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ABSTRACT

NEW NITRONE COMPOUNDS, A PROCESS FOR THEIR PREPARATION
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Compounds of formula () :
w

N
SRR

N ge
R,
wherein :

W represents an aryl, arylalkyl, heteroaryl or heteroarylalkyl group, each of those groups

being optionally substituted,

R, represents an alkyl, alkenyl, alkynyl, aryl, cycloalkyl, arylalkyl or cycloalkylalkyl

group, each of those groups being optionally substituted.

R, is as defined in the description,

their isomers, and also addition salts thereof with a pharmaceutically acceptable acid or

base.

Medicament.
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Application Number:
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Invention Title: NEW NITRONE COMPOUNDS, A PROCESS FOR THEIR PREPARATION
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

The following statement Is a full description of this invention, Including the

best method of performing It known to us :-
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The present invention relates to new nitrone compounds, to a process for their preparation

and to pharmaceutical compositions containing them.

These new compounds are antioxidants, traps for reactive oxygenated species, which are

capable of combating "oxidation stress" in the cerebral region.

According to Hartman's free-radical theory of ageing, successive oxidation attacks create
"oxidation stress" conditions, that is to say create an imbalance between the protective

systems in favour of the pro-oxidants.

Such attacks result in numerous molecular modifications, especially of polyunsaturated
membrane lipids, proteins and nucleic acids. Human and animal organisms possess various
defence mechanisms that act in synergy. Those mechanisms are of an enzymatic nature
(superoxide dismutase, catalase, glutathione peroxidase) or of a non-enzymatic nature (such
as vitamins E and C, which enable physiological control of free-radical activity). With age,
however, that protection becomes less efficient, not to say inefficient, especially as a result
of the oxidative inactivity of a large number of enzymes including those involved in such
defence mechanisms. Consequently, for some disorders associated with ageing, such as
atherosclerosis, cataract, non-insulin-dependent  diabetes, cancer or  chronic
neurodegenerative disorders, numerous studies have been able to demonstrate that such

conditions are associated with those "oxidation stress" conditions.

The central nervous system is especially sensitive to "oxidation stress" because of its high
oxygen consumption, the relatively low levels of its anti-oxidation defences and the high
iron content of some cerebral regions. This explains why "oxidation stress" might be one of
the main etiological factors of cerebral ageing, as well as of chronic neurodegenerative

disorders, especially Alzheimer's disease and neurodegeneracies of the basal ganglia.

Various free-radical traps that act as anti-oxidation agents have been described in the
literature. This applies more especially to the compounds described in Patent Application

WO 92/22290.
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In addition to the fact that the compounds of the present invention are new, they have
proved to be more powerful antioxidants that those described in the literature, and to be
non-toxic. Advanced theoretical HOMO/LUMO calculations demonstrate the character-
istics of these products in terms of their efficiency in trapping free radicals that are either
carbonated (LUMO low) or oxygenated (HOMO high). Those characteristic properties
hence render the compounds of the invention of potential use in the treatment and
prevention of pathologies that on the one hand are associated with ageing, especially

cerebral ageing, and that on the other hand result from oxidation stress.

The compounds of the invention accordingly constitute therapeutic agents that can be used
as anti-oxidation agents and that are capable of combating cognitive disorders associated
with cerebral ageing or neurodegenerative disorders, and also combating neurone death
associated not only with acute neurodegenerative disorders such as, for example, ischaemia
and epilepsy, but also with progressive neurodegenerative disorders, such as, for example,

Alzheimer's disease, Pick's disease or neurodegeneracies of the basal ganglia.

More specifically, the compounds of the present invention are compounds of formula (1) :
w

N
&S =Y

Nobe
R,
wherein :

W represents an aryl group, an aryl-(C,-Cg)alkyl group in which the alkyl moiety may be
linear or branched, a heteroaryl group or a heteroaryl-(C,-C¢)alkyl group in which the

alkyl moiety may be linear or branched,

R, represents a linear or branched (C;-Cg)alkyl group, a linear or branched (C:-Cq)-
alkenyl group, a linear or branched (C»-Cs)alkynyl group, an aryl group, a cycloalkyl
group, an aryl-(C;-Ce)alkyl group in which the alkyl moiety may be linear or



10

branched, or a cycloalkyl-(C,-Cs)alkyl group in which the alkyl moiety may be linear

or branched,

R, represents a hydrogen atom, a linear or branched (C,-Cg)alkyl group, an aryl group,
an aryl-(C,-Cg)alkyl group in which the alkyl moiety may be linear or branched, a
cycloalkyl group, a cycloalkyl-(C,-Cs)alkyl group in which the alkyl moiety ‘may be
linear or branched, a heterocycloalkyl group, a heterocycloalkyl-(C,-Ce)alkyl group in
which the alkyl moiety may be linear or branched, a heteroaryl group, a heteroaryl-
(Ci-Ce)alkyl group in which the alkyl moiety may be linear or branched, a linear or
branched (C;-Ce)acyl group, a linear or branched (C,-Ce)alkylsulphonyl group, an
arylsulphonyl group, an aryl-(C,-Cs)alkylsulphonyl group in which the alkyl moiety

may be linear or branched, or a linear or branched (C;-C¢)alkenyl group,

their isomers, and also additions salt thereof with a pharmaceutically acceptable acid or

base.

Amongst the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric, hydrobromic, sulphuric, phosphonic, acetic, trifluoroacetic,
lactic, pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleic, citric, ascorbic, oxalic,

methanesulphonic and camphofic acid etc..

Amongst the pharmaceutically acceptable bases there may be mentioned, without implying

any limitation, sodium hydroxide, potassium hydroxide, triethylamine, zert-butylamine etc..

