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ABSTRACT

NEW METALLOPROTEASE INHIBITORS,
A PROCESS FOR THEIR PREPARATION
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Compounds of formula (I) :

720\ @
A-50;

wherein :

R, represents a hydrogen atom, a halogen atom, an alkyl group or an alkoxy group,

X represents an oxygen atom, a sulphur atom or an NR group wherein R represents a

hydrogen atom or an alkyl group,

A represents any one of the groups described in the description,

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

Medicaments.
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Regulation 3.2(2}
AUSTRALIA
Patents Act 1990
COMPLETE SPECIFICATION
STANDARD PATENT
Application Number:
Lodged: :

Invention Title: NEW METALLOPROTEASE INHIBITORS, A PROCESS FOR THEIR S

PREPARATION AND PHARMACEUTICAL COMPOSITIONS CONTAINING e i

THEM I

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 metalloprotease inhibitors, to a process for their

preparation and to pharmaceutical compositions containing them.

In the physiological state, the synthesis of connective tissues is in dynamic equilibrium
with the degradation of the extracellular matrix. That degradation is due to zinc proteases
(metalloproteases) secreted by the cells of the existing matrix : they are, without implying
any limitation, collagenases (MMP-1, MMP-8, MMP-13), gelatinases or collagenases of
type IV (MMP-2, MMP-9) and stromelysins (MMP-3).

In the normal state, those catabolic enzymes are regulated in terms of their synthesis and
their secretion, and in terms of their extracellular enzymatic activity, by natural inhibitors,
such as o;-macroglobulin or the TIMPs (Tissue Inhibitors of MetalloProteinases), which

form inactive complexes with the metalloproteases.

A common factor in pathologies in which those enzymes are implicated is an imbalance
between the activity of the activated enzymes and that of their natural inhibitors, the

consequence of which is excessive tissue degradation.

Uncontrolled and accelerated membrane degradation by resorption of the extracellular
matrix catalysed by the metalloproteases is a parameter common to a number of
pathological conditions, such as rheumatoid arthritis, arthrosis, tumour invasion and
growth, including malignant spread and the formation of metastases, ulcerations,

atherosclerosis, etc..

BB94, a metalloprotease inhibitor, has recently exhibited anti-tumour activity in clinical

use, where it has proved to be active against ovarian cancers (Becket et al., DDT 1996, 1

(1), 16).

It may therefore be expected that a metalloprotease inhibitor will restore the equilibrium
between protease and inhibitor and thus favourably modify the development of such

pathologies.
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A certain number of metalloprotease inhibitors have been described in the literature. There
should be mentioned, more especially, the compounds described in Patent Specifications
WO 95/35275, WO 95/35276, EP 606 046, WO 96/00214, EP 803 505, WO 97/20824 and
EP 780 386.

The compounds of the present invention are not only new but have also proved to be more
powerful metalloprotease inhibitors than those described in the literature, thus making
them potentially useful in the treatment of cancer, rheumatic diseases, such as arthrosis and

rheumatoid arthritis, atherosclerosis, etc..

More specifically, the present invention relates to compounds of formula (1) :

N/ o

wherein :

R, represents a hydrogen atom, a halogen atom, a linear or branched (C,-Cg)alkyl group or
a linear or branched (C,-C¢)alkoxy group,

X represents an oxygen atom, a sulphur atom or an NR group wherein R represents a
hydrogen atom or a linear or branched (C;-C¢)alky! group,

A represents any one of the following groups :

R WCONHOH
. |
0 N

wherein R, represents a hydrogen atom, a halogen atom, a linear or branched (C,-Cg)-

alkyl group or a linear or branched (C,-Cs)alkoxy group,

CONHOH
. ( O)n /Y
R; N
R

c

wherein Ry and R., which may be identical or different, represent a hydrogen atom or a

linear or branched (C,-Ce)alkyl group, and nis 0, 1 or 2,
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. O(CONHOH

CHy—

their isomers, N-oxides, and addition salts thereof with a pharmaceutically acceptable acid

or base.

Among the pharmaceutically acceptable acids there may be mentioned by way of non-
limiting example hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid, R
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic

acid, oxalic acid, methanesulphonic acid, camphoric acid, etc..

Among the pharmaceutically acceptable bases there may be mentioned by way of non-
limiting example sodium hydroxide, potassium hydroxide, lithium hydroxide,
triethylamine, tert-butylamine, etc..

