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R3 represents a fluorine, chlorine, bromine or iodine
atom, or a radical of formula OC(O)RG, OSOZRG, OP(0O)R
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alkyl or aryl radical and
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from ameng the alkyl radicals and the radicals of
fornula CO0R”, CONHR', NO,, CF,, CN, SO,%’, (CH,) OR'
and OR7 with R7 representing a hydrogen atom or an
alkyl or aryl radical and n being an integer between

1 and 18.

6
2

19. Pharmaceutical composition according to either of the claims

16 and 17, characterized in that Rl,‘Rz and R‘3 represent
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The present invention relates to novel-aryl-azetidinones, their
preparation process and their use as active serine elastase

inhibitors.

It more specifically relates to N-aryl-azetidinones function-
alized by appropriate substituents giving them selectivity prop-
erties with respect to elastases, particularly leucocytic elast-
ase and pancreatic elastase and giving them the capacity to

inhibit these elastases in an irreversible manner,

The non-equilibrium between the concentrations of the elastases
and their natural macromelecular inhibitors leads to numerous

pathological processes.

Thus, the increased deterioration of the elastin of the conj-
unctive tissue and cartilages by leucocytic elastase is involved
in pulmonary emphysema, rheumatoid arthritis, various other

inflammatory processes and in cutaneous ageing.

In addition, research has been carried out to find irreversible
synthetic inhibitors for leucocytic elastase able to remedy

the deficiency or ineffectiveness of natural inhibiters and
which would therefore have great interest in therapy. Synthetic
inhibitors of this type are described by W.C. Groutas in Med.
Res. Review, 1987, 7, No. 2, pp. 227-241 and by Trainor in Trends
in Pharmacological Sciences, August 1987, Vol. 8, No. 8, pp.
303-307.

These inhibitors include modified cephalosporins, which are
able to inhibit human leucocytic elastase, as is described' by
Doherty et al in Nature, Vol. 322, 1986, pp. 192-194 and by
Navia et al in Nature, Vol. 327, 1987, pp. 79-82,
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These cephalosporins are in accordance with the following formula:

in which X can be an atom of hydrogen, fluorine or chlorine
10 or other radicals, such as alkoxy, aryl, CH3C0NH, CF3CONH‘or
HCONH radicals, Y can be an atom of hydrogen or other organic

radicals and Z is a carboxyl, ester or amide radical or a hydr-

ogen atom.
sannne Zrihen et al in Eur. J. Med. Chem. - Chim. Ther., 1983, 18,
ﬁ:.:n: 15 No. &, pp. 307-314 describe a possible mechanism for the irrev-
PR ersible deactivation of g-lactamases by functionalized N-aryl-
TS azetidinones. However, the results of Table 1 show that the
vl halomethylated derivatives of N-aryl-azetidinones having a latent

electrophilic function are not irreversible inhibitors, but

20 competitive inhibitors of said enzymes.
°:::.: Subsequent résearch carried out on certain activated N-aryl-
‘:'::' azetidinones demonstrated that these compounds could also be
.. competitive inhibitors of P-lactamases, as is described by Joyeau

IR et al in Journal of Medicinal Chemistry, 1988, Vol. 31, No.

PR 25 2, pp. 370-374.

T The latter N-aryl-azetidinones are in accordance with the formula:

B 9942 MDT




&

£k

15

e M e A o s At o AEBAD  § o fa e i e i 1

In which Xl and X2 can represent Br and H, Br and F, F and H
or F and F.

These compounds have an affinity for beta-lactamase, but they

are not substrates of this enzyme.

The present invention relates to novel substituted N-aryl-aze-
tidinones, which have the property of being irreversible inhib-
itors of active serine elastases, such as leucocytic elastase

and pancreatic elastase.

