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Fluorine-containing amino acid derivatives represented general formula (1), pharmaceutically acceptable salts thereof or hydrates of
the same, wherein X' represents hydrogen or fluorine; and R' and R? are the same or different and each represents hydrogen or
lower C. ., alkyl. These compounds are useful as drugs, in particular, group 2 metabotropic glutamate receptor agonists for

treating and preventing psychiatric disorders such as schizophrenia, anxiety and associated diseases, depression, dipolar
disturbance and epilepsy, and neurological diseases such as drug addiction, cognition disorder, Alzheimer's disease, Huntington's
chorea, Parkinson's disease, motility disturbance associating muscular stiffness, cerebral ischemia, cerebral insufficiency, spinal
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(57) Abstract

Fluorine-containing amino acid derivatives represented general formula (1), pharmaceutically acceptable salts thereof or hydrates of
the same, wherein X1 represents hydrogen or fluorine; and R1 and R2 are the same or different and each represents hydrogen or lower Ci-10
alkyl. These compounds are useful as drugs, in particular, group 2 metabotropic glutamate receptor agonists for treating and preventing
psychiatric disorders such as schizophrenia, anxiety and associated diseases, depression, dipolar disturbance and epilepsy, and neurological
diseases such as drug addiction, cognition disorder, Alzheimer's disease, Huntington's chorea, Parkinson's disease, motility disturbance
associating muscular stiffness, cerebral ischemia, cerebral insufficiency, spinal cord lesion and head disturbance.
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SPECIFICATION

Fluorine-Containing Amino Acid Derivatives

Field of Technology

This invention relates to fluorine-containing amino acid
derivatives that are useful as drugs; 1t relates to novel
fluorine-containing amino acid derivatives that are useful for the
treatment and prevention of psychiatric disorders such as, for
example, schizophrenia, anxiety and associated diseases,
neurological diseases such as depression, bipolar disorder and
epilepsy, as well as drug dependence, cognitive disorders,
Alzheimer's disease, Huntington's chorea, Parkinson's disease,
movement impairment associated with muscular stiffness, cerebral

ischemlia, cerebral insufficiency, spinal cord lesions, and head
Crauma.

This specification is based on Japanese Patent Application,
No. Hei 10-15444 [1998] .

Background technology

In recent years, with the repeated cloning of glutamate
receptor genes, it has become clear that there are surprisingly
many subtypes of glutamate receptors. At present, glutamate
receptors are broadly classified into two types: the "ionotropic
type"”, in which the receptor has an ion channel structure, and the
"metabotropic type", in which the receptor is coupled to G-proteins
(Science, 258, 597-603, 1992). Ionotropic receptors are classified
pharmacologically into three types: N-methyl-D-asparaginic acid
(NMDA) , a—amino-3-hydroxy-5-methyl isoxazole-4-propionate AMPA),
and kynate (Science, 258, 597-603, 1992). Metabotropic receptors
are classified into eight types, type 1 through type 8 (J. Neurosci.,
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A3, 1372-1378, 1993; Neuropharmacol., 34, 1-26, 1995).

The metabotropic glutamate receptors are classified
pharmacologically into three groups. Of these, dgroup 2
(mGluR2/mGluR3) bind with adenylcyclase, and inhibit the
accumulation of the Forskolin stimulation of cyclic adenosine
monophosphate (cAMP) (Trends Pharmacol. Sci., 14, 13 (1993}), which
Suggests that compounds that act on group 2 metabotropic glutamate
receptors should be useful for the treatment or prevention of acute
and chronic psychiatric and neuroclogical disorders. As a substance
that acts on group 2 metabotropic glutamate receptors, (+)-
(1S, 2S, SR, 6S) —Z-aminobicyclo{3.1.0)hexane-2, 6-dicarboxylic acid
has been disclosed in Japanese Unexamined Patent Publication, No.
Hel 8-188561 [1996].

Fluorine aroms tend to be ‘strongly electron—-attractive and
to confer high fat solubility, and compounds into which fluorine
atoms are 1introduced greatly change their physical properties.
Thus 1introducing fluorine atoms might greatly affect the
absorbability, metabolic stability, and pharmacological effects
of a compound. But it 1s by no means easy to introduce fluorine
atoms. In fact, Japanese Unexamined Patent Publication No. Hei
B-188561 [1996] does not even discuss the introduction of fluorine
atoms 1into (+)-(1S,2S,5R,68)=-2-aminobicyclo[3.1.0)lhexane-2, 6-
dicarboxylic acid.

Disclosure of the Invention

In view of the aforementioned present state of the prior art,
the purpose of this invention is to provide drugs that are effective
for the treatment and prevention of, for example, schizophrenia,
anxliety and associated diseases, depression, bipolar disorder,
epllepsy and other psychiatric disorders, as well as drug dependence,
cognitive dlsorders, Alzheimer's disease, Huntington's chorea,
Parkinson's disease, movement impairment associated with muscular
stiffness, cerebral ischemia, cerebral insufficiency, spinal cord
lesions, head trauma and other neurological diseases; especially
oral drugs that can act on group 2 metabotropic glutamate receptors.

The 1nventors of this invention, having made a diligent study

CA 02318800 2000-07-27
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of fluorine-containing amino acid derivatives 1in which fluorine
atoms are introduced into (+)-(1S5,2S5,5R,68) -2-
aminobicyclo[3.1.0}hexane-2, 6—dicarboxylic acid, have discovered
novel flucrine-containing amino acid derivatives that when taken
orally can affect group 2 metabotropic glutamate recepltors.

That 1is, this invention consists o©of a Z2-amino-3-
fluorcbicyclo[3.1.0}hexane-2, 6-dicarboxylic acid derivative
represented by formula (1]

X? [1]

F COLR'

[where X' represents a hydrogen atom or fluorine atom, R’ and R’ are
the same or different and each represents a hydrogen atom or an
alkyl group of 1-10 carbon atoms), a pharmaceutically permissible
salt thereof, or a hydrate thereof.

In this invention, the alkyl group of 1-10 carbon atoms means
a straight-chain or branched-chain alkyl group, or a cycloalkyl
group, where one can c¢ite as a straight-chain or branched-chailn
alkyl group, for example, a methyl group, an ethyl group, a propyl
group, an isopropyl grodp, a butyl group, an isobutyl group, a pentyl
group, an isopentyl group, a l-ethylpropyl group, a hexyl group,
an 1isohexyl group, a l-ethylbutyl group, a heptyl group, an
isoheptyl group, an octyl group, a nonyl group, a decyl group, etc.,
and one can cite as a cycloalkyl group including an alkyl group
that is substituted with a cyclocalkyl group of 3-10 carbon atoms,
for example, a cyclopreopyl group, a cyclobutyl group, a
cyclopropylmethyl group, a cyclopentyl group, a cyclobutylmethyl
group, a cyclohexyl group, a cyclopentylmethyl group, a
cyclochexylmethyl group, a cycloheptyl group, etc.