The preferred compounds of the invention are the compounds of formula (I) wherein X

represents an oxygen atom. cons

Ry is preferably a hydrogen atom.

CONHOH

When A represents a group R /Y , that group is preferably

b N\

RC

H,C_ CH,
CONHOH
the group L/
N\

The preferred compounds of the invention are :

- N-hydroxy-(5R)-6-{[2-(4-pyridyl)-1-benzofuran-5-yl]sulphonyl}-4,5,6,7-tetrahydro-

B-



furo[2,3-c]pyridine-5-carboxamide,

- N-hydroxy-(38)-2,2-dimethyl-4- {{2-(4-pyridyl)- 1-benzofuran-5-yl]sulphonyl } -3-
thiomorpholinecarboxamide,

- N-hydroxy-4- { {[2-(4-pyridy])-1-benzofuran-5-yl]sulphonyl} methyl} tetrahydro-2 H-
pyran-4-carboxamide,

and addition salts thereof.

The invention relates also to a process for the preparation of compounds of formula (I).

‘When the compounds of formula (I) are those wherein A represents any one of the groups :

R, CONHOH CONHOH
| oY
N R;
R/

@] ~ N\

the process is characterised in that there is used as starting material a compound of

formula (II) :
1
X
/4
N \ (I
— SO, - Hal

wherein R, and X are as defined for formula (I} and Hal represents a halogen atom, which

is reacted with any one of the compounds (I1la) and (IIIb), in racemic form or in the form

CO,tBu
w (Illa)

CO,Si(CH,),tBu
(O)“ /Y (1I1b)

NH

of a specific isomer :

wherein Rb, Re and n are as defined for formula (1),

to yield the compounds of formulae (IVa) and (IVb), respectively :

o .
. e
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CO,tBu X R
0 ~s0, —

CO,Si(CH,),1Bu R
(0),8 ‘

; X
Rxﬁ / 7 N (IVb)
R $0; =

c

wherein X, R, , Rb, R¢ and n are as defined for formula (I),

which are deprotected to yield the compounds of formulae (Va) and (Vb), respectively,

COH X R \
m ) o
0 ~s0; —

5 .
CO,H R,
(O)“S/\( X
R /N
b N\ Y. N (VYb)
R, SO; —
wherein X, R;, Rb, Rc and n are as defined for formula (I),
which are subjected to the action of an O-substituted hydroxylamine, to yield, after
deprotection of the hydroxamate function, the compounds of formulae (I/a) and (I/b),
10 respectively :
CONHOH R,
X
~ —
0 S0,
CONHOH R,
©O) S X
R— 72\
N / N (I/b)
AS
R, 803 —

wherein X, R, Rb, Rc and n are as defined for formula (),

which compounds of formulae (I/a) and (I/b) :

8-
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- are optionally converted to the corresponding N-oxides,

- are purified, if necessary, in accordance with a conventional purification technique,

- are separated, where appropriate, into their isomers in accordance with a conventional
separation technique, and

- converted, if desired, into addition salts thereof with a pharmaceutically acceptable acid

or base.
When the compounds of formula (I) are those wherein A represents the group :

CONHOH

the process is characterised in that there is used as starting material a compound of
formula (VI) : H
R, R

V) veee
Hal E tesna
wherein R, and X are as defined for formula (I), and Hal represents a halogen atom,

which is reacted with a compound of formula (VII) :

COAlk  (vID) e
SH

wherein Alk represents a linear or branched (C;-Cg)alkyl group, to yield, after acid
hydrolysis, the compound of formula (VIII) :

R]

X
COH A\
Jeuad

wherein R, and X are as defined for formula (I),
which is reacted with an oxidation reagent,

to yreld the compound of formula (IX) :

-0-
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R,
X
COH / \
So,
wherein X and R, are as defined for formula (1),

which is subjected to the action of an O-substituted hydroxylamine, to yield, after
deprotection of the hydroxamate function, the compound of formula (I/c), a particular case

of the compounds of formula () :

CONHOH 1
X
/ / A N (Ue)
SO, —

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

which is optionally converted to the corresponding N-oxide,

which is purified, if necessary, in accordance with a conventional purification technique,
separated, where appropriate, into its isomers in accordance with a conventional separation
technique, and converted, if desired, into addition saits thereof with a pharmaceutically

acceptable acid or base.