According to the invention the N-aryl-azetidinones according

to the formula:

e —

R —1— CHoR3
i 2
(1)

o—N

,R‘
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Enzyme E R* 477'5

in which
R1 and Rz, which can be the same or different, represent
an :atom of F, Br, Cl or I or a radical of formula CF3,
COORS CN, CONHR5 or COR with R5 representing an alkyl

or aryl radical,

R3 represents a fluorine, chlorine, bromine or iodine atom,
or a radical of formula OC(O)R®, 050,8°, OP(0)R®, or S'R®,
with R6 representing an alkyl, perfluoroalkyl or aryl radi-

cal and

R4 represents a hydrogen atom or a radical chosen from
among the alkyl radicals and the radicals of formula COOR7,
CONER’, NO,, CF,, CN, SO,R’, (CH,) OR” and OR’ with R
representing a hydrogen atom or am alkyl or aryl radical

and n being an integer between 1 and 18,

In the formula of the N-aryl-azetidinones according to the inven-
tion, the choice of the substituents Rl, R2 and R3 makes it
possible on the one hand to give the molecule a selectivity
relative to elastases compared with other proteases and on the
other hand make it serve the function of the suicide inhibiteor.
The action mechanism as tne inhibitor probably corresponds to

the unmasking of the latent electrophilic function and the sub-
stitution by a nucleophilic residue present in the active centre,

in accordance with the following diagram:

Rl

Ach'eMYme ACyl enzyme Deactivated enzyme

B 9942 MDT
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Thus, in the acyl-enzyme, the aminobenzyl halide has a good
starting group, so that R3 is very reactive. The substitution
by a nucleophilic residue Nu of the active centre of the enzyme
takes place rapidly by a dissociative mechanism (elimination

~ addition) with as the intermediary a methylene quinonimine.
The inhibitor is retained in the active centre, as a result

of the covalent connection, throughout the life of the acyl-
enzyme. The alkylation of the residue Nu consequently leads

to an irreversible inhibition of the elastase.

In this mechanism of the "suicide" type, the reactive function

is latent and is only released during the catalytic process

of the target enzyme within the active centre, which considerably
limits the possibility of reactions between the inhibitor and

other compounds present on its path in vivo.

In order that the N-aryl-azetidinones in question can serve

as a suicide inhibitor, it is necessary for the -CH2R3 substit-
uent to be in the ortho or para position relative to N. Prefer-
ably the —CH2R3

to N.

substituent is in the ortho position relative

Although R4 can represent several substituents, good results

can be obtained when using a hydrogen atom for RA.

The substituents R3 used in the invention are chosen so as to
constitute good starting groups favouring the substitution mech-
anism by a nucleophilic residue. Good results are obtained

when R3 represents Cl or OSO2 3¢

When the N-aryl-azetidinones according to the invention are
not used as elastase inhibitors, R3 can represent a fluorine
atom. Such N-aryl-azetidinones can in particular be used as

elastase substrates.

B 9942 MDT
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In the invention, R1 and Rz‘are chosen so as to give the N-aryl-
azetidinone a selectivity with respect to the elastases to be
inhibited. For example, when the elastase is leucocytic or
pancreatic elastase, R1 and,R2 can both represent a fluorine

5 atom or R1 can represent a fluorine atom and R2 a bromine atom,

In the invention, the alkyl or perfluoroalkyl radicals used
for R5 and R6 can be straight or branched radicals and generally

have 1 to 18 carbon atoms.

When Rs or R6 represents an aryl radical, the latter can have
+ 10 6 to 14 carbon atoms. As an example of such radicals, reference

can be made to phenyl and naphthyl radicals.

When in the invention R4 or R7 represents an alkyl radical,
the latter can be straight or branched. In general, use is
made of an alkyl radical with 1 to 18 carbon atoms. When R7
. 15 represents an aryl radical, it is possible to use the aryl radi-

cals described hereinbefore.

et 2 The N-aryl-azetidinones of the invention complying with formula
:.::t~ (I) can be prepared by conventional processes. For example,
s it is firstly possible to prepare a N-aryl-azetidinone of formula:
20 R T )
o R2__]

‘ in which RIr R2 and R4 have the meanings given hereinbefore,

in order to transform said N-aryl-azetidinone of formula (II)
into N-aryl-azetidinone of formula (I) by reaction with an
B 9942 MDT
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appropriate reagent chosen as a function of the R3 group to

be introduced.

