WD 2011/ 100585PCT/ US2011/ 024583 SECONDARY STRUCTURE STABI LI ZED NVDA
RECEPTOR MODULATORS AND USES THERECOF CROSS REFERENCE TO RELATED

APPLI CATIWDS011/10053%] This application clains priority tecuS20RPoosssi onal
Pat ent Application 61/303,472, filed February 11, 2010, hereby i ncorporated
by reference in its entirety. BACKGROUND [0002] An N-nethyl-d-aspartate
(NVMDA) receptor is a postsynaptic, ionotropic receptor that is responsive
to, inter alia, the excitatory am no acids glutamate and gl ycine and the
synthetic 5 conpound NVMDA. The NVDA receptor controls the flow of both

di val ent and nonoval ent ions into the postsynaptic neural cell through a
receptor associ ated channel (Foster et al., Nature 1987, 329:395-396; Mayer
et al., SECONPARY BTRUCTOURE SEABILEAED NMDZORECTERN TORIODOBATORSAND has
been inplicated during devel opnent in specifying neuronal architecture and
synaptic connectivity, and may béU$E$6H5@@EﬂW'experience-dependent synaptic
10 nodifications. In addition, NVDA receptors are al so thought to be
involved in long termpotentiation and central nervous system di sorders.

[ 0003] The NMDA receptor plays a najor role in the synaptic plasticity that
underlies many hi gher cognitive functions, such as nenory acquisition,
retention and | ear ni PgOSRRMEERERS E TO REILATED Q@i hreOR8t hways and in the
perception of pain (ColTrngridge et al., The NVDA 15 Receptor, Oxford

Uni ver s[@091PTbisappliggan claims pdelityitoh).S.dpvigionalgtagqne ppEsatioh (NKIOAR.478cElsdor s

suggest f,hat the be involved, in the information-processing in the
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drawn particular interest since i BAAIPEROYND be involved in a broad
spectrum of CNS di sorders. For instance, during brain ischem a caused by
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acid glutamate are rel eased from damaged or oxygen deprived neurons. This
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pr ot ei nighegh@deei dtsynaptic neural cell through a receptor associated channel (Foster et al.,
Nature 1987, 329:395-396; Mayer et al., Trends in Pharmacol. Sci. 1990, 11:254-260). The

NMDA receptor has been implicated during development in specifying neuronal architecture
and synaptic connectivity, and may be involved in experience-dependent synaptic
10 modifications. In addition, NMDA receptors are also thought to be involved in long term
potentiation and central nervous system disorders.
[0003] The NMDA receptor plays a major role in the synaptic plasticity that underlies many
higher cognitive functions, such as memory acquisition, retention and learning, as well as in
certain cognitive pathways and in the perception of pain (Collingridge et al., The NMDA
15  Receptor, Oxford University Press, 1994). In addition, certain properties of NMDA receptors
suggest that they may be involved in the information-processing in the brain that underlies

consciousness itself.

[0004] The NMDA receptor has drawn particular interest since it appears to be involved in a
broad spectrum of CNS disorders. For instance, during brain ischemia caused by stroke or
20  traumatic injury, excessive amounts of the excitatory amino acid glutamate are released from
damaged or oxygen deprived neurons. This excess glutamate binds to the NMDA receptors
which opens their ligand-gated ion channels; in turn the calcium influx produces a high level of
intracellular calcium which activates a biochemical cascade resulting in protein degradation

and cell death. This phenomenon, known as excitotoxicity, is also thought to be responsible for
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and cell death. This phenonenon, known as excitotoxicity, is also thought
to be responsi ble for SUBSTI TUTE SHEET (RULE 26) WO

2011/ 100586RCT/1083811/ 024583 - 2 - cardiac arrest to epipcepsgoitlopssasidi tion
there are prelimnary reports indicating simlar involvenent in the chronic
neur odegeneration of Huntington's, Parkinson's, and Al zheiner's di seases.
Activation of the NMDA receptor has been shown to be responsible for
post - stroke convul sions, and, in certain nodels of epilepsy, activation of
the NVDA receptor has been 5 shown to be necessary for the generation of
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[0007] A need continues to exist in the art for novel and more specific/potent compounds that
25  are capable of binding to, or modulating the glycine binding site of NMDA receptors, e.g the
NMDA receptor NR1 ligand binding core, with e.g. with significant specificity and/or potency,
especially in-vivo, to provide pharmaceutical benefits. In addition, a need continues to exist in

the medical arts for an orally deliverable forms of such compounds.

SUMMARY
[0008] Provided herein, at least in part, are compounds that are NMDA modulators, for

30 example, partial agonists of NMDA. For example, provided herein are compounds that can



NVDA |igand binding core of SEQID NO. 1 is provided, wherein said peptide
mmetic has at | east two al pha carbons about 6 to about 14A apart, e.g.,
about 6 twoaboumwo®Bs apart. For exanple, disclosed m netipcs/usayiliopasBude a
cyclic am de core, e.g. a spiro-beta-lactam [0010] In another enbodi nent,
a disclosed peptide mnetic my be a peptide having two or 10 three am no
acids replaced with a noiety having a carboxyl group and an am no group. In
an enbodi ment, a disclosed peptide Wimetic of any one of claims 1-6, where
said peptide mnetic is capable of form ng a hydrogen bond at |east one,

two, thpg®ioK be@LUhmOdtrichfe tik OWPABIcAR RRcAGEIISnRfac@ROWiMR hO.glycifdR6thdih
THR126, G.U178 and SER180, or ng%/ﬂqpe capabl e of form&ig a hy§r ogen bong
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disorders in a patient are also provided, conprising adnmnistering to a
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provided herein is a nethod of nodulating the activity of SEQID NO 1,
wher ei nadifie ofrd&Q HPiNQ- lar PREX 2ty dHRH 264 BeansoHEBL #hit ¢roman dsptapablpyofa

conpounﬁjrror%&gaemé%nt O%ingt}{@p%hgg%lgg a%{dsses froma hydrogen bondi ng
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fol | owi tno acids of .SEQ ID.NO 1: P 24, THR1 Ul78 and 5 80.
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may24 ur EHEISUESIOPr DY PERsIdg drimetie Ay 1a¢leds Heorg &3REFHNEH By whet her t he
conpound nodul ates SEQ I D NO. 1. [ 0015] Al so provided herein are
pharmaceutical | y..accept abl e conpositions conprising a 15di scl osed conpound,
and a pharmacedti d&My accept abl e exci pient. For exanple, such conpositions
may be suitabl e~foryoral adm nistration to a patient. [0016] A nethod for
treating a cognitivg disQ J . a..di sorde ciated. w nory

| oss or inpaired | earni %é&ggfarrﬁ %ﬁlﬁa%%é’%‘ 1%% §} g}l%séﬂﬁ%ﬁg\r?% 6@%}n\§nﬁ]§g1?ér¥§'rtlueneld

t her eof makif &f $i96tdr ie aRaRudLS edludordiage IRt «parle widorntieg a yyarpgbe bold @vthded

herein are nethods of treating or
the following amino acids of S ID NO.1: PRO124, THR126, GLU178 and SER180. In

some embodiments, the beta-turn core may be conjugated to one or two amino acids.

25  [0012] Methods of treating or preventing a NMDA receptor mediated disorders in a patient are
also provided, comprising administering to a patient in need thereof an acceptable NMDA
ligand binding core receptor agonistic or antagonistic amount of a glycine mimicking beta-turn
peptidomimetic cyclic compound having a cyclic amide moiety, for example, a beta-lactam

moiety.



20anel i orating nmenory loss or inpaired learning in a patient in need
thereof. [0017] In an enbodi nent, nmethods for treating neuropathic pain in
a pati entwonongasssher eof conpri si ng adm ni stering an ePCeaiscma/oumunt of a
di scl osed conpound is provided. [0018] Al so disclosed herein are nethods
for treating depression, obsessive-conpul sive disorder, or schizophrenia in
a patient in need thereof conprising adm nistering an effective 25 anount
of a disclosed conmpound. |n another %nbodi nent, nethods for treating post
traumati c stress disorder, an al cohol dependency disorder, or an addiction
to an apis A¥® Fbubed RerRinPidhifdthod Bf MEEGalilleMeALiGONBr SEOND RAM nhkdr&hi NY
an effective anount of a disclosed conpounds are provided. WO
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disorder, or schizophrenia in a patient in need thereof comprising administering an effective
25 amount of a disclosed compound. In another embodiment, methods for treating post traumatic
stress disorder, an alcohol dependency disorder, or an addiction to an addictive drug in a patient
in need thereof comprising administering an effective amount of a disclosed compounds are

provided.
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bar) of single shock Schaffer collateral-evoked NMDA e.p.s.c.s. recorded in CA1l pyramidal
neurons. 2D: Time course of the reduction by compound B (1uM; solid bar) of burst-evoked (4
pulses 100 Hz) Schaffer collateral-evoked NMDA e.p.s.c.s recorded in CAl pyramidal
neurons. 2E: Enhancement of high frequency (100 Hz/500ms x3; solid arrow) Schaffer
30  collateral stimulus-evoked LTP at synapses on CA1l pyramidal neurons by 50 nM Compound B



10conpound) and 350.3 (deuterated proline). R2 = 0.9998 (Quadratic
non-1liner regression). [0027] Figure 9 depicts the sequence of the NVDA
recept or WBRkoarm@oisari ous conpounds that associ ate via hydrasenibosmsds ng to
specific am no acids. [0028] Figure 10 depicts the crystal structure of
conmpound X (GAYX-13) with the NVDA receptor NR1. 15[0029] Figure 11 depicts
a nodel peptide (GAYX-13) that has a distance of 12.171 A between al pha
carbons. [0030] Figure 12 depicts a®H NWVR spectra of a conpound di scl osed
herein. [0031] Figure 13 depicts a 1H NVR spectra of a conmpound di scl osed

her ei n. (iRIAN IR REMREET (M2 Hd2kd This @partiageye E&%{%’iﬂi@'tﬂlé’nﬂhﬁ ected
to conpgunds tﬁg% are capabl e of nndulatinégRNDA, gﬁgf NVDA ant agoni sts or
parti al SEbefi sp.s.c. peNRX empbtideicdnseldntl/ or et hods of using the discl osed
conpounds. [0033] The following definitions are used throughout the

descri ptG02h] dfigurbe3 pr3€sdmondirste| 168 mMe and 0084 Foreetratemmof aldiselvgeéd caspamdd

herei n s.to an unsaturated straight ar branched dr ocar bon_ havi n
n T eastAiSD° phih aRnts Do BecHr QB e pOL SRR BrCRPRERaRY
gr oup 0$e.@s.&.3.1) a@'SlﬁffePEol?ﬂ&aP@A@%ggﬁs@nﬁld p&ERIAEd TPO BAF ElifheaBurse of the
C2_Ci 2al kenyl, C2_Gi oal kenyl, and CBaIkengli respectively. Exe

e}

_ _ npl ar
al keny| mgrksdpshaneemgaieby DUIRX-40.85h6t00 Wi selal of/ single, sha¢k Heh flfmmp@hhﬁ;ﬂl:r,a%i

pent enyl, -hexenyl , but adi enyl di enyl , hexadi |, 2-¢ | hexenyl , 2-
o opy 1. 28 eigaca SR T RER At b el EX oyt bliGAS,,
2011/ 100988SHGH t6u281df hédhBanceniznt by Q0B85] (Tihg; t&lidn baz) kPXigleashotls Sdhiredrei n

refers to an al kyl group attached to an &ﬁ{gen (-0- alé%l), Exenpl ary
al koxy eRlbtpal-¢viesed harmygologicallydsolatedi N E-P-§ESUESOifee hinafAd| Ryrangddup

of 12 -8, .00 176 N ¢ I }

o Pty S 10 SRR N R ELELAS 0DALD 92 g L KBt

i ncl udecolbutiralastienubnd-estokad LEHR dt oynmphdsooayC AD glyhexiyial reucons SyntioDaM y), areixgiyl ar y
"al kenoxy" groups .include, but are not limted to vinyloxy, allyloxy,

but enong}lleétfer.cfe[Sbé%ﬁlS*Lér@rwr% tooirpl: ugtreed dida (@ GRIh 1 I e i at ed

strai ghte prpbpane! ?ﬂy{lﬂ%& ‘ﬁ%@lﬁéﬁ@g stifrRISR}A% Yz@/kﬁxﬁlmg LQRRY ANGlodAex SRHAsrAT €

not limted to, ne , eth ropyl, 1sopropy

collateral-CA1 synapses in slices pre-treated with 1uM (filled circles; n=10) or 100 nM (filled
15  diamonds; n=6 NRX-10,051, compared to control, untreated slices (open circles; n=8). Each

point is the mean +EM of e.p.s.c. peNRX amplitude of n cells.).

[0022] Figure 4 indicates that a disclosed compound enhances NMDA current and LTP. A:
Time course of effect of 20 min bath application of 100nM AKS51 (solid bar) on normalized
pharmacologically-isolated NMDA receptor-gated current in CA1l pyramidal neurons under
20  whole-cell recording (mean + SEM, n=5). B: Time course of effect of 20 min bath application
of 1uM AKS51 (solid bar) on normalized pharmacologically-isolated NMDA receptor-gated
current in CA1l pyramidal neurons under whole-cell recording (mean + SEM, n=6). C: Time
course of effect of bath application of 100nM AKS51 (solid bar, filled circles, n=8) compared to
untreated control slices (open circles, n=6) on the magnitude of long-term potentiation (L'TP) of
25  extracellular excitatory postsynaptic potential slope (mean + SEM, fEPSP) induced by high-
frequency Schaffer collateral stimulation (arrow,2x100Hz/500msec). D: Time course of effect
of bath application of 1uM AKS]1 (solid bar, filled circles, n=8) compared to untreated control
slices (open circles, n=0) on the magnitude of LTP of fEPSP slope (mean + SEM) induced by
high-frequency Schaffer collateral stimulation (arrow,2x100Hz/500msec). E: Time course of
30  effect of bath application of 1uM AKS51 (solid bar, filled circles, n=10) compared to untreated
control slices (open circles, n=8) on the magnitude of long-term depression of fEPSP slope

(mean + SEM) induced by low-frequency Schaffer collateral stimulation (arrow, 2Hz/10min)



met hyl -1 - propyl, 2-nethyl-2-propyl, 2-nethyl-1-butyl, 3-nethyl-1-butyl,
2-met hyl -3-butyl, 10 2, 2-di met hyl - 1-propyl, 2-nethyl-I|-pentyl,

3- et hyl -wopentpb3ss4- net hyl -1 - pentyl, 2-methyl-2- pentyPCT/US2011/024583
3-net hyl - 2-pentyl, 4-methyl-2-pentyl, 2,2-dinethyl-1-butyl,
3,3-dinethyl-1-butyl, 2- ethyl- 1-butyl, butyl, isobutyl, t-butyl, pentyl,
i sopentyl, neopentyl, hexyl, heptyl, octyl, etc. [0037] Al kyl, al kenyl and
al kynyl groups can optionally be substituted, if not indicated otherwi se,
wi th one or nore groups selected from al koxy, al kyl, cycl oal kyl, am no,

hal ogenfoo3ppiurdX 8tk e redults 8 b t1@nAzE@NARA B NLiAg aiiRIRK¥dmpshkeny! and

al kynyl groups are not substituted, i.e., they aré unsubstituted. [0038]

The ter 0“%@] iﬁ%giéér 5 dﬁﬁﬂk‘ﬁﬁ%ﬁﬁ{s%}f'& féﬁﬁa%%%ehfbpgdgl}]djghg? dniedeStrai ght or

branched hydr 0 aving at [ east one ca on"triple bond.
Exenpl a r ' I t 1im Qz A€

or opyny| 023hEHER | HaRARS sh G EPmeb ot B GoNElcolsBubEAR 35 sChOM comgncs, o
refers NMRArcagtes@ednddiTH, hilk XKRS5BR@OE)N¥E.Rb) -, - RaC(0) N(Rb) 12, -, or
-C(0)NRb12,, wherein Ra, Rb and Re are each independently selected from

al koxy, L@zbyhguaé &anyitts qahiation BYIGIEMSKUIBAD Shova! e arcalmbad dk¥ lcurvedopakat e,
cycl oal kyl , ester, ether, fornyl, hal ogen, hal oal kyl, heteroaryl,

het er oc?gl%’ﬂld, [H{dpiodjen inteyrepl ostgndard andnwas gpalyrid math FeMambaesdeativpeion
ttach . . 2 t i ,
R R e

and Re mayndiefjCire@aot@phpBnsal 3313t (AR5NeErteeqadtifating rangt i tsaayfortthis10-
menbered ring or a 5- to 6-nmenbered ring. The term "carbgxam do" refers to
the st r ERPRAEI- o) RiRpRaol [to g Aopmaheolydpmlhg igngertilized faiPREwels 24d &d(thisr ei n

TS SRt I OOl A s iy
o1 g e i 10 s LSRR hp R NESAT GRS Kbmg IR,

and Re adsecipteivivehlydrogattivatingitb Bpdcifec dhino atidsm a 3- to 12-nenbered ring,
e.g., norpholino or piperidinyl. The termam no al so includes the

cor r espuds Bttt @8l RBTERNH BuSlute 6f campodid RO(GIPHPL3) Gyvith the NMDA

-[ N( Rd) F@)FR&%—F. Exghplary am no groups ?ﬁ%lude a%inoalk&l gr oups,

wher ei nregeptbedBil. one of Rd, Re, or Rf is an alkyl group. In certain 5
enbodi ment, Rd and Re are hydrogen or alkyl. [0041] The terns "hal 0" or
"hal®gel028} Figded I'l depicts ednduet pepiided GErY X-03 FthaChas BBiistanee of. 12THE A detween
"haloalhﬁb" ag used herein refers to an al kyl group substituted with one or
nore haf'8gef8"Yns. [0042] The terms "heterocyclyl" or "heterocyclic group"
are art-recogni zed and refer to saturated or partially unsaturated 3- to
10- memb 0881 Fighs &% depeqte 84 NMResgpqisy oheroynpgund Slsvlpsﬁw%er ed rings,
whose ring structures include one to four heteroatons, such as nitrogen,
oxygen, [@géﬂ Eigurul3 depigten od PHYIRspagiin oflasontpeupgddisclosesi hereiay ot her
multi-cyclic ring systens. A heterocycle may be fused to one or nore aryl,

partially unsaturated, or satyy £o Bescrirenecyc! yl groups include, for
exanpl e, biotinyl, chronenyl,—égﬁgg?ufurygr—dlﬁédroindonI, di hydr opyr anyl ,
di hydr ot . dithiazol vyl iperidinyl, imdazolidin Fsoqui nol yl |
s 1800 IS0 bty O G5 Esner RTRAC o6 tmonpd” BRE Ar.uoele, ob JaR R
phenoxaNtMBAYE.g. KMIBA aatadyhists i Peftiall hgonlists, Pyid @Bxbosi Qi sadmaldr hdidds of using
pyrazolinyl, pyridyl, pyrimdinyl, pyrrolidinyl, pyrrolidin-2-onyl,

pyrrol i Hgidisciased geerwr y| , tetrahydroi soquinolyl, tetrahydropyranyl,

Lo ¢ any RSP rRetoflow ih UAF RN heod QLAY e J-0L RITRHRIBIS Mden 400 GRKEANY!

xant hen ctones, ctans sucn as az I nones "‘and pyrro I nones,
sul tams[OO%Hi II“RQ %rm a%&e%{/]le zllsl ll(lge'd ye]reein refers to an unsaturated straight or branched

]

25  hydrocarbon having at least one carbon-carbon double bond, such as a straight or branched
group of 2-12, 2-10, or 2-6 carbon atoms, referred to herein as C,.Cjsalkenyl, C,.Cjpalkenyl,
and C, Cgalkenyl, respectively. Exemplary alkenyl groups include, but are not limited to, vinyl,
allyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-
propyl-2-butenyl, 4-(2-methyl-3-butene)-pentenyl, etc.



