; e3eii: X6TBYWO 055481 PCT/US01/4S8GG 1 Prodrugs of Excitatory Am no

B .,

Acids This invention relates to synthetic excitatory am no acid prodrugs (é})

(and t heiWOpkAFHelceutically acceptable salts) 5 and proceP€adNopussohei r

preparation. The invention further relates to methods of using, and
phar maceuti cal compositions conprisingi-the conpoHMHﬁmmmmmHmﬁLtreatnent of

neur ol ogi cal disorders and psychiatric disorders.

or psychiatric 10 disorders, such as anxiety disorder*Goftave been |inked to

neur ol ogi cal

sel ective activati on Wrdhaf®idd ke LELtday OAYind1 Beidsi d receptors such
-2-aTilinobicyclo [3 .1. 0] hexane-2, 6dicarboxylic acid, also known

as (+)

as LY354740, which is disclosed in U S. Patent No. 5,750,566 (the 566

«pat ent)

|5 1is By . 19 [ t ]Nggu ist, CNS
Drug Revi ews, sIgﬁ%pgs. e}rﬁ:ﬁ;n( %&fﬁea#htggpéf})e@:en I%%n‘?ﬁg%{%%}é\aﬁgﬁgééf or a
prodrug faerid gfrddf3fyk/ 4GndMtieh e ftaesc ddtei ¢anl W vacpepeabye 05al¥8p4740,
“produci ng hi gher oral exposure of the parent conpound. In 20 addition,

conmpoand$76F RIRESSSEse it et YR AHdhRhi st BredPYenEi PR uf afFRSTI eve

of prodr yg1uas. delL eladgud ?bﬂ‘i@&ﬂﬁ‘,u@ﬂcﬁ Opttd RELENEE SLOT EQmbHE: PALARL

nol ecul e. Further, the peptide pro

gs are stable under all ranges of

when

pH

and are mompoxisingGonjrmdsnpfunde fresdn trezrtménn @5 nepretegicahe best
f.or QPintaiQi%%ﬁk¥%$§:4o-l'ke safety and efficacy in humans with
|=at !

approach
i ncrease
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FE5Hi DS
(2" - Am NOreddm@RitomH Ind@iFdodi €T Or [BsychiatPichexane- 2,

T ST A P st udi es with, (1S, 2S, 5R, 6S) - 2[

6di carboxylic acid hydrochl oride, the conpound of the present 30 invention,

igazsdans o it F A9 cheSPTdeY hehavedpaent 1 onkadxFety wit hout

has %o

the attendant.nrablens of.; o, WO 02/ 055481 2 PCT/ LISD1/ 45886, 1 oxicht Y,
ESIafg(;‘%l P ow | CCOI’%I

instability at

ranges an Vi VO conversi on.

t he presemicapivent isorclprawi thels- 2 anipsivhely of o { Dr b bhexanet-R142C | ,
CZR's H Jéargoxy fg*géi ,nggé]known as LY354740, which is
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disclosed in U.S. Patent No. 5,750,566 (the ‘566 patent)
issued May 12, 1998 is an active MGLUR2 receptor agonist,
CNS Drug Reviews, 5, pgs. 1-12 (1999).

The present invention provides for a prodrug form of
1L¥Y354740, which enhances the in vivo potency of L¥Y354740,
producing higher oral exposure of the parent compound. In
addition, when compounds of the present invention are
administered, no circulating level of prodrug was detected
with high in vitro bioconversion to the parent molecule.
Further, the peptide prodrugs are stable under all ranges of
pH and are nontoxic. Compounds of the present invention
represent the best approach for maintaining LY¥354740-like
safety and efficacy in humans with increased oral
bicavailability. Preclinical studies with, (1S8,2S5,5R,65)-2-
[(278)-(2’-Amino) -propionyl]amino-bicyclo[3.1.0]hexane-2,6-
dicarboxylic acid hydrochloride, the compound of the present
invention, has shown greatly enhanced oral potency in the

treatment of anxiety without the attendant problems of

AR

*159159+

ngly,

H



R13, R14 and R17 are hydrogen; 10 or a pharmaceutically acceptable salt

t hereof. Conpounds of the invention have been found to be useful prodrugs
for LY354WO®245H8] ective agoni st of netabotropic gl ut amat ePCREGCHPHES6s and
are therefore useful in the 15 pharmaceutical treatnent of diseases of the

central

nervous system such as neurol ogical diseases,. for exanple

neur odegener ati ve di seases, and as anti psychotic, anxiolytic,
drug-w t hdrawal , anti depressant, anticonvul sant, anal gesic and anti-enetic
agents. 26xbitiwyl,| ik@capRnechated ddatrdd e ameEdsaed 1o Mt a {44 contain
at | east four asymetric carbon atons, three being in the cyctopropane ring
and one BEIMGT&LCfhe a-carbon of the am no acid group. Accordingly, the

Comaiio o WA il Ay S 1

25 pure form I n racé 'form “or

1 r

02/ 055484 f- Fobkal/1dS@L/ 45866 The amino acid noiety preferably has the

*nat ur al

am no acid configuration, i.e. the L-configuration relative to

Dgl ycerol al dehyde. The present invention includes pharnaceutically 5
acceptabl e salts of the conmpound of formula I. These salts can exist in
conjunction with the acidicq0r basidq portion of the nolecule and can exi st

al kal i

10 salts are prepared by the regCtiyn

nmetal, or alkaline earth fa s. Generally, the acid addition

an acj.d with a conpound of formula

as acid addition, pri rrary,Rs darti ary, or quaternary anmoni um
O

|. The alkali netal and al kaline earlth nEY@D,Ralts are generally prepared
by the reaction of the hydroxide foHﬂ(ﬁche desired netal salt with a
conpound of formula I. 15 Some particuljar salts provide certain formulation
advant ages due to their crystalline fomnpchmnqﬁﬂmaﬁélline fornms of
conpounds may be anor phous and hygroscopic. Crystalline fornms of

phar maceuti cal conpounds are sonetines nore desirable because they are not
anor phous. 20 A particul ar pharmaceutically acceptable salt of the peptide
of fornula | MW8eFE3N 25 5R 6S) -2- [ (2'°S) - {2' -Anino)

propi onyl ] am ng=bi qlo:%).ﬁﬂhexa e-2, 6-di carboxylic acid hydrochl oride
sal t. Another%paﬂt%%hlé%l %%rmﬁﬁﬁﬂhxé%Q%ﬁ%kceptable salt of 25 the peptide
of fiymula | by GlPhaddaceiit i@ 1v2-adedptatle -sdX thereof.

Am no) - propi onyl ] am no- bi cycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic acid nethane
sul fonate salt. Acids commonly enployed to formsuch salts include

| nor gani ¢ aci %%Ef)n?[?ﬁll}ld%x%@lt eh%.q.'lrvoe% I'Oorril Cﬂa\p%lgbreoebﬁ’ Ofgl.(l:ﬂd 3190 q:l)é rl.ilé:éful

sul phuric or
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orirc acias, or w ordgan
prodrugs for LY354740 a selective agonist of metabotropic

glutamate receptors and are therefore useful in the
pharmaceutical treatment of diseases of the central nervous
system such as neurological diseases, for example
neurodegenerative diseases, and as antipsychotic,
anxiolytic, drug-withdrawal, antidepressant, anticonvulsant,
analgesic and anti-emetic agents.

It will be appreciated that the compounds of formula

(I) contain at least four asymmetric carbon atoms, three
being in the cyclopropane ring and one being at the a-carbon
of the amino acid group. Accordingly, the compounds of the
invention may exist in and be isolated in enantiomerically

pure form, in racemic form, or in a diastereocisomeric

mixture.



acids, such as organic carboxylic acids, for exanple, glycollic, maleic,
hydr oxymal ei ¢, fumaric, malic, tartaric, WO 02/ 055481 PCT/ US01/ 45866 -4
citric, SMDIRYTHBL, o0-acetoxybenzoic, or organi c sul phoni FCT2UNEIGKRYyet hane
sul phoni ¢, tol uene-p-sul phonic, nethanesul fonic or naphthal ene-2-sul phoni c
acid. In addition to pharmaceutically-acceptable salts, other 5 salts are
included in the invention. They may serve as internediates in the
purification of conpounds or in the preparation of other, for exanple

phar maceut i caldyacerptableia aﬁbﬁe@pdbkéferaehyshagr tﬁ@ena%ﬁ&ah b no

identification, characterization ot purification. A variety o
phyS|oIogmtmd dmmiig@nsthawe been shewh- tonﬁegsubﬁeon trelanfiveeoe Dby
‘excessi ve_.ar rla e stinmulation of excitatory am no acid
transm:uﬁ%%?er g =1 conpounds of the present invention are believed

to have the abjpdt ré@eﬁﬁeﬁv@nﬂ%he&Mcmﬁdagubab%h@ehtzcéldysor ders in
‘mammal s associated with this condition, including acute neurol ogi cal

dlsoraeraﬁﬂﬁp%ﬁbk%r%@lﬁﬁ ﬁéftthGO@Dbgédu@ﬁtfpﬁmééﬂdﬁac Blysass sabttgery and
grafting,, £ CELe p trau r.aumg,

perlnatal ypOX|a %gr %@iugéggg g Eﬂpogﬁgggﬁlc%ng%Fénaﬁgfglganage The
formul a Hﬂ&ﬂﬂﬁﬁhﬂd@leaaﬂdb@émeaﬁﬂstOahaaelﬂhaddbthbhy beitaegt, a variety of

chroni ¢ neurol ogi c di sorders, such as Al zhei ner' s di sease, Huntington's
Chor ea, éﬁﬁﬂqéﬁﬁﬂc FSFE+ATY scPEr GURECTRREE PWBGBéHmdeﬁéﬁﬁﬁé mgéallar damage

and retinopaiiya1 cRENEALVE rﬁééQidEéitsa”dGbﬂb RaL b Ct%g agqcadraaal't%ﬁced
Par ki nson's. The present 1 nvention also provi es or treating these
di soitf@er ssali £ haxonprésaseddny ntbeereagttionaofatnentidnvwiédd at her eof an
effective anount . of ~a_conp un or . a.pha i,cal
acceptaM<a@§ﬁ?‘%H% eoP ™30 ﬂe fB% ggk?léoWﬁSEAdgn aﬁﬁgﬁﬁpggg th

i nventi 0ﬁné’d’£ﬁ'£s@lt@"&ﬂé)/g@ﬁe:@éh§¥r pedpated 63 tdeseeders onnoFathents that
are associated with_glutamte dg unction, including @ WO 02/055481 -5

PCT/ USO1/tesbencife cEPam ehashe, deshvafsmshal srdtaashhaageewesndupifnary
|ncont|nqﬂﬁﬁwuﬂglf prenmenstrual dysphoric disorder (PDD), psychosis, (such
as schi zophrenia), drug tol erance and w thdrawal (such as nicotine, opiates
and bé&nzodi azefomesparbiaukaet yahhd pebatdd dexonder £porewmsitdonbrai n edens,
chronic p and tardi ve dyskinesia. The fornula | conpounds are al so

usef ul éﬁﬁ??ﬁ%ﬁ%sgﬁﬁttan h%ﬁﬁlSEXFEaégéﬁﬁsfo¥WereNGPecrﬂﬁéaﬂﬁé§§nt

i nventi onf@s_hﬁ@ OF o¥bAsSuARE RS E@ra&b‘f hbﬁg Lhe: Sﬁyglr%%@gr% whi ch conpri se
adm nistering to a 10 patient in need t er eof fective amount of the

conpound Qﬁy$tﬂlﬁﬂ@ﬁlfonmsaO©hahﬁamegeuCabay aomppuadbeasalsomhenmeb A
conpound (%ﬂfqg l?aﬁ ?g$ diﬁhQ% 8@55 g@éﬁgugs anal ogous to one

known. nloa ro uc rono ructural ly anal ogous
hetezocycllc ammp@nnﬂeu15rophaymacaovebamngca&&e@eabaebgdlhebelmheSuch
processes and, nter dlatgs useful for the manufacture of a conpound of

Formul a IPER“RFi Abd"8bBVL2al e Br d¥Fded a8 Phr rherl (REA urles -ominge -
i nventi Orpfé}gl&'iﬁl]éﬂnﬂﬁ&tﬁiéﬁc%[éhﬁ thés&%egzprsoeg%g%c ighizghy unl ess

ot herwi se specified, th nmeani ngs of the generic ra s are as defined
above. (A Cb@@@hﬁ@uﬁdlbf formula | in which R13, R14, and Rl~ are

v 9en (2 dlsgeifl BERLOLEhLN LIS ATL0R H301p 0L 2, SORoY oL dor il
25 the peptide of formula I is (18,25,5R,68)-2-[(2’'8)-(2'-
Amino) -propionyl] amino-bicyclo[3.1.0]hexane-2,6-dicarboxylic
acid methane sulfonate salt.
Acids commonly employed to form such salts include
inorganic acids, for example hydrochloric, hydrobromic,
30 nitric, sulphuric or phosphoric acids, or with organic

acids, such as organic carboxylic acids, for example,

glycollic, maleic, hydroxymaleic, fumaric, malic, tartaric,



25 protecting group, with an acid as described in the General Procedures
for Exanples 3 and 4. (B) For a conmpound of formula | in which R13 and R14
are bot h wiQde/ogdsl (a di -acid), deprotecting a conpound of PCIYUROI/ASSH6 wher e
R13 and R14 are not both hydrogen as 30 described in Schene 2. VWO

02/ 055481 PCT/ US01/ 45866 -6 (C) For a-donpound of fornmula | in which R13
arid R14 are not both hydrogen, am dating a conpound of fornmula Il R-4~ 2
Rya ivn2 Il 5 with a corresponding amino acid of formula |11
HOOCCHCHRNHRTC | ISRy el hi ¢ir acesoxyloenaeici noegergandm gulphandcRl~ is

tertbutoxy.carbonyl .or a nitrogen-protecting gro s.described in the
Cener al o}fyedc’fuol’@y gt&}ar@ a%lt%h%l‘f D)tﬁ?e%eg%nﬁggﬁlag%f’gf o&lﬁhﬁgnﬁ where R13
-and R14 ana fwti sk t dTes e RI3sanshdéfe nayide a carboxy-protecting 15
ester group (a di-ester), esterifying a conpound of formula Tl where RZ3

and R14 are bdith 3didgen @ rhamregutieyl byragcephpbladsatteor abhari | in
1010 A iy ST YA SORY (S P54 1) PR, S04 gpcormound of
descri bedrittedticehiatadd dm Zhe purification of compounds or in the
preparation of other, for example pharmaceutically-
acceptable, acid addition salts, or are useful for
identification, characterization or purification.

10 A variety of physiological functions have been shown to
be subject to influence by excessive or inappropriate
stimulation of excitatory amino acid transmission. The
formula I compounds of the present invention are believed to
have the ability to treat a variety of neurological

15 disorders in mammals associated with this condition,
including acute neurological disorder such as cerebral
deficits subsequent to cardiac bypass surgery and grafting,
stroke, cerebral ischemia, spinal cord trauma, head trauma,
perinatal hypoxia, cardiac arrest, and hypoglycemic neuronal

20 damage. The formula I compounds are believed to have the
ability to<treat a variety of chronic neurological
disordexs, such as Alzheimer's disease, Huntington's Chorea,
amyotrophic lateral sclerosis, AIDS-induced dementia, ocular
damage and retinopathy, cognitive disorders, and idiopathic

25 and drug-induced Parkinson's. The present invention also
provides methods for treating these disorders which
comprises administering to a patient in need thereof an
effective amount of a compound of formula I or a
pharmaceutically acceptable salt thereof.

30 The formula I compounds of the present invention treat
a variety of other neurological disorders in patients that

are associated with glutamate dysfunction, including



WO 02/ 055481 PCT/ US01/ 45866 (F) For a conpound of fornmula Il where R13 and
R14 are not both hydrogen (a di-ester), esterifying a conpound of fornula
IV, as dewOwpM&Eds8i n Preparation 2. (G For a conmpound of fRETAAH45866wher e
R13 and R14 are 5 both hydrogen (a di-acid), protecting the am ne group of
a conmpound of formula I T as descri bed-gn Preparation 1. The term "nitrogen
protecting group,” as used herein, refers to those groups intended to
protect or block the nitrogen group agai nst undesirable reactions during 10

synt het i gupeQtedUESS smEN0 eVl stilde S Uintidfag Y tHOGRI D} agtimgr@r oup used
w || depend upon the conditions that wll be enployed in subsequent
react i oniBEePEiRABEEI NPREBY e PEEBENSE uaduidyePhotsi ¢ Sigprdsy t PP he

-knowl edg -, Of p.nar i | :'qﬂ; ?n art ftrogen 15
protecti ﬁﬁ%?gggﬁ' ar(g[1 Ps%l%s%glﬁér? : %)e’er?erhgwaf\*@%@ Protective
G oups |withdaawelSysubasias, nindtBte ,( dphimtWd end kansod Nexepitds ) 1991) ) .

