O A 3-neck round-bottomflask fitted wth a thernoneter was
charged with sodium azide (3.25 g, 50.0 mmol) and warm H20 (3.25 nL). The
resul ti ngwpasnessmmas stirred vigorously as 20 nL of benzemeTwess2/zmeed. The
resul ti ng heterogeneous solution was ca2led 20 to 5 C and H2SO4 (1.34 ni,
25.0 mmol ) was then added dropw se. The tenperature of the solution was
mai nt ai ned below 10 C and stirring was continued for an additional 5 mn.
The organic |ayer was decanted i ntge 20 nmeyer flask, dried over
anhydrous Na2SO4, and used in the next E‘?a%?i on.

Di i sopr opy| Bxepakatian lao>(RJSg,t«sq(mmhaljnimathﬁ)wylrdnmgéaﬂei)eaw[alpwrliodidimﬂ,14r 25
hydr oxypi peridine (2.0 g, 20 mol ))U?S.[Ol_d trl enyI phosphine (6.75 g, 25.7
nmmol ) in CH2Cl2. WD 03/ 045315 PCT 2)‘”3“7“6 8"¢33 The initial addition of a
portion of the hydrazoic acid solution from algpve produced vi gorous
boiling and therefore the i}fl ution was cooled]fn an ice bath during the
remai nder of the addition StirTNg was~ Ry pe\ N the ice bath, which
was allowed to warmto anbi ent After [ nbi ent for 16 hr t he
solution was washed wi th H2O f ol YN A e/ 5 acidic sol ution was
washed with Et20/EtOAc (2/1) and the made bagc to pH 9 with 1IN NaOH The
resul tipg cloudy aqueous solution wa® extracted wth CH2Cl2. The organic

| ayer s dried over Na2SO4, filtered and concentrated to afford 1.05 g of
yel | ow oi | (429%he prevedure f@2hapreparatine of the gempruad obexamals 143w fellowsd withs ur t her

bove w t ntEREaS BEfineBh Pl T porh B S HABRANIR, Rlesatd © 4
c/rudﬁ prod/usz.stzhcmlas ‘mwmse@mymﬂ)mmmﬂgd)apm(m sy isISil ¢ aH,gRI3.86y(18) ki on wi t h
3/1 hexane/ et acet at e I

- (4- a2 dogh P00y P FE bRt 15 M neRS (e b FaPnbEs 28 mp 13 (H,

1, 3- 0x3gi nr-n%&pp_g@gprg(ﬁp 1 (7399 . IR 2095, 1670 and 1636 cmi To a 50-nL
Parr flask preflushe vvlth argon was added 10% Pd/C (90 ng) followed by a
solution of 304 ng of

615- g(4- azi dogi peri ((j%l )Sgitr bonlyl)] _-SaEl-%ggl\g%%j p,}ll_[]r ol i di In'?[ 2,1 1;5 :)]

, 3- 0xazi n- 9- one : mrol ) in ) e resulting solution was
treat ed w t hPrdpptativged (R:S)-55(4paminppipertdy)cartiony-3aHchenpelelpyrolidinp{2sl-and
concentrated in vacuo. The residu X i fled by chromat ography on
silica gel by eluting with 15/1 Gﬁ%%%,&%ol | owed by 15/1 CH2CI 2/ MeCH
(1% NHAOH) to afford 220 ng of pure product. NVR (500 MHz) S 7.96 (1 H,
d, J =7.7 H), 7.09 (1 H gdy J =8.5 Hz), (1 H s), 552 (1 H t, J =
5.9 Hz), 4.57 2

15

A 3-neck round-bottom flask fitted with a thermometer was charged with sodium
azide (3.25 g, 50.0 mmol) and warm H,O (3.25 mL). The resulting paste was stirred
vigorously as 20 mL of benzene was added. The resulting heterogeneous solution was cooled

20 to 5°C and H,SO4 (1.34 mL, 25.0 mmol) was then added dropwise. The temperature of the
solution was maintained below 10 °C and stirring was continued for an additional 5 min. The
organic layer was decanted into an Erlenmeyer flask, dried over anhydrous Na;SO,, and used
in the next reaction.

Diisopropylazodicarboxylate was added via syringe to a solution of 4-

25 hydroxypiperidine (2.0 g, 20 mmol) and triphenylphosphine (6.75 g, 25.7 mmol) in CH,Cl,.



20 (1H, bd), 3.85 (1H, m, 3.67 (1H, bs), 3.63 (1H m, 3.04 (1H, bs), 2.98
(1H, m, 2.94 (1H, bs), 2.45 (1H m, 2.27 (1H m, 2.13 (1H m, 1.95
(1H, m, Wos/0§Bity bs), 1.77 (1H, bs), 1.39 (1H bs) andPLTABIPEIBHE 1H,
bs). EXAMPLE 18 25 Preparation of 33
(1R3S) 6- [ (4- net hyI pi peri dyI )car bonyl ] - 3aH benzo[ e] pyrrolidino[2, 1- b]

oxazi n-9-one To. a 2- Kk 00z m. round bottom fl ask
o1 oa wi t Fheinar0dioR Shagven obdie sy op Ba ot S RE AR B E™ 5,
et hyl 9- oxgysidatnletabRltRydoltioh Hafedoledlin B ice bath during the remainder of the
1, 3- oxazaper hydr oi ne- 6- car boxyl ate (343 %@D Q and %&l‘ 2C12
under an ardgsipnadtirgsp ay eontipysd lﬁihier“fe@dthsgg’ﬁb "3ha 5P et“ﬁA er
trimethyl agtgﬁﬂggné{%ﬁagenﬁfo% hotHe sBHRSA waR Whshdd With BO fBlleecﬂbﬁN gl pheeri di ne

(0.19 ni, was added via syringe. After the solution was heated
to refl 6x #ddic dutiom veasovaShesl withigssD/EE A @Ad aactthma@ﬁrhastpéqm‘éﬁa‘tltbrlé‘f for an

additional 72 hr, it ched .h H20 |t on of 6
N HCl . The B‘Pgaﬂiec,‘e‘f“éti}’@rd‘gda)é aﬁl‘ée8‘llsas\fl’v’é’ ot tofo ?Xllirémgq‘ﬁ\gggﬂbéléye ©or ar le&f ract ed
with three,2305{H4 RENA,05 fidbreFhidoRceniics b MREE1.09 fywldwwllt(hrz%hmor gani ¢
| ayer and washed wth water, brine, dried over Na2SO4, filtered and

colncgnt riat 292 ciifie Thegudd prn@}ld)whs nwa@wphnut furthgr Wf@ﬁr@mt})@@ﬁﬁﬁm WhiCk| | i ca
e el utin t
oo 0 o1 R It B AL D g I i gEi B V17,
gN5R1( 5((1? |\H/beph61117e 9he (rﬁdd-brodhct Waspufifibd bzohromdat@athy okl silid) geldy thl()ﬂ_whih S)

6 bd , 2.96
(1H, bt ) 31 #Bxa(‘li/ﬁfhybﬁtate’ ‘Zhlﬁh %‘1‘ ‘FW gz"fégf(% ﬁf%ﬂﬁmgg)“fg’ ﬁhg 2’% 94 (1

H m, 1 7§ Bdino[2; 6 DkhzikY-ond asoarh 114% 209 860L'hidl 6aﬂr5|098
ppm ( 3H, dgen\lér[fh’gTr mo[ 15731 EXAI\%IIDLEmllgaPr(ca)zr})l{altr%at|)£)rlR 9361 »

(R S)-1-[ (9- oxolsap- @ér&ag flagk pis{lushed With prgon wasjaddpd !Lo%a PeAAPP mep followed
yl)car bony{)} Qohﬂ% oqh@fmé o?@-r[agﬁidgf)fpj:r?dyl)carbonyl] 3aH-benzo[e]pyrrolidino(2,1-

15 b]1,3-oxazin-9-one (0.891 mmol) in 5 mL MeOH. The resulting solution was treated with

=

hydrogen at 25 psi for 2 hr, filtered through celite and concentrated in vacuo. The residue was
purified by chromatography on silica gel by eluting with 15/1 CH,Cl,/MeOH, followed by
15/1 CH,Cl,/MeOH (1% NH4OH) to afford 220 mg of pure product. 'H NMR (500 MHz) &
7.96 (1H,d, J=7.7 Hz), 7.09 (1H, d, J = 8.5 Hz), 6.99 (1H, s), 5.51 (1H, t, J = 5.9 Hz), 4.57

20 (1H, bd), 3.85 (1H, m), 3.67 (1H, bs), 3.63 (1H, m), 3.04 (1H, bs), 2.98 (1H, m), 2.94 (1H,
bs), 2.45 (1H, m), 2.27 (1H, m), 2.13 (1H, m), 1.95 (1H, m), 1.95 (1H, bs), 1.77 (1H, bs),
1.39 (1H, bs) and 1.26 ppm (1H, bs).

EXAMPLE 18
25 Preparation of (R,S)-6-[(4-methylpiperidyl)carbonyl]-3aH-benzo[e]pyrrolidino[2,1-
b]1,3-0xazin-9-one
0

o

To a 2-neck, 100-mL round bottom flask fitted with a reflux condenser was added



O NCNYCN O O20 The procedure fromthe conpound of Exanple 14 was
foll owed except for the substitution of 4-cyanopiperidine for norpholine
to yi el d WO[0@43xD- 3aH- PCT/US02/37646

benzo[ e] pyrrolidino[ 2, 1-b] 1, 3-oxazi n- 6-3l ) car bonyl ] pi peri di ne-4-carbonitril
e as a white crystalllne SO|Id (61%. MP = 154-156 C. IR 1667 and 1633
cm . ' H Nv&hg 97oxe8affitenzal¢lpydalidit® [ 2:-p]1,370:08apethygfoing-6-cartpxylalaf$43 208 (1 H,

o 2 14 (rtf Mo 38 Rl (il dFarabgdachisbnere 8 s gl g i
F’gl'/S ;JS(() 2R/ g@ﬂ%ﬁlmﬁl@lﬁmtrxﬁlzﬁnlgﬂepmnal) andafef 30 min, 4-methylpiperidine 2(0 19 rr;)L
(1 3-oxazin @"‘g‘gi/ ﬁéé%mérﬁge.%eb& niapgl'hgasq%&azo | ne%(r)?géxélépl e] 18 (570

g, 2.08 nRiwedW@sard 3 aMbiéRCempPerdt(@ foflan adBitibin 02 hr, A vae lyukdnicied vaith }Hfﬂl c acid
(1.00 g) in 20 nL water and 1.00 Raney- Ni ckel were added and tl
resul ting felleved ey slek adqiden off Wllog Tﬁ‘?@?&‘iﬁ’éllﬁya’tw‘ls 15glafed d the agpeays laygom

t t d with
enper at ur o mﬁg@ﬁ,ﬁﬁllﬁ{}é@ ﬁﬁ%@%%@ O%“Qh&ﬂ%efe%in@%d WAk tdrgaARd ed Wit

200 nL Et d over Evapor ati on of the sol vent
provi ded 4]39ermgd whshad wath|watetbrinki driad wees NaehQ4f ﬁlé@‘erfm@pmeéﬁatgblThw th elution

oy ot ho ERnhmeoTSas Rk By S RM B (R TueDE 8 RO ik B ERGSRERY (0T, 202
IR 1660 amdtaled e ﬁfﬂ: fractioh Mbfe céﬁﬁﬁhd‘t&dﬁ}o aﬁor’d 387 nglififoas) (54%).9R: [668,and) ,
0 s 6b St g 00 ntd a7 8 e 3 7 speR e T Mo goastan ('
confirm ng e ;i §eip a6 QT HIYAS, 368TPAUAS 3.62 (2H, m), 2.96 (1H, bt), 2.76 (1H, bt),

2.44 (1H, m), 2.27 (1H, m), 2.12 (1H, m), 1.94 (1H, m), 1.77 (1H, bd), 1.65 (2H, m), 1.22

(1H, m), 1.08 (1H, m) and 0.98 ppm (3H, d, ] = 6.3 Hz).

15
EXAMPLE 19
Preparation of (R,S)-1-[(9-0x0-3aH-benzo[e]pyrrolidino[2,1-b]1,3-0xazin-6-
yl)carbonyl]piperidine-4-carbonitrile
O
NC
N
T D
0]
0
20 The procedure from the compound of Example 14 was followed except for the

substitution of 4-cyanopiperidine for morpholine to yield 1-[(9-oxo-3aH-

benzo[e]pyrrolidino[2,1-b]1,3-oxazin-6-yl)carbonyl]piperidine-4-carbonitrile as a white

crystalline solid (61%). MP = 154-156 °C. IR: 1667 and 1633 cm”. "HNMR 8 7.98 (1H, d,

J=7.5 Hz), 7.08 (1H, d, ]=7.4 Hz), 6.98 (1H, s), 5.52 (1H, t, J=5.96 Hz), 3.92 (1H, bs), 3.86
25 (1H,m), 2.27 (1H, m), 2.14 (1H, m), 1.96 (1H, m) and 1.85 ppm (4H, bs).



15 EXAMPLE 21 Preparation of 3,8-diethyl-2H 7H 1, 3- oxazaper hydr oi no
[5',6'-4,5] benzo [e] 1, 3-oxazine- 4,9-dione OON-Et NI ~/ J Eta O O
20 To 840wow3(&305 nol ) di et hyl 2, 5-di hydr oxyt er epht hal at @CirruSaf8rend.
anhydrous CHC13 under argon at 0 C was3ssadded 10 nmL (20 mmol) 2.0 M Al Me3
in toluene with stirring. Following this 5.0 nL (77 nmol ) of anhydrous
ethyl am ne was al so added. During both addjtions gas evol uti on was
extensive. The reaction mxture vvasE)g‘PWHE rmed to reflux and then
refluxed un 3-AY didrymeh§i) HaHO rothakd[7,6%] Pt didigd[2,20ul d be
WO 03/ 04531?&%@%@%8%‘;%%%%56@3&%& ed%Y TLC (1:1 [Et O]O\I(S:S?hexane[s) . The
reaction mixture was cool ed to &s3-emzingrlo-digh¢ed i nto 200 nL of 3 M HC.
The | ayers were separated and the aqueous |ayer was extracted with 3 X 100
m. of Et OAc. The conbined organic layers werd| dried over Na2SO4 and the

sol vent was renoved in vacuo to yief® gy oy the diam de (79%yield).
: )I, 62

1IHNMR 5 (500 MHz) S 11.61 (2H, s 28 (2H, bs), 3.51 (4H,
g) and 1.28 ppm (6H, t). T&l@ ¢ °% i ccunul at ed di am de, 5.0
g (56 mmol ) trioxane, and 4.6 g hor sulfonic acid in 340 nL
of solvent (17% THF/ CC14), was adde@ 10 drops concentrated H2SO4. The

colorless reaction mxture was then brought to reflux under argon wth
stirring. WaterTiwesoxazotine efiExamada Fo(§7¢ migl 3,0G momel)tvrag disedvadi inh0Ginkt ur e duri ng

the reflux_10 by |ncorporati.ng. 0,01 i [ i L f ith 3A
mol ecul ar 58§ %i ‘%‘ i%bt'dgan)(’fi%ﬁn% é@(l\?/@;%?ﬁ%o;{nﬁ%a%f Fﬂécf?qu%é Egﬁéﬁ%?ggkﬁ ar
si eves wer gddeb andd resalfinghihitlire waa kreBebwith ylitogemad 1) atmffor 2 hi dx@ne was added

and reflux was contjnuedq overnight. The, follow ng d t he.si.eves were

agai n chanlgwperagirg Te (“&g’a?ﬁ}ﬁ‘faf e\gﬂppﬁfgﬁéd W§§esf‘;f‘6‘8§"8§ e’g%ﬁteil W&W@‘Z@i on mxture
was 1ef | uxggha@NmidR&Fas dritll oVIPNEIS®), { Evagoaidestitiadl solvenibraadbdi 420 nlporapbflee
colored reaction m xture, which was 15 cooled to 10-15 Cwith an ice bath

and t hdfl nivkish was perifed@nsilica geliwith edusion by 2676 eraaciBOAT Kaysiadlizetion Eamdheyani c
layer was %ﬁ&e&ﬂv"é‘n{ pQO\;iQeOd ﬂ}Z n9g]‘ ofl?@eQ(e%}g agjg &/ﬁféwos\éﬁﬁ Mml 89-190 °C. MS:

290.1 (M+1). IR: 1667 and 1450 cm™'. "H NMR (500 MHz) § 7.57 (1H, s), 7.56 (1H, s), 7.47,

(2H, s), 5.43 — 5.46 (2H, m), 4.39 — 4.62 (4H, m), 3.99 - 4.06 (4H, m), 3.60 — 3.88 (4H, m),

3.00 — 3.05 (2H, m) and 1.92 — 2.47 ppm (8H, m) confirming the structure of the compound.

15
EXAMPLE 21
Preparation of 3,8-diethyl-2H,7H-1,3-oxazaperhydroino([5',6'-4,5]benzo[e]1,3-0xazine-
4,9-dione
20 To 840 mg (3.0 mmol) diethyl 2,5-dihydroxyterephthalate in 100 mL anhydrous

CHCl; under argon at 0 °C was added 10 mL (20 mmol) 2.0 M AlMe; in toluene with
stirring. Following this 5.0 mL (77 mmol) of anhydrous ethyl amine was also added. During
both additions gas evolution was extensive. The reaction mixture was slowly warmed to

reflux and then refluxed under argon for 3 hr. At this point no starting material could be



Renoval of solvent in vacuo yielded 2.5 g crude material, which was

chromat ographed on 150 g of silica gel using 2 L EtQAc to yield 1.5 ¢
(28% prosoas/owdsth MP = 236-237 C. Recrystallization fromC3BSoEs2@ CH2C12
provided 1.09 g (209 of 3,8-diethyl-2He7/H 1,3 20

oxazaper hydroi no[ 5", 6' -4, 5] benzo[ e] 1, 3-oxazine-4,9-dione. CIMs mz = 220.1
and 277.2 deaented b&HNWl(ISEIOANHE)aIﬂs)YTEﬁei(CmBh méxture Wamoc(lemo agipienIng0 (2H, g,

J = 7.23H 7.23 Hr f
(RS 5 mobagr o B Aot MiHCH The ks y &8 kepalyte Mo e BuILERAL LN )
4, 5] benzo[ @lthetdd emaapwdbmwmmém&c@ime organicrlaybiswidrlitied; o)vérNaZSDZI'O 1.4 g

(5 1 mmol ) ethyl 7-hydroxy-9-oxo-3aH_benzo[e]pyrr.oli. 2,.1-b 3-
oxazi ne- 6- ¥¥rthosojyeat Basemavesip 4eree 19 Y‘%‘ﬁﬁ@(‘é‘ﬁﬁ?é’ ﬁ)aﬂ}lﬁ%" Hg%’ mjld)oi‘ CHC13

(0 C water / 346 7 (10 nmol)
2.0 M Al AT S PR 1003 R o ) Y ARCER el

met hyl ami ne in TI'd-iE9 Af(1%4 mieDniflaccumubtedaligmide § -0e3/A8b amadhtrioxdne, andtderg bat h was
repl aced 0|I bat h. and t.he GRFELEQ ] r 5 h,
ol owed by? M0 fpter SRR eey SadcBE T RSO IYERL] b R 0 Blopd. 2
6.0 nmL (1ZCdﬁBBlt1)ate6szS®NH$e %lsﬂésﬂtdaamnaiﬁdtu& Wasrthen(tk@ightrol rgflofundetangdnam ne in
THE were added, the reaction m.xture uxed for red into

200 e of SUFHEREWHE VHPORNH SroeeRg e be e nnede BBt PEIE  wae

extractigd ¥ inBorgorktingdP2 SmOEidChielaidaied firdel wigTa ARtbcalagsdves (100 gRingherer e
dried over NgSO4 The solvents were renoved in vacuo to yield 1. ‘ﬁMi

phenol i c aringeP3th Adterd 8 §ithe raolggulag sigesswesgthppeed n aggitiond 3: 6&3 @

3319, 1652mo;cmava§queh4iﬁé r&‘ﬁ'ﬁ( was J:&ltﬂ;f?ed]ovgm%h( 3n8 fSM6Ring Al tﬁe@f‘ev%&@l ic
am de above 1 n 300 nL anhydrous under  argon was added 900 rrg (10.0

nmol ) s-tr agakechengefiod.8 e\minmyl)zm@tage w&s@deWQdih@te@¢tmnn@}xmm1‘éas reflxed i on

m Xture was refI X 0 oI washed
Weh 500 ot S0 sGMRE et RERLER ACFRO ML ERREE it Sund MRS NG
X 100 nk otodfdda6h @-18nrd valmnciwﬁatmd tieh @éxddowitien0ensL veicecdd 0 s dldOH. MySH4.

The sol vent was renoved ) .
The separated organic layer was washed with 100 mL of H,O and dried over Na;SOa.

| R

Removal of solvent in vacuo yielded 2.5 g crude material, which was chromatographed on
150 g of silica gel using 2 L EtOAc to yield 1.5 g (28%) product with MP = 236-237 °C.
Recrystallization from 3:1 Et,O/CH,Cl; provided 1.09 g (20%) of 3,8-diethyl-2H,7H-1,3-

20  oxazaperhydroino[5',6'-4,5]benzo[e]1,3-oxazine-4,9-dione. CIMS m/z = 220.1 and 277.2
amu. "HNMR (500 MHz) d 7.57 (1H, s), 5.16 (2H, s), 3.60 (2H, q, J = 7.23Hz) and 1.25 (3H,

t,J = 7.23 Hz).
EXAMPLE 22
Preparation of (R,S)-3-methyl-2H,6aH-pyrrolidino[2",1''-3",2']1,3-0xazino[5',6'-
25 4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione
0]
0]
OO
Me/N 0]
0

To 1.4 g (5.1 mmol) ethyl 7-hydroxy-9-oxo-3aH-benzo[e]pyrrolidino[2,1-b]1,3-
oxazine-6-carboxylate (the product from Example 7) in 120 mL of dry CHCl; (0 °C water



15 in vacuo to give 900 ng of a pale yellow residue, which was

chromat ographed on 400 g of silica gel (EtQAc) to yield 800 ng (77% of a

col or| esswpoades31s MP = 195-196 C. IR 1672 and 1454 cnmi. E@CINS2¥B48 anmu (M
+ 1). "HNWR (500 MHz) S 7.57 (1H, s), 37/54(1H s), 5.47 (111, t, J =5.7
Hz), 5.16 (2H, m, 3.83 (1H m, 3.65 (1 H nm, 3.12 (3H, s)245(1Hn)

o Z?R 5" sgf?é‘?)h‘w S M"r%ﬁgaj?rf’ AR, gﬂﬁz}’%anﬂ@m e £2 8RR &1 on

4, 5] benzo {dpltioh o? nRUFHLAIR ih THIFOA ig-14 ndifd ofliteae g&3 evolubibn, Melwdterlﬂzﬁ\ v@s O 25 The
synthe5|s of 3-ethyl-2H, 6aH pyrroljdino[2",1"-3",62']1, %E , 6" -

4, 5] benzo[ eptecal withamqibbady ndghgrsaction guprs s jeflixedfor bp g) i aI ly as
descri bed §ohmighesAiEa: 1%8m6}99;\f/e¢atwet/bﬂérfaﬁa§&m&ﬁ1wmmz Qﬁnoatmmmys

et hyl am ne for El'he 86l ution met hyl am ne. The crude material was applied
to 50 g5of sautidnzad §6Imatid nehel) elinethylémisic GAEHF wete@dda) ba 53¢8onITRIUDSH2Y 37646

om < 1 PRETGHETE apd Pruialpt B e M il b spi reBES (00

Z ) 485( 117 H( adﬂeoﬁs, laybr wadexBrabizg w1th 3 XL B0(maiof OYIC]; 3andfhe cdrhbined) qrgaBucﬁlSye(rs?H,ere m,

t. J = ’oveB&@@Es@ypngsrvé%%ée&ovgﬂjndszuo to yle{d l|_£ g g?lenapc amlde mn é)lQ}n (3H,

(R S)-3- pr%@ﬁé'as%'diaﬁﬁt&ﬁmmb' %3%11512(1\4411) 'R3331), 165&; Bs09%AL 1483 chb'., 6' - 4, 5]
benzo [e] 3- oxazaper hydr oi ne-4, 10-di one O ON | O 10 The sa/nt hesi s of
3- pr opyP- 2H, 6aHfopl® g63-8 timeb|of’ he]phelg’hczmjl@ abovsdn 20 pilgnhygireus CH

argon was added 900 mg (10.0 mmol) s-trioxane, followed by 2.0 g H,SO4 with stirring. The

13 under

reaction mixture was refluxed overnight, cooled to room temperature, and then washed with
200 mL saturated NaHCO;. The aqueous layer was back extracted with 4 X 100 mL of
CH,Cl, and the combined organic layers were dried over MgSOs. The solvent was removed
15 in vacuo to give 900 mg of a pale yellow residue, which was chromatographed on 400 g of
silica gel (EtOAc) to yield 800 mg (77%) of a colorless powder. MP = 195-196 °C. IR 1672
and 1454 cm™. CI-MS 275.3 amu (M + 1). '"H-NMR (500 MHz) § 7.57 (1H, s), 7.54 (1H, s),
5.47 (1H, t,J = 5.7 Hz), 5.16 (2H, m), 3.83 (1H, m), 3.65 (1H, m), 3.12 (3H, s), 2.45 (1H, m),
2.26 (1H, m), 2.14 (1H, m) and 1.96 ppm (1H, m).
20
EXAMPLE 23
Preparation of (R,S)-3-ethyl-2H,6aH-pyrrolidino[2",1''-3',2]1,3-0xazino[5',6'-
4,5]benzofe]1,3-oxazaperhydroine-4,10-dione
0
|/ N
A J

o

o

Et
0]
25 The synthesis of 3-ethyl-2H,6aH-pyrrolidino[2",1"-3',2"]1,3-0xazino[5',6'-
4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was performed essentially as described for
Example 22 above with the substitution of anhydrous ethylamine for the solution of

methylamine. The crude material was applied to 50 g of silica gel and eluted with EtOAc to



4, 5] benzo[ e] 1, 3- oxazaper hydr oi ne-4, 10-di one was perforned essentially as
descri bed for Exanple 22 above with the substitution of n-propylam ne for
t he sol utwonspissnet hyl amine to yield a waxy residue, whi COTNESS2/37646
chromat ographed on silica gel to give agcolorless solid with M = 153-154
T. IR (NaCl) 1667 and 1454 cm 1. C-Ms 303.1 anu (M +1). "H NVR S 7.58 15
(1H s), 7 516pﬁﬂeﬂrbd@bm 63%Afeld #ithMR = 1976081°CHR: 1667 dod 189 Hem)CI- S 87 (1H

03 e G Mimsgnm( Ty {8 75K ob o Rt B 27 s

Hz). EXAMP 226 1H, m), 2.17 (1H, 1.94
(R S) 3- (n%ﬁ;g/zl%e%% JI?B@ 3Dé)\syér%{oml)dzl 4n80([112{’ ™) { , 2 T)l 3- (gxazT)no[S' '

4, 5] benzo (1&l, m) agd b%&zmpéﬁhydk'o? Adlz} 10- di one O O1CD O The synt he5| S of
3- (et hgl et hyl)-2H, 6aHpyrrolidino[2",1"-3",2'] 1, 3-oxazino[5',

4, 5] benzo[ e] 1, 3-oxazaper hydr oi ne- 4, 10-di one was perfor med essenti ally as
descri bed for 25 Exarrpl e 22 above VEXANME%bsti tution of isopropylam ne

for the solutjon of, i ne. 045 P W Fi naI
purification WE82 'B’S}"’gl mgﬁg’]@rop&iﬁrﬁy& m” 0 gih%ggﬁéﬁl oﬁ%

204-205 C. IR 1664 and 4Js¢}5eﬂ1z6m113-oﬁzalbﬁh5&ﬁ‘3m3-4al&kll(mé +1). 'H NWR (500
M) S 7.58 (1H, s), 7.53 (1 H, s), 5.49 (. H t, J = 5.9 Hz), 5.14 (2H,
nM, 4.87 (1 H sept, J = 4.9 Hz), 3.88 (1 Hjjdt, J = 11.6 & 7.3 Hz), 3.65
(1H, m, 2.45 (1H ™, 2.27 (1H MO ; , 1.96 (1H, m and 5 1.26

ppm (6H, m). EXAVPLE 26 Prepabt(i n of
|

(R S)-3-cycl opentyl - 2H, 6aH pykrolndi na 1" B A2'] 1,3-o0xazino [5,6"-
4,5] benzo [e] 1, 3-oxazaperhydrofne-¥, 10-dio% ON aN;)D OO0 O 1 The
synt hesi s of

(RS)- %Ocyd Opeﬂgeysynt%es’1s6(%13':p9¥]§y'i-9hi&g[})%i'idi&(;p'g’l‘ "132,I2'] 1:!'3-§ia9§1%f5j',@9[ 5,6 -
4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was performed essentially as described for
Example 22 above with the substitution of n-propylamine for the solution of methylamine to
yield a waxy residue, which was chromatographed on silica gel to give a colorless solid with
MP = 153-154 °C. IR (NaCl) 1667 and 1454 cm™. CI-MS 303.1 amu (M +1). '"H NMR § 7.58

15 (1H,s), 7.54 (1H, s), 5.45 (1H, t, J=6.1 Hz), 5.17 (2H, m), 3.87 (1H, m), 3.65 (1H, m), 3.52

(2H, m), 2.48 (1H, m), 2.30 (1H, m), 2.15 (1H, m), 1.97 (1H, m), 1.69 (1H, m), 1.68 (2H, m)
and 0.99 ppm (3H, t, ] =7.5 Hz).

