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C,-Cg¢-fluoroalkoxy group, Y is in position (N2) or (N3); when Y is in the (N2)
position, Y represents a C,-Cg-alkyl, C-Cq-fluoralkyl, aryl or heteroaryl group;
when Y is in the (N3) position, Y represents an aryl or heteroaryl group: the
aryl and heteroaryl groups are possibly substituted by one or several atoms or
groups selected from halogen atoms, C,-Cy-alkyl, C,-Cg¢-alkoxy, C,-Cq-alkylthio,
C,-Cy-alkyl-S(0)-, C,-Cs-alkyl-S(0)2-, C,-C¢-fluoralkyl groups; a C4-CS position
bond is double or single; each R, et R, independently represents an aryl, benzyl
or C,-Cg-alky! group or Ry et R, form, with a nitrogen atom carrier thereof, a het-
crocycle possibly substituted by onc or several C1-Cg-alkyl or benzyl groups in
the form of a base. an acid addition salt, a hydrate or a solvate. A method for
preparation and therapeutic use is also disclosed.
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ol C,-Cg-flucroalkyle ; 1a liaison en position C4-C35 est double on simple ; R, ¢t R, représentent chacun, indépendamment 1'un de 1'antre,
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substitué par un ou plusicurs groupes C,-Ce-alkyle ou benzyle ; a1'¢tat de base ou de scl d'addition & un acide, ainsi qu'al'état d'hydrate
ou de solvate. Procédé de préparation et application en thérapeutique.
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2H- or 3H-benzole]lindazol-1-yl carbamate derivatives,

the preparation and therapeutic use therof

A subject-matter of the invention is 2H- or
3H-benzo[elindazol-1-yl carbamate derivative compounds
which exhibit an in vitro and in vivo affinity for
peripheral-type benzodiazepine receptors (PBR or p
sites).

A first subject-matter of the invention is
the compounds corresponding to the general formula (I)
below.

Another subject-matter of the invention is
processes for the preparation of the compounds of
general formula (I).

Another subject-matter of the invention is
the uses of the compounds of general formula (I), in
particular in medicaments or in pharmaceutical
compositions.

The compounds of the invention correspond to

the general formula (I):
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in which
W represents an oxygen or sulphur atom;
X1, X2, X3 and X, each represent, independently of cne
another, a hydrogen or halogen atom or a cyano,
C1-Cg-alkyl, C;-Ce-fluoroalkyl, C;-Cg-alkoxy or
C1-Cs-fluoroalkoxy group;
Y is in the (N2) or (N3) position;
when Y is in the (N2) position, Y represents a
C1-Cg-alkyl, Cy-C¢-fluoroalkyl, aryl or heterocaryl group;
when Y is in the (N3) position, Y represents an aryl or
heteroaryl group;
the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms or C;-Ce-alkyl, Ci-C¢-alkoxy,
C;-Cs-alkylthio, C;-Cg-alkyl-S(0)-, Ci-Ce-alkyl-S(0);- or
C;-Cg-fluorcalkyl groups;
the bond in the C4-C5 position is a double or single
bond;
R, and R, each represent, independently of one another,
an aryl, benzyl or C,-Ce¢-alkyl group; or else R; and R:
form, with the nitrogen atom which carries them, a
heterocycle optionally substituted by one or more C;-Ce-
alkyl or benzyl groups.

In the context of the present invention:
- C.-C,, where t and z can take the values from 1 to
6, is understood to mean a carbon chain which can have

from t to z carbon atoms, for example C;.3, a carbon
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chain which can have from 1 to 3 carbon atoms;

- an alkyl is understood to mean a saturated, linear
or branched, aliphatic group. Mention may be made, by
way of examples, of the methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl or pentyl
groups, and the like;

- a fluoroalkyl is understood to mean an alkyl
group, one or more hydrogen atoms of which have been
substituted by a fluorine atom;

- an alkoxy is understood to mean an -O-alkyl
radical where the alkyl group is as defined above;

- a fluoroalkoxy is understood to mean an alkoxy
group, one or more hydrogen atoms of which have been
substituted by a fluorine atom;

- an alkylthio is understood to mean an -S-alkyl
radical where the alkyl group is as defined above;

- a heterocycle is understood to mean a 4- to
7-membered cyclic group comprising a nitrogen atom and
optionally another heteroatom, such as nitrogen, oxygen
or sulphur. Mention may be made, as examples of
heterocycles, of the azetidinyl, pyrrolidinyl,
piperidinyl, morpholinyl, thiomorpholinyl, azepinyl,
piperazinyl or homopiperazinyl groups;

- an aryl is understood to mean an aromatic cyclic
group comprising between 6 and 10 carbon atoms. Mention
may be made, as examples of aryl groups, of the phenyl

or naphthyl groups;




2005251982 26 Oct 2006

10

15

20

25

- a heterocaryl is understood to mean a 5- or
6-membered aromatic cyclic group comprising 1 or 2
heteroatoms, such as nitrogen, oxygen or sulphur.
Mention may be made, as examples of heteroaryl groups,
of the pyridyl, thienyl, furyl, pyrimidinyl, pyrazinyl
or pyridazinyl groups;

- a member is understood to mean, in a cyclic group,
an atom connected between the two adjacent atoms of the
ring;

- a halogen atom is understood to mean a fluorine, a
chlorine, a bromine or an iodine.

The compounds of general formula (I) can

comprise one or more asymmetric carbons. They can exist

in the form of enantiomers or of diasterecisomers.
These enantiomers and diastereoisomers, and their
mixtures, including the racemic mixtures, form part of
the invention.

The compounds of formula (I) can exist in the
form of bases or of addition salts with acids. Such
addition salts form part of the invention.’

These salts are advantageously prepared with
pharmaceutically acceptable acids but the salts of
other acids, for example of use in the purification or
the isolation of the compounds of formula (I), also
form part of the invention.

The compounds of general formula (I) can

exist in the form of hydrates or of solvates, namely in
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the form of combinations or associations with one or

more molecules of water or with a solvent. Such

hydrates and solvates also form part of the invention.
Among the compounds of formula (I) which are

subject-matters of the invention, a first subgroup of

compounds is composed of the compounds for which:

W represents an oxygen or sulphur atom; and/or

X;, X, and X; each represent, independently of one

another, a hydrogen atom, a halcgen atom, more

particularly a fluorine, chlorine or bromine atom, a

cyano group, a C1-Cg¢-alkyl group, more particularly a

methyl group, or a C;-Ce-alkoxy group, more particularly

a methoxy group; and/or

X, represents a hydrogen atom; and/or

Y is in the (N2) or (N3) position;

when Y is in the (N2) position, Y represents a

C,-Cé-alkyl group, more particularly a methyl or ethyl

group, a C;-Cs-fluoroalkyl group, more particularly a

trifluorcethyl group, an aryl group, more particularly

a phenyl group, or a hetercaryl group, more

particularly a pyridyl or pyrazinyl group;

when Y is in the (N3) position, Y represents an aryl

group, more particularly a phenyl group, or a

heterocaryl group, more particularly a pyridyl or

pyrimidinyl group;

the aryl or heteroaryl groups optionally being

substituted by one or more atoms or groups, more
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particularly by one or two atoms or groups, chosen from
halogen atoms, more particularly fluorine or chlorine
atoms, C;-Ce¢-alkyl groups, more particularly methyl
groups, and C;-Cg-alkoxy groups, more particularly
methoxy groups; and/or

the bond in the C4-C5 position is a double or single
bond; and/or

R; and R, each represent, independently of one another,
an aryl group, more particularly a phenyl group, or a
C;-Cg-alkyl group, more particularly a methyl, ethyl,
n-propyl, t-butyl or isopropyl group; or else Ry and R»
form, with the nitrogen atom which carries them, a
heterocycle, more particularly pyrrolidinyl,
piperidinyl, morpholinyl or piperazinyl, optiocnally
substituted by one or two C;-Cg-alkyl groups, more
particularly methyl groups.