"Cycloalkyl" is to be understood as meaning a mono- or bi-cyclic group that is saturated or
unsaturated but is not aromatic and that contains from 3 to 10 carbon atoms, it being
possible for each of those groups to be substituted by one or more identical or different
substituents selected from halogen atoms, hydroxy groups, linear or branched (C,-Cq)alkyl
groups, linear or branched (C,-Ce)alkoxy groups, linear or branched (C,-Ce)acyl groups,
amino groups (wherein amino is itself optionally substituted by one or two identical or

different linear or branched (C;-Cs)alkyl groups), linear or branched (C,-Cs)alkoxycarbonyl
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grdups, mercapto groups and linear or branched (C,-Ce)alkylthio groups.

"Heterocycloalkyl" is to be understood as meaning a cycloalkyl group in which one, two or
three carbon atoms have been replaced by identical or different hetero atoms selected from

nitrogen, oxygen and sulphur.

"Aryl" is to be understood as meaning a phenyl, naphthyl, indenyl, tetrahydronaphthyl,
dihydronaphthyl or dihydroindenyl group, each of which is optionally substituted by one or
more identical or different groups Q, Q representing a halogen atom or one of the following
groups: hydroxy, cyano, nitro, linear or branched (C,-C¢)alkyl, aryl, heteroaryl (it being
understood that when Q represents an aryl or heteroaryl group, then the said aryl group or
the said heteroaryl group may not be substituted by another aryl or heteroaryl group), linear
or branched (C;-C¢)alkoxy, linear or branched trihalo-(C,-Cs)alkyl, linear or branched
trihalo-(C,-Cs)alkoxy, linear or branched (C,-Cs)acyl, carboxy, linear or branched (C,-Cq)-
alkoxycarbonyl, linear or branched (C,-Cs)alkylcarbonyloxy, amino (optionally substituted
by one or two identical or different groups selected from linear or branched (C,-C¢)alkyl,
linear or branched hydroxy-(C,-Cs)alkyl, linear or branched alkoxy-(C,;-Ce)alkyl, amino-
(Ci-Cg)alkyl in which the alkyl moiety may be linear or branched, and mono- or di-
alkylaminoalkyl in which each alkyl moiety may be linear or branched and contains from 1
to 6 carbon atoms), mercapto, linear or branched (C;-Cq)alkylthio, aminocarbonyl (the
amino moiety optionally being substituted by one or two identical or different linear or
branched (C-Cs)alkyl groups), linear or branched (Ci-Cg)alkylcarbonylamino, hydroxy-
sulphonyl, linear or branched (C,-Ce)alkylsulphonyl, or arylsulphonyl.

"Heteroaryl" is to be understood as meaning a mono- or bi-cyclic aryl group having from 35
to 12 ring members containing one, two or three identical or different hetero atoms selected
from oxygen, nitrogen and sulphur, it being understood that the heteroaryl may optionally
be substituted by one or more identical or different Q groups as defined hereinbefore, and

that when the heteroaryl is bicyclic one of the rings may be partially hydrogenated.

According to a particularly advantageous variant, the preferred compounds of the invention
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are those in which the group W is attached in the 2 position of the imidazole ring.

According to another variant of the invention, the preferred compounds are those in which
@

the substituted nitrone group (AN/Rl) is attached in the 2 position of the imidazole nng.

4o

Preferred substituents R, according to the invention are linear or branched (C,;-Cs)alkyl

groups. Particularly advantageously, the preferred substituent R, is the rers-butyl group.

Preferred substituents R, according to the invention are the hydrogen atom and linear or

branched (C,-Cs)alkyl groups.

Preferred substituents W according to the invention are aryl groups or heteroaryl groups,
and more especially unsubstituted or substituted phenyl groups, unsubstituted or substituted
naphthyl groups, unsubstituted or substituted pyridyl groups, unsubstituted or substituted
furyl groups, unsubstituted or substituted thienyl groups, unsubstituted or substituted
pyrrolyl groups, unsubstituted or substituted imidazolyl groups, unsubstituted or substituted
thiazolyl groups, unsubstituted or substituted quinolyl groups and unsubstituted or

substituted indolyl groups.

The preferred compound according to the invention is (Z)-a~(2-phenyl-1H-imidazol-4-yl)-

N-zert-butylnitrone.

The isomers and the addition salts with a pharmaceutically acceptable acid or base of the

preferred compounds form an integral part of the invention.

The invention relates also to a process for the preparation of the compounds of formula (1),

which is characterised in that there is used as starting material a compound of formula (II) :

R N
W
Zf ﬁ (I
N
H
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wherein W is as defined for formula (I) and R' represents a hydrogen atom or a

trifluoromethyl group,

e which compound of formula (II), when W is attached in the 4 position of the imidazole
ring and R' represents a hydrogen atom, is treated with ethyl orthoformate in the presence

of para-toluenesulphonic acid to yield a compound of formula (III) :

W N
/ \ 111
C) "

|
CH(OEY),

wherein W is as defined for formula (1),

which compound of formula (IIl) is treated in the presence of a strong base with
dimethylformamide, this being followed by acid hydrolysis, to yield a compound of formula

(1V) :
w
N
(b
T
H

wherein W is as defined for formula (1),
which compound of formula (1V)
* is treated with a substituted hydroxylamine of formula (V) :
HO-NH-R; (V)

wherein R, is as defined for formula (I),

to yield the compounds of formula (I/a), a particular case of the compounds of formula (1) :

W
N
[3, w
N \
H N@T—Rl
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wherein W and R, are as defined for formula (l),

* or is treated, if desired, with an electrophilic reagent in accordance with the conven-
tional conditions of organic synthesis to yield the compounds of formulae (IV/A) and