EXAMPLE 25
20  Preparation of (R,S)-3-(methylethyl)-2H,6aH-pyrrolidino[2',1"'-3',2']1,3-0xazino[5",6'-
4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione

Sores

The synthesis of 3-(methylethyl)-ZH,6aH-pyrrolidino[2",1"-3',2']1,3-oxazino[5',6'-
4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was performed essentially as described for

25 Example 22 above with the substitution of isopropylamine for the solution of methylamine.



4, 5] benzo[ e] 1, 3- oxazaper hydr oi ne-4, 10-di one was perforned essentially as
descri bed for Exanple 22 above with the follow ng exceptions: Neat

cycl opentwbaniomsi1was substituted for the solution of netrgrasonsreise THF,

t ol uene was used as the solvent for thesgreaction; instead 15 of refl uxing
the solution over night it was heated to 80C. Fi naI puri fication was by
silica gel colum chromatography (56% vyield). 4-188 C. Cl-M5 329.1
amu (M + 1Final pyrifisian (@e by ﬁxgm ge;t,co}mBBcl(r&lHatO@?PhYﬁ%"é Y(eicl)} MEy=208-207°CaH, t, J

0z s (Blohbhe e s 3y i B N6ks Bgfiptd ahseln, 3 82 (1, ¥

1 66 ((Jan) spoardg t,1J539rHM)15(]14(B'H 1), 4.872 0H EXAMPE B 93%2) P 8 Had, bﬁ of

(R'S) - (2- oxo yrrolidin I S R

s ez hof & Bk sapis it e (S 0L R R LA Wi 5N & 1r
ONO © W»e3HR163 I%'(PCT/ US02/ 37646 40 The synthesis was essentially as
for the conpound of anple 22 with the exception that five equival ents of
canphorsul fonic acid were enployed in the final cyclization step. MP =
189-190 C. IR 1667 cnmi. Cl-M 386.pxanprEMsl) . 'H NWVR (500 MHz) 8 7.55
(2H, s), 5.47 (1 H t, J =6.0Hz), 522 (2H, s), 38531Hn')364(1H
m, 3.52 (2Breparati afZ(R(SQH cynppenftylszlgﬁal(lmrromhno@"éﬂé' -3'2H1,3rgxazipo[346'¢ 2H 1y
2.26 (1 H m, 2.14 (1 H, 7 0O ppm (3H, m.
EXAMPLE 28 Preparation of ( néﬁlegss( %%Jﬂ%&nge%ﬁ)dnoge

1, 3-di oxol en-5-yl met hyl ) - 2H, 6aH 10
pyrrol idino[2",1"-3",2"]1, 3-oxazi no[&

,10-dione O OO/ r CD
N
T

The synthesis of (R,S)-3-cyclopentyl-2H,6aH-pyrrolidino[2",1"-3',2"]1,3-0xazino[5',6'-

', 6 benzo[e]1,3 oxazaper hydr oi ne-

10

4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was performed essentially as described for
Example 22 above with the following exceptions: Neat cyclopentylamine was substituted for
the solution of methylamine in THF; toluene was used as the solvent for the reaction; instead
15 of refluxing the solution over night it was heated to 80°C. Final purification was by silica gel
column chromatography (56% yield). MP = 184-188 °C. CI-MS 329.1 amu (M + 1). 'H-
NMR (500 MHz) § 7.58 (1H, s), 7.53 (1H, s), 5.47 (1H, t, J = 6 Hz), 5.14 (2H, s), 4.94 (1H,
p, J = 8.5 Hz) 3.85 (1H, m), 3.63 (1H, m), 2.45 (1H, m), 2.26 (1H, m), 2.13 (1H, m), 1.99
(1H, m), 1.75 (1H, m), 1.66 (1H, m) and 1.53 ppm (1H, m).
20
EXAMPLE 27
Preparation of (R,S)-3-[3-(2-oxopyrrolidinyl)propyl]-2H,6aH-pyrrolidino[2',1"'-
3',2'11,3-0xaz ino[5',6'-4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione

00D



OO O The synthesis of

3-(2H benzo[ d] 1, 3- di oxol en-5-yl net hyl ) - 2H, 6aH pyrroli di no[ 2", 1"

3,211, 3woxapisiei 5' , 6' -4, 5] benzo[ e] 1, 3- oxazaper hydr oi ne- 2CT05Sd}/a1ees was
carried out essentially in the sane meddner as for Exanple 22 above with
t he exception that 15 piperonyl am ne was substituted for nethylamne. IR
spectroscopy ( N&€lsyntheSovassebentiplls ag for the compoyys 0355311391%1%“@%@(06?“% NVR

(500 MHz): ) 6.79
(1 H s), bfgve(eﬂﬂ I_glts §%_Ca£éh? %ulfg}ll_cj r%ci% v%erg%ﬁ 13)&%1'1’1 n%h%)f%a]fgdz ‘_él‘llS&% 3 88
(1H, (1m), Blﬁsﬁlmﬁ; mz)l,sszcﬂasP(c]:LMs 3853a&uzm+qn‘mNm(5(mMHz)(mssqm and 1.97
ppm reparati on
(R S)-3-(2 279111 3T 28 FEL O FHAY, %%r@%ym}’élwilﬁdn{éﬂim ), 3.42 {2H, my,
oxazi nos[ 5 , [ @1 N F
Na 0D PEErLEanrd i d G, 2101, 205 O i ant
3-(2, 2, 2-t2.DbpmcﬁBHEmhyl ) - 2H, 6aH- pyrrol idino[2",1"- 25

,2']11, 3-oxazino[5",6'-4,5] benzo[e] 1, 3- oxazaperhydroine 4, 10- di one was
essentl ally the sane as for exanple 22 with the exception that
trifluoroethylam ne was substit ut edEXAVPY® 283/ 045315 PCT/ US02/ 37646 41
met hyl am ne. ThePid’;iaﬁatﬁiﬁQ)fpR,‘S@-edm&)er]mﬁtdlmxdmﬂs-gmahﬁ) -2HpBhHscal e

It 1, ified trifl | b Id with
b 17671 goreaRelE b Slchpimoal e T E Bl e oA s

(MtH). "H- NWR (500 MHz) S 7.58 (1H, s) 1H s) 5.48 (1 H, n')
5.29 (2H, m, 4.21 (2H, m, 384(1H , 2.52 (1 H m,
2.30 (1H, m, 2.18 (1H, nP-<s LE 30 Preparation of
(R S)-4-ethyl -2H, 3H, 7aH -ox zino[5 ,6"- 10

4, 5] benzo[f |, 4-oxazaperh

The synthesis of 3-(2H-benzo[d]1,3-dioxolen-5-ylmethyl)-2H,6aH-pyrrolidino[2",1"-
3',2'11,3-oxazino[5',6'-4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was carried out
essentially in the same manner as for Example 22 above with the exception that

15 piperonylamine was substituted for methylamine. IR spectroscopy (NaCl) 1680 and 1445 cm’
' CI-MS 395.3 amu, (M+H). 'H-NMR (500 MHz): § 7.62 (1H, s), 7.53 (1H, ), 6.87 (1H, s),
6.78 (1H, s), 6.79 (1H, s), 5.96 (2H, s), 5.49 (1H, m), 5.14 (2H, m), 4.70 (2H, dd), 3.88 (1H,
m), 3.65 (1H, m), 2.48 (1H, m), 2.24 (1H, m), 2.15 (1H, m) and 1.97 ppm (1H, m).

20 EXAMPLE 29
Preparation of (R,S)-3-(2,2,2-trifluoroethyl)-2H,6aH-pyrrolidino[2",1'"-3',2']1,3-

oxazino[5',6'-4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione

The procedure for the synthesis of 3-(2,2,2-trifluoroethyl)-2H,6aH-pyrrolidino[2",1"-
25 3',2'11,3-oxazino[5',6'-4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione was essentially the same

as for example 22 with the exception that trifluoroethylamine was substituted for



Il N CONO OComercially avail able 2,5-di hydroxyterephtalic acid
diethylester (7.00 g; 27.5 mmol) and 4-am nobutyral dehyde di et hyl acet al
(7.00 g; wB.040m33 ) were placed in a test tube and heat edCrasomdicuwx for 5
mn. The reaction m xture was poured int1to a separatory funnel with 15 800
nmL Et OAc and 100 mL 6N HC1. After 30 min the organic |ayer was separated,
dried over Na2SO4 and the solvent evaporated to yield a yellow oil. Flash
chr omat ogr BpHY2M8IE) i ca gel, ethyl acetate/ hexane 80/20) vyiel ded 4.90g
(64% of cohdkibem® prdcbdifd \)OasC;Eer%ﬁﬂédsonVH 4 AmbhRale t@liaginny2 ppopeed i es: MP =
139-141 C. 'H NMR (300 MHz, CDC13) S 10. 41|1é1H S), 7.49 (1 H s), 7.44 (1
H, s) 5. 4tpﬂ@szropthy enzgxazn&mm%yleldwh@pzl 180 °G IRSWOEOWPY 3.86 - 3.76 (1

, 51 A y rT)
T oo . 1 eBRAH ST s Elmsa ) cedn iy (b se A8, O3 O
(7.21 msml \1Hy%), 648 (IM e 529l (24, en)ph2h@H, i), B (1H, mpI36&r(éHywe),&.524tldad), 15 nl
1, 2-di brom)eth 1 C3B. The m xture was refluxed for
25 48 hr, &ntf} Pﬁgilg%é;ﬂtﬂﬂé %ﬁﬁ%?‘i"ﬁd@vﬁ consuned. The sol vent was
evapor at ed and 200 nL Et CAc and 100 nL water were added. The organi c phase

was dried over Na2SO4, and the solvent eva orat ed. Flash chromat ography on
silica gel (Et OAc / Hexane 60/ 40) yileX4MELE 30co| or| ess oil, which

talli 11lg.rr_70 VAN WO
CL Yt oLl Loyl Bl o S ST i S BRI, VO,
t, J =18.9 Hz), 4.45 - 4,90er(z0H]1,9rpxaz38p8@Bydrogpiués, IMIHmen) 3.66 (2H, t, J =
6.0 Hz), 3.69 - 3.57 (1 H m, 2.50 - 2.38 ¢1H, m, 2.31 - 2.06 (2H, 1),
2.05 - 1.87 (1H, m, 1.39 ppm (3H, t, 71 Hz). 5 720 ny (1.87 mml) of

the internmedi ate brom de was d|s<r Q et hanol . A sol uti on of 350

nmg KOH (6.25 mmol) in 10 nL wat e was he)reacti on was conpl ete
after 10 m nutes. 100 nL water 200~ KL wer e added, and the m xture
was acidified with HCL to pH2Z—Xhe \organi ¢ phase was dried over Na2SO4,
and the solvent evaporated, which yPelded a colorless oil (700 ng). 10 The
oi | was di ssol \ ik %Tﬁ‘é 1 Xxture was
stirred for (ﬁgn&l‘%kéﬂognqa%le e?at J’aro IN?(i)c a\ggﬁ%la%gs%é apo%}z}tgéscr:ln and t he
residue r eﬂhlrrmd;)@lnd édmmobutyraldehyde diethylacetal (7.00 g; 43.4 mmol) were placed in a test tube

and heated to reflux for 5 min. The reaction mixture was poured into a separatory funnel with

15 800 mL EtOAc and 100 mL 6N HCI. After 30 min the organic layer was separated, dried over
Na,SOsand the solvent evaporated to yield a yellow oil. Flash chromatography (silica gel,
ethyl acetate/hexane 80/20) yielded 4.90g (64%) of colorless, fluffy crystals with the
following properties: MP = 139-141 °C. 'H NMR (300 MHz, CDCl3) & 10.41 (1H, s), 7.49
(1H, s), 7.44 (1H, s), 5.41 (1H, t,J = 5.7 Hz), 438 (2H, q, ] = 7.2 Hz), 3.86 — 3.76 (1H, m),

20 3.64-3.53(1H, m),2.46 -2.33 (1H, m), 2.25-2.02 (2H,m), 1.99 — 1.82 (1H, m), 1.38 ppm
(3H,t, ] =7.2 Hz).

To a solution of 2.0g (7.21 mmol) of the intermediate phenol in 50 mL toluene were
added 15 mL 1,2-dibromoethane and 2.4g (17.4 mmol) K,COs. The mixture was refluxed for
25 48 hr, until the starting material was consumed. The solvent was evaporated and 200 mL
EtOAc and 100 mL water were added. The organic phase was dried over Na;SOy4, and the
solvent evaporated. Flash chromatography on silica gel (EtOAc /Hexane 60/40) yielded a
colorless oil, which crystallized after 1 hr. (2.1g, 76%). MP = 98-99 °C. 'H NMR (300 MHz,



in 50 nL THF. To the solution was added 253 ng (1.87 nmol) HOBT, 228 ny
(1.87 mmol) DvAP, 189 ng (1.87 mml) NEt3 and 1.08g (5.61 mml) EDCl and
the m xtuwemasssstirred for 24 hr. The sol vent was evaporarasoasm4d 00 nl
Et OAc and 100 nlL aqueous HO (pH=2) 15 4azere added. The organi c phase was
dried over Na2SO4 and evaporated. Flash chromatography on silica gel

(Et CAc / Hegbaw) 85/425)H,w) a3d¢tH, 3R 5 .46y 1 Bft, b= 6 81Hm).| 4ebs- B0 (4699 3.89 - 3.79

Crystal lizat t ith th
Fol Tow no. Brbrte0ER. ks L e SR0T a7 s 780 Fas iy T sl cov
. ~H NWR (é?@d!HZ} smﬁl%)) 18397%&18%3(}11,'1:'157).11&)7 36 (1 H s), 5.47 (1H, t, J =
6Hz), 4.36 (1 H ddd, J = 10 .5 and 4.1 Hz), 4.29 (1H, ddd, J 20 =

109;4.6and42Hz)388-381(1Hr’r)366(2H q, J = 7.1 H), 3.65

= 3.58 ng m, 7 :angszi 8(7]mrh'ol deidle mgermecilxgte gnonﬁdeswﬁrﬂilssélvgdiﬂz.%bmﬁetﬂgm( A H, ddd,
J = 15.8; 46an8 (.L % (1 30 - 2.22 (1

2.17 - 2. O®ltiontaf 35§ mg:KQi@(&Zﬁ rgmot) 1n Wmhywatqwzsaéslp%%#acvon \@awomﬂele Hz) .
EXAVPLE 31 :

(R 9)-3- (42 afit 30 %ﬁ%rg‘f |nyFeBﬂ’t‘d%%O‘W‘gﬁivﬁef??%qedci‘“dt CIMXEEWAS ». 11 3.
oxazi no [ Shcgififiediwhih H@hmcp}[k]rh&p@amxalzaa@eamt:tdovwré\lads(loamtl ﬂmeolfant OrOl N N
O 0 WD 03/ 045315 qur so]éed's 6, 43 To 4 8 g (20 mvl) CBZ-GABA (QOrg. Syn.
Vol . 111, Bporatedghichye ?v‘f_o%r?e“dﬂikfl s added 3.5 g (22 mml) CDI under

ar gon apnospherghewil wasHidsélvédig.SOMIL BHF dnd W mLH,NEt wéﬁadded?&)d thymixolre diane was
added. The reaction m xture was stirred for another

bef t
washed wi t firmeddornd2 hspat room temprsdirs. Theysolvems v aﬁﬁvwra?gﬁﬂgﬁleéﬁf?dé‘grﬂ%&:ﬁglvﬁﬁﬁém,
and 5 drieg Qugr 3ﬁ@2§% sg'igﬂ&{e\%sraﬂaém3 I.T%L\(\r%@tﬁgnaas ﬁb@qdzﬁ& g 6.7 mmol)

i nternedi ate am one spot to he’ am dée was di ssol ved in 50
mL of Et OHDM¥P, H?ﬂmgéﬁ&nwl):i\?@b mldgh@Sga(ﬁ 6B®1mqi)sEDW anld tg00ixige whs stossl Pd/ C.

reroval of ey O Sl Aoy WL ERACE ISRl o
Exanpl @533wbkla8d¢df The dxrgﬁncl}ﬁhaselﬂid'tﬁﬁﬂ 8yer NasqRnle dvapﬁra&ﬁ Fibshashrdnidfography added
930 My (5. (7)1? sﬂrlrgiogle} (EC&:)AS::I})IIIG:Xaﬁgc %5/25) y1elcfn d 335 mg of a colorless oil (59%). Crystallization
from EtOAc /Hexane yielded 283 mg white crystals with the following properties: MP = 180-
181°C. IR: 1670, 1631, 1475, 1443, 1034 cm™. "H NMR (500 MHz, CDCl;) & 7.58 (1H, s),
7.36 (1H, s), 5.47 (1H, t, J = 6Hz), 4.36 (1H, ddd, J = 10.9; 8.5 and 4.1 Hz), 4.29 (1H, ddd, J
20 =10.9;4.6 and 4.2 Hz), 3.88 — 3.81 (1H, m), 3.66 (2H, q, J = 7.1 Hz), 3.65 - 3.58 (1H, m),
3.52(1H,ddd, J = 15.8; 8.5 and 4.2 Hz), 3.40 (1H, ddd, ] = 15.8; 4.6 and 4.1 Hz), 2.48 —2.41
(1H, m), 2.30 —2.22 (1H, m), 2.17 - 2.08 (1H, m), 2.00 — 1.90 (1H, m), 1.26 ppm 3H, t,J =
7.1 Hz).
EXAMPLE 31
25
Preparation of (R,S)-3-(4-0x0-4-pyrrolidinylbutyl)-2H,6aH-pyrrolidino[2",1''-3',2"]1,3-

oxazino|[5',6'-4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione

o) ( © N
& I



t he suspension becane a clear brown solution and it was heated at 60-80 C
for 4 hr. The solution was then cooled to roomtenperature before 1.5 g
(10 mmol )wofo3pks1i nt er redi ate am ne was added. The react POR/USOXS6HE WaS
allowed to stir overni ght before the sods3vent was renoved at oil punp
pressure (40 C). The residue was di ssol ved into 200 nL of CH2Cl2, 15 washed

with 50 nL of 1 HCl _and H ri and
concentrated ink Q/%xéééz‘)’inﬁmﬁr r%G {?r%f ﬁ?ﬂﬁ%&%l@d‘r’% I(%}?éé@got on
TLC). To lwids snd6@38 gmn}nogfcmmnd& akg"&%&ﬂ&ﬁh@é @ith auﬁhﬁ@ After 0fhr,33n%

CH2Cl 2/ CHC13 was trioxane, (100 nmpl ). canmphor

sul foni ¢ atexepsamarr Smdldfr UﬁsﬂdﬁFd thntnﬁ’@fei qursrrgechﬁea@rot*&r o bstorié pher e.
The result %Esgwcriswgd &Qﬁ‘i\@b ﬁl}'ﬂ%&' ¢ orﬁeﬁ’élefb()trHL %&aﬁf?&it&d’%u@&g NHRICRY,, NS

removed by ecu r sieves contained in a 125 nL si'de arm
addi ti oA fdmadeiver 4,565 Ctdneenrtrammnefamsneﬂ@ﬁw&@d intoerediagamide (pae spaties wer e

tne Cool od G g THE pHER a8 Plsiid T RO R R 20 peblfied SEfRgi S ©
aqueous | ayg kvith®s0 mgldtaotad/MiRethoSal of tHEQBLvait yilde@B3@liAterti¢tkate amine neal

organi c | ayers were washed with 200 nL of water, dried 25 over Na2SO4, and
concent r at Bae yelloyarayy labidyi el d 1.5 g of crude product Fl ash

chromat ogr aphy a1y 33Qs. 92 Md)%sﬂﬁblld/\éc‘lichm%%(eﬁtgdeé Pramipldss Wfo?ﬁ@ mJ of
product (63%, as a pale areen crésta ine solid, 98%pure b M5 ( M+H)

400 dfu Wnth?SIE)rﬁe‘SﬁeOflqddM wes added P30 mg 6544 mII’BQS’f Chi ter iﬁm;n

— 5 g HZ heg pgﬂ%jczgpc}g‘l%?ggw%‘ﬁaﬂm% ld_l‘ld 1§%'§s}z %hﬁ%t rT§018(H‘C ﬂ? h'r'_’ ﬁt@, ( 3— QO t:

J
7.0 Hz), 33(41&1((n4+é,s tign,codledHb rodm kémpeyaturd b&Bre(124 (10 mrjolofFh@inkgrnedidte 26 ( 1H,

087 045315 P USb ¥ rentioTRgRE Hos ied br%?t‘ét""%ﬂ‘g%ﬁ’ep"bmhg Bivellhvas '

0
(RS)-3- (3re5¥%9&151|d11fbuﬂrp>ﬂr&§&@ 0)°CHHe adsidRy FWad isbivea ift@200lm1 o8CHCE, 1, 3-
oxazino [5", 4,5] benzo [e , 3- oxazaper hydroi ne-4, 10-dione OO Nro N

N; ?Z/ 5 Qrvgsh'ﬂﬂ. yltbﬁﬁmﬂe@f 1 (ﬂCI and 50 mL saturatéed NaHCO3, dried over Na,SO4, and
3- (3- mor phol doBikied! RYARY! & yietd BRETPHEIOdiBRLE (ont spot ondLL). 3-
To 1.1 g (2.9 mmol) of amide intermediate in 150 mL of 33 % CH,Cl,/CHCl; was
added 5.4 g (60 mmol) trioxane, 2.3 g (100 mmol) camphor sulfonic acid and 10 drops H-
»S04, with stirring under argon atmosphere. The resulting two-phase system was heated to
20 reflux and water was removed by 50 g of 4 A molecular sieves contained in a 125 mL side
arm addition funnel. After the mixture was refluxed overnight, the sieves were changed and
refluxing was continued another 3 hours. The reaction mixture was cooled to room
temperature and shaken with 100 mL of 1 M NaOH. The aqueous layer was extracted with 3
x 100 mL of CH,Cl,. The combined organic layers were washed with 200 rﬁL of water, dried
25  over Na,SOy, and concentrated in vacuo to yield 1.5 g of crude product. Flash
chromatography on 150 g silica gel with 20% EtOH in EtOAc gave 750 mg of product (63%),
as a pale green crystalline solid, 98% pure by LC-MS (M+H) = 400 amu with the following
properties: IR: 1666, 1638, 1454, 1428 cm™. "H NMR (300 MHz, CDCl3), § 7.54 (1H, s),
7.53 (1H, s), 5.46 (1H, t, J = 5.6 Hz), 5.21 (2H, s), 3.85 (1H, m), 3.62 (1H, m), 3.61 (2H, t, ]
30 =7.0Hz), 3.40 (4H, m), 2.44 (1H, m), 2.33 (2H, t, ] = 6.9 Hz), 2.26 (1H, m), 2.13 (1H, m),
2.0 (4H, m), 1.96 (1H, m) and 1.85 ppm (2H, m).



oxazino[5', 6' -4, 5] benzo[e] 1, 3-oxazaper hydroi ne-4, 10-di one was carried out
as generally indicated for Exanple 22 above. Mire specifically, to 1.15 g
(4.0 mmolwoaBly331¥- hydr oxy- 9- PCT/US02/37646

oxo0- 3aH benzo[ e] pyrrolidino[ 2, 1-b] 1, 3- assazi ne- 6- car boxyl ate (the product
fromExanple 7) in 30 nL CH2Cl12 under argon was added 3.0 nL (6.0 mmol)
ALMe3 with stirring. 1-(3 10 Am nopEXpMPL¥a% pholine (0.45 ni; 3.0 mmol)
was added aPRgepahgtionad (R S)-343-motpholin-dvgipropyl)- ZﬁﬁdH{mrrBﬂidinowbl'hii'glﬁll,Sat room

tenperature. An additiona 3- am oor phol i ne was
added over a period B’faz'?ogsg %@kﬁi’é‘*]i}f’ ﬁ?aé’e r°' %lﬂ’)dg)(éiof) “The reaction was
i nconpl ete as indicated tg therefore the reactl on m xture was cool ed
to roomtenperature and /Iﬁ (2.0 mol) 2.0 M)Al Me3 in tol uene was added.
The m xture was 15 refl qu/ﬁor anot hey.
i ndi cated conpl etion. The rNgacthon nyXt ulg ¥ to 5 C and then
quenched by the careful addition of 42 M Wi th|stifring. The mxture
was adjusted to pH 7 with 10 M Na ahg acted with 2 X 250 nmL of THF.
The solution was dried over Na2SO4 and evaporation of the solvent yielded
1.8 g of crude phenolic anmide with onfy traces of primary amne. 20 To 1.8
g of thé crude T}retsgnﬂrmhdﬂe(%nmrﬁlﬁ)lmm -Bpropsly-oi6eld-paooldlinedd”, Hebd2'H, 3200 ni

benzene and the su has ste s _brought .to refl ux. under

ar gon. Aft%’faz}n@ %]L g@gl\gf AZPRE éneb \A?g?‘? ‘V?ch Trisd outs gﬁ’%ﬁﬁéll onal 400
L of benz&a@atéa%raﬁdﬁgleaadbéd@eMofees@edlﬁ@ny,mom Mrg8(4waﬁmbBHh§INdecﬁM@'le ght
with stirring under argon. t he benzene was renoyv ed%% di st i Iatlon

at at nosphe¥d- %afbb@@gisima%nq[ﬁérblwam Grearbxy e {theprodpgif Héﬂ“pé% hnd

subsequent liy 36 GRYeE) d?ld&aaq%ﬂ% W ah@e%\ea) %L%s 0 nffol PRIMY; MithTs@8igue(3-The
residue was treated wt of triethylam ne, which was then removed in

vacuo. 1¥heAmssipders)fmaphaling €.45pbr 29 mowikas addedoad thetfesyliips Mix®IOYaS col umm

(50 g sili i Al AT r
Femoval of TRt firay Shteh o0 e Brab TR e Bl PG PR Ropr T
of resi duemogsholisdoess adfed averla ferlod of 3. Emmdhamdctlglb@ewﬂemdl thtwa@d’iedwnﬁt h 2 X

50 nL of WD 03/045315. P 7646 .45 1.0 M NaOH nL. brine and
then dri ed‘%%?lemﬁwa&% igﬁ/%ﬁﬁ org the FRoel nlrrhlx{vggecvﬁ%)s QIOO?(d?o 8PE 700 my of a

thick br O\A/fénfp@ﬁlhdélﬁld MUnC {2 0a@sm 6120 MR (g Gip fsdekne IWa?Eddgd afhesmkmfeava;el

(Et OH Et CAc, q\é yield a colorless solid wth .. = 153-155 C. IR
spect r dScopluxg U")O‘hei% randrag thisgime Thi mdéﬁateﬂ/so@%]St‘%hf( Jopguon mKUIGR (500
MHz) S 7.5 ) 5 (1H,
. 371" (St “hbediy sk ofd fifn hbongdly i hierllbiigof 2 Al Blg. Thel
2.01 (1H, mixterecval a&ﬁstgbmerQ'Hwitmo M NaOH and extracted with 2 X 250 mL of THF. The

solution was dried over Na;SO4 and evaporation of the solvent yielded 1.8 g of crude

phenolic amide with only traces of primary amine.

20 To 1.8 g of the crude intermediate in 75 mL 88 % formic acid was added 400 mL
benzene and the resulting two phase system was brought to reflux under argon. After removal
of 350 mL benzene by distillation, an additional 400 mL of benzene was added and the
reaction mixture was refluxed overnight with stirring under argon. All of the benzene was
removed by distillation at atmospheric pressure and then 2 X 200 mL of benzene was added

25 and subsequently removed in vacuo to leave 2.2 g of an oily residue. The residue was treated
with 50 mL of triethylamine, which was then removed in vacuo. The residue from this
operation was passed through a short column (50 g silica, 50 % EtOH / EtOAc) to remove
any primary amine. After removal of solvent from the chromatography fractions in vacuo, the

1.5 g of residue was taken up in 1.0 L of EtOAc and subsequently washed with 2 X 50 mL of



EXAMPLE 33 10 Preparation of (R S)-nethyl

2- (4, 10-di oxo- 2H, 6aH pyrrolidino[2";1"-3 ,2']1, 3-

oxazi no[ 5SwWp83/404335 benzo[ e] 1, 3- oxazaper hydr oi n- 3-yl ) acet aPeT@®S0Y/H64O ~O | N
O VN; OO To 2.5 g (9.0 mmol) of estser (the product from Exanple 7) in
50 nL of THF/ MeCH, 1:1 was added 50 nL of 1.0 M aqueous NaCH. The
resulting yellow solution was heated at 15 40 C for 1 hr under argon, with

stirring. TQ@YI Na@ie 2% mh&rineiendshenrdried gV daeiOx Sokignt 3@s remoued inyaeuatan

mxturewa i P an ice
bat h and ] ust g@[(ﬁ%tﬁgk E”Q)vvxvllgl ? R Con\{gm&ﬁ%k%h;r@%@%gﬂﬁg? éllgra egcezll pitate
was col | ec(de(ZEtOACBm)’mMeldécm«slMss solvd sshithan. pv < r63sh55éﬂam speettdscapyr t i ons of

| d t dd d d ight., T 549 f
Che sari oyHTsdRe sl b daeMasSkamy a+Dotrh M SoE M3 bl ol 0 Pl ¢
acid frgm ??@gﬂ{ ‘é‘?% @%%ﬁe;ﬂﬂ%cbzl(@ﬂ%h) .g5qf HOg)Y3. %%12*3 §6Q3Hr inm s04BHer

argon at nosphere. y suspenSion was ad mmol) CD and
the sti rrmd%ﬁ&(tlﬁrm),\%@ (hHalnéd Qldlls,on)@nrldr871>pm(,2Ham)m| ch p0| nt a yellow
solution formed. To this solution was added 1.0 g (8.0 mmol) gl ycine

met hyl ester hydrochloride followed by 5 nL (28.7 nmmol) of diisopropyl
ethylamne at 42 Cwith stirring. T pon mxture was 25 stirred at
40- 45 C overni ght under argon. Concentration of the solution gave a

resi dugp whi clprepwiatigyl fO@GS)unethyl 2¢@n0wtiofos?H, &8 ipyatoli@ind 21 '+8),2'[T)3e dry

re5|due(589) was di ssol i shed with 100 nL 3 M
HCl, 2 X 100 nL wat erH‘P#% daé&m@%%z?xameﬂvﬂéﬂnﬁ ﬁﬁ‘é&é‘g‘ t hr ough 200 g
of silica gel . The silica gel was washed wi thQ1500 niL of Et OAc. WO

03/ 045315 PCT/ US02/ 37646 46 Evapor aj.i on of OAc fromthe purified
phenolic amdelnterrredlate}tﬁldeﬁ/ ~ 9 a white solid. Cl-M
321, (Mtl); 362 anu, (MCH3 H) pf pHeno)i c am de (conbi ned
yield fromtwo batches) m& BN / CHC13 was added 4.6 g
(20 mmol ) of canphor sul fonic acid ad 2.0 g (22 mmol ) trioxane. The
resulting solution was refluxed for @ hrs. Five drops of concentrated H2SO4
were added to the reaction mxture, after which it _was refluxed for_ another

2 h. The reactiBn2.5g(@0mmolhakestehBheniodust from Exgiplg 7hm F0del pEtHEMedh pour ed
into 100 mr lq’Ilas %d&éd%% X\f H?M aqueous NaOH. The resulting yellow solution was heated at

15 40 °C for 1 hr under argon, with stirring. TLC indicated that no starting ester remained. The

reaction mixture was concentrated to 20 mL in vacuo, then cooled to 4 °C in an ice bath and
adjusted to pH 4 with conc. HCI. The copious white precipitate was collected on a Buchner
funnel, washed with several small portions of cold water and dried under vacuum overnight.
The yield was 1.3 g (54%) of the salicylic acid intermediate as a fine colorless solid.