Among the compounds of formula (I) which are
subject-matters of the invention, a second subgroup of
compounds is composed of the compounds for which:

W represents an oxygen or sulphur atom; and/or

X;, X, and X; each represent, independently of one
another, a hydrogen atom, a halogen atom, more
particularly a fluorine, chlorine or bromine atom, &
C1-Cs-alkyl group, more particularly a methyl group, or
a C;-Cs-alkoxy group, more particularly a methoxy group;
and/or

X, represents a hydrogen atom; and/or
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Y is in the (N2) or (N3) position and represents an
aryl group, more particularly a phenyl group, or a
heteroaryl group, more particularly a pyridyl,
pyrazinyl or pyrimidinyl group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups, more
particularly by one or two atoms or groups, chosen from
halogen atoms, more particularly fluorine or chlorine
atoms, C)-C¢-alkyl groups, more particularly methyl
groups, and C;-Cg-alkoxy groups, more particularly
methoxy groups; and/or

the bond in the C4-C5 position is a double or single
bond; and/or

R; and R, each represent, independently of one another,
an aryl group, more particularly a phenyl group, or a
C,-Cs-alkyl group, more particularly a methyl, ethyl,
n-propyl, t-butyl or isopropyl group; or else Ry and R»
form, with the nitrogen atom which carries them, a
heterocycle, more particularly pyrrolidinyl,
piperidinyl, morpholinyl or piperazinyl, optionally
substituted by one or two (;-C¢-alkyl groups, more
particularly methyl groups.

Among the compounds of formula (I) which are
subject-matters of the invention, a third subgroup of
compounds is composed of the compounds for which:

W represents an oxygen or sulphur atom; and/or

X,, X, and X; each represent, independently of one

-10-
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another, a hydrogen atom, a halogen atom, more
particularly a fluorine, chlorine or bromine atom, a
C1-Cs-alkyl group, more particularly a methyl group, or
a C;-Cg-alkoxy group, more particularly a methoxy group;
and/or

X, represents a hydrogen atom; and/or

Y is in the (N3) position and represents an aryl group,
more particularly a phenyl group, or a heterocaryl
group, more particularly a pyridyl or pyrimidinyl
group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups, more
particularly by one or two atoms or groups, chosen from
halogen atoms, more particularly fluorine or chlorine
atoms, C;-Cg¢-alkyl groups, more particularly methyl
groups, and C;-Cs-alkoxy groups, more particularly
methoxy groups; and/or

the bond in the C4-C5 position is a double or single
bond; and/or

R, and R, each represent, independently of one another,
an aryl group, more particularly a phenyl group, or a
C;-Cg-alkyl group, more particularly a methyl, ethyl,
t-butyl or isopropyl group; or else Ry and R, form, with
the nitrogen atom which carries them, a heterocycle,
more particularly piperidinyl, optionally substituted
by one or two C;-Ce-alkyl groups, more particularly

methyl groups.

11-
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The compounds of general formula (I) can be
prepared by the processes illustrated in the following
schemes.

According to a first preparation route
(Scheme 1), a compound of general formula (II), in
which X1, X, X; and X; are as defined in the general
formula (I), is reacted with methyl carbonate in the
presence of a catalytic amount of a base, such as
sodium methoxide or sodium hydride, to obtain the
ketoester of general formula (III). The condensation of
the ketoester (III) with hydrazine, for example in a
polar solvent, such as DMF or acetic acid, makes it
possible to isolate the pyrazole of general formula
(IV) . The latter is subsequently N-substituted
nonselectively by the action of an aryl or heteroaryl
halide of general formula Y-hal, in which Y is as
defined in the general formula (I) and hal is a halogen
atom, such as an iodine or a bromine, in the presence
of a base, such as potassium or caesium carbonate, or
of potassium triphosphate, of a catalytic amount of a
copper salt and of a diamine (S.L. Buchwald, J. Am.
Chem. Soc., 2001, 123, 7727).

The resulting mixture composed of the
positional isomers of general formulae (Va) and (Vb),
in which the Y group is respectively in the 2-position
and in the 3-position of the pyrazole ring, is

subsequently derivatized by the action of a carbamoyl

-12-
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chloride derivative of general formula ClC(W)NR;R;, in
which W, R, and R; are as defined in the general formula
(I), in the presence of a base, such as potassium
carbonate, sodium hydride or triethylamine, to obtain
the carbamates of general formulae (Ia) and (Ib), which
are separated, at this stage, by methods known to a
person skilled in the art, such as chromatography on a

silica column.

13-
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Scheme 1
X1
X,
()
X;3 o
X4
{Me0),C(0)

Vb
(va) 1. CICWINRR, (D)
2. separation
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Alternatively, a second preparation route
makes it possible to prepare the compounds of general
formula (Ia) (Scheme 2).

Scheme 2

CIC(W)NR,R,

X (c5)

(C4)

A\
\ N (la)
/

X, N
(@] \
PR
Y NR,R,

It consists in condensing the ketoester of

general formula (III), as defined above, with a

hydrazine of general formula Y-NH-NH,, in which Y is as

10 defined in the general formula (I), for example in a

-15-
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polar solvent, such as DMF or acetic acid, and makes it
poséible to isolate the pyrazole of general formula
(va), as defined above. The latter is subsequently
acylated by the action of a carbamoyl chloride
derivative of general formula CLC(W)NR;R,, as defined
above, in the presence of a base, such as potassium
carbonate, sodium hydride or triethylamine, to obtain
the carbamate of general formula (Ia).

The single bond in the C4-C5 position of the
compounds of general formula (I) can optionally be
dehydrogenated to form a double bond according to a
method known to a person skilled in the art, for
example by analogy with the method described by Kozo,
Shishido et al., Tetrahedron, 1989, 45, 18, 5791-5804.
Alternatively, the compounds of general formula (I)
comprising a single bond in the C4-C5 position can be
dehydrogenated by reaction with a halogenating agent,
such as N-bromosuccinimide, in the presence of an
initiator, such as 2,2’-azobis(2-methylpropionitrile).
Under these conditions, the compound of general formula
(I) comprising a single bond in the C4-C5 position is
first halogenated and then the resulting intermediate
is subjected to an elimination reaction to result in
the compound (I) comprising a double bond in the C4-C5
position.

In Schemes 1 and 2, the reactants, when their

method of preparation is not described, are

-16-
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commercially available or are described in the
literature or else can be prepared according to methods
which are described therein or which are known to a
person skilled in the art.

The compounds of general formula (II) can be
obtained from commercial sources or can be prepared
using methods described in the literature (Sims, J.J.
et al., Tetrahedron Lett., 1971, 951).

Another subject-matter of the invention,
according to another of its aspects, is the compounds
of formulae (Va) and (Vb). These compounds may be of
use as intermediates in the synthesis of the compounds
of formula (I).

The chemical structures and the physical
properties of a few compounds of general formulae (Va)
and (Vb) of the invention are illustrated in the
following Table 1. The melting points of the products

are given in the “M.p.” column.

Table 1

17-
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No. X4 X2 Xa ) Y M.p. (°C)
Va.1 H H H H 2-(4-méthylphenyl) 221-222
Vb.1 H Me H H 3-{pyrid-4-yl) 315-316
Va.2 H F H H 2-(4-fluorophenyl) 220-221

vb2| H cl H H 3-(pyrid-4-yl) 336- 342
va3| H cl H H 2-(pyrid-4-yl) 190-216

The preparation of some compounds in
accordance with the invention is described in the
following examples. These examples are not limiting and
only illustrate the present invention. The numbers of
the compounds exemplified refer to those given in
Tables 1 and 2. The elemental microanalyses, the LC-MS
(liguid chromatography coupled to mass spectrometry)
analyses and the IR and NMR spectra confirm the

structures of the compounds obtained.

Example 1 (Compound No. 1)
7-Fluoro-2- (4-fluorophenyl) -4,5-dihydro-2H-
benzo [e] indazol-1-yl N,N-diethylcarbamate

1.1 Methyl 6-fluoro-2-hydroxy-3,4-dihydro-1-
naphthoate

12.66 g (316 mmol) of 60% sodium hydride in
0il, 900 ml of toluene and 17.69 ml (210 mmol) of
dimethyl carbonate are introduced into a 2 1 reactor.
The reaction mixture is stirred at reflux for 1 h. A
solution of 19 g (115 mmol) of 6-fluoro-3,4-dihydro-1H-

naphthalen-2-one in 350 ml of toluene is subsequently

18-
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added. The reaction mixture is heated at reflux for
24 h. The reaction mixture is subsequently cooled to
0°C and then acidified by addition of 114 ml of acetic
acid. 114 ml of water are added and the separated
organic phase is separated by settling and washed with
two times 150 ml of water and then with 100 ml of a
saturated aqueous sodium chloride solution. The organic
phase is subsequently dried over magnesium sulphate and
then concentrated under reduced pressure to result in
26.1 g of a product which is used as is in the
following stage.

