23 MAY 2006 WO 03/ 045315 PCT/ US02/ 37646 CARBONYLBENZOXAZI NE COVPQUNDS FOR
ENHANCI NG GLUTAMATERG C  SYNAPTI C RESPONSES Fi el d of the I nvent iZM3YR(06
invention relates to conpounds, pharnmaceutical conpositions and nethods for
use in the prevention and treatnent of cerebral insufficiency, including
enhancenwotosefiss3isecept or functioni ng at synapses in brai npoeises/ksic
responsi bl e for higher order behaviors. These brain networks, which are
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activity between different brai nw@&w&ggested in disorders such
as Parkinson's disease, schizophrenia and affective or nood disorders. In a

parti cul ag. resent invention relates to conpounds useful for

t r eat ment ir%ﬁ@ﬁ@%i%‘%ﬁg?'?i ons, and net hods of using these compounds for such
treatment. 15 Background of the Invention The rel ease of glutamate at
synapses at many. sites i q manmal i an (;For ebrain, stinulates tw classes of
postsynaptic, i OhSTFYBINECPER EFeBPgUn %@@%F%_?@“QP%‘“%@&FI‘V&P@F red to as
20 AMPAY qiiesq i b RnBaark ideinttdl ofldeRBRARINGMFiciRidy Jint NYRRknKAEERIR6E -

AMPA/ qui squal ate receptors nedi ate a voltage i ndependent fast excitatory
post - apt i tecepier @netiopingat $yaspsemIG)in netwiarks eespomeilabyfor bighprasder bgkavaerat e a
vol t age- degpen I i . Studioe j in slices
of hi ppocaeori netlob A hBiilokef it cBRlive s e kB R, | 122 “BRsc
I S gener aihyaitnheat, doch A3 dgdbservapimrentiety vl daniendihs, arkin igbaluaesirategtanabynapses.

25 AMPA receptors are not evenly distributed across the brain but rather are
largely PYS{oEMEan 5*6&%&9@%%@@&&? SHeeeriy 18 drseners st asHiBdRs P Scept or s are
found in Risghie, CRRGHREMPINIARRCtIVR of R0 HREHEL Oh BlpakidYIF Sp&t, tREPEt X, 1N
each of the major synaptic zones of hippocanpus, and in the striatal

conpl ex, #yeptigoelated tospmpmenadshisefubior patment of Rich conditians sand inetisods PR USIFD- 164
(1984). Siﬁégé@cﬁneﬂo'ﬂnﬁ’s'?o@cﬁ NHepunans indicate that these structures

organi ze conpl ex perceptual-notor processes and provide the substrates for
hi gherl5or der behaviors. Thus, AMPA receptors nediate transm ssion in those

brain net U LSRRAR IR G b’ 2 oSt

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
hipbocampus, 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.



of cognitive activities. 23 MAY 2006 WO 03/ 045315 PCT/ US02/ 376423 ][\ﬁséf%oé he
reasons set forth above, drugs that nodul ate and thereby enhanc
functioning of AMPA receptors could have significant benefits for cognitive
and intellectual performance. Such drugs should also facilitate nenory
encodi ngwomsmesiifent al studi es, such 5 as those reported lpgTAS82/3@mel Lynch,
Brain Research 598:173-184 (1992), indicate that increasing the size of
AMPA recept or-nmedi at ed synaptic response(s) enhances the induction of

| ong-term potentiation (LTP). LTP is a stable increase in the strength of
synaptic contacts that follows repetitive physiological activity of a type
known t o occurFdrihe tgasops gt forth abpygy druge thetinadplatg anddbersbyierdigneetibe  enhance t he

functi oni . I . r facilita

| nduct  onidr Rnis G QUFA QRO i SRR L SERNRIE, oot biAHEILARY
number  operfuamankeg8sch dvegs,shbuld alex faibitate mEnarygpatoditg. Ekperintnmd padied, Sudi26- 329
(1993); Staubli et al., _PNA&S%: 777-781 (é9g§ll)" Araj et al., Brain Res.
638: 343- 3asthpsegeported 8y Arpjjand Lynchy BraipRpsearsh 588 1%1@%12%21?612"'(31‘9@1?}; Shors et
al ., Neur Jo i oo} : : ) i
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13-19 (1996); .. Lynch.et al ... Exp. Neurql 145:89-92 (1997).. J|lngvar et al.,
Eap. - Nour BboTS sspgutesdysiolosl aptiniata ek khn iy ocdish gl i guri
18: 2748- 2¥8@hihgl 998) ; and Lynch and Rogers, US 20 Patent 5,747,492, There is

a consi derabl e body of evidence showing that LTP is a substrate of nenory.
For eXfnple, conmpounds that block LTP interfere with menory formation in

animal s, and ¢ i I f o,
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y del Cerro and Lynch, NeuroScl ence 49:
1- 6 (1992Y¥acilitte thepnductivy pELT andghe anqpisitiod of leaimed raskseas sesasuséd iy a punelist or
function s descridbed. b lto~et al. Physi. oeddan43. (L1990). These
aut hor o 1 SORICTRSE SPRor SarplE oEgd st Syl Ty Jpg o7 (obsy sl ke
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receptaors expressed in Xengpus oocytes W thout affecti rg? responses by

sed ! h

y- am rigbufyilild &l 2 Q%A% Prslféf‘ln! uEgsFigLenid®o: 1 5571 SRR d@EsgR 6 &= 1 nf usi on
of ani r ac@famstNi8623-6659 (969532%915@9%%{3@@9:@&%@7%@% Argi gybstantially
i ncrease the size of fast synaptic potentials

JPET 278:627- 638 (1996); Lynch et al., Internat. Clin. Psychopharm. 11: 13-19 (1996);

Lynch et al., Exp. Neurology 145:89-92 (1997); Ingvar et al., Exp. Neurology 146:553-559

(1997); Hampson, et al., J. Neurosci. 18:2748-2763 (1998); and Lynch and Rogers, US

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



that aniracetam enhances synaptic responses at several sites i
hi ppocanpus, and that it has no effect on 23 MAY 2006 WO 03/045315

PCT/ US02/ 37646 3 NVDA-receptor nediated potentials (Staubli et at.,
Psychobi WOd@§p4383377- 381 (1990) and Xiao et at., H ppocaRfigS02/37%36 380
(1991)). Aniracetam has been found to Isave an extrenely rapid onset and
washout, and can be 5 applied repeatedly with no apparent |asting effects,

whi ch are desirable features for bhehaviorally-rel evant drugs, Aniracetam
does pr s BDAJGEHPH MedisshPRItP R S R SR e P oRARo0BRIS: Bhiss5d (180 st r at 1 on

of aniracetamn s BRboddnksl Y:3b3k0fibygnce brain receptors. The drug works
only at h?(tgl; cgnbe%%?at"?ons 7appr€)xm2000.tl\lp, and about 80% of the drug is

converted to ani soyl - GABA foll ow ng peripheral admnistration in hunmans

(Guenzi and 10 %anesatn% has‘L‘een 8{1{)) othg%rzin e§§9m§l§%%)g gnsgtla(ggx?%al)s{xg}ﬂ-,thaﬁgrﬁr% g‘ebm ite,

W thout altering resting nenbrane properties. It has since beeww&‘\ud‘ﬂ%d

. 1r1ace
ani soyl - GABA, ﬁ\as Been 2%°5th 0 have less 'S rec a

ani r acet agpplied atpaedlyfwit\idapparest pistifig ¢ftedis| @hich greclasipblemdsuichfr does not
di splay the | ow bp%enc and inherent instability characteristic_of
(S

ani r acet abfiRyory ed%%‘)éf‘fgﬁe‘%f“’(aﬁi}ﬁe Hoespaeses) spysipd disadvantages, Bowevsr-7he  492) |

These co 9:?}5 HiPal abRmiRA o WAl RES i hdt1ikeRMo RS i bepzag des,
whi ch i ng}au e, flgrﬁexan%cl)e, 1- (qui n]oxatlli ngﬁ%-ylucggreg%dﬁ%%cgﬁgresri di ne” (CX516;

Anpal exe) wotkspintyaatihygh donesptratians ¢Approx cHIOD ywMparel abbetfioes ofithedmpiis acet am and
show i nproved i oavai Lity. CX516.is active in.animal tests used to
dot ot | of EPREEE PN OAPEy ol Snane B LA B THtdr JoraRnssPagebant

schi zophr eRhdsi, ATGh-&HRbESS300197-408 (1 V0PETIREMALYIRe, GhibAP-CUBA Gal béedl S, CX516
showed evi dence for efficacy in inproving various fornms of human nmenory
(Lynch et feind to hptedessaynaptt pgiivitpthae plotshetarm  11: 13- 19 (1996); Lynch et al .,
Exp. Neurology 145:89-92 (1997); Ingvar et at, Exp. Neurology 146:553-559

(1997)). Another class of Anpakines, benzoxazines, has been di scovered to
have very hi ghA d&sat AMRA yecemorimodniating canpbunds thatvdvesmd @isplaly dhie lawsessi ng t he

b5, 736, sabRors etiiet B HeRDsRa AT ar am 1Y G S PEM e M ogues
O, a0 o B el e P e R o B R e
have been temaanddest whigk irslugei i exampley!-GquahoxalinsrG-glcargonypipeadipo{@X§16i n t he
ani rmal mq«\enllpa%x@?.clhyiplzcglﬁ)yr} I;heCQ iar% c‘xprﬁ‘xrclzally more stable than aniracetam and show improved

bioavailability. 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 properiics 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



previ ous conpounds, and are also effective in cognition enhanceggaM. {&%se
conpounds are 23 MAY 2006 WO 03/045315 PCT/ US02/ 37646 4 structTur a‘ﬁy
simlar to those disclosed in Lynch and Rogers, US Patent # 5, 736, 543.

Previ ously disclosed structures that contai ned the 1, 3-benzoxazi ne-4-one
phar macowbas@4ises e substituted on the benzene portion by letrarsmasoms, such
as nitrogen or 5 oxygen (US Patents # & 736,543 and 5, 962, 447), by
substituted al kyl groups (US Patents # 5,650,409 and 5, 783, 587), or

unsubst i t ghetirdWRiIMAA4AS 4R disdeded aNDiMtR and R ogess, OfS Hatéht #13eT3634AZzi ne conpounds
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, a new class of
car bonyl - subst pytedy BREBOGAAL OGS BPQHBIR MRS Peeodiscorgred that displays
significant 10 activity on hippocanpal synaptic responses and neuronal whol e
cel | curr eharmacoptiomtvese dpstitafePAn thedepteoe porting by hetenoatonis, swobled sitrofencogni ti on

st nol SRS RS Yo bl S, odh A RO R LU PERRAT Rave

two heavy sak0a89 Hdes)vey, 389),for emubstRuE@MROIOITSE)PiTe dnethehgakienzgne ring at
the 6- or 7-position. 15 The biological activity of the 6- or

7- car bony benggpazineicempgunds sopaneda sarberykexigaal to s oxarneang i Ratent ot ency at

the AVPA §908pY6) ba; 84 AbiRIADLY 1ldlend B FRShP RGN ned sbenzoxazi nes

are nmenbers o hi's class of conpoun These conpounds are di scl osed

her ei n. 20arBomplaubstitfed ivazdxavienicoroprunifichap bematiscoveredthai displayssignifesyt i n one
aspect,,, a_conpound as shown by structure 1 nd .descri bed in.Section Q of
o bdla; PETERE BireRerirtt ey Sirshes dhe nehtnmefPo F ST EIRER m&iaounds. o
thi s cl asANIPA rdzegtorsiaad irdariimal madetag @ ogytitapind enenas P @ustemyadstithed 13y AVPA
receptors, The cor_q)ounds of the gr esenie [ n%ggti on are significantly and
unexpect edF3ZOKE 0BT SRCTUS AR BE S0 BIQkrY et orPite B2 tyr o AYHA TeseRt®icr easi ng

AVPA 1 ecepidlafdidhbi 12Re b ReavMiyms BRACHKE Ackh AE3mE afork SiphitoNbehsbtb 5

ring at the 6- or 7-position.
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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



primary neuronal cultures and in slices of rat hippocanpus, andﬁ%%‘g{lgﬁq}gi ng
cognitive performance, such as performance in an 8-armradi al :

unexpected activity translates into pharmaceutical conpounds and
correspondi ng net hods of use, including treatnent methods, which utilize
si gni fi cwtd3y4sawer concentrations (on a nole-to-nole 5 aghixh2/efesd he
present conpounds conpared to prior artg conpositions. The ability of the
conpounds of the invention to increase AMPA receptor-nedi ated responses
makes the conpounds useful for a variety of purposes. These include

f aci | i t at pngarytrieeronganungardfin bidea of ©t Sippepmpdemd ingolmngingtcagriitiee r ecept or s,
treating conditions in which 10.AMPA rec ors . synhapse tilizing these
receptors P%f?%mr’a%fu&‘t?h a3 Hefmﬁ'éCF dn gt éé'f“f fagﬁ‘i:ﬁ’é%ﬁ; %ﬁﬁée"é’ﬁﬁ%ﬁ E?L{Wbty excitatory
synapti c aahdlatéstitol phariad@itichiCofPSindk ndébriciitalnp R tidat YESR, RAERlRg Subregi ons
or increase the |evels of neurotrophic factors. In another aspec%, t he

i nvent i on teatEenideethedsuhipl ytilizesignHicantlydaw ereaoncesiratzongimmmiolerio-mdle subj ect
suf fering,fr | ut a i ndi.1. r..f. a deficiency in the
murber Sor Per DL BedtaRH b PRRbSt ahGuaRRtl Slonesipl 5 U2 Ot “Avba

receptors, such that nenory or other cognitive functions are inpaired. Such
conditions may_al sg.cauyse a cortical/striatal inbalance, |eading t

). g to
schi zophreni a &pe &lfy 261K cempedh obbh Y EIon tapersass MY deemiormadird,  such a

subj ect i geshéRad Skl oftpoilds BedhMEr AVRIRLof BlirpBses OREAIEIIAS fiaMAg bY
structure |, and 20 described in Section I'l of the Detailed Description,

fol I owi ng theilearaing hébehavietstdepandent uparcglafomatsireceptarss Ireating Thiedytonsnml whicher
obj ectip, andeb £IULER HTblesLADE oD icklorEERAE-ATRE RurlbliL ¥, ccARBATENt. when

the fol'l omng dét e cr Inventiron is read in conf"uncti on
with 25 aheerhasanperitatony sghaptic agivity Br ordér thesoréd gt inthalaaée bdreednrbaath ngs Fi gur e

1 depicts four. conpounds. of the_present.invention, along with one conpound
30 from t REPTREIPRSOr dRcrease fhp ?Ye\ﬁ/é’fge‘ﬁ%téoz!fb'&facl‘?ﬁ' activity and are described in

t he experinental section and in Tables 1 and 2, infra. 23 MAY 2006 WO
03/ 045315 PCT/ US02/ 37646 6 Detail ed Description of the Invention_ |I.
Defi niti ons Th& inethesaspeqtoiie HysatioprHeelydss ¢ Birtheg fardhs weatmemtof amagymaliphgi cat ed

ot her WiSSesulSu? Slffering from a hypoglutamatergic condition, or from 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. 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.



5 terns that are used to describe the present invention have th§3§f 2006
definitions as those terns are generally used by those skilled in e art.
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,
branchedvowo3/ioychs c. 10 Exanpl es of al kyl groups are net hyPCTasoydzs4an- but yl,
n- heptyl, isopropyl, 2-nethylpropyl, @&yclopropyl, cyclopropyl nethyl,

cycl obutyl, cyclopentyl, cyclopentylethyl and cycl ohexyl. The term

"subst i t Ubeailed]| Mestriptiopfof the Ihventibkyl as just described including one or nore
functional gr.oups such as |ower al kyl containing 1-6 carbon atons, aryl,
substituﬁeégéP§E?§15 acyl, halogen (i.e., alkyl halos, e.g., CF3), hydroxy,
al koxy, al koxyal kyl, am no, al kyl and dial kyl am no, acyl am no, acyl oxy,
aryl oxy, aryl oxyal kyl , carboxyal kyl,, carboxam do, thio, thioethers, both
saturat ed and Lhedemmsibsloachave dieifelling defimitionn ynless dndicased atharwissr@thene | i ke.
The tegm, IgﬁsKtlhat el A% 4& %&H?g&%&%ﬁ&ﬁ% h%ﬁ@ﬁ?ﬂé&éfﬁﬁfi’iof@m}@ ¢insaromat i
radical 2 aving a S|ngfe rin e.g., phenyl) or multiple condensed ri ngs
(e.g., napbpimerdlly @digrtheseakjled s thmeitude heterocyclic aromatic ring groups
havi ng one or nore nitrogen, oxygen, or sulfur atons in the ring, such as
i m dazolyl, furyl, pyrrolyl, pyridyl, thienyl and indolyl. The term
"substituted arpdtemt @igA'Sis LseddHerei ¥l refStojaUsily ARisAEd MBHValkAt ra@RAL @i NS one or
25 nore functional groups such as | ower alkyl, ac aryl, hal ogen,

|,
al kyl hal oepntainigg carbgrsand hygiggenpnd whichmay bep R%ighéplzgim,,brmhmr cx¢lieyl and

di al k ' ] | I | kyl ,
car ot et AR A BE Ko cufh Kol pagBRUARRBU Lme ARRRIV Y ¥
hydr ocar begkprdst, eydeptopydmetapki citchubutyl, kgclopotyl, ladl @reat¥athyd andeycldhetydr ocycl i c”

refers to a carbocylic ring wherein one or nore carbon atons have been
replaced with one or nore heteroatons such as nitrogen, oxygen or sulfur.

Exanpl es of hetgd &y Cubsithted hAE refbidto a%raet debdFibe® thclWingRinR @F indfene,
pyrrolidine, 23 MAY 2006 WO 03104i 315 PCT/ US02/ 37646 7 norphol i ne,

t hi onor phfinptirnal goprsrsash sdoweralind korpiping | Lrfarbopatomsy#iyb pybstifyted aryl,
2-pyrnoligi -V C - I 2= 1 zine. The
Cerm 1 e (e B R S P e e e
that 5 cdnlkal aminoresyleminepaeyldxynaryloxn atylayyakiygscashoxbiallegl, ¢aghexamado fhiio, acyl ,

2yl cyag 1ol BuR R NS A sl KON e HSRAMALIY heroATLAR: i 2N i al ky!
am no, acylam nd, acyloxy, aryloxy, ‘aryloxyalkyl', carboXyalkyl,
car boxam do, thio, thioethers, both saturated and unsaturated
The term "aryl" refers to a substituted or unsubstituted monovalent aromatic radical
20 having a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl). Other
examples include heterocyclic aromatic ring groups having one or more nitrogen, oxygen, or

sulfur atoms in the ring, such as 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,



cyclic hydrocarbons, heterocycles and the like. 10 The term "conpound"” is
used herein to refer to any specific chem cal conpound disclos Maed 496
Wthin its use in context, the termgenerally refers to a single conmpound,
but in certain instances may al so refer to stereoisonmers and/ or optical

i somer s yion@lousiing racem c mxtures) of disclosed conpoupggushdsihe term
"effective anount” refers to the anount; of a sel ected conpound of fornula |
that is used to enhance glutamatergi c synaptic response by increasi ng AMPA
receptor activity. The precise anmount used will vary dependi ng upon the
parti cul amotpbaties, thdomemphaineecpiperaring, tetrahydrefthodewalwdropimen.cgpyreotidinged,ght  of

the subject, route Qf adm nistration,.and. so forth, but may be easily
det er mi neg'VB&?m?a&Ei’l"?’%évegeig'é&?'??eaﬁ?gflﬁegorl?fpefaﬁmfhe case of the 20 treatment of a
condition or disease state, an effective amount is that anount which is used

to effectively treat the particular condition or disease state. The term
"phar maceut i calheteme Cabstithed heteropycls refersten betergeygleasivst descabedghati pi ent whi ch
i S not cunag I L Cot hect ' it i ni st ered.

Phar madeugriar o et misBhBed Bel RER ek 10k 01800 A SeBO RlERL 1T E €
Marti n, i hydr&enalkgtygalkexyadihydramineg atkycald dédkyd ame®, dcyhnipd) atylege eitylaxg) | y
acceptabl e salt!” of an i.ne conpound, such as those contenplated in the
current i AVERYalsH: cﬁrléoxéa[pgn%?ﬂxﬁnﬁf‘g’aﬁ‘fo’ﬁ?i\)ﬁﬂheés’ag SBURtsEAnd Ansralsd | nor gani ¢
ani on suchyds hGltb&Irb&IR, hddrediceand tBéliike, sul fate, sulfite, nitrate, nitrite,

phosphate, and the like, or an organic anion such as acetate, mal onate,
pyruvate, propionate, fumarate, cinnamate, tosylate, and the |ike. 23 MAY

2006 W 03/ 0458l - ESehlotdi@ 6 2QHBrehE & Blan égeicﬁetcie&ircal"cﬁ@mfat " 1s used

t hroughout the specification to describe an aninmal, genera a mammal i an
ani mal , i distloskidrigrean. h Wrthin it$ wsewin context,abe tepn gemsrally sefemsitd fsinglh eoropeypdunds or
conposi ti gns accor di ﬁg to thF presen i nvent i 0@ IS grovi ded. For. treatnent 5
or use wi PRYBFEET TS TRYAFPTGRSO S eREE S YPLIRE Al Amets Wpdifoci fic for
a speci fi gacamidmixturés) opaictladet Yomp&ndexanpl e, a human subj ect or patient),
the termpatient or subject refers to that particular animal. The term
"sensory notor problens” is used to describe a problemwhich arises in a

15 The term "effective amount" refers to the amount of a selected compound of formula
I that is used to enhance glutamatergic synaptic response by increasing AMPA receptor
activity. The precise amount used will vary depending upon the particular compound
selected and its intended use, the age and weight of the subject, route of administration, and
so forth, but may be easily determined by routine experimentation. In the case of the

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
1s 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.



10 patient or subject fromthe inability to integrate external i ﬁ@fnq%;gn
derived fromthe five known senses in such a way as to direct aﬁg i P
physi cal responses involving novenent and action. The term "cognitive task"”
or "cognitive function” is used to describe an endeavor or = 15 process by a
pati ent WO Bt t hat i nvol ves t hought or knowi ng. The dicveus®/fiemcti ons
of the association cortices of the pargetal, tenporal and frontal | obes,
whi ch account for approximately 75% of all human brain tissue, are
responsi bl e for nuch of the information processing that goes on between

sensory input and notor output. The diverse functions of the association
cortices are of PeisTPEPYicPB®T{ Bbigst dbeped frenghoylihe spesification te Jescabgan t he

process by 1%f&mv@mmmlsrpaméawngnelagﬁg]}ngyI ﬁgkﬁe't&m At RBdiRY to a

particul ar S recogni zing an se relevant stimul us
f eat ures aectoplpamidsig camposétigne mcerdmgtg thiehpresemtspoanstion 1sq1r®n®acdn’éoxafeatn’mmt
processes or abilities nediated t he hu braln h are elated to

cogni t Pon®r 9§ ‘?H%Oft@r"ﬁﬁseﬁ?%ﬁ“ﬂmﬁ& &68‘?‘%8 ehyare 5Pes: gc Prweaﬁ gt
anat ormi catespaqmnsm@&am@ amumaa sugjém#@mnh@@ Ngm&hoﬁﬂ%e@ﬂ@feﬂeﬁ thaka the

synaptic activity of neuronal cells term " AMPA receptor” refers to an
aggr egat epatticplenaréings f ound i n sone nenbranes, which allows positive ions
to cross the nmenbrane in response to the binding of 30 glutamate or AWMPA

(DL- a- am no- 3- hydr oxy-5-ni etliyl-4-isoxazol epropi onic acid), but not NVDA

23 MAY 2006 V@%&kﬁﬁ%ﬁ&rﬁmBﬁTbtdﬁ&ﬂfs’BVsﬁ%d tbliesdribe Aprobiedt hich s ymapse” i s
used to describe a | -cel]l junctjon at which tJig)el ease of a chem cal

nmessen{er PBW’BHES"('?QCF frﬁ'&lﬁ'&"e@atd‘é%é‘? miegrats ?’&Serf“%f‘“ Freation derived i rom s iifie of the

other cel kno®f s&%ed mw{avw@/mpaﬁecdsﬁﬁsﬂrﬁeespr@s@mé mepinmvn)?uﬁa@mm ch has
a reversal potential that is nore positive than the threshol'd potential and

consequen?h?amqui such a 5 synapse, a neurotransmtter increases the
probability that an excitatory post synaptic potential wll result (a
neuron will fire producing an action potential). Reversal potentials and

t hreshol d pot dhe itelinst‘cclgtité\rerthskéOp‘b&mymfuntttpnémswtddymr&ndnicncﬂﬁab@rtdron | f

osi e PREROG Eerst SR RBF o P BRI o bRl Fhediy 5y et e BRI, 1 ¢ e
is excit ah@io)tlaﬁﬂﬁic@’(l@duﬁﬂ& pafietalx @ipaiabind fpsisd! 16benafHi¢tCacp@ine firi al (" EPSP")
and the approximately 75% of all human brain tissue, are responsible for much of the information
processing that goes on between sensory input and motor output. The diverse functions of the
association cortices are often referred to as cognition, which literally means the process by
20  which we come to know the world. Selectively attending to a particular stimulus, recognizing
and identifying these relevant stimulus features and planning and experiencing the response

are some of the processes or abilities mediated by the 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.



10 firing of an action potential by the neuron. If the reversal tent] al
for a post synaptic potential is nore negative than the action pﬁﬁgﬁtyii&%6
threshold, the transmitter is inhibitory and my generate inhibitory post
synaptic potentials (IPSP), thus reducing the |ikelihood that a synapse

w Il fireoos/@ssison potential. The general rule for postsygaaidossagEi on i s:
if the reversal potential is nore posi§ive than threshold, excitation
results; inhibition occurs if the reversal 15 potential is nore negative
than threshold. See, for exanple, Chapter 7, NEUROSCI ENCE, edited by Dale
Purves, Si nauehéesoleatie®ry dynapse” Susalde desedbe aelli@ junclibreativdrich reieaseor  t ask”

i's used to_descri he an endeavor aken b atl Qr s i nvol ves
movenent &f2 %t"i“ﬁ meﬁff"?ﬁg’ytc’&?ﬁ? ﬁé?eéé‘ﬁi/o&ﬂz (ﬁrnhe t%aggl P‘E’“ﬁ'&gﬁ&? be an act
by a pati @@fer 611 Jnkixeidtor syna@Vibiribes #pdstiyhdplid nedos ¥hRAMYs 4 RP&ES. The term
"synaptic response” is used to describe biophysical reactions in one cell as
a 25 con@é&ﬂé‘ﬂdbﬁtéﬁ‘qu‘?é’O?léYQ&@é@thGﬁhfé%'é%R?&lnt‘ﬂé%é?ftj@ﬁ‘@"‘lby ek der cell with

whi ch i I " t i iti.onp.iis used

o desci 5 PRl AR et Ak hebilD RHL Ml BURAEA Tt SHAHL bt

gl ut amat e williresult( @hadorewli firapardyciagemartias pdsx)naﬂ)sRemhatmjerttmlsaﬁd thedsha¥dnor el

| evel s. Transm ssion consists of the rel eglﬁe of _gl utanmat e, ﬂgl ng to post

synapti c POEapEIS AeermigPIsiemape fYHigtion andrmmbitps If the syrwp! RO d¥@ ROt ept or s.
The end p%%tlg oteﬁt’f&ﬁ(*ﬁs@ E%%‘P&sﬁfv@tiﬁn@%h&d ﬁ’d?edtﬁl ﬂm?e‘é'h’cﬁ@q Eeffebt glhory post
synaptic c 't can ar| se from 23 MAY 2006 WO 03/ 045315 PCT/ US02/ 37646
10 any of ttahsmttthr m@xamamredimphamnmrytppansrmpsspwinntlat(ﬁEHSE i) emdther

di seas t es fvvhl g tq% de{]ed Qgtp ia e{\ Efc condi tions and which
can be éﬂ“@d’ agfcn’(jmtﬁ? S eiolto Jolv et bl oot selr‘c’ta RS AR 80P Y cor di ng t o
the pres erﬁotdnﬂmeﬁlmoeerhdgmdeum thé mhoepauamiaexhrésa&s thé traxmamnerrys inBibiteH ahd,
depreSS| on, attention disorders, .sexual ﬁ}sfunctl on, %ment di sorders, 5

i ncl udi ng "a genErRISNIEbIRTY Bost synaptigpoientials SESR) él?usé?,dh‘F‘i‘SﬂW &Alito9e thabzhavi or
menory andyndRatmi i AiatMrdRichtial Thé HAeROIdRS Fostlly Sk 88 tonWhi Che fe@&‘s&ilt from
agi ng, trauma stroke and 'neurodegenerative disorders, such as those
associ at ecbo\tﬁnﬁlhl el moge pasdive dundhrathel, expelation results; inkibitian 9§CUN if theireversals
di seasgq lg'ﬂmr Kkgﬁﬁ&f?&%{?’s}%ﬂ& S3L, Gor SableYChpRPINESROAPENEE agnosed
by those nar I'n the art.

edlted by Dale Purves Sinauer Associates, Inc., Sunderland, MA 1997.

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



10 The term"cortico-striatal inbalance” is used to describe a state in

whi ch the bal ance of neuronal activities in the interconnected BoVAH208d
underlying striatal conplex deviates fromthat normally found. 'Activity'
can be assessed by electrical recording or nolecular biological techniques.

| mhal ancevasmibasest abl i shed by appl yi ng these neasures t @chfigobMR4dS
structures or by functional (behaviorahoor physiological) criteria. The term
"affective disorder” or "nood disorder” describes the condition when

sadness OlnEbfhd Mifeel 20 RVRItddpHalils O ehsiidiod Adniditisas oldiyasdstittewkivpaet ed
i npact of a stressful life event, or arises endo enously. As used herein,

the term *cersidssdihypoglutamatgesic candiiioncand veigh cppbe eated ysingihe ermpasdiser s as

d bed f t al
b sor dor s et s EPFRGs BLAERGTE e ot B hAte MpBKBmG lows L B .
is used t@ndilxﬁﬁy‘,l’dbiﬁentai dqmi;sibn cumwﬁumimm@uasemm‘rmsﬁmdnppanwenmymlsmdars,

characteri zed, by a diso i n_ the thinki 0CEesSS such as del usi ons and
25 hal PucimfAydingRarkizsen’ Séﬁf%%&ﬁ%%ffwa% 120 e'i'ﬁ’ l&ﬂ"?ﬁ’d’ﬂ‘éﬁ“’%’ APht er est

from ot heliepERPHiISorRAY, ihél8difE it @soMrd W hicRRGult H@m'a@fﬁ@sﬁrﬁ%ﬂ(i stRkelahd i N his or
her own. Schi zophrenia is now considered a group of nent al di sor ders rat her

than a si mghredegan¢ratjve dasortless, Sl!th?éﬁhoéﬁ'lasﬁ@lar@d’éﬂb@?ﬁmce@?éﬁa pepEotaxiel process
schi zophr LA i zophrenifonr"
crbr aces. SPPpyeHER ARRE, Ha e, HREL RN RERR LB el SO0 050
cataton|ccﬁ@ﬁb@dbbﬂﬁmeafmﬂmh@phﬂbnMEaﬂchlzophren|a Iatent schi zophreni a,

process schi zophreni a, pseudoneurotic schlzophrenla reactive

schlzoBhrenla si npl e schi zophrenia, and rel ated échotlc di sorders which
are sinmlar toT8eKBopeietrstEatabimbalgpses is ‘&P%‘Orﬂéﬁcnbﬁéé tesigpyhigh the bajdssed as

schi zophr ei@,Bel aétﬁnt;e?‘?xh{h%%Q&&ﬂieé’te@%&faﬁt@ﬁnd@ﬁ%ﬁg%hﬁl éungﬁéxd&ewate@ MAY
2006 WO 03/045315 PCI/US02/ 37646 11 nmay be di agnosed using gui del i nes

est abl i sheftbn that fagmakiy foupd. éActm:tagqambtt aseesaqdcbysteamcsltmmdmg Mamolstulaf Ment al

50 S B i L 00 ) ol il 2o

"brai N4 ungtbeRs o ot By ﬁlﬁ&ﬂm’ﬁt{bdﬁsﬁﬁdlbEpﬁybﬁ]deHﬂ))bxﬁlﬁda.t asks of perceiving,
integrating, filtering and responding to external stinuli and internal
notivational processes. The term"inpaired" is used to describe a function

working at a | gyekernnbfediive URSRIE MR AmoStPEiSRber” ame@%& doHaiGibA @RSy Can be
significantly inpacted such that a function is barely being
sadness or elation is overly intense and continues beyond the expected impact of a stressful

life event, or arises endogenously. As used herein, the term “effective disorder” embraces all
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



10 carried out, is virtually non-existent or is working in a fa h@p &Qﬂhais
significantly less than normal. Inpaired functions nay al so be A

The inpai rnment of function will vary in severity frompatient to patient
and the condition to be treated. U Conpounds that |ncrease AMPA Recept or
Functi onwl@ o3y esent invention is directed, in one aspggipyé@,6QqProunds
havi ng the property of enhanci ng AMPA yieceptor function. These are
conpounds having the structure la or Ib, below in which: 20 25 Q and Q are
i ndependent |y hydrogen, -CH2-, -0-, -S-, alkyl, or substituted alkyl, R is
hydr ogen, ra#kyd tgnosqsig:emgemdvhneh ex@hhabedbe, far Wtﬂpbapwrww agd SmStn:agf be

"CRR- ot pliEda QR oM SR P 78 ot

ring to A 85 8, 29501, 295.4100965.66;M95.00, 29580, 2923 bY3, 2006 WO 03/ 045315 5 10 15
PCT/ US02/ 37646 12 R3 is hydrogen aIkyI, substi t ut ed al kyl, or serves to

link the attached oxygen to A by being a | oner al kyl ene such as a net hyl ene
or ethy ene, ty t Q k c ng the
aromat i c ring to%xgr%o bfa(’)? %qgnén 1 lgste ?k esc %% tﬁu':r(l);s]"u?)h%fj H@B%@eéew

8- menber edntegfagng, ftefindanddedponkhf @ dxhaenal axyngexndtxmteﬁai motivadeial pﬂbcés@drsm a 5- or
6-menbered ring, Ais -NRR, -OR alkyl, substituted al kyl, cycl oal kyl,
substituted cycloal kyl, cycloal kyl al kyl, aryl, substituted aryl, a

het erocycl e or 'ﬁlesté@}s‘tﬂanMFe@dls Red @r&mkeﬁﬁ@ﬂ&@w&m PR RVOIthitPlchahar 0at ons

such as oxygen, nitrogen or
normal. Impaired functions can be significantly impacted such that a function is barely being

10  carried out, is virtually non-existent or is working in a fashion that is significantly less than
normal. Impaired functions may also be sub-optimal. The impairment of function will vary in
severity from patient to patient and the condition to be treated.