20 The salicylic acid from above was suspended in 20 mL of dry DMF with stirring
under argon atmosphere. To the dry suspension was added 0.92 g (5.7 mmol) CDI and the
stirred mixture was heated to 50 °C for 1 hr, at which point a yellow solution formed. To this
solution was added 1.0 g (8.0 mmol) glycine methyl ester hydrochloride followed by 5 mL
(28.7 mmol) of diisopropyl ethylamine at 42 °C with stirring. The reaction mixture was

25  stirred at 40-45 °C overnight under argon. Concentration of the solution gave a residue, which
was placed under vacuum for 16 h at 0.1 mm Hg. The dry residue (5.8 g) was dissolved into
500 mL of EtOAc, washed with 100 mL 3 M HCI, 2 X 100 mL water, dried over Na,SO4 and
then filtered through 200 g of silica gel. The silica gel was washed with 1500 mL of EtOAc.



stirring. The aqueous |ayer was separated and extracted with 3 X 50 nL of
CH2C12. The 10 conbi ned organic |ayers were then washed with 100 niL water,
dri ed ovewONg8B818and the solvent was renoved in vacuo, t ®Cgivse2/376d6 g of
crude bis-benzoxazine as a waxy solid. 4she crude product was

chr omat ogr aphed on 150 g of silica gel with EtQAc as the eluent to yield
650 ng ( 31Bfapofation ySE@IA fruen thapenificdl phendlia apifleint¢gieding2yichied IR ¢ KBCp) 0f1 748,

ke i iRt Pus R BRI RIERRET) © 2 STP B 8T
(2H, ), 4.35 (2H, n), 4.89 (1H m, 378(3H s), 3.68 (1H, s), 2.50 (1H,

m, 2.39 (1H My 2.8 g% phehblic fhidet@mbind@ yRRIMdnd tho tiiches) mXAVRLE 0878 %0
Preparation of

(R, S) - 35( 2CHxeL/EHGr wes addecdf 8(3ymnob of eamhpysulfgpic asid pd2.0 g Q2mmel) 1 3.

KIX?ZI no [51610%11(3 Zg%ggtﬁﬁx?glgogln w? Q?%%e%?ﬁfngﬁﬁg;}q{ler@o& oF Qo ARRed@,s8,N 0" 1~v

2- (4, 10 di exe-adétdia thepyactioh Imtmrre,[aﬂér; whiclgit was tefluxed for another 2 h. The reaction

L T R e S
fol | owed byifind THb a§ueotls B8R Was sephraivh aﬂ-&@r%ctbdlwttﬁbuesmmLBhechhglmon was

performed at roomtenperature under argon atnosphere W th vigorous

stirrin@. quvebinedargdnimlayarscyere eiepagshed pitiddag ano‘f*’at&r friedraypn MaR B9 1% i v ri ng
overni ght ?c}len Q3 n{eﬁ[fg&f zﬁth&B to f "ot % S D&de-BenFdxazide & IWBly)soM@srhadded

fol | owed by Me3 in toluene. The reaction m xture
was refl uxemidé prodéct was clabmWhgr@II’hed:@@lﬁbg pf siling gst with Ei\crag theraluent taaield;i si bl e

by TLC. Th n. . xt t
PET! Usoz) 30088 Al B Shltin? miBal P 8 4 1367 éwgﬁgggég%ﬂjgmﬂayer
was separ ayggh, @«ﬂﬁle%&bb@@izﬁﬂ mmnsoo CIMS B3 TRCTRL+1 T Hg-NMRIBCDE) d7gani ¢
| ayers were was nL sat urat ed aqueous N%Hﬁ dai gz}ﬁver Na2SO4,
and codéenf%tsba ﬁgﬁlﬂa“émﬁ? (lﬁ@)’csripdéHa‘i‘??é S(EAIhGPINHS M A/ SYr aphed on
150 g sili [ o i) Bl ©80 ppmQliiawpd by 5
crystalli zg'?ﬁgﬁhfs?gnﬁl(gﬁrrl@gg%g ]n(?) to g%"@ 458 pp(SQ%%gf a crystalline
powder with MP = 257-259 C. IR (NaCl) 1748 carbonyl, 1665, am de carbonyl
and 1453 cm-I GO Cd-Ms 372, ( WEXAMBUE 34 M+-Na) , 435 amu, (M+Na+CH3CN) .
"H- NVR (500 MHz, CDCI3), 6 7.56

20  Preparation of (R,S)-3-(2-oxo0-2-pyrrolidinylethyl)-2H,6aH-pyrrolidino[2",1''-3',2']1,3-

oxazino[5',6'-4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione

0 ( ° N
NJk»Q@fQ
G

To 450 mg (1.2 mmol) (R,S)-methyl 2-(4,10-dioxo-2H,6aH-pyrrolidino[2",1"-
3',2']1,3-oxazino[5',6'-4,5]benzo[e] 1,3-oxazaperhydroin-3-yl)acetate (Example 33) in 80 mL
25 dry CHCl; was added 0.15 mL (1.8 mmol) pyrrolidine, followed by 0.9 mL (1.8 mmol) 2.0 M
ALMe; in toluene. The addition was performed at room temperature under argon atmosphere
with vigorous stirring. The reaction mixture was refluxed for 1 hr followed by stirring
overnight at room temperature. Pyrrolidine (0.3 mL; 3.6 mmol) was added followed by 1.8
mL (3.6 mmol) 2.0 M ALMe; in toluene. The reaction mixture was refluxed for 5 hr, at which

30 point no starting material was visible by TLC. The reaction mixture was cooled to 5 °C and



(1H, s), 7.55 (1H, s), 5.50 (1H, m, 5.41 (2H m, 4.38 (2H m, 3.87 (1H,

m, 3.68 (1H, m, 3.52 (4H, m, 2.49 (1H, mM, 2.28 (1H, mM, 2.18 (1 H m,

2.08 (2HwWO)3/0&303 (1 H m and 1.95 10 ppm (1H m . EXAWPIHS8%537646

Preparation of 7-(cyclohexyl carbonyl)-347(2-nmet hoxyet hyl)-2H benzo[el 1, 3-

oxazaper hydroi n-4-one O oyee 15 0 Cormer cially avail abl e

3 hydroxybenzal dehyde (10 nmol vvas di ssol ve 2C12 and
& Gl g s o EMBHLH A7 e by R gt S L of a

1 M SO' Ut i ?@m@fCI%@lz?’Thé"cd?ﬁ%@éa%r atﬁ‘fctlﬁ‘}ferst\ﬂ#e WhehbdiwRh wﬁlLSsTatuhft&thfl&fus 30 mn,

it was filtered through cmo% Iica gel and the silica was washed

with a ni xNaH@OGLde%QVGFHNah%%aﬁ@ C@n@?n!!@e(?@(ya?ﬂi’ Erecsapde anpde @Q@mg@ VAY or ange
oiI,vvhich 0 ved in 40
o e B BRh AR 130 b Sfick SITRY Byl wh forg Bl BOA RSPy o
portions. Eﬁiyaalﬂnzattou Iﬁemll\H)Sm}J eAEE At to yiEWDA 58 mg(98%3 D‘éeeftry&ta,llmermdell with Mé’

2. the mrestre) dadr i) ¢ (Batopd: i So Y BRES LR 538 MBator
The vater pRAA+IRSL Iéaﬁ'ﬁﬁl\?aﬁ mhﬂuﬂmmﬂ) HWRQ&GO@@H%SCMCW 52956 L

Et OAc and dried over . The solvent was evaporated to yield 9.2g of a
dar k br own(1d1,ls), 7‘I5Iﬁélhﬂébk55r§’r(ébhmb|5l4l((©ﬂ2’g) 438 2y 3-8, m)sgéff Edmn 80 nL

CH2C12 and 5 irring
the sol i 3RZF4P B2 ad (L, 28 LGy, 2R B GER ITa onh o B B K6 28
mol ) ab Hglmﬁcm,muve was added and the m xture was stirred for an
additional 10 hr. The m xture was partitioned between 200 nL water and 200
m. Et OAc. The organi ¢ phase was dr| ed 2SO4 and renoval of sol vent
resulted in a dark brown oil. Flash® Pﬁ’ﬁﬁaaphy on silica gel

( Et QAc/ Hexane Soativh of cﬁh ldaZﬂoébsy Q,f-zafﬂetab Siy)CH-BEARRFLS | . ' H NWR
5 (300 MHz, CD?:IECLV?(,a 81%63% % g ( f?@ y) .3 |—|z)§§7 10 (1H, d,
J=1.5H), 6.97 (1H dd, J = g&asal&ﬁ'evdrme Hl)e 6 67 (1H bs), 5.44 (1H,
s), 3.69 - 3.35 (8H, m, 3.40 (3H s) andg 1.28 - 1.20 ppm (6H, m. The
protected al dehyde (5.0 g /16.8 mml) was dlssolved in 100 nL ethanol. 40

o)

15
Commercially available 3-hydroxybenzaldehyde (10.0g; 81.9 mmol) was dissolved in

40 mL CH,Cl, and 40 mL HC(OEt); at room temperature followed by the addition of 3.0 mL

of a 1 M solution of BCl; in hexane. After the mixture was stirred for 30 min, it was filtered

through 3 cm of silica gel and the silica gel was washed with a mixture of 150 mL hexane and

20 250 mL EtOAc. The resulting orange oil, which was obtained after removal of the solvent,

was dissolved in 40 mL THF and 3.5g of NaH (~87 mmol, ~60% in mineral oil) was added in

portions. The mixture was heated to 170 °C in a steel cylinder in the presence of CO, (600

psi) for 2 hr. After cooling and venting of excess CO,, the mixture was partitioned between

150 mL EtOAc and 200 mL water. The water phase was treated with H,SO4 (pH 2), extracted

25  with 250 mL EtOAc and dried over Na;SO4. The solvent was evaporated to yield 9.2g of a
dark brown oil.

The dark brown oil (9.2g; ~38 mmol) was dissolved in 80 mL CH,Cl; and 9.2 g (56.7

mmol) of CDI was added in portions. After stirring the solution for 90 min at rt, 6.8 g (90.5



10 water and 1 nL 12 N HO was added. The sol vent was renoved conpletely
after 30 mnutes, which yielded the al dehyde as a reddi sh/beige solid
(3.69). TWe oswusses al dehyde was di ssolved in 60 nL CH2CI 2pcfralshosesds by t he
addition of 10 g (111 mmol) trioxane ang 10 g CuSO4. Wth vigorous
stirring, 1.3 nL conc. H2SO4 was added dropwi se. After 30 mn, the product
m xt ur e wasmnfol) dféL,BICHD) QMg vas added andytht mintime shas wiarsedffar anreelditingal H@ dir.iiheh 300

nL Et OAc. The 15 conbj.ned organi ¢ .sql ution i, th 30 1 M NaCOH
T o1 ca BN s Gy one g 200 Torareniner 0D mIRERTAS, Tht Seiteibastalor sohy
on silica g&d ((V@%@U"@ﬂkﬁ@ﬁlo@/o@&)lveht reﬁﬂfeéma&drﬁbﬂﬂdoﬂ F]Qsl(c‘hﬂﬂﬁatdgfraphy
colorless crystals wth t fg(%gprope

(300 M—Iz oDsticn g9 (E@A@iﬂmnwo@‘)) yighded 5 1(2FT/°) af anJalmOSt 021%1255 0117 %W& H,
dd, J éOO%ﬁ%%CIW(%iZ 10 (‘1?—1 5% 38%H‘]d 5183 H5)7. 165(1%11 df J?Hl §1)1z) 89?’6 ( 2H

t, Hz) and”3. 36

( 20. 6 i, ):id rﬁ&g&ésandmﬁlﬁz) BEHTrLH;TH); Stﬂﬁdéﬁi, % 30X+ bg@@mmm}@msm‘g
added acry aI (af 12...0.2 mL 1, 2-di bronoet hane and 1 nL of a solution of
2.45 g (15" PBPIREee1 ohexane in 10 mL THF. The remminder of the
br onocycl ohaxane solution was 25 added portionwise within 5 mn after the

Grignard react i fbltéPaldenfle(SIBRE 6.8 aindl) WistigoWadin 0ORIL ethanbhamL
terrperature and stirred for 45

after which time so esium sal ts
preci pilfat #ater 19d BhJEMNHEhyes g TP OT RV aRBBEN T GOmP B ATIED ) BHUiSse
i nter medi ag;cahARRY 4R al({eiayge aga re?dd?s&b@i%%’édhd'(ﬁ‘ G%OT'BG-CJJE’F aldeﬁyd’e&bds%s&%&t I on
a

resul ted, which was stirred itional 5 mn. Twent wat er was

added sl ovaﬁOfI@L Coel, ﬁQyO‘mtbwﬁle diiss oé%g@lém@%tqoxwumgsﬁuﬁ@ (enough
to di | t Na2SO4
0 di ssol vehng q@g@glﬁ{w §§1L(]§>?1 c. 96, PLOpBEaBhlaRe A"i’%§36jﬁx'f11r?q1e PR

and concentrat ow ol omat ogr ap I ca gel
(acetone/t nilxmnamamﬂi/lt&@él tlycm@hdéxda gelavlgc}(ﬁﬁﬁ/ﬁlrthn‘r wasted ingfht30Q nﬂeEthw "Ellre oi |

5745 nppinagogiani obiion g ashe i Sty e oigafedBas ' 450 "
1620, 1438Rredidafl of Mn@ﬂlowedﬂ?%lﬁ&gﬁogg@g omg)gelgEt A@Héxl\ﬁb 40060 B = 7.8
Hz), 7.00 (1 H dd, '8 and 3 =1.5 H), 5.24

(2H s), 46@90)(y1e1¢¢d ld7g (43%) of c@lqﬂzys crysglsujth thg W(rgmromytles:wl%s M9R°CG, J =

4.8 Hz %}ﬁ& 9_ _5%:The
i nt er rrzedl at%ﬁyﬁgn ﬁ‘h?i i‘) 1%01317018))]8\/\%;1(”& S,gOPSVgglg},g.(GiéH{ﬁLd@d@gb to
whi ch  wasafibideHz), 7861 KA, 4 =roH3), PEC2HASY, 876 §IH,0fJ 54.8 Hz), 3600 (2Hg, h¥xt ure
vas filher g8 d ) bat'9% sors B, o).

To 500 mg (20.6 mmol) magnesium in 10 mL THF under a nitrogen atmosphere was
added a crystal of I, 0.2 mL 1,2-dibromoethane and 1 mL of a solution of 2.45 g (15 mmol)
bromocyclohexane in 10 mL THF. The remainder of the bromocyclohaxane solution was

25 added portionwise within 5 min after the Grignard reaction started. The reaction mixture was
kept at room temperature and stirred for 45 min, after which time some magnesium salts
precipitated. The supernatant solution was added to a solution of the intermediate aldehyde
(1.7 g; 7.22 mmol) in 20 mL THF. A yellow solution resulted, which was stirred for an
additional 5 min. Twenty mL water was added slowly followed by 200 mL EtOAc and a

30 small amount of HCI (enough to dissolve the magnesium salts). The organic phase was dried
over Na,SQ, and concentrated to yield a yellow oil. Flash chromatography on silica gel
(acetone/toluene 20/80) yielded 1.3 g (56%) of a slightly yellowish oil (which crystallized
after several days) with the following properties: MP = 78-79 °C. IR: 3431, 2926, 2852, 1657,



silica gel, which was washed with a m xture of 175 nL EtOAc /75 nL hexane.
Concentration and flash chromatography on silica gel (EtQAc/hexane 40/ 60
-* 50/ 50)wgioglogisds 700 ng 10 (709% of a colorless oil w thrPCchashobicasv ng
properties: IR 2930, 2854, 1677, 1449,491427, 1314, 986 cm'. 'H NWR (300
M—lzCDC13)8803(1HdJ:78Hz)762(1H dd, J=78 and 1.5 Hz),

{05 O foppyisgt g oo’ TG0 b RS T ot T ok ER g o

(10H, 3, EM'\HEa&ﬁ E’H%)O@@at(u@m oL 1. 5Hz) 524 (2H, s), 4.39 (1H, d, J = 6.6 Hz),
7- (cycl opentyl car bonyl) - 3- et hyl - 2H- benzo[ e%g Sr)-oxazaper hydroi n-4-one O O

O The synt hé&i-$.6R42H, }ﬁéﬁﬁ@ﬂtelsséﬁﬁzéﬂﬁﬁ( G280 NP5~ WPQ AP he

fol |l ow ng e[\FIce tions: substitution of ethylamne for 2-methoxyethyl am ne
and br om)cg/c opentane for 20 bronocycl ohexane. Fl ash chromat ography on
silica gel (EtOAc/hexane 40/60) vyiel ded a coI orless oil, which was

crystallized frgom MIBE/ hex t yi r OW ng
properties: 'B‘CB%‘e‘?le@te ?“Iﬁg‘)ll(g? ié@ﬂo %‘E %%ﬁ‘g Soﬁltlgﬂtéﬁf to (300
WSS ??C#%asgadaecpﬂ6 %%7 h‘lmnﬂ)l) PS]CCZ' 313&‘20'23 Slb"éf stm?n gls(rﬂlklurdiﬁbs ﬁltered8hr8ug’hl3 [’dc6 an( gHHZ)

) ) S - ) )
J=7.2H 1hca1ge!98vfuchwwae@m withya mgpre ?35% nﬂGEtQp“m/Z%ﬂL(hﬁxanS r&m?eféram‘} \/\ocI

03/ 045315

et hy! - 7- PEAE OB R OR S Sp apyyigided 700 me
oxazapéf hy(fm%) of dedordess @l Witlyjhe-followingprdperhies: By 30HR 28, \1@757, b bA2Ted
essenti al | s for _ C f t i tutd _

4-chl orote 3rlgh rcgbmw}?@gﬁ%ﬁ@g?)%geﬁﬁﬁeq’ Jﬁggﬁ@ggiﬁ (HTI’ qdd_fé82,
ﬁS?B 7lg§0and 11§ﬂ1?_«,) clzrp(m dHI NH/B Hz30ﬁ2MﬁllI,, s)Cmi(sz)H 818 %H(z§3}159 ém HZtSJJ '58.2§
(2H s), gQoﬁz) h%@f’( 2)H3 2?:73@(61’2 ltl)zfilrd 1q95-Jl ZS(HP“Q(lalz“)m)_s 60 - 3.38 (3H,
m, 1.94 - 1.73 (4H, m and 1.26 ppm (3H, t, J = 7.2 Hz).

15 EXAMPLE 36
Preparation of 7-(cyclopentylcarbonyl)-3-ethyl-2H-benzo[e]1,3-0xazaperhydroin-4-one
0

NN

J

[0
o

The synthesis was performed essentially as for Example 35 with the following

exceptions: substitution of ethylamine for 2-methoxyethylamine and bromocyclopentane for
20 bromocyclohexane. Flash chromatography on silica gel (EtOAc/hexane 40/60) yielded a

colorless oil, which was crystallized from MTBE/hexane to yield white crystals with the

following properties: MP = 53-54 °C. IR: 1677, 1664, 1491, 1427, 1316 cm’'. NMR (300

MHz, CDCl3) & 8.04 (1H, d, J = 8.3 Hz), 7.66 (1H, dd, J = 8.3 and 1.5 Hz), 7.53 (1H,d, J =

1.5 Hz), 5.23 (2H, s), 3.72 — 3.58 (1H, m), 3.62 (2H, q, J = 7.2 Hz), 1.98 - 1.60 (8H, m) and
25 126 ppm (3H,t,J=7.2 Hz).



10 EXAMPLE 38 Preparation of

7- (cycl ohexyl car bonyl ) - 3-et hyl - 2H benzo[ e] 1, 3- oxazaper hydr oi n-4-one O
alewl OWbessyssihesi s was performed essentially as for BEramjaise2/384e€xcept
for substitution of bronocycl ohexane fsar bronocycl opent ane.
Crystallization fronlEtOAc/hexane provi ded 15 white crystals with the
foll ow ng properties: = 69-70C. ERAMPIFI7 1678, 1667, 1427, 1316 cm”

and 18 o). Brepgraon ofS— -t ot gy folhapn Sl ) S ©
Hz), 3.25 - 3.14 (1H, m, 1.94 oxalaptbhydtbi4-69e and 1. 26 ppm (3H t, J

7.2 Hz). 20 WO 03/ 045315 PCT/ US02/ 37646 51 EXAMPLE 39 Preparation of
7-(2-cyc|ohexylacetyl)-S-ethyI-ZFFbenzo[e]1,%-oxazaperhydroin-4-one 0O NO

0O The synthesis was perfornmed as foL,Eggnple 36 except for
i _ﬂgro ycl opent ane.

.1
7.

crystals with the follow ng
properties: MP = 55-58 C. | R\2924 1667, 1428, 1317, 894 cni.
"H NWR (300 MHz, CDC13) 8 8.04 (1HJjd, J = 8.1 Hz), 7.63 (1 H dd J = 8.1
and 1.5 Hz), 7. 50 (1H, d, J = 1.5 &), 5.22 (2H s), 3 62 (2H, q, J =7

Hz) , 280(2HdJ-66Hz 2.03 - 1.88 rr)P gz'qulo%H’
and 1.26 ppm ( 3Fhe synthesiswaspgriarmedjggspntiafly af for opip @s%a&fpbw Hftutio o) |

(R S)-3-et Mhr&m%ﬁ#ﬁ(ﬂéﬁ%Bf&&b%{?&%lxﬂae)n?a%.fMP¥'913 -odcbrOA88£h 86331430,

oxazaper hydr ol n-
1311 cm™. "H NMR (300 MHz, CDCl;) § 8.06 (1H, d, J = 8.1 Hz), 7.63 (1H, dd, J = 8.1 and

1.5 Hz), 7.50 (1H, d, ] = 1.5 Hz), 5.23 (2H, 5), 4.10 — 4.00 (2H, m), 3.62 (2H, q, ] = 7.2 Hz),
3.60 —3.38 (3H, m), 1.94 - 1.73 (4H, m) and 1.26 ppm (3H, t,J = 7.2 Hz).
10 EXAMPLE 38
Preparation of 7-(cyclohexylcarbonyl)-3-ethyl-2H-benzo[e]1,3-oxazaperhydroin-4-one
0

NN

J

0
O

The synthesis was performed essentially as for Example 36 except for substitution of
bromocyclohexane for bromocyclopentane. Crystallization from EtOAc/hexane provided
15  white crystals with the following properties: MP = 69-70°C. IR: 2932, 1678, 1667, 1427,
1316 cm™. "H NMR (300 MHz, CDCl;) § 8.04 (1H, d, J = 8.1 Hz), 7.63 (1H, dd J = 8.1 and
1.8 Hz), 7.49 (1H, d, J = 1.8 Hz), 5.22 (2H, s), 3.62 (2H, q, ] = 7.2 Hz), 3.25 - 3.14 (1H, m),
1.94 — 1.25 (10H, m) and 1.26 ppm (3H, t, J = 7.2 Hz).

20



ON HO 15 The internedi ate al dehyde was synthesized as in Exanple 36. To
1.2 g (5.85 nmmwl) aldehyde in 40 nlL et hanol was added a solution of 1.04 ¢
(15 ol )WH2aBIOESIHCL and 1.59 g Na2CO3 (15 mmol) in 50 ni Paattse2/376e
solution was stirred for 30 mn at rt ad the white precipitate that
formed was redissolved by heating the solution to 50 C. After an additi onal
30 mn at rt, the aqueous ethanol was, repoved by evaporation and 50 niL
water was added. 20 The mixture wadk g@%%ﬁ with 1 x 200 mL and 1 x 100
nL Et OAc. Tb?epfah&ﬁm&mba@aou@@nac&ymscuman-m&% ﬁafhzhlmhgamahe on of
the solvent yielded the oxinme as sl i ght low solid he oxime (1.2
g; 5.45 mol) was dissolved in 30 m. DVF t i |ch was added 800 ng (6.0
nol ) NCS and 30 nL HCO gas. The mi xturg tired for 60 min at rt unti
the starting WO 03/045315 PCT/ US02/ 376 2§ter|al was consuned. The

m xture was diluted with 300 pi C_-& sxtracted wth 2 x 150 nL water.
The organi c phase was dried p 8, “and®t he vol une reduced to 100 ni.
To this mxture were added 5 ,025 L cycl ohexene and a sol ution of
1.5 m NEt3 in 25 nL CH2Cl2 (dropw se over night). The sol vent was

evapor at ed and ﬁé@yﬂaaes\{!a&z@srpe%ﬁne% AdBslly a5 Plandp 5 ¥R teaﬁtmﬁ{r@dmvuﬁ h 250
nmL Et CAc and the ofgani c phase was concentrated after Sﬁaover Na2SO4.

Fl ash chr obramometiyleyclehexane jfen lg@noqyépm@nﬁe@w@alllwsoﬁom BH/hgxane

colorless gil (8 | i 13 e . WP
2102 < ool e DRt Vil R iRgRhIs B 565 COR BB, it
E:DC132]I 6 7168, (429, 1817, 394 c&:' 1'HHKMR ?30021\/&11,H:Ddr;)88.:94&{1H,n§m1d= 8.15HHzY.637. 31
1H J = 10 5.21 (2H, s), 4.55 - 4.5 H 3.61 q, J
60 1) (%deggzbaleleSH%? D 53 eyt gl i (5HOL
6.9 Hz). lquy L _ 0 fr P26Bprm K, 1)
100 . merhadal ds et %5 FRR RIS &%’%ﬁ%&“ﬁnﬂp e
Ni ckel 10Af1.eHzhydr ogenati on 15 for 4 hr, the m xture was flltered and
concentrated and partitioned betwe [h ine and 200 nmL Et CAc. The two
phases were separated and the aqueous Tayer was extracted with an
addi ti onal FreparatiolcbiiR;S), [T6)-3-ethlpi-N¢A- hyﬂgmyhycldl&yﬁymumya-m-bmowm- Na2SO4
and concentrated. Flash chronatograp §+I|ca gel with EtQAc/ hexane
(50/50) gave 522 ng (69% of a C8FEEr §§°‘B ORe€crystal li zati on from
Et OAc/ hexane yielded 250 ng of a white solid 20 with the follow ng
properties: MP = 106 - 108 C. IR 3460, 293 %ggi, 1431, 1319, 988 cm

S

15 The intermediate aldehyde was synthesized as in Example 36. To 1.2 g (5.85 mmol)
aldehyde in 40 mL ethanol was added a solution of 1.04 g (15 mmol) H,NOH*HCI and 1.59
g Na,COs (15 mmol) in 50 mL water. The solution was stirred for 30 min at rt and the white
precipitate that formed was redissolved by heating the solution to 50 °C. After an additional
30 min at rt, the aqueous ethanol was removed by evaporation and 50 mL water was added.

20 The mixture was extracted with 1 x 200 mL and 1 x 100 mL EtOAc. The organic phase was
dried over Na,SO4 and the evaporation of the solvent yielded the oxime as a slightly yellow
solid.
The oxime (1.2 g; 5.45 mmol) was dissolved in 30 mL DMF to which was added 800 mg (6.0
mmol) NCS and 30 mL HCI gas. The mixture was stirred for 60 min at rt until the starting



‘. "H NWR (300 MHz, CDC13) 6 8.06 (1H, d, J = 8.1 Hz), 7.61 (1H, dd, J =
8.1 and 1.5 Hz), 7.48 (1H, d, J = 1.5 Hz), 5.23 (2H, s), 4.30 - 4.25 (1H,
m, 3.62 WoH3/oep31s = 7.2Hz), 4.33 - 4.27 (1H m, 2.05 - PCIISOBH646r) and
1.26 ppm (3H, t, J = 7.2 Hz). 25 EXAMPLE 41 Preparation of

7- (cycl ohexyl car bonyl ) - 3- net hyl - 2H benzo[ e] 1, 3- oxazape droin-4-one O N
O O The smmbﬁzdsﬁas covssmpe rThe miiureaess dilttedivitly 3@0smE GO s au%@Xérm@i witkdpt for

substituti o am ne, f I =,,.99- 3 2855,
1676, 1665 0 ﬁa‘eiklg‘%OY%C@%?Sggt’%% %3/ aml@é?ﬁ §‘?%H’€V°e§‘§’ef‘%2‘é ‘ﬁféég 4}12

984 cm . It} mmnﬁﬁg9wMéédde@B%§Dhﬁ7 &5%& tidhex@ne enda sBlutiofra) 1.5 MIOSEG In H, dd,
J 8.1 and 1.5 Hz 7.49 (1H, d, g ), 5.21 ( 2Hi ; 3.23 - 3.15

(1H m, 258l QAL @ppwiseovergight). Ehezselvswrwa@ fmnoraﬁﬁd and 1 aer Joas
Prepar ag i ofy;0f ﬂlﬁﬁ]ﬁ)‘(tﬁle%@(&a%@d%mdsbniétﬂﬁ\c%h%fb\féa}uc% fkepgole] 1, 3-

oxazaper hydroli n-4-one o0 aree he synthesis was perforned essentlally as
for Exanpl @ndditmsedefier dryng evebdeiSOut Flash Cbtomalmraphbpm sbgﬂl geh{F{@Af/bexane

et hyl a |l t f t ith
the t ol | oviOkeD e P RubS ha' TR0 AN a0 SR MRl FoRbRBA e | 4
l%é)27, . égmpiﬂ)h&l(ﬁgt mn29134 1&64Nm1(34‘2{2 M—ﬂz 83@13@&‘3 JH SMR (3D0MHz, d, J= 8.1
, 19
(25 s), é@éﬁlsﬁl 98211@41‘@)1 HZQ 'QSZ Cledilf 8(11411‘1161{817 éB(lHlﬂ JzT)H%) ﬂai m
and 1. | 31<A_f|\43 f31 —
(R'S)- g@( cyﬁq g@-(xyldq’cé'ﬁ] bg%@ 19{ ?l?g P ?)%%IZ{E [ e] bgﬁfg:alrﬁ!oﬁzga(?go?,)q ! 1, 120
oxazaper hy@Hom a8d bAg ppm (3H t J=6.9 Hz).