"The term "carboxy-protecting group” as used herein refers to gne of the
ester de??ﬁéFFVe\énaf e ét@glrﬁié Ipd@rfo féﬂefjggr'ogﬁf W2 e fpFeSREC t o

bl ock or ,pE At eghat PEreaRROAYIKS GG 9T G %fﬁi@aftécerﬁk?o&%&s cardied out

on other”functional groups of the conpound. Particular values iInclude, for
exanpl e, abhebhykeefalhpb, anéridepuiedsantternd ametdesdeeadsgttstri met hyl silyl,
and the Jﬁ ke, Furt\r;\ggl 25 exarrg_'l es _of tsuch r oups rra.dbe foulgd in.T. W
Greene and-PCEORE Wif§, PRESEESt Ay SE0WRs T ORI IS MIFedtd® 574, Ed.

(John W tega&ibgnsheNeYdiEehb3¥9s wHitkHe Hdip iSs &l eLRiPOSEte PindISt d10a &
conventi onal procedure which does not_ affect another portion of the

nol Ul ePabePheiBapeef, therespdy 3¢ alfedsire FMYEE e sthewnreempeund

phar maceyki ceep e I (é%ﬁlg r}%% I [ kred, it
is obtai ﬁgdﬁg;%ln}\%gctg i n%@t)ﬁe pzlgrﬁ‘ageu%olr nmu ;p %tg%%ﬁalizgtihéfggf'

PCT/ USOL/ 45868 Eowpthnad pify Fcotmodiacdl Imayadee ptaade dopas epovcdys reacthng a
basi ¢ conpound.of Formula | with a physiolqgically ' acceptable acid or by
any ot het CCBROLRBPURAl CpPBte FAPET Tk TS 1L GaD 2Ky For [T esent s a
strail gh%ﬁrédQE:%Eﬂ%hegf Qi reGhir@ 1ahK N LhRidu 1 avd - d E-Pi DR ed b @asar bon
at ons. e term"C2-Cl0 al kenyl" represents strai ght or branched

unsatfur apedbal Ry noyRadi PFrospasngasamhad herein. Such processes and

intermediates useful for the manufacture of a compound of
Formula I as defined above are provided as further features
of the invention and are illustrated by the following
procedures in which, unless otherwise specified, the

20 meanings of the generié radicals are as defined above.

(A) For a compound of formula I in which R13, R14, and

R17 are hydrogen (a di-acid), deprotecting the amine group

of a compound of formula I

where R17 is tert-butoxy carbonyl or a nitrogen
25 protecting group, with an acid as described in the General

Procedures for Examples 3 and 4.

(B) For a compound of formula I in which R13 and R14

are both hydrogen (a di-acid), deprotecting a compound of

formula I where R13 and R14 are not both hydrogen as

30 described in Scheme 2.



ten carbon atonms, and having one or nore carbon-carbon 10 doubl e bond, such
as, dienes and trienes. This group also includes both E and Z i soners. The
term "ar WO 028pr8kent s groups such as phenyl, substitut ed RSTEHBHII/I58Md

napht hyl. The term "arylal kyl" represents a Cl-C4 al kyl group bearing one
or nore aryl 15 groups. The term"affed&-ing" refers to a fornula | conpound
acting as an agoni st at an excitatory am no acid receptor. The term
"excitatory amno acid receptor” refers to a netabotropic glutamte
receptor, 20 ad)eceOrs tddpdongobp! £rh@1 g0t | vhagn 8EH eRLBr SpMi al4

GIP-bi nding proteins. The term "cAMP-1inked nmetabotropic glutanmate

r ecept or "aneefrarts harla mpdsbaen opanidatipyoa chmpounsdcofipfedmudai @i biti on
-of adenyl ate cyclase activity. 25 The term "neurol ogi cal disorder” refers
to both acute and chroni c neurodegenerative conditions, including cerebral
deficits subsequent to cardi ac bypasg{ surgery and grafting, cerebra
‘ischem a (for exanple strokﬁgre ulting fromcardiac arrest), spinal 30 cord
trauma, head trauma, Al zhei O | s€a Hunti ngton' s Chorea, anyotrophic
| ateral sclerosis, AIDS-induced q;<ﬁﬂ per i nat al hypoxi a, hypogl ycem c
WD 02/ 05581 _g_ neuronal damagey oculjar~ganage and retinopathy, cognitive
di sorders, idiopathic and drug-inducgd HCT. / 45866 Par ki nson's Di sease.
This termal so includes other neurol &4i N, conditi gns that are caused by
glutamate 5 dysfunction, including nuscul ar spasnms, m grai ne headaches,

uri nagy incontinence, drug tol erance,

with a corresponding amino acid of formula III.

HOOCCHCH3NHR17 III

10 in which p is O or any integer from 1-10 and R7 is tert-
butoxy carbonyl or a nitrogen-protecting group as described

in the General Procedure for Example 1.
(D) For a compound of formula II where R13 and R4 are

not hydrogen, where R13 and R14 may be a carboxy-protecting

15 ester group (a di-ester), esterifying a compound of formula
II where R13 and R4 are both hydrogen (a di-acid).
(E) For a compound of formula II in which R13 and r14

are not hydrogen (a di-ester), deprotecting a compound of

formula IV

20 v

where RM is a nitrogen protecting group, as described in

Preparation 2.




wi t hdrawal , and cessation (i.e. opiates, benzodi azepi nes, nicotine,

cocai ne, or ethanol), snoking cessation, enesis, brain edema, chronic pain,
10 sl eep Wiogunga8s, convul sions, Tourette's syndrone, att enil/ospidsgecci t

di sorder, and tardive dyskinesia. The term "psychiatric disorder” refers to
both acute and chronic psychiatric condi4ions, including schizophrenia,
anxiety and rel ated disorders (e. g. 15 panic attack and stress-rel ated
cardi ovascul ar disorders), depression, bipolar disorders, psychosis, and

obsessi ve corrpyEb I o Al §Oég‘ﬂ$’§}m§‘f ?gr Ebthil%eil%p%E gf ubeilglr egant 4

i nvention includes a nethod ecting t CAMP- met abot rop| C
gl ut amat engedeptiorsydnogepat fedt -emhech, ceﬁperséylagmanlcstr@mmngl of a

‘pati ent d d t d t
phar mceUt FRR 1 JEYT 6bT| JECRROGRE OF SrEBARGRAG 0P orml a T 25 Another

parti cul ar_aspeef ofoLhe prasenhal D¥ePLIANENGLUARS.A E6AdDh1e ore

"adm ni steri ng ect| ve a conmpoun

and R4 dseclihatydtygengéa da-doidfi dprovhceingorpel sed nedairugt &f Bg to a
patient requiri nodul ated excitatory am ng acid 30 neur ot ransm ssion a
phar rracedf?‘&%‘?‘ll%ge‘?? etPryelandlingsoflegcEdREbuid Srepgrdiieon 1. wo

02/ 055481 PCT/ W01 45866, 10,40t Bep Rkt heULaL @skeg h ent

i nvention includes a matﬂlt{li Par t?eat ?ng agp ycH?’athg g’sstgr ?e%ﬁﬁl a
patient whetdreonprikeseadnpnpst éntagded thepp@tleem ombileedt ¢hetreat nent
thereof a b ]Fhar maceutica ve._a a cor’r%ﬂ]1 und of formula I.

Anot her par et 4rd 5%%%c?98¥n#i uB‘flg%ﬁ?gﬁﬁvgﬁF 5 O Yde&9 et hod for

treationg symehsol Ogpeetedizserder chbiaepati ek WhieRAHI@NRriits@geddm ni stering
to the 10 patient in need of treatnment thereof a pharmaceutically-effective

amount  of PECERApHUATEPUPORATRaWFLLAdgPEREr HB@NMELIF0 oG tloas ithg ta
psychi atrj¢; fli5orderibPed PA! EGBLGAERE! $85R9BLNSEEE Mgt the |

protection is required, as is well within the knowledge of
one of ordinary skill in the art. Commonly used nitrogen

15 protecting groups are disclosed in T.W. Greene and P.G.M.
Wuts, Protective Groups In Organic Synthesis, 2° Ed. (John
Wiley & Sons, New York (1991)).

The term “carboxy-protecting group” asg used herein

refers to one of the ester derivatives of the carboxylic

20 acid group commonly employed to block or protect the
carboxylic acid group while reactions are carried out on
other functional groups of the compound. Particular values
include, for example, methyl, ethyl, tert-butyl, benzyl,
methoxymethyl, trimethylsilyl, and the like. Further

25 examples of such groups may be found in T.W. Greene and
P.G.M. Wuts, Protecting Groups in Organic Synthesis, 3rd.
Ed. (John Wiley & Sons, N.Y. (1999)). The ester is
decomposed by using a conventional procedure which does not
affect another portion of the molecule.

30 Whereafter, for any of the above procedures, when a
pharmaceutically acceptable salt of a compound of Formula I

is required, it is obtained by reacting the acid of Formula



15 patient in need thereof a pharnaceutically-effective anobunt of a
conpound of fornmula | wherein said psychiatric disorder is schizophrenia,
anxi ety aWO @fdBed di sorders, depression, dipolar di sordaCS/USBMEss6Si S,
and obsessi ve conpul sive disorders. 20 A preferred nethod for treating a
neur ol ogi cal disorder in a patient com®ises administering to the patient
in need thereof a pharnaceutically-effective anount of a conpound of
formula | wherein said neurol ogical disorder is cerebral deficits
subsequent Wis-h ¢ @ el dypesslunacgeptabhg; baseebrabyi seheniiag spi nal

cord tra ;. head trauma; zheiner’. s Disease; Huntington'.s Chorea,;
anyot roplr#%"llé;tcgor"g%o%%ﬁ fo:’:"%JjﬁmlAf%SIi‘ﬂh ed BB¥EALH S?Igﬁérqilkfat al hypoxi a;
“hypogl ycemaepteilnad c tarsg eby ogal abt Haragenaadt  shhNopablyrdu3@ .cognitive

di sorders; idigpathic qnd drug-induced Parkinsons' Disease; nuscul ar
spasns; nigrain® teo U1 oSeasalkyl " neepmeneBtsupi RRER1iDREeNt i nence; drug

‘tol eranc 01/ 45866 wi t hdr |, _and _cessati.on; snoking cessation
enesi g; gdrraa:%%%e et CW%H% %ﬂfﬁm%#‘%%%d]a?gb?aeﬁg?md?ﬁ@uIt§’i GRS Tourette's
syndr one;catd@ntdtsmglefi cit 5 di sorder; and tardive dyskinesia. A nore

preferred methaod for treating a psychiatric disorder in a patient conprises
admi ni st eri ng T tHREMatF2rE10 2 1 herepregephar ahtadphcably- ef f ecti ve

anount of_a c und of formula T wherein said, 10 psychiatric disorder is
anxi ety ﬁf@chf%eW%ﬁ%%%l%%.gﬂ‘ﬂ%h?ﬂ'%?eh?ganﬁe Ko® £¥P £Peating a
heur ol ogiteal dHaudleitddic 2 P9d 10 6ONDRE S8 REPENLaLEHhIGaLBWhe patient

in need thereof a pharmaceutically-effective amount of a conpound of 15
forntiPa [dotleibridi weuras ogltehesi aed derienedr ugThobeganee, Wit hdrawal ,

and cessafqiQn;; [ sat L oy. . itional aspect of the present
HULD 3 U1 A 189 ARG OF - 168 YL

invention iIs
The term "aryl" represents groups such as phenyl,

substituted phenyl, and naphthyl. The term "arylalkyl"
represents a C1-C4 alkyl group bearing one or more aryl

15 groups.

The term "affecting” refers to a formula I
compound acting as an agonist at an excitatory amino
acid receptor. The term "excitatory amino acid
receptor" refers to a metabotropic glutamate receptor,

20 a receptor that is coupled to cellular effectors via
GTP-binding proteins. The term "cAMP-linked
metabotropic glutamate receptor" refers to a
metabotropic receptor that is coupled to inhibition of
adenylate cyclase activity.

25 The term "neurological disorder" refers to both
acute and chronic neurodegenerative conditions,
including cerebral deficits subsequent to cardiac
bypass surgery and grafting, cerebral ischemia (for
example stroke resulting from cardiac arrest), spinal

30 cord trauma, head trauma, Alzheimer's Disease,
Huntington's Chorea, amyotrophic lateral sclerosis,

AIDS-induced dementia, perinatal hypoxia, hypoglycemic



conpound of forrmula I, or a pharmaceutically acceptable 20 salt thereof,
for use as a pharnaceutical. Another aspect of the present invention

i ncl udes WO82/05d81of a conpound of fornmula T, or a phar nac®GTTUSAI/H#B66
acceptabl e salt thereof, for the manufacture of a nedicanent for treating
neur ol ogi cal 25 or psychiatric disorders. As used herein the term
"effective anount” refers to the anmount or dose of the conpound, upon
single or nultiple dose adm nistration to the patient, which provides the
desired ekieehailnd f}@“&fﬁlé@d&a{m > i RYNBSE Sndpathgat ment. WO
02/ 055481 - 12 PCT/ USOI/ 45866 An effective anpunt can be readily deternined
by the atognditigyedidigosiens anldiepanee skid | @dugninfecadt, by the use of
‘known te hn'gyes agnd hy observipg. results fbtainegu Qder gnglogous

ci rcumst ARCES R FelBriiHihg 5 the eFF8cPTve ARBURTSSr °BBEE of compound
adm ni st elcedolagivdiercsidd Bréms sciaie goasteeced by ghetambeadi ng

“di agnostician, including, but not l[imted to: the species of manmal; its
si ze, 5 agelysEnaCFemeY al ekl d g tHeS QRERT f FRadNS ea®I¥A¥BEved; the degree of

or 10 invyaql or,. .14 ver i d Se; sponse of the
individué%%ﬁ%ﬁﬁgﬁﬁ %%égﬁ) tfﬁ%ﬁ%ﬁf%%%%§Un%§§§n?ﬁ?§?§Pé§{ t he node of
adm ni st mdttihgirawale Erohveedadtiony(thar aspeatstics of the preparation
adm ni stered; the dose reg%gen selected; ,the use of 1 oncom t ant

5
medi cat i ,%ﬂﬂ}Qﬁﬁﬂﬁn§%ﬂ Pt ERE c UMt AHR®s. CEoRt ?Qﬂﬁﬁe, a typical daily
dose may &R ddHBERMN! SRedDs | OpARONt e30RaMUcREchRE Bathve ingredient.
The conpounds can be adm ni stered by a variety of routes 1ncluding oral,
rectdf, tleEerdelimrdes subeuraheoors, i Aovaebhels, syndramascul ar, bucal or
i ntranasal,,rout.es. ernativel t he upd. ma . L ni stered by
continuo@§9§ﬁ#ﬁ§ﬁmﬁgéﬁg{ée %%%?%’t%%ggggﬁ$1%3t¥ggglggg &rs to a manmal ,
such as a nouse, quinea, pi rat, . dog.or humpn, 25 |t is. understood that
the preferred _gﬁﬂ?“i§£§§$%h%5#1%hgl?%¥a??trgﬁgfﬁa"t?opoggreat") as used
herei n i pEhutdesrid craenel @l pyyaecepted 88AALRYoWRI ChinenGarpgsses _
prohi biting, preventing, restraining, and . slow ng, stopping, or reversing
pr ogr essissitigoni g s pnnhet s yapd onel aedudhsorferfetBods of this

i “Vegézg%ag@_cﬁo[%g%cg%gdE%@é‘@&y}:éfé@@g BLOR¥LAGE§a@dM Ni stration. WO

02/0

disorders), depression, bipolar disorders, psychosis,

and obsessive compulsive disorders.

A particular aspect of the present invention
includes a method for affecting the cAMP-linked
20 metabotropic glutamate receptors in a patient, which
comprises administering to a patient requiring
modulated excitatory amino acid neurotransmission a
pharmaceutically-effective amount of a compound of

formula I.

25 Another particular aspect of the present invention

includes a method of administering an effective amount

of a compound of formula II, where R13 and R4 are both
hydrogen (a di-acid), which comprises administering to
a patient requiring modulated excitatory amino acid

30 neurotransmission a pharmaceutically effective amount

of a compound of formula I.



