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selective activation of metabotropic excitatory amino acid
receptors such as (+)-2-aminobicyclo[3.1.0]hexane-2,6-
dicarboxylic acid, also known as LY354740, which is
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
LY354740, which enhances the in vivo potency of LY¥354740,
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 LY354740-1like
safety and efficacy in humans with increased oral
bicavailability. Preclinical studies with, (1S5,25,5R,68)-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

NG L P @A - studies with, (1S, 2S, 5R 6S)-2-

the present 30 invention,



treatnment of anxiety without the attendant problens of W 02/ 055481

PCT/ US01/ 45866 -2 toxicity, instability at desired pH ranges and |low in
vivo comwenydssmslt Accordingly, the present invention provPdegs@/4s86spound

of formulal 5 H R142C *\< :: H HCO2R13 H NH COCHCH3NHRL7 wherein R13,
R14 and R17 are hydrogen; 10 or a phargmceutically acceptable salt thereof.
Conmpounds of the invention have been found to be useful prodrugs for
LY354740 a sel ective agoni st of metabotropic glutamate receptors and are
thereforgodseiyl, i nkPsnibi phasragent beal phir eahsent anf dbgeasesighb the
central nervous system such” as neurol ogi cal diSeases,_for exanple

neur odegedrvyarsyendi seases, and as anti psychotic, anxiolytic,
drug-mﬁthdrawgl a&tidg reégant antgconvul ant, an%Lgesic and anti.-enetic
agents. 20 |t GrPFapad gpr FabEaSthht LEKE ESRBoBRELL5F St 8r REMROUEH)
contain @ feastilhowr asymmetric carbon atons, three being in the

cycl opropane ring and one being at the a-carbon of the am no acid group.
AccoPfdi ngly, the compounds of the invention may exist in and be isol ated
in enantionmerically 25 pure form ijg racemc form or in a

di astereoi soneric mxture.,,
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wherein

R13, R14 and rR17 are hydrogen;

10 or a pharmaceutically acceptable salt thereof.

Compounds of the invention have been found to be useful
prodrugs for LY354740 a selective agonist of metabotropic
glutamate receptors and are therefore useful in the

15 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.

20 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
25 pure form, in racemic form, or in a diastereoisomeric

mixture.



WO 02/ 055481 PCT/ USO1/ 45866 -3 The amno acid noiety preferably has the

natural amno acid configuration, i.e. the L-configuration relative to D
gl ycer ol vebdpbisdss. The present invention includes pharnacrOr/us@l/45§665
acceptabl e salts of the conpound of forrmula |I. These salts can exist in

conjunction with the acidic or basic pgrtion of the nolecule and can exi st
as acid addition, primary, secondary, tertiary, or quaternary anmmoni um
al kali metal, or alkaline earth nmetal salts. Cenerally, the acid addition

10 salts are y qult; und,
formula I. Wh%lo%g“ﬁ?mgeatéa OSL k%ér?fee%(a}?lﬁ}r:\ }garr%\ntéa}Fb %s are gerﬁéer ally
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with a co ound of r%J 15 Sonme particular salts provide certain
f or mul at on “SFRfart e to their crystalline form Non- crystalline

forms of conpagrdsrEmehe BRRIANRUS Bl W toRiLeeniFyStR) | i ne forms of
phar maceuti cal corrpounds are sonetines nore desirable because they are not

amor p%ou@ccmtﬁbdeﬁ tﬂachﬂsapfpﬁdmmmqm |9t acwaptisbl e sdfhesd sadles pepti de
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sal t. Anctmreaermqawdulcwlaafdmwm%ﬁlmldqaca@mtalmxe S{ﬂ_’rimﬁy, 25 the
peptide of formula | is (1S, 2S, 5R 6S) -2- [ (2 S -

A no) - pESHOBMATYani R Hiade 1% A e T‘G“H‘i‘%}%vr bﬁ(}iﬁl}r% mefaly et hane

sul f onat S @1ties 1AG A% LAUARM 4 18N 1ayed tééﬁ@fa(‘ﬂf}"? hs@l 481 d nedddss on

i norgani ¢ acids, for exanple hydrochloric, hydrobromc,
10 salts are prepared by the reaction of an acid with a

compound of formula I. The alkali metal and alkaline earth
metal salts are generally prepared by the reaction of the
hydroxide form of the desired metal salt with a compound of
formula I.

15 Some particular salts provide certain formulation
advantages due to their crystalline form. Non-crystalline
forms of compounds may be amofphous and hygroscopic.
Crystalline forms of pharmaceutical compounds are sometimes
more desirable because they are not amorphous.

20 A particular pharmaceutically acceptable salt of the
peptide of formula I is (18,25,5R,6S5)-2-[(2'8)-(2’-Amino) -
propionyl] amino-bicyclo[3.1.0]hexane-2,6-dicarboxylic acid
hydrochloride salt.

Another particular pharmaceutically acceptable salt of

25 the peptide of formula I is (18,25,5R,68)-2-[(2'8)-(2'"-
Amino) -propionyl] amino-bicyclo[3.1.0]lhexane-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,



30 nitric, sulphuric or phosphoric acids, or with organic acids, such as
organi ¢ carboxylic acids, for exanple, glycollic, malefic, hydroxymnaleic,
fumari c, web/ess4gtartari c, WO 02/ 055481 PCT/ US01/ 45866 - 4PCTAURIIC45866
salicyclic, o-acetoxybenzoic, or organic sul phonic, 2-hydroxyethane

sul phoni ¢, tol uene-p-sul phonic, nethané- sulfonic or

napht hal ene- 2- sul phonic acid. In addition to pharmaceutically-acceptable
salts, other 5 salts are included in the invention. They nay serve as

i nt er nedicaterd ci, n selé cpurliifd, c at-iaee tofxybemzounds cor duyarie sprlegganstd on of

ot her, faqr. exanple pharmaceutically acceptable, .acid additign salts, or are
usef ul fgr—hy:c(lgg)%%eg:?@gﬁ S PORE St &9 o G i TatTo 0 A variety
of physi ghogiceak binekiptithahave -beem1pPhdMid @cilke subject to influence by
excessive or inappropriate stimulation of excitatory am no acid

transm ssi on. ITheddigdem &9 PEemeeeds: isk ilye gsraapdmbliasittisoon cadter
bel i eved a t ididy tqQ . Lr Lard et v, of o] jcal., 15
di so(ra%er ssglgr?gné%%pglcg?ggé étne%hv% ?%R@eﬁllt\é%éldndﬁl}eéf rzlr%Li':: ngcﬁgg}(ﬁ %gs acute
neur ol ogiiczkerdiesidader duc hhas pueriddalt 1 ctefdfcidsnmuhirBquentid alear di ac

bypass surgery and grafting, stroke, cerebral ischem a, spinal cord
trauma, Pé%@ F&&ﬁﬁ;O%péF#ﬁﬁbaﬁcﬁy63%W§$‘b§mﬁ§ﬂ?9%q§%ﬂ%l%%Rihypoglycenic

neuronal 52Qc4RERAR, T4 df @lilikd dn GAMRAUNAS. AL RRlfaVEd 0 have the
ability to treat a variety of chronic neurological disorders, such as

Al zhei meddengiifdess ioRunchageeey iGadrion, oramyutirfdphitcidrat eral scl erosis,
A EErdnduced SeURILE, BOULRCe IBIRIE A% Leh MORRY . Sl Lvsedhoerver o
provi des beethddedkord redlvrgdahese ediceaigdarss amiitthppropriate
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
disorders, such as Alzheimer's disease, Huntington's Chorea,
amyotrophic lateral sclerogisg, 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



conprises admnistering to a patient in need thereof an effective anount
of a conpound of fornmula | or a pharmaceutically acceptable salt thereof.
30 The f ovoud/essk8iconpounds of the present invention treat PCHUS@r458d6y of

ot her neurol ogical disorders in patients that are associated with

gl utamat e dysfunction, including WO 04055481 PCT/USO1/ 45866 -5 mnuscul ar
spasns, convul sions, m grai ne headaches, urinary incontinence,

pai n, ' prenenstrual dysphoric disorder (PDD), psychosis, (such as

schi zophiesd@)ar €lbaigms Pl €6a0GEsabds, Wi deanal héadebhas, nueehiarg, opiates
and benzodi azepines), 5 anxiety and rel ated djisorders, enesis, brain edens,
chroni c iPEPRC1RGRCE arfi®, dp5RIABSFEUaThdyeBheiis Picenpg6tndSPRe al so

usef ul ass ki depr epsanh 80d.anaLgsaladgent SryaTheretars, Lig present

i nventi 0 provides netho treating thes i sorders which

conpri sewndndrawder (sgechoaa dAdcpathent ophahesedahbiebeakzodhaekpheatsye anount
of the conpound of fornul I, or _.a pharmaceuti cal l, aéceptabke sal t

t her @of . 3R oA d- Bf 2 gnﬂFﬁoFdﬁﬁglb@mﬁﬁaélb ralérs g8 whrER™ s

anal ogousa 1R, oRga kfPWAi 8 &Psxenerisal ant Eekmhiie Br edHpbleAsOhre
structurally anal ogous heterocyclic conmpounds 15 or by a novel process

descri bedl $eresafubueh protdeprssapdt andepnedossas agefwk.for the

manuf act co u For la fi . % e .provi ded as
further Tagroreter ofRenaee fan, taltabibnr 81PP) hEBYLRRR By®hRa® SProm ng
procedureseatindi €hesaniessroeher whieh spepiricedadiiai2@emeani Agsaof the
generic radjcals, are as defined above. (A) For a conpound of formula | in
whi ¢ RIB2CFgAt %%dne?ﬁ7t%?ﬁeﬁ§dﬁﬁg@§f?ﬁtanaEWBYPtd8§rBpéchﬁﬁopﬁé am ne

group obrarSAARPANE, 05 f Qr BHL8mbceutically acceptable salt thereof.
A compound of Formula I may be made by a process which
is analogous to one known in the chemical art for the
production of structurally analogous heterocyclic compounds
15 or by a novel process described 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 gpecified, the

20 meanings of the generié radicals are as defined above.
(A) For a compound of formula I in which R13, R14, and
Rl7 are hydrogen (a di-acid), deprotecting the amine group
of a compound of formula I
where R17 isg 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 rR1#4

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

formula I where R13 and R14 are not both hydrogen as

30 degcribed in Scheme 2.



where R17 is tert-butoxy carbonyl or a nitrogen 25 protecting group, wth
an acid as described in the General Procedures for Exanples 3 and 4. (B)
For a comwouonessest formula | in which R13 and R14 are bot hChydeiogess (a

di -acid), deprotecting a conpound of fornula |I where R13 and R14 are not
bot h hydrogen as 30 described in Schers-2. WO 02/ 055481 PCT/ US01/ 45866 -6
(© For a compound of formula I in which R13 and R14 are not both
hydrogen, am dating a conpound of fornmula Il R1402C H COR13 2 H NH2 1|1

5 with a corr aspongipy AURRAGIE A dRRIMA I lin HOEPGHEINREA4 11 10 in

which p is 0 or any integer 'from1-10 and R17 is tert- butoxy carbonyl or a
ni t r ogenapeonect beghgihydrcagerdesoriideed ng m tdwenp@enet aif Fraoedwr e F or
Exanple 1. (D) For a conpound of forrmula Il where R13 and R14 are not

hydr ogen, where R13 and R14 may' be a carboxy-protecting 15 ester group (a
di -ester), esterifying a conpound offormula 11 where R13 and R14 are both
hydrogen (a di-acid). (E) Fow_a . conppund of fornmula Il in which R13 and R14

are not hydrogen (a di-est )92 g a conpound of formula IV H
R1402C

CO,R"

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 R3 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 R14 are both hydrogen (a di-acid).
(E) For a compound of formula II in which R13 and R4

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

formula IV

20 v

where R is a nitrogen protecting group, as described in

Preparation 2.