The N-aryl-azetidinone of formula (II) can be prepared:
a) by reacting a p—halogenoprOpanoyI halide of formula:

2 (III)

5 x}oc-C(R'R?)~CH, X
in which X1 represents F, Cl, Br or I, X2 represents Cl; Br
or I and R1 and Rz have the meanings given hereinbefore, with

a silyloxymethylaniline of formula:

CH20S1(CH3 )
10 2031(CH3),

(1v)
C(CH) 4

pé

l‘: to obtain & halopropionanilide of formula:

Rl R

i | e — —
RZ-C-CHpX 2 : .
*’l~\ 4,051 (CH3) ()
=z //cz (CH3)2

o M I
\@ C(CH3)3
] -

and then
. 20 b) by forming a N-aryl-azetidinone of formula:

B 9942 MDT
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Rl
RZ — C— CHp
l CH20Si (CH3) »
L__N ! o
‘ 5 0o | C(CH3)3 (V1)
R4 4

by the cycl’zation of said halopropionanilide of formula (V)
and
¢) transforming said N-aryl-azetidinone of formula (VI)
10  inte N-aryl-azetidinome of formula (II) by reacting with a mix-

ture of hydrofluoric acid and water.

NP As has been shown hereinbefore, the reagent for transforming
RARTH the N-aryl-azetidinone of formula (II) into N;aryl—azetidinone
of formula (I) is dependent on the substituent R3 to be introd-
* ‘ 15 uced. When R3 represents Cl, the reagent used can be SOClz.

' When R3 represents F, the reagent used can be diethylamino

sulphur trifluoride. When R3 represents Br or I, the reagent
used can be PBr3, SOBrz, R3SiX(X=Br or I and R=alkyl), ¢3P+Iz+

imidazole.

'::' 20 VWhen R3 represents OC(O)R6, ’OSOZR6 or 0P0R62, it is possible

to use as the reagents the chlorides or anhydrides of the corr-

esponding acids. For example, for introducing a substituent
veeedd R3 of formula 0802R6, it is possible to use as tlie reagent ClSOzR .

When R3 represents S+R62 the reagent used can be that of the
¢ 25 corresponding halogenated derivative with a dialkyl sulphide.

8 9942 MDT
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The starting reageéents used for the preparation of N-aryl-aze-
tidinones are commercially available products, or can be prep-

ared by standard processes.

For example, the beta-bromopropanoyl halides of formula (III)
5 can be prepared from esters of formula BrCH2C0002C2H5 by fluor-
ination and/or chlorination reactions. They are described in
J. Med. Chem. 1988, 31, p.370 in the case where X is Cl and
R1 and R2 are F. In the case where X is Br and R1 and R2 are
respectively Br and F, it is possible to use the process desc-
10 ribed by Molines et al in Syathesis, 1985, p.755.

The silyloxymethylanilines of formula (IV) can be prepared from
the corresponding aminobenzyl alcohols by reacting with a silyl

halide in the presence of imidazole.

The N-aryl-azetidinones of formula (I) in which R3 is a bromine
. 15 atom and R4 represents a hydrogen atom or a radical chosen from
among the radicals of formula COOR7, CONHR7, N02, CF3, CN and
SOZR7 with R7 representing a hydrogen atom or an alkyl or aryl
radical and n being an integer between 1 and 18 can also be
prepared by a process consisting of reacting a N-aryl-azetidinone
20 of formula:

25 (vin

. 1 ) 4"
in which R', R? gnd R% have the meanings given hereinbefore
with N~bromosuccinimide.

B 9942 MDT
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The N-aryl-azetidinone of formula (VII) used in the process

can be prepared by a process identical to that used for N-aryl-
azetidinone of formula (VI) by reacting a g -halogenopropanoyl
halide according to formula (III) with a toluidine of formula:

_ CH3
HZN\. . R4

N

in which R4 has the meaning given hereinbefore.

As has been shown hereinbefore, the N-aryl-azetidinones according
to the invention can be used in pharmaceutical compositions

as elastase inhibitors.

The present invention also relates to a pharmaceutical comp-
osition incorporating an elastase inhibitor, characterized in
that said elastase inhibitor is a N-aryl-azetidinones according

to the formula:

rR2

{1)

in which

2

Rl and R, which can be the same or different, represent

an atom of F, Br, Cl or I, or a radical of formula CFS,

B 9942 MDT
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5 5

COORS, CN, CONHR™ or COR™ with RS representing an alkyl

or aryl radical,

R3 represents a fluorine, chlorine, bromine or iodine atom,
or a radical of formula OC(O)RG, OSOZRé, 0P(O)R62 or S+R62
with R6 representing an alkyl, perfluoroalkyl or aryl radi-