To a solution of the isoxazoline from above (749 mg; 2.49 mmol) in 100 mL

methanol was added 1.2 g B(OH); in 70 mL water and 1 g Raney Nickel. After hydrogenation

15 for 4 hr, the mixture was filtered and concentrated and partitioned between 50 mL brine and
200 mL EtOAc. The two phases were separated and the aqueous layer was extracted with an
additional 200 mL EtOAc. The combined organic layers were dried over Na;SO4 and
concentrated. Flash chromatography on silica gel with EtOAc/hexane (50/50) gave 522 mg
(69%) of a colorless oil. Crystallization from EtOAc/hexane yielded 250 mg of a white solid

20  with the following properties: MP = 106 - 108 °C. IR: 3460, 2933, 1661, 1431, 1319, 988 cm’
' '"H NMR (300 MHz, CDCl3) & 8.06 (1H, d, J = 8.1 Hz), 7.61 (1H, dd, J = 8.1 and 1.5 Hz),
7.48 (1H, d, ] = 1.5 Hz), 5.23 (2H, s), 4.30 — 4.25 (1H, m), 3.62 (2H, q, J = 7.2Hz), 4.33 -
427 (1H, m), 2.05 — 1.35 (8, m) and 1.26 ppm (3H, t, ] = 7.2 Hz).

25 EXAMPLE 41
Preparation of 7-(cyclohexylcarbonyl)-3-methyl-2H-benzo[e¢]1,3-0xazaperhydroin-4-one

0]

The synthesis was performed essentially as for Example 38 except for substitution of

methylamine for ethylamine. MP = 99-101 °C. IR: 2934, 2855, 1676, 1665, 1574, 1497,



O(C( N OY) O O 20 The synthesis was perforned essentially as for Exanple
38 with the following exceptions: substitution of 4-am nobutyral dehyde for
et hyl am rwoyB®#sesl an oil which was treated w th HBr/ HOA®CIrruSnEsieyé ene
chloride to formthe internedi ate al delsgde. The final product had the
following properties: MP = 110-111 C. IR 2927, 2855, 1676, 1665, 1439,
1078 cm. 'H NMR (300 MHiz, CDC13 o Tl 8| 7 (1H, dd,
J = 7.8 ant200 398/ BA3PES opcT/H @?@Wﬁw@)g &4 (1Hxd, écrkﬁHF? 7g§ J=1.5
§2)23 5. 52 giﬁid tJ1—8|JT; ancﬁl 9}1‘2@7 493119% 7=3. ﬁﬁz) izf%zHT%) 333673, A% (31%5;8) 3(115 Hom,
2. 07 (1 H (3@8)8@md 92—0520pp1an@Hpmbn (12H rr) 5 EXAI\/PLE 44 Preparatl on of

6- (cycl ohexyl car bonyl) - 3- et hyl - 2H benzo [el 1, 3-oxazaperhydroin-4-one O O
ocrr 5-Fornylsalicylic acid (2.8 g; 16.8 mml) was dissolved in 150 niL

met hanob and 10 nlL thionyl chlori dEXAMPILEMed dr opwi se. After stirring the

solution for 18 hr at room e th| chl ori de
was added dropvvl%"épé'ﬁ‘&“’f‘l‘?g7 y)gi ?g'?%gé gﬁ G&‘%’Hetﬁ‘ﬁ'z @ﬁé sol vent was
evaporated and the remai ni ng M xdxdifheVRRrdinlddiecd t hr ough silica gel,

whi ch was washed with 300 nL Et OAc/ hexane (1 1). Concentration of
appropriate fractions yielded 3.0 g orange sol |d, which was dissolved in
30 nL CH2C12. Ethylam ne (5.0 CJ‘KTG solution was stirred
for 3 days at rt. The sol vent nd 100 15 nL aqueous HC was
added until the pH = 1. The MRS B ted with EtOAc (250 nL and
100 m.), dried over Na2SO4 and concgntr at edoto yield 1.4 g yell ow am de.
The crude am de was dissolved in 40onL CH2C1l2 containing 6.0 g trioxane (67
mmol) and 5.0 CuSHA The resulting mxture was stirred vigorously wth

t he dropwi se ad&etsb”@heséﬁfwasmrf‘in@ dggsertiay as 190 Brsmplag§ grcepidorsuptiigioniohe

m xt ur q%‘ ﬁogrg}!’gﬁleﬁﬁlﬁg th?ﬁgnlesCHsﬁﬁlz%mﬁome%%aW@éa wWHite t&rygt!éﬁ .

Et OAc. The orgdnic p ase"was concentrated, which resulted in a beige

sol i d. Fl awgith therfahetiogpapértieso MPsT 83 €90 @élm(a3®%ﬁﬁeb65ﬁel65ﬂ/15@9 1927el ded 550

Mg Of @ 1335 1218, 991 cm™. "H NMR (300 MHz, CDCls) & 8.04 (1H, d, J = 8.1 Hz), 7.62 (1H, dd, J
= 8.1and 1.5 Hz), 7.49 (1H, d, T = 1.5 Hz), 5.19 (2H, s), 4.96 — 4.82 (1H, m), 3.25 - 3.14
(1H, m), 1.95 — 1.20 (10H, m) and 1.26 ppm (6H, d, J = 6.9 Hz).

15
EXAMPLE 43
Preparation of (R,S)-6-(cyclohexylcarbonyl)-3aH-benzo[e]pyrrolidino[2,1-b]1,3-
oxazaperhydroin-9-one

O

0O
o
0
20 The synthesis was performed essentially as for Example 38 with the following
exceptions: substitution of 4-aminobutyraldehyde for ethylamine yielded an oil which was
treated with HBr/HOAc in methylene chloride to form the intermediate aldehyde. The final

product had the following properties: MP = 110-111 °C. IR: 2927, 2855, 1676, 1665, 1439,
1078 cm™’. '"H NMR (300 MHz, CDCl3) 6 8.00 (1H, d, J = 7.8 Hz), 7.63 (1H, dd, J = 7.8 and



colorless oil, which solidified after 1 hr. The internedi ate al dehyde had
the following properties: MP = 47-50 C. 'H NWR (300 Hz, CDC13) S 9.97
(1H, s), WOA3/04Blty d, J = 1.8 25 Hz), 8.00 (1H, dd, J = 8PCTArSA2/3768 Hz)
7.09 (1H, d, J = 1.8 Hz), 5.28 (2H, s),543.63 (2H, ¢, J = 7.2 Hz) and 1.27
ppm (3H, t, J = 7.2 Hz). The conversion of the al dehyde to the

cycl ohexyl ké&tH»)\e. 50a@ He dipt B &d), 658 €1.ital + §.0 Hzp 3. Bwt h82 (1l mproZedBb? i n

exanpl e 38 R 3 4 mal , 1247,
1200, 076 Uk 1 T3 S (Fornia: - st Z‘igﬁﬁz?&m R 3205207 (™ 5”0
(1H, dd, Jand0 0L 04538k (PET/MYS02/ 37646 55 = 8.7 and 2.1 Hz), 7.03 (1H, d,
J 87Hz)525(2Hs)363(2HqJ:7. Hz), 3.37 - 3.25 (1 H m,
1. 92 - 1.20 (10H, m and 1.27 ppm(3H, t, J = 7.2 Hz). EXAWPLE 45 5

Prepar agi on of EXAMPLE 44

(3S)-3-benzyl - (R, S)-2H, 3H, 4H, 7aH-pyrrol i di no;b&" 1"-2', 3

oxazaper hy dPrsparation’ ofé*(cglah]exaﬂwwyﬁ)ﬁ-e@yhz% E@M]F\’é ga@eﬁ]ygﬁgnﬂ-oqq OHN
O O Conmercially avail abl e carbonygbenzyl ogyphenyl al anine (10.0 g; 33.4
mml) was dissolved in 150 nL CH2Q|2. CDI (8.0 g 49.3 mml) was added and
the m xture was stirred 10 fg . ~vIENanol (25 nl) was added
and the m xture was stirred f at rt. The solvent was
evaporated, 150 nL water was a ture was extracted wth 250
mL Et OAc. The organi ¢ phase was dried over Na2SO4 and concentrated, which
yi el ded a col or}- Esﬁnydﬂahc}(hﬂ:@clalga 8 g;11%. 8Tinmol) arab disydveena ¥$omi, pledapdland hd ne

nmet hyl est er _was I Li BH4 was
added, cau‘é‘lLr’r'blo ’ﬂéﬁﬁ’infé? WP%“ S‘g‘gﬁP‘ﬁﬂs%ﬁI?fEBStgﬂ“@Jﬁe‘Tﬂgu‘?(ﬂ tgf {B:}g‘ ARY 1 ef | uxed
for 5 mpn Wtpklantrd) @néthéstthD ehidtA Efldridle wWiE 8dde@ AedpR and fR niiR@felvRReMied
quenched by the slow addition of 25 mL 2 N HCl fol |l owed by 100 ni

met hanol . ff Séw. Ehgsolyentyeas eyrparated apdthe sgmainingauixturg vagfiltered theough siligtided and
the m xtur t The
organic ph sl\é@%gg&gé %%@&3%49 5%@&8&%&83%@ Et@ggéﬂﬁﬁ%?fca%&oﬁ%gfded 9.1 ¢
(31. 9 Mol jraafonayivlded 2.0 geringe wltdhwmhbwtas)dhbsgwedlgl ?gj}mbé?ﬂiszsEthNﬁnmsE‘oﬁ 87 C 'H

E)N!? (300 Mg?was%f z}ndt?he soigu‘rfxon was s]hrregi }c())rlj dar);rs) at rt5 'I'Qc7 so(l\%lﬁk wgs) e'va]%rﬂgd 5nd41083 (1H

15 mL aqueous HC1 was added until the pH = 1. The mixture was extracted with EtOAc (250
mL and 100 mL), dried over Na,SOj and concentrated to yield 1.4 g yellow amide.

The crude amide was dissolved in 40 mL CH,Cl, containing 6.0 g trioxane (67 mmol)

and 5.0 g CuSO4 The resulting mixture was stirred vigorously with the dropwise addition of

20 1.0 mL conc. H,SO4. After 30 minutes the mixture was filtered through silica gel, which was
washed with 250 mL EtOAc. The organic phase was concentrated, which resulted in a beige
solid. Flash chromatography on silica gel (EtOAc/hexane 50/50) yielded 550 mg of a
colorless oil, which solidified after 1 hr. The intermediate aldehyde had the following
properties: MP = 47-50 °C. "H NMR (300 MHz, CDCl;) § 9.97 (1H, s), 8.47 (1H,d,J=1.8

25 Hz), 8.00 (1H, dd, J = 8.4 and 1.8 Hz), 7.09 (1H, d, ] = 1.8 Hz), 5.28 (2H, ), 3.63 (2H, q,J =
7.2 Hz) and 1.27 ppm (3H, t, ] = 7.2 Hz).

The conversion of the aldehyde to the cyclohexylketone was completed essentially
following the procedure in example 38. IR: 2933, 2855, 1683, 1614, 1494, 1463, 1372, 1311,
30 1247, 1209, 978 cm™. "H NMR (300 MHz, CDCl3) § 8.53 (1H, d, J = 2.1 Hz), 8.09 (1H, dd, J



3.89 (1H m, 3.74 - 3.54 (2H m and 2.86 ppm (2H, d, J = 6.9 Hz). 25 The
al cohol from above was dissolved in 80 niL pyridine followed by 400 ng DVAP
and 4.6 gw046/0453m¥r0l ) CH3SO2CL at 0 C. After the m xture ®»a3/Gsby/stoee for 18
hr at rt, 700 nL Et CAc was added and t8%e sol ution was extracted with 3 x
200 mL 2N HCl. The organic phase was dried over Na2SO4 and concentrat ed,

which yielded 9.7g of a beige solid wt W ng ert

82-85 C. 1FS8 Ml\md(zgdéZM% U&%éﬂs’jggHF) 35§@ (519 9g- @1@% ?F) %\%pbg,%@g%a%p
PCT/ US02/ 331@14%) 5@2—5195(1(031'%)%}@157E1§)In'(3}fft914=fi"ﬂ{z)”) 4.29 - 4.10 (3H m,
2.96 (3H, s) and 2.95 - .Toasolut|0n0f159(54
nmol ) of the phenol (synthesi zed as in Exanple 30) in 100 5 nL toluene
were added 2.0 g K2C03 and 1.0 g 0%&1@1@@" sul fonate. The m xture was
refluxed for 7 hours, then 2.0 g K an 5 g of the nethylsul fonate
were adfed. TiPeeparatidmofd3S)edbereryl-(R8H2H.3H 4B 74H-pyrioiding[20,1§-R30D3- and 5.0 ¢
of the nethyl sul f onakeapathedrath]s'ch'-Sdibenheflijdxixazepinesd,] ltdiode anot her 24 hr.
Water (100 nmlL) was added andthg m xture was extracted with Et OAc (250 ni
and 150 nlL). The organi c ph @, s dried over ONa2SO4, 10 and the sol vent
evapor at ed. Flash chromat ogr apy 3 (Et.OAc/ hexane 45/55, then
66/ 34) yielded 1.6 g of a slight i th the follow ng
properties: 'H NVR (300 M—Iz 718/(12H, m, 5.88 - 5.80
(1H, m, 5.46 (0.5H, t, J 6Hz) .58, t, J =6 Hz), 5.10 (2H, s),
4.39 (2H, q, J = 6.9 Hz), 429- 3.96 - 3.77 (2H, m, 3.65 -
3.56 (1H, m, 3.13 - 2.96 (2H, m, '2.50 - 2.37 (1H, m, 2.30 - 1.86 (3H, m
15 and 1. 38 ppn@c(xﬁm;:rc'tally dvatlalgje Qarbmwlbewcsiyphehylalalsin@jﬂ@é)(ﬁ véd4 mmoly was ni

net hanol . Pd/ he i xt h for
hr. The mi Qlﬁ? gswitciﬁéha‘gﬂg& P9s§o ol twag\z}g‘%gr \2?&3“% pe%grggséﬁ?%l ng o il
was heatedfdr @0 kfif atGet. MuthanoN2 B mLyiwas bdded anhiae ﬁ@(tﬂﬁmas siirreidifer anethet 60 mim oi | on

20 silica gel (EtQAc/hexane 85/ 15 eI ded a yell owi sh oil (250 .

Cryst al | i zait-dhe Foluent was memé# Wéﬁf "?La?Bd‘#ﬂ a\‘)\ﬁﬁﬂ?é‘“@i“%‘f’%ﬂ"’@%@ t he

fol l owi ng RERRES E[%OAB/PFhE o}éaglc]p‘ﬁgse v@s dh& ov%@ﬁgzso;l-ﬂﬁ@co%@gntrateh'l VNNB] (300 Mz,
CDC13) 6 7.64 - 3(/H m, 6 (1 H, =6
Hz), 4.29 ylelaﬂcclzact(l@ﬂtssnfj(logg% - 3 77 (2H rT) 3. 66 - 3 58 (1H, rT) 2.96 -
2.76 (2H m, 2.50 - 2.39 (1H, m, 2.31 - 2.06 (2H, m and 2.03 - 1.87 ppm

(1H, rr)1 5 25 i hl\éPcIEE)oﬁﬁbenzyloxyphenylalanine methylester was dissolved in 120 mL THF and

1.2 g (55 mmol) LiBH; was added, causing the mixture to warm up to 60 °C. The mixture
was refluxed for 5 min until the starting material was consumed. The reaction was quenched
by the slow addition of 25 mL 2 N HCI followed by 100 mL methanol. After the solution was
concentrated, 100 mL brine was added and the mixture was extracted with 2 x 200 mL

20 EtOAc/hexane (1:1). The organic phase was dried over Na,SO4 and concentrated, which
yielded 9.1 g (31.9 mmol) of a white solid with the following properties: MP: 85-87 °C. 'H
NMR (300 MHz, CDCl3) 8 7.35 - 7.15 (10H, m), 5.07 (2H, s), 5.02 — 4.93 (1H, m), 4.00 —-
3.89 (1H, m), 3.74 - 3.54 (2H, m) and 2.86 ppm (2H, d, ] = 6.9 Hz).

25 The alcohol from above was dissolved in 80 mL pyridine followed by 400 mg DMAP
and 4.6 g (40.1 mmol) CH3;SO,Cl at 0 °C. After the mixture was stirred for 18 hr at rt, 700
mL EtOAc was added and the solution was extracted with 3 x 200 mL 2N HCI. The organic
phase was dried over Na,SO4 and concentrated, which yielded 9.7g of a beige solid with the
following properties: MP: 82-85 °C. 'H NMR (300 MHz, CDCl3) § 7.35 — 7.18 (10H, m),



Preparation of (R'S),

(R S)-2H, 3H, 3aH, 9aH-- 1, 2- oxazolidi no[ 3, 2-b] pyrrolidino[2",1"- 3',2"]

(1, 3- oxazwpep/0§B15 6' - 5, 4] benzo [e] 1, 3- oxazaper hydr oi ne- 6 PCTZAGODBME4O O NCO
CNe O O30 To a solution of N-hydroxyghthalimde (7.5 g, 44.6 nmmol) in
200 nL DMF WD 03/ 045315 PCT/ US02/ 37646 57 that was sparged with argon gas
was added 2oa(mg sp5.000%. %o Hyim), 29 480 GB3m3 2:86dBH, §)and B85 t-i2GAppuv@H, a
period of 1 The resulting solution was heated to 80 C for 3 hr and then
cooled to ?)omterrper ature. To this solution was added

chl or opr opi onal dehyde diethyl acetal (11.2 nL, 66.9 nmmol) and sodi um

i odide (10.0 g, T@aﬁso%tmlf)SgT(Ba rﬁrﬂ&l}lbﬁth@ﬂqeﬁblf(@&nﬂ&l;@éﬂ ayas Ebanii#@s®dn t@ 80 C
for 4 hr. The solution was cooled to roomtenperature and then partitioned

bet ween3 1. BLitolpgng/wege aided ROZKCohandt-§ & thempphyisulfanate,d be BAKNEE 43S br i ne,
dried over, gfgge% t'bl&édr%ﬁtt}?elh%% gﬁlgdc?vmg fsggtmha Hethf an'fanatﬂv@&%&éar PREt ogr aphy

of the resi exanes ded 9. 1% of a white solid.
The |nternmdtta’e&/av\/&sludcmol&hdthemZQQGiﬁDselﬁd5&ahﬁﬂleomh}'@.u}fytham\W@ghol to

whi ch was a hydr.ous dr a i ate
precipitatf qglﬁg datﬁ gﬂ”ﬁf‘l“we@% ‘i%noéhef \Aglga e Oodn%“)ﬁatmmée)ﬂ aH& errlrgx%gxture was
f: I tﬁrfad Bhv@s éx@rﬁﬁ&@wfjthﬁt@zﬁ@@ﬁ@hﬂadnhel(ﬁmrﬁI‘IlhabrgaWﬁlpheh;emsdﬁmﬂheﬂN%Oh et hyl .
al cohol . The conbi ne et cohol sol utions we or at j n vacuo an
the resf ¢ mighs g‘if e&h%"ab%fﬁe ﬁhéhfomﬁ'é’ﬁf@é‘/n r@ﬁf@ﬁ?ﬁ(‘i% SFRRS %??ja% B | ayer
was was hed6(¥)"54)"}/lel?c[e'drl% g Qﬂ’ d ﬁﬁhﬁvﬂlo%ﬁﬂ SPkith filkd foBSvRdg p@Béi'tl@sV Sy ovaR €300i N

vacuo. The resultin

g still ed under vacuum gﬂ Hgbz 656 C to 15
af ford 3. 28Hg, CBSYY 6f44rh7e1&@£Hfrﬁiaé|8§ré8&r{ﬂHem) Pr6 (9.0H4t, T 5931), 476, 1126

374 (o0, S%H SR 0 A ED G JE gt S ADL ses 0T 000

|7—|225 an? 1, @_H ppa. fﬁH;s .56 (1H, m), ?1192126 (2P§n€|_£ﬁ150ma23b(lﬁ'b|n9d2 B0t 0.36 (éHllinDl on of
g e 1y - 9- oxo- 3a

benzo[é% y?%‘:% {351 ‘]%%ﬁéﬁxazi ne- 6- car boxyl ate (conpound of Exanple 7)

in 75 nmL of 20 1:1 MeOH : 1 M NaOH The resulting solution was stirred

overni ght and Mafbhinass dif8Red RIMDOSEL mBh¥REUQ/C @00 nitiwal addeg aldr thght yel | ow
solution was adjusted to 4.0 with concentrated hydrochloric acid. The

heavy whi t Bixiwiejaphydsegenelad for 3 hr.de axitans wes Bl ard the priwnt exsporaisd e
resulting oil was heated to 150 °C for 5 min. Flash chromatography of the resulting oil on

20 silica gel (EtOAc/hexane 85/15) yielded a yellowish oil (250 mg). Crystallization from
EtOAc/MTBE yielded 175 mg white crystals with the following properties: MP = 159-162
°C. IR: 1670, 1442 cm™. "H NMR (300 MHz, CDCl3) & 7.64 — 7.13 (7H, m), 6.28 — 6.20 (1H,
m), 5.46 (1H, t, J = 6 Hz), 4.29 — 4.14 (2H, m), 3.90 — 3.77 (2H, m), 3.66 — 3.58 (1H, m),
2.96 —2.76 (2H, m), 2.50 — 2.39 (1H, m), 2.31 — 2.06 (2H, m) and 2.03 — 1.87 ppm (1H, m).
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EXAMPLE 46

Preparation of (R,S), (R,S)-2H,3H,3aH,9aH--1,2-oxazolidino[3,2-b]pyrrolidino[2',1"-
3',2'](1,3-0xazino)[5',6'-5,4]benzo[e]1,3-0xazaperhydroine-6,12-dione
0

0
N )\)
o
(0

30 To a solution of N-hydroxyphthalimide (7.5 g, 44.6 mmol) in 200 mL DMF



with small portions of water, yielding 6.6 g of the internediate salicylic
acid (98% after drying for several hours at 0.2 nmHg. 25 To a suspension
of the i nwermedizat e salicylic acid (400 ng, 1.59 nmol) i nPC@/ush2/sieye DVF
was added 1, 1'-carbonyldiimdazole (25%7nmg; 1.59 nmol). The reaction

m xture becane honpgeneous after 5 min. After stirring at roomtenperature
for 18 hr, the am ne 0.45 m, 2 was added to ol ution. The
reaction what Warenarged vi léerg?lbgawaﬁ?dda{‘mé@rﬂf 09% P‘&théi‘iléit gg}ﬁ Y Rashed

wi t h Et OAc) 42 O%S g&?&h@@@ffhﬂ esdm%s%%gﬁd/aé’%etaﬂdftdX@@ﬁrg%%tﬂg{t'Ons of

Et OAc. The ¢ organic p ases were washed wth , saturated
NaHCO3 andcdotedrie rootr temgleratner. TNERSOMtiof wWas added clalmdpmpmddfthyétt didthy/lmcetab uo.

After dryi red Jress r.e f onmat o hy of the
resi due (&%&6"%3&? ‘g gﬁﬁﬁ@%%%ﬁ%%gﬁ 'El‘éng %‘gp%f“rog“é%d pure
materiab. Hddied témemmdlmtﬁe\éaﬁuai wQbyied td o téﬁpeﬁﬂﬁ@&?d @epdrfitgaced W th 3
drops H2SO4 and stirred at room tenperature for hr. The reaction m xture

was t hen wvkstwiess 1.3 HhOsQ$ @r%z%ahmqamiayerrwaéavaélvémmrzlswﬂeﬂ PYeréYeeand

ted | . fford
EZSC ‘rJTg (e 3 2%%&?&‘&%%&?5 V\cﬁﬂ vkéﬂlg‘c’)‘msh cﬁf&ﬁ?att(%lrzﬁ)hj? 6kt fe@ﬁhgﬁ@@RA%%% éQaltn i458r

e’ . ' H NMRrdGIOM MEP6)RT 7 whie ¢atid5Fhe mgenneiiw@eew@cﬁl@p%ve@p 25¢ ng4of( 0. 5H, s)

7.52 (0.5H 5.7 H,

g El o W@fou%et@g Ec ol tg @hicg%aglgcg?é akh%d%uiﬁ%dgaz?q? (1?5)1% %3 Jm}x&c}i}" LN

2742 (164, {ii)mecﬂatéﬁreélﬂﬂthtlon')of a Auffylwhite dd]id mdas acteld. JARG 2o the (ndikhuramyas fill@fdﬁXANPLE
reparation o : . . .

