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EXCITATORY AMING ACID RECEFTOR MODULATORS
Backoround of the Invention

In the mammalian central nervous system (CNS), the
transmission of nerve impulses is controlled by the
interaction between a neurotransmitter, that is released by
a sending neuron, and a surface receptor on a receiving
neuron, which causes excitation of this receiving neuron.
L-Glutamate, which is the most abundant neurotransmitter in
the CNS, mediates the major excitatory pathway in mammals,
and is referred to as an excitatory 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
{1889); Watkins, Krogsgaard-Larsen, and Honore, Trans.
Pharm. Sci., 11, 25 {(1990). The excitatory amino acids are
of great physioclogical importance, playing a role in a
variety of physioclogical processes, such as long-term
potentiation {(learning and memory), the development of
synaptic plasticity, motor control, respiration,
cardiovascular regulation, and sensory perception.

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 subtypes, which are
defined by the depolarizing actions of the selective
agonists N-methyl-D-aspartate {(NMDA}, «<-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA), and kainic acid
{KA). The second general type of receptor is the G-protein
or second messenger-linked "metabotropic" excitatory amino
acid receptor. This second type is coupled to multiple
second messenger systems that lead to enhanced
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phosphoinositide hvdrolysis, activation of thogpholipase D

pr C, increases or decreases in c-AMP formation, and changes
_in ion channel function. Schoepp and Conn, Trends in

Pharmacol. Sci., 14, 13 (19%3). Both types of receptors
appear not only to mediate normal synaptic transmission
along excitatory pathways, but also participate in the
modification of synaptic connections during development and
throughout life. Schoepp, Bockaert, and Sladeczek, Trends
in Pharmacol. Sci., 11, 508 (1990); McDonald and Johnson,
Brain Research Reviews, 15, 41 (1890).

The excessive or inappropriate stimulation of
excitatory amino acid receptors leads to neuronal cell
damage or less by way of a mechanism known as
excitotoxicity. This process has been suggested to mediate
neuronral 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.

The metabotropic glutamate receptors are a highly
heterogeneous family of glutamate receptors that are linked
to multiple second-messenger pathways. These receptors
function to modulate the presynaptic release of glutamate,
and the postsynaptic sensitivity of the neuronal cell to
glutamate excitation. Compounds which modulate the function
of these receptors, in particular agonists and antagonists
of glutamate, are useful for the treatment of acute and
chronic neurodegenerative conditions, and as antipsychotic,
anticonvulsant, analgesic, anxiolytic, antidepressant, and
anti-emetic agents.

International Patent Application Publication No. WO
96/05175 discloses the compound 2-aminobicyclo[3.1.0lhexane-
2,6-dicarboxylic acid and its salts and esters as
metabotropic glutamate receptor agonists.

The present invention provides a compound of formula
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in which:

(@) R’ represents fluoro, XOR’, XNR'R’, SOH, tetrazol-5-
yl, CN or POR,’ and R® represents hydrogen; or

(b) R' and R® each represents fluoro; or

(c) R' and R’ together represent =0, =NOR' or =CRR’; or

(d) one of R’ and R’ represents amino and the other

‘represents carboxyl; or

{e) R’ represents N,, (CH,),COOR™, (CH,) PO,R™,, NHCONHR™
or NHSO,R™ and R’ represents hydrogen; or

(£} R" and R® together represent =CHCOOR™, =CHPOR® or
=CHCN; and

R’ represents a hydrogen atom; a (1-6C) alkyl group; a
(3-6Clalkenyl group; a (3-6C)alkynyl group; an optionally

-substituted aromatic group; an optionally substituted

heteroaromatic group; a non-aromatic carbocyclic group; a
non-aromatic heterocyclic group; a non-aromatic monocyclic
carbocyclic group fused with one or two monocyclic aromatic
or heterocaromatic groups; a non-aromatic monocyclic
heterocyclic group fused with one or two monocyclic aromatic
or heteroaromatic groups; or a {1-6C) alkyl, (3-6C)alkenyl
or (3-6Cjalkynyl group which is substituted by one, two or
three groups selected independently from an optionally
substituted aromatic group, an optionally substituted
hetercaromatic group, a non-aromatic ¢arbocyclic gréup, a
non-aromatic heterocyclic group, a non-aromatic monocyclic
carbocyclic group fused with one or two monocyclic aromatic
or hetercaromatic groups and a non-aromatic monocyclic
heterocyclic group fused with one or two monocyclic aromatic
or heteroaromatic groups:



KR

15

20

25

30

35

WO 98/51655 PCT/USI8/09862

4

R™, R™ and R are as defined for R’;

X represents a bond, CH, or CO;

m represents an integer of from 1 to 3;

R' represents COR" or is as defined for R’;
rR’, R, R
R represents hydrogen or a (1-6C)alkyl group; and
R*™ is defined for R';

, R® and R” are as defined for R’;

or a non-~toxic metabolically labile ester or amide
thereof; or a pharmaceutically acceptable salt thereof.

The compounds of formula I are modulators of
metabotropic glutamate receptor function, in particular
agonists or antagonists of glutamate at metabotropic
glutamate receptors.

According to ancther aspect, therefore, the present
invention provides a method of modulating metabotropic
glutamate receptor function in a mammal including a human,
which comprises administering an effective amount of a
compound of formula I, or a non-toxic metabolically labile
ester or amide thereof, or a pharmaceutically acceptable
salt thereof.

According to yet another aspect, the present invention
provides the use of a compound of formula I as defined
hereinabove for the manufacture of a medicament for use in
modulating metabotropic glutamate receptor function.

It will be appreciated that the compounds of formula I
contain at least four asymmetric carbon atoms; three being
in the cyclopropane ring and one or two being in the
cyclopentane ring. It will also be appreciated that
compounds of formula I in which R' and R’ together represent
=NOR' may be in the syn or anti form, and that compounds of
formula I in which R' and R’ together represent =CR'R’,
=CHCOOR™, =CHPOR,” or =CHCN may be in the (E) or (Z) form.
The present invention includes all sterecoisomeric forms of
the compounds of formula I, including each of the individual

enantiomers and mixtures thereof.
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present inventicn also includes all physical forms

of the compounds of formula I, including crystalline

solvates.,

_ Preferably the compounds of formula I have the
configuration Ia or Ib shown below

Ia Ib
Unless specified otherwise, the term *alkyl® as used

herein means a straight chain or branched alkyl group.

Examples
4CYalkyl

isobutvl.

The
allyl.
The

propynyl.

The
membered
selected

of values for a (1-6C)alkyl group include (1-
such as methyl, ethyl, propvl, isopropyl, butyl and

term (3-6Clalkenyl includes (3-4C)alkenyl such as
term (3-6Clalkynyl includes (3-4C)alkynyl such as
term heteroaromatic group includes an aromatic 5-6

ring containing from one to four heteroatoms
from oxygen, sulfur and nitrogen, and a bicyclic

group consisting of a 5-6 membered ring containing from one
to four heteroatoms selected from oxygen, sulfur and

nitrogen

fused with a benzene ring or a 5-6 membered ring

containing from one to four hetercatoms selected from
oxygen, sulfur and nitrogen. Examples of hetercaromatic
groups are furyl, thiophenyl, oxazolyl, isoxazolyl,

thiazoyl,

isothiazolyl, imidazolyl, pyrimidyl, benzofuryl,

benzothiophenyl, benzimidazolyl, bBenzoxazolyl, benzo-
thiazolyl and indolyl.
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The term aromatic group includes phenyi and a

polyeyclic aromatic carbocyclic ring such as l-naphthvl or
2-naphthyl.

The term *optiomnally substituted®, as used in the term

- *optionally substituted heteroaromatic or aromatic group®,

herein signifies that one, two or more substituents may be

‘present, said substituents being selected from atoms and

groups which, when preésent in the compound of formula I, do
not prevent the compound of formula I from functioning as a
modulator of metabotropic glutamate receptor function.

Examples of atoms and groups which may be present in an
optionally substituted heteroaromatic or aromatic group are
amino, hydroxy, nitro, halogeno, (1-6C) alkyl, (1-6C)
alkoxy, (1l-6C)alkylthio, carboxy, (1-6C) alkoxycarbonyl,
carbamoyl, (1-6C) alkanoylamino, {1-6C)alkylsulphonyl, (1~
6C) alkylsulphonylamine, {1-6C)alkanoyl, phenyl, phenoxy,
phenylthio, phenylsulphonyl, phenyvlsulphonylamino, toluene-
sulphonylamino, and (1-6C)fluorcalkyl. Examples of
particular values are amino, hydroxy, nitro, £fluoro, chloro,
bromo, iodo, methyl, methoxy, methylthio, carboxy,
acetylaminc, methanesulphonyl, methanesulphonylamino,
acetyl, phenyl, phenoxy, phenylithio, phenylsulphonyl, and
trifluoromethyl.

Examples of values for an optionally substituted
aromatic group are l-naphthyl, 2-naphthyl, phenyl, 2-
biphenyl, 3-biphenyl, 4-biphenyl, 2-hydroxyphenyl, 3~
hydroxyphenyl, 4-hydroxyphenyl, 2-fluorophenyl, 3-
fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl, 3,4-
difluorophenyl, pentafluorophenyl, 2-chlorophenyl, 3-
chlorophenyl, 4-chlorophenyl, 2,4-dichlorophenyl, 3,4~
dichlorophenyl, 3,5-dichlorophenyl, 2-bromophenyl, 3-
bromophenyl, 4-bromophenyl, 2-methylphenyl, 3-methylphenyl,
4-methylphenyl, 2-methoxyphenyl, 3~methoxyphenyi, 4~
methoxyphenyl, 2,3-dimethoxyphenvl, 2,5-dimethoxyphenyl,
3,4-dimethoxyphenyl, 3,5-dimethoxyphenyl, 2-trifluocro-
methylphenyl, 3-trifluoromethyliphenyl, 4-trifluoromethyl-
phenyl, 2hfluoro~3—trifluoromethylphenyl, 3-trifluoromethyl-
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4-flucrophenyl, 3-trifluoromethyl-5-flucrophenyl, 2-fluoro-

5-trifluoromethylphenyl, 2-phenoxyphenyl, 3-phenoxyphenyl,

3-carboxyphenyl, and 4-carboxyphenyl.

The term *"non-aromatic carbocyclic group® includes a
monocyclic group, for example a (3-10C)cycloalkyl group,
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl or cyclodecyl, and a

~fused polycyclic group such as l1-adamantyl or 2-adamantyl,

1-decalyl, 2-decalyl, 4a-decalyl, bicyclo[3,3,0]loct-1-y1l, -
2-yl or -3-yl, bicyclol4,3,0jnon-1~yl, -2-y1, -3-yl1 or ~7-
vl, bicyclo[5,3,0)dec-1-y1, -2-vyv1, -3-v1, -4-yvl1, -8-yl or -
9-yvl and bicyclo[3.3.1llnon-1-yv1,-2-v1l,-3-yvl or S9-yl.

The term "non-aromatic heterocyclic group®* includes a 4
to 7 membered ring containing one or two heterocatoms '
selected from oxygen, sulphur and nitrogen, for example
azetidin-1-yl or -2-v1, pyrrolidin-i-yl, -2-yl or -3-yl1,
piperidin-1-yl, -2-y1, -3-yl or -4-yl, hexahydroazepin-1l-y1,
-2-yl, -3-yl or -4-yl, oxetan-2-yl or -3-yl, tetrahydro-
furan-2-yl or -3-yl, tetrahydropyran-2-yl, -3-yl or -4-yl,
hexahydrooxepin-2~yl, -3-yl or -4-yl1, thietan-2-yl or -3-vyl,
tetrehydrothiophen-2-yl or -3-yl, tetrahydrothiopyran-2-yl,
-3-yl or -4-yl, hexahydrothiepin-2-vl, -3-yl or -4-v1,
piperazin-l-yl or -2-yl, morpholin-1-vl, -2-yl or -3-vy1,
thiomorpholin-1-yl, -2-yl or -3-yl, tetrahydropyrimidin-1-
vli, -2-y1, -4-yl or -5-yl, imidazolin-1-yl, -2-yl or -4-yl,
imidazolidin-1-yl, -2-yl1 or -4-yl, oxazolin-2-yl, =-3-yl, -4-

- ¥l or -5-yl, oxazolidin-2-yl, -3-yl, -4-yl or -5-yl1,

thiazolin-2-yl, -3-yl, -4-yl or -5-yl1, or thiazolidin-2-y1,
-3-yl, -4-yl or -5-yl.

The term "a non-aromatic monocyclic carbocyclic group
fused with one or two monocyclic aromatic or heterocaromatic
groups” includes a (3-10C)cycloalkyl group fused with a
benzene ring or a an aromatic 5-6 membered ring containing
from one to four hetercatoms selected from oxygen, sulfur
and nitrogen, such as indanyl, 1,2,3,4-tetrahydronaphth-1-yl
or -2-yl, 5,6,7,8~tetrahydroguinolin-5-y1, -6-yi1, -7-yl or
8-yl, 5,6,7,8-tetrahydroisoquinolin~5-yl, -6-yl, -7-yl or 8-
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Yi, 4,5,6,7-tetrahydrobenzothiophen-4-yl, -5-yl, -6-yl or -
7-yl, dibenzo{2,3,6,7])cycloheptan-1-yl or -4-y1, dibenzo-
[2,3,6,7]cyclohept~4~en-1-yl or -4-yl, or S~fluorenyl.

The term "a non-aromatic monocyclic heterocyclic group
fused with one or two monocyclic aromatic or heterocaromatic
groups" includes a 4 to 7 membered ring containing one or
two heteroatoms selected from oxygen, sulphur and nitrogen,
fused with a benzene ring or a an aromatic 5-6 membered ring
containing from one to four hetercatoms selected from
oxygen, sulfur and nitrogen, such as 2,3-dihydrobenzopyran-
2-yl, -3-yl or -4-yl, xanthen-9-vl, 1,2,3,4-tetrahydro-
gquinolin~-1-yl, -2-yl, -3-yl or -4-v1, 9,10-dihydroacridin-9-
¥l or -10-yl, 2,3-dihydrobenzothiopyran-2-yl, -3-yl or -4-
¥vl, or dibenzothiopyran-4-yl.

Examples of values for R’ when it represents a (1-6C)
alkyl group are methyl, ethyl, propyl, isopropyl, butyl and
isobutyl.

An example of a value for R’ when it represents a (3-
6C) alkenyl group is allyl.

An example of a value for R’ when it represents a (3-
6C} alkynyl group is propynyl.

When R’ represents an optionally substituted aromatic
group, it preferably represents a 2-naphthyl group or a
phenyl group which is unsubstituted or substituted by one or
two substituents selected independently from halogen, (1-4C)
alkyl and (1-4C) alkoxy.

Examples of values for R’ when it represents an
optionally substituted aromatic group are 2-naphthyl,
phenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3,4-
difluorophenyl, pentafluorophenyl, 2-chlorophenyl, 3-
c¢hlorophenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 2,5-
dichlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl,
2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-
methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-
trifluoromethylphenyl and 4-trifluoromethylphenyl.

Examples of values for R’ when it represents a
substituted {1-6C)alkyl, (2~6C)alkeny1 or (2-6C)alkynyl



10

15

20

25

30

35

WO 98/51655 ' PCT/USO8/09862

9

group are phenyl (1-4Cjalkyl and diphenyl (1-4C)alkyli groups
which are unsubstituted or substituted on phenyl by one or
twe of halogen, (1-4CJalkyl and (1-4C)alkoxy, for example
benzyl, 2~phenylethyl, 2-phenylpropyl, and 2-thiophenyl-
methyl. Other examples are (3-6C)cvcloalkyl{l-4C)alkyl
groups, such as cyclopropylmethyvl.

An example of a value for R’ when it represents an
optionally substituted hetercaromatic group is 2-pyrimidyl.

Examples of particular values for R™ are hydrogen and
{1-6C)alkyl, such as methyl or ethyl.

Examples of particular values for R are hydrogen and
(1-6C)alkyl, such as methyl or éthyl.

Examples of particular values for R™ are (1-6Clalkyl
such as methyl.