1.2 7-Fluoro-2- (4-fluorophenyl) -1-hydroxy-
4,5-dihydro-2H-benzo [e] indazole (Va.2)

2 g (9 mmol) of the product obtained in Stage
1.1 and 2.73 g (16.8 mmol) of 4-fluorophenylhydrazine
hydrochloride are introduced into a 100 ml reactor. The
mixture is dissolved in 100 ml of acetic acid and
heated at reflux for 4 h. The reaction mixture is
subsequently cooled and then concentrated under reduced
pressure. The residue is taken up in 150 ml of ethyl
acetate and 100 ml of water. The organic phase is
separated by settling and washed twice with 100 ml of
water and then once with 100 ml of a saturated aqueous
sodium chloride solution. The organic phase is
subsequently dried over magnesium sulphate and then
concentrated under reduced pressure to result in 3.5 g

of the expected compound.

-19-
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Melting point: 220-221°C
'H NMR (d¢-DMSO) : & (ppm): 2.72 (dxd, 2H), 2.95 (dxd,
2H), 7.01 {m, 2H), 7.3 (m, 2H), 7.75 (m, 3H).

1.3 7-Fluoro-2- (4-fluorophenyl)-4,5-dihydro-
2H-benzo[elindazol-1-yl N,N-diethylcarbamate
(Compound No. 1)

3.5 g (9 mmol) of the product obtained in
Stage 1.2, 3.48 g (25 mmol) of potassium carbonate and
2.66 ml (21 mmol) of N,N-diethylcarbamoyl chloride are
introduced into a 500 ml reactor. The reaction mixture
is heated at reflux for 24 h and is then concentrated
under reduced pressure. The resulting product is taken
up in 100 ml of ethyl acetate. The organic phase is
washed twice with 100 ml of water and then once with
100 ml of a saturated aqueous sodium chloride solution.
The organic phase is subsequently dried over magnesium
sulphate and then concentrated under reduced pressure
to result in 5.96 g of crude product. The mixture is
purified by chromatography on a silica column, elution
being carried out with a mixture of cyclohexane and
ethyl acetate. 2.2 g of the expected product are thus
isolated and recrystallized from isopropanol to produce
1.5 g (3.77 mmol) of the final product.
Melting point: 141-142°C
'H NMR (CDCly): & (ppm): 1.95 (t, 3H), 2.6 (t, 3H), 2.97
(t, 2H), 3.98 (t, 2H), 3.4 (g, 2H), 3.52 (g, 2H), 7.00

(m, 2H), 7.2 {(m, 2H), 7.32 (m, 1H), 7.56 (m, 2H).

-20-
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Example 2 (Compound No. 2)
7-Fluoro-2- (4-fluorophenyl) -2H-benzo [e] indazol-1-yl
N,N-diethylcarbamate

A solution of 0.7 g (1.76 mmol) of
7-fluoro-2- (4-fluorophenyl) -4, 5-dihydro-2H-
benzo (e] indazol-1-yl N,N-diethylcarbamate, obtained in
Stage 1.3 of Example 1, and of 1.2 g (5.2 mmol) of 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone in 25 ml of
toluene is stirred at reflux for 2 h and then cooled.
The mixture is poured onto 100 ml of ethyl acetate.
This organic phase is washed with two times 100 ml of a
saturated aqueous sodium hydrogencarbonate sclution,
with 100 ml of water and then with 100 ml of a
saturated agueous sodium chloride solution. The organic
phase is separated by settling, then dried over
magnesium sulphate and concentrated under reduced
pressure. After purification by chromatcgraphy on a
silica column (eluent: mixture of methylene chloride
and of ethyl acetate) and recrystallization from
isopropanol, 500 mg (1.26 mmol) of the expected product
are obtained.
Melting point: 159-160°C
'H NMR (d¢-DMSO): & (ppm): 1.04 (t, 3H), 1.21 (t, 3H),
3.28 (g, 2H), 3.55 (g, 2H), 7.45 {(m, 3H), 7.7 (m, SH),

7.9 (dxd, 1H).
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Example 3 (Compounds Nos 3 and 4)
7-Chlore-2- {pyrid-4-yl)-4,5-dihydro-2H-benzo[e] indazol-
1-yl N,N-diethylcarbamate hydrochloride (Compound
No. 3) and 7-chloro-3-(pyrid-4-yl)-4,5-dihydro-3H-
benzolelindazol-1-yl N,N-diethylcarbamate hydrochloride
(Compound No. 4)

3.1 Methyl 6-chloro-2-hydroxy-3,4-dihydro-1-
naphthoate

10.1 g (252 mmol) of 60% sodium hydride in
0il, 621 ml of toluene and 14.18 ml (163 mmol) of
dimethyl carbonate are introduced into a 2 1 reactor.
The reaction mixture is stirred at reflux for 1 h. A
solution of 15.2 g (84 mmol) of 6-chloro-3,4-dihydro-
1H-naphthalen-2-one in 268 ml of toluene is
subsequently added. The reaction mixture is heated at
reflux for 24 h. The reaction mixture is subsequently
cooled to 0°C and then acidified by addition of 92 ml
of acetic acid. 114 ml of water are added and the
separated organic phase is separated by settling and
washed with three times 150 ml of water and then with
100 ml of a saturated aqueous sodium chloride solution.
The organic phase is subsequently dried over magnesium
sulphate and then concentrated under reduced pressure.
The residue is purified by chromatography on a silica
column (elution being carried out with a mixture of
cyclohexane and of dichloromethane) to result in 12.8 g

(53.6 mmol) of the expected product used as is in the
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following stage.

3.2 7-Chloro-1-hydroxy-4,5-dihydro-2H-
benzo [e] indazole

28 g (117 mmol) of the product obtained in
Stage 3.1 and 28.6 ml (586.6 mmol) of hydrazine
monohydrate are introduced into a 2 1 reactor. The
mixture is dissolved in 782 ml of acetic acid and
heated at reflux for 4 h. The reaction mixture is
subsequently cooled and then concentrated under reduced
pressure. The resulting product is taken up in 300 ml
of ethyl acetate and 300 ml of water. The organic phase
is separated by settling and washed twice with 200 ml
of water and then once with 200 ml of a saturated
aqueous sodium chloride solution. The organic phase is
subsequently dried over magnesium sulphate and then
concentrated under reduced pressure. The residue
obtained is triturated from 200 ml of ethyl ether and
then filtered off to result in 25 g (113.3 mol) of the
expected product.
Melting point: 232-233°C

3.3 7-Chloro-1-hydroxy-2- (pyrid-4-yl)-4,5-
dihydro-2H-benzo[e] indazole and 7-chloro-1-hydroxy-3-
(pyrid-4-yl) -4,5-dihydro-3H-benzo [e]) indazole

15.2 g (68.8 mmol) of the product obtained in
Stage 3.2, 16.95 g (82.66 mmol) of 4-iodopyridine,
4,14 ml (34.44 mmol) of trans-1,2-diaminocyclohexane,

1.31 g (6.89 mmol) of copper iodide and 36.55 g
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(172.2 mmol) of potassium phosphate are introduced
under an inert atmosphere into a 2 1 reactor. The
reaction mixture is suspended in 690 ml of dioxane,
brought to reflux for 24 h and then ccoled. The mixture
is concentrated under reduced pressure and then taken
up in 200 ml of water. This agueous phase is acidified
to pH 5 by successive additions of acetic acid. The
suspension is stirred for 30 minutes and then the
precipitate obtained is filtered off, washed with water
and then dried under reduced pressure to produce 16.6 g
(55.7 mmol) of the expected N-arylation product in the
form of a mixture of isomers.

LC-MS: 2 peaks at 60.4% and 38% corresponding to

[MH]* = 298.

3.4 7-Chloro-2-(pyrid-4-yl)-4,5-dihydro-2H-
benzo[elindazol-1-yl N,N-diethylcarbamate hydrochloride
(Compound No. 3) and 7-chloro-3- (pyrid-4-yl)-4,5-
dihydro-3H-benzo{e} indazol-1-yl N,N-diethylcarbamate
hydrochloride (Compound No. 4)

13 g (43.66 mmol) of the mixture of isomers
obtained in Stage 3.3, 18.1 g (131 mmol) of finely
ground potassium carbonate and 11.07 ml (87.32 mmol) of
N,N-diethylcarbamoyl chloride are introduced, under an
inert atmosphere, into a 2 1 reactor. The reaction
mixture is suspended in 1 1 of acetonitrile, brought to
reflux for 24 h and then cooled. The reaction mixture

is concentrated under reduced pressure. The resulting
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product is taken up in 300 ml of ethyl acetate and

300 ml of water. The organic phase is separated by
settling and washed twice with 200 ml of water and once
with 200 ml of a saturated aqueous sodium chloride
solution. The organic phase is subsequently dried over
magnesium sulphate and then concentrated under reduced
pressure. The resulting product comprises the two
positional isomers (Compounds Nos 3 and 4). The latter
are separated by column chromatography (300 g of Merck
15-40 microns silica, eluents: mixture of heptane and
of ethyl acetate).