CA 02318800 2000-07-27
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As a pharmaceutically permissible salt in this invention, one
can cite, for example, a salt with an 1norganic acid such as sulfuric
acid, hydrochloric acid, phosphoric acid, etc., a salt with an
organic acid such as acetic acid, oxalic acid, lactic acid, tartaric
acid, fumaric acid, malelc acid, methanesulfonic acid,
benzenesulfonic acid, etc., a salt with an amine such as trimethyl
amine, methyl amine, etc., or a salt with a metal ion such as sodium
ion, potassium 1ion, c¢alcium i1on, etc. The compounds of this
invention may exist as various solvates, but from the standpoint
of applicability as a drug, hydrates are preferable.

In a compound represented by formula (I]), 1f X' is a hydrogen
atom, five asymmetric carbon atoms are present in positions 1, 2,
3, 5, and 6. Therefore a compound of this invention in which X'
is a hydrogen atom can exist as a mixture of two kinds of enantiomers
such as optically active substances and racemic compounds, and a
mixture of diasterecmers. And if X' is a fluorine atom, four
asymmetric carbon atoms are present in positions 1, 2, 5, and 6.
Therefore a compound of this invention in which X' is a fluorine
atom can exist as a mixture of two kinds of enantiomers such as
optically active substances and racemic compounds, and a mixture
of diastereomers.

An X' that is desirable in the compounds represented by formula
[I] is a hydrogen atom. And, if X' 1s a hydrogen atom, 1t 1s more
desirable that the compounds represented in formula {I] have the
following stereochemical configuration.

H H
i_3.CO,R?
H
H-Y— NH;

F CO,R'

Aand if X!, R!' and R’ are hydrogen atoms, then the optically
active substance that 1s most desirable among the optical i1somers
of this compound has a positive optical rotation, and this absolute

CA 02318800 2000-07-27
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Stereochemical arrangement has been determined to be 1S, 2S, 38,
R, 635 by x-ray single crystal structural analysis of 2-sSplro-
>'-hydantoin-3-fluorobicyclo(3.1.0]hexane-6-carboxylic acid
(R) - (+)-1-phenylethylamine salt, which is a synthesis precursor
cf this compound.

On the other hand, if in formula [I) one or both of R® and
R° represent something other than hydrogen, that is, the ester form
wWwill not have an effect on group 2 metabortropic glutamate receptors.
But thils ester form 1s hydrolyzed in vivo and is transformed into
carboxylic acid, which does have an effect on group 2 metabotropic
glutamate receptors. In this way, the ester forms of the compounds
of this invention are very useful because they function as prodrugs.

The compounds of formula [I] can be manufactured according
to the following reaction formulas. In the following reaction
formulas, R*, R’ and X! are the same as above, R’ and R' are the same
or different and each represents a lower alkyl group of 1-10 carbon
atoms, and Y represents a common protective group for an amino group
(see Protective Groups in Organic Synthesis, by Theodora W. Greene
and Peter G. M. Wuts).

Flrst, as shown in the following reaction formula, one or two
fluorine atoms are introduced in the prescribed position of ketone
derivative (1), which 1is the starting substance.

CO,R? CO,R3 CO,R3

q O —
(1)

O F O
(<) (3)

~_/

Monocfluoride compound (2)‘, which is a mixture of two kinds
of enantiomers such as optically active substances and racemic
compounds or a mixture of diastereomers, is obtained by temporarily
making ketone derivative (1), which is a mixture of two kinds of
enantiomers such as optically active substances and racemic

CA 02318800 2000-07-27
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compounds or a mixture of diastereomers, into an enol silyl ether
derivative or enol ester derivative, then either reacting it with
a fluorination reagent, or by directly reacting a fluorination
reagent with ketone derivative (1). Difluoride compound (3}, which
is a mixture of two kinds of enantiomers such as optically active
substances and racemic compounds or a mixture of diastereomers,
is obtained by temporarily making monofluoride compound (<) 1nTO
an enol sylil ether derivative, then reacting it with a fluorination
reagent, or by directly reacting monofluoride compound (<) with
a fluorination reagent, or by reacting 2 equivalents or more of
a fluorination reagent with ketone derivative (1l).

Here, the enol sylil ether derivative can be manufactured by
reacting ketone derivative (1) with a silylation agent such as
chlorotrimethylsilane and chloro t-butyldimethylsilane, 1n an
inactive solvent such as ethers such as tetrahydrofuran and diethyl
ether, hydrocarbons such as toluene and benzene, alcohols such as
methanol and t-butanol, and N,N-dimethylformamide, in the presence
of a base such as alkyl lithium such as n-butyl lithium and s-
butyl lithium, metal amide such as lithiumbis (trimethylsylill)amide,
potassium bis(trimethylsilyl)amide and sodium amide, metal
hyvdrides such as sodium hydride, and amine such as triethylamine.
The reaction temperature is preferably no greater than 100°C, and
more preferably from ~-78°C to room temperature.

The enol ester derivative can be manufactured in the same wWay
that the enol sylil ether derivative is manufactured, by replacing
said silylarion agent with an acid anhydride such as acetic
anhydride, an acyl halide such as propionyl chloride, or a mixed
acid anhydride prepared by treatment of a carboxylic acid such as
acetic acid with an alkoxycarbonyl halide such as ethoxycarbonyl
chlorige.

‘ As the fluorination reagent, one can use, for example, an
N-fluoro-type fluorination agent such as N-fluoropyridinium
triflate, N~-fluoro-N-t-butylbenzenesulfonanide, N-
fluorosaccharin sultam, N-fluorobis(benzenesulfone)imide, N-
fluoro-o-benzenesulfonimide, etc., fluorine, an 1inorganic
fluoride compound such as hydrogen fluoride and acidic potassium
fluoride (HKF,), C1l0O,F, CF,COQF, etc.

02318800 2000-07-27
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What 1s desirable as the mode for directly reacting the
fluorination reagent, 1s to cause said fluorination reagent to react
with ketone (1) in an inactive solvent such as ethers, for example
terrahydrofuran, diethyl ether, etc., hydrocarbons such as toluene
and benzene, alcohols such as methanol and t-butanol, and N,N-
dimethylformamide, under the presence of a base such as an alkyl
lithium, for example n=-butyl lithium, s-butyl lithium, etrc., ametal
amide such as lithium bis(trimethylsilyl)amide and sodium amide,
metal hydrides such as sodium hydride, and an amide such as
triethylamine at a reaction temperature preferably no greater than
100°C, and more preferably from -78°C to room temperature.

As shown 1n the following reactrion scheme, the mono- oOr
di-fluoride compound (4) thus obtained, which 1s a mixXture of TwWoO
kinds of enantiomers such as optically active substances and racemic
compounds or a mixture of diastereomers, can be made into
fluorine—-containing amino acid derivative (5), which 1s the
compound according to this invention and is a mixture of two kKinds
of enantiomers such as optically active substances and racemic
compounds or a mixture of diastereomers, by hydrolyzing amino
cyanide derivatives or hydantoin derivatives, etc. obtained by
Strecker amino acid synthesis (Ann., 25, 27 (1850); 91, 349 (1850)),
the Bucherer-Bergs reaction (J. Prakt. Chem., 140, 69 (1934)), or
a variation of these.