cal and

R4 represents a hydrogen atom or a radical chosen from
among the alkyl radicals and the radicals of formula C00R7,
CONHR', NO,, CFy, CN, SO,R’, (CH,) OR’ and OR' with R’
representing a hydrogen atom or an alkyl or aryl radical

and n being an integer between 1 and 18,

These pharmaceutical compositions can be in the form of solu-
tions, suspensions, powders or solubilizable granules, syrups

or elixirs, auricular, nasal or ophthalmic drops, tablets, gel-
atin-coated pills, aerosols, ointments, transdermal applications
or suppositories, in dosed presentations containing non-toxic
supports, adjuvants and excipients. The injections can e.g. be
intravenous, intramuscular, subcutaneous; intradermal, intra-
sternal or intra-articular., It is also possible to use infusion

or instillation methods (e.g. intratracheal).

In order to more particularly target the pulmonary tissue, solu-
tions containing albumin microspheres to which N-aryl-azetidinones

are covalently connected can be produced.

The preparations for oral use can contain one or more sugaring,
aromatizing and preserving agents. Tablets contain the active
molecule of N-aryl-azetidincne mixed with non-toxic excipients,
which are acceptable from the pharmaceutical standpoint. Examples
of excipients are inert diluents, such as calcium or sodium car-

bonate, calcium or sodium phosphate and lactose; agents permitting

B 9942 MDT
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the granulation and disintegration, e.g. corn starch; fixing

agents, e.g. gelatin and starch; and lubricating agents, e.g.

talc or magnesium stearate. The tablets may be coated or not

(e.g. with the aid of glycerol monostearate or distearate) in
5 order to delay their disintegration and absorption.

The gelatin-coated pills can have a hard gelatin capsule cont-
aining the active molecule mixed with an inert solid (e.g. cal-
cium carbonate or kaolin), or a soft gelatin capsule in which
the N-aryl-azetidinone is mixed with water or fatty substances

10 (e.g. liquid paraffin).

Aerosols of three types can in particular be envisaged: (a)

aqueous aerosols (administered with the aid of atomizers) for
which a better solubilization of the N-aryl-azetidinones can
be obtained by adding a cosolvent or by forming micelles; (b)

pressurized aerosols having e.g. as vector gases chlorinated

=
W

o, and fluorinated hydrocarbons of different formulas (or their
T substitutes) in which the N-aryl-azetidinones can be dissolved
el or suspended; and (c) powder aerosols with N-aryl-azetidinones
T in fine particles in e.g. a gelatin capsule.

fant 20 Aqueous suspensions containing N-aryl-azetidinones and approp-

asae

riate excipients, with optionally one or more preservatives
(e.g. ethyl p-hydroxybenzoate), colouring agents,; sugared agents

and aromatizing agents can be produced. Among the excipients

.:::': reference can be made to suspending agents (e.g. methyl cellu-
LN 25 lose, acacia gum), dispersing and wetting agents, e.g. natural

phosphatides (e.g. lecithin) or products for condensing ethylene
5 oxide with various partial esters of fatty acids or aliphatic
: alcohols. Oily suspensions of the active molécule can be prep-
’ ared by using a vegetable oil (e.g. olive o0il) or a mineral

ol 30 oil (e.g. liquid paraffin), optionally in the presence of sugaring
cenest and aromatizing agents, like those given in exemplified manner

hereinbefore, together with preservatives (in particular an

B 9942 MDT
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antioxidant).

Syrups and elixirs could contain sugaring agents (e.g. sucrose
or sorbitol), one or more preservatives and also aromatizing
agents. Granules or powders which can be suspended in water

can be obtained by mixing N-aryl-azetidinones with a wetting

or dispersing agent, one or more preservatives and various exci-
pients. Emulsions of N-aryl-azetidinones in water can be prod-
uced by using a mineral or vegetable oil and various emulsifying
agents, such as e.g. natural gums, natural phosphatides and

various esterified fatty acids.

The N-aryl-azetidinones can also be in the form of sterile inje-
ctable, aqueous or oily suspensions using suspending or wetting
agents of the types described hereinbefore. The solvents, dilu-
ents or excipients can e:g. be 1,3-butane diol, an isotonic
solution of sodium chloride, water, etc. Suppositories cont-
aining the active principle can be priepared with conventional
excipients such as polyethylene glycol or e.g. cacao butter.

