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to the opening of cation channels in the cell nenbrane of the neurons are
termed "ionotropic.” This type of receptor has been subdivided into at

| east three WD 96/ 05175 '
PCT/ US95/ 10319 2 subtypes, which are defined by the depol arizing-:actions of
t he sel ective agonists N-nethyl-D-aspartate (NVDA), :

a- am no- 3- hydr oxy- 5- net hyl i soxazol e-4-propionic acid (AMPA), and kainic
acid (KA). The second general type of receptor is the Gprotein or second
messenger - | i nked "netabotropic" excitatory amno acid receptor. This second
type is coupled to nmultiple second nessenger systens that |ead to enhanced
phosphoi nositide hydrol ysis, activation of phospholipase D, increases or
decreases in cAWP formation, and changes in ion channel function. Schoepp’
and Conn, Trends in Pharmacol. Sci., 14, 13 (1993). Both types of receptors
appear not only to nedi ate nornmal synaptic transm ssion along excitatory
pat hways, but also participate in the nodification of synaptic connections
during devel opment and throughout |ife. Schoepp, Bockaert, and Sl adeczek,
Trends in Pharmacol. Sci. , 11, 508 (1990); MDonal d and Johnson, Brain
Research Reviews, 15, 41 (1990) The netabotropic glutamate receptors are a
hi ghly heterogeneous fam |y of glutanate receptors that are linked to
nul ti pl e second- messenger pathways. Generally, these receptors function to
nodul ate the presynaptic release of glutamate, and the postsynaptic
sensitivity of ‘the neuronal cell to glutamate excitation. The netabotropic
glutamate receptors (M3 uR)" have been pharmacol ogically divided into two
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stibt ypes. Gne group of receptors is positively coupled to phospholipase C
whi ch causes hydrol ysis of cellular phosphoinositides (Pl). This first
group are ternmed Pl- |inked netabotropic glutamate receptors. The second
group of reWA6HSEISi s negatively coupled to adenyl cyclase, WRETESOHIBILNt s
the forskolin-stinulated accunmul ati on of cyclic adenosi ne nonophosphat e
(cAMP). Schoepp and Conn, Trends Pharnmacol. Sci., 14, 13 (1993). Receptors
within this second group are termed cAWP- I|nked nmet abot ropi ¢ gl utamat e

receptors. Agonists of té‘ﬁaﬁﬁﬁf iﬂt‘?&zﬁ@x”l!b | tamate receptors
shoul d ‘WO 96/ 05175 Ié %ﬂ&ﬁ% §c§b§

PCT/ US95/ 10319 3 be useful for the treatment of acute and chr oni
neur ol ogi cal condf® B BHENGSHATH CANGTA lc HFIVONSH §Y SEBR ST HﬁV% recently

'bfefen fli SCOVeEﬁ?néxﬁ@ésﬁrfthﬂ dehad AmpRnisesyli gt aantgow@@mprtsne but have no
effect on iopotr amat e receptors. m nocyc

pent ane- 1, 3- Yl %‘F"’g‘b‘i&fg’f tb%edan( B RERTREBRR f“%tgﬁ}ag‘éﬁ 1Y il #eaﬁerﬁ(ed and
CAMP- | i nked betaboéndima mPutanaiand ec sprdace Sehepppr dmhamson, True, and
Monn, Eur. 7, e Monn, J.
Neur ochem, ggggg%ggfq%§gﬁi (éﬁ?%éf%%%EEagﬁggr gxy%§%?%%g%by IyC|ne
(L-CCG 1) masemn@@ntly descri bed as a sel ective cAMP-1inked netabotropic

gl utamat e recept of _RONMURdte MU isAlHd HBQE a8Qa@BAEAtions, this
conpound has aCtIVIté at PI-Ilnked met abot r gpi ¢ receptors hbkagama et

al ., Eur. J.DPREP mittey indhe %) medighes; theimapor gy J.
Pharmacol ., &0dita88ryt khwaySalip eRinil s3| and] lsNeufeehem to 68s ,apage

769-772 (1994%c1tatory amino acid (EAA). The receptors that respond
to glutamate are called excitatory amino acid receptors
(EAA receptors). See Watkins & Evans, Ann. Rev.
Pharmacol. Toxicol., 21, 165 (1981); Monaghan, Bridges,
and Cotman, Ann. Rev. Pharmacol. Toxicol., 29, 365
(1989); watkins, Krogsgaard-Larsen, and Honore, Trans.
Pharm. Sci., 11, 25 (1990). The excitatory amino acids
are of great physiological importance, playing a role in
a variety of physiological processes, such as long-term
potentiation (learning and memory), the development of
synaptic plasticity, motor control, respiration,
cardiovascular regulation, emotional states and sensory
perception.

The excessive or inappropriate stimulation of
exc1tatory amlno acid receptors leads to neuronal cell
damage or loss by way of a mechanism known as
excitotoxicity. This process has been suggested to
mediate neuronal degeneration in a variety of
conditions. The medical consequences of such neuronal
.degeneration makes the abatement of these degenerative
neurological processes an important therapeutic-goal.

Excitatory amino acid receptors are classified into
two general types. Receptors that are directly coupled
to the opening of cation channels in the.cell membrane
of the neurons are termed *ionotropic." This type of
receptor has been subdivided into at least three



The present invention provides conpounds that. selectively affect the
negati vel y-coupl ed cAMP-|inked netabotropic glutamte receptors. Mre
speci fical | t he present invention relates to conpounds of the formula
[err] WRQOSI7SK i s (CHerr])n: Rlerr] is COerr]Rlerr] 26IUPHHB) s
hydrogen, or R err] is hydrogen and Rlerr] is CJerr]Rerr]; Rerr] and
Rl err] are independently hydrogen, Cerr]-Cerr] alkyl, (err]-Cerr]

al kenyl, aryl, or arylalkyl; and n |521 or a pharmaceutically-acceptabl e

salt the _
PCT/ USQS%ﬁgg{%es' W?x resent%elfnvent I n Bcr)]c')?‘/lr z%“%h%?%ocr&t I cal
f or mul atPSnEh%o'fﬁ)*?—%frW @mﬁ%@ndf-methmlnmasparmmnﬁnmn 0N With one or

nor e phaerameno+ ehydraocpmerhy ldaokaeble-d-prepionier a€xgi pi ents. The

conmpound cor di to the invention are useful 1n a-nmethod for affecting
t he cANP?‘FﬁﬁQEd ?Fé‘?a{?ﬁj‘ﬂ:‘t?p aclg (¥Rt e TRECEREORE, TeRETR) | t¥RE et hods for

treati ngofi receptmyiimithd Spletedn arpsyebnatmegséhgéwitﬁnﬁé&ﬂ has been

li nked t d whi

i i ot RS HEDSESA A Sk AT IS0 03 b8 BRI PSR SR Cal di sor ders
t hat ar esecend diype tis aoupled &ol mudhppliedseootid deesseraden| deficits
SUbsequeé‘;}sE&nﬁEHHtaCle%@%%s eﬁﬁ%ﬂ?é& ?ggfgﬁéiﬁéé‘%:e rebral ischema (e.g.

stroke and_cardiac arrest); spin trauma; Al zheiner's
Di sease; ydrolysis, actlvatlon of phosphollpase D, increases or

decreases in cAMP formation, and changes in ion channel
function. Schoepp and Conn, Trends in Pharmacol. Sci.,
14, 13 (1993). Both types of receptors appeér not only '
to mediate normal”syﬁaptic transmission ‘along excitatory
pathways, but also participate in the modification of
synaptic connections during dévelopment and throughout
life. SChoepp, Bockaert, and Sladeczek, Trends in
Pharmacol. Sci., 11, 508 (1990); McDonald and Johnson,
Brain Research Reviews, 15, 41 (1990).

~ The metabotropic glutamate receptors aré a highly
heterogeneous family of glutamate receptors that are
linked to multiple second-messenger pathways.
Generally, these receptors function to modulate the
presynaptic release of glutamate, and the pbstsynaptic
sensitivity of the neuronal cell to glutamate_
excitation. The mEtabotropic glutamate receptors
(mGluR)"have been pharmacologically divided into two
subtypes. One group of receptofs is positively coupled
to phospholipa;e'c,'which causes hydrolysis of cellular
phosphoinositides (PI). This first group are termed PI-
linked metabotropic glutamate receptors. The second .
group of receptors is negatively coupled to adenyl
cyclase, which prevents the forskolin-stimulated
accumulation of cyclic adenosine monophosphate (cAMP).
Schoepp and Conn, Trends Pharmacol. Sci., 14, 13 (1993).
Receptors within this second group are termed cAMP-
linked metabotropic glutamate receptors. Agonists of
the cAMP-linked metabotropic glutamate receptors should



~Huntington's Chorea; anyotrophic lateral sclerosis; Al DS-induced denenti a;
muscul ar spasns; m grai ne headaches; urinary incontinence; convul sions;

«perinatal hypOX|a hypoglycen1c neur onal damage; -drug tolerance

“Wi t hdr anaWO 9888178 essation (i . e. opi ates, benzodi azepi nes, Hsos319
cocai ne, or ethanol); snDklng cessation; ocul ar damage and retlnopathy,
cogni tive disorders; idiopathic and drug-induced Parki nson's Di sease;
enesis; brain edema; chronic pain; slee dlsorders Tourettes syndrone;

attention fiCdet 1dieSor ; ﬁ%ﬁ | es of psychiatric
disOrderslgﬁékﬁg%% E?Sé?@%_&f?ﬂtééﬁg %ﬁ %~?§é oun |anude schi zophreni a,
anxi ety ameurslggigadi sepdéEsiops. andpaﬁy%hmtm eonrfiiiongs- r el at ed

di sorders), dem&@ams PiaRel #ecdhe?ydBben ABYEHGSHSd MKt Qi@ ve

conpulsive order g resent invention al rovi des, compounds t hat
r e Uset UMSUAPACHOP L SHBLPESEE FRESFERHE (PAE QT RIS LSRR cal 1y, L he

present i nueidtrepicelbgadueamboecoepepvdss of ths 3mm:4mlnod#al%l 05175
o er 1] R S b it SEBOR A SoaRifor By 1eRD | Senan Aot er ) i s
Cq err] R eafr [PI-ddakRdemanfl caMRydinked metabotripiky gluttamstieng group; and
sal ts thergQlepe s .Pr 838BEkpb "V 9BhhEEN 2! $AE! OYAE GForth PIAGES Y. OF
Pharmacol., 207, 351 (1991); Schoepp, Johnson, and Monn,
J. Neurochem., 58, 1184 (1992). (2S,35,4S5)-2-
(carboxycyclopropyl)glycine (L-CCG-I) was recently
described as a selective cAMP-linked metabotropic
glutamate receptor agonist; however, at higher
concentrations, this compound has activity at PI-linked
metabotropic receptors. Nakagawa, et al., Eur. J.
Pharmacol., 184, 205 (1990); Hayashi, et al., Br. J.
Pharmacol., 107, 539 (1992)} Schoepp et al., J.
Neurochem., 63., page 769-772 (1994).
_ The present invention provides compounds that
‘selectively affect the negatively-coupled cAMP-linked
metabotropic glutamate receptors. More specifically,
the present invention relates to compounds of the

><[\x '

R3 .

I-/— C02R1
NH;

I

formula

wherein:

X is (CH2)n; . :

‘R2 is COzR% and R3 is hydrogen, or R? is hydrogen
and R3 is COzR¢; | _

'R! and R? are independently hydrogen, Ci-Cio alkyl,
C2-Cip alkenyl, aryl, or arylalkyl; and

n is 1; _

or a pharmaceutically-acceptable salt thereof.



producing a conpound of fornula I, or a pharnmaeeutically salt thereof,
mhlgg}fonp{;ses: (1)1hyg{olyfing a conpound of the fornmula [err] wherein: X
i's errj)n; nis 1; err] is CJerr]Rerr] and R err] ,
Rlerr] i sWNO8En and Rlerr] is CJerr]Rerr]; and R[err]%?gn‘ﬁ%ﬁgge]n or a
carboxy protecting group; (2) reacting a conpound of the fornul a

- 96/ 05175 PCT/ US95/ 10319 6 [err]
mherehn X,dR[err] and R[err] are as defd ned above, with an alkali neta
cyani de and an SAEOBLULIE! Lnvaich B U1y £hod 8 ohsth rmediate as
in (1) above; 3§£% d?o j@?ng a conpou? thE b orn%Fggfé?éf wher ein
Rlerr] is Sormubatdons qamnyising GuFoamguRd RFef-P}'muﬁﬁdIR[-%rr] are as

defined abgy el §d)w O | Sl dyY M@ phagmhbeue 2ER0XY - pEEéSEHIW grou
and (5) optlonaﬁ lest%rlf%ql ng one Qar Ejhth car}oloxyl g?oups ﬁg&nd (6? :

optlonallycéébb?ﬁﬁqr@ﬁ%ﬁﬁp A Qe rREHAEESd/ or resol ving the enantioners:
and (7) optionath¥ goBpRind§ scedrdirarad ivhe liyveatéphabkre saefubf the

formila I conpound, . Jhe 1 ol e g nd Yabde-2ikikbd hERLESERLS1A Strai ght,

glutamate receptors, as well as methods for treating a

neurological disorder or a psychiatric disorder that has
been linked to the excitgpory_amino acid receptors,
which comprises administering a compound of formula I.
Examples of neurological disorders ;hatmare treated with .
a formula I compound include_c'er_ebral deficits ‘
subsequent to cardiac bypass surgery and grafting,
cerebral ischemia (e.g. stroke and cardiac arrest);
spinal cord trauma; head trauma; Alzheimer's Disease;
Huntington's Chorea;. amyotrophic lateral sclerosis;
AIDS-induced dementia; muscular spasms; migraine
headaches; urinary incoﬁtinence: convulsions; perinatal
hypoxia; hypoglycemic neuronal damage; drug tolerance,
withdrawal, and cessation (i.e. opiates,
benzodiazepines, nicotine, cocaine, or ethanol); smoking
cessation; ocular damége.and]retinopathy; cognitive
disorders; idiopathic and drug-induced Parkinson's
Disease; emesis; brain edema; chronic pain; sleep
disorders; Tourette's syndrome; attention deficit
disorder; and tardive dyskinesia. Examples of
psychiatric disorders that are treated with a formula I
cbmpound include schizophrenia, anxiety and related
disorders (e.g. panic attack and stress-related
dlsorders), depressxon, bipolar disorders, psychos15.
and obsessive compulsive disorders.

The present invention also provides compounds that
are useful for the synthesis of the formula I compounds
Specifically, the present invention relates to compounds
of the formula



~ branched, or cyclic alkyl chain having fromone to ten carbon atons.
Typi cal straight or branched Cerr]-Cerr] al kyl groups include nethyl,
ethyl n i sopropyl., n- butyl, isobutyl, sec-butyl,_ t-but

penty ‘5{%7596/ 05175 | PCTSshody
PCT/U895/10319 7 isopentyl, neopentyl, n-hexyl, 2-naethylpentyl, 3-
met hyl pentyl, 4-nethyl pentyl, 2,2-dinmethylbutyl, 2,3- dinethylbutyl, _
3, 3-di net hyl butyl, heptyl, n-octyl, 2, 25 dlnethylhexyl 2, 5- di et hyl hexyl ,
2-met hyl heptyl, 4- nethyl heptyl .2, 2,4-tr t hyl pentyl, 2,3, 4-
trinmet hyl pentyl, nonyl, 3,5,5-tﬁ nexy decyl, 3,7- dlnethyloctyl and
the like. The term"Cerr]-Cerr] " incl¥des mﬁthln it the terns
"err]-Cerr] alkyl"™ and "Cergpa( er Typi cal cyclic al kyl
groups include cycl opropyl, cyclobutyl, cy yl, cycl ohexyl,
cycl oheptyl, and the like. Typical Cerr]-LJerr\ al kyl groups include
net hyl, ethyl, n-propyl, isopropyl, n- i yl, sec-butyl, t-butyl,
n- pentyl |sopentyl neopentyl and n- hexyl ."Nl'he t rnl"C[err] C[err]
al kenyl " represents strai ght or branched unséiurated al kyl- chai ns havi ng
fromtwo to ten carbon atons, and having one or nore carbon-carbon doubl e
bond,” such_,as, .dienes and trienes. This group also includes both E and Z
i soners. ﬁgﬁ?g§§htatlve radicals for this group include vinyl, allyl,

al l enyl, |-butehyls ECHawenyl, 2-nmethyl-I-propenyl, 3-butenyl, 2-

met hyl - 2 propeqyl Qgtadlenyl 1- pentenyl, 2- pentenyl 2- nethyl-2-buteny|,
4- pent enyl, 3- 2- bu% - nmet hyl -1, 2- butadlenyl 3- hexenyl ,

2- hexenyl , A4ln§¢WP$SC°pE E h§xbﬁ9¥°9§nhe9§ny

3'”Ethy|*|R3N3&heﬁyarﬁben and R3a is CO2R42; and
R42 is hydrogen or a carboxy protecting group; and
salts thereof. '

The present invention also provides a process for
producing a compound of formula I, or a pharmaceutically

salt thereof, which comprises:

(1) hydrolyzing a compound of the formula

X
3a

R NH
(o) ,:&§t

H

wherein:
* X is (CH2)n:
n is 1;

R22 ig COzR%2 and R32 is hydrogen, or
R22 is hydrogen and R32 is COzR%%; and
R%a is hydrogen or a carboxy protecting group;

(2) reacting a compound of the formula



4- et hyl - 3- pent enyl , 6-net hyl - 5- hept ene-2-yl, 7-octenyl, |-octen-3-yl,
5-decenyl ,

2,6- dinethyl-7-octenyl, and the I|ike. The'tern}éféégﬂﬁﬂﬁierr]

3- nonenyl ,
9- decenyl ,

2, 4-di et hyl - 2, 6- hept adi enyl , 3, 7-di net hyl - 6- oct enyl

al kenyl " WR®SOIE within it the term"C2-C6 al kenyl". The p

"stereoi soneric conmpound” represents an optical isomer of a Formula I
Represent ati ve stereoi soneric conpounds include the IS, 2S,5R, 6S
isomer, IR 2R 5S,6R isoner, the |S, 2R 5R 6S i somer

conpound.

the | S, 2S5

the 1R, 2S, 5S, 6S isoner. WO 96
PCT/ US95/ 10319 8 The phrase "di ast
of two non-superinposabl e steredoners
Represent ati ve di astereoneric conmpounds in
he 1SR, 2RS, 5RS, 6SR m xture, the 1SR, 2SR, 5RS, 6RS m xture,
1SR, 2RS, 5RS, 6RS m xt ure.

m xture, t

term "carboxy pf

protect th
functi onal
descri bed

5R, 6R i soner, the IR 5S, 6S |

# Formula | conpound.

I'ng’ group" as used herein

rou

Smpound” represents a mixture

ude the | SR, 2SR, 5RS, 6SR

and the

The preferred di astereoneric conpound is the

1SR, 2SR, 5RS, 6SR i x e, Th&a pr ry3gd ant, i i S,;i3R 6S. The
Beitthng, oRoup e ACaFRoRE, AEFLned akores Wit e ester

_deri vat i veanodlkaki ceetrmk ydtaniss eng amp ageendumysakpl 0§8d to bl ock or

ﬁ%&%%gﬁ/%%r?é’ifbéﬁl%d’@dt%ﬂr@@‘i%@t@nﬁsfiﬁ.ﬁ ¢BJ ralgev@ut on ot her
. e protection of carboxylic acid groups is generally
PH McOmie, Protecting Goups in Organic Chem stry, Plenum Press,

the | R 2S, 5S, 6R i soner

r, the IS, 2R 5R 6R isoner, and

NY, 1973; and Greene and Wits, Protecting G oups in Oganic Synthesis, 2nd.

Ed., John

Y%%eyhgarolyzing a compound of the formula

wherein Rl2 is a carboxy protecting group and X,
R2a, and R32 are as defined above; and

(4) optionally removing the carboxy protecting group:
and )

(5) optionally esterifying one or both carboxyl groups:
and

(6) optionally separating the diastereomers and/or
resolving the enantiomers; and

(7) optionally preparing a pharmaceutically-acceptable
salt of the formula I compound.

The term "C1-C10 alkyl" represents a straight,
branched, or cyclic alkyl chain having from one to ten
carbon atoms. Typical straight or branched C1-Cio alkyl
groups include methyl, ethyl, n-prppyl, isopropyl., n-
butyl, isobutyl, sec-butyl, £-butyl, n-pentyl,

¢



S.Sons, NY, 1991. Exanples of such carboxy protecting groups include nethyl,
et hyl, nmethoxynethyl, nmethylthionethyl, triphenyl nmethyl, benzyl, 4--

=hi troben o.4- et hoxybenzyl , 3, 4-di met hoxy-benzyl, 2,4- di zyl,
2,4,6-trﬁ%@?ﬁ enzyl, 2,4,6- trinethyl benzyl, benzhydryl?%&hgﬁé %P
t-anyl, trityl, trinmethylsilyl, t-butyldinethyl-silyl, allyl, 1-

(trimethylsilylmethyl)-prop-1-en-3-yl, d the like. Particularly preferred
carboxy protecting groups are (Cerr]-Cerr])al kyl groups such as nethyl

and et hyl . istpeheyln "mecperndyld, anHeRil’, thephyupeﬁtyanngylip acid-grgup
uaed her et RePRY I EhRC At b A tRnellS A RSP B BREP LS S R e rmont y
enpl oyed t dibetkRlatipl ot bci-dimethyilbutinlnc hiepxlli t p-aktyd, r2a2tions are
Goner ol |y Jenge Ry B b ey 2 IS BT AP T enemsiry:
Pl enum Pr e88thxihentyyl, iy atedmetdydPartyl, RBrétdcting Groups in Organic
ST Usos) 1550 n PP S, 2.8: S-cripechythesyl, deeyli. 1 irogen
prot ect i nggg-r}f)ﬁblgg?' Jr%%"-é(nlderﬂ'ﬁﬁ/,t%e- aﬂ‘ﬁiﬂ gpleyl%,erf“r ] gg%%’yq r‘?gt]?(;% k
t-butyldinﬁnh&ﬂéé$y¢ithiﬁrﬂuﬁnhendenms'ﬂ@ﬁﬁgk,elleyIan@ht¢¢Hddﬁ(ML
benzyl oxy CAEBERYT ¢ RO R iRy R SR RO TR R car bony
t - but oxycarpohepyopy 1 y| exglomanbonydy,clop@enzyily,i ciicdobexitdxycar bonyl, and
the like. dpe1bréptyP) el AL MYACRL @13CR" ATRYY SFoups
include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl, n-pentyl, isopentyl,
'neopentyl,'and n-hexyl.