Examples of more particular wvalues for R’ are hydrogen,
{i1-6C)alkancyl such as acetyl, benzoyl, (1-6Clalkyl such as
methyl and (3-5C)cycloalkyl{1-4C)alkyl such as
cyclopropylmethyl.

Examples of more particular values for R’ are hydrogen,
{1-6Clalkyl such as methyl and {3-6C)eycloalkyl{l-4C)alkyl,
such as ¢tyclopropylmethyl.

Examples of particular values for R® are hydrogen,
methyl and ethyl.

Examples of particular values for R® are hydrogen,
methyl and ethyl.

Examples of more particular values for R, R’, R’ and R"
are hydrogen, (1-6C)alkyl such as methyl and optionally
substituted aromatic such as phenyl.

A particular group of compounds according to the
invent%on are those in which

{a) R represents fluoro, XOR’, XNR'R’, SOJH, tetrazol-5-
vl, CN or POR,’ and R’ represents hydrogen; or

{b) R’ and ®® each represents fluoro; or

{c}) R® and R’ together represent =0, =NOR' or =CR'R’; or

(d) one of R' and R’ represents amino and the other
represents carboxyl. '

Particular values for R' and R’ are:



10

15

20

25

30

35

WO 98/51655 - PCT/USI8/09862

10

(a) R' represents fluoro; XOR'; XNR'R’; SOH; tetrazol-5-

" yl; CN or POH,; X represents a bond, CO or CH,; R’ represents

a hydrogen atom or a (1-6C)alkyl group; a phenyl group which
is unsubstituted or substituted by one or two substituents
selected independently from halogen, (1-4C)alkyl and (1-
4CYalkoxy; a phenyl (1-4C)alkyl or diphenvl (1-4C)alkyl
group which is unsubstituted or substituted on phenyl by one
or two substituents selected from halogen, {1-4C)alkyl and
{(1-4Clalkoxy; R‘represents hydrogen, {(1-6C)alkanoyl,
benzoyl, (3-6C)cycloalkyl(l-4Clalkyl or (1-6Clalkyl; and R’
represents hydrogen, (3-6C)cvcloalkyl({l-4C)alkyl or (1-6C)~

alkyl; and threpresents hydrogen; or

(b) R' and R’ each represents fluoro; or

{c) R' and R® together represent =0, =NOH, or =CR'R’ in
which each of R and R’ independently represents a hydrogen
atom, a (1-6C)alkyl group or a phenyl group which is
unsubstituted or substituted by one or two substituents
gselected from halogen, (1-4C) alkyl and (1-4C) alkoxy; or

{(d) one of R' and R’ represents amino and the other
reprasents carboxyl; or

(e) R' represents N,, CH,COOR™, CH,PO,R,”, NHCONHR" or
NHSO,R™; R™ represents hydrogen or (1-6C)alkyl; R”
represents (1-6C)alkyl; R* represents (1-6C)alkyl; R’
represents hydrogen; and each of R* independently represents
hydrogen or (1-6C)alkyl; or

(f) R and R’ together represent =CHCOOH, =CHPO,H,,
=CHPO, (C,H,}, or =CHCN.

Within this group, particular values for R' and R® are:

{a) R’ represents fluoro; XOR’; XNR'R’; SOH; tetrazol-5-
vi; CNfor POH,; X represents a bond, CH, or CO; Rzrepresents
a hydrogen atom; a {(1-6Clalkyl group; a phenyl group which
is unsubstituted or substituted by one or two substituents
selected independently from halogen, (1-4Clalkyl and (1-
4Clalkoxy: a phenyl{1-4C)alkyl or diphenyl(1-4Clalkyl group
which is unsubstituted or substituted on phenvl by one or
two substituents selected from halogen, (1-4Clalkyl and (1-
4CYalkoxy:; R' represents hydrogen, {(1-6C)alkanoyl or (1-



10

15

20

25

30

35

WO 98/51655 ) PCT/USS8/09862

11

6C)alkyl, and R’ represents hydrogen or (1-6C}alkyl; and R

represents hydrogen; or

{b) R' and K° each represents fluoro; or

(¢)R' and R’ together represent =0, =NOH, or =CR'R’ in
which each of R’ and R’ independently represents a hydrogen
atom, a (1-6C)alkyl group or a phenyl group which is
ungubstituted or substituted by one or two substituents
selected independently from halogen, (1-4C) alkyl and ({(1-4C)
alkoxy; or

(d) one of R’ and R® represents amino and the other
represents carboxyl.

Preferably R’ represents fluoro, hydroxyl, POH,,
methoxy, amino, azido, acetylamino, benzoylamino,
methanesulfonylamino, methylaminocarbonylamino, N,N-
dicvclopropylmethyl, carboxy, cyano or carboxamido and R’
represents hydrogen, or R’ and R’ together represent =0,
=NOH, =CHCOJH, =CH,, =CHPO,(C,H,),, =CHPOH, or =CHCN.

Examples of compounds of formula I include:
2-amino-4-hydroxybicyclo{3.1.0lhexane-2, 6-dicarboxylic acid;
2-amino-4-fluorcbicycleo3.1.0lhexane-2,6-dicarboxylic acid;
2-amino-4,4-difluorobicyclo[3.1.0lhexane-2, 6~dicarboxylic
acid; 2-amino-4-carboxybicyclo(3.1.0]hexane-2,6-dicarboxylic
acid; 2,4-diaminobicyclo(3.1.0]lhexane-2,6-dicarboxylic acid;
2~amino-4-aminomethylbicyclo[3.1.0]hexane-2, 6-dicarboxylic
acid; 2-amino-4-acetylaminomethylbicvclo[3.1.0]hexane-2,6-
dicarboxylic acid; Z-amino-4-oxobicyclo[3.1.0lhexane-2,6-
dicarboxylic acid; 2-amino-4-hydroxyiminobicyclo{3.1.0]1~
hexane-2, 6~dicarboxylic acid; 2-amino-4-phosphonobicyclo-
[3.1.0}hexane-2,6~dicarboxylic acid; 2-amino-4-methoxy-
bicyclg[B.l.O}hexane~2,6—dicarboxylic acid; 2-amino-4-
azidobicyclo[3.1.0lhexane-2, 6-dicarboxylic acid; 2-aminc-4-
benzoylaminobicyclo{3.1.0]hexane-2, 6-dicarboxylic acid; 2-

-amino-4-methanesulfonylaminobicyclof3.1.0lhexane-2, 6~

dicarboxylic acid; 2-amino-4-methylaminocarbonyl- .
aminobicyclo[3.1.0lhexane~2, 6-dicarboxylic acid; 2-amino-4-
(N,N-dicyclopropylmethyl)aminobicyclo[3.1.0lhexane-2, 6~
dicarboxylic acid; 2-amino-4-carboxymethylenebicyclo-
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[3.1.0}hexane-2, 6-dicarboxylic acid; 2-amino-4-
methylenebicyclo{3.1.0lhexane-2, 6-dicarboxylic acid; 2-
amino~4~diethylphesphonomethylenebicyclo{3.1.0]hexane-2, 6~
dicarboxylic acid; 2-amino-4-phosphonomethylenebicyclo-
[3.1.0]lhexane~2, 6~dicarboxylic acid; 2-amino-4-cyano-
methylenebicyclo{3.1.0}hexane~2, 6-dicarboxylic acid; 2-
amino-4-~cyancbicyclo[3.1.0]hexane-2, 6-dicarboxylic acid and
2-~amino-4-carboxamidobicyclo[3.1.0]hexane-2, 6~dicarboxylic
acid.

Particularly preferred compounds of formula I are
{15*,25*%,5R*, 6R*} ~2~amino-4-oxobicyclo{3.1.0}hexane-2, 6~
dicarboxylic acid; (1S5*,28*,5R*,6R*)-2-amino-4-[anti}-
hydroximinobicyclo[3.1.0lhexane~2, 6-dicarboxylic acid;
{18*,28*%,5R*, 6R*}~-2~amino~-4-[syn] -hydroximinobicyclo-
[3.1.0lhexane-2,6-dicarboxylic acid; (15%,2R*,48%,58%,68%)~
2-amino-4-fluorocbicyclo{3.1.0]hexane-2, 6-dicarboxylic acid;
{1S5*,25%,5R*,68*)-2-amino-4~Z~carboxymethylenebicyclo-
[3.1.0]hexane-2, 6-dicarboxylic acid and (18*,28*%,5R*,65%) -2~

. amino-4-methylenebicyclo{3.1.0]lhexane-2, 6~-dicarboxylic acid.

These compounds have been found to process especially high
potency as metabotropic glutamate receptor modulators.

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. |

Acids commonly employed to form 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,
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benzoic, and acetic acid, and related inorganic and organic
acids. Such pharmaceutically acceptable salts thus include
sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
rhosphate, ammonium, monochydrogenphosphate, dihydro-
genphosphate, meta-phosphate, pyrophosphate, chloride,
bromide, iodide, acetate, propionate, decanoate, caprylate,
acrylate, formate, isobutyrate, caprate, heptanoate,
propiolate, oxalate, malonate, succinate, suberate,
sebacate, fumarate, hippurate, butyne-1l,4-dicate, hexane-
1,6~dicate, benzoate, chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, a-
hydroxybutyrate, glycolate, maleate, tartrate, methane-
sulfonate, propanesulfonate, naphthalene-l-sulfonate,
naphthalene-2-sulfonate, mandelate, magnesium, tetramethyl-
ammonium, potassium, trimethylammonium, sodium, methyl-
ammonium, calcium, and the like salts.

Pharmaceutically acceptable metabolically labile ester
and amide of compounds of formula I are ester or amide
derivatives of compounds of formula I that are hydrolyzed in
vivo to afford said compound of formula I and a
prharmaceutically acceptable alcohol or amine. Examples of
metabolically labile esters include esters formed with {1-
6C) alkanols in which the alkanol moiety may be optiocnally
substituted by a (1-8C) alkoxy group, for example methanol,

. ethanol, propanol and methoxyethanol. Example of

metabolically labile amides include amides formed with
amines such as methylamine.

According to another aspect, the present invention
providés a process for the preparation of a compound of
formula I which comprises

(a) hydrolyzing a compound of formula
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iz

NHRI 1

A% .
in which R represents a hydrogen atom or an acyl group
: 12 e
and R represents a carboxyl group or an esterified carboxyl

5 group, or a salt thereof;

(b} hydrolyzing a compound of formula

IIx

190
in which Rl3 represents a carboxyl group or an
esterified carboxyl group, and R14 and R15 each independently
represent a hydrogen atom, a {2-6C) alkanoyl group, a (1-4C)
alkyl group, a (3~4C) alkenyl group or a phenyl (1-4C) alkyl
15 group in which the phenyl is unsubstituted or substituted by
halogen, (1-4C) alkyl or (1-4C) alkoxy, or a salt thereof;
or .

{c} deprotecting a compound of formula
20 ’
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in which Rls represents a hydrogen atom ¢or a nitrogen
protecting group and each of R:6 and R17 independentiy
represents a hydrogen atom or a carboxyl protecting group,
or a salt thereof;

whereafter, if necessary and/or desired
(i) resolving the compound of formula I;

{ii) converting the compound of formula I into a non-
toxic metabolically labile ester or amide thereof; and/or;

{iii) converting the compound of formula I or a non-
toxic metabolically labile ester or amide thereof into a
pharmaceutically acceptable salt thereof.

The protection of carboxylic acid and amine groups is

. generally described in McOmie, Protecting Groups in Organic

Chemistry, Plenum Press, NY, 1973, and Greene and Wuts,
Protecting Groups in Organic Synthesis, 2nd. Ed., John Wiley
& Sons, NY, 1981, Examples of carboxy protecting groups
include alkyl groups such as methyl, ethyl, t-butyl and t-
amyl; aralkyl groups such as benzyl, 4-nitrobenzyl, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl,
2,4,6-trimethoxybenzyl, 2,4,6-trimethyl-benzyl, benzhydryl
and trityl; silyl groups such as trimethylsilyl and &-
butyldimethylsilyl; and allyl groups such as allyl and 1-
(trimethylsilylmeth?l}prop—1~en~3—yl. Examples of amine
protecting groups include acyl groups, such as groups of
formula R CO in which R represents (1-6C) alkyl, (3-10C)



10

15

20

25

30

35

WO 98/51655 PCT/US98/09862

i6

cycloalkyl, phenyl (1-6C) alkyl, phenyl, (1-6C) alkoxy, such
as t-butoxy, rhenyl(l1-6C)alkoxy, or a (3-10C) cycloalkoxy,
wherein a phenyl group may optionally be substituted by one
or two substituents independently selected from amino,
hydroxy, nitro, halogeno, {(1-6C) alkyl, (1-6C} alkoxy,
carboxy, (1-6C) alkoxycarbonyl, carbamoyl, (1-6C)
alkanoylamino, (1-6C) alkylsulphonylamino,
phenylsulphonylamine, toluenesulphonyl-amino, and (1-
6CYEluorcalkyl.

Preferred values for R31 are hydrogen, {2-6C)alkanoyl
groups, such as acetyl and t-butoxycarbonyl.

Preferred values for R12 and R33 when they represent
esterified carboxyl groups are (1-6C)alkoxycarbonyl groups
such as ethoxycarbonyl.

Preferred values for R“ and RJ5 are independently
hydrogen or benzyl.

Preferred values for R16 and R17 are methyl and ethyl.

A preferred value for Rlg is t-butoxycarbonyl.

The compounds of formula II are conveniently hydrolyzed
in the presence of an acid, such as hydrochloric acid or
sulfuric acid, or a base, such as an alkali metal hydroxide,
for example sodium hydroxide. The hydrolysis is
conveniently performed in an aqueous solvent such as water
and at a temperature in the range of from 50 to 200°C.

The compounds of formula III are conveniently
hydrolyzed in the presence of a base, for example an alkali
metal hydroxide such as lithium, sodium or potassium
hydroxide, or an alkaline earth metal hydroXide such as
barium hydroxide. Suitable reaction media include water.
The temperature is conveniently in the range of from 50 to
150°C. -

Thée compounds of formula IV'may be deprotected by a

~ conventional method. Thus, an alkyl carboxyl protecting

group may be removed by hydrolysis. The hydrblyéis may
conveniently be performed by heating the compound of formula
IV in the presence of either a base, for example an alkali
metal hydroxide such as lithium, sodium or potassium
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hydroxide, or an alkaline metal hydroxide, such as barium
hydroxide, or an acid such as hydrochloric acid. The
hydrolysis is conveniently performed at a temperature in the
range of from 10 to 300°C. 2n aralkyl carboxg; protecting
group may conveniently be removed by hydrogenation. The
hydrogenation may conveniently be effected by reacting the
compound of formula IV with hydrogen in the presence of a
Group VIII metal catalyst, for example a palladium catalyst

.such as palladium on charcoal. Suitable solvents for the

reaction include alcohols such as ethanol. The reaction is
conveniently performed at a temperature in the range of from

0 to 100°C. 2An acyl, amine protecting group is also

conveniently removed by hydrolysis, for example as described
for the removal of an alkyl carboxyl protecting group. A €~
butoxycarbonyl group is conveniently removed using anhydrous
hydrogen chloride in a solvent such as ethyl acetate.

The compounds of formula II may be prepared by reacting
a compound of formula V

with an alkali metal cyanide, such as lithium, sodium or
potassium cyanide, and an ammonium halide, such as ammonium
chloride. It has been found advantageous to perform the
reaction in the presence of ultrasound. Thus, the ammonium
halide ‘and alkali metal cyanide are advantageously mixed
with chromatography grade alumina in the presence of a
suitable diluent such as acetonitrile. The mixture is then
irradiated with ultrasound, whereafter the compound of
formula V is added, and the mixture is again irradiated.
The resultant mixture of diastereoisomeric amino-
nitriles may then be reacted with an acylating agent, such
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ag acetyl chloride in the presence of a suitable base, for
example an amine such as diisopropylethylamine and in the
presence of a suitable solvent such as dichloromethane to
afford a mixture of diastereomeric acylamino nitriles. The
desired diastereoisomer may conveniently be separated from
this mixture, for example by chromatography.