If not comrercially avail able, the necessary starting materials for the
above procedures nmay be nmade by procedures which are selected from standard
t echni quesO®R/OBgEaNi ¢ and heterocyclic chem stry, techni qURES/UMIIBIB66
anal.ogous to the 5 syntheses of known, structurally simlar conpounds, and
the procedures described in the ExanplLeg, including novel procedures. A
further aspect of the present invention provides for a nmethod of

adm ni stering an effective amount of a conpound 10 of forrmula Il, where R13

and R4 are bohydydr {ufhragidec \BECEnCOPPELSRE adfLALsHEN NG to 2

patient requiring nodul ated excitatory amno ac neur ot ransm ssi on a
phar maceutticdaldes ef frezthod fopunteatiagcanpevodietrior dikarderl5 Conpounds

of f l.a | ; t ' ti chydrol yti i ivo, t
f or m comparfuHr - it & 1OONRET o Ra 3TuRBL REFTAPE 66t hRydrogen (a

di -aci d) pzasiaiowh inesgherer debehome £34r86£HaR13 2 1V 1712 | | Schenme 1:
In Vivo Conversion 20 In particular, a crystalline formof a conpound of

formubPa Phigmaseyrigrak by-afterdivig avovnt pbukecompbiinddoifn Scheme 2 bel ow
in mhicrlfgyﬁh(% R13 and R14, respectively, WO 02/ 055481 -14 PCT/ USO1
/ 45866 represents a val ue defined for the groups R13 and R14. The process

RGN i I e S S R R
includes a method for treating a neurological disorder
in a patient which comprises administering to the
10 patient in need of treatment thereof a
pharmaceutically-effective amount of a compound of

formula I.

A preferred method for treating a psychiatric
disorder in a patient comprises administering to the
15 patient in need thereof a pharmaceutically-effective
amount of a compound of formula I wherein said
psychiatric disorder is schizophrenia, anxiety and
related disorders, depression, dipolar disorders,

psychosis, and obsessive compulsive disorders.

20 A preferred method for treating a neurological
disorder in a patient comprises administering to the
patient in need thereof a pharmaceutically-effective
amount of a compound of formula I wherein said
neurological disorder is cerebral deficits subsequent

25 to cardiac bypass and grafting; cerebral ischemia;
spinal cord trauma; head trauma; Alzheimer’s Disease;
Huntington’s Chorea; amyotrophic lateral sclerosis;
AIDS-induced dementia; perinatal hypoxia; hypoglycemic
neuronal damage; ocular damage and retinopathy;

30 cognitive disorders; idiopathic and drug-induced

- Parkinsons’ Disease; muscular spasms; migraine



compound of forrmula I and a met hanesulfonate salt formof a 5 conpound of
formula I. I'l, where R-3 and R~4are both hydrogen (a di-acid)Ill, where R-3
and R~4 ave opoidH¥, where R 3 andbot h hydrogen (a nono- est AOTRIRI4586 e not
1l Ihydrogen (a di-ester)l, where R-3 and R~4 areboth hydrogen (a
di-acid}; R-s is tert-butoxycarbonyl or-gL#itrogen-protecting groupl, where
R~'" is hydrogenl, nethane sulfonate salt |, hydrochloride salt;crystalline
solidl, zwitterion Schene 2: Process for Preparation of Particular Salt 10

I n schenpedaakene,; the tmRphivtiaie indd,, MY ecRlSrande R14 are both

hydrogen (a di-acid), is treated with thionyl™ chloride and met hanol
af f or di nyithereperdesportiicapsitiantersedking gpssapbonvepyeseat al ytic

‘hydrochl gric _acid may he 15 used in place of thionylchloride. The di-ester,
formul a %ﬁam \ﬁ/’%"@z%’c?g?ﬁilq B BT /RS ani dated with a
conpound ceividreidns ;| Iouisddige ‘B crelddiany| cait ot 1 oh de £ DEC) ,

"1- (3-di net hyl am nopropyl ) - 3et hyl carbodi j m de (EDCT) or isobutyl
chIor%foFﬁﬁﬂ&@%?&aﬁﬂdhﬂ4§ﬁ}¥&yﬁﬁsﬁ¥ﬁ%ﬁ¥%rd a di-ester protected peptidyl 5
compound of formula I. This transformation could al so be achieved using the
acid chl ori de omdxne pigfprradmethodffer Nerepebry de Raviphiagrieagents, for

exanpl e, Bi_ph | .chl orophaosphat e and 2-chkoro-4, 6-di hoxy-1, 3,5-triazine
TooM « SEEE R0 A5 T S A T BOSHAR oy 85 FHe o 1bhe
benzot ri gatli<hty liox Had & (thamddy | arpHmmhesphdes LIy heraétuovephosphat e. The

hydrol ysis of the di-ester protected peptidyl coppound_of fornmula | with a
sui t abl e RIE S R A LITRIHREN Ny hrITHER of BT h§¥EBxi de in THFE af fords

the dy-acy r.ot Rept i dyl n f R13 and R14
are £bld(J)t hgﬁ%%%gagnﬂ((g%%gaci d) .Péll'hae gi -asci%j%r%%ie)%%%a%ieﬁ??gs g(':orrpound of

formula | may ;be rﬁgfgﬁgedw[ﬁ%u%%@ilﬂ%aérgétgﬁﬁagi c acid in a suitable

sol vent. Such conditi"ons nay pro corresponding acid salt of the 20
di -aci d peptricdydgicaipadiebodef aimmAd gpdt Bsntancemprpbess solid or, directly,
a crystal Id' ne solid. In the case of an,
administering to the patient in need thereof a
pharmaceutically-effective amount of a compound of
15 formula I wherein said neurological disorder is drug
tolerance, withdrawal, and cessation; or smoking

cesgation.

An additional aspect of the present invention is a
compound of formula I, or a pharmaceutically acceptable

20 salt thereof, for use as a pharmaceutical.

Another aspect of the present invention includes
the use of a compound of formula I, or a
pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for treating neurological

25 or psychiatric disorders.

As used herein the term “effective amount” refers
to the amount or dose of the compound, upon single or
multiple dose administration to the patient, which
provides the desired effect in the patient under

30 diagnosis or treatment.




anor phous solid, subsequent crystallization may occur from suitable

sol vents. For exanple, a di-acid protected peptidyl conpound of fornula I
when treaved2iydspngen 25 chloride gas in ethyl acetate pr TS IHINS6
deprot ected hydrochl oride salt as an anorphous solid. The anorphous

hydr ochl ori de conpound may then be crysgpallized fromacetone and water to
afford the crystalline hydrochloride salt conpound of formula |I. In the
case of a crystalline solid 30 which is forned directly, filtration of the

reaction m xt yre dmsedt {9& hhdener¥shabti p8agaly. adberaihklerioni ¢ conpound
of formula | is afforded by treatnent of the crystalline WO 02/ 055481 -16

PCT/ US01/48866: terdtistd| didgrostl ciaf, fasnoha fkiliadssni giehpditoxi de. |t
Wi || be reci ated by .one of ordinary skill.in the_art that conmpound of
formil a By begt SPariorh Brehnt aueauraduRer eDPRE g darsacs

i nter redicitesi d® Wdet s&hal 6goud dhecahstahyest conpaemesmiaimedul ate
‘met abotropi c glutamate receptor function may be dempnstrated by exam ni ng

t hei r Sabitihe Bk ie Ve eapeuet t perdea®Pobr eateerBd pAminrssered .4, 6, 7 or
8) or ph Qﬂﬂhﬂ&?i i | ysLs Of,, DY 1N . ressing these
individugf uman ﬁ%%g§%?¥%%$c¥€% %%ﬂ%%ﬁé%édrége%F%ra?ﬁéh?ﬁ%égubtypes. (D.

D. Schoeph,asgtost iciddeur opdhndieg) . but 986+ BEmit681td672hand 1997, 36, 111)
. The ability, of formula ] copnpounds to treat .anxiety._ ot a.rel ated di sorder
my be- TR TG HELReF | ERnoffcLSaPgaPepaEbtt Fedd Mt artl e and
e'evatEd1ﬂhyssﬁ@5fff@d§l§e9§eaﬂ%b@iyed?sGhébaéﬁkéép%%tEME|y I n Davis,
Psychophar macol ogy, 62:1;1979 and Lister, Psychopharmacol, 92:180-185; 1987

| n ViEfro imscebrameBi et ngheOsgvexsibdyofhehabdiirepsee &fteect receptor
bi ndi ng of un f th re pnvention_in rjison to LY354740,
displaceﬁ%ﬁ%gggga(%Egﬁh%f%$%?Y§a§%§u ggﬁ%%goﬁbgtggggﬁgpﬁéghd [ 3H] LY341495
to cell mMespeanesd ddmbhbhst@anedd tR2, mbdens fMEdMRE i samd tiaki;veheat brain
ti ssues was 25 determned. (See, Onstein P. L., Arnold M B., Bleisch T.
J., Wigthigaeval lakiber¥rcharactezigtseiorfpthe DrePR¥RLLPIM1495, a highly
potent, %?drﬁfﬁié’@eﬁ%%- nonel g58di pLE9REA £afelLaRal i RG05.QUp JeT met abotr opic
receptors. Bl oorg. d. dﬁenl %etté 8: 19%9?1922'(1998); and Johnson B.
15 concomitant medication; and other relevant
circumstances. For example, a typical daily dose may
contain from about 25 mg to about 300 mg of the active
ingredient. The compounds can be administered by a
variety of routes including oral, rectal, transdermal,
20 gubcutaneous, intravenous, intramuscular, bucal or
intranasal routes. Alternatively, the compound may be

administered by continuous infusion.

As used herein the term “patient” refers to a
mammal, such as a mouse, guinea pig, rat, dog or human.

25 It is understood that the preferred patient is a human.

The term “treating” (or “treat”) as used herein
includes its generally accepted meaning which
encompasses prohibiting, preventing, restraining, and
slowing, stopping, or reversing progression of a

30 resultant symptom. As such, the methods of this
invention encompass both therapeutic and prophylactic

administration.



30 G, Wight R A, Arnold M B., Weeler W J., Onstein P. L., and
Schoepp D. D., [3H LY341495 as a novel rapid filtration antagoni st

radi ol i gama 02/865548% oup |1 et abot r opi c WO 02/ 055481 -17 PCT/UsB0178645866
receptors: Characterization of binding to nenbranes of nd u receptor

subt ype expressing cells. Neuropharmacgkogy 38: |519-1529 (1999)) As shown
in Table 1 bel ow, LY354740 displaced 5 [3H LY341495 binding to rat
forebrain nenbranes with a potency simlar to that observed in human

reconbi nant recEMEd Scothifle EOTHI Bt avh DEaBDEPOURE AbchaERMAsk agi-dngot
appreci ably di splace [3H LY341495 binding to rat forebrain nenbranes at up

to 10, 000aRQTriEL STafe the @agpee | BEACOfUEeseplyr bbi madrgbyt Prorpdures of

't he present.: iy i i 7 j C . H kY3414 bindi ng (Ki,
W (rean Tyt R LA el i b RO ERE b ahall BT Bl RER serlied. 7 -
11. 1>10, GfaHdrmry aid ¢l RYShi St iy 4. Bedhin0§08at whaeRbaaal88ols+té. 8ne0, 000 In

"Vivo Actions in Rat Fear Potentiated Startle- Anxi ety Mdel 15 To study the

oral pot EHETEEHRS OhpBRHHR oFEYRECPFREENL SLRYEATI 6RAMPRUBGFparPsol it
LY354740 x‘b@é&d@é’?&é”séﬁfﬁé’é%n'{:Héeﬁxéﬂgiég?“&hﬁlﬁgﬁ%n%@@?a'1 studies in

the rat fear potentiated startle assay were perforne I's nodel was
speci fi caldoceshossn, as it is highly sensitive to nd u2/3 20 agoni sts such
as LY354740 and conpounds of the_present invention. (See, Helton

Ti zzano J. P., S Suiteboht HoE PEARSRGl FRARERLSS, DRRYERR FO5and
si de- ef f ectmaidd | F A dk¥3D4/dPind ARt 8RFechigh sRbBALI Ve, aOkakbyuaetive
10 of formula II, where R13 and R14 are both hydrogen (a di-
acid), which comprises administering to a patient requiring
modulated excitatory amino acid neurotransmission a
pharmaceutically-effective amount of a compound of formula
I.
15 Compounds of formula I are converted via enzymatic or

hydrolytic process in vivo, to form compounds of formula IT,

where R13 and R14 are both hydrogen (a di-acid), as shown in

Scheme 1 below.

Scheme 1: In Vivo Conversion

20
In particular, a crystalline form of a compound of

formula I may be prepared according to the route outlined in

Scheme 2 below in which each of R13 and R14, respectively,



WO 02/ 055481 -18 PCT/ US01/ 45866 agoni st for group |IT netabotropic glutamate
receptors, J. Pharnacol. Exp. Ther. 284: 651-660 (1998)). To verify that

t he acti ome oohssasconpound of formula | in this nodel were PEEHUSA/4B66 ecept or
nmedi at ed, as has been shown previously for 5 LY354740 (See, Tizzano, J.P.,
Giffey K1., Onstein P.L., Mnn J.A.jgand Schoepp D.D., Actions of ndu

receptor agonists on fear-conditioning versus fear-expression in rats,
Neur ophar macol ogy, 38: A45 (#144) (1999)), the ability of LY341495 (an

m3d u2/ 3 recetor ant a t) ngston 10 A E. .16y nstebmaP. L Wi ght
RA, Jo q{ﬁrye ‘éfs Kt? §he ITEEPEgRje AR b\u . TBfd
Schoepp %x%oeésYiiféé@élbéd aj MaRERBhAr 2 POL eat s?ﬁ@hégh.QCiSnle\tﬂ_oanEégoﬁhét for
~group |1 "nmet abotropl c glutamate receptors, Neuropharnmacol ogy, 37: 112

(1998)) trrapaysk camnpolin- mmmbbleeplpyégei:bhomdﬁeaalﬁ fpamenti at ed
tartl | d
‘ZI:;ep:nﬁ%%nalﬁédke%eforwu a fsa %po %ﬁ%gﬁggﬂiEBFake ggi@ % Bﬁrlgeln fed

was us errnents were OI’I'TE

rats.sln dowpdead @btestmalgdrstartl e nmodel, aninals are exposed to a
neutral stinulus such as light (conditioned 20 stinmulus) with an aversive
stimulus such as a shock (unconditioned stinulus). Follow ng conditioning,
when the aninals ar g q%§ 18 WF@IQ a |l oud acoustic stimulus, |arger

e

startle responses are tle stinmulus is preceded by
light. 25 Di azepam and® IS’LE% Hg&%}h %@né%‘ de which are clinically proven
anxiolytics, are effective at reducing the RNear (increased startle
response) associ ated wigh the presentation o Iight in the fear potenti ated

startl e nodel, F in redu the ear of ope e el evated plus
30 naze nodel . r%&'} Eéﬁgaf%ﬂg (180-400 g g‘%g Swi ss mice
(18-35 g) were obPﬁl hwogea&ammerﬁs 85} ague % S48 81 49

PCT/ US01/ 45866 L yafbger (& di-astd)

l

I, where R and R are
both hydrogen (a di-acid);
R16 is tert-butoxycarbonyl
or a nitrogen-protecting group

'

1, where R'7 is hydrogen

/ ~

I, methane sulfonate salt I, hydrochloride salt;
crystalline solid

'

1, zwitterion

Scheme 2: Process for Preparation of Particular Salt
10
In scheme 2 above, the monohydrate of II, where R13 and
R14 are both hydrogen (a di-acid), is treated with thionyl
chloride and methanol affording the corresponding di-ester

of II. Alternatively, catalytic hydrochloric acid may be

15 used in place of thionylchloride. The di-ester, formula II,



Dawl ey, Cunberland, IN, USA and acclimated at | east 3 days before testing.
Ani mal s were housed at 23+2C(relative humdity 30%to 700) and given Purina
Certifi edw@odes48Chow and water ad |ibitum The 5 phot operP@dUsea8s86& hour s
of light and 12 hours of dark, with dark onset at approximtely 1800 hours.
Test conpounds were dissolved in a vebjygle of purified water and
neutralized with 5 N NaCH to a pH of 7-8 when applicable. D azepam (Si gnma
Chem cal Conpany, |0 St. Louis, MJ) was suspended in purified water by the
dr opwi se -addj t:i - pgm; I r i he respective
vehicle. L%t&&gé(%éeg\ “é'v*‘gg? Igic%srrtlrurre%%f a%%ﬁ%ﬁtfaeg%,ffc%§g%%anbers wer e used

f or condidiioytlndiesasisianiodndnide (ECEhe pr Otludimebhghamiroprdpyl)) 8 -

‘startl e respanses. cl assical conditjonin rocedure was used to produce
Dot ent | altON JGF oS bl deos FORSES O 1 aRPYey bt FREPEPERaseaagsa 1 at 5 wer e
pl aced i ipAanls addd & Sharmers 4 i sheshopkeget dg. tﬁ’ébéi&gﬁ alled. 20