The term "C3-Cio alkenyl®" represents straight or
branched unsaturated alkyl chains having from two to ten
carbon atoms, and having one or more carbon-carbon
double bond, such as, dienes and trienes. This group
also includes both E and Z isomers. Representative
radicals for this group include vinyl, allyl, allenyl,
l1-butenyl, 2-butenyl, 2-methyl-l-propenyl, 3-butenyl, 2-
methyl-2-propenyl, butadienyl, l-pentenyl, 2-pentenyl,
2-methyl-2-butenyl, 4-pentenyl, 3-methyl-2-butenyl, 3-
methyl-1,2~butadienyl, 3-hexenyl, 2-hexenyl, 4-methyl-3-
pentenyl, 4-hexenyl, S5-hexenyl, 3-methyl-l-penten-3-v1l,
4-methyl-3-pentenyl, 6-methyl-5-heptene-2-yl, 7-octenyl,
l-octen-3-yl, 3fnenenyl, 2,4—dihethyl—2,6-heptadieny1,
3,7-dimethyl-6-octenyl, 5-decenyl, 9-decenyl, 2,6-
dimethyl-7-octenyl, and the like. The term "C3-Cip
alkenyl" includes within it the term *"C2-Cg alkenyl".

The phrase "stereoisomeric compound" represents an
optical isomer of a Formula I compound. Representative
stereoisomeric compounds include the 1S,2S,5R,6S isomer.
1R, 2R,55,6R isomer, the 1S5,2R,5R,6S isomer, the
1R,25,58,6R isomer, the 15,2S,5R,6R isomer, the
1R,2R,55,6S isomer, the 1S,2R,5R,6R isomer, and the -
1R, 28,55,65 isomer. '



secondary am ne having a nitrogen protecting group. The term"([err]-Clerr]
al koxy" represents groups such as nethoxy, ethoxy, n-propoxy, isopropoxy,
n- but oxy, t oxy, and t-butoxy. The term "hal ogen" ref oro,
chl or o, yﬁf}%ﬁms d i odo. The term "al koxycarbonyl" means a car srggmi’llgr oup
having a CJerr]-Cferr] al kyl group attached to the carbonyl carbon through
an oxygen atom Representatives of this group include nethoxycarbonyl,

the like. The pmhéephrabeﬂiqusnaﬁummdruywmqmposnﬂethepyeaehnmy& The term

- et hoxycar bonyl, n- propoxycarbonyl, n-butoxycarbonyl, t-butoxycarbonyl, and

o5 ot ut B AOERU s AP iR bR Sl cRRRECBERE 8o 8 BHERY oB1£UP SUDSUITut ed

with one or nol et1es chose!

hydr oxy, cHormulaiX repmpejund.] - @P@mﬁpeataynvecpeas;et@emeqlalkoxy,- _
al koxycar bE@MﬂaourPéQtﬁYél%é%rh@&)bR anb@wr% Ey{mxéuﬁéoxmst hyl, ami no,

pr ot ected am no am norret or trifluor Oth é
phenyl gr olPRi i &nylthey 1§Re2ERy 36pﬁ5ﬁy¥1x§9¥ﬁ'
di chl Oroph&!ﬂil&|thé3 Psxi,lm @mmm;&uebl orma.b yéfeﬁre@romphenyl

4- br omoph 3 4- dlbronn en | o n fluorophenyl
4- hydroxypﬁ%ﬁ@? (ﬁd% g égﬁyéﬁ% §€§ lXﬂs’“ﬁﬁ“ﬁ‘ophenyl 4-
n|trophenyThe4prg£annﬂduqnanbiqmethprBSmyBS 45Retﬁslphenyl

of ~ hal ogen,

- ethouy. phenylmnd- CApIUaen) pbeddBLORKIRESY PSR nef fﬂ“"ﬂiﬂil

WO 96/ 05178efers to one of the ester derlvatlves of theTrakymivia

2, 3-di f | uogephesdup odrmdn1y empR eyl ozbﬁock or protect the
carboxylic acid group while reactions are carried out on
other functional groups. The protection of carboxylic
acid groups is generally described in McOmie,
Protecting Groups in Organic Chemistry, Plenum

-Press, NY, 1973; and Greene and Wuts, Protect_ind
Groups in Organic Synthesis, 2nd. Ed., John Wiley &
Sons, NY, 1991. Examples of such carboxy protecting
groups include methyl, ethyl, methoxymethyl
methylthiomethyl, triphenylmethyl, benzyl, 4-
nitrobenzyl, 4-methoxybenzyl 3,4-dimethoxy-benzyl, 2 4-
dimethoxybenzyl, 2,4,6- trlmethoxybenzyl 2,4,6-
trimethylbenzyl, benzhydryl, t-butyl, t-amyl, trityl,
trimethylsilyl, t-butyldimethyl-silyl, allyl, 1-
(trimethylsilylmethyl) -prop-l-en-3-yl, and the like.

- Particularly preferred carboxy protecting groups are
(C1-Cg)alkyl groups such as methyl and ethyl. The térm_
"protected_carboxy' refers to a carboxylic acid group
having a carboxy protecting group. _

The term "nitrogen protecting group" as used herein
refers to substituents on amino groups that are commonly
emploYed_to block or protect the amino functionality

. while reactions are carriéd.out in other functional
groups. The protection of amino groups is generally
described in McOmie, Protecting Groups in Organic
Chemistry; Plenum Press, NY, 1973, and Greene and
Wuts, Protecting Groups in Organic 8ynthesié, 2nd.

| es of a substituted

|



“di met hyl phenyl, 2-fluoro-5-nethyl-phenyl, 2,4,6- trifluorophenyl,
2-trifluoronethyl phenyl, 2-chloro-5- trifluoronethyl phenyl,

=2, 4- bls(tr|fluoronethyl) phenyl, 3,5- b|s(tr|fluoronethyl)phen

"2 met hoxY¥A®0SI7S 3 et hoxyphenyl , 3, 5- di met hoxyphenyl , 4-P ?E&W“@’rret hyl -
phenyl , 3, 5-di net hyl - 4- hydroxyphenyl, 4- hydr oxy- 3- (hydroxynethyl)phenyl
2- am no- 5- net hyl phenyl, 4-am no- 3-trifluoronethyl phenyl,

3- anmi no- 4- hydr oxyphenyl , 2- nethyl -4- ni?rophenyl 4- met hoxy- 2- ni trophenyl ,

2, 4- di ni @g0phgBkh, w§1€y690sén§' tyephesed . anthrdied ideenithegesr m "aryl”
represents groups such i}@?SUbStItUtEd phenyl and naphthyl . The

term " ar y PXREFL! lP@pQE?EHFsl%C rperREEl y | E-RuEH L. ﬁ&&ﬁlbearlng one or nore
aryl gr ourts-lphaammeenyat | Eebuﬁi'ldhhétﬂlﬁléﬂy]g,r mpuwyu@&mrﬂyl ,

2-nitrob | et hyl hIthI

5 phenyl prabowL 2 BERERET Dobbhal LRIERY P hagiaadeil P

(4- chl or ophdoybametiryl , phﬁhﬁloﬂlcrmfmrmrmphéﬁexyandqﬂl.

(25 i mi EEERASRIERY b Y Whechdiepabpoploryd ) - et v

(4- met hoxy\@ﬁgw}bpaz%@xycﬁﬁbmyl b sputoxycarbonyl, allyloxy-

met hoxyphwbbﬁguhyb,,2n§p8£bahﬁb%€wéﬁém°nﬂ S (g 't Qafkanyl ) net hyl,

and the | e term"aff Ctlhgo refers to a formla | conmpound acting as
a

an agoni st¥ t&ﬁmeXEFPE?SF? aff FHSETHR A Pripaen é’irm "excitatory
am no aci @erceelaahrgr li.ﬁéehaviﬁgaa nﬁiﬁb@é:@@ﬁ)@dﬂm@tﬁdﬁ@ﬁept or, a

receptor that i F&bofeéi]%’%l 3%%&@%&}& P-l% ?ﬂl g prote| ns.

The term " cAWP- |nke ropi c S hac ersTto a
netabotromethoayepeohoxyatnrpropum?edlsmpro¢02y¢|mnbuﬂbxydemﬁcate cycl ase

activity. plhe er ghgn “BBE89§0a|Tﬂésfifﬁw"héﬁﬁig N gacute and chronic

neurodegenerat ve“condi tTons, “including cere ICItS subsequent to
cardi ac byaue¥osuEHEPYOanBremas t #RG, i@ ebral i schemia (for exanple

The term "alkoxycarbonyl® means a carboxyl group
having a C1-Cg¢ alkyl group attached to the carbonyl
carbon through'an 6xygen atom. Representatives of this
group include methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl, n-butoxycarbonyl, t-butoxycarbonyl, and
the like. The preferred alkoxycarbonyl group is
methoxycarbonyl. S

The term "substituted phenyl," as used herein,
represents a phenyl group substituted with one or two
moieties chosen from the group consisting of halogen,
hydroxy, cyano, nitro, C1-Cg alkyl, C31-Cq4 alkoxy,
alkoxycarbonyl, protected carboxy, carboxymethyl,
hydroxymethyl, amino, protected amino, aminomethyl, or
trifluoromethyl, Examples of a substituted phenyl group
include 4-chlorophenyl, 2,6-dichlorophenyl, 2,5-
dichlorophenyl, 3,4-dichlorophenyl, 3-chlorophenyl, 3-
bromophenyl, 4-bromophenyl, 3,4-dibromophenyl, 3-chloro-
4-fluorophenyl, 2-fluorophenyl, 4-hydroxyphenyl, 3-
hydroxy-phenyl, 2,4-dihydroxyphenyl, 3-nitrophenyl, 4-
nitrophenyl, 4-cyanophenyl, 4-methylphenyl, 4-
ethylphenyl, 4-ethoxy-phenyl, 4-carboxyphenyl, 4-
(hydroxymethyl)phenyl, 4-aminophenyl, 4-propylphenyl, 4-
butylphenyl, 4-t-butyl-phenyl, 3-fluoro-2-methylphenyl,



- stroke resulting fromcardiac arrest), spinal cord trauma, head trauma
- Al zheiner's Di sease, Huntington's WO 96/ 05175

PCT/ US95/ rea, amyotrophic lateral sclerosis, AlDS |
denenti a, l%@%%ﬁgpg hypoxi a, hypogl ycem ¢ neuronal danage, g@ﬂ#@ﬁﬂwaﬁhge
and retinopat hy, cognitive di sorders, idiopathic and drug-induced

Par ki nson's Disease. This term al so inclfges ot her neurol ogical conditions
that are caused by glutamate dysfunctiony”includi ng nuscul ar spasns,

m grai ne h?admmemuwopm{):w ngorst-uﬂemaeroﬁnuﬁylplErence wi t hdr aWﬁI ?)nd
cessation tes lazepi ne tin o] or ethano
snoki ng ceséh’i“?%}?ﬁm]y %b?g‘uﬁré’dg EBKE ﬁ%mﬁ inf g&ep di'sorders,
convul si onst;rii'f)luqamm'lenwyndr-ctrm,flabremethyilnhénxclI 2+clnkaisr-5-and tar di ve

dyski nesi a. . They i &k ?h%bguc Q'ioﬁqgﬁnrifiﬁé?o&éké&&flfﬁ&&b@la”d chronic

psychiatric con itions $chrzophrenia, anxi ‘at ed

di sorders (&3P *ﬁa’rﬁli:lfé{%(ﬂme&h& éphégylrei?ameﬁh@%}mh@mkc@ar di sorders),
depr essi on, m& ShyAth ySlor denS diRerabRbhenpld PDEGSSoME- TORISI Ve

di sorders The e nventio ngl udes harnaceuticall - acceptabl e
salts of tH%h?%§ 4iﬂﬁ&§¥ 275?%59§YEBEP¥ Leah- %&¢§9x¥rﬁconjunction with
the acidic myqumqmiw)@heovlt,he -emiinoub emethly Ipltewyl St4 afmians-d addition
primary, segc qu [y nmet a
- al kal i ne e:‘gt%d?%]{%ﬁrt S(rl%&gﬁgrlél ?y,g{“?ﬁg 38#1%@15%?8’%11%#(@&%5 are pr epar ed
by the readneetdwbm-anmpdhemﬂh 4-wehboryd2onitoophenyl. 2k al kali netal .
and al kal i ng; @ALLdbHEA!, 32l an8Le-A2eRbBhby P! SRR CchdV1ike. |
The term "aryl® represents groups such as phenyl, ‘l
substituted phenyl, and naphthyl, The term “arylalkyl"
- represents a C1-Cq alkyl group bearing one or more aryl

groups. Representatives of thls latter group include
benzyl, 2-nitrobenzyl, 4-n1trobenzyl l-phenylethyl 2-
phenylethyl, 3-phenylpropyl, 4-phenylbutyl, 2-methyl-2-
phenylpropyl, (4-chlorophenyl)methyl, (2,6-
dichlorophenyl) - methyl, bis(2,6-dichlorophenyl)methyl,
(4-hydroxyphenyli-methy;. (2,4fdihitrophenyl)methyl,
triphenylmethyl, (4-methoxyphenyl)diphenylmethyl, bis (4-
methoxyphenyl)methyl -«-naphthyldlphenylmethyl bls(2-
nitrophenyl)methyl, and the like.

The term "affecting® refers to a formula I compound
acting as an agonist at an excitatory amino ac1d
receptor. The term "excitatory'amino_acid receptor*
refers to a metabotropic glutamate receptor, a receptor
that is coopled to cellular effectors via GTP-binding
proteins. The term "cAMP-linked metébotropic glutamate
reéceptor” refers to a metabotropic receptor that is
coupled to inhibition of adenylate cyclase activity.

The term "neurological disorder“ refers to both
acute and chronic neurodegeneratlve condltlons,
including cerebral deficits subsequent to cardlac bypass
surgery and grafting, cerebral ischemia (for example.
stroke resulting from cardiac arrest), spinal cord
trauma, head trauma, Alzheimer's Disease, Huntington's



“the reaction of the hydroxide formof the desired netal salt with a
conpound of formula I, wherein R err] and/or Rlerr] is hydrogen. Acids
connonly enpl oyed to forn1such sal ts include inorganic acids such as
“hydr ochl oWP@O8,78r obroni ¢, hydriodic, sulfuric, and phosph8FTUSEVI 55
wel | as organlc aci ds such as para-toluenesulfonlc met hanesul f oni c,
oxal i ¢, para-bronophenyl sul fonic, carbonic, succinic, citric, benzoic, and
acetic acid, WD 96/ 05175 il

PCT/ US95/ 183d:feal 2 affbrir@ipiied 1@@@&&@ 5e18Pds 25 JaRTBs ALhdisceduUCh
pharnaceutlcajlq'acc t.abl e s%ﬁts thus_include sulfate, rosul fate,
bi sul f at e, (&M%, DFTIHALALE ] Eﬁﬁ%ﬁhap¥P°8ﬁ¥6ﬂ$ﬁﬁ]nﬁ%ﬁ%ﬁ%ﬁrogenphosphate,

di hydr ogengdmsgdatozuliat daplagepaate repinopaek ?h%@gnf@i@éi de, brom de,
de

i odi de, It ropl nat decano t Ia;e f or mat e,
|sobutyra1§ %faﬁé) P&&t@ngp?EBpo EB g E?E? PRiDnate, succinate,
suber at e, Bidmass.e, ﬂhusnnemmealhpppncaudesnatherenetmmywﬁidaMT di oat e,

hexyne- 1, 65 a b h
dlﬂlthbEﬂi%%t Q%i%?%%& %%?b%?ggga gﬁggﬁ§§gge¥§9ﬁ€%8€§§¥§ sul fonate,
xyIenesulf%ﬁE&QﬁIRQNQQEQNé@Faﬁ@aSﬂﬁenVFBrépngnheéda edy| WEARARX e, citrate,
lactate, aidusHOPREHHe), r@&%g toyeehals, WatRAt8walar hndlLesd@ingiiesul fonate,
propanesul onat e, .napht hal ene-.- sul fonat e, gthafene 2-sul fonate,

mandel at e, h'a"gﬂég? st'e?%eé’ﬁ@@l’r?F&P&BﬁPurrPlEB 4887 URPCRIPPetPy| ammoni um

sodi um meéthydrolDNigaokity Cesdatdod,t bhekilke behlfi. edérafornul a |

conpounds éﬁréﬁﬂ%:%kﬁﬁﬁn e@ye%asggders, convuls1ons, Tourette's
syndrome, attention def1c1t dlsorder, and tardive
dyskinesia.

‘The term “"psychiatric disordef“"refers to both
acute and chronic psychiatric conditions, including
schizophrenia, anxiety and related disorders (e;g. panic
attack and stress-related cardiovascular disorders),
depression, bipolar disofdérs, psychosis, and obsessive
compulsive disorders.

The present invention includes pharmaceutically-
acceptable salts of the.formula I compounds. These
salts can exist in conjunction with the acidic or basic
portion of the molecule and can exist as acid addition,
primary, secondary, tertiary, or quaternary ammonium,
alkali metal, or alkaline earth metal salts. Generally,
the acid addition 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, wherein R! and/or R%
is hydrogen.

Acids commonly employed to fdrm such salts include
inorganic acids such as hydrochloric, hydrobromic,
hydriodic,'sulfuric, and phosphoric acid, as well as
organic acids such as para-toluenesulfonic, '
methanesulfonic, oxalic, para-bromophenylsulfonic,
carbonic, succinic, citric, benzoic, and acetic-acid.



possess four asymmetric carbon atoms. The asymetric centers are the
substituted carbon atom bearing the am no and carboxyl groups, the carbon

atomwhere R2 and R err] are attached, and the two ring fuysi n
atons. TREOMNSIT&:tric carbons are at positions 2, 6, 1, a#%h@ﬁyﬁ&&ﬁ?

respectively. Therefore, the conpounds of the present invention can exi st
as essentially pure optical isoners, a_ nxture of two enantioners
(i ncluding racem c nodifications), and m xture of two di astereoners. Wen

Rlerr] is ﬁﬁg Se1hBear Lhorgadi& &ﬁd]orﬂﬁd lacianyd R[Sﬁrdl'ﬂ are hydrogen, the
bi ol ogi cal active ang nost efe ter 0|saner m ned by
recept or 5mﬁamﬁ§ea§§s9 1Yﬁ%§c i btk ?F@F The

X-ray singheosulthak, Sbﬁ.sﬁlﬁaEeDfsmllfstemshlsuleﬁmer,e@Ims@hatener was

sol ved, prOVIdlu% tanéﬁy3}5¥gh8ﬁ5§§ﬁﬁ%§”néfﬂyd¥33€ﬁﬂﬁo%é#%%§as shown bel ow:
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[err] Then&hﬁephbephaEeeopnenphasphakﬁ4gﬁhknnkﬂemﬁbnthﬁennst preferred

enant i OIer; fi3 e QEeq L&! "bP6H: bRa ke, léécéﬁﬁaégq &prylagelresent invention,
e stere

t her ef ore, Aeludes ot S Irsomeric Fornula conpounds having this sane
preferreda§ﬁ¥ﬂé§§heﬁp§35t§0n¥$@hV§¥¥%ﬁﬁ rﬁ%&qﬁﬁﬁy FeRERRRAESmer s cont ai ni ng

Lr;fufégfg# SEFEEGOSRQMh€é|tﬁéﬂéné&@f?sd&bindﬁélﬂBUh}rh&@e”HteS) ~and
Cont 1 gur aBEBRCaNL| ERTATREE. | BARFERTS QM GRVRE dr83ant | nvent i on
are bel i evdate,sbexohevtl §-dlbace, thenzmare i \ailomobenzoateAVP- | i nked
netabotrop|%hgj %%Q%E e, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, sulfonate, xylenesulfonate, '
phenylacetate, phenylpropionate, phenylbutyrate,
citrate, lactate, o-hydroxybutyrate, glycolate, maleate,
tartrate, methanesulfonaté, propaﬁesulfonate, '
naphthalene-l-sulfonate, napthalene-2-sulfonate,
mandelate, magnesium, tetramethylammonium, potassium,
trimethylammonium, sodium, methylammonium, calcium, and -
the like salts. _ .
The formula I compounds of the present invention
possess'four asymmetric carbon atoms. The asymmetric
centers are the substituted carbon atom bearing the
amino and carboxyl groups, the carbon atom where R2 and
R3 are attached, and the two ring fusion carbon atoms.
The asymmetric carbons are at positions,Z,_G,-l, and 5,
respectively. Therefore, the compounds of the present
invention can exist as essentially pure optical isomers,
a mixture of two enantiomers (including'racemic
modifications), and a mixture of two diastereomers.
When R2 is COzR4, and R1, R3, and R4 are hydrogen, the
biologically active and most preferred stereoisomer, as
determined by receptor binding assays, has a positive
optical rotatlon (aD) The X-ray single crystal
structure of this most preferred enantiomer was solved
providing the relative stereochemical configuration as

shown below:



“receptors, certain conpounds of the invention are preferred for such use.