(R S)-6-[(® f@PﬂWﬁW?‘é\tﬁtﬁ% e Ehy s weshed witstiv! glgphol T pgmbined

[ e] pyr rol i ghf1QidoRelboRliodk wir®&Ag@Red Myt drdIhereqldg rédifdeBartiNohed O \' o O 15

To a suspension of the internedi ate salicylic_acid Exampl e 46)

my, 1.65 Parsten GHeClo Ha@. Hieyreamic loves waytathed with bring, éemw NmS@aezféteéed( gé?
o S0 TR g ARG o 1S G ML S R
hydr oxyb amffed 3244 (63%Poflke mfmhédlaﬁamnﬂldd&d 2004, 2030, 2876, 1126 and 1059 cm™
'H NMR (500 MHz) § 5.37 (2H, 5), 4.63 (1H, t, ] = 6.0 Hz), 3.74 (2H, t, ] = 6.5 Hz), 3.65
(2H, m), 3.51 (2H, m), 1.91 (2H, q, ] = 6.2 Hz) and 1.21 ppm (6H, t, ] = 7.1 Hz).
Argon was bubbled into a solution of 7.5 g (27 mmol) ethyl 7-hydroxy-9-oxo-3aH-
benzo[e]pyrrolidino[2,1-b]1,3-oxazine-6-carboxylate (compound of Example 7) in 75 mL of
20 1:1 MeOH : 1 M NaOH. The resulting solution was stirred overnight and MeOH was then
removed in vacuo. The pH of the bright yellow solution was adjusted to 4.0 with concentrated
hydrochloric acid. The heavy white precipitate was collected on a Buchner funnel and washed
with small portions of water, yielding 6.6 g of the intermediate salicylic acid (98%) after
drying for several hours at 0.2 mm Hg.
25 To a suspension of the intermediate salicylic acid (400 mg, 1.59 mmol) in 10 mL dry
DMF was added 1,1’-carbonyldiimidazole (257 mg, 1.59 mmol). The reaction mixture
became homogeneous after 5 min. After stirring at room temperature for 18 hr, the amine
(0.45 mL, 2.7 mmol) was added to the solution. The reaction was then stirred for 1 hr at room
temperature and then washed with EtOAc/H,0. The organic layer was washed with five 50-
30 mL portions of EtOAc. The combined organic phases were washed with 1 N HCI, saturated
NaHCOj; and brine, dried over Na,SQy, filtered and concentrated in vacuo. After drying on at
reduced pressure for 1 hr, flash chromatography of the residue (EtOAc:hexanes, 1:1)



20 solution. After 1 h, the reaction was washed with 1 N HClI, saturated
NaHCO3 and brine, dried over Na2SOM, filtered and concentrated in vacuo.
The i nt erwodBatB1IMas di ssolved in 15 nL dry CH2Cl2 and t IP€XTUSd2/36ctd
canphorsul fonic acid (100 ng, 0.430 nmudg). After 0.5 hr, the reaction was
washed with saturated NaHCO3, dried over Na2SO4, filtered and concentrat ed.
Fl ash chromﬁdrdgnaphma«aﬁaltﬂﬁs mtdrmedletsMdméxs{oﬁl‘dﬁ@iQmﬂm-},Clmdll)eatad fmithded 220

25 389 166 nd 1451 "H NVR
S oomes ropprisoland Slred S foSiptipperitaredpy ) Tt Ragrlen iR wdktRen Glheq’ [,

SH ), rr)7 5% g gntﬂ khmx‘éﬁed NEH@;,((&eE ch%rl_l]lﬁlsoﬁﬁg&gﬁ élndiévaHdﬁ)ated% ﬁegug éﬂi&, Sﬁh’)l wad. 247 (() 1
¢ i - Scmyaling framp CHICIBup ety 240 mps Lo e Whitepopder. Mt 205850, (1)

’ / 315
PCT / USO%/ 3@4@%@?@%@“4?{ gﬁgg\a%%()tzl onpgg;] 6@@5}[03) 75 (WS’; liead
(R, 5)-6- [ (@ 1410520, i 041 N By .38 156028 oy 44 w2, 1-b]

(10 0. 1rs8 WM. bt 8, 025 A8 2 B pd S B s

pr epar ed I{]Hang-aﬂ@q:%g,ﬁggﬂ.[ﬁl ask fitted with a thernoneter and
subsequently cooled to O A solution of t-butyldinethylsilyl chloride

(3.80 g, 25.2 mol) in 15 nL CH2C12 was added via a syringe punp over a
period,gf 1 hr. The solution was sixA¥@§gaf7 roomtenperature, noting the
sl ow precipitation of a white solid (imdazole 10 hydrochloride). After 18
hr the preci pPrepaeationsf{RIS),dRS)-6cl(3-ethpxypyerotidihyhfarholp GhydroxydaHs o| ut i on
was then concentr at ed henzofejpyaolidigo2ilebli Ssuxiarapethydreindeonsi | was redi ssol ved
in nethanol. After stirring the alcoholic solution for 2 hr, the solution
was again evaporated in vacuo and then parti®i oned between CH2C12/H20. The
organic layer was washed with brin dried ojjer Na2SO4, filtered and

concentrated. The resi due was several 15 hours
affording 1.9 g (83% of 3-hyd oxy yrrd t {but @l - di net hyl si |l yl et her as
a Vi scous

15
To a suspension of the intermediate salicylic acid (see Example 46) (411 mg, 1.65

mmol) in 10 mL dry DMF was added 1,1’-carbonyldiimidazole (267 mg, 1.65 mmol).
Immediately, the reaction mixture became homogeneous. After stirring at room temperature
for 16 h, O-3,3-diethoxypropyl hydroxylamine (344 uL, 2.06 mmol) was added to the

20 solution. After 1 h, the reaction was washed with 1 N HCI, saturated NaHCOj3 and brine,
dried over Na,SOq, filtered and concentrated in vacuo. The intermediate was dissolved in 15
mL dry CH,Cl, and treated with camphorsulfonic acid (100 mg, 0.430 mmol). After 0.5 hr,
the reaction was washed with saturated NaHCOs, dried over Na;SQy, filtered and
concentrated. Flash chromatography of the oily residue (CH,Cl,:MeOH, 50:1) afforded 220

25  mg (38%) of a yellow solid. MP: 138-140 °C. IR: 1667 and 1451 cm™. 'H NMR (500MHz)
5 10.83 (0.5H, s), 10.79 (0.5H, s), 7.78 (0.5H, s), 7.76 (0.5H, s), 7.52 (0.5H, s), 7.50 (0.5H,
m), 6.02 (1H, m), 5.46 (1H, m), 4.34 (1H, m), 3.99 (0.5H, m), 3.93 (0.5H, m), 3.84 (1H, m),
3.78 (1H, m), 3.70 (1H, m), 3.63 (1H, m), 2.51 (1H, m), 2.43 (1H, m), 2.38 (1H, m), 2.23
(1H, m), 2.12 (1H, m), 1.93 (1H, m) and 1.25 ppm (3H, m).
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orange oil. IR 3150, 2953, 2928, 2888, 1413 and 1255 cml To a
suspension of the internediate salicylic acid (see Exanple 46 for its
synt hesi sWO 03483131y, 1.84 mmol) in 10 nL dry CH2Cl2 was adad&aiso2/37646
1, 1" -carbonyl diimdazole (373 ny, 20 %930 mmol ). The reaction mxture
becanme honbgeneous very slowy and CO2 gas evolution was al so slow. After 1
h at roomtenperature, a solution of the 3-hydroxypyrrolidine t-butyl-
di mret hyl silyl et her (556 ng, 2.76 r’r‘rﬁ?ﬁmﬁ‘l@ CH2C12 was added. After 16
hr at room tenp L &lo n i n vacuo.
The residue was gg%#%t?%nn&gﬁ Sr)e(t@{C§)e6(r)1[@3Etﬁy mcﬁﬁlﬁyﬁ%l&g’ra\gﬁ{ahg@g?gam c layer
was washed with sat ur dieago[ppyiaolidinpi2ilnkll,3o0xazanehy dsoiar9-ove2S04, filtered and
concentrated in vacuo. Flash chromatography ofy the crude solid
(Et OAc: hexanes 1:1-1.5) afforded 648 ng (84% of silyl ether as a pure oil.
IR 1671, 1630 and 1434 cm . T ' e~Si |yl ether (598 ny,
1.43 mmol ) in 10 nL THE wagy d mfluoride hydrate (321
ng, 2.15 mml). After 1 hr the DL Qe 0_ 3/ 045315 PCT/ US02/ 37646 60
evaporated in vacuo and the resulting]resi dueOnas partitioned between
CH2C12/ H20. The organic |ayer was wgphed with brine, dried over Na2SO4,

filtered and co ntrat i,n_vacu r£si due
(CH2C12” MeCH, S&)ltl%mfﬁ’dws&xw Ting és‘fﬁmﬁ lﬁgﬁspro B3] 18 R 2! O
white soli ﬁimol\ﬂ?n 20811 Gﬂﬁilﬁwad ﬂ?epaﬁe@@ﬁ)a 3h6@81001ﬂ2ﬂaﬁrﬁﬂted4/&ﬁ adltrmomeéte5 NVR:
7.98 (1H, m, ng m. 5.50 (1H 4,60 (0.5H, s),

4. 47 (o 5wndss)1bseq\ae Bcgolgh @?ﬂAmlutW of &5 mlﬂlmfﬁljy sibyl %‘#Or(dfr@ 80r> 22rd

2. 15-

(R'S)- 2 m@ﬁ@)(ég% ﬁﬂ%mlif- p| peﬁgﬁif@%@[&gy@%‘%}d%ﬁbﬁw Kl ThECS)Olutmn

3 2 ](1 3wms<m¢enhymrtcmwﬂm)t{uﬁ, no@ing e 4lobemecifitatidn Gfaoxkiteisnbd Gmilazdlet ri one O

N' " O t hyl le 7
(632 md hﬁéocﬂ%% AR Qlﬁ% p‘EF“héFh%aﬁ?{“e‘ ?Hffe &yvasht%ﬁk*{“é?eﬁb a%@égm(jzeo )
11. 3 mmol )sdlﬁﬁ)nh@atﬂfbd corcetidledin vihe afi&thmreshlmmg ofapgeaitiwas tadisotyedéous nel t

whi ch was heated for 10 m n. e.resi.du
methanol. After stjfmng the alcothc soﬁltlon ?or%r the solution was again evaporated in

vacuo and then partitioned between CH,Cl,/H,O. The organic layer was washed with brine,
dried over Na,SOs, filtered and concentrated. The residue was dried under vacuum for several

15  hours affording 1.9 g (83%) of 3-hydroxypyrrolidine t-butyl-dimethylsilylether as a viscous
orange oil. IR: 3150, 2953, 2928, 2888, 1413 and 1255 cm™.

To a suspension of the intermediate salicylic acid (see Example 46 for its synthesis)
(430 mg, 1.84 mmol) in 10 mL dry CH,Cl, was added 1,1’-carbonyldiimidazole (373 mg,
20  2.30 mmol). The reaction mixture became homogeneous very slowly and CO; gas evolution
was also slow. After 1 h at room temperature, a solution of the 3-hydroxypyrrolidine t-butyl-
dimethylsilylether (556 mg, 2.76 mmol) in 3 mL CH,Cl, was added. After 16 hr at room
temperature, the reaction mixture was concentrated in vacuo. The residue was partitioned
between EtOAc/1 N HCI and the organic layer was washed with saturated NaHCO3, brine,
25  dried over Na;SOy, filtered and concentrated in vacuo. Flash chromatography of the crude
solid (EtOAc:hexanes 1:1-1.5) afforded 648 mg (84%) of silyl ether as a pure oil. IR: 1671,
1630 and 1434 cm’™.
To a solution of the silyl ether (598 mg, 1.43 mmol) in 10 mL. THF was added
tetraethylammonium fluoride hydrate (321 mg, 2.15 mmol). After 1 hr the reaction was



chromat ographed (Et OAc) and the internediate was dissolved in 20 nL CH2Cl 2
and treated wth 6 drops conc. H2SO4. After 6 hr the reaction was

neut r al i 2&0 diosds1sat ur at ed NaHCO3, extracted wi th CH2Cl2pcCarised3wyer
Na2SO4, filtered and evaporated. Flash eohromatography of the residue

(Et CAc) afforded 325 ng (42% of white solid. MP: 253-256 C. IR 1660 and
20 1459 cnévaporatel M\VRRcgoDd thatz3uldhgreddue(virs Phititiened between CH.Gk{H.Q) The. 56

0.5H, s), 7.54 (0.5H, . .p.57 ((1H, dd = 4.2/6.8 Hz A8 (1H, g, J =
61 ) ) kg vt i e e, WA o RiNgSG, i Pipd SRk pbaly )3 3

H d, J = HAi{shéhlomalogdbphly 3Fkhe Msidud(CHEALIMEDHN}O: 1)Aforded 32Hng 1)5%)bf the (1. SH,
s), 3.10 (1.5H, s), 2.45 (1H,. g{ﬂ 2. 27 (1H, , 2.14 iﬁlH’ n}a and [1.96 ppm
(1H ). 2Bopt oigplmhssa whitesplidishP) B76188 CGIREWII_@SB 28,306 4430 575y

R S), (R QUm7Vst Q- , r [ r oG 21710 5, 2'
El, 32 oxgzap er'ﬁ%r(glﬁ’nrﬁg?z?gm’g%-’ Z’?dihﬁ)’gglz%ﬂ[;g?%%]iﬁq @E@é{(}%%ﬁé_@ 651%%)d| on]e 5
NO2 0 O NB.86BI3B (T, m), BB Kidd m; 2. 7D(1306) ped 2.15-M 98 Ippm((RE1I).
(R, S) -3aH, 9aH pyrrolidino[2,1-b] pyrrolidino[2",]"-
2',3](1,3-0xazino)[5,6"-2,1] benzo[ 4, 5-¢e] 1, 3- oxazaper hydr oi ne- 6, 12- di one
(the product from 10 Exanple 1) i EXXAMPLECf9 aceti c anhydri de was added 3.5

m. (43 mol ) 90%nnitrjic acid, dropw 10 m.n room t rature.
After 30 mi Frepgationet (R, (B-ame ig’dg i °[§if‘\lqé‘§{i°‘;f’é§§t of CHeCl 2
and 2080 of sat'drdeexazaprrBydroleies-S-4thenza sl lel izl 1-iHRee ¢ ¢ act ed
with 3 x 100 nL of CH2Cl12 and the conbined organic |layers were dried with
MySO4. Concentration of the solution in vacud]produced 408 ng of brown foam

after 4 hr 15 under vacuumat Q nme Hg. at ogr aphy on 200 g of silica
(eluting with Et OAc) gave 2 /rr‘gkﬁ p : Tch was resolved into two
spots with simlar Rf val ues :jn ThE e ment§ ugA ng Et OAc. LC/ MS
analysis (C 18) showed twogpe copf arng~@5. 5% of the naterial: 346

(Mrl). IR 1778, 1548, 1463 and 14200m 1.

A neat mixture of the ethyl salicylate (Example 7) (632 mg, 2.28 mmol) and N-2,2-

dimethoxy-methyl-N-methylglycinamide (2.0 g, 11.3 mmol) was heated to 130 °C. The

15 mixture formed a homogeneous melt which was heated for 10 min. The residue was
chromatographed (EtOAc) and the intermediate was dissolved in 20 mL CH,Cl, and treated
with 6 drops conc. HySO4. After 6 hr the reaction was neutralized with saturated NaHCOs,
extracted with CH,Cl,, dried over Na,SQy, filtered and evaporated. Flash chromatography of
the residue (EtOAc) afforded 325 mg (42%) of white solid. MP: 253-256 °C. IR: 1660 and

20 1459 cm™. 'H NMR (500 MHz) & 7.57 (0.5H, s), 7.56 (0.5H, s), 7.56 (0.5H, s), 7.54 (0.5H,
m), 5.57 (1H, dd, ] = 4.2/6.8 Hz), 5.48 (1H, q, J = 6.1 Hz), 4.45 (1H, dd, ] = 6.1/17 Hz), 4.26
(1H, d,J =17 Hz), 4.23 (1H, d,J = 17 Hz), 3.86 (2H, m), 3.76 (1H, m), 3.62 (1H, m), 3.10
(1.5H, s), 3.10 (1.5H, s), 2.45 (1H, m), 2.27 (1H, m), 2.14 (1H, m) and 1.96 ppm (1H, m).
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20 Method B: To 900 ng (3.0 mmol ) of the product fromExanple 1 in 20 nL of
0 C RSO4 was added dropwi se over 10 min, 2 nL of 90% HNO3. After 30 mn,
t he reactwonsmisstiire was poured into 200 nL of col d wat ePCarubo2/sms4©r gani c
products were extracted with 3 X 50 nL 81CH2C12. The conbi ned organic |ayers
were washed with 100 nL of water and dried over 25 MgSO4. Sol vent was
renoved in vacuo to give 1.1 g of 3?%\ ,9al—|—pyrro|idi nol 2, 1-

b] pyrrolidino[2",1 "-3",2"] (1,3-0 IB@ roino)[5,6'-2,1 ]benzo[ 4, 5-¢€]

1, 3-oxazi ne-6, 12- di one. ThIS sulfurlc (d based ratlo i Ves ,a
nitration pr8aeRArAHMNAGiRS R Hospit ?‘ﬁ%py'f %g: glli)]g)’ﬁrggdigl éte' .e. the
nore pol ar two, 3o¥1dFeoxpzAperiyiyein %’Wd&eé?“g } -Owep%%elgge 30 above

was repéated with 800 ng (2.7 mml) starting material to give an additional
1.0 g of WO 03/045315 PCT/ US02/ 37646 6xgpr @fuct. The conbined crude nitro
conmpound (2.1 g) was filtered throu h 40 g §f silica gel in 50 nmL of

Et CAc, followed by 300 nL of g of colorless materi al
that produced a foam when t entod HsS. I 1'ization fromthe
m ni nrum vol unme of Et OAc gave Al pi f nore pol ar isonmer (86%

as judged by NMR The mother |iquof[5 gave the | ess polar isoner (2:1) as a
colorless solid upon standing overigght. EXAMPLE 51 Preparation of (R S),
(R'S) - 5- amn H, 9aH pyrrolidi no[2 1-b] pyrrolidino[2",1"- 10 3',2"]

(1, 3- oxazi noe})n ?%‘ 6'-4,5] benzo [e] 1, 3-oxazaperhydroine-6,12-dione NH O

ON ] N ) tl 0 _ :q: "oy
(R S) 5-nitro- 3%3—?@'%&{)5% )Jﬂgismfb 3%9%??(?1}% r?!ﬁyg'pl,ld]fo[z 1

, 2" ] ( 12 3—]()]);39&1942%}‘[&]"&'—011111@)1@({54 5611 Epﬁaz}mdrydmﬁrw GSI-?e(]lione (the product from
130x in 2d| e 15 (the uct f od A in 40 nL
of Et é Eé@né‘ame‘a %ﬂc afgx}io %ﬁﬂfﬁf"{d&ﬂ}’ F@a‘g@élﬁb ‘%\1696\&51 Enar g%n The
resul ting 8M§Q(%68v&flo\ﬁﬂﬁ a{[fi)@lﬁttﬁﬁbe\fdtﬁrh mwsogﬁmhatreambn B nps vaopaetitiingdit i n a
Par r hydrogenat or. The catal yst was reno vacuum filtration with the

ai d of cel PetweamiPOmpeof GCHGlxind %@%ﬁ@éﬁfﬁ#éﬁ%uwa% QoiThe 2qusousRbass s | i ca

gel | chr Ol 90541 i S0 S dha 0o 88 ofghni CHR kbR 3 0 (70%

MgSO,. Concentration of the solution in vacuo produced 408 mg of brown foam after 4 hr

15  under vacuum at 0.1 mm Hg. Chromatography on 200 g of silica (eluting with EtOAc) gave
220 mg of product, which was resolved into two spots with similar Rf values in TLC
experiments using EtOAc. LC/MS analysis (C-18) showed two peaks containing 95.5% of the
material: 346 (M+1). IR: 1778, 1548, 1463 and 1426 em’™.

20 Method B:

To 900 mg (3.0 mmol) of the product from Example 1 in 20 mL of 0 °C H;SO4 was
added dropwise over 10 min, 2 mL of 90% HNOj. After 30 min, the reaction mixture was
poured into 200 mL of cold water and the organic products were extracted with 3 X 50 mL
CH,Cl,. The combined organic layers were washed with 100 mL of water and dried over

25 MgSO.. Solvent was removed in vacuo to give 1.1 g of 5-nitro-3aH,9aH-pyrrolidino[2,1-
b]pyrrolidino[2",1"-3',2'](1,3-0xazaperhydroino)[5',6'-2,1]benzo[4,5-€]1,3-0xazine-6,12-
dione.

This sulfuric acid based nitration gives a nitration product consisting mostly of the
less mobile TLC spot, i.e. the more polar two, of the four possible diastereomers. The process

30 above was repeated with 800 mg (2.7 mmol) starting material to give an additional 1.0 g of



20 colorless solid with the follow ng properties: IR 3447, 3333, 1670,
1654, 1595, 1431, 1388, 1341, 1079 and 775 cmi. 'H NMR (300 MHz, CDCl3) 6
6.73 (1H,W9)03/0ﬁ3752 (1H, s), 6.04 (2H, br s), 5.46 (1 H, PCTWSE2/BI6@6 Hz) ,
5.3 8 (1H, t, J 6.0), 3.81 (2H, n), 3H25 8 (2H, M, 2.43 (2H, m, 2.29
(2H, m 2.15 (2H m and 1.94 ppm (2H, m. 25 WD 03/045315 PCT/ US02/ 37646
63 EXAMPL Eprb@udrTép apmbinedicrode iy &mpound (2.1 g) was filtered through 40 g of silica gel in

(R S)-5-a 3 H ;

(1, 3- oxazin%d1 L[OEEKZ‘Q ﬁ‘a géﬁgb&'["g](’f%t ot§ zegﬂe? Qg?%ﬁﬁeé}%mfaa‘&. one 5 NH2 O
O/ I N Ghoduced a%a]iﬂwﬁéiﬁakeg t¢ dryB&s.rarpstillization fremphedingturh rvo]mnE»ﬁE@Aec 50,
Method B in 80 _ni Cl2, was added 180 pg .10% de on. The
resul ting &Y§6é91§’ig(9lflp d, W?ﬁﬁ@g@ﬁ&‘f‘@ﬁ&?g&ﬁl"g&? i\&i%u@'ﬁnﬁ) er ﬂ“oé Par r
hydr ogegat Qefve tﬁEh@ss%@fa?—isbﬁ%Er (D5 ad £ETMHRES $BMd dfbrf stdntiRElodgnight ough a pad of
celite and the solution concentrated to yield 470 ng crude product. Silica
gel chromatography using 25% Et OAc in CH2C12 yiel ded 380 ng (93% as a
colorless solid with the follow ng properties. IR 3470, 3329, 1673, 1650,
1592, 1542, 1429, 1388, 1340, 122&XAMELBE 51079 and 775 cm 1. 1H NMR (300
VHz, CDC13) d 6.72 (111, s), 6.05 (2H, br s), 5.46 (1H t, J = 6.0 Hz),
5.38 (1H, t,PxkparaGion oHAR,S), mﬂy}S(anﬁbo-Bn)HﬁﬂH@yr(oziﬂﬁnom,}-b];py&@li(dmdp"1B'-rr) , 2.23
(2H, mip 2.10 (28:,2M01,3=6xAziho S, @1B]lfedlzb [e])3-oxakapeki¥drom8-6H2edieneat | on of
(RS, (R S)-5-am no-11-brono-3aH, 9aH pyrrolidino[2,1 20 b]
pyrrolidino[2",1"-3,2"](1, 3- oxa2| no) [ 5' NHI,- 4 5] benzo[ e] 1, 3- oxazaper hydr oi n
e-6,12- dione H-N - 'H 0O drOp B .5 mmol ) of the product from

Exanpl e 50 in 60 nL of Et OAC m@
N

To 400 mg (1.15 mmol) of (R,S), (R,S)-5-nitro-3aH,9aH-pyrrolidino[2,1-
b]pyrrolidino[2",1"-3',2](1,3-0xazaperhydroino)[5',6'-2,1]benzo[4,5-€] 1,3-oxazine-6,12-dione
15  (the product from Example 50, Method A) in 40 mL of EtOAc, was added 200 mg of 10%

Pd/C, while sparging with argon. The resulting suspension was treated with hydrogen at 50-
60 psi overnight in a Parr hydrogenator. The catalyst was removed by vacuum filtration with
the aid of celite and the filtrate was concentrated to a solid in vacuo. Silica gel
chromatography on the residue with 25% EtOAc in CH,Cl; gave 253 mg (70% yield) of a

20 colorless solid with the following properties: IR: 3447, 3333, 1670, 1654, 1595, 1431, 1388,
1341, 1079 and 775 cm™. "TH NMR (300 MHz, CDCl3) § 6.73 (1H, s), 6.72 (1H, s), 6.04 (2H,
brs), 5.46 (1H, t,J = 6.0 Hz), 5.38 (1H,t, J =6.0), 3.81 (2H, m), 3.58 (2H, m), 2.43 (2H, m),
2.29 (2H, m) 2.15 (2H, m) and 1.94 ppm (2H, m).

25



25 added 200 ng Pd/ C under argon, and the resulting suspension was

hydr ogenated in a Pan hydrogenator for 18 h at 50-60 psi. The reaction

m xt ure VWO oBiokI3e¥ ed, and the solvent renoved in vacuo t@®@CYEsh2A3IRBIZ Ny
(0.67 mmol, 45% of the aniline internesl ate as a WO 03/ 045315

PCT/ US02/ 37646 64 crystalline yellow solid. Thin |ayer chronatography
(EtQAc) indicates a conplete conversion. NVR indicates (1:1:1:1) m xture
of di astereoners. LC—IVB anal ysi s i EKAMPLE B3 20y purity by total ion
current with (M-H) 315.9 as the dom nant peak and COI’ISI stent wit,
structure. ‘I‘?}@Pamtiollwé(&ﬁb(Eﬁéé@ww%ﬂﬁzg l?ﬂ!“ﬂ'ﬁi“’@ﬁzb pyreidingly %)‘ and 450
my (2.8 mmol) of 3'3'1@sRoxsainodfleftd.hemgolel Lieraranerpsolnebootighe. The first
drop of 5Br2 instantly decolorized. After 15 min at 0-5 C the reaction

m xture was diluted to 50 nL with [ dorganic phase was washed
with 20 nL 10% aqueous sodi um bi s@ fg : JQ L saturated aqueous

NaHCO3, dried over Na2SO4 and @0 N VNTUY to yield 240 nmg (91 %
of a pale green solid, which Rad. he oW ng prgperties: IR 3473, 3333,

2977, 2883, 1652, 1591, 10 1527 ‘
CDC13) S 6.1 (2H, br s), 394(1H ,383 (M M), 3.53 (2H m), 2.42
(2H, M, 2.28 (2H m, 2.11 (2H, hnd 1.99 ppm (2H, m). EXAVPLE 54 15

Preparation of i - i 1- b]
pyrrolidino[ 2" {io. 45®§h & Q%Q%Thgggglé f0§g§$Wﬁ§ eeFleag Bdlln]%@[ﬂ?L
1, 3- oxazaperﬂaglj,rv@asrad&edyﬂs))mltoa@r?di@ Rdbk-digd@. TIR desuliiipg suspefisio8®@ ny of t he

aniline (ipternedi ate af Ex e.5 Ac20 added 20 drop
of H2SO4. Eﬂr%%enite‘ﬂ?vel“ﬂ%ht Pb@n@# lh%g&rﬂl?yér%%atogt Thee t&"'&ﬁ'?‘? TEBoYRd Jf’?"ce wat er .
Sol i ds 1of OfifEshgWRoBeH £FA\GEEaHe Q%dtflé icﬂdtibh'c@r&enﬁ‘ﬂ&ih@@'lel@ 470 nseyedeproduenl |
portions of water and air dried gi crude acetam de. This

crude mat efiligh gddabromealpgraghy nsingl e B‘iﬂl’ic\cl}'!’oq]_:b@%l Yiellfied BEtme 9Fe)\asacalodets ny of

| orl |
o oper 11 oa IR I, BB R IR RER: S0y D SR T et o

cm 1. 1H 25340VRY30MNHT9 aGDTIBIm S "B NMR (03WHz DCIY. &5 72 O F5R), 685 (2Hs. 40

(05 7 0Bl S S i % b b el b, 2

15 m), 2.23 (2H, m), 2.10 (2H, m) and 1.96 ppm (2H, m).

1. 1H NVR (300 Mz,

EXAMPLE 53

Preparation of (R,S), (R,S)-5-amino-11-bromo-3aH,9aH-pyrrolidino[2,1-
20 b]pyrrolidino[2",1''-3',2'](1,3-0xazino)[5',6'-4,5]benzo[e] 1,3-0xazaperhydroine-6,12-

dione
H H
\N/ 0
H
O
N
N
(0]
H
O Br

To 450 mg (1.5 mmol) of the product from Example 50 in 60 mL of EtOAc was
25  added 200 mg Pd/C under argon, and the resulting suspension was hydrogenated in a Parr
hydrogenator for 18 h at 50-60 psi. The reaction mixture was filtered, and the solvent

removed in vacuo to yield 212 mg (0.67 mmol, 45%) of the aniline intermediate as a



2.41 (2H, m, 2.22 (2H, m, 2.20 (3H, s), 2.15 (2H, m and 1.96 ppm (2H,

m . WO 03/045315 PCT/ US02/ 37646 65 The nother liquor fromthe ethyl

acet ate cwoIBahisizati on was concentrated in vacuo and theCrasozsmiaas

chr omat ogr aphed on 100 g silica gel wités 10% EtOH in EtOAc to yield 160 ng
of the nore nobile isonmer. This material had the follow ng properties:
Purity: QSCI&%MM Yelloiwssolid rTihin lagerplrsinhiograplof (EBDAJ) ifdica@s k@ otmleteSonyekdidd). =

357. 9. 72,..1656, 1466, 142 5 1367, ,1080. 749, L. H NWVR
(300 |sz 5%@39&‘”8“‘4 ? 17’6iLéh‘H‘x“§7 011‘37“‘%"36‘("1% ngﬁﬁ a g‘%%* ‘(@nﬁ‘qei 97892J/C BUriy by H),
5.46 (1 H, tdtal ich cur@nQuitigM+1B- =8ﬁ5(92d'|,thd"aom1ﬁ)&n51§éak 31'1‘&1 coﬁ’ﬁusteﬂ vith trdblurem) , 2. 27

(2H m, 2.20 (3H, s), 205& rr; and % r12 EXAMPLE 55 10
Preparation of TR ag)hne was dissolved in 25 mL of CH2C12 (an ydrous) and 50 mg (2.8 mmol) of

(RSN (il et § o Hh¥ BiafR B bBRRY Okl B0 b ok nstbherpalbdhipel no 127,

-'0xazi no oxazaper hydr ol n- 5-
yl ) acet am Aﬁe{ 15 minkdt ON °O tﬁe—behﬁloﬁ)nhb(tufeﬁva@dﬂhteﬂ nt 5 ml swith tH,Ch. Bife dtgdhiarg (0. 70

mol ) of the product from Exanple 54 in 30 nmi of C ubbl ed C12
from a | ecPhase“Bbyeshed wih 2o md 0% w&ové%%w&ﬁ“ﬁ%%ﬁ% ‘é%a%at‘%&tg Wi th 50
L 20% aquegtisoNaiie@dvea M@, St dill cSiRbhtfaddan vaub edyeld Wsam)'dfaqmmver

MySH4, and concentrated in vacuo. After recr%stall tion c, the

yield was 26en sjidpehicshahthefollawingpereriss 1Boi47d. 15 r29FFre28%|1ﬁ6¥Mlﬁ%1

pr opert es (M3 )

(W 37cE S ST, 4 18 o P RYBEC0 M RIS (GRS R BR8 Dsy o
WO 03/ 0453(LH{ ROT3 65021, 3 SUE (286 mEANRRH, B 2Fr ¢prm) andrl . 9fppm (2H, m).
(R'S)-3-(3-0x0-3-pyrrolidinyl propyl)-2H, 6aH pyrrolidino [2",1 "-

EXAMPLE 54

15 Preparation of (R,S), (R,S)-N-(6,12-dioxo-3aH,9aH-pyrrolidino[2,1-b]pyrrolidino[2',1"'-
3',2'1(1,3-0xazino)[5',6'-4,5]benzo[e]1,3-oxazaperhydroin-5-yl)acetamide

%]\H
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To 850 mg of the aniline (intermediate of Example 53) in 20 mL of Ac,O was added 1

20  drop of H,SO4. After 1 hr the reaction mixture was stirred with 50 mL ice water. Solids
formed were recovered by filtration, washed with several small portions of water and air dried
to give 700 mg of crude acetamide. This crude material was crystallized from 10% EtOH in
EtOAc to yield 400 mg of a colorless solid (1:1 isomeric composition by LC-MS), with the
following properties: IR: 3279, 2983, 1651, 1464, 1428, 1391, 1246, 1080 and 777 cm. 'H

25 NMR (300 MHz, CDCls) 8 9.76 (0.5H, s), 9.67 (0.5H, s), 7.40 (0.5H, s), 7.38 (0.5H, s), 5.63
(0.5H, t, J = 6.0 Hz), 5.46 (1H, m), 5.40 (0.5H, t, J = 6.0 Hz), 3.84 (2H, m), 3.60 (2H, m),
2.41 (2H, m), 2.22 (2H, m), 2.20 (3H, s), 2.15 (2H, m) and 1.96 ppm (2H, m).