CO,R? COH
x1 - S—-i— x.‘ th
(4) (S)

Specifically, mono- or di-fluoride compound (4) can be made
into the hydantoin derivative that is a synthesls intermediate by
reacting it with, for example, sodium cyanide or potassium cyanide,
and ammonium carbonate in alcohols such as ethanol or amixed solvent
of alcohols and water, preferably for 1-2 days at 30-50°C. Said
hydantoin derivative can be made into fluorine-containing amino
acid derivative (5), whichis a co'mpound acecording to this invention,
by further hydrolyzing it with a base such as sodiun hydfoxide or

CA 02318800 2000-07-27
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an acid such as hydrochloric acid and sulfuric acid in, for example,
alcohols such as ethanol, ethers such as dioxane, ketones such as
acetone.

As shown 1n the following formulas, the hydantoin derivatives
represented by (1SR,5RS, 65R)-(6) obtained by the Bucherer-Bergs
reaction of the monofluoride compound (see (2) above) in which one
fluorine atom is introduced i1n the ketone derivative represented
by (1SR, 5RS, 65R)~(1) can be separated into the four diastereomers
(1SR, 25R, 3SR, 5RS, 6SR), (1SR, 28R, 3RS, B5RS, 6SR),
(1SR, 2RS, 3SR, 5RS, 65R), (1SR, 2RS, 3RS, 5RS, 6SR) by a general
technique such as, for example, column chromatography using silica
gel, etc. or recrystallization, etc.

Moreover, these four diastereomers can be resolved into the

eight enantiomers (8) (15,2S,3S,5R,6S), (1R,2R,3R,5S,6R),
(1S, 2S, 3R, 5R, 6S), (1R, 2R, 35, 5S, 6R), (1S, 2R, 3S, 5R, 6S),
(1R, 2S, 3R, 55, 6R)}, (1S, 2R, 3R, 5R, 6S), (1R, 25, 38, 55, 6R) by

hydrolyzing the ester position of each and making 1T 1ntc a
carboxylic acid derivative represented by (7), then performing
general resolution such as, for example, resolution using a basic
chiral resolving agent. Then these enantiomers (8) can be made 1nto
eight optically active fluorine-containing amino acid derivatives
(9} that are compounds according to this invention by hydrolyzing
their hydantoin molety.

CA 02318800 2000-07-27
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M H H H
i_J]«CO,R3 3
-C0; f=CO0R
{ zo . 4 _—
=0 ~
(1SR.5RS,6SR)-(1) O ,'}'
(1SR,5RS 6SR)-(6)
H H
3 ..}?ozas
H
F N —
N,L—.O
O h
(1SR,2SR,3SR,5RS,6SR)-(6) (1SR,25R,3SR,5
¥ ) ’ r ) ’ Hs.asn ®
(1SR,2SR,3RS,5RS,6SR)-(6) (1sa.2sn,3as.5ns,esag-g;
(1S5R,2RS,38R,5RS,6SR)-(6) (1SR,2RS,35R,5RS,65R)-(7)
(1SR,2RS,3RS,5RS,6SR)-(6) (1SR,2RS,3RS,5RS,6SR)-(7)
H H
f_J.CO,H H H

CA

H

(15,2S8,3S,5 R,SS)-(B)
(1R,2R,3R,5S,6R)-(8)
(15.2S,3R,5R,6S)-(8)
(1R,2R,3S,55,6R)-(8)
(13.29,33,5&63)-{8)
(1R.25,3R.5S.6R)-(8)
(1S,2R,3R,5R,65)-(8)
(1R,2S,38,5S,6R)-(8)
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7 _J..CO,H
- NH.

COoH

(15,2S,3S,5R,6S)-(9)
(1R,2R,3R,55,6R)-(9)
(15,2S,3R,5R,6S)-(9)
(1R.2R,3S,5S,6R)-(8)
(1S,2R,3S,5R,6S)-(9)
(1R,2S,3R,5S,6R)-(9)
(1S,2R,3R,5R,6S)-(9)
(1R,2S,38,55,6R)-(9)
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As the basic chiral resolving agent, one can use, for example,
optically active amines such as (+) or (-}—-l-phenylethylamine, (+)
or (=) -Z2—-amino-l-buranol, (+) or (-)=-alaninol, brucine,
cinchonidine, cinchonine, quinine, quinidine,
dehydroabiethylamine, etc.

Meanwhile, the four optically active (1S, 2S, SR, 6S),
(1R, 2R, 55, 6R), (1S,2R,5R,63), (1R,2S,5S, 6R) -fluorine-containing
amino acid derivatives (l2) that contain two fluorine atoms and
are one of the compounds according to this invention can be
synthesized, as shown 1in the following formulas, by taking
(15R, ORS, 6SR)~ (1} as the starting material, performing, as in the
above case, fluorination, hydantoinization, separation of
diastereomers (10), generation of derivarives (l1l) by hydrolysis
©f the ester moiety, resolution, and hydrolysis of the hydantoin

molety.
H
H I-;' 3
l’:' Cozns | - u‘*902R
O "Z) N X=0 |
(1SR,5RS,65R)-(1) H '
(1SR,5RS,6SR)-(10
H H H H
F _1.CO-R® F _1.CO.H
FT hl —————— F! h‘ rme—————
F A=0 F A NA=0
o 'g' o) ﬁ '
(1SR,28R,5RS,6SR)-(10) (15R,25R,5RS,6SR)-(11)
(1SR,2RS,5R8,6SR)-(10) (1SR,2RS,6RS,6SR)-(11)

CA 02318800 2000-07-27
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Also, as shown i1in the following formulas, the monofluoride
compound represented by (1SR, SRS, 6SR)~(2), which has one fluorine
atom, can be made into the four optically active ketocarboxylic
acids (13) of (1S,3S,5R,6S), (1R,3R,5S,6R), (1S, 3R, SR, 6S5),
(1R, 35,5S,6R) by separation of the diastereomers by general
techniques, hydrolysis of the ester moiety, and resolution.

H H

H H
*"302”3 ff~CO,R3
- -~ H
(1SR,5RS,6SR)-(1) (1SR,5RS,6SR)-(2) (1SR,3SR,5RS,6SR)-(2)
(1SR,3RS,5RS,6SR)<(2)
H H H H
f CO.H y CO-H
uOH -*'H
————ve- - e WO .
F O F O
(1SR,3SR,5RS,6SR)-(13) (1S,3S,5R,6S)-(13)
(1SR,3RS,5RS,6SR)-(13) (1R,3R,5S,6R)-(13)

(15,3R,5R,68)-(13)
(1R,35,55,6R)-(13)

Therefore, the fluorine-containing amino acid derivatives
that are the optically active compounds according to this invention
can be manufactured by carrying out for the four optically active
ketocarboxylic acids {13) the same operation as 1n the case of the
synthesis of the compounds represented by (§) , elther directly or
after their esterification, and further separating the
diastereomers.