0. 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:

Q! '

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,CHy—, -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-,



sul fur, Ris hydrogen, aryl, arylalkyl, substituted aryl, substi
aryl al kyl, al kyl, substituted al kyl, cycloal kyl, substituted c;%éf%?@Pﬁ or
het erocycl oal kyl, R is absent or hydrogen, aryl, arylalkyl, substituted
aryl, substituted arylal kyl, alkyl, substituted al kyl, cycl oal kyl,

substi t utveglonysbmal kyl or may join together with R to forporaus3tQe
8-nmenbered ring, which my be substitutied by X and nay be linked to Y to
forma 6-nmenbered ring and which may optionally contain one or two

het er oat ons such asRO¥ngedgen) alkylppebstitated alkyl, briserveX talink Kanrachatepgadent |y R,
hal o, -C02R, -CN, -NRR , -NRCOR , - , - N3 or éR 20 IﬁgRO 11[15-'( OR
RN RO Y "Y' ' R c&hheivas tower dprienseushasgrmethylensar sthylens, or substipted

structures substitut edywi ki Vb _ARRENIn® e RMe arblifiinedb AlrolRSSh i on are
preferably carried outob; t he %gﬁﬂow ng rout egz elasr G-Earnbggnyl ° substituted

1, 3- benzoxazi n- 4- one stbstibtted a@ainsbptitoted 6y hortremiemberetdh ing,loe a bpndlinkmgtheni num
25 assisted selective amnolysis of esters of, 4- hydr oxyi sopht hal at e,

fol l ovveS(Sj by ring cl osm?ﬁ%gengg%ﬂﬁo cﬁ‘%ﬂ%@?&é’e‘?r WFTKEFCP?%%CH ons, known to
those skilled in tha igrNRRTBPROAKFIASILEREe® BIkYINEyclRBYE kubistitRéddybigalkil, t he

6-position in order to transformthe ester into a variety of other carbonyl
contai ning, but not | icksleakylalkylngiyksybsttuied aryl. adheigrecyels or afuhstifiteds, ket ones,

oxi mes, or other est réérsoucgé’l% P@Elélﬁg?n%/g&g%gg%gé%sﬁw ag%Qgééﬂ?ﬁﬁgémjé In

| i ke manner, 7-carbony -benzoxazin-4-one structures may be
synt hesi zed by an unassifiat ed di rect am nolysis of esters of

2- hydr oxyt er epht hal at.e, fol | owe by reacti.on with an, al dehyde a
i |l ustthted. Convergi‘ﬁhydé?g"f‘*%%u?wg’g‘é’ﬁé SBE‘fe@rarX]{f“gitWétP‘garé’ ﬂ‘ﬂbﬁﬁﬂyhcont ai ni ng

noi eties as described gginiidiealByl A3 iohik PNsuBRRURd kyci iyl d? ht LR cpgoumg10f the

R'is absent or 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

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.

0 0 0 0 0
, /R‘ ,RI
RO OR R'NH, ROJ\C[U\}\; R°CHO Ro)‘\d\w
OH OH O/kRu

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.



5 invention. Al conpositions disclosed in the present applicati
synt hesi zed by the above-described nethod usi ng anal ogous synt M@gs

to these specifically presented in the exanples described herein as well as
those known in the art. Isolation of stereo- and/or optical isonmers may be
per f or meghdys/038§180ds which are well known in the art. 0 ORcRNgZ3R% RO 0 10
OH1I11. Method of Treatnment R R'CHO R0 According to one aspect of the
invention, a method is provided for treating a 15 mamual i an subj ect
suffering froma hypogl utamatergi c condition, or fromdeficiencies in the
nunber or st r ehdike nnnex Zicarhomi substytnted d Ssbenroxamintfienerntmrtteres afay AbvPA
receptors. In su a subject., nmenory.or. ot her.,cognitjve ncti.ons may be

| parr ad. SBMESER Py &yl dfect BT i Sl an AP e oo ot
nMenory, deyrdtiich wilied A8hy@das iRiskeRl.| CuhvelsisR e e Snrea&t¥diéster télytméunct i on,
nmovenent di sorders, schizophrenia_or schizophreniform behavior. Menory 20

di sor der s carhenl egitaining meieiss afedescribgdh for thefrpositioaabays is withindhelicane eighe he
present, & i Q el : i : I i trauma,
Ct T ok >an TS A0 cdrtkiefs difing o ROBARRCaplphich Stk s B0b e, |

di sor der s abaweldeskaribeth utethad @sing tnaldgoust sydthetix; steps o theseaspsaHicadly pcbsentédin the

drug-induced states ur ot oxi ¢ agent.s, Al zhei 's di sease, a agi ng.
These conTAMIFCcR b BeR%5 Vel ob SRreAie A hio i o Tain B Rt 2B08F "ot d mar y
skil'l in tpgcahisbméB mdybelpedarnfRd bPneBdad Whish efeividl Knewhhietheaki ent an effective
anount of one or nore conpounds according to the present invention. In the

present invention, the nethod of treatnent conprises admnistering to the 23
MAY 2006 WO 03/045315 14

O 0 0O
R R
OR R'NHZ N R"CHO /l\
RO R R
0 0] o

. Method of Treatment

10

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

1S 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 leaming 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



PCT/ USO02/ 37646 subject in need of treatnent, in a pharnaceuticalé

acceptable carrier, an effective anount of a conpound havi ng tﬁ %ﬂéyﬁﬁpg: Q
1v." IV NQ\ " RI [/ ~0-1 QYO R" X IbR la 5 wherein 10 15 20
25 Qand Q are independently hydrogen, -CH2-, -0-, -S-, alkyl, or
substi t uyeflos@kikyl . R 1s hydrogen, alkyl or toget her V\nth,CQ/Ur@y,JJRQGa
cycloal kyl ring, R2 may be absent, or iff present may be - -

-CH2CH2-, -CH2CO, -CH2O, -CRR -, or -CONR-, Y is hydrogen or -CRS, or
Ser ves tosx'll!v@&nﬁ K@d%?ﬁ%hﬁt ﬁ]'ariﬂaﬁrﬂc&n@ﬂyaacééﬁm&canmrﬁiiveffé%vechrmoum%ﬁ R3 is

hydr ogen, aIkyI, substituted al'kyl, or |ower alkylene such as a nethyl ene

or ethylea@onmpmsﬂbsm@ﬁM1@dmmmmer al kyl ene such as -CRR - linking the
X 0 O X O
Y AQ Q.
N \Rz A NN\
/ :
A
© 1Q Y 0/}\Q/
O X' Ia R X' b R!
5
wherein

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,
10 R? may be absent, or if present may be ~-CHy~, -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-,
R? is hydrogen, alkyl, substituted alkyl, or lower alkylene such as a methylene
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



aromatic ring to Ato forma substituted or unsubstituted 5, 6 -
menbered ring, or a bond linking the aromatic ring to Ain orde%atl\éA?{gPR?a
5- or 6-nenbered ring, Ais -NRR, -OR alkyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, cycloal kyl al kyl, aryl, substituted
aryl, a Radeyecyfd e or a substituted heterocycle contai nigyg/Q&p396t WO
het eroat ons such as oxygen, nitrogen-oris sulfur; R is hydrogen, ary4l,

aryl al kyl, substituted aryl, substituted arylal kyl, alkyl, substituted

al kyl, cycloal kyl, substituted cycloal kyl, or heterocycloalkyl, R is
hydrogen, aryl, aryl alwithR tosfotms @idt teS=uhembered ring; pdidhimayehe substitated by R oal kyl |

substituted al kyl, cycl oal bstituted cycl qgal k Qr_.may [ Qi n together
23 MAY 2006 WO 03/ 045%%‘8115{% B 5 %7 Wh‘%‘s“\%&(?ﬁ%”&“f“&’%'ﬁ g,
8-menbered ring, whi CheRistdaf sablbastdxtenesiubpenRreilfurX or linked to Y by R3
and which may optionally contain one or two_heteroatons such as oxygen,

ni trogen or sul fur, X)@nd\ﬁlﬁa&""@ﬁ@*ﬁb@b@ﬁl@e&@gﬂ,RN%I—&IRCQX)ZRFOQ,NN?O!
-NRCOR ; -NO2, -N3 or_g';{-CR As noted above, treatnent of a subject
according to the nmethod of the invention is wuseful for enhancing AVPA
recept or acti vidsyhotedntoveh ticatimrent ol e sutgeedadcordingo thetradtiiod éfahd maemiongs of
behavi ors dependent upon A receptars, d to treat conditions, such as
menory i r‘r‘ﬁ%lfglrg?éﬁ‘!lﬁ’,a" ‘Eg ChreARRBR aF LR Rpgngrtaus gy Wﬁ&‘{)?e‘gm ‘La}eltﬁ‘i “AY ehese
recept or s,ofEidvideslapesliehiupbl AMIPR @&ceptors, Mliftd FERBEMiticREsuIR b WEmbS, al so
useful for enhancing excitatory synaptic activity in order to restore an

i nbal ance ipeeiReH, Brdich AMBAJEIEINss: onfynatesHiyizipghese seceptprseare rgdgced in

schi zoghr eni r [ j ; ' : I Or: : ri bed
bove. i aineior SEAOR TheRlelil 1 ) Ul ofanhi Lo R A e A HERE o
found to bedatr eswid acmbelendelbatweaen biaimwbiegiods sdvidhyedy memfestitsdd in n enhanci ng
AMPA receptpor acti.vity.. as _shown,i.n the S5.ian vitro and in vivg tests
descr | bed BAFATeTRA EiafBuiim Rehioh &y b Ptz Bied Moot lsn Recept or

Functi on Syhpphinds adeaiacase s daceddaice dith yhe At driace péearfsurd e bt direefietve
according to the . . . .
g t%lan previously described compounds in enhancing AMPA receptor activity, as shown in the

15  in vitro and in vivo tests described below.

IV. Biological Activity

20 A. Enhancement of AMPA Receptor Function

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 CAl 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 er al., Science, supra). Aniracetam,

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



met hod of the invention, using the conpounds described herein. Eg%ae
conpounds are denonstrated, in the Exanples that follow, to be AY 2006
substantially nore potent than previously-described conmpounds in increasing
AMPA nedi at ed whol e cell currents in 25 cultured neurons and AMPA receptor

function s of rat hippocanpus. These in vitro ass scri bed
as folloag§0§éagﬁn Exanpl e 64 below. Thg field EPSP (excitggﬁpébggg@-aptic

potential) recorded in field CAl after stimulation of CA3 axons is known to

be nedi at qgcrpa)g%eNgﬁn%%gggégﬁgw%%%ﬁ@n@@%gg itd Murdorl H8nSYRAPSes (Kessl er

et al., Brain ugs that selectively block the
recept or skfeeoat, mxpeh)y Theseekfedtharemiebud EPEPfi¢MANSE(sesi fonkxamdeiStabk ¢! dupr a) .

Ani racet a h has b n sh to i ncrease en tine,of .the AVPA
recept or &?ﬁ‘f@o 08P FURMKY PEPIGAB Y% B ‘I%’Iétf)%é)‘ﬁ §26’2’§P0%6’PH& 433&% t he
anpl i tude <P§92t) gln%}aw&hh&h@ulbeeeﬂfep@f&d oA RBESusly SsclonedlsiabR berdARGdeet al .
Sci ence, supra hese effects are mrrored in the field EPSP (see, for

exanpl €5 Snalobs ¢faetra<%§ltam (LyrelyariioegstsolyT PempNe: W 260247541 ., Hi ppocanpus,
supra; Staubli et al., Hi ppocanpus 2: 4958 (1992)). Simlar results have
been reported for the previously disclosed stable benzam de 5 anal ogs of

ani racet am ( Ly relobgilthedgarsiowParTaBledna bipolar iAEDrOre @Qxﬂiﬁﬁng alacnobe aa t he data
shown in Table I, a bipaolar, nichrone stimulati Rgpel ectro posi ti oned

in the derrgsitioned lnélyﬁéknégwamma&m gdipm)of the neww&a Fd %bfmta CAl
close to tg-.bemlaafo%&bﬂ%ﬁd %K?,fds%leg:rﬁéﬁm mmpﬁ%qrcmt Rs&(@TRhEc)GflrousT I ent

pul ses (0.1 nsec) throug the stimulating electr de actlvate a popul ation
of t helGchhé stenulgtingrletudaictiy8Ep popligim,of thetfichiffeacommifsnoh($€@diberss i n t he

subdi vi si on 3 and termnm nat on, the endrl tes neur ons.
Aotrvat  omhih g dfonl SO b YHPRERS o88 bAa R irlsbees on He depedt
gl ut amat e.of@NIﬂﬂi&irB Attivddond @fthmtsyr&ympium théri?Ao mmaqozterrsnsnwdnerch t hen

transiently open associated ion c el and t a sodiumcurrent to
enter the JHSRSGRARENE RS o P TIBIE AVIZh cerReR PECh fren GEHTRY 6P ( he
extracel | uirdssseRasibon Ei@néliagd gerER&Ds)odmhmlamits ehteC@E gedsya¥ptit celi T | Npedance
recording electrode positioned in the mddle of the stratumradi at um of CAI.

The i nf@nsaipniesiié aveliage it the ﬁxwﬁl}%ﬁtsv%aétha&fld &PSE) g i grgeed by a
hal f - maxi ngbh Fiddsnce g&oﬂlﬁ{@él&a}&)! {)@sbtﬂﬂkd i tRe mid QoMM strafh FRAGnSh bfdAft i on

pul ses were given every 40 sec with an interpulse interval of 200 nsec, as
described further in Exanple 64. Hi ppocanpal slices were maintained in a
recordi ng chanber continuously perfused

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 inFig. 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



with artificial cerebrospinal fluid (ACSF). During 15 - 30 m nutzgl\i/[nt Sr()ﬁgl S,
the perfusion 25 nediumwas switched to one containing various AY
concentrations of the test conpounds. Responses collected inmediately
before and at the end of drug perfusion were superinposed in order to
cal cul at wad hmoperscent increase in EPSP anplitude. |Inventi ¢gTogwpawng | A (the
most active isonmer of product of Exanple 1, as shown 30 in Fig. 1), and
ref erence conpound CX516, disclosed in US Patent # 5,747,492, were assayed
in the physiological test system descri bed above. The first data col um of
Table 1, thaicrease thhamplitodesofdist fiekhERSRofo atvalned 8%cabnve e bengling leeelch t est
conpound that woul d be required 23 MAY 2006 WO 03/ 045315 17 PCT/ US02/ 37646
to increase the anplitude of the field EPSP to a val ue 10% above t he
baseline level. TABIE{l Conmpound #Amp' EC2,, 2MEDc3 (K(M (ng/ kg)
CX516*8083012.5 Exanple 1A0 30 120 0”1 5 10 15 Exanple # Xl || of US Patent #
5,747,492 1. Concent|r at i GempéungdhpoUnd Ampt crease in the
anplitude of the figld EPSP in fielld W}O r@Vhi jpplowgdkgal slice 2.
Concentration of co rpounad; lgxCauSES agyl east gdo doub wg of the
steady-state currentf induced in corjti ca? ngurons ijn pr| mary cul ture by 300
M gl utamate. 3. M nijnum Ekdmpkilde Dgse 0ORat
signi ficant i nproverrept—r—behavor——+p—theel-ght—a dl maze task for
cogni tion/ menory enhancenent. t The unresol ved product of Exanple | was used
for thi’s test. NljmethX"d@ft'-@ernnféﬁ“AS”t he data in Table | show, the present
i nvention conpouly °ifF’;5?‘g§§Ef;ﬁ?&‘“dim§li‘:§éé%/ Peeatefigheamplityde e fidd the fEPSP in
tl

hi ppocanpus and W%{ lcan%o tha 8&&%&& @E&Jugm?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 uM caused a doubling of the steady-state current in cultured neurons generated by 500
pM 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* (uM)
CX516* 80 830
CX559** 300 > 10
1A! 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




as lowas 0.3 M The potency of the present conpound on AMPA regg%gr 2006
nmedi ated cell currents was al so assessed in prinmary neuronal c g,
wherein concentrations as |ow as 20 0.12 M caused a doubling of the
steady-state current in cultured neurons generated by 500 M glutamate. The
mej ori t ywefosfohissikest ed conpounds were equally or nore eff ek, thgh the
ref erence conpounds, CX516 and the hetefoatom substituted benzoxazi ne CX559,
in increasing AVMPA receptor function as shown in Table 2. 25 TABLE 2.

EXAVPL EApR—EMEC2x 2= C)’"%TSG&%%@%@%'O> 10 | At0.30.12 1Btt30> 10
2>102. 6 pl02 61001.4-1110 181044211 823 MAY 2006 WO 03/ 045315 18

[~y —a~ o -

22100.2 P7101 2B106 383015 We32 4|pcT/ Ub02/ 37646 The concentration of
modul at of t hat 28 ncreases the anpl it ude éf the|f EPSP by 10% 2 The
concentrpti on @8 nodullator 30equired to thoubl et he steady state current
i nduced py 3004¢M gl ufamat ezon cullt uredy peurorjs * Exanple # X1l of US

Patent # mﬂ mbdulator tﬁat“lhcrmtﬁde%f%ﬂﬁz b&?@%"‘“ in Figure

1) 2 The concentration of modulator required to double the steady state current induced by 300
puM glutamate on cultured neurons
* Example # XIII of US Patent # 5,747,492
5 ** Example # 4 of US Patent # 5,962,447 (shown in Figure 1)
' More active enantiomer of Example 1
1 Less active enantiomer of Example 1

Studies that compared the effects of AMPA modulators on monosynaptic (as reported
10 here) and polysynaptic responses demonstrated that a 10% increase in the amplitude of the
monosynaptic field EPSP was amplified to an increase of 300% on a trisynaptic response
(Servio et al., Neuroscience 74: 1025-1035 (1996)). Furthermore, the concentration of the
modulator that evoked these responses was shown to exist in plasma from behaviorally
relevant doses (Granger et al., Synapse, supra). Thus, the concentration of compound
15  sufficient to produce a 10% increase in amplitude of the monosynaptic field EPSP, as
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 ihe 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 ef 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 CXS516 in this test.

V. Administration, Dosages, and Formulation




More active enantiomer of Exanple 1 tt Less active enantioner o;ﬁﬁ@ry)@d
Studi es that conpared the effects of AMPA nodul at ors on nonosyn (
reported 10 here) and pol ysynaptic responses denonstrated that a 10%
increase in the anplitude of the nonosynaptic field EPSP was anplified to an
i ncrease v 080B%s0n a trisynaptic response (Servio et al pcTNeWs@aG6s5ence 74:
1025- 1035 (1996)). Furthernore, the congentration of the nodulator that
evoked t hese responses was shown to exist in plasma from behaviorally

rel evant doses (Granger et al., Synapse, supra). Thus, the concentration of
conpound 15 sufficient to produce a 10% i ncrease in anplitude of the

nonosynaptic field EPSP, as reported in Tahle.l and Table 2 _is likely to
represent a beﬁsﬁﬂobegfgf”ﬁ/c’ ﬁ‘gIcg\’?g(ﬁ'Pdsp?ngsrﬂgEhOd%’Sﬁ}Féﬂ‘fepg?? B‘ﬁ{easﬁ.‘%}ggﬁavi or al
Testing 2Qeckper-aaneddndspomtes, lal@are D¥eFiltfoahe Géfmealt SOhRohREhiavggit N el evant

ani mal behavioral tasks that have been shown to correlate wth efficacy in
t he treat reenditiprs. Fheyaare alsgussful fir Faatment of genditiong such @pimpaimmeaheianement i n

oge S8 R R bk BRI Gy BBy ASREE] AR b Hlpdndf T "o &
By ama T e ot e o B W e P oved
(Staubl i dreagpent ofsngoREemrar spFOPhIeag AT behAYOL S HIBPEOm 2 RERGEHGTIABET Pubn.

No. VO 94/iQ244me; antiG AR 1e@inidp @ TRa®ioks dBendémQipbh KRS ARcEptors0 PO ent
than CX516 in this test. V. Adm nistration, Dosages, and Formul ati on 23 MAY

2006 WO 03/ 045315 PCT/ US02/ 37646 19 As noted above, the conpounds and
t hod, of the i a1t | ' - tor- ' : d
et ho 1(? e '@g@“%c'ﬁg%a&eg%ﬁ% @%«2‘&%‘@8&%@, Cp%nﬂﬁ% It@&ﬁc%n{p‘és?lﬁ&{l%ﬁé and are

useful for the ypog ergl con I ons. ey are al so
usef ul f ormé¢thetmendiry of othardgriii@fendinohmasbd impairedrendortidal/ sreatelriynbalance ot her

CounL 1 e AN o0 RLOE S 48, I5L Ik L DUARET 0oL 1L 1 O
used in t hBsfunction, movement disorders, schizophrenia or schizophreniform behavior. Memory

disorders and learing disorders, which are treatable according to the present invention,

15  include those disorders that result from aging, trauma, stroke and neurodegenerative

disorders. Examples of neurodegenerative disorders include, but are not limited to, those

associated with drug-induced states, neurotoxic agents, Alzheimer’s disease, and aging.

These conditions are readily recognized and diagnosed by those of ordinary skill in the art

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



treatment of schizophrenia or schizophreniform behavi or resulti%g frogbg
cortical/striatal inbalance, and in facilitation of learning o MAX#086 s
dependent upon AMPA receptors. 10 In subjects treated with the present
conpounds, pharnmaceutical conpositions and mnethods nenory or ot her

cognltlw@ égﬂﬁ;ans may be inpaired, or cortlcalIstrlatanggaﬁbggﬁ
sorders

occur, ing to |l oss of nmenory, denenfia, depression,
sexual dysfunctlon novenent di sorders$, schizophrenia or schi zophreniform

behavi or. Nﬁn&r S I Eder e r eat abl e
accordingthteo0 éfxﬁgsgﬁggﬁﬁbggghlgg;) %ﬁ%ﬁcﬁ% %ﬁ%%éwgn$§F ggggﬁhat result
f rom agi ngxantple uatiets, sapsales, pandenseustmdagmmﬂeaﬂohnﬂaﬁcﬂfs ,Ssolutienss suspasigases of
neur odegener ative disorders include, b t are no ﬂ%ted t t hgse

associ at eEMAISIRSFHRRPSHITHES RS, Apentsn otipRsy 6‘3(?%9 Sagaé g or the gh‘é PFEPraRlY i sease,
and_agi NGin 1R 6QOAN ditRUIS fo? Sl S8R5 09Il di agnosed by those

of ordinary skill in the art treated by admnistering to the patient an
ef fectbve anDunt of one or nDre conpounds 20 according to the present

i nvention. sages..and ro tes f adm ni st 0 f. the conpound
w 1§ b det or n el R RS et e et i bBRe Bhint Ui f et
accor di ngcdfyesiticHafpHatmieafidiReRHEriof atcipipitasd mapadditidnsBy Ineig sthenpl oyed can
vary widely, and can readily be determ ned by those of 25 skill in the art.

Typi cal | ymegisighegenisqcammiess. afyvangs addityss eed e dike- Jirderebly; the C‘HFI@SéWBIVGUed The
conposi t i BQ?W 0128, 35471y 9 \fé@,‘i 6fla éo% ufid'ey c%ﬁ@o@x%’cﬁ\g?{h:e gmgaaym thé® orally,

t ransder perineura n teral y |ntravenous
subc utlanemmsamdemtasxapang essmlly oﬁsultahlmpluaaxmxsemhtaaexcipﬁmﬂ*‘noasral anong ot hers ,

i ncludi ng buccal ,. rec and tr n rmal a ation.  Subject

Cont ompl SEUTTFORT S5 RS s B R B AR o DA I S 30

i ncl ude hyIBASIuNE KERAB] BBiut YabBlafine, kAR, AE1AN05e 2NMJIBY, SeladhldudrbR, | 1 ke.

For mul ati ons cont al ni ng t he corrpounds accor di ng. to the pr esent invention my

t ake 23 MaWERSOEN Yy RIpasihe ikl desiog) thy easpgiionimpy alsorcantain minpr d,

sem -sol | tgm |.n¥t?8mcln' l%gg alis} s\Adse'th,s s £ v%?g%% & tggg@”{%ﬁ’%ﬁﬁéﬁs of O

exanpl e, cap sules sust al atrons,
solutnénsbuﬁuspen3|ons enuIS|ons, suppositories, creams, ointnents,
| otions, aerosols, patches or the like, preferably in unit dosage forns
suitable for sinple adm nistration of precise dosages. 5

Liquid compositions can be prepared by dissolving or dispersing the compounds

(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  asolution 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 1.v. solution, such as sterile physiological salt solution. The



Phar maceuti cal conpositions according to the present invention t cal }S

i nclude a conventional pharnmaceutical carrier or excipient and Y2006
additionally include other nedicinal agents, carriers, adjuvants, addl tives
and the like. Preferably, the conposition will be about 0.5 to 75% by

wei ght o Qund or conpounds of the invention, with i nder
consi st gvg(ﬁoe@ggﬁtl all'y of suitable pharpaceutical excipi ehe$/ujsgzd 7%6

adm ni stration, such excipients includée pharmaceutical grades of mannl tol,
| act ose, star ch, magnesi um st earate, sodi um saccharine, talcum cellul ose,
gl ucose, gempbsition MaycalLR, fornBgPEd s asidpeasidoinatlpid arphotphelipidjiaa | f desired,
the conposition may al so contain mnor , anounts of non-toxic auxiliary
subst ancediPeinEip! SSPEISIOR; 3N aRyRGHERYS BN f yi ng agents, or 15 buffers.

Li qui d conpositions can be prepared by dissolving or dispersing the
conpounds (about 0.5%to about 20% by wei ght or nore), and optional

phar maceut i cal Medody fompseparing such desagd ferms aeikovansor Wil be eprmangit ®, thasgueous

Suspondh onTB i GER IR Gomfle) St R0 By e

3 tical Sciel
prepared m@s. @o, SQSS}tﬂ%onﬂBU§ﬁ&ﬂﬁ>lBé@dmﬁi’BvHr§d mm, coﬁfausa/quaammeagelsaapl ied
either inliquid formor a dried formsuitable faor hydration in water or
normal s anOWBOU‘Wlé A Phateaceyprdlyicffessiyeipmowntiorsyisttinegringreased HMRAotecapiar d
preparati QigefiOh Aufect2> adm nistration, the preparations maybe tablets,
granul es, wciers capsules or the like. In a tablet formulation, the
conposi ti on is typical I y for rrul ated with additives, e.g. an excipient such
as a sggcharide.o ul 0se ti.on, uch rch paste or
et hyl ?(Fcel | ul §1s’e¥°“§“'f gﬁxamp fe?téatn i areei'tOiimpenge dm aP%gPy aé@%ﬁ'\‘;es typically

used in t Hevewdon Uaddssiother®fise sm, Elaienﬁéﬁﬁléﬁ’saidg}% in 36gréus et CUAlRLsE
conposition for parenteral admnistration will typically contain the

conmpound 9thegvise ftatsdhiall NMR spectia arg W?Ftréé‘"gf"équbéa‘%ygl ol ogi cal salt
sol uti on. d?b@ro%ﬁloWn%QQ@utMe@%b@Sé%@Qo'i‘ve%ilu tlet‘rﬁ?&ﬁﬁ? Qé}@as%mmar' on nay

al so be fornulated as a suspension in a |lipid or phospholipid, Iin a
| i posomal Sméépérisfwnd (IB) snentraaweraqcpecsiqé agtinin fdimgion aNs¢esnddsysfabronp¥a€par i ng such

dosagelsf Orcrysta s of m ; pa etid a J\Tpﬁaés%g%{e?n%x sct;;r(i)est €Al names of compounds

conform to [JUPAC 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'](1,3-0xazino0)[5',6'-
2,1]benzo[4,5-e]1,3-0xazaperhydroine-6,12-dione

Method A:
2,5-Dihydroxyterephthalic acid (3.75 g, 18.9 mmol) was added to a solution of
25  carbonyl dumidazole (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



5 skilled in the art; for exanple, see Rem ngton's Pharmaceuti c&l ﬁci %ﬁgs
(17th Ed., Mack Pub. Co, 1985). The conposition to be adm niste é ]

contain a quantity of the selected conpound in a pharnaceutically effective
anount for effecting increased AMPA receptor currents in a subject. 10 The

fol | oW ngyyagRsRs il lustrate but are not intended in any pay;de9shd mt the
i nvention. Unless otherw se stated, all,,tenperatures are given in cf

Cel sius. Unless otherw se stated, all 2I%IIVR spectra are 'H NWR spectra and

were obt alraﬁsived g@mmlaﬂmx&{ mdqme%u@@kgﬁhmgy PMRChesmatPragt  usi ng

tetramet hyl si | as an internal standard. Infrared (IR) spectia were
recor ded dbexam ethyliacetate @ri) an Filies ged Ito y.lcl;islt(bg of thecrvdehisactabiamyde.dlle or in a KBr

|| et ATl .. Mat t d f
o JUPAC BREIRGIaL UPehsa gt B EE Byt e ipris e PB4 D
Dr awTM Pr qgid0adm Q‘Sﬁﬁﬁﬂdﬁﬁ%ﬁ%'a@i@ aﬁ@ﬁétwﬁt@@ 4A|nﬂﬁeculfa¥éstEvére Z&eé Rhe) .
(R S)-3aH, 9aH pyrrol I dino(2, 1-b] pyrrolidino(2", 3'J(1, 3-oxazino)(5',6"-

2, 1Jbeny o(rmcsoxe}v@tso mlatpmrqum@t n@négeﬁ.zhydlpom cwudmrm@t yas

25D|hydrxt 7 | ution

of 25 car §c§'¥nr§/ phe aszlgfaegez@'g eeﬁ‘yg%e%@ m}”)eldggéﬁﬁggﬁ y&d'ﬁgﬁé"%éd)l met hyl

I/\ﬁr mﬁm de.diskbleed ﬁxohcghylm c‘lix?ﬁda(KjZSO\éﬂd aﬂd)lﬁﬂérbd! (}mlhcemmﬁ efithe saitivheo lfsmr 24 h at
ich time 4- n tyra e diethy eta , 39,0 Mo S

added. Thauls GIGHERRY aél‘é“oé‘t‘Y’ﬁ‘r%ﬁhylFH}“ afﬁma&fﬁ.cwa}lgﬁﬂ%wﬂe aﬁumm!ﬁstce%&ﬁ ature,

and hen HegbedyiioBlclokpuit Giia Theopkiany iHARoR Irh%78090-Ur03¢H15315

PCT/ US02/ 37646 22 rem)ve vacuumdistillation and the resi due was
purifiEd [g86,186%h 1dh3,ddal dQB&phyl 1ovmamé80emmy|nma5@ He) § 335<iMisga gel

n 126 i ok Bne AR SRR AT R 2 e B Ge e ek eag

canphor sulhynda .SGipth @ mact i vat ed 4A nol ecul ar si eves were added. The 5
reaction went to conpletion overnight as judged by tic. The crude product
was chromatographed on silica gel (hexane:ethyl acetate 95:5) to yield 1.9

g of soli dyethbd gh was

15 Diethyl 2,5-dihydroxyterephthalate (500 mg, 1.97 mmol) and 4-aminobutyraldehyde
diethyl acetal (= 90%) (1.30 g, > 7.2 mmol) were combined and heated to reflux for 90 s.
The reaction mixture was allowed to cool to ambient and subsequently diluted with 10 mL
CH,Cl,. Tnfluoroacetic acid (2.0 mL) and SA molecular sieves were added to the reaction
mixture, which was heated briefly to reflux and allbwed 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 physica] 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-e}1,3-0xazaperhydroine-10,12-dione,
0] O

L 10
0 0
To a heated (40 °C) suspension of 2,4-dihydroxyisophthalic acid (500 mg, 2.5 mmol)



di ssolved in nethylene chloride (250 nL) and filtered. Concentratiaon of the
solution to 50 nL followed by dilution with diethyl ether prom;'t:"éY! Y 2006
crystallization. The solution was cooled to O Cand 1.06 g (1999 white
solid was collected by filtration. MP = 270-271 C. IR 2977, 10 2880, 1667,

1453, 14290 0388815 1181, 1073, and 780 cm . "H NMR (500 N;g@ %O%Hﬁé ((1H s)
7.53 (1H, s), 5.47 (2H, m 3.86 (2H, 362 (21-1, ), 2.44 ’'n), 2.27

(2H, m, 2.12 (2H, n and 1.96 ppm(2|—f m. Method B: 15 Di et hyl
2, 5-di hydroxyt erephthal ate (500 ng, 1.97 mmol) and 4-am nobut yral dehyde

di et hyl adetaablutioro80GL, (810 Bid., §00 mmolj.ard 2wl Jry ORICH; wasvdided8l depsiDMIat ed t o
reflux for 90 s. The reaction m xture was allowed to cool to anmbi ent and

subsequent ThE T#qtig B tygieas hented for hcat which time it Rseeae Bansparget; The splyion - ) and
SA mol ecul gy BB By pdded grsiB i Jhea%eg@gazcy UG Boncthirfill R heat ed

briefly to reflux and allowed to stan his m xture was
concent r atreduasd pmssuméi’hg@ISIdundfesdlﬁ@ﬂ@dsdlqgnbsistﬁﬁchn@ vdligh4d wit h et hyl

acetate The f der e ced ield
420 ny 71%73 n8§%§818§1¥c?d yFacVﬁ'ipfl ?tzdnmo Wsa‘{?ea CRIMS 'gﬁ%rﬁec s%’:(opl c
char act er i shitioh t€6 S€1.0 Al of mdm&mﬁalvag fdedRsRe ﬁm@etmm ks alpmedusct derived
by Method A, above. 25 EXAMPLE 2

(R, S) - 3aH, warr 9yambiant- difisp] b the wﬂtﬁw f“eﬁ Hidntebysh CHCly; washed sequengialiy With) 16' | 5' -
benzo] fye &g@ﬁfé@ n 140 C

sus%)ensfo]nfoo?}gjlﬁ'&%hy r oxyl %g%ﬁ{a%g:aﬁgigc%ﬁ ?h@&ﬁwePN st ﬂ]ebgsﬂiztgglvlﬁ]\Y 2006

WD 03/ 0453wés @cerBTictBadet 8646 niressare sud ngtdissolved mS@@ilzdl(yECI@Cthp whiéh mmol ) and

15 n 8 e AP PRt OER ant Hearic For R Pted B TR it e

under r edugsaderitfa®dufossilicd igblindel rwdcbd piellie2 Elutiolwith BOOAEBUOIBI9d ) gider
reduced pressure. The residue was dissolved in 10 nmL dry CHO 3, to which 4 5

ani nobut yr 21008R{H&0)of ehig Frygtalting povyder wish ghe fellczmnermoyer\na% MRid268-35 2w se.