3',2'] 1,3-o0xazino[5 ,6'-4,5] benzo [e] 1, 3-oxazaperhydroine-4,10-dione 5 0
~0r0o0 N OTo 2.5 g ( 10 mol) salicylic acid internedi ate (See Exanple 46
for the hyorielysis of the ethyl salicylate from Exanpl e PLTiUs0Z876md. of DMF
was added 1.8 g (11 mml) CDI under arggon at nosphere with stirring. The
resul ting suspension was heated to 85-100 C at which 10 point it becane a
honpbgeneous brown sol ution sane te

t t
al ani ne HO was hsdaed rfl‘GP‘Prd‘Wé‘dttheffthSl Watgfrydﬁaﬁ’%t&now €0 er : téér ﬁlvﬁ‘é‘o a&&d t he

resul ting th%?ésmub%sw%m%%raﬁ&d oRV 60 hlgmgeatmhqowm@ﬂnﬁmbml@ yield g6 eact i on
m xture was concentrated a Hg/ 40 C and the residue partitioned

bet ween 200gef thefmapemehide isprer1 Bios mteml had the fellnyars Rropgriies: Rurity: 9§ $&owith | ayer

was washed. h 3 ]| wer e
washed w t KO TG g E L B B I B S A, o
to yield 31%791210, H)8bl‘aﬁ&\ﬁ7l79)¢d1] 'EINMRE300VHR [GDOI) 5757 @(18E, s)57.88 (:]EH ggl with 1
L of Et OAc ielded 1.2 34%. of t st [ nt r pate s ol orl ess
Solid wi t hSEhEH e/ oérﬂrlr’cj csrf%m@é%‘%ﬁ %\g(zbw —"n@géﬁ H.m).q (3.5
mmol ) of t k), 296 pandpd ok 1P 0n)Hhd 2f1 mas) added 10 rrL of 20 EtOH
f ol | owed b€§78ﬁ—i )o wa@?{;r?an r(12 )rrL 10%%%(?) 1)0 N NaCH. After 5 mn a
bright vyellow solution resul ted and 30 mn later no starting materi al

remai ned (TLC, EtOQAc). The reacti q{k%? & was concentrated in vacuo and
t he aqdﬁous resr due was extracted wt nm. of EtOAc, acidified to pH

3.0 wi't and 1 gi ’\25@ 0}0-6 510;‘9;)5%[ Fgﬁ ne organic
| ayers were 6{% %’ s to 25
yield 1.0 g 8%(? W ac tj PREEAR Hsvaij T&ﬁl’f’a nm)l) of
thecarboxylrcacrdrnZOrrLofDI\/F d 0.55 g (3.4 mmI)CDI
followed by 12 ng (0.1 nmol) DVAP, under argon at nosphere wth stirring.
After 4 hr, 2 nL of pyrrolidine was qdded and the reaction was allowed to
continue overnight. DM was renoved |in vacuo and the residue was
partitioned between 100 nmL of CH2 g0 nL of 1 MHC. After drying
over MgSO4, the solvent was remgyed in yacuol|to yield 1.2 WO 03/045315

PCT/ US02/ 37646 67 g of crude,a§ doe.in Col uim chr omat ogr aphy on
50 g of silica gel (EtQAc) y)yel ded
N

15 0O Cl

Into a solution of 250 mg (0.70 mmol) of the product from Example 54 in 50 mL of
CH,Cl, was bubbled Cl, from a lecture bottle for 2 sec. The reaction mixture was washed
with 50 mL 20% aqueous NaHSO; and 50 mL saturated aqueous NaHCO3, dried over
MgSQ4, and concentrated in vacuo. After recrystallization from EtOAc, the yield was 250 mg
20  (64%) of a colorless solid with the following properties: LC-MS (C-18) indicates 96.3%
purity (M CIy+H) = 391.8, (M(P’CI)+H) = 393.8. IR: 3272, 1673, 1458, 1422, 1246, 1064
and 732 cm™.



700 ng pure amde internediate (54%. To 0.60 g (1.9 nmmmol) of the amde in
200 nmL 40% CH2C12/ CHC13 (anhydrous) was added 11 g of trioxane (122 mmol)
fol | owed W9 04/0€53¢5 (20 nmol ) canphor sulfonic acid and 5 1@cCaruspy3whc H2SO4.
The reaction mxture was stirred at refdgux under argon atnosphere. \Water
formed in the reaction was renoved by 100 g of 3 A nol ecul ar sieves
contained in a side arm addition fEXAMPLEAf6 er 4 hr the reaction was
conplete ( TLC, 10% EtOH in EtOAc). The reaction mxture was cooled to
room t enper at Prepasuitidn WRERSH3y6-0x0-1p0rralidiakprey)c2il,daH-pyrroNdido[2' The aqueous
| ayer was washed wi3'J1,32024zih0(3',64,51beszo{e] B3-oxapadiyttoiecd,00-givaec 10 | ayers
were washed with 100 nmL water, dried over NaSO4, and concentrated in vacuo.
Drying the sanple overnight under vacuum (0.1 mm Hg) resulted in 600 ny
crude bi sbenzoxazi ne. Chronat ography on 75 g si¥ica gel with EtQAc vyi el ded
360 ng of colorless solid. The solid wgs regrysiallized by dissolving it

in 1 nm of CHC13 and slo ddi ng 30( L er.NTh yleldvvas 260 ny
(36% of colorless cryst

proper = 170-171 15
C. IR (thin film: 1665, OOM—Iz CDC13) b 7.53
(s, 1H) 7.52 (1 H, s)534(Ht, 60Hz)533(2Hn')384(1H
m 3.85 (2H, nm) 3.63 ( 1Hrr)345 2|-P J =6.7 H) 3.38 (2H, t, J =
6

s 1 £ T3 U g sl o a2

E ?. S) - 34( gnihg kowyﬁtat);igti )‘rgﬂl-Exﬁmble (3 inr 8l i oﬁbwlvéaus 14413 § 0 S 6D nmie)r .
enzo [e oxaza [ 0i ne i.one r

25 O The PEORRIEESRhsreMith SU!["(‘PE X‘ﬂ?‘@rﬁ“@?ﬁﬂ?ﬂ washegied t%gééﬁgd Cigh g'gl"c%ar gon

at mosphgr e (mntlhbe%gﬂné Eh&goéeﬁedhg Qromgoﬁnf)ﬂ) rAfRr 5hiat\Whe AmS thdraded§ 3% gpol )

, 4-di rrethoxy enzylamne.” After the reaction m xture was cooled to 100 C
|t was di sdativetCl wasigidedolloMaity emb of didsoheylitiyhaming and thsfresglitigg HC1L and 100

mL of t Th
peT/ Usoz! o R 8RRt Rt Kb BRlE OV B AR PR enteg o g

i nt er nedi at exnf Big@0SPQhd aie rdsidue partitioned between 200 mL of CH,Cl; and 100 mL of 1 M

aqueous HCI. The aqueous layer was washed with 3 X 50 mL of CH,Cl,. The combined

15  organic layers were washed with 100 mL of water, dried over Na;SO4, and concentrated in
vacuo to yield 3.8 g of a brown oil. Chromatography on 75 g of silica gel with 1 L of EtOAc
yielded 1.2 g (34%) of the ester intermediate as a colorless solid with the following
properties: CI-MS, M+1 = 390 amu.

To 1.2 g (3.5 mmol) of the ester suspended in 90 mL of EtOH was added 10 mL of

20 EtOH followed by 10 mL of water and 1.0 mL (10 mmol) 10 N NaOH. After 5 min a bright
yellow solution resulted and 30 min later no starting material remained (TLC, EtOAc). The
reaction mixture was concentrated in vacuo and the aqueous residue was extracted with 100
mL of EtOAc, acidified to pH 3.0 with 6 N HCI, and then extracted with 3 x 100mL of
EtOAc. The organic layers were combined, dried over MgSOs, and concentrated in vacuo to

25 yield 1.0 g of carboxylic acid intermediate (91%).

To 1.0 g (3.1 mmol) of the carboxylic acid in 20 mL of DMF was added 0.55 g (3.4
mmol) CDI followed by 12 mg (0.1 mmol) DMAP, under argon atmosphere with stirring.
After 4 hr, 2 mL of pyrrolidine was added and the reaction was allowed to continue overnight.
DMEF was removed in vacuo and the residue was partitioned between 100 mL of CH2Cl; and

30 50 mL of 1 M HCL. After drying over MgSQys, the solvent was removed in vacuo to yield 1.2



Et OAc). The crude internediate was dissolved in 50 nL of TFA under argon

at nosphere. After 2 hr no starting material was visible by TLC. The TFA
sol uti on wav3pelned slowy into 300 nL of saturated aque®a3/UusSati6® and t he
precipitate was collected by filtratiors7 After 5 drying overnight on the
vacuum line, the yield of salicylamde internediate was 3.0 g. To 3.0 g of

the salicylamde in 20 m 37% aqueous for nal.dehyde . ad 0 0

form c aci gobsinde auds pisgmedipfg %%ﬂﬁ%ﬂ"%}é‘ﬂ?f‘éﬂ&ﬁ%ﬂ $eg?]%9%°h§1élg?é argon
at nospher e?OOTrngpurE%ﬁl‘i{ietiht@ﬂne%lgalté’(%h%ﬂ was refluxed for 3 hr, after which nost
of the solvent "was distilled off. After the resulting resi due was cooled to

room t enper at urk 0.6Q g (e mmedyndithpenidenin 20Qmid 40 dClGHELNpRkydIqus) FHRE pr oduct
was ext rachafla i QY kRS RAYPONAH ilbc By W oo BarthobimBhorRlisddilehs anaThe
racti over SO4

conbi ned organic ons were’'drie and concentrated i n vacuo
to yield 18 drops affH:80udhe peaotercmixfurowtd sfirmed at refbuxt under aFga® aminpsphéeze (Water

Chromat ography wi,th 1:1 CHC13/E on 200 I | i el .19
of product ?%%%lnééeo‘iea%ﬁn el e,mov‘\'ﬁcls l(g:%h&ﬁ)v(?/agsof%(fAF ?%%4*%%% ag%rn%%le&% %ﬁ eec;lgnej‘il hyl

et her to yadlittbnT0theNQ\fRf 4 Bif the weattion wds cbrhpletfecQITldmm@eg EiGH i BioAd).i Be: MP =
194-196 C. IR (KBr) 3373, 1677, 1485, 1454 and. 129 1. "HN 500 WHz
CDCl 3), 8 ??%@%@TX%-\,IG wgs cpolg “’(TBO%,WI%B“%‘!T&%“‘?‘X“PFF ?’}1“‘ E&Lm%."é)ce 8‘!’\@ l\%ZH, s)
5.04 (2H, ﬁ)iOHATI%q(lédﬂs le;%r was wasBA vid x Mo ﬁL@?CﬁthHIhmonaaiﬁjcﬂ o(fg'hnid W) 2.26
(1 H m 2.14 (1 H nm and 1.95 1H pm 20 EXAMPLE 58 Preparation of

(R S) - 2P|, 3ly@aersyrashid witthHj0anL wategdried qver Rasi and equsentited imvagyo. JuHPE [ e]
1, 3- oxazapgr.h i.pe- -.di X . I : y
t ol uene vvagles%ng lgﬁ%gﬁ%&é%d%ﬁg%%qgwn?gﬁg) (%ﬁ ulltteﬁem g?%@ﬁé’t d??g?ném%x&gﬁgl e 58
under ar goChaimmgpipky en W g bilist get with §1OAS yielded 30l mg ofrrgldrless sblid The sdinl
reaction mxture s,.copl ed. and conce, ted in vacuo.,The resid was
suspended A rfﬁfyﬁ?_m%?d byﬁjg%?glﬁl% ‘%fﬁg *&e@fi@é&%@}%’}é{égﬁﬂ% #9 rogft?‘?)rn&lﬁ% yi el d
135 ng (95%1d%s95@%36%mcsmm@rﬁm wafh thefollowing@rdpeaiog NIP €3 70-VPL =
270-275 C dec. IR (KBr) 3183, 3055, 1695, 1677, 1664, 1454 WD 03/ 045315
PCT/ US03/ 3%64R (thgofilm): 1665, 1638 and 1453, cm™. 'H NMR (500 MHz, CDCl3) & 7.53 (s, 1H)
7.52 (1H, s), 5.34 (1H, t, ] = 6.0 Hz), 5.33 (2H, m), 3.84 (1H, m) 3.85 (2H, m) 3.63 (1H, m)
3.45(2H,t,J = 6.7 Hz) 3.38 (2H, t, ] = 6.6 Hz) 2.71 (2H, m) 2.42 (1H, m) 2.23 (1H, m) 2.14

(1H, m) 1.97 (2H, m), 1.95 (1H, m) and 1.85 ppm (2H, m).

20 EXAMPLE 57

Preparation of (R,S)-3-(hydroxymethyl)-2H,6aH-pyrrolidinof2',1''-3',2']1,3-
oxazino[5',6'-4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione
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The product (2.7 g; 10 mmol) from Example 7 was heated under argon atmosphere

25

with stirring to 180-200 °C for 3 min with 8.0 g (48.4 mmol) 2,4-dimethoxybenzylamine.
After the reaction mixture was cooled to 100 °C, it was dissolved in 100 mL CHCIl; and

washed with 100 mL of 3 M HCI and 100 mL of water. The organic solution was dried over



and 1069 cm 1. '"H NWR (300 MHz, CDC13) b 7.57 (1H, s), 7.56, (1H, s), 6.42
(1H, br s), 5.47 (1H, t, J =6.0 Hz), 5.22 (1H, s), 5.21 (11-1, s), 3.83
(1H, m 3wWe34115m 2.45 (1H, s) 2.25 (1H, s) 2.14 (1H, PEX/BOA3THIO6 ppm
(1H, s). LG Ms: (C 18) shows single pea#i®8 (MH) 261. 5 EXAMPLE 59
Preparation of 3,8-bis(2-hydroxyethyl)-2H, 7H- -1, 3- oxazaper hydroino [5',6'-
4, 5] benzo Mgﬁolarslmmtedm e tonyeeld P gfpﬁvmc@mtmle@atq{onv sppo BLGrvithf

anhydr ous am ne_was ,added 4. t

di hydr oxy E@rkégollt]ﬁ af'a énte’?ﬁglaree"‘éaﬁ Idfsf(ﬁ‘ée%sfl(g)%ép iomunggeﬁ‘ %0% E]LX +58£&38 h under
argon at naggilirgo shitthg maeial 0as Wiikleby FLEaThe T edlution WB@oliedsidwiyiate pour ed
into 200 nL of 3 N 15 HC 1. The hot ggel di ¢.sol utlglr Wa/% ? ovmﬁl?/ cooled to

r oom t enpes Gk &f sagurated aquaens NaFG{sjand the pregipitats was golfectsd by fi b?f & ed.
The sol sdsdr\fg&ﬁg%v&ﬁi hﬁ&%@gvmumﬁyqﬁe}flélhbf@hbﬁamdmmddmems30gx 50 nL cold
wat er, and dried overnight in vacuo (200 mHg) to yield 2.5 g (56% of

di ami de i nt er ek 2@ @ ofthe salisalamiden ROW! 3T iagueony foﬁmtlﬁ@l}’ﬁ)w{liﬁmﬁbzogﬂb Pérties:
Cl-M5 (mtl t d
wns i Ssol lEicaE shg Bbtpsulsiie Eipprcitds B G Rt RRHGcR tph meSfhelrnél S0 e

treated wi tel;ulﬁ@ golutioh mnh’qﬂﬂml@r I:lﬁzméilwh&hﬁncgt Qiﬁﬁe %lvmbwas distillec afie, 1 0g
CusM4, SO4 T e suI nS| on

ref | uxed ogg?rrfﬁ F‘ﬁﬂ?ﬁfg?l Siolsd rg%lﬂi:?"ggra er WEOOTR NG totz6H1mE

tenper apur em Nﬁ@Hrﬂ@Cﬁm@at m%ua@em the @qic@s wilition wal 3 st 850 Ml bECHG1t 0 300
nm. with CH2C12 and then filtered. The filtrate was washgd with 3. x 100 25
nL sat ur at &k Wqbasd orgapiadiagtions meringd aver NgSQoand coneengpted 4t Yarra Qs t o yi el d

a residue 12@ o(f‘bma@baoqﬁét %ﬁsls%%hé kp%@orgﬁl,c Ghivh @BA OO C AR MAtoRfaphy Witk €31 due in

Et OAc yield .9 grans -formate of 't he above bi s- benzoxa2| ne,
as a col or CH@lsa/EIO%SthIZDO aef sib¢a ggl y19\ki?(hl t mef profluc(gna grot pr d pE).tWhach: wag) -

(mHl) 364. gryﬁHHZed from CHCls/diethyl ether to yield 900 mg of product with the following
15  properties: MP = 194-196 °C. IR (KBr) 3373, 1677, 1485, 1454 and 1291 cm-1. 'HNMR
(500 MHz CDCl,), 8 7.49 (1H, s) 7.45 (1H, s) 5.46 (1H, t, ] = 6.0) 5.32 (2H, 5) 5.04 (2H, s)
4.05 (1H, br s) 3.84 (1H, m) 3.62 (1H, m) 2.44 (1H, m) 2.26 (1H, m) 2.14 (1H, m) and 1.95
(1H, m) ppm.

20 EXAMPLE 58

Preparation of (R,S)-2H,3H,6aH-pyrrolidino[2'",1''-3',2']1,3-0xazino[5',6'-
4,5]benzo[e]1,3-oxazaperhydroine-4,10-dione

LI O

25 0
In 40 ml of dry toluene was suspended 158 mg (0.54 mmol) of the product from
Example 58 under argon atmosphere with stirring. After refluxing for 1 hr, the reaction
mixture was cooled and concentrated in vacuo. The residue was suspended in 20 mL of
hexanes and recovered by vacuum filtration to yield 135 mg (95%) of product, which had the
30 following properties: MP = 270-275 °C dec. IR: (KBr) 3183, 3055, 1695, 1677, 1664, 1454



To 1.9 g (5.2 mol ) of the di-formate in 200 nL of hot MeOH was added 12
drops of WO 03/045315 PCT/US02/ 37646 70 10 N aqueous NaOH. The resulting
sol uti on wav3®#i3ns ed and refluxed for 6 h under argon at POTAISEL/E64¢ hen
cooled to roomtenperature. The solids gshich fornmed upon cooling were

col l ected and washed with 3 x 20 nL cold MeOH, then dried under vacuum for
18 h at room tenperature gZOO m . This yielded 580 of the

bi s- benzoxandi 1969 gl 'H BB (S0PAEHMGTIE:)D F 37 Bus: he® 1) ib? @Hebtisdl | owi ng

properti es; . 237 P Py (189 9 299, 1167,
1050, 1028?‘455155 t"zz‘%oé,'g%ég'zﬁéﬁﬁ/éi?s@)“ﬁh%?’c%%@’ ’f&%&%h‘?n‘%’ﬁé’%ﬁ% T i
at 309.0 amps (IHIsNVR (1306) duttid , 96 PR@1HES), LEMA: 87-18)dHows pingls pedk (MiH) s), 4. 86
(2H, s), g@d 3.55 ppm (8H, s). 13C NWR (75.45 MHz) DVSO d6 S 159. 81,
152. 00, 12 .115, 114.72, 78.95, 59.07 and 47.21 ppm Another 450 ng of |ess
pure di 9/ was recovered upon 10 concentration of the nother |iquors,
bringing the hydrolysis yield up to 83% EXAMPLE 60 Preparation of
3, 8- bi s(2- net hoxyet hyl ) - 2H, 7H - 1, 3 XSAMRBE- I dr 0i no[ 5' , 6' - 15 4, 5] benzo [e]
1, 3-oxazine-4,9-dione 0 N~O ro eo 00 To 405 ng (1.31 mol) of diol (the
product from EPaeparstidOf 3i8bis@-hydrexyethyhy2dh, tids1,3oxazapexhydueinel 3160 ny (3
mrol ) of 60 %oil dispersed HSthenkelellFrexdzing-49-dibng 81 mol ) of Mel. There
was a aonsi derabl e evol ution of gas, followed by copious precipitation. The
20 solids redissolved over 20 min to formanclear yellow solution. TLC
(1:1, hexane:EtOAc) indicated no starting flaterial. The sol vent was
renoved in vacuo and the residue hzed\fronH15 nL to tol uene.
This yielded 250 ng (57% of proqﬁct N%o @i ng properties: MP =
149-150 C. FTIR 2922, 167 87n.14 05,/J1103, 1019, 747 cm1: Cl-NMs:
(mtl) 336.9 anmu. 1H NVMR (%00 , S 0.56 (2H, s) 5.23 (4H, 25 s),
3.74 (4H, t, J=5.1 Hz), 3.58 (4H, t, J=5.1 Hz) and 3.35 ppm (6H, s). WO
03/ 045315 PCT/ US02/ 37646 71 EXAIVPL(I‘:' 61
To 40 mL of anhydrous ethanol amine was added 4.0 g (15.7 mmol) of diethyl-(2,5)-

dihydroxy terephthalate. The resulting solution was refluxed for 18 h under argon
atmosphere. The reaction mixture was cooled to 100° C and then poured into 200 mL of 3 N

15 HC1. The hot, acidic solution was slowly cooled to room temperature, as copious quantities
of pale yellow crystals formed. The solids were collected by vacuum filtration, washed with 3
x 50 mL cold water, and then dried overnight in vacuo (200 pm Hg) to yield 2.5 g (56%) of
diamide intermediate as a pale yellow solid, with the following properties: CI-MS (m+1),
285.1 amu; LC-MS (TIC) indicates 100% purity.

20 The diamide was dissolved into 20 mL of refluxing anhydrous HCO,H and the
solution treated with 40 mL of anhydrous CH,Cl,, 6.0 g (66.7 mmol) trioxane, 1.0 g CuSOa,
and 5 drops of HySO4. The resulting suspension was storred and refluxed overnight under
argon atmosphere. After cooling to room temperature, the reaction mixture was treated with
celite, diluted to 300 mL with CH,C1; and then filtered. The filtrate was washed with 3 x 100

25 mL saturated aqueous NaHCO3, dried over Na,SOy, and dried in vacuo to yield a residue
which solidified. Silica gel chromatography of the residue in EtOAc yielded 1.9 grams (33%)
of di-formate of the above bis-benzoxazine, as a colorless crystalline solid, with the following
properties: CI-MS (m+1) 364.9 amu.

To 1.9 g (5.2 mmol) of the di-formate in 200 mL of hot MeOH was added 12 drops of



Preparation of

3-et hyl - 9a- hydr o- 2H-- 1, 3- oxazaper hydr oi no[ 6, 5-g] pyrrolidino[2,1- 5

b] qui nazoWwpDnen43310-dione O~ ~ INS CN,, O O To a wel| eCrruse3maé uti on
of 20 g (84 mmol ) diethyl hydroxy terepfothalate in 200 nL of anhydrous
CHC13 was added 80 nL (160 mmol) of a 2.0 Msolution of A1Me3 in tol uene.
10 The addi® NeguewasNpOHf Dhereshitidgooluyion wakestirad gmeﬂuxadsfprrﬁelu andenatgen room
tenperature silicope oi I1 ath was used tnq iré] glc E ratureI V\hern

rat her vi gBFESRICEaL R Ut PERPR ERRFNEY | PeASRY, P 3%? GR M %Fhr e was

heated to g&fcbidd andWdsBEd Wih B woomer Eddd MJe@Hhtheﬁlﬂﬂed:lﬁﬂbﬂ \thulfn(i)forll gam room
tenperature, the reaction m xture was oured into ce cold

HC and t htempermti 0% ymsiig)p Ehis V@We%ﬁorméaf th%PlS@enwwlnw?lé%%)eﬁlaxea‘fhltﬁg the
| ayers gheﬁa%&?elé led AMEhe mswgrgl ﬁégtmd w azs%mﬁ%mgg@é 1656494, The

conbi ned organi c ayers wer e over 04, and concentrated in vacuo,
to yield 1745, (B6%)163f 1050103B] Q96d77é)n74i§eLCfM§(%mdw@@d IW%QUHMTIQ)Naﬂh was

one spot to QAC) g 1638,
1598, 15521 a&{?giam“r HMRB@%{}%@%%? 13 ﬁ@ﬁoi 332 d 9t 006
of anhydr Obysarﬁlfﬁﬂp&mﬁs) 20 \ingds.65 SiHyz) DI 8159@1 @ 3000m®3.) 5, carrphor
sul foni c acid, tri oxane, and 0 drops, H2SO4 with rapid

stirring. THe'% é% 8? tSér%’ a%é?)%ﬁgﬂ%n‘w%gerﬁé%%d)f e55 P Higk Wasfaenversd ypop
at m)sphef eccﬁfagl]tfaﬁ&ll &mﬁgmt,mar HcaohY! bm@ﬁhgtnm;dlm YR bpEFs38s concentrated to

100 nmL by si distillation af poi nt” no starting material was seen
by TLC (EtOAc) The reaction mxture was diluted to 400 nmL with CH2C 12,
and then filtered through celite. R’{P’Lti{ & e 25 was washed with 100 nL of
1 N NaOH, dried over Na2SO»4, and conce ed in vacuo vyielding 6.0 g

crude benzoxa2| e inter azi m% t ogr aphed
on 200 g of silf %‘ﬁ'@%‘f"% 'mettﬁf)g' eru:g%? }gegggg@{%g)fe PRt (glplr;]gg? ate with
one spd to TLC and the foII . R'S327, 1664, 1641, 1552,
1428, 1329. Nitration of the benzoxazine infernedi ate was perforned as

follows. To 50 nL H2SO4 30 at 10 _©Oas~added /5\_4 0 mmol ) benzoxazi ne
with stirring under argon atnosplfere. @ @03 15 PCT/ USQ2/ 37646 72

o—'\/N

To 405 mg (1.31 mmol) of diol (the product from Example 60) in 15 mL of anhydrous

DMF was added 120 mg (3 mmol) of 60 % oil dispersed NaH, followed by 5 mL (81 mmol)

of Mel. There was a considerable evolution of gas, followed by copious precipitation. The
20 solids redissolved over 20 min to form a clear yellow solution. TLC (1:1, hexane:EtOAc)

indicated no starting material. The solvent was removed in vacuo and the residue

recrystallized from 15 mL to toluene. This yielded 250 mg (57%) of product with the

following properties: MP = 149-150° C: FTIR 2922, 1672, 1487, 1455, 1305, 1103, 1019,

747 cm’': CI-MS: (m+1) 336.9 amu. 'H NMR (500 MHz, CDCl3) & 7.56 (2H, s) 5.23 (4H,
25 s),3.74 (44, t, J=5.1 Hz), 3.58 (4H, t, J=5.1 Hz) and 3.35 ppm (6H, s).



30 mn at 10 C a honogeneous solution resulted and 20 nL (443 mmol) of 90%
HNC3 was added drop wise. After 45 mnutes at the sane tenperature no
starting watmsnsshsremai ned by TLC (1:1, hexane/ Et OAc) andca/dsonsiesel i d had
formed in the reaction m xture. The reagtion mxture was poured into 200
m." crushed ice. After the ice nmelted the m xture was extracted 5 with 4 x
100 mL CHC13. The chl orof orm | ayer was then washed with 200 nL of aqueous
NaHCCO3, dried over Na2SO4, and concentrat ed |n vacuo to yield 2.8 g of a
pal e yellow solid. The solid was rE¥AYBHAE 6L zed by dissolving it in 30 nL
of hot chloroformand diluting the solution to 150 nL with ether. After
cooling to rdveparstigesidethy:9ashydro 2H7-8oxatapsthydaoinpl6ioelppaalidinglilne

i nternedi ate and was col | ect ed byquinazolime-4,10-dioaei on. It had the foll ow ng
10 properties: one spot on TLC (1:1 hexane/ EtQAc). 'H NWR (500 MHz, CDC13)
b 847 (1H, s), 7.06 (1H, s), 6.33 (1H M 30 (2H, s) 3.59 (2H, q, J =
4.32 Hz), 3.50 (2H, q, J = 4.22 Hz) iH, t, J = 4.62 Hz) and 1.26 ppm
(3H, t, J =4.35 Hz). To 2.0 6, oF\ni Q- benzoxazine in 60 nL of
20% HOAc/ OAc2 was slowy adgéed g mrol) of NaNO2. The addition was
performed over 2h in small poNtisqgs, \(t hJgood stirring at 5-10 C. The
reaction mixture was allowed to sififfat 0 C or 18 h, at which point the TLC
(1% EtOH/ Et OAc) indicated a conplelg consunption of starting material. The
m xture was diluted to 500 nL with sat aqueous NaHCO3, then extracted with

4 x 100 m to Crig&wii sﬂYPddCsblu%ﬁoﬂZd @@4%@{1) dNeBy®Ydergteephteiateif2ermin
vacuo. The vyield was 1. é solid nitro-benzoxazi ne ester. This

nat er| al h& arthm@ronﬂIHGW\mjag Qﬁ;ﬁé’r@# éléon?@o Fofiar Q Ybsslutiop 9AIMe d toluegg s ¢y -
Cl - mt .