"Foll ow ng a"5-m™nut™e acclimation period, each rat received a 1mA electric
shock5 ( 5eempoymrce cetletbiyula 50 secbnils preseafarnanion toghd @l8owaet) which
remai ned on .for fhe iduratti on_ of tt}?elsho k. Ten prgsent atj Oﬁegf tge | i ght
and shocl?c\%‘reéreéf VEH-Th echa%Jo%a‘f rOht % 08 RESSPOHT Fatstueré 8 vaged
wWith a seuHdopert idstcagPmmndredgant e Boe skanple,t @sphagytessi ons were
conducted. A bl ock of 10 consecutive presentations of acoustic startle
stimli CHERBheFRNATY MDA TEBOTRT B HretBRERe*dr 1t ReSEYLAREAG of the
session i er . ni4m . knf | € L id phase
of habi tu(rzgztr?/fo'lﬂ t ﬁ%}éﬁjsﬁﬂu u%?a ‘E?lsaﬁ‘f‘/a%yfgﬁ?%‘&g%n%g Sgﬂg%g{anétﬁ?ng trials
of the ndiesecmezol-horkexyt W 021 065 BlahBdo )} 2hoPholSad/ 45866 preceded
by the Iig%ht' Excl ucpﬁngq%he initial trial block, startle response

anpl i t uddERFTUREIPRITRIRGS pe (noi se-al one vs. |ight+noi se) were averaged

for each rat a@{Os$,dhs1 LIl rer tEsd §£S8508r érééeéﬁ@&ﬂpéﬁt‘iaﬁlfi rst row of
Tabl e 2, bel ow, vvhenetgl ven orally to fed rats, conpounds of the present

i nvent i orfamm@It el eformike Faritlear - poieablatbasst ancheasedi CHEUB0O tines
LOer AOSERAMAEE UPALSE 1 IhIEPAEAGe LE HlbSaEBoxhke AL HR JERAe! data
irectly préedicts human anxi e r esponses, conpounds  of "The present

i nvensi orprrid ek g qskistei &y i @bpoen@f decESrmal urpnahate3R03f ahd Rower
doses than the parent conpound, Furthernore, the ability to produce a
| onger du%s iR athy SR oseAivRALEbrparBe €5 parenPrREFCEPFow for once-a

day dosi '}%yp@ﬁdfpp&&ﬁﬁoﬁﬂdtéﬁ‘fcﬁoﬁngfé{ ﬁoﬁéﬂ?gbetlglebi?ovle}éﬁeﬁxg%ﬂr% as

Measur ed by Rat™ Pl asna Concentration To study e I n vivo exposure of
LY354740 riigid o nor oviedanbsi agidf igoapsuntdsbdé shévpneseluchnvention in

conpari son tcf‘ LY354740, stu&i es Q%asuri ng t he EI asna. oncxreLntrgt' pas of
LY354740 SH TR B Hh R TP ET. P89 TRFLFEPRISEREr 2524 Rals P - €l 90- 270
gr anpowerd: -y 2d nesbf 1 @y HodhpouRRr agucobrwl Y1 Sunher bavephblls ESAiand

acclimated in_the study housing for 3 days. On day 4, test conpounds were
di ssol vedP¥n BLireerba, wat @FYeandl iret est 1eonpBuhBP20amep&Ladsi um di hydr ogen

PROSPRAt &y il Pa g ¥E0-00ALLY 35251091 8-500 il dpse . Boag, sanplcs

wer e col | ect rough orbita I nus or~ cardl ac punctur ast tinme point)
at 0.5 amshiltdiole solveahter nafevebyamplandal3dhearsd Praseetsdnpl es were

stored at_-20C.in the presence_of gen | met hy| sul E_‘o y:wfluoride, a protease
i nhi bi tor?eéﬁl%’(fo?otf‘%g%?\ |9§i§?’?ﬁ? S gﬁﬁ’m £°g 8 RYSFREF st andar d
conpagndscEs €1 efsgai €de by Bohtdr fhasprextinast taB GSp¥oeeppest ,
met hanol /water/dilute acetic acid). As shown in WO 02/055481 -21
PCT/ USO1/hsspchloride salt as an amorphous solid. The amorphous
hydrochloride compound may then be crystallized from acetone
and water to afford the crystalline hydrochloride salt
compound of formula I. In the case of a crystalline solid
30 which is formed directly; filtration of the reaction mixture

may afford the crystalline salt. The zwitterionic compound

of formula I is afforded by treatment of the crystalline



t he second row of Table 2, below the plasma concentrations (ng/m) of
LY354740 for each test conpound were determ ned by LC M5/ MS and are

pr esent eWW@92/65548Im of the concentrations at the 0.5 and 1PRIUSOOHSE66
alternatively, 1 and 3 hour sanple 5 tinme points. W O 02/ 055481 -22

PCT/ USOL/ 45866 Table 2. Conparison LY3p4740 and conpounds of the
presentinvention in the rat fear-potentiated startle
assayConpoundPar anmet er LY354740f ormul a | Measur edVED (1 hour 3. 0 ng/ kg
p.o.0.01 ~Q..pre-tr.eat t t e466. ng/ .ag/ m (pg/ m
ofLY35472g§% Igﬁfﬁb enﬁf%% 6ﬁg3?n%§?%%§§ﬁgg oﬁgggﬁu a%?é%églggd 2?gin vitro
st udi es sV beatpdieGemealnds dgfe tdfe qrdbseanty i sivehli On bhd 86t5that
-appreciable affinity per se for. mM3d u2/3 receptors, This indicates that the
in vivo PhSPHRESFSYP Toff Aivel & dmphdPe PFRRAT ek dt A UFRRSPHREEA T Bkel v
reflect LereORYR I Ol e RIS dikd NerDaER! 1 01 gcube,  LY354740,

whi ch then acts at u2/ 3 receptors to produce a therapeutlc ef fect.
Further, 10 i Ahkeachilviten ofi vemmraidy to mads] atdéemevapoundsiof the
current iaﬁgnti n exhibit-a 15 fold incrggge i n ﬁlasna %O centration of
LY354740 FeHERE5p AFEF R N HFY% RRndTRPratERte n%%uﬁ%ﬂ%m?a?lflﬁe
present iR¥eM ia®A 181 GRNveIfiIRb: LoBaA AP Vh¥8duct Y6h 02h8Pa#83 , - 23
PCT/ US01/ 45866 The conpounds of the present invention are preferably
fornul at 8d pri ér 7o cad@)nicst ddapioMes & vle hyvdveheeiaspeciubf 1t As

present i-Rventi i ac | C f I risi mpound of
Pormia P o S sh i BTt o8 i bt p oA, S 485 R80T

phar nec egllivtainay-caceepiaie GEIURY , subtyeas, o(Dexpi pienbeppheet
pharmaceuti cal__fornul ati ons. may be prepared by procedures well-known by one
of or di ndry o RTAUTGRIATRECR L+ 14P Haki Hy (HESLOhBGSI tFAndS37 { Ae- plesent
invention;jthe 10 active ingredient will usually be mxed with a carrier,

or diluted by a carrier, or enclosed within a carrier, and may be in the
form of a capdlidee,alsialciiey , opapermude &t kempontds nee . tiken aheieayr icer

serves as a diluent,..it be a,soljd, sem-solid,.or liquid eria

whi on acts ted Sl iatedRY BR¢) pRortSronE e 15 nkhdobe IR B ent
The TONPEeald Opst APl dcia-tir NuAd takheitsed PhLLS, rR@wlensdel ZF0eS,
sachets, cachets, elixirs, suspensions, enul sions, solutions, syrups,

aer osol s an@imtve e woied niegpe ol vekanprePaupst o PEyshpphasingeolebyact i ve

20 conpouynd,, . 'y | at upposSHLEr . ile
i nj ect abllég 'édﬁgﬁgoﬁ%gi }ﬁlfdcsefq'ﬁ’r %%@%ﬁ?%%%e?gf !L%gmiagéka?r%ﬁzs of
suitable carriers, excipients, and diluents include |actose, dextrose,

sucrose, _sothi.tol,.  mannitol.. starches, gu acaci a, cal ci um phosphat e,
In Vitro ReceﬂLor Bin&fhg gum P P

20 To study the ability to affect receptor binding of
compounds of the present invention in comparison to
LY354740, displacement of a high affinity mGluR2 antagonist
radioligand [3H]LY341495 to cell membranes from human
mGluR2, human mGluR3, and native rat brain tissues was

25 determined. (See, Ornstein P. L., Arnold M. B., Bleisch T.
J., Wright R. A., Wheeler W. J., and Schoepp D. D.,
[3H]1LY341495, a highly potent, selective and novel
radioligand for labeling group II metabotropic receptors.
Bioorg. Med. Chem. Lett. 8: 1919-1922 (1998); and Johnson B.

30 G., Wright R. A., Arnold M. B., Wheeler W. J., Ornstein P.

L., and Schoepp D. D., [3H]LY341495 as a novel rapid

filtration antagonist radioligand for group II metabotropic



25 al ginates, tragacanth, gelatin, calciumsilicate, mcrocrystalline
cel l ul ose, polyvinylpyrrolidone, cellul ose, water syrup, nethyl cellulose,
met hyl arWOpe/eF#s1 hydr oxybenzoat es, tal c, nagnesi um st ear &CF/UMNVAS86H ner a
oil. The fornulations can additionally include |ubricating 30 agents,
wetting agents, enulsifying and suspending agents, preserving agents,
sweet eni ng agents, or flavoring agents. Conpositions of the invention may
be fornmulated so as to W O 02/ 055481 -24 PCT/ US01/ 45866 provi de qui ck,
SUSta'“ePec8%t9§E§yéﬂa&%h%%§%z%%i d¥“3*§a4¢§ﬂégﬂ AlA&L 6%”&§F&trat'0”
to the patient by enploying procedures weJl 1k own in the art. . The
conposi t renspape pnbtgpabkexpiressilrat eklils a Neutophatosacge! dgpy 38 each dosage
‘contai nin r b ng to about 500 ng active ingredient, preferably
about 251grﬂ)gfgg]§§oggt9§§é)rrg active ingredient. As used herein the term
“active ingredkeghowhefier a3 e 1C YN v aad g 4 edde scope of
formula I. 10 The term"unit dosage form' refers to a physically discrete
uni t ssui {3h] BY 361495 t ai yddngagesrher fhuwediradwbjreals-aard otier sramal s, each
unit containing a, predeterm ned g}uanti tg/ of active material calculated to
pr oduce PﬁEeﬂgg’i PeBitRET &fetidt SFFEHMVET Na By At TP I PPRE sui t abl e 15
phar maceptibekoganri ¢, iy, VheXdupdifla Jherdahhon Noy Fxanpt es
further illustrate the conpounds of the present invention and the nethods
for thei appyathesily. dikelexaPE3iane1not biteiided too dag |Adfdbnegit 0 t he
scope of the invention in any respect, and should not be 20 so construed.
Al |l expePPRBREESHePE P@hﬁ&u%Q'Q94;%N{ive pressure of dry nitrogen or

arggn) Al'l solvents and reagents were purchased from conmercial sources and
used as received, unless otherwi se indicated. Dry tetrahydrofuran (THF) was
obt ai ned b¥abilet iLl.| aCompaimicons adi wearp tsodihim@ind ent opdrepoumed& ed | pri or

to use.|Proton nuclear. magnetic. resonance (1H tra were obtained on
a Brukef Avance Tl bay*$ %fe%BOlﬂﬂﬁ?géogrU&@ng&éﬁggip bay- 200 at 200Mz

or a Vafian ITnova at 500 VFZ[ E QAL 1T8sp 338 4", . ), Was
performed on a Agilent MSD/ B SOblq'n%#lurrerlllt@husi ng Bglggggr#l%?i%loélgg}é)&s

anmoni um acetate as the nobi] e phase. (FicenM) (wednabaEdpeNE&E3ass
spect r oscopy—{(FABMS) was perforn - 2SE"] n Field | WO
02/ 055481 - 25 RRGSRERM/ 45866| desor ;EIRELs spedt r oscHREREL was
performed uspRQ gL-LR{LA VG [7OSE or a Varian MAT 731 instrument. Optiga
rotatiops were ireasured withl a Perkin-El mer 241 pol ari net er
Chr omat pgr aphimais epatak2 on op a Waters+Poep1500 LC was 5sgyepecal |y carjri ed

out usiag—a—LLneaL7§Ladient f the
Human mGluR3 125.6 + 4.8 >10,000

Rat Forebrain 80.0 + 7.3 >10,000

In Vivo Actions in Rat Fear Potentiated Startle Anxiety

Model

15 To study the oral potencies of compounds of the present
invention in comparison to LY354740 in an mGlu2/3 receptor
linked therapeutic animal model, studies in the rat fear-
potentiated startle assay were performed. This model was
specifically chosen, as it is highly sensitive to mGlu2/3

20 agonists such as LY354740 and compounds of the present
invention. (See, Helton D.R., Tizzano J.P., Monn J.A.,
Schoepp D.D., and Kallman M.J., Anxiolytic and side-effect
profile of LY354740: A potent, high selective, orally active



solvents indicated in the text. The reactions were generally nonitored for
conpletion using thin [ayer chromatography (TLC). Thin |ayer chromatography
was perfovawdosrgéng E. Merck Kieselgel 60 F254 pl ates, 5 @TASHY43H06 cm
0.25 mm thickness. Spots were detected using a conbination of UV and

chem cal detection (plates dipped in glggric ammoni um nol ybdat e sol uti on

[ 75 g of ammoni um nol ybdate and 4 g of "cerium (TV) sulfate in 500 nL of 10%
aqueous sul furic acid] and then heated on a hot plate). 15 Fl ash

chr omat ogr aphy erfor as described by - Still, et al. Still, Kahn, and
e o s Y D Je (58855 e Rk ana e ahafsE8 Por Yo bon.
hydr ogen, praddnddd T 008 Werige St 2 NESl1 0@ Coabsp) . Equbpirent FEoEpakat i on

440 El emental Analyzer, or were performed by the Universidad_Conpl utense 20
Anal yt i cdiheCanttrionFaiula serecwad naéi Bormmbai 8, i8pahap. mpEkLi Werpoi nt s
vere detedilned, 1) onen. gl ass: caph! | 841 6350003, CabLankamm gl qaLr gt
nmel ti ng point™‘apparatus or a Buchi' nelfting point apparatus, and“are

uncor sectiexB 5 4Fe aldueyi Bl z0mseo, SYNbo| scandféer Retusedrhateha 251.exanpl es
have the follow ng neanings. Ac = acetyl Anal. - elenmental analysis Bn or
Bzl = bedBAR Blr A= HATA %éLTEKPiDbBtOX chtBBRYPLCAFEY £eEgPERFat ed D20 =

deuteri urgggg&'}ldﬁ Oéﬁﬁ%ééﬁ-@é@&iﬁ@@ng@/ y%g;{l|55gégrpggpresgion in

=di cycl ohexyl car DI BAL-H = di Tsobutyl al um num hydri deDVAP=
di et hyl ardtreop\Weuwropbifnadd hegiy| 38 dahi dEEOMBOL1dPARY hyEbel AbitildéEDC

“Fast At St BOFT et NReLeEP FREERERY) FERBROTTErY GSGr pRiORoIRRs
spect huntiOAt = lodystioxy -F-rzabepzeht i RZRl eHEBhRsdnhpdGoXy bapaet Ki.azql eHPLC=

Hi gh Performance Liquid ChronatggraphylSHRNB= hi gh resol uti on mass
spect r umBIRI@ = J Sopr dpakedaie =Knf r kel - sperdr 8/Poerpi PePVe EFBERHP20MeOH=

nmet hanol = i LLgui 1Rt 0 =mel ti i Rt-MIBE=
obuty e iy B KRt B e e e B SRR SR 2P Sar Ctng st P 1T
Resonanc ekdt siphtaery i oglubtdaait adreaeptoabi oONeuPbphasmpredygiRocBal:l @'-s Sal t
= potassiun1ﬁ§$i%n1tartr t e30SM :starting,natgrialTBS: ,

tert-but ybadi MettRA 51191 ekt FPEPRYPEATRE I ated suppression of fear-

15 potentiated startle was also determined. As a positive
control in each experiment, diazepam (0.6 mg/kg i.p.) was
used. All experiments were performed in fed rats.

In the fear potentiated startle model, animals are
exposed to a neutral stimulus such as light (conditioned

20 stimulus) with an aversive stimulus such as a shock
(unconditioned stimulué). Following conditioning, when the
animals are presented with a loud acoustic stimulus, larger
startle responses are elicited when the startle stimulus is
preceded by light.

25 Diazepam and buspirone hydrochloride, which are
clinically proven anxiolytics, are effective at reducing the
fear (increased startle response) éssociated with the
presentation of light in the fear potentiated startle model,
and in reducing the fear of open spaces in the elevated plus

30 maze model.