20 heterocyclic ring may be substituted at one or nore positions with
substituents such as al kanoyl, al koxy, al kyl, al kenyl, al kynyl, am do,
am di no, woi2oo/10e88¢1 , aryl al kyl, azi do, carbanmate, carbeoatus01aae4s8xy,
cyano, cycloal kyl, ester, ether, fornyl, hal ogen, hal oal kyl, heteroaryl,

het erocycl yl, hydroxyl, imno, ketone, nitro, phosphate, phosphonato,
phosphi nato, sulfate, sulfide, sulfonam do, sulfonyl and thiocarbonyl. In
certain enbodi nents, the 25heterocyc§| ic group is not substituted, i.e. . t he
het erocyclic group is unsubstituted. [0043] The term?"” heterocycloalkyl IS

art-r eCﬁ[HBS]Z?He @e@ﬂl FBERKS ab s ﬁ&%ﬂﬂrﬁﬁ@ﬂ &t ﬁﬂ(?ngb'uWattQéH%HRoaa% &@&érﬂ@@)
he

above. term "heteroCyclyl al koxy" as used hérein refers

het er oc9lsyy! Exemalanealkoxy arpuas kekideghusage natHamitesk to gmpewdbwnlaww)gmmk@fl
refers terocycl t ache a e whi.c attached to
an al ky:1 qg%r 33% 0r38% %zﬂ e treefgﬁgg I?lr}l&?eé%({?f‘ rghglﬁ%bé?‘ o{%yhsalﬁoxymegk@ér ein
refers Calkdg, rr@s@baaiely O xenPdp hikoRD afromBeintiudal byt ¢ nphaimiRaobogedaky,y
accept abl e" include nol ecular entities and corrp05| tions that do not produce
an atvefthexy.£19. epighitarkyy cxpmplaryigtenary grenrs inghydgHuay aregot limited to vinyloxy,

2011/ 109%%’5%{18%’%;%024583 - 10 - administered to an animal, or a human,

as appro uman adm ni stration, prepar ations shoul d neet

sterili eni. safety equj red by
Fon o £ (WRoDFRERTR G PERTIRIT Ry TALBHEY B BhEDaf B B PBEL,
the ter errﬁ%lﬁfy alkyl\lg/iaﬁpg etRied butgRNh&tlimited defmétﬂﬁ 2thg$ ;&opﬁmpﬂ@yt tat is
capabl e of bindin 0 a glycine binding site of an NVDA receptor; | ow
concent M&thy&h sPr‘éP)&H\/@AFnP@de PEPPYAg BrinethyabytybuBsethylr breyl.ag- ra@bﬂr %bmé(h d at

hi gf, coree ( b ti t e
contbnt ot peavk P dRol, 2HanTRRERR oBn iy RE PP L BRRIL e S eyt
agoni st perft@087ethsl- P@eﬁkyn e4-e1dd1y1{2h;&rnnyip et dieetHyy- 1anc@p Badbtiendiayl rli-Butyl, d-
"exi pi e i ncl S any an 10 sol vents, dispersion nedia, coatings,
ant i bac?%wi &ibu %uaﬂtwfem&at g‘é‘@]eﬁF%tyl 1OBERRF ee%ﬂ?atYAdgeeswpb?le aevhying
agents, and the like that are physiologically conpatible. In one

embodi 0871 AHeylcalkenydr ands alynyhisraups ofanpaptidiely e sebftifited. r i§t pesnindicated

Al terna [
o apeb Bl P SRELE DT BRARPS UL BRLP o0y, IRISKRRHEY, ypig, eosen
Pharjracend i-CaD)aykyaccapicaldie aavodimests, thel aldel, silehyl anagiliegys golpst arensotor
di spersions and sterile 15 powders for the extenporaneous preparation of
steril esqt%ﬁ}%‘&dab?et@bla{ftqntﬁﬁ'%“@%te%h spersion. The use of such media and

agents for pharnaceutically active substances is well known in the art.
Except [Q%Sf)ﬁhe dermariglkysyiient jverrhherpitirefey tagentnsagiratad stgight tirebrnghiedt he
active h celL4 f.

rvent | SOPEHEGt bR & 1ELPGLe bl R IRE R, TR R A b S,

i ncor pobﬁtaedncbtl‘lirﬁhtddhe ahypoOSirdpiys.and®LB04B] The term "pharmaceutical ly
acceptable salt(s)" as used herein refers to salts of acidic or basic
gropps [(u39] MTRY tben Pr@seat or N“HATHOURAEsedS Abrei rbfefs B6 &5 8AdicAOBPQHE tofhS.
Compounds included in the present con&gsml ons that are basic in nature are

capabl e- R)afc(@&lﬁﬂbhg R @NRaR ot profCERNRsRwi thetedt | BusRi naidgdhi car%m@ﬁCh

or gani c. t y o] h ey

accept agll%gf)eg@f: g%}g‘tctfxgzmég%{lko aﬁ aﬁ%& ?calggﬁgoun ngH & at% %I(y or m
25 non- tokamatacicsiclaglétyL | emars &‘Jtlifﬁ,, fbrneyl haRigks, mmmynl ngemhﬁyl me&lmgt:l@al ly
acceptabl e anions, including but not limted to malate, oxala chl ori de,
br om dehydragangBydraxyly ketene. eml fitfoe Thej arifde girebe e%%%@taéothség@us Keyepeinthe,

| Som COLIAH, the REREAL Ry, RACKALL TRALHEY 8k nafbl LR, chkhinBloR, BIPRL R,
tannate, parit ot hitartrate, ascor succi nat e, eat e,

genti si mat By, dnm:amd Rc ngdyuk»a)y«nﬂteel, togfoumar 3nat &2-neadehar abg, sutloasat &, to 10-
benzoate, gl utamte, nesu] f onat e, et hanesul f onat 30
benzenegﬁP‘%SW&tlglg P "Ege ﬁe“%‘?ﬂl O flé‘gar;@ p%%af%fL?’far%lao refers to the structure
1,1 - metdy)RRER DI s- (2- hydroxy-3- naphthoate)) salts. Conpounds included in
t he present conpositions that include an am no noiety may form

mr W?ﬁ?ﬁ%ﬁ%@‘gﬁ%%sé “3ftlbe ggfts& Y&l OHTeRN N0rakhidSs meYoRHdNR RN tO

30  where Ry and R. are independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkyl, cycloalkyl, haloalkyl, heteroaryl, and heterocyclyl. The amino also may be cyclic,



aci ds nentioned above. Conpounds included in the present conpositions that
are acidic in nature are capable of form ng base salts with various

phar macolwgi2enlioyssaccept abl e cati ons. Exanpl es of such ealrts20inokasde al kal |
metal or alkaline earth netal salts and, particularly, calcium magnesium
sodium lithium zinc, potassium and iron salts. 5[0049] The conpounds of
the di scl osure may contain one or nore chiral centers and/or doubl e bonds
and, therefore, exist as stereoisomers, such as geonetric isomers,
enantiomers or diastereoners. The term "stereoisonmers” when used herein
consi st f@fex@hpledRIARY R, Grd RAHFBItSgetPAAI AR $o Armd ISl 2RRBIbSred THRSE ¢ .,
conpounds nmay be designated by the synbols "R' or "S," depending on the
conf i gumarphehnefors pipstdingle nt Bheatasmndmitee alspeincbidenithe carrbipending nquatiyeary0
present _inventio conpasses varjo i s of,_these conmpounds, and
it ur c&nia My e &7 ABRESERuE Y 3 RO ERORR DB h Reriar AT g ERIBRHR{Re

M xt ur esmioaRRRREOPIE MWSein At d8iseroReNE Ry,MRY, HeRdasiagnaked group. M certain
nonencl ature, but the skilled artisan will recognize that a structure may
denot e @mbedimgnt. Regt@Re piedlydeqgen ¢t alkghs0] | ndi vi dual st er eoi somers of
conpounds of the present invention can be prepared 15 synthetically from
comer c[09¥1) The teirma bhao’s emhalaggn’iret ‘ldla ks useddieraso retferi ta Fa&ynBmeor I.c Ty term

st ereogeni c.centers, .ar.b reparati.on of racem.c mxtures fol]owed b
Fesol vty BLHRTBEL R Rl SR SR FRUo B BRIy TR ST Lo B oM e
met hods[0D42] RO | teiinksOMh@EdcPAANMbI fh@ekobyclicl proapt aghrentecoinizedTand UtRr ab
enantionmers to a chiral auxiliary, separation of the resulting m xture of
di ast er ebwreted @ypaEally sngatyiatedt $-ote &P-memrbsrask 58 SPHGIUEN alteBaivelY dn tof/-t he
opt jcal pr, fr N Lon. enpl ovi ng
an WE P D R nf SIS, Bl 810 Jik PRAb ORI LS

m Xt ur eoofgeapirdcallfuenaetdrosyeics may alké balmaor,drigton @itlap mhdtiegtlinTisg systems.

St er eoi soperic xtures can also be resolved into their conponent )
ster eoi 30{{5?@%& T b 6% Betitofs moge, Afy g BAEiAtlY Ansgipated. ghsaturated rings.

chromat H_Q{e?&gtq 1§F6ur QlinAR@S o i PET §i6 AN otk ! Qih@ﬁfo@ﬁ&%ﬁ,%ﬁ RB¥dolyl,
crystallizin ph cgnpound as a chiral sdlt conplex, or crystallizing the
25c onpodihgdiopyanghi dihydedlienyht ditheolghi somepigeridinylal isuddrelidinyhi seduifiolyn

t j | ].y- i nt i at . t d t al 1. k
S EORE L2 LB St SRS LSy SB0°NS 317 SELLSHS BLtELldopre
t he conpRendmypipitdiRimkiasetyli sWeMidaRt. pYReosdbeYGenos e anRiReN ridkatny iy

be a single, double or triple bond as descri bed ﬁereln. The present

i nvent i pyrrditoRpuys espyrminyhr i toughygedsnetr i tetiabydresequnel yhi xewahydrapyeanebf

resul ti 0, from.t arr.an nt, of substiiuents,around, a carbqgnscarbon
foohl & Doamrrbb SR SR RAE BRIl GHRAbAAGRE GRS R G RERAT [ EnES

Subst i t neahs aichuns ReCHRONR- &al PYrrodoiubhe, Bansmar sultod€, and the like. The
2011/ 100585PCT/ US2011/ 024583 - 12 - designated as being in the "Z" or "E"
contq gubeiosyrlichepgimay the fubstitgitedzat gngy or pmokg, posideiy Pith atbstityae SUGh a5

| UPAC s dsy I o) i ecj f.L,ed T UC S pi. Gt d e
bonds e%%o dsgmggyhggﬁg $E§ﬁ§%§ﬁwéﬂ’%@%ﬁ§r§g1$%%5%¥h§ﬂﬁg |fﬁ@%@gLa%%%%d a
car bon- cabioate dcarbbeatd ocmab@dyt exymad, i spelopllg@nedve, reéfeer foeohyt, ohasgen, "haioalkyr

"trans,” where "cis" represents substituents on the sane side of the double
bond anBeteRopLyhhetsragyc ePYEOR R e Bﬁr%agﬁ?ﬁlﬁt@ Efatkonfo. Phe TR o

bond. _ TharRe ' QIS8T NI AhnIURSLIEHEN R AAATAYE AT BYCKIC chitBEiRIRS. the

designated as "cis" or “"trans." T erm"cls" represents substituents on

t he2% anbetsiodgclsfgrodreis poasndsofutadhee.r thage@mtytlegrioep m dnsnlstisited.epr esent s
T THE TR RN G X W NG R
0pposi t grotp A Ae@hedrdRNE The tdd ‘heREoFtRlalkoxy” as used herein refers to a heterocyclyl
attached to an alkoxy group. The term “heterocyclyloxyalkyl” refers to a heterocyclyl attached
to an oxygen (-O-), which is attached to an alkyl group.
30  [0044] The terms “hydroxy” and “hydroxyl” as used herein refers to the radical -OH.
[0045] “Pharmaceutically or pharmacologically acceptable” include molecular entities and

compositions that do not produce an adverse, allergic or other untoward reaction when



designated "cis/trans."” [0053] The conpounds di sclosed herein can exist in
sol vated as well as unsolvated forns with pharnaceutically acceptable

sol vent s wochiiawossat er, et hanol, and the like, and it i ®Ccrnsendoessshat t he
i nvention enbrace both sol vated and unsol vated fornms. In one enbodi nent,

t he conpound 15 is anorphous. In one enbodi nent, the conpound is a

pol ynor ph. I n another enbodi nent, the conpound is in a crystalline form

[ 0054] The invention al so embr aces- 1ot opi cal |y | abel ed conpounds of the

i nvention which are identical to those recited herein, except that one or

nore at gdffinided el ag eshiRYl, a5 at AMMARY iaf JapRofHa®ll C “PF&S hullan MTRERInWAABSH,
different fromthe atom c mass or mass number usually found 20 in nature.

Exanpl eprepfrafigs okl mepitstegitity. ipgrdgaeisitpageaciatisdfety and pnpbuniaisdagds asiequired

i nventi C e | apes of . h drogen carbon, nitrogen, oxygen,
phosphoﬁbgb%f‘{)uocreuorﬁzso%lﬁ ERAAIANS TStch as 2H 3H 13G 140G 15N 1831p.

32p, 35[1046] A@dls&ﬁﬁlxhe @&fs&&&hgc\y@hw tHeORhb pAreial RMDA s€depfir @gbnivt” liadetied
di scl osed conpounds (e.g., those |abel ed mnth 3H and 14C) are useful in

conpoun®® asempeunsthat isaapakle of himdingstorg glyeing bindinggise ofran NMIPAgregapter; at3p)
a“d 25 RRF RBRsehftadidnse a:N Alégfh)?(ﬁ‘eg cﬁﬁ{ﬁ E]st 'sEtSJs'tﬂEl R ei@'h{s?danﬁo t B@ﬁ' r
it Furt §tY

ease of preparation an etecta tution wt

| Sot opesorstatat@ss diteadtgesubsnm(mll}eas aHhntagoniaf forese carceatratidnk erapaietinentally
advant ages r.es %F fron1 eater netabollc stability (e.g., increased in
vivo ha ?QPPng et & o§§ BB peRfSty ement s) and hence may be preferred
in some circunstances. |sotopically |abeled conpounds of the invention can
gener al [094BEAp mé%h@ambyhm}ar:@w%y 3opPHbERHBY Qhatdpsls idudaigay and all

di sgd osed L t Qﬁ{g@l@l%h’ n%ﬁméo%ﬁn? Iiltﬂ)a[%ég #2&3\8' taﬁﬁijuﬂgalag%%%é? tQBIHR! |ha

| abel ed reagént a non-rsoto rea
2011/ 10%=85#cH/ HSBSMJ@/ aghvg 3and ZItBe hlﬁeOQBﬁ] aRs phsﬁdlolg[taﬂheccpnmmm In one
di sclosure, "NVDA" is define % met hy| - d- aspartate
embodiment, the carrier is suitable for parenteral administration. Alternatlvely, the carrier can
be suitable for intravenous, intraperitoneal, intramuscular, sublingual or oral administration.
Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and sterile
15 powders for the extemporaneous preparation of sterile injectable solutions or dispersion. The
use of such media and agents for pharmaceutically active substances is well known in the art.
Except insofar as any conventional media or agent is incompatible with the active compound,

use thereof in the pharmaceutical compositions of the invention is contemplated.

Supplementary active compounds can also be incorporated into the compositions.