Preferably, R2 is CJerr]Rerr], Rerr] is hydrogen, and R[err] and R err]
. are independent hydrogen, -CJerr]-Cerr] alkyl, aryl, or | al kyl .

" Repr esent™@ Pe/gst l%npounds fromthis preferred group of for $95(119?ﬁ§ounds
I ncl ude 2-am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic acid, dinethyl

2- am nobi cycl o[ 3. 1. 0] hexane- 2, 6- dlcarboxylate di et hyl

. 2-ami nobi cycl of 3. 1. 0] hexane- 2, 6- di car bdRyl ate, di butyl

2-ami nobi cycl o[ 3. 1. 0] hexane- 2, 6- di car bgxyl at e, di hexyl

~2-am nobi cycl o[ 3. 1. 0] hexane- 2, ar boy=tR, di phenyl |
. 0] hexane- 2, 2‘ ca ‘Jiir and di benzyl
. 0] hexane- 2, 6- dlcar.-» £. -Certain conpounds of the

2- am nobi cycl o[ 3.

2- am nobi cycl of 3.

present invention are nore preferred f g .iiq erctlng t he cAMP-1i nked
met abotropi ¢ glutamate receptors. Moreé prefﬁ&ab y, Rerr] and R[err] are .

I ndependently hydrogen, Cerr]-Cerr] alkyl ryl, or arylalkyl.

" Representative conpounds fromthis nore preferred group of conpounds

i ncl ude 2- am 3. hexane- 2,.6- di arbo l.ic acid, . WO 96/ 05175
PCT/ US95/ 10319 f‘h %‘%‘!ﬁ?%tﬁ“&falo ating. 9% ghrﬁar boxyl at e,

di et hyl Zmastnnbe fetes] nbr)ilomean da®, @eéncdebermhaéd tdlbety$

2- am nobi §¥g:§5%3 élso] hﬁi@ﬁﬁre%’egx Ry hat %heggegﬁg 1n1:ludes

2-am nobi c 0] hexa car oxyl at e an
2- an1nobrégélﬁﬁﬁrqpxﬁqmﬁﬁﬂﬂ}Eanu 1gi Jarcwoppuads. hav&narhhtaneemads are nost

preferredy éefefh?@d'été’fécﬁﬁiénﬁﬂ:atlh%o?xgws-[ue”%%ﬂ ”ﬁﬁﬁgﬁiégpbf gl utamat e

receptors. Mst preferably R err are In endent |y hydrogen or.

Gorf]- B Lpigrs Sasunh thie S5mienmed FEgreochemical

conflguratlon (including racemates), and mixtures of
diastereomers containing this preferred stereochemical
configuration.

PR TRRPR

While all the formula I compounds of the present
invention are believed to selectively affect the -
negatively-coupled cAMP-linked metabotropic glutamate
receptors, certain compounds of the invention are
preferred for such use. Preferably, R2 is COzR%, R3 is
hydrogen, and Rl and R4 are independently hydrogen, C1-Cs
alkyl, aryl, or arylalkyl. Representative cempounds
from this preferred group of formula I compounds include
2-aminobicyclo[3.1.0)Jhexane-2, 6-dicarboxylic acid,
dimethyl 2-aminobicyclo[3.1.0]hexane-2, 6-dicarboxylate,
diethyl 2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylate,
dibutyl 2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylate,
dihexyl 2-aminobicyclo(3.1.0}hexane-2,6-dicarboxylate,
diphenyl 2-aminobicyclo[3.1l.0]hexane-2,6- dlcarboxylate
and” dibenzyl 2- am1nob1cyclo[3 1.0]hexane-2, 6~
dicarboxylate. Certain compounds of the present
invention are more preferred for use in affecting the
cAMP-linked metabotropic glutamate receptors. More
preferably, Rl and R4 are independently hydrogen, C1-Cg
alkyl, aryl, or arylalkyl. Representative compounds
from this more preferred group of compounds include 2-
aminobicyclo-[3.1.0]hexane-2, 6-dicarboxylic acid,



this group of nost preferred conpounds include 2-

am nobi cycl o[ 3. 1. J hexane- 2, 6-di carboxylic acid, dinethyl

2-am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl ate, di et hyl _

2- ami nobi WMRL6PSEIS1. 0] hexane- 2, 6- di car boxyl ate, di butyl PCT/US9S/10319

2-am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl ate, and di propyl

2-am nobi cycl o[ 3. 1. 0] hexane- 2, 6- di carboxyl ate. Mst preferably, the
compound of fornula (1) is (+)-2-am nobt#ycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic

acid, a ~Cery ]..al cahalikyh QR ester :
phar naceut(?%g%?glac%gf)@é’%ﬁé?%ﬂt%[?ﬁgr'gg?ék%élel%’ §1I ?f{%ﬁ%l%ﬁeg X conpounds
of the predeethyhveraninebdcycdellBetellhoxaneneb vdicawbaslabmt hesis of the

formula | nds. i ogngds teferg ly, Rerr] is
CIIerr]R[é%?ﬁpﬁﬁd iﬂ?ﬁa§%§§ﬁgg?§ engiﬁg$§ngrgfgrgfﬁ%fgéﬁigg i s hydrogen

bl
or a d errdiRyeY Znaminohigyglods, leQARprANEN2 b TRICRFRAIY A0/ fornul a |
conpounds #d tdibanzRge 2t-aminebicoalal 8. Jco0Phakane sy éhesi zed by

cycl opropanatiqn of 2- cycl oal ken-1-one, formula Il conpound wherein X is
as definedﬂﬁﬁﬁgﬁmﬁaf&i e formula I conpounds. The formula | conpounds:

wherein R3 is IGatrtegen comporhdss 206 eostRpeefirned foepasedims shown in
§g¥?6§92)1 :é?%%ﬁ%gﬁ%{%égﬁé}%PFe? PﬁEaP8Fﬁ%P%F|?1%%“m%ﬁ%d is reacted with
(pr ot ect ecFeseRsORH neMept Sresennbivi Rband Bt aneidndensndensdybi cycl i c
conpound diydrged ad 10, -oheatkpl R erépréSertc LA Q6MPoUNAE! iFRGmIr oup.  This
compound g PN e Fo2t ATe?2r284  copdusasd SEASTugL £ Bucherer-Bergs q
aminobicyclo{3.1l.0)hexane-2, 6-dicarboxylic acid, _
dimethyl 2-aminobicyclo(3.l1.0]hexane-2, 6-dicarboxylate,
diethyl 2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylate,
dibutyl 2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylate,
and dipropyl 2-aminobicyclo(3.1.0)lhexane-2,6-
dicarboxylate. ' '
Most“preferably,'thé compound of formula (I) is
(+)-2-aminobicyclo[3.1.0]hexane-2, 6-dicarboxylic acid, a
C1-C4 alkyl, aralkyl or aryl ester thereof or a
pharmaceuticaliy acceptable salt thereof.
' while all the formula X compounds of the present
invention are believed to be useful for the synthesis
of the formula I compounds, certain compounds are
preferred. Preférably, R22 ig COyR%2 and R32 is
hydrogen. More preferably; R%2 is hydrogen or a C1-Cg
alkyl group, for example an ethyl group. ' C
The formula I compounds of the present invention
are generally synthesized by cyclopropanation of a 2-
cyc¢loalken-l-one, formula II compound wherein X is as
defined above for the formula I combounds. The formula
I compounds wherein R3 is hydrogen and R2 is COsR%4 are

prepared as shown in Scheme I.



Teaction followed by hydrolysis, and esterified to produce the fornmula IV
conpounds as a m xture of isoners. This isonmeric mxture is separated to

ﬁroduce the fornula V and fornmula VI conpounds. These conpounds are then
ydr ol yzed™OP69FH8uce the fornula | conmpounds wherein R2 i s PEFAIRASNGHY Ry
and R4 are hydrogen. More specifically, a 2-cycloal ken-1-one is reacted

with (protected carboxy)nethyl dinethylsulfoniumbromde to produce
bicyclic internediate Il1. This cycloproﬁénation is conveniently carried in
an organic WO 96/ 05175 '

PCT/ US95/ 10319 16 sol vent in the presence of an am ne base. Suitable

sol vents foPCRRMe rLactign include acetonitrile, dichloronmethane, benzene,

t ol uene, and xyl ene; preferably acetonitrile or dichloronmethane. Am ne
bases suitable for use #¥M\this reaction are non- nucl eophilic bases such as
1, 8-di azabi cycl o[ 5. 4. undgc- 7- ene, pyri?EuL and collidine. The preferred

am ne base for use in eaction is 1, =bgka<§bicxclo&6v4—0]undec-7-ene.
Preferably, the carbo met hyl™* di net MeeSTI f onl €@@eFfomi de is reacted with

t he am ne base, producing ethyl (dinethylsulfuranylidene)acetate in situ.

The resulting m xture is treated with a 2-cycl oal ken-1-one. Exanpl es

2-cycl oaken- 1-ones i ncl udeL-2- cycl opent en-1- one, 2-cycl ohexen-1-one,

2-cycl ohepten-1-one, and 2- cycl oocten-1-one. TheHreaction is generally

carried out at a tenperature of about 25[err]C to @hoe 50C, preferably at

a tenperature of, about Hac ]C to about BH=E The gaction is
general Iy conpl B{*@2 aboly —_—
| NH,
o) COEt
III v
R4ao C ’ : H
2 R4a0,C
+ X
O::Iz H : YCOEL
CO; NH,
\T4 VI :

Generally, the fdrmula II compound is reacted with
(protected carboxy)methyl dimethylsulfonium bromide to
produce bicyclic compound of formula III wherein R4a is
a carboxy protecting group. This cbmpound is converted
to an amino acid by a Strecker or a Bucherer-Bergs
reaction followed by hydrolysis, and esterified to
produce the formula IV compounds as a mixture of
isgmers. This isomeric mixture is separated to produce
the formula V and formula VI compounds. These compounds
are then hydrolyzed to produce the formula I compounds
wherein R2 is CO3R%4, and Rl and R¢ are hydrogen.

More specifically, a 2—cycloalkén41—one is reacted
with (protected carboxy)methyl dimethylsulfonium
bromide to produce bicyclic intermediéte III. This
cyclopropanation is conveniently carried in an organic



18 hours to about three days. Bicyclic internediate IIl is converted to a
bicyclic amno acid by a Strecker or a Bucherer-Bergs reaction foll owed by
hydronS|s of the internediates. Krauch and Kunz, Organic Nane Reacti ons,
76, (196MOPERHTS ef erences contained therein). Preferably PEHPSIS/I83Ret one
111 1s reacted with an aqueous sol ution of potassium cyanide or sodi um
cyani de and ammoni um carbonate to produce hydantoin internedi ates. This
reaction is typically carried out in al¥®hoi i ¢ sol vent, such as ethanol or

met hanol . sﬂlereheashl €hel gréyehééléy &@rémﬁ% sl @igERgEAture of about
25[err] C to_about the reflux tenperature the sol vent, preferably at

about 50[éPﬂF@nt?hgoFeEE%Foﬁe?gtﬂ%%e%%ﬁ#%ﬁ?xﬁﬁﬁﬁﬂﬁéﬂﬁﬂﬂ@h a period of about
18 hours. dIhhleOﬂEthanéydaBéﬁ&éﬁeIﬁﬁbiﬁenéﬂﬂéﬁdﬂiymeiegurlfled as descri bed

bel ow. Pr the mxture, of is r hyd t0|ns A hydrolyzed usi ng
sod um hy St LB kIR £ ot Eli et hEne
PCT/US95/tGSEQ $ﬁ1eabkeifoedussuimunhlssxﬂanuumm.@mepﬂbntlcatlon, to a

formula V ﬁelEegHEkﬁcV%aQQ a;?&s%faqgég%§§¥aﬁoﬁg ﬁ jally carried out

at the rePqu t erature of e solVent s to about 20
hours. Thensl%dﬁceeeofpmedmr Aandienlldidiing.ur &hef predesred fornul a |

comoundsamﬁeexﬁasgi[ g6Flusé Iﬁ!%@ﬂ%%eﬁtﬁo@f qfserla%y efherlflgd prior to

separatio e enant i oner s en e car boxy

prot ect i n&’@?ﬁ%b"i’gi‘?ﬁm{/ P‘EVEF??%&TW hyFreigEeblya ghester is

subsequentchybpeehexgtiet iy 5 odithé tthy Ifu I fomicar ropide ae geaerdgcarboxylic

acid in an%hceﬁg'amlne base, producing ethyl
(dlmethylsulfuranylldene)acetate in situ. The !l

resulting mixture is treated with a 2- cycloalken-l one.
Examples 2—cycloakeu-l-ones include 2-cyclopenten-1-
one, 2-cyclohexen-l-one, 2-cyclohepten-l-one, and 2-
cycloocten-l-one. The reaction is generally carrled
out at a temperature of about 25°C to about 50°C,
preferably at a temperature of about 25°C to about
30°C. The reaction is generally complete after about
18 hours to about three days.

Bicyclic intermediate III is converted to a
bicyclic amino acid by a Strecker or a Bucherer-Bergs
reaction followed by hydrolySis of the intermediates.
Krauch and Kunz,__ Organi.c _Name Reactions, 76, |
(1964) (see references contained therein)- Preferably
bicyclic ketone III is reacted with . an aqueous solution
of potassium cyanlde or. sodlum cyanlde and ammonium
carbonate to produce hydantoin intermediates. This
reaction is typically carried out in alcoholic solvent,
suc¢h as ethanol_or'methanol. The reaction is typically
carried out at a temperature of_about 25°C to about the
reflux'temperature of the solvent, preferably at about
50°C. The reactlon is generally complete after a
period of about 18 hours. The 1somer1c hydant01ns may
be isolated and purified as described. below.

Preferably, the mlxture of isomeric hydantozns is
hydrolyzed using sodium hydroxlde and subsequently



“such as nethanol, ethanol, i-propanol, or n-butanol, is treated with

t hionyl chloride and heated to reflux. Typically, a solution of the
;hydrol ysis product is cooled-to about OC before addition of the thionyl
“chl ori de. WRHS/08KMer i fi cation is generally conplete.after aﬂﬁﬂﬂﬂﬁéﬂﬁ%ﬁrs
The di astereoneric products, fornula V and formula VI conpounds, are
separated using standard techni ques. The_preferred net hods for separation
are crystallization and/or chronatograpﬂ . The formula V and VI conpounds

nmay be Se'S§£éf§fﬂé&fyw&&ﬂ&u&*%&dﬁédlaﬂﬂyﬁ p0rekiagcaehd @Qdét'on salt, such
as the oxalate salt. Th a Erepared b tre t|n an eth acetate

sol ution, EoRPA{aiheLE his RYATPL¥81% o Wi th
oxal i ¢ aci gypihdablacedtriesldbut (Htalthet h@mhxnmemberadded (3] ehel in

crystal || FBbBg s bt B ARSI BRLARERICIN S Puenet | quo)
enriched in theTbehBrodu©m$r0f1ﬁhe(hyﬂnmlykismaw baextureheok purlfled usi ng
chr omat ogr C aphy s 26 and Vi
conpounds g?%“ r%?oﬁb l‘gﬁ!ssary, L:%'Q'Ihhg cé?bﬁiiég otectlng gr oup

r enoved topb?ﬁﬁﬁiﬂéh{ rﬁswﬁm%ﬂ PG Foh §eParatéPR Rfe hf and Rlerr] are

hydrogen. dDgs€OrashiEaEs e éﬁéﬁiﬁ&hﬂéﬁ&ydm@zgﬁebtarboéép 96/ 05175
PCT/ US95/ 10319 18. treatuﬂg a solut of .the hﬁ Hu X or forrmula Vi
conpound i F*3Re Eﬁtﬁﬁl%r é%’ﬁ@?f& dPEARPAKS IR tA aqueous base,

such as sodiester is subsequently prepared. A solution of the
carboxylic acid or dicarboxylic acid inhan alcohol,
such as methanol, ethanol, i-propanol, or n-butanocl, is -
treated with thionyl chloride and heated to reflux.
-Typically, a solution of the hydrolysis product is
cooled to about 0°C before addition of the thionyl
chloride. The esterification is generally complete
after about 48 hours.

The diastereomeric products, formula V and formula
VI compounds, are separated using standard techniques.
The preferred methods for separation are
crystallization and/or chromatography. The formula V
and VI compounds may be selectively crystallized by
formation of an acid addition salt, such as the oxalate
salt. This salt is prepared by treating an ethyl
acetate solution, containing a mixture of the formula V
and VI compounds, with oxalic acid and ethanol.
Additional ethanol may be added to aid in
crystallization of one of the diastereomers. This
probedﬁre gives a crystalline material enriched in one
isomer, and a filtrate (mother liquor) enriched in the
other isomer. The compounds may be further purified
using chromatography, such as silica-gel
chromatography.

The formula V and VI compounds are hydrolyzed, if
necessary, and the carboxXy protecting group removed to
prepare the formula I compounds wherein R! and R4 are.
hydrogen. The compounds are typiéally hydrolyzed by



'preferred met hod for resolution of the

hydroxi de. This hydrolysis is typically carried out at roomtenperature,
and requires about 18 hours for conpletion. The carboxy protecting groups
are renoved using standard synthetic nmethods. See McOm e and G eene and
Wits. TheW mﬂgrrers of each diastereoneric pair of inter REFUSIMIORNYNG v,
conpounds are resolved using standard resol ution techni ques. See Jacques,
Collet, and Wl en, Enantioners, Racenatig and Resol uti ons. (1981). The
antioners is the formation of

di ast er eongrbsr £ 15 SHAMAYM Ufeth@C?GkﬁmTBde bEAEbPRELANP OPti cally active
let, and Wlen Chapter 5. The

(chiral) resoIV|(g ents Jaggﬁes
formul a vV SPRPIK{R dﬁg&ﬁh&§gﬁ¥ §84VRP§rrFuFQp?§sents a carboxy protecting
group can becrstpairefhingi, ngn.a:hl diqueslisr Bhsepsehvhngs agediwm Exanpl es - of

sui tabl e | ral SQl v ents nclud ori.c acid, (+) and
() ben AT a1 ¢ ity PV B BdRCRE, OB ALY e SRR BT A () "hng
(- ) nandelrmpmunempqrqmugmd @nﬁ wanu¢r36|dbo¢&)1&nuomr$ fprrn c aC|d (+). and
(-)-tartarg e Fdlf - P-

t ol uoyl - L.tenéiééagéun eT%g&%%e b g%ﬁ%?ca §§%€V|ng agents for -

resol Ut | orM®ing Hetansiand aﬁwtd?ﬁiim mﬁﬁ%}ﬂﬂﬁ‘rds See MeQmierAnd epresents a

car boxy pr@é@gﬁéngﬁomtgre (+)-di-p-toluoyl-D-tartaric acid, and
(-)-di-p-tol uoyl. - tartarlc am(&e T e formula V and VI ounds in which

Rda represents 313§Fﬁ§eBE§F&Ccﬂ?+%J° esol vi ng
agents. Arum«eméda.aﬁe y Iaanﬂl vxc kompbundsoayxe nges@lemédlmsir@ 1-

oo oy A0 ASEEONLAE, Vocbltalbels) d SN LIGERIRONL 070 17 o
and Wilen, Enantiomerl, _Racemates, and =
Resolutions. - (1981). The preferred method for
resolution of the enantiomers is the formation of
diastereomeric salts betwéen the racemic modifications
and optically active (chiral) resolving agents.

Jacques, Collet, and Wilen Chapter 5. The formula V
and VI compounds in which R42 represents. a carboxy
protecting group can be resolved using acidic chiral
resolving agents. Examples of suitable acidic chiral
resolving agents include (+)-camphoric acid, (+) and
(-)—dibenzoyltartarid_acid. diacetoneketogulonic acid,
lasalocid, (+) and (-)-mandelic acid, (+) and (-)-malic
acid, (+) and (-)-quinic acid, (+) and (-)-tartaric
acid, (+)-di-p-toluoyl-p-tartaric acid, and (-)-di-p-
toluoyl-L-tartaric acid. The preferred acidic resolving
agents for resolution of the formula V and VI compounds
in which Rr4a represents a carboxy protecting group are
(+)-di-p-toluoyl-D-tartaric acid, and
(-} -di-p-toluoyl-L-tartaric acid. - The formula V and VI
compounds in which rRéa represents hydrogen can be =
‘resolved using basic chiral resolving agents. An
example of a basic chiral resolving agent is (S)?l—
phenylethylamine. .

Alternatively, the blcycllc formula III compound
can be converted to a mixture of diastereomeric
hydantoins as shown in Scheme II.



Mo 96/ 05175 PCT/ US95/ 10319 19

[err] Bicyclic intermediate 111, prepared as descri bed above, is reacted
mth a SO'ﬁti f potassi um cyani de or sodi um cyani de and '

car bonat e i&&gghce di astereoneri ¢ hydantoi n internedi ates, %%hH&Q9VII
and formula VIIIl conpounds. This reaction is typically carried out in a

m xture of water and an al cohol, such ag_nethanol or ethanol. The reaction
is carried out- at a tenperature of abou 955[err]C to about 60[err]C, and is
generally conplete after about 18 hours to about 4 days. The di astereoneric
products are _separated using standard techni ques, such as crystallization
and/ or chrﬁﬁﬂfﬂgrag y. Preferably, the rmula VI1 and VII1 conpounds are
separated by crystallization. The formu and VII1 conpounds in which
Rlerr] represents hydrogen may bR'2P gg a basic chiral resolving
agent. An exanple of a basic chiral res geAt T35

(R) - 1- phenyl et hyl am ne. The hydantoin i diate, the formula VII or VIII
conmpound, is coenverted to a formula | cOnpound, wherein R1 and R4 are

hydr ogen, by hydrol ysis. The hydantoin gr and the ester group are
hydr ol yzed usi ng aqueous baHe, such as soO |un1hydroxiq§, or aqueous acid,
such as hydrochloric4£§id. | WO 96/ 05175
PCT/ US95/ 10319 20 R70:€

X R420,C <
H s“ NH + H ‘e‘ O
0’\ I HN I .
N o . NH
H
VII VIII 0

Bicyclic intermediate III, prepared as described
above, is reacted with a solution of potassium cyanide
or sodium cyanide and ammonium carbonate to produce
diastereomeric hydantoin intermediates, formula VII and
formula VIII compounds. This reaction is typically
carried out_in a mixture of water and an alcohol, such
as methanol or ethanol. The reaction is carried out at
a temperature of about 55°C to about 60°C, and is
generally complete after about 18 hours to about 4
days. The diastereomeric products are separated using
standard techniques, such as crystallization and/or
chromatography. Preferably, the formula VII and VIII
compounds are separated by crystallization.