Male Long Evans rats (180-400 g) or male NIH Swiss

mice (18-35 g) were obtained from Harlan Sprague-



W O 02/055481 -27 Tenp. - tenperature TFA = trifluoroacetic acid THF =
tetrahydrofuran TLC = thin | ayer chromatography PCT/ US01/45866 5 t-BOC =

t ert - but ox@oanisasiy | WD 02/ 055481 -28 PCT/ US01/ 45866 OverPdiTdisoBdiseore f or
Preparati ons and Exanpl es am ne protecting agent , such as BOC2 ~//0 H 0O HO
O HHN CH ~O O Preparation 1 H~ ~O- HQ/~~~0 HO HEN H ~2 H20 1 ) carboxy
protecting agents such as Mel, K2C 2)"%%Tne deprotecti ng age such as HC

Et OAc Preparation 2 0 amide cou |l ng agents NH( COCHR~BNH) PBoc such as EDCI

DVAP, HO- HOBt, Et3N R .

Dawley, Cumberland, IN, USA and acclimated at least 3
days before testing. Animals were housed at
23+2°C(relative humidity 30% to 70%) and given Purina
Certified Rodent Chow and water ad 1ibitum; The

5 photoperiod was 12 hours of light and 12 hours of dark,
with dark onset at approximately 1800 hours.

Test compounds were dissolved in a vehicle of

purified water and neutralized with 5 N NaOH to a pH of
7-8 when applicable. Diazepam (Sigma Chemical Company,

10 St. Louis, MO) was suspended in purified water by the
dropwise addition of Tween 80. Control animals
received the respective vehicle.

SL-LABR (San Diego Instruments, San Diego, CA)
chambers were used for conditioning sessions and for

15 the production and recording of startle responses. A
classical conditioning procedure was used to produce
potentiation of startle responses. Briefly, on the
first 2 days, rats were placed into dark startle
chambers in which shock grids were installed.

20 Following a 5-minute acclimation period, each rat
received a 1mA electric shock (500ms) preceded by a 5
second presentation of light (15 watt) which remained
on for the duration of the shock. Ten presentations of
the light and shock were given in each conditioning

25 session, rats were gavaged with a solution of test
compound of water and startle testing sessions were
conducted. A block of 10 consecutive presentations of
acoustic startle stimuli (110 dB, non-light-paired)
were presented at the beginning of the session in order

30 to minimize the influences of the initial rapid phase
of habituation to the stimulus. This was followed by

20 alternating trials of the noise alone or noise



HOHO- ) H-NH OH ~O NHBoc Exanple 2 am ne deprotecting agent, such as
HX, solvent HOH O O H-NH OH ~O NH~ ~HX Exanple 3 (X = Cl) Exanple 4 (X =
0S02Me) owoorss4siepr ot ecti ng agent, such as LIOH (aq) H OPCT/GIO+$6MNH O ~O
NHBoc Exanple 1 1) carboxy deprotecting agent, such as LiOH (ag) 2) am ne
deprotecting agent, such as HCl, EtQAc,base such as NaOH carboxy protecting
agents such as SOClz, MeCH H O ~O nt YU NHZ O-HCO H 0 HO~~OH O~ H~NH ~O
NH2 Exanple 5 5 WO 02/055481 -29 PCT/ US01/ 45866

preceded by the light. Excluding the initial trial
block, startle response amplitudes for each trial type
(noise-alone vs. light+noise) were averaged for each
rat across the entire test session.

5 As shown in the first row of Table 2, below, when given
orally to fed rats, compounds of the present invention were
active in the rat fear-potentiated startle test at 300 times
lower doses when compared to LY354740. If this in vivo
animal model data directly predicts human anxiety responses,

10 compounds of the present invention would produce anxiolytic
effects in humans at 300 fold lower doses than the parent
compound. Furthermore, the ability to produce a longer
duration at lower doses when compared to parent may allow
for once-a day dosing, as opposed to twice a day dosing.

15 In Vivo Exposure as Measured by Rat Plasma Concentration

To study the in vivo exposure of LY354740 following
oral dosing of compounds of the present invention in
comparigon to LY354740, studies measuring the plasma
concentrations of LY354740 in rats were pérformed.

20 ‘Mature Fischer 344 male rats (190-270 gram) were
obtained from Harlan Sprague-Dawley, Cumberland, IN, USA
and acclimated in the study housing for 3 days. On day 4,
test compounds were dissolved in buffered water (lmg/ml =
test compound/20mM potassium dihydrogen phosphate, pH=2) and

25 given orally as a single 5mg/kg dose. Blood samples were
collected through orbital sinus or cardiac puncture (last
time point) at 0.5 and 1 hour or, alternatively, 1 and 3
hours. Plasma samples were stored at -20°C in the presence
of phenylmethylsulfonyl fluoride, a protease inhibitor, |

30 prior to analysis. Plasma samples and internal standard
compounds were pretreated by solid phase extraction (SAX

support, methanol/water/dilute acetic acid). As shown in



Preparation 1 Synthesis of

(1S, 2S,5R, 6S) - 2-t ent - But oxycar bonyl am nobi cycl o[ 3. | . 0] hexane- 2, 6-di car boxyl
ic acid elo#HMBIO H HN OH ~O O A 1 L flask was charged wWPCT/US01/45866

(1S, 2S, 5R, 6S) - 2- am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl i ¢ aci d nonohydrate
(24.4 10 g, 0.12 rol, 1 equiv), dioxang, (200 ni) and di-tert-butyl

di carbonate (52.4 g, 0.24 nol, 2.0 equiv). The suspension was vi gorously
stirred vvhi I e 1N sodi um hydroxi de (420 nL, 3.5 equi v) was added. The

m xture [ dla% the no, | - =

di car bona e wer S add:f 8” éf %tehe?r %316(2: ?Q%n El?l reﬁr;i%¥¥1 h%%ﬁ#%?gﬁéﬁgdays at
room t engepdnln e o A5 4574 Ot fdr daysh aifegteamzcbmpdaunWaWere(déeemninmas added
to dissolve_the sal ts. The aqueous |ayer was extracted with ethyl acetate

(4 x 100D FCANS /NS @nd &Fe PTRFNEET 1A% N FyBrSEnFBFi COREPRETFRECRE] di ¢
aqueous phagg2Q WA pXiy 3’&5@ S L haﬂéyﬂa@i\'r"éi 61Xa3§03 ?%égrl%?mﬁ gb' ned

‘et her extracts were washe th water (250 rrL) brine

dryi n§ ovemes@diimmssul fate, solvents were evapor at ed under vacuumto afford
a foany white solid (26.4 g) 25 77% Yield; np 100-101 C. [a]Dz5 -- - 41.1
(c = 1.0, MeOH) . WD 02/ 054481 -30 PCT/USO01/ 45866 1H NMR ( Met hanol - d4) 8:

4.98 (brs, 1H) , 2.44 (dd, 1H, J =6.2, 2.6 Hz), 2.19-1.92 (m 4H), 1.62
(t, 1H, J = 2.8 Hz), 1.43 (s, 9H , 1.29 (m 1H) . 13C NWR (Met hanol -d4) 8:
175.6, 175.2, 158.2, 60.1, 34.6, 5 31.9, 28.4, 27.2, 25.6, 20.6. M5

(El ectrospray): 285.12. Preparation 2 Synthesis of

(1S, 2S,5R, 6S) - 2- Am no- bi cycl o[ 3. 1. 0] hexane- 2, 610 di carboxylic acid dinethyl
ester hydrochloride HO O O H NH2 O ~HC

(1S, 2S, 5R, 6S) - 2-t art - But oxycar bonyl am nol5

bi cycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic acid (20 g, 0.07 nol, 1.0 equiv) was
dissolved in 210 mM of dry dinethylformm de and potassi um carbonate (21.3
g, 0.154 nol, 2.2 equiv) was added at 0 C under nitrogen. After 15 m nutes,
nmet hyl iodide (17.6 m, 0.28 nol, 4.0 equiv) was added. The 20 reaction

m xture was warnmed up slowy and stirred at roomtenperature for 3h. Water
(200 M) was added and the aqueous phase was extracted with ethyl ether (4
x 75 m each). The conbi ned organi c phase was washed with cold water (4 x
50 m), and the aqueous phase extracted again. with ethyl ether




25 (2 x 50 m). After drying the organic phase over sodium sulfate and
evaporating under vacuum a foany solid ( (1S, 2S, 5R 6S) -2-

tert - but OXQo2PIFdsly| ami no WD 02/ 055481 -31 PCT/ USOL/ 4586&®CT/US01/45866

bi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxylic acid-2,6-di nethyl ester) was obtai ned
(19.2 g, 87%yield). This conpound was,4diluted with 150 m of a saturated
sol ution of hydrogen chloride gas in ethyl acetate and the 5 m xture
vigorously stirred for 1 hour (a white precipitate appeared within 15

m nutes). The solid was filtered, rinsed wth ethyl ether and thoroughly
dried under high vacuum 73%Yield; np 193-194 C. [o~] D2s - + 22 .2 (c =1
. 0, MeOlablel® .~H ddvipadLehn SLYI54780 454 Stihpounds6df( 8hedptesert31-2. 04
‘(m 6H){,, 1 .57 (m, 1H) i 3C NVR (Met hanol -d4) 8: 171.9, 170.2, 65.6,
52.8, 51 1?"33‘2:1&‘5’11 9”“?8’-’%': %aQ'P‘ZBefJ’t’-EBeQ\I FET"HE?‘FvéS%?Kt hesis of
(1S, 2S, 5R6S)=2=Amnobi pyctof 31 O0fhexane- 4%%? 1gﬁ*uuxyllc acid—drmethyl
‘ester. hydrochloride HD/O/ O- OH fVH2 hi onyl chloride (807 m_,
11.1 noljpasaseetdded t o pet hanolL¥Y35B4¥40 over g peri od fefrmhlla ahil e
mai ntai ning the tenperature between 2 - 20 C. (The solution was maintaijned
for 30 niMffasuksd (15, 25| 5R 6S) - 2- ani no- bi cycl d[ 3. 1. 0] hexane 25

2, 6- di carboxytiTacird mpnohydrate (1—6t—Kkg, 792 ol ) —was added—The
resulting solution was heated to 47 C and nai rt ai ned between 47 - 50 QC for

17 h. AppmEaxi (fattedyr 7. 3| L of3 metiwptigd pwas. t henl renoved by /kacpum.
distill atpir%n_ (47 - 50 |WO 02/055481 -32 PCT/ US01/ 45866

treatement)

Rat Exposure 466 ng/ml ' 7114 ng/ml
(ng/ml of
1,Y354740

following

5 mg/kg p.o.)

Ag shown above in Tables 1 and 2, in vitro studies show

that the compounds of the present invention had no

5 appreciable affinity per se for mGlu2/3 receptors. This
indicates that the in vivo pharmacology of this compound in
rats and humans would likely reflect the conversion of the
prodrug to the parent molecule, LY¥354740, which then acts at
mGlu2/3 receptors to produce a therapeutic effect. Further,

10 in fact, when given orally to rats, the compounds of the
current invention exhibit a 15 fold increase in plasma
concentration of LY354740 when compared to LY354740. This
demonstrates compounds of the present invention are

converted to LY354740 in vivo.



C, 240 - 275 mm Hg). The renmai ning nmet hanol was renoved by azeotropic
distillation with t-butyl nethyl ether (MIBE) at atnospheric pressure

[ added MMBEOZ/AFH48Y), renoved 8.5 L; added MIBE (10 L), renbeadds81/8586¢ added
MIBE (8 L), renoved 5 5.1 L]. During the course of the distillations a
white solid began to precipitate fron]é e solution. After conpletion of the
distillations, MIBE (2 L) was added to the resulting slurry, and the slurry
was cooled to 22 C. The solid was filtered, rinsed with MIBE (2 L) and
dried under 1% vacuum to ff%[g 1.94 k 98% of the title CE?rTPou d as a
white solid. ARS COMPMRAE, O &S HF 6 EiQ3l %2 preXPraPyy. N,
5. 61; Clfoihud@reOWidorlCiAbBinidtatZon N Tadderdte, 1nddned. Ceneral
"Procedure for the coupling reaction of

(1S, 2S, 5RERSFL2 oAnitiie: WreEENGL 3V ed]tictanes 2 ekhomeenyital aci d di met hyl

ester hydr l-Qri. | - (L) -am ids.-20 T tarting di nethyl
‘ester hy Po@%lgﬁtilggl \s@éat"{b#fag%e%uic\%%#ﬁg&p(gfod%%?m%?gE?(arr%}nea Preparation 2,
was s3ispehaethaceudriyadilghlaacepridrre 0Lt theedait j cand uader nitrogen. The

correspondi ng N-BOC-am_noacid (1.5 equiv), N-ethyl-N , N 25

di met hy| REPFBIFCEMAICR P atiacHeds: 3RsC, Car Bl @fgui 3 L et 1 hg8r 9%gbrheBEri azol e
(HOBt, 1 eqy added ; i I riethyl amne(1.0
equi v) v@es%ﬁa\r%ngvﬁe:ﬁﬁ%ﬁn$qf&£%?ﬁe%yIrgéf\{ n%%ﬁ?%ﬁ%é&? P, 0.1 equiv).
The r eacpirocediuctaw eralds- kstawrr é ey mihrdinaopnskehpeinat tine, aB80.t hen

hydr ol yZﬁd lé%l addi tion of 1N .hydrochloric acid %%O m / mol) and diluted
with net i SREIER FIETRPSHTP TS | ERh PRt s FESRT 1RRs BREr act ed

wi t hyoret Bykane GhiidatortS wi WO RR(D55A8e - BB REW LSOLA 458661 84, / oMl ) and
the conbi ned organic |ayers washed twice with 1 N hydrochloric acid (10 ni

/ mol ), dddgtEch &y @ dadr gt ecramnbiesrd (Wikkin /a nparriaeh)andfmay dryi ng
over Sodiyum.sul fat t u C e u si due was 5
purifi edb%y lzll It%%aeféjgﬁlwcﬁ%on%[agjgér%p yn“%gcjl’:l}%@'t mép%‘r o%#i g?%éjgl uent

(typi cal kyntiadteres hexanedleetdadriaoetadeyes Ad el ndd lwenpy oteduag ber the

coupling reaction of . , L ) )
(1S, 2S, 5R, 695k afem5iIdyid o0 ILigHgk it or b2 i Wi Bax3FFe a9 acid

di mefdyl vestien dy dheeh Qidde Wt MBOE 391 N9ach dsi +é §Hé_;y%a9@%et
di cycl ohexyl carbodiimde (DCC) (1.1 equiv) in nmethylene thloride (4.0 M
sol ut i onFhgasoatted ttiere miatt dee iof threpbeatioh RalleOs equill s,

triethylam 1.0 equiv} and 15 N-t-butoxycarbonyl-L-alanine (1.1 equivV)
in met hyPé)r‘?’e%%clh 'oaiotfger{gﬂ%% l\ﬁ%ci'ﬁ]‘-ﬁ’oncjacé}r\l/% Sy bgjr%{bjasbfs‘é%?%%ﬁ‘?rﬁ?el y 1.5 h
whil e stiehfulRgonEe gasidildyy Bydupe, Wasrsddld edof@Emdntd2 h then

filtered. The filter cake (dicyclohexylurea) was rinsed with nethylene
chl ori de CORGHHES | |F A AL Svadtie d- 20 UF tpy OvaigpNaPE0BCE BYEoned by 1.0

N sl OC R, Gott el SRS RUARG Al POs (NIE5P4 1 £ bEL LT ed and
sterile injectable solutions, and sterile packaged powders.
Some examples of suitable carriers, excipients, and
diluents include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum, acacia, calcium phosphate,

25 alginates, tragacanth, gelatin, calcium silicate,
microcrystalline cellulose, polyvinylpyrrolidone, cellulose,
water syrup, methyl cellulose, methyl and propyl
hydroxybenzoates, talc, magnesium stearate, and mineral oil.
The formulations can additionally include lubricating

30 agents, wetting agents, emulsifying and suspending agents,
preserving agents, sweetening agents, of flavoring agents.