20  [0048] The term "pharmaceutically acceptable salt(s)" as used herein refers to salts of acidic or
basic groups that may be present in compounds used in the present compositions. Compounds
included in the present compositions that are basic in nature are capable of forming a wide
variety of salts with various inorganic and organic acids. The acids that may be used to prepare
pharmaceutically acceptable acid addition salts of such basic compounds are those that form

25 non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable anions,
including but not limited to malate, oxalate, chloride, bromide, iodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,

30  benzenesulfonate, p-toluenesulfonate and pamoate (i.e., 1,1-methylene-bis-(2-hydroxy-3-
naphthoate)) salts. Compounds included in the present compositions that include an amino

moiety may form pharmaceutically acceptable salts with various amino acids, in addition to the



[0057] In the present specification, the term"therapeutically effective
anount” neans the anount of the subject conpound that will elicit the

bi ol ogi cavoanimeoissal response of a tissue, system ani malr/useothoessst hat is
bei ng sought by the researcher, veterinarian, nmedical doctor or 5 other
clinician. The conpounds of the invention are admnistered in
therapeutically effective anmounts to treat a disease. Alternatively, a
therapeutically effective amount of lh- conpound is the quantity required to
achieve a desired therapeutic and/or prophylactic effect, such as an anount
whi ch 1 es# hienlidhedefdoned Gmpdiatis FERRY 1H€tﬁ@|9£i:sérﬁ @R s RS MRl afNhadesent
of a behavior (for exanple, 1earning), physiological response (for exanple,
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subst antdléiy nakfSeum Sogiunt) ahiog, th BgRm, b@@dob@ztlvseen a donor and
acceptor residue, where the donor acceptor residue are separated by a
di stg_ancF()()ubptrh& 85 thFSRRANAS tHth&dik?suEE &h?@&ﬁai%fon%\w nMre thir@QeRRR IR A
15 disclosed chemical structure has, tor exanple, a beta-turn notif when

t he st rbendgr end, ribergtive, biisty a4 |S¢,er¢m$1g@er€,emg:h apigeywriric pmets, |casntamers [t
have restricted rotat evi ced nucl ear
over haudeneEhREEr ) TRIER sfuysont RulR s dtn i SR Cotn KSR a G561
Conpoungsanti6m@rs cﬂe@hgt@leomﬁetmese dbmpbesRUnhE beidasighdted BYBhEBRABHIFERY Sorar €
capabl e 20 of binding to the NDVA |igand binding core of SEQ 1D No. 1. For
exanpl e, S.a dgpydingsen thsegonfigeratipief pebshigntiaveund the stefgoeanipicarboarains Theat
may t

abO}J g\éﬁtat.f)&eb&m?n on %%e@var%fus%&?éb%oﬁnég%ofﬂ%%l caghga ﬁ‘ndso dg')qg( sl{ﬁelté:&%a y
be int eSmdoh@nmmsmbladaednmlommf Qarnrtaldhe;stammetrs al nmﬂxtamst bﬁt emdntlb’ﬁly&rs faar
example, mimc a bIO|O cally lve conf n.of a pepti

exanpl ediagerPRiEroday bp flg’&"ée%(ﬂsn o DB N BY e S%ﬂlegértﬁén éZYHIdEC%B%Zé
€.g. a Hfa?é/%&c‘%m@?ﬁa%deﬂs&aa@hllgpéen?éf%ﬁﬁoﬁﬂ a disclosed peptide mnetic may
be a disclosed co having a two units (e.g., a bicyclic
beta-1a c t a y
oceur i W%@%@%ﬁl%@é@&?@ g 8ot e R CRULRE M R TRy
bet &5 t usyntiically tfhah ¢snatrbille mmllablad Riartingt Fratdrians ittt acqn@din esymneetge orsS
substantially stable in-vivo or |n an aqueous solution. In 30 sone

embodi nEATEEEENIC IS Uy RIRARYIPRPLrasPTHe mixiyEas Tellyed by reselytian mHiodyarll

bond, ofnoMAAR qugéﬁﬁp I loﬁ‘nzt?é 340 Zhe83methdds of R uhéh E@Q%Qﬁl?hﬁéed g§r (‘PJ' ng

to at | east one, our amno acids of SEQ

sel ect eatdchomnt dffGB. gRoup oé@naitmmemgtocn‘ c@ﬁ@dﬁharﬂﬁmﬁﬁpn Gﬂtht?fasudmmg BERLSO.
[ 0061] i scl osed ept i ncl ude

ononL ok Br o PR et T raleEhs she ooy SHohe sty Bigs,

DI 8§ V) prodhiéGhoiae :Id%'iha@%a(gp b formation employing an optically active resolving agent, or
(3) direct separation of the mixture of optical enantiomers on chiral chromatographic columns.
Stereoisomeric mixtures can also be resolved into their component stereoisomers by well
known methods, such as chiral-phase gas chromatography, chiral-phase high performance
liquid chromatography, crystallizing the compound as a chiral salt complex, or crystallizing the

25 compound in a chiral solvent. Stereoisomers can also be obtained from stereomerically-pure

intermediates, reagents, and catalysts by well known asymmetric synthetic methods.

[0051] Geometric isomers can also exist in the compounds of the present invention. The

symbol denotes a bond that may be a single, double or triple bond as described herein. The
present invention encompasses the various geometric isomers and mixtures thereof resulting
30  from the arrangement of substituents around a carbon-carbon double bond or arrangement of

substituents around a carbocyclic ring. Substituents around a carbon-carbon double bond are



5contribute to partial glycine site agonist activity of the conmpounds. For
exanpl e, disclosed conpounds include those represented by Fornmula |: |

and phar nsoeunti/wedssy acceptabl e salts, stereoisoners, amdTNSexildesss her eof ;
wherein T is, independently for each occurrence, CR4AR4A', and nis 0, 1, 2
or 3; 10Ais optionally present and is selected from phenyl or pyridine,
wherein Ais optionally substituted by one or nore substituents sel ected
fromRa; RL is selected fromthe grdtp consisting of H hydroxyl,

-S(0) 2- Cl- 4al kyl ; -SQG2, Cl- 4alkyl, C2-C4al kenyl, phenyl, R7, or -() X

vy %ﬂatela&s:bel’ﬂgeith@“@ oldah denflgﬁ:l%néﬁ‘I\xKﬁfoﬁ theQErnW‘eLn’}’zlnd ‘%”Oa% heuaah! y

155ubst|t ed by one or nore substituents selected fromRa; X is CHor N,
R3 and ®Iopdagcd Md@pHMtﬂt@dg@ISec&]@éwf phawibe spaedigg. @tm@u@@udﬁ:glc@flg idouble

G- agn kgt BIG i p%diﬁi KapsRopt L onal |y substituted by one or
fore Suﬁﬁ)tSb unsttl%ue?l?sl z?r%{[n(la a ca on caﬁ)on double bond alternatively can be referred to as
5 “cis” or “trans,” where “cis” represents substituents on the same side of the double bond and
“trans” represents substituents on opposite sides of the double bond. The arrangement of
substituents around a carbocyclic ring are designated as “cis” or “trans.” The term “cis”
represents substituents on the same side of the plane of the ring and the term “trans” represents
substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein the

10 substituents are disposed on both the same and opposite sides of plane of the ring are

designated “cis/trans.”

[0053] The compounds disclosed herein can exist in solvated as well as unsolvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like, and it is intended that
the invention embrace both solvated and unsolvated forms. In one embodiment, the compound
15  is amorphous. In one embodiment, the compound is a polymorph. In another embodiment, the

compound is in a crystalline form.

[0054] The invention also embraces isotopically labeled compounds of the invention which are
identical to those recited herein, except that one or more atoms are replaced by an atom having
an atomic mass or mass number different from the atomic mass or mass number usually found
20  in nature. Examples of isotopes that can be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and chlorine,

such as 2H, 3H, 13C, 14C, 15N, 18O, 17O, 31P, 32P, 358, 18F, and 36Cl, respectively.

[0055] Certain isotopically-labeled disclosed compounds (e.g., those labeled with *H and H0)
are useful in compound and/or substrate tissue distribution assays. Tritiated (i.e., “H) and
25  carbon-14 (i.e, “C) isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., *H) may afford
certain therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and hence may be preferred in some circumstances.
Isotopically labeled compounds of the invention can generally be prepared by following
30  procedures analogous to those disclosed in the e.g., Examples herein by substituting an

isotopically labeled reagent for a non-isotopically labeled reagent.



, R4 and R4 are independently selected fromthe group consisting of H,

hal ogen, hydroxyl, phenyl, G -4al kyl, am do, am ne, G -4al koxy or

C2- 4al kenwb,20m@osss5n CL- 4al kyl, C2-4al kenyl, C - 4al koxpCTaisdoiploessgs ar e
optionally substituted by one or nore substituents selected fromRa; WO
2011/ 100585PCT/ US2011/ 024583 - 15 - R2 is selected fromthe group
consisting of H R7, -S(0)2, S(0)2-C -C4al kyl, G -4al kyl, hydroxyl, or
phenyl wherein G -4al kyl, C2_4al keny? - and phenyl are optionally substit ut ed
by one or nore substituents selected fromRa; R5 and R5' are each

i ndepenf®Bk] %s s8dEGiBIpEENUBER R CONIDH 1 BdeBhedds NVLQBEY- asphrtat® 4al kyl,
G - 4al koxy C2 4al kenyﬁj cyano, am no, phenyl, and hydroxyl, wherein

G - 4al kyg gfclg 'aaﬁeﬁt?d?lylth@rt&npmhb @@Jltiaéu% ﬁefchwfaﬁféuw QB&sOfheTOr €

substi tuents S om Ra; R7 is select group consisting o
-C(0) - R&nour(t(df)thd)smct oompﬁi(nm) thhRatIRgjcit the biologalics seliedt resgofisearnat tsugr oup
consistin erocgF lic, lOwherei

eyt bt gt Aerap g i OGRY LueRL pp BleE SRR en Serenngtigy mediegl Aot

sel ext eginby OmiREn. R&hb %oﬁ?b@ﬁs%f thé AWeAHOY Qre%ﬂﬁhﬁ(ekéﬂlgmcﬁleﬂ'&)eu'tﬁ@}) effective
G -4al kyl or C(O0)- wherein G -4alkyl is optionally

subst i t ameenthyo &eatz d;ﬁease sAbsltnnatltﬁémasthsraamemcaHy feffoetivRagmount of a compRand is

sel ecte i nd endent _eac enc m carboxy. dr oxyy ,

hal ogen91 1‘13‘5%1 Ao IPhE & Yﬂ adly 4%?%5116 r&P%E%C dﬁ"&xpmplﬁga 'S esgﬁc{ecst“é as an

i ndepenﬁiﬁﬂﬁﬂt)'vvlﬁleh r@@@tb 19 GRAREEAE hat @it h@e(EﬂCtUFglﬁ@ﬁﬁkﬁﬁilrﬂlh@ﬁceﬁ@hb@f(ﬁ,
hydr oxyl, hal ogen, am no, phenyl, G -4alkyl, G -4al koxy, and -NH Re; Rc is

seI ect ebehayied | n@v@mnhy lﬁ@mlr@ga\cahmgglp@n@épw@dfqrh@am%leE%ngqhy:flph)g @ :
%hﬁ}léﬁéﬁyelum Eﬁicléz%o) Cl-4al kyl ; and 20Rd is sel ected,

[ ndepen or e currence, H and G - 4al kyl; and
Fggég?cﬁ)%kﬁ%ﬁ%?cﬂﬁé’r&pécb%% Bt O BE T Fhe h THE B PR BRECy
R3" N R?alﬂ}ﬁl carbon) atoms (a carbon atom next to a carbonyl carbon) substantially close, e.g. having
a hydrogen bond between a donor and acceptor residue, where the donor and acceptor residue
are separated by a distance that corresponds to the distance of two or three peptide bonds. A
15  disclosed chemical structure has, for example, a beta-turn motif when the structure includes
bicyclic rings (e.g., bicyclic spiro-lactam) that have restricted rotation, e.g., which may be

evidenced by weak nOe (nuclear overhauser effect) spectra e.g., between H3 and H5 atoms.
Compounds

[0059] Compounds, e.g. peptide mimetics disclosed herein, in some embodiments are capable
20  of binding to the NDMA ligand binding core of SEQ ID No. 1. For example, a disclosed
peptide mimetic may have e.g. two alpha carbons that may be about 6 to about 14 A, or about 9
to about 14 A, or about 10 to about 13 A apart. In some embodiments, a contemplated peptide
mimetic may be internally constrained or conformally constrained so that it may, for example,
mimic a biologically active conformation of a peptide. For example, a disclosed peptide
25 mimetic may include a cyclic amide core, e.g. a bicyclic beta-lactam. For example, a disclosed
peptide mimetic may be a disclosed compound having a two modular units (e.g., a bicyclic

beta-lactam core), wherein each unit can be substituted with a naturally occurring amino acid.

[0060] For example, a disclosed compound may have a beta-turn motif that is stable upon
administration to a patient, e.g. is substantially stable in-vivo or in an aqueous solution. In

30 some embodiments, a disclosed compound may be capable of forming a hydrogen bond, or



WD 2011/ 100585PCT/ US2011/ 024583 - 16 - 4al kyl (e.g., methyl, ethyl, propyl,
wherein C -4al kyl is substituted by phenyl, and R3, R3', R5 and R2 are
provi ded wbaoe/10pB63] | n anot her enbodi nent, Rl and R2Ppofr/uSesimob4#ss a nmay
each independently be selected froman amno acid, e.g. a L- or D isoner
of an amno acid, e.g., alanine, arginine, asparagine, 5 aspartic acid,
cysteine, glutamc acid, glutamne, glycine, histidine, isoleucine,

| euci ne, |ysine, nethionine, phenytatanine, proline, serine, threonine,
tryptophan, tyrosine and/or valine. For exanple, Rl and R2 may each be

i ndepengd@itka Té“éftﬁﬁdh §?£,1 &t Bne, ¢ HRGT (SHEMIAS acifPof B) 1,
R8 ; ergl n >&gﬂb i tfmt 1‘tl)e ﬁ?ngnd R8 may 1b aCIC(B)S 4arﬁ§yl eE%e g.

et hyl , paloysd f,rom-téugl}bllp C@IFSIthB@f VRO 124 EHRI{L A6, @suh]&('c}ﬂd SERBWbst i tut ed at
one carbon with NH2 or -N-carbobenzyl oxy and at a different carbon by

hydr oxy[0061}/\® 20¢ k5D EPERCTH USR] hh2458&le- al Fmall[ OOBIGItc! . ecemlapﬂrptidyl)

enbodi nent_s be. phenyl tionall ubstltute bove)

R e R i T HRGEGE (B By e AT iss): DBicG MR K Syl
N- bW yl eorlfibiite Qé'tpﬁft)al g frieonal A@()n?s'tl RstvityubethealonfR@ndar PONeWinfle, NHZCI@J?:@
anot her carbon with roxyl. [0067] For any contenplated R-group that

|nclude€0Hm0uﬂ§FK¥thé eﬂﬂlﬁwﬂﬁdbRﬁﬁﬂmﬁhd al kyl may be 5 selected fromthe
group consisting of nmethyl, ethyl, propyl, n-butyl or t-butyl, and wherein
said G -4al kyl gi s dbtR@naIIy substi t ut ed by one, two, or three substituents
sel ected froqngﬁi p consisting of F, C, or Br. [0068] Such conpounds

may have differi NsOmEri zati ons, and in some enbodi ments, may be
represented by: !

Ri © |

and pharmaceutically acceptable salts, stereoisomers, and N-oxides thereof; wherein

T is, independently for each occurrence, CR4R4’, andnis 0, 1,2 or3;

10 A is optionally present and is selected from phenyl or pyridine, wherein A is optionally

substituted by one or more substituents selected from R;

R; is selected from the group consisting of H, hydroxyl, -S(O),-C;-salkyl; -SO,, C;-
salkyl, C>-Cjalkenyl, phenyl, R;, or

g0~ jR

Rse , wherein C;-salkyl, C,-salkenyl, or phenyl is optionally

15 substituted by one or more substituents selected from R;
Xis CHor N;

R; and R; are independently selected from the group consisting of H, halogen,
hydroxyl, phenyl, C;-jalkyl, amido, amine, or C,-jalkenyl, wherein C;-jalkyl, C,-
salkenyl and phenyl are optionally substituted by one or more substituents selected from

20 R.;

R, and R, are independently selected from the group consisting of H, halogen,
hydroxyl, phenyl, C;-jalkyl, amido, amine, C;-;alkoxy or C,-jalkenyl, wherein C;-
salkyl, Cs-salkenyl, Ci-salkoxy, and phenyl are optionally substituted by one or more

substituents selected from R,;



I b, and wherein Rl, R2, R3, 12'3, and R5 may be as described above. [0069]
I n anot her enbodi nent, conpounds represented by formula Il are

cont enpl avedn11RBLSSBE R2 |1 and pharnaceuti cal | y accept ablpeTamba1g/024583

stereoi somers and N-oxi des thereof; wherein 15Rl is selected fromthe group
consi sting of H hydroxyl, -S(0)2-Cl-4alkyl; -SO2, Cl- 4alkyl; R7, or RS
-1-C(0)-0 R8 Xis CHor N R3 and R3' are each |ndependently sel ected from
the group consisting of H hal ogen; 120 hydroxyl, phenyl, Gi-4alkyl, anido,
am ne, or C2-4al kenyl, wherein G -4al kyl, C2- 4a| kenyl and phenyl are

optional ly sgbsd éeflé&é%ldfr&&ﬁ tRE S rd d@Sﬁﬁl@tl@J@tSHl erleBt@)ZZS@d@QfC‘%CQfaIk?m@%alkyV\o
2011/ 100585PCT/ US2011/ 024583 - Is selected fromthe group

consi sting ohyd#oxyyor pl@(lﬂ)\yhere(ldjlzaﬂswhIqeyalkermlandlpkﬁgnyl alhfmlom}lly SUbEtltptﬁ:ényl
wherein C -4 lkaeo C2-4a Skt(?u I Serfectﬁ%at}e IRare optional Iy substituted by one

more su
or more substituent'S selact R5 is selected from group

consisting o

am no, phenyI{5 aﬁ%%h? r?f')‘i]g}lmd%%(r%flﬁ geCtﬁglfm gr&%@%ﬁ@r}&%&wﬁé&w@'are

5 salkyl, Ci-salkoxy, Cs-salkenyl, cyano, amino, phenyl, and hydroxyl, wherein C;-;alkyl,
C;-4alkenyl and phenyl are optionally substituted by one or more substituents selected

from R,;
R7 is selected from group consisting of —C(0O)-Ry, -C(0O)-O-Ry, or -C(O)-NRy-Ro,