For local uses, it is possible to prepare ointments, treams,
jellies, suspensions, solutions, etc. containing the active

principle.

Doses of 0.1 to 40 mg/kg of body weight/day can be appropriate.
However, the dose for a given patient can depend on a certain
number of factors, such as e.g. the effectiveness of the N-aryl-
azetidinone in question, the age, weight, administration method,
diet, medicamentus interactions and the seriousness of the ill-

ness.

These compositions can be used in particular for the treatment
of gcute or chronic inflammatory processes and degenerative
processes, no matter which organ is involved, such as pulmonary
emphysema, bronchial inflammation, rheumatoid arthritis, infect-
ious arthritis, rheumatic fever, cutaneous ageing, periodontitis,

B 9942 MDT
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gingivitis, arterial sclerosis, glomerulonephritis, respiratory distress
syndrome, septic shock, Crohn's disease, gout, pancreatis and similar

illnesses.
Other characteristics and advantages of the invention can be better
gathered from the following examples.

Examples 1 to 7.
These examples disclose the preparation of 3 N-aryl azetidinones of the

invention according to the following reaction diagrams :

10 CHy
C(CH3)Z F BF 8r

F )
\ CH3 * F — F '!"—/
H2N O i CH3
z o)“‘ uu\ V__oﬁi C(CHD3

\, \ t“}
CH3
08 cen )3
. 3 ( compound 23)
CHy —> o

20 (compound 33)°

£ |
F i
T, ~050,CH3
7

25. - :j/:h\éj—CL

(compound 5a)

(compound S¢)

( compound 9b?

30 F

" ( compound 5d)
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Example 1: Preparation of N-(tert-2,butyldimethylsilyloxymethyl-

phenyl) 2,2-difluoro-3-bromopropionamide (compound 2a).

For this synthesis use is made of tert butyl 2-dimethylsilyl-
oxymethyl-aniline prepared according to the method described

by G. Just and R. Zamboni in Canad. J. Chem., 1978, 5b, p.2720
and 3-bromo-2,2-difluoropropanoyl chloride prepared by the proc-
ess described by Joyeau et al in Journal of Medicinal Chemistry,
1988, Vol. 31, No. 2, pp. 372-373.

beb%ise addition takes place at 4°C to a solution of 3-bromo-
2,2~difluoropropanoyl chloride (1.1 eq) im dry toluene (2 ml/
mmole) of an equimolar mixture of triethylamine and tert butyl-
2-dimethylsilyloxymethyl aniline dissolved in toluene (1 ml/
mmole). The temperature is maintained at 15 to 20°C for 35
minutes. The reaction mixture is taken up with ether, washed
with a saturated aqueous NaHC03 solution and then by a saturated
aqueous NaCl solution to neutrality. The organic phase is dried

on MgSO4 and is evaporated.

The residue obtained is purified by flash chromatography using
an ether/pentane mixture with a volume ratio of 1:6. This gives
560 mg of N-(teft-2,butyldimethylsilyloxymethyl-phenyl) 2,2~
difluoro~-3-bromopropionamide, which corresponds to a 68% yield.

The product obtained has the following characteristics:
Melting point : 36.8°C

Infrared analysis : IR(CH,CLy) : 3400 ; 1700 cm™"

"B 9942 MPT
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Analysis by nuclear magnetic resonance : 1HNMR (CD3)ZCO) H
0.17 ppm (6H, s) ; 0.96 (9H, 8) ; 4.16 (2H, t, J=14.07Hz) ;

4,94 (2H, s8) ; 7.4 (3Harm’ m) ; 8.07 (1H, NH).

19mR §(CECL,) : - 105.6 ppm (2F, t, J=14.1Hz).

Elementary analysis :

found calculated
C 47.28 47.06
H 5.94 5.92
N 3.37 3.43

m/z : 393-395 (M-14) ; (350-352) ; (230-228) ; 130 ; 91 ; 77.

Example 2 : Preparation of N-(tert butyl-2-dimethylsilyloxymethyl
phenyl)—3,3—difluoro—Z—azetidinone'icompound 3a).

1.5 mmole of compéund 2a obtained in example 1 are dissolved
in 9 m1 of a mixture of dimethyl formamide (DMF) and CH,C1,
with a volume ratio 6f 1:6. The solution is then added over
a period of 40 minutes and at -10°C to a suspension of NaH
(60% dispersed im oil; 3.5 eq) in the same solvent mixture of

DMF and CH2012 (9 m1).