The formula VII and VIII compounds in which Réa
rebresents hydrogen may be resolved using a basic
chiral resolving agent. An example of a basic chiral
resolving agent is (R)-1l-phenylethylamine. _

The hydantoin intermediate, the formula VII or
VIII compound, is converted to a formula I compound,
wherein R! and R?¢ are hydrogen, by hydrolysis. The
hydantoin group and the ester group are hydrolyzed
using aqueous base, such as sodium hydroxide, or
aqueous acid, such as hydrochloric acid. This



hydrolysis is typically carried out at a tenperature of about 100[err]C to
about 150[err]C The resulting formula | conmpound is purified using

i on-exch mat ogr aphy. The formula | conpounds wher gj ' ydr ogen
and R3 igﬂgﬁvg?#fR[err], are prepared as shown in Schene ﬁ?ﬁi 'g?gTQA
2-cycl oal ken-1-one is reacted wth a carboxy protected

(di met hyl sul furanyli dene) acetate to prgduce isoneric bicyclic
intermediates |1l and IV. This cyclopropanation is carried out in an
organi ¢ saidedlyslisaiscoppicilly cdrmbeditoutS(ar @) Eempezbtoutre8SEerr] C

Sui tabl e sol vent sn,bfcl ud z t olen I , etonitrile.
PreferablﬁgoPﬁeaﬁgﬁgt+%n§?€§€éﬁﬁ?gﬁ o&ﬁ% %ﬁﬁ§%§§%§ 5?9@8?§r? C. The

di ast er eowempoupdodlacper if bed epsing etbnrsrghagide chrgartomrarayYegr aphy. The
formul a | X compggng kngQ”YeEBﬁS%ﬁﬂdéhﬁhéfE 'ﬁ?'iFCQQBQBBQﬁ gagng the

proceduresBdescrlbea ve for C ver5|ﬁn of . t §$Egrn54éﬁlll conpounds. The
conpounds Rf 1BorHRE /1 1BTS REFRACRIX3FeSPRWBNTR T so be prepared as
shown in Schene |V. WD 96/ 05175 '

PCT/ US95/ 10319 21 [err] A conpound of formula Xl is reacted with a
(p-rotectec?c X t hyl diet hyl sul foni um brom de to produce a conpound
of formula XIl in which R4affs a carboxy protect%pg group. The reaction is
conveni ently perforned acg N'g to a neth ‘ogous to that described
herein for the cycl opropé of g conpoupd of fermsa I1. The resul tant
conpound of fornula XII i

" ul t he convertﬁgﬂ _ﬁha;conpound of formula Xi11

II | : '!l

III IX

A 2-cycloalken-l-one is reactéd.with'a'carboxy |
protected (dimethylSﬁlfﬁranYIidene) acetate to produce
isomeric bicyclic intermediates III and IV. This
cyclopropanation is carried out in an organic solvent
at a temperature of about 45°C to about 85°C. Suitable
solvents include benzene, toluene, xylene, and '
acetonitrile. Preferably, the reaction is carried out
in benzene at 50°C. The diastereomefic_products are’
separated using silica gel’chrdmatography. The formula
IX compound is éonverted to the formula I compounds"
using the procedures described above for conversion of
the formula III compounds. ' '

The compounds of formula III in which X represents
CH2 may also be prepared as shown in Scheme IV.



%eating, for exanple at a tenperature in the range of from 160 to 5000C,
preferably from 180 to 300[err]C. Heating the conpound of fornula Xl

J iberates cycl opentadi ene. The procedure is conveniently per f ormed under an
inert gas,WOIPSES nitrogen, and in the presence of an i ner PCHU§2SM0319

sol vent, such as dichl orobenzene. The resultant conpound of formula XIII is
t hen converted into a conpound of forrmula Il by reduction, for exanple, by
hydr ogenation in the presence of palladr%hnn charcoal. The reduction is
conveni ent | gexind afyred at a tenperature in the range of fromO to 50[err]C
Suitabl e solvents for the reduction WD 96/ 05175

PCT/ US95/ 10319 22 i ncl udelal cohol s, such as ethanol, ester
acetate, aromatic h droc. qons ‘such as t ol pua q:and a:' :
di et hyl f or mani de, , Pe~gppr eci at ed. thaf DYt D) |caIIy active
conpound of for ing atertal, an opw/call

of formula II1l r . The conpounds of HPoNmul 3/ X
to be novel, and & e provided as a further aspect of on. The
conpound of formfa X (including the optically act&e forns) may be
prepared according to ke nmethod described in Klundér et y@tz, Tetrahedron
Lett., 1986, 27, 2543 and Takano.et al, Synlett 1991, 636. The fornula I

conpounds wherein R err] and R err] are (err]- Cerr] aljfl, C[err]jC[err]

uch as ethyl

e bel i eved

al kenyl , aryl, or arylalkyl, are

R420,C ¥ H

< — R430,C

o)

1l XIII
A compound of formula XI is reacted with a
(protected carboxy)methyl dimethylsulfonium bromide to
produce a compound of formula XII in which R42 is a
carboxy protecting group. The reaction is conveniently
performed according to 'a method analogous to that
described herein for the cyclopropanation of a compound
of formula II. The resultant compound of formula XIT
is then converted into a compound of formula XIITI by
heating, for example at a temperature in the range of
from 160 to 500°C, preferably from 180 to 300°C.
Heating the ¢omp0und of formula XII liberates
cyclopentadiene. The procedure is conveniently.
performed under an inert gas, such as nitrogen, and in
the presence of an inert organic solvent, such as
- dichlorobenzene. The resultant compound of formula
XIII is then converted into a compound of formula III
by reduction, for example, by hydrogenation in the
presence of palladium on charcoal. The reduction is
conveniently performed at a temperature in the range of
from 0 to 50°C. Suitable solvents for the reduction



prepared fromthe correspondi ng conpounds wherein Rerr] and R err] are
_ hydLogeP These conpounds are generally prepared using standard synthetic
met hodol o n a typical exanple, the formula | conpou E%Qﬁ{ |
Rl err] an%loﬁg?gﬂ# are hydrogen, can be reacted with a C[er??'!' er ro?id;l kyl ,
Clerr]-Cferr] alkenyl, aryl, or arylalkyl alcohol in the.presence of an
acid to produce the correspondi ng esterleyplcaIIy this reaction is

0

carried out with an excess of the al coh in the presence of a catalytic
amount of geatader aledhsls f usuch a8 ethEm® Y, olestler suchnpeuetsy herein

Rlerr] and I o) di aci d,

and R err] agkga%d g%ﬁgtb%dﬁ@é %Fab% éi?"r‘f"?hr %%?‘ %g}‘ﬁé néhagchln?ahes. R[Fg;r]
exanpl e, tbmideendechyas hdimeéthy biommateidd.oped for sel ective
functionalizatiqp @fi15hge Cé%BPé%laé%&“&ﬁééﬁbjﬂdgfﬂﬁ [op_Yel tgggg&&lc acids is

applicable. Aternative 3 00SI ng a carbox rotec group on the
fornul a X eskp¥anaorRaEn s°§t%&ﬁ%¥%ﬁ1 %ﬁu?Q§ﬁ&@69y§?§e€bﬂ rt#®n for the
hydant oi n gpeiBall{easeiPeXydbmEsond o fesbdaf1%e Tt mag! Yemani pul at ed. WO
96/ 05175 - PCT/ US95/ 10319 23 The

formula | Baﬁﬁbﬂﬁﬂs of the present inventi-on are agonists of certain
met abot r opi ¢ excheatompoandsoofcicrmele HITS ardpdaliieved yo bee fornul a |

conmpounds a8¥8§?83é3t$ﬁ§ %£$&&Eﬁ’ \Mﬂéﬁégﬂag %gpgégPoklghgd nmet abot r opi ¢

gl ut amat e & ore ano fer pect the présént invention
rel ates toiavesthod.of affecting an ex0|tatory am no aC|d receptor in

meanmal s, whi ch %ﬁ@&gﬁﬁéuﬁé%f"%ﬁﬁﬁm *P A fEUEIng @4 i ng modul at ed
excitatory am no_acid neurotransm ssiqQn a

optlcally actlve forms) may be prepared according to

the method described in Klunder et al., Tetrahedron

Lett., 1986, 27, 2543 and Takano et al, Synlett 1991,

636. _
The formula I compounds wherein Rl and R4 are C3-

Ci1o0 alkyl, C2-C19 alkenyl, aryl, or arylalkyl, are
prepared from the corresponding compounds wherein Rl and
R4 are hydrogen. These compounds are generally prepared
using standard synthetic methodologies. 1In a typical-
example, the formula I compound, wherein Rl and R are
hydrogen, can be reacted with a C3-Cy19 alkyl, C2-Cio
alkenyl, aryl, or arylalkyl alcohol ‘in the presence of
an acid to produce the corresponding ester. Typically,
this reaction is carried out with an excess of the
alcohol in the presence of a catalytic amount of
.concentrated sulfuric acid.

The formula I compounds wherein R! and R4 are not
identical may be prepared from the diacid, R! and R4 are
hydrogen, using standard synthetic organic techniques.
For example, the chemistry that has been developed for
selective functionalization of the carboxyl groups of
glutamic and aspartic acids is applicable.
Alternatively, by choosing a carboxy protecting group
on the formula X compound that is stable under the
hydrolysis condition for the hydantoin,grdup, the
carboxyl groups may be selectively manipulated.



’pharnaceuticalIy-effective amount of a conmpound of fornmula |I. The term
"pharmaceutically-effective anount” is used to represent an anount of the

.compound of the invention which is capable of affectlng t he ex0|tatory

“ami no aciWO96@838ors. By affecting, a conpound of the inveRECTSI§WOMNRt i ng

as an agoni st. When a conpound of the invention acts as an agonist, the

I nteraction of the conpound with the EAA_receptor mmcs the response of

the interaction of this receptor with i 238 natur al ligand (i. '

L-gl utamate) . Tige PRSIREL F daiinplas P eHY rUBERESLRVER 1oh! of course

be determ ned by the parti cul ar, "ci rcunpst ances “surroundi ng the case,
i ncl udi ng #Fe %Qﬁ&kﬁﬁﬁjQﬁﬂﬁQ¥Qﬁ%§wﬂ?tahﬁ§rP8&FeeﬁFlﬁéﬁPﬁYsﬁmhﬁ?on t he

parti culdaraeﬂcmgréct?tdﬂ ng S%e%ﬁ.tﬂ‘bald@d t%h@ IFama0as r desRboeids Thle
conpounds can be a er.e var.ie r.ou n i ng ora
rectal, tr%ﬁ%d@??ﬂﬂ éﬁ%é?%ﬁ ﬁgyéﬁ%ﬁgﬁg %ﬁ?ahﬁ %ﬁa
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is used to represent an amount of the compound of the
invention which is capable of affecting the excitatory

- amino acid receptors. By affecting, a compound of the
invention is acting-as an-agonist; "When a compound of
the invention acts as an agonist, the interaction of the
compound with the EAA receptor mimics the response of
the interaction of this receptor with its natural ligand
(i.e. L-glutamate).

The particular dose of compound administered will
of course be determined by the particular circumstances
surrounding the case, including the compound
administered, the route of administration, the
particular condition being treated, and similar
considerations. The compounds can be administered by a
variety of routes including oral, rectal, transdermal,
subcutaneoﬁs, intravenous, intramuscular, or intranasal
routes. Alternatively, the compound may be administered
by continuous infusion. A typical daily dose will
contain from about 0;001'mg/kg to about 100 mg/kg of the
active compound of this invention. Preferably, daily
doses will be about 0.05 mg/kg to about 50 mg/kg, more
preferably from about 0.1 mg/kg to about 20 mg/kg.

A variety of physiological functions have been
shown to be subject to influence by excessive or
inappropriate stimulation of excitatory amino acid
transmission. The formula I compounds of the present
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The formula I. compounds of the present invention
are also believed to have the ability to treat a variety
of other neurological disorders in mammals that are
associated with glutamate dysfunction, including
muscular spasms; convulsions; @igraine headaches;
urinary incontinence; psychosis; drug tolerance, .
withdrawal, and cessation (i.e. opiates, '
benzodiazepines, nicotine, cocaine, or ethanol); smoking
cessation; anxiety and related disorders (e.g. panic
attack and streéss-related disorders); emesis; brain
edema; chronic_pain;_éleep disorders; Tourette's
syndrome; attention deficit disorder; and tardive
dyskinesia.

' The compounds of the present invention are agonists .

of cAMP-linked metabotropic glutamate receptors. These
compounds are negatively coupled. through the receptor to
adenyl cyclase, inhibiting the formation of cyclic

adenosine monophosphate. The formula I compounds of the

present invention are, therefore, believed to have the
ability to treat a variety of psychiatric disorders,
such as schizophrenia, anxiety and related disorders
(e.qg. panic'attack and stress-related disorders),
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PCT/ US95/ 10319 25 depression, bi pol ar di sorders, psychosis, and obsessive
scompul si vw%p’g Experinments were perforned to denonstrate the ability
of the for ompounds to affect the excitatory am no a®CaUSSIONY: s
The affinity of the conpounds for metabotropic glutamate receptors was
denonstrated by the sel ective displaceneg%%of (1S, 3R -1I-

am nocycl opent ane- 1, 3-di carboxylic acid sitive [3H glutanmate binding to

rat brain cebbraggﬁbnneblpahgrbdigbfubﬁﬁ [BRFdHddid , UtaaBbsekEevE] H G u)

was conducted w ranes of rat forebrain as descri bed by Schoepp

and True. SEHB‘BBPSS?&XE %ﬁ%r RETr osci ence Lett., 145, 100-104 (1992);
Wight, MDonal dExpedifiehbspperd. pbefeasddnto dduoRAiad4b tht994). The

concentrati gglga_t&hgffeﬁ%udl sh fgn})o&;n? %cfurﬁ elr%hl tf'éteﬁ% ? % bi ndi ng

(rcerr]), or ercen T c e g 10 [err]Mor 100
[err]NIconcéﬁ?#é@F@ﬁYoﬁm%ﬂ@ &@#dnﬂepeptmrgxnuﬁhe|&fﬁﬂmmmy of Eable |. Table

|.  Recept QmebﬁH&ngQf :E@EQH& p6 '@?&E%t@%%%%g% gza Iqerr]
1427
ggsgr;]slws[g(r)fﬂfm°n5trated by %h? %P— J[C& cﬂmﬁ?&@%oﬁfrdﬂrﬁe&g&ﬂmnt al

section b Canpnocdclepértane- B, 34 &icHr Sty BAHd i RhsErioagpound tested as

pure enant'?gﬁfglutamate binding to rat brain cell membranes. The
binding of [3Hlglutamate ([3H]Glu) was conducted with
crude membranes of rat forebrain as deééribed by Schoepp
and True. Schoepp and True, Neuroscience Lett., 145,
100-104 (1992); wright, McDonald, and Schoepp, J.
Neurochem., 63, 938-945 (1994). The concentration of
the formula I compound that inhibited 50% binding
(ICs0), or the percent displacement of [3H]Glu at a 10 puM
or 100 UM concentration of the formula I compound, is
shown in Table I.

Table I. Receptor Binding of Formula I Compounds

Compound2 ICso (MM)

no.
3k 0.32
6 0.18
7¢< .. 160.78
gb 3.2
2 . Compound numbers are from experimental section
® compound tested as a mixture of enantiomers
€ Compound tested as pure enantiomer
4

Compound tested as a mixture of diastereomers

Compounds 3, 6, 7 and 8 are all dicarbokylic acids.
In general, it has been found that ;he ester derivatives
(those compoundé of formula I in which one or both of Rl



d Conmpound tested as a m xture of diastereoners Conpounds 3, 6, 7 and 8 are
all dicarboxylic acids. In general, it has been found that the ester

derivativ e conpounds of fo I I in which
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R4 are not hydrogen) are inactive in the receptor binding test. However, it
is believed that these conmpounds are hyggolysable in vivo to the
correspondi ng -acid and can therefore function as .pro-drugs. It will be
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t he rat hi ppocCanpus an Tat cerebral cor e procedures
descri bed be &nymnnxammhtﬂuungnm prs@naéppnunatsgnnsnnvxde% Heem Int.

22, 277- 28§c££9§3a:bca%m&t£ ot iQls Talge%lixaﬁrhﬁfnbfoadﬁuéh%é n Table Il.
Table [ of . Forskol,in-Stinmul ate M? Fornatlon
Eq err] ?ThﬂerﬁﬁRéH#Frﬂ; generating the BCtlve aci * cerebral
ggrzexs 04 Th PBS fofhula iﬁbdﬁpdhnﬁdQﬂrehbﬁﬁ@@&&ﬁésin affecting 036 .015
nds.to_tre apnxiety or a related

di sor der %ﬂg%M?‘%ﬂ?&%q&pﬁﬁe%Eﬁmﬁﬁ&ﬁe?%ﬁ%oﬁ%t entiated startle
and eIevatdexesent&ufwenmbﬂppumdsamnretyeéEedrfbedthespecblbxﬂxr| n Davi s,

to decrease forskolin-stimulated cAMP formation in the _ .

rat hippocampus and the rat cerebral cortex, using the

procedures described in Schoepp ‘and Johnson. Schoepp

and Johnson, Neurochem. Int., 22, 277-283 (1993). The

results of these experiments are shown in Table II.

Table 1II. Inhibition of Forskolin-Stimulated

CAMP  Formation
o ECso (MM)
Compound no. 6 | 7
Rat cerebral cortex .055 £ .017 22.0 £ 3.4
Rat hippocampus .036 % .015: 29.4 * 3.04

The ability of formula I compounds to treat anxiety
‘or a related disorder may be demonstrated using the well
known fear potentiated ste;tle and elevated plus maze
models of anxiety described respectively in Davis,
Psychopharmacology, 62:1:;1979 and Lister,
Psychopharmacol 92:180-185; 1987

In the fear potentlated startle model, animals are
exposed to a neutral stlmulus such as light (conditioned
stimulus) with an aversive stimulus such as a shock
(unconditioned stimulus) . Following condltionlng, when
the animals are presented with a loud acoustic stimulus,
larger startle responses are e11c1ted when the startle
stimulus is preceded by light



bsychopharnacology, 62:1; 1979 and Lister, Psychopharmacol, 92:180-185; 1987
In the fear potentiated startle nodel, animls arﬁ exposed to a ngut{al
Stimul us light (conditioned stinulus) with an aversive stimulus
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in the el evated glus,naze nndgﬁf ﬁ e 'ongeEvans rats ?E8 =49 ﬁ? or male
NI H Swiss Fieefgan. bin¢geaned sianhilesasnomsedr essosprtgdewbahi ey,

Cunber | andthéNoréSén tathi e A MEt gﬂhIﬂggsgegrdﬁﬁgeggggggdtesting: Ani mal s
wer e housed_at, 23[er [err re ive humdity 30%to 70% and given
Purina CErFF??Egeﬁﬂa% '(§ﬂdw cféaaﬁanqa&h% $eeE P ETRPeBhEPBEEFi od was 12
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Cumberland, IN, USA and acclimated at least 3 days

before testing. Animals were housed at 23+2°C(relative

humidity 30% to 70%) and given Purina Certified Rodent

Chow and water ad libitum. The photoperiod was 12 hours

of light and 12 hours of dark, with dark onset at

approximately 1800 hours.

Test compounds were dissolved in a vehicle of

purified water and neutralized with 5 N NaOH to a pH of

7-8 when applicable. Diazepam (Sigma Chemical Company,

St. Louis, MO) was suspended in purified water by the

dropwise addition of Tween 80. Control animals received

the respective vehicle.

Fear Potentiated Startle: SL-LAB (San Diego

Instruments, San Diego, CA) chambers were used for

conditioning sessions and for 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. Following a S5-minute

acclimation period, each rat received a 1mA electric

shock (500ms) preceded by a 5 second presentation of

light (15 watt) which remained on for the duration of

the shock. Ten presentations_df the light and shock

were given in each conditioning session, rats were

gavaged with a solution of test compound of water and

startle testing sessions were canducted. A block of 10
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shown in Tahlfgekbhce between noise-alone and light+noise. The

result are shown in Table III.

Table III. Fear Pot;e"p_tié_i Startle

Test Compound - - - EDgg (mg/kg,.p.o.)
Compound 6 : ' 0.3
Compound-7 = . . Inactive*
Diazepam. 3 . - 0.4

* at_highest dose tested, 10 mg/kg p.o.