Ry is selected from the group consisting of H, Ci-salkyl, phenyl, or heterocyclic,
10 wherein Cj-jalkyl, phenyl or heterocyclic is optionally substituted by 1, 2 or 3

substituents selected from Ry,

Rg is selected from group consisting of H, —C(O)- C;-salkyl or C(O)-O- C;-4 alkyl,

wherein C;-salkyl is optionally substituted by 1, 2 or 3 substituents selected from R,;

R, is selected, independently for each occurrence, from carboxy, hydroxyl, halogen,

15 amino, phenyl, C;-jalkyl, and C;-4alkoxys;

Ry, is selected, independently for each occurrence, from the group consisting of carboxy,

hydroxyl, halogen, amino, phenyl, C;-salkyl, Ci-salkoxy, and -NH-R¢;

R. is selected, independently for each occurrence from the group consisting of: -C(O)-

O-Cj-jalkyl; and —C(O)-C;-4alkyl; and
20 Ry is selected, independently for each occurrence, H and C;-,alkyl;
and pharmaceutically acceptable salts, N-oxides or stereoisomers thereof.
[0062] For example, disclosed compounds may include those represented by:
Rg Ry

Rs
A
Rs :ﬁN_RZ

R, O Ia

wherein R; is C(O)-C,-4alkyl, wherein C,-4alkyl is substituted at one carbon with NH, or —N-
25  carbobenzyloxy and at a different carbon by hydroxyl. For example, R; may be C(O)-O-C;.



optionally substituted by one or nore substituents selected fromRa; R6 is
sel ected from group consisting of H halogen, C -4alkyl, G -4al koxy,

C2- 4al kenwyb,20ty@osss am no, phenyl, and hydroxyl wherei nPCIAS2@l k04583

C2- 4al enyl and phenyl are optionally substituted by 1, 2 or 3 substituents
selected fromRa; 10R7 is selected fromgroup consisting of -C(0)-R9,
-C(0)-0-R9, or -C(0)-NRd-R9, R9 is seI ected fromthe group consisting of H,
G - 4al kyl, phenyl, or heterocyclic;®herein G -4al kyl, phenyl or

het erocyclic is optionally subst i t ut ed by 1, 2 or 3 substituents sel ected
from RDan00 (0%., RletR1dedROl, pir@ﬂwrwﬁ&%t@leialm Edﬂsdb@ﬁﬂﬁwdab;l bh Iralnd R/RISRB is
sel ected fromgroup consisting of H, -0- C1- 4al kyl ,
wher ei na® Raaielppdvidesl apové.onal |y subst i tut ed by 1 2 or 3 substl tuents
selected fromRa; Ra is selected, independently for each occurrence, from
car boxy[0063 HhoxydtherheamtegenentaRi and Rahd fpimul Cila 4alykeach imﬂe@e@enaalblecmgcpteﬂo Rb
is sele ted i ndepe. dentli; fOf) each occurrence fro consi sting
of carb 95’1 dnAnyng cgat bg8hD- AME6ot Phanie akE: e&alr%@?f g“& -RORAF e ahd

- NH-Re; adfarticSacke |c€‘¢§t€ﬁg glh&%@ﬁﬂgeg tamel@rglﬁﬁﬁé‘ h¢idie! RBfeBicine, leucine, lysine,
-C(0)-0-Cl-4al kyl 7 and =C(0)-Cl alkyl; 7and Rd is Hor G _4alkyl. "WO
2011/ 100@85@@’&1, Lpgzmmlalfammllne 1serine, [tDGPOIne] WypiApkse ApPHRY aedfbodilimentFort he

RL i et 'ﬁ)r mc“lé? I{de each be 1n£:pen£ntly Y. 'le oriI §f§:rt & g Jo%)p%]u%gse sueh QP
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[00064] = on , wherein R’ is

selected from the group consisting of H, or C;-,alkyl.

10 [0065] In an embodiment, R; may be carbobenzyloxy, or may be represented by:

—C(O) /]

R8 ; wherein X may be N; Rs’ may be H; and Rg may be -C(O)-C;-4alkyl
(e.g. ethyl, propyl, n-butyl, or t-butyl), wherein C,-4alkyl is substituted at one carbon with NH»
or —N-carbobenzyloxy and at a different carbon by hydroxyl.



0 HO 0O0and 5 [0071] Exenplary conpounds include H [0072] D sclosed herein
are conpounds selected fromthe group consisting of: H - 22 - (where
nis 0, Iwo20mwio@ss and PCT/US2011/024583 NH Cl; or plrarrmse@ator4sas | y
acceptabl e salts thereof.

-17 -

[0066] In certain embodiments, R3; may be phenyl (optionally substituted as above), or may be
H. R, may be, in some embodiments, a —C(O)-C,-,alkyl, (e.g. ethyl, propyl, n-butyl, or t-
butyl), optionally substituted at one carbon with NH, and another carbon with hydroxyl.

[0067] For any contemplated R-group that includes C;-4alkyl (e.g. Ry, R3, Rs), the alkyl may be
5  selected from the group consisting of methyl, ethyl, propyl, n-butyl or t-butyl, and wherein said
Ci-salkyl is optionally substituted by one, two, or three substituents selected from the group

consisting of F, Cl, or Br.

[0068] Such compounds may have differing isomerizations, and in some embodiments, may be

represented by:

Rg R.' Rg R.'

N XC N

R5_|\ "’,, N_R2 R5_|\ N_R2
N N

10 R0 Ia or R0 Ib, and wherein R;, Ry, R3, R’3, and Rs may be as

described above.

[0069] In another embodiment, compounds represented by formula II are contemplated:

Ry 0O 1
and pharmaceutically acceptable salts, stereoisomers and N-oxides thereof; wherein

15 R, is selected from the group consisting of H, hydroxyl, -S(O),-Ci-salkyl; -SO,, C;-
salkyl; Ry, or

RS'
i
X
Rg

2

X is CH or N;

R3 and Rs’ are each independently selected from the group consisting of H, halogen,
20 hydroxyl, phenyl, C;-salkyl, amido, amine, or C,-jalkenyl, wherein C;-salkyl, Cs-
salkenyl and phenyl are optionally substituted by one or more substituents selected from

Ra;



and pharmaceutically acceptable salts, stereoisoners, or N-oxides thereof.
5 [0073] The conpounds of the present disclosure and fornul ati ons thereof
are i ntemsodotioiodsssl ude both a D-isoneric form an L-i s®eOEmiseoifioe4ss3 or a
racem c mxture (both D0 and L-isoneric fornms) of any one or nore of the
conpounds. In addition, the formul ations of the conpounds are intended to

i ncl ude any conbination or ratio of L-isoneric fornms to D-isoneric 10 forns
of one or nore of the anal ogs described herein. These and ot her

formul ati ons of the disclosed conpounds conprising a greater ratio of the

D- and/or L-RSQMBElbGedMdhP thel 60D MBYsiRATSESHERDANREN,, 9105 AOEHIKYE C)-,alkyl
characteristic relative to racemc formil ati ons of a disclosed conmpounds or

m xture of chydroxyldsor Pbenydxampresn di-gdhyds db-cbwppluridd phgnybeargnantioradher s,
e.g.: 15 [0074] Di.scl osed conpounds, may providg for efficient cation
channel _opent g 4 % e RRBR TS SRRt B ae BB R o “assoct at e wi th the
glutamate sife.of . th VDA receptor to.gssist in o i the catio

Channel . - TheRai QeI 6EEMIBRBUGIES Mye Beltyueto b olar at - ket Cor Brerwhr n
of f)5 the NVDAhECEREMR, phBARUAR #GHIGRPL, BFh@&in ORIISH C?-Qalfg&%f%hd?ﬂéﬁ&l are
conpounds cont enpl ated herei n inCludé those having a cyclic¢ am de core.

O her exenpl aptjongByrpastitisediigyonseor mre apbséityoth seteated frpemwRicdes, or i n anot her
enbodi ment, peptide mnetics. Contenplated conpounds include those
represent ed Byis seWote20ftdrh 100G85REIF i hS20 H1 hoR468 3" - al31,-C;-salkehigr €p-mlkdRyl,i s H

or benzyl gr %ya%;o, Iz?rllllitllos, p'ﬂer%l, %ﬁg Zl%gfldrog(ry?%ll;ergn Ci-4 alkyl, Cs-salenyl and phenyl are

optionally substituted by 1, 2 or 3 substituents selected from R,;

10 Ry is selected from group consisting of —C(0O)-Ry, -C(0O)-O-Ry, or -C(0O)-NRy4-Ry,

Ry is selected from the group consisting of H, C-salkyl, phenyl, or heterocyclic,
wherein C;-jalkyl, phenyl or heterocyclic is optionally substituted by 1, 2 or 3

substituents selected from Ry,; or

or R; and R, taken together with formula II form:

Rs R3'
R\ N N Ry
Sa%
N o
Ry
15 ;
Rg is selected from group consisting of H, —C(O)- Cj-salkyl or C(O)-O-C;-salkyl,
wherein C;-,alkyl is optionally substituted by 1, 2 or 3 substituents selected from R;
R, is selected, independently for each occurrence, from carboxy, hydroxyl, halogen,
amino, phenyl, C;-salkyl, and C;-4alkoxys;
20 Ry, is selected, independently for each occurrence, from the group consisting of carboxy,

hydroxyl, halogen, amino, phenyl, C;-;alkyl, C;-salkoxy, and -NH-R_;

R. is selected, independently for each occurrence, -C(O)-O-Ci-salkyl; and —C(O)-C;-
salkyl; and

Ry is H or Cyalkyl.



NH 2N-1 NH R3CH 5R5 isor 2 R6 isor R2 is H or CH3; R3 is Hor CH3;
and stereoisoners, or pharmaceutically acceptable salts or N oxides
t her eof . WO 2BKeOpsar y conpounds i nclude: WO 2011/ 10058pPTIISRIB201458€24583 -

24 - OH [0078] The conpounds as described herein may be glycine site
NMVDA receptor partial agonists. A partial agonist as used in this context
w Il be understood to nean that at a | ow concentration, the anal og acts as

an agoni st and at a high concentratidn, the anal og acts as an antagoni st.
dycine binding is not inhibited by glutamate or by conpetitive inhibitors
of 10 gjoo7eBf £ e%ﬂpl@y%ﬁl@ﬁﬁﬁeﬂloﬂlem NHoidty dfeorARIEL 31, U8 of o BlaylRNRIBtean

t he NVDA receptor sécond and separate binding site for glycine exists at
t he NVDRomgbeprayp comigtingigfand- gat ed i on channel of the NVDA receptor is,

t hus, under the control of at |east these two distinct allosteric sites.

Di scl osed conpounds nay be capabl e of binding or sociating with the

gl yci ne b|nd|n qé t he NWVD, /receptor. InX odi nents, discl osed
conmpound 15pot € t i d reater than the

activit f eX|s |n rece ci ne si
5 b Ay !

A7l

5 [0071] Exemplary compounds include

H
N
go
N _-©O
A
0 (compound B),
OH
Q% ng

HO 0O

\
i
O  (AK-51);and (AK-52).

[0072] Disclosed herein are compounds selected from the group consisting of:

H
N
‘e
NH
o R
0 ,HO,



WO 2011/ 100585PCT/ US2011/ 024583 - 25 - partial agonists. For exanple,

di scl osed conpounds may possess a 10-fold to 20-fol d enhanced potency
conpar ed wo 2@1YgesB3. GLYX-13 i s represented by: [0079] PEDISecdapdse3
provi ded herein are conpounds that may be at | east about 20-fold nore 5
potent as conpared to G.YX-13, as neasured by burst activated NVDA
receptor-gated single neuron conductance (INmDA) in a culture of

hi ppocanpal CAl pyranidal neurons at%a concentration of 50 nM |n another
enbodi ment, a provided conpound may be capabl e of generating an enhanced
si ngl e shock ngiéd NVDA receptor-gated single neuron conductance (I NtDA)
i n hi ppoeanps pyram dal neurons at concentrations of 100 nMto 1 1AM
10 Di scd r’rp]H s may have enhanced potency as conpared to GLYX-13 as
measur ethdy magoeU

m netic having a

bi nding core of S
dehydro am no aci
dehydr ophenyl al
acid may be [nc
notif. [0081
using a constr

approach i s baskd he/rep

i ncor poration of*a ca%ﬁ%&yl and- an “&ni no g@oup in geonetrical%? sui tabf e
positions for peptide _coupling (see figure Relow for o nducing turns. WO
2011/ 100585PCT/ US20[1/ , a di peptide
conponent such as ope i e ingdrporated to

produce a structure exanple, a

di scl osed 5peptid ] [ j : re as exenplified
bel ow, e.g. in place 1 i

NHCbz NH,
HO
O

N——PMP NH NH
N N
Cbz O Cbz o

Iz



[0083] ,22a: Ph csscH N1 nfN ON [0084] In sone enbodi nents, an

azacycl oal keane may mimc a beta turn mnetic, e.g.: [0085] The foll ow ng
schenmes awe 2wapressnt ati ve synthetic routes that nay bepraTams2aia/opssepar e

di scl osed conpounds and internedi ates thereof. [0086] Scheme 1: Synthetic
Routes WD 2011/100585 PCT/US2011/024583 -27 - Pd(OH)2 AcCEt BulLi, THF

-1 -
o) o) o)
N—é_<OH N—é_<OH N—é_<OH
N N N
H
Gz O CbzHN Coz ©O H.N o HoN

o o
OH OH
N N
HoN

(o]

2

CbzHN OoH HN OH

o o)
OH OH
N N
HoN HoN

O O
NHCbz NH,
N W N,
HO
O

HO



NHCbz 6 NHCbz 7 1 H, Pd/C 1 H2, Pd/C

10

15

20
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<
N

Aq°

- (CHy HN
NH NH
N N~ N
H o , O (wherenis 0, 1, 2 or 3), and Cl ;or

pharmaceutically acceptable salts thereof.
and pharmaceutically acceptable salts, stereoisomers, or N-oxides thereof.

[0073] The compounds of the present disclosure and formulations thereof are intended to
include both a D-isomeric form, an L-isomeric form, or a racemic mixture (both D- and L-
isomeric forms) of any one or more of the compounds. In addition, the formulations of the
compounds are intended to include any combination or ratio of L-isomeric forms to D-isomeric
forms of one or more of the analogs described herein. These and other formulations of the
disclosed compounds comprising a greater ratio of the D- and/or L-isomeric analog form may
posses enhanced therapeutic characteristic relative to racemic formulations of a disclosed
compounds or mixture of compounds. For example, disclosed compounds may be

enantiomers, €.g.:

O OH N /P OH
.. N NN
¥ g
o N , O H.N )

Ho

[0074] Disclosed compounds may provide for efficient cation channel opening at the NMDA
receptor, €.g. may bind or associate with the glutamate site of the NMDA receptor to assist in
opening the cation channel. The disclosed compounds may be used to regulate (turn on or turn

off) the NMDA receptor through action as an agonist.

[0075] Other compounds contemplated herein include those having a cyclic amide core. Other
exemplary compounds may be, in an embodiment, peptides, or in another embodiment, peptide

mimetics. Contemplated compounds include those represented by:

[0076]



Scheme 2 [0087] Ceric ammoniumnitrate, or "CAN', is the chem cal conpound
with the fornula (NH4) 2Ce(NOB)6. This orange-red, water-soluble salt is

wi del y uswo 2as1/m@0586x1 di zi ng agent i n organi c synthesis. PChius2cioopsend i s
used as a standard oxidant in quantitative analysis. WO

2011/ 100585PCT/ US2011/ 024583 - 28 - [0088] PWP refers to

p- met hoxybenzyl i dene; Cbz refers to_a carbobenzyl oxy radical that can be
depi cted as: Conpositions [ 0089] -#h- ot her aspects, formulations and
conpositions conprising the disclosed conmpounds 5 and optionally a
pharmaceutically accept abl e excipient are provided. In some enbodi nents, a
contenpl ated fornul ati on:,conpri s8% a racem c m xture of one or nore of the
di scl osed conpognds. g{ 009 At enpl ated fornul ati ons nay be prepared in
any of a varietyyof fo for use. By way of exanple, and not limtation,

t he conpgunds M w-prepared in a fornulation suitable 10for oral

adm ni stration us injection, or other nethods for adm nistering
an active dg mal known in the pharmaceutical arts. [0091]
Anount s of | osed compound as described herein in a formul ati on may
vary accordrng-to factors such as the di sease state, age, sex, and wei ght
of the individual. Dosage regi nens may be adjusted to provide the optinum
t her apeyht®id,esponse. For exanple, a single

R, is H or benzyl group;

R, is H or benzyl group;
0
NE,
0
NH /
I
0
5  Rsis or OF
R2 OH
I‘IH2
0
Re is or
R, is H or CHj;

R; is H or CHj3; and stereoisomers, or pharmaceutically acceptable salts or N-oxides thereof.