The compounds of formula IIT may be prepared by
reacting a compound of formula V with an alkali metal
cvanide, such as lithium, sodium or potassium cyanide, and
ammonium carbonate in an agueous alcochol, such as aqueous
ethanol. Conveniently the reaction is performed at a
temperature in the range of from 35 to 150°C. If desired,
the compounds of formula III may then be alkylated ox
acyvlated for example using an appropriate compound of
formula RMCl or Br and/or R501 or Br.

Alternatively, the compounds of formula III may be
prepared from a compound of formula

VI

by procedures analagous to methods well known in the art.
‘Thus, for example, a compound of formula III in which

R' represents a-hydroxy and R° represents hydrogen may be

preparéd by reacting a compound of formula VI with a

reducing agent, such as sodium borohydride.

Compounds of formula II, III or IV in which R'
'iépresents dR’other than hydroxy and R’ represents hydrogen
mby be prepared by reacting the corresponding compound of
formula II, III or IV in which R' represents hydroxy with a
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compound of formula R'Z' in which Z' represents a leaving
atom or group, such as a chlorine, bromine or iodine atom or
a p-toluenesulfonvyloxy group, in the presence of a base,
such as sodium hydride or potassium t-butoxide. The
reaction is conveniently performed at a temperature in the
range of from 0 to 100°C. Suitable solvents include amides
such as dimethylformamide, sulfoxides such as
dimethylsulfoxide and ethers such as tetrahvdrofuran.
Alternatively, the compound may be prepared by emploving
Mitsunobu chemistry, as described in Bull. Chem. Soc. Japan,
40, 2380, 1967.

Compounds of formula II, III or IV in which R' and R
both represent fluorc may be prepared by reacting the
corresponding compound of formula II, III or IV in which R’
and R’ together represent =0 respectively with a
fluorinating agent such as diethylaminosulfur trifluoride or
dimethylaminosulfur trifluoride, accqrding to the method
described in J. Org. Chem, 50, 1599, 1985 and Tet. Lett.,
34(31), 4917, 1983. The reaction is conveniently performed
in a solvent such as dichloromethane or tetrahydrofuran at a
temperature in the range of from 0 to 50°C. Alternative
fluorinating agents are hydrogen fluoride in trifluorocacetic
acid and CF,Br, with zinc dust (J. Chem. Soc. Perk. Trans. 1,
3, 335, 1993). Alternatively, the compounds of formula II,
III or IV in which R' and R’ together represent =0 may be
converted to a dithiolane by reaction with H,SCH,CH,SH,
followed by reaction with BF,-acetic acid complex (J. Org.
Chem., 51, 3508, 1986). .

Compounds of formula II, III or IV in which R' and R’
toget@er represent =NOR’ may be prepared by reacting the
corresponding compound of formula II, III or IV with a
hydroxylamine of formula HQ«H?, or an acid addition salt
therecf, such as a hydrochloride, in the presence of a base,
such as sodium hydroxide, sodium acetate or triethylamine.
The reaction is conveniently performed at a temperature in
the range of from 0 te 50°C in the presence of a polar
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solvent, such as ethancl, agueous ethanol or dimethyl-

sulfoxide.

Compounds of formula II, IIT or IV in which R
represents aminc and R’ represents hydrogen may be prepared
by reducing a corresponding compound of formula II, III or
IV in which R’ and R’ together represent =NOH. Suitable
reducing agents include hydrogen in the presence of a noble
metal catalyst, such as palladium on charcoal or Raney
nickel, lithium aluminium hydride, borane cr zinc with
acetic acid. Alternatively, they may be prepared by
reducing a compound of formula II, III or IV in which R
represents azido and R’ represents hydrogen. The reduction
is conveniently performed using triphenvlphosphine in the
presence of agueous tetrahydrofuran at a temperature in the
range of from 0 to 100°C.

Compounds of formula II, III or IV in which R
represents NH, may be alkylated or acylated to afford a
corresponding compound of formula II, III or IV in which R’
represents NR'R’, for example by alkylation using a compound
of formula R'Z’ or R°Z’ in which Z* and Z' represent leaving
atoms or groups such as a chlorine atom or a p-
toluenesulfonyloxy group; by reductive alkylation using an
aldehyde or ketone and a reducing agent such as sodium
cyanoborohydride, or by acylation using an acyl halide or
anhydride.

Compounds of formula II, III or IV in which R
represents NHCONHR™ may be prepared by reacting a
corresponding compound of formula II, III or IV in which R
represents amino with an isocyanate of formula R™-N=C=0.
Convenient solvents include dichloromethane.

Compounds of formula II, III or IV in which R
represents NHSCng may be prepared by reacting a
corresponding compound of formula II, III or IV in which R’

represents aminc with a sulfonyl halide of formula R™S0,2° in
which 2' is, for example, chlorine or bromine. The reaction
is conveniently performed in the presence of a base, such as
triethylamine and in a solvent such as dichloromethane.
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Compounds of formula II, III or IV in which R
represents fluoro and R® represents hydrogen may be prepared
by reacting a corresponding compound of formula II, III orxr
1V in which R’ represents hydroxyl and R’ represents hydrogen
with diethylaminosulfur trifluoride or dimethvlaminosulfur
triflucride according to the method described in Tet.
Assym., 4{2}, 161, 1994. The reaction is conveniently
performed at a temperature in the range of from 20 to 50°C,
in the presence of a scolvent such as methylene chloride,
toluene or tetrahydrofuran. Alternatively, the alcohol may
be reacted with caesium fluoride and tetrabutylammonium
fluoride in the presence of a base such as triethylamine,
according to the method described in Svn., 3, 273, 19%4.
Another convenient fluorinating agent is poly{4d-vinyl-
pyridinium)polyhydrogen fluoride (Syn. Lett., 5, 267, 1830).

Compounds of formula II, III or IV in which R
represents CN or azido may be prepared by reacting the
corresponding compound of formula II, IIT or IV in which R
represents hydroxyl with a hydrocarbonylsulfonyl halide such
as p-toluenesulfonyl chloride or methanesulfonyl chloride,
for example in pyridine as reaction solvent, followed by a
cyanide salt such as potassium cyanide, or an azide salt,
such as sodium azide, for example in dimethylsulfoxide as
reaction solvent.

Compounds of formula II, III or IV in which R}
represents carboxy may be prepared by hydrolyzing the
corresponding nitrile. The resultant carboxy compound may
then, if desired, be esterified or converted into an amide
of formula CONRR’ by conventional methods.

Compounds of formula II, III or IV in which R’
represents CHNRR’ may be prepared by reducing the
corresponding nitrile, for example by hydrogenation in the
presence of palladium on charcoal or Raney nickel, followed
if necessary by alkylation, reductive alkylation or
acylation as described above.

Compounds of formula IIT or IV in which R' represents a
tetrazolyl group may be prepared by reacting a corresponding
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compound of formula III or IV in which R’ represents CN with
an azide such as tetrabutyl triazide.

The compounds of formula VI may be prepared by reacting
a compound of formula

VII

with an oxidizing agent, for example Jones reagent (Cro,,
H,50,) .

The compounds of formula VII may be prepared by
reacting a compound of formula

B OH

VIXIX

with an alkali metal cyanide, such as potassium cyanide, and
ammonium carbonate, followed if desired by alkylation or
acylation using a compound of formula RYBr or R"Br.

Compounds of formula II, III or IV in which R' and R
together represent =CR'R’ may be prepared from the
corresponding compounds of formula II, III or IV in which R
and R’ together represents =0 by a Wittig reaction, for

example by reaction with a compound of formula Ph;P:CR%f

which may be formed by reacting triphenylphosphine with an
alkyl halide.

Compounds of formula II, III or IV in which R' and R
together represent =CHCOOR™, =CHPO,R", or =CHCN may be
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prepared from a corresponding compound of formula II, III or
IV in which R’ and R’ together represent =0 by a Wadsworth-
Emmons reaction, for examplie by reaction with an alkali
metal salt of a dialkyl phosphono acetate ester, such as the
sodium salt of benzyl diethylphosphonoacetate, a tetraalkyl
methylenediphosphonate, such as tetraalkyl methylene-~
diphosphonate or ¢of a dialkyl cyanomethylphosphonate, such
as the sodium salt of diethyl cyanomethylphosphonate. The
reaction is conveniently performed in an anhydrous solvent
such as anhydrous toluene. An alkyl group represented by R™
may be removed by hydrolysis, for example using an acid such
as trifluorcacetic acid or hydrochloric acid.

Compounds of formula II, III or IV in which R' and R’
together represent (CH,) POR™, may be prepared from
corresponding compound of formula II, III or IV in which R
and R’ together represent =CHPQ,R®, by reduction, for example
by catalytic hydrogenation in the presence of a Group VIII
metal catalyst, such as palladium-on-charcoal.

The compounds of formula VIII may be prepared by
reacting a compound of formula

2

essen Bf
X

o

with a thiol, such as N-acetyl-L-cysteine, a base, such as
sodium borate and a diaryldiselenide, such as diphenyl-~
diselenide.

The compounds of formula IX may be prepared by reacting
a compound of formula
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with a peroxide, such as tert-butyl hydroperoxide.

The compounds of formula V in which R' represents POR’,
and each R’ represents (1-6Clalkyl may be prepared by
reacting a compound of formula X with a trialkylphosphite,
such as triethylphosphite, in the presence of a phenol.

Compounds of formula III, IV or V in which R
represents SOH and R’ represents hydrogen may be prepared by
oxidizing the corresponding compound of formula III, IV or V
in which R' represents SH and R’ represents hydrogen, for
example using hydrogen peroxide and sulfuric acid (Chem.
Pharm. Bull. 1971, 19, 2222), nitric acid (J. Org. Chem.,
1961, 26, 82) or hydrogen peroxide and acetic acid (Helv.
Chem. Acta 1968, 349, 323).

Compounds of formula III, IV or V in which R
represents SH may be prepared by debenzylating the
corresponding compound of formula III, IV or V in which R
represents benzylthio by reaction with sodium in liguid
ammonia {(Angew. Chem. 1967, 6, 698; Org. Syn., 1986, 65,
215} .

Compounds of formula V in which R represents
benzylthio may be prepared by reacting a compound of formula
X with benzenethiol in the presence of a base, such as
triethvlamine.

It will be appreciated that the compounds of formula
VIII correspond with the compounds of formula V in which R
represents hydroxy and R® represents hydrogen. Other
compounds of formula V may be prepared from the compounds of

“formula VIII by protecting the keto group and then

converting the resultant protected compound into a compound

-
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of formula V by procedures analagous to methods well known
in the art.

The compounds of formula X may be prepared by reacting
a compound of formula XI

H

XX

with iodotrimethyl silane in the presence of triethylamine
to afford a silyl enol ether, and then reacting the silyl
enol ether with palladium acetate. Alternatively, they may
be prepared by reacting a compound of formula XI with allyl
methyl carbonate in the presence of palladium(II)acetate.
The reaction is conveniently performed in anhydrous
acetonitrile.

The compounds of formula XI are known and may be
prepared by reacting 2-cyclopenten-l-one with a carboxy
protected (dimethyl sulfuranyvlidene) acetate. Suiltable
solvents for the reaction include aromatic hydrocarbouns,
such as toluene. The desired diastereomeric product may be
isolated by chromatography.

The compounds of formula IV may be prepared by
protecting a compound of formula I, for example by reaction
with an alcohol such as ethanol in the presence of a
dehydrating agent, such as thionyl chloride, to protect the
carboxyl groups, and reacting the resultant ester with Boc,0
to protect the amino group. Compounds of formula IV in
which R' and R® together represent =0 may be converted into
the corresponding compounds of formula IV by procedures
analagous to methods well known in the art.

The compounds of formula I may be resolved using
conventional methods, for example by forming a crystalline
salt with an optically active acid or base. Alternatively,
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optically active starting materials may be used to prepaxr
compounds of formula I in optically pure form.

The compounds of formula II, III and IV are believed to
be novel, and are provided as further aspects of the
invention.

The particular dose of compound administered according
to this invention 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,
subcutaneous, intravenous, intramuscular, or intranasal
routes. Alternatively, the compound may be administered by
continuous infusion. A typical daily dose will contain from
about 0.01 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 25 mg/kg.

A variety of physiological functions have been shown to
be subject to influence by excessive oxr inappropriate
stimulation of excitatory amino acid transmission. The
formula I compounds of the present invention are believed to
have the ability to treat a variety of neurological
disorders in mammals associated with this condition,
including acute neurological disorders such as cerebral
deficits subsequent to cardiac bypass surgery and grafting,
stroke, cerebral ischemia, spinal cord trauma, head trauma,
perinatal hypoxia, cardiac arrest, and hypoglycemic neuronal
damage. The formula I compcunds are believed to have the
ability to treat a variety of chronic neurological
disorders, such as Alzheimer's disease, Huntington's Chorea,
amyotrophic lateral sclerosis (ALS), AIDS-induced dementia,
ocular damage and retinopathy, cognitive disorders, and
idiopathic and drug-induced Parkinson's. The present
invention also provides methods for treating these disorders
which comprises administering to a patient in need thereof
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an effective amount of a compound of formula I or a
pharmaceutically acceptable metabolically lakile ester or
amide thereof, or a pharmaceutically acceptable salt

“thereof,

The formula I compouﬁds of the present invention are
also believed to have the ability to treat a variety of
other neurclogical disorders in mammals that are associated
with glutamate dysfunction, including muscular spasms,
convulsions, migraine headaches, urinary incontinence,
nicotine withdrawal, psychosis, (such as schizophrenia)
opiate tolerance and withdrawal, anxiety, emesis, brain
edema, chronic pain, and tardive dyskinesia. The formula I
compounds are also useful as antidepressant and analgesic
agents. Therefore, the present invention also provides
methods for treating these disorders which comprise
administering to a patient in need thereof an effective
amount of the compound of formula I, or a pharmaceutically
acceptable metabolically labile ester or amide thereof, or a
pharmaceutically acceptable salt thereof.

The ability of compounds to modulate metabotropic
glutamate receptor function may be demonstrated by examining
their ability to influence either cAMP production (mGluR 2,
3, 4, 6, 7 or 8) or phosphoinositide hydrolysis (mGluR 1 or
5} in cells expressing these individual human metabotropic
glutamate receptor {mGluR) subtypes. {D. D. Schoepp, et
al., Neuropharmacol., 1996, 35, 1661-1672 and 1997, 36, 1-
11). _

The compounds of the present invention are preferably
formulated prior to administration. Therefore, another
aspect of the present invention is a pharmaceutical
formulétion comprising a compound of formula I and a

‘pharmaceutically-acceptable carrier, diluent, or excipient.

The present pharmaceutical formulations are prepared by

known procedures using well-known and readily available

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
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carrier, and may be in the form of a capsule, sachet, paper,

‘or other container. When the carrier serves as a diluent,

it may be a sclid, semi-solid, or liguid material which acts
‘as a vehicle, excipient, or medium for the active
ingredient. The compositions can be in the form of tablets,
pills, powders, lozemges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups., aerosols,
ointments containing, for example, up to 10% by weight of
active compound, soft and hard gelatin capsules,
suppositories, sterile injectable solutions, and sterile
packaged powders. -

Some examples of suitable carriers, excipients, and
diluents include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum, acacia, calciwm phosphate,
alginates, tragacanth, gelatin, calcium silicate,
microcrystalline cellulose, polyvinylpyrrolidone, cellulose,
water syrup, methyl cellulose, methyl and propyl
hydroxybenzoates, talc, magnesium stearate, and mineral oil.
The formulations can additionally include lubricating
agents, wetting agents, emulsifying and suspending agents,
preserving agents, sweetening agents, or flavoring agents.
Compositions of the invention may be formulated sc as to
provide guick, sustained, or delayed release of the active
ingredient after administration to the patient by employing
procedures well known in the art.

The compositions are preferably formulated in a unit
dosage form, each dosage containing from about 5 mg to about
500 mg, more preferably about 25 mg to about 300 mg of the
active ingredient. The term "unit dosage form' refers to a
physically discrete unit suitable as unitary dosages for
human subjects and other mammals, each unit containing a
predetermined guantity of active material calculated to
produce the desired therapeutic effect, in association with
a suitable pharmaceutical carrier, diluent, or excipient.
The following formulation examples are illustrative only and

are not intended to limit the scope of the invention in any
way .