Af t hi | t ded t

pter cf erg Q\%wh %Aggéd;alﬂﬁdgg\%%?%. G NERY 0 Mz §8IsRYO%HAT! §5) WPsy agided to
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-b}1,3-0xazaperhydroine-6-
carboxylate

O

b
/0

Me O
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 CHCI;, 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 SA 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



warmto anbient. After | h the solution was diluted with CH2Cl 2, ﬂ
sequentially with 10% HCl, saturated NaHCO3, saturated Nad , r%&vf@ ﬁgpi ed
over Na2SO4. The resulting oil was concentrated under reduced pressure and
re-dissolved in 10 mL dry CHC 3, to which 10 was added 30 ng canphorsul fonic
acid. Thgg@agkiign m xture was stirred for 12 h and then gﬁ%ﬁ@_&ed onto
silica gel under reduced pressure. Elutjon with EtCAc/ M gave 270
ng (36% of white crystalline powder with the follow ng properties: M =

(0,51, s) CQ QR (¥ -FRenddy hpRagfpo, LR ARIB A1 8,0 °)

3. 60- 3. 65Hz2H, 53r()1H 214(572Hﬂ)53192(—BHrs),,329)2(315:19::3@1@394—2 60ppm BH)5M)2. 15 ( 2H,
m and 1.90-2.00 ppm (2H, m). EXAMPLE 3 (R, S)- Met hyl 9-oxo-3aH b euzo ]e]
pyrro lidin o ]2,1-b)1, 3- oxazaper hydroi n a-6- carboxylate Mew 20 25 0
Trimethylalum num (2.0 nL of 2 Mimgxovpgies 4.0 nmol) was added to a
solution of 810 ng di net hyl hydroxyterephthalate (3.85 mol) in 15 nL dry
CHCL3, Swhi ch(RyapMethyl Sego-Fadk-baao3idre]pyrrotidinoZuit-hi1ad-okazgpey hydxeiteyT- acet al
(750 mg, 4.65 mmol) was added and t berboxyateti on m xture was heated to refl ux
for 6 h. Trifluoroacetic acid (2.0 m-) and 5A nol ecul ar sieves were added
to the cool ed solution, which was (peated tapreflux briefly and allowed to
stand for 30 mn. The reactllg'n m xfjure was ffoncentrated onto silica gel
under reduced pressure and Fd W % OAc (1:1) to provide 387 ng
of the title benzoxazine as a white h = 76-78 C. IR 1725,

1672, 1439, 1291, 1212 and 1088 cni. M Y 2006 WD 03/ 045315

PCT/ US02/ 37646 24 (200 MHz) 58.01 (1H,d, J— OHz),7.77(1H,dd, J=8.0, 1.5 Hz),
:7)) gg (195 (gH ‘brlrr)ﬁetillyla hﬂd@xmsg%lﬁﬁalﬁtéh od I-F 4% rﬁm%l)%nm)amlﬁob%flyrglaéﬂfydé)

(R, S) -I0et Hydtigd asetal 860 bdfrujgl) «me@] qufomtl lanlri maltezl thdﬂux f@t%(saﬂhpemwar oi ne- 7-

was allowed to cool to ambient and dissolved in 10 mL CHCIls. Trifluoroacetic acid (1.0 mL)

and SA 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) 4 8.62 (1H, d,J =2.2 Hz), 8.12 (1H, dd, ] =8.7 & 2.2 Hz), 7.02 (IH, d, ) =
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 §
20 (R,S)-6-(Piperidylcarbonyl)-3aH-benzo|e]pyrrolidino[2,1-b]1,3-oxazaperhydroin-9-one

(R,S)-Methyl-9-ox0-3aH-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 CHCl; to
which trimethylaluminum (2.0 mL of 2M in toluene, 4.0 mmol) was added followed by 400

25 mg pipenidine (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



carboxylate Me,, O O Dinethyl 4-hydroxyisophthalate (1.00 g, I d
4- am nobut yr al dehyde 10 di ethyl acetal (1.60 g, 10 mmol) were cg%‘m’éé()@ﬂd
heated to reflux for 90 s. The m xture was allowed to cool to anbient and
dissolved in 10 nL CHCI 3. Trifluoroacetic acid (1.0 mlL) and 5A nol ecul ar

si eves Weygoasded to the solution, which was stirred for (g‘g.@gntrati on
onto silica gel under reduced pressure,and elution with hexane/} 2:1)
yiel ded 500 ng (42% white solid with = 164-166 C. IR 1711, 1669, 1615,

1445 and 1285 cm's. 'H 15 NVR(200MHz)
58. 62( 1H, dnd]eiﬂti&i-{w)thﬂtﬂﬂt(/MdOM})g :tByiemad Ndong 3t DPhite-rostalline B1i6 with)MP &, 55 ( 1H,
t, J =5.6

L v e 595 151 oc 3k feto> Thaoha 1240°c ™ 18 QiR oo By 7 8 0%, %, P2 RAE( 3P ™

(R S)-6- ('7'llég'iHE’&,'J@'Y.meEﬂOO:iP#Qeﬁ?Pdlﬁ' Py Ersd g E‘@b-aob g‘JQ%a.‘Z@(Per hydr oi
n- 9- one 0 (RS)-Mth oxo- 3aH Benzo[ e]'pyrrol i |no

1, 3- oxaza[wﬂhy);lﬂdﬁfi’eé%@liamb@)@léﬁé@ﬁmarﬁﬁﬂfml% above) (387 ng 1. 56 mol )
was di gsolved in 10 nL dry CHC13 t(ﬁ%%i%yérlnethyl al umi num (2.0 nL of 2M
in toluene, 4.0 nol) was added fol 400 ng piperidine (4.7 mol).
The react i onMRS4a-liRiredaHuatalling2,1pyrrolidino[3',12,3]§6ihe£blind[7,6eMj3ent , and
quenched with acetic acid. Concentration onto silica gel under reduced
pressure 23 MAY 2006 WO 03/ 048%zaperhydroinett,ilsdivpg 7646 and el ution with

Et OAc/ MeOH (99: 1) yielded 300 ng of a whlteocrystal line solid with MP =
149-151 C. IR 1670, 1632 and 1440 cm' .'H' NIVR (200 MHz) 8 7.96 (lH d, J
=7.9 H), 7.12 (1 H d, J = s), 5,561 (1 H t, J =5.6

Hz), 3.50-4.00 (4H, m, 3.15 cf( @60(4H m and 1.40-1.60

ppm (6H n.
Hydroxyterephthalic acid (4.0 g, 22 mmol) was dissolved in 200 mL THF to which

10  was added an excess of diazomethane in diethyl ether. The reaction mixture was quenched
with acetic acid, diluted with CH,Cl,, concentrated onto silica gel under reduced pressure,
and eluted with hexane/EtOAc (4:1) to yield 4.40 g as a waxy solid with MP = 69-75 °C. IR:
1720, 1678, 1436, 1319, 1212 and 1109 cm"".

Dimethyl hydroxyterephthalate (3.00 g, 14.3 mmol) was cooled to 5 °C and mixed

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 dnied over anhydrous Na;SOy4. 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-
hydrox yterephthalate (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



EXAMPLE6 (R, S)-6a- hydro-3aH-pyrrolidino[2,1-b]pyrrolidino

[2',1"-2,3] quinazolino[7,6-eJ 1,3- oxazaperhydroi ne-6, 12-di one 83 §1Ay 2006
Hydr oxyt erephthalic acid (4.0 g, 22 mol) was dissolved in 200 nL THE to

whi ch 10 was added an excess of diazonethane in diethyl ether. The reaction
m xture wasonjosdshed w th acetic acid, diluted wth CH2CpgT/69n366%r at ed
onto silica gel under reduced pressure,g¢ and eluted with hexane/ Et QAc (4:1)
to yield 4.40 gas a waxy solid with M = 69-75 C. IR 1720, 1678, 1436,
1319, 121&&edu&wandémeauce@ipmﬁdwbmbymwgeytmnmmattmﬁw(@om%u) 14.3 mol )
was cooled to 5 C and mxed 15 wth 7 nitric acid for 40 mn. The
reaction iieldedrB7 med-prsbexymetut-Ghydrexyyhd- dl}b’f?f‘%‘bfgﬂ’éﬂowzth bRiBY acetate. The

organi c 'ax‘%s YRS oGRS Gt LlicPht: T6PNIBANTUA, U Sa 24 BhUr RGN and

dried over rous e solvent ‘'was 'renpve er redu ed pressure
to yield MHﬂJaS B.60 g His)rezhylH,2), MBor(olys) 4. 18 @Hot, 6 =ephHbphaRe3H) &, 3.15 39,

1688, 1549 1442, 1338 nd 54 C&}_ﬁ
Di met hyl -Qzlﬂ-b/'dlloiypliz)ﬁinf' ‘éd’ri‘f‘h fd (3.0 g, 11.8 nmol) was reduced in 25
nL MeCHin a Batfafbo%l_#’létﬁﬁ%]%&@ 008y &ol Y- gﬁrm{zl%]%ﬁ&hl@mnﬂeg oy drogen

(70 psi) for e catalyst "'was renoved tration and the solution
was concehiIoamgd. Q)nmllsanldﬂcaamgebutyrdﬁ%'ﬂc ﬂlethmb@étabﬁ'lélﬁ)@aﬁé migp e wi t h

nexanel E¢ Ol ha HaRladS b o <STHELI e A1 Akt s SR ARV GRR PN Al 2t e

as a yellow'so was use |ca ron. 25 POC13
(0. 95 g, CH,anw \)vhiohalaaﬁiﬂEGZIOOnIatrﬁIubfdaénﬂlcﬁaﬂlahd oA n&ﬂecﬂ}apyievaslm none (1.00
g, nmmol ) in benzene. After 0 di net hyl m no- 4-
hydr oxsﬂt erregsmrﬁw%%tgreg?orsl Bremoentiated %ebcaag’fhmf%wﬁvseg@rfésv&enﬂeﬁ@d to
reflux for,g ﬁtOAcmeonggewnem&&uﬁ&mQudtmh%h%aeoﬂ#@héh/mehed with
sat ur at ed NaHCO8 , and Y 2006 WD 03/ 045315 PCT/ US02/ 37646 26

concent r ataad remeiat of sothgute dngar eesucadepressure yielded 660 mglof preidudti(29Ve)astawikiteOAc/ Me OH
(99: 1)

o~ car boxy RN AT RS20 504R a1 )l 950, 1458, 108 en b1 gy 1HAMR 200

ﬂlk/knagm | \gHE) 9821 a1, Wi7tsd (38 §)T5.59 ®H, 1695 8 46y 8.2018H L, 1 14408 74348 cm’
(2 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
@]
HO
10
B 0
0

Diethyl 2,5-dihydroxyterephthalate (7.00 g, 27.5 mmol) and 4-aminobutyraldehyde

20

diethylacetal (7.00 g, 43.4 mmol) were placed in a large test tube and boiled for S 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, s), 7.47 (1H, s),
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-



MHz) S 10.60 (1H, s), 8.21 (IH s), 7.80 (IH s), 4.19 (2H t, g = 7.% Hz) ,
4.02 (3H, s), 3.155 (2H, t, J = 7.9, Hz) and 2.20-2.40 ppm ( 2H, ZHMAY 2006

9- car boxynet hyl - 8- hydr oxy- 2, 3-di hydro-1 H pyrrol o[ 2, 1-b] [ I, 3] qui nazol i ne- 6-on
e (530 ng, 2.0 mml) and 4-am nobutyral dehyde di ethyl acetal (1.00 g, 6.2
mol ) we . izned and heated to reflux for 90 s. The ¢ ion
m xture &ggmllsﬁ?ed wth CH2C 2, to m@'ch was added 2.0 %ghﬁgwpgﬁgéoacetic
acid and 5A nol ecul ar sieves. The 10 m'xture was stirred for | h,
concentrated onto silica gel under reduced pressure, and eluted wth

Et QAc/ MeOhl 66 941 1) andOe£0bppd {338k i1e7 2H2f he sol ution with charcoal in
CHCl 3/ MeOH and renoval of solvents under reduced pressure yielded 600 ng of
product (99% as a white solid with MP = 245-250 C. IR 1681, 1660, 1464,
1209 and 1137 cm'. 'H NWMR (200 NE%LU§¥E (1 H s), 7.80 (1 H s), 5.58
(1 H t, J=5.8Hz), 4.20 (2H, t, = _E ), 3.75-3.95 15 (1H, m,
3.55-3.70 (1H, m, 3.19 (2H RS)-B(Pip&idyldarhomyl)BaH-90-2. 60 ppm (6H, ).
EXAMPLE 7

(R S) - Bt hyl 7- hydr oxy- Rem3sleysreligingihi &3 pxspperhydron-9-08e| 3. oxazi ne- 6- car bo
xylate 0 20 O Diethyl 2,5-dihydroxygterephthglate (7.00 g, 27.5 mol ) and

4- am nobut yr al dehyde diethyl acetal| (7.00 g}l 43.4 nmol) were placed in a

| arge test tube and boiled f 9 e S \on m xture was poured into
a separatory funnel and thorjoughly m i th)800%YnL Et OAc and 100 nL 6 N
HCl. After 30 min the organis |l ayer ¢ '8 r Na2SO4 and the 25 sol vent
was evaporated to yield a yellow oil, ich¥was purified on silica gel to

VP = 150. 121 cTAp Vi ERLALh T3 of M e Bo g ind D e binBsBEREL Y0 1

10. 48, (| Hmn®)) weke 3ddedXdla seiition/af400 (g nkéthyd P;oxoBaHdefzo[34-elpyrdliding[28 - Hz) ,

4.42 (2H, q,,J = 7.2 3. 75-3.95 (1 H, 0-3.70 (.1 H. , 1.80 23
MAY 2006 V\d’H§f6’2?§§‘f57lj°zzJ?“°2‘¥%E? (8'§|%’,‘m?}§ ‘"a‘ﬁd“qhﬂé;’bﬁ?‘m’?‘?ﬁfacg’?“ H“"_‘“n‘)?.“?SHz) 5
EXAVPLED 8 hdaRdS) reftulk RbieK, icdyled @y dnshidtt )and @ldnched with acetic acid. The mixture was

benzo(el pyrrolidino(2,1-b]l,3-oxazaperhydroi n-9-one,
concentrated onto silica gel under reduced préssure 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)

EXAMPLE 9
(R,S)-(7-methoxy-9-oxo(3aH-benzo[e]pyrrolidino{2,1-b}1,3-0xazin-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 tﬁe ester of
Example 7 in 40 mL of CH;Cl, was then added and refluxed for 0.5 h at which time the
CH,Cl; was distilled off and replaced with 40 mL of dry toluene. A fter refluxing for another
hour the reaction mixture was mixed with 50 mL 3 M HCL. After the layers were separated,

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



0 0 0 PCT/US02/ 37646 Trinethylalumnum (1.1 nL of 2Min tol uene, % @B
and 400 ng piperidine (4.7 mol) were added to a sol ution of 5&3

9- oxo- 3aH benzo[ 3, 4-e] pyrrolidino[2,|- b] 1,3-oxazine-7-carboxylate (2.0
mml) in 10 nL dry CHO 3. The reaction m xture was 10 heated to reflux for 4
h, cool edvo g3/@@bisent, and quenched with acetic acid. The rismh;swﬁ@@
concentrated onto si I ica gel under reduyged pressure and eluted with
hexane/ Et OAc (1:1) to vyield 537 ng (90% white solid with MP = 134-136 C.
IR 1673, &féaaverms@4,aaad 1R cfifibfovdd ,;,\M%ue ROARIED m FacRPhérbiitlamsbe J=2. 0
Hz),753§1Hl dd, J=8 % 1H d, J=8.4 Hz), 5.52 (1 H t,
J=5.7 Hz),C&somld. @olémmmﬂéﬁ'{m 7219m2(M prm (10H, n) 15 EXAMPLE9

R S 7-nmet h [))-N, N
éll m )et §1yl ggr bgﬁm]?daqm%g%gh%%@q{b?w&% ﬁ% ?ﬁ,&i) ﬂ‘r?lgtjn# g%blﬁy r oc%ﬂ) ori de
in 60 nL afndetraygdatiRald aidem%aﬂng,smmoi)mowm ﬁilaxloﬁbwbathlgood stirien e fier t h
stirring under Ar. Five mol es .4 of the .ester_ of le 7 n40rrL
of CH2d 2 Wd%‘ﬂtaﬁ@ﬁ"h‘aﬂaﬁa‘amﬂ}e&ﬂ&ﬂ%@ggf?WF veps Zaiged 2o 630 W%?%LPHMC cH2dl 2
was di sti |y nfthdr) SRChdaEPhiared! Alet I 42 rBle i milie bk LSS 1o 181 | UXI NG

f or anot her our’the reaction mxture wvas mxed with 50 nL 3 MHCl. After
t he | ayer squemrhed sith amalt efiwatemWateo arsl DY overavthen extavettawddariviatuugh add3ie nl of

CH2Cl 2. Th onbi ned ic,l 3. 00 03/045315

pCT/ Usoa] 396k s Srtrp et oRb ot ik eftae HioR Lot it o s 1o
yield 810 sm ﬁqi%)nherwsla%dam(ﬂ&n (G8s Yo el +H}R11~Mﬁ%5wmﬁz)&’ui\/5 277. 2
amu ( M+H) e am de product from above (810 ng, nmmol) 1n 40 nL of

anhydrm.s'(n)m:s) 6.88 (1H, s), 529 (1H, m), 3.86 (3H, s), 3.84 (1H, m), 368(1H m), 3.11 (3H, s),
2.84 (3H, 5), 2.49 (1H, m), 2.24 (1H, m), 2.16 (1H, m) and 1.95 ppm (1H, m).

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

HO

g O
N
HO/\/ 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 CHCl;,

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



under argon, was added 174 ng (4.35 mmol) 60% NaH all at once, %&éi}ééﬁy%
stirring. After 5 10 mn at roomtenperature, the bath tenpera

raised to 65 C and 0.25 nL of Mel (11.6 mml) was added at once. After 2 h
the reaction m xture was cooled to anbi ent and quenched with 5 nL of water.
Vat er angolblss,se then renoved at under vacuum and the peEesudesvRS
chromat ogr aphed on 150 g of silica gel gith EtCﬁc Conbi ned fractions
yielded 600 ng (71%. IR 1666 and 16%0 cm'. C-M 291.2 (MtH). "H NWR
(500 MHz) S 7.43 10 (1H, s), 6.88 (1 H, s), 5.49 (1H, m, 3.86 (3H, s), 3.84
(lH m, 3.68 (1H, nm), 3.11 (3H, sEXAM;P_Lamn(SH s) 2.49 (1H, m, 2.24 (1 H,

(R’ 8)2 ﬁféﬂ@@%& ﬁ%%&éi?ﬁ%ﬁ!@(@é 'é“](’)'b‘&l?"b e Md2, 1-b] 1,3

oxazaper bydr oi n- 6-oxhzind) (5" 805 3|l o [#,512, ﬂoxaﬁhﬁeﬂlydrome—4 ,10-dione
7- hydr oxy- 9- oxo- 3aH—benzo[e)pyrroI|d|no[2 1 1, 3- oxazi ne- 6- car boxyl ate

(Exanpl e 7 above) (1.20 g, 4.83 mml) and & hanolanlne (1.00 g, 16.3 mmol)
were conbi ned and heated to éeflqg fo The cool ed reaction m xture
was diluted with CHC 3, 20 a ; I c\aci d and concentrated onto
silica gel under reduced pregsutle. th/CH2d 2/ MeOH (95:5) vyi el ded
1.50 g hydroxyet hyl am de as a>>WaXy 7 3000- 3500, 1650, 1562, 1470,
1344, 1264, 1211 and 1066 cm -1 23|23 NAY 2006 WO 03/ 045315 29

PCT/ US02/ 37646 EXAMPLE 11 (R S), O

oxari n8) 15 6 RTRED e SR BB bl che 6 b

N-(2- Hydr e%aéef)é}wd}&z ﬁwaew@&x&x%&ﬂhﬁbﬂrm&siem r(pm gl snp;{ Rmbt) b;]rajs 3
oxazaper hydrol n g car boxam de (product from Exanple 10) (1. 50 g 5.13
mol ) was suspended in 20 mL dry CHCI; together with 4.6 mL trimethylorthoformate (43 mmol) an

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'](1,3-0xazino){5',6'-2,1]benzo[4,5-¢]1,3-oxazaperhydroine-4,10-dione

SO

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,Cly/MeOH (90:10)
provided 1.20 g of crude bisamide. The crude amide was suspended in 20 mL dry CHCl,
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



suspended in 20 nL dry CHCI 3 together with 4.6 nL trimethyl orthoforrratewg43
nmmol) and 1.0 nL 96% formc acid (21 mmol) and heated to refl ut3

The cool ed reaction mxture was neutralized with potassium carbonate and
concentrated onto silica gel under reduced 10 pressure. Elution with

hexane/ BygAB0ids14) and recrystallization fromethyl acet a{,ﬁ/@ga‘,ﬁ{_‘gﬁd 430 ny
white solid with MP = 285-287 C. IR 19%5 1458 and 1421 MR (200
MHz) 8 7.66 (0.5H, s), 7.64 (0.5H, s) 54 (0.5H, s), 7.51 (0.5H, s), 6.22

$0500%, SLedygtendattyhlo log o Giriedited drediyrehrogtby 4s bl shPdratifle o

12 (R S), from ethyl acetate to yield 88 mg (3.5%) white powder wnth MP 305-306 °C. IR: 1675,

(R'S)-2H, 3H, 8H, 9H, 12aH, 6aH- 1, 3- oxazol i_di 3- oxazol i di nég 2", 3"-

23 1( 1, 343Bandide) ' ' NMRIPQMHP .63, @151113) 8>é92(91§é1 B ARdP3d1.4):10- di 0 ne
00 Diet r nol am ne were m xed and

heat ed to@¥8( ﬁ%'ﬂ%ﬁg 0({Sﬁ '%El)'%w%%(g? Z(():I tljr was diluted with

chl oroform net hanol, and acetic acid and concentrated onto silica gel

under reduced pressure. Eluti on wi I\/EO—I (90 10) provided 1.20 g of

crude bisam de. The crude amd ,,m, 86%( CHC13  toget her
with 4.6 mL tri RSl Brstﬂé?’éf‘ﬁﬁt‘@p ridin P'&ﬁﬁd’im Wbdrmic acid (21
mmol ) and refl uxed $xZaRerhydreing)lsy T“e‘db"rﬁzR UP%OWS“eﬁelﬁ'F'QPerd with

pot assi um carbonate 23 MAY 2006 WD 03/045315 PCT/ US02/ 37646 30 and
concentrated onto silica gel under reduced 'o essure. Product was eluted and

crystallized fromethyl acet Lo 3.5% white powder with M
= 305-306 C. IR 1675, 1458@/142

NN (200M—Iz)S762 (0.5 H,
s), 7.60 (0.5 H, s), 6.24 (05 S) .5 _H,

4.20-4.42 (6H, m
and 3.50-3.70 ppm (2H, m VPl
(RS),,(R S)-1l1laH, 4aH pi peri di no[ 2, & b] pi peridino[2",1"-2",3"](1,3
oxazaper hydroino) [5',6' -4, 5] benzo]e] 1, 3-oxazine-7,14-dione 10
The synthesis was performed essentially as for Example 1, Method A except for

substitution of S-aminopentanal diethyl acetal for 4-aminobutyraldehyde diethyl acetal. 'H
NMR (200 MHz) § 7.502 (s), 7.493 (s), 5.19 (2H, dd, ] =4.18 & 9.6 Hz), 4.47 2H, dm, ] =
14 Hz), 2.78 (2H, tm, J = 13 Hz), 2.24 (2H, m), 1.85 (6H, m) and 1.51 ppm (4H, m).

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
AL D
o
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 IN 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 Na;S0s. The solution was concentrated to afford 703 mg (81%) of white solid. IR: 1712 and
1637 cm’.



15 0 The synthesis was performed essentially as for Exanple 1, Method A
except for substitution of 5-am nopentanal diethyl acetal for 23MAY 2006
4- am nobut yral dehyde diethyl acetal. 1H NWR (200 MHz) 8 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 = 8® ¢deus312. 24 (211, m), 1.85 (6H m and 1.51 ppm péilsomkresEXAMPLE
14 Preparatlon

of (R, S) - 6- (mor phol i n-4-yl carbonyl) - 3aH—benzo[e]pyrroI|d|no[2 1-b] 1, 3-
oxazin-9-one 0 0 20 To a solution of

9- ox0- 3aH beanSPé]SWP'?SéﬂWQﬁS’rR%P?a@ cafo[qlpm@s@g%éwbﬂ\w%vm Beahomybiky| at e
d | ask
hded 20 AP0 (GBI bl Gy HES 4881 1 B tifhalle (BYRRUSA g | B30 1S

aci di fi ed mrhél) faH 25-miL réunkd Wottizh ﬂaﬁh&ﬂbexh,l mmpgolvdalvxtaeacpmdmamyhagee'r‘if\as filtered
and washed with 25 nL water. This solid was redissolved in eth

acet at e/ m¢HHIRG reactiommixiiyg was ftisggd 6?[9’10 AR e ¥ashsd Né@é&HC*I'ﬁé‘“?Eﬂdut i on was
concentsr atggqli%p O%I/d Objfgg 1"1%1@3 réi8ic (I%r/%a%el‘g@%éd%vﬁﬂhézgm |fiRterel 4h f@&qntra*éig 7 cms.

23 MAY 20 1 PCT/ US02/ 37646 To a suspension 0O
9- ox0- 3aHtdheffiord p@3 pgrof €daimd Thopradict Wad p@ifeddyichemBtogeapbypsay bilica gaddyd (300 ny,

'n'a 25 mEMBR D SDL BaRS G PPrRE ST (R IaE Mg A% Cyr i nge.

The  resuliRi NoRRe616Qm M H NMR 858 (311 4,784k £ AF), 390@1@, £0d 4 $an) waghed with
IN HCl, saturat ed 5 NaHCO3, and brine.” The organic layer was thén dried over

Na2SO4. fi(1Het,de lahHz)k 6% €Hi.tak =6 Hz),3.88f(1 By ), 3778 (#d, ), 3f69a(rkH Mhed.¢fr oduct was

purified h t ogra Si ti cetate to
Drel o S50 U 5y SRR RE sy, 2°’€7é%@9 &yﬁlﬁ‘?kﬁ ol e 1865 g
1636 cm'. "HNVR S 7.98 (1H d, J: . 7.10 (1H, d, J = 8.9 Hz), 6.99
(1H d J=14H), 551 (1H t 3.85 (1 H m, 3.78 (4H bs),
3.60 (1 H n), 3.60 10 (2H, bs), 3?3@“@%‘3163), 2.45 (1H, m, 2.27 (1H;
2.13 (I'H rirepatdtidn IBEFOYW-((4HydFxypiperidyl)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-oxazine-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 S mL CH,Cl,. The resulting reaction mixture was washed with IN
HCI, saturated NaHCQj3 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,CI1y/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, ] = 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).



EXAMPLE 15 Preparation of -
(R,S)-6-[(4-HydroxypiperidyI)carbonyl]-3a|—|-benzo[e]pyrro|idino[%!a’,lﬁf[-‘”zo06

b] 1, 3-oxazin-9-one 0 HO 15 0 To a suspension of

9- oxo- 3aH- benzo[ e] pyrrolidi no[ 2, 1-b] 1, 3- oxazi ne- 6-carboxylic acid (160 ny,
0. 689 mM¥D)03i045ASML di chl oronet hane in a pear shaped 25-nectivgsixas added
1,1 -carbonyldiimdazole (112 ng, 0.6892mol). Stirring was nmai ntai ned under
positive argon pressure and conplete dissolution was achieved in 1 h. The
solution was stirred an 20 additional 2 h and then added slowy via syringe

to a stirred solution of 4-hydroxypt el (148 nmyg, 3.44 mmol) in 5 nL
CH2Cl 2. The resulting reaction nixﬂaﬁéhgggqﬁashed with IN HO, saturated

NaHCOB andmawaBﬁ.onTJTe(msmnuﬁndtwprpemmyQumdn m};—@ﬁH%hMé]@b‘ﬁoh&hoﬁm
filtered and concentrated to afford 174 ite foam The, foam was
crystallized from CH2C 2/ Et 20 t dPli3exgzin O'FPg of white solid (72% with M
= 130-135 C. IR 3400, 1657 25 and
1619cnt'. 1HNVR87. 96( 1H, d, J=7. 9Hz), 7. 10( 1H, d, J=
t,J:60Hz)416(1HMbs 99 (1
3.60 (1 H bs), 3.42 (1 H by), 3|17 (
m, 2.13 (1 H nm, 2A (1 H b3y, 99
(I H bs). 23 MAY 2006 WO 03/045315 FCT/
Preparation of
(R'S)-6- ((4- nethylplpera2|nyI)carbonyII-3aH—benzoIe]pyrroI|d|no(2 1-

bJ1, 3- oxazi n- 9ﬁ@ﬁro@ed¥%’fo§th@ p%PﬁaﬁHﬁ&QﬁBﬁoﬁhﬂoGﬁd sMeRampie PAAL EdMdwed withe
conmpound of exanple 14 was followed with the substitution of

1- net hyl pt}péphﬁiﬂﬁ@ﬂfcﬁ f -mashydpipsrasiee fop mgmheliseng gitg 378 mey(94%RIR1666 aphd 1633

S 1L 1ol B, g xR iy BAELTL L)

2.32 (3H, 39}),(22 5%, 362H,1 Hin), 339X BH( tsh], 2.48 (4H, m), 2.32 (3H, s), 2.25 (2H, m), 2.13 (1H,
10  m)and 1.96 ppm (1H, m).

6Hz) 7.00(1H s),5.51 (I H,
(1 H rr) 3.63 (I H m,
bsj‘r N45 (1 H m, 2.27 (1 H,
1 (2H, bs) and 1.49 ppm
02/97646 32 EXAMPLE 16

EXAMPLE 17
Preparation of (R,S)-6-[(4-aminopiperidyl)carbonyl]-3aH-benzo[e]pyrrolidino(2,1-

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

A 3-neck round-bottom flask fitted with a thermometer was charged with sodium

15

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 S min. The
organic layer was decanted into an Erlenmeyer flask, dried over anhydrous Na;SOq, 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,.



10 m and 1.96 ppm (IH nm). EXAVMPLE 17 Preparation of MAY 2006
(R S)-6-[(4-am nopi peridyl)carbonyl ] -3aH benzo[ el pyrrolidino[ 2,?—

b] 1, 3-oxazin-9-one 0 15 A 3-neck round-bottom flask fitted with a

t hernoneter was charged with sodium azide (3.25 g, 50.0 mml) and warm H20
(3.25 mLWVO 0BHeéSHEsul ting paste was stirred vigorously aspeOUSWy/Ii4ébenzene
was added. The resulting heterogeneous3kol ution was cooled 20 to 5 C and
H2SO4 (1.34 L, 25.0 mmol) was then added dropwi se. The tenperature of the

sol ution s. maj nf ai ned bel ow nd.stirri s continued .for an

addi ti onaﬁ%'"ma’ﬁ d?‘h" °?8P§’§WPé’%8’5@@%%%“&‘%%%‘%8?%%“&R“’éf“feéHﬁﬁé’ff’é‘rs f1ask,
dried ovepoiRRgMrtRdtefoNaRSEHutichshs U661EH iniaf ide WAH @IMng tIRAGIhAGer of the

Di i sopropyl azodi car boxyl ate was added via syringe to a solution of 4 25

hydr oxypi pdditiati. férring w@s gontingedqimshe)icebath, pyhigheanallpied iorvare togmbisny Afiss 7
mmol) in A 2 . Y/ erinitial
addi 11 on &gk EarRrk Oy 6HE e leh B0 b AR A A R T L lced
vi gor ods adidic kologorowsh waskeded otk Bt,OMROA0(21) and theasnade bhgi¢lto pH Bwvitha® bat h
during the renmainder of the addition. Stirring was continued in the ice
bat h, whi 8aOHaSheaestRerioudyRareons splufionivas £xtrastedayith GHiGly.iThg organig Mypent f or

16 hr, the_sql uti i f 0l b Y 5-acidic
sol ution m&gﬁs%gwﬁﬁéﬁ@%d‘ﬁweﬁg f)tgg}g%\éﬁ?lbes ﬁggh%glsli-{{:ﬁ/f)onﬁH 9 with
I N NaOH. 209pecni & JHE thiB@prolbiod Sas askd eathoutithtr porfiod@isn axthe aeitedp Wiiith CH2Cl 2.
The organic |ayer was dried over Na2SO4, filtered and concentrated to

afford 1. floyed theypsoqediie of Exampled4 abeye with gy substitutioniof 4azidqeipssidipa f&f  was used

w t ho f inPtht EhuGeblo@ikt Was bil¥eh th i s drisheigpr ocedur e
of ' Beny | Holghelind The bhAgHoRt s PRIEES bRty Gheiibop SeHush ek,

nor phol i nd/1 hexanetsthydecetaten shhish affarded 304 mig ofl 6t -azidopipanididicarblayylbdeli | i ca gel
o, 8 ol TPk RO 0 PR O o
1, 3- oxazi n- 9- omea 88-nil. Prdask peushed Rith2050n, wak @dedarich REBRIC ig) olld®ed 50- L
Parr flas ll()y ggoel]:xtliéjnsohf%%4 Vrggto 6%2‘9—22%0%5&3}%)%3%0%}%{%fI-?—lbean(o[ge pynr?o)lid{ngl[Zl, IQWEd
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% NH,OH) to afford 220 mg of pure product. 'H NMR (500 MHz) &
7.96 (1H,d,J =7.7 Hz), 7.09 (1H, d, ] = 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-oxazin-9-one

0O

Me
D D
N
0

0

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



by a solution of 304 ng of
6-[ (4-azi dopi peri dyl ) carbonyl ] - 3aH benzo[ e] pyrrolidino[2,1 15 tﬁ3 MaAy 2006

1, 3-oxazin-9-one (0.891 nmmol) in 5 nL MeOH. The resulting solution was
treated with hydrogen at 25 psi for 2 hr, filtered through celite and
concent read/yssivacuo. The residue was purified by chronmpgpgkepityscon silica
gel by eluting with 15/1 CH2Cl 2/ MeOH, g#llowed by 15/1 CH2C12/ MeOH (1%
NHACH) to afford 220 ng of pure product. "H NMR (500 MHz) S 7.96(1 H, d, J
= 7. 7Hz), &h@(dtd- Ihlﬂb‘&z5[em')mh&n&9 l(bl]l Bi-oxsaapel’ﬁydi&m(e Blrdatb,oiyﬁtc@m)mér 57 20 (1
H bd), 3.85 (1 r? f 2 Ii-[LbFnt) (1 H bsc)l 2.98
(1H m lélemnf(lmnf O’BE)CH@ &gdvfwa eRy amé’swrf( stjed sslu_fegn Yasehargpd 1 o5
(1H, Jntﬁtr’mq'xg-th%laﬁﬁﬁnunq-(ﬁi mi13. b'mnhﬁ? and aker3R thih, HmelSlpigetdint (&% RRM (1 H,
bs). EXAI\/PLE 18 25 Preparation of

(R S) 6- [ 24-mmeoh Wapadsied ivinsylinge: BEerythé sabetian wan hodted toyefhul fpd24riu(a2d 1-

bl I, K ound bot t fitted

i theaSy ofidiedes Rafalyeal BaibalShr ittt Tl e e PiSsh) S ede 34
et hyl 9- oxfidakibp ele% kel bf N BICNThLorkaryd Ihyed v A6 RRRA AN HeQlgidubtag@r boxyl at e
(343 ng, 1.41 mmol) and 20 nlL CH2C12 under an argon atnosphere. The stirred
sol utl on wase)@mtege\ﬂth thiee AO-mi; mmpéCHzﬁlmmhlmwge fembigedywithiie preand af ter 30
m n, Iy i y ge. After
the. sol Ut I8 “RSAEhdt i e, B ariedonR EROL MBS PSRt TREDT.

anbi ent t ﬁmﬂen gbilmas ﬁmﬁ@lrbya;ﬂrhmm«gmhy 6’:2 51h¢a, gel by elasnguitn &1 deixank/ethyH2 O

foIIo db addition of 6 N HCI l.ayer sol ated and the
aqueodd 1 & Earte ?“’é)&atcﬁ?:'tsé%frwoc"ﬁe"l"ﬂttegéo gﬁ”‘ﬁrﬁ%ﬂﬁf’f%ﬁ@ @W%quléfg Wﬂi ch were
combi ned ygisherh NeHARERN560 MIEBY §1. %@ﬂi"@?chk M&)ﬂﬂomtr%) 6119’9'('1‘151 f)df%’.'iled over
Na2SO4, filtered and concentrated resul ting oil puri

chr omat ogf ldphyd ©6.0412), 466 &l biy3 86 UtH, mj W2 @ m), h%(@lhlebéth% (lmb&cet at e.

Th i d f ff

T8 and 2JASHHAT 297 PHRRRanZHANRD 1 S Br.al Frrfriy B Ses OB 138 0% 1
d), 6.99 (Hﬂ,mp),osmmjm) e(nHI(-]98tp,pm](3FI ﬁ,JG=6—|Z}-Iz)4 66 (IH bd), 3. 86 (IH m,
3.62 (21-1, in), 2.96 (IH bt), 2.76 (IH bt),

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
N
0]
o
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}1,3-0xazin-6-yl)carbonyl]piperidine-4-carbonitrile as a white

crystalline solid (61%). MP = 154-156 °C. IR: 1667 and 1633 cm™. 'H NMR § 7.98 (1H, d,

J=7.5 Hz), 7.08 (IH; d, J=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).