Automated Elevated Plus Maze: Construction of the
elevated plus-maze was based on a design validated for
mice by Lister (1987). The entire maze was made of
clear Plexiglas. The maze was comprised of two open
arms (30x5x0.25 cm) and two enclosed arms (30x5x15 cm).
The floor of each maze arm was corrugated to provide _
texture. The arms extended from a central platform and
angled at 90 degrees from each other. The maze was
elevated to a height'of 45 cm abbve the floor and
illuminated by red light. Individual infrared _
photocells were mounted along each arm of the mazé to
monitor closed, open, or nosepoke activity. Mice were
individually placed on the central platform of the maze

~ and the number of closed arm, open arm, and nosepoke

(poking head only into open arm from closed arm of maze)



Table 111. Fear Potential Startle Test Conpound

ED[err] (ng/kg, p.o.) Conpound 6
Jnactive* Diaze

10 ny/ kg

pl us-maze was based on a design validated for  mce by Lister (1987).

0. 3 Conpound 7
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si gni fi cantvaymablleo@dd ahariyl dfxssm afhes @ARHOYE ®f drug withdrawal

or cessation may be demonstrated using an auditory
startle model. In this model, animals are dosed with a
drug (nicotine or diazepam), then dosing is
discontinued. This cessatioh of drug dosing elicits an
increased startle response to auditory Stimuli.' Test
compounds are then administered to animals to determine
whether they are capable of attenuating the increased
startle response.

Long Evans rats (200-400 g; Harlan Sprague Dawley,
Columbus, IN) were individually housed in a controlled
environment on a 12 hour light-dark cycle and given free
access to food (Purina Rodent Chow) and water. Rats
were anesthetized with isoflurane and Alzet osmotic
pumps (Alza Corporation) were implanted subcutaneously.

Test compound was dissolved in a vehicle of
purified water and neutralized with 5N NaOH to a PH of
7-8 when applicable. Diazepam (Sigma Chemical Company,
St. Louis, MO) was suspended in a vehicle consisting of
40% PEG 300, 10% EtOH, 2% benzyl alcohol, 1% Tween 80,
and 47% purified water. Nicotine (Research Biochemicals
Inc., Natick, MA) was dissolved in saline. Control
animals received the respedtive vehicle.

Nicotine withdrawal: Pumps were filled to deliver
nicotine (6mg/kg/day, s.c.), diazepam (10mg/kg/day.
s.c.), test compound (0.1,3,10mg/kg, s.c.) or vehicle.
Twelve days following subcutaneous implantation of
pumps, rats were anesthetized with isoflurane and the

188 cEREPPUATE Sréd QHUGRE, HdHY fdfcas&ndo%ae@ses in open arm
activity at doses of 1,.3 ang go qgéggf Nosepoke counts showed a :
si gni fi cant incFB&s@béil§¥g? gt ox HIMRUNGS (8P RFAHEEtWEr e not

WO



The ability of formula | conmpounds to protect a warm bl ooded manmal from
the effects of drug withdrawal or cessation nay be denonstrated using an
audi tory <odel . In this nodel, aninals are dosed w

(nicotine or |g725eparr), t hen dosing i s discontinued. Thi spg'g‘ssgﬁidggg of
drug dosing elicits an increased startle response to auditory stimuli.
Test conpounds are then admi ni stered todﬂpinals to determ ne whet her they
“are capabl e of attenuating the increased startle response.- Long Evans rats
(200- 400 gpurps wmerSpregpovedaw Byrify| withdrawal) (Eoldowidigvipdmal |y housed
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47% puri fi ?’% sal EESE%OQF (g{gs &I ve I(slzl 3 Nﬁ&gércl\/m was

di ssol ved anlna s re e res |ve ve

Ni coti ne vuﬂDWdrduaatlonPuppesentedfatlBxbecnnﬂﬂmnnaruahsot|ﬁeaang/kg/day,
s.c.), dia ]&ﬂﬂQP g, 10nmg/ kg, s.c.) or
vehi cl e. é %ays ?’E%g?\ngnWégﬁb%h %ﬁase%e npl anta |on of punps, rats

wer e anestEﬁﬁﬁ?@éaﬁﬂPﬁsl@5f$ﬁ%@hblaﬁ@rt¢ﬁ9h seqsigey @edrsll data _ ,
PCT/ US95/ 1%%%9p§gsented here as .overall session means Audltory _ ‘

startle respondlng was evaluated daily on w1thdrawal
days 1,2,3,4 or 5 Basellne startle respondlng was
- evaluated prior to pump removal on day 12.

. Auditory startle respondlng was significantly
increased through the first three days following
cessatlon of chronic nicotine exposure when compared to
control rats receiving water. Rats given a replacement
dose of nicotine at doses of 0.03 mg/kg, i.p., or higher
did not display the same heightened startle response“
seen for animals with no nicotine replacement.
Pretreatment with compound 6 produced a dose -dependent
blockade of the w1thdrawal induced increase 1n startle
responding as well. A 51gn1f1cant attenuatlon of the
heightened startle was apparent at 3 mg/kg, p.o., dose
of compound 6 when compared to nlcotlne controls
(ED50=0.7 mg/kg, i.p. ).

Diazepam Withdrawal: Auditory startle responding was
significantly increased through the first four days
following cessation of chronic diazepam exposure when
compared to control rats receiving vehicle. Replacement
doses of 3 and 10 mg/kg,.1 P.. dlazepam did not block
the increased startle respondlng and in some instances
further 1ncreased react1v1ty lndlcatlng tolerance Rats
which recelved 30 mg/kg, i.p. dlazepam replacement daily
60 minutes before evaluatlon of startle respondlng, did
not show increased reactivity following diazepam



*punps were renoved. During w thdrawal (follow ng punp renoval), the
auditory startle response (peak anplitude, Vmax) of individual rats was

_recorded using San. Diego Instruments startle chanbers (San Di.ego, CA).

"Startl e swos6M8E75consi sted of a 5-minute adaptation peri od RQI/ESISAeHYr ound
noi se | evel of 702dBA i medi ately foll owed by 25 presentations of auditory
stinmuli (1202dBA noi se, 50ns duration) presented at 8-second intervals.
Peak startle anplitudes were then averagddd for all 25 presentations of
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respondi ng as wggl. A si'gifigagé attenuation of the heightened startle
was apparent at enﬁ?&‘&?‘*ﬁ.%.? dod® et oltﬂ'lvoe%t%r?r@onpar ed to nicotine
control s (Ebeéerably 7fogphklgted p3iobi tay gumbridisthrdtdwal. : Auditory startle
respondi ”%W@?e?b?@', f%ﬁ@ﬁﬁéé’ .ésf%é@@sc?f’ {HY drfte iWeiEiE‘ﬁ“&gd?ys
foll owi ng cessation of chronic di azepam exposure ‘when conpared to control
rats recei PRagnacanEical RETmelREIN ey iFing andorpongdkgt i . p., di azepam
did not bl ggkmlhilg LNEHCASRE:iRAR b Grite REHWlidY nigte i N some i nstances

further increased reactjvity indicafing tol erance.. Rats
pLarmaceutgcaily—géceptagie é%rriers, diluents, or

excipients. The present pharmaceutical formulations are
prepared by known procedures uéing well-known and
readilylavailable ingredients. In making the
compositions of the present invention, the active
ingredient will usually be mixed with a carrier, or
diluted by a carrier, or enclosed within a carrier, and
may be in the form of é 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 vehicle, 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 compound, soft and hard gelatin
capéules, suppositories, sterile injectable solutions,
defmal patch, subcutaneous implant, and sterile packaged
powders.

Some examples of suitable carriers, excipients, and
diluents include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum, acacia, calcium phosphate,.
alginates, tragacanth, gelatin, calcium silicate,
microcrystalline cellulose, polyvinylpyrrolidone,

- cellulose, water syrup, methyl cellulose, methyl and



whi ch received 30 ng/kg, i.p. diazepamreplacenent daily 60 m nutes before
eval uation of startle responding, did not show increased reactivity

foll owi ng_di azepam WD .96/ 05175

PCT/ USQ.S%%WI& cessation on days 1 through 4 when corrpalF%ch'J?gg’l%lg

di azepam control. Pretreatnment with Conpound 6 bl ocked the expected

I ncrease in startle responding which fagl, owed cessation of diazepam
exposure. Doses of 0.1 and 0.3 ng/Kkg, 9 0. of conpound 6 significantly

at t enuat egraawnﬁfdréméﬁ@om, aips ethdnesdum stlearaspendi ng

(ED[err]=0.1 g/ kg, .p. o, The compaunds Qf -th # i ntion are
pr ef er abl ?tﬁéﬁﬁl g{:ég' p?ti)l%rm*rbe iHi st rgﬁeoﬁ%?ﬁésgﬁgbg eéﬁot her aspect of
t he preseaddinienalby ischuddalutmcimaticw aigents,awiestiognpgestag a conpound

of formulg_] _in | pat j W b ' : %'r?ng uticcal | y- accept abl e
carriers, %P‘r’ﬁéﬁ?g‘?p%?'_ eé(@?lp%%f&r@%{é& pslrﬂeyggr?glp ar %(%%Efl cal formul ations
are prepapeesbyvingwadentsedinestening agants.nOxn fdayordngi |y avail abl e
1 ngredi enbgenl 8. Mekbiigos 1E1 GRS It Mvandifth Rago DRl foiitalhted. the
active i ngredient W iT. usually be mxed wth a carrier or dllu%ed by a
carrier, &P @fcF8sRHOVIERi & ar?"r%’ﬁ“-’a?\rgd._ Ay d5daved; RELPEFR BF a capsul e,
sachet, paper aceivet hegredbént nefteVeimiris watiosr toethes as a diluent, it
may be a soli.d m -So '

exci pi ent ,paBr’"eﬂEfi n??g#c',_g%%g;%ﬁ%&u%nég%lgﬁ{@ . gtlgg%h%&g an\s{eggﬁl gé in
‘the form of tafthet spmpokitiopswaice sprétematies farmtated dacRets, elixirs,
suspensi oQy;  eAULEE8 N Eorm?! ALK Fosayd Wohtaining from about 1 mg

to about 500 mg,.'mo'r_e _pré_ferably abdut; 5 mg to about 200 _ ‘

mg of the active ingredient. The term *unit dosage

form* refers to a physically discrete unit suitable as

unitary dosages :flor:_ humari subjects and other mammals,

each uhit cbntaining a .predetermined qu_anti_ty_ of ag_ti,ve

material calculated to brod_u_ce the desired Ltherap_eutic

effect, in assbciatiori with 'a suit:able pharmaceutical

carrier, diluent, or excipient. The following |

formulation examples are illustrative only and are not

intended to limit the scope 6f the invention in any way.



aerosol s, ointnents contai ning, for exanple, up to 10% by wei ght of active
conpound, soft and hard gel atin capsul es, suppositories, sterile injectable
.sol utions pat ch, subcut aneous inplant, and sterile packaged

‘powder s. %‘ﬁé&@iﬁml es of suitable carriers, excipients, arﬁ"ﬂW"%@H‘i’g

i ncl ude | actose, dextrose, sucrose, sorbitol, manni tol , starches, gum
acaci a, cal ci um phosphate, al gi nates, %gacanth, gel atin, cal cium
silicate, mcrocrystalline cellul ose, pg Pyvi nyl pyrrolidone, cellul ose,

wat er syrup, nethyl cellul ose, nethyl and WO 96/ 05175

PCT/ US95/ 10319 32 propyl hydr oxmdmaDat €én t 8/ C, .magnesi um stearate,
stearic acid, and mneral oil. The fornulations can additionally include

| ubrij cating nt.S; t surfacta ts | sifying.and

suspendi ng g%ggtéglgggée¢€$ﬁ§9§€e%f PR & W%fg%gﬁF%foéﬁ gﬁ&9oring
agents. Conpositions of the |nvemgreduen@sbe formul ated so as to provide
qui ck, sustained—or—delayed release of the active jngredient after

admini stration-to the patient by enploying procedures “wel | known in the
art. The conpositions are preferably formulated i n Qu8Rtitdosage form each
dosage containing fromabout 1 ng to about 500 ng, dﬂgéCéPéﬂé¢gbly about 5
ng to abou%—2&&ﬁﬁTf#—+he—ae%hveﬂ4ﬂy4ay4*#———Ihe—pemm—4#u4—dgsage form

refers to a phy gggll dlS%fe af[ﬂ#qSUIta e as unitary dosages for human

subj ects and ot 1’ |ng a pred E rmned quantity

of active mater produce the de5|red th peutic effect, in

association Wit éhé%ﬂ é%éygyaﬂaceutlcal “10

Total : 460 mg

The above ingredients are mixed and filled into
hard gelatin capsules in 460 mg quantities.

Formulation 2

A tablet is prepared using the ingredients below:

Quantity

(mg/tablet)
2-Aminobicyclo[3.1.0]hexane-2, 6-
dicarboxylic Acid 250
Cellulose, microcrystalline 400
Silicon dioxide, fumed 10
Stearic acid . : —5
Total 665 mg

The components are blended and compressed to form
tablets each weighing 665 mg. - o



carrier, diluent, or excipient. The followng fornulation exanples are
illustrative only and are not intended to limt the scope of the invention
in any way. WO 96/ 05175

PCT/ US95MBBIB3 Fornul ation 1 Hard gel atin capsul es are FrEPRre®Psi ng
the follow ng ingredients: Quantity (ng/capsule)

2- Am nobi cycl o[ 3. 1. Ohexane- 2, 6- dicarbogxlic Aci d

250 Starch, dried 200 Magnesi um stearate

10 Total - _ 460 ng The above ingredients
are mxed and filled into hardpgenatliaticPsud es in 460 ng quantities
Fornmul ation 2 A tablet is prepared using the ingredients below Quantity

(rmg/ tabl et) 2- Am nopi cycl o[ 3. 1. 0] hexane-.2, 6- di.car boxyl i i d,
D59 Col | vl BacaetpEs b SisHich e prepared concSigiha e, folfiting. funmed
10 Stearic acid ' components: - 5 Tot al

665 ng The_conponents are blended and conpressed fo formtablets each

wei ghi ng 665 ny.

Weight %
2-Aminobicyclo[3.1.0]hexane-2,6-
dicarboxylic Acid 0.25
Ethanol : 29.75
Propellant 22 . . 10.00
(chlorodifluoromethane) |
Total o 100.00

The active compound is mixed with ethanol and the
mixture added to a portioﬁ of the Propellént 22; cooled
to -30°C and transferred to a filling device. The
required amount is then fed to a stainless steel
container and diluted with the remainder of the
propellant. The valve units are then fitted to the

container.

Formulation 4

Tablets each containing 60 mg of active ingredient are
3 made as follows: IR

2-aminobicyclo[3.1.0]hexane-2, 6~

dicarboxylic Acid _ 60 mg
Starch . _ 45 mg
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone , 4 mg
Sodium carboxymethyl starch ' 4.5 mg
Magnesium stearate 0.5 mg
Talc - -1 mo

Total ' 150 mg




*WO 96/ 05175 _ . - PCT/ US95/ 10319 34
Formul ation 3 An aerosol solution is prepared containing the follow ng

, conponent 8%59@ % 2- Am nobi cycl o[ 3. 1. 0] hexane- 2, 6- di camkﬁoﬁsl d

0.25 Etha 29. 75 Propel

70.00 (chlorodifluoronethane) Total : 100. 00
The active conmpound is mxed with ethan%I and the m xture added to a
portion of the Propellant 22, cooled to j%O[err]C and transferred.to a

filling devi ged_TlilibeagemvéL eﬂ%ﬁg@m&;i Zsﬁémffh,f ﬁchd cc@'uﬁlais@ aa?hst ee:

contai ner and di ed wit e fenui t.he propel l.ant.. e val ve
units are PRSASR ﬁ*’é‘a“? ? °to‘¥faﬁ‘?§? %%r rﬁf‘le&ﬁp Pi¥gH et s each

cont ai ni ngthéroggblyact The soluteibrerdf poelywdy lpyrirollidese is

2- Am nobi C)ﬁ%&cg{i?’w}.tﬂ] Qﬁéapgé@l@éné'ﬁﬁ&)&g lv}hcid?’xclsa e then passed . . .

60 ng Starc ) 45" Ny crocrystalline

cel | ul ose through a No. B§ mesipdl&i rgdene + olThioigranules so. 4ny

§’°§i lr:rg] %glr g%ﬁ{IEEBYArét&fEQd at 50°C and badsdd M@&'%%h#g g}be.aflét e
150 ng mesh U.S. sieve. The sodium carboxymethyl starch,

: magnesium stearate, and talc, previously passed through

a No. 60 mesh U.S. sieve, are then added to the granules

which, after mixing, are compressed on a tablet machine

to yield tablets each weighing 150 mg.

Formulation 5§

Capsules each containing 80 mg of active ingredient are
made as follows: S

2-Aminobicyclo[3.1.0lhexane-2, 6~

dicarboxylic Acid 80 mg
Starch ' 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate 2.mg
Total : 200 mg

The active ingredient, cellulose, starch, and
magnesium stearate are blended, passed through a No. 45
sieve, and filled into hard gelatin capsules in 200 mg
quantities.

Formulation 6

Suppositories each containing 225 mg of active
ingredient may be made as follows:

2-Aminobicyclo[3.1.0]lhexane-2,6- : :
dicarboxylic Acid ' 225 mg
Saturated fatty acid glycerides 2.000 mg

Total 2,225 mg




WD 96/ 05175 _ : PCT/ US95/ 10319 35 The
active I ngredi ent, starch, and cellul ose are passed through a No. 45 nesh
sie xed thoroughly. The solution of polyvinyl ' eis
mxed Wi ﬁogﬂ&l?gesul tant powders which are then passed thrg%’ghgzghﬂgﬁ 14 -
nmesh U.S. sieve. The granules so produced are dried at 50[err] € and passed
through a No. 18 nesh U S. sieve. The s gluntcarboxynethyl st ar ch,
magnesi um st earate, and talc, preV|oust passed through a No. 60 mesh U. S
sieve, are then added to the granules which, after mxing, are conpressed
on a tablet ma |eId t s .eagh lLgpin 0 Formul ation 5
Capsul es each c aaf':?ﬁlhge 8o %é‘F% ﬁ§v§gﬁ%pegb5%?gl§r%%deé@s f ol I OWs:
2- Armi nobi cyesro[tBSL (Bs]ﬂeeaearaeldz,s&spendadbonythe gatyrated fatty
80 my Stargliy giycerides ggevn.ouslxersnelted us:.n% Ch&n M SR Heleal |1 ne

cel l ul ose I'um st ear

ng Total Recessary. The mixture 1s then pouped. h@tqﬁ% active ingredient,
cel Iul ose,s@é splfbozgn%dlweesh@muﬁheagagecaﬁecbtyw ;aPeseat dohrough a No.
45 si eve, fill into hard gelatin capsules 1n 200 ng quantities.
FornulatlcﬁP ‘Suppositories each containing 225 ng of active ingredient may
be nade as follows: 2-Am nobicycl o[ 3.1. 0] hexane-2, 6- di carboxylic Acid

225 ny Saturated fatty acid gl 2.000 ng Total
R ¥ehhiStion 7

2

Suspen51ons each contalnlng 50 mg of actlve lngredlent
per 5 ml dose are made as follows .

2-aminobicyclo[3.1.0]lhexane-2,6-

dicarboxylic Acid _ - 50 mg
Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 ml1 -
'Benzoic acid solutlon ' 0.10 ml
Flavor S S g.v.
Color - _ . g.Vv.

Purified water to total ' S ml

The medicament is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose
and syrup to form a smooth paete. The benzoic acid
solution, flavor and color are diluted with some of the
water and added, with stirring. Sufficient water is
then added to produce the required volume.