HThICO2Rls HNH Rm 20 IV where Rmis a nitrogen protecting group, as
described in Preparation 2. WO 02/055481 PCT/USO01/ 45866 -7 (F) For a
conmpound vob of/a3sma1l a 1| where R13 and R14 are not both hyBeDgEM/45866

di -ester), esterifying a conpound of fornmula IV, as described in
Preparation 2. (G For a conpound of formula IV where R13 and R14 are .5
both hydrogen (a di-acid), protecting the amne group of a conpound of
formula Il as described in Preparation 1. The term "nitrogen protecting
group,” as useg)herging JRiffhd O NG AILURS Wi NGEB tg, pretect, . or
bl ock the nitrogen group agai nst undesirable reactions during 10 synthetic
procedur st Gotihc dyofradee si# tdhbles bsnt)r,ogEtepiriptiew) iaggmoumdissd wi l |

depend upan_t he ditions that . w.ll_ be empl.oyed in subsequent reaction
st eps vvhglpéfimﬁ1 ap&&pe@tsi %ﬁcflgjeediui%&re%a]ﬁr%%%}?zwmi h the know edge of
one of ordinarysskidl..in QIMU | {1 ogermn rotecting
groups are di s()é;l)osgjé)ri r?#c{kﬁjogr%der?e@a@r%F : W%%%q%rog%g?i@e é%é]ups I n
Organs ¢ Sprhhéyidsogamd (Ed.di(-kehind) Wdrest e tSars , tiNeveniark AQY)9E dhe term
"car boxy- protect.| 2% roup”. as used herein refers to one of the ester

o

deri vat | FEEPGHTCH g dI F f55FgRSith ICbksR3FEmbyed to bl ock or

protect the cahRoxdyrit \@ﬁ&&j&y%MA&ir LA, AL Galdd el UKy on ot her
functional groups of the conmpound. Particul ar values include, for exanple,
met hyl , @p}fﬂr,s ttgﬂ:l@ﬁey@rcbm&yﬂqtended to protect oxr block the

nitrogen group against undesirable reactions during

10 synthetic procedures. Choice of the suitable nitrogen
protecting group used will depend upon the conditions that
will be employed in subsequent reaction stéps wherein
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” as 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, benzvyl,
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



met hoxynmet hyl, trinmethylsilyl, and the like. Further 25 exanples of such
groups may be found in TW Geene and P.GM Wits, Protecting Goups in
Organi c Syavhessuss, 3rd. Ed. (John Wley & Sons, N Y. (19PO)/uSoil4seséester is
deconposed by using a conventional procedure which does not affect another
portion of the nolecule. 30 Wiereafter8-for any of the above procedures,
when a pharnaceutically acceptable salt of a conpound of Formula I is
required, it is obtained by reacting the acid of Formula WO 02/ 055481

PCT/ US01L498668 a ®hysiiollegd qedyisi classipdabhe dessptably begactoindye r eact i ng

a basic,¢ ound of Forrmula | wth a.physiol.ogi.cally. eptable acid or
by any OP %’E%cgr?\rlné)r?ﬁnona@g?)génél l?rg. %gytaerp%}%ﬁlo%caar Qf represents a

strai ght aceepramiked.cidr oaydyt ardt kdheghaidhwha hd T afpre@idee fen  carbon
atons. The term " C2-Cl0 al kenyl "™ represents straight or _branched

unsat ur at ed affef CEEH A€ ITALNG M RPReFeRteh & BcH Hons, and havi ng

one Q re_carbon-carbon .10 uhl e.band, such di enes and trienes. This
groupg a :srgnicﬁlg Udes g&qﬂl@ fﬂ%yg icﬁ?ﬁ'@r gl.avllﬁ%qt c‘)rﬁ'"oéﬁllst‘o pce%rf' esents
groups suehbas phemd. substituted phenyl, and naphthyl. The term

"arylal kyl" represents a Cl-C4 al kyl. group bearing one or nore aryl 15
groups. The té&f® t&ecGan§lor efldradivtld” Fodiafianty stdsmigBihd®®cti ng as an

2o d 1 eCERST R SFBPE s R R0 O S D AT & T ELaBEOre 20 & 1 ecept or
that is eewpledbon eeldnd,araref eetiels dted or more carbon-carbon

10 double bond, such as, dienes and trienes. This group
also includes both E and Z isomers.

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



GIP-bi nding proteins. The term"cAWMP-linked netabotropic glutamate
receptor” refers to a netabotropic receptor that is coupled to inhibition
of adenylvad e2/635¢d1ase activity. 25 The term "neurol ogi cal BCBOSUErs86or ef er s
to both acute and chroni c neurodegenerative conditions, including
cerebral deficits subsequent to cardi ag_- bypass surgery and grafting,
cerebral ischema (for exanple stroke resulting fromcardiac arrest),
spinal 30 cord trauma, head trauma, Alzheiner's Disease, Huntington's

Chor ea, %@a%bh%ﬂh'd%n{ Ao 8gd-Lrosh a%{(pgé%&%gc mentia, perinatal
hypoxi a, hypogl ycem c a@{% 02c/ 055481 P /USOl/ 45866 -gﬂﬁeur onal damage,

ocul ar devggetdve désawipatshy,idicypiitic et sbruferimnduckdpat hi ¢ and

d d P Di This t | I t h
neur ol g EAFEGA £ ST - o B i S 1 51 RATHIES Heinct ] on,

i ncl udi Ngheli®a WolcaSPasiFRd i t A titat @@md Usy Ngyc gt i nence, drug
tol erance, wthdrawal, and cessati on (i.e. opiates, benzodi azepines,

ni cot? nedy@ééléicﬁéonor lét%ﬂilf}a MUK g Wd oW.O%ERS s, brain edens,

chronic @l%:? c}g r%lri})r ﬁ%%ég Si T&Jéfétgfﬁ S syndrorre

attention it d| sor i've ‘dyskithesia. e term"psychiatric
di sorder'Wuté]ﬂmasJaIlo lzatch caacaﬁaa:namj chreoniapipsyed) atri c condi ti ons,
i ncl udi n Bézophrenl a, anxiety and related dis rders (e.g. 15 panic

att ack a SZEPRSd TH 2 1Rs ARG M = G 7' A Aelr essi on,  bi pol ar
di sor der %moﬁt%%h@%'s%atl%iﬁ, heasisd vV &0 W ivE, disssges Spain,

10 sleep disorders, convulsions, Tourette's syndrome,

attention deficit disorder, and tardive dyskinesia.

The term "psychiatric disorder" refers to both
acute and chronic psychiatric conditions, including
schizophrenia, anxiety and related disorders (e.g.

15 panic attack and stress~reléted cardiovascular
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.



A particul ar aspect of the present invention includes a nethod for
affecting the cAMP-1inked 20 netabotropic glutamate receptors in a patient,
whi ch conpnoi/exsgsiadm ni stering to a patient requiring noBOl/aS@d5e66Ci t at ory
am no acid neurotransm ssion a pharnaceutically-effective anobunt of a

conpound of formula I. 25 Another partdcul ar aspect of the present
invention includes a nethod of adm nistering an effective anmount of a
conmpound of forrmula Il, where R13 and R14 are both hydrogen (a di-acid),

whi ch- compr i S @B AYDNISLALAG 40 adhdil I SNt HE QLI TAUALET, excitatory
am no acid 30 neurotransm ssion a armaceutic y effective anobunt of a
conpound iafclfugiesulsa Met NAO 02710 5548 RCT/dUS A5866-1 ¢ 1di fowoddwer particul ar

aspect of, the present invention . ncl udﬁs. a method for treating a

psychi at ric WPEGHEET WGP SRS Sithi AU S S8 ddhitiStering to the
patient iatneed ah ey Mt thaneofc aphee npceutical ly-effective anount

of a conpound of fornula |I. Another particul ar aspect of the present

i nvent i oPhanmelcegds ca lnsttedf aurive emaury oheuredtrrpwsd @f sorder in a
pati ent %irmlgo rises admnistering to the 10 patient in need of
treatment thereof 'a pharmaceutically-effective amount of a conmpound of

pati ent. compr PEGL A G 1 RS T8 ' | FAETH ST ol &
phar maceuticqaldeys &f iRAHAIE 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

- Parkinsonsg’ Disease; muscular spasmsg; migraine



amount of a conmpound of fornula | wherein said psychiatric disorder is
schi zophreni a, anxiety and related disorders, depression, dipolar

di sor der 30 ope3sediosi s, and obsessi ve conpul si ve di sorder sSPCROSA/438&f er r ed
met hod for treating a neurological disorder in a patient conprises
admnistering to the patient in needjthereof a pharnaceutically-effective
anmount of a conpound of fornmula | wherein said neurol ogi cal disorder is
cerebral deficits subsequent 25 to cardiac bypass and grafting; cerebral

iSCh?”iaheaéabﬂéé;CQ&th&?“E%pr%@thb%@W%ﬁué'%@@éﬁ@ﬁd&[159339; _
Huntington's Chorea; anyofrophic lateral sclérosis; Al DS-i nduced denenti a;
peri nat aWihizdorival , hppdglepeericd onne smotdinod sesget iooul @meddmage and

retinopaéggi 3Q c%%nit've Qisorde[s;lggio %hi%ﬁﬁgg drug-i nduced

Par ki nsoRs™Bi S85Y87 FHECHrSr PeiRd L SRy & XqB62/ 055481 PCT/ USO1/ 45866
-11 headasheslstibhegr woutehk! BeRgRdrdneg beltemtnes dedildidrawal , and
cessation; snoking cessation; enesis; brain edema; chronic pain; sleep

di sor}ler §180F8/YuI §PEn$aTridieefyekd nePAdr-one; attention deficit 5 disorder;
and tardi ve dyskinesia. A nore preferred nethod for treating a psychiatric
di sorder in afpapPirenpredepricseseideidnifore tinggtiimat e psyatiighric need

t hereof a. r.maceut i_cal_l y-ef f i ._of [o10) und.of fornula
wherein §ég§§?g§pgébﬁi FF%E%‘ig%%%%ﬁSF%ngﬁgbéﬁftgﬁ&rggﬁé gﬁmﬁisorders. A
nmor e prepeartedtnehhaedcdorhirealfi B phariRdcaltdgiaddly -difsergddrd N a pati ent
conprises admnistering to the patient in need thereof a

amount of a compound of formula I wherein said

10 psychiatric disorder is anxiety and related disorders.

A more 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

15 formula I wherein said neurological disorder is drug
tolerance, withdrawal, and cessation; or smoking

cegsation.

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.



pharmaceutical l y-effective anount of a conpound of 15 formula |I wherein
sai d neurol ogical disorder is drug tolerance, withdrawal, and cessation;
or snoki mgo opesss&at i on. An additional aspect of the presenPCT/s@&MSB@N is a

conmpound of forrmula I, or a pharmaceutically acceptable 20 salt thereof,
for use as a pharnmaceutical. Another agpect of the present invention
i ncludes the use of a conpound of forrmula I, or a pharmaceutically

acceptabl e salt thereof, for the nanufacture of a medicanment for treating

neurol ogi cal 225 FFRIAGR AnlduntdiGH] G Sceffi s NORRIAEd NG, term
"effective amount” refers to the anount or dose of the conmpound, upon
si ngl e ofthengittiepidd ndo sk samraviisticat,i &® tang hsciplaiddmtn ke okictpr ovi des t he

desired t in t atient__upder 30 di SiyS treatnent. WO

02/ 05548%E;P%%FU§%%%§82%'°@15 e@ ngfqrueec ia\%eégjguérﬁs%%l ]?eesé%ﬁ/ det erm ned
by the abteridiedy uidrgnesidlddiis diScantstskidded iTh tdwerahinidy the use of
known_t echni ques and by observing results obtained under anal ogous

ci r culrst &RCe &L TRrtddite PNy oF ns e GIUROWHD AN HI Hereedf  conpound

adm ni st er edmped agtor, & Lnsier by d e atd endi ng
di agnosti ci an, ei ncl udi ncg, rbs{Jt notcﬁr?srn]i ted to&tﬁ% speéc}lﬁaes %f manmal ; its
si ze, agéiagmdsgendral, Hewlltuiding hdwspesitf ilcinditsehsmo i ntod ved; the degree

ndi vi duSPoAErerE: Tt B U BT bR L ORe node of
adm ni st ald @pedifec disease involved; the degree of or
10 involvement or the geverity of the disease; the
response of the individual patient; the particular
compound administered; the mode of administration; the
bicavailability characteristics of the preparation
administered; the dose regimen selected; the use of
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 subcutaneous, 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.



bi oavail ability characteristics of the preparation adm nistered; the dose
regi men sel ected; the use of 15 concomtant nedication; and other rel evant
ci rcunst ama ex055K&Ir exanple, a typical daily dose nay conpai/mséw4sgicabout 25
ng to about 300 ng of the active ingredient. The compounds can be

adm nistered by a variety of routes ifigluding oral, rectal, transdernal,
20 subcut aneous, intravenous, intramuscular, bucal or intranasal routes.