The compounds of formulae (II) and (VI) are obtained using as starting material a

compound of formula (X) :
XH

x)

Hal CH,

wherein Hal represents a halogen atom and X is as defined for formula (I),

which is reacted with triphenylphosphine bromide to yield the compound of formula (XI) :

: @ o XD
Hal CH, (CHy), B

2

-10-
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wherein Hal and X are as defined hereinbefore,

which is reacted with an isonicotinoyl chloride of formula (X1I) :
R

1
XII
N@COCI (XIm)

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

to yield a compound of formula (V1) :

Hal

wherein Hal, X and R, are as defined hereinbefore,

which is then converted to the compound of formula (XIII) in the presence of sulphur

dioxide and of n-butyllithium :

L>,s =

wherein R; and X are as defined hereinbefore,

and then to the compound of formula (II) in the presence of sulphuryl halide :

an

J

Hal- 0,8

wherein Hal, X and R; are as defined hereinbefore.
The invention relates also to pharmaceutical compositions comprising as active ingredient

at least one compound of formula (I) with one or more appropriate inert non-toxic

excipients. Among the pharmaceutical compositions according to the invention there may

11-
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be mentioned more especially those that are suitable for oral, parenteral (intravenous or
sub-cutaneous) or nasal administration, tablets or dragées, sublingual tablets, gelatin
capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable preparations,

drinkable suspensions, etc..

The useful dosage can be adapted according to the nature and severity of the disorder, the
route of administration and the age and weight of the patient. The dosage ranges from 0.01

to 2 g per day in one or more administrations.
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

procedures.

The preparations yield synthesis intermediates for use in the preparation of the compounds

of the invention.

The structures of the compounds described in the Examples and Preparations were
determined in accordance with the usual spectrophotometric techniques (infrared, NMR,

mass spectrometry, etc.).

PREPARATION A : Ethyl 4-(sulphanylmethyl)tetrabydro-2H-pyran-4-carboxylate

STEP A : Ethyl 4-[{acetylsulphanyl)methyl]tetrahydro-2H-pyran-4-carboxylate

Under argon, 47 g of triphenylphosphine are dissolved in 350 m! of tetrahydrofuran (THF).
After cooling to 0°C, 34.9 ml of diisopropyl azodicarboxylate (DIAD) are added to that
solution. After 30 minutes' stirring, a solution containing 89 mmol of ethyl 4-
(hydroxymethyl)tetrahydro-2H-pyran-4-carboxylate and 12.8 ml of thioacetic acid in
300 ml of THF is added.

After stirring overnight at room temperature, and evaporation to dryness, the residue is

taken up in ether. After filtration, the filtrate is evaporated and yields the expected product

12-
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in the form of an oil, which is purified by chromatography over a silica column using a

mixture of dichloromethane/ethyl acetate (90/10) as eluant,

STEP B : Ethyl 4-(sulphanylmethyltetrahydro-2H-pyran-4-carboxylate

92 ml of a 2.2N hydrochloric acid solution in ethanol are added to 67.4 mmol of the
compound obtained in the preceding Step dissolved in 50 ml of ethanol.
After stirnng overnight, the whole is evaporated to dryness to yield the expected product in

the form of an oil.

PREPARATION B : 5 Bromo-2-(4-pvridyl)benzofuran :.:::.

STEP A : (5-Bromo-2-hydroxybenzyl)triphenyiphosphonium bromide tesels

169 g of triphenylphosphine bromide are added to 490 mmol of 4-bromo-2-
(hydroxymethyl)phenol suspended in 500 ml of acetonitrile. The whole is heated at 100°C
for 2 hours. After cooling, the precipitate that has formed is filtered off and dried to yield

the expected product. Nt
Melting point : 260°C seend
STEP B : 5-Bromo-2-(4-pyridyl)benzofuran

256 ml of triethylamine are added to 243 g of the product obtained in the preceding Step in
2 litres of toluene in the presence of 90.1 g of isonicotinoyl chloride. The whole is heated
at 100°C for 24 hours. After cooling, the precipitate that has formed is filtered off and

yields the expected product after recrystallisation from ethyl acetate.