Compositions of the invention may be formulated so as to




to afford the title conpound as an oil. WO 02/ 055481 -34 PCT/ USOL/ 45866
Exanpl e 1 Synthesis of
(1S,28,5RN6$um2N8(2'S)-(2'-tertButoxycarbonyIanino)-propidﬁ?VW%m&ﬁ%ﬁbicyclo
[ 3. 1. 0] hexane5 2, 6-di carboxylic acid dinmethyl ester HO,O0/ O OHHN OO
N H O The starting dinmethyl ester hyd[g hI oride salt (1. 0 equiv), 10 the
product of Preparation 2, was suspended in dry dichloronethane (0.1 M

sol ution) under nitrogen. N-BOC (L)alanine (1.5 equiv),

h
st oy B e L e ol OP lae TavEal FRinars stathd) sditdve

f0||Omed:ﬁﬁgﬁédfﬁﬂﬁ”aﬁ@@ﬁeiémﬂhﬁgﬂraﬁ1Mhat§YEh@9©a@ﬂ@ntfb&abhploylng
“di met hyl am nopyridine (DVA.P, 0.1 equiv). The reaction mxture was stirred

over ni ghtPzACE 3 evpbl drmewn imehhAyakblyzed by addition of 1N

hydrochl oric afﬂéléé%§§g}élg%glgr32§¥gg%¥5§§%r%ég hgglqu %Phgﬁ i.de (10 mi

‘/ mmol). 20 The aque ayer was yl'ene chl ori e (5 mM /
Mol ) s andiddwg€ didamede aclgadib sad@yeoat nantiad beﬁ'eaWOﬂ.ﬂt 5 Nghy:@br @(bldutri c
acid (10 M / nmol), and finally with water _.and_brine (10 m each) .
After dryiGfy T aCtbee uh‘il%{ﬁ‘flh?’étanﬁr@@éﬁapéﬁ’ i é}n"oblﬁdéﬁ ﬁ‘@cl‘}ﬁ’matk}?éltcr ude

resi due %ég%ﬁﬂgdlﬁ%é é;ﬁé‘ 9ehsCERARHAGEARNY- WS ikRGTInEl &% Of
hexanes/ et acetate 055481 - 35 PCT/US01/ 45866 500 Yield. Foany

white so|:'ircgre¢ne'm 52r&fefa~D25a - compaund( ¢nelodss, wikbis) thel BagyR ( CDCL3)
8: 7.28 (brs, 1H%é .04 (brd, 1H, J = 7. 6 Hz) , 4. 16 (m 1H , 3 . 74
(s, 3H) o5 k , 2 .49 (dd, 1H, J =5 13.9, 8.3 Hz), 2.42 (dd, 1H,
J = §o3 2.8 Hae t2eﬁ18 1u189t(m>s§4;& Ford® fefeld td B Py dHDR11l 45 (s,

9H), 1.33 (d, 3H, J - 7. OHz_)L 1. 19 (m 1H) . 13C NWVR (CDCL3) 8: 172.8,
172, 6, 173iscrams ynigospitable agoupitgrygdoseass o hupny sgestsg 1)

26.6, Zl'éndlgfﬁkr mammals, each unit containing a predetermined
quantity of active material calculated to produce the
desired therapeutic effect, in association with a suitable

15 pharmaceutical carrier, diluent, or excipient.

The following Examples further illustrate the compounds
of the present invention and the methods for their
synthesis. The Examples are not intended to be limiting to
the scope of the invention in any respect, and should not be

20 so construed. All experiments were run under a positive
pressure of dry nitrogen or argon. All solvents and
reagents were purchased from commercial sources and used as
received, unlessg otherwise indicated. Dry tetrahydrofuran
(THF) was obtained by distillation from sodium or sodium

25 benzophenone ketyl prior to use. Proton nuclear magnetic

resonance (1H NMR) spectra were obtained on a Bruker Avance
II bay-500 at 500 MHz, a Bruker Avance I bay-200 at 200MHz
or a Varién Inova at 500 MHz. Electrospray mass
spectroscopy (ESI) was performed on a Agilent MSD/B

30 intrument using acetonitrile/aqueous ammonium acetate as the
mobile phase. Free atom bombardment mass spectroscopy

(FABMS) was performed on a VG ZAB-2SE instrument. Field



10 Alternative Synthesis of

(1S.2S,5R 69)-2-[(2'S)-(2' -tertBut oxycarbonyl am no) - propi onyl ] am no- bi cycl o
[ 3. 1. 0] heXand23881di car boxylic acid dinethyl ester 15 A solPGyhe1/45866

di cycl ohexyl carbodiimde (DCC) (1.1 equiv) in methlyene chloride (4.0 M

sol ution) was added to a m xture of Ex | e Preparation 2 (1.0 equiv),
triethylamne (1.0 equiv) and N-t-butoxycarbonyl-L-alanine (1.1 equiv) in
met hl yene chloride (1.0 M solution)period of 20 approximately 1.5 h while

stirring. T%e rtesultin m_xt yre was st'@éﬁ%for 1 - éZh then filtered. The
filter c SRECERTNH iy | THER) " WS R n t P Feb B Y2hESEntBri*de, and the
filtratechanarshed Widde Gd MNaHDS et | pyedi Byt ubedt hydogehtari c aci d.
‘"The organi c phase was dried (Na2S04), 25 filtered and concentrated to

af ford t FOtEtHioRsc sifgsumeasizad orith a\Rexbinogbnen PEY pSbarimeser-36 5

Exampl e j . .
(1S, 2S, 5§h§é)ma§%[§(%‘p%{l% Zse-%aeﬁa{tBlu %x?/rtl:aa} bvg%tf/ ani Eﬁ% I-)p%%%i Id%ywign‘i no- bi cycl o
[ 3. 1.9] hepeaee2,168ydiccarhied/ |dur acs tndd © Hhéai bbbt N the 10 15 20 25 A

solution off 2 M NaOH (5.45 L, 10.9 nol) was added top a solution of (1S, 2S,
5R, 6S) §?lwgq§§ ygd;c?ggd in the text. The reactions were

- tert but eryEar-RARY A NQY=d OO NYbda R DPsR) &é’fﬂ'}ﬁ[tgh%nolQ?éﬁneZ’ 6- di car boxy
lic acid™dinethyl” ester (4.52 nol, crude) in THF (2.8 L). The resulting
m Xt ure wagoststoospdty @ffstlent Tripelayer echvemdtbgraphyewxasact ed with

added 1 o PR CATEALIE HRE e STPEIA0. COneent ral8RoRO S(BP0LS vas
addefy t 0 dyhe gz Wi idinddle, PHSols Jbge O&Q@Qizﬁe@h@égn?ﬁél dried {MyS04)

and filtered. The aqueous phase was then extracted with e acetate (5
L). The eogéminatplraseofdd dimedianBod) , déteceted énllatemsbilnpdedi th ehe

previ ous grgani c_phase. The .c i ned, or gani were.concentrated to a soft
solid. Etcﬁayl A& "&%%sm?m&a e%?l‘é?‘dgﬂo?hﬁ?ri gtﬁFeawggn&Bchntrat ed to a
sof t sol mblyHdute anel o & (Gf cdatiwas (BgRi Buadded. idhsooi wt.use wosg

concentrated until a freely flow ng suspension _was present, He?t ane ( 1.8
L) was t Reegidedulditriha el rangdasheni heebedt onndi Bat pPéaperature for 15

h. TP@' %@4§%‘%ﬁ%5$4&5§f§bhy &é§)8§£9§§é§& as described by Still, et
al. Still, Kahn, and Mitra, J. Org. Chem., 43, 2923 (1978).
Elemental analyses for carbon, hydrogen, and nitrogen were
determined on a Control Equipment Corporation 440 Elemental
Analyzer, or were performed by the Universidad Complutense

20 Analytical Centre (Facultad de Farmacia, Madrid, Spain).
Melting points were determined in open glass capillaries on
a Gallenkamp hot air bath melting point apparatus or a Bluchi
melting point apparatus, and are uncorrected.
The abbreviations, symbols and terms used in the
25 examples have the following meanings.
Ac = acetyl
Anal. = elemental analysis
Bn or Bzl = benzyl
Bu = butyl
30 BOC = butoxycarbonyl
calcd = calculated

D70 = deuterium oxide



-37 PCT/ USO1l /45866 washed with heptane (3 L) then dried under vacuumto
afford the title conpound. Yield 1.36 kg (840) as an approxi mate 85:15

m xture ovonobEvers as a white solid. 5 [a] D 25 - 24 . 8POCTUSOD#s8keOH) 1H
NVR (DMBO-d6) 8 12.20 (s, 2 H , 8.40 (s, 0. 85 H) , 8.36 (s, 0.15 H), 6.69
(d, J =8.2 Hz, 0.8 H), 6.33 (br d, —02361—5 H, 3.99 (quintet, J = 7.2 Hz,
0.85 H, 3.84 (br m 0.15 H, 2.18-2.13 (m 2 H), 1.91-1.84 (m 1 H),
1.82-1.75 (m 2 H), 10 1.46 (br s, 0.85 H), 1.43 (br s, 0.15 H), 1.35 (s, 9
H, 1.23-1.15 (m L3 (dy.J = 6. . 3. H). 13C ~R (CD30D) 8 176. 4,
176.0 (2 O, 157.Sﬁcg%.ﬁ,dﬁcglqk}ﬁ}?@rcar%égn%%&%lz (maj or rotanmer), 50.09,
35.6, 32.S5, 29.3, Z28/pAL-3V.4,di%%dbuthfl % lddiibn (IefdrLaécd for O 6HzeN30~
‘(M + NH4*) 374.20, found 374.24 miz . Alternative Synthesis of

(1S, 2S, 5R, 6S) - 2- [ ( PMAR (=2'dimegtinikandRepBerYi 28 no) - pr opi onyl ] ami no- bi cycl o
[ 3. 1. 0] hexane20 2, i car i i HOOHHNOHOONHO'"'" A

‘sol ution of. (18, Z%ﬁSQ %@gﬁylaﬁ%@séé

bi cyct o[ 3. 1. 0] hexams®) 6+ diioserttioxyduf@cide nonohydrate (85 g, 418 mmol ) and

MeOH (850 nmL) was cooled to 10 C._ Thionyl 02/ 055481 -38 PCT/ US01/ 45866
chloride (199 g, 1XF n‘lnll\ﬁ"%éy]aﬂ\aetﬁl ?ﬁyr&e’fwvfa‘g%‘?@f‘ﬂ%ﬂthe t enper at ure

di d not exceed 20 GyrkhgiisQhudd on was then heated to 50 C and stirred for 6
h. Upon conpl etion of the reaction, the solution was cooled to room
tenperature and 5 dnceratlatled to approxi mately 1.70 nL total vol ume under
reduced pressure a t?,ﬁ{ - SO%?C. Mater (850 nL) was added, and the pH of the
sol ution was adj uste o"aep B mately pH 2.0 with 1.0 N NaOH (300 nL). The

sol utpon was concemamt-edap et ot duEhith PARSSUN EMaIBE | SpébeErkeappyat ure
reached 10 approximately 40 C _Methylene chloride (850 nL) was then added,
and the pH of the SEMiiofiRkd LpIRIRELPD PREB SPERLIVO N NaOH (180 ni).

The phases were seq{"gpgé ed,; andyt e, aqueoliSe PhGSE; yas  extracted with CHzd z

(425 nlL). The conbi ned organi'c phases contalning the corresponding 15
di mret hyl ester wer élGRincent rlayddoxybepprioriandbéy 425 nl total vol une and

hel d for further prgcessing. .In a separate reactiopn vessel a solution of
-t but oxycar bony| - BT HE 9B S foraecrbi L8 CRTETRL PRORRRSI | ne (44. 4
g, 438 nmol) in CHAEMs (7 12 dfh ) r&e8S1 901 600h&8st Opeétzuml0 C. | sobutyl
chloroformate (59.9 g, 439 mmol) was then added at rate such that the

tenperature di d noti-exded -Lsaprepamotonpl etion of the addition, the

solution was stirr for ] j eously, CH-C12 (20 nL) was added
to the dinethyl es% "so%r&%%%lg%r %%%1%9

L = liter
Me = methyl
20 MeOH = methanol
MPLC = Medium Pressure Liquid Chromatography
Mp = melting point
MTIBE = t-butyl methyl ether

NBS = N-bromosuccinimide

25 NMR = Nuclear Magnetic Resonance
Ph = phenyl
p.o. = oral administration

i-Pr = isopropyl

Rochelle’s Salt = potassium sodium tartrate
30 SM = starting material

TBS

TEA

tert-butyldimethylsilyl

triethylamine



25 prepared, and this solution was cooled to -5 C. The . dinethyl ester
solution (445 nL) was then added to the isobutyl m xed anhydride m xture.
The cool iwig obasdasmwas ' renoved, and the correspondi ng m XtPOTeUSME5861 rred
for 30 mn. Asolution of 1.0 N HCL (445 nL) was then added. The 30 phases
were separated, and the organic phase_yas washed with 1.0 N HC1 (445 nl).
The organi c phase was concentrated to approximtely 180 nlL total vol une.
THF (450 nmL) was then WD 02/055481 -39 PCT/ USOL/ 45866 added, and the
resulting solution conc, approximately Z80 nL total vol une.
To this sol ution was added ﬁ%%&%\g&f?(l 67 L, 1.67 nol). The resulting

m xture was heat ed THRA 40 €& i8lusrescéoic ladid then cooled to room5
‘tenperature. Ethyl acetate (2.4 L) was added, and the pH of the aqueous
phase was adj ust ed ?I‘BF'pﬂ?etlrWY@r%jéWé%trat ed HCL (150 nL). The phases
wer e separated, an e S with ethyl acetate (800
‘'m.). The conbi ned gl;%é;nl gﬂgﬁggféasygmgrgh%@?%gé%fﬁﬁﬁlgSOA filtered and 10
washed with Et CAc (2-BOG20 dyt -Hheoxgsatbonglsol uti on was t hen
concentrated to approximately 400 nL total volune. Ethyl acetate (800 mni)
was added, and the solution was concentrated to 400 nL). This ethyl acetate
addi tion/concentration was repeated again, then heptane (640 15 nlL) was
added. The resulting m xture was stirred for 2 h, filtered and washed with
a2 . 1 mxture of heptane-ethyl acetate (2 x 320 nmL.) to afford 115 . 5 g
(78 o yield) of (1S, 2S, 5R 6S) -2- [ (2 5 - (2

-tert-butoxycarbonyl am no) propionyl]am no-bicycl o[ 3.1.0]

hexane- 2, 6- di carboxylic acid 20 as a white solid. Exanple 3 Synthesis of
(1S,2S,5R, 69)-2-[(2'S)-(2'-Anm no)

propi onyl ] am no- bi cycl o[ 3. 1. 0] hexar ~. e- 2, 6-di carboxylie acid 25

hydr ochl oride H O HO O H HN OH O NHZ ~HCl



WO 02/ 055481 -40 PCT/ USOL/ 45866 To a solution of ethyl acetate (500 nlL) was
added HCl (79.0 g, 2.16 nol). The resulting HCL solution was then added to
a slurry we 028482S, 5R, 6S) -2- [ (2" S) - (2" - PCT/US01/45866

t ert but oxycar bonyl am no) - propi onyl ] am no- bi cycl o[ 3. 1. 0] hexane 5

2, 6-di carboxylic acid (100 g, 281 mm])gin ethyl acetate (500 nL) at a rate
such that the tenperature did not exceed 25 C. The resulting m xture was
stirred for 3.5 hours then filtered affording 82 . 6 g of (1S, 2S, 5R, 695
-2- [ (229 - (2
Am no) - propi onyl ] am no ~1 —25 xylic 10 acid
hydrochl ori de as an anor phous, whah& Boampgledhis white solid was then added
‘to acetone (290 nlL) and water (STru_). The resulting m xture was heated to
48 - 5'2 C, and water (6.4 nL) was dantil all of the solid dissolved.
Acetone (2.2 L) was added to t H€ a c%sol ution over a 15 period of
‘approximately 1 h. When the addi t9 onHofHacet one began, the heating mantle
was renoved. After the addition was cor® ete, thecaoxt ure was cooled to O -
-10 C and sti rredmpoprotstim aghig- ni xt ure was tken fEREEEEA and washed with
col d acetone (75°7° W ®Brdpdg (1S, 2S, 5R 65) -&sqcif2' S) 20

(2' -am no) - propi & arg no-bi cyclo[ 3. 1. 0] hexanegg Ye@di car boxylic acid

hydr ochl ori déosz%j}@ﬂ{dri ed under vacyum at 40 to,provide 76.6 g (93%
yield) of the #itlgygorpound s:gt.%:: hGEuaick ¥6t al | jne hdo 72% Yi el d.
White crystalline soj)FdQ rrp>25eﬁ_-,%elec—..>25la Dzy= 317 ap (c = 1. 0,
MeOH) . 1H NWR (Meth | - d4) B%glj%‘.egﬁ’éﬂtgg'kg;%" J = 7%°0 Hz)NHzf. 47 (dd, 1H, J =
6.3, 2.7 Hz), 2.37 (day 1H, J = §.6,' .2 Hz), 2.181.92 feh 3H), 1.66 (t,
1H, J = 3.0 Hz), pFlepBRtidpd, 3H, J = 7.0 Hz) , I.46-1.34é,gemgr dH), . 30 13C NWR
(Met hanol -d4) 8: 175.2, Z74.7, 170.2, 66.4, 49.0, 36.6, '32.0, 28.5, 26.3,
21.2, 16.6. W O 02/ 055481 -41 800 Yield. Wite solid. Exanple 4 Synthesis

of (1S, 2S,5R 6S)-2-[(2'S)-(2'-Anino) PGI/US0L/ 45866 5 l amide coupling agents

vervie h for Preparations

pr opi onyl ] am no- bi cycl o[ 3. 1. 0] hexane+d; NESEOFERYN B8 ci d snavtal BD@saNAPONat e
HOHO OH HN OH O NH2 ~HOS02CH3 10 A soltution of HOBY, EGN

(1S, 2S,5R 6S)-2-[(2' S)-(2' -tert

but oxycar bonyl am no) - gr opi onyl ] am no- bi cycl o[ 3. 1. 0] hexage 6-odi carboxylic
acid (1.07 g, 3. OQW hanesul f oni ¢ 0
: 0 carboxy deprotecting o—

0 H NH

(0] H NH H agent, such as LIOH (aq)
v/&o B %O
) NHBoc NHBoc
Example 2 Example 1

1) carboxy deprotecting
agent, such as LiOH (aq)
2) amine deprotecting agent,

such as HCI, EtOAc

H o H
H07’,@‘</ base such as Hor@o
. OH NaOH Z . OH

amine deprotecting agent,
such as HX, solvent

0 H NH A 0 H NH
% %
NH, HX NH,

Example 3 (X = CI) Example §

Example 4 (X = 0SO,Me)}



acid (584 ~,L, 9.00 mmol) and di oxane (10 nmL.) was stirred for 15 48 h. The
m xture was filtered and dried to afford (1S, 2S, 5R 6S) -2- [ (2 S -
(2" - Am ned o2/ofmsipi onyl ] am nobi cycl o[ 3. 1. 0] hexane- 2, 6- di PETHEROYHI866 aci d
met hane sul fonate as a crude, white, anorphous solid (1.05 g). A sanple of
this solid (1.0 g) was dissolved in M (10 nL). The 20 sol ution was
concentrated to 3.3 g total weight and“Seed crystals were added. Et hyl
acetate (10 nL) was then added to the mi xture over a period of 15 min. The
m xture was stirred for 30 mn, filtered and dried under vacuumto afford
830 ng of the title conmpound as a white, crystalline 25 solid. Yield 78%
WO 02/ 055481 -42 PCT/ US01/ 45866 wéﬂg}a(t@]aipa) 83. 9 (q, J =7. 1Hz, Z
‘H , 2.71 (s, 3 H , 2.45 (dd, J=6.4, 2.7 Hz, 1 , 2.38 (dd, J = 13.9,
8 4 Hz, Eymthesizpof o6Lgm &5% 65p-pitar b3Byhpxycagbonygamino-g = 2

9 H

, 4 H 5 ~3C NVR (CDgOD) 8

'176 3 13’?‘%@* - %‘9"%&%‘% ?s‘ﬁigapﬁé"gélén&‘i}dzg 5. 27.4 22.2 17.6.