10 Exemplary compounds include:



15 bolus may be adm ni stered, several divided doses may be adm nistered
over time or the dose nay be proportionally reduced or increased as

i ndi cat edwbyotihwosszi genci es of the therapeutic situati orCTIUS2013/0e8peci al |y
advant ageous to fornmul ate parenteral conpositions in dosage unit formfor
ease of adm nistration and uniformty of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for
the manmmalian subjects to be 20 treadted; each unit containing a
predeterm ned quantity of active conpound cal cul ated to produce the desired
t herapeutic effect in associatikggowi th the required pharnmaceutical osarrier.
[ 0092] The specification fo thg dosage unit forns of the ingentipn are

di ctated by and directQy de t NMy (@) the uniq ch aeLéﬁLﬁ Nief the
conpound sel éehed apd rtH cullar t herapeuthzt t ¢ aghi gved, and
(b) the Iinitat?b i aherleny in t®e art of conpou d| g =25suclr an aftive
conpoun 0591 t he ment of sensitivity inin Vb S. [ 093] As used
her ei n "phat maceu |caIIy acceptabl e carrier” or "excipient" includes any

and all [0094] Therapeutic cOHpositions typically nust be sterile and
st abl e under the condi £ ong of manufacture and storage. The conosition can
Her oermul si on, |i posone, or her r ed
d e

be fornulate SO
st ruct ureN i ¢h diug concentration. THeN AMh
2011/100583E® U8201|:L\,2I24583‘3 29 - solvent or dlsgg on:nedLyﬁtg i
cont ai ni ng exanple wat er, ethanol, polyol (for®x le, gly .
propyl ene glycol, and liquid polyethylene glycol, and the like), and

sui t abl e\u xPures th eof . The proper fluidity can bey mai nt ai ged, for
exanpl e,q t he @qcoating such as | eci t hi ANy t he mai Nt e¢haledHof

t he requi N € silze_Hn the case of dlsperQ \é»b e 5 of
surfactants.{ In nahy/b Se it will be preferable to N Iuéigysot i
agents, for anpl e, su aNe . pol yal cohol s such as ma or I
sodi um chloride in the conposition. Prolonged absorption of the |njectable

conp05|t|on can be hgought about by including in the conp05| n an agent
whi ch dél Zé abgnrptl f Hexanpl e, nnnostearate sa ts jHN.
[ 0095] e adm nistered in a ti Ia i m) for
exanple in co |t| nhi ch includes a sIOM/hggjaggfpol

conpounds ca mnth carriers that wll t he connpwhﬂ

agai nst rapid release such as a controlled rel ease fornul ation, including

i npl ants and m croencapsul ated delivery syste i odegr adabl e,
bi oconpati bl e pol yners can be used, such as et ne 9H acet at e,
oI

pol yanhydri des, po ycolic acid, collagen, oft hogsters, polylactic
acid and polylacti ol ygl yegl i c 15 cop%Lyne gnethods for the
preparation of such ¥ oonul tlons ar &h I Ho hose skilled in

the art. [00 ] SRer i Napl e soI ns- ad\ge prepared by

i ncor porHaiVi N in the requ nt in an appropriate sol vent
wth one EQ a (conbi at on ofolngredlents en at ed above, as required,
foll§med ‘i 5r ed sterlllzatlogr Gener al di spersions are prepared by

[0078] The compounds as described herein may be glycine site NMDA receptor partial
agonists. A partial agonist as used in this context will be understood to mean that at a low
concentration, the analog acts as an agonist and at a high concentration, the analog acts as an
antagonist. Glycine binding is not inhibited by glutamate or by competitive inhibitors of
10 glutamate, and also does not bind at the same site as glutamate on the NMDA receptor. A
second and separate binding site for glycine exists at the NMDA receptor. The ligand-gated ion
channel of the NMDA receptor is, thus, under the control of at least these two distinct allosteric
sites. Disclosed compounds may be capable of binding or associating with the glycine binding
site of the NMDA receptor. In some embodiments, disclosed compounds may possess a

15  potency that is 10-fold or greater than the activity of existing NMDA receptor glycine site



20 incorporating the active conpound into a sterile vehicle which contains
a basic dispersion nediumand the required other ingredients fromthose
enuner at edoabovwosssn t he case of sterile powders for thecprspanarisen of
sterile injectable solutions, the preferred nmethods of preparation are
vacuum dryi ng and freeze-drying which yields a powder of the active

i ngredient plus any additional desired ingredient froma previously
sterile-filtered solution thereof. 25{0097] In accordance with an
alternative aspect of the invention, a conpound may be fornulated wth one
or nor epaddi ddoARal F%?@?ﬁﬂﬂgsdlﬁﬂ@s%d%ﬂﬁﬁﬂﬁﬁistrﬁ% FRbddbh l1ot¥idab Jotelcampaiead. -
Met hods [ 009 Met hods for treating cognitive disorders and for enhancing
| ear ni npotercyprompagsido Hu¥X-130 GleY Koldsis irerutsgded o ni stering a
pharmaceutical ly acceptable formnul ation of one or nore of the disclosed
conpounds to a patie need thereof. Al so contenplated are nethods of
treating V\D 011/ Or>/ S2011/ 024583 - 30 - patients suffering from
menory defi QI wi?h agi ng, schi zophreni a, special |earning

di sorders /:Is ? shroke convul sions, brain ischem a, hypoglycem a,
cardi ac ar p| I epsy, m graine, as well as Huntington's, Parkinson's
and Al zhei nmer s di sease. [0099] O her nethods contenplated include the
treat ”Emgﬁf FGF&&H{éﬂé dJréﬁH&[‘h@mmS&rE%& oA tﬂ?t5m5§ gé”ﬁ"l br e?doﬂt EG‘@‘&H%or%CUt €
neur opat hi ¢’ pai n, ni ¢ neur opat aln, eep” di sor ers

addi¥t i potentspoepaiedro GIEY X diBnaymsasnreddhysioursterceiyated NahioA mcetpludpga/tal single

t d bilit t h t
ot hod” FBROB A paor el af A ror MBPBUIBIG, ShaPYRSHE (5 H o
i's providedn & NRER nlfl %QQ&E&%&%&&%@Q SRS ARY %@m@&@n(pﬁﬁy'lﬁe& hBE of

illustrative purposes only, and are not intended to Iimt the scope of the
di scl osgereratiagampinbariceSyimgheshiosk ofoked MNYMD/diageptdegitod sinSlei neoron caotiegtance

De t 0101] The f ol |, oy t A
oynt hes|vepit BEpCiingd ¢ ] A ERR riphet SHERREuBRay SEAGDERE I Tk 26
chl gy d@@med\lc&rﬁp@and@rﬁ@qmwleﬁhmw potkhty O EQAPIrBE (AGILY XN b ok inflRs@sd by

starting material s.
magnitude of long term potentiation (LTP) at Schaffer collateral-CA-1 synapses in in vitro

hippocampal slices.
Preparation of Compounds

[0080] In some embodiments, a disclosed compound, e.g. a peptide mimetic having a beta-turn
15  motif capable of binding to the NMDA ligand binding core of SEQ ID NO 1, may be formed
by incorporating one or more dehydro amino acids within a peptide. For example, peptides
containing dehydrophenylalanine and/or dehydroleucine and/or alpha-aminobisobutyric acid

may be incorporated to make a peptide mimetic having a beta-turn motif.

[0081] In another embodiment, a disclosed compound may be formed using a constrained
20  bicyclic beta-turn dipeptide (BTD) motifs. This approach is based on the replacement of
dipeptide component by incorporation of a carboxyl and an amino group in geometrically

suitable positions for peptide coupling (see figure below) for inducing turns.
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HPLC Mass HNVR % Purity (Mt H 4 20 ny
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[0082] For example, a dipeptide component such as one or more azabicyclononanes may be
incorporated to produce a structure having a beta-turn motif. In another example, a disclosed

5  peptide mimetic may include a core structure as exemplified below, e.g. in place of two, three,

or four amino acids:

Ph
|
'HN
[0083] . ooate

[0084] In some embodiments, an azacycloalkeane may mimic a beta turn mimetic, e.g.:

%,

s,

LT e rred
”

.

10

[0085] The following schemes are representative synthetic routes that may be used to prepare

disclosed compounds and intermediates thereof.

[0086] Scheme 1: Synthetic Routes
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[0087] Ceric ammonium nitrate, or "CAN", is the chemical compound with the formula
(NH4),Ce(NOs)s. This orange-red, water-soluble salt is widely used as an oxidizing agent in

organic synthesis. This compound is used as a standard oxidant in quantitative analysis.
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[0088] PMP refers to p-methoxybenzylidene; Cbz refers to a carbobenzyloxy radical that can

©\/\’/O
OQ_

be depicted as:
Compositions

[0089] In other aspects, formulations and compositions comprising the disclosed compounds
5 and optionally a pharmaceutically acceptable excipient are provided. In some embodiments, a
contemplated formulation comprises a racemic mixture of one or more of the disclosed

compounds.

[0090] Contemplated formulations may be prepared in any of a variety of forms for use. By
way of example, and not limitation, the compounds may be prepared in a formulation suitable
10 for oral administration, subcutaneous injection, or other methods for administering an active

agent to an animal known in the pharmaceutical arts.

[0091] Amounts of a disclosed compound as described herein in a formulation may vary
according to factors such as the disease state, age, sex, and weight of the individual. Dosage
regimens may be adjusted to provide the optimum therapeutic response. For example, a single
15  bolus may be administered, several divided doses may be administered over time or the dose
may be proportionally reduced or increased as indicated by the exigencies of the therapeutic
situation. It is especially advantageous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the mammalian subjects to be
20  treated; each unit containing a predetermined quantity of active compound calculated to

produce the desired therapeutic effect in association with the required pharmaceutical carrier.

[0092] The specification for the dosage unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the compound selected and the particular
therapeutic effect to be achieved, and (b) the limitations inherent in the art of compounding

25  such an active compound for the treatment of sensitivity in individuals.
[0093] As used herein "pharmaceutically acceptable carrier” or "excipient” includes any and all

[0094] Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,

liposome, or other ordered structure suitable to high drug concentration. The carrier can be a



Exanpl e 2- Synthesis of Conpounds and Internediates 5[ 0102] Spiro Lactam 3.
The synthesis of C4 unsubstituted spiro | actam 3 was conducted vi a

St audi ngewonenctdzssa of net hyl enei m ne derived fromtri arcmas2011/besss 2 +
21-cycle addition reaction between the ketene derived from Cbz-L-proline
acid chloride and the nethyl eneimne was carried out in the foll ow ng way:
ket ene was generated by dehydrochlorination of the acid chloride with
triethylamine at -40C for 45 min, aAd then a 10 dichl oronet hane sol ution of
triazine 2 and boron trifluoride etherate (which depolynerize the triazine)

was addgslverffdralispbsidtP iediunk Q@ntﬁﬁﬁﬂge&ape;aurﬂ@eswwep étﬁaﬁfo@%(ﬁyc\fmop&@aﬁiﬂ@d as

a mxture of enantioners, with to 50% yi eld. The oxidative renova

t he PMPglyeoah prcmymrgmlml | a@étlmdsmlmethhlen@g@s@ln eed thie 1GaN agdsuitatie rmxtures

N- unsubstit ut.ed derivat.i.ve 3 o l.acta whi ¢ treatfnent..with
pal Cr) 2 i B AEPEL bty Ao gnaBFhER, for bl 9B bATRL VEBAY i o

15[ 0103]eSpphinOby e tndihténkas oﬁbieaeqlﬁfidlpart&i%lwfnl thy c4sEBE G)spatioalan@ by itiid wat i on
by chronato?raphy on silica gel. Spiro lactam5 were obtained wt purltles
>9098 pufi sYrTaCHRINIR) MRt eses HE St thsgPrafsble ko smqhﬂd?als@@mcu%aeﬁa dpragtiaane.

2011/ T03BaEPR IR HeoaS FhEySY BRITR olit? THONGE st Sampgiton.
| nt er meHicadrezeCabpapitiats of %Oﬂﬂeifﬂablazion@oﬁinof[@czm B@bmhgbtmtmﬁt by ardlsdink ivethe24. 6

g, 200 nnnl ina mxture (500 nL) of ethyl acetate / cool ed
at 0C, i A0 agsnt v iigh délws 3hse 2P61Pn’ff8F FEATRS FryBRNOS SREAC %@é é%aéatm ‘The

reactlon m xture was stirred for 3 hours at 0C then 1 hour at room5
t enper a[Q?Pé | Thpgompeunss ganibe adayiaistae ins @ gapcatdense \Kfargmé%p% for eanetle (50

m‘) 0 an sﬁ% chl\ﬁgggsrﬁ-ﬁquz %?kéés%% 1%@& r"[gl cc())%‘gpoldﬂﬁise dl et"bhéﬂareadnﬂlltﬁ

e so was o ai ne i's er to
pr OVI decaZﬁerS that( sl i pdotaasthdr ¢omehoahd Adgﬁin@tv@rprri géitdsephughune at ¢dnaolled rdease 97%

yield. [010 Splro I ctan1|nterned|ates 3. irred solutlon of the
N benzyhswy BorAlu dine Lmplaaty fad a&lﬂO%‘WF‘B‘F‘I%@? (dgéverissy“ﬁt%| Biodpgradghle.

di chl Or&%@&ﬁgﬁﬁ)lé %lfﬂ-&rscgﬁl EH@ tuQed' 4Qfch %@setlz)qg@ed x@ﬁﬁp%éﬁed?)ﬂ{%anh drides,
triethylamn . The sol ution becane yel to cont’i rm
t hat thpol[yghye(pie: wasi fqmﬂlagm polyorthoesters polylactic acid and polylactic, polyglycolic

15  copolymers (PLG). Many methods for the preparation of such formulations are generally

known to those skilled in the art.

[0096] Sterile injectable solutions can be prepared by incorporating the comound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
20  incorporating the active compound into a sterile vehicle which contains a basic dispersion
medium and the required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of preparation
are vacuum drying and freeze-drying which yields a powder of the active ingredient plus any

additional desired ingredient from a previously sterile-filtered solution thereof.

25 [0097] In accordance with an alternative aspect of the invention, a compound may be
formulated with one or more additional compounds that enhance the solubility of the

compound. .
Methods

[0098] Methods for treating cognitive disorders and for enhancing learning is provided. Such
30  methods include administering a pharmaceutically acceptable formulation of one or more of the

disclosed compounds to a patient in need thereof. Also contemplated are methods of treating



[0106] After 45 mn at -40C, a purple solution of triazine 2 (2.52g, 6.16
nmml.) and BF3 OEt2 (2.37 nL, 18.7 mmol.), previously mxed in CH2C12 (35
m.), was woded/@ozspwi se. 15 The mi xture was all owed to wamrusséiomk4sss o room
tenperature overni ght and then quenched wi th saturated aqueous NaHCO3. The
aqueous | ayer was extracted twice with CH2C12 (20 nlL); the conbi ned organic
| ayers were washed with brine (20 HH& and dried over anhydrous Na2504. The
sol ution was then concentrated and-plrified by col um chromat ogr aphy over
silica gel using gradient elution 100%/ cycl ohexane to 20% et hyl acetate /
cycl Ohe?ﬁﬂﬁtst QRHME frdth, mQddy Abfid ﬁs&ﬁﬁg&l%ﬁthvﬂghfg 36 opned i, sb&lﬁﬁ&z@ﬁin"go
lactam I ntermediatés 4. To a stirred solution of spiro |actam 3 (2. 4q,

mol . ) disomlerst opiztres) QOS(ttWOhft_)coaYulmsm; brvais isghieieid. dyppsiyesaniay eardichaast, CAN
(10. 8q, I SS d in. H2 0. nL) After the

Sdi ¢ oSS énol%pﬁlﬁdf i ARt S o D A SIS shoved no
remai ni rtin erial). ion mxture s.25 diluted with

e o] Bhid e %ﬁ&@%taﬁ? S Coe el ot B e afioke b
was ad dﬁrﬁiurﬁ\@-tlﬁrﬁm(tﬂt@i&s@cu%uﬁgjaﬂgc sl bifoRicsithfdphgid ﬁlzgﬁ qgleepﬂﬁ@olﬁélg afiug

| ayer was washed with brine and dried over anhydrous The sol ution
was t hemd@@med@prasw &nﬂalpufrml@m disotders gthannl wltthdmwbgmaphy apq enensoryand gel
using g 00% / cIohe xane t 0% et h I acetate /

cycl oh eL élﬁlén% dlsa Hlile% ﬁet O?HO(% et easlge S C{nelalr?ESé; h g RS relief and for

2011/109@&5ﬁﬁ@1ﬂ£§%&£16@aaﬁﬁﬁﬂ13@£VKE&U(C}D2 C:catalyst. The m xture was
stirred for overnight under H2 at 50 PSi and then the catalyst was filtered

off through celite. The organic | ayexangg goncentrated and purified by
chronatography on silica gel to afford IZ0 ng of product in 50%vyield.

[ 0109] ) - b is oL | ' d
sol L1 of IBPF) O (B ey PR R dn et i VRS R laatof ¥t oM InTuk A, |
dry ethenaﬁﬁdunmmuwasaaﬂdeﬂﬂﬁﬁmﬁkﬁﬂmG1 g, 2.9 mmol.) and the m xture was
stirred for 3 hours at roomtenperature. Then the solvent was renoved with
hi gh vapuafplatlrSwnithdsemidvaiolite-deal e Ssirods aadaedemvigiveenoved as above.
The crude white solid was used without any purification for the coupling
react i ofp10lP110] SpiheotolidGimMeabild L kEREh&! 82s BisedShembOAG t§t§yhthe§iz§ Gpitbi ON
of spiro lactam4 10 (200 nmg, 0.76 mmol .) in dry THF (4 nL) at -78C was
added BLastame. Bexahydra), B0 trarites. Cbz-heptalins acit e alideandiNt(Ebzu@dbenzotetheaks
Conpé et teggln@aélh i3 Sttalrtlrnr ed g‘rtlals 78C for 1 hour. N Cbz)-0-(benzyl

et her) - P PROSARE BTG ERAr B g YN THE (4 nL) was added at -78C. The

m xture was stirred for overnight from-78C to roomtenperature. [0111] The
reaction m xture was quenched with saturated NHACL (10 nL) and ethyl 15
acetate (10 nL) was added. The water |ayer was extracted twice wth ethyl
acetate. The conbined organic |layers were dried with Mg504 and concentrat ed
to give 0.44 g of crude product. The crude product was el uted through
silica gel with a gradient from 100% CH2C12 to 2% MeOH / CH2C12 gi vi ng
fractions that ranged in purity from44%to 73% This reaction was repeated
on 0.28g of spiro lactam 4 and gave after chromatography fractions with
purities that 20 ranged from50%to 73%




Exanpl e 4- NVDA Receptor Binding Assay Tissue preparation: [0112] Crude
synapti c nenbranes were prepared fromrat hippocanpi or fromrat forebrains
(mal e SprwiguetiDavdssy rats) and washed extensively to reroTASNMAdOYBSRDOUS
amno 25 acids, as previously described by Ransom and Stec (1988).