Melting point : 160°C

13-
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PREPARATION C : 2-(4-Pvridyl)-1-benzofuran-S-sulphonyl chloride

STEP A : {[2-(4-Pyridyl)-1-benzofuran-5-yllsulphonvi}iithium

n-Butyllithium is added, at -72°C, to 60.2 mmol of the compound obtained in
Preparation B suspended in tetrahydrofuran. After 90 minutes at —72°C, a stream of SO; is
passed through the mixture for 1 hour. After 2 days at room temperature, the solid that has
formed is filtered off and rinsed with ether to yield the expected product.

STEP B : 2-(4-Pyridyl)-1-benzofuran-S-sulphonyl chloride

59 mmol of the product obtained in the preceding Step are suspended in 80 ml of
dichloromethane. After cooling to 0°C, 5.7 ml of sulphuryl chloride are added dropwise.
After a night at room temperature, the precipitate that has formed is filtered off and rinsed

with ether to yield the expected product.
Melting point : 210°C

EXAMPLE 1 : N-Hydroxy-(SR}-6-{[2-(4-pvridyl)-1-benzofuran-5-yl}sulphonyl}-
4.5.6,7-tetrahydrofuro[2,3-c|pyridine-S-carboxamide hydrochloride

STEP A : (5R)-6-{[2-(4-Pyridyl)-1-benzofuran-5-yilsulphonyl}-4,5.6,7-tetra-
hydrofuro[2 3-clpyridine-5-carboxylic acid tert-butyl ester

30 mmol of (5R)-4,5,6,7-tetrahydrofuro(2,3-c]pyridine-5-carboxylic acid tert-butyl ester
hydrochloride are placed in 150 ml of pyridine. 30 mmol of 2-(4-pyridyl)-1-benzofuran-5-
sulphonyl chloride described in Preparation C are then added at room temperature and the
whole 1s heated at 60°C overnight.

After removal of the pyridine by evaporation, taking up of the residue in dichloromethane,
washing with water, drying and evaporation, the expected product is obtained in the form
of an oil, which is purified by chromatography over silica using a mixture of

dichloromethane/ethanol (98/2) as eluant.

-14-
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STEPB:  (5R)-6-{[2-(4-Pyridyl)-1-(benzofuran-3-yljsulphonyl}-4,5.6.7-
tetrahydrofuro/2,3-clpyridine-5-carboxylic acid

2.4 ml of anisole are added to 22 mmol of the ester obtained in the preceding Step
dissolved in 250 ml of dichloromethane. The whole is cooled to 0°C and 17 ml of
trifluoroacetic acid are added. The whole is maintained at room temperature overnight.
After evaporation to dryness, the residue is purified by chromatography over silica using a

mixture of dichloromethane/methanol (85/15) as eluant to yield the expected product.

STEP C: _ N-Allyloxy-(5R)-6-{[2-(4-pyridyl)-1-benzofuran-5-yllsulphonyl}-4,5,6, 7-

tetrahydrofurof2,3-c[pyridine-5-carboxamide

To a solution, cooled to 0°C, containing 12 mmol of the acid obtained in the preceding
Step in 150 ml of dichloromethane, there are added 10.3 ml of diisopropylethylamine,
1.65 g of 1-hydroxybenzotriazole, a solution containing 1.6 g of O-allylhydroxylamine
hydrochloride in 50 ml of dimethylformamide, and 4.65 g of O-benzotriazolyl-
tetramethylisouronium tetrafluoroborate (TBTU). The whole is maintained at room
temperature overnight. After evaporation to dryness, the residue is taken up in
dichloromethane. After washing with water, drying and evaporation, a residue is obtained
which yields the expected product after purification over a silica column using a mixture of

dichloromethane/ethanol/ammonia (98/2/0.2) as eluant.

STEP D : N-Hydroxy-(5R)-6-{[2-(4-pyridyl)-1-benzofuran-5-yljsulphonyl}-

4,5.6, 7-tetrahydrofure[2,3-c[pyridine-3-carboxamide hydrochloride

300 mg of the Pd catalyst (PPh3);Cl; and 1.5 ml of acetic acid are added to 8.55 mmol of
the product obtained in the preceding Step in 150 m! of dichloromethane. After 5 minutes,
4.9 ml of tributyltin hydride are added. The whole is maintained at room temperature for
30 minutes and then evaporated. After the residue has been taken up in acetonitrile, 20 ml
of IN hydrochloric acid are added and the whole is diluted with water. The aqueous phase

is washed with ether and then lyophilised to yield the expected product.