7-Chloro-2- (pyrid-4-yl) -4, 5-dihydro-2H-
benzo [e] indazol-1-yl N,N-diethylcarbamate hydrochloride
(Compound No. 3)

Product No. 3, thus isolated, is converted to
the hydrochloride by dissolving in a 0.1N solution of
hydrochloric acid in isopropanol. The solution is
concentrated to dryness under reduced pressure. After
triturating from ethyl ether, filtering and drying
under reduced pressure, 2.3 g (5.79 mmol) of the final
product are obtained.

Melting point: 250-251°C

!H NMR (d¢-DMSO): & (ppm): 1.08 (t, 3H), 1.31 (t, 3H),
2.98 (m, 4H), 3.3 (g, 2H), 3.68 (g, 3H), 7.27 (4, 1H),
7.38 (dxd, 1H), 7.46 (dxd, 1H), 7.92 (4, 2H), 8.87 (d,
2H) .

7-Chloro-3- (pyrid-4-yl) -4,5-dihydro-3H-
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benzo[e]indazol-1-yl N,N-diethylcarbamate hydrochloride
(Compound No. 4)

Product No. 4, thus isolated, is converted to
the hydrochloride by dissolving in a 0.1N solution of
hydrochloric acid in isopropanol. The solution is
concentrated to dryness under reduced pressure. After
triturating from ethyl ether, filtering and drying
under reduced pressure, 6.2 g (15.62 mmol) of the final
product are obtained.

Melting point: 224-226°C

4 NMR (d¢-DMSO): & (ppm): 1.18 (t, 3H), 1.29 (t, 3H),
3.02 (t, 2H), 3.31 (m, 4H), 3.51 (g, 2H), 7.20 (4, 1H),
7.32 (dxd, 1H), 7.45 (4, 1H), 8.08 (d, 2H), 8.98 (d,

2H) .

Example 4 (Compound No. 5)
8-Methoxy-3- (pyrid-4-yl)-4,5-dihydro-3H-
benzole] indazol-1-yl N,N-diethylcarbamate hydrochloride
4.1 Methyl 6-methoxy-2-hydroxy-3,4-dihydro-1-
naphthoate
3.4 g (85.12 mmol) of 60% sodium hydride in
o0il, 180 ml of toluene and 4.78 ml (56.75 mmol) of
dimethyl carbonate are introduced into a 1 1 reactor.
The reaction mixture is stirred at reflux for 1 h. A
solution of 5 g (28.37 mmol) of 7-methoxy-3,4-dihydro-
1H-naphthalen-2-one in 100 ml of toluene is

subsequently added. The reaction mixture is heated at
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reflux for 24 h. The reaction mixture is subsequently
cooled to 0°C and then acidified by addition of 30 ml
of acetic acid. 30 ml of water are added and the
separated organic phase is separated by settling and
washed with two times 50 ml of water and then with
50 ml of a saturated agueous sodium chloride solution.
The organic phase is subsequently dried over magnesium
sulphate and then concentrated under reduced pressure.
After purification by chromatography on a silica column
(eluent: mixture of methylene chloride and of heptane),
3.9 g (16.64 mmol) of the expected product are obtained
and are used as in the following stage.

4.2 1-Hydroxy-8-methoxy-4,5-dihydro-2H-
benzo[e] indazole

3.9 g (16.65 mmol) of the product obtained in
Stage 4.1 and 4.06 ml (83.24 mmol) of hydrazine
monohydrate are introduced into a 0.5 1 reactor. The
mixture is dissolved in 166 ml of acetic acid and
heated at reflux for 4 h. The reaction mixture is
subsequently cooled and then concentrated under reduced
pressure. The resulting product is taken up in 100 ml
of ethyl acetate and 100 ml of water. The organic phase
is separated by settling and washed twice with 100 ml
of water and then once with 100 ml of a saturated
aqueous sodium chloride solution. The organic phase is
subsequently dried over magnesium sulphate and then

concentrated under reduced pressure. The residue
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obtained is triturated from 50 ml of ethyl ether and
then filtered off to result in 2.4 g (11.1 mmol) of the
expected product.

4.3 1-Hydroxy-8-methoxy-3- (pyrid-4-yl)-4,5-
dihydro-3H-benzo [e] indazole

1.2 g (5.55 mmol) of the product obtained in
Stage 4.2, 1.36 g (6.66 mmol) of 4-iodopyridine,
0.33 ml (2.77 mmol) of trans-1,2-diaminocyclchexane,
0.105 g (0.55 mmol) of copper iodide and 2.94 g
(13.87 mmol) of potassium phosphate are introduced,
under an inert atmosphere, into a 0.1 1 reactor. The
reaction mixture is suspended in 55 ml of dioxane,
brought to reflux for 24 h and then cooled. The mixture
is subsequently taken up in 1 1 of a 1/1 mixture of
water and of ethyl acetate. The organic phase is
separated by settling and then washed with water
(50 ml). This agueous phase is acidified to pH 5 by
successive additions of acetic acid. The precipitate
obtained is filtered off, washed with water and then
dried under reduced pressure to produce 0.2 g
(0.68 mmol) of the expected N-arylation product. The
organic phase is dried over magnesium sulphate and then
concentrated under reduced pressure. The resulting
product is purified by chromatography on a silica
column (eluents: mixture of dichloromethane and
methanol) to produce an additional 0.57 g (1.94 mmol)

of the expected N-arylation product.
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H NMR (dg-DMSO): & (ppm): 2.89 (dxd, 2H), 3.09 (dxd,
2H), 3.73 (s, 3H), 6.2 (dxd, 1H), 7.1 (m, 2H), 7.48 (m,
2H), 8.6 {(m, 2H).

4.4 8-Methoxy-3-(pyrid-4-yl)-4,5-dihydro-3H-
benzo[e]indazol-1-yl N,N-diethylcarbamate hydrochloride
(Compound No. 5)

0.77 g (2.63 mmol) of the product obtained in
Stage 4.3, 1.09 g (7.88 mmol) of finely ground
potassium carbonate and 0.67 ml (5.25 mmol) of
N,N-diethylcarbamoyl chloride are introduced, under an
inert atmosphere, intoc a 0.1 1 reactor. The reaction
mixture is suspended in 30 ml of acetonitrile, brought
to reflux for 24 h and then cooled. The reaction
mixture is concentrated under reduced pressure. The
resulting product is taken up in 100 ml of ethyl
acetate and 100 ml of water. The organic phase is
separated by settling and washed twice with 50 ml of
water and then once with 50 ml of a saturated agueous
sodium chloride solution. The organic phase is
subsequently dried over magnesium sulphate and then
concentrated under reduced pressure. The resulting
product is purified by column chromatography (90 g of
Merck 15-40 microns silica, eluents: mixture of heptane
and of ethyl acetate). The compound thus isolated is
recrystallized from isopropanol and then redissolved in
a 0.1N solution of hydrochloric acid in isopropanol.

The solution is concentrated to dryness under reduced
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pressure. After triturating from ethyl ether, filtering
off and drying under reduced pressure, 234 mg

(0.59 mmol) of the expected compound are obtained.
Melting point: 225-227°C

'Y NMR (de¢-DMSO): & (ppm): 1.15 (t, 3H), 1.3 (t, 3H),
2.92 (t, 2H), 3.2-3.4 (m, 4H), 3.51 (g, 2H), 3.71 (s,
3H), 6.8 {(m, 2H), 7.2 (d, 1H), 7.98 (d, 2H), 8.82 (d,

2H) .