-
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Formulation 1

PCT/US98/09862

Hard gelatin capsules are prepared using the following

ingredients:

Quantity

{mg/capsule)
Active Ingredient 250
Starch, dried 200
Magnesium stearate 10
Total 460 mg

The above ingredients are mixed and filled into hard

gelatin capsules in 460 mg guantities.
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Formalation 2

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

Active Ingredient 60 my
Starch 45 mg
Microcrystalline cellulose 35 mg
Polyvinylpyrrolidone 4 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc 1 mg
Total 150 mg

The active ingredient, starch, and cellulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. The
solution of polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a No. 14 mesh U.S.
sieve. The granules so produced are dried at 50°C and
passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate, and ctalc,
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.

The following Examples further illustrate the compounds
of the present invention and the methods for their
synthesis.

The following abbreviations are used in the following:
EtOAc, ethyl acetate; THF, tetrahydrofuran; Boc, t-
butoxycarbonyl; Boc,0, t-butoxycarboxylic acid anhydride;
EtOH, ethanol; Et,0, diethyl ether; DBU, 1,8-
diazabibyclo[s.é.0}~undec-7-ene; and FDMS, field desorption
mass spectrometry.

Preparation 1
Carboethoxymethyl Dimethylsulfonium Bromide
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A solution of ethyl bromoacetate (265¢g) and dimethyl
sulfide (114g) in acetone (500mL} was stirred at room
temperature. After three days, the title compound was
isolated by filtration of the reaction mixture. Melting
point 88-20°C,

Preparation 2
(18*,5R*, 65*) Ethyl 2-Oxobicyclo(3.1.0]lhexane-6~
carboxylate

A suspension of carboethoxymethyl dimethylsulfonium
bromide (45.5 g, 198.6 mmol) in toluene (350mL) was treated
with 1,8-diazabicyclo{5.4.0}undec-7-ene (30.2 g, 198.4
mmol). The resulting mixture was stirred at room
temperature. After one hour, the reaction mixture was
treated with 2-cyclopenten-~l-one (19.57 g, 238.4 mmol).
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 22.81 g (68%) of the title
compound. Melting point: 36-38°C.

FDMS: m/z = 168 (M+).
Analysis calculated for CgH1203: €, 64.27; H, 7.19.
Found: €, 64.54; H, 7.11.

f Example 1
(15*,25*,45*,5R*,6R*)-2-Amino—4fhydroxybicyclo[3.l.O]hexane~
2,6~dicarboxylic Acid
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{a} (18*,5R*,65*)~Ethyl 2-oxobicyclo(3.1.0lhex-3-ene-6-
carboxylate. Icdotrimethylsilane (50 g, 250 mmol) was added
dropwise to a 0°C solution of ethyl 2~oxobicyclo[3.1.0]—
hexane-6-carboxylate (37 g, 220 mmol) and triethylamine ({67
g, 660 mmol) in CHCI1, (1L) and stirred for 1 hour. The
reaction mixture was diluted with Et,0, washed with

saturated aqueous NH,C1, dried over MgSO, and concentrated to

‘afford the silyl enolether {97%). To a 0°C solution of the

silyl enolether in CHCN (300 mL) was added PA(OAc), in one
portion. The resulting reaction mixture was allowed to warm
to room temperature as it stirred overnight. The reaction
mixture was diluted with Et,0 filtered through celite and
the product adsorbed onto 250 g $i0,. The adsorbed silica
was placed on top of a pad of silica, the product eluted
with hexanes/EtOAc (4:1), and the resulting pink solid
triturated with Et,0 to afford 29.4 g (80%, 177 mmol) of the

title compound as a white solid. mp = 78-80°C. FDMS: Mt =
166. 2nal. calcd. for CH,0,: C, 65.05; H, 6.07. Found: C,
65.34; H, 6.10.

{al) Alternative preparation of (1§%,5R*,6S8*)-ethyl 2-
oxobicfclo[B.l.0}—hex—3-ene*6~carboxylate. To a flame
dried, 3 neck 3L round bottom flask fitted with a N, inlet
and reflux condenser was added a solution of the product
from Preparation 2 (102 g, 424 mmol} in 425 mL anhydrous
CH,CN, allyl methyl carbonate {99 g, 848 mmol), and Pd (OAc),
(4.6 g, 20 mmol). The resulting reaction mixture was
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lowered into a heating bath prewarmed to 70°C. When the

internal reaction temperature reached 40°C a vigorous
.evolution of gas occurred and ceased after the reactiocn was

complete 30 minutes later. The reaction mixture was

diluted with EtOAC (2 L), filtered through 8i0, (=~ 250 g),
and concentrated under reduced pressure to yield 80 g of the
crude product. Recrystallization from 10 % EtOAc/hexanes
afforded pure product, identical in every respect to that

obtained in step (a).

{(b) (18*,3R*,4R*,5R*,6S*} -Ethyl 2-oxobicyclo(3.1.0jhex-3-
ene-oxide-6-carboxylate. A 0°C solution of the product of
Step (a) (10.1 g, 60.8 mmol) in THF (300 mL) was treated
sequentially with DBU (27.75 g, 182 mmol) then tert-butyl
hydroperoxide. The resulting reaction mixture was stirred
at 0°C for 1 hour, diluted with Et,0, and partitioned with
1N HC1. The product was extracted with Et,0, dried over
MgSO,, and the resulting solid triturated in hexanes/ELOAC
{9:1) to afford 9.83 g (89%, 54 mmol) of the title compound.

mp = 102-104°C. FDMS: Mt + 1 = 182. Anal. calcd. for
CJH,0,: C, 59.34; H, 5.53. Found: C, 59.24; H, 5.53.

(c) (1§*,45*,5R*,65%) -Bthyl 2-oxo-4-hydroxy-bicyclo-
{3;1.0}hexane—s—carboxylate. To a stirred degassed
suspension of N-acetyl-L-cysteine (25.64 g, 157 mmol},
sodium borate+10 H;)f59.88 g, 157 mmbl),.and diphenyl-~
diselenide (0.82 g, 2.62 mmol} in Qater/EtGH {1:1) (500 mL)
was added the product of step (b) in THF (250 mL). Upon
campleté addition the reaction was stirred at room
temperature overnight. The reaction mixture was diluted
with Et,0 and partitioned with H,0. The product was
extracted with Et,0, washed with H,0 then brine, and dried
over MgSO,. The product was ﬁurified by HPLC
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{hexanes/EtOhc) to afford 7.91 g {82%, 43 mmol) of the title

compound. mp = 60-62°C. FDMS: MT = 184. Bnal. calcd. for
CH,0,: C, 58.69; H, 6.57. Found: C, 58.70; H, 6.34.

{d) (15%,28*,48*%,5R*, 6R*)~-Ethyl 2-5'-spirohydantoin-4-
hydroxybicyclo{3.1.0}-hexane-6-carboxylate. To a stirred
solution of the product of step {(c) (7.50 g, 40.7 mmol) in
BLOH/H,0 (1:1) (100 mL total volume) was added NH,CONH, 9.54
g, 122.2 mmol) then RCN (3.97 g, 61.1 mmol). Upon complete
addition, the reaction mixture was warmed at 40°C overnight.
The reaction mixture was cooled to room temperature,
acidified to pH = 3 and the resulting precipitate removed by
vacuum filtration to vield a 1:1 mixture of diastereomeric
hydantoins. Recrystallization from EtOH (3X) yielded 0.79 ¢

(3.1 mmol, 8 %) of the desired diastereomer. mp = 201-203

°C. FDMS: MY + 1 = 255. Anal. calcd. for C, HN0,+0.6 H0:
C, 49.85; H, 5.78; N, 10.57. Found: C, 49.60; H, 5.68; N,
10.38.

(e} (18%,28*%,48*,5R*, 6R*)~2-Amino-4-hydroxybicyclo-
[3.1.0lhexane~2,6-~dicarboxylic Acid. A sclution of the
product of step (d) (0.35 g, 1.38 mmol) in 1IN NaOH (15 mL)
was warmed under reflux ovérnight. The reaction mixture was'
cooled to room temperature and adjusted to pH = 8. The
resulting solids were filtered and discarded. The filtrate
was then readjusted to pH = 12 with 1IN NaOH and applied to
Bio-Rad® AGl-X8 anion exchange resin (acetate form converted
to hydroxide form). The product was eluted with 3N acetic
acid to afford 0.25 g (90%, 1.2 mmol) of the title compound.

mp = >275°C. FDMS: M + 1 = 202. Anal. calcd. for

CH,NO,+0.25 H,0: C, 46.72; H, 5.64; N, 6.81. Found: C,
46.68; H, 5.72; N, 6.59.
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Example 2
(18#,28%,5R*, 6R*) ~2-Amino~-4-oxobicyclo[3.1.0lhexane-2, 6-
dicarboxylic Acid

NH

{a) {18%,28%,48*,5R*,6R*)~Ethyl 2-(3'-benzyl-5'-spiro-
hydantoin)-4-hydroxybicyclo[3.1.0lhexane-6~carboxylate. To
a stirred solution of the product of Example 1, step (c¢)
(14.5 g, 78.7 mmol) in EtOH/H,0 (2:1) (150 mL total volume)
was added NH,CO,NH, (18.42 g, 236 mmol) then KCN (7.68 g, 118
mmol). Upon complete addition, the reaction mixture was
warmed at 40°C for 2 days. The reaction mixture was
concentrated in vacuo, partitioned with EtOAc/1N HC1l, and
brine. The mixture of hydantoins was extracted with EtOAc,
dried over MgS0O4, and concentrated. The crude hydantoins
were reconstituted in DMF (50 mL) and stirred at room
temperature as NaHCO, (16.85 g, 200 mmol) and then benzyl
bromide (12.6 g, 73.5 mmol} were consecutively added. The
reaction mixture was warmed at 100°C overnight. The
reaction mixture was diluted with EtOAc and partitioned with
0.5 N HCl. The hydantoins were extracted with EEOAC, washed
with HO then brine, dried over MgSO,, and purified via HPLC
{hexanes/EtOAc) to afford 5.14 g {(19%, 14.9 mmol) of the

title compound. FDMS: Mt = 344. B&Anal. calcd. for C H,N.O;:
¢, 62.78; H, 5.85; N, 8.13. Found: C, 62.97; H, 5.97; N,
8.06. ' -
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(b} (15*,28*%,5R*,6K*)~Ethyl 2-(3'-benzyl-5'-spirchydantoin) -
4-cxo—bicyclo—{3.1.0}hexane—6~carbbxylate. A 0°C golution
of the product of step (2) (1.03 g, 3.0 mmol} in acetone (20
ml) was treated in one portion with Jones Reagent (~2M, 7.5
mL-Cr0,, H,S50,, H,0) and stirred at room temperature for 2
hours. 2-Propanol (2 mL) was added to guench the oxidant.
The reaction mixture was then diluted with Et,0, flashed

through a pad of celite and Si0,, and concentrated to yield

0.30 g (88%, 2.6 mmol) of the title compound. FDMS: M* =
342. Aanal. caled. for CH NO;: C, 63.15; H, 5.30; N, 8.18.
Found: C, 62.87; H, 5.56; N, 8.26.

{c}) Following the method of Example 1(e), the product of
step (b) is hydrolvzed to afford the title compound.

Example 3
{1S*,2R* ,4R*,55%*,65%) ~2-Aminobicyclo[3.1.0}hexane-2, 6~
dicarboxylic-4-phosphonic acid monohydrochloride monohydrate

{a) {18*,4R*,558%,65%)-Ethyl 2-oxo-4-(diethyl)phosphono~

" bicyclo([3.1.0lhexane-6~carboxylate. A mixture of the

product of Example 1{a) (1.6 g, 9.6 mmol),'triethylphosphite
(2.0 g, 12.0 mmol) in 4.2 g of phenol was heated at 100°C
overnight. The resulting reaction mixture was purified
using HPLC (hexanes/EtOaAc) to afford 2.7 ¢ (92%, 8.9% mmol)
of the title compound. mp = &7 - 70°C. FDMS: M + 1 = 305.
Anal. calcd. for CH,OP: C, 51.32; H, 6.96. Found: C,
51.11; H, 6.89.
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(b} (15%,2R*,4R*,55%,6S5*)-Ethyl 2-aminocacetyl-2-cyano-4-
(diethyl) phosphonobicyclo{3.1.0]-hexane-6-carboxylate. A
mixture of KCN (3.2 g, 49 mmel), NHCL (2.6 g, 4% mmol) and
Al,0, (25 g) in CH,CN were sonicated under N, in a Branson
3200 ultrasonic bath for 1 hr. Then the product of step (a)
(1.5 g, 4.9 mmol) was added and sonicated for 72 hrs at
45°C, The reaction mixture was filtered through Celite® and
the filtrate was concentrated to dryness. The intermediate
amino nitrile so obtained was dissolved in CHCL,, cooled to
0¢C, and treated with acetyl chloride (0.5 g, 6.4 mmol) and
N,N-diisopropylethylamine (0.8 g, 6.4 mmol). The reaction
was allowed to proceed at ambient temperature for 1 h, then
the mixture was partitioned between CH(CIl, and HO. The
organic phase was separated, dried (MgSO,), filtered and
concentrated under reduced pressure. The crude products
were purified by chromatography (hexane/EtOAc). From this
was obtained 1.0 g (55%) ethyl-2-aminocacetyl-2-cyano-4-
diethylphosphonate bicycle3.1.0]hexane-6~carboxylate,
{isomer A) and 0.10 g {(5%) of ethyl-2-aminoacetyl-2-cyano-4-
diethylphosphonatebicyclo[3.1.0lhexane-6-carboxylate (isomer

B). (isomer A): mp = 135 ~ 138°C. FDMS: M* + 1 = 373.
Anal. caled. for C HNOP: C, 51.61; H, 6.77; N, 7.52.
Found: C, 51.8%; H, 6.78; N, 7.75,

{c) {18*,2R*,4R*,55%,65*)-2~-Aminobicyclo(3.1.0]hexane~2,6-

dicarboxylic-4-phosphonic acid monohydrochloride

- monohydrate. The title compound was prepared by refluxing

the product of step (b) {isomer A) {0.08 g, 0.2 mmol) in 30
mL of 6N HCI for 48 hours. The crude product was

- concentrated and purified using an anion exchange column

eluted with -IN HCl. Collected 0.06 g {99%, 0.2 mmol) of
the title compound. FDMS: M' + 1 = 266. Anal. calcd. for
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CH,NO,P + HCls H0: C, 30.05; ¥, 4.73; N, 4.38. Found: C,
29.87; H, 4.36; N, 4.13.

Exemple 4

(18*,28*,48%,5R*,6R*) 2-Amino-4-methoxybicyclo{3.1.0]hexane~

2,6-dicarboxylic acid

B Qe

(a) (18*,28*%,45%,5R*, 6R*)-Diethyl 2-N-t-butyloxycarbonyl-
amino-4-hydroxybicyclo[3.1.0]hexane-2, 6-dicarboxylate. To a
stirred solution of the product from Example 1l(c) (23.9 g,
130 mmol) in EtOH/H,0 (1:1) (500 mlL total volume) was added
(NH,),CO, (30.4 g, 390 mmol) then XCN (12.7 g, 195 mmol).
Upon complete addition, the reaction mixture was warmed at

40°C until complete. The reaction mixture was cooled to
0°C, acidified to pH = 1 with concentrated HCl and the
mixture of diastereomeric 5‘-spirohydantoins extracted with
EtOAc. All organics were combined, washed with brine,

dried over MgSO4 and concentrated under reduced pressure to

afford a 1:1 mixture of crude hydantoins. The mixture of

—

crude :’¥spirohydantoins {(27.9 g, 110 mmol) was warmed under
reflux in 2N NaOH.(275 mL) for 5 days until the reaction was
judgedtcomplete by TLC. - The reaction mixture was cooled to
0°C, acidified to pH = 1 with conc. HC1l, and concentrated to
dryness iIn vacuo. The resulting solids were reconstituted
in 100% BtOH (500 mL), and chilled to 0°C. 8S0CL, (120 g, 1
mol} was then added dropwise to the reaction mixture at a
rate to maiﬁtain reaction temperature at 10°C. Upon
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complete addition the reaction was warmed at reflux
overnight. The reaction mixture was then concentrated in
vacuo and reconstituted in a 1:1 mixture of saturated
agqueous NaHCO,:THF (500 mL) total volqme. Boc,0 (118 g, 550
mmol) was then added to the reaction mixture in one portion
and stirred at room temperature overnight. The reaction
mixture was then reduced in vacuo and the crude N-Boc
diethylesters extracted with EtOAc. All the organic extracts
were combined, washed with H,0 then brine, dried over K,CO,,
and concentrated to yield 120 g of crude product. The two
diastereomers are isolated and purified via prep-HPLC (100%
hexanes to 50% EtOAc/hexanes) to yield 10.12 g (26%, 28
mmol) of the desired product as a foam. FDMS: M* + 1 = 358.