Briefly, the crude synaptic nmenbranes were resuspended in 20 vol unes of
sn14- Tris-HO buffer, pH 7.4 (for use in [3H TCP-binding experinments), or
in 20 vol unes of 5 mil/ Tris-acetatal buffer, pH 7.4 (for use in

[ 3H] gl yci ne-bi ndi ng studies) and honngenlzed using a Polytron (Virtis
shear; YiHdmesa: NY, U.S. A ). Menbranes were then pelleted by centrifugation
at 48,000 g for 20 mn. This step 30 was repeated tw ce and the honpbgenate
was stored at -70 Cin the saWMpbuffer Before each WD

2011/ 100585PCT/ US2011/ 024583 - 35 - use, honpbgenates were thawed at room
tenperature, pelleted, and four additional tinmes. For the

[ 3H gl yci ne experinent, the pe yas first incubated for 30 mn at 25C in
5 ml/ Tris-acetate buffer ontahnlng 0 04% Triton X-100 and then washed
four tine honogeni ggbromand teqt ion. The final washed nmenbranes
were resugpended 5concentrati ons of inether 5 ml/ Tris-HC

buffer or ris-acetate buffer, | ITT®MRg assays:

Measur ement § of spegific [3H TCP bi ndi ng rformed as descri bed

previ ously Z Haring et altsN Bfg@e, c1987; Kl o et al ., 1988a). Final reaction
m xtures cond sted of 50-100 , ug of nenbrane EFOtEIn in 200 ,ul of 5 ml/

Tris-HC buffert and contalned either [3H TCP, “or [3H TCP and t he
appropriate concentrati on of NVDA- | i gands or mAbs. Reactions
were initiate addition of t AON m xtures.
Unl ess ot her 8flp bicndi ng
noneqU|I|br|un1 no\yi ons at @ﬁ@&fo specbfd ¢ Dinddi was
determned in p$ral| | sanpl es cont ai 0 ,|{uM unl abél ed [PCP. Bi ndi ng
reactions were @&t erdrined by filtrafi ofton dhatfman G-/ B glass filters that
had been pretreated wth 0.1% pol yetthyl engi m ng for 1 h. 15[ 0114] The

di ssociation of [3BH TCP fromits nenbrane-bjnding site was neasured after
equilibrating the recephors with 20 nilokn[3H TCP for 120 min. The

di ssoci ation reagtion was initiategd by |the qﬁit n of 100 , uM unl abel ed
PCP in the pres e ahsehge ceptor T1gands or mAb. Reactions
were ternnat'dy i diately (z&o tife) and|after incubation for the

addi tional periods Qf-time indicatedy,£0 [0115] The effects of the three
conpounds were examsned on 1) NVDA receptory- gated single neuron
conductance (I NrDA) in hi ppocanpal CAl pyram dal neurons and 2) the

magni tude of long ~termpotentiation (| TP) apdtongtermdepression(LTD) at
Schaffer collaterdl CAl synaps@s, i®Hin vitrp hlppocanpa¢ sliees.| ALYX-13
has been reported nt r at enent of
burst-activated I Skmu ) TD and

si ngl e pul se evokg Id hi 2 3 concentration of
100 1AM convert ed ur st af f ect ed
LTD.




[ 0116] Compound B showed a 20-fol d enhancenent in potency conpared to GLYX-
13. 50 nM of this conmpound nmarkedly enhanced both single shock (1A) and
burst evokeado(11Bhss30 | NVDA , as wel |l as doubling the nagoirtusde1ot4sRIP ( 1E) .
In contrast, 1 1AM NRX-10,050 WD 2011/ 100585PCT/US2011/024583 - 36 -
significantly reduced both single shock (1C) and burst evoked ((1D) | NrDA,
rem ni scent of 100 [i M GLYX-13. (See Figure 2). [0117] AK-51 exhibited |ess
pot ency than compound B, but a wi def2concentration range in its
stinmulatory actions (Figure 3). Both 100 nM (2A) and 1 [i M NRX-10, 051 5
enhanced singl e-shock evoked 'DA ,while 1 uM NRX-10, 051 doubl ed t he

magni tude of LTP (2D), while not altering LTD (2E). [0118] AK-52 produced
only a Wibld lenhancenent of single-shock evoked | NmDA at a | ow concentration
(100 nM_3A). which converted to significant reduction in INnDA at a 1 uM
concentfration (3B). 100 nM AK-52 produced an BERh&ncemeMasof LTP similar in
magni t ude FEH0 conpoutugiuihd AK- ESlQ“%\B‘ﬁythiysPclgl)nv rtRE O B JINYR: | | but
signifijcant, reduction in LTP at the 1 [iM concentr ation, 'without alteri ng

LTD. [0119] These|t hreg ound showed about a 20-fold enhangcenent in
pot ency| conpared|to G&%N@omound B i s |the nobst |potent enhancer of

| NVMDA at | ow concentr at I}lon (50 nM. Wiile|AK-51 enhancenent| of | NVDA|was
smal [ er| i n #agni fude, tPB3pl5 ef fect 20en@mi ned When {he 28K- 51 wasrHSncr ¢ased
10-fold (100 nMto 1 [tM. The AK-52 was the weakest enhancer of | NTDA ,

and thils effect reversed nore quickly to a|frank reduction ip | NnDA
[ 0120] These —conpounds ' magnitudeof Lt TPto—strmtar—extents,
approxijmately to|a doubl i\ngH 13 was the only conpound that could
Si wltﬂneously i ncreas N Jluce LTD:; AK-52 did not affect LTD, |even
at a conc gk[%t)i pn t hatHrequced 20|1 NMDA, BELYX-13 can sghect] velypgenhance
| NmDA nediat ed” by NVDA rec®ptors contai nfng NR2A/ B subunits, | and these

receptors are localized to extrasynaptic laci and afe nore strorgi%

activated by neutronal bursts that induce LTP. Wiile|all of theeptu%g;)ed
conpounds have potent effects on LTP and I NnDA, the|lesser effects on|LTD
suggest| that they have i ncfeas@d sel ectivitly for NRRA/ B contpi ni ng NMDA

receptor glycine|sifte X t GYX-13.

!
CBZ O
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Example 2 — Synthesis of Compounds and Intermediates

5 [0102] Spiro Lactam 3. The synthesis of C4 unsubstituted spiro lactam 3 was
conducted via Staudinger reaction of methyleneimine derived from triazine 2. The [2 + 2]-cycle
addition reaction between the ketene derived from Cbz-L-proline acid chloride and the
methyleneimine was carried out in the following way: ketene was generated by
dehydrochlorination of the acid chloride with triethylamine at -40°C for 45 min, and then a

10 dichloromethane solution of triazine 2 and boron trifluoride etherate (which depolymerize the
triazine) was added. After 12 hours, the corresponding spiro lactam 3 was obtained as a mixture
of enantiomers, with 30 to 50% yield. The oxidative removal of the PMP group from spiro
lactam 3 in the presence of CAN gave the N-unsubstituted derivative spiro lactam 4, which

upon treatment with Pd(OH),/C gave the corresponding spiro lactam intermediates 5.

15 [0103] Spiro lactam 4 was obtained in 93% purity (HPLC) after purification by
chromatography on silica gel. Spiro lactam 5 were obtained with purities >90% purity (by
NMR) after chromatography on silica gel using gradient elution 20% to 70% Ethyl Acetate
Cyclohexane, in 50% yield.



WO 2011/ 100585PCT/ US2011/ 024583 - 37 - Exanple 5 - T-Maze Learni ng Model
[0121] Mal e 3 nonth ol d Fisher 344 X Brown Norway FI cross rats (FBNFl) were
used for wbieligmossy. The t-naze was constructed with ar meT(t4201am24580g X 1 0O
cmw de x 10 cm hi gh) made of bl ack Pl exiglas enclosing the maze. Two
plastic bottle caps, lined with wire 5 nmesh, were secured to the end of
each goal armin which the food reward (Cheerios, 100 ng/ pi ece) was pl aced.
Before the start of training, aninmaP3 were gradually deprived of food to
approximately 85% of their free feeding weight. On three successive days

before ghansikart sehihbi@RbBhiRdio RRrARliSWESBpdialtt uated to the t-maze with
food | ocated throughout the maze. On the first day of training, animals

were re d for r I G ( : i i i of 9
o o UPUAER, L1 oG 2 SUOBER PRI 1128 Do A 1, LG,
ani mal smieé ethgharetieel/ fvater [let ), carlad eh®1Cs es pquods vanigort (15imidoft forraaldehyder i on

of 9 ou 10 c ecutive .correct choices. On_the sub ent. testing day,
i mal s CHRPeV 81 GUIFS) APeCHRBRS TR OAKERT 0164 1§ 101090 Fhg) kg TEn d. JouTaH TR0
vehi gl etelrbe ] andSihgMRganR@iafer &@UicpaMidd, WasiedolitR & 0RNBE 1Y 8ndaséd beer
gavage (4", 16-ga; Braintree Scientific, Braintree MA) 60 min prior to 1

t he st aNe:X9.. tTeet sohggnf was rgng@vedamdgr vagpumoOand Reviifersotid twasedbtayfied: disi yodid
both arns were baited w.t aad and fo subsequent. 20 trials on

't or nab iy aeiist et S istnd S65s B Rig Bl 207 SSUBRETS Qe Ro Pl oYY of

r ewar degure t34xi%ex in 9 Kicld.i al interval). The nunber of trials to criterion
(5 consecutive correct choices) was calculated for each aninmal. Data was
anal yzegh19y] ANOVAShablawed IR &Aed 3 PESR sRRSA sO18God 886he N-8BRAdYBarbonyl

i ndi vidual drug doses to vehicle (a = .05). 20[0122]Figure 5 depicts nean (
SEMO t r Lelrglinecacid chlerideotdgi 8.7 memal. t ierdmadichtpramathare (GaskL) o®led foatgC,iwnsf ood

deprived nth.old rats. Ani wey e~ i nj ect 0. wm.th.0, 0.3, .1 3,
T or st Viakoty Artielh T A ELL AL PR0GEE, Puf solllib e BEAY et he
start ofodfeatthixghe kdténdPwss @Pdhed** P < .01, Fisher PLSD post hoc vs. vehicle
Exanpl e 6 Formalin Test of Neuropathic Pain 25 [0123] Experinments were
conduct gogp Previgusliy dgsarubed a(ﬁti@@tsblﬁifon%f-m&’ﬁh@z (8829, %14 Bgnolh 9a;
Whod et al., Neuroreport, 19, 1059-1061 2008). Male 3 m)nt%l ol d Fisher 344
X Br ownBRoOkay (237 milod 8. 7ramsl. |, pBNEQ)sIywerieeduigedHi@r (3hind.) svadgddeBalirepveist.he
start of . testin anjmals were habityated to the testin hapher (30 .x .30 x
50" Bin op A bREyrSALERSE o Fain Fivwy 48 rae by tube SP R BT HER A o
the teshitigaiaied /et NaMEDS. ThevRfiebily I8gdrivaR®xahctékBilicé Vi, AH 11003010/ kg
p.o.), or DVBO vehicle gl nmg/ m; Sigma, Saint Louis M) in a blind

the combined organic layers were washed with brine (20 mL) and dried over anhydrous

Na,SO4. The solution was then concentrated and purified by column chromatography over
silica gel using gradient elution 100% / cyclohexane to 20% ethyl acetate / cyclohexane to give

20  7.01g of pure product with 37% yield.

[0107] Spiro lactam Intermediates 4. To a stirred solution of spiro lactam 3 (2.4g, 6.55
mmol.) in acetonitrile (49 mL) at -10°C, was added dropwise over 1 hour CAN (10.8g, 19.6
mmol.), previously dissolved in H,O (30 mL). After the addition was complete, the mixture
was stirred for 45 min (TLC showed no remaining starting material). The reaction mixture was
25  diluted with ethyl acetate (100 mL) and saturated NaHCO3(50 mL). To the organic layer was
added water (100 mL) and solid sodium bisulfite (20eq). The organic layer was washed with
brine and dried over anhydrous Na,SO,. The solution was then concentrated and purified by
column chromatography over silica gel using gradient elution 100% / cyclohexane to 50% ethyl

acetate / cyclohexane to give 0.87 g of pure product in 50% yield.

30  [0108] Spiro lactam Intermediates 5 (AK-51). 0.5g of 4 were dissolved in 20 mL of

ethyl acetate and transferred via cannula to a flask under H2 (1 atm) containing 50 mg of 10%



WO 2011/ 100585PCT/ US2011/ 024583 - 38 - manner via gastric gavage (4",

16-ga; Braintree Scientific, Braintree MA) 60 mn prior to formalin

i njecti orsO(n11A08588 per group). Aninmals were placed i nt @Crhis2a1@92458%)

chanber 10 mn prior to formalin injection. For the formalin injection,

rats were manual ly restrai ned and gi ven a subcutaneous injection of 1.5%

formalin (50 luL with a 26-ga needle; Signma, Saint Louis 5 M) into the

| ateral footpad on the plantar surféte of the left hind paw. After fornalin

injections rats were placed back into the testing chanbers. Animals were

vi deot apg@Hy, eMchelyov e t Hixtilte vsttipfed 48r D&M Thadror, hO50 FSi Thd RGSthe

formalin injection. Total time spent licking the injected paw and t ot al

nunber eoftalystj wet BHeisdvoff tirpegheselder Theorganicl layes whrasencedmated and pupfed by

formalin injection) re anti f i of fline in | .i manner by a trained

10 exper TRERREHRRY op i %t B lent §50 BBt R YR, r el i abi ity for

both ne s. Al | mal.s. wer ut. hani zed by . |Hm=7d tely after.

testi n_g.ﬁﬁgg a was giﬁb%éc@%iﬁ%@ﬁmg}@%‘ﬁg‘ﬂﬁp &r' Eﬁﬁf%@gtsoﬁﬁ’@ntoést s

conpsar | Ng(Ob@?iUldb_@Hiﬁ}Jl W91 ARRBRINEQ0W8NE C) ¢ hRoF) iPaly efibOW2nfl.)deR &diedmean
SEM % Anal gesi a "defined as % reduction in flinchés in the | ate phase

r es ponsBCIBO-E . Rihinmsi ) end thetmizpiramas stifresk fosBihouisrgt eeem tampedg e, Thén the5%

formalin). 15 Exanple 7- |__Formu| ati ons Enhanci Lear ni and Menory

[ 0124) AT Pvas SR i e R ¥ o hues R TR i APt e

( DVBO) . aAHove OBRScritd® whigldvlidi vedsaisedl withoa ang IpurBcAfon3OPthelcoupihg raxitizal s wer e

then fed p.o. by gavage (force fed by mouth with an inserted feeding

needl| e) (@ 1yp! une @?i&qhaaﬁg TherA&liANER 4l Yheoanidild @16l sedhifpaeBpsed

on body weight as follows 0.0 ng/kg 300 %I:_ DVSO (vehicle); 20 0.3 ng/kg,

3001pL (290DNMS@.74 nanoty/ikglry 300G @Lmin aDMSG; vBsGudded ByLi GBS piL., iO0DNBO]. i20. 0

kg, 300 pL.in DVS 30..0. my/ k 3 in DVMBO. [0125 Jo
o) oot ol aaPHROrEE BurgRe NSt e Rl it HBRet o Frg” WSS N

anmount s(Cegi0-asn2y10MEer)-Th@fkkoniR Rid eloald Ndn TFMRIe hBSkal 28dddr ital7s)C. wWas
used to asses |learning behavior in the animals. This protocol is described
at Exanpieuss wgrstigrg jor qugenight fepne - 785Cite ropng [eiReeatirssk. The subj ect rat was
pl aced in the base of the "T". Followi ng a short delay, it was allowed to
expl or e[dIAE] naze did redntios enixenre masrquenchedr witheatniagget NokCl €FG mady) rend €Ting

chojce is, sc d_accordi to variety of criterion, incl.udi spont anequs
a0 bt nateuRE TG enty SR8 g0t Pt Hali Huond s Eeutlinis® it iRy aRPH 152
criteri esmbised organtdiagest wely, dricdewith MZSONasd Usednirfed @5 tgiveeauni Ngf ande
menory. Food placed at one end of the maze was used as the positive

r ei nf or pAugobe cragde Rragdurivns ¢latsd throygh siiea galopyss Raviausiom | B4 58BCL: g9 -
2% MeOH / CH,Cl, giving fractions that ranged in purity from 44% to 73%. This reaction was

repeated on 0.28g of spiro lactam 4 and gave after chromatography fractions with purities that

20  ranged from 50% to 73%.

Example 4 — NMDA Receptor Binding Assay

Tissue preparation:

[0112] Crude synaptic membranes were prepared from rat hippocampi or from rat
forebrains (male Sprague-Dawley rats) and washed extensively to remove endogenous amino
25 acids, as previously described by Ransom and Stec (1988). Briefly, the crude synaptic
membranes were resuspended in 20 volumes of SmM Tris-HCI buffer, pH 7.4 (for use in
[’H]TCP-binding experiments), or in 20 volumes of 5 mM Tris-acetate buffer, pH 7.4 (for use
in ["H]glycine-binding studies) and homogenized using a Polytron (Virtis shear; Virtis, NY,
U.S.A.). Membranes were then pelleted by centrifugation at 48,000 g for 20 min. This step

30  was repeated twice and the homogenate was stored at -70° C in the same buffer. Before each



[0126] Animal s given a 1.0 ng/ kg dose by nouth of AK-51 denonstrated a
statistically significant enhancenent of |earning behavior in the T-mze
test (P< wWOoQ0tiy10038i mal s gi ven a 3.0 ny/ kg dose by nout Ircofuskéa/osusss pept i de
anal og NRX- 10, 051 al so denonstrated a statistically significant enhancenent
of | earning behavior in the T-maze test (P 5<0.01). Exanple 8 Isoners
[0127] The two different isoners of AK-55 was used in a NDVA bi ndi ng assay
as in Exanple 4. One isomer of AK-53potently enhances NVDA while the other
does not. Figure 7A indicates the tine course of effect of 15 mn bath

appl i Caﬁée@ﬂl_oﬁfo{géﬂdfés%ﬁm%@'eitdrogﬁﬁr lenfPRratPreNPEMEED, Z8( washed four additional

phar macol ogi cal'l y-i sol at ed NVDA receptor-gated current in CAlL pyram dal
neur onstigmele Fonie! [eH lzdyding expsridieny tiqvpellet wSENrstiag)bated: forBhenio 28 &C af 5

effect of .mn bath plication Of | M spli d bar) .op normalized
U o e e R g L R

neur onsheétdgshivioh eande béntrif@atich. NgTheERAl walhed NRgbrafes Tei® redp&rle®f at

ef fect of bath application of 1ILIMAK6 (solid bar, filled circles, n=8) 15
conpar egPncentigiong af &d weyhtl ippithardcald “{reipélﬁfl brifen aro, myEByis-agetate Bufifeigni t ude
of long-termpotentiation (LTP) of extracellular excitatory postsynaptic
pot ent i H1118] ope ( rhédh bisting f EREP Mvdswenelyy bf gipetifieqlidHdCPSbivafifigrwere

col 2 ol AT 00 IR GROPRSF )t TOREPL 2 LBPIE CRio iy
wi t h AKRhetictOmliGdRs lcbadibted Bf $6r106tu Spefietbrisenaemid at 200y YbnBidkit TANHCI
buffer and contained either [3H]TCP, or [3H]TCP and the appropriate concentration of NMDA-

10 receptor ligands or mAbs. Reactions were initiated by the addition of the membranes to the
reaction mixtures. Unless otherwise indicated, binding assays were performed under
nonequilibrium conditions at 25°C for 1 h. Nonspecific binding was determined in parallel
samples containing 100 uM unlabeled PCP. Binding reactions were determined by filtration on

Whatman GF/B glass filters that had been pretreated with 0.1% polyethyleneimine for 1 h.