(IV/B) :

w .
N o w N /Rz
/ )_/< ] ¥
N H N/
R, H
(IV/A) (IV/B)

wherein W is as defined for formula (I) and R, has the same meaning as R; in formula

(1), except that R'; may not represent a hydrogen atom,

which compounds of formulae (IV/A) and (IV/B) are separated and/or purified, if
desired, according to conventional methods of separation and purification, and are then
subjected to the action of a compound of formula (V) as defined hereinbefore to yield,
respectively, the compounds of formulae (I/b) and (I/c), particular cases of the

compounds of formula (I) :

w W R,
7\——1\1 )\——N
N \N—R \N—R
R' 1 1
2 O/@@ 06@
(I/b) (I/c)

wherein R;, R'; and W are as defined hereinbefore,

e or which compound of formula (II), when W is attached in the 2 position of the imidazole

ring and R’ represents a trifluoromethyl group :

F.C

e

N
H
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is either treated with ammonium hydroxide and then subjected to hydrolysis, or is treated

with sodium hydroxide and then subjected to an N-methoxy-N-methylamine addition step

followed by a conventional reduction reaction,

to yield the compounds of formula (V1) :

0
H
| %T VD)
D
H

wherein W is as defined for formula (I),

which compounds of formula (V1) are subjected to the action of a compound of formula

(V) as defined hereinbefore to yield the compounds of formulae (I/d), a particular case of

the compounds of formula (I) :

R, \N@
| N
% / \ (1/d)
N w
H

wherein R, and W are as defined for formula (I),

or which compounds of formula (V1) are, if desired, treated with an electrophilic reagent, in

accordance with the conventional conditions of organic synthesis, to yield the compounds of

formulae (VI/A) and (VI/B) :

L

R',
(VI/A) (V1/B)
wherein W and R'; are as defined hereinbefore,
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which compounds of formulae (VI/A) and (VI/B) are separated and/or purified according to
conventional methods of separation and purification, then subjected to the action of a
compound of formula (V) to yield, respectively, the compounds of formulae (1/¢) and (1/f),

particular cases of the compounds of formula () :

RI R
\..© 1 ®
]T_ \N_ /R'2
N l N
© ©
O
W B
\\%
N N
R'2
(I7e) /)

wherein R;, R'; and W are as defined hereinbefore,

the compounds of formulae (I/a) to (I/f) constituting the totality of the compounds of the
invention, which compounds are purified, if necessary, according to a conventional
purification technique, may be separated, if desired, into their different isomers according to
a conventional separation technique, and are converted, if desired, into addition salts with a

pharmaceutically acceptable acid or base.

The compounds of formulae (II) and (IV) are either commercial compounds or are obtained
according to known methods of organic synthesis, such as those described in the articles
J. Med. Chem. 1975, 18, 895, J. Org. Chem. 1986, 51, 3228 and Tetrahedron. Lett., 1981,
3815.

The present invention relates also to pharmaceutical compositions comprising as active
ingredient at least one compound of formula (I), its optical isomers or an addition salt
thereof with a pharmaceutically acceptable acid or base, alone or in combination with one or

more pharmaceutically acceptable, inert, non-toxic excipients or carriers.

Among the pharmaceutical compositions according to the invention there may be mentioned

more especially those which are suitable for oral, parenteral (intravenous, intramuscular or
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subcutaneous), per- or trans-cutaneous, nasal, rectal, perlingual, ocular or respiratory
administration, and especially tablets or dragées, sublingual tablets, sachets, gelatin
capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable or drinkable

preparations, aerosols, eye or nose drops etc..

5 The dosage used varies according to the age and weight of the patient, the administration
route, the nature and the severity of the disorder, and other treatments the patient may be

receiving, and ranges from 10 mg to 500 mg in one or several administrations per day.
The following Examples illustrate the invention but do not limit it in any way.

The starting materials used are known products or are prepared according to known

10 procedures.

Example 1 : (Z)-a-(2-Phenyl-1H-imidazol-4-yl)-N-tert-butylnitrone
Step A : 2-Phenyl-4-trifluoromethyl-1H-imidazole

The procedure is in accordance with the operating conditions described in J. Med. Chem.,

1975, 18, 895-900, using benzaldehyde as substrate.

15 Step B : 2-Phenyl-4-cyano-1H-imidazole

The compound obtained in Step A is subjected to the experimental protocol described in
J. Org. Chem,, 1986, 51, 3228-3231.

)y 3

Step C : 2-Phenyl-1H-4-imidazolecarbaldehyde

A solution containing 1.6 mmol of the compound obtained in Step B in 3 ml of anhydrous
20 tetrahydrofuran is placed under an argon atmosphere at -78°C and 2.45 ml of diisobutyl-
aluminium hydride (1.1M in tetrahydrofuran) are added. After 2.5 hours, 2.45 ml of reagent
are again added and, after reaction for 1 hour, the temperature is adjusted to -45°C. 1 ml of
methanol is then added to the reaction mixture. After stirring for 20 minutes, the

temperature is increased to -20°C and 3 ml of 1N HCI are added. Stirring is continued for
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30 minutes while allowing the reaction mixture to return to ambient temperature. The
solution is then diluted with dichloromethane and subsequently extracted with water. The
organic phase is then dried over magnesium sulphate and subsequently concentrated under
reduced pressure enabling a precipitate to be collected. The precipitate is filtered off, rinsed

with dichloromethane and dried, enabling the expected product to be isolated.