And, as shown in the following formulas, the two optically
active Kketocarboxylic acids (14) (1S,5R,638) and (1R, 5S,6R}) that
have two fluorine atoms can be obtained from the ketone derivatives
represented by (1SR, 5RS,6SR)~-(3) having two fluorine atoms by the
same operation as in the case bf the synthesis of the compounds
represented by (13), that i1s, by ester hydrolysis and resolution.

CA 02318800 2000-07-27
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H H
cozna f 002R3 i --302H
F
F O
(1 SR.SRS.GSR)-U) (1SR.SRS,68R)-(3) (1SR,5RS,6SR)-(14)
M H
F_J«CO.H
~u H

——u——a——.—F
F O

(1S,5R,65)-(14)
(1R,5S,6R)-(14)

Therefore, the fluorine-containing amino acid derivatives
that are the optically active compounds according to this invention

can be manufactured by carrying out for the two optically active
ketocarboxylic acids (14) the same operation as in the case of the
synthesis of the compounds represented by (5), either directly or

after their esterification, and further separating the
dlastereomers.

Further, as shown 1in the following formulas, =:he
flucrine-ccnTaining aminc acia esters that are the compounds

GCCCrding TC this invenTicn represented by (1E) can be derived Zrom

the fluorine-containing amino acids that are compounds according
to this invention and exist as a mixture of two kinds of enantiomers
such as the optically active substances and racemic compounds or
a mixXture of diastereomers represented by formula (6), by protecting
the aminc group by the protective group represented by Y, then

carrying out esterification by a general method using an alkyl

halide represented by R*~-X’ or R'-X¢, alternatively an alcohol'

represented by R*-OH or R'-OH, and removing the protective group
of the amino group.
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CO,H CO,R3

AT —— oL

F CO2H F C02R4
(6) (15)
CO,H CO,R3
NH-Y — x NH-Y
F CO.H F CO,R*
- (16) (17)

Here, protection of the amino group, esterification and
removal of the protection of the amino group can be done by a general
method such as that described in Protective Groups 1n Organilc

Synthesis, by Theodora W. Greene and Peter G. M. Wuts.

Moreover, the fluorine-containing amino acld esters
represented by formula (15) or the diastereomers of the N~protected
fluorine-containing amino acid esters represented by formula (17)
can be separated by a general method such as column chromatography
using silica gel or recrystallization. And, the diastereomers of
formula (15) can be resolved into enantiomers by a general method
such as resolution using an acidic chiral resolving agent.

Here, as the acidic chiral resolving agent, one can use

optically active organic acids such as (+) or (-)-di-p-toluoyl
tartaric acid, (+) or (-)-dibenzoyl tartaric acid, (+) or (-)-
tartaric acid, (+) or (-)-mandelic acid, (+) or (-)-camphoric acid,
or (+) or (-)-camphorsulfonic acid.

The compounds according to this invention can be made into
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pharmaceutical preparations by combining them with one or more
vharmaceutically permissible carriers, vehicles, or diluents.
Examples of said carriers, vehicles and diluents include water,
lactose, dextrose, fructose, sucrose, sorbitol, mannitol,
polyethylene glycol, propylene glycol, starch, gum, gelatin,
arginate, calcium silicate, calcium phosphate, cellulose, water
syrup, methyl cellulose, polyvinyl pyrrolidone, alkyl parahydroxy
benzoate, talc, magnesium stearate, stearic acid, glycerin, and
©ils such as sesame oil, olive 0il and soybean oil.

The compounds according to this invention, after being mixed
with these carriers, vehicles or diluents, and, if necessary, wilith
additives such as generally used fillers, binders, disintegrants,
pH regulators and scolvents, can, by means of usual drug-making
technology, be prepared as oral or non-oral drugs, especially as
drugs that act on group 2 metabotropic glutamate receptors, 1n such
forms as tablets, pills, capsules, granules, powders, 1liquids,
emulsions, suspensions, ointments, injections and skin plasters.
The compounds according to this invention can be administeredorally
or non-orally to an adult patient in a quantity of 0.01-500 mg once
or several times per day, but for ease of use and pharmacological
efficacy, oral administration is preferred. Thils dosage can be
increased or decreased as appropriate in consideration of the type
of disease being treated and the patient's age, weight and symptoms.

Preferred Embodiments of the Invention

In the following, we descrilibe this inve'ntion specifically by
presenting working examples and experimental examples. However,
it goes without saying that this invention is not thereby limited
to these examples.

Example 1

Syntheses of (1SR, 3RS, 5RS, 6SR)ethyl 3-fluoro-2-
oxobicyclo[3.1.0]hexane-6-carboxylate and (1SR, 3SR, 5R3, 05R) ethyl
3-fluoro-2-oxobicyclo[3.1.0lhexane-6-carboxylate

CA 02318800 2000-07-27
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A solution of 6.60 g of (1SR, BRS, 6SR)ethyl 2
oxobicyclo{3.1.0}lhexane~-6o-carboxylate in 150 mi of
tetrahydrofuran was added dropwise to a solution of lithium
bis(trimethylsilyl}amiqe prepared by treatment of 7.50 g of
1,1,1,3,3,3-hexamethyl disilazane with 30.9 ml of n-butyl lithium
(1.54 M hexane solution) in 150 ml of tetrahydrofuran, at -75°C under
a nitrogen atmosphere. After stirring for 1 hour at this
temperature, 7.5 ml of chlorotrimethylsilane was added, and 1t was
stirred for 1 hour at room temperature. After concentration of the
reaction solution under reduced pressure, anhydrous hexane was
added to the residue, the resulring inorganic salts were filtered
off, and concentration was carried 2u4tc.

The residue was dissolved in 66 ml of metrhylene chloride, and
15.00 g of N-fluorcbenzenesulfonimide was added thereto, and it
was stirred at room temperature for 16.5 hours. After washing the
reaction solution twice with water, it was dried over anhydrous
sodium sulfate, and after filtering o¢ff the desiccant,
concentration was carried out under reduced pressure. The residue
was purified by chromatography (silica gel: Wako gel (made by Wako

Pure Chemical Industries Ltd.}, eluent: hexane-methylene
chloride~ethyl acetate = 60:4:1), yielding 4.30 g of a mixture of
(1SR, 3RS, 5RS, 6SR) ethyl 3-fluoro-2-oxobicyclo([3.1.0lhexane-6-
carboxylate and (1SR, 3SR, 5RS, 6SR)ethyl 3-fluoro—-2-

oxobicyclo[3.1.0]hexane-6-carboxylate.