2.44 (IN, m, 2.27 (1H m, 2.12 (11-1, m, 1.94 (1H, m, 1.77 %AM%P%)
1.65 (2H, m, 1.22 (IH m, 1.08 (1H, m and 0.98 ppm (3H, d, ="b. q—(b).
15 EXAMPLE 19 Preparation of

(R'S)- l-Y[Y(g oxo0- 3aH benzo[ e] pyrrolidino[ 2, 1-b] 1, 3-oxazi n-6- yl)carbonyi ]

pi peri di WOABAMEHShonitrile 0 NC 0O 20 The pr ocedure from PEBUSHHPO4IN of
Exanpl e 14 was foll owed except for the38ubstitution of 4-cyanopi peridine for
nor pholine to yield | -[(9-o0xo-3aH

benzo[ e] pyrrolidino[2,1-b] 1, 3-oxa wu:%gr bonyl ] pi peri di ne-4-carbonitrile
as a white crystalllne SO|Id (610/;)E 4-156 C. IR 1667 and 1633 cm'
"H NVR S 7. P&ephadatiohof (R,S),dES)-3- oxym&fyl{-§4H-cBromknb rrofid@®({,iH s),
5.52 (1H, t, 515 96 @R )gF) (W@r y ﬁyi86 25 (1 H[mn)k]?)yz 27 ({H m, 2.14
(1 H m, 1.96 (1 H, rr) and 1. 8lsll|@ptmaemﬁ4alsss§wne23 MAY 2006 WD 03/ 045315

PCT/ US02/ 37646 35 EXAMPLE 20 Preparation of g

(R S) (R S)-3- (hydroxyrret hyl ) - 6aH chromano[? 6-el pyrrolidino[2, 1-

bl 1, 3- oxazi ne-4, 10-dione 0 HO O Oke H of Exanple 18 (570 ny,

2. 00 mrol ) was dlssolved in 100 A'lsolytion of boric acid (1.00
g) in 20 nL water and 1.00 BORang} e e r ded and the resulting

m xture was treated with hydrogen aff | armf@r hr at room tenperature.
The met hanol was evaporated and thegresi due was extract ed with 200 nL

Et OAc, which was dried over Na2SO4. Evaporation of the solvent provided 420
ng of &n oil, JIBeWﬁi{azbliwmaxumpfeiIMSIangiZIdOcmggebvamﬂitdmmﬂtinh'l(mrmby 20%
hexane/ Et OAC. yst |Jization fr el.ution sal ve i ded 202 ng of

t he ketoné“cé?éa“ ii Ea)ﬁ’qftf} aﬁﬁdt(ﬁ%)mzfé'g“f raad 18, gnﬁaney ickel were

added and the resulting mixture was treated with hydrogen at 1 atm for 2 hr at room

temperature. The methanol was evaporated and the residue was extracted with 200 mL
EtOAc, which was dried over Na,SO4. Evaporation of the solvent provided 420 mg of an oil,
10  which was purified on silica gel with elution by 20% hexane/EtOAc. Crystallization from the
elution selvent provided 202 mg of the ketone as a yellow solid with MP = 189-190 °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[S',6'-4,5]benzo[e]1,3-0xazine-
4,9-dione
20 To 840 mg (3.0 mmol)'diethy] 2,5-dihydroxyterephthalate in 100 mL anhydrous

CHCls under argon at 0 °C was added 10 mL (20 mmol) 2.0 M AlMes 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



290.1 (Mrl). IR 1667 and 1450 em. 'H NMR (500 MHz) S 7.57 (1%1&) %@%6
(1H, s), 7.47, (2H, s), 5.43 - 5.46 (2H, m, 4.39 - 4.62 (4H, "@ -
4.06 (4H, m, 3.60 - 3.88 (4H, m, 3.00 - 3.05 (2H, m and 1.92 - 2.47 ppm
(8H, m confirmng the structure of the conpound. 15 EXAMPLE 21 Preparation
of 3, 8- dwe&xsywhs:AN, 7H 1, 3- oxazaper hydr oi no[ 5", 6' -4, 5] benzopetriusdz/oxazi ne-
4,9-dione O Et O 20 To 840 ng (3.0 mmsé) diethyl 2,5-di hydroxyterephthal ate
in 100 nL anhydrous CHC13 under argon at 0 C was added 10 nL (20 mml) 2.0 M
Al Me3 in ﬂabuemw TLC (1:1 EtOA¢/hexgnes)-dihk eaattivyg rhintuse Wadkcooled ¢ @mbiemd and of

anhydrous eth am ne s.als dded. Duri ng oth additi ons gas evol ution
was ext en®pPyred "’T%%Ooi"é]am??’ %Hf#’ﬁefwwrwm‘ﬁgaﬁ%m%"s lp¥f Pax and then
refl uxed f i oul d be
23 Wy 200 G oA 18 2B B i bylite Byt HeRAUERL st

Et OAc/ hexambthy solTémwaeaarnqvadunmaxmaﬂoeuakhﬁ)oomg)bﬁue tiomidel(V¥Mtyiedd)d HNIMBr ed i nt o

oxt r acted GOV 80 b2k Eob Sl SRLAgRbrd B Sanf ¢ 28 apmr @har o i i e
over Na2SO4 am&b@qwa'm&a om%rﬁlﬂﬂi@i’@ﬁmid% yacgl(% mowtﬁbﬁhné(mdm of the

diam de (79%vyield). (500 MHz) } H, 4 (2H, s), 6.28
(2H, bs), (2. Bmmol4rmpkpr salﬂmaczsméﬁﬂmleﬂsownt(l% TlﬂFéC " w@s aﬁdn%@ rop§

i foni ¢ SrGAPREsar Pacbololfe TRy b GEIRR LRG0 %&’&eﬁgﬁ%%pia”ph”

concent r awdt stidBEdWatthevag cdnmvbcbmommmaﬂy ﬁnmrth«teuﬁe’nmstut&mmm m:ugﬂnx to

et 18n Y RCOPERHaRF gD P A deiten B Rear BoPAE I s 0 i, By

addi tion fuannehthWfiér 134 RO hRldbiar sisie€ W chak@ed,Gh abiditibae3 6\ RO mnikAf & Af ter
18 It the nol ecul ar sieves were changed, an additional 3.6 g (40 mmol) of

trioxane WReraRYHatRdpdandeflyy varcontned oHumghlo Vs follgring drndhesisvesowfag day t he
sieves WehLg., adbih, @Qfg@@%m(ﬁ) §|09ar{c4x2asmh)axﬁrth%%%n%ﬁu?éiga%QC?%@ the

reacti on nTxture was | uxed” anot her . No starting material remained in
t he cof f e@natbérelledNorstrating matemd! xeruained inAtiechffesacplored reaction mixture, which was

15 cooled to 10-15 °C with an ice bath and then mixed with 200 mL of ice cold 0.5 M NaOH.

The separated organic layer was washed with 100 mL of H,O and dried over Na;SOj.
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,]=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
O
0]
(O
Me/N o
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 cooled to 10-15 Cwith an ice bath and then m xed wth 200 M gﬁ old
0.5 M NaOH The separated organic |ayer was washed with 100 ni % 4P

dried over Na2SO4. Renoval of solvent in vacuo yielded 2.5 g crude
material, which was chronmat ographed on 150 g of sil.ica gel using 2 L Et OAc
to yi el dMO8/¢531389% product with MP = 236-237 C. Recrystafriusaasicon from
3:1 Et20/CH2A 2 pr ovi ded 1.09 g (20% o 3,8-diethyl-2H 7H 1,3 20

oxazaper hydroi no[ 5", 6' -4, 5] benzo[ e] 1, 3-oxazine-4,9-dione. CIMs mz = 220.1

d 277.2 ' VHz 5 6 H q, J
2 25te) wesg@“?fR.q(mf?Wra dn .03 Ay st anpbd ol iaaihth a6y oA Mr - ¢
(R'S) - 3- mbfyibn 8Hm§mlyiaﬂwe HOTHEIATRE 25 ndin of?steaa ,e3olqﬁ&;mécwa'§erb§mwﬁ 5] benzo
[ e) 1, 3- oxazaper bydroi ne-4, 10-dione 0 O To t hyl

y
7- hydr oxy-replased %@Hﬂ@érbzﬁ{aeﬁi therreastipe mixsfir Was rp]ﬂnx@ f@k hé iln@“@W@thooxyl ate (the

product from o) 2006 WO

Dy 045515 Jamighi PR flrobd] ichfpdraee A addiiandy 4 Q{&((%&M%%%& M Al Me3 in
CHZCl Z sandsofutiOn Bhkd 6.0 ZHLTR nddY ofanethylarine FHOTHH were addedié FeattivminnigturewddiE Af t er
15 mn of steady gas evolution, the water bath was replaced with an oil

bath and trn%u&eéé@t }wdrﬁoxtedﬁréommﬁéﬁwél&?l i theregh mixige. hgeeparged over ni ght
t Al Me3
5 sol ut D orbRREbEATR G winfS Koo, ARG Btthe Chrbifh dridticTipd it

reacti on ndrietlover MgS0s. Thd dolveatd \xfemreﬁnohedandaquom welldi Irix ppl2@6licdmidé inP 1846 HC

w th thorough m xing. .. ] t ed us, | e ctegd with 3 X
100 L of Xeess &ﬁ’&gi%gh@dﬁg&ra?éé a&“d&ﬁ?‘iﬁai’é??‘ﬁér 1408 a?ﬂ‘{f%é}{}‘er MySO4. The
sol venie were nenwg@amnmg@metpﬂewhehﬁhdb aao@ @Bﬂﬁﬂlia%)ﬂfﬂlﬁ@HG)g Sdefo yield
as a waxy solid. Cl [t: 3319, 1652, 1608 and_1455

cm 1. 10 TH8OR Wesgdded 9@0%@9Oamelhé%%fq"ewa%ﬁ%bgﬁb% with swrgings Thenhy dr ous
CHCL3 und%%ctlﬂﬁ %%Wasmgd SRhipR, dobRa% mltémﬁeritﬁfe%'iﬁen wahéCwre by 2.0

g H2SO4 with stirring. reactton m xture was refl uxed overni ght, cool ed
to room t e¥¥9enlasayreted aInHCQmémemlg{qgﬁlawrMS back extracted with 4 X 100 mL of

CH,Cl; and the combined organic layers were dried over MgSQOj4. 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=5.7Hz), 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]benzole]1,3-oxazaperhydroine-4,10-dione
O
o

(LD

Et 0)
o
25 The synthesis of 3-ethyl-2H,6aH-pyrrolidino[2",1"-3',2']1,3-0xazino[5',6'-
4,5]benzo[e]],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 ge] and eluted with EtOAc to



200 nL saturated NaHCO03. The aqueous | ayer was back extracted %M %@600
mL of CHZCI Z and the conbined organic | ayers were dried over \I(\g ¥

sol vent was renoved 15 in vacuo to give 900 ng of a pale yellow residue,

whi ch was chr omat ographed on 400 g of silica gel (EtOAc) to yield 800 ng
(779% of wa @ad4es1sess powder. MP = 195-196 C. IR 1672 andpdthAoginsic C - VB
275.3 amu (M + 1). "H NWR (500 MHz) S 4457 (1 H, s), 7.54 (1H, s), 5.47
(IH, t, J =5.7 H), 5.16 (2H m, 3.83 (1H m, 3.65 (1H m, 3.12 (3H, s),
2. 45 (114yied pure prodéiet inldids '3)d1w12hﬂ44’=(l]97ﬂ198'i@ RN 66k .86 19pnerh L. m8) . 20
EXAVPLE 2§l Preparation of (R S)-3-ethyl-2H 6aH pyrrolidinol2",1"-3",2"]

1, 3- oxazi A% Bam@ (M+H) 5 HIMR(569 Mf@éieﬁiéﬂésrswm*lﬂe@m ib(ldi,éde—wﬂzﬂ 0 25

The synth f3 0 " ; X [5' 6'

. 5] benzot ap128: B skt S B R 6 B BRauds bk i AU TEERR PLI 1y o
descri bed(IfHym) indamRl wnP2@Hah over. N\Hkh the substitution of anhydrous

ethylam ne for the solution of nethylam ne. The crude material was applied
to 50 é of silica gel and eluted with Et OAc to 23 MAY 2006 WO 03/ 045315
PCT/ US02/ 37646 38 yield pure prodg W&JI% yield with MP = 197-198 C. IR
1667 and 1451 cm1. C-M5 289.2 anu H NVMR (500 MHz) S 7.57 (1H, s),
7.54 (1 H, s)Prépatatiquicd (RiS)-33prop@-2H,ball-pyriolido{2'H"- 3’?)2 113-@azipos',6l) , 3. 65

2H, , 2.48 (1H, 1H 94 (1 H, d 1.22
o (3. €3 <72 ey besenin orabaplnltidpe Jhogons’ (1 1 1 A7

(R S) - 3-propyl - 2H, 6aHpyrrolidino[2",1"-3" ,@"]1, 3-oxazi no[5', 6" -
4, 5] benzo[ el | , 3- oxazaper hydr oi ne- 4010 di one

k/(

10 The synthesis of 3-propyl-2H,6aH-pyrrolidino[2",1"-3',2']1,3-0xazino[5',6'-

4,5)benzole]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,J =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]1,3-0xazaperhydroine-4,10-dione

Woreo

The synthesis of 3-(methylethyl)-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

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



10 The synthesi s of 3-propyl - 2H, 6aH pyrrolidino[2",1"-3",2"]1, 3- %gil ngé@s , 6'
4, 5] benzo[ e] 1, 3- oxazaper hydr oi ne-4, 10-di one was perfornmed essenfy 4
described for Exanple 22 above with the substitution of n-propylamne for
the solution of methylamne to yield a waxy residue, which was

chr omat oyP3We1dn silica gel to give a colorless solid WERUSKP7646153- 154
T. IR (NaCl) 1667 and 1454 cmt. Cl-MsS3803.1 amu (M +1)."H NVMR 8 7.58 15
(1H, s), 7.54 (1H, s), 5.45 (IH, t, J=6.1 Hz), 5.17 (2H, m, 387 (1H, n)
3.65 (1H, (2H, 2.48 (1H, m,

(L H m, Fmaiswr(fmatmnvne)sbygl)lssgqlzmuwhomg@pbg(%ﬁwelg}am 204- &057°05 Hz)
EXAMPLE 2

(R o 5 Tidlhet and ERICBY BEMY M3 amu M5 1) HIMB (509 MH2)8 798 (1F, 51.4.53¢,

4, 5] benzog 1[}!3]3? Jsishlgmazw samy)ds 04 (281, th) msﬂalﬂnse@t 0=04 THe), 3)88t(m5dt51 of
3-(nmethyleth % 6aH ﬁl’l’oﬂdl no[2",1"-3 i 3- oxazi nok

4, 5] benzoﬂbfl& 3&@52‘6@5& a3 43e B, mh 237 §Hd ad- 1 &HH.anrb 46 %é‘h)tqnél ly as
descri ked;hgr ggl e 22 above with the substitution of isopropylam ne
for the so] utpf)on of t hyl ami ne. 23 MAY 2006 WD 03/ 045315 39 PCT/ US02/ 37646
Final purification was by silica gel colum chromat ography (35%vyield). MP =
204-205 C. 1R 1664 and 1452 cni. SAWQ .3 amu (M+ 1). "H NWR (500 MHz)
S 7.58 (1H, s), 7.53 (1 H, s), 5. % = 5.9 Hz), 5.14 (2H, m,
4.87 (1 H, ryepiratidn of R,9)- ﬁéﬁ.lo;i’enﬂ_ﬁZHJt’)aHrpﬁiohd]nG[Z" 11.362'§1,3-0Razkito|[5',63- 65 (1H,

.97

, 2.45 (1H, in), 2.27 (1H, in) 3 (1H, , 1.96 (1H, and 5 1. 26 m
?)GH, n . (EXAI\/PL E) 26 Pre §]§pp@ﬂ{e]b§-oxazapgrhydroq?le—4 10- dlon(e m PP
(R S)-3-cycl opentyl -2H, 6aH-pyrrolidino[2",1"g3",2"']1, 3-o0xazino[5',6'-

4, 5] benzo[ el | , 3- oxazaper hydr oi ne-4, 10- di one I V n The synthesis of
(R S)-3-cycl opentyl - 2H, 6aH- pyrr ol irdp

D] 1, 3-ox azino[5,6"-
O/N
10 0

The synthesis of (R,S)-3-cyclopentyl-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 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) 6 7.58 (1H, s), 7.53 (1H, s), 5.47 (1H, t, ] = 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 pprﬁ (1H, m).
20
EXAMPLE 27
Preparation of (R,S)-3-[3-(2-oxopyrrolidinyl)propyl}-2H,6aH-pyrrolidino(2'',1"'-
3',2'}1,3-0xaz ino|5',6'-4,5]benzo|e]1,3-oxazaperhydroine-4,10-dione

IAUeses



4, 5] benzo[ e] 1, 3- oxazaper hydroi ne-4, 10-di one was perforned ess%lg[?k{lzsbogs
descri bed for Exanple 22 above with the foll owi ng exceptions:

cycl opentyl am ne was substituted for the solution of nethylamne in THF;

t ol uene was used as the solvent for the reaction; instead 15 of refl uxing

t he sol wOesoeses night it was heated to 80C. Final purifpcauUs@Be&s by
silica gel colum chromatography (56%uyield). MP = 184-188 C. Cl-M 329.1
amu (M+ 1). 'H NWR (500 MHz) S 7.58 (1H, s), 7.53 (1H, s), 5.47 (1 H t, J
= 6 Hz), 5.14 Thelslynthgsis wlas@4septidily as fior the conpobndz) ExXBmPle 221with thepxceptidd@3 (1 H,

T T ae it te oivalgus of dimbistRonie ek wis splekbinie rabeiebitiamaie 1 (1
(R'S)-3- M]@]W@W%Vféwti RISOIRY I3landHinvpaht By (580 MOIA3 57155 (21, 5),

3',2')1, 3-oxaz 1nol 4, 5[ benzof el |, 3- oxazaper bydr oi ne-4, 10-di one 9N 0 0O
23" MAY 20067 Wd, ®,3/=€)&B$ﬂz$ WHSOZJ W(eﬁammw (él, synt-Fie@bs mhabﬁe@ﬁem)i ally as

for th ts of
camphos su £ bt mor 45 R EeR ST abhat 12 AR FrAd Byt izte: BIF wbdp YRS ©
189- 190 G 0 i (H657). cml G-V 386.3 anu (Mrl). "H NVR (500 |sz) 8 7.55
(2H, s), 5.47 (1H t, J = 6.0 Hz), 5.22 (2H, s), 3.85 (IH n), 3.64 (1H,
m, 3.52 (2H, m), 3.42 (214, m), 5 3.37 (2H m, 2.46 (IH m, 2.41 (2H m,
2.26 (1H, m), 2.14 (IH in), 205‘%@“{;?25 d 1.87- 2.0 ppm (3H, ). EXAMPLE

28 Preparation R §§‘ |- 2H, 6aH 10
pyrrolidino(2", ?rep%ratﬁ 1‘%(g§gt<a2| no 'ogf%enzycl)?’e%‘f 1'ic]b&(/al)%aper hydr oi ne- 4

, 10- dijone @rﬂolndTii‘lﬂZ'S,}tﬁ-BhE‘Sﬂ ,3-004zino[5',6'-4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione
3-(2FFbenzo[d11,3-dioonen-5-yInethyl)-2H,6aH—p rolidino[2",1"
3',2']11, 3-oxazino[ 5", 6" -4,5] benzo[e] |, 3-oxazapernydr oi ne-4, 10- di one was

carried out essentiall yd n sane [ anpl e 22 above with the
exception that N

The synthesis of 3-(2H-benzo[d]1,3-dioxolen-5-ylmethyl)-2H,6aH-pyrrolidino[2",1"-

3',2']1,3-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, s), 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]1,3-0xazaperhydroine-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



15 pi peronyl am ne was substituted for nethylam ne. IR spect rosc%pg,[‘%gﬁ?alﬁ{_1
1680 and 1445 cm '. Cl-Ms 395.3 anu, (MtH). 'H NWVR (500 MHz):

s), 7.53 (1H, s), 6.87 (I H s), 6.78 (1H, s), 6.79 (1H, s), 5.96 (2H, s),

5.49 (1H, m), 5.14 (2H, in), 4.70 (2H dd), 3.88 (IH m, 3.65 (1H m,

2.48 (1HWOP3/042334 (IH, m), 2.15 (1H, m and 1.97 ppm (I HCTS022GIEXAVPLE

29 Preparation of (R,S)-3-(2,2,2-trif|umroethyl)-ZH,GaH—pyrroIidino[2",1
,2'] 1,3- oxazino(5',6'-4,51benzo[e]l, 3-oxazaper bydroi ne-4, 10-dione 0 0

The procedure for the syntheS|s of

3-(2, 2, 2- RBPGBet hyl ) - 2H, 6aH pyrrol i dino[2",]" 25

3',2' 11, 3-Ieaddan ﬁoee@ure‘lwélp@ﬁ&%ﬁ[i%hEé%ﬂrﬁ&l%%ﬂ@?ésﬂl&iﬂéﬂi nggpukfedli one was

essentlally the sane as exanple 22 with the exceptlon t hat

trifluor oenﬂwrammﬁnmzmgbs 70%yiddiwitom. 23790 20 dB sPVOSPR5315

PCT/USOZ/S | am T for d on a 5
scal dNPEBFTE 1Y R 02 QSR Dy ﬁ‘?ﬁa@éﬁ@?ﬂ%@éﬁ?i&&?ﬁ 3b75n 70%

yi eld v tham §), 5. 4¥An1RE, 29 R, M QﬁilrQHC{ﬂ )W gaNRE! h), 3672 18NE), 24524 1), Cl - MB

343.1 (M+ g hg&gMg 9 ( J) W % 2( ,) 548)(|Hn)

5.29 (2H, %O(IH,QILRIZBHIH@ ar@mm(mﬂ .m, 3 67 (1 H m), 2. 52 (1 H m,

2.30 (IH m, 2.18 (1H, mM and 2.00 ppm (IH, m. 10 EXAMPLE 30 Preparation

of (R S)-4-ethyl-2H, 3H, 7aHpyrrolidino[2",1"-3",2'[1, 3-0oxazino[5",6"-

4, 5] benzo[ f] 1, 4- oxazaper hydr oepi neEXAMPHE®0e O Connercially available

2,5-di hydroxyterephtalic acid diethylester F? Oo'ﬂwﬁﬁ . and

4. 2t nobut yr BieRBRYaE SISy e ke8I raibpyoidisols ol 7 e SapALEa i n a ¢ est

tube gnd heated to ref I4@fbé‘n%$mﬁzal;l;hﬁzy({rg%%é_gqlmaqeure was poured into a

separatory funnel with 15 800 Et OAc and nL 6N HCl. After 30 min the
organi c | ayer was separated, dried over SOand the solvent evaporated to
yield a yellow oil. Flash chronaZng p /Lff>ge

\/

Commercially available 2,5-dihydroxyterephtalic acid diethylester (7.00 g; 27.5
mmol) and 4-aminobutyraldehyde 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;SO,and 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), 4.38 (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,COj3. 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,SOy, 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,



et hyl acet ate/ hexane 80/ 20) yielded 4.90g9 (64% of col orl ess
crystals with the follow ng properties: MP = 139-141 C I\/R&%Igli)%‘{m—‘}6

CDCI3) 8 10.41 (1H, s), 7.49 (IH s), 7.44 (111, s), 5.41 (IH t,
Hz), 4.38 (211, q, J = 7.2 Hz), 3.86 - 3.76 (1 H m, 20

3. 64- 3. 5Q%/0léd/ak31d. 46- 2. 33(111, m), 2. 25-2. 02(2H, m, 1. 99- 1. 83 Thds02M¥e46 1- 38 ppm
(3H, t, J =7.2 Hz). To a solution of 2,09 (7.21 mmol) of the internediate

phenol in 50 nL toluene were added 15 ni 1, 2-di bronoethane and 2.4g (17.4
nol ) K2C@bc1}5fbe7ﬁr’rz<1tm%$7§\@§m§)‘ sugerhi fror= 25 1§ 445 - 4198 (41, tyes 86 antiong

mat eri al was consuned he solvent was evapora ated and 200 nl’ ~Et OAc and 100
m. wat er \Bdenhddéd2HThd= @ﬂ{;ﬁmt b6$)hééé(hb&sn)d2|5@dzolﬁe(rmm23@4 - 29(2Hhe

sol vent evap rona y silica gel (EtOAc /Hexane 60/40)
yi el ded a %gpgrle % ‘\?rﬁ’ @?@E? ||’|§@d after 1 hr. (2.1 g, 76%. MP =
98-99 C. 'H NWR (300 M—lz 23 MAY 2006 V\D 03/ 045315 PCT/ USOZ/ 37646 42 CDCl 3)
5 7.47 (1H, s) 6 (1H s). 5 46 (1H J .= 5.9 H) -A. 30 (4H m),
3.89 - 53.79 (|?—me$)( 83 g} ofithe wteﬂae@tsbwm%wassd“@gwdm@?ﬂ’eﬁhwolrﬁ, 2 50 .
2.38 (I Hgomtkion 6f 3?519 KoM (6%1mm xgéwate;wgg adabl ﬂ]@‘)reacgio@%am

= 7.1 H). 5 720 %87 nmol ) omﬁ) I ntermedi ate brom de was ssolvedln
30 nlL et haftet 10 mlnuml 190iraln water @womu@a«cmqsaMJ anditre 3 turt WaBRt er was

added. Thealc{dgagt %ﬂ’ o mXe('greamgfl'{aggw%ltsodd,ryflnudei\?a2§(%4’ ?Thfvva{%er and 200 nL

Et OAc were a u The

organic pl‘e&ts;ﬁ)ralt&ﬁ udﬁdh@ﬁiel@ed&rcom&wl (760sng).he sol vent evaporated, which
ylelded a colorless oil_ (700 gg§ 10 The oil was dissolved in 50 nL THE and

nL HINEt was Taaaéavaaﬁasqlvré‘ iy BHEand 1 @hﬂzN@and%amthafn%r@mas

terrper at ur, i in 50
gl i tﬁeed {;5373;3} %ﬁ@%%e&@@%@%@ﬁeﬁ%s E%?Sﬁ a%ﬂmer r@éi&é%@d:éé@ﬂed ol )

DVAP, 189 mgo (nL "BHF rifoothg sl \smdldcled%g n(gi(l 681 mmul) )i(]E]CIZZ&mg (1 &'émmok)t ur e was

stirred r ol ate 1 t OAc and ,100 nL
Squcous. H g {167 Hol i AR5 B3P RE Airieh BBCL el S BFe 0 00
and evaporfaimu ﬁa&lwmhwwmgﬁta@m 100 MISEA0 Ax2ang@ a0 (it 49feou’s IHEX 2p1€=2)5/ 25)

y| el ded 335 of a colorless oil_ (59% . Crystallization from Et OAc /Hexane

yi el dekf zs'serﬁgdqm The ozganag piase Wasedaied pver NarSQnind 6V anosrsr Flaghschrogpatogragly. 181C.
!s;? 1670, ohGdika gglA(E%Aé-ﬁfe’ianel%) c}'iacféd 335’411@"8& £Q100esVoH (SW&taﬁﬂuéﬁ (1H

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, CDCl3) & 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 =1009; 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, J = 15.8; 4.6 and 4.1 Hz), 2.48 - 2.4]
(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-pyrrolidinoe{2',1''-3',2']1,3-
~ oxazino|5',6'-4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione
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7-36 (1 H, s), 547 (L H t, J =6H), 4.36 (1 H ddd, J = 10.9: w G4 1
Hz), 4.29 (1 H ddd, J 20 = 10.9; 4.6 and 4.2 Hz), 3.88 - 3.81 ¢ 256
3.66 (2H, q,J:7.1Hz),3.65-3.58(1H, M, 3.52 (1 H ddd, J = 15.8:
8.5 and 4.2 Hz), 3.40 (IH, ddd, J = 15.8; 4.6 and 4.1 Hz), 2.48 - 2.41 (I
H m, 2v8003/0&322 (1 H m, 2.17 - 2.08 (1 H m, 2.00 - pCTAK0tA7dts N,

1.26 ppm(3H, t, J = 7.1 Hz). EXAMPLE 81 25 Preparation of
(R S)-3-(4-0xo0-4-pyrrolidinyl butyl)-2H, 6aH pyrrolidino[2",1 "-3,2"'J 1, 3-

i noj 5' b hyd "~ 23
A 0o 1y e e LR MR L J R L39 s
Vol. 111, Pg. adﬁedlﬁgf);(iﬂngig @DI%Bd«%‘?%oﬁ nﬁ@ﬁh&‘ggﬂﬁséﬂﬁg%ﬁéa m; under
argon at m)sphere W th st |r (excess) pyrrolidi ne was

added. The(exces&)pymoi:dmmtrasraédeda%‘hesteacrtmemliwre weasctilved fohanpthdydbarbefdart it was

washed th 100 s HC 1 f satuyurated HCGB3,
e ar ettt Marb R iRasiecr 0L ofi b ai g RHER 2nd @
i nt er megli adrRd %m:rd%sop €onRatrattdd in Thduo yi1d0G)0 g Jmteaqsedme WaRle tinsspdtted in 50

m. of EtOH and drg_genat ed overni ht at 30 with 800 ng of 10% Pd/ C.
Renoval of TEGEQALY dhe anpide waedis®l s gn ﬁ%ﬂ%«%@é&étaed hyfregengied averghtat 3| | ow

VEvi)e(l)r/rp: iqug b‘gﬁgvgv&? g‘tg%lf'g (2%%@ syn}t'%)em S sshlg%'{eth%e%@ﬂ %8&%{19@%{% %&}Ee\(/\agsgeadded

930 ng (5.pade yeliow)wasf igpl. After 10 nmin the suspenS| on becanme a clear brown

solution and it h ed t .60-80 C.fo 4.r S, then
cooled to room—EV\ﬁ% &fﬁﬂq‘éy]ic aoc“%‘ {CTBC g’f“‘"ﬂ‘ﬁ‘é% hfﬁ%‘?’:ﬁ%dfsate ani ne
was adggd. sy}[mesw)%aq;eh&a 1m0<ﬁ1ﬂrcﬂ'DMB wat ddneedid ag %5 74 m@eBr oTiCWIt ARGT10MRint he

sol vent was renoved at oil punp pressure (40 C). The residue was dissol ved
into 200 nthe afsp@qmbzcmm JJgag hessynsiotulos endyt wa hepteljatg-8Q el fd i Theat ur at ed

NaHCos, dréoﬁﬂu& at %%&@d 10% te%ﬂ%faﬁﬂ& babRd.4 P6AHMY of e YWhi&thaheel 9 OF

am de interne ne spot
amine was added. The reachon mixture was allowed to stir overnight before the solvent was

removed at oil pump pressure (40 °C). The residue was dissolved into 200 mL of CH,Cl,,
15  washed with 50 mL of 1 M HC1 and 50 mL saturated NaHCOs, dried over Na;SOy4, and
concentrated in vacuo, to yield 1.1 g of amide intermediate (one spot on TLC).
To 1.1 g (2.9 mmol) of amide intermediate in 150 mL of 33 % CH,Cl,/CHCIl; was
added 5.4 g (60 mmol) trioxane, 2.3 g (100 mmol) camphor sulfonic acid and 10 drops H-
2S04, with stirming 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. Afier 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;SOq, 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), 546 (1H, t,J = 5.6 Hz), 5.21 (2H, s), 3.85 (1H, m), 3.62 (1H, m), 3.61 (2H, t,J
30 =7.0Hz),340(4H, m),2.44 (1H, m),2.33 (2H, t,J = 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).



To 1.1 g (2.9 mmol) of amde internediate in 150 nL of 33 %mz&m&qzﬁnwas
added 5.4 g (60 mmol ) trioxane, 2.3 g (100 mmol ) canphor sul fon

10 drops H 2S04, with stirring under argon atnosphere. The resulting

t wo- phase system was heated to 20 reflux and water was renoved by 50 g of 4
A nol ecuve® 03098s contained in a 125 nL side arm additi ecriugmahesc Af ter
the m xture was refluxed overni ght, the4sieves were changed and refl uxing
was continued another 3 hours. The reaction m xture was cooled to room
tenperature and shaken with 100 nlL gXAMPMENROH. The aqueous | ayer was
extract ed WieBaratiol olmsm(mnm@in& yfﬁ%mﬁﬂﬂﬂby@f'@ﬂmdﬂ* 2YSPINES €
washed with 200 nL of water, dried over 2504, and concentrat ed in vacuo
to yield 1.5 g of crQ}‘éé‘nﬁfr%@'uﬁﬂbeﬂodﬁ‘lh3'°éWﬁﬁty6§9'aﬁ‘ﬂ31 mes0 g silica gel
with 20% Et OH i n Et OAc gave.750 ng of product (63%, as a pale green
crystalline solid, 98%p10%\? LG M5 (MHH) 400 amu with the foll ow ng

1

properties: IR 1666, 1638, 54 1428_cm 1

"HIWR (300 Mz, DO 3), S 7.54
(IH s), 7.53 (1 H s), > tf?‘
M, 3.62 (IH, m), 3.61 (2H, t, 30

"N 1 (2H, s), 3.85 (IH,
0 (JH, rr) 2.44 (IH m,
2.33 (2H, t, J = 6.9 Hz), 2.26 N 0 (4H, ni), 1.96

(1 H m and 1.85 ppm (2H, m. 23 MAY 006 V\D 09/ 045315 44 PCT/ US02/ 37646
EXAMPLE 32 Preparation of

(R'S)-X(3-nor r , I n Biar - oxazino
[5", 354 5] bengﬁ'? %'ﬂl}iég%lggégg%%%}ho%g‘@ﬁﬁ P%f%lg 6%145%%%1@% e3 S ri he5| s of
3- (3 nor pl“mdazmep 645 Wé[)a}l%ﬁaﬁﬁeﬂ;yﬂrwiebﬁlmabﬂé'wi ‘caBieddu} 4s generally
oxazino[5', 6 enz 1, 3-oxaza ro 0 di ope rri d out as
general | y m?‘ﬁ%ﬁ”‘&g‘} 2P Lséﬁg‘ﬁ’ﬁi °§’f8%ﬂ'1€%ﬂy’ WQ éec’?‘?ﬁogffﬁ,\@§hﬁ' O’iy' 5 g (4.0
ol ) et hYClx073‘a|PM§’Jn F?nolxdxno[Z ,1-b]1, 3-oxazme 6-carboxylate (the product from Example 7)

di no[ 2, 1-b] 1, 3- oxazi ne- g carboxyl ate (t he pr oduct

3aHb
Fr om Ex ampire 0L CrFCaomigr Ae89pCTa AEoRIcHO ik 4o miped) AMBd S Wores (630 ol )
Al Me3 yg t hAl%HoHdleg moksHoRind (. AT OPG emdn)wma@éa%u@}% et dMhurdwds Mol ) was

added and the resulting mxture was allowed to stir overnight at room
t enper at uradlowad teast |ov¢rmah1 at@o@n teinperfatute. AB-additinuad O Spyl pf l-ﬁbnph@blomﬂ)-was added

over a peri Odhghn(%I was ad Cfd%%er_l{%ng]{j ﬁg?é?‘%&%ﬁ? rle)Itlll 43 reﬂ-med r’[%"él({\etalct(i) h WS

i nconpl et €38 cat e reaction mxture was cooled to
room incomplete as indicated by TLC, therefore the reaction mixture was cooled to room

temperature and 1.0 mL (2.0 mmol) 2.0 M AlMe; in toluene was added. The mixture was

15  refluxed for another 2 hr and at this time TLC indicated completion. The reaction mixture
was cooled to 5 °C and then quenched by the careful addition of 12 M HCI with stirring. The
mixture was adjusted to pH 7 with 10 M NaOH and extracted with 2 X 250 mL of THF. The
solution was dried over Na;SO, 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



tenperature and 1.0 nL (2.0 nmol) 2.0 M Al Me3 in toluene was ad?%@{ J?@f
m xture was 15 refluxed for another 2 hr and at this tinme TLC A

conpl etion. The reaction mxture was cooled to 5 C and then quenched by the
careful addition of 12 MHC wth stirring. The mxture was adjusted to pH
7 with 10owidackisand extracted with 2 X 250 nL of THF. ThecTAaghysicdh was
dried over Na2SO4 and evaporation of the solvent yielded 1.8 g of crude
phenolic amde with only traces of primary amine. 20 To 1.8 g of the crude
intermediate in 75 mL 88 % formc acid was added 400 nL benzene and the
resul ting itond mm,ez Xy8tmdnbrvesant) tleu ghied over NefSQuxSalvede waswregomed iAfveero toenoval

of 350 nL b tillation n.addi tion nzen was added
and t he réﬁ??@@mﬁf’ﬁ? ﬂ?@( 0 esidpe WAIFh VRS gog}qﬁ)gmpgﬁ‘l é‘nﬂs% P‘%S'Ca#a ar gon.

of thg ERSDERDRC, WS to y,emvc%rbrmg semvnh 8. i=0133 s s aE NRSHRGFdsCoplf €SSuUre and
then 2 X 200 nL of benzene was added 25 anc subsequently removed in vacuo to

| eave 2.2 (yaOl): Hi65and y45r4emn CE-MSBRS anas(Mitie. \HaIziMRr(é&Q MHz)ﬁﬂtSIG (58, L. of

triethy] am ne, t.h d t

oper at  on vt Hads 547 T st 22 GRHE Jast U5y Gomh g CBomb B £ onc)
to remDve m)ADY SRTH TR, ¥.18{1H8n), 2bi em mmﬁaalaz?%mscghv,ﬁpt fromthe

chromat ography fractions in vacuo, .5 g of residue was taken up in 1.0
L of Et OAc and subsequently washed vvlth 2 X 50 m_ of 23 MAY 2006 WO

03/ 045315 PCT/ US02/ 37646 45 1.0 M NaOH, 2 X 50 nL brine and then dried over
Na2SO4. Sol vent was renoved in vackXAMPL¥EIRI d 700 ng of a thick brown

residu whi ch was chr ilic €la s t OAc, 2:3)
to yi e a coP EpRrationg Rﬁ%? '?I}E)ﬁ%% 0. dmfgg"gé%li&.y rrloﬁd%pchf]gE}'st?jl (NaCI ):
1665 and 1454 cni''. dxhzidd5368&, ﬁ]bunz(oM]-ﬂ,;%-oxaﬂdeWd((ﬁﬂG yWhHedtafs 7. 56 (1H, s); 5
7.54 (1H, s); 5.47 (IH m; 5.22 (2H, dd); 3. 5(IH s), 3.71 (5H, m, 3.66
(3H, m, 2.50 (6H, m, 2.28 (1H, rr) 218(I : 201(1H m and 1.87
ppm (2H, m. EXAMPLE 33 10 R{epar at
2- (4, 10- di oxo- 2H, 6aH pyrrol i dPnol2f
oxazi noJ5', 6' -4, 5)benzol el 1, oxazpa acetate 0 0 To 2.5 ¢
(9.0 mmol) of ester (the pr(o ucrrfro ' |n 50 nL of THF/ MeCH, 1:1
was added 50 niL of 1.0 M aqueous NaCH. The resul ting yell ow solution was
heat ed at

To 2.5 g (9.0 mmol) of ester.(the product from Example 7) in 50 mL of THF/MeOH,
1:1 was added 50 mL of 1.0 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. HCL. 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 | 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 stirnng. 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,SO, and
then filtered through 200 g of silica gel. The silica gel was washed with 1500 mL of EtOAc.