-15-
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Elemental microanalysis :

C% H% N% C% 5%
calculated 53.00 381 883 745 6.74
SJound 5294 381 870 730 665

EXAMPLE 2 ; i ridyl)-1-benzofuran-5-

Yljsulphonyl}-3-thiomorpholinecarboxamide

STEP A : _ 4-{[2-(4-Aminophenyl)-1-benzofuran-S-yllsulphonyl}-2,2-dimethyi-3-
thiomorpholinecarboxylic acid tert-butyl(dimethyl)silyl ester

58.7 mmol of 2,2-dimethyl-3-thiomorpholinecarboxylic acid tert-butyl(dimethyl)silyl ester
are dissolved in 500 m] of anhydrous dichloromethane. At -20°C, there are added 16 ml of
N-methylmorpholine, followed by 57.5 mmol of 2-(4-pyridyl)-1-benzofuran-5-sulphonyl
chloride described in Preparation C. The whole is stirred for 48 hours at room temperature
and then poured into 300 ml of water. After decanting, washing with water, drying and

evaporation, the expected product is obtained in the form of an oil.

STEP B : 4-{/2-(4-Aminophenyl)-1-benzofuran-5-yl)-2,2-dimethyl-3-
thiomorpholinecarboxylic acid

33 g of the compound obtained in the preceding Step are dissolved in 400 ml of anhydrous
methanol. The whole is refluxed for 2 hours and then evaporated. The expected product is

obtained by crystallisation of the residue from ether.

STEP C: N-(Allyloxy)-4-{[2-(4-aminophenyl)-1-benzofuran-S-yljsulphonyl}-2,2-
dimethyl-3-thiomorpholinecarboxamide »

The expected product is obtained according to the process described in Step C of

Example 1 starting from the product described in the preceding Step.

-16-
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STEP D : N-Hydroxy-(35)-2,2-dimethyl-4-{[2-(4-pyridyl)-1-benzofuran-5-yl]-
sulphonyl)-3-thiomorpholinecarboxamide

To 10.2 mmol of the compound described in the preceding Step dissolved in 70 ml of
dichloromethane, there are added 360 mg of the Pd catalyst (PPh3),Cl; and 1.75 ml of
acetic acid, followed 5 minutes later by 5.8 ml of tributyltin hydride. After 20 minutes'
stirring, 70 ml of ether are added. The insoluble matter is filtered off and washed with
ether, taken up in a mixture of acetonitrile/water (50/50) and, after lyophilisation, yields

the expected product.

Elemental microanalysis :

C% H% N% S§%
calculated 33.68 4.73 939  14.33
found 5338 481 908 1391

EXAMPLE 3 : N-Hydroxy-4-{{{2-(4-pyridvyl)-1-benzofuran-5-yl|sulphonyl}-
methyl}tetrahydro-2H-pyran-4-carboxamide

STEP A : _ 4-{{[2A4-Pyridyl)-1-benzofuran-5-yljsulphanyllmethyijtetrahydro-2H-
pyran-4-carboxylic acid ethyl ester

23.9 mmol of 5-bromo-2-(4-pyridyl)benzofuran described in Preparation B, 7.32 g of the
compound described in Preparation A, 431 mg of tris-(dibenzylideneacetone)dipalladium
and 1.05 g of 1,1-bis(diphenyl)phosphinoferrocene are placed in 75 ml of N-methyl-
pyrrolidone. The whole is heated at 100°C for 48 hours. Afier evaporation, the residue is
taken up in ethyl acetate and a saturated sodium chloride solution. After filtration,
extraction with ethyl acetate and evaporation, the residue is purified by chromatography
over a silica column using a mixture of dichloromethane/ethyl acetate (9/1) as eluant. The

expected product then crystallises out.

Melting point : 92°C

A17-
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STEPB : _4-{{/2-(4-Pyridyl)-1-benzofuran-5-ylisulphanyl}methylitetrahydro-
2H-pyran-4-carboxylic acid

7.5 g of the ester obtained in the preceding Step are placed in 200 ml of 6N hydrochloric
acid. The whole is refluxed overnight. After cooling, the pH of the solution is adjusted to 7
by the addition of sodium hydroxide. The precipitate that forms is filtered off and washed
with water to yield the expected product.