Al ternatively, the conpound may be adm nistered by continuous infusion. As

used herein the tRIINCRRldRMa1INETRS TR, BB cSUd-ASsE , guinea
pig, rat, dog or human. 25 It i's understood that the preferred patient is

a human. MRfeieds "Taredthangbqus proesduyesagnais doe eads rbymmw;hsrws

general | 136 epted an ich .enc rohlblt revent i ng,
restrai n%lng, %an vvldng, V}{] Oﬂblsnt n(g%nlpcfztver sﬁn%u?ﬁ %# e(g]g‘-? B CEl30
resul tanhes:)éﬂaidgmlm%s gt sHREg, r@d}ﬁdﬁqﬁs twthsch | AVENdGORs ENSoiRass bot h
t herapeutic and prophylactlc adm ni stration. WO 02/055481 PCT/ US01/ 45866

-13 17 nSYREERRSTIA 1K |Sdﬂdwtwlf?ellﬁé§e§§1alrayr s@%m@w]rgdsmwl%m% for
t he abov% :%Qﬁﬂ%gse%é?éﬂrl%ﬂ%ﬁ%/ %%ﬁg}g ]x{@_‘ £cted from
standard~t echni ques of organic an heterocyclic ¢ ry, techniques
whi ch anahmgnmﬁuneﬁ the 5 syntheses of known, structurally simlar
conmpounds, 3$ rocedur qfs ribed in the Exanples, inc udl novel
pr ocedur es. lﬁFéf raéapgé:’cetcetofo ﬁg“epr%%ee?ﬁntr rﬁfé\ﬁ‘?qtgﬁo% 0'5[,](91:
met hod of a@rﬂﬂww it iaf ffdreald voh amiltt Ofe aafQIROWE a compound
10 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 formula
I.
15 Compounds of formula I are converted via enzymatic or

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

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 R4, respectively,



10 of formula Il, where R13 and R14 are both hydrogen (a di acid), which
conprises admnistering to a patient requiring nodul ated excitatory am no
aci d neuvod naossméissi on a pharmaceutically-effective anour€ToR01258@NPOUNd
of formula 1. 15 Conpounds of fornula | are converted via enzymatic -or
hydrol ytic process in vivo, to form compounds of fornmula I, where R13 and
R14 are both hydrogen (a di-acid), as showmn in Schenme 1 below H R14Q2C H
ya COR HNH2 1 | Schenme 1: In Vivo Conversion 20 In particular, a

crystalline formof a_canpound .of .formula | may be pfepa accqpding to
Tho°t out ESBRENES 1 VAR S ed G BB RS - RIS
respect i yeloye SWORH QGG iPCHAR 45865 a -sh/httesBs andshed videcldef | ned
for the groups R13 and R14. The process described in Schenme 2 is a

synt hesi ®rePered sy athe PrvEialdlingn i ailanids e Hy dFoehIdf idle sal t

f or m of I tg@%li%]gﬁfg t I r a 5
corrpoundé?:(())fr“(EJ%(%rlIr?l%I%gE ﬁjoﬁnﬁ{l%%ra{emﬁ%g ngen are rLot %%?o%%%ﬁ)(é; (c)ﬁI -aci d)
1, wher ecrRpduand dE¥l£cameilrotI |V, where R13 and both hydrogen (a
nono-ester) R14 are not ,

Il, where R'3 and R
are both hydrogen (a di-acid)

/ N\

[, where R and R are not v, Wnere R13 and
both hydrogen (a mono-ester) = R are not _
l hydrogen (a di-ester)
11

l

|, where R'3 and R are
both hydrogen (a di-acid);
R16 is tert-butoxycarbonyl
or a nitrogen-protecting group

|

1, where R'7 is hydrogen

/AN

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

|

I, 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,



hydrogen (a di-ester) ,~ 111 I W |, where R13 and R14 are both hydrogen
(a di-acid); R16 is tert-butoxycarbonyl or a nitrogen-protecting group |
where R1WOe2/b35d810gen |, nethane sul fonate salt |, hydrochCDUSER58@ t ;
crystalline solid W |, zwitterion Schene 2: Process for Preparation of
Particular Salt 10 In scheme 2 above,d.he nonohydrate of Il, where R13 and
R14 are both hydrogen (a di-acid), is treated with thionyl <chloride and
met hanol affording the corresponding di-ester of Il. Aternatively,

cat al yti ¢ hydr ri ci,d 1 iR Pl : i onyl chl oride. The
di-ester?sfégégﬁggglvqﬁ% ézf%ﬁ%ﬁ@%dP%Ff%%%TF%?Bégﬁe}%%1#£ am dated with a
conpounddatytdvhakglckirbosiingide dpcihexy (Gardiositiyilceni{o@Copyl) -3 -

1- (3-di net am nopr.qpyl.) - 3-__et hyl car.bodi i m.de ((EDCl) or .isobutyl
chlorofoﬁﬁgéécé§ S%légéﬁ%iﬁ&D &énPrt&%ﬁgﬂﬁx}z¥Q£q QﬁmiW%fﬁ%F%d pept i dyl
5 conpoupgdyefi iher Beledt! ol RifFdricars ar-midan HIH Rl R 1Bahi eved using
the acid chlforide or by using a variety of other peptide coupling

r eagent s cofppuadamdl Eordiugleedyl Tdtilsortgpmedisirated immd could also be

b1 502 oxB B LAY ARl By TEhGSH L (e tihdiaing & variety of
other peptide coupling reagents, for example, diphenyl
chlorophosphate and 2-chloro-4,6-dimethoxy-1,3,5-triazine
(CDMT) , bis(2-oxo-3-oxazolidinyl)phosphinic chloride and
100 benzotriazol-l-yloxytris (dimethylamino)phosphonium
hexafluorophosphate. ,

The hydrolysis of the di-ester protected peptidyl
compound of formula I with a suitable base such as lithium
hydroxide or sodium hydroxide in THF affords the di-acid

15 protected peptidyl compound of formula I, where R13 and R14
are both hydrogen (a di-acid). The di-acid protected
peptidyl compound of formula I may be deprotected with a
mineral or orgahic acid in a suitable solvent. Such
conditions may produce the corresponding acid salt of the

20 di-acid peptidyl compound of formula I as an amorphous solid
or, directly, a crystalline solid. In the case of an
amorphous solid, subsequent crystallization may occur from
suitable solvents. For example, a di-acid protected
peptidyl compound of formula I when treated hydrogen

25 chloride gas in ethyl acetate provides the deprotected
hydrochloride 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. 1In 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



10. benzotriazol -1 -yl oxytris(di net hyl am no) phosphoni um

hexaf | uor ophosphate. The hydrolysis of the. di-ester protected peptidyl

conmpound vob of/a3sme1l a | with a suitable base such as |ithi urCT/gar4ssicde or
sodi um hydroxide in THE affords the di-acid 15 protected peptidyl c
of formula I, where RI3 and R14 are Qhoth hydrogen (a di-acid).
protected peptidyl conpound of formul’a | nay be deprotected with a
m neral or organic acid in a SU|tabIe solvent. Such conditions may produce

ous SO dlre ine

the corr gepending, aed skt o 406,20 4 Ak ReRtidl, fommoun

s an a rp crys
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di -acid

nd qﬁ:fornula
n the case of

an anor phods b&Obp@re&lib&%dU@yt o@:reysifaldrldaaiaxq,n grayl IociaurcHa et dhdw@abl e
solvents. For exanple, a di-acid protected peptidyl compound of formula I
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hydrochl ori de conpound may then be crystallized from acetone

af ford the cr?‘@ﬁalahlﬁattyymfoccl@ln@th@issalq mochripdmdnedfalfarmgia 1. I n the
case of a.c Illne s lid 30 which is forned direct|l filtration of the
oact | onShEkEDR  FUPRELomy TPR] (5 S CGHS AR ¥ (AT (A
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02/ 055481 PCT/ US01/ 4 -16 hydrochl oride salt_of fornula

exam nin
%1. Neuropharmacol., 1996, 35, 1661-1672 and 1997,

11).

36,

1-

re the
s to

The ability of formula I compounds to treat anxiety or

a related disorder may be demonstrated using the well known

15 fear potentiated startle and elevated plus maze models of

anxiety described respectively in Davis, Psychopharmacology,

62:1;1979 and Lister, Psychopharmacol, 92:180-185; 1987

In Vitro Receptor Binding

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]L.Y341495, 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



their ability to influence either cAMP production (M3 uR 2, 3, 4, 6, 7 or
8) or phosphoinositide hydrolysis (MduR 1 or 5) in cells expressing these
i ndi vi dua¥o huessasimet abot ropi ¢ 10 gl ut anat e receptor (nd uRITASM4sp@s. ( D.
D. Schoepp, et al., Neuropharmacol., 1996, 35, 1661-1672 and 1997, 36, 1-
11). The ability of formula |I conpounds _to treat anxiety or a related

di sorder may be denonstrated using the well known 15 fear potenti ated
startle and el evated plus maze nodel s of anxiety described respectively in
Davis, P 51:1979ca LSLe I &C Ol

92: 180-.1 %gg}%g%%g Fﬁ@@%‘?g%tﬁlégé%%lég’gsugﬁd?gtahggb% ogﬁ%ﬁ%@tgﬁggag&l ?‘Ite;}ut 0

af f ect reeegboor bsudi pge obxpreospdugdsedil st. h@eprepdatrmamvdimgy0nd 8i:N

conpari son 50 Y354740, . di spl acenment of a high affinity m3d uR2 ant agoni st
radi ol i g]afr_‘ﬂj [%#%Y ﬁaa%)to cell menbranes from human nQd uR2, human

M3 uR3, and nabi ¥eowAt iRr ehB1LI $SHESWAS1235deler BiiRpdackgee, Ornstein P.
L., AAnold M B., Bleisch T. J., Wight R A, Weeler W J., and Schoepp
D. D5, [3HIwBass, bindd gl tyo podienforsetethi memandnasveithradi ol i gand for
| abel ing group Il netabotropjc-receptors. Bioorg. Med. Chem Lett. 8:
1919-192@g%§©g§)?1@h a5ohRsbhaB. obggrEed %Pi&ﬁ@gﬁ.?ﬁ?PmRﬁHSP& M B.

Wieel er Mhodprofk NSt ehNeBntrhst , 8BHeSEBAERANE of £okaidhkY345485,3% a novel
rapid filtration antagonist radioligand for group Il metabotropic WO

02/ 055484pPedE U0l 488661 acd7 [PRTEYPE 01695 Chanathgr tdathonfotebiadhng to
menbranes of nd u receptor_ subtype expressing cells. Neuropharnmacol ogy 38:
1519- 15287359855 A& YRohR ?—Hr?8§| 8M1 bel ow, LY354740 displ aced

10
Table 1. Comparison of receptor binding of compounds of
the present invention with LY354740
Displacement of 3H-LY341495 binding
(Ki, nM) (mean+S.E., N=3)
Receptor LY354740 Formula I
Preparation
Human mGluR2 84.7 + 11.1 >10,000
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 LY¥354740 in an mGlu2/3 receptor
linked therapeutic animal model, studies in the rat fear-
potentiated startle assay were performed. This model was
gspecifically 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 L¥Y354740: A potent, high selective, orally active



5 [3H] LY341495 binding to rat forebrain nmenbranes with a potency simlar
to that observed in human reconbi nant receptors. In contrast, the conpound
of for nulveo b2/eise8Inot appreci ably di spl ace [ 3H LY341495 bpadiuse/45866r at
forebrain menbranes at up to 10,000 nM 10 Table 1. Conparison of receptor
bi ndi ng of conpounds of the present rhEentlon wi th LY354740 D spl acenent
of 3H LY341495 binding (Ki, nl\/p(n”ean+§ N=3) Receptor LY354740 Fornul a
| Preparation Human md uR2 84 7 + 11.1 >10,000 Hurman nmd uR3 125.6 + 4.8

>10, 000 Rat .Forebrain 80. >10, 000 In Vivo Action n Rat_Fear
ot ent | aPERNSEL TG AELEL yf L MRFACLS R S iy A Sora it b of

conmpoundsrafrnizh@ Inr esent THLW.eMdon 45 ymarisa) t 0 354Gy ey Nd u2/ 3
receptor |inked theragpeutlc ani mal nodel, studies in the rat fear-

pot ent i atté¢ scaiore afsay qﬂ@f}@@kﬁ& for rfétrmUﬁm sk igddihigagnodglecigieal |y

chosen,  §fiikie/s® Ul S5031 ke {  IRU2AS 20 AOGN SR PHGIL RS 4354740

and conpoun e prese | hventdon. zano J. P.,
Monn 5. ALY35$Gh@eqmela Dleétmdchalj Jmn, Mnhffeé}nm at yt ieresek g de-ref f ect
profile of LY354740: A potent, q%rusel ective, orally active WO 02/ 055481

PCT/ USOlP’@S’%GT A.y8 amghhiosmR Ryidup ATCIRRSIRT Pt TRIRRIRE e r ecept ors,
J.  Phar gpg stFx%m.EEQf 18¥55fﬁg)¢é¥§ﬁg)feéglé§ﬂféé% {hatin the actions

of a corrpoun formula I In this nodel
rats, Neuropharmacology, 38:A45 (#144) (1999)), the ability

of LY341495 (an mGlu2/3 receptor antagonist) (See, Kingston

10 A.E., Ornstein P.L., Wright R.A., Johnson B.G., Mayne N.G.,
Burnett J.P., Belagaje R., Wu S., and Schoepp D.D., LY341495
is a nanomolar potent and selective antagonist for group II
metabotropic glutamateAreceptors, Neuropharmacology, 37: 1-
12 (1998)) to block compound-mediated 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-



nd u2/.3 receptor nediated, as has been shown previously for 5 LY354740
(See, Tizzano, J.P., Giffey KI., Onstein P.L., Mnn J. A, and Schoepp
D.D., Actwonzossisind u receptor agonists on fear-conditi OPCTVISVAIS8G6S
fear-expression in rats, Neuropharmacol ogy, 38: Ad5 (#144) (1999)), the
ability of LY341495 (an nd u2/3 receptor antagonist) (See, Kingston 10
A.E., Onstein P.L., Wight R A, Johnson B.G, Mayne N.G, Burnett J.P.,
Belagaje R, Wi S., and Schoepp D.D., LY341495 is a nanonolar potent and

sel ective antagonj st far oup_ 11 __ metapotraqpic gluyt te receptors,

Neur ophapﬁﬁ’gﬁ%gﬁm%??ﬁfp%rlz 998H ﬁlﬂ%ﬁl&“@#ﬁ% m-a"neeao"‘itat?’ed suppr essi on
of fear l3,Roterbiral dttigid.| e AMBhAlss et ejdiiderd.atAs a positive control
in each experinent, diazepam (0.6 ng/kg i.p.) was used. Al experinents

were per 8rReq (e lpéd vieatwimildi thhe Fedro pottentansgt e vamarRuwinmdel , ani mal s
are, exposed 0 s neural gkl miye el oy gl frondyfd oned 20 st ml us)

W th an aversive's Us Such as a shoc oned sti nul us).