15 40 C for 1 hr under argon, with stirring. TLC indicated that ﬁéﬁlng
ester remained. The reaction mxture was concentrated to 20 rrngﬁ'I 2

then cooled to 4 Cin an ice bath and adjusted to pH 4 with conc. HCl. The
copious white precipitate was coll ected on a Buchner funnel, washed with
several wwmbdo4persti ons of cold water and dried under vacupgrawesmght. The
yield was 1.3 g (54% of the salicylicggcid internmediate as a fine colorless
solid. 20 The salicylic acid fromabove was suspended in 20 nml- of dry DW

with stir mvlgorau&d&rﬁt@mmnawp&meIpﬁenoreaﬁﬂae uelemeau&m@ddomgm ryged 0. 92
g (5.7 mol) CDI and the stirred mxture was heated to 50 C for hr, at

Whl ch poi dtWhiteyselif Si-MS1331i (¥ 11 3pRemy, (rF GHECYN+Hol uti on was added 1.0 g (8.0
mmol ) glycine nmethyl ester hydrochloride followed by 5 nL (28.7 nmol) of

di'i sopropyl et '%5‘% %oﬂzar&dé"qembl%d%&d[&gmNbeoa{giésg %@rﬁ%éﬂ‘f was 25

stirred at 40- centra e solution gave
a residue CHM]QUH@WasFﬂd&ﬁ% gl(ﬁﬂeﬁmmawwmpfx@fsuﬂfﬁmhadxd éndl2. 0@ (mmbile dry

residue (5.8 g) was dissolved into_ 500 ni of EtOAc, washed with 100 mL 3 M
Hol, 2 X foexane. Theresultingsplugonyasrefxed dor 3&% Fiyerflsopsiof F?@P@aat%drﬁé&bh 200 g of

silica gek’\%&%ﬁg@ éc} tﬁ eAdfidn WBRNARGEHHW it ?ééﬂ%&égf?ﬁno%%\ Thete W 2006 WO

03/ 045315 46 46 Evdporation o romt I ed phenolic
am de i nt enivexlée shecoplel tdeéd °Q wathgn (cé DatH) thed pouzednhiot 160 dl 6fdl. MQlaOWBWRXB1, ( M+1) ;

362 amu, (I\V+CH3 T020 of phenolic am de crrb'n yield fromtwo
bat ches) H%%%Oﬁa%“@ %P?Z@F ?‘@I—‘T(’E%Ct%g%mééié%ﬁ) 8?§He% -ﬂ’ﬁ'ol) of
canphoyg s leloi‘n@mea &@h@ 1826 Wer® then (v2sheWith )1 06 HLQiiﬁé}edne-ﬁhﬁerrﬁﬁgd)I dfagnsol ution
was refluxed for his. Five drops of concentrated H2S04 were added to the

reaction r?PWFEFr‘éaS rgmpegd inpeces, P gIvRdd § efcruds dis-Yenzoxazine aey waxyolidhiher eact i on
t 1 f 1 M
m xture V‘@:?ucﬁ:%l)cﬁgt %vgsrﬁgona%&%%dl}se@% { 5P Shia Elhﬁ'ﬁ) ﬂ ea Ui Rnt gaéﬂr 0

NaCH with stirring yer- was s parate extract wth 3 X
50 nmL of Caﬂﬂ(ﬁhg(sI‘Vhefiﬂsteldmdainaemlm@dm’elbhyéZSCler(HaChém&yastherdrhmyh 100 nmL

wat er, dried _over SO . an S ive 1.1
of crude i 5%982(%9?‘%”&3 é% 8 %1%’1%/\% @ﬁ&‘ﬁﬁ@gé%@%g )
chroma raapghgd b i | myMatslg (o | t ield
S e e e é’??égﬁw%“‘“ﬁé W“*”é““‘q"ﬁ”@'@ﬂﬁ)ynw,
ester car (1H, s} 868 (1dmbe- 38 Ahany P45 ikl m)asd | Appe (8L, m)-- M5 333 amu,
(Mt1). "H-NMR (CDC13) S 7.60 15

1H,s), 7. 58(1H, s), 5. 5(1H,i n), 5. 30 2H, 4.89(1H,m, 3. 78(3H, s),
g.ee %1 H, g), 2?50 ((1 H, r‘r; 2.3592%%4‘5%%2 15?1 H, r‘r)( an(r?l.QO épm()l

Hom. 20  Preparation of (R,S)-3-(2-0x0-2-pyrrolidinylethyl)-2H,6aH-pyrrolidino[2',1'*-3',2']1,3-
oxazino|5',6'-4,S]benzo|e]1,3-0xazaperhydroine-4,10-dione

LD
SO0 O

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 CHCIl; was added 0.15 mL (1.8 mmol) pyrrolidine, followed by 0.9 mL (1.8 mmol) 2.0 M
ALMej 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



EXAMILE34 20 Preparation of
(R,S)-3-(2-oxo-2-pyrro|idinerthyI)-2H,6aH—pyrroIidino[2",1"-3',2§Md¥§006
oxazino [5',6'-4,5)benzo [e] |, 3-oxazaperhydroine-4,10-d io ne 0 0 To 450 ny
(1.2 mml) (R S)-nmnethyl 2-(4, 10-di oxo-2H, 6aH pyrrolidino[2",1"-

3,211, v@¥dispal 5' , 6' -4, 5] benzo[ e] 1, 3- oxazaper hydr oi n- 3;,@,)@5%%5@
(Exanple 33) in 80 nL 25 dry CHC13 was ,added 0.15 nL (1.8 mmol) pyrrolidine,
followed by 0.9 nL (I.g mmol) 2.0 M ALMe3 in toluene. The addition was
performed at room tenperature under argon atnosphere wth vigorous
stirring. thérestimedwith 60 mi oftl UV #1GleBher aghibdux &agterf voas sépanated oldl eatvededoyitlsd kr ri ng

overnight gt r t erature. (rrolidine .3 n. 3.6 mol) was added

fol | owed mL %%ﬁq\%??’@g'ﬁﬁ‘g?r)g%? P meg‘??‘? ‘Y‘g'!L fPeWE.sa“FF?_ée 84T on ni xture
was ref | uxedidol afedYver RE,SON 268 ciflemfikddtin Detus ! Blelchite aidE6b@Ingy\@as Vi Si bl e by
TLC. The reaction m xture was cooled to 5 C and 23 NMAY 2006 03/ 045315 47

PCT/ US02/ Ihemsategnrphedson F30crsikidatghl tBoelwtingofith 10/ EIQH im0 Ascfodoned bayer was

separated and.extract ed.w.t 5 e i ned .organi g | ayers
wer e Wafghec S\(t/jﬁ“t'zﬁ‘B aﬁ%"fqgéntl‘u&aﬁgéc 5°qﬁ8]§h§%%m& rrfsgazlt') '{5 & dﬂa‘g@&ﬁ) and
concent r ategs 7 769vacIRO(NaONe 788 batBoraAri1g6s, @it calhbnyasd 1433 bt qyrcamed on 150
g silica gel by eluting with 10%EtOHd in EtOAg, followed by

5
crystal | i Z&2i &t . d+Ne), 635 TN HGHLND. 45BMR) (10999412 83D@lk Bysbal | i ne

owder wit = 7 - 1 | 7 , ] ar bonyl
B 1453 (P § O &30 sy i AT, 1 65% G YAR LR, > M n6 oy
"H NVR ( 50052y4H, mEDRAINH, 18), 2.28] | H(th};2.18)(1H,/np 2.08 (1M, 18)), 2.03.(BA, rhi)Yland,1.95) , 5. 41
(2H, % 4.38 (2H, m, 3.87 (1H, m, 3.68 (1H m, 3.52 (4H m, 2.49 (1H,
m, 2. (HPPi}“&?f?’)-z.ls (IH ), 2.08 (2H, ™, 2.03 (IH, m and 1.95 10 ppm
(I H m. EXAMPLE 35 Preparation of

7- (cycl ohexyl car bonyl) - 3- ( 2- met hoxy8iAwpl g3 benzotei l , 3-

oxazaper hydroin-4-one 0 15 0
Preparation of 7-(cyclohexylcarbonyl)-3-(2-methoxyethyl)-2H-benzo[e]1,3-

oxazaperhydroin-4-one
0]

N/\/O\

g

(@)
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Commercially available 3-hydroxybenzaldehyde (10.0g; 81.9 mmol) was dissolved in
40 mL CH,Cl; and 40 mL HC(OE?t); 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 mmo-l,‘~60‘;/.o 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,SO,4 (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



Commerci al |y avail abl e 3-hydroxybenzal dehyde (10.0g; 81.9 nmol) w
dissolved in 40 nL CH2ClI 2 and 40 nL HC(OEt)3 at room tenperat u:F ﬁ’%%%ed
by the addition of 3.0 mL of a | Msolution of BCl3 in hexane. After the

m xture was stirred for 30 min, it was filtered -through 3 cmof silica gel
and the o ineusgsl was washed with a m xture of 150 nlL hexgiRgy@ngd-49 250 nL
Et OAc. The resulting orange oil, which jgas obtained after renoval of the
solvent, was dissolved in 40 m,. THP and 3.5g of NaH (-87 nmol, -60%in

m ner al OIrh%om?mﬂﬁ@z)wMe REJ 4ddedsnd timlxmrawg QRSP RiRRtichel 1519, Fhd N 2
steel cylinder in't resence of CO2 (60 psi) for 2 hr. After cooling and
venting ofmmm:esuss mtlomddéetwmnaﬂ@mhawatgaaﬂﬂ i200 @deﬂt%cz Vidhe rorganig(phate WasOAC and
200 niL wat gr hase s .treat d wi t extracted 25

i th 250 HECRPLROVEN: SOt BT S BT e ok e LS pSRapREPDS §rel o
9.2g of a ondiida g (E@A@rﬂexam/mrykeldeawfg (2i %) 6Lar?8inost3B ¥R dil. WBSNMIRS SOl ved
in 80 nL CH2ClI 2 and (5 nmol was added in portions. After
stirriny t(BQ0 MBiatGRFh)fdof2-JD(1H, rs),at35r(iH &lg @3(@0, 5106 Hyely ] 700% Hab 673/ 045315

Ctirrod ot Paftdcd 1 FRLL iy SEAHERE M () 3RS 300 00, DA R, 200

mL wat er anzB 2020 phmEcE ). The organi ¢ phase was dried over Na2SO4 and

renoval of solvent resulted in a dark brovvn oil. Flash chromatography on
silica gel (EtQAc/Hexange %& 0() i eI ged 5. 2199 of an al nost col orl ess
oil. ITHNW 5 (Be@rospged 5 6‘"&‘1')-}"35 SSO‘TC@B‘ 109l gthanpl. 40gnk 17y |

7.10 ({4 \gater]and ljmélmHCﬁw%Zlddéd Tfl'éso@%nt vJas‘rerﬁov?td%glpﬂetéy '«YR&'BO @m%c I H
bs), 5.44 (I s), 5 (8 .40 (3 and 28 - ppm

(6H, ). T\Mbclpmtdedﬂ@dmhﬂ@mdeed(dsh@elge $0116 (86gr)rr$h9 cmalmwslewmsaowedoo .
et hanol . 40 t d was
renoved corrp &t e?j ‘tt{é{lo%‘gﬂ%th%ﬂdg‘%n Hp (l\w?ﬂﬁ&gﬁl%ane ehfcf’e %to

r eddi sh/ bewga vsgmlrcbui s(lﬁmggb 3 mLhene.H;80, whs:kﬂbgdiﬁomtBe dif%e3 00 wieifl, the ;bto&@:t mL
CH2Cl 2, fol]lowed b trlox eand 10 g

cuso4,  WPHMFE 335 \él}gre@{h??d i %5' &%Wﬁgh @&éﬁh%%@ggd\kﬁ@ %-P&’da &%the After

30 m nys t h@nfthRdus amcrgomn!dﬁ evamgsh%a Wite BE hLtINVOWIH ahd &5 dRl Na 9, ch was
further washed with 300 Et OAc. The 15 conbi ned organi c sol uti on was

washed wi tRer®gvairbf sol\whl\fam)*l’vqﬂd' fthsh dhdomategrapiy28GHica gRlEtVA¢/Hefang GDXﬁ@H—P
fol I owed béIO/éId) Ide%nrpgn(ﬂ%&%)fa c%mhegsncryss Ils wi tgekoll()\l;zvtu%'é&e EIIP40171693 °C
'H NMR (300 MHz, CDCl3) § 10.01 (1H, s), 8.12 (1H, d, J = 8.1 Hz), 7.61 (1H,dd, J = 8.1
and 1.5 Hz), 7.46 (1H, d,J = 1.5 Hz), 5.31 (2H, s), 3.76 (2H, t,J = 4.8 Hz), 3.60 2H, t, ] =
20 4.8 Hz) and 3.36 ppm (3H, s).

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,;SO4 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
afler several days) with the following properties: MP = 78-79 °C. IR: 3431, 2926, 2852, 1657,



60/ 40) yielded 1.7g (43% of colorless crystals with the foIIowhg 2
properties: MP = 71-73 C. 'H NVR (300 MHz, CDCI3) 8 10.01 (1H 3‘% 90¢
(1H, d, J =8.1 Hz), 7.61 (1H, dd, J = 8.1 and 1.5 Hz), 7.46 (1 H d, J =
1.5 Hz), 5.31 (2H, s), 3.76 (2H t, J = 4.8 Hz), 3.60 (2H t, = 20 4.8
Hz) and R.o360aRMs(3H, s). To 500 ng (20.6 nmmol) nagnesi um{,tg/‘éig ey HE under
a nitrogen atnosphere was added a cryggal of 12, 0.2 ni %rom)et hane
and I nmL of a solution of 2.45 g (15 mml) bronocycl ohexane in 10 nL THE
The remai nder of the bronocycl ohaxane sol uti on was 25 added portionw se
within 5 620 amgerllmas&mgrfamme(aaamn SD&t;)&d 85111&&&&618 Hp), MORt ur e was
kept at roomterrperaueand st ch tine sone

nmagnesi um(k%l%J ﬂrgeiiiiddr&lé%)e@mh*%dsbpééﬂ‘&)vaﬁ# @5} ﬂt‘?r%%(%éi Lddéddeo a
sol ution gf th Qtl_ﬁ ted ,al dqhyg ??,gé{g) 2728%2}12%2“)94 ny. ?ngn THF.

yel | ow sol utlon r |ch was s itiona m n. Twenty
m. wat er \biH,anded sIowa fol | oned by 200 m. Et CAc and a 30 small anount of

HCl (enough to dissolve the magnesium salts). The organic phase was dried

over 2SO4 and concentrated to yield a yellow oil. Flash chromat ography on
silica gel (aggt %@&M%@mﬁ@f 89)3.Y hipdipdask éolgec( MEWmO CHRCE It Ghichy
yellowi sh oil (which crystallized™ after 'several days) wth the follow ng

propert i esvas Wided 17638 4 @mo)RCQ After SO A6 TINRgHe mixtes Mvas Z'(Btemd‘?hl@@ﬂﬁi‘ WO

Coc13) 6 7 e pch ¥ withed Gty ikl At EGACTs L b SpRtE  o

(1 H dJ and ﬁa& dﬂzamat&graﬂly 62 lgulczsge,l (Etoaﬁ/}{eiadelem() 4 59/56) ﬁelﬂzd 700 Bg 74- 3. 68
(2H, "i) > %{ %5( 1 94- 0.90
ppm (i 10 l(-l70/|?)°f35°°'lf’rﬁ‘5591 %‘t‘@l‘%ﬁf‘é‘f’@’"&l%@ﬁ&!es( 893 2 411%I1 9\1\/5;1%2 di ssol ved

in 50 L %‘ﬁ %6 Lt "Wl RIMR Q&?éwﬁﬂﬂé@)dg)@ gh3((, Wén%’ﬁ%zﬁﬁﬂl 5070§

stirring, € 'mxture was tered thfough 3 cm silica gel
washed wi tahd &.5nfx)t U4®(18E, 4,751 ﬁ1BZEt5G¢8d2HJSB 315 GEx e 5.CHaE 8rfor(2H;| bh— and

700 g 10 0% br° GHed b1 e85t iR oR T AT RSNE Bhoper i o5, IR 2050

2854, 1677, 1449, 1427, 1314, 986 cm'. 'H NVR (300 MHz, CDC13) S 8.03 (1
H d J=7.8H), 7.62 (IH, dd, J = 7.8 and 1.5 Hz), 7.49 (1H, d, J = 1.5
Hz), 5'%28 (2H s), 3.75 (2H t, J EXAMPLES6 3 59 (24 t, J = 5.0 Hz), 3.35

(3H, s), 3pieparationlol ﬁ(l%loﬂantﬁ&qbén)%%-eth}l@ﬁ beR#9[6)1 8 xafMperhydroin-4-one
O

NN

J

o
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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, CDCl,) 6 8.04 (1H, d,J = 8.3 Hz), 7.66 (1H, dd,J = 8.3 and 1.5 Hz), 7.53 (1H, d,) =

1.5 Hz), 523 (2H, 5),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, ] =7.2 Hz).



15 EXAMPLE 36 Preparation of

7-(cyc|openty|carbonyl)-3-ethy|-ZFLbenzoIe)1,3-oxazaperhydroin-%ggﬁﬁyzﬂp%

The synthesis was perforned essentially as for Exanple 35 with the foll ow ng

exceptions: substitution of ethylam ne for 2-nethoxyethyl am ne and

bronocychvapesnsane for 20 bronocycl ohexane. Flash chromat ggha@y/3a¢silica

gel (EtOAc/hexane 40/60) yielded a colgrless oil, which was crystallized

fron1NWBE/hexane to yield white crystals with the follow ng properties: M
= 53-54 C. IR 1677, 1664, 1491, 14@&mwiik@ﬁﬂﬂ . NWVR (300 WMHz, CDC13) S

8 04 (1 H d, J 8.3 Hz), 7.66 (1 H, dd, J 8.3 and 1.5 Hz), 7.53 (1 H, d,

J= 1.5 Hz), Hema(lqnof 3s}ethyl37-ﬂzerhyd3romi pxralq-4 Micarbogylg 2 - mzotﬂl,} = 7.2 H),

1.98 - 1.60 (8H, m and 25 1.26 one. -2 Hz). 23 MAY 2006 WO

03/ 045315 PCTI US02/ 37646 50  EXRREF eé‘?'ﬁm';e'f}ar % ion of

3-et hyl - 7- (per hydro- 2H pyr an- 4-yl car bonyl ) - D+ benzol el 1, 3-

oxazaper hydroin-4-one 0 0 5 The synthesis |pas performed essentially as for

Exanpl e 36 except for subst} ef™hydr opyrane for

br onocycl opent ane. MP = 93- , 1430, 1311

cm . ' HNMR(300MHz, CDC13) S8. G '63(1H,dd,J=8.1 and 1.5 Hz),

7.50 (1 H d, J =15 Hz), 5. , : - 4.00 (2H m, 3.62 (2H, q, J

7.2 Hz), 3.60 - 3.38 (3H m, 1094 - '1.73 (4H, m and 1.26 ppm (3H, t, J

7.2 Hz). 10 EXAMPLE 38 Preparation of

7- (cyclphexyl carm@@wﬂle)sls?evaetpmdrm%k%&@mmwéer éxmégpei&xdﬂ‘opwwmeaﬁofo 0 The

synthesis was performed essentially as | e 36 except for
subst i t ut ideehleotetrahydropyrane for bromocyclopentane. MP = 93 94 °C. IR: 1682, 1663, 1430,
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, s5), 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
o

N7\

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 w‘hite crystals with the following properties: MP = 69-70°C. IR: 2932, 1678, 1667, 1427,
1316 cﬁ". 'H NMR (300 MHz, CDCl;) 5 8.04 (1H, d, J = 8.1 Hz), 7.63 (1H, dd J = 8.1 and
1.8 Hz), 7.49 (1H, d, ] = 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, ] = 7.2 Hz).

20



br onocycl ohexane for bronocycl opentane. Crystallization from Et QAc/ hexane

provided 15 white crystals with the followi ng properties: M 23¥A¥R0061R:

2932, 1678, 1667, 1427, 1316 cmi 1. | H NWR (300 MHz, CDC13) S 8.04 (I H,

d J=8.1Hz), 7.63 (1 H ddJ =8.14and 1.8 Hz), 7.49 (1 H d, J =1.8
= 7.

a
Hz) , 5 3.62 (2H, q, J 2 Hz), 3.25 - 3.14 1.94 -
1.25 1%?40%)6'43?}’21 1.26 ppm (3H, t, J 5.7:2 Hz). 20 23 Maf(lzf%%%%:s/ 045315
PCT/U802/37646 51 EXAMPLE 39 Preparatlon of
7- (2-cycl ohexyl acetyl ) - 3-et hyl - 2H benzol ei 1, 3- oxazaper hydroi n-4-one 0 The
synt hesi s was perforned essenti al IEXAMPMI®E 3Exanpl e 36 except for
substitution of 5 brononethyl cycl ghexane for bronpocycl opent ane.
Cryst al | i zZBrepgrationgth Tnfreerinbexyiasety)dretby-2irbenzolell,d0xnzaperhyAreing-4n8| | owi ng
properties: MP = 55-58 C. IR 2924, 2851, 1670, 1667, 1428, 1317, 894 cmt.
"H NWR (300 Mz, CDCI3) S 8.04 (1H, d, J §.1 Hz), 7.63 (IH dd J = 8.1
and 1.5 Hz), 7. 50 (1H, d, J = 1.5 FE), &H”\s) 3.62 (2H, q, J =7.5
Hz), 2.80 (2H, d, J = 6.6 Hz), 2.0 IlH m; 1.80 - 0.92 (10H, m
and 1.26 ppm (3H, t, J = 10 XAIVE 40 Preparation of (R'S),
(R 'S)-3-ethyl-7-1(2-hydroxy -hex'l)carbonyl]-ZFLbenzoIeII,3-
oxazaper hydroi n-4-one 0 15 nedi at e al dehyde was synt hesi zed as in
Exanple 36. To 1.2 g (5.85 mml) aldehyde in 40 nL ethanol was added a
solution of 1.T% sgn@.&ﬁs mpgrfommmmlbawonEwmg 364&2(@[>I3f0( substiutipn of n 50 ni
wat er . T e solu

wh
that 1o narastyEarBSp o, SmadbroieTh SEpben Bt Be Mibrabeg,” ' ©

addi ti onayielddd whité c@fetarstwnﬁ ihe fapuanyisropirian Mp was-seerpred 9y, 2saprg7al i on and
50 mL water was added. 20 Thg m xture was extracted with | x 200 nL and 1 x

100 m - El@Ac 142Bnd3 bh gahicar pﬂéé‘@flﬁe@oo MHze §DG2 0 3\@142@@4 daﬁd‘ §hélzdvhbr at i on

of Lhe schYens 4 el 058 e, oHA0TyES, oold G Lo YA L el ) Ths e (12
2.80 (2H, d, T = 6.6 Hz), 2.03 — 1.88 (1H, m), 1.80 — 0.92 (10H, m) and 1.26 ppm (3H t,]=
10 7.5 Hz).

EXAMPLE 40
Preparation of (R,S), (R,S)-3-ethyl-7-[(2-hydroxycyclohexyl)carbonyl]-2H-benzo[e]1,3-

oxazaperhydroin-4-one

0]
NN
>
Og, ©
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;CO; (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
sohd.
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



mmol) NCS and 30 m - HCl gas. The mixture was stirred for 60 mn at it until
the starting 23 MAY 2006 WO 03/ 045 315 PCT/ US02/ 37646 52 nat eri &% My2006
consuned. The m xture was diluted with 300 nL Et OAc and extracted with 2 Xx
150 nL water. The organi c phase was dried over Na2SO4, and the vol une
reduced twp d8)ss3ts To this mxture were added 5 b DVF, Zo-filsi)sdghexene
and a solution of 1.5 nL NEt3 in 25 m;CH2CI2 (dropw se over night). The
sol vent was evaporated and 150 nL water was 5 added. The m xture was

ext ract ed piid in 4720 cMsulabAe Aittulefas ANIGRA Wih BOGRE MBAc 2@ BRIl ALMA af t er
dryi ng over Na2SO4. Fl ash chromat ography on silica gel (EtOAc/hexane 50/50)

yi el ded a 166indr vetss Thi brgafio Phasg wad 88d ovehNelS Oweand thepsiwnhd iededd ta HihmL.
Et OAc/ hexane,. MP = 102 - 104 | R._2934, 1664, 1621, 143 1314, 838 cm'.
“H R (308 thxwwrs)ad%e]df r@’gDMﬁ?Sar}L elohgrege 9&36 a soutips 0? 1§ mgy 15 g 1

d 1.5 Hpk.mi7 e v notiB, doRbtkd 81,156 1H m,
3 61 (2H?J@%¢3ﬂr|§§2%§?5€73-s§§v2%(" %Egm“%*ﬁg‘l‘?aféq’a(sudﬁ;’h 156 i‘?ézkgﬁg{)sm (3an)t,

J = 6. 9 Haydedrdhamaxhigtwas mxtodctedivath 250 alz BIQArcanf thmoradios/eha¢qu® ng; 2. 49 mmol )
in 100 nL et hanol .added,,1. B 31in 70 ni ) I Raney

N ckel . AFPRE I spARRERRE b R ety B o088 B8 AR ceRnT
concent r atsedb0apitidedatcolorless@il (B0 mean%s)Owliith Wad drgstallizbd RODEQAHIe. The two
phases were _separated and _the aqueous |ayer was ext r,ﬁcé ed with an

addi t i onaMBG0O - B G R PR d Bbil idel | 2y btide 81858 r-s B @4 MHzover Na2so4

and Concemgégjzgq% 'ﬂx@%;@ggﬂgz P45 ARNYA 90 £ iaces A8, 7h ([ pagihxane

(50/50) gav ess oil. Crystallization from
Et OAc/ Hexerd @iHe k) elds 5250 50t Hyfm) a3 .6h (2t qslot 6.4 H), 327 -h3.20:€1H,0i)] 234 AG.20

properties, M. = z: 10 . 1R 03460, 2933, 1661, 1431, 1319, 988 cm '. 'H
NMVR (300 Wﬁfi‘:mé:b@lg%@’%?ﬂg‘(’: H§-9§*,Z?J = 8.1 H), 7.61 (IH, dd, J = 8.1 and
1.5 Hz), 7.48 (1 H d, J =1.5 Hz), 5.23 (2H, s), 4.30 - 4.25 (1H, m), 3.62

(2H, g, J = 7. 2Hz) sonttiod 31 the4soRdzoliné kromlabove- (79 mg; 12 BPmdHlin 100 m@nd 1. 26 ppm
(3H, t, J = 25 EXAMPLE 41 Preparation

7- (cycl hé&‘iiéﬂzi’rl gze%éddﬁd 3 28R @) Ol yatpeqnd, I3g g&f&zéﬁ@whﬁﬁ%hwozﬁa@om The
Subst | Lt 1o o e A R R B T ar P R TRIRe SRR B gnd g,
1676, 16620010l EIOAdThe 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, CDCl;) & 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 (2H, q, ] = 7.2Hz), 4.33 —

4.27 (1H, m), 2.05 - 1.35 (8H, 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
(@)
)N/
o
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,



23 MAY 2006 WD 03/ 045315PCT/ US02/ 37646 53 1426, 1350, 1263, 984 g? 'H Ng/R
(300 MHz, CDC13) 5 8.04 (1H, d, J = 8.1 Hz), 7.63 (IH dd, J = &3MAXd0465
Hz), 7.49 (1H, d, J = 1.5 Hz), 5.21 (2H, s), 3.23 -3.15 (IH, m, 3.15 (3H,
s) and 1.93 - 1.20 ppm (I OH, m. 5 EXAVMPLE 42 Preparation of

7- (cycl onaxgdimasisonyl ) - 3- (et hyl et hyl ) - 2H benzo] ei 1, 3- oxgzapevhydid®i n- 4- one
The synthesis was perforned essentiallgsas for Exanple 38 except for
substitution of 10 isopropylam ne for ethylam ne. Crystallization from
MIBE/ hexane yi el ded white quystal s with the follow n}g properties: MP = 88 -
90 T. | R 12381354868, 984678, . HOSMR BAGMHz]1GDEL) 6 BH4L1H, 1015 8.bHL), 268. ' H NMVR

Vs vy, fmgec =gt S ¥y 2 g 200k g St Sl 950

- 3.14 (I3, shhnd IL9951_-20f1r>p21ql()1I{,|g7|, m and 1.26 ppm (6H, d, J = 6.9 Hz). 15
EXAMPLE 43 Preparation o

(R S)-6-(cycl ohexyl carbonyl ) - 3aH benzo] e] pyrrolidino] 2, 1-b] 1, 3-

oxazapey hydroin-9-one 0 0 20 The gWiMpekswas performed essentially as for
Exanpl ? 38 with the followi ng exceptl ons:E?absti tution of

4- am nobut yr al d®ngeatiar ofet-(vytlahexykashioay P8 nethydethyvi2 Hebenzole)1,3-r eat ed wit h
HBr/HOAc in nethylene chloride to for he i nternedi ate al dehyde. The final
product had the fol |l owi ng proper®f@germypron-114#€111 ¢ IR 2927, 2855, 1676,
1665, 1439, 1078 cm'. "H NWMR (300 MHz, C¥13),8 8.00 (1 H d, J =7.8 Hz),
7.63 (1 H dd, J = 7.8 and 23 NAY 2006 WO /031,&15 PCT/ US02/ 37646 54 1.5
Hz), 7.50 (1 H d, J =1.5 . toNd 6.0 Hz), 3.91 - 3.82 (1 H,
m, 3.67 - 3.59 (I H m, 3. ﬁ 2.53 -2.42 (1 H m, 2.35
-2.22 (1 H m, 2.20-2.07 (1 H

The synthesis was performed essentially as for Example 38 except for substitution of
10  isopropylamine for ethylamine. Crystallization from MTBE/hexane yielded white crystals
with the following properties: MP = 88 — 90 °C. IR: 2931, 2854, 1676, 1654, 1450, 1427,
1335, 1218, 991 cm™. "H NMR (300 MHz, CDCl;) & 8.04 (1H, d, J = 8.1 Hz), 7.62 (1H, dd, J
=8.1and 1.5 Hz), 7.49 (1H, d, ] = 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
10
O
O
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/HOACc 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) § 8.00 (1H, d, J = 7.8 Hz), 7.63 (1H, dd, J = 7.8 and



and 2.05 - 1.20 ppm (12H, m. 5 EXAMPLE 44 Preparation of 2 0

6- (cycl ohexyl carbonyl) - 3- et hyl - 2H benzo(ej |, 3- oxazaper hydr oi n- 4+ %R@AYG Qﬁ
5-Fornylsalicylic acid (2.8 g; 16.8 nmol) was dissolved in 150 nlL net hanol
and 10 nlL thionyl chloride was added dropw se. After stirring the solution
for 18 hwaoats/eeerm 10 t enperature, another 5 ni thionyl cheriudezvyrass added
dropwi se and the m xture was refluxed sgjor 5 hr. The sol vent was evaporat ed
and the remaining mxture was filtered through silica gel, which was washed

wi th 300 rri_sﬁkpé\gbfaﬂxam (115111}) 5@@0@2%&9&03&) emlamoszo(pﬁlai)es 67f-ra(5@I ons
yi el ded 3.0 g orange sol whi c Et hyl am ne

di s

(5.0 g) W m4ded a%wflﬁbnﬁo? é&r%ﬂ%&é@t?ﬁea 2%}11’3“)@1&%—3&07&11{ Mhe

sol vent poy 0 15 nL aqueous HO was added until the pH =1
The nixtﬁ?gdggg g&%ﬁ@%?ggﬂhﬁﬁh Et OAc (250 nl and 100 ni), dried over Na2SO™4
and concentrated to yield 1.4 g yeIIOM/anlde The crude am de was di ssol ved
in 40 CH2Cl 2 cont ai ni ng 6'09'[:15)8{;1?[9 §7 nmmol) and 5.0 g CuS™4 The
resulti'ng m xture was stirred vi gorot th t he dropwi se addition of 20
1.0 mL con@repidati¥n of§-(SEloBEkyldabbdng - &aaylmmbwm[eq\aa,s»o&hiabemdrmhrmtgh silica
gel, which was washed with 250 nL Et QAc. The organi c phase was
concentrated which resulted in a bei ge so?ld Flash chr omat ogr aphy on
silica gel (EtCAc/hexane 50/ 50 o colorless oil, which
solidified after I hr. The in [ de ad the foll ow ng
properties: MP = 47-50 C. "H A . CDCI3) S 9 97 (1 H, s), 8.47 (1H
d, J =1.8 25 Hz), 8.00 (I H dd, J =874 add 1.8 Hz 709(IHdJ:18
Hz), 5.28 (2H, 7. H

)| The convers SHYBRRERY s 48 srdn b Al Rl 1 f-‘w" RRERethg 06T el e
essenti al InyL tiiohyll ohibrige Wiseadpeddropluise Alfter :&btﬂri’glheso?r&mdﬁ 182%38ro08855, 1683,
1614, 1494 1463, 1372, 1311, 30 1247, 1209, 978 cms. 'H NVR (300 Mz,

cDal 3) 1% demperpiug, appthey 5.ml thionyl ghlorige ygs added drpgwisg aQ@W"‘EWW‘B‘S? 045315
55 PCT/ US%#?»KM@e 3‘018¢n?w@§‘gva§or%teh'l%ﬂd ch req::’a r(wl% x'ﬁ'xque wis Flt&eg th h stic£o (2H,

s), 3.63 (2H, q, = 0 (10H, m and
1.27 ppm (gglench Wawah@i \Hﬂ) 300 mLEtOAc/hexane(l 1). Concentratlon of appropnate

fractions yielded 3.0 g orange solid, which was dissolved in 30 mL CH,Cl,. Ethylamine (5.0

g) was added and the solution was stirred for 3 days at rt. The solvent was evaporated and 100
15 mL aqueous HCI was added until the pH = 1. The mixture was extracted with EtOAc (250
mL and 100 mL), dried over Na,SO, 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,SO,. 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, s), 3.63 (2H, q, ] =
7.2 Hz) and 1.27 ppm (3H, t, J = 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, CDCly) § 8.53 (1H, d, ] = 2.1 Hz), 8.09 (1H, dd, J



EXAMPLE 45 5 Preparation of

(3S) - 3-benzyl - (R S) - 2H, 3H, 4H, 7aHpyrrol i di no[ 2", 1"-2', 3' J1,3- 23 MAY 2006
oxazaper hydroi no[5',6' -5, 4) benzo[f] 1, 4-oxazepi ne-5, 11-di one Comrercially
avai | abl e carbonyl benzyl oxyphenyl al ani ne (10.0 g; 33.4 nmml) was dissol ved
in 150 myoG@hidéAds CDI (8.0 g 49.3 mmol) was added and thepc?,ﬁ 4138644
stirred 10 for 60 min at rt. Methanol (25 nL) was added an e mxture was
stirred for another 60 min at rt. The solvent was evaporated, 150 niL water
was added and the m xture was extracted wth 250 nL Et CAc. The organic
phase was=@riad 20VHz), Na2 88 dahe 8GdW 11T @Hes), 3.60(28h g, J+ &12d¢), B3TeB 26| ess oi |

(10.19). The rhqony heny| al a t hyl ester was dissolved in
120 nmL THé%aﬂir‘} %fl qéoégﬁfﬁﬁpgléfg (bﬁs‘ gaggdge)caum ng the m xture to warm
up to 60 C. The m xture was refluxed for 5 mn until the starting materi al

was consuned. The reaction was quenched by the slow addition of 25 nL 2 N
HCl followed by 100 nL met hanol . AEXAMRIFA4S0l uti on was concentrated, 100

E![_Otz\gll gx\é\ﬁz rfggr)gtlgncké -3 %‘e E@ ﬁ3?‘i($ gﬁg)%llrmhtd :é '2903'@_3 20
Req}’o 3”5?'"21& 1% id with the

concentrated, whi cif* 3P g 8o
follow ng properties: M: 83 C. 'H NVR (300 MHz, CDCI3) 6 7.35 - 7.15
(10H, m, 5.07 (2H, s), 5.0¥% 93(1H m, |4.00 - 3.89 (I H m, 3.74 -
3.54 (2H, m and 2.86 ppm (2, ~2\ The al cohol from above was
di ssolved in 80 nL pyridine fol Mewed b and 4.6 g (40.1 mmol)
CH3SO2Cl at O C. After the mxtumer\yva 18 hr at rt 700 nil -
Et CAc was added and the sol ution yas @xtract ed with 3 x 200 mL 2N HCl. The

organi ¢ phase was dried over Na2SO4 &d concentrated, which yielded 9.7g of

a beige solid th th roperties: X -85 C . "H NWR (300 Mz,
CDC13)g 5 7.35 ¥¥I"’7‘“‘}?‘&“ mw’ah’? ca%mﬁm%‘i ﬁ%aggﬁié’ﬁ%’ é&?‘@@gﬂ%gma 56
5.08 (211 gis8divedind80 mL‘CI%‘@le( tDH(8.0 49.4 mdSoly w4k abifled a3k, théhhixture W@s étdfdd ) and
2.95 - 2.84 ppm (2H, . To a solution of 1.5 g (5.4 nmol) of the phenol

( synt H8si fad0gminjaprt. E%@Lhwowéo’)u was pdded agd the migtuggems siigedfadaetber20mig K2003
d 1 0 t th
"0 & Rolab RS BUBANAL Pro G HALBIBR dERbE el Bitfiout s, L hen

r ef I ux ed foth 258 niir Etaﬂceﬁhezor@argc p2eC8asaindd bvdd N384 antl eomentnatéds whichnat e wer e
yielded a colorless oil (10.1g).