Step D : (Z)- a-(2-Phenyl-1H-imidazol-4-yl)-N-tert-butylnitrone

0.05 mol of the compound obtained in Step C, 0.07 mol of N-tert-butylhydroxylamine
hydrochloride and 6 g of sodium hydrogen carbonate dissolved in 50 ml of ethanol are
stirred at 60°C under an argon atmosphere for 20 hours. The reaction mixture is then
brought to ambient temperature and diluted with 300 ml of dichloromethane. The organic
phase is extracted with water, dried over magnesium sulphate and then concentrated under
reduced pressure. The residual oil, rapidly taken up in ethyl ether, crystallises. The expected
product is isolated by filtration and drying in vacuo.
Melting point : 209-210 °C
Elemental microanalysis :

C H N
% Calculated 69.11  7.04 17.27
% Found 68.85 7.04 17.02

Example 2 : (Z)-a-[2-(4-Methylphenyl)-1H-imidazol-4-yl]-N-fert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-methyl-
benzaldehyde.
Melting point : 174-176°C
Elemental microanalysis :
C H N
% Calculated 70.01 7.44 16.33
% Found 69.69 7.57 16.03
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Example 3 : (Z)-a-[2-(4-Methoxyphenyl)-1H-imidazol-4-yl}-N-tert-butylnitrone
Preparation A : 4-Carboxy-2-(4-methoxyphenyl)-1H-imidazole

A solution of 3.8 g of 2-(4-methoxyphenyl)-4-trifluoromethylimidazole in 40 ml of
2N sodium hydroxide is heated at 90°C for 1 hour with stirring. After returning to ambient
temperature, the solution is adjusted to pH 6 using 2N hydrochloric acid. The precipitate is

filtered off, rinsed with water and dried to yield the expected product.

Step Al : 4-(N-Methyl-N-methoxyaminocarbonyl)-2-(4-methoxyphenyl)-

1H-imidazole

15 mmol of O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium tetrafluoroborate, 49 mmol
of N,N-diisopropylethylamine and 15 mmol of N-methoxymethylamine are added to a
solution containing 13 mmol of the product obtained in Preparation A in 130 ml of
dichloromethane. After reaction for 20 hours at ambient temperature, the reaction mixture is
washed with water. The organic phase is then dried over magnesium sulphate, filtered and
concentrated under reduced pressure. The residue is subsequently triturated in ether and the

solid obtained is filtered off and then dried, enabling the expected product to be isolated.

Step Bl : 2-(4-Methoxyphenyl)-1H-imidazole-4-carbaldehyde

0.5 g of lithium aluminium hydride is added under an argon atmosphere to a solution
containing 6.1 mmol of the product obtained in Step Al in 50 ml of tetrahydrofuran. After
reaction for one hour at -10°C, 0.2 g of lithum aluminium hydride is added and stirring is
carried out for one hour at 0°C. The reaction mixture is then hydrolysed by the addition of
water and then using a 4N sodium hydroxide solution. After filtration of the reaction
mixture, the solution is concentrated under reduced pressure. Chromatography on silica gel

(dichloromethane/methanol : 9/1) enables the expected product to be isolated.



LX)

10

20

13

Step C1 : (Z)-a—[2-(4-MethoxyphenyI)-1H-imidazol-4-yl]-N-tert-butylm'trone

The procedure is as in Step D of Example 1, using as substrate the product obtained in
Step B1.
Melting point : 198-201°C
Elemental microanalysis :
C H N
% Calculated 65.91 7.01 15.37
% Found 65.65 730 1491

Example 4 : (Z)-a-[2-(4-Chlorophenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-chloro-
benzaldehyde.
Melting point : 212-215°C

Example S : (Z)-a-[2-(4-Pyridyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-pyridine-
carbaldehyde.
Melting point : 239-241°C
Elemental microanalysis :
C H N
% Calculated 63.92 6.60  22.93
% Found 63.94 6.58 23.03

Example 6 : (Z)-a-[2-(2-Naphthyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-naphth-
aldehyde.
Melting point : 200-202°C



Elemental microanalysis :

C H N
% Calculated 73.70 6.53 14.32
% Found 73.69 6.79 14.30

Example 7 : (Z)-a-[2-(2-Furyl)-1H-imidazol-4-yl]-N-tert-butylnitrone
The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-furyl-
carbaldehyde.
Melting point : 103°C (decomposition)
Example 8 : (Z)-a-[1-Methyl-2-phenyl-1H-imidazol-4-yl]-N-tert-butylnitrone

Step E : 1-Methyl-2-phenyl-4-trifluoromethyl-1H-imidazole
There are added at ambient temperature to a solution of 10 mmol of the compound obtained
in Step A of Example 1 in 15 ml of toluene, 10 mmol of NaH and then, after 15 minutes,
10 mmol of methyl iodide diluted with 3 ml of toluene. After 2 hours, the reaction mixture
is concentrated under reduced pressure, enabling an oil to be obtained which precipitates on
the addition of water. Filtration enables the expected product to be isolated.

Step F : (Z)-a-[1-Methyl-2-phenyl-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps B to D, using in Step B the product obtained in
Step E.

Example 9 : (Z)-a-[1-Methyl-2-phenyl-1H-imidazol-5-yl]-N-tert-butylnitrone

The product is obtained as co-product in the synthesis of the compound of Example 8.