After stirring the reaction mixture for 35 to 45 min., it is
rapidly washed with an aqueous saturated ammonium chloride solu-
tion to neutrality. Drying takes place on MgSOL‘and evaporation
takes place on the vane pump:. The residue is then purified
on a Florisil column using an ethane:pentane mixture (1:12).
This gives 303 mg of compound 3a in the form of a white solid

corresponding to a 53% yield.

The product obtained has the following characteristics:

B 9942 MDT
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melting point : 30.2°C

Infrared analysis : IR(CH2012) : 1775 cm-i
Analysis by nuclear magnetic resonance : ~"HNMR (CD3)2CO) :
0.13 ppm (6H, s8) 0.95 (9H, s) ; 4.56 (2H, t, J=6.78Hz) ; 4.91
(2H, s) ; 7.46 (4H, arom, m).

19mR - $(CECLy) : = 117 ppm (2F, t, J=6.50Hz).
m/z : 312 (M=15) ; 270 ; 162 ; 148 ; 117 ; 91 ; 77.

Example 3 : Preparation of N-(2-hydroxymethyl phenyl) 3,3-diflu-

oro-2-azetidinone (compound 4a).

0.19 mmole of compound 3a is dissolved in 1 ml of acetonitrile
and this solution is added dropwise to a AOZ'HZO/HF mixture
corresponding to 3 eq. Stirring is maintained for 5 min. at
ambient temperature, followed by the neutralization of the excess
HF by a 5% aqueous NaHCO3 solution,

The mixture is then taken up in ether, the organic phase is
rapidly washed with a saturated aqueous NaCl solution, followed
by drying on MgSOA and evaporation. This gives compound 4a
in the form of a colourless oil and having the following chara-

cteristics:

Infrared analysis : IR(CH2C12) : 3590-3490 (y OH) ; 1768
(v¢0) en?, '
Analysis by nuclear magnetic¢ resonance :‘IHNMR (CD3)ZCO) :
4.58 ppm (2H, t, J=6.84Hz) ; 4.76 (2H, m) ; 7.4 (2Harm, m) ;
7.62 (2Harm, m)

19mr B(CFCLy) @ - 112,66 (2F, t, J=6.7Hz).

Example & : Preparation of N-(2-chloromethyl phenyl)-3,3-diflu-
oro-2-azetidinone (compound Sa),

B 9942 MDT
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The reagent used in this case is the Vilsmaier reagent and it
is prepared by adding 200 pl of thionyl chloride (SOClz) to

1 ml of dry dimethyl formamide (DMF) at a temperature of O to
4°C and whilst stirring for 5 min. This gives a SOClz/DMF
reagent. 53 pul of this reagent are then added dropwise to 0.11
mmole of compound 4a dissolved in the minimum of dry DMF. The
mixture is then stirred for 20 min. at ambient temperature and
vacuum evaporation then takes place of the thionyl chloride.
This is followed by the elimination of the DMF with the vane
pump. The residue obtained is purified on a silica gel prep-
arative layer using an ether:pentane mixture with a volume ratio
of 1:1.5. This gives 13 mg of compound 5a in the form of an

0il corresponding to a 51Z yield.

The characteristics of this compound are as follows:
IR(CH,CL,) : 1780 ent (v gy
THNMR (CD,),C0) : 4.6 ppm (2H, t, J=6.88Hz) ; 4.97 (2H, s) 7.63
(AHarm’ m).
mMr - g(CFC1,) : - 112.8 (2F, t, J=6.7Hz).
Molecular weight for C,HgCLF,NO
found : 231.0263

calculated ; 231.02625.
m/z : 231-233 (M+‘ isotopes Cl) ; 165-167 ; 132, 118, 92, 77.

Example 5 : Preparation of N-(2-fluoromethyl phenyl)-3,3—-diflu-
oro~2-azetidinone (compound 5b).

An equimolar quantity of diethylamino sulphur trifluoride (DAST)
is added to a solution of compound 4a in dry methylene chloride,
at -78°C and under a dry atmosphere. The reaction mixture is
kept at —-40°C for 40 to 50 min. The end of the reaction is
monitored on a silica film. After evaporating the solvent,

the residue obtained is purified on a preparative layer using

B 9942 MDT
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an ether:pentane mixture in a ratio of 1:1.5. This gives llmg
of compound 5b in the form of a colourless oil corresponding
to a 41% yield.