15 The carbonylbenzyloxyphenylalanine methylester was dissolved in 120 mL THF and
1.2 g (55 mmol) LiBH4 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 HCl 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, CDCl;) 6 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, J = 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 dnied 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, CDCl;) & 7.35 — 7.18 (10H, m),



added and the m xture refluxed another 24 hr. Water (100 i) wa% ggﬁfgo
the mxture was extracted with EtQAc (250 nL and 150 nml). The 3? (gagase

was dried over Na2SO4, 10 and the sol vent evaporated. Flash chromatography
on silica gel (EtQAc/hexane 45/55, then 66/ 34) yielded 1.6 g of a slightly
yel | ow sty@idpsedish the follow ng properties: 'H NVR (300 pMig;502/37646
CDC13) S7. 44-7.18(12H, m, 5. 88-5. 80( 1H, mg5. 46(0. 5H,t, J=6Hz) ,5.44 (0.5H, t, J
=6 Hz), 5.10 (2H, s), 4.39 (2H, g, J = 6.9 Hz), 4.29 - 4.00 (2H, m, 3.96 -
3.77 (2Hss, (§H655 530(55613h|(m r§)1§92491@((?#rﬁ?2@65ﬂ125)3&(ib‘5 b4 ;R (3456 (3H
m 15 and 1.38 I's oil was dissol ved in 100 nL
met hanol . ™Rd/ C (600 ng) Was added and the mxture was hydrogenated for 2
hr. The m xture was filtered and the sol vent evaporated. The resulting oil

was heated to 150 .or i Fla hr of .t ti oil on
50 si | ron gel (B CHLRLaHS eRss T hiBre T SRR i ERert i i 6b ©
Crystaldl i mztmnéw@ad@&%w muﬂl @QGfﬁac fiethyBulbtaleS THE MBladtk Svayd th the
foll ow ng properties 167 1442 cnmd'. 'H NMR (300 MHz,

CDC1 3) S 7efbued foy 7Ruys;then 2. Org)KzC@azsdIZSsoﬁdw eihvlsulfﬁyate wen«:@qudHThet J =26

2. 29 ity 2ol s, g 120, a5 JoPRs el (2,90 -

6
H ). a2&edXAMelinxdme Féjﬂapell’ &mbtmmfldfr WRe)100 mL) was added and the mixture
S
, 2

- 2H, 3H, 3aH9 noj 3, 2- rrali ino 2", 1"-

Cn wsrmsedoy R e @S mband o1 oonDn TP S plashy s i NeSGhone 0 0
To 1® SQhdtHeQBIvEst e%d%)‘ﬁéd)ﬂﬁﬁlh&}ﬁ}ainbt rdishy(oh-shlich geABtCPA dThaXane 4505 2@fn L. DMF 23
MAY 2006 WO 03/045315 PCT/ US02/ 37646 57 that was sparged with ar?on gas was

added 2. 1&6@%1’16'99%édcnf@rﬁhalg;brmeﬂ@\we*sgl with#hs|f§llgwing pr@p@memuséR H¥Operiod of
1 hr. The yif L&ﬁél“)gs ?S?Jh“%' 1%’1'12’}?% saged g ggl%%ﬁéfttg hep, cooled to
0t pr obl onal

room terrpera ure i s solut’ was a hyde di et hyl
acetal (X058, = 6362z)95.00n1Y, spAd o2 q. in=i6edilzie4.9 6 4W0G2HGH), 9.96wH.)7. The

oL 0 SRR 0 L b Rgaf 18- £5hinn T LR 00! o

15 and 1.38 ppm (3H, t, J = 6.9 Hz).

2
(1
(R,
3'

30

This o1l was dissolved in 100 mL methanol. Pd/C (600 mg) was added and the
mixture was hydrogenated for 2 hr. The mixture was filtered and the solvent evaporated. The
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).

25

EXAMPLE 46

Preparation of (R,S), (R,S)-2H,3H,3aH,9aH--1,2-0xazolidino[3,2-b]pyrrolidino[2',1"-
3',2'](1,3-0xazino)[5',6'-5,4]benzole]1,3-0xazaperhydroine-6,12-dione
0

30 To a solution of N-hydroxyphthalimide (7.5 g, 44.6 mmol) in 200 mL DMF



between 1.5 L H20/ 0.5 L Et20. The organic |ayer was washed th
dried over Na2SO4, filtered and evaporated in vacuo. Flash chr gﬁg’ﬁhy
of the residue (EtOAc: hexanes 1:4) afforded 9.3 g (71% of a white solid.
The internedi ate was dissolved in 250 nL of anhydrous ethyl alcohol, to

whi ch wasoaddedianhydrous hydrazine (1.99 nlL, 63.4 muol) .pcOudoaseds at e
precipitation of a fluffy white solid sgwas.noted. After 2 hr the m xture was
filtered to renobve the precipitated material, which was washed with ethyl
al cohol . The conbined ethyl alcohol solutions were evaporated in vacuo and
t he resul thangasrsparigetliwitipangbn gas ovae dddeth @t1vkegent 603G1iaM Hyddie (FBS nangjaini ¢ | ayer

was washed with brine, dried over Na2SO4, filtered _and evgporated in vacuo.
The resul RITRYPSAVET WOQPEWW' [I'gedreﬂﬂt&g(so Vi %@2‘%#@8&3%’ apdthes af ford

3.25 g (639 ‘ b 2t Esoio : : nd 1059
1. '(Hgblél?\?lgq% %%dgﬁf/}ﬁ%ﬁ{éﬁ%?gg{'%zH, g)%fas 51@66%%%%@?",% Ry ehz’%%%ﬂ\j—yé%,@m .74 (2H,
t, J = 6.81R2znL, 66.9%56mol) 2h] sadjum ®dBE (1020, 669, mrhol). The 2¢4nltinpg sdspenston2vadz) and

]r;TnZ)E') pg{n héﬁgg’?-t‘%&%g%%}}él}o 2s§aﬁéng\9£ c\(l)vg]%d ?ourttj)grlneigmrl)err]gtgreaang 81|ellil Ealar%legeti 759 (27

benzo[ e] pydik&dni 195 NG,8/ d.5 Pl Bt,B-TRY agg'mm@emsa@suédam kiR BRANA 02,582l € 7)
in 75 nm of 20 1:1 MeOH : | MNaOH The resulting solution was stirred

over ni ght filkered anseManeaased hercuoeRipshehiramategaantiy of thia gespive GFtOAsderarieg d) yel | ow
sol ution i d, .\t i:4:h d . rj cid. The heavy
white pr e%@%?@'gg&gsk)cogfﬁggf \éﬂdgdbgﬁeggéﬁgiﬁagér& Su%‘%éwegﬁ?%’*é 8@ with small
porti ons athysateethylyicehal] togvhichGvay addedtahlzydiranis dydredhafle99aal.,i 68y mmohci d ( 98%

after __drying,.for several .hqurs at 0.2 mm suspensi op, of . t he
"t or A8l MrBehiat? preSpEhon et A TG P olid WEE e KRy GhmRBRe SepRk e added
1, 1' - car bnyneid the g@a@itaec( A@érid]Dvhidh & WARED wit BiBylraRR641 DR: dBmtingde  becane

honogeneous after mn. After stirring at roomtenperature for 18 hr, the
ani ne ( 0cthy ajgohol splutionsgrs exaperatsd dewcrpandithbe waylting wsidvemagtitiangdt i on was t hen
stirred fonyl L/ 28 M he GERRI 1Y Was F2hed W bHRS A60d Yok NGk The
or gani c Ia;s\greﬂr\/?a}sl%mhéﬁgd vﬁtt%ﬁﬁr e 50° 30 I portions O¥\4’ Et CAC. © TLe conbi ned
or gani c piaeissapmeteé invasie Theveskitihg il Wi distdled under esbuuia2IGoB Henet tC)itme, dri ed

or cssUse 1P 25 5P G MEGHEREG FIBRy ROt ha re i 1 FEidsRerines. 10 1)
it or medi At R SOAvE Ch D B2 At o b3 Ths tpson
and stirr@d, at), 3.6b@H, enped bl ¢, 0.2 Bzhand Mheppme@®@tl, t,.drF Tl Kezure was t hen
washed Argon was bubbled into a solution of 7.5 g (27 mmol) ethyl 7-hydroxy-9-oxo-3aH-
benzo[e]pyrrolidino[2,1-b]1,3-0xazine-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 HC], saturated
NaHCOj and brine, dried over Na;SOy, filtered and concentrated in vacuo. After drying on at

reduced pressure for 1 hr, flash chromatography of the residue (EtOAc:hexanes, 1:1)



w th saturated NaHCO3, dried over Na2SO4, filtered and evacuat eg&' \éfocogg.
The solid was crystallized from CH2Cl 2/ Et20 to afford 240 ng ( WAY

of f-white powder. MP. 245-250 5 C. IR 1666 and 1458 cm'. 'H NWR (500 MHz)
S 7.58 (0.5H, s), 7.56 (0.5H, s), 7.54 (0.5H, s), 7.52 (0.5H, m, 5.76 (I
H m, Swarloseddsi, q,1= 5.7 Hz), 4.31 (11-1, m), 4.24 (1llpchyusieis7643- 85 (1H,
m, 3.62 (1H m, 2.80 (IH m, 2.71 (4H m, 2.45 (1H, m, 2.27 (1H, in),
2.14 (1H, m and 1.96 ppm (1H, m. 10 EXAVMPLE 47 Preparation of (R S),

(R 9)-6-[ Gﬁ‘bﬁ%@ﬁ@% R4k, THis vtk chfe@ia RO ldlssof vddlifl s YCRALE and treated with 3

benzo[ e] pyrrol idi no[ 2, 1-b] 1, 3-oxazaper hydroi n-9-one 15 To a suspension of

t he i nt er deaws Er80cml istiyed a repm Wmpers tirdfoni. Tha Gactiommixge was $8n washsd) in 10

nm. dry Dl\/lay\@s ad - carbonyl.di.m dazol e, (267 5THTTD|..

| medi at el 3} sf’ﬁ%reageﬁg\é%l'{#%ﬁﬂg?ﬁ x‘fvﬁ{%azggé’éﬁ}@reﬁS%é'écnuea(t)egg{z V%Cf" er %follﬂ)dr“(aﬁg at room
t enper at UcHstaflized £6mICH,C1,ALD i FHoRDX0HERY6) by Ahrodfwhizerpavadet. 3B 245-22006 nmol )
was added to the 20 solutign. After 1 h, the reaction was washed with | N

HC, satufGt 8 IeESeBl 48 embr IERYMR @09 MHzb di58 KISk, 7.56 (0158 O 7 4hd

and 1 eat S0 O e LY € b T ag TR EE i e Al hab Y, 6 ©
the react 3®3 (VWasm)\3sn¢ddwh), D.86 atHmat 24 NﬂHﬁE}&.45§thseﬂ),Q§aar(1m,a;8§Q¥114 filtered
and concentrated. Flash chromatography of the oily residue (CH2Cl12: MeCOH,

50: 1) af f 6H&ew) ndd 96 ppmfgH( BB of a yellow solid. MP: 138-140 C. IR 1667
and 1451 cm's. "H NWR (500MHz) 8 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,
nrr)) : 5.3)10?8((1? g) , 4. 33 (éH,( m, 3. EXQ@%PBE?', g) , 3. 9:; (0. 5H, Hn) , 3. 244§1Fi y
R g siloin Lo il h g L
ppm : ’

Preparation of (R'S), (R S)-6-[(3-hydroxypyrrolidinyl)carbonyl]-3aH

benzo[ el pyrrolidino[2,1-b)1, 3- oxazgper hydr oi n?9-one 0

ygo e

To a suspension of the intermediate salicylic acid (see Example 46) (411 mg, 1.65

15

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 pL, 2.06 mmol) was added to the

20  solution. After 1 h, the reaction was washed with 1 N HCl, saturated NaHCO; and brine,
dried over Na,SQOyq, 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)
6 10.83 (0.5H, 5), 10.79 (0.5H, s), 7.78 (0.5H, 5), 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).

30



HO O 5 A solution of 3-hydroxypyrrolidine (1.0 g, 11.5 mml) and i m dazol e
(1.72 g, 25.2 mmol) in 20 nL CH2Cl 2 was prepared in a 3-neck 10@3MAfyl 2006
fitted with a thernoneter and subsequently cooled to OC. A solution of
t-butyldinethylsilyl chloride (3.80 g, 25.2 mol) in 15 nL CH2Cl 2 was added
via a syn over a period of 1 hr. The solution was _stirred at room
t enper at l}ygggﬂﬁgﬁﬁg the slow precipitation of a white sol iP&T(\S#?/a?ﬁ& e 10
hydrochl oride). After 18 hr the precipi®ate was filtered off and washed with
CH2C12. The solution was then concentrated in vacuo and the resulting
orange oil was redissolved in netR{anolpiafdger stirring the alcoholic
solution for 2 hr, the solution was agalin evaporated in vacuo and then
partitioned betwBespaCrid dI/(RX), (RI)&-(3-hrdriosypyaydidimdavkatylieBali-t h bri ne,
dried over Na2SO4, filte%ﬁd] and .ﬁ,onﬁ nltlt:lg‘t ed. Th %esi ue was dried under
vacuum for several 15 BBEHEIPXEPRigP gl' 115-0Fagapse iy dppingd-fiie;, oxypyrrol i di ne
t-butyl-dinmethylsilylether as a viscous orange oil. IR 3150, 2953, 2928,
2888, 1413 and 1255 cm'l. To a suspension of tlhe internediate salicylic acid

(see Exanple 46 for its synthesi (43g-y . ool ) in 10 nL dry CH2Cl12
was added 1,1'-carbonyldii | ol e|( ml Dl ). The reaction
m xt ure becane honbgeneous very DYy Ny esr. gas£vol ution was also slow.
After | It at roomtenperature, a solfuti on of *the 3-hydroxypyrrolidine
t-butyl- dinmethylsilylether (556 ng, @®.76 mvl) in 3 nL CH2Cl 2 was added.
After 16 hr at : Bhe £y ' - e ated in
vacuo. ?he resi%gcgem&vx?aré palgtFottx'k@né’ghﬁggf%gr%'%ﬁ@gﬁbyh%%%aqgagh?ior gani c
| ayer was mashad 20ilhCEAllywad eepaidaiCio3-neth 109emL BéskditieddvithvectherhinRB©d
filtered and concentrated in_yvacuq.. Flash chromptography of the crude solid
(Et OAc: hexHHSEOSFIenyy Byolesto etk seivion ] t-bghygym Yl%‘?ﬂla?l"%‘i%érgo&sz%z pure oil.
ER 1671, )mﬂn%ﬁg% %mlé%‘h?ms)addéf@vi@a $tingt Pﬁrn? Blerlalperidd 6t nCTREO1HBRS U,

Yy

1.43 nmol) in’10 mL THE was added tetraethyl ammoni um fluoride hydrate (321
g, 2.15 nwed stirredptrgpmlethperatins, nosing the slowprecipigtibiy 29d8e sad(BridrsR15

PCT/ USQ2/ 46, 60.. e og?ﬂi in.v.acuo t.he. r | 1 residu S

parti t?énéczf%ﬁoecp \%géjrq?' éﬁgb / Sge. prﬁ%%?eo‘?agsﬁgéedlozg/aggwv?é‘éedvq\gghggz(g\i'ﬁﬁx\ﬁri ne,

dri ed oversoNaidS@4hs thenlcbarestlatedia veancedtheatsitingrorange oid was redissolved in

methanol. After stirring the alcoholic solution for 2 hr, the solution was again evaporated in
vacuo and then partitioned between CH,Cl/H,0O. The organic layer was washed with brine,
dried over Na;SQO,, 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 HCl and the orgarﬁc layer was washed with saturated NaHCOj, brine,
25 dned over Na;SO,, 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



Fl ash chromat ography of the residue (CH2C12: MeOH, 30:1) afforded 323
(75% of the product al cohol as a white solid. MP: 187-188 C. IZIQMGX%,OG
1668, 1620 and 1430 cml. '"HS5 NMR 7.98 (1H m, 7.20 (1 H m, 7.10 (1H,
m, 5.50 (1H, m, 4.60 (0.5H, s), 4.47 (0.5H, s) 3.86-3.38 (7H, m), 2.45
(1 H m . m and 2.15-1.92 ppm (411, . EXAMPL ation of
(R S), &Néog/ghrsreﬂ_'hyl 13aH, 7aH p| per a2|é§o(2 1- bl pyrrol i di EP(?%UE({Z%QP%

, 2 ](1 3- oxazaper hydroino)[5', 6' -5, 4)benzo[ eJJ, 3-oxazine-3,5,11-trione 0O

Aneat m xture o e e J ) and
N2, 2 di nﬁt"%‘%&‘e%%c’f"ﬂﬁéﬁrﬁy‘i rgslln‘grﬁg gﬁ’g@ N Qe“% ?%ﬁiﬁg heated to
130 C. Thergakic leftaak e«amamb@na@me@emmztgscmmtemmhmowe@ntaeameﬁhcb@r 10

m n. The residue was chronat ographed. (Et OA and the interned ate was

T 5ol ved HimhabromaGrey of Ba el s MFOR. 80 81 S5u0adcna ma BEHof fist o 6 hr
Lhe neact RUBAGIRY I ALkl M. pet bk edrlalibiblss 3¢ A5 fdothb N 5241 2

dried over d and evapor at ed. onat ography of the
resi dues (ENMIRCY. 9af(fl<{)rrﬁ|)$d ZBZH-I,rm]) (42 %H,a), WBMIEH S0, #.d0 (MY, IHH2B8Hs), | R

1660 and 20 1459 cmi 0.5H, s .56 (0.5H, s

7.56 (0. 5R:3653- 38{77%4“)(%4%&11* m)ni% @%)@idawdd’ ppm-(41] )36 8 Hz§ 5. 48 %lH,
q, J =6.1 Hz), 4.45 (1 H dd, J =6.1/17 Hz), 426 (1 H d, J = 17 Hz),
4.23 (1 H d, J =17 Hz), 3.86 (2H, m), 3.76 (1 H r‘r),362(|Hr‘r)310
(1.5H, s), 3.10 (1.5H, s), 2.45 (1HXMIPLE4y (1H m), 2.14 (1H, and 1.96

DTG b pbreTadih O S66s) YRR ST AR B AhaAAPLE 50

of (R, sf"t (R 9) - 5t s SRy droineyp & itpenzelsl] By"ﬁ‘?zd FAPdriseng
3',2"J(1, 3-oxazaperhydroino)[5,6'-2,1 ] benzo] 4, 5-e] 1, 3-oxazi ne-6, 12-di one
5 Method A: To 300 ng (1 nmol) (R,S),

(R, S)-3aH, 9aH- pyrrolidino[ 2xl- r i
2',3)(1,3-0xazino)[5 ,6" -2, 1Nbenzp[4 ]
(the product from 10 Exarrplg)(d"(m 30 nhydri de was added 3.5
m. (43 nmmol) 90%nitric aci OpWy mn at room tenperature.

After 30 mn the reaction m xture Ve partitioned

za er hydr oi ne- 6, 12- di one
ace

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. H,SO4. After 6 hr the reaction was neutralized with saturated NaHCOs;,
extracted with CH,Cl,, dried over Na,SQ,, 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) 8 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, ] = 6.1 Hz), 4.45 (1H, dd, J = 6.1/17 Hz), 4.26
(1H,d,J=17Hz),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).

25



between 100 nL of CH2CI 2 and 200 nL of saturated agqueous NaHCO3. The aqueous
phase was extracted with 3 x 100 nL of CH2Cl 2 and the conbi ned 23rMani2006

| ayers were dried with MSO4. Concentration of the solution in vacuo
produced 408 ng of brown foam after 4 hr 15 under vacuum at 0.1 nmm Hg.

Chr omat ogy@piiysseiy 200 g of silica (eluting with EtOAc) ga of
product, V\ﬁl gh \%}s resolved into two spgts with simlar %T/%%QB@% TLC
experinments using EtOQAc. LC/ M5 analysis (C 18) showed two peaks cont ai ni ng
95.5% o of the material: 346 (M+] ). IR 1778, 1548, 1463 and 1426 cnmi]. 20
Method B: To 900 ng (3.0 nmmmol ) of tEXRAMPAJUEX from Exanple 1 in 20 nL of 0 C
H2SO4 was added dropwi se over 10 mn, 2 nL of 90% HNC3. After 30 mn, the
reaction m xPisparatidd of PRIS),SR,S)E-0iteb0ih HivaRpyaolidinof, Bb]@ecblidie [0, pani ¢
products were eZ'tT%PB-%Qa erhydreinG)js'B-2,1§8da%d(4,5-¢ l'ﬂs-oﬁﬂifbé -68oLdfyn@ani ¢ | ayers

were washed with 100 ni o wat er and dried over 25 MySO4 Sol vent was
renoved in vacuo to gl ve 1.1 g of 5-nitro-3aH 9aH pyrrolidino[2, |-

b] pyrrolidino[2",1"-3",2"1(1, 3-oxazaperN@dr& no)[5',6' -2, 1] benzo[4,5-€]l, 3-0
xazi ne-6, 12- di one. Th| s sulfuric ggid ull nitration gives a nitration
product consisting nmostly of eSEA e'NtC\spot, i.e. the nore polar
two, of the four possible diagte he p[ ocess 30 above was repeated
with 800 ng (2.7 mmol) starting™n an additional 1.0 g of 23
MAY 2006 WO 03/ 045315 PCT/ US02/ 376 62 pr oduct. The conbined crude nitro
conpound (2.1 g) was filtered throdyh 40 g of silica gel in 50 nL of EtQAc,
fol | owed byietBO®AnL of EtOAc to yield 1.9 g of colorless nmaterial that
produced a foam when taken to dryness. Crystallization fromthe m ni num

vol une of Et OAcro m\heg(ﬁlﬁﬂmau(me) rmrsmw@amwﬁauﬂﬁﬁ[an B]ﬁj&fﬂhﬂm(@ﬁ% as | udged
by NVR. The_not her gave the | ess pol ar .isoner ; as a coI orl ess

sol i d upor? ét](dr?d?’ﬁ@l%ﬂé ﬁn?éﬂ?““&ﬂ(ﬁﬁﬂi@%ﬁlﬁﬂ@ﬁ&?%ﬁ ofr dH’F‘e (‘P@ gpduct from
( R, S) %0 anm%ﬁ@rj, i 31y 5 170dticCnAIrde a8 B 8lhid(43ahRol) 0% niffic acid,

2']1(1, 3-oxazino)[5',6'-4,5] benzo[ e] 1, 3- oxazaper hydr oi ne-6, 12- dione 0 To
400 my (1.drspwnsppyer ¢ H(IRatS))om(twr;syatgcnﬁﬁtméﬂaamtlgaﬁacpym mmmmpm&oned

between 100 mL of CH,Cl; and 200 mL of saturated aqueous NaHCOj3. The aqueous phase

was extracted with 3 x 100 mL of CH,Cl; and the combined organic layers were dried with
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 cm’.

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% HNO,. 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 MgSOu. 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-oxazaperhydroino)[5',6'-2,1 ]benzo[4,5-e]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



b] pyrrolidino[2",1"-3",2"](1, 3-oxazaper hydroino)[5', 6" -2, 1] benz%[jj\gS ez]oh 3-0
xazine-6,12-dione 15 (the product from Exanple 50, Met hod A §

Et OAc, was added 200 ng of 10% Pd/C, while sparging with argon. The
resulting suspension was treated with hydrogen at 50- 60 psi overnight in a
Parr hydmnwgesneisais The catal yst was renoved by vacuum fil tg@atigpwgh the
aid of celite and the filtrate was conggntrated to a solid in vacuo. Silica
gel chromat ography on the residue with 25% Et OAc in CHzZCI 2 gave 253 ng (70%
yi el d) of modikD ThOL&hbiBsScradd diffo Worhfbuhd . f O WARVHIREINEORET 40 £6f silidR geBf4 7,

3333, 167 1654, 1595, 1431, 1388, 1341, 1079 and 775 cni. 'H NWVR (300
MHz, CDCl 330 mL ef BAc) faljowes by 300rmLiof BtOAG to ygld k9 gficologess gnaterigl thet (1 H, t, J

2 20 (o gdE ol yhen o Sohep Xrityon Bbmrlo Rt Mo (088 a5

63 EXAVPLEgab&45Gh bfSpuad fR:dodbrelpoRp apmeid @600pis jadge@by NMR. The mother liquor

(R S)-5:am no-3aH, 9aH pyrroli di nol bi pyrrolidino[2",1"-

3,2 3, 3€369<Hf??§6)’@8‘%““42é?% i‘ SSJ?%"B‘%Z‘a‘}‘H‘H&«‘%WB?‘Eﬁhﬁe 6,12-dione 5 0
To 450 ng (1.30 mmol ) of the product from Exanple 50, Method B in 80 nL
CH2Ch, was added 180 ng 10% Pd/ C, under argon. The resulting suspension was
hydr ogenat ed overni ght at 50-60 psig )gQM?' IE% hydr ogenat or. The catal yst was
renoved by 10 fllterlng t hrough a pa ite and the solution

concent rat e el d Sid i c chr graphy using
253 g Bl N § %ie ‘%yamé'gr 3}423’4? IR e
foll ovx] g pr oper tireil:3rqzazing '°"f6?kf’ 2“"’6_{ diong 159 1388,
1340, 1224, 1098, 1079 and 775 cm'. 'H NMR (300 VHz, CDC13) d 6.72 (IH, s),
6.05 (2H, br s), 5.46 (1 H t, Jg 6.0 N B.38 (1H t, J = 6.0 Hz), 3.80
(2H, ), 3.61 (2H, ny, 2.42 (2H 0, 223)eH m, 2.10 (21-1, m) and

1.96 ppm (2H, m. EXAVMPLE 53 Pyepdrati (R NV,
(R, S)-S-am no- 11- br ono- 3aH, 9aH ol i 1 20
4H5 enzol ell, 3- oxazaper hydr oi

bl pyrrolidino[2",1"-3",2" 1(1, 3-0xaz
e-6, 12-
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™'. '"H NMR (300 MHz, CDCl3) § 6.73 (1H, s), 6.72 (1H, 5), 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



dione O Br To 450 mg (1.5 mml) of the product from Exanple 50 in 60 nL of
El OAc was 25 added 200 ng Pd/ C under argon, and the resulting 23dYJaxi08f
was hydrogenated in a Parr hydrogenator for 18 h at 50-60 psi. The reactl on
m xture was filtered, and the solvent renoved in vacuo to yield 212

(0. 67 4 50f the aniline internediate as a 23 MAY 045315
64 PCTT@OZ?@@MIG crystalline yellow sqglid. Thin layer ch g&é’éﬁ%&&%}

(Et OAc) indicates a conplete conversi of?  NMR i ndicat es (1:21:1:1) mxture of
di astereonmers. LC-Ms anal ysis indicates 98.2%purity by total ion current

with (MH) = 315.9 as the dom nant gygayWppRdaconsi stent with structure. The
ani l i ne was di ssol ved in 25 n1_ of CHzCl 2 (anhydrous) and 450 ng (2.8 mmol)

of 5 Br2 wgg m%ogem ﬁm[zThs pykFsitdif 20y of 13172
instantly deco C‘fl’-‘é% (g}rls. e] LGQQdJIH%t ure was
diluted to 50rrL\iV| swashe wth 20 nL 10%
aqueous sodium bisulfite and 30 n1_ satur ed queous NaHCO3, dried over
Na2SO4 and concentrated in vacuo go Vi eI ) 24 ng (919% of a pale green
solid, which had the follow ng 343, 3333, 2977, 2883, 1652,
1591, 10 1527, 1451, and 1386.£m’ I , CDCI3) S 6.1 (2H, br
s),394(1Hrr) 3.83 (I H, N3- .42 (2H, m, 2.28 (2H,
m, 2.11 (2H, m and 1.99 ppm (2H, W . POE 54715 Preparation

of (R S), (R S)-N- (6, 12- di oxo- 3aH, 9a yrroI i dindl2, 1-b] pyrrolidino[2",1"-
3',2'1(1,3-0xazino)]5,6"-4,5) benzo(e] 1, 3- oxazaper hydroi n-5-yl)acetam de 'y
N N/ OlIl O ﬂmsﬁfn%moeﬁm&m@nﬁapﬂoumﬁGmrExamMOamm@a BExaomlie 53) in 20
m, of Ac20 was added 1 20 drop of H2SO4. After hr the reaction m xture
was stirr &diafglt pvasedded 1i3Q:@8\A/8Y°ePrd/C’St9Fl?fd§8°"f Brerennltingrsuspeagonvred by

filtrati O%dx"@%ﬁ%zi Wettnl;kﬁgtv%[ﬁ%l ps?n%ﬁan%?&r%h%ﬁm%e%@gt vmq'er%\red%&' ed

10 filtering through a pad of celite and the solution concentrated to yield 470 mg crude product.

Silica gel chromatography using 25% EtOAc in CH,Cl; yielded 380 mg (93%) as a colorless

solid with the following properties. IR: 3470, 3329, 1673, 1650, 1592, 1542, 1429, 1388,

1340, 1224, 1098, 1079 and 775 cm”. "H NMR (300 MHz, CDCl;3)d 6.72 (1H, 5), 6.05 (2H,

brs), 5.46 (1H, t, J = 6.0 Hz), 5.38 (1H, t, ] = 6.0 Hz), 3.80 (24, m), 3.61 (2H, m), 2.42 (2H,
15 m), 2.23 (2H, m), 2.10 (2H, m) and 1.96 ppm (2H, m).

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
N0
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



to give 700 ng of crude acetam de. This crude material was crystal Ilzed from
10% EtOH in EtOAc to yield 400 my of a colorless solid (1:1 iscdYiAy 20
conposition by LC-MS), with the following properties: IR 3279, 2983, 1651,
1464, 1428, 1391, 1246, 1080 and 777 cm 1. 111 25 NWR (300 MHz, CDCI3) S
9.76 (0. 67 (0.5H, s), 7.40 (0.5H s), 7.38 (o 5 (0. 5H,
t, J = 6%r§’§m§ 46 (1 H n), 5.40 (0.511, t, J = 6. Iitc@sé’igzga

3.60 (2H, ), 2.41 (2H in), 2.22 (2H%nr), 220(3H s), 2.15 (2H, n) and

1.96 006 WD 03/ 045 137646 65 Th h
i quor 1 o eiBhedlor il thpdeer oebnaedap b A ledB st epitiue Suddac ang

the resi duemmmdﬁm@mtngrmhedomlaslﬁébn&rss LCLa8 afgtysisnintiivatd £98. 2% GuritybyEt OAC
to yield 160 ng of the nore nobile isoner. This material had the foll ow ng

proper t i estotabipnicpgrentaathdMnR) 013151996 thsrdominanhpsak prd Rsistentswith stpptus. 18 LC/ VS;

R (300" v g s hEeliea A RPmL bR hfifoust #dPas bR BRfnolfel °T -
Hz), 5.%6 IBrZL ws adlded At 9:°C6uﬂiei-ﬁrgon nidepHeRHThefirst &opOf B2 irkstantly decdlotaed.21- 1, m),

2.27 (21-1, m, 2.20 (3H, s), 2.05 (2H, m and 1.91 ppm(21-1, m. 10
EXANVPLE 55‘£\fb?rel;§d?‘§taf thhc*(rp@cg)an mixture was diluted to 50 mL with CH,Cl,. The organic

R S)-N
E)) pya r ol fé‘%h no{%‘%,r\ﬁa'sﬁ %ql\g}}g 6(31?931%2(;% 2 nol)g?(({é&ﬂ%isquﬂ%rﬁenz gaﬂratfgd aﬁ‘gggsper hydr oi
n-5- vyl )acléala(ﬁ()ddri%o@rﬂlazsmtaod eorsohttatddom vazhio 2bgeldg4Q Mmgd01 Yol dpadd t he

product from Ex | ecture
bottle for®" E’Esgigp“flﬂgﬁ gOWWigH({PPgV%% 9335'%17? S%ZWEE?@"%?aqueous
NaHSC31@nd] 520, d51saidunss. aﬁ"aqumoblamﬁﬁcm;)% 1028 br SYDseX (1 HRRg, 3.83
concentrated in vacuo. After recrysta zation _from Et OAc, the y| el d was 250
ng 20 (64%! Hofm)ed 8126k mdst2@H; ) ﬁ%&{zﬁh@)’fzdlll(%‘ﬁba'ﬁrlo%gem"i‘ L'm)c VB (G 18)
indicates 96.3% purity (M 35C1)+H) 391.8, (M37Cl)+H) = 393.8. IR 3272,
1673, 1458, 1422, 1246, 1064 and 7§§AWLJES423 MAY 2006

15 Preparation of (R,S), (R,S)-N-(6,12-dioxo-3aH,9aH-pyrrolidino{2,1-b]pyrrolidino[2',1"-
3',2'](1,3-0xazino)[5',6'-4,5]benzo[e]1,3-0xazaperhydroin-5-yl)acetamide

o N O
0]
B
C?/p
H
O

To 850 mg of the aniline (intermediate of Example 53) in 20 mL of Ac,0 was added 1

20  drop of H,SO4. After | 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).