Formulation 8

An intravenous formulation may be'prepared as follows:

2-Aminobicyclo([3.1.0]hexane-2, 6~

dicarboxylic Acid 100 mg
Mannitol . " 100 mg
5 N Sodium hydroxide- - S 200 pl

Purified water to total _ : 5 ml




W0 96/ 05175 PCT/ US95/ 10319 36 The
active ingredient is passed through a No. 60 mesh U.S. sieve and suspended

i n the saty atty acid glycerides previously nelted using the m ninmum
heat nece?gé%‘.%qﬁrhe mxture is then poured into a supposit P18318¢

nom nal 2 g capacity and allowed to cool. Formulation 7 Suspensions each

containing 50 ng of active ingredient pgr 5 mM dose are nade as foll ows:

2- Am nobi cycl o[ 3. 1. 0] hexane- 2, 6- dicarb leic Acid

50 ngy Sodi um carhex¥6RLbyWing cExat®bes further illuﬁ&g‘gli:ﬁ'h%gl
' ' : avor

3:3? ngE?@%%bgugﬁédofoéﬁ%lﬁghsent invention and &h@.mﬁﬁppﬁﬁeé°ﬁater to

t ot al - their synthesis. TherExEmpldiaxarent iintendeddtbhbaugh a Sb. 45

mesh U. S. si . and. i ] t di. .boxynet hyl |l ulose and syrup

to forma grjfgﬁcgte ﬁﬁgaggegﬁgﬁéﬁn%i%%acl@es311%& ﬁ'ﬁl #a&% pﬁ%b'pol_ or are

diluted wi 8Rdsgheudd Rpe beitee constaucest, Wlh expenimegtsSweteci ent wat er

i s then adggd hAderodUsEsihtrd GREdRM By YR i ntravenous
formul ati on Erah ge Rr eparéd aés folgi owsé:/(HZf-JArri no%‘ltcycg‘l’ég’[ gglga?ﬁgxane- 2, 6-
dicarboxyl#& A%P vents and reagents were) pynehagednifrem commercial

100 ng 5 NsSagces andresédleas received, unless o2P@rhaiel
indicated. Dry tetrahydrofuran (THF) was obtained by
distillation from sodium or sodium benzophenone ketyl
prior to use. Proton nuclear magnetic fesonance (1H
NMR) spectra were obtained on a GE QE-300 spectrometer
at 300.15 MHz, a Bruker AM-500 specérometer at 500 MHz,
or a Bruker AC-200P spectrometer at 200 MHz. Free atom
bombardment mass spectroscopy (FABMS) was performed on a
VG ZAB-2SE instrument. Field desorption mass
spectroscopy (FDMS) was performed using either a VG 70SE
or a Varian MAT 731 instrument. Optical rotations were -
measured with a Perkin-Elmer 241 polarimeter.
Chromatographic separation on a Waters Prep 500 LC was
generally carried out using a linear‘gradient of the
solvents indicated in the text. The reactions were
generally monitored for completion using thin layer
chromatography (TLC). Thin layer chromatography was
performed using E. Merck Kieselgel 60 Fas4 plates, 5 cm X
10 cm, 0.25 mm thickness. Spots were detected using a
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% agueous sulfuric acid] and then heated on a hot
plate). 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 Analytical
Centre (Facultad de Farmacia, Madrid, Spain). Melting



Purified water to total 5n WO 96/ 05175
PCT/ US95/ 10319 37 The followi ng Exanples further illustrate the conpounds

of the present invention and the nmethods for their syntheﬁxﬁ, & anpl es
PRt

are not MAWMESF to be liniting to the scope of the inven
respect, and should not be so construed. Al experlnents were run under a

positive pressure of dry nitrogen or augg sol vents and reagents were
d as re

pur chased from comerci al sources and cei ved, unl ess otherw se

i ngl cat ed.pdintd eigr@u@ga&m&aea( IHFbprgpféglmiFo)m?e% ion) lat ion from
sodi um or i um_ben eno or _tp use. Proton nuclear magnetic
resonance § a%ﬂt%%“ é@ WEPEE %?égﬁﬁg BAAt @PREMUW Selironeter at
300. 15 MHauchﬂBmmatunngEQﬁtsapparaunserand &0 ihtrrecteddr uthe AC- 200P

spectromet ¢ 0 a o] r £ cQpy ( FABMS)
was perfor me %tr %'91 ggg%ﬁﬁﬁ gEsl %g gnggggﬁ?ﬁéu de%gacgf?%?l% Of%?%agg

spect r oscdie @B@W@Pnﬂagupbﬁr@rned using either a VG 70SE or a.Varian NMAT
731 instrunent. Optical rotations were neasured with a Perkin-El ner 241

pol ari neter. Chronatographlc separation on a Waters Prep 500 LC was

general |y carried out using a PFRE&FeFIRR et of the sol vents indicated in
the text. The reegtb6ashoryRe QR E o et HFEU 1R o Bromigeet i on using thin

| ayer chromat ography (TLC). Thin | ayer chromatography was perforned using
E. Merck Kieselgel 60 F254 plates, 5 cm X 10 cm 0.25 nmthickness. Spots
were detected usistguticanoifnethyd btolvacetateel263g) detdkction (plates

dipped in 4649 STPILEM(TR4YPI7headotShé Osdomt O wis HTRYed™
at room temperature. After three days, the title -
compound was isolated by filtration of the reaction'
mixture. Melting point 88-90°C.

Example 1
(1SR,5RS, 6SR) Ethyl 2-Oxobicyclo(3.1. O]hexane -6~
carboxylate

A suspension of carboethoxymethyl dimethylsulfonium
bromide (45.5g) in toluene (350mL) was treated with 1,8-
diazabicyclo[5.4.0]undec-7-ene (30.2g). The resulting
mixture was stirred at room temperature. After one
hour, the reaction mixture was treated with 2-
cyclopenten-l-one (19.57g). After an additional 18
hours, the reaction mixture was added to a 1 N
hydrochloric acid/sodium chloride solution: The
resulting mixture was extracted with diethyl ether. The
combined ether extracts were dried over magnesium
sulfate, filtered, and concentrated in vacuo. The
residue was purified using silica-gel chromatography,
eluting with a linear gradient of 10% ethyl
acetate/hexanes to 50% ethyl acetate/hexanes, to give
22.81g of the title compound. Melting point: 36-38°C.

4



ol ybdate and 4 g of cerium (IV) sulfate in 500 -nL of 10% aqueous sul furic
acid] and then heated on a hot plate). Flash chromatography was perforned
.as described by Still, et al. Still, Kahn, and Mtra, J. Og. Chem, 43,
2923 (1978Y0 #ent al anal yses for carbon, hydrogen, and nPET/H§A03L e
determ ned on a Control Equi prent Corporation 440 El enmental Anal yzer, or
were performed by the Universidad Conplutense Analytical Centre (Facultad
de Farmacia, Madrid, Spain). Melting ¥ 96/ 05175 . _

PCT/ US95/ 10319 38 points were deternmned in open glass capillaries on a
Gal I enkanp hot air bath nelting point apparatus or a Buchi nelting point
appar at us, EMBar @\zhcokb68ctMedt) . The nunber in parenthesis after the

conpound nafa Iy iR TdleulategoFBeubgniuber ¢ Pleanagrat gonylig,

Car boet hoxynet hyl Di net hyl sul foni um Brom de A sol ution of ethyl

br onpacet atfPYBE5g)C rakd -didiehy 7 - 341 fi de (114g) in acetone (500mL) was
stirred at roomtenperature. After three days, the title conpound was

i solated by filtration of the re%%tion m xture. Melting point 88-90[err]C
Exanple 1 (1SR 5RS, 6SR) Ethyl 2- ] oFB,l:O]hexane-G- carboxyl ate A
suspensi on of cél&RmﬁR&»@R&ﬂ&ﬁR)(ﬁﬂaﬂhyllQuhhﬂnbb&b?gmawgfl(35?53) in

tol uene (350nm.) was tr Wiat i 1.8~ _di Ley . 4. 0] undec- 7- ene
(30.2g).(The résultin n1x%ﬁ?g'%aélgﬁfg93é§§#8r3521?8 erature. After one
hour, the react | bfRmMSRFRS BRIt Digtdyrlni2-Aminobicyclo(3.1.0]-

hexane-2, 6-dicarboxylate (2)

A solution of the compound prepared as described in
Example 1 (22.81g) in ethanol (200mL) was treated with
an aqueous solution of potassium cyanide (9.71g) and
ammonium carbonate' (21.2g) in water (200mL). The
resulting mixture was heated to about 50°C. After about
18 hours, the feaction mixture was allowed to cool to
room temperature and treated with sodium hYdroxide
(16.2g). The resulting mixture was heated to reflux.
After about 18 hours, the reaction mixture was allowed
to cool to room temperature, then cooled to 0°C. The pH
of the cold mixture was adjusted to pH 1 by the addition
of concentréted hydrochloric acid. This mixture was
concentrated to dryness in vacuo. The residue was
dissolved in ethanol, cooled to 0°'C, and treated with
thionyl chloride (80.6g). The resulting mixture was
heated to reflux. After about 48 hours, the reaction
was concentrated to dryness in vacuo. The residue was
treéted with 1 N sodium hydroxide, and the resulting
miiture extracted with diethyl ether. The combined
ether extracts were'dried over potassium carbonate,
filtered, and concentrated in vacuo to give 24.6g of a
mixture of the title compounds. B



cycl openten-1-one (19.57g). After an additional 18 hours, the reaction

m xture was added to a 1 N hydrochloric aci d/sodi um chl oride sol ution.

resultin
extracts

vacuo. The residue was purified using silica-gel chromatography,
with a linear gradient of 10% et hyl acehate/hexanes to 50% et hyl

PoT) Usos) 10319 39 FONS: i 1954, Apalysis cal culated f
: .o Mz = ; al ysi s cal cul ate or
I %o

Cerr]Herr]Jerr]: C 64.27; H,

d: C. 64.54; H 7.11.

el uting

~acet at e/ hexanes, to give 22.81g of the trtle conpound. Melting point:

Exanpl e

The

QIR " over magnesi um sul fate, i tered,  and FORCEHPABE i n

2

(1SR 2RS, 5RS, (BSR)2EReFRSI 6 SRWDIeihivcly  -¢rdnbhilcycliexdné- 2) 6- di car boxyl at e
(1) and (1SR 2SR, 5RS, 6S i ef hyl. 20:An R0bi 5%¢lo[341. 0] -
Fﬁﬁ%%ﬂgiﬁﬁ :ﬁfggf§§§ﬁﬂgie (2)

hexane- 2, 6- di car boxyl at e

A sol ution the conmpound prepared

described in Exanple 1 (22.81g) in ethanol (200nL) was treated w
aqueous sol uti of &b1peics dfINBHY VR unds’ biepaRdqaBB0ALEEY £BEQONAL €

21. 29)

as
th an

( i n, wat er oQm.).. e.resulting mxture heat ed to about
50[err]C. %@t%ﬁa@éi%nz:&?qgikgl1Fh?thggcPFSﬁaﬁnygsgmﬁb§W%ﬁIomed to cool to
room t enpetpéared anckt reaicdatdionh cfodixahiby deadi &5(46gR0in The resul ting

vas. Lo BEbGREbof SO Foorhiies RESPAEARE. MACH BoBRBE TR a4} ¢ The pH of

the col d nfoomreenperamijnest edftterpknge bpurhethddieaonion mixture

was treated with additional ethanol (50mL). After 18
hours, the mixture was filtered, and the filtrate was
evaporated to dryness in vacuo.' The residue was treated
with 1 N sodium hydroxide, and the resulting mixture
extracted with diephyl ethér. The combined ether
extracts were washed With-brine, dried over potassium
carbonate, fiiteréd, ahd concentrated in vacuo. The
residue was pﬁrified by silicafgel_chromatography,
eluting with methylene chloride:5% ammonium
hydroxide/methancl (97:3), to give 15.41g of the title
compound. '

FDMS: m/z = 242 (M+H).

Analysis calculatéd for C12H1§Nd4; c, 59.74; H, 7.94; N,

5.81. Found: C, 59.78; H, 8.13; N, 5.77.

_ _Ekample 4 _ _
(1SR, 2SR, SRS, 6SR) ZfAminobicyclo[3.lLO]hexane-Z,G—
dicarbbxylic Acid (3)

A solution of the_comppuhd preparéd as described in
Example 3 (3.1g) in 2 N sodium hydroxide (25mL) and
tetrahydrofuran (25mL) was“stirred_at room_témperatureQ
After about 18 hours, the tetrahydrbfuran was removed
under reduced pressure, and the pH of the resulting
solution was adjusted to pH 9. The title compound was



*of concentrated hydrochloric acid. This m xture was concentrated to dryness
I n vacuo. The residue was dissolved in ethanol, cooled to O[err]C, and
treated with thionyl chloride (80.6g). The resulting m xture was heated to
"reflux. Awoseospmut 48 hours, the reaction was concentr at edpCTUSHSHOZISS | N
vacuo. The residue was treated with 1 N sodi um hydroxide, and the resulting
m xture extracted with diethyl ether. The conbined ether extracts were
dried over potassium carbonate, filtered and concentrated in vacuo to give
24.6g9 of a mxture of the title conpounds WO 96/ 05175
PCT/U895/1@3!9fAGdEkﬁhﬁgelgn(§§$@§E§@ QQQQOQﬁaQPNyNBlo'Rad AGl'

2- Ami nobi cxsgh 9[ 81dtQhg WexRNSOL, akdetl € aidiaymatiey,(2b fivel alipg.of the

conmpounds ared_as_descri nple 2 (20.71g) in ethyl acetate
" (200nL) ma@rﬁgéﬁgeﬁ OWrth a” s%fﬂ ¢ HE% oxal i ¢ acid (15.46g) in ethano

(50nmL). The resulting m xture was stirred at roomtenperature. After one
hour, the reaction m xture was treated with additional ethanol (50n1).
After 18 hours, the mxture was filtered, and the filtrate was evaporated
to drynessFﬂMSVacméZ =Th86 éd+Hle was treated with 1 N sodi um hydr oxi de,

and the remhuyaﬂsrrtawwaeéarﬁ@fe@g o, di echys1esdern, sl canbi ned et her
extracts were washed th brine dr|e overﬁﬁotaSS|un1carbonate filtered,

and concent'rafed Fﬁuvﬁcuoc The: 45 Buet wes P i Fided by silica-ge

chromat ography, eluting with nmethyl ene chloride: 5% ammoni um
hydroxide/nethanol (97:3), to givgxggb{£g gf t he Fitle
" (1SR, 2SR,5RS,65R) Diethyl 2-Aminobicyclo[3.1.0]lhexane-
2,-6-dicarboxylate (2) Hydrochloride Salt

A solution of the compound prepared as described in
Example 3 (2.41lg) in diethyl ether (75mL) was stirred'at
room temperaturé as gaseous hydrochloric acid was passed
over the surface of the solution until no further salt
formation occurred. After an additional five minutes,
the salt was removed by filtration, washed with cold
diethyl ether, and dried in vacuo at 60°'C for about 18
hours, to give 2.75g of the title compound. Melting
point: 189-191°C.

FDMS: m/z = 242 (M+H).
Analysis calculated for Cj13H20C1NOg4: C, 51.89; H, 7.26;

N, 5.04. Found: C, 52.03; H, 7.48; N, 5.06.

Example “6
(-)-Diethyl 2-Aminobicyclo[3.1.0lhexane-2,6-
dicarboxylate (4)

A solution of the racemic mixture of compounds
prepared as describéd in Example 3 (6.56g) in ethyl
acetate (100mL) was treated with a solution of (+)-di-p-
toluoyl-p-tartaric acid (12.0g) in ethyl acetate
(100mL). After standing pvefnight at room temperature,
the crystalline solid was removed by filtration and



conpound. FDM5: mz = 242 (MrH). Analysis calculated for
ECg:[igr]H[egr];;l(lg)r(r]:l C, (59. 74; H, 7.94; N, 5.81. Found: C, 59.78; H,
.13; N, 5.77. anple 4 (1SR, 2SR, 5RS, 6SR) 2- Am nobi cycl o[ 3 ne- 2, 6-
di car boxyWO8M{IY (3) A solution of the cz)rrpound pr epzlr ed[%g%ﬂ%aﬁﬁged in
Exanple 3 (3.1g) in 2 N sodi um hydroxide (25nL) and tetrahydrofuran (25ni)
was stirred at roomtenperature. After out 18 hours, the tetrahydrofuran
was renoved under reduced pressure, an he pH of the resulting solution

was adj ustgd dp teHglve ThE7hL 1| RaGOFDONAT MBFstal MAOFHNIYH was
PCT/ US95/ 10319 41 purified usi L pn- exchange. chr onat h Bi 0- Rad AGI-
X8), el ut iGRFasnE SYoFLLLPE Eggdf‘%\g’f%?t}et Ve 2%%‘%&4@ gI goi nt: >
(2:E50[ e]r rH][ Cdﬂ@t)a-ll&%go&%ds%réﬁﬁ dMﬂ;ﬁg lvédaly dict eyl acetater,

err err er.r]: . 89; 5.99; . N. 7.56, 1 1.74; H, 6.15;
N, 7.45. lé‘”’% Fi‘%ﬂ?}‘zgﬁ, pﬁ?%‘?n%gR‘;‘g\lﬁ %‘?‘%R?reé:eom%&utﬂm'
2- iAmt nobi ayfideaf &oblﬁhlgegan@-‘CZ, tBe dirysttaldine eql2)d Mady depletede Salt A
sol ution td: n r e sgrddedy inhRymle 3 (2.419) i
di et hyl etTer ?f%%%?g%éstgt???édgé$§r§€ﬁ§t% eré?hre asnSaseéus 9
hydr ochl ordnargdiomexis pxssed ez 9% suFrackreaPasre L¥MMeSn until no

further salie 4i0iaiRti,0pa2esuibAting ALhe! salt Akiudanalqidous woaduas, the salt
e th
vacuo at @?[Cé%ﬂ"@al‘:@? anfoBthys Sdevhtl cofg dietivl. Sfile (AL dried in

separated, dried over potassium carbonate, filtered, and

concentrated in vacuo to give .77g of the title o
compound. '
FDMS: m/z = 242 (MfH).

Optical rotation: 0p = -S_'.lS‘._'(c'z 1, EtOH)
Analysis calculated £or-ci2H19N04: c, 59.74; H, 7.94{ N,
5.81. Found: 'C, 59.68; H, 8.13; N, 5.58.

_ Example 7 _
(+)-Diethyl 2-Aminobicyclo[3.1.0lhexane-2,6-
di_carboxylate (5)

The mother ligquors from Exampie 6 were combihed and
concentrated in vacuo. The acid addition salt was
converted to the freebase by partitioning between

' aqueous'sodium”bicarbonate'and ethyl acetate. The
organic phase was separated, dried over potassium
carbonate, and concentrated in vacuo to give 3.7g of an
oil. This oil was treated with (-)-di-p-toluoyl-L-
tartaric acid (7.14g) in ethyl acetate (100mL). After
standing overnight at room température, the crystals
were collected by filtration and dried. The crystalline
solids were dissolved in hot ethyl'acetate, Containing
enough 2-propahol to effect complete dissolution. After
cooling to 0°C, the crystals weré isolated by filtration
to give 2.25g of thé title ;ompound, having an .
enantiomeric excess of 2 95%. The freebase form of the



hours, to give 2.75g of the title conpound. Melting point: 189-191[err]C.
FDVS: mz = 242 (M+H). Analysis calculated for CJerr]Herr]CONJerr]: C
,J51.89; H 7.26: N 5.04. Found: C, 52.03; H 7.48; N 5.06. Exanple 6
(-)-Di et hyWOIOBSIT8 o 1i cycl o[ 3. 1. 0] hexane- 2, 6- - di car boxyl at e PEY/USSSHBIR i on
of the racem c m xture of conpounds prepared as described in Exanple 3
(6.56g) in ethyl acetate (100M) was treated with a solution of (+)-di-p-
toluoyl-D-tartaric acid (12.0g) in ethyl4%cetate (100OML). After standing

overni ght alitleo@ohPeRaRAkESobt A2nEd YELBLL ARG 201 LeRRed IR DY

filtration and 3173
' PCT/U895/16§T@e42t8r9éﬁet -489e 14.79. Additional crystalline solid was
obtained by cooling the filtrate to Qerr]C. The conbined crystalline

solids wer lssolved_i g,hot, e hyl acetate, containing enough 2- propanol
for conple?%ﬂﬁﬁssgvgtTo%éBAévééPCooling to Jerr]C, the crystalline solid
was i sol at SPtEFali FPFAELBR: t8pgF ve- 22 B3glef= dl s EUQH)havi ng an enanti omeric

excess of pels38%calbalbteabase ¢ Wog. Obbal 880, by pary id4 oqing the

salt between aqueous sodi um bi car boriaté and efhyT  ace € or‘ganic
phase was Sefarat EAungei ed. 092r8botHssT B8 bdndtée, filtered, and
concentrated in vacuo to give .77g of the title conpound. FDMS: mz = 242
(MHH). Optical rotation: [err] = -5.15_ (c =1, EtOH). Analysis calcul ated
for Jerr]Herr]NJerr]: -C, 59. 7Bxapple o8 |
(+)-2-Aminobicyclo[3.1.0lhexane-2, 6-dicarboxylic Acid

(6)

A solution of the compound prepared as described in
Example 6 (0.69g) in tetrahydrofuran (10mL) was treated
with 1 N sodium hydroxide (10mL), and the resulting
mixture vigorously stirred at room temperature.. After
several days, the title compound was isolated by anion-
exchange chromatography (Bio-Rad AG1-X8), eiuting with
50% acetic acid/water, to give 0.53g of the title
compound.

FDMS: m/z = 186 (_M+1_~1)2 |

Optical rotation: op = 21.32° (¢ =1, 1 N HCl).
Analysis calculated for CgHyiNO4-1.25H0: C, 46.26; H,
6.55: N, 6.74. Found: C, 46.68; H, 6.47; N, 6.49.

Example -9
(=)-2-Aminobicyclo[3.1.0)hexane-2, 6-dicarboxylic Acid
' (7) '

The title compound was prepared substantially as
described in Example 8 from the compound whose
preparation is described in Example 7 (0.59g). After
several days, the title compound was isolated by anion-
exchange chromatography (Bio-Rad'AGl?xB), eluting with
50% acetic acid/water, to give 0.45g of the title
compound.



5.81. Found: C, 59.68; H 8.13; N, 5.58. Exanple 7 (+)-D ethyl

2- Ami nobi cycl o[ 3. 1. 0] hexane- 2, 6- di carboxylate (5) The nother |iquors from
Exanpl e 6 were conbi ned and concentrated in vacuo. The acé@ﬁﬁgg%éb sal t
was convdYQEHONIE ¢ he freebase by partitioning between aqu

bi carbonate and ethyl acetate. The organic phase was separated, dried over
pot assi um car bonate, and concentrated ip vacuo to give 3.7g of an oil. This
oil was treated with (-)-di-p-toluoyI-L:4tartaric acid (7.14g9) in ethyl
acetate (1 OOML). After standing overnight at roomtenperature, the crystals
were collected by filtration and dried. The crystalline solids were

di ssol ved in hot ethyl etate, containing enough 2-propanol to effect
conpl et e &G ufdn= Aﬁ eﬁMEH5ring to Jerr]C, the crystals were isol ated
by filtratOpwiced giotet2onsg @b +he22i72e torpound, Mddldg an enantioneric
excess of I .959 e S Oh4R . Q he - [ Q175 4.