Anal. caled. for C,H,NO,: C, 57.13; H, 7.61; N, 3.92.
Found: C, 56.84; H, 7.64; N, 3.96.

{b) (15*,28%,459*,5R*, 6R*)-Diethyl 2-N-t-butyloxycarbonyl-
amino-4-methoxybicyclol3.1.0]hexane~2, 6~-dicarboxylate. To a
0°C solution of the product of step (a) {0.50 g, 1.4 mmol)
in THF (30 mL) was added NaH (0.07 g, 1.7 mmol) in one
portion followed by dropwise addition of methyl iodide (0.21
g, 1.5 mmol}. The resulting reaction mixture was allowed to
warm to room temperature as it stirred overnight. The
reaction was diluted with H,0 and the product extracted with
EtOAc. All organics were combined, washed with brine, dried
over K, CO,, concentrated under reduced pressure and purified
by PC-TLC {10% EtOAc/hexanes to 90% EtOAc/hexanes) to
afford 0.12 g (0.32 mmol, 23 %) of the desired product.

FDMS: M* + 1 = 372. BAnal. calcd. for C.E,NO,: C, 58.21; H,
7.87; N, 3.77. Found: C, 58.69; H, 7.52; N, 4.85.

(¢} (18*,28%,48*,5R*, 6R*)~Diethyl 2-Amino-4-methoxy-
bicyclo[3.1.0]-hexane-2, 6~-dicarboxylate. A 0°C solution of
the product from step (b) in EtOac (25 ml) was purged with

anhydrous HC1l gas until the solution reached saturation.
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The resulting reaction mixture was stirred at 0°C for 1 hour
and then concentrated to dryness under reduced pressure.

The solids were dissolved in saturated NaHCO, {aq) and the
product extracted with EtOAc. All organics were combined,
washed with brine, dried over K,CO,, concentrated under
reduced pressure and purified by PC-TLC (10% EtOAc/hexanes
to 100% EtOAc) to afford 0.05 g (0.18 mmol, 61%) of the
desired product. FDMS: M* + 1 = 271. 'H NMR (CDC1,): & 1.25
{(t, J =7 Hz, 3H), 1.2%9 (t, J =7 Hz, 3H), 1.61 (t, J =3
Hz, 1H), 1.80-1.95 (br m 3H), 2.17-2.20 (m, 1B), 2.46-2.50
(m, 2H), 3.27 (s, 3H), 3.85-3.87 ‘m, 1H), 4.15 (g, J = 7 Hz,
2H), 4.24 (g, J = 7 Hz, 2H). "C NMR (CDCl,): § 13.96,
14.11, 20.82, 31.90, 33.96, 40.17, 56.00, 60.69, 81.26,
64.63, 82.14, 172.14, 174.85. Aanal. caled. for C,H,NO,: C,
57.55; H, 7.80; N, 5.16. Found: C, 56.04; H, 7.70; N, 5.81.

{(d} (15*,25*%,48*%,5R*,6R*)-2~-Amino-4-methoxybicyclo[3.1.0] -
hexane-2, 6~dicarboxylate. The product from step {c) (0.04
g, 0.11 mmol) was stirred in a 1:1 solution of 1N NaOH/THF
(10 mL total volume) at room temperature overnight. The
reaction mixture was acidified to pH = 1 with 6N HC1 and
concentrated to dryness. The resulting solids were
reconstituted in water at pH = 2, applied to Dowex® 50X8-100
cation exchange resin, eluted with 10 % pyridine/HO to
afford 0.012 g (37 %, 0.06 mmol) of the desired product. mp

= >275°C. FDMS: M* + 1 = 216, 'H NMR (D,0/KOD): & 1.08-

1.14 (m, 2H), 1.74-2.07 {(m 3H), 3.05 (s, 3H), 3.65-3.75 {m,
1H). Anal. calcd. for CH,NO,-0.2 NaCl: C, 47.64; H, 5.78;

87713

N, 6.17. Found: C, 47.75; H, 5.74; N, 7.49.

Exanple 5

{18%,28*,5R*, 6R*) 2~Amino~4—oxobicyclo[3.1.0}hexane—2,6-

dicarboxylic acid
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{a) {18%,28*,5R*, 6R*)~-Diethyl 2-N-t-butyloxycarbonylamino-4-
oxobicyclo-[3.1.0lhexane~-2, 6-dicarboxylate. A solution of
the product from Example 4{a) (0.50 g, 1.4 mmol) in CHCI1,
(15 mL) was stirred at room temperature as pyridinium
dichromate (1.60 g, 4.2 mmol) was added in one portion. The
resulting reaction mixture was stirred at room temperature
overnight. The reaction was diluted with BEtOAc and filtered
through celite to remove chromium by-products. The filtrate
was concentrated in wvacuo and purified via PC-TLC (10%
EtOAc/hexanes to 20% EtOAc/hexanes) to yield 0.49 g (1.38

mmol, 98%) of a white foam. FDMS: Mt + 1 = 356. Anal.

calcd., for C.H,NO,: C, 57.46; H, 7.09; N, 3.%4. Found: C,
57.60; H, 7.14; N, 4.03.

(b} (18*,28%,5R*,6R*)~2-Amino-4-oxobicyclo[3.1.0}hexane~-2, 6~
dicarboxylic acid. A 0°C solution of the product from step
{a) {0.37 g, 1.04 mmol} in EtOAc (30 mL) was purged with
anhydrous HC1l gas until saturation occurred. The resulting
reaction mixture was stirred at 0°C for 1 hour then
concentrated to dryness in vacuo. The resulting solids were
reconstituted in 10 mL 1N NaOH and stirred overnight. The
reaction mixture was adjusted to pH = 2 with 6N HCI,
applied to Dowex® 50X8-100 cation exchange resin, and the
product eluted with 10 % Pyridine/H,0. The product was
obtained from a recrystallization from H,0 to afford 0.06 g

(31%, 0.30 mmol) of the desired product. mp = dec > 210°C.
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FDMS: M* + 1 = 200. Anal. calcd. for CHNC,: C, 48.25; H,
4.55; N, 7.03. Found: C, 48.19; H, 4.46; N, 7.16.

Example 6

5 (18*,28%,5R*,6R*) 2-Amino-4-[lanti]-
hydroximinobicyclo[3.1.0]hexane~2, 6-dicarboxylic acid and
(18*,28*,5R*, 6R*) 2-Amino-4-{syn}-
hydroximinobicyclo[3.1.0]hexane~2, 6-dicarboxylic acid

5 —OH

anti syN

COZH COQH

(a) (18%,28*,5R*, 6R*)~Diethyl 2-Amino-4-oxobicyclo{3.1.0]-
hexane-2, 6~-dicarboxylate. A 0°C solution of the product
from Example 5{a) (0.37 g, 1.04 mmol} in EtOAc (30 mL) was
purged with anhydrous HCl gas until saturation occurred.

15 The resulting reaction mixture was stirred at 0°C for 1
hour. The reaction mixture was diluted with saturated
agqueous NaHCO, and the product extracted with EtOAc. All
organics were combined, washed with brine, dried over K,CO,
and concentrated in vacuo to yield the desired intermediate

20 {0.36 g, 1.4 mmol, 100%). FDMS: Mt + 1 = 256. BAnal. caled.

for C,H,NO0.2 H0: C, 55.68; H, 6.78; N, 5.41. Found: C,
55.47; H, 5.91; N, 5.24.

{b) (1S8*,28*,4R*,6R*)-Diethyl 2-Amino-4-hydroximino-
bicyclo{3.1.0lhexane-2, 6-dicarboxylate. Hydroxylamine

25  hydrochloride (0.15 g, 2.1 mmol) was added to a room
temperature solution of the product from step {(a) (0.36 g,
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1.4 mmol) and NaOAc (0.23 g, 2.8 mmol) in a 3:1 mixture of
EtOH/H,0 (20 mL total volume) and heated at 80°C for 1 hour.

Aqueous NaHCO, was added to the reaction mixture, the
product extracted with EtOAc, washed with brine, dried over
K,CO, and concentrated in vacuo to afford a 2:1 mixture of
the E and Z isomers. Purification by PC-TLC (10%
EtOAc/hexanes to 67% EtOAc/hexanes) afforded clean products.

anti-isomer: 0.18 g (0.67 mmol, 56%). FDMS: M* + 1 = 271.
anal. caled. for CH,N00,-0.35 CHCL,: C, 49.44; H, 6.28; N,
9.34. Found: C, 49.62; H, 5.89; N, 9.39. syn-isomer: 0.08

1t

g (0.33 mmol, 28 %}. mp 135 - 137°C. FDMS: MY + 1 = 271,
Anal. calecd. For C,H,N0O,-0.1 hexanes: C, 54.26; H, 7.01; N,
10.04. Found: C, 54.03; H, 6.71; N, 10.14.

{c) (18*,28*,5R*,6R*)~2-Amino~4-[anti}-hydroximinobicyclo-
[3.1.0lhexane-2,6-dicarboxylic acid. A solution of the
anti-oxime from step (b) (0.13 g, 0.48 mmol) was stirred at
room temperature in a 1:1 mixture of 1IN NaOH:THF (20 mL
total volume) for 4 days. The reaction mixture was then
diluted with H,0 and the product washed with EtOAc (3X) to
remove organic impurities. The agueous layer was adjusted
to pH = 10 with 1N HCl and concentrated in vacuo. The
solids were reconstituted in H,0 and purified by anion-
exchange chromatography (Bio-Rad® AG1-X8: elution with 3N
AcOH). Recrystallization from1}g0/2~propanol (1:1) mfforded
0.07 g (0.33 mmol, 68%) of the product. mp = dec > 260°C.

FDMS: Mt 4+ 1 = 215. Anal. calcd. for CHN0,-0.15 HO: C(,
44.30; H, 4.79; N, 12.81. Found: C, 44.53; H, 4.48; N,
12.51. '

{d) (18*,28*,5R*,6R*)~2-amino-4-[{syn]-hydroximinobicyclo-
[3.1.0)-hexane-2,6-~dicarboxylic acid. Utilizing 0.085 g
{0.31 mmol) of the sym-oxime product from step (b), the

reaction conditions, work-up and isolation were identical
to those in step (¢). Yield 0.04 g {0.19 mmol, 60%). mp =
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dec > 250°C., FDMS: M* + 1 = 215. anal. cazlcd. for
C.H,N,0,-0.15 NaCl: C, 43.10; H, 4.52; N, 12.57. Found: C,
43 .46; H, 4.74; N, 11.95.

Example 7

(18*,2R*,458%,55%,68%) -2-Amino-4-fluorobicyclo{2.1. 0l hexane-
2,6-dicarboxylic acid

F

{a) {18*,2R*,45%,55%,68*%)-Diethyl 2-N-t-butyloxycarbonyl-
amino~-4-fluorobicyclo[3.1.0]lhexane-2, 6~-dicarboxylate. To a
0°C solution of the product from Example 4(a) (0.50 g, 1.40
mmol) in CH,CLl, (25 mL) was added diethylaminosulfur
trifluoride {(DAST) in one portion. The resulting reaction
mixture was allowed to warm to room temperature as it
stirred overnight. The reaction was diluted with 10%
agueous NaHCO, and the product extracted with EtOAc. All
organics were combined, washed with brine, dried over K,CO,
and purified via PC-TLC (10% EtOAc/hexanes to 20% EtOAc) to
afford 0.38 g (1.06 mmol, 74%) of the desired product as a

clear colorless oil. FDMS: MY + 1 = 360. Anal. calcd.

for C,H,NO;: C, 56.81; H, 7.29; N, 3.90. Found: C, 56.79;
H, 7.42; N, 4.11.

(b} (18*,2R*,45*%,58*%,65%) -Diethyl 2-Amino-4-fluorcbicyclo-
[3.1.0)hexane-2, 6-dicarboxylate. A 0°C solution of the

product from step (a) (0.33 g, 0.92 mmol} in EtOAc {30 mL)

was purged with anhydrous HCl gas until saturation occurred.
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The resulting reaction mixture was stirred at 0°C for 1
hour. The reaction mixture was diluted with saturated
aqueous NaHCO, and the product extracted with BEtOAc. All
organics were combined, washed with brine, dried over K,CO,

5 and concentrated in vacuo to afford 0.23 g (0.8% mmol, 96%)
of the desired product. FDMS: Mt + 1 = 260. Anal. calcd.

for C,H,FNO,: €, 55.59; H, 7.00; N, 5.40. Found: C,
55.56; H, 6.79%; N, 5.21.

{(c) (18*,2R*,45*,568%,65%)-2~-Amino-4-fluorobicycle[3.1.0]1~

10 Thexane-2,6-dicarboxylic acid. A solution of the product
from step (b) (0.12 g, 0.46 mmol) in a 1:1 mixture of 1IN
NaOH:THF (20 mL total volume) was stirred at room
temperature overnight. The reaction mixture was then
adjusted to pH = 12 with 6N HC1l and purified via anion

15 exchange chromatography (Bio-Rad® AG1-X8 ion exchange resin.
3N acetic acid as eluent. Recrystallization from H,0/2-
propanol (1:1) afforded 0.04 g {0.20 mmol, 49%) of the
desired product. mp = dec > 260°C. FDMS: Mt + 1 = 204.

Anal. calcd. for CH, FNO,0.45 NaCl: C, 41.87; H, 4.39; N,
20 6.10. Found: C, 41.%1; H, 4.00; N, 5.76.



10

15

20

25

WO 98/51655 PCT/USS8/09862

46

‘Bxazuple 8

(18%,28% ,4R* ,5R* ,65%) 2,4-Diaminobicyclo{3.1.0]lhexane~2,6~
dicarboxylic acid

{(a) (18*,28*,48*%,5R*,6R*})~-Diethyl 2-N-t-butyloxycarbonyl-
amino-4-{p-toluenesulfonvloxy)bicyclo{3.1.0]lhexane~2,6~
dicarboxylate. p-Toluenesulfonyl chloride (5.3 g, 28 mmol)
was added to a solution of the product of Example 4{a) (5.0
g, 14 mmol) in pyridine (25 mL) and the resulting reaction
mixture stirred at room temperature overnight. The reaction
mixture was diluted with EtOAc (100nL)} and washed with
saturated aqueous CuSO, to remove the pyridine. The
organics were washed with brine, dried over MgSO, and
concentrated under reduced pressure to afford the crude
product which was pﬁrified by S$i0, chromatography (HPLC: 10%
EtOAc/hexanes to 50% EtOAc/hexanes) to obtain 6.55 g (91%,
12.8 mmol) of the desired product as a white foam. FDMS: M*
+ 1 = 512. Anal. calcd. for CH,NOS: C, 56.35; H, 6.50;

N, 2.74. Found: C, 56.48; H, 6.44; N, 2.60.

(b} (18*,28*,4R* ,5R*, 65*)-Diethyl 2-N-t-butyloxy-
carbonglamino-é~azidobicyclo[3.1.0]hexane;2,6~dicarboxylate.
A solution of the product from step (a) (6.35 g, 12.4 mmol)

and NaN, {2.42g, 37.2 mmol) in DMSO (15 mL) was warmed at
35°C for 3 days. The reaction mixture was diluted with H,0
and the product extracted with EtOAc. All organics were
combined, washed with brine, dried over MgSO,, and

concentrated under reduced pressure to yield the crude azide
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which was purified by vacuum filtration through 510, (20%
EtOAc/hexanes to 50% EtOAc/hexanes) to afford 4.68 g (98%,

12.2 mmol} of the desired product as a waxy solid. FDMS: M+

+ 1 = 512. Anal. calcd. for C,H,N0,0.1 hexanes: C, 54.06;
5 H, 7.06; N, 14.33. Found: C, 53.94; H, 6.88; N, 14.30.