Fol | onvi nphoeretiiod Mgs Wrehddres chilnpfs arel preesentred of tdaxk | oud
acoustic stinulus, larger startle responses are elicited when the startle
sti nul us il§h pegke fEFHy At FRPT 25 "B EeAeh AR Uh d*BHDi rone hydrochl ori de,

which are cli iscialaoﬁpgﬁ\gglﬁ% Qiiysté'cplg,e@(rjtqlw%{ hﬁ‘éi{iié’lee at¢ reducing the

fear (increased startle resp assocl at e the presentation of
| i ght i npule fiedr wadteentanat ettt zedroddalh 5 AhAAQH redluciniy) athe fear of
in the eleva 30 maze, .nodel | e LOCEC%%}]Evans rats

?Egg- 45188(:73")% S eRa e G des'g | Lt??iaczeep(af%- -G v%}eg%bcbat]ai FPom Har | an
Spr agge WP .02/RF248 MAFCHAS B4R 6ed -1k purified water by the
dropwise addition of Tween 80. Control animals
received the respective vehicle.
SL-LAB (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
gecond 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 gession, 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



Dawl ey, Cunmberland, IN, USA and acclinmated at |east 3 days before testing.
Ani mal s were housed at 23+2C(relative humdity 30%to 70% and gi ven
Purina ®e00?/635¢8¢1 Rodent Chow and water ad |ibitum The 5rphosapssécod was
12 hours of light and 12 hours of dark, wth dark onset at approximtely
1800 hours. Test compounds were dissolved in a vehicle of purified water
and neutralized with 5 N NaOH to a pH2c9f' 7-8 when applicable. D azepam
(Sigma Chem cal Conpany, 10 St. Louis, MD). was suspended in purified water
by the dropw.s ddition.of Tween 80...Control .animals received the
respect | PEEGEAFE &Y §E‘-eL B n BEEGOHRS: Hife it tisdn tﬁjl?éo CA) chambers
were usegibek,capdirtil @NhRGresl ARplanddadf fold dhe RIOdUCtd /e and
recording of startle responses. A cClassical conditioning procedure was used
to produdaoipetenringt ven dficdhitamdise)esisorsseye@dast |5or sraathe first 2
days, rat S ver %Ogl argz d ierrlltt r(;Iearkssct a, tslsﬁonc_hanbe_rs in which shock grids
ver e install 8d-°26 Fori Gwi ng a 5-m AUt e accl i mat i on period, each rat
receizved a i mMAsekeeoki drs oK {iYHajowd IcFc gt )2 a el SeC oitbpreises at i on
of light (15_watt) which remained on for the duration of the shock. Ten
present afirgRdYofo £RE Mg SFRshoie wdr &hg RIeSST e ddV VAT iWHISg 25

sessi o, oLRhgeere 9avaged duh Resslution ol hRste CAPUNG Y wates and

startle testing sessions were b of 10 consecutive
pr esent afloors dbseacobsin cafmrmrdde tst iLMip54 7401.0 IdB,thnion-in ghtvgpai red) were

presented_at Hhe g]%?ri %I’él ng f A sesséi n.n.order 30 t otm' neim' ze the
i nf | uenc88 B8Rt RERH 24 I’dgdzl  pHase Bl iR S HI W Ys. This
was 1@l | ewegdoldids 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
comparison 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 oSmg/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 storgd 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



20 alternating trials of the noise alone or noise WO 02/ 055481
PCT/ US01/ 45866 -20 preceded by the light. Excluding the initial trial
bl ock, stvadbessesasponse anplitudes for each trial type (POT/E6801245865¢ VS.
|'i ght +noi se) were averaged for each rat across the entire test session. 5
As shown in the first row of Table 2, Jhelow, when given orally to fed
rats, conpounds of the present invention were active in the rat
fear-potentiated startle test at 300 tines |ower doses when conpared to
Ir‘Y?’54740th|ef T%g'oﬁd' e\ e ?[na;lﬂ%l zm)%%llo%t i rpe.LCaQn}/a %&?‘gde%dzsrah:%%ns anxi ety
esponses, conpounds o e present I'nvént iron would produce anxi ol ytic
ef fects i(aglinmmns falr,v36Q 710l ddroweichdeses duwpddial parentde eoampioiad.
Furthernore, the ability to produce a |longer duration at |ower doses when
conpar edP¥oLEAMEAMSHERda ATSWPHESEIERCe 28 daF Wb Ind L BHFERER OIS ce a
day dosi pg. ngVi S t; R HRAC tion To
st udy thggiﬁﬂgi965e§%%25¥29%#rE%gSEgggﬁ?%Qﬁ3€¥ﬁ§a]bfg?§g§5|ng g%%@gﬁ%ounds
of the pkemenpoinuention in conparison to LY354740, studies neasuring the
pl asma concentrations of LY354740 in rats were performed. 20 Mature
Fi scher 344 male rats (190-270 gram) were obtained from Harl an
Sprague- Dawl ey, Cunberl and, IN, USA and acclinmated in the study housing
for 3 days. On day 4, test conpounds were dissolved in buffered water
(1lmg/ M = test conpound/20nmM pot assi um di hydrogen phosphate, pH=2) and 25
given orally as a single 5ng/ kg dose. Blood sanples were collected through
orbital sinus or cardiac puncture (last time point) at 0.5 and 1 hour or,
alternatively, 1 and 3 hours. Plasma sanples were stored at -20C in the
presence



of phenyl net hyl sul fonyl fluoride, a protease inhibitor, 30 prior to

anal ysis. Plasma sanples and internal standard conpounds were pretreated
by sol i dwhayessesat racti on (SAX support, mnethanol /wat er/ dPCTIS0 12458461 C
acid). As shown in WD 02/055481 PCT/US01/45866 -21 the second row of Table
2, below, the plasma concentrations (y3g/m) of LY354740 for each test
conpound were determned by LC/MS/Msand are presented as a sum of the
concentrations at the 0.5 and 1 hour or, alternatively, 1 and 3 hour
sanple 5 tine points. WD 02/ 055481 PCT/ US01/ 45866 -22 Table 2. Conparison
LY354740 and conpounds of the present invention in the rat

f ear - pot eabilat @d SKM@&I‘W%YW%&D&IM@{dé—%% grygeig |
Measured MED (1 hour 3.0 % ) /k pre treatenent) | Rat
Exposur ¢ 1BE6T&d P 17‘1@%&7% %mt%tlwﬂ@rquﬁ 1B 5 ng/ kg|p. o.)
As ShO ol'l.)(.)V(.,T T Tabtres I dIIU 4 LIILLEAL LIU STITOW LIIdL Llle bUIIJOUﬂdS
of the present |nvent|o% had no 5 appreC|abIe a??"nlty per se for nd u2/3
recept of Parameseri ndi cat es t har.y8Ba740 vi vo phar macol gymelathi s conppund

in rats$_and huggns woul d I'ikely reflect the ¢onversion of the
Measure

MED (1 hour 3.0 mg/kg p.o. 0.01 mg/kg p.o.
pre-

treatement)

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

following

5 mg/kg p.o.)

As 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, LY354740, 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 wvivo.



prodrug to the parent nol ecule, LY354740, which then acts at nd u2/3
receptors to produce a therapeutic effect. Further, 10 in fact, when given
oral ly t woat/ess48the conpounds of the current invention erROT/DS01/48¢5 fol d
increase in plasma concentration of LY354740when conpared to LY354740.
This denonstrates conpounds of the present invention are converted to
LY354740 in vivo. WO 02/ 055481 PCT/ USGY/ 45866 - 23 The conpounds of the
present invention are preferably formul ated prior to adm nistration.

Ther ef or e, t resent i.nventi,on i s a pharnmaceuti cal
formul ati on c%hﬁr F?F‘P %5%50 o%ﬂ& T AR Mo aéfeph?gﬁﬂ%d’é’\% iXal |y
aCCGptabE@rﬁﬁhhtb@Bb@&%r %6da@m1BH%EE%%§HﬁiCathfﬂﬁaﬂgfﬂgﬁ%ﬁﬁﬁﬁler

di luent, or excipient. The pharnmaceuti cal formul ati ons may be prepared by

proceduré§Pﬁ€FlDin@W@ pyreseatofinyegitiony iskial Phaynmaseudritcal | n maki ng t he
conposit%89%u9553g%t%E%%Qn%lhnvgntl9p u%%f gpjgg%uﬁg Hpgr%glent\mll
Vi Eai

usual |y be"mxe a~carri by a carri’er, encl osed

Wi t hisn apbhaktseeutde@ 118y ackeptablle shltmitie recfgpsitide.a sac het paper, or
other container. \Wen_the carrier serves as a diluent, it my . be a solid,
seni - sol PHATBACENGICA Ll 8CCRPERIILEn CRcTd ods slisiafdhi Q% eXSimigndnt, or

medi um f @t ﬁa%{a'c\é t'l%%rle‘%'o%ﬂxhlaﬂ%%sc%[gxgp%e“ Bg, in the form of
ets, cachets

tablets, pills, powders, |ozenges, sach , eliXirs, suspensions,
enul si onp;foselduttie@nweléyﬂmwp o osel ©f cindtimentys skeidnt aiimimxy a‘mr exanpl e,

0P L0 LORDRIRLEN O Setius 20 eomound, el and s el st capsules,
Sonel @xappkeseofi nghcialking €ANNI @k%al@XCidy &litkésd aidh a carrier, or
diluted by a carrier, or enclosed within a carrier, and may
be in the form of a capsule, sachet, paper, or other
container. When the carrier serves as a diluent, it may be
a solid, semi-solid, or liquid material which acts as a
15 wvehicle, excipient, or medium for the active ingredient.
The compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols, ointments ‘
containing, for example, up to 10% by weight of active

20 compound, soft and hard gelatin capsules, suppositories,
sterile injectable solﬁtions, 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



di l uents include | actose, dextrose, sucrose, sorbitol, mannitol, starches,
gum acacia, calcium phosphate, 25 al ginates, tragacanth, gelatin, calcium
silicat ewont/essesar ystal | i ne cel | ul ose, pol yvi nyl pyrrol i doreT/usel/4s8d60se,

wat er syrup, nethyl cellulose, nethyl and propyl hydroxybenzoates, talc,
magnesi um stearate, and mneral oil. _The formulations can additionally

include lubricating 30 agents, wettind agents, enulsifying and suspending
agents, preserving agents, sweetening agents, or flavoring agents.

Co it .af the i ti be f | d to VWO 02/055481
PCT] USDLPASHEE® B4 o i qiink, Tuslel Ml o TSy V8 e W the

active iHpghediient affiteir ahiMigd@idih b thee Radd B Byy estmd
procedures well known in the art. The conpositions are preferably
f or nul at @gocedaresi twed ldddwmye fiay rihee &t dosage contai ning from about 5 ny

to about 500.qm ekl inaredi sl .o Rralenanl veabguts a0, o, to gbout 800 ng
e 1

active ingredient. use erern erm™active 1ngredient” refers to a
conpaind doselbedEdrn, t kiath e sseepeortfa ol firdm dfodthes tey S wilbdutlosage
form' refers to a physically , discrete unit suitable as unitary dosages for

human suBP8cfY a&id V&t HETRTHRity, RERIFHARYY @R Mhd™h 1 et i ned
quantitys@fy aef e iRl eflfleGaliul ated JQ PrRduch, g des) red.« gL apeutic

effect, in association wi'th a suitable 15 pharmaceutical carrier, diluent,
or exci piisgrediieati'oldedsingy tx anplaapdund hgrciudedtwitlein hehe oppepmds  of
t he pres%%tfinveqﬁi and the nethods for their synthesis. The Exanples

are not ntended to be limting to the scope of the invention in any
respect, and gheult@rmot"iigt dosage form" refers to a physically
discrete unit suitable as unitary dosages for human subjects
and other 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 invenfion 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, unless otherwise indicated. Dry tetrahydrofuran

(THF) was obtained by distillation from sodium or sodium

25 benzophenone ketyl prior to use. Proton nuclear magnetic

resonance (lH NMR) spectra were obtained on a Bruker Avance
IT 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/agueous ammonium acetate as the
mobile phase. Free atom bombardment mass spectroscopy

(FABMS) was performed on a VG ZAB-28E instrument. Field



20. so construed. All experinents were run under a positive pressure of
dry nitrogen or argon. All solvents and reagents were purchased from
comer ci Vo 8poRseds and used as received, unless otherw seCT/mdiicased. ' Dry
tetrahydrofuran (THF) was obtained by distillation from sodi umor sodi um
25 benzophenone ketyl prior to use. Prqoi_on nucl ear magnetic resonance (1H
NVR) spectra were obtained on a Br uker*Avance || bay-500 at 500 MHz, a
Bruker Avance | bay-200 at 200MHz or a Varian Inova at 500 MHz.