PCT/ US95/ f%%fg]s 21'% télh ¢ Fgﬁgg%oggg %énobg“alhﬁga sﬁbs%/gn?élsﬁal y é;'s4sdescri bed
above, toNyi e 89..74F0uRBNG: Cinf 47=5042H( MH§2:; Qpt ikcadlrotation: [err]D =
7.22 (¢ =1, EtOH). Analysis calculated for CJerr]H err] NO4: C, 59.74; H,
7.94; N, 5.81. Found: C, 59.81; H 7.88; N, 5..76. Exanple 8 '
(+)-2-Aninobicycl0[3.1.0]hexam&§§¥ﬂ2ﬂ%ar%@xylic Acid (6) A solution of the

conpound prepey s, Hsr,9%&E FAA 2i-Aminobicyclo[3.1.0]hexane-2, 6~
dicarboxylic Acid (8)

The title compound was prépared from !!
(1SR, 2SR, 5RS, 6RS) diethyl 2-aminobicyclo[3.1.0]hexane-
2,6-dicarboxylate substantially as described in Examples
3 and 4. '

Example 11 |
(+) -Diethyl-2-Aminobicyclo[3.1.0]hexane-2,6-
dicarboxylate, Hydrochloride '

A stream of anhydrous HCl gas was passed over the
surface of a 0°C solution of the compound of Example 6
in anhydrous diethyl ether (75mL) until the formation of
white precipitate ceased. The resulting suspensiop was
stirred at room temperature for 2 hours. Ihe'reaction'_
mixture was then diluted with diethyl ether (100mL) and
the solid filtered under vacuum. The solid was washed
with Et20 (250mL) and dried under vacuum at 70°C for 4
hours affording.the title compound (2.32 g, 8.4 mmol)
77%. mp=138-140°C. FDMS=242 M*+1l. Anal. calcd. for
C12H20NClO4: C,51.89;H,7.26;N,5.04. Found |
C,51.61;H,7.32;N,4.99. [a1D=+35.52'(c;O.OQ,HzO).



Exanple 6 (0.69g) in tetrahydrofuran (10m.) was treated with 1 N sodium
hydr oxi de (IOn}), and the resulting m xture vigorously stirred at room
tenperature After several days, the title conpound was iso i on-
“exchange CKP$R13Yr aphy (Bi o-Rad AGL-X8), el um)ng with 50% kﬁﬁﬂgé)}ﬁsﬂ‘

aci d/water, to give 0.53g of the title conpound. FDMS: mz = 186 (M+H)
Optical rotation: OLD = 21.32 (c % HCl ). Anal ysis cal culated for .
Clerr]H err]NO[err] 1.25Herr] G C, 46 285 H 6.55; N, 6.74. Found: C,
46.68; H, 6.47; N, 6.49. Exanple 9 :
(-)-2- An1nob|cyclo[3 1. 0] hexane- 2, 6- dlcarboxyllc Acid (7) The title
conpound was prepared substantlaJﬁﬁa&E 8esdféi bed in Exanple 8 fromthe
conmpound mhosd+pﬁdﬂaﬁdﬂaonaus1bssﬁbbBadSaﬁ Eaeinbt&, ¥a(bb5dgj . Said aseveral

days, the title was i § ani on h chr

(5o Rad AGL HHABRR T o2 SSR AeBLY RePhRLR braathe o A I8 S yt he
title conpound. WO 96/ 05175 acid, ethyl ester

PCT/ US95/ 10319-44 FDVMS: niz = 186 (M+H). Optical rotation: aD =
+-22.72[err] (c =1, 1 NHC). Analysis calculated for

C err] H er r ANoLeryy Hp B regubethoxymerdy 1Hdimesby lgulfopsum ppamide (8.4§ 5o
H 6.62, N, 46. ?3 ) ?:Eﬂxeir;(%'f INRASRReniRPlile at ambient temperature

2- Anlnoblc cfo ane- 2, 6- di carhox
was preparggn depmitrogen was treated w1thy1|% é;azaglcycg [E 5'81 ound
7-ene (5.52 ml, 36.9 mmol). After stlrrlng for 1 h the

resulting vellow mixture was treated w1th (3aRr) -

3aa,4,7,7aa-tetrahydro-4o, 7c-methano-1H-inden-1-one
(3.60 g, 24.6 mmol) as a solid in portions over 3 min. The
brown reaction was allowed to stir at ambient temperature for
15 h. The reaction was quenched with 5% HCl (13 ml), diluted
with brine (50 ml), and washed with methyl t-butyl ether f3 X

' 50 ml). The combined organic extracts were dried (MgSO4),
filtered, and concentrated in vacuo to a brown oil (5.98 g).
Chromatography (100 g of flash silica gel, 8:1 then
2:1/hexanes:ethyl acetate) of the crude oil provided 5.0 g
(88%) of the title eompound as a colorless 0il determined to
be a single diastereomer by HPLC analysis: [a]d +112° (c
1.39, MeOH); Rf 0.55 (hexanes:ethyl acetate/2:1); IR (CHCl3)
2982 (w), 2938 (w), 1720'(s),'1276 (m), 1185 (m), 1048 (w)
em-l; 1H NMR (CDCl3) § 6.18 (dd, 1H, J = 5.6, 2.9 Hz), 6.07
(44, 1H, J = 5.6, 2.9 Hz), 4.14 (q, 2H, J = 7.1 Hz), 3.24 (br
s, 1H), 3.13 (br s, 1H), 2.86 (ad, 1H, J = 6.9, 4.1 Hz), 2.64
(dd, 1H, J = 6.9, 5.1 Hz), 2.21-2.16 (m, 2H), 1.88 (t, 1H, J
= 3.0 Hz), 1.57 and 1.37 (AB quartet, 2H, J = 8.5 Hz), 1.26
(¢, 38, J = 7.1 Hz); 13c NMR (CDCl3) & 213.31, 170.78, 135.59,
134.16, 61.56, 51.47, 51.17, 46.45 (2 carbons), 44.20, 39.76,
32.75, 25.76, 14.56. Anal. caled. for CiqHi1603: €, 72.39; H,
6.94. Found: C, 72.63; H, 7.08.



(I SR, 2SR, 5RS, 6RS) di et hyl 2-am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di car boxyl ate
substantially as described in Exanples 3 and 4. Exanple 11
(+)- E]etq%¢ nobi cycl o[ 3. 1. 0] hexane- 2, 6- di car boxyl at Ioride
A strea 9é?ﬁiggmous HO gas was passed over the surface lF(;‘T'rlﬁ%g{lerr]c ’
sol ution of the conpound of Exanple 6 in anhydrous diethyl ether (75nl)
until the formation of white preC|mtzﬂé%ceased ‘The resulting suspension
was stirred at roomtenperature for 2 hours. The reaction m xture was then
diluted with diethyl ether (100nm) and the solid filtered under vacuum The
solid was washed with Et[err]O (25€%§% g@d g§ied under vacuum at 70[err]C

for 4 hours affording the title co - 232 g, 8.4 mol) 77%
np=138- 140[ er r (€) - EDABE232S M &(R) MBigyrelo[3cdl.d hekod -en-2-one-6-

H NC C 51.6 |
(N:[ir g]g [[eE;]rr”[o)[:Jergg] 52[err#€%8h0 c%“gco’)m1 %t%\?(oegg%ggl ShoLn 7.8z

PCT/ US95/ 10319 45 Exanple 12
(+) - [ R (laagbalieibh bb[ehé]praa»ué@ 5@[@:& *égm[mrd@ Jsdl o, a,zhblzmﬁoia, 6, 6a-

actor A oiidh A§ BR 851 BEY nOSUVERRY| St HEER dtAe SRAnthFontatips wEEE a6, 0
mol )’ hn Zimiltaheacst suitrihg ahd ginrging tweigie rdiurogenndsubrstirfgee was
oo, el oSy Sl A L i or 3.8 TR
3aa, 4,7, 7ar[ea|crc]mnewaah9qobedata[ewqt mmum.u rdiéwedowetmmsghgl 24. 6
mrol ) as 2 g0kl EBnBL (160SmOY ST arkd WrdshddGrith water (1 X 50 ml).

The aqueous layer was washed.with methyl t-butyl ether (1 X !!

25 ml) and the comblned organlc extracts were drled (MgSO4),

filtered, and concentrated in vacuo to a llght vellow solid.

The crude cyclopentenone was crystallized from hexanes-methyl

t-butyl ether to afford 1.91 g (55%) of the title compound :

mp 96-98 °C; f{ald +251° (c 1.12, MeOH); REf 0.49

(hexanes:ethyl acetate/2:1); IR (KBf) 2997 (w), 1728 (s),

1747 (s), 1696 (s), 1292 (m), 1266 (s),- 1190 (s), 1177 (s)

cm-l; 1H NMR (CDCl3) & 7.61 (dd, 1H, J = 5.6, 2. 5 Hz), 5.74

(d, 1H, J = 5.6 Hz), 4.15 (g, 2H, J = 7.1 Hz), 2.96-2. 94_(m,

1H), 2.62 (br t; 1H, J = 3.9 Hz), 2.26 (t, 1H, J = 2.8 Hz),

1.27 (t, 3H, J = 7.1 Hz); 13c NMR (CDCl3) 5 203.56, 168.28,

159.96, 129.99, 61.70, 46.19, 30.39, 29.28, 14.49. Anal.

calcd. for CgHio03: C, 65.05; H, 6.07. Found: C, 64.78; H,

6.24.

Bxample 14
(= )-[1(R) S(S),G(R)] BlCYClO[3 1.0]lhexan-2- one-6-carboxylic
acid ethyl ester

A solution of the product of Example 13 (l.73_§, 10.4 mmol)
in 35 ml of 95% ethanol under nitrogen was treated with 10%
Pd/C (87 mg, 5 wt%). The flask was purged with hYdrogen and
stirring was maintained under a hydrogen atmosphere (balloon
pressure) for 5 h at which time another 35 mg (2 wt%) of 10%
PA/C was added. .The mixture was allowed to stir under



“brown reaction was allowed to stir at anbient tenperature for

15 h. The
reaction was quenched with 5% HO (13 m), diluted with brine (50 m),

and

washed with nethyl t-butyl ether (3 X 50 m). The conbined organic extracts
*Wwere driedv@d§@d¥® , filtered, and concentrated in vacuo to BCHUS9S10319
(5.98 g). Chromatography (100 g of flash silica gel, 8:1 then

2: 1/ hexanes: et hyl acetate) of the crude oiI.provided 5.0 g (88% of the

title conpound as a col orl ess oi

HPLC I +112 1. 39, 0.55 (h b
acotat o) 2, MHARIIETASH ary PrassEsney, SU888- (Fhe 15008 5= BRI St b

(m, 1048 (ndtxodear rand tHeNMEtQEPﬁt[Qas]reﬁoﬁed8vﬁddflﬂ¢faﬁhenEtHiod@hQ FE)

313 (br s, SHHES YRRy vigh stibd slesde ) Mnd llard g 7 5 MY

Hz), 2.21- washings Mere rogeptrated in-vacgoHzd,alyeVlewmdsaliy (1ad5

~quartet, 2'3‘%)3 THe Lrile s %’&%1%’% glflyg%aI%Zzéc_jLHﬁi}omlﬁ&m-(mertr—])

[err] 213
car bons),
C[err]H[err
96/ 05175
Exanpl e 13
acid ethyl
‘mmol ) in 14,

S|mJItaneous stirri Nng

170.78, 135. 51.17, 46.45
efders o3 affordyd .36, 91478%) ofnkhe eifke compound: mp

dﬁﬁ ey Galt2.-3° ke €.94, keony; Rf §2463(hékardedSetnyl WO

3G5t359/R: B¢ sRe (BPF) BRA$dI §¥) 1. BT Aex 8! enlﬁyéggééoc%a?@ooxyl |
ess)terlooe sadlut 1837 i)t keen-y oHHIGRMRf (DGl 6 42164(@9 2H, 20,4

"L ogh S ) T ol L6, SEs 03054, 42 TR kg

urgln wi th7ni ace needle) to

drive of f 130 at®d 4ol dpd®: d&i-eBE f r =24 . B, HZThe f'ed@ﬁ ol¢DfHs ) cBol ed t
room ngtmgfr 2”(?7 A7 ts%d, WitlgaTeBlRyh 7L - Byt ¥b, ebhes9( 196 ¢ ) . 2 2rgh washed

Anal calcd. for CgH1203: C, 64.27; H, 7.19. Found:
C, 64.10; H, 7.31. '

, Example 15 _
(+)-[1(R),2(R),5(8),6(R),5' (R)]-2-Spiro-5'-
hydantoinbicyclo[3.1l.0)hexane-6-carboxylic acid ethyl ester

A mixture of the produee of Example 14 (1.20 g, 7.13 mmol),
potassium cyénide (511 mg, 7.85 mmol), and ammonium carbonate
(1.37 g, 7.13 mmol) in 7.1 ml of 95% ethanol and 2.9 ml of
water was allowed to stir at 36 °C for 10 h and at room
temperature for 13 h. The cloudy yellow reaction was codled'
to 0 °C and diluted with 7.8 ml of cold water. After
stirring for 1.5 h the white solid was collected and washed
with cold water (2 X 5 ml). The solid wes dried in vacuo to
pfoyide 1.17 g (69%) of the title compound as a single
diastereomer as determined by HPLC analysis: mp 247-249 °C;
[@]3 +23° (c 1.05, MeOH); IR (KBr) 3504 (m), 3262 (m), 2983
(w), 2766 (w), 1771 (m), 1723 (s), 1415 (m), 1182 (w) cm'l; 1lH
NMR (DMSO-dg) & 10.58 (s, 1H), 7.93 (s, 1H), 4.06 (g, 2H, J =
7.1 Hz), 2.08-2.01 (m, 1H), 1.94-1.83 (m, 4H), 1.79 (dd, 1H,
J =13.9, 8.5 Hz), 1.40-1.33 (m, 1H), 1.20 (t, 3H, J = 7.1
Hz); 13C NMR (DMSO-dg) & 178.30, 172.62, 157.01, 69.52, 61.04,
33.86, 30.37, 28.27, 26.49, 20.95, 14.93. Anal. calcd. for

c

(0]

deterngmed to be a single diastereoner by

1



The aqueous | ayer was washed with nmethyl t-butyl ether (1 x 25 nl) and the
conbi ned organic extracts were dried (MgSO4), filtered, and concentrated in
vacuo to yel | ow solid. The crude cyclopentenone i zed
from hexgﬁ%égﬁ%"ﬁ t-butyl ether to afford 1.91 g (55%%@%’%@%‘%
conpound: np 96- 98 [err]C, [[err]][err] +251[err] (c 1.12, MeOH); Rf 0.49
(hexanes: ethyl acetate/2:1); IR (KBr) 2997 (w), 1728 (s), 1747 (s), 1696.
(s), 1292 (m, 1266 (s), 1190 (s), 117 s) crmferr]; [err]H NVR (CDCl[err])
[err] 7. 61c1(19tg4nzm Jc- 550462. f, H8) 925. N4 11..76H Foundx 6 d#2)55.4615 (q,
2H, J = }é E@%S % gﬂ (m 1H), 2.62 (br t, 1H J 3.9 Hz), 2.26 (t,
1H, J 2 3‘ *3H, J =7.1 Hz); 13CNI\/R(CDCI[err]) [err]

203. 56, 168. 28, 159 96, 129.99, 61.70, 46 19, 30.39, 29.28, 14.49. Anal.
calcd. for CJerr]Herr]G3: C 6539 am? %g Found: C, 64.78; H, 6.24.
Example 14 (-)- El(R) 5(9), 6(F2% I'CyC of3 hexan- 2- one- 6- car boxyl i c
acid ethyl dste AR%OB&R?Oﬁ(%T H%)kn&nﬂmanth5G%qm3e119]@§xaaegz 60. 4
mmol ) in 35 m_ of 95% et hanol uagggrgbkygggna&@é treated with 10% Pd/ C (87
ng, 5 w9%. The flask was purged wth hydrogen and stirring was naintai ned
under a hydrogen atnosphere (balloon pressure) for 5 h at which tine

a?ot herdSi 8108 ivh%b£0thd Orbah et Vo meiigslle 1Be(gTiainy, e Mas al | ovved to
Stir under

PCT/USQS/fB?%@ &?9§/25égeﬂff%r éﬁm%%dw??cﬁ%ﬂOWﬁ?lﬁQ1reﬁ%?ﬁ=V§§% was purged
Wi th nitregdrrdng tbe 24thlysUponscoebingdoizodn |Hemgderaturier ahgh celite,

washi ng mngg I e h 3ﬁg entrated in
vacuo to %\i/&v ‘é’%% éﬁt§1$§ gj'{é%gcru 50 | Evvas ge;/stal I'zed from ‘
hexanes nﬁmﬁypared from 50 ¢ o Bio-Rad AG 1-X8 acetate resin .

prepared via washlng with 50 ml of 1 N NaOH followed by

50 ml of water followed by, after appllcatlon of the
reaction mixture, another 50 ml of 1 N NaOH) eluting
with 1l:1/water:acetic acid, collecting 50 ml fractions.
Fractions 2 and 3, which contained product, were
combined and concen;rated in vacuo providing 770 mg of a
white solid. The solid was slurried in 4 ml of water
and filtered, washing with water (1 X 4 ml). The solid
was dried in vacuo at 40 °C to afford 634 mg (76%) of
the title compound as a white powder: IR (KBr);
©3235(br;s), 2971(m), 2016(br,w), 1694(m), 1613(s),

1509 (m), 1237(m) (cm-1), 1H NMR (trifluoroacetic acid-d) 8.
2.76-2.74 (m, 1H), 2.65-2.52 (m, 3H), 2.38-2.31 (m, 2H),
1.96-1.88 (m, 1H); 13C NMR (trifluoroacetic acid-d) &
179.43, 175.63, 69.53, 34.92, 31.75, 31.66, 27.63,

23.04. Aan analytlcal sample was prepared by _
cryStalllzatlon from water: mp 277-280 °C (dec), _[a]?
-23° (c 1.35, 1N HCl). | |

Example 17
.2-0xobicYclo[3.1.0]hexane-6-céfboxylic acid
A mixture of 60 ¢ of ethyl 2- oxob1cyclo[3 1 Olhexane 6-

carboxylate and 300. ml of 1 N sodium hydroxide was stlrred at
25'30°C. After 2.5 hours, concentrated hydrochlorlc acid was



butyl ether to afford 1.38 g (79% of the title conpound: np 63-65 [err]C
[[err] -60 (c 1.34, MeOH); Rf 0.49 (hexanes:ethyl acetate/2:1); IR (KBr)
2987 (w), 1722 (s), 1410 (n), 1193 (s), 1009 (m), 827 (m cnierr]; 1H NMR
'(CDCl[errWonsr]s 4.16 (g, 2H, J = 7.1 Hz), 2.52 (q,” 1H, J RCRAUDSIEI19
2.29-2.22 (m 2H), 2.17- 2.00 (m 4H), 1.28 (t, 3H, J = 7.1 Hz); 13C NMR
(coCferr]) [err] 212.07, 170.80, 61.64, 36.17, 32.30, 29.59, 26.91, 22.87,
14.56. Anal. calcd. for err]Herr](ea9]: C 64.27;, H 7.19. Found: C

64.10; H, 7,31, Ex | 15 | (R}, 2(R) .5(9), 6(R), 5’ (] 2- Spiro-5
hydant oi nift aaga = 5% i’ﬁ[ Eg §o§§/ﬂ-)r <(atc ’Ele«(e’f) 1'%’3‘%i SOAURLEMr e of
t he produomasﬁeﬂi&aq@eﬂ h4th1e2ﬁyg aEe&&téﬂD|Thep@i@ﬁédﬂEHWEﬁﬁH%ﬁieﬁfléSTy
7.85 | 0 %
et hang}m )J’%ngnaﬁggytl%sg’ranfv\g ?Ilg\%vgﬁe? §??rc%?c%eﬁ%5?‘¥c 0@Y§ h and
at room t éfper & U98¥orf1zhe. crute maoeuyaglel | Recrestod 1 izatsiorn daxloed to 0

[err] C andigl it F Wrthly17 ae tgf gggdtﬂ%t é\féﬁe?&%@n@gr%# 1.5 h the

white solid was collecfed an edW| 5The solid
was dried ]12r\8\‘/:acuo to provide 1 17 g (69% of the title conpound as a

single di eorrer 7(?“%Aterm ned by HPLC anal ysis: np 247rr)249 [err](\?v)

err]] + r KBr) 3504 3262 , 2983 ,
[2[766 ](3/\1) Ca];l '-’s% 911”15C1 037189, (ﬁ&r%ﬂi er H} ; 5176 NVREODMEO- d6)
8 10.58 (£ 4.06 (q, 2H, J = 7.1 Hz), 2.08-2.01 (m 1H),

1.94-1.83 (m 4H) 1 79 (dd 1H, J = 13.9, 8.5 Hz), 1.40-1.33 (m 1H), 1.20
(t, 3H, J = 7.1 Hz); 13C NMR ( DVSOmo@mp{las r [18178.30, 172.62, 157.01, 69.52,
61.04, 33.86, 30.37, 28.27, 26.49, 20.95 14.93. Anal. calcd. for WO

96/ 05175 2-0Oxobicyclo[3.1.0]hexane-6-carboxylic a&q/sléﬁ%aw]i%%l%s?sél-
' phenylethylamine

A solution of 14 g of the compound prepared in Example 17 in
140 ml of 25% ethanol in ethyl acetate was combined with (S)-
l-phenylethylamine (1 eq.). After stirring overnight, the
precipitated salt was isolated by filtration and dried to
give 11.87 g (45.4%) of the desired salt. Conversion of the
salt to the partially resolved 2-oxobicyclo[3.1.0]hexane-6-
carboxylic acid by the method of Example 17 and analysis
indicated that the salt was 68% ee. The enantiomeric excess
was determined by conversion to the methyl ester with
diazomethane followed by chiral HPLC on a Chiralpak AS column
at 40°C eluted with 10% isopropanol/90% hexane at 1 ml/min
with detection at 210 nm.