WD 03/ 045315 66 EXAMPLE 56 PCT/US02/ 37646 Preparation of

(R, S)-3-(3-0x0-3-pyrrolidinyl propyl)-2H, 6aH pyrrolidino[2",1"- 33MAY 2006

1, 3-oxazino[5',6'-4,5] benzo[e] 1, 3-oxazaperhydroi ne-4,10-dione 5 CNy O 0 To
2.5 g (10 mol ) salicylic acid internedi ate (See Exanple 46 for the

hydr ol ysw® @fosstibe et hyl salicylate from Exanple 7) in 40petussy s was
added 1.8 g (11 mmol) CDI under argongat nosphere with stirring. The
resul ti ng suspensi on was heated to 85-100 C at which 10 point it becane a
honpbgeneous brown solution. After 5 hr at the sane tenperature, g [3-
al ani ne HO waShemiober 110@I01M@ewysawtwyséﬁlh@bwEp%/¢0netmtedamqwo amhd t he
resulting, sol.ution was t|r (o t.ur.e. reaction
mixt ur e odle Teuteatt e Bt b o 0B g iR be i PACEBT ORI viel o

bet ween 2@{y dtithedhoretiRfbile isamer. THQ misterial had thd foRéIviag popeidies: P'ﬁhﬁy 88|g%oMth | ayer
was washed with 3 X 50 nL of CH2Cl. 2. The conbi ned 15 organic Iayers wer e
washed wi tsemegocempasttiongf d:1 by £r18d-GYe: (MisHsod37.%AB: %%ﬂ?clﬁ@r H66¢142 rll vacuo

to yield 0|l|1 p f with 1 L
of Boke T eraBa BORgaky, - srRTIEHE A T D 9 QB 81 ecs sol i d
Wi th the @0 I oM tno= SWHJzQein @Ht@hﬂ\(ﬂ{zmssmﬁm A6V (2H,6n)12.26 @H, %) mmol ) of
the ester suspended in of EtOH was added 10 niL of 20 EtCOH fol |l owed by
10 mL of ¢#&fé aﬂhZ£0®3lﬁfﬁ)(21Q§(ﬁﬁﬂn)ar@dNnﬂadaH B)ter 5 min a bright vyellow
solution resulted and 30 min later no starting nmaterial remained (TLC,

Et OAc). The reaction mxture was concentrated in vacuo and the aqueous

resi due was extracted with 100 nEXAMRIGASS acidified to pH 3.0 with 6 N
HCl, do0d then extracted with 3 x 100nmL of EtOAc. The organic |ayers were
conbi ned, dripeparation vy 8O8), (RISH-Nc(@ hahRiro-ai12dlidxo- 36304 H tpyridfidinofd,tt 1. 0 g of
carboxyli c apjpyrioldaiofegi'as e (BiYyazidd)[5,6'X,bewkole] IBWxhzaplrhydaoiass-boxyl i ¢
acid in 20 nL of DMF was added O. 5@1gcét3mﬂje nmmol) CDI followed by 12 ng (0.1
nmol ) DVAP, under argon atnosphere with stirring. After 4 hr, 2 nL of
pyrrolidine was added and the reaction was allowed to conti nue overni ght.

o N 0]
H
0
N
N
0
H
15 0 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 NaHCO;, dried over
MgSQOs, 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(**Cl)y+H) = 391.8, (M('CI)+H) = 393.8. IR: 3272, 1673, 1458, 1422, 1246, 1064
and 732 cm™.



DMF was renoved in vacuo and the residue was partitioned bet weer}éi\a \r@ gf
CH2A Z and 30 50 nmL of 1 MHCI. After drying over MgSO4, the sol Av 280
renoved in vacuo to yield 1.2 23 MAY 2006 WO 03/ 045315 PCT/ US02/ 37646 67 ¢
of crude am de intermedi ate. Columm chromat ography on 50 g of silica gel
(Et OAc) wWebsleds1s700 ng pure amde internediate (54% . To pradsed/306ke® nmol)
of the amde in 200 nL 40% CHzZCl 2/ CHCl ¢(anhydrous) was added | | g of
trioxane (122 mmol) followed by 4.6 g (50 mol ) canphor sul fonic acid and 5
18 drops of H2S04. The reaction m gl epeSsestirred at refiux under argon
atmosphere. Water formed in the reaction was renoved by 100 of 3 A

nol ecul ar S|el'y% GR Flg ﬁﬁ% (3 Blidh LH ﬂ_ B @ hr the
répar, -3- =3- i 6 oli 1

reacti on was co ;) f%} 1 %5 7 %—io gg&gi hy mrBr} ltdr :ﬂ M Xt ure was

cooled to roomte 1Y 8'5‘ ﬁ'i_ f |ce’ Col®®l M NaOH. The

aqueous | ayer was washed with 2 x 100 nL of CHC13. The conbi ned organic 10

| ayers were washed with 100 nmL water, dried overgNaSO4, and concentrated in

vacuo. Drying the sanple overnight under vacuu (0.1 nmHg) resulted in 600

ng crude bi sbenzoxazi ne. r omat ogr a ShH&a gel with Et OAc
yi el ded 360 ng of colorlgss (solid. Th S necrystallized by
- dgFRQ of ether. The vyield

dissolving it in | nL of \
was 260 ng (36% of colorless grystals [JMth the Dol I owi ng properties: MP =
and 1453, cm 1. '"H NMR (500 MHz,

170-171 15 C. IR (thin film: @665, 163
CDA3) S7.53 (s, | H 7.52 (1 H s), 5.34 (I H t, J =6.0 Hz), 5.33 (2H,
m, 3.84 (I H rfl)oBS 85l 0(1irol) sYlicliGaid internedidte (Sbe Hxahlel46 for tHe kydfolysitt) 3. 38

1707 (o1 tﬁs et st fomFanie ) gl D e sty eal b B Blopdc | on

of (RS- %Jﬁy 9@%&%%%‘ s)u‘rg',g 'ﬁl@é’#eﬁﬂﬁr{gcéh JQhQ@t[ as Beated to 85-1dp Q’a','at whlqlbh

oxazi nol 5", 4,5'benzol e] 1 oxazaperhydroi ne-4, 10-dione 0 25
producto ( zpo?'ntgg bemnmrmm)ogbnm Broampsbltign. vifter hdnatabe sangdemparajane, 20 gfspher e

wth stirrin 0 for,,.3
2 0l et ARG T Yk Snilasd Tl oftliedpiod et tind FDdreaing 0 100
it was di SOt vaGvak BtirtddveinightkilrorA fdinperature. The reaction mixture was concentrated at

1 mm Hg/40 °C and the residue partitioned between 200 mL of CH,Cl; and 100 mL of | M

aqueous HCI. The aqueous layer was washed with 3 X 50 mL of CH2Cl,. The combined

15 organic layers were washed with 100 mL of water, dried over Na;SOj4, 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 mmot) 10 N NaOH. After 5 min a bright
yellow solution resulted and 30 min later no starting material remaimed (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 MgSOyg, 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.
DMF was removed in vacuo and the residue was partitioned between 100 mL of CH,Cl; and

30 50 mLof 1 M HCI After drying over MgSQy, the solvent was removed in vacuo to yield 1.2



washed with 100 nL of 3 M HC and 100 nL of water. The organic §9IMti %Ogvas
dried over 23 MAY 2006 WD 03/ 045315 PCT/ US02/ 37646 68 MySO4 an

concentrated in vacuo to yield 10 g of crude internediate (one spot on TLC
with EtOAc). The crude internmedi ate was di ssolved in 50 nL of TFA under
argon at meaeses After 2 hr no starting material was vi ichhsobyr6l6-C. The
TFA solution was poured slowy into 3@@ nL of saturated agueous NaHCO03 and
the precipitate was collected by filtration. After 5 dryi ng overni ght on the
vacuum line, the yield of salicylamde internedi ate was 3.0 o 3.0 g of
the salicydofeiude amidedatermediatecCatpmerodsomategianh enyl @ afaidicagrl €B1O; )M&lded

formc aC|7(aOand utrehéam{desnltl % 3? fnnSI on was brought to reflux under argon
at nosphere. Tis resuf’f was refluxed for 3 hr, after which nost
of the sol vent Te@s0di @t rlnh@q of tHe.amiddfih 00 r'hh@OVdEGHi(I]i/GQO];E(Sﬁl@'BﬁmH\)’&SasCOOI ed to
roomterrperature i t. was suspend n, 200 m_cold 10 M NaOH. The product

mid
hoa et 1 patad Tt inEts (L gEol Slores by 4 e EmmoDEemhotsh Tenipoid andv o

combi ned  qiGiREHs G f 1,96 TRE fealinSmidlfukEdasQYiREd Nactidk wHaek acrg RCRRbIpAER W, Vacuo
to yield 1.7 g of crude product (nostly one spot on TLC with Et OAc).

Chr omat ogrfamed indheneattign we}-mmtW%wf?@‘Ongleciﬂarsmqvptepn@enedym ebidearmi. 1 g of

product (n%3RRlnel abkClbe WOLaHiGHRRs oFfuER L L2 P A HRYhg! Y, ot her

to yield uc properties 194- 196 C.
| R (KBr) 38a7:3c>n Wir,e v%é%&]edt@&éorﬁ%pk%&e ﬁxmhbashed-ivhsh/R)O b@PickigldGDd 3), 6
7.49 (1H ) 7.45 (1H ) 5 46 (1H %1 iq£2H s)504(2H s)
4. 05 (1 H, Na§H sﬁhesqmuwﬂﬂw"@ﬂ@ﬂ“(@%l%mé GHQL. [he ¢gmbnederganicy ) 2. 14

(1 H, gagrs'lwgf@wagﬂed 'dnth@mmmvatgrod J—ﬁaﬁ El)ﬁ@ ?fc@r;&a%[a zmra Drym

(R S) - 2H, 6aH pyrrolidino[ 3-o0xazi no , enzo I el
|, 3- oxazapmmrdxlmvenegm umd)ard'a@wm (|9t126m01gl) resulledrin 609 mdrcyudtebistmuexms

SUSpended (:,Ihrs g{%ohySCﬂl ./rg"ﬂ)%j %aggrjel ;[VREFUXI ?edff{é% gf(cto??)iess soﬁg des{)hcfar gon

at nospher e wee PG m xture

was cool edvanéerataisd bl diseélving itMAC il of"ﬂ‘lﬂ:]Eﬂﬁsﬂhﬁly\AﬂGln@Bl@ﬁﬂﬂﬁedlet mhe0 nlL of
hexanes and recovered by vacuumfiltration to yield 135 14%) of product,
R

whi ch had wﬂ@ww%mgm/ﬁgofﬁfﬂ@ﬂeﬁsmé@ls with the foflpwingpropegiss: ¥Bt) 3183,
3055, 1695¢ #B¢kin MRG46634338 and 1453, cm™. 'H NMR (500 MHz, CDCl3) & 7.53 (s, 1H)

7.52 (1H, s), 5.34 (1H, t, J = 6.0 Hz), 5.33 (2H, m), 3.84 (1H, m) 3.85 (2H, m) 3.63 (1H, m)
345(2H,t,J=6.7Hz) 3.38 (2H,t,J = 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-pyrrolidino{2',1''-3",2']1,3-
oxazino[5',6'-4,5]benzole}1,3-oxazaperhydroine-4,10-dione

0]
D
H’OVN o)

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 CHC]; and

washed with 100 mL of 3 M HCl and 100 mL of water. The organic solution was dried over



23 MAY 2006 WO 03/145315 69 PCT/ US02/ 37646 and 1069 cm1.' H NMR ﬁ\ao %6
CDC13) S 7.57 (1H, s), 7.56, (1H, s), 6.42 (1H, br s), 5.47 (1%, AY -0
Hz), 5.22 (1 H's), 521 (1 H s), 3.83 (IHmM 3.63 (1 H mM 2.45 (I H, s)
2.25 (11-1, s) 2.14 (IH, s) and 1.96 ppm(IH s). LCMs (C 18) shows single
peak (MtKo 022663155 EXAMPLE 59 Preparati on of PCT/US02/37646

3, 8- bi s(2- hydroxyet hyl ) -2H, 7H 1, 3- oxazagper hydr oi no[ 5", 6" -

4, 5] benzo] el 1, 3-oxazine-4,9-dione 10 0 HH 0 0 To 40 nL of anhydrous

et hanol arvMgeOMg cafictattatéd B vgckoltd yieldTood 9f cviidednteiniadiate @mB);pcd b YDCG¥3h

terephthal ate. The resulti ng sol ution was_refl Tg}d for 18 under argon
at nospher &0k The sRide Hiiermediptg s dissolved ah 4y mlep @@dﬁhﬁg?moﬁ{?ﬁﬁeed into

200 1 of gy o el HAEf Bhe (861 TLEOHA TR <rsh AlaGRhASIp T 00m

tenperature, as coplous quantities of "pale ye ow crystal’'s
sol i ds wer¥®0adl d)fesmtlmiedogquvarst}lammﬂahd tie ipoxejpitaestas doldcteld by filtxatiof. Aftercol d

wat er, and, t.hen drledoernl o( to,yield 2.5 g (56% of
di am 46 | rURHRYHER oadhe Vi reﬁ%n*r L1 %aﬁcﬁwwﬁ Reeabishesi properti es:

Cl-Ms (mtl ), 138% 4 oY salleGaMRie(d b6ani Bn@'ag@éoﬁssfomgld@l@% WaYaddé@2d Be. ¢ am de

was di ssolved into 20 nL of "refl uxi ng anhydrous HCO2H and the solution
treat ed wifommidacidiandtheagsnifag susperGienctas brogght tg rqfs. u?idmop atmésphexeelhel. 0 g

QSO _ 2ok BRRe Ryl R dPE0T SRULBAAhSY SPROSHON, Y2 hRASHE 2N

refl uxed overni un argon a

t enper at urmﬁertﬁeaesteﬂ(gnemmeastcuoled wa‘som lteeaie@dum' it vas sneﬂmntled md’JOD utLe@bldl o 300
m with CH2CLl2 and_then_ filtered. eflltrate\i\a hed th&&gﬁoo 25

m - satlr at MdNa e Praduricrss exHRqtesfTo B anpesutse TedY R to yield

a resi due The combined organic fractions were dried over NaSO, and concentrated in vacuo to yield
1.7 g of crude product (mostly one spot on TLC with EtOAc). Chromatography with 1:1
CHCIy/EtOAc on 200 g of silica gel yielded 1.1 g of product (one spot on TLC), which was
crystallized from CHCly/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. '"H NMR

(500 MHz CDCl;), 6 7.49 (1H, s) 7.45 (1H, s) 5.46 (1H, t, ] = 6.0) 5.32 (2H, s) 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-pyrrolidinof2'',1''-3',2']1,3-0xazino[5',6'-
4,5]benzo[e]1,3-0xazaperhydroine-4,10-dione

25
In 40 ml of dry toluene was suspended 158 mg (0.54 mmol) of the product from

Example 58 under argon atmosphere with stirring. Afier 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



which solidified. Silica gel chromatography of the residue in Et i_el ded
1.9 grans (33% of di-formate of the above bis-benzoxazi ne, aszal\@é{@pp@ss
crystalline solid, with the following properties: C-M5 (mt]) 364.9 anmu. To
1.9 g (5.2 mol) of the di-formate in 200 nL of hot MeOH was added 12 drops
of 23 MA¥0236<3® 03/ 045315 PCT/ US02/ 37646 70 10 N aqueopsthaédhicdhe
resulting solution was stirred and refluxed for 6 h under argon atnosphere,
then cooled to roomtenperature. The solids which formed upon cooling were
coll ected and washed with 3 x 20 nL cold MeOH, then dried under vacuum for
18 h at rmowemper‘HtNMR (GGIDM}QJ;TCB@)3)STI}NIH,IS9:I7dS£d(15B@) mzqmtlh@)

bi s- benzoxa2| ne di ol need had the foll ow ng

properti es47 i b39 02‘1]3@ /3322q1|1;1 SB@@M“‘Q%@ 8316@9"‘) %Lﬁ%)ﬁm m)2st (1499, 1167,

at 309, 0 a9 iR G LS Brkhe) T Gl et i) " e

(21-1, s)6l.and 3.55 ppm (8H, s). 13C NWMR (75.45 MHz) DMBO d6 5 159. 81,
152. 00, 123.15, 114.72, 78.95, 59.07 and 47.21 ppm Another 450 ng of |ess
pure dﬁol was recovered upon 10 concentration of the nother |iquors,
bringing the hydrolysis yield up tex83\{pLE%XSVMPLE 60 Pr epar ati on of

3, 8- bi s(2- net hoxyet byl ) - 2H, 7H -1, 3- oxazaper hydr oi no] 5' , 6'

4, 5] benzo] e] 1, > diol (the
product from Ig? ﬁ%%%%g §8% ﬁ% ﬁﬁl&l‘l‘ﬁ? ng&hggﬁl l(}1‘)[%260 ng (3 mmol)
of 60 goil di spersed NaH Iowe § g %I of Mel. There was a
consu& rable evolution of gas, foll owed by copious precipitation. The 20
solids redissolved over 20 min to forma cl@ar yellow solution. TLC (1:1,
hexane: Et OAc) indicated no starti g mat erif The so#vent was renoved in
vacuo and the residue recrystall 0 tq uene. This yielded 250
mg (57% of product with h_e.\ltljhz Opizr!tl e = 149-150 C. FTIR
2922, 1672, 1487, 1455, 05, ‘ cm 1: CI-IVIS: (mtl) 336.9 amu.
"H NMR (500 MHz, CDCl13) B 7.56 (2H]| s) 5 23 (4H, 25 s), 3.74 (4H t, J=5.1
Hz), 3.58 (4H, t, J=5.1 Hz) and 3.8b ppm (6H, s).

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 HCI1. 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 CuSQO,,
and 5 drops of H,SOs. 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 NaHCOs, 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



23 MAY 2006 WO 03/045315 71 EXAMPLE 61 PCT/ US02/ 37646 Preparati ggﬁf
3- et hyl - 9a- hydr o- 2H- 1, 3- oxazaper hydr oi no[ 6, 5-g] pyrrol i di no] 2, 1- AY 2006

b] qui nazol i ne-4, 10-dione 0 To a well stirred solution of 20 g (84 nmol)

di et hyl hydroxy terephthalate in 200 nL of anhydrous CHCl3 was added 80 niL
(160 momo afoa3R. 0 M solution of AIMe3 in toluene. 10 Thetaddbbien was
perfornmed sl owy under argon atnospherggand a roomtenperature silicone oil
bath was used to control tenperature. \Wen the rather vigorous gas evol ution
(CH4) had 10%&?@&8 N4GH rRRGEJuRtihg RbNlisH Rashvared atrefluted 6180 h tder Agher

refluxing for 18 h, and cooling to roomtenperature, the reaction m xture
was pour edtmesphersghemecoledito reom temperatgrenThegioligntihich &rmed ypon sonbingweiBensi on
stirred far,3 ] ter..s ati n heyl t l,aye s 15
extract ed%\s)\/}l‘fcged;"gwfg%ed 'thofgz{) -0 hgsgbﬁgﬂ?{@e @?8@%#@ goﬁelrgé a\lE/vreO\r/\olg1 dried
over Na2S@mperstot (20060 M) aaelyitlded $80UAg oftthe Vib-brkotazimk A% 0T THel el i c
diam de internmediate. This naterial was one spot to TLC (9Et OAc) and had the
f ol | owihg FeisaFtdes ad i foheing prpstics Mie 23 1855 G AR J49RgIIT458, 494 ( 27

mol ) of t lyi k@ i ] . added
05 4 Qusr D P e L e T g ST i

tri oxane, natidat300.0dmupd NMIOBORINHz, DAMSA d9t & r 7.3 H, $Hh6.32 641l s),i486 @Hspensi on

was heated.to f1 ux der ;;Ar. u hr. The
reaction ﬁ%sff‘ﬁ??&&%‘gﬂcﬁnt%&g@ (Z%‘EW%W@%% léfg?é’ﬁ??ﬂ?on at whi ch
poi nt no §43rbi 780578967 hid 4 MBEISppHe €Andiber 150CmE l6F (8 pure didEWALREIVeRA upbll Xt Ur e
was diluted to 400 nL with CH2CI 2, and then filtered through celite. The
filtrat® Zzgneeayatigaadder mether Imyorspiringmg|theNpydpedysis yald ueitodBér Na2SO4, and
concentrated in vacuo yielding 6.0 g crude benzoxazi ne internedi ate. The
crude benzoxazi ne was cl uomat ographed on 200 g of silica gel (EtQOAc)
yielding 4.0 g (59% of internedi atBXAMPhEd&®e spot to TLC and the foll ow ng
property: FTIR 3327, 1664, 1641, 1552, 1428, 1329. Nitration of the
benzoxazi ne i nPaspardioatos 3)8alsis@anéthoxyethyh H,DH}-D3sxadapeBydibino 2604 30 at 10
C was pglded 2.5 g (10 nmol ) kasmaaxteg)1Beoxatinb-4P-dibhe Ng under ar gon

at nosphere. After 23 MAY 2006 8

/0"’\/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, CDC13) & 7.56 (2H, s) 5.23 (4H,
25 s),3.74 (4H, 1, J=5.1 Hz), 3.58 (4H, t, J=5.1 Hz) and 3.35 ppm (GH, s).



WO 03/ 045315 PCT/ US02/ 37646 72 30 mn at 10 C a honpbgeneous SO|2§ 0,
resulted and 20 nL (443 mmol) of 90% HNC3 was added drop w se fM 996
m nutes at the sanme tenperature no starting nmaterial remained by TLC (1:1,
hexane/ Et OAc) and a fine solid had forned in the reaction m xture. The
reacti onWQOxe458¥ was poured into 200 nlL crushed ice. AftecTiuseswe nelted
the m xture was extracted 5 wwth 4 x 16Q@ nL CHCL3. The chloroform | ayer was
t hen washed with 200 nL of aqueous NaHCCOB3, dried over Na2SO4, and
concentrated in vacuo to yield 2.8 g of a pale yellow solid. The solid was
recrystallized by dissolving it in 30 nL of hot chloroformand diluting the
solution to 150 mL with ether. Aft &XAYBLES to roomtenperature, 2.3 g
(78% of solid nitro- benzoxazine intermnmediate and was coll ected by vacuum
filtration. Prephetion bf3-etiyl-9aihydrolZHpl 3 peniapehydorino[65ed])pypmrolidifio|ll- 1
hexane/sEt OAc). 1H NMR (500 MHz, bighiubaglife-H104dion¢ H, s), 7.06 (1 H s), 6.33
(1H, M 5.30 (2H, s) 3.59 (2H, q, J = 4.32 Hz), 3.50 (21-1, g, J = 4.22 Hz)
1.28 (3H, t, J = 4.62 Hz) and 1.26 ppm (3H, t, J = 4.35 Hz). To 2.0 g (6.6
mml ) of nitro-benzoxazine in 60 nL of 20%Y}0Ac/ OAc2 was slowy added 15 g
(220 mmol ) of NaNO2. The addition N ed er 2h in small portions,

15 with good stirring at 5-1 The |onN re was allowed to sit at
0O Cfor 18 h, at which point heN Et OAC) i ndi cated a conpl ete
consunption of starting materTal. xg was diluted to 500 mL with

sat aqueous NaHCO3, then extracted W|th 4 x 100 nil. to CH2Cl12 which was
dried over Na2SO4 and concentrat ed® n vacuo. The yield was 1.9 g (98% of

36 F1 R 1795, *TEar 888 % or b3 BRI 05 LA AR BUARECG' T8
CDC13) S oﬁ”aﬁl@d(dhs H,I-EZ)]B whas ddded BHmISO] 60 Em&ﬂ))c(fZ]Z oM s%)u,hoﬂoﬂﬁg(le?)hh tolpend = 4.2
3 66 H, J an m(3 H,
t, J =y §(*\qz")jd‘"%wis efr@nvgdz Q ‘ﬁ%ﬂ")*eftar@nﬁffmsa‘ﬁéﬁm@arfpme@g%vw sﬂw i ETL of
ar gon- spargesh il iNze N BT on @6l dafperlPre MVIRh tﬂeq{ﬂxgrdfxgérﬁlﬁstgils ¥eduRdchimaiesul ting

suspensi on was hydrogenated for 2 h at . The catal yst was
r enoved b;peﬁeii,tthmemswnarndwfma%mémreﬂms Mq«rmibwqgrfovh&:h@nd eeplingfoC

|t er modi Pa g, APIEG Bl R g S0 BT RIS 7L (57
nol ) 2- pyresudtirigdiuspenaon stirte8 forl30ohinaMigdseparstingthalpyers thedgnecas ger waat mospher e,
vas 2dfed SrRI 5% 3oy leBRCLAN L St rhg, ALt LI sl kom0
M Xt Ur € Wasd concentrated in vacuo, to yield 17 g (86%) of phenolic diamide intermediate. This
material was one spot to TLC (EtOAc) and had the following property: FTIR 3283, 1638,
1598, 1552 cm™, KBr.
To 6.5 g (27 mmol) of the phenolic diamide in 200 mL of anhydrous CH,C1; was
20 added 6.5 g CuSO4, 2.3 g (10 mmol) camphor sulfonic acid, 36 g (400 mmol) trioxane, and
10 drops H,SO,4 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 NaﬁSO4, 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. A fter



refl uxed under argon atnosphere for 6 hr, at which point no star (L%\?ig 6
material was present by TLC (EtQAc). The reaction m xture was &2{)8
roomtenperature and treated with 50 nL 23 MAY 2006 WD 03/ 045315 73

PCT/ US02/ 37646 of saturated NaHCO3. The aqueous | ayer was extracted with 5 x
50 nL of wiH@sausd the organic | ayers were conbi ned, dri edTaveb3Mge&O4 and
concentrated in vacuo to yield 1.3 g ofy2 a sem -solid crude product. The
crude product was chromat ographed on 50 g of silica gel to yield 400 ng

(33% of m@hﬁmmmr:ph&dugdne&ustsbluhbnereﬁmeh@wIﬂngr(wenmst)f%vEm@,szaszSB C 5
FTIR 1659, 1453 and 1294 cmi'!. O -MS (m+) 286 anu: ''H NMR. (500 MHz, CDC | 3)
b 8.27 (rdfed dpp wisegdhien £p minutesst the sqme fempgrature npctarting mftemﬂ remaineg byy) - 3. 65

(280, 3 5,021 Wl BrdRe) e st el o FaBfin(Rtunld Tk ackoff) - anc

of (R S) - 6- r(quure ohd p:humﬁl mertOOmyIL JruSettide enfrea (el ipy/melodd thie modtre Ivab Atradted

oxazi n- 0 15 To nmml ) of the prod ct le 3 in 40 nL
of dry, 3 fér}{%%mét%@s ?&C&Bh@fmslam&éat heg, g d&ﬂf&?%ﬁba% SRS, 0.75 i

pyrrolidi ngafSo MRt O\ICPNIa% ar@(:oﬂceﬁtratéﬁ-m 2a8i0OYRId MeF6F a bdle ggmﬁd( 9.0

mmol ). After stirring f hr, the reaction mxture was ated and
refl uxed flhe sglid was r&cryvthihcdrd wwﬁplm i5ingdp mlnef hehedeiofirmraaddilvting therLC,

Et QA T t t nL of |
M HCIC) al on%’ﬁ’vt\ﬁoﬁ %C‘tzﬁlé)dnnlz& ich eﬂ{ef Aé% gotid l’rﬁe&é‘a‘ﬁ%’Q e%‘%g%eﬁ\&a eofr%lac?]eg Wi tﬁ 3
X 100 nlL dfenkdxaéiae intdimedioeiant ods cd]l’eg&hby@alcayﬁﬁﬂraweﬂ dt dshefdllowing 50 nL of
bri Onm 1. M \ i h i SA.
aftor MEnduarat GRavednvEy (shGen Bmesg Ltk GO Sete CO € Tt e
product y|s$|'ﬂ06/\@$l Eb 8@@(9{ 613@ M2H 2D 3 BEAYEIEP=832-H25 85010281, .01+ 994 AE)

conpounds were synthesi zed rocedures essentially simlar to their

congeners b#8 f%‘ Bretbola) ay\dd H. exadptsd®enpl oyi ng reactions and
rethods known LR 268 @ koAt bafoxdint iSOl SoNHSAIBUBMALUSHP! DIt

desirable activity ect rophysi ol ogi cal scr een or activit y-on the
ANPA 1 eceptdded d%g (P29 eumble df MO e . THeraddilibn wmzeefsnmkdeovasﬁoml satatl goostmhyye f or
BC2, ( ?? d\slsﬂ(l: rgcl)o stm%n% aI?qlogc T%Q(r)éélg onmrlr?iﬁtulree\ﬁgs atllowed t]b sitat 0° C for 18 h, at
which point the TLC (1% EtOH/EtOAc) indicated a complete consumption of starting
material. The mixture was diluted to 500 mL with sat aqueous NaHCOs, then extracted with
4 x 100 mL to CH,C1, which was dried over Na,SO, 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, 5), 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 L.C-MS (TIC) and one spot on TLC.
To 400 pL (S mmol) 2-pyrrolidinone in 15 mL of anhydrous toluene under argon
atmosphere, was added drop wise 250 uL of POCI1; 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
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(R S)-2,2,3-trinmethyl-6aH pyrrolidinoj2",1"-3",2'1

1, 3- oxazaper hydroi no] 5',6' - 4,51benzol e] 1, 3- oxazi ne-4, 10-di one 5 ' HNMR (300
MHz, CDC13) 8 7.54 (1 H, s), 7.46 (1H, s), 5.47 (1H, it, J = 5.8 Hz), 3.83

(1 H m WO303@#531fH, m), 3.07 (3H, s), 2.45 (1 H, m, 2.26PCI/UBN2/IH46 2. 14 (1
H m 1.96 (1 H nm, 1.65 (3H s) and7i1.59 ppm (3H, s). EXAMPLE 64 10
(R, S) - 3-cycl opropyl - 2H, 6aH pyrrolidi no[ 2", 1"-3",2'] 1, 3-oxazaper hydroi no(5', 6

% LTkl L B R B 0 0, D, 577

3.62 (1H, oF%micaazy@% ket borBined2didl dvdiiv %4 ard cdrcehtrkied Mvacio t@y%ieﬁdlﬁ’z& g@“ 1.95
(1H, m, 0.95 (ZH, m and 0. 81 p m(2|§I, m. 15 EXAMPLE 65 (R, 9),
(R, S) - 8- hypdemwisolid crusle pydduct HNgagudpypredict wasebfaiatagrapbed on 0 g gf silica gel to

oxazaper hydr 0} 001 5/..6, - | benzol ej -oxazj ne-4. 10-di ong, " )0 VHz,
CD013I)O S %Tegh({bl']llﬁ(:‘%’%" Piﬁgg'("ﬂf!mds")“,lwé? @i?‘tﬂfﬂ",g ‘jd%",e”g“':@ T—é%aa( Do o 6
Hz), 5.516 FCRH165W) 1455. 4nd 1094 drhh'.191,M8 (1851)(286 EnumH NBIR6G0G M, Cid1,06 = 4.5 Hz
and 12.6 szi, 3.12 (314, s§ and 2.42-2.66 p&r}nﬁ_ing na; EXAVPLE 66 (R, S),
(R S) - 2- 1827d8XBpy)r 7-&1 (18 Ry P Firkdthy) A 101284, b3 )r 583 @Hns i 72 H2).3418) 11, 3-

ST PRI RS oh R SR i S i (30
s), 7.120 (0.5H, br s), 7.084 (0.5H, br, s), 5.464 (1 H td, J =6.3 Hz, J =

1.2 HZ), 5.40 (I H in), 3.5-4.0 (&H 2.2.55 (3H m and 1.90-2. 34
ppm (5H ). 30 EXAI VEPLE 67 (3R),E%MFIE6§

(R S) - benzyl - 2H, 7aHpyrrolidino] 2",]"-2", 3" 11, 3- oxazaper hydr oi nol 5", 6 -
5, 4j benzolljPreflaia¥iod SP{RS)-&(Pytrsliddi@carbonyl)-3aH-benzo[e]pyrrolidino[2,1-b]1,3-
oxazin-9-one

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 HCI 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, SO mL 1 M aqueous NaOH, 2 x 50 mL
brine, and then dried over MgSQO4. 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 uM.