5 35 ( Q) IT gc%ﬁb@%ﬁ IEIHf d(sl%Q@' M%spﬁe egnﬁproﬁﬂ'n"ﬂelﬁﬂeraﬂre%ﬂlcéﬂé; ?éH
t, J = 4 40H-Ib)thamd uSledeccmnm teBpkrature. JWhemth@raﬂw) vigarousigas explt®ndChimdiall t he

ni t robenzoxazi est in. 40 nL 0 r 500 of
Toos palr ¢ ohfiardy B Sision kRl pleg W B RRGAEablaot £ and RSO0 10 |
25 50-60 psdom @h@eﬁﬁt@t&&éac%&ﬁmb@ff@w@dpdmyedf 1hﬂot5()ahi1m’f1®mdld3’lﬁ }Kl‘llandaﬂb was

renmoved in vacuo, as TLC.indjcated no starti.n terial. The, 900 ng (100%
of col or | e&sultigg puspension;stiged ‘%"ﬁ L M éep\ﬂkigngtfg?ﬁé'ﬁff e AgueoEs frer M85 C) * and

one spos ng&r&c&;d whd 3508hodthL QEEmmJ )The camslﬁ&i drg’dn'ilpl'af‘erd Werd anem)m Najsaydr ous

t ol uene under argon atnosphere, was added drop wise 250 L of POC13 w th
stirring. Afdemcentited it vacaoe Beldildigi86°%) efphenolic diagidedntermadiaty. TWHS ani | i ne

b R e T

at nosphere point no s was present by
TLC (Et OAC)1598Tm5352rcaabﬂdan m xture was cooled to roomtenperature and

treated with S0 5 57 mmol) of the phenolic diamide in 200 mL of anhydrous CH;Cl, was

20 added 6.5 g CuSOs, 2.3 g (10 mmol) camphor sulfonic acid, 36 g (400 mmol) trioxane, and
10 drops H,SO4 with rapid stirring. The resulting suspension was heated to reflux under argon
atmosphere and refluxed for 72 hr. The reaction mixture as concentrated to 100 mL by simple
distillation at which point no starting material was seen by TLC (EtOAc). The reaction
mixture was diluted to 400 mL with CH,C1,, and then filtered through celite. The filtrate

25  was washed with 100 mL of 1 N NaOH, dried over Na;SQOj, and concentrated in vacuo
yielding 6.0 g crude benzoxazine intermediate. The crude benzoxazine was chromatographed
on 200 g of silica gel (EtOAc) yielding 4.0 g (59%) of intermediate with one spot to TLC and
the following property: FTIR 3327, 1664, 1641, 1552, 1428, 1329.

Nitration of the benzoxazine intermediate was performed as follows. To 50 mL H,SO,

30 at 10° C was added 2.5 g (10 mmol) benzoxazine with stirring under argon atmosphere. After



WO 03/ 045315 PCT/ US02/ 37646 73 of saturated NaHCO3. The aqueous | ayer was
extracted with 5 x 50 nL of CHC 13 and the organic |ayers were conbi ned,
dri ed ovewoNg8B818nd concentrated in vacuo to yield 1.3 gPrefi/usa2/3mué - sol i d
crude product. The crude product was chromat ographed on 50 g of silica gel
to yield 400 nmg (33% of pale brown product with the follow ng properties:
MP = 252- 23Bm ata0‘F¢|amomg@;eoas4s5&ﬁamslm@94nd:2ﬁ mL (443-1vBol) of90% Pd®savas: 1H

(£ g SR gl iy ooy s

2.30 (2H, WLCJ1:T héxfme/R0Ac)land® fieRolidHdd férmed irrthd redgtiontXAMIRE. FTHe 2eacfiéh
Prepar ati on of

(R S) - 6- ( pY¥reeras AgurehingoAiPimL eushed ingdftetha iFs Blicd iopature pg oxgracted
oxazi n-9- O@ﬁ? 4Q No midEHe1 ;. 1’ﬁletﬁlo}ot§rngla€'§ wWibRled wathell W?th@b@ gicde a&ﬁe‘afﬁ Exanpl e

3in 40 dry, roomtenperature, ol uene was added, under "argon
at nospher eNaHC®5 dnitd pyar lNabSQiu, arel cofcentrastd infvaddodovdldid 8 @ ofa pait yellow spkid. ar

Me3AL i n ggtwgar % élgs%;w@ E{n%f&&%ﬂ{ M&I?‘}oﬁﬁm [‘15'8111&1% Gl ON

m xture ol n nosartlng

mat eri al rmidﬁeﬁiliﬁﬁﬁhﬁwﬂie@&)Aﬁerfdmémg a&obmoﬂnpdratmm,rﬂ B %) eb bdd ritoo-10 C

and stirred with 50 ni W t h 0,.20 The

aqueous | ag@zo%g‘eé‘%‘fw 'f‘@d‘“% taﬁccgia%e aﬁ’ﬁun&% Ptﬁfl ém_aﬁiﬁ'é tE@%IP%e organi c

|bayer S me(rj fro E@ﬁksednw bhorBﬁL(n‘u Dﬁexlaﬁd/ﬂe),Ac50‘Hnum (SLANIEOTDNH@B.42(131,50 nl
rine, and t

chr omat ogr & h{)o 61kl £66- 36 (Hé' FT}I\)/%C”Q @éfé) 51%&&{@%33&3391% 335(\?@%\/@6)?%978“@70 % .

25 EXAVMPLES,03H, t7ﬁ.43§|ﬁz Adl 10 gpeh @AMPPUNGS §r e synt hesi zed by procedures
essentially simlar to their congeners of the previously described

exanpl es enpl oyTay0 gé& .6 mingisofniao-benaexasing indfonh of Y% ROAKDARersslopilsan. Al |
o1 cct rophy (<81 g L0 bl 8t RpoF SRiesdRlifh B8 detlinlogater A8 spall porton, . e
above. 1bn afdith go&mﬁﬁngtehé 1@8 G:omhateaehonﬂmmre‘ wids aHORed toait atiefsC fdrb&(ﬂ atn Table 2
above) was wlhl%ﬁ %mtnth the TL% (1% Et EV\gHS)EStO%%)Sl% gatg)dcz;r(/:olrJnSp ezté ggn%ﬁrgptlon of starting
material. The mixture was diluted to 500 mL with sat aqueous NaHCO3, then extracted with
4 x 100 mL to CH,C1, which was dried over Na,SO4 and concentrated in vacuo. The yield
was 1.9 g (98%) of solid nitro-benzoxazine ester. This material had the following properties:
20 FTIR 1725, 1679, 1532, 1342 cm™. CI-MS: (m+1) 295 amu. '"H NMR (500 MHz, CDC13) &
8.90 (1H,s), 7.14 (1H, s), 5.35 (2H, s), 3.99 (2H, q, ] =4.2 Hz), 3.66 (2H, q, ] = 4.3 Hz) 1.27
(3H, t,J=4.4 Hz) and 1.12 ppm (3H, t, ] = 4.3 Hz).
To 1.0 g (3.4 mmol) the nitrobenzoxazine ester in 40 mL of argon-sparged EtOAc was
added 500 mg of 10% Pd/C catalyst and the resulting suspension was hydrogenated for 2 h at
25  50-60 psi. The catalyst was removed by filtration and the solvent was removed in vacuo, as
TLC indicated no starting material. The 900 mg (100%) of colorless solid aniline
intermediate was 91% pure by LC-MS (TIC) and one spot on TLC.
To 400 pL (5 mmol) 2-pyrrolidinone in 15 mL of anhydrous toluene under argon
atmosphere, was added drop wise 250 pL of POC1; with stirring. After 1 hr at room
30 temperature, 1.1 g (4.2 mmol) of aniline (pooled) was added and the reaction mixture was

refluxed under argon atmosphere for 6 hr, at which point no starting material was present by

TLC (EtOAc). The reaction mixture was cooled to room temperature and treated with 50 mL



74 EXAMPLE 63 (R S)-2,2,3-trinethyl-6aHpyrrolidino [2",1 "-3",2"]

1, 3-oxazaperhydroino [5,6'- 4,5] benzo [e] 1, 3-oxazine-4,10-dione 5 'HNWR
(300 MHz,wODGL8B1H 7.54 (1 H, s), 7.46 (1 H s), 5.47 (1 BCTIUSOI3®4H. 8 Hz),
3.83 (1H, m, 3.61 (1H, m, 3.07 (3H, ®»), 2.45 (1H, m, 2.26 (1H m, 2.14
(1H, m 1.96 (lH m, 1.65 (3H s) and 1.59 ppm (3H, s). EXAWPLE 64 10

(R'S)-3- cycl 0 r I-2H 6aH pyrrolidino[2",1"-3! 0, erh dr0| no[5',
6' - 5, 4] be P79 @x Ab¢ %PélﬁWSi%YCHWﬁ%Fém‘PN\)ﬁﬂ( ééé%ﬂiz fx@g e? 57 (1H,

, 7.51 ni ned,’ nd cbn vaeno ,
g) 52 (lH a §)ager§v&é§c6#;6'1 el dmld?ve'?l\fgsmk d&) %tra{ea'iila a%)c t eﬁ%l_l(’ijg'%f, m 95

( é HS r% h0a %mfszhd cile praduco ng_ crderprodust wiay chrgr?atmﬁgn ég g@f{s@)a gel to
oxaz hper hy R W By AIGRRLS BYALP W Ry oarid ey, MPC 25228800

Mz, CDEL3FTR 165551451 khd KP4 cif'40I-MBHm+4) 286Eanhi ' NNR (500 Mle; CDC¢z) and 20

and 126 réy) (837 Rspit & dptao Aot ul s i ke et 1R

(R'S)-2- [ (210X 9RYT.6 0z, dlsm(iﬁ SN lsya%hh&lsi,p@alf(lsnyﬂengil no[2",1"-3",2']1,3-
25 oxazaper hydroi no[ 5", 4,’5]'benzol el | , 3- oxazi ne- 4, 10- di one " HNVR (300
MHz, CDC13) 6 7.553 (0. 5H 5) 7.543 (0 5H, s) 7.540 (0.5H, s), 7.524

(0.5H, s), 7.120 (0.5H, br s), 70%}8@?‘? Hr, s), 5.464 (1H td, J = 6.3
Hz, J = 1.2 Hz), 5.40 (1H m), H m, 2.4-2.55 (3H, m and

1.90-2184 ppm (5H, m. 30 EXANPLE 67 (3R),

(R'S)-3- benzyke;&bht?«ni—bfpl}t;&)6#(pyhrnb@13yl,carboﬁyl)~3aljl beBzope] pyraplidingldAdhinsdt 5' |, 6' -
5,4] benzo [f1 1, 4-oxazepi ne-5, 11- doxazin-94ehb/R (300 MHz, CDC13) 6 7.63-7.15
(7H, m, 6.23 (1H, NH), 5.46 (1H, t, J = 5.9 WO 03/045315 PCT/ US02/ 37646
75

15 To 1.5 g (6 mmol) of the product from Example 3 in 40 mL of dry, room temperature,
toluene was added, under argon atmosphere, 0.75 mL pyrrolidine (9 mmol) followed by 4.5
mL 2.0 molar Me;Al in hexanes (9.0 mmol). After stirring for 0.5 hr, the reaction mixture
was heated and refluxed for 3 hr, at which point no starting material remained (TLC, EtOAc).
The reaction mixture was cooled to 10 °C and stirred with 50 mL of 1 M HCl along with 200

20 mL of EtOAc. The aqueous layer was extracted with 3 x 100 mL of EtOAc. The combined
organic layers were washed with 50 mL of brine, 50 mL 1 M aqueous NaOH, 2 x 50 mL
brine, and then dried over MgSQ4. After removal of the solvent and chromatography on 100 g
silica gel, the product yield was 0.700 g (70 %).

25 EXAMPLES 63 - 76: The following compounds were synthesized by procedures essentially
similar to their congeners of the previously described examples employing reactions and
methods known to the skilled artisan. All products were found to exhibit desirable activity in
the electrophysiological screen for activity on the AMPA receptor as described above. In all

cases the associated value for ECy, (as described in Table 2 above) was less than 10 pM.



Hz), 4.28-4.16 (2H, m), 3.88-3.80 (2H, m, 3.66-3.58 (1H, m, 2.96-2.76
(2H, m), 2.48-2.39 (1H, m and 2.31-1.90 ppm (3H, m. EXAMPLE 68 5
(R'S) - 4- wOhglo4BIty 3H, 7aH-pyrrolidino [2",1 "-3",2'] 1, 3- oraza[ser/smneds oi no
[5',6'- 4,5] benzo [f] 1, 4-oxazepine-5,#41-dione "' HNVR (300 MHz, CDC13) 5
7.57 (1H, s), 7.35 (1H, s), 5.47 (1H, t, J = 5.9 Hz), 4.43-4.27 (2H m,
3.88-3.80 (1H, n), 3.66-3.52 (2H, n), 3.44-3.36 (1H, m, 3.22 (3H s),
2.50-2.40 (1H, n) and 2.32-1.87 pp 10 EXAMPLE 69
(R S)-2H, 3H,4H, 7aH-pyrrolidino [2" r?iﬁpg)ﬂ%‘ﬁ 1, 3- oxazaper hydroino [5', 6" -
4 5] benzo&liE}-Z:hﬂnﬁﬁ@ﬂﬁmaﬂﬁrﬁr&ﬂmﬁh[@'ﬂﬁ'ém 6:&95&)%?&0@3&3)— 37.61 (1 H,
. 81 (1 5.47 (1 , 15 = 5. 7Hz), 4.40-4.27
(2H m, 34,§Dle92@911(31%azwy-4 18- (B@les 58 (1H, m, 3. 51 3.38 (2H, m), 2.49-

(2R4g) ( %'3‘( ( rlr)S) arqﬂ\%\éﬁgi@ Igﬁrne%)fggxyet ﬁnl)H g)XA k&lorzrgrsl(gsgem b p;slr8 HZI) Hh 2, 1-

i no[
20 b] 1, d)Ihm)thyldfm)nbO’ll(ﬂ:DS)dﬁéﬁlélH HI\)H\MQGHOHM—&M(@BOIQ) 96 (1A1,58), ( 1H,
s), 7.46 ( 544 = 5.7Hz), 4.62- 4.57 (1H m), 4.42-4. 34
(1H, ), }gé(i‘)‘f% (3%’ 8- 3. 50 (1H 1), 3.66-3.55 (2H n), 3. 40
(3H, s), 324304(2H n') 2.50-2.40 (1H, m and 2.30-1.87pm(3H m. 25
EXAMPLE 71 (R, S)-3-(2- met hoxyet hyI]);XXMPﬁ_ad-B@yrrol idino [2",1"-3' 2 ]
1, 3- oxazaper hydroino [5 3-oxazi ne-4, 10- d ion e VR

"H N
(300 M2, 3icygogropyl- ?{ILﬁPerrOhdslzl% 11|L-l b '2j11,3pxazapenhydreino(§6'-5 g i)
523 oH, 21 and 7.0 Hz), 3.73 (2H m), 3.63 (1

. 3. (57 (SHbe"%[?ﬂ:’(‘i‘l;”“gt“o “’“‘é 35 (3H, s), 2) 44 (1H, (rr) ?25 (1A, (rr)
2 14 (1H 1) andNMBE3QOOMHEIEDCh)S 7.5EUMYBL ESTRH, 5), 5.45 (1H, t, T = 5.8 Hz), 5.17

L oz apEihglsan kbt 5652 U B 6 AR s o (o) ZAT4AH my 238 O Bz [ o]
1, 3- oxazi ne94 (1, 09€(2H, m) and 0.81 ppm (2H, m).

15
EXAMPLE 65

(R,S), (R,S)-8-hydroxy-3-methyl-2H,6aH-pyrrolidino[2',1"-3',2']1,3-
oxazaperhydroino(5',6'-5,4]benzo[e]1,3-oxazine-4,10-dione
'HNMR (300 MHz, CDCl3) & 7.55 (1H, s), 7.49 (1H, s), 5.51 (1H, dd, J = 3 Hz and
20 6.6 Hz), 5.16 (2H, m), 4.54 (1H, m), 4.05 (1H, m), 3.60 (1H, dd, J = 4.5 Hz and 12.6 Hz),
3.12 (3H, s) and 2.42-2.66 ppm (2H, m).

EXAMPLE 66
(R,S), (R,S)-2-[(2-oxopyrrolidinyl)methyl]-2H,3H,6aH-pyrrolidino[2",1"'-3',2']1,3-
25 oxazaperhydroino[5',6'-4,5]benzo[e]1,3-0xazine-4,10-dione
'HNMR (300 MHz, CDCl3) & 7.553 (0.5H, 5), 7.543 (0.5H, s), 7.540 (0.5H, s), 7.524
(0.5H, s), 7.120 (0.5H, br s), 7.084 (0.5H, br, s), 5.464 (1H, td, J = 6.3 Hz, ] = 1.2 Hz), 5.40
(1H, m), 3.5-4.0 (6H, m), 2.4-2.55 (3H, m) and 1.90-2.34 ppm (5H, m).

30 EXAMPLE 67
(3R), (R,S)-3-benzyl-2H,7aH-pyrrolidino[2",1''-2",3']1,3-0xazaperhydroino[5',6'-
5,4]benzo[f]1,4-0xazepine-5,11-dione
'HNMR (300 MHz, CDCl3) § 7.63-7.15 (7H, m), 6.23 (1H, NH), 5.46 (1H, t,J=5.9



"HNVR (300 MHz, CDC13) 6 7.55 (1H, s), 7.48 (1H, s), 7.23 (5H, m, 5.45
(1H, t, J = 5.9 Hz), 4.87 (2H, s), 3.83 (1H m, 3.78 (2H, t, J = 7.3 Hz),
3.61 (1HwO)o3/0&395 (2H, t, J =7.3 Hz), 2.44 (1H m, 2. PET(US0B76n9, 2. 12
(1H, m and 1.95 ppm (1H, n). 5 EXAWMPLES73

(R'S)-3-(3- im'dazolylpropyl) 2H, 6aHpyrrolidino[2",1"-2",3"] 1, 3-

oxazaper hydroi no [ 5 5,4 benzo el .1, 3-oxazi ne HNVR_ (300
MHz, CDC133‘IZB4?8§616(@HI’ m} 3, 85’5{2’(*1‘9; 36p-3.58 @, mﬂ%i%%d?%ggo(zlﬁ §§, 10
6.98 (1 H(ﬁl)mf'anﬁsﬂdd ol (38, 17).5- 9 Hz) 5,11 (1 H d, J = 11.4 Hz), 5.08
(1H d V21 PP T 3L 70 ), 3.85 (1H dt. J = 11,7
and 7.3 Hz), 362(1Hrr) 353(2H m, 2245 (1 H mM, 2.26 (1 H m,

2.14 (2H, t, J = 7.0 Hz), 2.13 1@&@ f1195 ppm (1 H, m. EXAVPLE 74

15 (R S)-3-(2-(2-pyridyl)ethyl)-2H 6aHpyrrolidino [2",1"-2",3"]

1, 3- oxazapR,Hy-dinatind-2H53H,GaH-pyrdlidief 6l '-34]2']11 33}xamzrh1@rdi,nal51,€i- one ' HNMR

(300M—|z 3 = 4.4 H), 7.60 (1H, td, J = 7.3 and 1.5
7.54 %;‘éﬁlg‘f”‘ﬂ‘f “fﬁ*ﬁ% D€ 7 17 (2H, m), 5.45 (1H t, J = 5.9 Hz),

4 97 (2H, S) B‘MRQMMHZ dbely)s D5HAH, 53784 (H, K, st(IH t—J=1$97H@,nd 7.3

Hz), 3.61 3.15 gZH t, J=7.0 HZi@’PEZM ﬁ rQ 2.27 (1H,

2,13 ( |4p-4r;)7(grﬁdnh3§ 3@8,{11@,1@ 36p-3- BXANPRE 374-3.36 (1 m), 3.22' (38, s),
(R'S) - 3- (25 @t rolidino [2",1"-3",2"]
1, 3- oxazap%?ﬁ?é@é?ﬁ%&%ﬁﬁwﬁr%ﬁggﬁgi@[e] 1, 3- oxa2| ne- 4, 10 di one 25 ' HNMR

(300 M, CDC13) 8 7.56 (1H s), 7.50 (1H s), 7.16 (1H, d J =5.1H),
6.92 (1L H m, 6.86 (L H d J = EXAMPLE® 46 (1 H, t, 59Hz) 4.93

2H, 3. 80 S R I , 3.20 (2H,
E L J E)6 6“23 gﬁz”ﬁtﬁﬁ%i‘%y%“d "2’%7lt iJZHI 3rﬁxazaé’e?i'bvd3‘l‘“fg-¥5(rr) and 1.96 ppl(’n
(1H n') 3@5]iQéAMTiI]E,47o§azeﬁ>Be$,113dx()Re(3 pyridyl)ethyl)-2H, 6aH pyrrolidino

[2 "-2',31] 1, oxazape dr oi no

édg oxa2| ne-4, 1@%48&@0114‘3 Q@bbs'ﬂ/ﬁ& 1*@9@1&?(@1 8)’§(¥1((£1#I]N]ﬁ) 547 (B t(h

J .z 2 37 7 1 H,
S 205 (15 ecdhs plmiinlan 40 Gt BRI SR A ST ol ke (L
J 5 9 Hz2.40 (1H, m) and 2.32-1.88 ppm (3H, m).

EXAMPLE 70
(3BR), (R,S)-3-((1S)-1-hydroxy-2-methoxyethyl)-6aH-chromano[7, 6-e]pyrrolldmo[2 1-
20  b]1,3-oxazaperhydroine-4,10-dione
'HNMR (300 MHz, CDCl3) & 7.56 (1H, s), 7.46 (1H, s), 5.44 (1H, t, ] = 5.7Hz), 4.62-
4.57 (1H, m), 4.42-4.34 (1H, m), 4.23-4.15 (1H, m), 3.89-3.80 (1H, m), 3.66-3.55 (2H, m),
3.40 (3H, s), 3.24-3.04 (2H, m), 2.50-2.40 (1H, m) and 2.30-1.87 ppm (3H, m).

25 EXAMPLE 71
(R,S)-3-(2-methoxyethyl)-2H,6aH-pyrrolidino[2'",1"'-3",2']1,3-0xazaperhydroino[5',6'-
5,4]benzo|e]1,3-0xazine-4,10-dione

'H NMR (300 MHz, CDCL) § 7.55 (1H, s), 7.52 (1H, s), 5.46 (1H, t, J = 5.9 Hz), 5.23
(2H, s), 3.84 (1H, dt, J = 12.1 and 7.0 Hz), 3.73 (2H, m), 3.63 (1H, m), 3.57 (2H, t,J = 4.8
30 Hz),3.35(3H, s), 2.44 (1H, m), 2.25 (1H, m), 2.14 (1H, m) and 1.96 ppm (1H, m).

EXAMPLE 72
(R,S)-3-(2-phenylethyl)-2H,6aH-pyrrolidino[2',1''-2',3']1,3-0xazaperhydroino[5',6'-



4.98 (1H, d, J = 10.2 Hz), 4.96 (1H, d, J = 10.2 Hz), 3.80 (3H, m, 3.62
(1H, m, 2.97 (2H, t, J =7.0 Hz), 2.44 (1H m, 2.28 (1H, n), 2.13 (1H,
m and 1.9W0oppm3fiH, m. 5 EXAMPLE 77 Enanti onmeri c Resol uPcarusot/3tole
Compound of Exanple 1 Resolution of theythree conmponents of Exanple 1 was
achi eved by a conbination of fractional crystallization and col um

chr onmat ogrgpmnme]a,3cdxhilaé.4gu.pmfet A 0 7 g sarrpl e vvas 10 di ssol ved in 20
m. CH2C12 and diluted with 7 nL reduced to 25 niL
war mi ng and f ur tREYR §00JYEg W@h) &7 ﬁ{(l&i)ﬁf”%lé{ §b|7&? (X Tag-4e(Hbdr LT ed by

| =t t.
The cotl eot et by anan e o e GRS g s P R 0. W TR o

t he predontng2ghylHes)2 26 (H, wgs2.156 Hymp) andrh@S ppye KL m)i quor was furt her
concent 5at ed and diluted with CC14 in order to induce 15 crystallization of

a second crop of material, which %@m& and washed wth CCl4 to
yield 178 ng of material that cont about 8% of the nmeso form
Materi al (QQsﬁsw)mmawnlpMygmM@yﬂﬁmbome mes3vi,ssol ved in 2 nL warm
et hanol, of whi jected ontgo a Chiral pak AD (Daicel) colum

(20 nm x 2%XPZRPEF hé‘?f&‘“"éﬁ 1§t é’d]‘%&f‘%‘}{e]é’-"g’r"éﬂp"e'ﬂtm&!““?S - 40% et hanol / hexane at
3 n/mn. Fr actlmmﬁzgidmgu'ém@')esi% P@; §Ch sopST, ‘éﬁﬁ%mﬁ@'s?%ﬁ;

crystallized to yie I TSt ‘enanti oner hs) was
activelon 6.5&(JAVBASHECHDtol= 59 ) et Ir(@Phgs Si-ol legiloa 0% (il yﬂslslhﬁdﬂzii 51 ng of

t he second Bs. [ d b o fic s ctivity
than the fi- P‘?Eﬁglttdo 6H(Z?lianstslq)\ﬁn’eér%hJ ?@Méggg%?g n!t’)r’ ggék}ys’l r%é?cm
Testi ng ThaHm)ysi.2éd QHl, 6l 2. Bf RECt, $ =010 Hy2hl (16%) m) anpbOh dpm\iE,en) est ed i n
vitro on primary cultures of rat cortical neurons as described by Ham I,

OP, et al. in Pflugers Arch 391: 83@%‘8”‘3&87‘2 (1981) or on slices of rat
hi ppocanpus according to the follo Bdure. Exci tatory responses

(i el dEPSHg%)- 318 pRARNAN)LIH, AP A3NiRb[29]1'CR 311 8ok e hperiyarétb[BLEL ned in
a recording chanber” conti nuousl y perfused Wth artifici aI cer ebr ospi nal
fluid (ACSKlbemeni¢lhg-ongriogAdAston® PCT/ USO2/ 37646 78 a 15 - 30 nminute

interval, the p di e ni N us
concentrati ons Wﬁeﬁ{beﬂﬁ c%i?rbpl Wl%s’pjg_nigs}ﬁ %lallg i 93 ?&d gl y
bef or e andHay, 7i5h€1gRY 7.47f(1H )97 pB(aHumo G SEHE, Isuﬁ@rmz)rp@S’e@H §), BOAEGH,t O
cal cul ate t he 7poeIr{(z:)eglt84 I(l%rd?%%elllpan%gsf& Hz), 3.61 (1H, m), 3.15 (2H, t, J =7.0 Hz), 2.44

20 (1H, m), 2.27 (1H, m), 2.13 (1H, m) and 1.96 ppm (1H, m).

EXAMPLE 75
(R,S)-3-(2-(2-thienyl)ethyl)-2H,6aH-pyrrolidino[2",1''-3',2']1,3-0xazaperhydroino[5',6'-
5,4]benzo[e]1,3-0xazine-4,10-dione

25 'HNMR (300 MHz, CDCl3) § 7.56 (1H, s), 7.50 (1H, s), 7.16 (1H, d, J = 5.1 Hz), 6.92
(1H, m), 6.86 (1H, d, J =3.7 Hz), 5.46 (1H, t, ] = 5.9 Hz), 4.93 (2H, s), 3.84 (1H, m), 3.80
(2H, t, ] = 6.6 Hz), 3.62 (1H, m), 3.20 (2H, t,J = 6.6 Hz), 2.44 (1H, m), 2.27 (1H, m), 2.12
(1H, m) and 1.96 ppm (1H, m).

30 EXAMPLE 76
(R,S)-3-(2-(3-pyridyl)ethyl)-2H,6aH-pyrrolidino[2",1''-2',3']1,3-0xazaperhydroino(5',6'-
5,4]benzo[e]1,3-0xazine-4,10-dione

'HNMR (300 MHz, CDCl;) & 8.50 (2H, m), 7.58 (1H, ddd, J = 7.7, 2.2, and 1.6 Hz),



anplitude. 5 To conduct these tests, the hippocanpus was renoved from
anest hetized, 2 nonth old Sprague-Dawl ey rats and in vitro slices (400 m
t hi ck) wewe opioesas ed and nmaintained in an interface chaniper/sn2/3646€C usi ng
conventional techniques [see, for exanpire, Dunwi ddie and Lynch, J.
Physiol. 276: 353-367 (1978)]. The chanber was constantly perfused at 0.5

10 mb/mn wiith ACSE containing (in X 2P 5, MgSH4
2.5, CaCl2’-53(14, SN&ﬁé@ﬁ*fé”@l(&'(é "ﬁ%wnﬁ%anéi@a#a%%@ﬁ*wb. %ﬁz)p

ni chrome sjbgulpli ng 1@&@&5 ORI HYES PO m)oznaﬂ(sunni) hes e A .97 hayey
(stratumradlatunzjfff t he h| ocanpal sub field CAl  close to the border of
subfiel d CA3.0Hg Glélnm)ﬁtﬂ H 'PQ) 2913k a) agrligmm BEL 894 nul at i ng

el ectrode activate a popul ation of the Schaffer-conm ssural (SC) fibers,
whi ch arise fromneurons in the subdivision CA3 and termnate in synapses
on the flendrites of CAI neur ons. A@XA(WMth t hese synapses causes them

to releasethetrans mat e s tothe post - synapti c
AVPA receptors, ﬁg'ngwgﬁsg’ﬁgwm t ?{n%ﬂ%mg oA EXrMIPEd i on channel and

permt a sodium current 20 to enter the postsynaptl c cell. This current
results in a vqtetsamﬁoﬁ 6 thd Bre@ 6bhip&iRhis Ut BXanS L &ad ichRved byad ébnfBaEdn ¥hi Ch is
recor ded bé a hig npedance recording el ectrode positioned in the mddle
of the str mﬁnquamstaklumqafand:p@um;r@hrom@g@an HvrRkLSUBRATdY §- 7 8 S2ple PR

table, 1§ hedl J&E&E%{Siymﬂfﬂ-f aflaﬁ& h{;{g lfﬁznﬁ}b;(ﬁlenlthe v.gﬁm\é@csas %Ueﬁittg‘éfm produce

hal f - maxwra Paired stinulation
pul ses werky garudng Méummwlwewwtm4m¢@ﬂu él?hplad)h;éon' mmmatcﬁbmmmmc (see

bel ow). The. fiel PSPs o cond. respons and anal yzed
to determ Wl éﬂ’ﬁtf’ﬁ‘?% begalnf a’t“ﬂﬁ“@&% §°\/\t/8|a@glefwgﬁeecqfng°te gﬂ mut es
(?asgl i ne)lvgaﬁe&wltﬁwmmm zdfa?mlﬁmghtbﬁthé bedorﬁﬁﬁtﬁlyﬁgﬁﬂ idrmm Olfsmmgal peri od
of about m nut es. e perfusion n ack tq regul ar
ACSF. Pai r Ee Pothediquer Vs lieéﬁoriﬁé@a\tl\f%é‘aé Eﬁ‘ﬁﬁ‘ﬁw@? gﬁﬂl“&f’fd%tod‘? Ufhe SC fibers,
in parts aghiMpifion YE %Aﬂ@mrﬁg&lavmwa@%nedea ah@hvadHee wiicT1yi ch
generate an’inhibitory postsynaptic potenti alo§£}§PSP) in the pyram dal

cel I's of Cvigld 17himg of mgpriplfhytecoatainpdmly ghoug gio(of the #eso fogmaf t er t he EPSP
reaches its pe E,tehah Ah@@ﬁgsﬁsﬁ&ﬁemﬁ ofd rag{n%rwaéﬁts'smedam rﬁlb%ﬁm’?&ﬁaﬁo'i‘e decay

phase of the E cou part y mask the effects of the test
conpounds. ofvctod.5 miewasghjestechonté e Shiralpak AP (Paeelf @dwinn (20 mm x 250 cm) and

eluted with a gradient of 25 — 40% ethanol/hexane at 3 mL/min. Fractions from multiple

20 injections were pooled and crystallized to yield 5.84 mg of the first enantiomer (1A), which
was active on the AMPA receptor by electrophysiological analysis and 3.51 mg of the second
enantiomer (1B), which demonstrated significantly less activity than the first eluted

enantiomer.