{c) (18*,28*,4R*,5R*,65%)-Diethyl 2-N-t-butyloxycarbonyl-4~
aminobicyclo[B.1.0]hexane~2,G—dicarboxylate. Triphenyl-
phosphine (2.%0 g, 11 mmol) was added in one portion to a
solution of the product of step (b) (3.5 g, 9.2 mmol) in

16 THF/H,O (5:1) and stirred at room temperature overnight.
The reaction mixture was diluted with EtOAc and washed with
0.5N NaOH (3X). The organics were combined, washed with K0
then brine, dried over K,CO,, concentrated under reduced
pressure and purified by SiO, chromatography (HPLC: 8i0,

15 (10% EtOAc/hexanes to 50% EtOAc/hexanes) to afford 2.03 g

(62 %, 5.7 mmol}) of the desired product as a foam. FDMS: M*t

+ 1 = 357. Anal. caled. for C_,H,NO,: C, 57.30; H, 7.92; N,
7.86. Found: C, 57.02; H, 7.73; N, 7.72.

{d) (18*,28%,4R*,5R*,68%) 2,4-Diaminobicyclo[3.1.0]hexane-
20 2,6-dicarboxylic acid. The product from step (¢) was warmed
under reflux in 1IN HCl overnight. The reaction mixture was
adjusted to pH = 2 with 1IN NaOH and purified by cation
exchange chromatography (Dowex® 50X8-100: 10%
Pyridine/H,0). The resulting product was recrystallized
25 from 2-propancl/H,0 (1:1) to vield 0.09 g {(45%, 0.45 mmol)
of the desired product as a white solid. mp = > 275 °C.

FDMS: M* + 1 = 201. Anal. calecd. for CH,N,0,.0.5 HO: C,

45.93; H, 6.26; N, 13.39. Found: C, 45.66; H, 7.45; N,
13.32.

390
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Example 9

{(18*,28*%,4R*,5R8*%,65*%) 2-Aminc-4-azidobicyclo{3.1.0}hexane-
2,6-dicarboxylic acid

N
T3

HOZC

A solution of the product from Example 8(b) {0.25 g, 0.65
mmol), in EtOAc (30 mi) was chilled te 0°C and purged with
anhydrous HCl1 gas until the solution reached saturation. The
reaction mixture was stirred at 0°C for two hours,
concentrated to dryness, and the resulting solid stirred in
a 1:1 mixture of 1IN NaOH:THF {20 mL total volume) at room
temperature overnight. The THF was removed under reduced
pressure, the agueous mixture adjusted to pH = 12 with 1IN
HC1, and purified by anion exchange chromatography (Bio-
Rad® AGl-X8: acetate form converted to hydroxide form,
elute with 3N acetic acid) to vield 0.10 g (0.44 mmol, 68%)
of the desired product. mp = dec > 270°C. FDMS: Mt + 1 =

227. »Aanal. calcd. for CHNO.0.2 AcOH: C, 42.36; H, 4.57;
N, 23.52. Found: C, 41.96; H, 4.54; N, 23.55.
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Exanple 10

{18%,28%,4R* ,5R*,65*) 2-Amino-4-acetamidobicyclo{3.1.0]1~-

hexane-2, 6-dicarboxylic acid

NHAC

H

(12125

Co_H
2

{a) (18*,25*%,4R*,5R*,65%)-Diethyl 2-N-t-butyloxy-
carbonylamino-4-acetamidobicyclo[3.1.0}hexane-2, 6~
dicarboxylate. Acetyl chloride (0.09 g, 1.1 mmol) was added
by dropwise addition to a 0°C solution of the product f£rom
Example 8(c) (0.35 g, 1.0 mmol) and triethylamine {(0.20 g,
2.0 mmol) in CHCL, (20 oL}, and the resulting reaction

" mixture allowed to warm to room temperature as it stirred

overnight. The reaction mixture was diluted with Et,0,
washed with agueous NaHSO, then brine, dried over MgSO, and
concentrated in vacuo to yield the crude acetamide which was
purified by PC-TLC (10% EtOAc/hexanes to 67% EtOAc/hexanes)
to afford 0.35 g (88%, 0.88 mmol) of the desired product as
a white solid. mp = dec 85 - 95°C. FDMS: M* + 1 = 399.
Anal. caled. for C HNO,: C, 57.27; H, 7.58; N, 7.03.
Found: C, 57.41; H, 7.28; N, 6.94.

(b} (18*,28%,4R*, 5R*, 65*)~-2-Amino-4-acetamidobicyclo[3.1.0]~
hexane-2, 6-dicarboxylic acid; A solution of the product from
step (a) (0.30 g, 0.75 mmol), in EtOAc (30 mL) was chilled
to 0°C and purged with ahhyéfbus HCl1 gas until the solution
reached saturation. The reaé;ion mixture was stirred at 0°C
for two hours, concentratédlto dryﬁess, and the resulting
solid stirréd in a 1:1 mixture of 1N NaOH:THF (20 mlL total

volume} at room temperature overnight. The THF was removed
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under reduced pressure, the agueous mixture adjusted to pH =

2 with 1IN HCl, anéd purified by cation exchange

chromatography (Dowex® 50X8-100, elute with 10%

pyridine/H,0). Recrystallization from H,0/2-propanol {(1:1)

afforded 0.08 g (0.37 mmol, 50 %) of the desired product.

mp = > 275°C. FDMS: Mt + 1 = 243. Anal. calcd. for
C,.HNO,-0.3 NaCl: C, 46.24; H, 5.43; N, 10.78. Found: C,
45.93; H, 5.50; N, 10.88.

Example 11

(18*,28*,4R*,5R*,65%) 2-Amino-4-

benzoylaminobicyclo[3.1.0lhexane-2, 6-dicarboxylic acid

NHCOPh

-
-
-

=1

HOZC

CoO H
2

H

? I
M

(a) (18*,28*,4R*,5R*,65%)-Diethyl 2-N-t-butyloxycarbonyl-
amino~4~benzoylaminobicyclo[3.1.0ihexane~2,6—dicarboxylate.
Benzoyl chloride (0.16 g, 1.1 mmol) was added by dropwise
addition to a 0°C solution of the product from Example 8(cC)
{0.35 g, 1.0 mmol) and triethylamine (0.20 g, 2.0 mmol) in
CH,C1l, (20 mL), and the resulting reaction mixture allowed to
warm to room temperature as it stirred overnight. The
reactidn mixture was diluted with Et,0, washed with agqueous
NaHSO, then brine, dried over MgSO, and concentrated in vacuo
to yield the crude amide which was purified by PC-TLC ({10%
EtOAc/hexanes to 67% EtOAc/hexanes) to afford 0.31 g (67%,

O.G?'mmol) of the desired product as a white foam. FDMS: M* |
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+ 1 = 461. 2Anal. caled. for CHNO,: C, 62.59; H, 7.00; N,
6.08. Found: C, 62.75; H, €.70; N, 5.99.

(b} (18*,28*,4R*,5R*, 65*)-2-Amino-4-benzoylaminobicyclo-
{3.1.0}hexane~2, 6-dicarboxylic acid. A solution of the
product from step (a) (0.30 g, 0.75 mmol), in EtOAc (30 mL)
was chilled to 0°C and purged with anhydrous HCl gas until
the solution reached saturation. The reaction mixture was
stirred at 0°C for two hours, concentrated to dryness, and
the resulting solid stirred in a 1:1 mixture of 1N NaOH:THF
{20 mL total volume) at room temperature overnight. The THF
was removed under reduced pressure, the agueous mixture
adjusted to pH = 2 with IN HCl, and purified by cation
exchange chrcmatography (Dowex® 50X8-100, elute with 10%
pyridine/H0). Recrystallization froum H,0/2-propanol (1:1)
afforded 0.095 g (0.31 mmol, 58 %) of the desired product.
mp = dec > 275°C. FDMS: Mt + 1 = 305. anal. calcd. for

C sl N,0,-0.3 2-~propanol: ¢, 59.25; H, 5.75; N, 8.69. Found:
C, 59.50; H, 5.65; N, 8.32.

Exanmple 12

(15*,28*,43*,5R*,6S*} 2~-Amino-4~ {methanesulfonylamino) -
bicyclo[3.1.0lhexane~2, 6-dicarboxylic acid

- HNSO 2Me

C02H

(a) {18*,28% 4R*,5R*,65*)-Diethyl 2-N-t~-butyloxycarbonyl-
amino—4~(methanesulfonylamino)bicyclo[3.1.0}hexane»2,6—
dicarboxylate. Methanesulfonyl chloride (0.13 ¢, 1.1 mmol)
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was added by dropwise additicn to a 0°C solution of the
product from Example 8{c) (0.35 g, 1.0 mmcl) and
triethylamine (0.21 g, 2.0 mmol) in CH,C1l, (25 mL), and the
resulting reaction mixture stirred at 0°C for 1 hour. The
reaction mixture was diluted with EtOAc, washed with agueocus
NaHSO, then brine, dried over MgSO, and concentrated in vacuo
to yvield the crude methylsulfonamide which was purified by
PC-TLC (10% EtOAc/hexanes to 67% EtOAc/hexanes) to afford

0.44 g {99%, 1.0 mmol) of the desired product as a white

foam. FDMS: M* + 1 = 435, Aanal. calced. for CH,N0,S: C,
49.76; H, 6.96; N, 6.45; S, 7.38. Found: C, 50.04; H, 6.68;
N, 6.21; 8, 7.38.

{b) (18%,258*%,4R*,5R*,68*)-2-Anino~4- (methanesulfonylamino) -
bicyclo[3.1.0]hexane-2,6-dicarboxylic acid. A solution of
the product from step (a) (0.40 g, 0.92 mmol), in EtOAc (30
mL} was chilled to 0°C and purged with anhydrous HCl gas
until the solution reached saturation. The reaction mixture
was stirred at 0°C for two hours, concentrated to dryness,
and the resulting solid stirred in a 1:1 mixture of 1IN
NaOH:THF (20 mL total volume) at room temperature overnight.
The THF was removed under reduced pressure, the agueous
mixture adjusted to pH = 2 with 1IN HC1, and purified by
cation exchange chromatography (Dowex® 50X8-100, elute with
10% pyridine/H,0}. Recrystallization from H,0/2-propanol
{1:1) 'afforded 0.13 g (0.46 mmol, 50%) of the desired
product. mp = > 275°C. FDMS: M* + 1 = 279. Anal. calcd.
for CH,NO0S: C, 38.84; H, 5.07; N, 10.07. Found: C,
39.01; H, 5.21; N, 10.07. |
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Example 13

(158%,28*,4R* ,SR*,6S5*) 2-Amino-4- (methylaminocarbonylamino) -

bicyclo[3.1.0lhexane-2, 6-dicarboxylic acid

{a) (18*,28*,4R*,5R*,65%)-Diethyl 2-N-t-butyloxycarbonyl-
amino~4-~ (methylaminocarbonylamino)bicyclo{3.1.0lhexane-2, 6~
dicarboxylate. Methyl isocyanate (0.07 g, 1.2 mmol) was
added by dropwise addition to a 0°C solution of the product
from Example 8(c) (0.35 g, 1.0 mmol) in CHCI1l, (25 mL}, and
the resulting reaction mixture allowed to warm to room
temperature as it stirred overnight. The reaction mixture
was diluted with EtOAc, washed with aqueous NaHSO, then
brine, dried over MgSO, and concentrated in vacuo to yield
the crude methyl urea which was purified by PC~TLC (10%
EtOAc/hexanes to 50% EtOAc/hexanes) to afford 0.35 g (85%,
0.85 mmol) of the desired product as a white foam. FDMS: Mt
+ 1 = 414. Anal. calcd. for CH,NO0,-0.5 H0: C, 54.01; H,
7.63; N, 9.95;. Found: C, 53.81; H, 7.52; N, 10.64.

-~ {b) (18*,28*,4R*,5R*,68%)-2~Amino-4- (methylaminocarbonyl-

amino}?icyclo{B;1;O]hexane—2,6~dicarboxylic acid. A
solution of the product from step (a) (0.30 g, 0.72 mmol},
in EtOAc (30 mL) Was éhflled to 0°C and purged with
anhydrbﬁé th éés until thé.éolﬁtion reached saturation. The
reaction_mixtﬁre'wés stirred.at g°Cc for one hour,
concentrated to dryness,'and'the resulﬁiﬁg solid stirred in
a 1:1 mixture of 1IN NaOH:THF (20 mL total volume) at room
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temperature overnight. The THF was reamoved under reduced
pressure, the agueous mixture adjusted to pH = 2 with 1IN
HCl, and purified by cation exchange chromatography {Dowex®
50X8-100, elute with 10% pyridine/H,0). Recrystallization
from H,0/2-propanol (1:1) afforded ¢.12 g (0.46 mmol, 64%)

of the desired product. mp = > 275°C. FOMS: Mt + 1 =

258. Anal. calcd. for CH,N,0,.0.1 HO: C, 46.37; H, 5.91;
N, 16.22. Found: C, 46.03; H, 6.01; N, 16.12.

Example 14

(18%,28*%,4R*,5R*,65%) 2-Amino-4-(N,N-
dicyclopropylmethylamino}bicyclo(3.1.0lhexane-2, 6~

dicarboxylic acid

(a} (18*,25*%,4R*,5R*,65*)-Diethyl 2-N-t-butyloxycarbonyl-
amiho—4~(N,N~dicyclopropylmethylamino5bicyclo{3.1.0]hexane~
2,6~dicarboxylate. Cyclopropylmethyl bromide (0.27 g, 2.0
mmol) was added by dropwise addition to a room temperature
solution of the product from Example 8{c) (0.32 g, 0.90
mmol) and triethylamine (06.30 g, 3.0 mmol) in CHCN (25 mL),
and the resulting reaction mixture stirred overnight. The
reaction mixture was concentrated in vacuo and purified by
PC-TLC (10% EtOAc/hexanes to 67% EtOAc/hexanes) to afford
0.33 g (78%, 0.70 mmol} of the desired product as a light
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yvellow oil. FDMS: M* + 1 = 465. Anal. calcd. for CH, WO,:
C, 64.63; H, 8.68; N, 6.03. Found: C, 64.38; H, 8.60; N,
5.93.

(b)) (18*,28*,4R%*, 5R*,65*%)-2-Amino~4- (N,N-dicyclopropyl-
methylamino)bicyclo{3.1.0}hexane-2, 6-dicarboxylic acid. &
solution of the product from step (ai {(0.28 g, 0.61 mmol),
in EtOAc (30 mL) was chilled to 0°C and purged with
anhydrous HCl gas until the solution reached saturation. The
reaction mixture was stirred at 0°C for four hours,
concentrated to dryness, and the resulting solid stirred in
a 1:1 mixture of 1N NaOH:THF (20 mL total volume) at room
temperature overnight. The THF was removed under reduced
pressure, the agueous mixture adjusted to pH = 2 with 1IN
HCl, and purified by cation exchange chramatogréphy {Dowex®
50%8-100, elute with 10% pyridine/H,0). Recrystallization
from H,O0/2-propanol (1:1) afforded 0.15 g (0.49 mmol, 80%)
of the desired product. mp = dec > 270°C. FDMS: MY + 1 =

308. Anal. calcd. for CH,N,0.0.6 HO: C, 60.21; H, 7.96;

16”724

N, 8.78. Found: C, 59.92; H, 7.99; N, 8.93.