" HNMR (300 MHz, CDClI3) 8 7.63-7.15 (7H, m), 6.23 (1 H, NH), 5.46 H t, J
= 5.9 23 MAY 2006 WO 03/ 045315 PCT/ U S02/ 37646 75 Hz), 4.28-4.28 QMZOW
3.88-3.80 (2H, m, 3.66-3.58 (1H, m, 2.96-2.76 (2H, m, 2.48-2.39 (IH m
and 2.31-1.90 ppm (3H, m. EXAMPLE 68 5

(R'S)-4- <314 3H, 7aH-pyrrolidinot2",1"-3",2'J1, 3-oxaz o[5,6'-
4, 5] benzgﬁ()?{/lf égll-_*oxazepi ne-5, 11-di o ne ! HNVR (300 VHz, CD%Q?IB%QI%%?@ (1H,

s), 7.35 (IH, s), 547 (IH t, J = 5.97I5Iz), 4.43-4.27 (2H, r’r), 3.88-3.80
(1H, m, 3.66-3.52 (2H, m, 3.44-3.36 (1H m, 3.22 (3H s), 2.50-2.40 (1H,
m and 2.32-1.87 ppm (3H, nm). 10 EXAMPLE 69

(R, S)-2H, 3H, 4H, 7aH- pyrrol i di no[ 2", JEX;SMPLE]ﬁl 3- oxazaper hydroino [5',6'-

7 ab- (1 r oot fppre oy T S soigls & a0 57 o)
m, 3.89- &%eﬁﬂdﬁ]l@oxaﬁn@@‘l&dﬁﬁle( 1H m, 3.51-3.38 (2H, m, 2.49- 2.40 (1H,
rr) and 2.32-1.88 m. EXAMPLE 70 (3R),

, S) -3 ((19)- 1EWR@Q0MHMWX)@TM/dl}lw@améﬁﬂbﬁhridﬁﬂéﬁe]pﬁr&ﬂt%éti&ﬁo[2 1-

(R
20 4g[|(1H g%z L @’ﬂiﬁ'{'&?;&ﬁég’ g 288 11&'@&@&3%%*49’?%%4%@1@6 1I(4 | H,S)

M), 4.23- 41.85(3H, i) ar)1,59%p8O38, 80 (1H, 1), 3.66-3.55 (2H, m), 3.40 (3H s),
3.24-3.04 (2H, M), 2.50-2.40 (I'H, m) and 2.30-1.87 ppm (3H, n. 25 EXAMPLE
71 (R S)-3-(2-nethoxyethyl)-2H, 6aH-pyrrolidino (2",1"-3",2"J

1, 3 oxazaper hydroino (5',6'- 5,4)b LE G oxazi ne- 4, 10-di one ' H NVR ( 300

13), & 7. A i S)ar ..9Hz) 523
<2H S RS- Fivipbriph 25*8*3‘1%@%5'&%“ By ﬁzzﬁlé%ﬂaﬁﬂﬂnﬁf? SOH .
.57 (2H, 54]h1nm|é]1230x3ﬂné41)10d30n3¢5 (3H, s) 2 44 (1 H nm), 2.25 (1H, n3)
2 14 (1H m HNMR(30%pm( CDCer?8757(1H s) 751(1H s), 545(1H t,J=5.8Hz),5.17
(2H, s), 3.83 (1H, m), 3.62 (1H, m), 2.69 (1H, m), 2.44 (1H, m), 2.27 (1H, m), 2.13 (1H, m),
1.95 (1H, m), 0.95 (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'-S,4)benzo[e]1,3-0xazine-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, ] =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, J =1.2 Hz), 540
(1H, m), 3.5-4.0 (éH, 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) 6 7.63-7.15 (7H, m), 6.23 (1H, NH), 546 (1H,t,J=5.9



(R S)-3-(2-phenyl etbyl)-2H, 6aH- pyrrolidino(2",l "-2',31 0

1, 3- oxazaper hydr oi no15' , 6' 23 MAY 2006 WO 03/ 045315 PCT/ Us02/ 378381A%2006 41
benzo lel 1, 3-oxazi ne-4, 10-di one ' HNMR (300 MHz, CDC3) 8 7.55 (1 H, s), 7.48
(1H 's), 7.23 (5H m), 5.45 (IH t, J= 5.9 Hz), 4.87 (2H s), 3.83 (IH m,
3.78 (2Hwd3dsss7.3 Hz), 3.61 (1H, m, 2.95 (2H, t, J = k?,,ushg/)nwz 44 (I H,
m, 2.24 (1H m, 2.12 (1H, m and 1.95;ppm (1H m. 5 EXAWPLE

(R, S)-3-(3-imdazol yl propyl ) -2H, 6aH pyrrolidinol 2", 1"-2", 3 )1,3-

oxazaper hydroi no[5', 6' -5, 4] benzo[ el | , 3- oxazi ne-4, 10-di one ' HNMR (300 MHz,
CDC13) 8 HzheH28:H]16 H, m), 588-3 BRI(2K,)m), 3.663 .81 H], ), 2.98-08 2HHM)<S).48-2.39 6. 98

1H s), 5.11 (1H, d, J=11. 4Hz), 5. 08( 1H, d, J=11. OHz),
51. 04 ()2H, ?{‘*4 )anlj?%‘ Lé?PP'%(ééHZ)%H dt S = 11.7 and 7)3 Hz),( 3.62 (1H, r‘r)?
3.53 (2H, ), 2.45 H m), 2.26 (IH n), 2.14 (2H, t, J = 7.0 Hz), 2.13

(1H, n') and 1.95 ppm( H m. EXAVPLE 74 15
(R S)-3-(2-(2-pyridyl)ethyl)-2H, 6afXyWPbE i nol 2", 1"-2', 3' ] 1, 3- oxazaper hydr

5 W 4,1 CDC13) 8
5 54 (7 Ry mERYE SRt Furtp G AR 103?‘1953*"@"?%‘%99%“ 754 (1K
s), 7.47 @lStbemzp|f)1/4-dxaze@he-5mM-dined5 (1 H, t, 5.9 Hz), 4.97 (2H, s), 3.97
2H, t,J=7.0 8
(7 3Hz) , 3. 61(1?@%%&% %CMJ)éliz?ﬂgHzm) 730Ul h3 AR IHA L7 50, my | 2. 13
(1H m aa%h?ﬁ(z@pmg(jkk3@(1}9&4’)'\/5’5&375@(&8;&) *334@%6((2}1%9%%'()3%5})/') 2
H, 6aH pyrro lidino 3- oxazaper hydr oino [5,

5, 4] benzo|2eﬁ0r2$061>thzn)r¢eda3io 8&|mﬁe(3§5m) HNVR (300 MHz, CDC13) S 7.56 (IH, s),
7.50 (4H s), 7.16 (IH d, J =51 H), 6.92 (IH M, 6.86 (IH, d, J = 3.7

Hz), 546 (1H t, J =59 H 3.84 (1H, 3.80 (2H t, J =
6.) Hz) | 3(62 (1H m, 3. 20)(2H %’é‘g’u"@)‘%’ (244 ?)1 H m, (2.27 (1H,

m, 2.12 (Rk,S)-2HBHAM]7H-PGrohdinG|2H,1"'79",2133- &Wﬂﬁdmnols',s'-
4,5]benzo|f]1,4-0xazepine-5,11-dione
"HNMR (300 MHz, CDCl;) § 7.61 (1H, s), 7.46 (1H, 5), 6.81 (1H, NH), 5.47 (1H, 1, ]
15 =5.7Hz), 4.40-4.27 (2H, m), 3.89-3.80 (1H, m), 3.66-3.58 (1H, m), 3.51-3.38 (2H, m), 2.49-
2.40 (1H, m) and 2.32-1.88 ppm (3H, m).

EXAMPLE 70
(3R), (R,S)-3-((1S)-1-hydroxy-2-methoxyethyl)-6aH-chromano[7,6-e]pyrrolidino{2,1-
20  b]l,3-oxazaperhydroine-4,10-dione
"HNMR (300 MHz, CDCl;) § 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]benzole|1,3-0xazine-4,10-dione

'H NMR (300 MHz, CDCl3) & 7.55 (1H, s), 7.52 (1H, s), 5.46 (1H, t, ] = 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'-



(R S)-3-(2-(3-pyridyl)ethyl)-2H 6a Hpyrrolidinol2",] "-2",3 ]2

1, 3- oxazaper hydroi no[5',6' - 5, 4] benzol el |, 3- oxazi ne-4, 10-di one ' ﬁr%ﬁy(zg%
MHz, CDC13) 5 8.50 (2H, m, 7.58 (1H, ddd, J = 7.7, 2.2, and 1.6 Hz), 23 MAY
2006 WD 03/ 045315 77 PCT/ US02/ 37646 7.55 (1H, s), 7.51 (1 H s), 7.24 (1 H,
ddd, J =WO ®/04438, and 0.9 Hz), 5.46 (1H t, J= 5.9 Hz), PCTARO¢EHI6d, J =
10.2 Hz), 4.96 (IH d, J =10.2 Hz), 3780 (3H, m, 3.62 (1H, m, 2.97 (2H,
tJ:70Hz)244(1Hn)228(1Hn)213(1Hn)and197ppm
(IH m. 34q¥490dH,3-éxdziied,imawhe c Resol ution of the Corrpound of Exarrpl el
Resol ution of the three conponents of Exa was achi eved

conbi nati on of HNMEG® Nz EDD81735AaH 8%%@1’5& drfd (éﬂr’éﬁmﬁt“édﬂﬁp%g‘/ on a

chiral su e i 859l iluted
Wth 7 oo Afnt sfard TP 3 ey £291E0. 481 AR, St Y

di | uted wiH#), mmumzu.zﬂmﬁ, )| 2012 (OH, v andeM@oepra( il ny war m ng until

cr ystalg i zation began, and then allowed to cool to anbient. The collected
crystals were washed with CO 4/ CH2C12 and CCl4. Wi ght of the predom nately
nmeso formwas 165 ny. The nother EXAMPLELS further concentrated and

di luted WI %s)%,dl&zg 921“'&%%'%2'&%3@{'@ I 391, hon of a second crop of

mat eri al , I'ch” was co ed ahd 14°t0 vyield 178 ng of
mat eri al tdxazapcdmt(hwmeld',@’ J4ibeiro(d]1,3%xafin¢-hd0-dime form Material (19.8 rrg)

fromthe second i d n f.which O
m. was inject edw(3§8%?%‘3 SiZSD%(@r@ ??geﬁaﬁf{ ?z‘gﬁn% %82(516108)(0 and
el ut edjou td’l983(191f s ent10k, 1255.9 HQP%IQWHFH)UHIQWQ gbs ?éumd un=rn Ofacti ons
from rrultlzg(i)fg1 20 i njections were pooled and crystal li zed ield 5.84 ng of

the 11t ERaath ber L HA) 3. SRbATo St ol - e kit ORI TN S gt ot 265
el ect 1 ophy 0kl K3k uanALYSISH ANA-3 o5 101 Ofi 4 1S oAEF98GprQAARY OTEr (1B).

whi ch denonstrate I gni |cant1 Y less activ ty han t st el uted
enantionmer. 25 EXAMPLE 78 In vitro Physiol ogi cal Testing The physi ol ogi cal
effects of invention corrpounds wer EXANMPEE 14n vitro on primary cultures of

gga: CgESI | C(?{ S)Qie-&r 8 pyr%%rl)et% ﬁ ﬁPGGaq-I yrrwﬁgginlo‘2",10-32‘,3ﬁ5,35310|x'az&ilpnerﬁ)glupriogl%rl§,6"6-\r ch
5,4]1benzo[e]1,3-0xazine-4,10-dione
'HNMR (300 MHz, CDCls) & 8.54 (1H, d, J =4.4 Hz), 7.60 (1H, td, J=7.3 and 1.5
Hz), 7.54 (1H, s), 7.47 (1H, 5), 7.17 (2H, m), 545 (1H, t, ] = 5.9 Hz), 4.97 (2H, s), 3.97 (2H,
t,J=7.0 Hz),3.84 (1H, dt,J = 11.7 and 7.3 Hz), 3.61 (1H, m), 3.15 (2H, t, ] = 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]l,3-0xazine-4,10-dione

25 'HNMR (300 MHz, CDCl;) & 7.56 (1H, s), 7.50 (1H, s), 7.16 (1H, d, ] = 5.1 Hz), 6.92
(1H, m), 6.86 (1H, d, J =3.7 Hz), 5.46 (1H, t,J = 5.9 Hz), 4.93 (2H, s), 3.84 (1H, m), 3.80
(2H,t,J = 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, CDCl3) 3 8.50 (2H, m), 7.58 (1H, ddd, J = 7.7, 2.2, and 1.6 Hz),



30 100 (1981) or on slices of rat hippocanpus according to the fzgll\b gng
procedure. Excitatory responses (field EPSPs) were neasured in~hi 8 3 ﬁrﬁal

slices, which were maintained in a recording chanber continuously perfused
with artificial cerebrospinal fluid (ACSF). During 23 MAY 2006 WD 03/ 045315
78 PCT/ UB(2p@0A636 a 15 - 30 mnute interval, the perfusi orramuSoanrass
switched to one containing various comngentrations of the test conpounds.
Responses col | ected irmedi ately befor'e and at the end of drug perfusion
wer e superinposed in der _to calcul ate the percent increase in EPSP

anpl i t ude.”- 3 (113, ﬁo'héih@ﬁ Phé<a Q%’sdcdg T3 R&: HP 1798 Odntls> AR s B dnlgved Ho).om
anest het | 20611 41U fo e S0 ARYE T DALY, 46 AN D15 Gysh bFEg: 4300 Sm

thick) were prepa ed and ‘i ntainéd in I nt ace cha usi ng
convent i orral.0 Hek B dlidsn), 328,(1Hom), @Xar(piHan) Sdnv@ deine(1Hamd. Lynch, J Physi ol .
276: 353-367 (1978)]. The chanber was constantly perfused at 0.5 10 nL/mn
with ACSF containing (in mM: NaCd 124, KC 3, KH2PO4 1.25, MgSO4 2.5, CaCl 2
3.4, NaHCO3 26, glucose 10 and L-agxosf@ig& 2 A bipolar nichrome stinmnulating
el ectrode was positioned in the dendritic |ayer (stratumradiatum of the
hi ppocanpal subfi el dEaaytionggrigsResopitionof Hagy Geppoymdsaf¥ixagpde CA3. 15 Current
pul ses (0.1 msec) through the stinulating el ectrode activate a popul ation of

Lhe Schaffer - CHIARNRIne ) hRSESs o BAGHIRT bAEa QT APLL AR Snkdhnioh®

subdi vi si on CA term na synhapses ‘oh the es o neur ons.

Activati Oﬂ"ra@fiorfahﬁ?ﬁalﬁydﬁaﬁ afdcslanp eﬁromhiagﬁph}@orf £tasaippbe. A oargssambkeﬁas
glutamate. G utamate binds to_t e?ﬁoo;%ﬁ%nagtlc AMPA receptors, which then
¥

transi¥nt Id}SS@ﬁé‘h’“étQ mls SHef laprdidiy haThseohine wasdedhicediodiment 20 t o
enter the )g.gaana hﬁth&ed lutedWPit154 mré@lntme%mm,&éwwe\ap&%a 89Raifing N€

extracel lu ar S field EPSP) I's recorded by a” high T npedance
recor di ng ueahbmsmili@tlpmbfrgtanmmddhqnmllpwéd tomodblllo@m(bfent Ade selieated wrystatéiveeram of

CAl . For the r bIe he i enS|t of the
SOl mul ot i SShErPi CERBRCRIRTRIE Sibibl o B phBBinfiauchedo LA Rl YosGhe
(typi cal | yrhebautier lighor-wak fxﬁ-tm‘k/;concaarane@cbndthlmmdl @ith OC1pinlosdes tondecegi ven every

N HCTRET RN CAr MM I W SN LR
yield 178 mg of material that contained only about 8% of the meso form.
Material (19.8 mg) from the second crop above was dissolved in 2 mL warm ethanol,

of which 0.5 mL was injected onto a Chiralpak AD (Daicel) column (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, ez 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



If the responses were stable for 15-30 m nutes (baseline), testl}ﬁg\grrpo%ﬁgs
were added to the perfusion lines for a period of about 15 mn AYEQQ6
perfusi on was then changed back to 30 regul ar ACSF. Paired-pul se stinulation
was used since stinmulation of the SC fibers, in part, activates 23 MAY 2006
WO 03/ 04581 83/83314US02/ 37646 79 i nt er neurons whi ch gener atrcaosmihidbi t ory
post aptic potential (IPSP) in the pyraggdal <cells of CAl . This feed
forward I PSP typically sets in after the EPSP reaches its peak. It

accel er at es)13 1 hrpelifehag te@erfadich mEdih Aas switched o doh@sengOfariblie EPSP, and
t hus coul d artlall¥ mask the effects of the test n’t)ounds One of the
rel evant feeREEMT@LONSPT thedest epmppayndso Respepses P%bcfieé npgediately befose angkat he

reactivat &g dhQf peR¥iGh aﬂeré}uﬁa{nﬁg,séa .hlo PRAARE1altht Pe%aﬁu@rea&tmpgﬁt' on pul se.

Thi s phenorrenon can be enplo to a ant age to e nat e

del i veri nganpditwded pul ses separated by 200 ns and using the second ("prinmed")
response for data analysis. 10 The first data colum of Table |I shows the
estimate of the concentration of each test conpound that woul d be required

to increase theTadopdict thHdee ©dts ttm:ﬁ;ioeérﬁbdi%l?retn@oxedv:amexeéxﬁ%ze@,mﬂ@mt he
baseline level. Values were estimted ‘H% i nterpolation in nost cases, but by

ext r apol at9lSPragemPaier ats Hudn vigioshices (410 wm Fugky Weteprenasedrng nyantmaerhiti or al
Testing Thg, b{&fag: AhBer P49 udifl Labliffioha é?%ﬁﬂ@aésg&e%ge{ﬁﬁlgfﬂdn%&% to

i nprove perfornmance in the erght-armra ¢h tests for
i nproved naddiyycladdPiBeio @6 358367 (IEE)L) The Thamsbdreats chmstanke parfided atrd.hed

revi ousl Stayb)i.et al., PNAS 91: 777- d. Lynch _and Rogers,
s pat tht mEminaRh AL it (R, BT G KEDo ot MiShs st o er ence
to specifigy WW§2@EQCO£ Thafd DRBdosbatel 1. AW]{)(L]arbrﬂclﬁ&ﬁé Shth@b@sh di@bdyari ous

modi fications may be nade without 25 departing fromthe invention. 23 MAY

2006 80 \WHEAS positiones inH, depdrtisipyst (riratyEnfagighuap) @?aeﬂlmppmaﬂ subdield| GA
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 CA1l.

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



wherein: Qand Q are independently hydrogen, -CH2-, -0-, -5-, Q%MAYZ@(%
substituted alkyl, R 1is hydrogen, alkyl or together with Q may

cycloal kyl ring, R2 may be absent, or if present may be -CH2-, -CO,
-CH2CH2-, - CH2CO, -CH2O, -CRR -, or -CONR-, Y is hydrogen or -OR3, or
serves tW0a03K53lhe aromatic ring to A or A as a single BERASOABIG4Or - NR-,
R3 is hydrogen, alkyl, substituted alkyd, or serves to |link the attached
oxygen to A by being a | ower al kyl ene such as a methylene or ethylene, or
substituted | ower al kyI ene such as -CRR - nking. the aromatic ring to Ato
form a sub¥emewersgviyeh genetsepiiphipiagy BOSt§7“49|"°Bf’teh‘@ilrﬂg%b“rtbwaf@ﬂala bond

Ilnklngtlgal n F7 M els id pOEFR Oy Ais
-NRR , - sfo i Téﬁtgés%tdl t ut eogl? Fq@l ,aﬂggaé%ogﬁﬁ%, ﬁs%st?ﬁeg?%ééﬁcgcl oal kyl ,
cycl oal kylaadeleydt¢s the 5elpplasuben aidshederanthyd decay ;flmheeofdwlﬂ?&f’ ond thus sauldst i t ut ed
het er ocycl e Cﬁ)nt ai.n one %&tm het er,0 ni.trogen or

sul fur, APafually Cfss‘)f ?%@‘érﬂpouéffji/g"egf Q’Fé‘ﬁ?’)ﬂ“ fe?ﬂﬁggﬁg’ﬁ fe&d- aryl

subst i tSUt chﬁ’ﬂ[’gi’ Ifé’tlhat iBdaki Yibt be r8ablshted fbF &deal KitldredGifiisecInly folloitat 1 t ut ed
cycl oal kyl, or heterocycloal kyl, 23 MAY 2006 81 R is absent or is

hydr ogen, stimylatiorspy}sea Thiy Phenomigaer qap e @maloyed to advsstaige t diminate ARy |, al kyl
b "
subst It ut q gll\aehﬁgb%re%yp%isgﬂné%er e 9(% llnI‘. y&d&ﬁl ﬁﬁé &%r&&y rﬂlrl d {@%/ (Jng)édl%f)t oget her

with RtofTorm ring, may b RiTe y X and
may be | i dkmdnilgsis¥ to forma 6-nmenbered ring and whi ch may optionally
contain one or two heteroatons such as oxygen, nitrogen or sulfur, X and X
are independently R halo, -CO2R, -CN, -NRR, NRCOR, - N2, -N3 or -OR

10 The first data column of Table I shows the estimate of the concentration of each test

compound that would be required to increase the amplitude of the field EPSP to a value 10%
above the baseline level. Values were estimated by interpolation in most cases, but by

extrapolation from determined values for others.

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 er 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.



2. A conpound according to claiml|l with the structure |la above i¥§¥ %b
and Q are independently hydrogen, -CH2-, -0-, -S-, alkyl, su ﬁ uted
al kyl, R 1 is hydrogen, alkyl or together with Q nmay be a cycIoaIkyI ring,

R2 may be absent, or if present may be -CH2-, -CO, -CH2CH2-, - CH2CO,
-CH2O-, or -CONR-, Y is hydrogen or - , or serves to link the aromatic
ring to A as a single bond, =N or -NR-, R3 is hydrogen, alkyl, substituted

al kyl, or serves to link the attached oxygen to A by being a | ower al kyl ene
such as a nethyl ene or _ethylene, or substituted |ower alkylene such as
-CRR - | i n¥HAY IheLAAMIRt ic ring to Ato forma substituted or
unsubstituted 6, 7 or 8- nenbered ring, or a bond linking the oxygen to Ain
order to fiorm S -NRR, -OR, alkyl, substituted
al kyl , cycloalzyﬁ)l@%ﬁ@??ﬁﬂ?ﬁﬁgﬂgggﬁaédAl cycl oal kyl al kyl, aryl,
substltuted aryl, a heterocycle or a substltuted het er ocycl e cont ai ni ng one
or two heteroatons such a oxygen, nitrogen or sulfur, R is hydrogen, aryl,

aryl al kyl , substltut:o ary substituted aryD Y|, substituted
Ioaltgl R is
. i tuted

al kyl , cycIoaI ted cIoaIkyI .

absent or is hy 2 ry kyI ‘g ey

aryl al kyl, al kyl, ' tute aIkyLR?cycI al kylf] subptituted cyggpal kyl or
may j oi n togather R_.to rm;Y’ to 8- ment }} whi chymay 23 MAY
2006 82 be subs||tutrd by (X y be |inkeg”to i y optionally
contain one or two hgteroat ch as oxygen, fur, X and X
are independent®y R Xnhalfa, - -CN, -NRR, - NREDRyy, - , -N3 or -OR 3.
A conpound according to claim| mnth the structure |b above wherein: Q and
Q are inQ&g&ggently hydr ogen, -CH2-, -0-, -S-, alkyl, or

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-,

Y is hydrogen or —OR?, or serves to link the aromatic ring to A or A’ as a
single bond, =N- or -NR—,

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,

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,

A’ is -NRR’,

R is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, or
heterocycloalkyl,



substituted alkyl, R 1 is hydrogen, alkyl or together with Q I%gYaZO%
cycloal kyl ring, R2 may be absent, or if present may be -CH2-,"*- ,
-CH2CH2-, - CH2CO, -CH2O, or -CONR-, Y is hydrogen or -OR3, or serves to
link the aromatic ring to A as a single bond, =N or -NR-, R3 is hydrogen,
al kyl, substituted alkyl, or serves to link the attached oxygen to A by
being a | ower al kyl ene such as a net hyqlene or ethylene, or substituted

| ower al kyl ene such as -CRR - linking the aromatic ring to A t8 forma
substituted or unsuBsispbsenker ishydrogan, gyl spfdkyletnbstitytsd abyl, HOBEHKA| i nki ng t he

oxygen to A" in order r stifdfed i Elogllyf, sittinAed dydloalgFor R i's
hydrogen, aryl, aryl alabg?lg(ﬂ’s%gt’ f‘fblﬁtlede ar%@subs?i’t ut ed ar ﬁg! kyl ,r al kyl ,
substituted al kyl, cyachaygbiaytbgetisanivathiR tet form @yie koddmeyriberadrringhwhishaeayc| oal kyl |

R is absent or is hydrogen, aryl, arylalkyl u itute [ tituted
aryl al kyl, alkyl, sub isﬁkﬁ‘&‘ﬁe‘;‘?lwaf‘d fYIbSilPk‘iﬂstf)byit%}g rf’tatcj%t'%é%(l%%/rg?gg kyl or

may join together w thn&RwhichfRiydRioftallyt @ntrimeneaet®d heicR@itoniiuch asray  be
substituted by X and may be |inked to Y to forma 6-nenbered ring and which
may optionally contai MPXyg, itrogoomwtfar oat oms such as oxygen, nitrogen or

sul fur, X and X arej h , R C NRIR coRNRCOR' , -
N2, -N3 or -OR 4. En@%@nggeﬁﬂg&ytaeh%egr iRhgéltBb—%(%%ggNéFgm’ I&%C(l)n’vmmh Q and

Q are -CH2- and R2 i NOLHR; or 2BRMAY 2006 83 5. A compound according to any
of claims 1-4 in which R is hydrogen. 6. A conpound according to any of
clains 1-3 or 5 wherein Qand Q are -CH2- and R2 is -CH2CH2-. 7, A

conpound 3ccRkEinPsurducastiingfto elamh MovithtBe QFuckuré Ih ¥VvE IWvhetein:s -CH2-, R2 is -

CH2- and Qis -0- or -S-.

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—, 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 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,

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,
substituted alkyl, cycloalkyl, substituted cycloalkyl, or
heterocycloalkyl,

R'is absent or 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



8. A compound according to any of clains 1-3, 5 and 7 in which 8 '90'0 9.
A conpound according to any of clains 1-3 in which Qand Q are am ar?d R2
is absent. 10. A conpound according to any of clains 1-3 in which Q and Q
are alkyl, R2 is absent and R is hydrogen. 11. A conpound according to any
of claims 1-2 or 10 in which Yis -OR3 and Ais -NRR, -OR alkyl,
substituted al kyl, cycl oal kyl, substi t8% ed cycl oal kyl, cycl oal kyl al kyl
aryl, substituted aryl, a heterocycle or a substituted heterocycle

contai ning one or two Kebbstigaed s Xand maydedinkedie Y and whishmayrorsignallyy . 12, A

conpound accor di ng t o 3iinedr A& RetdrodtoRls stcH asl d?cy%‘m, GliroBeh or alifey -
substituted alkyl, cycloal kyl, substituted cycl oafFkyl, cycl oal kyl al kyl ,

aryl, substituted aXydnd > archisdepeodsntly R, baloa- SO HCN R Re N GORe e

cont ai ni ng one or tm]\gﬁte ato such as oxygen, nitrogen or sulfur. 13. A
conpound according to ‘any OtTdl's 1-2 or 12°in which Ais al kyl,
substituted alkyl, cycloal kyl, substituted cycloal kyl, cycl oal kyl al kyl, a
het erocycl e or a substituted heterocycle containing one heteroatom such as
oxygen, nidt rdgempewndsagrerding ta glaim 1 ¢yhgbe sirncite Ih abayg ey of claims 1-13

in which A or A, i r o] | Schydr egeng oral yl al kyl,
substituted aryl, s d'{s?ltdl Eﬁalad?r%g %Hgﬁyéro%déylcm ’sg%ét ?tﬁa{“ég @l kyl ,

cycl oal kyl, substit ut edbstifatedalkklyl , or heterocycloal kyl, R is hydrogen,
aryl, arylal kyl, suhstituted aryl, substituted arylal kyl | kyl, substituted
al kyl, cycl oal kyl b%*tﬁtéf‘t&ea’o?‘%@cﬂ’rg’&f*‘%ﬁw 6nPﬁ§fY ?%?W%‘&%‘/?H&g’ wWith Rto
forma 4- to 23 MAYR2QQ$ bd4b&niRpTgi&dnt haitbe WH.LN-0BY, EH0pst Lt uted by X
and linked to Y by R3 and which maé &%ti onal Iy contain one additional

het er oat om such as &Xp§€m; —-AHPo9enCONR—<sul fur and X and X' are

i ndependently R ha - - O3 -Njg% W AR 1O’ X 15. A

conpound accordi ng LY%S%%@ el gkméol- fslldr}h |cﬁr0K1 or lE‘g,t(!)\llif gﬁ)?%lggﬁt, is -

NRR , R is alkyl, subdiontdutdoat¥Bt, cycloal kyl, substituted cycl oal kyl, or

het er ocycl oal kyl, R ;i s drogen, al kyl, substituted al kyl, cycloal kyl,

Cubst Lt ureq cycl onRi MaroRsRuR: Rorthed AT G tehveR tp Bk eraridis °Co

8-menbered ring, whi Crbxy?@qytob? ByURETG £ 18hveLalRYlent RiGH ad & HeBF1dn@ of by R3 and
ain one a

whi ch nay optionally con di tional” heteroatom such as oxygen,
nitrogen or sul fur andthylengdongubgiiteted 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;

R is hydrogen, aryl, arylalkyl, substituted aryl, substituted arylalkyl, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, or
heterocycloalkyl,

R' is absent or 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 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,, —N; or —OR.

4. A compound according to any of claims 1-3 in which Q and Q' are ~CH,~ and R? is —-CH,—.



i ndependently R halo, -CO2R, -CN, -NRR, -NRCOR, N2, -N3 or j;
conpound according to claim15 in which Aor A, if present, i52§§§¢£§gﬁﬁ R
is joined together with Rto forma 4- to 8-nmenbered ring, which nay be
substituted by X and linked to Y by R3 and which may optionally contain one
addi ti onal heteroatom such as oxygenNﬁgitrogen or sulfur and X and Xare

i ndependently R, halo, -CQ2R, -CN, - , -NRCOR', -NO2, -N3 or -OR 17. A
conmpound according to, claim16 in which Aor A . if present, is -NRR, and
R is joi*hed”t GyEeHRY asodingodgy phFiaims b4 Fonblch & i ¥%508%fhi ch may be
substituted by X and linked to Y by R3 and which may optionally contain one
addi ti onal heteroatom such as oxygen, nitrogen or sulfur and X and X are

i ndependerft. | y ARfompeahdaccotiiRRio angNf claijmR -3 or ARbGERiIn Q-aNdR)' areNE Hor- andR " 1s18. A
conpound accogggpg toclaim1l7 in which Aor A, if present, is -NRR, and
R is joined tog Hher with R to forma 5-nenbered ring, which may be
substituted by X and linked to Y by R3 and which may optionally contain one
addi ti onal _ het eroat om such as oxygen, nigro en or sulfur and,X and X are

i ndependent | y Aonpoupd accergping to angiqf clapgyld -3 or glﬁt’dﬁgéc}‘ UoLHNE B -or 19. A
conpound accoigj,ng,§ @ iclalm 1§ in which Aor A, if present is NRR, and R
is joined together with Rto forma 5-nenbered ring, which is linked to Y
by R3. 23 MAY 2006 85 20. A conpound according to claim16 in which A or A,

i is - d R js jeined hes. With R onf 6- menber ed
g, ui ch st By oK AR PR P0G a0k i ch may

optionally contain one additional heteroatom such as oxygen, nitrogen or
sul fur and X and X' are independently R halo, -CO2R  -CN -NRR, NRCOR
-NC2, -N3 %br Acrmppynd M@&%tﬁmwéeé%ﬁ g in whighyQ #1d Q| aa¢ AkyhandRjinakgrntch v
is -OR3. 22. A conpound according to claim21 in which R3 is hydrogen. 23.
A conpound according to any of clains 1-3 in which Y is hydrogen. 24. A
conpound &@cordéangpoind acvprdifig ©l aly i clain®s 1-8 imvhich QrandsQ'=xe allayl, RRR. 25. A
conpound accordi ng to._an f clains 1-3 in which Yis =N. 26. A conpound
according to cﬂﬁpﬁﬁﬁgRiH%%ﬁmﬁﬁnA is -OR alkyl, substituted al kyl,
cycl oal kyl, substituted cycloal kyl, cycloal kylal kyl, a heterocycle or a

substituted ) ) ) ' _ 3 )
A compound according to any of claims 1-2 or 10 in which Y is —OR” and 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.

12. A compound according to any of claims 1-2 or 11 in which A is 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.

13. A compound according to any of claims 1-2 or 12 in which A is alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, a heterocycle or a

substituted heterocycle containing one heteroatom such as oxygen, nitrogen or sulfur.

14. A compound according to any of claims 1-13 in which A or A’, if present, is —
NRR/, 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, substituted
alkyl, cycloalkyl, substituted cycloalkyl or may join together with R to form a 4- to



het er ocycl e contai ning one or two heteroatons such as oxygen, ni§§§§§§0@%
sulfur and A is not present. 27. A conpound according to claim In i ch
Aor A, if present, is -NRR . 28. A conpound according to claim21 in which
Ais -OrR alkyl, substituted al kyl, cycloal kyl, substituted cycl oal kyl,

cycl oal kyl al kyl , a heterocycle or a supstituted heterocycle containing one
or two heteroatons such as oxygen, nittobgen or sulfur and A" is not

present. 29. conpound according to,claim?2l in whi or ;A , i f present,
PSR . 230, S SEehiRs LoeRaT & o TR VTR Segish A or
A, I f presentmaybptiod¥RRcontaid bne AdGiO6RO HEEroad®aPdh BYok el @irdgeddri N Whi ch Rl
i s hydrogen. 23 Y 86 32. Use of an effective anmount of a conpound

accordi ng to &Hfurend & aadns areigdependeatly Bh halaad &R, &N yNRECeptREPR car ri er
in the treat C a i an subject, wherein the subject suffers froma
hypogl ut amat erglz’c condition or a defici ency in the nunber or strength of
excitatory synapses or in the nunber of AMPA receptors, such that nenory or

ot her cognict i i i ! 33 ; eff i.ve anmpunt of a
conpound 23&:0?&3“."&%%%& gér%érdgrgget glag? rgrg&%%ll |i53nm;1é§ ﬁgﬁ};}r%’e&p ?%g tI 3% accept abl e
carrier, in tNRR Reatalkmhtsubdtitacdralkpibyoletiyd) substhated apjleatkyl, suf fers from a

xei tatory sy hapeBEai iR B itper et mald e o Ee b AR "
cortical/stri gfcdbalkyl BPRIaR IR tapethef &ith Radiferen 4 9- ©BUNEMPEEE Find, Wiiich
schi zophr eni f orm behavi or. 34." Use according to claim33 wherein said

condi tion is BehbeewstiBrgdby ¥3nd ligkedde Yok nafdtwhieh aiapopBongHE captains aj d
condition is i ! ' 6 [ it i.on

conpri sing anglzﬁﬂg@fo ?I\Q/le}%é%lﬁ%ﬁl?lssg?h%Oé(g%)ngﬂ%)%gggﬁ%rl@?%&g@ g?ldygﬂgf cl ai s

1- 31 in conbi mtpendemiyt R, lalgrEOIRCECN | -NRR'y-1RCOBL, aDI(®, -Naor+@R., additive or
exci pient. 37. The conposition according to claim 35 wherein said conpound
conprises about 0.5%to about 75% by wei ght of said conmposition and said
carrier, dddi Aiosenponnd sxcordingtotclamniprin seagchaboud’, 268esent, abNRRIARG0f sai d

conposition. 38. e of a und accordi to.any, of clains, 1-3 in the
NG act Ur 6 ofoViEd TRGHRE ATEHTE 0 G g RmieeH Sienb he STy RN Fin
subj ect, wher gy X dnd@inkedio€€ by R? and which 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,, -N; or —OR.

17. A compound according to claim 16 in which A or A’, if present, is -NRR', and R’
is joined together with R to form a 5-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, -CO;R, —CN, —-NRR', -NRCOR', -NO,, —N3 or —OR.

18. A compound according to claim 17 in which A or A’, if present, is -NRR', and R' is
joined together with R to form a 5-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, -CO,R,
—CN, -NRR', -NRCOR', -NO,, -N3 or -OR.

19. A compound according to claim 19 in which A or A’, if present is -NRR', and R' is
joined together with R to form a 5-membered ring, which is linked to Y by R®.



suffers froma hypoglutamatergic condition or a deficiency in ti‘ﬁ\ﬂ{!@(ﬁ{g or
strength of excitatory synapses or in the nunber of AMPA receptors, suc
that nenory or other cognitive functions are inpaired. 39. Use of a
conpound according to any of clains 1-31 in the manufacture of a nedi canent
for use in the treatnment of schizophregy a. 40. Use of a compound according
to any of clains 1-31 in the manufacture of a nedicanent for use in the

treatment 28f Racc)ri%lpgﬁr(l)dﬂ' ac%or%lmsgetg%ﬁﬁm 16 in which A or A’, if present, is -NRR', and R' is
joined together with R to form a 6-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, -COR,
—CN, -NRR', -NRCOR', -NO,, N3 or —OR.

21. A compound according to any of claims 1-10 in which Y is -OR’.

22. A compound according to claim 21 in which R’ is hydrogen.

23. A compound according to any of claims 1-3 in which Y is hydrogen.

24. A compound according to any of claims 1-3 in which Y is =N— or —-NR-.

25. A compound according to any of claims 1-3 in which Y is =N—.

26. A compound according to 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
and A’ is not present.

27. A compound according to claim 23 in which A or A’, if present, is ~NRR'.

28. A compound according to claim 21 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
and A’ is not present.

29. A compound according to claim 21 in which A or A’, if present, is -NRR".

30. A compound according to claim 4 in which Y is —OR? and A or A, if present, is -NRR'.

31. A compound according to claim 30 in which R' is hydrogen.



32.

33.

34.

35.

36.

37.

38.

39.

40.
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Use of an effective amount of a compound according to any of claims 1-31 ina
pharmaceutically acceptable carrier, 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 an effective amount of a compound according to any of claims 1-31 ina
pharmaceutically acceptable carrier, in 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.
Use according to claim 33 wherein said condition is schizophrenia.
Use according to claim 33 wherein said condition is Parkinson’s disease.

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

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.