Melting point : 227°C

STEP C:  4-{{f2-(4-Pyridyl)-1-benzofuran-5-yl[sulphonyllmethyljtetrahydro-
2H-pyran-4-carboxylic acid

18 mmol of the compound obtained in the preceding Step are placed in 116 ml of water
and 140 ml of acetonitrile. The whole is cooled in an ice-bath and 17.65 g of Oxone are
added in portions. The mixture is left at room temperature for 48 hours. After evaporation,

the pH is adjusted to 7 and the expected product precipitates.
Melting point : 217°C

STEPD :  4-{{[2-(4-Pyridyl)-1-benzofuran-5-pllsulphonyl}methyl}-N-(allyloxy)-
tetrahydro-2H-pyran-4-carboxamide

The expected product is obtained in accordance with the process described in Step C of

Example 1 starting from the compound described in the preceding Step.

STEP E : N-Hydroxy-4-{{[2-(4-pyridyl)-1-benzofuran-5-yl|sulphonyl}-

methylltetrahydro-2H-pyran-4-carboxamide

The expected product is obtained in accordance with the process described in Step D of

Example 1 starting from the compound described in the preceding Step.

18-
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Elemental microanalysis :

C% H% N% §%
calculated 57.68 484 673 770
Jound 37.71 490 619 723

N-Hydroxy- 4-pyridyl)-1-benzofuran-5-

Yllsulphonyl}-3-thiomorpholinecarboxamide 1-oxide

EXAMPLE4:

The expected product is obtained in accordance with the process described in Example 2,
in Step A replacing 2,2-dimethyl-3-thiomorpholinecarboxylic acid by 2,2-dimethyl-3-

thiomorpholinecarboxylic acid 1-oxide.

EXAMPLE 5 ; N-Hydroxy-(35)-2,2-dimethyl-4-{[2-(4-pyridyl}-1-benzofuran-5-
Yllsulphonyl}-3-thiomorpholinecarboxamide 1,1-dioxide

The expected product is obtained in accordance with the process described in Example 2,
in Step A replacing 2,2-dimethyl-3-thiomorpholinecarboxylic acid by 2,2-dimethyl-3-

thiomorpholinecarboxylic acid 1,1-dioxide.

EXAMPLE 6 : N-Hydroxy-(38)-2.2-dimethyl-4-{[2-(4-pyridyl oxide)-

1-benzofuran-5-ylsulphonyl}-3-thiomorpholinecarboxamide

The expected product is obtained by oxidation of the compound described in Example 2.

PHARMACOLOGICAL STUDY OF THE COMPOUNDS OF THE INVENTION

EXAMPLE A : Enzymatic inhibition of metalloproteases

Six recombinant human enzymes, MMP-1 (interstitial collagenase), MMP-2 (gelatinase
A), MMP-3 (stromelysin 1), MMP-8 (neutrophil collagenase), MMP-9 (gelatinase B) and
MMP-13 (collagenase 3) are activated with APMA (4-aminophenylmercuric acetate),

The enzymatic tests on MMP-1, -2, -8, -9 and -13 are carried out using the following

-10-
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peptidomimetic substrate:
DnpProGhaGlyCys(Me)HisAlaLys(Nma)NH;,

which is cleaved between the glycine and the cysteine to vield a fluorescent product
described by D.M. BICKETT e al. (Anal. Biochem., 212, 58-64, 1993).
The enzymatic test on MMP-3 is carried out using the following peptidomimetic substrate :

McaArgProLysProTyrAlaNvaTrpMetLys(Dnp)NH-,
which is cleaved between alanine and norvaline to yield a fluorescent product described by
H. NAGASE et al. (J. Biol. Chem., 269, 20952-20957, 1994).
The reactions, carried out in a buffer of 50 mM Tris, 200 mM NaCl, 5 mM CaCl;, 0.1 %
Brij 35 at pH 7.7, are initiated using 20 pM substrate in a total volume of 100 pl at 37°C.
The fluorescence obtained after six hours is read in a 96-well plate in a fluorimeter
equipped with a combination of 360 nm and 460 nm filters for excitation and emission.
The compounds of the invention have ICsy values of from 107'° to 10°M for all of the
MMPs with the exception of MMP-1. The collagenases MMP-13 and MMP-8 exhibit a
specificity of a factor of 1000 compared with collagenase MMP-1.