Example 19

(+)-2-Oxobicyclo[3.1.0]hexane-6-carboxylic acid

A mixture of 1.31 g of the product of Example.ls and 10 ml of
1N hydrochioric acid was stirred for 5 minutes and extracted
with ethyl acetate. The extracts were dried over sodium
sulfate, filtered, and concentrated to give 0.61 g of the
title compound, mp 110-115°C. The product was determined to
be 68% ee by chiral HPLC (method of Example 18)

FDMS: m/z = 141 (M+H)



Cerr]Herr]Nerr]O[err]: C 55.46; H, 5.92; N, 11.76. Found: C, 55.76; H,
5.95; N, 11.84. Exanple 16 _
(-)-[I(R S), 6(R)]-2-Am nobi cycl o] 3. 1. 0] hexane- 2, 6-_di car, lic
acid A séYé%E%ﬂ;%f t he product of Exanple 15 (976 ng, 4. 10°H F?%ﬁﬁXB.Z n
of 3 N NaOH was allowed to reflux with stirring for 24 h. Upon cooling to
roomtenperature the reaction was appli directly to an i on exchange
colum (prepared from50 g of Bio-Rad 1- X8 acetate resin prepared via

washi ng w 50 me qf .1 N NaQH fol,l0 by 50 M of water followed by,
after appléﬂcl:alt%%c}n Rc?%attrj%gﬁr'eacgﬁ on 4%‘\%‘3%, another 50 m of 1 H NaOH)

—~

eluting with 1:1/water:acetic acidg¢goll.ecti,ng 50 ml fractions. Fractions 2
and 3, which contained product, weFEaERHS ngg'and concentrated in vacuo
providing 770 ng of a white solid. The solid was slurried in 4 nl of water
and filtered{-Wwektimigandt'rhydeatodnbicycap)3 . 1 Ththexaner freearhdad iin vacuo
at 4.0 [err]Cto afford 634 ng (76% ofcide title conpound as a white
powder: IR (KBr); 3235(br;s), 2971(m, 2016(br,w), 1694(m, 1613(s),
1509(m, 1237(m(cm 1), 1H NWMR (trifluoroacetic acid-d) [err] 2.76-2.74 (m

i, 2, o0 dsdutionste e odbolnd prabired £ dodiiime ) xbagthC 0
(27. 63, 23. 4?(682n'e§nally%ﬂcgr é%%’ﬁ%i%s%@p‘% e@' '#Eﬁ%fﬁi’alainfizai ion from
wat er:  nmEnoni80 cheboharedéz)5 ed] ewerd dambiined®Ind stidFredlBinHCl) .
U 5 bHRRIBLECR?, 358 A BABRo S AR U S 0L %0
hydr oxi de 3Rdslisdedr watht sWshgdoechlorieragid manasntatednt diduged <
hydrochl okji¢ha¢iadep@Sand filtered to give a 79% yield of a 90:10 -

‘mixture of diastereomers, mp 286-290°C.' The diastereomeric

mixture was recrystallized from isopropanoi/water to give in

48% yield the title compound in 100% diastereomeric and 100%

enantiomeric purity (enantiomeric ratio determined by chiral

HPLC on a 4.6 x 150 mm Chiralcel OD-H column, eluted with 15

% isopropanol/85% hexane at 1 ml/min at 40°C with detection

at 220 nm; diastereomeric ration determined by HPLC on a

Zorbax SB-phenyl column at 40°C with elution with 90:10

buffer/acetonitrile eluted at 2 ml/min with detection at 220

nm (buffer = 0.1 M dibasic sodium phosphate monohydrate

adjusted to pH 2.1 with phosphoric acid).

FDMS: m/z = 211 (M + H)

Optical Rotation: op = - 25.98°

Analysis calculated for C9H1ON204: C, 51.43; H, 4.79; N,
13.33. Found: C, 51.38; H, 4.80; N, 13.26.

Eiample 21

Ethyl 2-spiro-5'—hYdantoinbicyclo[B.1.0]hexane—6-carboxyléte

A mixture of 5.05 g of ethyl 2¥oxobicyclo[3.i.O]hekane-G-
carboxylate, 2.15 g of potassium cyanide, 5.77 g of ammonium
carbonate, 30 ml of 2B-3 ethanol, and 12 ml of water was
stirred at 35°C untii'the reaction was COmplete'by HPLC.



*WO 96/ 05175 - PCT/ US95/ 10319 49 added
to adjust the pHto 0.8-1.2. The resulting solution was extracted with
ethyl acetate. The extracts were dried over magnesium sul fate, filtered,

* and conceWO9%RK17% 0 give 49.1 g (98% of the crude materi al PCT/US95/10319
Recrystallization from 100 m of ethyl acetate gave the title conpound, np
123.5- 128[err]C. FDMS: mz = 140 (M) Analysis cal cul ated for
Cerr]Herr]O[err]: C 60.00; H 5.7551Found: C, 60.14; H, 5.79. Exanple
18 2- Oxobi I 1 Xapgz6s | ' t .\ (+) -
phenylethyﬁgﬁfﬁgii gg%g?rogﬁgfr%3589§¥ ?ﬁ%eﬁ%%ﬂ%%%dc%ﬁégﬁuégiqﬁ; Ean%?e 17
in 140 nl & 2fopatezanyrsi addedyroathe anixypEe condbfreE 4 hougs)at 0°C,

1- phenyl et eapraeiblcfe) was AL E81aéd by Nel DM Hland I iRiGE€bPGhgked
sal t” was |%fl%ted 3§ flltra$lon,agd dried tg give 11.87<g§ {45.49% of the
desired sal2> Grverdi 8% Gher kdtdg) FOPBOVRE. pBPt #41 T420&s0l ved

2- oxobi cycl o[ 3. 1. 0] hexane- 6- carboxylic acid by the nethod of Exanple 17
and anal ysirbMsndi matzed 2BAt1t kM+¥alt was 68% ee. The enanti oneric excess

was determ n ' er mt | azonget kage .f ol | owed
by chi ral CPELYoA AL RISk ERREE FOP CRIBYINAGE] ¢ U I 3004,

i sopr opanolN,90%.Aéxan&oundl n€/ nbh. Wt h Het®d8on Mt MEhm Exanple 19
(+)-2-Oxobi cycl o] 3. 1. 0] hexane-6-carboxylic acid A mixture of 1.31 g of the
product of Exanple 18 and 10-ml .of I N hydrochloric acid was stirred for 5
mnutes and extracted with ethyl acEB¥am®lerhé2extracts were dried over
sodiumsulfate, filtered, and concentrated to give 0.61 g of the

2-Spiro-5'-hydantoinbicyclo(3.1.0]lhexane-6-carboxylic acid-

‘A mixture of 16.32 g of the product of Example 21 and 137 ml
of 2N NaOH was stirred at 25°C. After 1 hour, concentrated
hydrochloric acid'Was added to adjust the pH to 1.0. The
resulting precipitate was isolated by filtration and dried to
give 13.70 g (95%) of the title compound, mp 277-279°C.

FDMS: m/z = 210.1 (M+)
Analysis Calculated for CqH1(QN204: C, 51.43; H, 4.79; N,
13.33. Found: C, 51.70; H, 4.93; N, 13.43. '

Example 23

2-Spiro-5'-hydantoinbicyclo[3.1.0]lhexane-6-carboxylic acid,
(S) -1-phenylethylamine salt

A mixture of 1.05 g of the product of Example 22 and 16.6 ml
of a 1.6 : 1 solution of acetone : water was stirred at 25°C
while adding 1.53 g of R-(+)-1l-phenylethylamine. The mixture
was stirred for 2 hours at room temperature. The crystals
were filtered, rinsed with acetone, and dried to give 0.74 g
(45%) of the title compound, mp 205-212°C.

Optical Rotation: op = -31.88° (c = 1, methanol)



title conpound, np 110-115[err]C. The product was determ ned to be 68% ee
by chiral HPLC (method of Exanple 18) FDVS: mz = 141 (M+H) W 96/ 05175
PCT/ US95/ 10319 50 Optical Rotation: [err]D = 49.85 Exanple 20

(-) - 2- SpiW@I60SIZY dant oi nbi cycl of 3. 1. 0] hexane- 6- car boxyl i ¢ BEVHSRWI ¢ i on
of the compound prepared as described in Exanple 19 (68%ee, 1 eq.),

pot assi um cyanide (1.25 eq.), and amonpym carbonate (2.5 eq) were conbi ned
and stirred in ethanol/water at 25[err]€for 40 hours. The m xture was
acidified with 6N hydrochloric acid, concentrated, diluted with water, and
filtered to give a 79% yield of a 90: 1%§f]Xt e of diastereoners, np '
286-290[err]C. The di ast er eoneri c &% ~recrystallized from

i sopropanol /water to give in 48%yield the title conpound in 100%
d|astereonerKe)andsﬁﬂﬁ@éﬁnamydanﬁﬂnnbxnyuﬂqw3(an@ﬂheaaneré carboxylkter m ned
by chiral HPLC on a 4.6 x 150 nn1Ch|raég OD-H colum, eluted with 15 %

| sopropanol / 85% hexane at 1 mM/mn at Ferr]C:MAth detectlon at 220 nm

di astereoneric ration determ ned by HPLC on a Zorbax SB-phenyl -col um at

40[ err] C wi t gluitd Qi W Ay %0 o0 thief b%aaeet BRI EkhmB16! 21 efh@t1(? nil /0B N
wi th detection at 220 nm (buffer 0.1.Mdj basic sodlgn1 h‘fp ate
monohy dr at 2R (KA EHFIRE A4 24 Fh"”BFx@n@pHEFl BH¥RE) 2 Jigﬁse om 681 (\ +

H Optical e&Rot a6 i@dling [107 rHA2 .= TheZ&ea&kebn] méRrehyei was adcitred Edron
CoH O\|2041h&,1r 5a"thd4 3t'ihe prAbdZagc’t w‘as co iec'EOH”%y gilé%ag’{scn Hamf' c?rgn.ed\l’tol?’ 26.

Exanpl e 2
give 0.35 g (75%) of the title compound; mp 310°C (decomp).

CFDMS:  210.1 (M+) .

Optical Rotation: oap = -24.22° (¢ =1, methanol)
Analysis calculated for CgH1QN204: C, 51.43; H, 4.80;
N,13.33. Found: C, 51.67; H, 4.87; N, 13.61.

Example 25

(+)-2-Aminobicyclo[3.1.0]lhexane-2, 6-dicarboxylic Acid

:A solution of 184 g of (-)-2-spiro-5'- :
hydantoinbicyclo[3.1.0)hexane-6-carboxylic acid and 1750 ml
of 3N NaOH was heated at reflux until the reaction was
complete by HPLC. After 28 hours, the solution was cooled to
room temperature and filtered through glass paper to remove
trace amounts of insoluble material. The pH of the solution
was adjusted to 3.0 using concentrated HCl. The reaction
mixture was stirred 1 hour at room temperature and two hours
at 0°C. The precipitated product was collected by
filtration, washed with 170 ml of cold water and dried to
give 152.5 grams (86%) of the title compound.

FDMS: m/z = 186.1 (M+1) -
Optical rotation: ap = 23.18° (c = 1, 1N HCl)

3



“Et hyl 2-spiro-5-hydant oi nbi cycl o[ 3. 1. 0] hexane- 6-car boxyl ate A m xture of
5.05 g of ethyl 2-oxobicyclo[3.1.0]hexane-6- carboxylate, 2.15 g of
 pot assi um cyani de, 5.77 g of ammoni um carbonate, 30 ml of 2B-3 ethanol, and
*12 ml of wexso5wss stirred at 35[err]C until the reaction REIUSINGMA?e by
HPLC, WD 96/ 05175 33
PCT/ US95/ 10319 51 After 15 hours, the reaction m xture was cooled to
Oferr]C and 33 m of water was added t i xture. After 2 hours at

Oferr]C, the precipi A%&nﬁ@&gis&f%ﬁéj fdild ration and drired to grve5-23
np

ool Lot S0 T et ert oo e | AT

Anal ytical calculated for (err] rj: C
11 anpl e 22

11.76. Found: C, 55.74; H, 5.88;R .
- 6- cahpoxylic acid A m xture of

2- Spi r 0- 5- hydant oi nbi cycl o[ 3. 1. 0] h :
16.32 g of the product of Exanpl 1 137/ m of 2N NaOH was stirred at

25[err] C. After 1 hour, concentrated hydr
the pHto 1.0..The resulting precipitate isolated by filtration and
dried to give 13.70 g (95% of the title c ound, np 277-279[err] C. FDVE:
mz = 210. dhéMsindnal ysis Calculated for CJerr]Herr]Nerr]O[err]: C,
51.43; H, 4. 79;Xl\lisl§c:§3x . Found: C, 51.70; H 4.93; N, 13.43. Exanple
23 2- Spiro-5'-hydant oI r&)lri:’ycl o[ 3. 1. Og,lexane- 6- car boxyli c acid,

(S) - 1- pheny! et hjf ab$ ieOzR4 and RP xiarbydrogens o R time hydswasn of Exanpl e
22 and 16. gngl pdfi g dofge; 1 solution of acetone : water -was stirred at
25[err]C while agdi n(g 14 53 g of . R (+)-1-phenyl ethyl am ne. The m xture was
stirred for 2 hBurdRtRT &Hf ¢t nELYTRYdEPGERal S1-C10 alkyl,

C2-C10 alkenyl, aryl, or arylalkyl; and

@o,Rlacid was added to adj ust

n is 1;
or a pharmaceutically-acceptable salt thereof.

2. A compound as claimed in Claim 1, or a
pharmaceutically-acceptable salt thereof, having the
relative stereochemical configuration as shown below:

3. A compound as claimed in Claim 1 or Claim 2,
wherein R! and R4 are independently hydrogen, C3-Cy '
alkyl, arylalkyl, or aryl, or a pharmaceutically-
acceptable salt thereof.

4. A compound as claimed in Claim 3, wherein Rl
and R* are independently hydrogen, or C3-C4 alkyl, or a
pharmaceutically-acceptable salt thereof.

5. A stereoisomeric compound of Claim 2, which is
(+)-2-aminobicyclo[3.1.0]lhexane-2, 6-dicarboxylic acid, a



were filtered, rinsed with acetone, and dried to give 0.74 g (45% of the 4
title conpound, np 205-212[err]C. Optical Rotation: aD =-31.88 (¢ =1
met hanol ) WO 96/ 05175

PCT/ US9O5MOPI%D Exanpl e 24 PCT/US95/10319
(-)-2-Spiro-5'-hydant oi nbi cycl o[ 3. 1. 0] hexane-6-carboxylic acid A m xture of
0.74 g of the product of Exanple 23 and 10 ml of water was stirred at

25[err] C whil e the pH was adj usted froRf6.81 to 1.0 using MFNH&l~—Fhe -

reaction B SE4TSINRE, SIATRA I e 10uscnd lpeBEOdHch as (m‘my ﬂﬂﬁ , Jml” I"’

-

filtration and dried to give 0.3 (75% of the title conp
310[ er r ] CPhatBaeeyticahky amt:_alqhw)sadm mgrenét ation:
1, nmethanol) Analysis calculated for C[err]H[err]N[err]C{err] C, b1. 43

H, 4.80; N, 13. 33. Found 4.87: Ie 25
(+) - 2- Ani nobi cBel o[ 3. itﬁfﬁ%k%?f&eél% %F?"E%&‘H& 4“ fobt 1=‘A g’ﬁ?ﬁ 5% of 184 g
of . (-)-2- $pb¥2kém1n$buhyulnﬂﬁnlnp@hdﬁ&nb-&]Heuanarﬁexylboxa¢i® aid and 1750

m of 3N %l{a) ?‘ﬁg so% tﬁéaxféoLP( Lé{ilg nggmgggﬁgg_gglg\?s conpl ete by HPLC-.

-After i OonN Was Coo0 roomtenperature and filtered

t hr ough gaagsppalplse saly ethereafr.ace anounts of insoluble material. The pH
of the solution was adjusted to 3.0 using concentrated HCl . The reaction

m xture was stirred 1 hour at roomtenperature and two hours at Of[err]C
The precipitatéd prddseerepisenerieeamanund (af &ledm 6uwwbAER ®Fth 170 ni  of

col d wat e(mn@l-&ﬁiwbi@cgw[es J52 1 heilanes 2( 86U catbbRplittagi@pmpound. FDVS:
mz = 186 1 g Q
pharmaceutically-acceptable salt thereof '.

8. The stereoisomeric compound of Claim 7 which
is (+)-2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylic

acid.

9. A process for producing a compound as defined
in Claim 1, which comprises:

(1) hydrolyzing a compound of the formula

wherein:
X is (CH3)n:
n is 1;

R22 is COsR%2 and R3a'is_hydrbgen, or
R22 ig hydrogen and R3a is COzR%2; and
R42 ig a carboxy protecting group; or

(2) reacting aICQmpbund of thé_fdrmula



s

*Optical rotation: aD = 23.18[err] (c =1, 1IN HA) WO 96/ 05175

PCT/ US95/ 10319 53 CLAI Ms: 1. A conpound of the fornula [err] wher ei n:

i's (CH[er% RJ}err] i's COerr]Rerr] and Rerr] is hydrog or Rg@rr] is
hydr ogen §851Y% CO2R4; Rlerr] and Rlerr] are |ndependent

Clerr]-Cerr] alkyl, C2-Cferr] alkenyl, aryl, or arylalkyl; and nis 1; or
a pharmaceutjcally- acceptable salt thereof 2. A conpound as clainmed in
Claim 1, or a pharnaceutically- acceptabléssalt t hereof, having the relative
stereochem cal configuration as wn bel [err] 3. A conpound as
claimed in daiml or daim?2, whery err]\and R[err] ﬁ ﬂ.1

hydrogen, (err]-Cerr] alkyl, aryl or g¥yl, or mmam .I]Hﬂﬂ ﬂ'“
acceptabl e salt thereof. 4. A g3fpoun ainmed in Clafn1% Wwhélrefn *
Rlerr] and R4 are independently hydrogen, orll Clerr]-Clerr] alkyl, or a
phar maceutical | y-acceptabl e salt thereof. 5.9 A stereoisoneric conpound of
Claim 2, which is (+)-2-amni nobicyclo[3.!.0]hexane-2,6-di carboxylic acid, a
VO 96/05175 - ynerein X, R22, and R are as defined aBOvE; Witho )

an alkali metal cyanide and an ammonium salt, and

hydrolyzing the resulting intermediate; or

(3) hydrolyzing a compound of the formula

RZ
"X
3a
R CO;R!2

NH>

wherein R12 ig a carboxy protecting group and X,
R22, and R32 are as defined above; and

(4) optionally removing any carboxy protecting group;
and '

(5) optionally esterifying one or both carboxyl groups:
and '

(6)  optionally separating the diastereomers and/or
resolving the enantiomers; and

(7) optionally preparing a pharmaceutically-acceptable
salt of the formila I compound.

10. A pharmaceutical formulation comprising a
compound of Claim 1 in combination with one or more
pharmaceutically-acceptable carriers, diluents, or
excipients.



54 (Jerr]-Cerr] alkyl, aralkyl or aryl ester thereof or a pharmaceutically

acceptabl e salt thereof. 6. A st ei o rEEEHn of Caimb5, which
is (+)-2- ycl o[ 3. 1. 0] hexane- 2} 8+ 'artb‘o% err]
al kyl estgggmir”g or a phar maceutlj cal | REEEE hPahl e _Bal tgF%"%%}fmg
stereoi soneric corrpound .of Caimé6 Tch 1S

(+) - 2-am nobi cycl of 3. 1. 0] hexane- 2, 6-di csgboxyl ic acid, or a
pharmaceutical |l y-acceptabl e salt thereof. 8. The stereoisoneric corrpound
of Claim7 whichlis A+yofipamd obfi dyhed dfadniil@ hexane- 2, 6- di car boxyl i ¢ aci d.

9. A process for producing a conpound as defined in Crarm I, which
conprises: (1) hydrolyzing a conpgund of the formla [

(CHerr]) n; nis 1; Rerr] is CO N T err] and R[err] mmmrlmgllguj
Rerr] is hydrogen and Rerr] is n“‘n d Rery] cista gar

protecting group; or (2) reactiglg a cORaQupO of the formula —W-96/05175
PCT/ US95/ 10319 55 [err] wherein X, Rerr], err] are as defined above,
with an al kali. netal cyani de and an anmoni fim sal\t, and hydrol yzing the
resulting internediate; or (3)- hydrol yzi#8\a > ténd of the fornula

X B
wherein: | | B
X is (CH2)n:
n is 1; |
R22 is COsR42 and R32 is hydrogen, or .

R%2 is hydrogen and R3a'is-c_02'R'4a;. and
R4a is a carboxy protecting group.

12. The compbund'bf Claim 29 wherein R42 is C;-Cg
alkyl. |

“’ﬁﬁ'iimi*i'irﬁﬂi"rr i

4



[err] wherein R err] is a carboxy protecting group and X, Rerr], and

Rl err] are as defined above; and (4) optionally renoving any carboxy
protecting group, and (5) optionally esterifying one or both carboxyl
groups; and (6) optionally separating the di astereoners and/or resol vi ng
the enantioners; and (7) optionally preparl‘ 1l y-acceptabl e
sal't of .the fornula | conpound. 10. A phar mp8ERLACBMENDISMEEIt {jon conpri sing
a conmpound of Claim1l in conbination with ghe or 08" FE
pharmaceutical | y-acceptabl e carriers, dil ughDste:ox.. exc?ﬂgg%ts
REPLACEMVENT SHEET 56 11. A conpound of the~Formura rerri—1—+s 1; Rerr] is
CJerr]Rerr] and Rlerr] is hydrogen, or Rlerr] is hydrogen and Rlerr] is
CJerr]Rerr]; and Rerr] is a carboXyontecting group._12. The conpound

of Claimll mhe{fjn gqégﬂﬂouﬂ% C&e EL glerr al ky

, I

R23
X
R3a Ng
% O ﬂ)\ o
wherein:
X is (CH2)n;
n is 1;

R%2 is COzR%2 and R32 is hydrogen, or
R22 is hydrogen and R32 is COsR%42; and
R42 is a carboxy protecting group.

12. The compound of Claim 11 wherein R42 is C;-Cg
alkyl.