'H-NMR (CDC1,)8 (ppm); 1.28 (3Hx3/4, t, J = 7.2 Hz), 1.29
(3Hx1/4, t, J = 7.2 Hz), 2.11-2.79 (5H, m), 4.18 (2H, q, J = 7.2
Hz), 4.51 (1Hx1/4, dd, J = 51 Hz, 8.1 Hz2), 4.58 (1lHx3/4, 4dt, J =
51 Hz, 8.1 Hz)

MS (FAB) (Pos) m/e; 187 (M" +1)

Example 2

Syntheses of (1SR, 3RS, 5RS, 6SR)ethyl 3-filuoro—-2-
oxobicyclo[3.1.0lhexane-6-carboxylate and (1SR, 3SR, 3RS, 6SR)ethyl

CA 02318800 2000-07-27
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3-fluoro—-2-oxobicyclo|3.1.0]hexane~-6-carboxylate

A solution of 0.20 g of (1SR, SRS, 6SR)ethyl 2-
oxobicyclo[3.1.0]lhexane~-6-carboxylate in 6 ml of tetrahydrofuran
was added dropwise te a solution of lithium
bis(trimethylsilyl)amide prepared by treatment of 0.38g cof
1,1,1,3,3,3-hexamethyldisilazane with 1.5 ml of n-butyl lithium
(1.54 M hexane solution) in 6 ml of tetrahydrofuran, at -75° under

a nitrogen atmosphere. After stirraing for 45 minutes at thils
temperature, 0. 75 gof N-fluorobenzenesulfonimide was added thereto,

and i1t was stirred for 2 hours at room temperature. After washing
the reaction solution twice with water, it was dried over anhydrous
sodium sulfate, and after filtering off the desiccant, concetration
was carried out under reduced pressure. The residue was purified
by chromatography (silica gel: Wako gel (made by Wako Pure Chemical
Industries Ltd.), eluent: hexane-methylene chloride-ethyl acetate
= 60:4:1), yielding 0.08 g of a mixture of (1SR, 3RS,5RS, 6SR)ethyl

3-flucro-2-oxobicyclo(3.1.0}hexane~6-carboxylate and
(1SR, 3SR, SRS, 6SR)ethyl 3-fluocro-2-oxobicyclof[3.1.0}hexane-6-
carboxylate.

'‘H-NMR (CDC1,)d (ppm):; 1.28 (3Hx3/4, t, J 7.2 Hz), 1.29
(3Hx1/4, t, J = 7.2 Hz), 2.11-2.79 (5H, m), 4.18 (2H, q, J = 7.2
Hz), 4.51 (1Hx1/4, dd, J = 51 Hz, 8.1 Hz), 4.58 (1Hx3/4, dt, J =

51 Hz, 8.1 Hz)
MS (FAB) (Pos) m/e; 187 (M +1)

Example 3

Synthesis of (1SR, SRS, 6SR)ethyl 3,3-difluorobicyclo
[3.1.0]lhexane-6-carboxylate

A sclution of 6.60 g of (1SR, SRS, 6SR)ethyl 2-
oxobicyclo[3.1.0)hexane-6-carboxylate in 150 ml of
tetrahydrofuran was added dropwise to a solution of lithium
bis(trimethylsilyl}jamide prepared by treatment of 7.50 g of
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1,1,1,3,3,3-hexamethyldisilazane with 30.9 ml of n-butyl lithium
(1.54 M hexane solution) in 150 ml of tetrahydrofuran, at -75°C under

@ nitrogen atmosphere. After stirring for 1 hour at this
temperature, 7.5 ml of chlorotrimethylsilane was added thereto,
and it was stirred for 1 hour at room temperature After

anhydrous hexane was added to the residue, the resulting inorganic
salts were filtered off, and concentration was carriea out. The
residue was dissolved in 66 ml of methylene chloride, 15.00 g of
N-fluocrobenzenesulfonimide was added, and it wWas Stirred at room
temperature for 16.5 hours. After washing the reacrion solution
twice with water, it was dried over anhydrous sodium sulfate, and
after filtering ourt the dessicant, concentration was carried out
under reduced pressure. The residue was purified by chromatography
(silica gel: Wako gel (made by Wako Pure Chemical Industries Ltd.),
eluent: hexane-methylene chloride-ethyl acetate = 60:4:1),

vielding 0.02 g of (1SR, 5RS, 6SR) ethyl 3,3~
difluorobicyclo{B.l.O]hexane—éwcarboxylate.

"H-NMR (CDC1,)8 (ppm); 1.30 (3H, t, J = 7.1Hz), 2.42-2.80 (SH,
m), 4.20 (2H, q, J = 7.1 Hz) |
MS(Ion Spray} (Nega) m/e; 203 (M'-1)

Example 4

Synthesis of (1SR, SRS, 6SR) ethyl 3,3~
difluorobicyclo[B.l.O]hexane-Gwcarboxylate

A solution of 1.3 g of the compound syntheslized in Example
1l dissolved in 6.5 ml of tetrahydrofuran was added dropwise to a
solutionof lithiumbis (trimethylsilyl)amide prepared by treatment
0f1.40go0f1,1,1,3,3,3-hexamethyldisilazane with 5.0 ml of n-butyl
lithium (1.54 M hexane solution) in 26 ml of tetrahydrofuran, at
-75°C under a nitrogen atmosphere. After stirring for 1 hour at
this temperature, 1.3 ml of chlorotrimethylsilane was added thereto,
and 1t was stirred for 1 hour at room remperature. After
concentration of the reaction solution under reduced pressure,
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anhydrous hexane was added to the residue, the resulting inorganic
salts were filtered off, and concentration was cérried =aurC.

The residue was dissolved in 13ml of methylene chloride, 3.30
g of N-fluoroc benzenesulfonimide was added, and it was stirred at
room temperature for 5 hours. After washing the reaction solution
twice with water, it was dried over anhydrous sodium sulfate, and
after filtering off the desiccant, concentration was carried out
under reduced pressure. The residue was purifiedby chromatography
(s1lica gel: Wako gel (made by Wako Pure Chemical Industries Ltd.) :
eluent: hexane-methylene chloride—-ethyl acetate = 60:4:1),

vielding 0.34 g of (1SR, 5RS, 6SR) ethyl 3,3-
difluorobicyclo(3.1.0]hexane-6-carboxylate.

"H-NMR (CDC1,)8 (ppm); 1.30 (3H, t, J= 7.1Hz), 2.42-2.80 (5H,
m), 4.20 (2H, q, J = 7.1 Hz)

MS (Ion Spray) (Nega) m/e; 203 (M'-1)

Example 5

Syntheses of (1SR, 2SR, 3SR, 5RS, 6SR)ethyl 2-spiro=5'-
hydantoin-3-fluorobicyclo[3.1.0]lhexane-6-carboxylate,
(1SR, 2SR, 3RS, 3RS, 6SR)ethyl 2—-spiro-5'-hydantoin-3-
fluorobicyclo[3.1.0}hexane-6-carboxylate, and
(LSRR, 2RS, 3RS, 5RS, 6SR)ethyl 2-spiro-5'-hydantoin-3-

fluorobicyclo[3.1.0]lhexane-6-carboxylate

To a solution of 4.84 g of a mixture of (1SR, 3RS, 5RS, 6SR)ethyl
3~fluoro—-2-oxobicyclo[3.1.0)hexane-6-carboxylate and
(}SR, 35R, 5RS, 6SR)ethyl 3-fluoro-2-oxobicyclo[3.1.0]lhexane~6-
carboxylate in a mixed solvent of 26 ml warter and 38 ml ethanol
were added 60.25 g of ammonium carbonate and 1.86 g of potassium
cyanide, and then stirring was carried out for 37 hours at 35°C.
After the reaction mixture was cooled to room temperature, 31 ml
water was added, stirring was continued for further 2.5 hours with
lce-cooling, anc the resulting crystals were collected by
filrration to vield 2.10 g of first crystals. With ice-cooling,
concentrated hydrochloric acid was added to the filtrate to adjust
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its pH to 1.0, and the resulting crystals were collected Dy
filtration to vield 2.00 g of second crystals.