EXAMPLE B : In vitro degradation of the cartilage matrix

The compounds of the invention were studied in a model of damage to the cartilage matrix

induced by IL-1P. The tests, carried out on rabbit cartilage, relate :

- on the one hand, to the degradation of collagen : colorimetric assay, according to the
technique of Grant (GRANT R.A. Estimation of OH-proline by the autoanalyser, J. Clin.
Path., 17, 685, 1964), of the OH-proline fraction released by the tissue in contact with IL-
18 (10 ng/ml) and plasmin (0.1 U/ml) for 2 days;

- on the other hand, to the degradation of proteoglycans : radio-isotopic measurement of
the fraction of glycosaminoglycans released after 24 hours' stimulation with IL-1pB
(10 ng/ml) by the tissue pre-labelled with **SOy, over the course of 24 hours in contact
with APMA (5x10M).

The compounds of the invention were studied by addition to the culture medium for the

3 days of the test. For concentrations of from 10” to 10°M, they strongly inhibited the

degradation of collagen and of proteoglycans.
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EXAMPLE C : In vitro angiogenesis

Portions of thoracic aorta of male Fischer 344 rats aged from 8 to 12 weeks are immersed
in a type I collagen gel according to the method of Nicosia and Ottinetti (Lab. Invest., 63,
115, 1990). After five days of culture in a medium without serum, the preparations are
examined under a microscope and the formation of pseudo-vessels is quantified in terms of
vascular density after digitisation and image analysis.

At concentrations of from 107 to 10%M, the compounds of the invention selectively block

the formation of pseudo-vessels from endothelial cells, without affecting fibroblastic cells.

EXAMPLE D : Pharmaceutical composition

Formulation for the preparation of 1000 tablets each containing a dose of 100 mg of active
ingredient

Compound of Example 1
Hydroxypropylcellulose.............coovcoirerieercieererrinnanns
Wheat Starch.........ocomriireneee e

LACLOSE ..eveeeeeeericeii et saseee e
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1- Compounds of formula (1) :

R
NN o
7 \—
A - 803
wherein :
5 R, represents a hydrogen atom, a halogen atom, a linear or branched (C;-Cg)alkyl group or

a linear or branched (C,-Cq)alkoxy group,

een soe
.

X represents an oxygen atom, a sulphur atom or an NR group wherein R represents a
hydrogen atom or a linear or branched (C,-Ce)alkyl group,

A represents any one of the following groups :

R, CONHOH -t
'y |
o N\ Teees

wherein R, represents a hydrogen atom, a halogen atom, a linear or branched (C,-Cg)-

alkyl group or a linear or branched (C,-Cg)alkoxy group,

CONHOH
o (O /Y
R,,/EVN\
R o

wherein Ry, and R, which may be identical or different, represent a hydrogen atom or a

15 linear or branched (C,-Cg)alkyl group, andnis 0, [ or 2,

their isomers, N-oxides, and addition salts thereof with a pharmaceutically acceptable acid

20 or base.

0.
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2. Compounds of formula (I) according to claim 1, characterised in that A
represents the group:

CONHOH
R'W
o N

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

3. Compounds of formula {l) according to claim 1, characterised in that A
represents the group:

CONHOH
(0),
Rﬁ
~

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

4 Compounds of formula () according to claim 1, characterised in that A
represents the group:

QCONHOH
CH, -
their isomers, and addition salts thereof with a pharmaceutically acceptable acid or

base.

5. Compounds of formula (I} according to claim 3, characterised in that A

represents the group:

HC  CH,

L)frcom{ou

N

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

6. Compound of formula (I) according to either claim t or claim 2, which is N-
hydroxy-(5R)-6-{[2-{4-pyridyl)-1-benzofuran-5-yl]sulphonyl}-4,5,6,7-
tetrahydrofuro[2,3-c]- pyridine-5-carboxamide, its isomers, and addition salts thereof
with a pharmaceutically acceptable acid or base.
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7- Compound of formula (I) according to any one of claims 1, 3 or 5, which is N-hydroxy-
(35)-2,2-dimethyl-4- {[2-(4-pyridyl)-1-benzofuran-5-yl Jsulphonyl} -3-thiomorpholine-
carboxamide, its isomers, and addition salts thereof with a pharmaceutically acceptable

acid or base.

8- Compound of formula (I) according to either claim 1 or claim 4, which is N-hydroxy-4-
{{[2-(4-pyridyl)-1-benzofuran-5-yl]sulphonyl} methyl} tetrahydro-2H-pyran-4-
carboxamide, its isomers, and addition salts thereof with a pharmaceutically acceptable

acid or base.