Example 15
(15*,28*% ,5R*,68*%) -2-Amino-4-2-
carboxymethylenebicyclo(3.1.0lhexane-2, 6-dicarboxylic acid
(18*,28*%,5R*, 65%) -2~-Amino-4-E-
carboxymethylenebicyclo{3.1.0lhexane-2, 6-dicarboxylic acid
co,H

*Isomer A"

H

COZH

*Isomer B*®
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{a} (18*,28%,4R*,€8*) ~Diethyl-2~ (N~tert-butyloxycarbonyl) -
amino~4~ (benzyloxycarbonyl)methylene bicyclo[3.1.0]lhexane-
2,6-dicarboxylate, Isomers A and B. The sodium salt c¢f
benzyl diethylphosphonoacetate was prepared by the addition
of sodium bis({trimethylsilyl)-amide (4.2 mmol) to an
anhydrous toluene solution of benzyl diethylphosphonoacetate
(1.2 g, 4.2 mmol) at 0C. The sodium salt was rapidly added

to a anhydrous toluene solution of the product of Example

5(a} (1.0 g, 2.8 mmol) at 0'C and stirred for 15 minutes.
The reaction was allowed to warm to room temperature and
stir until it was determined to be complete by TLC. 1N HCI
was added and the reaction mixture was extiracted using ethyl
acetate. The combined organic layers were washed with
agueous NaCl and dried with MgSO,. The organics were
concentrated and the crude product purified using HPLC
(EtOAc/hexanes) to afford 1.3 g {(94%) of a mixture of two

&

isomers. FDMS: Mt -~ 1 = 486, Anal. calcd. for C,H NO.:

s 33 1 8
C, 64.05; H, 6.82; N, 2.87. Found: C, 64.04; H, 6.87; N,
2.96.

{b) (18*,25*,5R*,65*)-Diethyl-2-amino-4~FE-
{benzyloxycarbonyl)methylenebicyclo{3.1.0lhexane-2,6-
dicarboxylate, Isomer A and (18*,28*%,4R*,65*%)-Diethyl-2-
amino-4-2- (benzyloxycarbonyl)methylenebicyclo[3.1.0]hexane~
2,6~dicarboxylate, Isomer B. Anhydrous HC1l (g} was bubbled
into a EtOAc solution of the product of step (a) (0.4 g,

0.82 mmol) at 0C. The reaction was allowed to warm to room
temperdﬁure and stir until judged complete by TLC. The
organics were partitioned over aqueous NaHCO,, dried with
K,CO,, and concentrated under vacuum. Purification by HPLC
{(EtOAc/hexanes) afforded §.154 g {48%) isomer A and 0.13 g
(41%) isomer B.
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Isomey A: FDMS: M* + 1 = 388. 2nal. calcd. for C H NO:

2125 1 6"

C, 65.10; H, 6.50; N,3.62. Found: C, 64.%1; H, 6.40; N,
3.83.

Isomer B: FDMS: MY + 1 = 388. Anal. calcd. for CuHmN<3o+

1 6
0.5 eq. CHCLl,: C, 60.07; H, 6.10; N, 3.26. Found: C,
60.33; H, 6.05; N, 3.43.

(c) (18§*,28*,65R*,65%) -2-Amino-4-E-carboxymethylenebicyclo-
[3.1.0}hexane-2,6-dicarboxylic acid. The product of step
{b), Isomer A (0.134 g, 0.35 mmol), was stirred in 5 mL of
2N NaOH and 2 mL of THF for 5 hours. The reaction was
adjusted to a pH = 7 with 1N HCl and concentrated to

dryness. The resulting solid was reconstituted in water at
a pH = 10 and applied to an anion exchange resin (Bio-Rad®
AG1-X8, eluted with 2N acetic acid) to afford 0.038 g (45%)
of the desired product. FDMS: Mt + 1 = 242. Anal. calcd.
for C H NO + 0.14 eq. NaCl: C, 48.16; H, 4.44; N, 5.62.
Found: C, 48.15; H, 4.29; N, 5.36.

(d) {15%,28*,5R*,65%)~2-Amino-4-Z-carboxymethylenebicyclo-
[3.1.0)hexane-2, 6-dicarboxylic acid. The product of step
(b}, Isomer B {0.107 g, 0.28 mmol), was stirred in 5 mL of
2N NaOH and 2 mL of THF for 5 hours. The reaction was
adjusted to a pH = 7 with 1N BCl and concentrated to

dryness. The resulting solid was reconstituted in water at

a pH = 10 and applied to an anion exchange resin (Bioc-Rad®
AG1-X8, eluted with 2N acetic acid) to afford 0.050 g (75%)

£

of the desired product. FDMS: M* + 1 = 242. Anal. calcd.
for C,H NO + 1.0 eg. H,0: C, 46.34; H, 5.06; N, 5.40.
Found: C, 46.43; H, 5.04; N, 5.45.
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Example 1§
(18%,28*%,5R*,58%) -2-Amino-4-methylenebicyclo[3.1.0lhexane-

2,6-dicarboxylic acid

NH

{a) (15*,28*,5R*,65*%)-Diethyl-2-(N-tert-butyloxycarbonyl)-
amino-4-methylenebicyclo[3.1.0lhexane-2, 6-dicarboxate.
Sodium bisktrimethylsilyl)amide {4.2 mmol) was added to a
slurry of methyltriphenylphosphonium bromide (1.5 g, 4.2
mmol) in anhydrous THF at 0C. A solution of the product of
Example 5(a) (0.75 g, 2.1 mmol) in anhydrous THF was added
to the reaction vessel and stirred for overnight at 0°c. 1N
HC1l was added and the reaction mixture was extracted using
ethyl acetate. The combined organic lavers were washéd with
agueous NaCl and dried with MgSO,. The organics were
concentrated and the crude product was purified using HPLC
(EtOAc/Hexanes) to afford 0.52 g (70%) of the desired
product. FDMS: M* + 1 = 354.

{b) (18*,28%,5R*,65*)-2-Amino-4-methylenebicyclo[3.1.0}~
hexane-2, 6-dicarboxylic acid. The product of step (a) (0.36
g, 1.0 mmol) was stirred in 1 ml of TFA for 1 hour,
concentrated and dissolved in 5 mlL of THF. The reaction was
adjusted to pH = 13-14 with 1N NaCH and stirred for 2
hours. The reaction mixture was concentrated and adjusted

to pH = 10 with 1IN HCl. The résnlting material was applied

to an anion exchange resin (Bio-Rad® AG1-X8, eluted with 1IN

acetic acid) to afford 0.061 g (31%) of the desired product.
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FDMS: M* + 1 = 198. Anal. caled. for CH NO + 0.25 eqg. of
HO: C, 53.60; H, 5.75; N, 6.94. Found: C, 53.65; H,
5.64; N, 6.85.

5 Bxanmple 17
{(18*,25%,85R*,68%)~-2~Amino-4~ {2} - {diethylphosphonomethylene) ~
bicyclo{3.1.0]lhexane-2, 6-dicarboxylic acid
(15*,25%,5R*, 65%) -2-Amino-4~ (E) -diethylphosphonomethylene) -
bicyclo{3.1.0]lhexane~2,6-dicarboxylic acid

10
. coH
H,N _ N
Z E 2
{a) (18*,28%,5R*,68%)-Diethyl-2-{(N-tert-butyloxycarbonyl) -
amino~4~{{E and Z)~diethylphoshonomethylene)bicyclo-
[3.1.0)hexane-2, 6-dicarboxylate, Isomers A and B. The
15 sodium salt of tetraethyl methylenediphosphonate was

prepared by the addition of sodium bis({trimethylsilyl)amide
(2.1 mmol) to an anhydrous toluene golution of tetraethyl
methylene-diphosphonate (0.6 g, 2.1 mmol) at 0'C. The
sodium salt was rapidly added to a anhydrous toluene

20 solution of the product of Example 5(a) (0.5 g, 1.4 mmol) at
0°C and stirred for 15 minutes. The reaction was allowed to
warm té room'teﬁperature and stir until it was determined to
be complete by TLC. 1IN HCl was added and the reaction
mixture was extracted using'ethyl acetate. The combined

25 organic layers were washed with agueous NaCl and dried with
MgSO,. The organics were concentrated and the crude product

«
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purified using HPLC (EtOAc/hexanes) to afford 0.190 g (28%)

isomer A and 0.119 (17%) isomer B.

Tsomer A (E isomer): FDMS: M* + 1 = 490. Exact mass calcd.
for C_H NOP: 490.2206. Found: 490.2202

Isomer B (Z isomer): FDMS: MY + 1 = 490.

(b} {18*,25*,5R*,65%)-2-Amino-4-(Z)-diethylphosphono-
methylenebicyclo([3.1.0)-hexane-2,6-dicarboxylic acid. The
product of step (a), Isomer A {0.15 g, 0.31 mmol), was
stirred in 2 mL of TFA for 1 hour, concentrated and
dissolved in 5 mL of THF. The reaction was then treated
with 2 mi of 1N NaOH for 5 hours. The reaction mixture was
concentrated and adjusted to pH = 10 with 1IN HCl. The
resulting material was applied to an anion exchange resin
(Bio-Rad® AG1-¥8), eluted with 1N HCl and recrystallized in
H,0 to afford 0.03 g (27 %) of the desired product. FDMS:

Mt + 1= 334. 2Anal. calcd. for CnHmNovP + 2.6 eg. HCl: C,
36.48; H, 5.32; N, 3.27. Found: C, 36.33; H, 5.50; N, 3.72.

The other two title compounds are prepared in a similar

manner, starting respectively from Isomer B or Isomer C.

Example 18
{18*,25*% ,5R*, 65*) -2~Amino~4~-phosphonomethylene-
bicyclo[3.1.0lhexane-2,6~dicarboxylic acid
PO_H,

H
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{a) {18*,28*,5R*,65%)-2~Amino-4-phosphonomethylenebicyclo-
[3.1.0}hexane-2,6~-dicarboxylic acid. The product of Example
17({a}, Isomer A (0.15 ¢, 0.31 mmol), was stirred in 2 mlL of
TFA for 1 hour and concentrated. The resulting reaction
material was treated with 6N HCl at reflux overnight,
concentrated and resulting the product was triturated in H0
and IPA to afford 0.005 g (5%) of the desired product.

FDMS: MY + 1 = 278.

Exanple 19
{18*%,28% , 5R*,68%)-2-amino-4-Z-cyanomethylenebicyclo-
[3.1.0.lhexane-2, 6-dicarboxylic acid
{18*,28%,5R*,68*} -2-amino-4~E-cyanomethylenebicyclo-~

{3.1.0]hexane-2,6-dicarboxylic acid

CO H
2

E ¥

{a} (18*,28%,5R*,65%)-Diethyl-2- (N-tert-butyloxycarbonyl) -
amino-4-cyano-methylenebicyclo[3.1.0]lhexane-2, 6~
dicarboxyate, Isomers A and B. The sodium salt of diethyl
cyvanomethylphosphonate was prepared by the addition of

potassium bis(trimethyl-silyvliamide (2.6 mmol) to an

'anhydrous toluene solution of diethyl cyanomethylphosphonate

(0.45 g, 2.6 mmol) at 0C. The salt was rapidly added to

the product of Example 5(a) (0.6 g, 1.7 mmol) at 0C and
stirred for 15 minutes. The reaction was allowed to warm to

room temperature and stir until it was determined to be
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complete by TLC. 1N HCl was added and the reaction mixture
was extracted using ethyl acetate. The combined organic
layers were washed with agueous NaCl and dried with MgSQC,.
The organics wefe concentrated and the crude product
purified using HPLC (EtOAc/hexanes) to afford 0.525 g (82%)
of a mixture of two isomers. Isomer A and Isomer B were
separated using HPLC (EtOAc/Hexanes).

Isomer A: M + 1 = 379, Exact mass calcd. for C H NO (+H)
= 372.1869. Found: 379.1875

Isomer B: M = 378

(b) (18*,25*,5R*,65*%)-2~-amino~4-cyvanomethylenebicyclo-
{3.1.0.lhexane~2,6-dicarboxvlic acid. The product of step
{a), Isomer A (0.15 g, 0.3% mmol), was stirred in 5 mL of
TFA for 1 hour, concentrated and dissolved in 5 mL of THF.
The reaction was then treated with 5 mL of 1N NaOH for 5
hours. The reaction was adjusted to a pH = 7 with 1N HC1
and concentrated to drvness. The resulting solid was

reconstituted in water and thée was adjusted to pH = 10,
applied to anion exchange resin (Bio-Rad® AG1-X8), eluted

with 2N acetic acid, to afford 0.032 g (36%) of the desired
product. FDMS: M* + 1= 223. Anal. calcd. for C H NO +

160167 2 4

0.3eq. H0: C, 52.77; H, 4.69; N, 12.31. Found: C, 52.53;
H, 4.76; N, 12.17.

Example 20
{18*,28*,4R*,55%,65*%)-2-Aminobicyclo(3.1.0}hexane~2,4, 6~
‘ tricarboxylic Acid

u SOZH
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{a} (18*,28%, 4R*,58%,65*)-Diethyl 2-(N-tert-butyloxy-
carbonyl)amino-4~cyanobicyclo-{3.1.0}hexane-2, 6~
dicarboxylate. To a solution of the product of Example 8(a)
(L.45¢g, 2.84 mmol) in dry dimethylsulfoxide (20ml) was added
sodium cyanide (700mgs, 5eq) and the reaction mixture
stirred at 40°C for 48 hours.

The reaction mixture was allowed to cool and then
poured into water (200ml). The aguecus phase was extracted
with diethyl ether three times and the combined ethereal
extracts washed with water and dried over magnesium
sulfate. Filtration and evaporation in vacuo yielded a
vellow foam ({880mg). This crude product was purified by
chromatography on silica gel {eluant diethyl ether 25%
hexane), to give the desired nitrile as a clear gum

{670mg) .

'H NMR (300MHz, CDCl,, & ppm) : 1.30 ( 6H, t, COCHCH x 2),
1.42 {%H, s, t-Butyl), 1.58 (1H, dd4, C,-H), 2.10 (1H, d4,
C,-H), 2.30 {2H, m, C,~H + C,-H}, 3.05 {1H, &d&, C,~H), 3.55
(18, m, C,~H), 4.20 (4H, m, -COCHCH, x 2}, 5.40 (1H, s,
NH) .

(b)Y (18*,258*,4R*,58%,65*)-2-Aminobicyclo{3.1.0]hexane~
2,4,6-tricarboxylic Acid. 2a mixture of the product of step
(a) (64mg, 0.175mmol) and 2 M hydrochloric acid (2ml) was
neated at 90°C in a sealed vessel for 48 hours.

After cooling, the reaction mixture was evaporated in
vacuo to give a white solid. (80mg)}, which was dissolved in
the minimum amount of water and purified by cation-exchange
chromagography {Dowex 50X8-100; column eluted sequentially
with H,0, HO:THF 1:1 and H,0 again. The aminoc acid was
finally eluted with H,O:pyridine 9:1). The pyridine was
removed in vacuo and the residual solid redissolved in water
and freeze-dried to give the desired amino acid as a fluffy
white solid (38mg). Mpt. > 300°C.
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'H NMR (300MHz, D,0, 8 ppm) : 1.35 (1, dd, C,-H), 1.65 (1H,
dd, C,-H), 1.90 (1H, m, C,~H), 2.00 (2H, m, C,-H + C,-H), 3.18
(1B, m, C,~H).

Exzmple 21
(18%,25%,4R*,55%,65%) -2-amino-4~cyanobicyeclo[3.1. 0 hexane~
2,6-dicarboxylic acid

CcN
H. -

{a) (18%,25%,4R*,558%,68%)-2- (N-tert-butyloxycarbonyl)amino-
d~cyanobicyclo{3.1.0lhexane-2,6-dicarboxylic acid. To a
solution of the product of Example 20{a) (200mg, 0.55mmol)
in tetrahydrofuran (2ml} was added 1 molar lithium hydroxide
solution (1.2ml) and the mixture stirred at room temperature
for 8 hours. |

The reaction mixture was diluted with water, acidified
with 1 molar hydrochloric acid, and extracted three times
with ethyl acetate. The combined organic extracts were
washed with saturated sodium chloride solution, dried over
magnesium sulfate, filtered and evaporated in vacuo to give
a white glass {(180mg).

The crude product was purified by chromatography on
silica gel (eluant ethyl acetate 5% glacial acetic acid) to
give the desired dicarboxylic acid as a white solid {120mg) .
‘H NMR (300MHz, DMSO-d6, § ppm) : 1.38 (9H, s, t-butyl),

1.58 (1H, 44, C,~H), 1.82 (1H, 44, C.-H), 2.22 {1H, m, C,~H),

2.36 (1H, m, C,-H), 2.60 (1H, 44, C,-H), 3.40 (1H, m, C,~H),
7.30 {1H, s, NH).
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tb)  (L8*,28%,4R*,58%,68*%}) -2~amino~4-cyanobicyclo[3.1.0]~
hexane-2, 6~dicarboxylic acid. The product of step (a)
{(120mg, 0.38mmol) was dissolved in trifluorocacetic acid
(5ml) and- stirred at room temperature for 2 hours.