Anal .5Cal cd for Cl2H20N20aS: C, 40.90- H 5.72: N 7.95 Found: C 40.81:
H 5.69; N, 7.83. 20 Exanple 5 Synthesis of

(1S, 2S,5R, 65)-2-[(2'S)-(2' - Ami no) pr opony am'o- bi cycl o[ 3. 1. 0] hexane- 2, 6-d
1ia

i carboxylic acid HOHO/ OH OH OA 1S, 2S, BR, 6S) -2- [ (2' 9
- (2° -Am no) - propionyl] am'ﬂ T # hexane- 2, 6-di carboxylic acid
hydrochloride (1.0 g, 3.42 nmol) was di ksdl vegiyn water (1 nmi), and 1.0 N
NaCH (3.42 nml, 3.42 mml) was addéd. THdHM| ution was maintained in the
refrigerator for 24 h. The solution 20 rerra}ngd) clear. Acetone (2 nL) was
added, and the solution was stored in the@efrigerator for 16 h. A white
solid precipitated out of solution, and m;iure could not be stirred.

Acetone (4 nmL) was added, and the m xture stirred at rt, then filtered
and dried to afford 630 ng of 25 the title’ conpound as a white crystalline
solid which contained 2-40 Nad . WO 02/ 055481

A 1 L flask was charged with (1S5,25,5R,68)-2-amino-
bicyclo[3.1.0]lhexane-2,6-dicarboxylic acid monohydrate (24.4
10 g, 0.12 mol, 1 equiv), dioxane (200 mL) and di-tert-butyl
dicarbonate (52.4 g, 0.24 mol, 2.0 equiv). The suspension
was vigorously stirred while 1N sodium hydroxide (420 mL,
3.5 equiv) was added. The mixture was stirred for 2 days,
then 2.0 more equiv of di-tert-butyl dicarbonate were added
15 and the reaction stirred for 3 additional days at room
temperature. After 5 total days of reaction, water (400 mL)
was added to dissolve the salts. The aqueous layer was
extracted with ethyl acetate (4 x 100 mL) and acidified to
pH 2 with 6 N hydrochloric acid. The acidic agueous phase
20 was extracted with ethyl ether (6 x 200 mL). The combined
ether extracts were washed with water (250 mL) and brine
(250 mL) . After drying over sodium sulfate, solvents were
evaporated under vacuum to afford a foamy white solid (26.4
gl .
25 77% Yield; mp 100-101 °C.

[a]p2® = - 41.1 ° (¢ = 1.0, MeOH).



PCT/ US01/ 45866 -43 Yield 72% 1H NVR (CD30D) $ 3.93 (q, J = 7.1 Hz, 1 H),
2.48 (dd, , J = 6.6, 2.9 Hz, 1 H), 2.32 (dd, , J = 13.5, 8.4 Hz, 1 H),
2.20- 2.08000M5548H), 2.01-1.9Q (m 2 H), 1.61 (t, , J = 2PCTHSO1/ISH6H)

J
t, :
1.51 (d, , J =7.0Hz, 3 H , 1.48-1.33 (m 1 H 13C NWR (CD30D) 8 176.9
(2 ¢, 171.1, 68.0, 50.1, 35.9, 33.2,_29.7, 27.3, 22.5, Z7.6. WO

02/ 055481 -44 CLAIM5S 1. A conpound of Tornmula | H 81402C H '~ COzRIs HiH
COCHCH3NHR1' 5 wherein R13 R14 and R1~ are hydrogen PCT/ 11501/ 45866 or a

phar maceq | cal I y ac bl It th A phar eytic

accept abI %‘ag’&ipéﬁh glof f%gnu]PQS cl 4i- fté (@a 31&{1 %l =ch is an
aci d- addig |20n qud tyfpde; W § Iy agp a(:rhd My c 1pg@V|(geslﬁ ppaLmacguiigal |y
'acceptable anion or, for a conpound mhlch contains an acidic 15 moiety,

whi ch i s 1a4shl ts,me2® mit 22 basellhi ch provi des a pharnmaceutically
accept abl.e anion. 3. The_ pharnnceutically acceptable salt_ of_a conpound of

‘formula | %swlﬁai(lﬁﬁﬁhﬁﬁob‘éa)m@z whitfi LA 25 5R 85)69-1, 34.6,
5 31.9, 28.4, 27.2, 25.6, 20.6.

MS (Electrospray): 285.12.

Preparation 2

Synthesis of (18,28,5R,6S8)-2-Amino-bicyclo[3.1.0]hexane-2,6-
10 dicarboxylic acid dimethyl ester hydrochloride

(15,25,5R,68) -2-tert-Butoxycarbonylamino-

15 Dbicyclo[3.1.0]hexane-2,6-dicarboxylic acid (20 g, 0.07 mol,
1.0 equiv) was dissolved in 210 ml of dry dimethylformamide
and potassium carbonate (21.3 g, 0.154 mol, 2.2 equiv) was
added at 0 °C under nitrogen. After 15 minutes, methyl
iodide (17.6 ml, 0.28 mol, 4.0 equiv) was added. The

20 reaction mixture was warmed up slowly and stirred at room
temperature for 3h. Water (200 ml) was added and the aqueous
phase was extracted with ethyl ether (4 x 75 ml each). The
combined organic phase was washed with cold water (4 x 50
ml), and the aqueous phase extracted again with ethyl ether

25 (2 x 50 ml). After drying the organic phase over sodium
sulfate and evaporating under vacuum, a foamy solid

({(18,28,5R,68) -2-tert-butoxycarbonylamino-



20 [ (2°'S) - (2 -Amno) -propionyl] amno-bicyclo [3 . 1. 0] hexane-2,
6di carboxylic acid hydrochloride salt. 4. The pharmaceutically acceptable
salt of WOIMHIBY of fornula 2 as clainmed in Caim2 whi ACTES01/45866
(1S,2S,5R 6S5)-2 25 [ (20 S) - (2° -Amno) -propionyl] amno-bicyclo [3 . 1
0] hexane-2, 6dicarboxylic acid nethang sulfonate salt. WO 02/ 055481 -45
PCT/ US01/ 45866 5. A pharnaceutical fornulation conprising in association
with a pharnaceutically acceptabl e carrier, diluent or excipient, a

comounth ALy SRS 2 b GRkefePhRL TRASULLERU ASARBL I Sl ber eof) as

conpounce®fef prwas acbtadhed mmaruageuen%ayhﬁlagceptabIe salt t hereof , as
¢l ai med |n aQ% one of Clains_11tq 4 congr|5|ng 10 for a conpound of
f

formul a ThIgcpPERREER Y28 EbhBbaAdWELD dPRuMa P@ B READEHEAC02RI3 H NH I m
|V wher e; R S0 Bftﬁ 888 eﬁ%ﬁ;mae%ggptaﬁg A L L Zhh AU car boxy

‘protecting groups; reafter any~o ures,
funcﬁ|onaixgmn@pVLgopouséytsdlusedgfarpaotmmﬂnrna it pﬁanmpﬂuaﬂdua

phar racliP LT T WLERbabr CLAFECE] X TBBnPOIHE ORa GRHSRaar O e, i1

I's obt aiygeh byt heacktRErt aﬁdbaﬁbgohgmyoaﬁtéahu@lmaw Wicd@fmula | with
an acid affording a phiglologlcally acceptabl e counterion, or, for a

conpound’®t ¥Eekdt ap WABchoBed s an acidic noiety, reacting the acidic 25

f or m of ﬁ?fhsa congg f forn& mgth a base which affords a

phar nace %aITy a eg € cat OHMegg by any other conventional procedure.
/ 0554 /US 14 d for t AMP- | i nked

netg otroplc glutgggpe ?eceptofsgﬂﬁ agggp?eﬁ1 &ﬁ ﬁﬁ E% Jl F

adm ni sted) ngLt®7a(@at LEht requiring

0 NMR (Methanol-d,) &: 171.9, 170.2, 65.6, 52.8, 51.2,
32.4, 29.9, 28.5, 26.2, 20.7.

15 Alternative Synthesis of (15,25,5R,6S)-2-Amino-
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid dimethyl ester-
hydrochloride

20

Thionyl chloride (807 mL, 11.1 mol) was added to methanol
(9.5 L) over a period of 1 h while maintaining the
temperature between 2 - 20 °C. The solution was maintained
for 30 min, then (1S,2S,5R,6S)-2-amino-bicyclo[3.1.0]hexane-

T 25 2,6-dicarboxylic acid monohydrate (1.61 kg, 7.92 mol) was
added. The resulting solution was heated to 47 °C and
maintained between 47 - 50 OC for 17 h. Approximately 7.3 L

of methanol was then removed by vacuum distillation (47 - 50



5 nodul ated excitatory am no acid neurotransmn ssion a

phar maceutical |l y-effective anount of a conpound of any one of Clains 1 to
4. 8. A nEOEsSE81 adm nistering an effective anobunt 10 of PETAGHAIHGO of
formula I'l, where R13 and R14 are both hydrogen (a di-acid), which
conprises admnistering to a patient requiring nodul ated excitatory am no
acid neurotransm ssion a pharmaceutically effective anbunt of a conmpound of
any one of Claims 1 to 4. 15 9. A nethod for treating a neurol ogical

di sorder i atient which conprises agm.nisterin o the ati%%3p need

ca
of treatﬁ%gtgﬁﬁeT_ > FVBHBY ac et c AFTF- B Fgc FEFE 2 du i Sof SH _5had of
any 20 aneﬁég%ébﬁaiéﬂql%ti& wilt®, IR, 0fndd il S Wber irfbBAal g

‘neur ol ogi ca order i1s cerebral deficits 'subsequent to cardi ac bypass and
grafti ngatmesphealici peeesiuae An&irEdnMTRIOr (LG rlaune;etheeaet t8 dhuniy;

Al zhei mer"' i sease;, Huntington's Chorea;, a t I teral sclergsis;
‘Al DS- i ndaééﬁgdgﬁ‘gﬁt (0 ﬁér'i Saved, Soxd j‘f" rﬂ%@#%ﬂéﬁclﬁﬂrbrﬁ?m%‘é ge;
ocul af dgwgggandnﬁ%h@o%@womﬁwi&ﬂ eh i SF el ot 4 Sh@patth o and

drug-induced 30 ParkinSon's Disease; nuscular spasms; mnigraine headaches;
urinary BadédAt bagrte todpuwgcticlidradirc Eran i utkew- ceAbr¥ on; snoki ng

cessati on areslsy o002 a5 0SSR, - A BETILSOL] 45060, bil i, celorm:

. c . .
chronic paln, sleep i sorders; “conv S syndrone; attention

deficit digandengob1biahdl Vel tdesihdrryp Wds dhel @t nfocd aippel0
wherein said neurol ogi cal disorder is drug tolerance, wthdrawal, and
cessat i ogodAdsweki fig ltessat,i orinser] watietNiRE f 62 T} eand ndrbepsyedentric

di sarder_10 in a patient igh.comyj.ses inistering to the patient in
neegL of VP@&PWB%P Fﬁéf)&?f%;' hd5Sm eéu$i coajfaﬂir}!-‘eefﬁjeﬁ?v ° lﬂrr1§ ag‘?’ conpound
of any oggiek Ghakas 1 to 4. 15 13. The method of Caim 12 wherein said
psychiatric disorder is schizophrenia, anxiety and rel ated di sorders,

depression, bipol ar- di sorders, psychosis or obsessive conpul sive disorders.
20 14. T d i el i sychigtrig. disopdeg . ig anxiety
and rel a?glgq%};sg%r ggﬁggl%&gldé%o%‘?&%%ﬁﬁﬁ% PT o(?’rru a'ir@‘ %’ 1(?3' 6N,
5.61; Cl, 14.20. Found: C, 47.88; H, 6.25; N, 5.57; Cl,
15 14.52.

General Procedure for the coupling reaction of
(1s,28,5R,68) -2-Amino-bicyclo[3.1.0]hexane-2,6-dicarboxylic
acid dimethyl ester hydrochloride with N-BOC- (L) -aminoacids.

20
The starting dimethyl ester hydrochloride salt (1.0 equiv),
the product of Example Preparation 2, was suspended in dry
dichloromethane (0.1 M solution) under nitrogen. The
corresponding N-BOC-aminoacid (1.5 equiv), N-ethyl-N’,N’-

25 dimethylaminopropylcarbodiimide (EDC, 1.5 equiv) and 1-
hydroxybenzotriazole (HOBt, 1.5 equiv) were added in one
portion, followed by triethyl amine (1.0 equiv) wvia syringe
and, finally, dimethylaminopyridine (DMAP, 0.1 equiv). The
reaction mixture was stirred overnight at room temperature,

30 then hydrolyzed by addition of 1N hydrochloric acid (20 ml /
mmol) and diluted with methylene chloride (10 ml / mmol).

The aqueous layer was extracted with methylene chloride (5



~~ h RmlIV WO 02/ 055481 -48 wherein Rmis a nitrogen protecting group;
PCT/ US01/ 45866 R11 is CO2R14 and R12 is hydrogen or fluoro; or R11 is
hydrogen WP 0B08EEb and R12 is CO2R14; and 5 R13 and R14 arRETESMENEH6
protecting groups. 16. A conpound of fornula IV as clained in Caim21
wherein Rmis tert-butoxycarbonyl, R zf3Ls COZR~4; R13 and R14 are both

met hyl ; and R12 is hydrogen. 10 17. A conpound of formula |, or a
pharmaceutical ly acceptable salt thereof, as claimed in any one of Clains 1

to 4 for use agn phay néé 48 a%§8f9£yé EOWBQHEQ Q%iEgrgﬁgﬁ I, or

a pharnaceutlcally accepta Ie sa t t her or t e manufacture o
medi camerit N drydragiiloglmeacdfiogleanl of peythi aenicfdhadigewsth2@atsr A
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ot or enodith Brifie IO L el €367 RefRpadrSitar peet: Agothm
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conprises adm nistering to a mammal requiring nodul at ed
5 purified by silica gel chromatography using the appropriate

eluent (typically mixtures hexanes/ethyl acetate).

Alternative procedure for the coupling reaction of
(18,28,5R,68) -2~-Amino-bicyclo[3.1.0lhexane-2, 6-dicarboxylic
10 acid dimethyl ester hydrochloride with N-BOC-aminoacids.