The characteristics of this compound are as follows:

IR (CH,CL,) : (1780m~  (Vgg)-

"R (CD;),C0) : 4.59 (2H, t, J=7.05Hz) ; 5.64 (2H, d, Jyp=47.51
Hz) ; 7.59 (4H, m).

YR - sccrCL
£, J=47.5Hz)

4) = - 112.6 ppm (2F, t, J=6.8 Hz) ; -205(1F,

Molecular weight :
found : 215.0562
calculated : 215.05580
m/z : 215 (M*) ; 151 ; 109.

Example 6 : Preparation of N~(2-methane sulphonyloxymethyl
phenyl)-3,3~difluoro~-2-azetidinone (compound 5c).

0.17 mmole of compound 4a is dissolved in 0.8 ml of 2,6-lutidine
at 0°C, followed by the addition of 0.18 mmole of sulphonyl
methane chloride to said solution. After stirring the reaction
mixture for 90 min. at a temperature of 4 to 10°C, the solution
is taken up in 1 ml of ether and then washeéd twice with 0.5

ml of saturated aquéeous NaCl solution.

The organic phase is dried on MgSO4 and then evaporated. The
oil obtained is purified on a silica preparative layer using
an ether:pentane mixture in a ratio of 1:1. This gives 19 mg
of compound 5¢ corresponding to a 392 yield.

The compound has the following characteristics:

=1 i

IR (CH2612) : 1780cm (9CO) ; 1350 cm~
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MR ((CD,),C0) : 3.95 (3H, 8) ; 4.6 (2H, t, J=6.31Hz) 4.95
(2H, 8) ; 7.6 (4H, m). '

9 MR (CFC1,) : - 118 ppm (2F, t, J=6.4Hz).

Example 7 : Preparation of N-(2-bromomethyl phenyl)-3,3-difluoro-

2-azetidinone (compound 5d).

60mg (0.28 mmole) of compound 4a are treated with 4 equivalents
(0.15 ml) of trimethylsilylbromide at ambient temperature for

35 min. The compound obtained is purified by silica gel plate
chromatography using an ether:pentane mixture (1:6). This gives

16mg of compound 5d corresponding to a 25% yield.

This compound has the following characteristics:

IR : (CH)CLy) : 1775 em™!

TH NMR (CD,),C0 : 7.37 ppm (4H, m) ; 4.72 (2H, s) ; 4.47 (2,
t, J=6.7Hz).
19FNMR (/CFCl3) : ~115.6 ppm (t, J=6.6 Hz).

Precise weight: (observed/calculated : 274.9760/274.97579).
m/z : 275-277 (M' isotopes Br) ; 196(M-Br) ; 132 ; 91 ; 77.

Examples 8 to 12.

These examples correspond to the following reaction diagrams:

B 9942 MDT
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Example 8 : Preparation of N-(tert butyl 2-dimethylsilyloxy-

methyl phenyl)-2,3-dibromo—-2-fluoro propanamide (compound 2b).

The same operating procedure as in example 1 is adopted for
preparing compound 2b, except that 1.1 eq of 2,3-dibromo-2-fluoro
propanoyl bromide is used in place of 1.1 eq of 3-bromo-2,2-
difluoropropanoyl chloride. This gives 882mg of compound 2b
corresponding to a yield of 63Z.

The product has the following characteristics:
Melting point : 58.2°C

IR(CH2C12) :
1HNMR‘ (CDB)ZCO) : 0.08 (6H, s) ; 0.87 (9H, s) ; 4.40 (1H, dd,
J=11.49 ; 9.01Hz); 4.63 (1H, dd, J=11.52 ; 31.06 Hz) ; 7.3 (4H,
m) ; 9.2 (1H, NH).

PR §(CFC1,) : -118.6 ppm (ddd ; 30 ; 8Hz)

3290 ; 1695 cm L.

Analysis = .
Observed Calculated

C 41.20 40.95

H 5.08 5.16

N 2.98 2.98

n/z : 410-412-414 (M-57) ; 252 (M=2Br) 130, 91, 77.

Example 9 : Preparation of N-(tert butyl-2-dimethylsilyloxy-
methyl phenyl)-3-bromo-3~fluoro-2-azetidinone (compound 3b).