The first crystals were submitted to chromatography (silica
gel: Wako gel (made by Wako Pure Chemical Industries Ltd.), eluent:
chloroform-methanol = 100:1), separating them into 0.61 g of
low-polarity diastereomer and 0.55 g of polar diastereomer A
(including about 25% polar diastereomer B, with the same RI value
for polar diastereomer A and polar diastereomer B).

0.61 g of the low—polarity diastereomer was recrystallized
from a mixed solvent of water—ethanol = 1:1, yielding 0.52 g of
(1SR, 2SR, 38R, 5RS, 6SR) ethyl 2-spiro-5'-hydantoin-3-
fluorcobicyclo[3.1.0)hexane-6-carboxylate.

'H-NMR (DMSO-d¢)d (ppm); 1.19 (3H, £, J=7.0Hz), 1.95~2.46 (5H,
m), 4.06 (2H, q, J 7.0 Hz), 4.8} (1H, dd, J = 52 Hz, 5.1 Hz),
8.44 (lH, s), 10.91 (1lH, s)

MS(EI) m/e; 256 (M)

Also, 0.55 g of the polar diastereomer A was recrystallized
from a mixed solvent of water-ethanol = 1:1, yielding 0.37 g of
(1SR, 28R, 3RS, SRS, 65R) erthyl 2-spiro—-5'-hydantoin-3-
fluorobicyclo[3.1.0lhexane-6-carboxylate.

'H~NMR (DMSO-d,)d (ppm); 1.18 (3H, t, J = 7.1 Hz), 1.85-2.43
(5H, m), 4.05 (2H, g, J = 7.1 RHz), 4.70 (1H, dt, J = 52 Hz, 8.0
Hz), 8.21 (1H, s), 10.83 (lH, s)

MS (EI) m/e; 256 (M)

The second crystals were washed with ethyl acetate, and after
the insoluble matter was filtered off, the filtrate was concentrated
under reduced pressure, and the residue was recrystallized twice
from water—ethanol = 1:1. This twice recrystallized filtrate was
concentrated under reduced pressure, and the residue submitted to
chromatography (silica gel: Wako gel (made by Wako Pure Chemical
Industries Ltd.), eluent: chloroform-methanol = 100:1), completely
removing the aforesaid low-polarity dlastereomer. 0.25 g of
crystals of the resulting polar diastereomer B (including about
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108 polar diastereomer A) was recrystallized from water-ethanol
= 1:1, yielding 0.18 g of (1SR, 2RS, 3RS, 5RS,6SR)ethyl 2-spiro-
S'-hydantoin-3-fluorocbicyclo{3.1.0)lhexane-6-carboxylate.

‘H-NMR (DMSO-d,)dé (ppm); 1.18 (3H, t, J = 7.1 Hz), 1.81-2.17
(4H, m), 2.36 (1H, dd, J = 13 Hz, 7.2 Hz), 3.95-4.11 (2H, m), 4.90
(1H, ddd, J = 51 Hz, 8.9 Hz, 7.2 Hz), 8.54 (1H, s), 10.87 (1H, s)
MS(EI) m/e; 256 (M) '

Also, the following compound was synthesized in the same way
as above.

(1SR, 28R, SRS, 6SR) ethyl 2-spiro-5'-hydantoin-3, 3~
difluorobicyclo[3.1.0lhexane-6-carboxylate

‘H-NMR (DMSO-d,)6 (ppm):; 1.19 (3H, t, J = 7.0 Hz), 1.85-1.89
(1H, m), 2.00-2.08 (1H, m), 2.15-2.27 (1H, m), 2.33-2.50 (1H, m),
2.55-2.86 (1H, m), 4.07 (2H, q, J = 7.0 Hz), 8.49 (1H, m)

MS(EI} m/e; 274 (M)

Example 6

Synthesis of (1SR, 2SR, 3RS, 5RS, 6SR) -2-amino-3-
fluorobicyclo[3.1.0lhexane-2, 6~dicarboxylic acid

300 mg of (1SR, 2SR, 3RS, SRS, 6SR)ethyl 2-spiro-5'-
hydantoin-3-fluorobicyclo{3.1.0]hexane-é-carboxylate was
dissolved in 2.5 ml of agueous 3 M sodium hydroxide solution, and
heated under reflux for 16 hours. After the reacticn solution was
cooled to room temperature, it was filtered with a glass filter,
and after the filtrate was brought to pH 3 with concentrated
hydrochloric acid, it was purified by ion exchange chromatography
(AG1~-X8 anion exchange resin (Bio-Rad), eluent: 0.1 M acetic acid
to 3 M acetic acid), yielding 51 mg of (1SR,2SR, 3RS, 5RS,6S5R)~-
2-amino-3-fluorobicyclo[3.1.0)hexane-2, 6-dicarboxylic acid.

‘H-NMR (TFA-d)8 (ppm); 2.23-2.24 (lH, m), 2.56-2.96 (4H, m),
.15 {(1H, dt, J = 52 Hz, 7.5 Hz)

CA 02318800 2000-07-27
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MS{CI) m/e; 204 (M" +1)

Also, the following compound was synthesized in the same way
as above.

(1SR, 2SR, SRS, 6SR})-2~-amino-3, 3~
difluorobicyclo[3.1.0lhexane~2, 6-dicarboxylic acid

‘H-NMR(TFA-d)8 (ppm}; 2.46 (1H, brs), 2.63-2.90(3H, m),
3.01-3.12 (1H,m)

MS(CI) m/e; 222 (M +1)

Example 7

synthesis of (1SR, 2SR, 3SR, 5RS, 6SR) ~2-anino-3-
fluorcbicyclo[3.1.0)hexane-2, 6-dicarboxylic acid

100 mg of (1SR, 25R, 3SR, 5RS, 6SR)ethyl 2-spiro-S5'-
hydantoin-3-fluorobicyclo[3.1.0]hexane-6-carboxylate was
dissolved 1n 1.5 ml of aqueous 60% sulfuric acid, and heated at
140°C for 12 hours. After the reaction solution was cooled to room
temperature, 1t was brought to pH 8 with an aqueous 5 M sodium
hydroxide, then it was purified by ion exchange chromatography
(AG1l-X8 anion exchange resin (Bio-Rad), eluent: 0.1 M acetic acid
to 2 M acetic acid), vielding 20 mg of (1SR,2SR, 3SR, 5RS, 6SR) -
2—amino—3-fluor0bicyclo[3.1.0]hexane%2,6~dicarboxylic acid.