Example 5 (Compound No. 82)
7-Chloro-4,5-dihydro-3- (pyrid-4-yl) -3H-benzo[e]l indazol-
1-yl N,N-diisopropylcarbamate hydrochloride

2.3 g (7.72 mmol) of the mixture of isomers
obtained in Stage 3.3 of Example 3, in solution in
30 ml of dimethylformamide, are added dropwise, under
an inert atmosphere and at 0°C, to a suspension of
0.4 g (10.04 mmol) of sodium hydride in 17 ml of
dimethylformamide in a 1 1 reactor. After stirring at
ambient temperature for 1 hour, 1.39 g (8.5 mmol) of
N,N-diisopropylcarbamoyl chloride in 30 ml of
dimethylformamide are added dropwise. The reaction
mixture is stirred at ambient temperature for 18 h and
is then concentrated under reduced pressure. The
resulting product is taken up in 300 ml of ethyl
acetate and 300 ml of water. The aqueous phase is
brought to pH 5 by addition of acetic acid. The organic

phase is separated by settling and washed twice with
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200 ml of water and then once with 200 ml of a
saturated aqueous sodium chloride solution. The organic
phase is subsequently dried over magnesium sulphate and
then concentrated under reduced pressure. The resulting
product is purified by column chromatography (300 g of
Merck 15-40 microns silica, eluents: mixture of
dichloromethane and of ethyl acetate). The product thus
isolated is converted to the hydrochloride by
dissolution in a 0.1N solution of hydrochloric acid in
isopropancol. The solution is concentrated to dryness
under reduced pressure. After triturating from ethyl
ether, filtering off and drying under reduced pressure,
1.2 g (2.6 mmol) of the final product are obtained.
Melting point: 237-269°C

g NMR (dg-DMSO): & (ppm): 1.29 (m, 12H), 3.02 (m, 2H),
3.19 {m, 2H), 3.91 {(m, 1H), 4.2 (m, 1H), 7.2 (d, 1H),

7.35 (dxd, 1H), 7.42 (s, 1H), 7.6 (d, 2H), 8.7 {(d, 2H).

Example 6 (Compound No. 84)
7-Chloro-3- (pyrid-4-yl) -3H-benzo [e] indazol-1-yl N,N-
diisopropylcarbamate hydrochloride

1.65 g (3.38 mmol) of 7-chloro-4,5-dihydro-3-
(pyrid-4-yl) -3H-benzo [e] indazol-1-yl N,N-diisopropyl-
carbamate, prepared according to the method described
in Example 5, 1.105 g (6.21 mmol) of N-bromosuccinimide
and 0.127 g (0.78 mmol) of 2,2’-azobis(2-

methylpropionitrile) are added to a 100 ml reactor. The
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mixture, dissolved in 40 ml of carbon tetrachloride, is
stirred at reflux for 24 h and is then concentrated
under reduced pressure. The resulting product is taken
up in 300 ml of dichloromethane and 2 ml of a
concentrated agueous ammonia solution. The organic
phase is separated and washed with 200 ml of water and
then with 200 ml of a saturated aqueous sodium chloride
soluticn. The organic phase is subsequently dried over
magnesium sulphate and then concentrated under reduced
pressure. The resulting product is purified by
chromatography on an alumina column (eluents: mixture
of dichloromethane and of methancl) and then on a
silica column (eluents: mixture of dichloromethane and
of ethyl acetate). The product thus isolated is
converted to the hydrochloride by dissolution in a 0.1N
solution of hydrochloric acid in isopropancl. The
solution is concentrated to dryness under reduced
pressure. After triturating from ethyl ether, filtering
off and drying under reduced pressure, 1.2 g (2.6 mmol)
of the final product are obtained.
Melting point: 234-248°C
‘H NMR (de-DMSO): & (ppm): 1.42 (m, 12H), 4.02 (m, 1H),
4.41 (m, 1H), 7.6 (dxd, 1H), 7.8 (m, 3H), 7.92 (4, 2H),
8.15 (d, 1H), 8.79 (d, 2H).

The chemical structures and the physical
properties of a few compounds of general formula (I)

according to the invention are illustrated in the
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following Table 2.

In the “Salt” column of this table, “HC1”
denotes a hydrochloride and “-” denotes a compound in
the base state. The base:acid molar ratios are shown
opposite. The “M.p.” column gives the melting points of
the products, the amorphous compounds being
characterized by their mass spectrometry (MS)

analytical results.

Table 2

C4.C5 M.p.

No. X4 Xz X; |Xe|W  NRR: bond Y Salt gﬁ)
1 H F H H | O| N(CHCHs): | single 2-(4-fluorophenyl) | - 142
159-

2 H F H H | ©| N(CHCHs), | double 2-(4-fluorophenyl) | - 160
" . HCI | 250-

3 H cl H H | O N(CHCH3) | single 2-{pyrid-4-yl) 11 | 251
4 H cl H H | O] N(CHCHs), | single 3-(pyrid-4-yl) HCI | 224
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C4-C5 M.p.

No. X4 Xz X; [ Xe|W NRiR: bond Y Salt rc
1:1| 226

. HCI | 225-

5 | H H | OCH; | H | O N(CHCHy): | single 3-(pyrid-4-yl) 11| 227
. 130-

6 | H H H | H|O| N(CH) single | 2-(4-methylphenyl) | - | 13
148-

7 H H H H | O| N(CH,CHs), | single 2-(4-chlorophenyl) | - | 449
/M 150-

8 H H H H|O —\_/0 single 2-(3-chlorophenyl) | - 151
; 128-

9 H H H H | O N(CHs) single 2-(3<chlorophenyl) | - | 459
Lo 111-

10 H 0| N(CH,CHs) single 2-(3-chlorophenyl) | - 13
155-

1 | H H H |H|O — O single | 2-(3-chlorophenyl) | - | yg7
: 1186-

12 | H H H | H | Of NCH(CHa)). | single 2-(3chlorophenyl) | - | {48
. 124-

13 | H H H | H|O| N(CHCHy), | single 2-phenyl - | 125
N 114-

4 | H cl H H | O| N(CH;CHs), | single 2-phenyl - | 118
Ny 75

15 H H H H [ O] N(CH3)Ph single 2-(3-chlorophenyl) | - 78
16 | H H H H | O N(CHCHs) | single | 2-(2-chlorophenyl) | - | 396"
. 60-

17 | H H H | H|O| N(CHCHy), | single 2-ethyl - 61
18 | H H H | H|O| N(CHsPh single 2-ethyl - | 348°
. 2-(2,2,2- .

19 | H| H H | H|o| NcHgPh | single - R
132-

20 | H H H | H|O| NCHCHyy, | single | 2-(4-fuorophenyl) | - | 433
. 95-

21 H H H H | O] N(CH(CH,)). | single 2-(4-fluorophenyf) | - 96
. 197-

22 | H H H H | O| N(CH3)Ph single 2-(4-fluorophenyl) | - | 49
. 211-

23 | H H H H|O NO single 2-{4-fluorophenyl) | - | ‘45
. 174-

24 | H H H |H|O O single | 2-(d-fluorophenyl) | - | 47g
175-

25 | H H H Hi{O Co single 2-(4-fluorophenyl) | - 176
211-

26 | H H H H!IO N(CHs), single 2-(4-chlorophenyl) | = | 545
203-

27 | H H H H | O] N(CH(CHa)). | single 2-(4-chlorophenyl) | - | ‘04
202-

28 | H H H H | O N(CH3)Ph single 2-(4-chlorophenyl) | - | ‘5nq
212-

29 | H H H H|O N@ single | 2-(4-chlorophenyl) | - 213
: 200-

30 | H H H H|O O single 2-(4-chlorophenyl) | - 201
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Noo |Xi| %o | X |X%|W NRR | 0O Y sat | &
st | w| w | n |nlo| (o | snge | 2{acnioropneny) | - fres
32 | H H H |H{O Oﬂe single | 2-(4-chlorophenyl) | - 115578
o 1 nl n | 1 n|o| NCHk | snge | 2-¢fuoropheny) | - | 247
s [H| W | H|H[o| e | snge | 246-fuopheny) | - e
35 |H| H | H |H|O| NCHy | single 2-phenyl Sy
3% [H| H | H |H|O|NCHCH | snge 2-phenyl -
7 (H| H | H 0| NcHyPh | single 2.phenyl e
3B | H H H |H|O NO single 2-phenyl - 1177§,'
39 H Cl H H | O] N(CH;CHa) single 2-(4-flucrophenyl) - 1155%'
40 | H H H (H|O ‘cl\:f)z%')_;a single | 2<{4-flucrophenyl) | - 11‘:3'
41 ln| W | H | H|O| NCHCH), | single ié?g;{:ﬁreﬁ) B
w2 |H| H | H |H|0] NCHcH) | snge | HEeheRL | - e
a3 | H| o | H |n|o| NcHecH) | singe iﬁ;?},’ﬁéﬁ) B i
oo o [ o v | e | it | %
45 |H| H H | H|O| N(CHCHs). | single 2{pyrid-4-yl) :’Cf ‘;%89'
46 | H cl H | H|O| N(CHCHs), | single 2-(pyrid-2-yl) - 1101%
a7 | H | OcHs | H | H|0| NCHGHy: | sige | 2(-uompheny) | - | oy
@ | n| 8 | H |H|O| NCHGH | sige | 2{@tuoropnen) | - | jog
4 |H| o | H |H|O| NCHCH) | singe ﬁlfm -1
50 |H| © | H |H|0O| MCHCHs) | single 2methyl A
51 H H H H | O] N(CH;CHs); | double 2-(3-chlorophenyl) - 112256
22 | W] H | H | H|O| NCHCH | doudle | 24eMuoropheny) | - | 2%
53 | H H H |H|O N(CHS&EH’» double | 2-(4-fluorophenyl) | - 11%45
s | H| H | A |H|o| NCHCH), | doubie | ZEctBek | - ar2
w5 | H| H | H | H|O| NCHCH | dounle | ZESMort ] .| 0
o 1 n | o | H | H|o| NCHCH: | dowle | 2-4fuoropheny | - |z
s | H| o | 0 |H|o| NCHCH: | dauble | Zi-chord | .| T
58 |H| o | H | H|O| NCHCH). | double | 2<3-chloro- | - | 141-
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cacs Mp.