9- Process for the preparation of compounds of formula (I) according to claim 1,
characterised in that, when the compounds of formula (I) are those wherein A represents

any one of the groups :

R CONHOH
4 CONHOH

(0), ,
o | N\ and !
R; ~
R

4

there is used as starting material a compound of formula (II) :

1
X
/2
— SO, - Hal

wherein R, and X are as defined for formula (I) and Hal represents a halogen atom, which

is reacted with any one of compounds (Ila) and (IIIb), in racemic form or in the form of a

/ CO,tBu
. (Illa)
g

CO,Si(CH,),1Bu

(S%/ (IIIb)
5 NH
R

[

specific isomer :

wherein Rb, Re and n are as defined for formula (I),

24-



15

-2

to yield the compounds of formulae (IVa) and (IVb), respective]y :

CO,tBu X
(tC( (IVa)

CO Sl(CH3)2tBu

(0) S
p: N (Vb)
R SO

c 2
wherein X, Ry, Rb, Rc and n are as defined for formula (I),

which are deprotected to yield the compounds of formulae (Va) and (Vb), respectively,

CO H
(0) S X

R"/S\/ y / \ N  (Vb)
R/ SO —

p)
wherein X, Ry, Rb, Rc and n are as defined for formula (I),

which are subjected to the action of an O-substituted hydroxylamine, to yield, afier

deprotection of the hydroxamate function, the compounds of formulae (I/a) and (I/b),

respectively

CONHOH R,
X
CONHOH R
(0),$ X :
R; N p 7N (Ub)

wherein X, R|, Rb, Rc and n are as deﬁned for formula (1),

which compounds of formulae (I/a) and (I'b) :

- are optionally converted to the corresponding N-oxides,

D5
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- are purified, if necessary, in accordance with a conventional purification technique,

- are separated, where appropriate, into their isomers in accordance with a conventional
separation technique, and

- converted, if desired, into addition salts thereof with a pharmaceutically acceptable acid

or base.

10-Process for the preparation of compounds of formula (I) according to claim 1,
characterised in that, when the compounds of formula (I) are those wherein A represents

the group :
CONHOH '

the process is characterised in that there is used as starting material a compound of

formula (VI) :

\Y (V1)
Hal
wherein R and X are as defined for formula (I), and Hal represents a halogen atom,

which is reacted with a compound of formula (VII)

COAlk  (VID
SH
wherein Alk represents a linear or branched (C;-Cg)alkyl group, to yield, after reaction in

an acid medium, the compound of formula (VIII) :

R,
COH X/
Y/ N (VIII)
s —
wherein R, and X are as defined for formula (I),

which is reacted with an oxidation reagent,

to yield the compound of formula (IX) :
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RI
X
; N
S0,
wherein X and R; are as defined for formula (1),

which is subjected to the action of an O-substituted hydroxylamine, to yield, after
deprotection of the hydroxamate function, the compound of formula (l/c), a particular

case of the compounds of formula (1):

CONHOH |
X
N
Y/ / N {@re)
50, =

wherein X and R; are as defined for formula (1),

which is optionally converted to the carresponding N-oxide,

which is purified, if necessary, in accordance with a conventional purification
technique, separated, where appropriate, into its isomers in accordance with a
conventional separation technique, and converted, if desired, into addition salts

thereof with a pharmaceutically acceptable acid or base.

11, Compound of formula (l) according to claim 1 and substantially as
hereinbefore described with reference to any one of Examples 1 to 6.

12.  Pharmaceutical compositions comprising as active ingredient at least one
compound according to any one of claims 1 to 8 or 11, alone or in combination with

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

13.  Use of a compound according to any one of claims 1 to 8 or 11 in the

manufacture of a medicament which is a metalloprotease inhibitor.

14.  Method of treating or preventing a condition caused by metalloproteases,
which method includes administering to a patient a therapeutically effective amount
of a compound according to any one of claims 1 to 8 or 11 or of a pharmaceutical

composition according to claim 12.
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15, Method according to claim 14 wherein the condition is selected from cancer
and rheumatic diseases.

16. Method according to claim 15 wherein the rheumatic diseases are selected
from athrosis and rheumatoid arthritis and atherosclerosis.

DATED this 27th day of October 2005
LES LABORATOIRES SERVIER

WATERMARK PATENT & TRADE MARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

P20641AU00

8-



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