Melting point : 155-157°C
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Elemental microanalysis :

C H N
% Calculated 70.01 7.44  16.33
% Found 70.21  7.47 16.40

Example 10 : (Z)-a-[2-(3-Thienyl)-1H-imidazol-4-yl}-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 3-thienyl-
carbaldehyde.
Melting point : 197-198°C
Elemental microanalysis :
C H N S
% Calculated 57.81 6.06 16.85 12.86
% Found 57.85 6.07 16.42 13.02

Example 11 : (Z)-a-]2-(3-Pyridyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A nicotin-
aldehyde.
Melting point : 174-176°C
Elemental microanalysis :
C H N
% Calculated 63.92 6.60  22.93
% Found 63.27 6.67  22.24

Example 12 : (Z)-a-[2-(2-Pyridyl)-1 H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-pyridine-
carbaldehyde.
Melting point : 172-173°C
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Elemental microanalysis :

C H N
% Calculated 63.92 6.60 22.93
% Found 63.74 6.65 22.83

5 Example 13 : (Z)-a-[2-(3-Furyl)-1H-imidazol-4-yl}-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 3-furyl-
carbaldehyde.
Melting point : 160°C

Example 14 : (Z)-a-[2-(4-Trifluoromethylphenyl)-1H-imidazol-4-yl]-N-tert-

10 butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-(trifluoro-
methyl)benzaldehyde.
Melting point : 226°C
Elemental microanalysis :
15 cC H N
% Calculated 57.87 5.18 13.50
% Found 57.88 5.12 13.50

Example 15 : (Z)-a-[2-(1-Naphthyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 1-naphthyl-
20 carbaldehyde.
Melting point : 95°C (decomposition)

Example 16 : (Z)-a-[2-(1H-Imidazol-4-yl)-1H-imidazol-4-yl]-N-tert-butyinitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 1/4-imidazole-
4-carbaldehyde.
25 Melting point : 220°C
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Example 17 : (Z)-a-[2-(4-Fluorophenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-(fluoro)-
benzaldehyde.
Melting point : 192-194°C
Elemental microanalysis :
C H N
% Calculated 64.35 6.17 16.08
% Found 64.49 6.15 15.88

Example 18 : (Z)-a-[2-(2-Chlorophenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-(chloro)-
benzaldehyde.
Melting point : 132-134°C
Elemental microanalysis :
C H N Cl
% Calculated 60.54 581 1513 12.76
% Found 60.63 5.72 15.01 12.77

Example 19 : (Z)-a-[2-(3-Chlorophenyl)-1H-imidazol-4-yl}-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 3-(chloro)-
benzaldehyde.
Melting point : 181-183°C
Elemenrtal microanalysis :
C H N Cl
% Calculated 60.54 5.81 15.13 12.76
% Found 60.52 591 14.96 12.90
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Example 20 : (Z)-a-[2-(4-Nitrophenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-(nitro)-
benzaldehyde.
Melting point : 253°C
Elemental microanalysis :
C H N
% Calculated 58.33 559  19.43
% Found 57.95 551 18.99

Example 21 : (Z)-a-[2-(4-Dimethylaminophenyl)-1H-imidazol-4-yl]-N-tert-
butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-(dimethyl-
amino)benzaldehyde.

Melting point : 190-192°C

Elemental microanalysis :

c H N
% Calculated 67.11 7.74  19.56
% Found 66.90 7.78 19.30

Example 22 : (Z)-a-[2-(2-Thiazolyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-(thiazolyl)-

carbaldehyde.
Melting point : 170°C

Example 23 : (Z)-a-[2-(3,4-Dimethoxyphenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A (3,4-
dimethoxy)benzaldehyde.
Melting point : 202-205°C
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Example 24 : (Z)-a-[2-(3,4-Methylenedioxyphenyl)-1H-imidazol-4-yl]-N-tert-
butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A (3,4-

methylenedioxy)benzaldehyde.

Example 25 : (Z)-a-(2-Phenethyl-1H-imidazol-4-yl)-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 3-

phenylpropionaldehyde.

Example 26 : (Z)-a-[2-(5-Nitro-3-thienyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2-nitro-

thiophene-4-carbaldehyde.

Example 27 : (Z)-a-[2-(5-Methyl-2-thienyl)- 1 H-imidazol-4-yl}-N-fert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 5-methyl-

thiophene-2-carbaldehyde.

Example 28 : (Z)-a-[2-(4-Methylthiophenyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-(methyl-
thio)benzaldehyde.

Example 29 : (Z)-a-[2-(1-Methyl-1H-pyrrol-2-yl)-1H-imidazol-4-yl]-N-tert-

butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 1-methyl-

pyrrole-2-carbaldehyde.
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Example 30 : (Z)-a-[2-(1-Methyl-1H-indol-3-yl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 1-methyl-

indole-3-carbaldehyde.

Example 31 : (Z)-a-[2-(3-Methyl-benzo[b]thiophen-2-yl)-1H-imidazol-4-yl)-N-tert-
butylnitrone |

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 3-methyl-

benzo[b]thiophene-2-carbaldehyde.
Example 32 : (Z)-a-[2-(4-Methoxy-1-naphthyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-methoxy-1-

naphthaldehyde.
Example 33 : (Z)-a-[2-(5-Ethyl-2-furyl)-1H-imidazol-4-yl]-N-tert-butylnitrone

The procedure. is as in Example 1, Steps A to D, using as substrate in Step A S-ethyl-
furfural.

Example 34 : (Z)-o-[2-(2,5-Dimethyl)-1-phenyl-1H-pyrrol-3-yl)-1H-imidazol-4-yl]-N-
tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 2,5-dimethyl-

1-phenylpyrrole-3-carbaldehyde.
Example 35 : (Z)-a-[2-(4-Biphenyl)-1H-imidazol-4-yl]-N-tert-butylinitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-phenyl-

benzaldehyde.
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Example 36 : (Z)-a-[2-(Benzo|b]furan-2-yl)-1H-imidazol-4-y]-N-fert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A benzo[b]-
furan-2-carbaldehyde.