15 [0114] The dissociation of [*H]TCP from its membrane-binding site was measured
after equilibrating the receptors with 20 nM ["H]TCP for 120 min. The dissociation reaction
was initiated by the addition of 100 uM unlabeled PCP in the presence and absence of NMDA-
receptor ligands or mAb. Reactions were terminated immediately (zero time) and after

incubation for the additional periods of time indicated.

20 [0115] The effects of the three compounds were examined on 1) NMDA receptor —
gated single neuron conductance (Inmpa) in hippocampal CAI pyramidal neurons and 2) the
magnitude of long —term potentiation (LTP) and long term depression(LTD) at Schaffer
collateral CAI1 synapses, in in vitro hippocampal slices. GLYX-13 has been reported to exibit
a low concentration (1-10 uM) enhancement of burst-activated Inyps and LTP, while

25  simultaneously reducing L'TD and single pulse evoked Inmpa. A hundred fold higher GLYX-
13 concentration of 100 M converted to reducing L'TP and burst Invpa, and no longer affected

LTD.

[0116] Compound B showed a 20-fold enhancement in potency compared to GLYX-
13. 50 nM of this compound markedly enhanced both single shock (1A) and burst evoked (1B)
30 Inmpa , as well as doubling the magnitude of LTP (1E). In contrast, 1 uM NRX-10,050



G utamate, AMPA rat 101.tM-8 Gutamate, Kainate rat 101.tM-13 d utamate,
Met abot ropi ¢, mM3d us hunman 101.tM -7 G utamate, NVDA, Agonismrat 101.tM 27
G ut anat eyoNMIA0BEYCi ne rat PCT/US2011/024583

-36 -

significantly reduced both single shock (1C) and burst evoked ((ID) Invpa, reminiscent of 100
uM GLYX-13. (See Figure 2).

[0117] AK-51 exhibited less potency than compound B, but a wider concentration
range in its stimulatory actions (Figure 3). Both 100 nM (2A) and 1 puM NRX-10,051

5  enhanced single-shock evoked Inypa , while 1 uM NRX-10,051 doubled the magnitude of LTP
(2D), while not altering LTD (2E).

[0118] AK-52 produced only a mild enhancement of single-shock evoked Inypa at a
low concentration (100 nM; 3A), which converted to significant reduction in Inypa at a 1 uM
concentration (3B). 100 nM AK-52 produced an enhancement of LTP similar in magnitude to

10 compound B and AK-51, but this converted to a slight, but significant, reduction in LTP at the
1 uM concentration, without altering LTD.

[0119] These three compound showed about a 20-fold enhancement in potency
compared to GLYX-13. Compound B is the most potent enhancer of Invpa at low
concentrations (50 nM). While AK-51 enhancement of Inympa was smaller in magnitude, this
15  effect remained when the AK-51 was increased 10-fold (100 nM to 1 uM). The AK-52 was the

weakest enhancer of Invpa , and this effect reversed more quickly to a frank reduction in Inyvpa.

[0120] These compounds enhanced the magnitude of LTP to similar extents,
approximately to a doubling. GLYX-13 was the only compound that could simultaneously
increase L'TP and reduce LTD: AK-52 did not affect LTD, even at a concentration that reduced
20  Invpa. GLYX-13 can selectively enhance Inyipa mediated by NMDA receptors containing
NR2A/B subunits, and these receptors are localized to extrasynaptic loci and are more strongly
activated by neuronal bursts that induce LTP. While all of the tested compounds have potent
effects on LTP and Invpa, the lesser effects on LTD suggest that they have increased selectivity

for NR2A/B containing NMDA receptor glycine sites than the GLYX-13.
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Example 5 — T-Maze Learning Model

[0121] Male 3 month old Fisher 344 X Brown Norway F1 cross rats (FBNF1) were
used for this study. The t-maze was constructed with arms (45 cm long x 1 0 cm wide x 10 cm
high)made of black Plexiglas enclosing the maze. Two plastic bottle caps, lined with wire
mesh, were secured to the end of each goal arm in which the food reward (Cheerios, 100
mg/piece) was placed. Before the start of training, animals were gradually deprived of food to
approximately 85% of their free feeding weight. On three successive days before the start of
training, animals were habituated to the t-maze with food located throughout the maze. On the
first day of training, animals were rewarded for right arm choices and were trained to a
criterion of 9 out of 10 consecutive correct choices. On the second day of training, animals
were rewarded for left arm choices, and were trained to a criterion of 9 out of 10 consecutive
correct choices. On the subsequent testing day, animals were given injections of
AKS51(0.3,1,3,10,30 mg/kg p.o.), or DMSO vehicle (1 mg/ml; Sigma, Saint Louis MO) in a
blind manner via gastric gavage (4, 16-ga; Braintree Scientific, Braintree MA) 60 min prior to
the start of testing (n = 8-9 per group. On the first trial of testing, both arms were baited with
food and for the subsequent 20 trials only alternating choices (opposite of the animal’s previous
choice) were rewarded (~30 sec inter-trial interval). The number of trials to criterion (5
consecutive correct choices) was calculated for each animal. Data was analyzed by ANOVA

followed by Fisher PLSD post hoc tests comparing individual drug doses to vehicle (o = .05).

[0122] Figure 5 depicts mean (+ SEM) trials to criterion in the alternating T-maze task
(20 trials) in food deprived 3 month old rats. Animals were injected p.o. with 0, 0.3, 1, 3, 10, or
30 mg/kg AKO51 in DMSO vehicle (n= 8-9 per group) 60 min before the start of testing. *** P
<.001, ** P < .01, Fisher PLSD post hoc vs. vehicle

Example 6 Formalin Test of Neuropathic Pain

[0123] Experiments were conducted as previously described (Abbott et al. Pain, 60,
91-102, 1995; Wood et al., Neuroreport, 19, 1059-1061 2008). Male 3 month old Fisher 344 X
Brown Norway F1 cross rats (FBNF1) were used for this study. Before the start of testing,
animals were habituated to the testing chamber (30 x 30 x 60 cm opaque plexiglass) for 10 min
each day over 2 consecutive days. On the testing day, animals were given injections of AK51

(0.3,1,3,10,30 mg/kg p.o.), or DMSO vehicle (1 mg/ml; Sigma, Saint Louis MO) in a blind



% nhi bi tion A ycine, Strychnine-Sensitive rat 101.1M 4 Potassium
Channel hERG human 101.1M 3 Exanple 10 Identification of 13 turn in spiro
conmpoundswpQaBGijopssst on 1-D experinents 1H, 13C, DEPT, heocoo/usache24s582- D
experinments (DQF- 5 COSY, TOCSY, NOESY) and Hetero nucl ear experinents HSQC
and HVBC in DMSO-D6 at 30 degree Celsius are conducted to confirmthe exact
carbon chem cal shifts and protons chem cal shifts of the spiro conpound:
[ 0131] -38 -
manner via gastric gavage (47, 16-ga; Braintree Scientific, Braintree MA) 60 min prior to
formalin injections (n = 8-9 per group). Animals were placed into the testing chamber 10 min
prior to formalin injection. For the formalin injection, rats were manually restrained and given
a subcutaneous injection of 1.5% formalin (50 puL. with a 26-ga needle; Sigma, Saint Louis
5 MO) into the lateral footpad on the plantar surface of the left hind paw. After formalin
injections rats were placed back into the testing chambers. Animals were videotaped from
below with the aid of an angled mirror for 50 min post formalin injection. Total time spent
licking the injected paw and total number of injected paw flinches during the late phase (30-50
min post formalin injection) were quantified off-line in a blind manner by a trained
10 experimenter with high (r > 0.9) inter- and intra-rater reliability for both measures. All animals
were euthanized by CO, immediately after testing. Data was analyzed by ANOVA followed
by Fisher PLSD post hoc tests comparing individual drug doses to vehicle (o = .05). Figure 6

depicts mean (+ SEM) % Analgesia defined as % reduction in flinches in the late phase

response (30-50 min) after intraplantar formalin injection (50 pL of 1.5% formalin).

15 Example 7— Oral Formulations Enhancing Learning and Memory

[0124] An oral preparation of AK-51, was prepared in dimethylsulfoxide (DMSO). All
doses were administered in a volume of 300 pl. The animals were then fed p.o. by gavage
(force fed by mouth with an inserted feeding needle) a volume calculated to deliver to the
animal a defined dose based on body weight as follows 0.0 mg/kg 300 pl. DMSO (vehicle);

20 0.3 mg/kg, 300 uL in DMSO; 1.0 mg/kg, 300 pLL in DMSO; 3.0 mg/kg, 300 pL. in DMSO; 10.0
mg/kg, 300 uL in DMSO; 30.0 mg/kg, 300 puL. in DMSO.

[0125] Animals were injected 60 minutes before the start of testing with one of the
dose amounts recited above. Then, an alternating T-maze task (20 trials) was used to asses
learning behavior in the animals. This protocol is described at Example 5. Briefly, the T-maze
25  is achoice task. The subject rat was placed in the base of the "T". Following a short delay, it
was allowed to explore the maze and choose to enter either the right or left arms. The choice is
scored according to variety of criterion, including spontaneous alternation, cued reward, or to
indicate a preference. Based on the criterion used in this study, the T-maze was used to test
learning and memory. Food placed at one end of the maze was used as the positive reinforcer

30 for each animal test.



10 [0132] Chemi cal shifts are observed as follows: 1H, DWVSO d6, 600MHz, 6 in
ppm TMS at 0.00ppm 8.72 (bs, 1H), 3.47dd, 2H), 3.37(t, 2H), 2.21(m 2H)
2.02(m 1Hyo 2011800385 1H) (see Figure 12); [0133]13C, DMSOPG®/USXEHANEESS3 6 | N
ppm reference DVSO at 39.5ppm 169.6, 68.7, 45.6, 40.7, 32.9, 22. 4.

15[ 0134] The chem cal shift of the am de proton was |ocated at 8.72 ppmas a
broad singlet, and cross peaks were observed between 8.72 and 3.37. This
findi ng established the chemcal shf¥t of H 3 at 3.47ppm Weak nCe between
3.37 and 2.21 ppmindicates the populations of H5 at 2.21ppm Tot al

correl afgieg) was f uiighalsr @iV §71.b00%/12g1%§3 ty oh@hig- 82 AKg 114898 RMatddCa
correl ati on was observed between 2.21, 2.02, "'1.89 and 3.37 ppm This 20

f i ndi ngstaagicalh eranifagadb ignbangsmenfe of deaspiaaclsharos iandie H-mage etestHx 00002 and

1. 89ppn,.. H.7 (3, 37 . Jhe. heteronucl ear, 2-D experi nents C d HVvBC)
i PRk e PP me kR adtE T L BRi B8 ené - RonciBRLL HRAGE 130 G811

chem calleribnstriate@fa dtartbtivilluabnift ot @ABanaBislefrasthedinivg ehBhsieihBe Tasadeakdtqps
WD 2011/ 100585PCT/ US2011/ 024583 [0136] 2.02(m [0137] [0138] - 41 -

8.7 (bs04V2 1H), 3.47(dd, H3, 2H), 3.37(t, H7, 2H), 2.21(m HD5, 2H),
H6,1H, 1.89(m H6'1H 169.6(C 1), 68.7(C4), 45.6(C7), 40.7(C 3),

32. 9( C- Bxampip 84¢am@y A weak nCe between H-3 and H5 is suggestive of
restricted rotation of the 5 rings with respect to each other. The absence
of hydr fjef] bonds Tha twhidifferthteisooeae rof i Saceapised in e NIIMes bindinig as8y anid

ol 20 abRencs of (heng, L ange Pk (e, 1Al B s R, 958 Indhgghes
7A indicates the time course of effect of 15 min bath application of 1uM AKS5 (solid bar) on
10 normalized pharmacologically-isolated NMDA receptor-gated current in CAl pyramidal
neurons under whole-cell recording (mean = SEM, n=6). B: Time course of effect of 15 min
bath application of 1uM AKSS5 (solid bar) on normalized pharmacologically-isolated NMDA
receptor-gated current in CA1l pyramidal neurons under whole-cell recording (mean + SEM,
n=7). C: Time course of effect of bath application of 1uM AKG6 (solid bar, filled circles, n=8)
15 compared to untreated control slices (open circles, n=8) on the magnitude of long-term
potentiation (LTP) of extracellular excitatory postsynaptic potential slope (mean + SEM

fEPSP) induced by high-frequency Schaffer collateral stimulation (2x100Hz/500msec).

Example 9 Biochemical Assays

[0128] Table B depicts the results of binding assays against various targets with AK51:
20 [0129] Table B
Target Species | Concentration %Inhibition
Glutamate, AMPA rat 10 uM -8
Glutamate, Kainate rat 10 uM -13
Glutamate, Metabotropic,mGlus human 10 uM -7
Glutamate, NMDA, Agonism rat 10 uM 27
Glutamate, NMDA, Glycine rat 10 uM -6
Glutamate, NMDA, Phencyclidine rat 10 uM -5
Glutamate, NMDA, Polyamine rat 10 uM -14
Glutamate, Non-Selective rat 10 uM -10




[0139] Proton 1-D experinents 1H, 13C, DEPT, honp nucl ear 2-D experinents
(DQF- 10 COsY, TOCSY, NCESY) and Hetero nucl ear experinments HSQC and HVBC

i n DMSO- DSoab113@ossegr ee Cel si us are conducted to confir rCThis2@iaetssEar bon
chem cal shifts and protons chemcal shifts of the spiro conpound NH HN Cl.
The 1H NVR in DMSO is shown in Figure 13. A N15- HSQC experi nent at 600MHz
can be perfornmed to confirmam de chem cal shifts. EQU VALENTS

15[ 0140] Those skilled in the art wi - recogni ze, or be able to ascertain
using no nore than routine experinentation, nmany equivalents to the
speci fi c[enmbodi ments gfcdhe Tnvention @&esGE! PRE A& Efon PUCHIRABIGAT et S
are intended to be enconpassed by the¢ folTow hg clarns. || NCORPORATT ON| BY
REFERENCEGly@de Bpiphnisnfensétivcont ent s | of &l pat entsyMpubll #shed pat ent

appl i cat iroprs—websites,—and ot-her referepnces cited herein-are -hereby
expressl)PPH@%P@%Q&@B@*#%V%ln in theilr WA et |esﬂbﬁw20re§erence, i ncl udi ng
t he fol | owng—ncorporated by reference—{0iA2tAbbott—FV,—FranktinmKB;

West brook RF, The formalin test: scoring properties of the first and second
phases of the pain response in rats. Paln go (1995) 91-102; Bennett GJ,

Xi e YK. ExamplgdDddentification of B turm iospik obndsy at produces di sorders of pai n
sensation |like WO 2011/100585PCT/U82011/024583 - 42 - those seen in nman.
Pain, 33 (1988) 87-107; U. S. Patent No. 7,273,889; U S. Patent No.

521 SRRl 5 T A LSRR P Bbukhgl Bor
6, 14y, 280SYJ. TGRS PaerS YNand Bletidd nBdidar ddp&imBiak eI8QMand BINGBE, 13@\/[80 I at

Patent No. 5,902,815; U S. Patent No. 5,741,778; U S. Patent No.
5. 605, 944 degfes Csipipare Kpndustedoty gomirm jthg exagt é%rbomheml@sgh%san%@ms et

al. (20 I (7):1077-87; Narahshi, Toshio et al.

(2004) |ol?hgﬁgﬁﬁgﬂgm&ﬁ%C8g¥?3¢91701 1706; Lynch, Gary et al. (2006),
Agi ng Research Reviews, 5;255-280; Rajashankar et al. J. Am Chem Soc.
(1992), 114, 9225;; ' r et al. J. Am Chem Soc. (1995), 117,
10129; A Karle et al), 2Hhstry (1990), 29, 6747; Regan et al, Science

(1998), 241, 976; "

[0131] H

10 [0132] Chemical shifts are observed as follows: 1H, DMSO-dg, 600MHz, ¢ in ppm,
TMS at 0.00ppm: 8.72 (bs, 1H), 3.47dd, 2H), 3.37(t, 2H), 2.21(m,2H), 2.02(m,1H),
1.89(m,1H) (see Figure 12);

[0133] 13C, DMSO-dg, 150MHz, ¢ in ppm, reference DMSO at 39.5ppm: 169.6, 68.7,
45.6, 40.7, 32.9, 22 4,

15 [0134] The chemical shift of the amide proton was located at 8.72 ppm as a broad
singlet, and cross peaks were observed between 8.72 and 3.37. This finding established the
chemical shift of H-3 at 3.47ppm. Weak nOe between 3.37 and 2.21 ppm indicates the
populations of H-5 at 2.21ppm. Total correlation was found from 3.37 to 2.21ppm through2.02
Ind 1.89ppm; nOe correlation was observed between 2.21, 2.02, 1.89 and 3.37 ppm. This

20  finding was understandable as the resonances H-6 and H-7 are: H-6 (2.02 and 1.89ppm), H-7
(3.37ppm). The heteronuclear 2-D experiments (HSQC and HMBC) also confirmed the

chemical shifts of protons and carbon.