A solution of dicyclohexylcarbodiimide (DCC) (1.1 equiv) in
methylene chloride (4.0 M solution) was added to a mixture
of Preparation 2 (1.0 equiv), triethylamine (1.0 equiv) and
15 N-t-butoxycarbonyl-L-alanine (1.1 equiv) in methylene
chloride (1.0 M solution) over a period of approximately 1.5
h while stirring. The resulting mixture was stirred for 1 -
12 h then filtered. The filter cake (dicyclohexylurea) was
rinsed with methylene chloride, and the filtrate was washed

20 with 0.1 M NaHCO3 followed by 1.0 N hydrochloric acid. The
organic phase was dried (NaySOy), filtered and concentrated

to afford the title compound as an oil.



excitatory am no acid neurotransm ssion a pharmaceutically effective
anmount of a conpound of fornula | substantially as herei nbefore described
wi th ref evonemestiel any of the 30 Exanpl es. WO 02/ 055481 -3/ X0T/4588601/ 45866
21. A process for preparing a novel compound of fornula | substantially as
her ei nbef ore described with reference_§%:any of the Exanples. .A . A &?. A

& A &E. A&9. Ar. A39. A u&. A A& A& AF99. A& AF99. A9. A&9. A9. A&. A

9. AF& A91. A3mD, . A( & A&r. A A A&L. A&E . A&2. A& A; & A& AY. A9. A9r. A&R A

92. A3U&. A A9. A& A 9. A(& . A&, . A3& AFa& A U& AF&e. A?5| | : 9$Z$K45 Z$C
KK( K. #. | ~?| ~?| 2~2~2~2~2~2~2~2>2>X 2>?>?>P~D PP~~~ mmm e p~~~~~~

~| | >7 22| 2>2222p?222~22222p? 22?222 22 RRRARPI? W 2?22 <>P>>20>P>0>P5>>~ |~ >~nD?
”~~~~?|~0|?>?>|xp‘?|?>>~?8|x>~‘x|>?7T$S§ﬁggi?|z£?|¥|??>?~?????~??>~|???>???‘
?2>7<| ~?7Byvihesiy |9k (AS28ERED2obbhsR) 1 (2] =FeF Lt ~| ~| ~| ~| ~| ~| ~| ~| ~| ~| ~

i RS R R A T posbicrsio [3:34818999955, 700
RBABOR]

| 8~7888<<<<<x<><88<?<<<88<| 7878888 6>7888<<8?78>78| 8878<<<?<>8~88878
8878>8| 8888?7888>8888x?22~Xpp202>2?| 27 5 &C
HH( Hit. #. 2| 2x2>227| <0?° 222~72~2 77277 POOLTIR? Y|~~~ P~~~~2>70| <<>| >><??| | ?|

?>| >~PXXX?2XX| XX PXXXXXX| X~?X>7? >pﬂ§?f?p>pppbpppp|>??||x???~?~????|

The starting dimethyl ester hydrochloride salt (1.0 equiv),

10 the product of Preparation 2, was suspended in dry
dichloromethane (0.1 M solution) under nitrogen. N-BOC- (L) -
alanine (1.5 equiv), N-ethyl-N’, 6 N’-
dimethylaminopropylcarbodiimide (EDC, 1.5 equiv) and 1-
hydroxybenzotriazole (HOBt, 1.5 equiv) were added in one

15 portion, followed by triethyl amine (1.0 equiv) via syringe
and, finally, dimethylaminopyridine (DMAP, 0.1 equiv) . The
reaction mixture was stirred overnight at room temperature,
then hydrolyzed by addition of 1N hydrochloric acid (20 ml /
mmol) and diluted with methylene chloride (10 ml / mmol).

20 The aqueous layer was extracted with methylene chloride (5
ml / mmol) and the combined organic layers washed twice with
1 N hydrochloric acid (10 ml / mmol), and finally with water
and brine (10 ml / mmol each). After drying over sodium
sulfate and evaporation under vacuum the crude residue was

25 purified by silica gel chromatography using mixtures of

hexanes/ethyl acetate.
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Example 2
Synthesis of (18,2S5,5R,68)-2-[(278)-(2'-tert-
Butoxycarbonylamino) -propionyl] amino-bicyclo[3.1.0] hexane-'

2,6-dicarboxylic acid

O HHN

A solution of 2 M NaOH (5.45 L, 10.9 mol) was added to a
solution of (15,25,5R,68)-2-[(2'8)-(2'-tert-
butoxycarbonylamino) -propionyl] amino-bicycleo([3.1.0] hexane-

10 2,6-dicarboxylic acid dimethyl ester (4.52 mol, crude) in
THF (2.8 L). The resulting mixture was stirred at.ambient
temperature for 3 h then extracted with CHyCl, (2 x 3 L).
Ethyl acetate (5 L) and tetrahydrofuran (3 L) were then
added to the aqueous phase. While stirring, concentrated

15 HC1 (970 mL) was added to the mixture until the pH = 2. The
organic phase was dried (MgS0,) and filtered. The aqueous
phase was then extracted with ethyl acetate (5 L). The
organic phase was dried (MgSO,), filtered and combined with
the previous organic phase. The combined organics were

20 concentrated to a soft solid. Ethyl acetate was then added,
and the mixture was concentrated to a soft solid. Ethyl
acetate (3.5 L) was again added. The mixture was
concentrated until a freely flowing suspension was present.
Heptane ( 1.8 L) was then added, and the slurry was stirred

25 at ambient temperature for 15 h. The solid was filtered,
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10< 10< 4 15 H), 6.69 (d, J = 8.2 Hz, 0.85 H), 6.33 (br d, 0.15 H),
3.99 (guintet, J = 7.2 Hz, 0.85 H), 3.84 (br m, 0.15 H),
2.18-2.13 (m, 2 H), 1.91-1.84 (m, 1 H), 1.82-1.75 (m, 2 H),

10 1.46 (br s, 0.85 H), 1.43 (br s, 0.15 H), 1.35 (s, 9 H),

1.23-1.15 (m, 1 H), 1.13 (d, J = 6.9 Hz, 3 H).

*C NMR (CD;OD) & 176.4, 176.0 (2 C), 157.5, 80.5, 67.3
(minor rotamer), 67.2 (major rotamer), 50.9, 35.6, 32.8,
29.3, 28.7, 27.4, 22.1, 18.5.

15 MS (EI) calcd for CigH,gN30; (M + NH,*) 374.20, found 374.24

m/z.

Alternative Synthesis of (15,28,5R,68)-2-[(2’8)~-(2'-tert-
Butoxycarbonylamino) -propionyl] amino-bicyclo[3.1.0] hexane-

20 2,6-dicarboxylic acid

A solution of (18,2S,5R,69)-2-amino-
25 Dbicyclo[3.1.0]lhexane-2,6-dicarboxylic acid monohydrate (85
g, 418 mmol) and MeOH (850 mL) was cooled to 10 °C. Thionyl
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and the pH of the solution was adjusted to approximately pH
2.0 with 1.0 N NaOH (300 mL). The solution was concentrated
under reduced pressure until tﬁe temperature reached

10 approximately 40 °C. Methylene chloride (850 mL) was then
added, and the pH of the solution was adjusted to pH 8 with
1.0 N NaOH (180 mL). The phases were separated, and the
aqueous phase was extracted with CHpCl, (425 mL). The
combined organic phases containing the corresponding

15 dimethyl ester were concentrated to approximately 425 mlL
total volume and held for further processing.

In a separate reaction vessel a solution of N-t-
butoxycarbonyl-L-alanine (83.2 g, 439 mmol) and 4-
methylmorpholine (44.4 g, 439 mmol) in CH,Cl,; (712 mL) was

20 cooled to -5 - -10 °C. Isobutyl chloroformate (59.9 g/ 439
mmol) was then added at rate such that the temperature did
not exceed -5 °C. Upon completion of the addition, the
solution was stirred for 15 min. Simultaneously, CH,Cl, (20
mL) was added to the dimethyl ester solution previously

25 prepared, and this solution was cooled to -5 °C. The
dimethyl ester solution (445 mL) was then added to the
isobutyl mixed anhydride mixture. The cooling bath was
removed, and the corresponding mixture was stirred for 30
min. A solution of 1.0 N HCl (445 mL) was then added. The

30 phases were separated, and the organic phase was washed with
1.0 N HC1 (445 mL). The organic phase was concentrated to
approximately 180 mL total volume. THF (450 mL) was then
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HC1l (150 mL). The phases were separated, and the agueous
phase was extracted with ethyl acetate (800 mL). The
combined organic phases were dfied with Mg80,, filtered and
10 washed with EtOAc (2 x 320 mL). The resulting solution was
then concentrated to approximately 400 wmL total volume.
Ethyl acetate (800 mL) was added, and the solution was
concentrated to 400 mL). This ethyl acetate
addition/concentration was repeated again, then heptane (640
15 mL) was added. The resulting mixture was stirred for 2 h,
filtered and washed with a 2 : 1 mixture of heptane-ethyl
acetate (2 x 320 wmL) to afford 115.5 g (78% yield) of
(15,25,5R,68)-2-[(2'8) - (2’ -tert-butoxycarbonylamino) -
propionyl]amino-bicyclo{3.1.0] hexane-2,6-dicarboxylic acid

20 as a white solid.

Example 3
Synthesis of (18,28,5R,68)-2-[(278)-(2’-Amino) -
propionyl] amino-bicyclo[3.1.0]l hexane-2,6-dicarboxylic acid

25 hydrochloride
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#10988&' ()d:)c:aspboxyllc a01d hydrochloride that was dried under vacuum
at 40 °C to provide 76.6 g (93% yield) of the title compound
as a white, crystalline solid. '
72% Yield. White crystalline solid. mp >250 °C, dec.
25 [alp®® = - 7.80 (c = 1.0, MeOH).

'H NMR (Methanol-d,) &: 3.96 (g, 1H, J = 7.0 Hz), 2.47 (dd,
1H, J = 6.3, 2.7 Hz), 2.37 (dd, 1H, J = 13.6, 8.2 Hz), 2.18-
1.92 (m, 3H), 1.66 (t, 1H, J = 3.0 Hz), 1.53 (d, 3H, J = 7.0
Hz), 1.46-1.34 (m, 1H).

30 *3C NMR (Methanol-d,) &: 175.2, 174.7, 170.2, 66.4, 49.0,
36.6, 32.0, 28.5, 26.3, 21.2, 16.6.
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10
A solution of (18,28,5R,68)-2-[(2'S)-(2'-tert-
butoxycarbonylamino) -propionyl]amino-bicyclo[3.1.0]hexane-
2,6~-dicarboxylic acid (1.07 g, 3.00 mmol), methanesulfonic
acid (584 puL, 9.00 mmol) and dioxane (10 mL) was stirred for

15 48 h. The mixture was filtered and dried to afford (1S, 28,
5R, 6S)-2-[(2'8)- (2’-Amino) - propionyl]amino-
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid methane sulfonate
as a crude, white, amorphous solid (1.05 g). A sample of
this solid (1.0 g) was dissolved in MeOH (10 wmL). The

20 solution was concentrated to 3.3 g total weight and seed
crystals were added. Ethyl acetate (10 mL) was then added to
the mixture over a period of 15 min. The mixture was
stirred for 30 min, filtered and dried under vacuum to
afford 830 mg of the title compound as a white, crystalline

25 solid.
Yield 78%
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LR B LR SR R L e
Vi 100 % 5 L g M 'H%f‘-ﬁofs)@o 2oL oned (y oA CSPobus
310%@N&K)H)10%2%1Q°M§103L P3u} FOB109L. 98 (h; 2 H), 1.67 (t, J =
2.9 Hz, 1 H), 1.52 (d, J = 7.0 Hz, 3 H), 1.46-1.35 (m, 1 H)
5 13¢ NMR (CD;OD) & 176.3, 175.7, 171.2, 67.4, 50.0, 39.5,

35.7, 33.1, 29.5, 27.4, 22.2, 17.6.
Anal. Caled for Cy5H,9N,0gS: C, 40.90; H, 5.72; N, 7.95.

Found: C, 40.81; H, 5.69; N, 7.83.

10 Example 5
Synthesis of (18,28,5R,68)-2-[(2'8)-(2’-Amino) -

propionyl] amino-bicyclo([3.1.0] hexane-2,6-dicarboxylic acid

NH,

15 (1S, 28, 5R, 68)-2-[(2'8)- (2'-Amino)- propionyl]amino-
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid hydrochloride
(1.0 g, 3.42 mmol) was dissolved in water (1 mL), and 1.0 N
NaOH (3.42 mL, 3.42 mmol) was added. The solution was
maintained in the refrigerator for 24 h. The solution

20 remained clear. Acetone (2 mL) was added, and the solution
was stored in the refrigerator for 16 h. A white solid
precipitated out of solution, and mixture could not be
stirred. Acetone (4 mL) was added, and the mixture was
stirred at rt, then filtered and dried to afford 630 mg of

25 the title compound as a white crystalline solid which

contained 2-4% NaCl.
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$10/R;R& ()- "$10%f& ()- }%$10% COCHCH3NHR17
wherein
R13, R4 and R17 are hydrogen;
or a pharmaceutically acceptable salt thereof.
10

2. A pharmaceutically acceptable salt of a compound
of formula I as claimed Claim 1 which is an acid-addition
salt made with an acid which providés a pharmaceutically
acceptable anion ox, for a compound which contains an acidic

15 moiety, which is a salt made with a base which provides a

pharmaceutically acceptable anion.

3. The pharmaceutically acceptable salt of a compound
of formula I as claimed in Claim 2 which is (1S8,25,5R,68)-2-
20 [(278)-(2’-Amino) -propionyl]amino-bicyclo[3.1.0] hexane-2,6-

dicarboxylic acid hydrochloride salt.

4. The pharmaceutically acceptable salt of a compound
of formula I as claimed in Claim 2 which is (1S,2S,5R,68)-2-
25 [(278) - (2’ -Amino) -propionyl] amino-bicyclo[3.1.0]lhexane-2,6-

dicarboxylic acid methane sulfonate salt.
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3$10%&/Ay& g?pﬁggggéégif%éfl;aacég%égﬁle salt thereof, as claimed in
any one of Claims 1 to 4 comprising:
10 for a compound of formula I, deprotecting a compound of

formula IV

where RM is a nitrogen protecting group; and

15 RI3 and R14 are carboxy protecting groups;
whereafter, for any of the above procedures, when a
functional group is protected using a protecting group,
removing the protecting group;
whereafter, for any of the above procedures, when a
20 pharmaceutically acceptable salt of a compound of formula I
is required, it is obtained by reacting the basic form of
such a compound of formula I with an acid affording a
physiologically acceptable counterion, or, for a compound of
formula I which bears an acidic moiety, reacting the acidic
25 form of such a compound of formula I with a base which
affords a pharmaceutically acceptable cation, or by any

other conventional procedure.
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&()-3 metabotropic glutamate receptors in a patient, which
comprises administering to a patient requiring
5 modulated excitatory amino acid neurotransmission a
pharmaceutically-effective amount of a compound of any

one of Claims 1 to 4.

8. A method of administering an effective amount

10 of a compound of formula II, where R13 and R4 are both
hydrogen (a di-acid), which comprises administering to
a patient requiring modulated excitatory amino acid
neurotransmission a pharmaceutically effective amount
of a compound of any one of Claims 1 to 4.

15

9. A method for treating a neurological disorder

in a patient which comprises administering to the
patient in need of treatment thereof a
pharmaceutically-effective amount of a compound of any

20 one of Claims 1 to 4.

10. The method of Claim 9 wherein said
neurological disorder is cerebral deficits subsequent
to cardiac bypass and grafting; cerebral ischemia;

25 gpinal cord trauma; head trauma; Alzheimer’s Disease;
Huntington’s Chorea; amyotrophic lateral sclerosis;
AIDS-induced dementia; perinatal hypoxia; hypoglycemic
neuronal damage; ocular damage and retinopathy;
cognitive disorders; idiopathic and drug-induced

30 Parkinson’s Disease; muscular spasms; migraine
headaches; urinary incontinence; drug tolerance,

withdrawal, and cessation; smoking cessation; emesis;
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pharmaceutically-effective amount of a compound of any

one of Claims 1 to 4.

15 13. The method of Claim 12 wherein said
psychiatric disorder is schizophrenia, anxiety and
related disorders, depression, bipolar disorders,

psychosis or obsessive compulsive disorders.

20 14. The method of Claim 13 wherein said

psychiatric disorder is anxiety and related disorders.

25 15. A compound of formula IV
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XZ e 17. A compound of formula I, or a pharmaceutically -
acceptable salt thereof, as claimed in any one of Claims 1

to 4 for use as a pharmaceutical.

15 18. Use of a compound of formula I, or a
pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for treating neurological or

psychiatric disorders.

20 19. A novel compound of formula I substantially as
hereinbefore described with reference to any of the

Examples.

20. A method for affecting the CAMP-linked
25 metabotropic glutamate receptors in a mammal, which
comprises administering to a mammal requiring modulated
excitatory amino acid neurotransmission a pharmaceutically
effective amount of a compound of formula I substantially as
hereinbefore described with reference to any of the

30 Examples.
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formula I substantially as hereinbefore described with

reference to any of the Examples.