Example 37 : (Z)-a-[2-(4-Acetoxy-3-methoxyphenyl)-1H-imidazol-4-yl}-N-tert- '
butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A 4-acetoxy-3-

methoxybenzaldehyde.
Example 38 : (Z)-a-[2-(3-Quinolinyl)-1H-imid azol-4-yl]-N-tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A quinoline-3-

carbaldehyde.

Example 39 : (Z)-o-[2-(2,3-Dihydro-1H-indol-3-yl)-1H-imidazol-4-yl]-N-tert-

butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A indoline-3-

carbaldehyde.
Example 40 : (Z)-a-(4-Phenyl-1H-imidazol-2-yl)-N-tert-butylnitrone
Step A2 : 4-Phenyl-1-triphenylmethyl-1H-imidazole

7.6 mmol of triphenylmethyl chloride in 150 ml of dimethylformamide are added, under an
argon atmosphere, to a solution of 6.9 mmol of 4-phenyl-1H-imidazole in 50 ml of
dimethylformamide and 10 ml of triethylamine. The solution is stirred for 4 hours at ambient
temperature. After the addition of water, the precipitate obtained is triturated in ethyl ether,

filtered and then dried, enabling the product obtained to be isolated.
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Step B2 : 2-Formyl-4-phenyl-1-triphenylmethyl-1H-imidazole

25.7 mmol of the product obtained in Step A2 are stirred at 0°C in 250 ml of anhydrous
tetrahydrofuran, under an argon atmosphere, and then 25 ml of n-butyllithium (1.6 M in
hexane) are slowly added. After reaction for 2 hours, 8 ml of dimethylformamide are added.
After stirring for 2. hours at ambient temperature, 250 ml of water are added and then the
tetrahydrofuran is evaporated off under reduced pressure. Extraction of the aqueous phase
using dichloromethane, following by concentration, after drying, of the organic phase,

enables an oil to be obtained which crystallises in ethyl ether, yielding the expected product.

Step C2 :  (Z)-a-(4-Phenyl-1-triphenylmethyl-1H-imidazol-2-yl)-N-tert-

butylnitrone

The procedure is as in Step D of Example 1, using as substrate the product obtained in

Step B2.

Step D2 : (Z)- a-(4-Phenyl-1H-imidazol-2-yl)-N-tert-butylnitrone

11.5 mol of the product obtained in Step C2 are heated at reflux in 60 ml of an ethanol
solution containing 5 ml of acetic acid. After reaction for 5 hours, the reaction mixture is
concentrated under reduced pressure, taken up in dichloromethane, washed with a 5 %
sodium hydrogen carbonate solution and then with water. After drying the organic phase
over magnesium sulphate and concentration under reduced pressure, the resulting residual
oil is triturated in ethyl ether enabling the expected product to be isolated in crystalline
form.

Melting point : 166°C

Elemental microanalysis :

C H N
% Calculated 69.11  7.04 17.27
% Found 69.07 7.02 17.15
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Example 41 : (Z)-a-(1-Benzyl-2-phenyl-1H-imidazol-4-yl)-N-tert-butylnitrone
Step E2 : 1-Benzyl-2-phenyl-4-(trifluoromethyl)-1H-imidazole

The procedure is as in Step E of Example 8, using benzyl chloride as reagent.
Step F2 : (Z)-a-(1-Benzyl-2-phenyl-1 H-imidazol-4-yl)-N-tert-butylnitrone

The procedure is as in Step F of Example 8, using as substrate the compound obtained in

Step E2.

Example 42 : (Z)-a-[2-(2,3-Dihydro-1,4-benzodioxin-6-yl)-1H-imidazol-4-yl]-N-
tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A, 2,3-dihydro-

1,4-benzodioxine-6-carbaldehyde.

Example 43 : (Z)-a-[2-(2,2-Difluoro-1,3-benzodioxol-5-yl)-1H-imidazol-4-yl]-N-
tert-butylnitrone

The procedure is as in Example 1, Steps A to D, using as substrate in Step A, 2,2-difluoro-

1,3-benzodioxol-5-carbaldehyde.

Pharmacological study
of the compounds of the invention

Example 44 : Cytotoxicity test using L~-homocysteine

This test enables the in vitro evaluation of the neuroprotective properties of the test

compounds by determining their capacity to combat the cytotoxicity caused by the exposure
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of murine HT 22 hippocampal cells to L-homocysteine (Neuron. 2, 1989, 1547-1558).

Murine HT 22 hippocampal cells in culture are preincubated for 24 hours in the presence of
seven concentrations (5, 10, 25, 50, 75, 100 and 200 pM) of the "anti-oxidation" agent
studied. The cell cultures are then exposed for 24 hours to 2 mM L-homocysteine in the
presence or in the absence of anti-oxidation agents. The cytotoxicity is evaluated by the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide reduction method (/mmunol.
Methods, 1983, 65, 55-63). The results are expressed as PCsp, the concentration that
represents 50 % protection compared with the cytotoxicity measured in the cell cultures in
the absence of anti-oxidation agents. In this test, the compound of Example 1 has a PCs, of

88 uM.

Example 45 : Lethality test

This test enables the in vivo determination of the neuroprotective properties of the test
compounds by measuring their capacity to combat the lethality induced in the mouse by the
intracerebroventricular administration of fert-butylhydroperoxide, an oxidizing agent
capable of causing neurodegeneracies of the apoptotic type (Free Radical Biol. Med., 1993,
15, 195-202 and Mol. Chem. Neuropathol ., 1991, 26, 95-106).

Intracerebroventricular administration of zerr-butylhydroperoxide (1 pl of a 70 % solution)
induces lethality in the male NMRI mouse (30-35 g). The lethality is measured two hours
after the administration of fert-butylhydroperoxide and is expressed as a percentage of
protection compared with the lethality in the animals that have been given the carrier of the
"anti-oxidation" agents studied. The latter are administered by the intraperitoneal route in a
dose of 150 mg/kg 30 minutes before the administration of terz-butylhydroperoxide. In this

test, the compound of Example 1 provides 80 % protection.