No. |Xi| X2 [ X [X|W NRR; bond Y sat| g
methylphenyl) 143

224 [ 144

59 [H| ¢l H | H|O| NCHCH, | double | o ooihenn 146
) ) HCI | 208-

60 | H [ OCHy | B [ H|O| N(CHCHs) | single 3-{pyrid-4-yl) 14| 220
- - HCT | 222-

61 | H| CH; H | H|O| N(CHCHs); | single 3-{pyrid-4-yl) 1:1| 225
- ) HCI | 194

62 | H o H | H|O| N(CHCHs) | single 3-(pyrid-31) 1l te7
83 | H| ¢l H | H|O| NCH,CHs) | single 2-(pyrid-3+yl} :‘C: 11%57'
64 |H| F H | H|O| NCHCH): | single 2{pyrid-4-yl) TCJ 322%'
65 |H| F | H |H|O| NCHCHY | snge | 3pmidy) || o
66 | H cl H | H | O] N(CHCHs): | single | 3-(4-fluorophenyl) 11312
& | H| o | H |H|oO| NCHCH | snge | sovis2y) |05 | %5
88 | H| C | H |H|O| NCHCHs), | single | 2-(3-fluorophenyl) | - 1123%'
69 [H| ¢ H | H|O| N(CHCH:) | single | 3-(3-luorophenyl) | - 11222'
70 [H| B | H |H[O| NCHCH) | single 2pyiay) |G ey
7| H| B | H | H|O| NCHCH | snge | 3pmeay) |1 2R
72 | H| o | H |H|O| NCHCH | single | 3dmethyiprenyt) | - | oo
73 |H| ¢ H | H|O| N(CHCHa) | single | 2-{4-methylphenyl) | - 111:1'
74 [H| C H | H[O| NCHCHs) | single | 2<2-fluorophenyl) 414
75 | H cl H | H[O| NCHCHy: | single | 3-(4-chlorophenyl) | - 117773'
! 148 -

7% | H Cl H | H | O] N(CHCHs), | single | 2-(4-chlorophenyl) | - 1489
- 24~ 131 -

7 | H cl H | H | O| N(CHCHs), | single methoxypheny) | | 132
0| N(CHCH i S - |

78 |H| C H |H (CHCHs), | single methoxyphenyl) 187
79| H| C H | H|O| N(CHCH,), | double | 3-(3-flucrophenyl) | - 114424'
80 |H| o | H |H|o| NcHPh | single | 3-{pyridsy) - | o
- - 184 -

81 [H]| ¢ H | H | O| N(CH{CHsk) | single 2(pyrid-4-yl) - | 185
146

82 |H| o | H |H|O|NCHCHY | single 3{pyrid4y! 148
’ o Hpyio-4y) HCI | 237 -

1:1| 269

; . HC! | 238 -

83 |oCH| H H H | O] N(CH,CHj), | single 3-(pyrid-4-yl) 141 | 240
s | H| o | K |1 |0| NCHCHNY | dovble | sdpyisayy |49 | Z

-36-




34

o | X | X | X |X|W NRR, | 3O Y Sat (Mé’
s [l oo | wnjo| ) |k | 2pmea) |Tq S
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The compounds of the invention have been
subjected to pharmacological tests which have
demonstrated their advantage as substances with

therapeutic activities.

The compounds of the invention also exhibit
characteristics of solubility in water which promote

good in vivo activity.
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study of the binding of [PH]R0S5-4864 to peripheral-type

benzodiazepine receptors (PBR or p sites)

The affinity of the compounds of the
invention for PBR or p sites (sites of binding of
peripheral type to benzodiazepines) was determined.

The p site receptors can be labelled
selectively in rat kidney membranes incubated in the
presence of [’HJR0o5-4864. The compounds of the invention
have formed the subject of an in vitro study with
respect to their affinity for these receptors.

The animals used are male Sprague-Dawley rats
(Iffa Credo) weighing 180 to 300 g. After decapitation,
the kidney is removed and the tissue is homogenized at
4°C using a Polytron™ homogenizer for 2 min at 6/10 of
the maximum speed in 35 volumes of 50 mM Na,HPO4
phosphate buffer at a pH adjusted to 7.5 with NaH,P0,.
The membrane homogenate is filtered through gauze and
diluted tenfold with buffer.

[*H]Ro5-4864 (specific activity:

70-90 Ci/mmol; New England Nuclear), at a concentration
of 0.5 nM, is incubated in the presence of 100 ul of
the membrane homogenate in a final volume of 1 ml of
buffer comprising the test compound.

After incubating for 3 h at 0°C, the
membranes are recovered by filtration thrcocugh Whatman

GF/B™ filters washed with 2 times 4.5 ml of cold (0°C)
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incubation buffer. The amount of radioactivity retained
by the filter is measured by liquid scintigraphy.

For each concentration of studied compound,
the percentage of inhibition of the binding of
[*H]Ro5-4864 is determined and then the ICso
concentration, the concentration which inhibits 50% of
the specific binding, is determined.

The ICsp, values of the most active compounds
of the invention range from 0.5 nM to 300 nM. In
particular, compounds Nos 14, 20 and 56 in Table 2
exhibit respective ICs, values of 1.6 nM, 2.8 nM and
1.4 nM.

The compounds of the invention are therefore
ligands with an affinity for peripheral-type

benzodiazepine receptors.

Study of the neuroprotective activity

Test of survival of the motor neurons after sectioning

the facial nerve in rats aged 4 days

After lesion of the facial nerve in immature
rats, the motor neurons of the facial nucleus
experience neuronal death by apoptosis. Neuronal
survival is evaluated using neuronal counting and
histological methods.

Immature rats aged 4 days are anaesthetized
with pentobarbital (3 mg/kg by the i.p. route}. The

right facial nerve is exposed and sectioned at its
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outlet from the stylomastoid foramen. After waking up,
the young rats are returned to their mothers and are
treated for 7 days with one or two daily
administrations, by the oral or intraperitoneal route,
at doses ranging from 1 to 10 mg/kg.

7 days after the lesion, the animals are
decapitated and the brains are frozen in isopentane at
-40°C. The entire facial nerve is cut with a cryostat
into sections with a width of 10 ugm. The motor neurons
are stained with cresyl violet and counted using the
Histo™ software (Biocom™).

In this model, the compounds of the invention
increase neuronal survival by 38 to 78%. The results of
the test of survival of the motor neurons for compounds
Nos 14, 20 and 56 of the table are presented in Table 3
below.

Table 3

No. 14 20 56

% increase in the survival

of the neurons 38% 59% 74%

(10 mg/kg po)

The results of the tests show that the most
active compounds of the invention promote
neuroprotection.

The compounds of the invention can thus be

used for the preparation of medicaments, in particular
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for the preparation of a medicament intended to prevent
or treat a pathology in which peripheral-type
benzodiazepine receptors are involved.

Thus, according to another of its aspects, a
subject-matter of the invention is medicaments which
comprise a compound of formula (I), or an addition salt
of the latter with a pharmaceutically acceptable acid,
or a hydrate or a solvate.

These medicaments are employed in
therapeutics, in particular in the prevention and/or
treatment of various types of peripheral neuropathies,
such as traumatic or ischaemic neuropathies,
infectious, alcoholic, diabetic, medicinal or genetic
neuropathies, and motor neuron conditions, such as
spinal amyotrophies and amyotrophic lateral sclerosis.
These medicaments will also find an application in the
treatment of neurodegenerative diseases of the central
nervous system, either of acute type, such as strokes
and cranial and medullar traumas, or of chronic type,
such as autoimmune diseases (multiple sclerosis),
Alzheimer’s disease, Parkinson’s disease and any other
disease in which the administration of
neuroprotective/neurotrophic factors is supposed to
have a therapeutic effect.