‘H-NMR (TFA-d)8 (ppm); 2.49 (1H, brs), 2.59-3.06(4H, m), S5.40
(1H, dd, J = 52 Hz, 5.3 Hz)
MS(CI) m/e; 204 (M +1)

Also, the following compound was synthesized in the same way
as above.

(1SR, 2RS, 3RS, 3RS, 65R) -2-anino-3-
fluorobicyclo{3.1.0}hexane~2, 6-dicarboxylic acid

‘H-NMR (TFA-d)8 (ppm); 2.33 (1H, brs), 2.54-2.89(4H, m),
5-42""5.59 (lﬂrm)
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MS(CI) m/e: 204 (M +1)
Example 8
Synthesils of (18,25, 35,5R,68)-2-amino-3-

fluorobicyclo{3.1.0]lhexane-2,6-dicarboxylic acid

(1) A mixture of 2.20 g of (1SR,2S8R, 3SR,5RS, 6SR)ethyl 2-
spiro-5'-hydantoin-3—-flucrobicyclo{3.1.0]hexane-6-carboxylate
and 1l7/ml of aqueocus 2 M sodium hydroxide was stirred at room
temperature. After 2 hours, 1its pH was adjusted to 1.0 by adding
concentrated hydrochloric acid. The resulting crystals were
1solated by filtration, vielding 1.81 g of
(1SR, 2SR, 3SR, 5RS, 6SR) -2-spiro-5'-hydantoin-3-
fluorobicyclo[3.1.0)hexane-6-carboxylic acid.

"H-NMR (DMSO-d¢)d (ppm); 1.85-2.44 (S5H, m), 4.80 (1H, dd, J =
52 Hz, 5.3 Hz), 8.44 (1H, s), 10.88 (1H, s), 12.30 (1H, Dbrs)
MS (FAB) (Nega) m/e; 227 (M~-1)

(2) 1.80 g of (1SR, 2SR, 3SR, 5RS,68R)-2~-spiro-5'-hydantoin-~
3-fluorobicyclo[3.1.0}hexane-6-carboxylic acidwas stirred at 55°
in 26 ml of a mixed solution of acetone:water = 8:5, and after adding
0.%96 g of (R)-(+)~1l-phenylethylamine, it was stirred for 15 hours
at room temperature. The resulting crystals were filteredq,
vielding 1.30 g of (R)-(+)-l-phenylethylamine salt. Also, the
filtrate was used in Example 9.

Next, to a suspension of 1.20 g of this salt in 15ml of water,
1 M hydrochloric acid was added for adjusting the pH to 1.0, and
it was stirred at room temperature for 14 hours. The resulting
crystals were 1isolated by filtration, vielding 0.65g of .
(1S,25,38,5R,638)-2-spiro-5'~-hydantoin-3-
fluorobicyclo[3.l.O]hexane-6~carboxylic acid. The filtrate was
further purified by i1on exchange chromacography'tAGSOW-xa cation
exchange resin (Bio-Rad), eluent: 1 M acetic acid), yielding 0.06
g of (18,25,35,5R,68)-2-spiro~5'-hydantoin—3-
fluoreckbicyclo(3.1.0]lhexane-6é-carboxylic acid.
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(@) , = +36.84 (c = 0.20, MeOH)

(3) 0.60g of (15,25,3S,5R,68)-2~-spiro-5S'~hydantoin-3-
fluorobicyclo[3.1.0]hexane-6~carboxylic acid was dissolved in 10
ml of aqueous 60% sulfuric acid, and it was stirred at 140°C for
¢ days. The reaction solution, after cooling to room temperature,
was brought to pH 8 by addition of aqueocus 5 M sodium hydroxide,
then 1t was purified with ion exchange chromatography (AGl-X8 anion
exchange resin (Bio-Rad), eluent: 0.1 M acetic acid to 2 M acetic
acidj), vielding 0.34 g of (15,25, 3S5,5R, 65)~-2-amino-3-
fluorcbicyclo{3.1.0)hexane-2, 6~dicarboxylic acid.

“ [a] p = +58.61 (¢ = 0.20, 1 N HCI1)

Exanple ©

Synthesis of (1R, 2R, 3R, 58, 6R) -2—~amnino-3-
fluorobicycloe([3.1.0]hexane-2, 6-dicarboxylic acid

(1) The filtrate of Example 8 (2) was concentrated under
reduced pressure. A mixture of 1.3 g of the resulting crystals and
l/ml of water was adjusted to a pH of 1.0 by addition of 1 M
hydrochloric acid and was stirred at room temperature. After 4
hours, the resulring crystals were collected by filtration,
vielding 0.81 g of crystals. The filtrate was purified by 1ion
exchange chromatography (AG50W-X8 cation exchange resin {Bio—-Rad),
eluent: 1 M acetic acid), vielding 0.08 g of crystals.

(2) The above two crystals were combined (0.89 ¢g), 13 ml of
a mixed solution ¢f acetone:water = 8:5 was added, and stirring
was carrieq out at 55°C. 0.47 g of (S)-(-)-l-phenylethylamine was
added to this solution, and it was stirred at room temperature for
15 hours. The resulting crystals were filtered, yielding 1.10 g
of (R)-(-)-l-phenylethylamine salt.

This salt was made into a free form by treatment with 1 M
hydrochloric acid in the same way as in (2) of Example 8, yielding
0.58 g of (1R, 2R, 3R, 55, 6R) -2-spiro-5'-hydantoin-3-
fluorobicyclo[3.1.0]lhexane-6-carboxylic acid. The filtrate was
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purified by ion exchange chromatography (AGSOW-X8 cation exchange
resin (Blo-Rad), eluent: 1 M acetic acid), yielding 0.07 g of
(1R, 2R, 3R, 55, 6R)-2-spiro-5'-hydantoin-3-
fluorobicycle[3.1.0}hexane-6-carboxylic acid.

“ [a] ;= =37.52 (¢ = 0.20, MeOH)

(3) 0.58 g of (1R,2R,3R,5S,6R)-2-spiro-5'-hydantoin~3-
fluorobicyclo(3.1.0lhexane-6~carboxylic acid was reacted as in (3)
cf Example 8, vyielding 0.37 g of (1R,?2R,3R,SS,6R)-2-amino-3~
fluorobicyclo[3.1.0]lhexane-2, é-dicarboxylic acid.

“ [@a]l , = -59.36 (c = 0.20, 1 N HC1)

Experimental Example 1 (effect of test compound on cAMP
accumulation)

CHO cells stably expressing metabotropic glutamate receptors
mGluR2 were seeded in a 96-well plate (1.26 x 104 cells/well/0.32

cm®/150 ul) in Dalbecco-modified bEagle medium ([1% proline 50
units/ml, penicillin 50 upg/ml, streptomycin 2 mM, L-glutamine
(added when used) ] containing 10% dialyzed fetal horse serum, and
were cultured for 2 days at 37°C under an atmosphere of 5% CO,. After
the medium was replaced with an L-glutamine free medium, they were
‘cultured for 4 hours, and the supernatant liquid was aspirated.
After adding 150 pl of PBS(+)-IBMX (10 mM PBS(~), 1 mM MgCl,, 1 mM
CaClL,, 1 mM IBMX) , incubartion was conducted at 37°C under the
presence of 5% CO, for 20 minutes. Once again the supernatant liquid
was suctioned off, 60 ul of 10-5 M Forskolin and PBS(+)-IBMX
containing the specimens listred in Table 1 between 10-10 and 10-4
M were added, incubation was carriedout for 15 minutes at 37°C under
the presence of 5% CO,, and a study was made for the inhibitory effect
of the antagonists on the Forskolin stimulation cAMP accumulation

quantity {for control, the conditions were set to Forskolin with
no addition of compounds (Tanabe et al., Neuron, 8, 169-179 {1992))1].