Example 46 : Evaluation of the effects of the anti-oxidation agents on body

temperature
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All of the anti-oxidation compounds described in the literature are neuroprotectors at doses

that cause hypothermia, which constitutes a drawback when they are administered.

The body temperature in adult male NMRI mice (25-30 g) is measured using a rectal probe
30, 60, 90 and 120 minutes after the administration by the intraperitoneal route of the anti-
oxidation agents studied in a dose of 150 mg/kg. The results are expressed as the average
maximum difference in temperature determined in the treated animals compared with the
control animals, which have received only the carrier (20 ml/kg) of the anti-oxidation agents
studied. In this test, the compound of Example 1 does not induce associated hypothermia, a

result which is especially surprising and interesting for that category of compound.

Example 47 : Transitory global cerebral ischaemia test in the rat

This test enables evaluation of the neuroprotective (anti-ischaemic) properties of the test
compounds. It was carried out according to the method of Pulsinelli and Brierley (Stroke,

10, 1979, 267-272).

Adult male Wistar rats weighing 280-320 g are anaesthetised with pentobarbital (60 mg/kg
1.p.). The two vertebral arteries are permanently occluded by cauterisation, and atraumatic
clamps are placed around the 2 common carotids. The next day, transitory global ischaemia
is induced in the conscious rat by tightening the carotid clamps for 10 minutes. The
clamping of the carotids results in a loss of the righting reflex of the animals in the minute
that follows clamping and for the entire duration of the ischaemia. The products studied are
administered by the intraperitoneal route 30 minutes before the carotids are clamped, using
the appropriate solvent (2 ml/kg). The control animals are given only the solvent of the
products studied. Seven days after the ischaemia, the animals are sacrificed and the brains
are removed and stored at —30°C. Frontal brain sections (7 uM) are taken in the frozen
state and stained with eosin-hematoxylin. The neurodegeneracy of the hippocampal
neurones (layer CA1) induced by the ischaemia is measured by a neurone count under an
optical microscope. The parameter measured is the number of viable neurones expressed as

a percentage of that determined in the non-ischaemised control animals.
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At a dose of 100 mg/kg 1.p., fert-butylphenylnitrone reduces hippocampal neurone death in

the ischaemised animals by a factor of 2.3.

At a dose of 75 mg/kg 1.p., the compound of Example 14 reduces hippocampal neurone

death in the ischaemised animals by a factor of 3.

5 Example 48 : Pharmaceutical composition

Formulation for the preparation of 1000 tablets each comprising 20 mg of active ingredient

compound of Example 1. 20 g
hydroxypropylcellulose. ... 3¢g
POlyVINYIPYITOIAONE. ... 3g
10 Wheat SLAaTCh.............oooiii e 10g
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

CEAIME

1. Compounds of formula (I) :

wherein :

R,

R,

their

base.

represents an aryl group, an aryl-(C,-Cs)alkyl group in which the alkyl moiety may be
linear or branched, a heteroaryl group or a heteroaryl-(C,-Cs)alkyl group in which the

alkyl moiety may be linear or branched,

represents a linear or branched (C,-Cg)alkyl group, a linear or branched (C,-Cg)-
alkenyl group, a linear or branched (C,-Cs)alkynyl group, an aryl group, a cycloalkyl
group, an aryl-(C,-C¢)alkyl group in which the alkyl moiety may be linear or
branched, or a cycloalkyl-(C,-C¢)alkyl group in which the alkyl moiety may be linear

or branched,

represents a hydrogen atom, a linear or branched (C,-Cg)alkyl group, an aryl group,
an aryl-(C,-Ce)alkyl group in which the alkyl moiety may be linear or branched, a
cycloalkyl group, a cycloalkyl-(C,;-C¢)alkyl group in which the alkyl moiety may be
linear or branched, a heterocycloalkyl group, a heterocycloalkyl-(C;-C¢)alkyl group in
which the alkyl moiety may be linear or branched, a heteroaryl group, a heteroaryl-
(C,-C¢)alkyl group in which the alkyl moiety may be linear or branched, a linear or
branched (C;-Cg)acyl group, a linear or branched (C,-Ce)alkylsulphonyl group, an
arylsulphonyl group, an aryl-(C,-Cg)alkylsulphonyl group in which the alkyl moiety

may be linear or branched, or a linear or branched (C,-C)alkenyl group,

isomers, and also addition salts thereof with a pharmaceutically acceptable acid or



28

2. Compounds of formula (I) according to claim 1, characterised in that W is attached in the
2 position of the imidazole ring, their isomers, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

3. Compounds of formula (I) according to claim 1, characterised in that the substituted

&
nitrone group (— =N~ Rl) is attached in the 2 position of the imidazole ring,

00
their isomers, and also addition salts thereof with a pharmaceutically acceptable acid or

base.

4. Compounds of formula (I) according to claim 1, characterised in that R, represents a
linear or branched (C,-C¢)alkyl group, their isomers, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

5. Compounds of formula (I) according to either claim 1 or claim 4, characterised in that R,
represents a ferr-butyl group, their isomers, and also addition salts thereof with a

pharmaceutically acceptable acid or base.

6. Compounds of formula (I) according to claim 1, characterised in that W represents an
optionally substituted aryl group or an optionally substituted heteroaryl group, their

isomers, and also addition salts thereof with a pharmaceutically acceptable acid or base.