25 EXAMPLE 78

In vitro Physiological Testing

The physiological effects of invention compounds were tested in vitro on primary
cultures of rat cortical neurons as described by Hamill, OP, et al. in Pfliigers Arch 391: 85-
30 100 (1981) or on slices of rat hippocampus according to the following procedure. Excitatory
responses (field EPSPs) were measured in hippocampal slices, which were maintained in a

recording chamber continuously perfused with artificial cerebrospinal fluid (ACSF). During



5 forward IPSP is that it can not be reactivated for several hundred
mlliseconds followng a stinmulation pulse. This phenonenon can be

enpl oyed wo oad¥smnt age to elimnate | PSP by delivering paipcadsoubses
separated by 200 ns and using the secong ("prined") response for data

anal ysis. 10 The first data columm of Table |I shows the estimate of the
concent r at h 0f1- 8¢ mameinictal, thegrepsiciteditnatwasouitched ® anegontpiathgtveriouscr ease t he

anplitude of the field EPSP to a.value 10%.. above t baselin vel

Val ues wer EEStHERsEA Uisyest ﬁ?@?%ﬁ%ﬁ?ﬁnﬁeﬁcwg?g%’g% ?etelﬁﬁfgbefngﬁ{ &886‘1 ation
f rom det er g¥ d}ﬁgpéfﬂl!siéﬁ%ef@d’up&irhﬁs& inbadeEANWRLate ARe pdichomtesiszlin ERSE | Ng The
third data colum in Table 1 shows the MED for efficacy to inprove

per f or manc@Pifude ej ght-armradi al maze task, which tests for inproved
menory gnd 20 cognition (MEDC). This test has been described previously by
Staubli et al., PNAS 91:777- 781 (1994) and Lynch and Rogers, US Patent #
5, 747, 492. Wi | o edndudt thesntestarihekippaserapusdens &mmqysd framiapesthetisede A sontho

speci f ds. and diqrents, i1 i i ;
rodi 11 cat | SO bE KEGRS Mo st i BRGRBEGHL BG4 Bkt R LL,

03/ 045315 HChiddR02¢hambédtat 3 86C udiAdonv&ntichaAldvbiiquek [sed, foneraopledDhawiddig t he
Structure la or |Ib;: X O @) OX la

O QX0 \.N A N 2. 00Y
RL XV | b Rand Isynghey Bpjsiol 73%?&%@%%”?%@19@%‘?&‘ %S ﬁ‘%%@éﬁ*ﬁﬂg—“‘éﬁéf’; -0-,
-5-, alisy! mIBhinSHBSACSE ESHhiniak Y mM)L Nal 124SKOVSKAGL0, 125)MESOS 2.5, Quether
with Q may be a cycl oal kyl ri né:], RZ maybe absent, or if present may be
-CH2-, - CO3.4, NahipQi26, glucgyed @@nd L-ascorbate 2. A bipolar nichrome stimulating electrode
was positioned in the dendritic layer (stratum radiatum) of the hippocampal subfield CA1l

close to the border of subfield CA3.

15 Current pulses (0.1 msec) through the stimulating electrode activate a population of
the Schaffer-commissural (SC) fibers, which 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 channel and permit a sodium current

20  to enter the postsynaptic cell. This current results in a voltage in the extracellular space (the
field EPSP) which is recorded by a high impedance recording electrode positioned in the
middle of the stratum radiatum of CAl.

For the experiments summarized in the table, the intensity of the stimulation current
25  was adjusted to produce half-maximal EPSPs (typically about 1.5 - 2.0 mV). Paired
stimulation pulses were given every 40 s with an interpulse interval of 200 msec (see below).
The field EPSPs of the second response were digitized and analyzed to determine amplitude.
If the responses were stable for 15-30 minutes (baseline), test compounds were added to the
perfusion lines for a period of about 15 minutes. The perfusion was then changed back to

30 regular ACSF.

Paired-pulse stimulation was used since stimulation of the SC fibers, in part, activates



-CH2O, -CRR -, or -CONR-, Y is hydrogen or -OR3, or serves to link the
aromatic ring to A as a single bond, =N or -NR-, 15 R3 is hydrogen,

al kyl , suwetmwui3esl al kyl, or serves to link the attached ®@xygsn2/swm46 A by
being a | ower al kyl ene such as a nmet hylgne or ethylene, or substituted

| ower al kyl ene such as -CRR - linking the aromatic ring to Ato forma
substituted or unsubstituted 6, 7.or 8-nenbered rin or a bond |inking the
oxygen to Rtarpeugng sthichgencstopminkibitery pgstamanficrnotential (FSPH® the pgamidst | - OR,

al kyl, sub

cycl oal kyl geltnh)t?rl& a'r’9+ %%s st%?gﬁcﬁg%ﬁ%péwﬁégﬁg?gpg&g#&gSge ks{tl tuted
het er ocycl &cclenteaihwi rqgnlanizamnrantl wiorient the dahy pikss ofthe EESH)ﬂy@tlm cquid r ogen or

sul fur, dro | al k bstltuted i tuted

aryl ol kgl PRARDIm RS <gRipr o El Pmptyies RFr s e e B R e

cyg | oal Kyl gx@ﬁrdlmwﬂpelrscgfayﬁ bﬂﬂddéyé reaTtRilatl?uforhwaa)gelmrecgnmhs,eccafdgroalbk/mg,
substituted, ar substituted aryla substitute

cycl oal kyl St“’%‘ﬂ%@f’lpﬂﬁ é&“%@@?%%% Fanol?ey‘ﬁ‘fﬁ‘}oyje%ilorf‘df' feFlimigate ﬁléybtyo forma
4- to 8- megdiRksith FairBdpul¥disGiarataiby 200 $idhad hiding M6l sdddnd( praRel " MRYpdas: ot nked to
Y to forma 6-nenbered ring and whi ch may 03/ 045315 PCT/ US02/ 37646 81
opt i onal | ydatoenalisis- one or two heteroatoms such as oxygen, nitrogen or

sul fur, X and Xare independently R, halo, -CR2R, -CN, NRR, NRCOR, -NOX®2, -
N3 or -O?. 5 2. A compound according to claim1 with the structure |a above
wher ei 10 Q and Te fasteiaiamdlapmmd§mltlb i/Sleslrtfwgp@ﬁimate GfHhe concentratiogof eaght testl ,  or
substituted alk t i a

cycl oal kyl (?ni‘r?"? Xb??t lﬁ}é geere ltl)lgegg Ifcreaseh © ampehstue(fr)?t% ?Ehté%reb&%ﬁ%-‘% W%?}S%

- CH2CH2-, alﬂv@@@basehﬁé)lev&ﬂ%es vwre es&fﬂéﬁd by Mterpolktyﬂnmgmst cases;HORBy or serves

tollnkthearo ticring to A single bond, =N or -NR-,
extrapolgtEllon from detérmined vaﬁlles %r other%

15 EXAMPLE 79

Behavioral Testing

The third data column in Table 1 shows the MED for efficacy to improve
performance in the eight-arm radial maze task, which tests for improved memory and

20  cognition (MED(). This test has been described previously by Staubli et al., PNAS 91:777-
781 (1994) and Lynch and Rogers, US Patent # 5,747,492.

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

25  departing from the invention.



R3 is hydrogen, alkyl, substituted alkyl, or serves to link the attached
oxygen to A by being a | ower al kyl ene such as a nethyl ene or ethylene, or
substi t utwo 030&3dwer al kyl ene such as -CRR - |inking thePararsat/3m46i ng to
A to forma substituted or unsubstitutegh 6, 7 or 8-nenbered ring, or a bond
linking the oxygen to Ain order to forma 5- or 6-nenbered ring, Ais
NRR , -OR, valKkyl1s caubpikbut ed al kyl, cycl oal kyl, substituted cycl oal kyl,
cycl oal kyl al kyl, aryl, substituted aryl, a heterocycle or a substituted 20
het erocycl e containing one or two heteroatons such as oxygen, nitrogen or
sul fur, R iis hydlceRgsinddavihg tRSYhahie)h or Bubstituted aryl, substituted
arylalkyl al kyl, substituted al kyl, cycloal kyl, substltuted cycl oal kyl
or heterocycloalkyl X i9Dhydrogen, aryl, a)ylabkyl (}ubstltuted aryl,
substituted aryl kyI , 25(?ubst|tuted oal k substituted
cycl oal kyl or Ethgy” WN h R to, £0 5\e- wetther ed rlng,
whi ch may be subst| by X| and Ry be‘$|nke and mhlch
optionally conAgin_g t wgp K het gf oat ons such

K itr gen or
sul fur, X and Xa pend@nt|l hal o, - C§P ggfo
onpoundggccordlng to clalnt mnth the ucture Ib
e -

- 30 N3 or -OR

above wherein: Q' nd @ark i ndependently hydrogenX7 -0-, -S-, alkyl,
or subsgltuted WO 03/ 045315 PCT/ US02/ 37646 82 aIkyI is hydrogen,

al kyl or tgﬂether with Q may be a cycloal kyl ring, R2 naybe absent, or if
pr esent nay -CH2- -CO, C}QC}Q- -CH2CO, -CH20-, or CONR— 5Yis

hydr ogen or - ORS3, €S t e _aro
bond, =N- or -NR-, F%ar? f‘é’gﬂ “%W Ewogeg’ 2T’t_&i_e Ia@ o} gs@'étf ‘ges to
link the attached oxygﬁmﬂto A by being a | ower al kyl ene such as a

nethylene or ethyleng, or substituted |ower alkylene sugh as - -
| i nki nd0t he aromati ceri; Psiregsn.2lleyd of togsthes wih Qripsbs & grelog ]rr“lgnsubstl tuted 6,

7 or 8-nenbered ring? Qf 1R 28R of i Plesdtd mlal 8 —CH,-, ~CO-, -CH,CH;-, -CH,CO-,
—CH,0-, -CRR"-, or -CONR-,
Y is hydrogen or —OR?, or serves to link the aromatic ring to A as a single
bond, =N- or —-NR—,

15 R} is hydrogen, alkyl, substituted alkyl, or serves to link the attached oxygen to
A by being a lower alkylene such as a methylene or ethylene, or substituted
lower alkylene such as -CRR'- linking the aromatic ring to A to form a
substituted or unsubstituted 6, 7 or 8-membered ring, or a bond linking the
oxygen to A in order to form a 5- or 6-membered ring,

20 A is -NRR', —OR, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
cycloalkylalkyl, aryl, substituted aryl, a heterocycle or a substituted
heterocycle containing one or two heteroatoms such as oxygen, nitrogen or
sulfur,

R is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,

25 substituted alkyl, cycloalkyl, substituted cycloalkyl, or heterocycloalkyl,

R'is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl or may join together
with R to form a 4- to 8-membered ring, which may be substituted by X

and may be linked to Y to form a 6-membered ring and which may



oxygen to Ain order to forma 5- or 6-nenbered ring, Ais -NRR, -OR

al kyl, substituted al kyl, cycloal kyl, substituted cycl oal kyl,

cycl oal kywelogphs31aryl , substituted aryl, a heterocycl e or PaTAIS0FBIctat ed
het erocycl e contai ning one or two heterggatons such as oxygen, nitrogen or
15 sulfur; R is hydrogen, aryl, arylalkyl, substituted aryl, substituted
aryl al kyl, al kyl, substituted al kyl, cycloalkyl substltuted cycl oal kyl

or het erocycl oal kyl , dRtionadly|sgripiy GBHOT taye\pteroatops SrahyAs OXYEGRSHISsREE ar yi |
substituted aryl al kyI ﬁpjnkyl substituted al kyl, cycloal kyl, substitut ed
cycl oal kyl or may 10|n together 20 with Rto form'a 4- to 8 menbered ring,
whi ch may be subst i tXindK bse iddeperidntiel, ol, +CQAKe dCNo-NRRo-NBERRA Blrenber ed
ring and which nmay o |orl@ﬂy contain one or two heteroatons such as
oxygen, nitrogen or su’l?ur X and X' are independently R halo, -CX2R,
-CN, NRR , 2.- MRGoiBound dcdding to?aalNBl with tHeRtructure Aa donpobedinof any of cl ai nms

ciaim 14 i n vhi ch Qe aqzea@@%nﬂyﬁ%dwgsrb%ﬁanaoif -GngRoaed’s o s

wherein Q and Q are -qngyl and IS -CHZCHZ- 7. A conpound of any of
clalrr513or5|nvvq|chQ |s-CHZ- is -CH2- and is -0- 30 or -S-.
8. A conpound of ang (b‘?théIEO&PMllegtO@ﬂ&h‘d’lﬂTQfﬁawh?lad’bfcQ‘ yring. 9. A

conpound of any of %%4%&%@3 lgﬁegéﬁ“gr@%@ a_cq)al_bﬁlzc pd_&’;} ¢@g-,absent.

WO 03/ 045315 PCT/ US A co of an alns 1-3in
whi ch @and Q are al kyiH,ORoi-€GRent and RL i s hydrogen 11. A conpound

of any of clains 1-3 0 0in iLeh Y is - and A.is -N OR, al kyl,
substituted al kyl, &/‘éﬁ‘?ﬁ%?@lof\ﬁ@k}bé’f F‘?r&etsé‘af@%’f’ BTQWAS’? ‘,"“%S‘z’?ﬁ A WS Kyl
aryl, substituted arylbond&}a_(k}em_pcycl e or a substituted heterocycle

contai ning one or twq heteroatonms such ygen, njtrogen or sul fur. 12.
A conpound of any ofR ¢ hydrpgen, ag(ybls“bfﬂmfeﬁ aWbﬂ (:’hse’A"’eﬁéo Lipkytlhg attaghad axygenie, g

al kyl, cycl oal kyl,  subsg{ bdiHs @Qvﬁygkﬁ@ﬂeks%h asrdtBAHE ok Bthiiléhe, oAdubbtituted
substltuted aryl, a heterocycle or a
15 lower alkylene such as —CRR'- linking the aromatic ring to A to form a

substituted or unsubstituted 6, 7 or 8-membered ring, or a bond linking the
oxygen to A in order to form a 5- or 6-membered ring,

A is -NRR!, —OR, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
cycloalkylalkyl, aryl, substituted aryl, a heterocycle or a substituted

20 heterocycle containing one or two heteroatoms such as oxygen, nitrogen or
sulfur,

R is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, or heterocycloalkyl,
R'is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,

25 substituted alkyl, cycloalkyl, substituted cycloalkyl or may join together
with R to form a 4- to 8-membered ring, which may be substituted by X
and may be linked to Y and which may optionally contain one or two
heteroatoms such as oxygen, nitrogen or sulfur,

X and X' are independently R, halo, -CO;R, -CN, -NRR', -NRCOR', -NO», -

30 N3 or —OR.

3. A compound according to claim 1 with the structure Ib above wherein:

Q and Q' are independently hydrogen, —-CH;—, —O—, —S—, alkyl, or substituted



substituted heterocycle containing one or two heteroatons such as oxygen,
nitrogen or 10 sulfur. 13. A conpound of any of clains 1-3 or 12 in which
A is al kywoosolststuted al kyl, cycloal kyl, substituted cycirasbkyiese

cycl oal kyl al kyl , a heterocycle or a subgtituted heterocycle containing one
het er oat om such as oxygen, nitrogen or sulfur. 14. A conpound of any of
claims 1-13 in which Alkg, -NRR, Ris hydrogen aryl, aryl al kyl, 15
substituted aryl, sulstituted ariél al kyl, alk subst | kéyed al kyl,

cycl oal kyl , subst i t & aghyd EQZEm. G %togeé‘?erWéP IB‘?: Ia(f:XFlQS‘zl TR, i 5™ hydr ogen,
aryl, arylalkyl, subsid g%%ﬁseﬁ{ ¥ if preSeaPib} bellcgs,-araoaliov,cral kih,co-,
substituted al kyl, cycloalkyl, substituted cycloal kyl” or may join together
with Rto forma 4- to@HLenrer@NRing, which nmay be substituted by X and

| nked 5o ¥ by RS ang WO TR 0Pl Q00 AL ot B gk 1 20k

het er oat om such as r'ogen or su ur an are

i ndependently R, hal o, bondIﬂ‘Ror—@‘R,— -NRR -NRCOR , -N®2, -N3 or -OR 15. A
conmpound of any of ch A i NRR’ K substituted
al kyl, cycloal kyl, SR é‘H‘Ygﬁi’ig]h WP‘yFSF ‘R‘%:ky%? %C%?’I"xyﬁ?“m
hydrogen, al kyl, substAbybeg aaivdeyhlkylex)ecduaadslgyhethﬁmesireﬂhykﬁa otyubktitadely| or
rrayjomtogether with Rto forma 4- to r,%H]gmenberedrl g V\:Tt]ICh may be
substituted by X and IlPWRfé’del‘B‘e?“‘B’y"sR@Rg‘nd‘ e ARRRUCIRE B AP PNt ai n

one addptional het eroagugmt&e&&@ﬁu@ﬁm&a% 781'3ﬁ]@ﬂﬁé}e&)ﬁngs'&ﬁ%ndaﬂﬂin%th@nd
Xar e |ndependently R, halo, -CO2R NRR NRCOR , - NO2, -OR

16. A conpound of cl ai PRYZE to ww@qntqefomamm@rambq@dmw,j oi ned toget her

with Rto forma 4-, 1o X"Ql;l? y X and
linked to Y by R3 and M@g ygdggt?t}ltg yc@%ﬁ%@fg&&éﬁ%ﬁég %lfg?]gﬁa

het er oat om such as oxy@emalkmlnnaybggh swhstlmekifatyﬂ aambrdéy@lmdr HKambetitutadlependent | y
R, hal o, -C®2R, -CN, gﬁ) % WO 03/ 045315

PCT/ US02/ 37646 84 17. heﬁ?“&%‘ﬁ&&%‘“’&ﬁ opg %ﬁ%"f SToRlof Sk 25 OFeeh. NEPESN Shd R
is joined together w tdyfg;to forma 5-nmenbered ring, which nay be
substituted by X and linked to Y by R3 and which nay. tlonaII contai n
one additional het efoathpdrrgmctryhary Wbé‘i‘bsnmeﬁrab’ééﬁb%lﬁm HylaplylX  and

Xare independently R, Jﬁﬁé tcd %%gcl’o 1, W&mted% omerocm ,-OR 5

18. A compound of claiml § -NRR is joined fogether
with Rto forma 5 R‘msr’rbrélrogdl, aryhgrylakkul,cshbsmyedﬁeylswbsitﬁlt@dl@wbllkl’yy alkkyhnd |i nked

to Y by R3 and which MB¥stituted alkyl, cycloalkyl, substituted cycloalkyl or may join together
20 with R to form a 4- to 8-membered ring, which may be substituted by X
and may be linked to Y to form a 6-membered ring and which may
optionally contain one or two heteroatoms such as oxygen, nitrogen or
sulfur,
X and X' are independently R, halo, -CO,R, -CN, —-NRR', -NRCOR', -NO3, -
25 N3 or —OR.
A compound of any of claims 1-3 in which Q and Q' are -CH,— and R? is —CH,—.
A compound of any of claims 1-4 in which R' is hydrogen.
A compound of any of claims 1-3 or 5 wherein Q and Q' are -CH,~ and R? is -CH,CHp—.
A compound of any of claims 1-3 or 5 in which Q' is -CHp—, R?is —CH,— and Q is —O-
30 or —S—.

N w» ks

8. A compound of any of claims 1-3, 5 and 7 in which Q is —O-.
9. A compound of any of claims 1-3 in which Q and Q' are alkyl and R? is absent.



optionally contain one additional heteroatom such as oxygen, nitrogen or
sul fur and X and Xare independently R halo, -CQ2R -CN, NRR, -NRCOR ,
NC2, - N3 wp 030R3119. A conpound of claim 19 in which A isPCNRR023mme R s
joined together with Rto forma 10 5-gwenbered ring, which is linked to Y
by R3. 20. A compound of claim16 in which Ais NRR, and R is joined
together with Rto forma _6-nmenbered ring, which may, be substituted by X
and |i nked!¢ é* cemppurbofany oftlpipn 1y Whigh @ apdQ'|ae dlioht Bjinabsaet 28187 15 onal

het er oat om sq{%&}oge%_ oxygen, nitrogen or sulfur and X and Xare independently
R halo, -COZR ~CN, -NRR, -NRCOR, -NO2, -N3 or -OR ~ 15 21. A conpound
of any of 1¢! & erenpbuddofiany whélaims ¥-3 @ LOORFhicR Y. is AOBO#slod tsad-MRR'c1QR. k¥l i n

of any ot o aam _ nd_ of £ R L 531 Dot '
nycr ogen. 24 RiRaRYh A EA TR M EoaR sl iyt o3 PRkl

25. A cenpounderfoc@ilyoraf subdtibhtedhelerdeycld cofthiing ¥né 6r twhbhheterfatot.sudh asonpound  of
claim23 in which Ais -OR, _al kyl, substituted al kyl, cycloal kyl,
substituted @?H%ﬁ“l(‘}ﬂe?%%ﬁ“bal kyl al kyl , a heterocycle or a substituted

heterocycl & aCQRRLR S%nPBcifins 1 WorNe iR HRRE AN alkAC{ibsuRY YISN cydaliiyhgen or
sul fur. 27. A conpound of claim23 in which Ais -NRR . 28. A conpound of
claim21 in wiistituted cygoallork cyaloplaylalkylyiygh pubstitated arvkywhetepoggelpat kyl | 25
substi tuted - K I I SHfRsh b ut ed
het er ocycl e g%b%h@g%dﬁlﬁéocg%%%%ﬁ%%@g%g?t%%t&gg%ﬁ§§°7§;§§1§é}n, nlitlt rogen or
sul fur1029. Aulonpound of claim?21 in which Ais -NRR . 30. A conpound of

claim4 in ich Yis -OR3.and Ajs NRR ., ,31. C ound,,of claiJnn 30 in
which R S A Pwguots ssdi i g G At ikl FRERREE L eI 30

subj ect, wheggisfttddeyaodligdychitkflalksl, & haeneyclelvy pegistitusaddieer@yce condi ti on or
a deficiency in the nunber or strength of, excitahgry synapses or in the
nunber of AVPANRIBIE g% Reteroatom sughag OXYRERJHTOSSP OLTHET " cogni ti ve WO 03/ 045315

PCT/ US02/ 3_74@4\6c0n§)%uf1d~'m'§1. B\ Saits 8- 13"RnIcR D is STRGR', ek RpdogdNiyl, SiyRAtkyl,
adm nistering to said subject, in a har maceuti cal |y acceptable carrier,

an ef f dét i ve selrstitwad anl, substionpbanialior elsyldsubgriteisd alkyl. oxsloatkyhsyhstitited] . 5 33, A
met hod for t Q?cl&fl]fﬁtoﬁagrogyflcl&l%mlhymgén?hﬁl, Bxl}ﬁllélﬂghﬁs@i&t&g&l?r s froma

substituted arylalkyl, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl or may
join together with R to form a 4- to 8-membered ring, which may be substituted by X and
linked to Y by R? and which may optionally contain one additional heteroatom such as

20 oxygen, nitrogen or sulfur and X and X' are independently R, halo, -CO;R, -CN, -NRR,
—NRCOR', -NO3, -N3 or —OR.

15. A compound of any of claims 1-13 in which A is -NRR/, R is alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, or heterocycloalkyl, R' is hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl or may join together with R to form a 4- to 8-

25 membered ring, which may be substituted by X and linked to Y by R’ and which may
optionally contain one additional heteroatom such as oxygen, nitrogen or sulfur and X
and X' are independently R, halo, -CO2R, —-CN, -NRR’, -NRCOR', -NO,, -N3 or -OR.

16. A compound of claim 15 in which A is -NRR' and R' is joined together with R to form a
4- to 8-membered ring, which may be substituted by X and linked to Y by R’ and which

30 may optionally contain one additional heteroatom such as oxygen, nitrogen or sulfur and
X and X' are independently R, halo, -CO,R, -CN, —-NRR', -NRCOR', -NO,, —Nj3 or —
OR.



hypogl ut amatergi c condition or deficiencies in the nunber or strength of
excitatory synapses or in the nunber of AMPA receptors such that a

corti cal /worisasshs i nbal ance occurs |eading to schi zophr emCa/us2/37646

schi zophreni f orm behavi or, said nethod ggonprising admnistering to said
subject, in a pharmaceutically acceptable carrier, an effective 10 anount
of a conpound\ asERuAd 6¥3:14iA 181 whfch @ i8-NRRY amdlR' i8fbined epethe: WikiRa6 €dindi Ng t 0

claim 33 wherein said condition is _schizophreni,. 35.,.T t hod accordin
to clai m 33 whBsBbsiedsinies WBishfay be srbsidtuied bk ?ﬁ@g .llag%ed&f’ éfe%;@. and ydichgnay, ’

phar maceut i ¢@l&AMPesitdih Bt LRMRhAIHeRDaRh KEh @scaxiy%&l, AR or@hilfii a6@KPOUNd
according any of clains 1-31 in conbination wt %$§£arnaceut|cally

accept abl e cand Kesre indepiingénily Ro haloexXé:Bi <, -NRR'3NRGHR', N@podh o1 vk
accor di 39 li £ %(?ﬁﬂygﬁc?om&qb M %icﬂ AGQTRRRA Qnd:ﬁ'qpf i gﬁﬁgyﬁtﬂ)Rﬁg ‘fJnQi. a about

75% by wei ght sal d conposition and said carrier, | ve or exci pient

conpri ses abGuherd¥6dringalvbich n% b6 Sebsfituzd byl Xcmdpioksd tb ¥rby B'gand whéichahaya

conmpound accordin t he manuf acture of a.gedi canent
Brafddy

25 Tor use. | APLMBTY PETRER iR R bt "aerer v PhaPad) ect
suf fers fromagd xhyp aabpsndsly &, ghl6, -COMR] LONN-NRR' 2-NIEORY, €NOY, -NR of HER nuber
or strength of excitatory synapses or_in the nunmber of AMPA receptors,
such that hedosampepndelisimdgan WBM}é\ is FYRRL pehR' injoined iegsthepyyith Bdo fgm ayse of
medi cantnt - FaRonash it R B R Dophrent . VO 03/ 04531
chi zophreni a. WO 03/ 045315
PCT/ US02/ 37® 46cong®urdof didm 16fin which dpie tNBR& enbR 'dé jegpet togathyr with Bltafom al- 31 in
Lhe Mmanufact yi Qe Qe ARCWARARAY be LRLMRE o) X LA TnkdABYHY b WRRhhfysOn' S
optionally contain one additional heteroatom such as oxygen, nitrogen or sulfur and X
and X' are independently R, halo, —-CO,R, —-CN, -NRR', -NRCOR', -NO,, -N; or —~OR.
15 21. A compound of any of claims 1-10 in which Y is —OR’.
22. A compound of claim 21 in which R’ is hydrogen.
23. A compound of any of claims 1-3 in which Y is hydrogen.
24. A compound of any of claims 1-3 in which Y is =N— or -NR~.
25. A compound of any of claims 1-3 in which Y is =N—.
20  26. A compound of claim 23 in which A is —OR, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, cycloalkylalkyl, a heterocycle or a substituted heterocycle
containing one or two heteroatoms such as oxygen, nitrogen or sulfur.
27. A compound of claim 23 in which A is -NRR".
28. A compound of claim 21 in which A is —OR, alkyl, substituted alkyl, cycloalkyl,
25 substituted cycloalkyl, cycloalkylalkyl, a heterocycle or a substituted heterocycle
containing one or two heteroatoms such as oxygen, nitrogen or sulfur.
29. A compound of claim 21 in which A is -NRR'.
30. A compound of claim 4 in which Y is —OR’ and A is -NRR".
31. A compound of claim 30 in which R' is hydrogen.
30  32. A method for the treatment of a mammalian subject, wherein the 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
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33.

34.

35.

36.

37.

38.

39.

85

functions are impaired, said method comprising administering to said subject, in a
pharmaceutically acceptable carrier, an effective amount of a compound according to any

of claims 1-31.

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 subject, in a pharmaceutically acceptable carrier, an effective

amount of a compound according to any of claims 1-31.

The method according to claim 33 wherein said condition is schizophrenia.

The method according to claim 33 wherein said condition is Parkinson’s disease.

A pharmaceutical composition comprising an effective amount of a compound according
any of claims 1-31 in combination with a pharmaceutically acceptable carrier, additive or

excipient.

The composition according to claim 35 wherein said compound comprises about 0.5% to
about 75% by weight of said composition and said carrier, additive or excipient

comprises about 25% to about 95.5% of said composition.

Use of a compound according to any of claims 1-31 in the manufacture of a medicament
for use in the treatment of a mammalian subject, wherein the 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.

Use of a compound according to any of claims 1-31 in the manufacture of a medicament

for use in the treatment of schizophrenia.
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40. Use of a compound according to any of claims 1-31 in the manufacture of a medicament

for use in the treatment of Parkinson’s disease.