The reactions were halted by adding 100 ul of ice-cold ethanol, the
entire quantity of the supernatant ligquid was c¢ollected in a
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separate plate, then was dried up at normal temperature wirh an
evaporator, and was kept at -20°C. In the dried~up samples, the
quantity of cAMP was measured using a cAMP EIA kit {from the Amasham
company) . Thecontrol value was subtracred from each cAMP quantity.
The concentration value ED,, of the concentration-of the test
compound at which the c¢cAMP accumulation was inhibited 50% when

stimularion was eZfec~ed by 10-5 M Forskolin was determined. The

results are presented in Table 1.
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Table 1

Test compound
Comp. 1

comp. 2
LY354740
Glutamate
DCG IV
(1S, 3R) ~ACPD
L=-CCG-1

Comp. 1:
(15,25,BS,SR,65)*2-am1no-3-fluorobicyclo[3.1.0]hexane-Z,6-
dicarboxylic acid

Comp. 2:
(1SR, 25R, 38R, 5RS, 6SR) -2-amino-3~-fluorocbicycle(3.1.0lhexane-
2,6-dicarboxylic acaid

LLY354740:
(+)-(1S5,25,58R,6S8)-2-aminobicyclo[3.1.0)hexane-2, 6-dicarboxylic
acid

DCG 1IV:
(26,2'R,3'R)-2-(2',3"-dicarboxycyclopropyl)glycine

(1S,3R) ACPD:
(1S, 3R} ~1-aminocyclopentane-1, 3~-dicarboxvlic acid

L-CCG-1:
(25,1'S,2'S)-2- (carboxycyclopropyl)glycine
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Experimental Example 2 (effect on methamphetamine-induced
hyperactivity in mice)

11-12 male ICR-strain mice (body weilghts 23-32 g, Charles
River Japan Inc.) were used for a group. The mice were housed in
4 transparent cylindrical measurement cage made of vinyl chloride

(diameter 30 cm, height 30 cm) and were acclimated to their
environment for 90 minutes.

Next, each of the compounds listed in Table 2 was orally
administered to the mice, and 30 minutes later, 1 mg/kg
methamphetamine was administered intracelially. 1S5minutes later,
the 30-minute quantity of movement of the mice was measured by a
count, using an automatic movement measurement device (SCANET/SV-10,
from Toyo Sangyo Co., Ltd.). Each listed compound was used

Suspended 1n a solvent consisting of 0.3% Tween 80 physiological
saline solution.

each prescribed dosage of the compounds listed in Table 2, and the
ED,;, value was calculated. The results are given 1n Table 2.

Statlistical processing was done by analysis of variance (ANOVA) ,
followed by Dunnet’s test.

As shown in Table 2, except for the group —¢ which 0.01 mg/ kg,
LY354740 was ora..y admiristered, as a comparison example, the
methamphetamine-induced hyperactivity was inhibited in a dose-
dependent manner [F(4,54) = 3.242, P < 0.05}]. The ED,, value was
0.87 mg/kg. A similar effect is also seen for Comp. 1, which 1is
a compound according to this invention {F(3,43) = 3.306, P < 0.05).
However, the ED;, value for the compound according to this invention
was 0.05mg/kg, showing 17.4 times the inhibition effect of LY354740
as for the methamphetamine-induced hyperactivity.
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Compound f Dosage N
; (mg/ kg,
¢ P.0O.)
+ Vehicle 11
Comp. 1
0.01 12
. 0.1 12
e N SO 12
. Vehicle 12
LY354740 §
0,01 11
: 0.1 12
f 1 12
5 10 12

- we e

+4168432735

28

count

1182313135

89512+3005
4292111283 *

1010142133

12000+3216
6975+1489
4534¢t1116
370411285

N: Number of animals in one group.
*P < 0.01 comparison with group given the solvent

Comp. 1:

-----------------

T-306 P.28/32 F-734

PCT/IP99/00324
Inhibition EDs,
rate
(%) (mg/k
g)
19.6 0.05
63.7
..... 801 ...
-18.8 0.87
30.9
55.1
€3.3

(lS,2S,38,5R,6S}~2~amino-3—fluorobicyclo[3.1-0]hexane-2,6-

dicarboxylic acid

LY354740:;

(+J~(IS,ZS,SR,6SJ-2-aminobicyclo[3.1.0]hexane~2,6-d1carboxylic

acid
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Industrial Applicability

The fluorine~containing amino acid derivatives of this
invention are useful as drugs; in particular, they are useful as

drugs that act upon metabotropic glutamate receptors. Therefore,
this invention can be used for rhe treatment and prevention of

psychiatric disorders such as, for example, schizophrenia, anxiety
and associated dlseasés, depression, bipolar aisorder, and epilepsy,
as well as neurological diseases such as, for example, chemical

dependence, cognitive disorders, Alzheimer's disease,

Huntington's chorea, Parkinson's dlsease, movement impairment

associated with muscular stiffness, cerebral 1schemia, cerebral

insufficiency, spinal cord lesions, and head trauma.
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Claims
1. A fluorine-containing amino acid derivative represented by the
formula
CO,R?
X1 NH.
F CO,R?

[where X! represents a hydrogen atom or a fluorine atom, and R’ and
R are the same or different and each represents a hydrogen atom
or an alkyl group of 1-10 carbon atoms], a pharmaceutically
permissible salt thereof, or a hydrate thereof.

2. A fluorine-containing amino acid derivative having relative.

stereochemical arrangements represented by the formula

HH
g o COzR2
H

F CO,R

(where R® and R? are the same or different and each
represents a hydrogen atom or an alkyl group of 1-10 carbon atoms],
pharmaceutically permissible salts thereof, or hydrates thereof.

3. (1S, 2S, 3S,5R, 6S)~-2-amino-3-fluorobicyclo[3.1.0)hexane-2, 6-
dicarboxylic acid, a pharmaceutically permissible salt thereof,
or a hydrate thereof.

4. A pharmaceutical preparation that comprises the compound

according to any one of claims 1-3, and one or more memoers selected
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from a pharmaceutically permissible carrier, filler, and diluent.

5. The pharmaceutical preparation according to Claim 4 that is a group 2 metabotropic

glutamate receptor agonist.

0. Use of the compound according to any one of Claims 1-3 for the manufacture of a

group 2 metabotropic glutamate receptor agonist.
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