7. Compounds of formula (I) according to either claim 1 or claim 6, characterised in that W
represents an unsubstituted or substituted phenyl group, an unsubstituted or substituted
naphthyl group, an unsubstituted or substituted pyridyl group, an unsubstituted or
substituted furyl group, an unsubstituted or substituted thienyl group, an unsubstituted or
substituted pyrrolyl group, an unsubstituted or substituted imidazolyl group, an
unsubstituted or substituted thiazolyl group, an unsubstituted or substituted quinolyl group
or an unsubstituted or substituted indolyl group, their isomers, and also addition salts

thereof with a pharmaceutically acceptable acid or base.
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8. Compounds of formula (I) according to claim 1, characterised in that R, represents a
hydrogen atom or a linear or branched (C;-C¢)alkyl group, their isomers, and also addition

salts thereof with a pharmaceutically acceptable acid or base.

9. Compound of formula (I) according to claim | that is (Z)-o-(2-phenyl-1H-imidazol-4-yl)-

N-tert-butylnitrone.

10. Process for the preparation of compounds of formula (I), characterised in that there is

used as starting material a compound of formula (II) :
R' N
w
(D
N
H

wherein W is as defined for formula (I) and R' represents a hydrogen atom or a

trifluoromethyl group,

e which compound of formula (II), when W is attached in the 4 position of the imidazole
ring and R' represents a hydrogen atom, is treated with ethyl orthoformate in the presence

of para-toluenesulphonic acid to yield a compound of formula (IIT) :

[i (111

|
CH(OEY),

wherein W is as defined for formula (1),

which compound of formula (III) is treated in the presence of a strong base with
dimethylformamide, this being followed by acid hydrolysis, to yield a compound of formula

(IV):
W

[ LO (IV)

H
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wherein W is as defined for formula (1),

which compound of formula (IV)

* is treated with a substituted hydroxylamine of formula (V) :
HO-NH-R; (V)

wherein R, is as defined for formula (I),

to yield the compounds of formula (/a), a particular case of the compounds of formula (1) :

w
N
/ )\\ (l/a)
A
H 06 e !

wherein W and R, are as defined for formula (I),

* or is treated, if desired, with an electrophilic reagent in accordance with the conven-

tional conditions of organic synthesis to yield the compounds of formulae (IV/A) and

(IV/B) :
\ .
N o A\ N /Rz
[\ % ] 0
N ~
I H N
R, H
(IV/A) (IV/B)

wherein W is as defined for formula (I) and R'; has the same meaning as R, in formula

(1), except that R', may not represent a hydrogen atom,

which compounds of formulae (IV/A) and (IV/B) are separated and/or purified, if
desired, according to conventional methods of separation and purification, and are then
subjected to the action of a compound of formula (V) as defined hereinbefore to yield,

respectively, the compounds of formulae (I/b) and (/c), particular cases of the

compounds of formula (I) :
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W w R
7\—-N 7\—N
N \N——R N \N R
R' 1 o
2 06® 0669
(I/b) (I/c)

wherein R, R'; and W are as defined hereinbefore,

e or which compound of formula (II), when W is attached in the 2 position of the imidazole

ring and R' represents a trifluoromethyl group :
F,C
/ N
I3,
N
H

is either treated with ammonium hydroxide and then subjected to hydrolysis, or is treated

with sodium hydroxide and then subjected to an N-methoxy-N-methylamine addition step

followed by a reduction reaction,

to yield the compounds of formula (VI) :

0O
H
Jzﬂ{l (VD
D
H

wherein W is as defined for formula (I),

which compounds of formula (VI) are subjected to the action of a compound of formula
(V) as defined hereinbefore to yield the compounds of formulae (1/d), a particular case of

the compounds of formula (I) :
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R, \N@
| N
%‘%\ N (I/d)
N
H

wherein R, and W are as defined for formula (I),

or which compounds of formula (V1) are, if desired, treated with an electrophilic reagent, in

accordance with the conventional conditions of organic synthesis, to yield the compounds of

formulae (VI/A) and (VI/B) :
(0] (0]
H H R
N N
/ )\ / /L
w W
ITJ N
R'Z
(VI/A) (VI/B)

wherein W and R, are as defined hereinbefore,

which compounds of formulae (VI/A) and (VI/B) are separated and/or purified according to
conventional methods of separation and purification, then subjected to the action of a

compound of formula (V) to yield, respectively, the compounds of formulae (I/e) and (I/f),

particular cases of the compounds of formula (I) :

R o ' R @
N T— N R,
N I\
W W
ITI N
R,
(I7e) /0

wherein R;, R'; and W are as defined hereinbefore,

the compounds of formulae (I/a) to (I/f) constituting the totality of the compounds of the
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invention, which compounds are purified, if necessary, according to a conventional
purification technique, may be separated, if desired, into their different isomers according to

a conventional separation technique, and are converted, if desired, into addition salts with a

pharmaceutically acceptable acid or base.

11. Pharmaceutical composition comprising as active ingredient at least one compound of
formula (I) according to any one of claims 1 to 9, alone or in combination with one or more

pharmaceutically acceptable, inert, non-toxic excipients or carriers.

12. Pharmaceutical composition according to claim 11 comprising at least one active

ingredient according to any one of claims 1 to 9 for use as an anti-oxidation agent.

13. Pharmaceutical composition according to claim 11 comprising at least one active
ingredient according to any one of claims 1 to 9 for use as an anti-oxidation agent in the
treatment of cognitive disorders associated with cerebral ageing or neurodegenerative

disorders, and/or in the treatment of acute and progressive neurodegenerative disorders.

DATED this 25th day of June 1999.
ADIR-ET COMPAGNIE

LCS Laboraxo ires Servier

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD
HAWTHORN. VIC. 3122.