El ectrospra SS_spectrosco ESI rformed on a ilent MSD/B 30
e r urenBeRbIRG BRoRaRe PPk arEsy A et e s b e phase.
Free atogyboghandient; oes $1SREASGOMAT (FABNB)s thasndifs f or &1 a VG
ZAB- 2SE instrunent. Field WO 02/ 055481 PCT/ USQO1/ 45866 -25 desorption nass

spect r osEOp Rt PDRByeNgs Ngesiaiede dvifdi my PagikiferElaneyG 2A0SP o mgdrgan VAT

731 inst iLcal, r ti e 'tt%.?aoP i.n- El mrer 241
pol ari m?gg&%&%%ﬁg& 5’6&*%%%3‘%%%%?%%&% S re&%%%_c was 5
generml | yenatuileég eutrrieidnoua higiery sgriadieart ofadikent sof vt s i ndicated in
the text. The reactiqons were %ienerally nmoni tored for conpletion using thin

| ayer cRPOYEEGEr &FRY CETRE) TR IE&7eT cNrSheiSSGTEmP WiEe per f or med usi ng
E. Mer Ckg@h%%%'l@?len@%iﬁ%%dmf%tﬁ%zon%l%i)&rﬁ%us\]:}%gc MhiG 4% t hi ckness.

Spots were detecfed using a conbination of and chem cal detection
(pl at es dhppeetiographyer(TECampAlhum nislviesd atteragest g apy7 Svage of ammoni um
nol ybdate a

aci d] and etr%g’ﬁ?"ﬁ agg&%%a%;%\%ﬁ ziigséetl%éeilgl%g%%ﬁ gr%aat]fgeiﬁ'a?pﬂyfmi 1SOU| furie
&?;E)O: ﬁ%@;g?%%?%%%i%n%é.| » Rot Alwerd iddvedf@uanghy Mtra, J. Og.
combination of UV and chemical detection (plates dipped in a
ceric ammonium molybdate solution [75 g of ammonium
molybdate and 4 g of cerium (IV) sulfate in 500 mL of 10%
aqueous sulfuric acid] and then heated on a hot plate).

15 Flash chromatography was performed 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 Buchi
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

D)0 = deuterium oxide



El enrental anal yses for carbon, hydrogen, and nitrogen were determ ned on a
Control Equi pnent Corporation 440 Elenental Analyzer, or were perfornmed by
t he Uni vav@odes$4€Gonpl ut ense 20 Anal ytical Centre (Facul t aBCO®SHaS8®CI a,
Madrid, Spain). Melting points were determ ned in open glass capillaries
on a Gallenkanp hot air bath neltingz%ﬁint apparatus or a Buchi nelting

poi nt apparatus, and are uncorrected. e abbreviations, synbols and terns

used in the 25 exanples have the foll ow ng neanings. Ac = acetyl Anal. =
el emental anal ysis n_or..Bzl .=.benzyl Bu =.butyl 30 BOC = butoxycar bonyl
cal cd = cal cul at ed”Bp0 S1G¥GLoRravISa RS Gd™B5 055481 PCT/ USOL/ 45866 - 26
DCC = di cycl ohexyl pashodii & dig i sBBAk1HaT uihims@birigdeum num hydri de DVAP
= di net hyl am nopyri dine DVF = di met hyl formani de 5 DMSO = di net hyl sul f oxi de
EDC = N-et hyl -N N DYARechgiawithopeapyicryeaBed i mide Et = ethyl EtOH =

ethanol 10 FAB = Fagt Atgghﬁg%EQ%qHﬁg&dggpss Spectrascopy) FDMS = field
t =271-h

desorption.mass spectrum ydr oxXy- 7- azabenzotri azole HOBt =
1- hyds oxybenzotri abls® = dimethylsulfoxide

EDC = N-ethyl-N’N’-dimethylaminopropyl
carbodiimide
Et = ethyl
EtOH = ethanol
10 FAB = Fast Atom Bombardment (Mass Spectrascopy)
FDMS = field desorption mass spectrum
HOAt = 1l-hydroxy-7-azabenzotriazole
HOBt = 1l-hydroxybenzotriazole
HPLC = High Performance Liquid Chromatography
15 HRMS = high resolution mass spectrum
i-PrOH = isopropanol
IR = Infrared Spectrum
L = liter
Me = methyl
20 MeOH = methanol
MPLC = Medium Pressure Liquid Chromatography
Mp = melting point
MTBE = 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 = tert-butyldimethylsilyl

TEA = triethylamine



HPLC = Hi gh Performance Liquid Chromatography 15 HRMS = high resol ution
mass spectrumi-PrOH = isopropanol IR = Infrared Spectrum L =1liter Me =
met hyl 20wOebsss81met hanol MPLC = Medi um Pressure Liquid CheDustiogs@phy M
= melting point MIBE = t-butyl nethyl ether NBS = N bronosuccinimde 25
NVR = Nucl ear Magnetic Resonance Ph =phenyl p.o. = oral adm nistration
i-Pr = isopropyl Rochelle's Salt = potassiumsodiumtartrate 30 SM =
starting material TBS = tert-butyldinethylsilyl TEA = triethylamne WO
02/ 055481 PCT/ USO1 = tenperature TFA = trifluoroacetic
acid THE = tetrah%ﬁlfur ant%%ﬁjé'[cea%l n | ayer chromatography 5 t-BOC =
tert - but oxycar bony TRAD=02/033 485 ACHUISO HASGB66 -28 Overvi ew Schene for
Preparations and Exanpl es H

HF = tetrahydrofuran
TLC = thin layer chromatography

5 t-BOC = tert-butoxycarbonyl



0 HO O H NH2 OH H20 carboxy amne protecting ag;~X t a\as otecting such
as BOC20 ents such S0OC12, HcOH OHO OH 1) carboxy protecting H O HHN
>= agent vQuowbssas Mel, K2CO3 .-0 O 0 2) ani ne deprotectipgragemntsseé H NH2 O
such as HCl, EtOQAc HCI Preparation | Preparation 2 0 NH(COCHR~sNH) Boc
am de coupling agents HO v such as EDG, DVAP, R HOBt, EEBNHH HOO -0
| -~7~ ~= carboxy deprotecting O O H NH CH agent, such as LIOH (aq) 0 HNH

11~ 0 O NHBoc NHBoc Exanple 2
Overview Scheme for Preparations

and Ex;ggles

H
0
HO )
O H nw,OM
‘H,0 carboxy
amine protecting agent gg;c:atsfsngt?ch
such as BOC,0O
2 }/// as SOCI,,
H MeOH
0
: oH 1) carboxy protecting H
o} HHN agents such as Mel, K,CO; 0
#O —————— T
0 2) amine deprotecting agent 0 H NHz 00—

)v

Preparation 1

such as HCI, EtOAc

‘HC!

Preparation 2

0
NH(COCHR18NH),Boc
HO

amide coupling agents
such as EDCI, DMAP,

R HOBt, Et;N
H H
O
HO e /OV@
E carboxy deprotecting S 0—
0 H N1 OH agent, such as LIOH (aq) 0 H NH
0 %o
NHBoc NHBoc
Example 2 Example 1
amine deprotecting agent, 1) carboxy deprotecting
such as HX, solvent agent, such as LiOH (aq)
2) amine deprotecting agent,
such as HCI, EtOAc¢
H o H
Hor@ base such as Hor@o
z NaOH H
O H Nn ©OH —_— 0 H nu O
\7/A$0 \7’A&o
NH,  HX NH,
Example 3 (X = CI) Example §

Example 4 (X = 0SO,Me)



Exanple 1 am ne deprotecting agent, 1) carboxy deprotecting such as HX
sol vent agent, such as LiOH (aq) 2) am ne deprotecting agent, such as HC,
Et OAc  H®00 basw4ssuch as HOO NaOH O H NH OH 0 H NH OH O ErNeRo1HRsddH2
Example 3 (X = d) Exanmple 5 Exanple 4 (X = OSO2Me) 5 WD 02/ 055481

PCT/ US01/ 45866 -29 Preparation 1 Synthesis of

(1S, 2S,5R, 6S) - 2-tert-But oxycarbonyl am™o- bicycl o[ 3. 1. 0] hexane- 2,

6- di carboxylic acid 5 HO HOOHHNOH O OA 1L flask was charged with
(1S, 2S, 5R, 6S) - 2- ami no- bi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxylic acid
nonohydrate (24.4 10 g, 0.12 nol, 1 equiv), dioxane (200 nm.) and
di-tert-butyl dicarbonate (52.4 greBazZdti®h, 12.0 equiv). The suspension

was vigorously stirred while 1N sodi um hydroxide (420 nl, 3.5 equiv) was
added. THR¥nkheEdEe ofas 18t:i25 &R (6f) -2 ¢y -Butoxycarbonylamino-

bicyclol[3.1.0] hexane-2,6-dicarboxylic acid

A 1 L flask was charged with (1S,2S,5R,6S)—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 aqueous 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
g .
25 77% Yield; mp 100-101 °C.

[alp®® = - 41.1 ° (¢ = 1.0, MeOH).



then 2.0 nore equiv of di-tert-butyl dicarbonate were added 15 and the
reaction stirred for 3 additional days at room tenperature. After 5 total
days of me@o2o3m1 water (400 nL) was added to di ssol ve tPeT/wadt45866The
aqueous | ayer was extracted with ethyl acetate (4 x 100 nL) and acidified
to pH2 with 6 N hydrochloric acid. The acidic aqueous phase 20 was
extracted with ethyl ether (6 x 200 nl). The conbined ether extracts were
washed with water (250 nL) and brine (250 nL). After drying over sodium

| fate, ;50| t ed to afford a f whi t
S0l 10 ( 26amiE) oBRoten ShaP b 2 i b0, B ot ey, FE " oF
MeCH) . Wo G2/ %5%4%%)PCE’ Q%/%S% 430 1"1 "J‘z’R gd\/mﬂﬂ” -d4) S 98 (brs,
1H) , 2.44 (dd 1H, 2,°2.6 Hz), 2.19-1 m 4H) , 1.62 (t, 1H, J =
2.8 Hz) 1.4B. 43, (§ﬁ)9H)1 291 <2r9 (Jm) 1H) . 130 NVR (I\/Et hanol -d4) S: 175. 6,

175. 2, l§§ 2, 60,1, 34.6 27.2, 25.6, 20.6. M
(El ect r ospr YR %H@Oiﬁép&aﬂﬁén@ &7%t-Resilb8R, 60.1, 34.6,

(1S, 25, 5R46 2A iCy lhexane-2, 6- 10 di carboxylic acid
di et yI estg)er%hy roc ﬁfozrcl ?SOI—?SO%O%% HNH2 O -HC

(1S, 2S, 5RS6 SE12ctartsButydxy e&hdrey.l am no 15
bi cycl o] 3. 1. 0] hexane- 2, 6-di carboxylic acid (20 g, 0.07 nol,

Preparation 2

Synthesis of (1S,28,5R,68)-2-Amino-bicycloi3.1.0]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

((15,28,5R, 68) -2-tert-butoxycarbonylamino-



1.0 equiv) was dissolved in 210 m of dry dinethylformanm de and potassium
carbonate (21.3 g, 0.154 nol, 2.2 equiv) was added at O C under nitrogen.
After 15wonuozssg1t net hyl iodide (17.6 m, 0.28 nol, 4.0 epOTApoMmaEscadded.
The 20 reaction m xture was warnmed up slowy and stirred at room
tenperature for 3h. Water (200 m) \/\@?lgdded and the aqueous phase was
extracted with ethyl ether (4 x 75 ml“each). The conbi ned organi c phase
was washed with cold water (4 x 50 m), and the aqueous phase extracted

agai n wi,t.h eth ther. 25 (2 0.m )., After drying.the.or i £ phase over
Sodi um Sorra st SEas T e it e 4 8y Pearrat e E18 56, or
6S) -2- detdrbuiaxysist Domyd am o WP, 087 95SpAS81La PCT/ US01/ 45866 - 31

bi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl i c acid-2,6-di nethyl ester) was

obt ai nle(llsa.%or@?OWA)Wf‘m%F)l.utmﬂsw%%pﬂe%dmiﬂa@fdmaﬁéarw:@ﬁ 150 m of a

satur at otk soldi L on ipfaiidsipaom Pl GLi de 023 Lonet Nbopgetalsaapdothe S

m xt ure vigorously our Ite precipitate appeared within
15 nbnuteisitudherspbrousas $tlteed@dfori hskedur w(shwki hgl peebépiaate

t horoughly dried under hjgh vacuum 73% Yi el d; 93-194 C . Ja 5=+
05 (L e S s 5 oL S R S0y The S0 B wiBo i Teanday rihdhiy®
2.31-2 Ofi il criSh)  odndd il ol PN (481 BARSL- H4dnSraddind, 170. 2
65.6, 52.8, 51.2, 32.4, 29.9, 28.5 26.2, 20.7. 15 Alternative Synthesis

of (1S, 78R E8)d2-mri hd3-b9€yEl-o[ 3. 1. 0] hexane-2, 6-dicarboxylic acid
di met hyl [o?]sthgré +h2'9.r20°Ch<Jc°r=i dle. o|_,| MeOH) .
10 'H NMR (D;0) 8: 3.86 (s, 3H), 3.67 (s, 3H), 2.31-2.04 (m,
6H), 1.57 (m, 1H).
B*C 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 (15,2S8,5R,68)-2-Amino-
bicyclo[3.1.0]lhexane-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,68)-2-amino-bicyclo[3.1.0]hexane-