The compounds of the invention can also be
used for the preparation of medicaments intended for

the prevention and/or treatment of anxiety, of epilepsy
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and of sleep disorders. This is because ligands of the
PBR or p sites stimulate the production of
neurosteroids, such as pregnenolone, dehydroepiandro-
sterone and 3o-hydroxy-Soa-pregnan-20-one, by promoting
the transfer of cholesterol from the outside to the
inside of the mitochondrial membrane. These
neurosteroids modulate the activity of the GABA,-
chloride channel macromolecular complex and can thus
produce anxiolytic, anticonvulsant and sedative
activities.

The compounds of the invention can also be
used in the treatment of acute or chronic renal
insufficiency, of glomerulonephritis, of diabetic
nephropathy, of cardiac ischaemia and cardiac
insufficiency, of myocardial infarction, of ischaemia
of the lower limbs, of coronary vasospasm, of angina
pectoris, of pathologies associated with the heart
valves, of inflammatory heart diseases, of side effects
due to cardiotoxic medicaments or as a result of heart
surgery, of atherosclerosis and of its thromboembolic
complications, of restenosis, of graft rejections, or
of conditions related to incorrect proliferation or
incorrect migration of smooth muscle cells.

Furthermore, recent data in the literature
indicate that the peripheral-type benzodiazepine
receptor might play a fundamental role in the

regulation of cell proliferation and cancerization
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processes. Generally, and in comparison with normal
tissues, an increased density of peripheral-type
benzodiazepine receptors is observed in various types
of tumours and cancers.

In human astrocytomas, the level of
expression of the peripheral-type benzodiazepine
receptor is correlated with the degree of malignancy of
the tumour, the proliferation index and the survival of
the patients. In human cerebral tumours, the increase
in the number of peripheral-type benzodiazepine
receptors is used as a diagnostic indication in medical
imaging and as a therapeutic target for conjugates
formed from a ligand of the peripheral-type
benzodiazepine receptor and from a cytostatic drug. A
high density of peripheral-type benzodiazepine
receptors is also observed in ovarian carcinomas and
breast cancers. As regards the latter, it has been
demonstrated that the level of expression of the
peripheral-type benzodiazepine receptors is related to
the aggressive potential of the tumour; furthermore,
the presence of a peripheral-type benzodiazepine
receptor agonist stimulates the growth of a mammary
cancer line.

These combined results, which suggest a
deleterious function of the peripheral-type
benzodiazepine receptor in cancerization processes,

constitute a relevant basis for the search for
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synthetic ligands specific for the peripheral-type
benzodiazepine receptor which are capable of blocking
the effects thereof.

The compounds can therefore be used for the
treatment of tumours and cancers.

The peripheral-type benzodiazepine receptors
are also present in the skin and, in this respect, the
compounds which can be used according to the invention
can be used for the prophylaxis or the treatment of
cutaneous stress.

The term “cutaneous stress” is understood to
mean the various situations which might cause damage,
in particular to the epidermis, whatever the agent
which causes this stress. This agent can be internal
and/or external to the body, such as a chemical or
free-radical agent, or else external, such as
ultraviolet radiation.

Thus, the compounds which can be used
according to the invention are intended to prevent and
to combat cutaneous irritation, dry patches, erythemas,
dysaesthetic sensations, heating sensations, pruritus
of the skin and/or mucous membranes, or ageing, and can
also be used in cutaneous disorders, such as, for
example, psoriasis, pruriginous diseases, herpes,
photodermatoses, atopic dermatitides, contact
dermatitides, lichens, prurigo, pruritus, insect

stings, in fibroses and other disorders of collagen
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maturation, in immunological disorders or in
dermatological conditions, such as eczema.

The compounds of the invention can also be
used for the prevention and treatment of chronic
inflammatory diseases, in particular rheumatoid
arthritis, and pulmonary inflammatory diseases.

According to another of its aspects, the
present invention relates to pharmaceutical
compositions comprising, as active principle, a
compound according to the invention. These
pharmaceutical compositions comprise an effective dose
of at least one compound according to the invention, or
a pharmaceutically acceptable salt, a hydrate or a
solvate of the said compound, and at least one
pharmaceutically acceptable excipient. The said
excipients are chosen, according to the pharmaceutical
form and the method of administration desired, from the
usual excipients known to a person skilled in the art.

In the pharmaceutical compositions of the
present invention for oral, sublingual, subcutaneous,
intramuscular, intravenous, topical, local,
intratracheal, intranasal, transdermal or rectal
administration, the active principle of formula (I)
above, or its optional salt, solvate or hydrate, can be
administered in unit administration form, as a mixture
with conventional pharmaceutical excipients, to animals

and human beings for the prophylaxis or treatment of
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the above disorders or diseases.

The appropriate unit administration forms
comprise oral forms, such as tablets, soft or hard
gelatin capsules, powders, granules and oral solutions
or suspensions, sublingual, buccal, intratracheal,
intraocular and intranasal administration forms, forms
for administration by inhalation, topical, transdermal,
subcutaneous, intramuscular or intravenous
administration forms, rectal administration forms and
implants. The compounds according to the invention can
be used, for topical application, in creams, gels,
ointments or lotions.

By way of example, a unit administration form
of a compound according to the invention in the tablet

form can comprise the following components:

Compound according to the invention 50.0 mg
Mannitol 223.75 mg
Croscarmellose sodium 6.0 mg
Maize starch 15.0 mg
Hydroxypropylmethylcellulose 2.25 mg
Magnesium stearate 3.0 mg

The said unit forms comprise doses in order
to make possible daily administration of 0.001 to 20 mg
of active principle per kg of body weight, depending on
the pharmaceutical dosage form.

There may be specific cases where higher or
lower dosages are appropriate; such dosages do not

depart from the scope of the invention. According to
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the usual practice, the dosage appropriate to each patient
is determined by the physician according te the method of
administration and the weight and response of the said
patient.

The present invention, according to another of its
aspects, also relates to a method for the treatment of the
pathologies indicated above which comprises the
administration, to a patient, of an effective dose of a
compound according to the invention, or one of its

pharmaceutically acceptéble salts or hydrates of solvates.

Throughout this specification and claims which
follow, unless the context requires otherwise, the word
“comprise”, and variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of a
stated integer or group of integers or steps but not the

exclusion of any other integer or group of integers.

The reference in this specification to any prior
publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that
that prior publication (or information derived from it) or
known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Compound corresponding to the formula
(1)
e
oo
X (:> (N3}
3 N (1)
X, ~y
O o2
1
w \
R,
in which

W represents an oxygen or sulphur atom;

X;, X, X» and X, each represent, independently of cne
another, a hydrogen or halogen atom Oor a cyano,
C,-Cg-alkyl, C;-C¢-fluoroalkyl, C;-Ce¢-alkoxy or
C;-Cg-fluoroalkoxy group;

Y is in the (N2) or (N3) position;

when Y is in the (N2) position, Y represents a
C,-C¢-alkyl, C;-C¢-fluoroalkyl, aryl or heteroaryl group;
when Y is in the (N3) position, Y represents an aryl or
heteroaryl group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or graups chosen from
halogen atoms or C;-Ceg-alkyl, C,~Cg-alkoxy,
C,-Cg-alkylthio, C,-Cs-alkyl-S(0) -, Ci1-Cs-alkyl-S(0);- or
C,-Cg-fluoroalkyl groups;

the bond in the C4-C5 position is a double or single

bond;
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Ry and R, each represent, independently of one another,
an aryl, benzyl or C1-Cs~alkyl group; or else R, and R,
form, with the nitrogen atom which carries them, a
heterocycle optionally substituted by one or more C,-Cg-
alkyl or benzyl groups;
in the form of the base or of an addition salt with an
acid, and in the hydrate or solvate form.

2. Compound of formula (I) according to
Claim 1, wherein
W represents an oxygen or sulphur atom;
X1, X; and Xi; each represent, independently of one
another, a hydrogen atom, a halogen atom, a cyano.
group, a C;-Ce¢-alkyl group or a Cy-Ce-alkoxy group;
X4 represents a hydrogen atom;
Y is in the (N2) or (N3) position;
when Y is in the (N2) position, Y represents a
Ci1-Cs-alkyl group, a Ci-Cs-fluoroalkyl group, an aryl
group or a heteroaryl group;
when Y is in the (N3) position, Y represents an aryl
group or a heteroaryl group;
the aryl or heteroaryl groups optionally being
substituted by one or more atoms Oor groups chosen from
halegen atoms, C1-Cs-alkyl groups and Cy-Cg~alkoxy
groups;
the bond in the C4-Cs position is a double or single
bond;

Ry and R; each represent, independently of one another,
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an aryl group or a C;-Cg-alkyl group; or else R, and R;
form, with the nitrogen atom which carries them, a
heterocycle optionally substituted by one or two C;-Cg

alkyl groups;

in the form of the base or of an addition salt with an
acid, and in the hydrate or solvate.form.