[0135] The chemical shift of individual protons and carbon were observed as follows:



10 Kaumaya et al, Biochem stry (1990), 29, 13; Hanessian et al, Tetrahedron
(1997), 53, 12789; Zhang et al, Og. Lett. (2003), 53115; Xuyuan et al,
Org. Lettwo(BOOWY5856, 3285; Halab et al, J. Med. Chem @EROARRO11434585353
What is clainmed is: WD 2011/ 100585PCT/ US2011/ 024583 - 43 - CLAIMS 11. A
peptide mnetic capable of binding to the NVDA |igand binding core of SEQ
ID NO. 1, 2 wherein said peptide mnetic has two al pha carbons about 6 to
about 14 A apart, and a beta- 3turn*hotif conprising a bicyclic anide core
such that, when the peptide mnetic binds to said 4SEQ ID NO. 1, the

bi cyclipigg] de corgerxsuRstant ig | y4r@bauns =@Nfi gt atiiong)l2. 21'&HGHJ§DQH$1€
mmnetic of claim2, wherein the bicyclic core is a spi ro- beta-lactam 13.
The pepﬁ{oa@nrﬁmltﬁ)elfw(m,lléﬁrﬁfi) or 2, wherein peptide minmetic has a core
represented by: 20. 14. The pepti de m netic of any one of clainms 1-3,

wher ei n[@188] pept i dé9.61CaD.i68. KUbbt &n6iaT), fOZ0@iNt B HE-Dha2.bet-6) turn notif in
vivo or in an aqueous solution. 15. The peptide mnetic of any one of

cl ai ms [148] wher e /s aedk mEpet badwedn HE3 iaad iK-5capapietiof of rdsaidizdgtatidnyelt ﬂngen
bond with the follow ng am no acids of SEQ ID NO 1: PRO 124, THR126,

GLUI78 HRE BERiserecy & eaqliIeOﬁB@bu de abpenee i hyrdregsp Romds or whigh the donsr Wler e

the cor Qccbﬁtoi: Ly gat %d+ B9 1 G1s8"ablMRe of long range nOe (C* atoms <7A°) between two
rings indicates there is no significant secondary fold.
Example 11

[0139] Proton 1-D experiments 1H, 13C, DEPT, homo nuclear 2-D experiments (DQF-
10 COSY, TOCSY, NOESY) and Hetero nuclear experiments HSQC and HMBC in DMSO-Dg at
30 degree Celsius are conducted to confirm the exact carbon chemical shifts and protons

chemical shifts of the spiro compound

N

Aq°

L

600MHz can be performed to confirm amide chemical shifts.

Cl . The 'H NMR in DMSO is shown in Figure 13. A N15-HSQC experiment at

EQUIVALENTS

15 [0140] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.

INCORPORATION BY REFERENCE

[0141] The entire contents of all patents, published patent applications, websites, and
other references cited herein are hereby expressly incorporated herein in their entireties by

20  reference, including the following incorporated by reference:

[0142] Abbott FV, Franklin KB, Westbrook RF, The formalin test: scoring properties
of the first and second phases of the pain response in rats. Pain, 60 (1995) 91-102; Bennett GJ,

Xie YK., A peripheral mononeuropathy in rat that produces disorders of pain sensation like



2am no acids. 17. The peptide mnetic of any one of clainms 1-6, where the
peptide mnetic conprises a 2 bicyclic amde core with tw al pha carbons
about 6 twoaboumoB® A apart. 18. The peptide m netic of pamyuseena/ 02458%| ai N6
1-7, represented by Fornmula I: 2 | 3and pharnaceutically acceptable
salts, stereoisoners, and N-oxides thereof; wherein 4T is, independently
for each occurrence, CRAR4", and nis O, 1, 2 or 3; SAis optionally
present and is sel ected fron1phenyr 4r pyridine, wherein Ais optionally
6substituted by one or nore substituents selected fromRa;, WO

2011/ 10@p8sREH HS%%UPQ%@QB%%% 87-102RB.S. mh&iteNs £27488%kYl.s. Erdrlksny! ,

or phenyl is optionaily 10substituted by one or nore substituents sel ected

from Rab.821.28%:s UCH RatentiNol 5% 734 d; BD. {;Haéent Roe pEHRAEMRD1 Y.Ss Brteot Nd. 6.pdht4e
group cpngi sLLNqP 197 8! 898 atent No. 6,147.230: U. S. Patent No. 6,007,841: U.S. Patent

No. 5,952,389; U.S. Patent No. 5,902,815; U.S. Patent No. 5,741,778; U.S. Patent No.

5 5,605911; U.S. Patent No. 5,523,323; U.S. Patent No. 4,959,493; Moskal, et al. (2005),
Neuropharmacology, 49(7):1077-87; Narahshi, Toshio et al. (2004) Biol. Pharm. Bull,,
27(1):1701-1706; Lynch, Gary et al. (2006), Aging Research Reviews, 5:255-280; Rajashankar
et al. J. Am. Chem. Soc. (1992), 114, 9225;; Rajashankar et al. J. Am. Chem. Soc. (1995), 117,
10129; A. Karle et al, Biochemistry (1990), 29, 6747; Regan et al, Science (1998), 241, 976;

10  Kaumaya et al, Biochemistry (1990), 29, 13; Hanessian et al, Tetrahedron (1997), 53, 12789;
Zhang et al, Org. Lett. (2003), 53115; Xuyuan et al, Org. Lett. (2004), 6, 3285; Halab et al, J.
Med. Chem. (2002), 45, 5353

What is claimed is:



13hydroxyl, phenyl, G -4al kyl, am do, am ne, or C2-4al kenyl, wherein

C -4al kyl, C2- 144al kenyl and phenyl are optionally substituted by one or
nor e subswotoamtossssel ected from 15Ra; , 16R4 and R4 ar e pcmdspandessss y
selected fromthe group consisting of H, halogen, 17hydroxyl, phenyl,

G -4al kyl, am do, am ne, G -4al koxy or C2-4al kenyl, wherein Cl- 184al kyl,
C2- 4al kenyl, G -4al koxy, and phenyl are optionally substituted by one or
nmore 19sub stituents selected fronT®h; 20R2 is selected fromthe group
consisting of H R7, -S(0)2, S(0)2-C -Cal kyl, G -4al kyl, 21hydroxyl, or
phenyl wherein G -4al kyl, C2_4al kenyl and phenyl are optionally substituted
22by one or nore substituents sel ectedAimem Ra; 23R5 and R5' are each

i ndependently sel ected fromgroup consisting of H £ hal ogen, C - 244al kyl,
Ci - 4al kox C2- 4al kenyl , cyano, am no droxyl, wherein

, heny! d h
G - 4kl k¥ A popise WAPREhsAPBIR ®f Binshing toat;*l@?ﬁ%gi)/&oﬁéq?lﬁﬁg%ﬁgﬁﬂqﬁf&ﬁ%wm br

nor e, su i g : I . i C

Congy ot g eh S Bl AR 19RaTits SAghs nBoi RENESL LA TAALEMRY abety o1y
t he 3r oupn aanif icemiprigingfa HitycGk -adadkydre spdiethgt, when thepaitide yaihietic baBistte saidn

G - 4al kyl henyl or heterocyclic is optional]y substituted by 1, 2 or 3
30stbst gFQ&_ﬁ&ﬁOs 118% bisyelis BRCREOTesuR il grigiot éanff%%ﬁoglr oup consisting of
H - (0} TR p4ide hinfekic OF PR 2, Gherdindth& ¥leyclic core is a spiro-beta-lactam.

1 3. The peptide mimetic of claim 1 or 2, wherein peptide mimetic has a core represented by:

AN
O%N
N

2 0
1 4. The peptide mimetic of any one of claims 1-3, wherein the peptide mimetic substantially
2 maintains the beta-turn motif in vivo or in an aqueous solution.
1 5. The peptide mimetic of any one of claims 1-4, where said peptide mimetic is capable of
2 forming a hydrogen bond with the following amino acids of SEQ ID NO.1: PRO124, THR126,
3 GLU178 and SER180.
1 6. The peptide mimetic of any one of claims 1-5, where the core is conjugated to one or two
2 amino acids.
1 7. The peptide mimetic of any one of claims 1-6, where the peptide mimetic comprises a
2 bicyclic amide core with two alpha carbons about 6 to about 10 A apart.
1 8. The peptide mimetic of any one of claims 1-7, represented by Formula I:

B o 3R

.'\ AL Sﬁ?N—Rz

0
2 Ri O I
3 and pharmaceutically acceptable salts, stereoisomers, and N-oxides thereof; wherein
4 T is, independently for each occurrence, CR4R,, and nis 0, 1, 2 or 3;
5 A is optionally present and is selected from phenyl or pyridine, wherein A is optionally
6 substituted by one or more substituents selected from R;
7 R; is selected from the group consisting of H, hydroxyl, -S(O),-C;-salkyl; -SO,, C;-

8 salkyl, C,-Cjalkenyl, phenyl, Ry, or



32wherein G -4alkyl is optionally substituted by 1, 2 or 3 substituents
selected fromRa; 33Ra is selected, independently for each occurrence, from
car boxy, woanoxybisshal ogen, 34am no, phenyl, G -4al kyl, pamisehHA2dROXy; WO
2011/ 100585PCT/ US2011/ 024583 - 45 - 35Rb is selected, independently for
each occurrence, fromthe group consisting of carboxy, 36hydroxyl, hal ogen,
am no, phenyl, G -4al kyl, G -4al koxy, and -NH Re; 37Re is sel ected,

i ndependently for each occurrence ffbmthe group consisting of: -C(0)-

380- Cl1-4al kyl ; and -C(0)-Cl-4al kyl; and 39Rd is sel ected, independently for
each occurrence, H and C -4alkyl . 19. A nethod for treating a cognitive

di sorder conpri sing adﬁgﬁ; EZYng to an patient in 2 need thereof an

ef fective amount of a conpo of any one of clainms 1-8. 110. The net hod of

claim9, wherein the cognitiye di sorder i s .asspciated with nenmory Jl.oss 2or
inpai red |earning.. 111.A phé?nad%%??%d?Tﬁmﬁatgﬁ?i&?gic h%?Wfﬁ%ﬁP&mwiy
conmpy | S ng amﬁﬁﬁﬁ@#ﬂﬂuﬁkcﬁ%&n@@ﬂmﬁﬁwﬁ%k@k&%d}mﬁlRgnd a pharnacgut!cally
accept abl e excipient.” 112. A nethod for treating neuropathic pain in a

patient in nggddhgrgof conprising 2 adm nistering an effective anount of a
conpound of any one of clains 1-8. 113. A nethod for treating depression,

ob SFQSSi ve- COﬁE)ugmﬁi K gljesﬂlﬁgfgndelﬁ{y %81@&5(9 pfli](grﬁ nt!h@ éljauﬁl consisting of H, halogen,

13 hydroxyl, phenyl, C;-salkyl, amido, amine, or C,-salkenyl, wherein C;-salkyl, Cs-
14 salkenyl and phenyl are optionally substituted by one or more substituents selected from
15 R.;

16 R, and R, are independently selected from the group consisting of H, halogen,
17 hydroxyl, phenyl, C;-salkyl, amido, amine, C;-salkoxy or C;-jalkenyl, wherein C;-
18 salkyl, Cs-salkenyl, C;-salkoxy, and phenyl are optionally substituted by one or more
19 substituents selected from R;

20 R, is selected from the group consisting of H, Ry, -S(O),, S(O),-C;-Caalkyl, C;-salkyl,
21 hydroxyl, or phenyl wherein C;-4alkyl, C,.4alkenyl and phenyl are optionally substituted
22 by one or more substituents selected from R,;

23 Rs and Rs’ are each independently selected from group consisting of H, halogen, C;-
24 salkyl, Ci-salkoxy, Cs-salkenyl, cyano, amino, phenyl, and hydroxyl, wherein C;-;alkyl,
25 C;-4alkenyl and phenyl are optionally substituted by one or more substituents selected
26 from R,;

27 R7 is selected from group consisting of —C(0O)-Ry, -C(0O)-O-Ry, or -C(O)-NRy-Ro,

28 Ry is selected from the group consisting of H, C;-ialkyl, phenyl, or heterocyclic,
29 wherein Cj-jalkyl, phenyl or heterocyclic is optionally substituted by 1, 2 or 3
30 substituents selected from Ry;

31 Rg is selected from group consisting of H, —C(O)- C;-salkyl or C(O)-O- C;-4 alkyl,
32 wherein C;-salkyl is optionally substituted by 1, 2 or 3 substituents selected from R,;

33 R, is selected, independently for each occurrence, from carboxy, hydroxyl, halogen,

34 amino, phenyl, C;-jalkyl, and C;-4alkoxys;



2 patient in need thereof conprising adm nistering an effective anount of a
conpound of any one 3of clains 1-8. 114. A nethod for treating post
traumat i cwetznaswosdssor der, an al cohol dependency di sor decT/useoi2aedsasidi cti on
to an addictive drug in a patient in need thereof conprising admnistering
an 3 effective anbunt of a conpound of any one of clains 1-8. 115. A nethod
of treating or preventing a NVDA receptor nediated disorder in a patient 2
conprising administering to a patieft-in need thereof an acceptabl e NVDA

| i gand bi ndi ng core 3receptor agonistic or antagonistic anount of a glycine

m mgki ng beRaid dldteRERUEFATEATRL fof edbhCtehirénce ORAUReRaY CHigkiing ¢ LhboT de
noi ety. 116. The nethod of claim 15, wherein the cyc%lc amde I's a

bet 36 | act am hpdrexyl. haagen, aninet plaadybfCirmoldinil. &b tsplfoxhendeNHvREy of SEQ | D NO
1, wherein the nodul ation arises from2 a favorable conformati on adopted by
a c®hpound, Rnpok seheetedi mdspéndentby tdratatlo ncauries es fromothre gr@iphgcasisgenoboeddng
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118, A nmethod of jdentifying a conpound capable of binding to SEQ ID NO 1,
conpti si ng: Eprwleaseﬁgméen?aﬁ@m foF cashperuEdipril hdh§1oMkYlor nore target
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46 "2 need thereof an effective amount of a compound of any one of claims 1-8.

1 10. The method of claim 9, wherein the cognitive disorder is associated with memory loss
or impaired learning..

11. A pharmaceutically acceptable composition comprising a compound of any one of
claims 1-8, and a pharmaceutically acceptable excipient.

12. A method for treating neuropathic pain in a patient in need thereof comprising
administering an effective amount of a compound of any one of claims 1-8.

13. A method for treating depression, obsessive-compulsive disorder, or schizophrenia in a
patient in need thereof comprising administering an effective amount of a compound of any one
of claims 1-8.

14. A method for treating post traumatic stress disorder, an alcohol dependency disorder, or
an addiction to an addictive drug in a patient in need thereof comprising administering an
effective amount of a compound of any one of claims 1-8.

15. A method of treating or preventing a NMDA receptor mediated disorder in a patient
comprising administering to a patient in need thereof an acceptable NMDA ligand binding core
receptor agonistic or antagonistic amount of a glycine mimicking beta-turn peptidomimetic
cyclic compound having a cyclic amide moiety.

16. The method of claim 15, wherein the cyclic amide is a beta-lactam moiety.

17. A method of modulating the activity of SEQ ID NO. 1, wherein the modulation arises from
a favorable conformation adopted by a compound, and wherein said modulation arises from a
hydrogen bonding interaction between the compound and one, two, three or four of the
following amino acids of SEQ ID NO.1: PRO124, THR126, GLU178 and SER180.

18. A method of identifying a compound capable of binding to SEQ ID NO. 1, comprising:

providing a molecular model comprising one or more target regions of SEQ ID NO. 1
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derived from at least a portion of: SEQ ID NO. 1, atomic coordinates by molecular modeling



4 of SEQID NO. 1, or atom c coordinates deposited in the Protein Data Bank
under accession 5 nunber 1PB Q 6using the nolecular nodel to identify a
conmpound wbabvitvmossapabl e of binding to 7 PROL24, THR126pCEUS¥8/0243d3 SER180
of the target regions in the nolecul ar nodel; 8contacting the conmpound with
the target regions of SEQID NO 1; 9neasuring the activity of the target
regions of SEQID NO 1 after said contacting. 119. A nethod of identifying
a conpound whi ch nmodul ates binding-$?-a sequence conmprising 2 SEQ ID NO 1,
conprising: (A) designing or screening for a conpound which binds to or 3
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testing the 4 conpound designed or screened for in (A for its ability to
modul at eubberdiPBit o SEQ ID NO 1 5in vivo or in vitro, thereby identifying a

conmpound that .is partial a ist.of .NDVA 1 20. onpou g ig nti.fied by
the ot hoa ofsiaf dftigecider ARAEL B idpal s vortediy GafPCRGRe ioh ot G
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conmpound of cl ai m 20. ' '

8 contacting the compound with the target regions of SEQ ID NO. 1;

measuring the activity of the target regions of SEQ ID NO 1 after said contacting.

19. A method of identifying a compound which modulates binding of a sequence comprising
SEQ ID NO. 1, comprising: (A) designing or screening for a compound which binds to or
associates with PRO124, THR126, GLU178 and SER180 of SEQ ID NO 1, and (B) testing the
compound designed or screened for in (A) for its ability to modulate binding to SEQ ID NO 1
in vivo or in vitro, thereby identifying a compound that is a partial agonist of NDMA.

20. A compound identified by the method of claim 19.

21. A method of treating depression in a patient in need thereof comprising administering an
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effective amount of the compound of claim 20.