" 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



O OOHNH2 O .HGA 20 Thionyl chloride (807 nL, 11.1 not) was added to
met hanol (9.5 L) over a period of 1 h while naintaining the tenperature
bet ween 2o 02055@&1 The sol ution was maintained for 30 m NPCT/&0L/45866

(1S, 2S, 5R, 6S) - 2- ami no- bi cycl o[ 3. 1. 0] hexane 25 2, 6-di carboxylic acid
nmonohydrate (1.61 kg, 7.92 nol) was gded The resulting solution was
heated to 47 C and nmmintai ned between“47 - 50 ~C for 17 h. Approxi mately
7.3 L of nmethanol was then removed by vacuumdistillation (47 - 50 WO

02/ 055481 PCT/ US01/ 45866 -32 C. 240 - 275 mﬂl-ltg%'a.E1 The remai ni ng_met hanol
was renmoved AP aFet rpiHI)di stThe HeBHL RS PeBIRYPL ieRRyFeReYe? PXTBE) at

at nosphe r ) 5 a (10°L),
rennvgd %ééo 8@5& % %ﬁggfggygﬁEwé%ﬁo%eaug9go¥ggP§l ekher ﬁggggggge of the
distiIlaatMGSpbembctpresshrd begdedtMTBEednplLaterémoneahe solLytion. After
completio the distill|ations, added to_the resulting
slﬂPry %@e%h% TREuf 10 Rgs tEHPEEt 8 §2LC a?ﬁga YIPEd (Ral)fi FEBPYES ri nsed
Wit hsMIBE {2r,1) aﬁ@rﬂﬁm%eﬁlhénééﬁré@ 2{)§CHH€1 a@safﬂ%@lén% aKgn98% of the
title conpound as a ite solid. Analysis Calculated for CILOHI6NACL: C,

48.10; Hsobidebespn Boeprecipitateofrpouhbie €olurigs,. HALGe25; N, 5.57; O,
15 14.52 ral_Prec r coupl cti,on _of
(1S, 2S, 5$?é§§85 ém1%g gﬁ%y%fo?éli gfﬁeéang%gE %g E'<);1rboxylaldcczled to the
resulting slurry, and the slurry was cooled to 22 °C. The
solid was filtered, rinsed with MTBE (2 L) and dried under
10 wvacuum to afford 1.94 kg (98%) of the title compound as a

white solid.

Analysis Calculated for CqgH1gNO4Cl: C, 48.10; H, 6.46; N,

5.61; C1, 14.20. Found: C, 47.88; H, 6.25; N, 5.57; C1,
15 14.52.

General Procedure for the coupling reaction of
(18,28,5R,6S) -2-Amino-bicyclo[3.1.0]lhexane-2, 6-dicarboxylic
acid dimethyl estexr 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’, 6 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) via syringe
and, finally, dimethylaminopyridine (DMAP, 0.1 equiv). The
reaction mixture wasg stirred overnight at room temperature,

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

The aqueous layer was extracted with methylene chloride (5



acid dinmethyl ester hydrochloride with N-BOC-(L)-am noacids. 20 The
starting dinethyl ester hydrochloride salt (1.0 equiv), the product of
Exanpl e Bvepzaossssion 2, was suspended in dry di chl or omet hROBUSO/4F86d
solution) under nitrogen. The correspondi ng N-BOC-am noacid (1.5 equiv),
N-ethyl -N , N - 25 di met hyl am nopropyl cay bodi i mide (EDC, 1.5 equiv) and 1-
hydr oxybenzotri azole (HOBt, 1.5 equiv) were added in one portion, followed
by triethyl amne(1l.0 equiv) via syri nge and, finally,

di met hyl 0 hgi VAP, t 'Afl\@% ?{I rred
over ni gh?ﬂla? %%mqt %?rlpdfaraturcéj(‘)ﬂbél %ang:lgllya{fe}% |(%(|t% 0

hydr ochl ar Nchqdmbc@l@rrﬂc /ac:nim(ll)o arrid /dmlmﬂJQd, vmtch ﬁmdﬂ;ﬂlwmuihlvmuaie (10
m / mol The a er _was rac ed , net hyl ene ¢hloride (5 WD
021 05543 EECHHOSEL 4E08e /S8 Sochiol PLhaF e G tTiRd SR ¢ | ayers
washed t\whQeaWet Rngl eNa!ﬁBira&erprdrﬁiea.cC'v%&ﬂtﬂn Mhd crm&ie) rédiddd R@dy with

water and brine (10 m nmol each). After drying over sodium sulfate and
evapo? at P@lﬁrllfﬁ@@r b\Ya@u{hﬁCtaﬁegec]{ mmmm s ing |tfheechHBrCQ1¢J|6ti%e gel

chromat oan % %é/gqé:)arlﬁyil er o5, e% %exealnuees et(hﬁﬁpl c%jta}/t Xtures

hexanes/ethy ace i've procedure e coupling reaction of
(1S, 2S, 5R, 6S) - 2- Am no- bi cycl o[ 3. 1. O] hexane- 2, 6- di carboxylic 10 acid

di mret hyl _ester hydrochl oride with N-BOC-am noacids. A solution of
di cycl oh&OHECRATGYS RERSPES foF Fheyfpplipg rﬁ%ﬁﬂ’é?’fb hioride (4.0 M

sol uti On)(l\sa%sa‘%‘ite%st)Qza-pﬂﬂlﬂdﬂb@Lcﬁl LR AHD e (2, 6L EBHMoxylic
triethylam ne ( eqw v) and N-t - but oxycar bonyl - L-al’anine (1.1 equi v)

i n ned hylagrid SHmertihgd (eFt@NMnﬂdhim)rJ(ﬂﬁEMJaﬂpéﬁBﬂﬂwnHmmdmt ely 1.5
h while stirring. The resulting m xture was stirred for 1 -

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 (NajSO4), filtered and concentrated

to afford the title compound as an oil.



12 h then filtered. The filter cake (dicyclohexylurea) was rinsed with

net hyl ene chloride, and the filtrate was washed 20 with 0.1 M NaHCO3

f ol | owed vog 0403484 hydrochl oric acid. The organic phase WeET/@RIEEHES¢Na2SAA) ,
filtered and concentrated to afford the title conmpound as an oil. WO

02/ 055481 PCT/ US01/ 45866 -34 Exanple,l, Synthesis of

(1S,28,5R 6S5)-2-[(2'S)-(2' -tert-

But oxycar bonyl am no) - pr opi onyl ] am no- bi cycl o[ 3. 1. 0] hexane- 5

2, 6-di carboxylic acid dimethyl ester HO /OHHN OO NHOThe starting
di ret hyl ester hydrochloride salt (1.0 equiv), 10 the product of
Preparation 2 vvas suspended in dl’;_lxa:dE tal mrorret hane (0 1 Msolution) under

ni t rogen. al ani ne ( N-et hyl -

i ety | SHPRIEEORY PEar o s SER0a . T 2 SaqAR) 81

hydr oxyb@uéekwaégbﬁyﬁ'aﬁho lg'éo%qwn\y)u\éﬁrﬁoadﬂ%qrdl% @ne . H?é%é’alﬂéln
followed by triethyl "am ne( equiv) via syringé and, finally,

di methyl @nbndpyrirborar liovaRid) dimedliyd) esHear reaction mixture was stirred
overnight at roomtenperature, then hydrolyzed by addition of 1N

hydrochloric acid (20 Ml / mmol) and diluted with nethylene chloride (10
m / mol). 20 The aqueous | ayer Mas extracted with nethylene chloride (5

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) -
alénine (1.5 equiv), N-ethyl-N’,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) wvia 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.



m / mmol) and the conbi ned organic |ayers washed twice wwth 1 N
hydrochloric acid (10 mM / mol), and finally with water and brine (10 m

/ mmol eax®d)2/05&fsier dryi ng over sodium sul fate and evapor RCT/OROIMIB@r VvVacuum
the crude residue was 25 purified by silica gel chromatography using

m xtures of hexanes/ethyl acetate. WQ:02/ 055481 PCT/US01/45866 -35 50%
Yield. Foany white solid. np 51-52 C aj]D25 = - 27.7 (¢ = 0.52, CHC13) .
1H NV\R (CDC13) 8: 7. 2 8 (brs, 1H) , 5.04 (brd, 1H, J =7. 6 Hz) , 4.16

(M 1H), o3.7 3 dd, J= 513.9, 83 H),
242(dd5% Fi6a. %"g’%%%s?ﬁféil"g’gél Hé 1.70 (t, 1H J = 2.9
Hz) |, 1.451(%, -9H) 27 % 3@ (d,0 33, ~bI-IC’=.L7.0H2) ., 1.19 (m 1H . 7'3C NW\R
(CDC13) 8: 172.8, 172.6, 172.6, 155. 7, 80.2, 66.3, 52.6, 51.8, 49.5, 34.4,
32.0, 28!R,NER. 1CDQ!B3)6 5217 138 1(bas, ) Al eonatbye, Symi h@s:s706 Hz),

(1S, 2S, 5R, 6S) - 2-[ (2'.9)-(2' -tert-

But oxycar“"b&ﬁyl(é‘m & - propitonyA ] &) no-bi&8 cio] BH). 0)hd&andd 2 Bldi€ar boxyl i ¢

aci d gi mgghyl, %stg,ehzlﬁ A 59 Udeen 1@41‘ ¢ W 0J19X2’|8061{£30d'2 mgle (§XQn (1.1

equiv) in ‘methl'yene chloride (4.0 M sol ution) was ded to a mxture of
Exanpl e PHepadat’/iOon(t2 (1£I,O Bquids)d, Hai ,etlhy‘ISan‘im.e ). 0 1 epfui (J, a3tdl, J

N-t - but oxycar.b I ani ne 1 equiv) in nethlyene chloride (1.0 M
sol ution)” gvé?r 9Infxpe:l § (IF“'Z&%pprom mately 1.5 h while stirring. The

resul tingednggir epBy 1 ired of o 7b 12 ot hen 44 teregy oThedid ter cake
(di cycl ohexyl urea) was rinsed w'th nmethlyene chl'oride, and’ the filtrate
was washeé@ .wi,t 151081 MOINSHCCE .fdol 133mved, 38 12,0 28 . hyddoohl 31 cl acld. 6 The
orgaf(gc phase was dried (Na2SO4),

Alternative Synthesis of (15,25,5R,68)-2-[(278)-(2’' -tert-
Butoxycarbonylamino) -propionyl] amino-bicyclo[3.1.0] hexane-

2,6-dicarboxylic acid dimethyl ester

15 A solution of dicyclohexylcarbodiimide (DCC) (1.1 equiv) in
methlyene chloride (4.0 M solution) was added to a mixture
of Example Preparation 2 (1.0 equiv), triethylamine (1.0
equiv) and N-t-butoxycarbonyl-L-alanine (1.1 equiv) in
methlyene chloride (1.0 M solution) over a period of

20 approximately 1.5 h while stirring. The resulting mixture
was stirred for 1 - 12h then filtered. The filter cake
(dicyclohexylurea) was rinsed with methlyene chloride, and

the filtrate was washed with 0.1 M NaHCO3 followed by 1.0 N
hydrochloric acid. The organic phase was dried (NasSO4),

25 filtered and concentrated to afford the title compound as an

oil.