3. Compound of formula (I) according to
Claim 1 or Claim 2, wherein
W represents an oxygen or sulphur atom;
X,, X and X; each represent, independently of one
another, a hydrogen atom, a halcgen atom, a C;-Ce¢-alkyl
group or a.C,-Cs—alkoxy group;
X, represents a hydrogen atom;
Y is in the (N2) or (N3) position and represents an
aryl group or a heteroaryl group;
the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms, C;-Ce¢-alkyl groups and C;-Cg-alkoxy
groups;
the bond in the C4-C5 position is a double or single
bond; v
R, and R, each represent, independently of one another,
an aryl group or a C;-Cg-alkyl group; or else Ry and R;
form, with the nitrogen atom which carries them, a
heterocycle optionaily substituted by one or two C;-Ce¢-
alkyl groups;

in the form of the base or of an addition salt with an
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acid, and in the hydrate or solvate form.

4. Compound of formula (I) according to any
one of Claims 1 to 3, wherein
W represents an oxygen or sulphur atom;
X1, X; and X; each represent, independently of one
another, a hydrogen atom, a halogen atom, a C;-Cg-alkyl
group. or a C;-Cg-alkoxy group;
X4 represents a hydrogen atom;
Y is in the (N3) position and represents an aryl group
or a heteroaryl group;
the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms, C;-Cs-alkyl groups and C;-Cg-alkoxy
groups;
the bond in the C4-C5 position is a double or single
bond;
R; and R; each represent, independently of one another,
an aryl group or a C;-Cg-alkyl group; or else R; and R,
form, with the nitrogen atom which carries them, a
hetérocycle optionally substituted by one or two Cy-Ce-
alkyl groups;
in the form of the base or of an addition salt with an
acid, and in the hydrate or solvate form.

5. Process for the preparation of a
compound of formula (I) according to any one of Claims
1 to 4, wherein

a mixture composed of the positional isomers of general
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formulae (Va) and (Vb),

X1
X
+
X3 N—Y
7/
4
HO
(Va) (vb)

in which X;, X,, X3, X, and Y are as defined in the
general formula (I) according to Claim 1 and in which
the Y group is respectively in the (N2) position and in
the (N3) position of the pyrazole ring,

ig reacted with a carbamoyl chloride derivative of
general formula ClC(W)NR;R;, in which W, R; and R; are as
defined in the general formula (I) according to

Claim 1, in the presence of a base,

to obtain, after separation, the compounds of general

formulae (Ia) and (Ib),

(Ia) (Ib)

the single bond in the C4-CS5 position subsequently
being optionally dehydrogenated to form a double bond.

6. Process for the preparation of a
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compound of formula (Ia)

in which

W represents an oxygen or sulphur atom;

X1, X2, X3 and X, each represent, independently of one
another, a hydrogen or halogen atom or a cyano,
C1-Cs-alkyl, C;-Cs-fluoroalkyl, Ci-Cg¢-alkoxy or
C;-Cg-fluorocalkoxy group;

Y is in the (N2) position and represents a C;-Cs-alkyl,
C;-Cg-fluorocalkyl, aryl or hetercaryl group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms or C;-Cg-alkyl, C;-Cg-alkoxy,
C1-Cg-alkylthio, C;-C¢-alkyl-S(0)-, C;-Ce-alkyl-S(0).- or
C,-Cs-fluorcalkyl groups;

the bond in the C4-C5 position is a double or single
bond;

R; and R, each represent, independently of one another,
an aryl, benzyl or C;-C¢-alkyl group; or else R; and R

form, with the nitrogen atom which carries them, a
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heterocycle optionally substituted by a Ci-C¢-alkyl or
benzyl group;

wherein the compound of general formula (va),

in which X;, X;, X;, X, and Y are as defined in the
general formula (Ia) above,

is reacted with a carbamoyl chloride derivative of
general formula ClC(W)NR;R;, in which W, Ry and R, are as
defined in the general formula (Ia) above, in the
presence of a base,

the single bond in the C4-Cs position subsequently
being optionally dehydrogenated to form a double bond.

7. Compound of formula (Vaf

(Va)

in which

‘X1, X3, X; and X, each represent, independently of one

another, a hydrogen or halogen atom or a cyano,

C1-Cg-alkyl, C1-Cg-fluoroalkyl, Cl-Cs-alkdxy or
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Cy-C¢-fluoroalkoxy group;

Y represents a C;-Cg-alkyl, C,-Cs-fluoroalkyl, aryl or
hetercaryl group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms or C1-Cg-alkyl, C;-C¢-alkoxy, C;-Cg-
alkylthio, C3-Cs-alkyl-S(0)-, C;-Cs-alkyl-S(Q),- or
C1-C¢-fluorocalkyl groups.

8. Compound of formula (Vb)

in which

Xy, X2, X3 and X, each represent, independently of one
another, a hydrogen or halogen atom or a cyano,
C1-Cg-alkyl, C;-C¢-fluoroalkyl, C,-Cg-alkoxy or
C1-Cs-fluoroalkoxy group;

Y represents an aryl or heteroaryl group;

the aryl or heteroaryl groups optionally being
substituted by one or more atoms or groups chosen from
halogen atoms or C;-Cs-alkyl, C1-C¢-alkoxy, Cy-Cg-
alkylthio, C;-Cg¢-alkyl-S(0)-, Cy-Cg-alkyl-S(0);,- or
C1-C¢-fluoroalkyl groups.

9. Medicament,
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comprising a compound of formula (I) according to any-
one of Claims 1 to 4, or an addition salt of this
compound with a pharmaceutically acceptable acid, or a
hydrate or a solvate of the compound of formula (I).

10. Pharmaceutical composition, comprising a
compound of formula (I) according to any one of Claims
l to 4, or a pharmaceutically acceptable salt, a
hydrate or a solvate of this compound, and at least one

pharmaceutically acceptable excipieﬁt‘

11. Use of a compound of formula (I)
according to any one of Claims 1 to 4 for the
preparation of a medicament intended to prevent or
treat a pathology in which peripheral-type
benzodiazepine receptors are involved.

12. Use of a compound of formula (I}
according to Cl;im 11 for the preparation of a
medicament intended to prevent or treat peripheral
neuropathies, motor neuron conditions,
neurcdegenerative diseases of the central nervous
system, anxiety, epilepsy, sleep disorders, acute or
chronic renal insufficiency, glomerulonephritis,
diabetic nephropathy, cardiac ischaemia and cardiac
insufficiency, myocardial infarction, ischaemia of the
lower limbs, coronary vasospasm, angina pectoris,
pathologies associated with the heart valves,

inflammatory heart diseases, side effects due to
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cardiotoxic medicaments or as a result of heart surgery,
atherosclerosis and its thromboembolic complications,
restenosis, graft rejections, conditions related to
incorrect proliferation or incorrect migration of smooth
muscle cells, tumours and cancers, cutaneous stress,
chronic inflammatory diseases, in particular rheumatoid

arthritis, and pulmonary inflammatory diseases.

13. A compound, pharmaceutical composition,
medicament process for preparation of a compound or the
use of a compound substantially as hereinbefore described

with reference to any one of the examples.

14. Method of treatment or prevention of a
pathology in which peripheral-type benzodiazepine
receptors are involved comprising administering an
effective amount of a compound according to claim 1 in
pharmaceutically acceptable form of a base, acid addition

salt, hydrate or solvate.

15. Method of treatment or prevention of
peripheral neuropathies, motor neuron conditions,
neurodegenerative diseases of the central nervous system,
anxiety, epilepsy, sleep disorders, acute or chronic
renal insufficiency, glomerulonephritis, diabetic
nephropathy, cardiac ischaemia and cardiac insufficiency,
myocardial infarction, ischaemia of the lower limbs,
coronary vasospasm, angina pectoris, pathologies
associated with the heart valves, inflammatory heart

diseases, side effects due to cardiotoxic medicaments or
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as a result of heart surgery, atherosclerosis and its
thromboembolic complications, restenosis, graft
rejections, conditions related to incorrect proliferation
or incorrect migration of smooth muscle cells, tumours
and cancers, cutaneous stress, chronic inflammatory
diseases, in particular rheumatoid arthritis, and
pulmonary inflammatory diseases comprising administering
an effective amount of a compound according to claim 1 in
pharmaceutically acceptable form of a base, acid addition

salt, hydrate or solvate.
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