_ The reaction mixture was evaporated in vacuo, the
residue redissolved in water and azeotroped in vacuo to give
a white solid (62mg). The crude solid was redissolved in the
minimum of water and purified by cation-exchange
chromatography {(Dowex 50X8-100; column eluted sequentially
with H,0, HO0:THF 1:1 and H,0 again. The amino acid was
finally eluted with H,O:pyridine 9:1). The pyridine was
removed in vacuo and the residual solid redissolved in water
and freeze-dried to give the amino acid as a fluffy white
solid (35mg). Mpt. 240-242°C.

'H NMR (300MHz, D,0, 8§ ppm) : 1.85 (1H, 44, C,-H), 2.21 (1%,
t, C-H), 2.42 (1H, dd, C,-H), 2.60 (2H, m, C,~H + C,~H), 3.83
{1, m, C,~H).

Example 22
{(15*,25*%,4R*,55%,65%) -2-Amino-4~
carboxamidobicyclo[3.1.0]hexane~2, 6-dicarboxylic acid

CO H
2

{a} (18*;28*,4R*,55%,68%) -2~ (N-tert-butyloxycarbonyl)amino-
4-carboxamidobicyclo[3.1.0)hexane-2, 6-dicarboxylic acid. To
a solution of the product of Example 20(a) ({145mg, 0.40mmol)
in absolute ethanol (Iml) at 0-5°C was added (1) 30%
hydrogen peroxide {0.157ml)} (2) 6M sodium hydroxide

(0.20ml). The reaction mixture was allowed to warm to room
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temperature and stirred for a further 4 hours, when it was
diluted with more water{4ml). ' )

After 72 hours the reaction mixture was acidified with
2M hydrochloric acid and extracted three times with ethyl
acetate. The combined organic extracts were washed with
saturated sodium chloride solution, dried over magnesium
sulfate, filtered and evaporated in vacuo to give a white
solid (84mg). The crude product was purified by

chromatography on silica gel {eluent ethyl acetate 5%

‘glacial acetic acid) to give the desired acid as a white

solid (34mg).

'H NMR (300MHz, DMSO-d,, § ppm): 1.42 (S%H, s, t-butvl), 1.865
(1B, a&d, C,~H), 1.75 (1H, broad s, C,-H), 2.08 (2H, m, C,-H +
C,~H), 2.14 (1H, m, C,-B), 3.10 (1H, m, C,-H), 6.90 (1iH, s,
NH), 7.44 (1B, s, NH), 7.64 (1H, s, NH), 12.35 (2H, broad
hump, 2 X COH}.

(b) (15*,28*,4R*,58%,65*)-2-Amino-4-carboxamidobicyclo-
[3.1.0)hexane~2,6-dicarboxylic acid. A solution of the
product of step (a) (34mg, 0.lmmol) in tfﬁfluoroacetic acid
(5ml) was stirred at room temperature for 2 hours.

The reaction mixture was then evaporated in vacuo to
dryness, redissolved in water and then azeotroped in vacuo
at 70°C. The crude solid was dissoclved in the minimum volume
of water and purified by cation-exchange chromatography
{Dowex S50X8-100; column eluted'sequentially with HO0,
H,O0:THF 1:1 and H,0 again. The amino acid was finally eluted
with HQ:pyridine 9:1). The pyridine was removed in vacuo
and the residual solid redissolved in water and freeze-dried
to give the desired amino acid as a fluffy white solid
(l2mg) . Mpt. 260-262°C {(dec).

'H NMR (300MHz, D0, § ppm): 1.95 (1H, dd, C,-H), 2.30 (1H,

4, C~H), 2.42-2.64 (3H, m, C,-H + C;~H + C,~H}, 3.78 (1H, m,
C,~H).
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Example 23

{18*,25*%,4R* ,5R*, 6R*) -2-Amino-4-~hydroxybicyclo[3.1.0]hexane-
2,6-dicarboxylic acid

HO,C

{a) {18*%,28*,4R*,5R*,6R*)~-Diethyl 2~N-t-butyloxy-
carbonylamino-4-hydroxybicyclo-[3.1.0lhexane-2, 6~
dicarboxylate. Potassium superoxide {(0.52 g, 7.4 mmol) was
added in one portion to a 0 °C solution of the product from
Example 8a (1.90 g, 3.7 mmol} in anhydrous DMSO (20 mL).
Upon complete addition the cooling bath was removed and the
reaction mixture allowed to warm to ambient temperature as
it stirred for 2 hours. The reaction mixture was diluted
with BEtOAc, washed with saturated agueous Na,S,0,, dried over
MgSO, and concentrated under reduced pressure to yield the
crude carbinol which was purified by PC-TLC (4rm SiO, rotor-
10% BtOAc/hexanes to 50% EtOAc/hexanes) to afford 0.29 ¢

{22%, 0.81 mmol) of the desired product as a white foam.

FDMS: M* + 1 = 258. &anal. calcd. for C,H,NO,-0.75 HO: C,
55.05; H, 7.74; N, 3.78. Found: C, 55.39; H, 7.63; N, 3.38.

L4

(b} A solution of the product from stepf{a) (0.24 g, 0.67
mmol), in EtOAc (30 mL) was chilled to 0°C and purged with

anhydrous HCl gas until the solution reached saturation. The
cooling bath was removed and the reaction mixture stirred at
ambient temperature for two hours, concentrated to dryness,
and the resulting solid stirred in a 1:1 mixture of 1IN
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NaOH:THF (20 mL total volume) at ambient temperature
overnight. The reaction was adjusted to pH = 7 with 1N HCL
and concentrated under reduced pressure. The resulting
solids were reconstituted in H,0, adjusted to pH = 12 with
IN NaOH, and purified by anion exchange chromatography (Bio-
Rad® AGl-X8: acetate form converted to h&droxide form,

elute with 3N acetic acid) to yield 0.12 g (0.58 mmol, 86%)

of the desired product. mp = dec > 270°C. FDMS: M* 4+ 1 =

202. Anal. calcd. for CH,NO,: C, 47.76; H, 5.51; N, 6.96.
Found: C, 47.51; H, 5.80; N, 6.72.
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Claims
1. A compound of formula
I
in which:

{a) R represents fluoro, XOR’, XNR'R’, SOH, tetrazol-5-
yl, CN or PORS and R’ represents hydrogen; or

(b) R’ and R’ each represents fluoro; or

{c) R' and R® together represent =0, =NOR' or =CR°R’; or

{d) one of R and R® represents amino and the other
represents carboxyl; or

(e) R represents N,, (CH,),COOR®, (CH,) PO,R®,, NHCONHR™
or NHSOJf“and Rarepresents hyvdrogen; or

(£) R’ and R’ together represent =CHCOOR™, =CHPO,R® or
=CHCN; and

R’ represents a hydrogen atom; a (1-6C) alkyl group; a
(3-6C)alkenyl group; a (3-6Clalkynyl group; an optionally
substituted aromatic group; an optionally substituted
heterocaromatic group; a non-aromatic carbocyclic group; a
non-aromatic heterocyclic group; a non-aromatic monocyclic

- carbocyclic group fused with one or two monocyclic aromatic

or heteroaromatic groups; a non-aromatic monocyclic

- heterocyclic group fused with one or two monocyclic aromatic

or hetgroaromatic groups; or a {1-6C} alkyl, ({(3-6C)alkenyl
or (3-6C)alkynyl group which is substituted by one, two or
three groups selected independently from an optionally

-substituted aromatic group, an optionally substituted

hetercaromatic group, a non-aromatic carbocyclic group, a
non-aromatic heterocyclic group, a non-aromatic monocyclic
carbocyclic group fused with one or two monocyclic aromatic

R RN 11



10

20

25

30

35

WO 98/51655 | PCT/USY8/09862

70

or hetercaromatic groups and a non-aromatic monocyclic
heterocyclic group fused with one or two monocyclic aromatic
or hetercaromatic groups;

R®, R® and R* are as defined for R’;

X represents a bond, CH, or CO;

m represents an integer of from 1 to 3;

R' represents COR"™ or is as defined for R’;

R®, R, R’, R’ and R” are as defined for R’;

R’ represents hydrogen or-a (1-6C)alkyl group; and

R*® is defined for R%;

or a non-toxic metabolically labile ester or amide
thereof; or a pharmaceutically acceptable salt thereof.

2. A compound as claimed in Claim 1, in which:

(a) R' represents fluoro, XOK', XNR'R’, SOH, tetrazol-5-
yl, CN or PO,R, and R® represents hydrogen; or

(b} R' and R® each represents fluoro; ox

(c) R' and R® together represent =0, =NOR or =CR'R’; or

{d) one of R and R® represents amino and the other
represents carboxyl.

3. A compound as claimed in Claim 1, in which

(a) R represents fluoro; XOR'; XNR'R’; SOH; tetrazol-5-
yl; CN or PQ,H,; X represents a bond, CO or CH,; R’ represents
a hydrogen atom or a {1-6Clalkyl group; a phenyl group which
is unsubstituted or substituted by one or two substituents
selected independently from halogen, (1-4Clalkyl and (1-
4Cyalkoxy; a phenyl (1-4C)alkyl or diphenyl (1-4C)alkyl
group which is unsubstituted or substituted on phenyl by one
or two substituents selected from halogen, (i-4C)alky3. and
(1-4C)alkoxy; R' represents hydrogen, (1-6C)alkanoyl,
benzoyl, (3-6C)cycloalkyl(1-4C)alkyl or (1-86C)alkyl; and R’
represents hydrogen, (3-6C)cycloalkyl(1-4C)alkyl or (1-6C)-
alkyl; and R’ represents hydrogen; or

(b} R' and R® each represents fluoro; or

(¢} R' and R® together represent =0, =NOH, or =CRR’ in
which each of R’ and R’ independently represents a hydrogen

R ) R
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atom, a {(1-6C)alkyl grouvp or a phenyl group which is
unsubstituted or Substituted by one or two substituents
selected from halogen, {(1-4C) alikyl and {1-4C) alkoxy; or
(d) one of R' and R® represents amino and the other
represents carboxyl; or
(e} R' represents N,, CH,COOR™, CH,POR,”, NHCONHR" or
NHSO,R®; R represents hydrogen or (1-6Clalkyl; R”
represents (1-6C)alkyl; R* represents (1-6C)alkyl; R’
represents hydrogen; and each of R* independently represents
hydrogen or (1-6C)alkyl; or
(f) R' and R’ together represent =CHCOOH, =CHPOH,,

=CHPO, (C,H,), or =CHCN.

4. A compound as claimed in Claim 2, in which

(a) R'represents fluoro; XOR’; XNR'R’; SOH; tetrazol-5-
vl; CN or POJH,; X represents a bond, CO oxr CH,; R’ represents
a hydrogen atom or a {(1-6C)alkyl group; a phenyl group which
is unsubstituted or substituted by one or two substituents
selected independently from halogen, (1-4C)alkyl and (1-
4C)alkoxy; & phenyl (1-4C)alkyl or diphenyl (1-4C)alkyl
group which is unsubstituted or substituted on phenyl by one
or two substituents selected from halogen, {1-4C)alkyl and
(1-4C)alkoxy; R' represents hydrogen, (1-6C)alkanoyl or (1-
6C)alkyl; and R® represents hydrogen or (1-6C)alkyl; and R’
represents hydrogen; ox

(b} R' and R® each represents fluoro; or

{c) R' and R® together represent =0, =NOH, or =CRR’ in
which each of R’ and R’ independently represents a hydrogen
atom, a (1~6CYalkyl group or a phenyl group which is
unsubstituted or substituted by one or two substituents
selectéd from halogen, {1-4C) alkyl and {1-4C) alkoxy; or

(d) one of R' and R® represents amino and the other
represents carboxyl.:

1
5. A compound as claimed in Claim 1, in which R
represents fluoro, hydroxyl, POH,, methoxy, amino, azido,
acetylamino, benzoylamino, methanesulfonylamino, methyl-

=

UL

b s
%*
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aminocarbonvlamino, N,N-@icycloprepylmethyl, carboxy, cyano

. or carboxamido and R’ represents hydrogen, or R and R’
together represent =0, =NOH, =CHCOH, =CH,, =CHPO,{CH,),,
=CHPO,H, or =CHCN.

-~

6. A compound as claimed in Claim 1, which is selected
from (18%,25%,5R*,6R*)-2~amino-4~oxobicyclof3.1.0lhexane-
2,6-dicarboxylic acid; (IS*,ZS*,SR*,6R*)~2-amino~4~(anti}~
hydroximinobicyclo[3.1.0}hexane-2,6~dicarboxylic acid;

10 (18*,28%,5R*,6R*)-2-amino-4-[syn] -hydroximinobicyclo-
[3.1.0]lhexane-2, 6-dicarboxylic acid; (18*,2R*,45*%,558%,68%)~
2-amino~4~fluorobicyclol3.1.0}hexane~2, 6~-dicarboxylic acid;
(18*,28%,5R*, 65%) ~2-amino-4-Z~carboxymethylenebicyclo-
[3.1.0}hexane-2,6~-dicarboxylic acid and (18*%,28*%,5R*,65%)-2~

15 amino-4-methylenebicyclo{3.1.0lhexane~2,6~dicarboxylic acid.

7. A process for the preparation of a compound as defined
in any one of Claims 1 to 6, which comprises

20 (a) hydrolyzing a compound of formula

Iz

11
. in which R represents a hydrogen atom or an acyl group
i2
and R represents a carboxyl group or an esterified carboxyl

25 group, or a salt thereof;

(b} hydrolyzing a compound of formula

TR
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1
R
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in which Rz3 represents a carboxyl group or an
esterified carboxyl group, and Ru and R¥ each independently
represent a hydrogen atom, a {2-6C) alkanoyl group, a (1-4C)
alkyl group, a (3-4C) alkenyl group or a phenyl (1-4C) alkyl
group in which the phenyl is unsubstituted or substituted by
halogen, (1-4C) alkyl or ({1-4C) alkoxy, or a salt thereof;
or

{c) deprotecting a compound of formula

Iv

in which Rla represents a hydrogen atom or a nitrogen
protecting group and each of R15 and R17 independently ‘
represents a hydrogen atom or a carboxyl protecting group,
or a salt thereof; '

whereafter, if necessary and/or desired

(i) resolving the compound of formula I;

{ii) converting the compound of formula I into a non-
toxic metabolically labile ester or amide thereof; and/or;

-
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(iii) converting the compound of formula I or a non-
toxic metabolically labile ester or amide therecof into a

pharmaceutically acceptable salt thereof.

8. A pharmaceutical formulation, which comprises a
compound as claimed in any one of Claims 1 to & and a
pharmaceutically acceptable carrier, diluent or excipient.

9. The use of a compound as claimed in Claim 1 for the
manufacture of a medicament for use in modulating

metabotropic glutamate receptor function.

10. A compound of the formula

iz

11
in which R represents a hydrogen atom or an acyl
2
group; R vrepresents a carboxyl group or an esterified
1
carboxyl group, and R and Ff are as defined in Claim 1, or

salt thereof.

oy
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11. A compound 0f the formula

-
_

R

H

R
W ) IIX
v 14
34 S
»
)\3
N
R*?
13
5 in which R represents a carboxyl group or an

esterified carboxyl group, and R14 and Rx5 each independently
represent a hvdrogen atom, a (2-6C} alkanoyl group, a (1-4C)
alkyl group, a (3-4C) alkenvl group or a phenyl (1-4C) alkyl
group in which the phenyl is unsubstituted or substituted by

10 halogen, (1-4C} alkyl or ({(1-4C) alkoxy, and Rﬁ and R? are as
defined in Claim 1, or a salt thereof.

12. A compound of the formula

v

15

in which R18 rebresents a hydfdgen atom or a nitrogen
protecting group and each oijﬁ ahd-R“}indépéndently

represents a hydrogen atom or a carboxyl protecting group,

20 and Rzand ﬁzaxé as defined in Claim 1, or.a salt thereof.

T