25 filtered and concentrated to afford the title conpound as an oil. WO
02/ 055481 PCT/ US01/ 45866 -36 Exanple 2 Synthesis of

(1S, 2S, 5VaB/0eB4§1(2' S)-(2' -tert- PCT/US01/45866
But oxycar bonyl am no) - pr opi onyl ] am no- bi cycl o[ 3. 1. 0] hexane-"' '
2,6-dicarboxylic acid 5 HO HOOHHN( H O ON-~--K- HOA solution of

2 MNaCH (5.45 L, 10.9 nol) was added to a solution of (1S, 2S, 5R, 65)
-2- [ (20§ - (20 - tert-
but oxycar bonyl am no) - pr opi onyl ] am gQzhi§¥cho[ 3. 1. 0] hexane 10

2, 6-di carboxylic acid dinmethyl est nol, crude) in THE (2.8 L). The
resul ti ngymthesies wis @t&r&&acﬁﬂatfisdrﬁcﬁ-eh(tZ &)eﬂtaa'r-etta,n'te- for 3 h then

extracted with CHC12 (2 x Et h acet at.e, tra dr of uran
05 1wt nthals rpnasr PR et 15T BN ot oo

15 HCL (9276 -Wi)cavdoxasded atdld he m xture until the pH = 2. The organic
phase was dried (MgSO4) and filtered. The aqueous phase was then extracted

with 2thyl acetate (5 L). The organic phase was dried (MyS™), filtered
and conbined with the previous (?_[gani c phase. The conbi ned organi cs were

O HHN

A solution of 2 M NaOH (5.45 L, 10.9 mol) was added to a
solution of (18,285,5R,65)-2-[(2'8)-(2’-tert-
butoxycarbonylamino) -propionyl] amino-bicyclo[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 CH,Cl, (2 x 3 L).
Ethyl acetate (5 L) and tetrahydrofuran (3 L) were then
added to the aqueous phase. While stirring, concentrated

15 HC1l (970 mL) was added to the mixture until the pH = 2. The
organic phase was dried (MgSO,) and filtered. The agueous
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,



20 concentrated to a soft solid. Ethyl acetate was then added, and the

m xture was concentrated to a soft solid. Ethyl acetate (3.5 L) was again
added. Theont/s3swsle was concentrated until a freely fl ow PQT/UEEPERS ON was
present. Heptane ( 1.8 L) was then added, and the slurry was stirred 25 at
anbi ent tenperature for 15 h. The soligd, was filtered, WO 02/055481

PCT/ US01/ 45866 -37 washed with. heptane (3 L) then dried under vacuumto
afford the title conpound. Yield 1.36 kg (84% as an approxi mate 85: 15

Eno)l\(/fsuor ﬁeﬁiaéhe t@vgj%gxs(x%i)t%n (t3e§§)0§ laéd)"‘?’%er %&%& %ﬁ%)d 1!4 6. 69
(()d85J g2 ItIZLttZ)L@: gHrigoursl .33 (tz)rlg o 15 ;}D , 3. 99 (glil thz - 7 2 He,
Y oo 1 vEiela SR ey BhRY ps AT AptEOACE AT (5 WG 450 155 (s, o

H, 1 Z%%a%éx(gmasla%m%el%dlqm 6. 9 Hz, 3 H 13C NMR (CD30D) 6 176. 4,
176.0 (2 ©, 157.5, 80.5, 67.3 (mnor rotarrer), 67.2 (maj or rotaner),

50. 9,535.[6,] p3258; 22983128, 7MeRR)4, 22.1, 18.5. 15 M5 (ElI) calcd for
C16H28N307 (M + NH4) 374.20, found 374.24 mz. Alternative Synt hesi s of
(1S, 2S, 5SRI6W)R2(PYZOSHs | 2B -%2430 (s, 2 H), 8.40 (s, 0.85 H), 8.36 (s,

oo arBOMAA )P o opl Lt o e o e I, B
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, 1 H), 1.13 (d, J = 6.9 Hz, 3 H). 4
3C NMR (CDsOD) & 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 CigHyeN307 (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 (15,23,5R,68)—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



O ON HO Asolution of (1S, 2S, 5R 6S) -2-amno 25

bi cycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic acid nonohydrate (85 g, 418 nmol)
and MeOHW@8D03sd1 was cooled to 10 C. Thionyl WD 02/ 05548RCPCT¥ 14386/ 45866
-38 chloride (199 g, 1.67 nol) was added at a rate such that the
tenperature did not exceed 20 C. The sgj ution was then heated to 50 C and
stirred for 6 h. Upon conpletion of the reaction, the solution was cool ed
to roomtenperature and 5 concentrated to approximately 170 nL total vol une

under "1 gliced B Q590 e, 2 29 1o¥) Gadipled 90 e pddad.. - and. the o

of the sol'ution was adjuste appr oxi ma (300
m). Thetempeh:acnlmrﬁaslldommemee@ﬂ 2under. réﬂmmzblprtasxunmmrﬁhdnthe

tenperat re r ached 10 approxinmately 40 C Methyl ene chloride (850 .nlL) vvas
then adB88Ee3ndCt R pH 61% KEILESG IO ol -adj RSP iPmich the o

Na OH (18Qe€|e):10'£he tPRASRI MBLE SRRAIRIAGG & ARG AGHROM phassyas
extracted with CH2Cl2 (425 nmL). The conbi ned organi c phases containing the

cor r €5 porgnagn s adiede tiey lappsoeri maded yo drvde miy é;tcé?calt oaApproxinggrel y 425 ni
total vol Lune _a dPQ%IS%Jr%r afturtoher Ry Q%esswa% n(fasosenﬁggaaﬁ%lra)e é;té on vessel

a sol ution-or- butoxycar bonyl 30 alani ne nd 4-

met hyl nogpholthee pf44.£4 the %%Qur’dﬂIMn) wla@; @t@@k&e(d?l% rpp@sit«ioplgd to -5
- -10 C _Isobutyl chloroformte ( , 439 mmol) was then added at rate

such t ha? -Oh#1t8ngePatur@cd d3 Or‘Pof“Léxceé‘ale R UIHh Eehpt AT BH e

addi ti ony Re reduced pressure until the temperature reached

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

15 dimethyl ester were concentrated to approximately 425 mL
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



solution was stirred for 15 mn. Sinultaneously, CH2Cl12 (20 nl) was added
to the dinmethyl ester solution previously 25 prepared, and this solution
was cool adovw055881C. The dinethyl ester solution (445 nl)rem®stissscadded to
the isobutyl m xed anhydride m xture. The cooling bath was renoved, and
the corresponding mxture was stirredfpr 30 mn. A solution of 1.0 N HC1
(445 ) was then added. The 30 phases were separated, and the organic
phase was washed with 1.0 N HCL (445 nlL). The organi ¢ phase was

concentr to PRFOXi |,y t.tal, ol yne QEE ) was then
WO 02/ 05%@@%%0‘?}1%3&1%45%%%%t@?%&’%&lﬁrﬁya{%e recsetﬂ i ntée%ggi&ul_i on was
concent r abgaoixd magplryoxigtatg! yck30 molhwieal vid whels Toldd Sorsotad i on was
added 1.0 N 7 L, 1.67 nol). The resulting mxture was heated to

NaOH (1.6
40 C, stprfed florO( N NPl Hdn 6odired 1% MY 5 tetperettret "EH et at e,
(2.4 1) yas addedqy anpd dohe PHLQf; o Lhe Agueous phass, Wassadi Usd esbd® pH 2.1

Wi th concentrate HC1 (150 'nl). The phases were separated, and the aqueous
phases was esperadciet: wi tHrhatlhycededteat @ (800 mMas advedorbiddthorgfamt

phases e dried with S, filtered, and sh wi t h Et OAc x 320
) The EPEs GRAEY b AT Mo S TR e Chtod ! AR R &S 400 Nt
total vokgne.(1Bbhwir)acetaice e griye s asidette@nidec sl dfipuaas
concentrated to 400 nL). This ethyl acetate addition/concentration was

r epeat ed PAG&RN Wash & Hastteate WiE40 Sl )aqRisa RIdeRP0 THe) rest?®ing nixture

o St SERO Dol R AIESE A ol TR Sng

2S, BR, 68xhed Wit(R'Et®Ac (2'x -32GCmil:)but diye ardmmt ang re)lution was

pr opi dnylth%g_i rc]:%_n%ie%q:la e?c’i 1t'oo]apri)erxoa:‘:nierﬁa ee‘)_'L_yg i4:COa})r brr%j( ytlci>tca C\i‘cgjlume .
Ethyl acetate (800 mL) was added, and the golution was
concentrated to 400 mL). This ethyl acetate
addition/concentration was repeated again, then heptane (640

15 mh) 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 mL) to afford 115.5 g (78% yield) of
(15,25,5R,68)-2-[(2'8) - (2’ -tert-butoxycarbonylamino) -
propionyl]lamino-bicyclo[3.1.0] hexane-2,6-dicarboxylic acid

20 as a white solid.

Example 3
Synthesis of (18,25,5R,68)-2-[(278)-(2’-Amino) -

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

25 hydrochloride




20 as a white solid. Exanple 3 Synthesis of

(1S, 2S,5R, 6S)-2-[(2'S)-(2' - Ami no) -

pr opi onyWant/ess4d1i cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl i ¢ aci BCT/BS01/45866
hydrochloride HO HOOHHN OH O NH2 HC W) 02/055481 PCT/ USO1/ 45866
-40 To a solution of ethyl acetate (500,m) was added HCl (79.0 g, 2.16
nol ). The resulting HC1 solution was then added to a slurry of (1S, 2S,
5R, 6S) -2- [ (2" S) - (2" -tert-

but oxycar bonylam_nqQ) ~pr.Qpi o lL.am.no-hi gyl of e 5
2, 6-di car boxyIlIi%c aago&%(t%%él g%\@ f%?yr}rm%eccla;éeet %yq]o S%Lgt éfa[gse a(qfﬁ)etg1 rﬁsl at a
rate such7shat o, he .temeriat.ur bt daxail eixepat]l ZplutibBre wasuwhdmg m xture

was stirred for 3.5 hours then filtered affordz ng 82,6 g of (1S, 2S, 5R
6S) -2- pdded §p a glurry of (15,25,5R,65)-2-[(278) - (2" -tert-

Am no) - PLORIGRM ARG - Aok M AAnE 20 A & BOXY ] d1Ghexddhaci d

hydr ochl ori de“as an g/qm?r pl%stﬂwm te@gl 1d. Thi scq}Mi t%o sol]i de was t hen
added5 t 0 2aéettoma rP@FY id) aanid wWatkdr o 52 & )mmoIDheln et mpratiadair e was
heat ed t 52.C_ and water was added u al.l of tho.? solid

di ssol ve .5%§c;§r98n@t( p . by e \ﬁé?had%’gaaﬁttg% hteen?pees]iﬁqﬂ]??gn%jit# Horftisda 15

period obsappr.oxiTiet elegul tindhenkthiie afdd tdoncrid aeat ong hagan tide
heating mantl e was renoved. After the addition was conplete, the m xture

was cool édltempd afferdisne 8t-iq e ®HF ol S 35, Sthe i~ uk & Wis then filtered

and Wash%ﬂdno)—propionyl]amino—bicyclo[3.1.0]hexane—2,6—dicarboxylic

10 acid hydrochloride as an amorphous, white solid. This white
solid was then added to acetone (290 mL) and water (57 mL).
The resulting mixture was heated to 48 - 52 °C, and water
(6.4 mL) was added until all of the solid dissolved.
Acetone (2.2 L) was added to the resulting solution over a

15 period of approximately 1 h. When the addition of acetone
began, the heating mantle was removed. After the addition
was complete, the mixture was cooled to 0 - -10 °C and
stirred for 4 h. The mixture was then filtered and washed
with cold acetone (75 mL) affording (18,2S,5R,68)-2-[(2’8)-

20 (27 -amino) -propionyl]amino-bicyclo[3.1.0] hexane-2,6-
dicarboxylic acid 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 (¢ = 1.0, MeOH).

'H NMR (Methanol-d,) &: 3.96 (q, 1H, J = 7.0 Hz), 2.47 (dd,

1H, J = 6.3, 2.7 Hz), 2.37 (dd, 1H, J
1.92 (m, 3H), 1.66 (t, 1H, J = 3.0 Hz), 1.53 (d, 3H, J = 7.0

13.6, 8.2 Hz), 2.18-

Hz), 1.46-1.34 (m, 1H).
30 ¥c 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.



with cold acetone (75 nlL) affording (1S, 2S, 5R 6S) -2- [ (2° S) - 20

(2' -am no) - propi onyl ] am no- bi cycl o[ 3. 1. 0] hexane-2, 6 dicarboxylic acid

hydr ochl ovo dzoiskaat was dried under vacuum at 40 C to proRCTESTBLB66g ( 93%
yield) of the title compound as a white, crystalline solid. 72% Yield.
Wiite crystalline solid. np >250 C, dgg.. 25 [a] D25 = - 7.80 (c = 1.0,
NbCH). 1H NVR (Met hanol -d4) b: 3.96 (q, 1H J =7. 0 Hz) , 2. 4 7 (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, 3,3 ) 3 3H, J = 7.0 Hz), 1.46-1.34 (m 1H). 30 13C
NVR ( Met %gnoﬁlglazsm%% 2S(’q%%i4 7, 170.2, 66.4, 49.0, 36.6, 32.0, 28.5,
26.3, 21.2, 16.6. WD 02/055481 PCT/ USO1/ 45866 -41- 80% Yield. White solid.
Exanpl e 4 Synthesis of (i8S, 2S,5R, 6&%-2 QQZ!S)-(Z' -Am no) 5

propi onyl ] am no- bi cycl o[ 3. 1. 0] hexa carboxylic acid
nethanesgbhgng@gsHo@ (He, @sHsHEN 6 - zD[«igs)L(ﬁHZAH§§QQCFB 10 A solution of
(1S, 2S, 5R, 6S) - aw&&z S)-(2' -tert-

but 03/ c aPEER}P 8PipeopilerEiLlrd?i- ﬂooﬂlh@if(,aln@['? P -Glisarhexylics agichr boxyl i c
acid (1. %% Sanasld £, nethanesul fonic acid (584 L, 9.00 mml) and

di oxane 5 Was stlrred for

NH, -HOSO,CH,

10
A solution of (18,28,5R,68)-2-[(278)-(2’-tert-
butoxycarbonylamino) -propionyl]amino-bicyclo[3.1.0]hexane-
2,6~dicarboxylic acid (1.07 g, 3.00 mmol), methanesulfonic
acid (584 pL, 9.00 mmol) and dioxane (10 mL) was stirred for

15 48 h. The mixture was filtered and dried to afford (1S, 28,
5R, 6S8)-2-[(278)- (2’-Amino)- propionyl]amino-
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid methane sulfonate
as a crude, white, amoiphous golid (1.05 g). A sample of
this solid (1.0 g) was dissolved in MeOH (10 mL). 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%



15 48 h. The m xture was filtered and dried to afford (1S, 2S, 5R
6S)-2-[(2'S)- (21-Ami no)- propionyl] amno bicyclo[3.1. 0] hexane-2,

6- di car box@b2/essax1i d nmet hane sulfonate as a crude, white, Panspisss sol id
(1.05 g). A sanple of this solid (1.0 g) was dissolved in MeCH (10 nL).
The 20 solution was concentrated to 3.,3, .9 total weight and seed crystals
wer e added. Ethyl acetate (10 nL) was then added to the m xture over a
period of 15 min. The m xture was stirred for 30 mn, filtered and dried

crystal | Aens (BoR 5 3r B V\%“Sz?bésﬁé AR R 1 e

27 re, 1y D937 FeS-Fo AT §e Elf“% d%szo 2T me e
2.01-1.93 €m, 2 |2|)) 210@7((nt,, vy, &Q)lHA, 913|'Om L5 (d.e7 =7, WHz, 3 H),

146135(73 5 13C NVR (CD30D) 6 176. 3, 1757 171.2, 67.4 50.0,
39.5 H@a it B9 §3-527. W, B 27078z, Adl).: Cald&r ¥ ot® cie+zbNBoss: C

1, o8 i Ml S, S EL L B0l B adtsmam e

propi onykEami ng=bi;cyclo[3. L,-0]hexanes 2,46, di carboxylic acid HO HO O H HN
oH O ,. 1.’ Y ! Y Y T
Anal. Calcd for C12H201\T2088: C, 40.90; H, 5.72; N, 7.95.

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

10 Example 5
Synthesis of (15,28,5R,68)-2-[(2758)-(2’-Amino) -

propionyl] amino-bicyclo3.1.0]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
gstirred. 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.



NH2 15 (1S, 2S, 5R, 6S5)-2-[(2'S)- (21-Am no)- propionyl] am no-

bi cycl o] 3. 1. 0] hexane- 2, 6-di carboxylic acid hydrochloride (1.0 g, 3.42
nmol ) wasvaovyeshated in water (1 L), and 1.0 N NaCH (3. 42rei/US@/4586rmol )
was added. The solution was maintained in the refrigerator for. 24 h. The
solution 20 remai ned clear. Acetone (25nl) was added, and the solution was
stored in the refrigerator for 16 h. A white solid precipitated out of
solution, and m xture could not be stirred. Acetone (4 nlL) was added, and
the m xtyy %1 oStirred at rt, then filtered and dried to afford 630 ng of
25 the title conpound as a mhlte crystalline solid which contained 2-4%
NaCl . mmmamoawausm/g@w@@ 3-437 i eld 12%)JH2NMR (@a30D) 3% 3. 93 (q,
J=7.1Hz, 1 H .48 (dd, , J = 6.6, 2.9 Hz, 1 H), 2.32 (dd, , J

13.5, 8.4. 6&,219EHZ,2129) 22082(rfgidl HJ 2.03-%,96.&nHz2 H) H) 1. Blzok , J =

Ccens; B Gests (378 474211 7a8 Ania ) ks, 81 4k 50 g6y 2 obkag o0 e
HR?;%OX‘%PZ’9%8@”’“«33%0@%4@%;@4@ CLALIB 11334 (FOROMIIIR sl @ |

(Chyop) 8 176.9 (2 C¢), 171.1, 68.0, 50.1, 35.9, 33.2, 29.7,

27.3, 22.5, 17.6.



5 wherein R13, R14 and R17 are hydrogen; or a pharnmaceutically acceptable
salt thereof. 10 2. A pharnmaceutically acceptable salt of a conmpound of
formul a wasg2/eisagined Claim 1l which is an acid-addition sRCT/URBIdESSe6 th an
acid which provides a pharmaceutically acceptable anion or, for a conpound
whi ch contains an acidic 15 noiety, which is a salt nmade with a. base which
provides a pharnmaceutically acceptable anion. 3. The pharnaceutically
acceptabl e salt of a conpound of forrmula | as clained in Claim2 which is
(1S,2S,5R 6S)-2- 20 [ (2" ' S) - (2 éﬂh%@ -propionyl] am no-bicyclo [3 .

1. 0] hexane-2, 6- dicarboxylic aci chloride salt. 4. The

phar maceutically acceptable salt of a corrpound of formula | as clained in

Claim 2 WhIChIS (1S 2S, bR, (2 - (2" -Amno) -propionyl]
ani no- bi cycl 043. 170 é(ﬁgsf’fzé L‘:[:lzfrt}oxyl ic acid nmethane sul fonate
salt. WD 02/055481 PCT/ US01/ 45866 -45 5. A pharmaceutical formnulation
conprising in association with a pharnmaceutically acceptable carrier,

di l uent or excipient, a conpound of Formula | (or a pharnaceutically
accept abl e salt thereof) aR'py evided in any 5 one of Cainms 1 to 4. 6. A
process for preparing the conpodd-1 mula |, or a pharmaceutically
acceptabl e salt thereof, as claig ‘ any one of Clains 1 to 4
conprising: 10 for a corrpound ot forjnuta Coq-,eprot ecting a compound of
formula IV H : 2

COCHCH,NHR"

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 or, for a compound which contains an acidic
15 moilety, 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 (1S5,25,5R,685)-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 (1S5,2S,5R,68)-2-
25 [(278)-(2'-Amino) -propionyl]amino-bicyclo[3.1.0]hexane-2,6-

dicarboxylic acid methane sulfonate salt.



R1402C H CO2R13 H NH RmIV where Rmis a nitrogen protecting group; and
15 R13 and R14 are carboxy protecting groups; whereafter, for any of the
above pr oveduoxsslt when a functional group is protected uBCTHVIS@/438@t ecti ng
group, renoving the protecting group; whereafter, for any of the above
procedures, when a 20 pharnaceuticalL§5acceptable salt of a conpound of
formula | is required, it is obtained by reacting the basic formof such
a conmpound of forrmula | with an acid affording a physiologically
accept abl e counterjo . o] faormula_l._whi.ch bears an
acidic nnletyg rea%t?ﬁagﬁﬁgggéﬁgﬁg gggﬂggﬁgépnsgcﬁgglgénﬁbﬁﬁd of formula I
w th a bassouwhathonawfohds phphanoecetitatall wcaepepbakl eagatieer), or by any
ot her fntlonal rocedure. WO 02/ 055481 PCT/U801/45866 -46 7. A nethod
f or affe@% HG™E QT cRRPIPLAREd 2nEPEBBEREpPE SPaMaAat & &&eptors in a
pat'ent,pM@tﬁchﬁ@ﬂEél§§5aég€bEb§§§rbagttQh@rggkhe%% F?%Hﬁ@b@g 1% Apdul ated
excitatory am no acid neurotransm ssion a pharmaceut y- efﬁectl
anmourt ofn@ eénbandsol Bay4.one of Clains 1 to 4. 8. A nethod of
adm nistering an effective amount 10 of a conpound of fornula I, where
R13 and R14 are both hydrogen (a di-acid), which conprises adm nistering
to a patientetequirpngcepgdukategrensiri abokycaol@odeddof formula I,

or a pharmaceutically acceptable 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 R13 and R? 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.



neur ot ransm ssion a pharmaceutically effective anmount of a conpound of any
one of Clains 1 to 4. 15 9. A nethod for treating a neurological disorder
in a pativeab2edsissih conpri ses admnistering to the pati enPCT/USOIeBSE660f
treatnment thereof a pharmaceutically-effective amount of a conpound of any
20 one of Clains 1 to 4. 10. The nethqod of Caim9 wherein said
neur ol ogi cal disorder is cerebral deficits subsequent to cardi ac bypass
and grafting; cerebral ischem a; 25 spinal cord trauma; head traunm;

Al zhei ner's Disease; Huntington's Chorea; anyotrophic |ateral sclerosis;

Al DS-i nduced denenti a; perinatal hypoxia; hypoglycem c neuronal danage;
ocul ar damage 7and Remetbyodt Hypr addgprittinge tdies grAME-sl;inkddpat hi ¢ and

drug-induced, 30 Parkinson's Di sease; .muscul ar spasns; m grai.ne headaches;
| bar y FECGROEHERLE. ShRG Ao EATAPCONA (O hVeR s CBLLH | on: - aroki ng
cessat | ORor@ARSES; AMRi0AA2548Y ROT/ UL 45866 ek ficpi n edena; chroni c

pai n; sleep disorders; convulsions; Tourette's syndrone; attention deficit
di sorder medutlaitgidv exgyidkitioasi amisol Beithagundfothmigsion 190 wherei n sai d

neur ol ogical _di sorder s, dr lerance, Wi thdraval d tion or
snoki ng glggg}ai%%ﬁ%ill} et c()%'qf o “}Ogiatl nogé]fa]Ia psy&cfuar?dr"i%fgiﬁggr der 10 in
a pati enbnehioth ctedpis Sescadmi nistering to the patient in need of

treatment thereof a pharmaceutically-effective amount of a compound of any

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

S. 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 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;
cognitive disorders; idiopathic and drug-induced

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

withdrawal, and cessation; smoking cessation; emegis;



one of Clains 1 to 4. 15 13. The nethod of Caim 12 wherein said
psychiatric disorder is schizophrenia, anxiety and related disorders,

depr essi om0 opoysedtar di sorders, psychosis or obsessive COPEDIUSINSS66

di sorders. 20 14. The nmethod of Caim 13 wherein said psychiatric disorder
is anxiety and rel ated disorders. 25 /5. A conpound of fornula IV RL R12
CORI3 z H=H NI m RIV W 02/055481 PCT/ US01/ 45866 -48 wherein Rm
is a nitrogen protecting group; Rl1l is CO2R14 and R7-2 is hydrogen or

fluoro; %&a@kleid%mahy@mcorp# lor eaér%(ﬂ]%jll(% ) R14; and 5 R13 and R14
. commpound o 0

are carboxy protecti'ng groups. rmula IV as clained in
C ai m 21 contverleiionRm Tourerittdw eyyshardmeny gt it ion @@RIett R13 and Rl14

are both methyl; and R12 is hydrogen., 10 17. A compound of fornula I, or a
phar mace@t® ﬁéief %c F&FHBI% %’ﬁ]‘il Ster%eof , as clainmed in any one of Cains

1 to 4 for use as a pharnaceutical.

5 11. The method of Claim 10 wherein said
neurological disorder is drug tolerance, withdrawal,

and cessation or smoking cessation.

12. A method for treating a psychiatric disorder
10 in a patient which comprises administering to the
patient in need of treatment thereof a
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




15 18. Use of a conpound of fornmula I, or a pharmaceutically acceptable
salt thereof, for the nmanufacture of a nedicanment for treating

neur ol ogiveab2/as48ipsychi atric di sorders. 20 19. A novel cop@DUR@/43B66f or mul a
| substantially as hereinbefore described with reference to any of the
Exanpl es. 20. A nethod for affecting tjae CAVP-1inked 25 netabotropic
glutamate receptors in a mamal, which conprises admnistering to a mammal
requiring nodul ated excitatory am no acid neurotransm ssion a
pharmaceutically effective anount of a conpound of formula |I substantially
as hereinbefore described with reference to any of the 30 Exanples. WO

02/ 055481 PCTLSQLA 45886 1 & 49 nd LA fcﬁ%%%cf qr, rggfgglr'.ng a novel conpound
of fornula I substantialllsy agl hgrdgi nbg) ore &esn(??i e Ijv(/ith reference to
any of thRélExanpbggl4 and R12 is hydrogen or fluoro; or R11 is

hydrogen or fluoro and R12 is CO,R14; and

5 R13 and R14 are carboxy protecting groups.

16. A compound of formula IV as claimed in Claim 21
wherein R" is tert-butoxycarbonyl, R is CO,R™; R and rR™
are both methyl; and R!2 is hydrogen.
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17. A compound of formula I, or a pharmaceutically

acceptable salt thereof, as claimed in any one of Claimé 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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21. A process for preparing a novel compound of

formula I substantially as hereinbefore described with

reference to any of the Examples.