The operating procedure of example 2 is adopted for preparing
compound 3b using 1.5 mmole of compound 2b in place of 1.5 mmole
of compound 2a. Following purification on the silica gel prep-
arative layer using a mixture of ethylene acetate:pentane in

a ratio of 1:10, 93 mg of compound 3b are obtained in the form

B 9942 MDT
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of an 0il corresponding to a 417 yield.

The product obtained has the following characteristics:

-1
IR(CH2C12) : 1770 cm ©

MR (CD,),C0) : 0.14 ppm (6H, s) ; 0.95 (9H, s) ; 4.6 (IH,
dd ; J=7.21 (x2)Hz) ; 4.8 (1H, dd, J=7.36 ; 9.29Hz) ; 4.9 (2H;
sys (AB) ; J=13.93Hz) ; 7.35 (ZHam ;m) ; 7.6 (2Ham ; m).
SR 5(CFCLy) : - 120 ppm (dd 5 J=7.52 (x2) Hz)

Molecular weight for C16H23BrFNOZSi

found : 387.0640
calculated : 387.0666

m/z : 388 (MT« low) ; (373-375) (332-335) ; 132 ; 91.

Example 10 : Preparation of N-(2-hydroxymethyl phenyl)-3-bromo-

3-fluoro-2-azetidinone (compound 4b).

The'operating procedure of example 3 is adopted for preparing
compound 4b using 0.19 mmole of cempound 3b in place of 0,19
mmole of compound 3a. This gives 32mg of compound 4b in the

form of a colourless o0il and with a yield of 80Z.

The pfqduct obtained has the following characteristics:

IR(CH)C1,) : 3570 ~ 3460 (0OH) : 1765 (c0)™1

lnom (CD4),C0) = 4.32 ppm (2H, t, J=5.26Hz) 4.47 (1H, dd, J=7.29
7.24Hz) ; 4.64 (1H, dd, J=7.27 ; 9.34Hz)

19 MR- §(CFCl5) : - 122.33 (dd, J=7.7 ; 9.4 Hz)

m/z : 273-275 (M'* (isotopes Br) : 216-194, 176, 149, 105, 118,
93, 77, 65.

B 9942 MDT
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Fxample 11 : Preparation of N-(2-chloromethyl phenyl)-3-fluoro-

3-bromo~2-azetidinone (compound 5'a).

The operating procedure of example 4 is adopted for preparing
compound 5'a using 0.11 mmole of compound 4b in place of 0.11

mmole of compound 4a. This gives 32mg of compound 5'a in the

form of a colourless oil corresponding to a 75% yield.

The characteristics of the product obtained are as follows:

IR (GH,CLy) & 1770 en ! )

Lowr (CD4),C0) : 4.47 ppm (1H, dd, J=7.32 ; 6.93Hz) 4.73 (1A,
dd, J=7.23 ; 9.37Hz) ; 4.85 (2H, dd, sys (AB) ; J=12Hz) ; 7.4
(48,00 @)

9mMR - §(CFC1,) - 118.7 ppm / dd, J=7 : 9.2Hz)

Molecular weight for C10H8FC1BrNO

290.9411
calculated : 290.94624

m/z : 290 - 293 - 295 (M™* isotope Cl, Br) ; 216.167 ; 132.148.

found

Example 12 : Preparation of N-(2-fluoromethyl phenyl)-3-bromo-

3-fluoro-2-azetidinone (compound 5'b).

The operating procedure of example 5 is used for preparing comp-
ound 5'b using compound 4b in place of compound 4a. This gives
12mg of compound 5'b in the form of a colourless oil and with

a 64% yield.

The product obtaineéd has the following characteristics:

IR (CHCLy) : 1770 ca™’ (0 o)

THNMR (€D,),C0) : 4.55 ppm (1H, dd; Jpp=7.3 5 7.17Hz) 4.76 (1H,
dd, JAB = 7.3 ; 9.06Hz} ; 5.5 (2H, d, J=47.55Hz).

9mMR §(CFCL,) @ - 204.4 (IF, t, J=47.5Hz) ; - 118.4 (IF, t,
J=7.1 ; 9.23Hz).

B 9942 MDT
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Molecular weight:

found ; 274.9763
calculated : 274.97579

m/z : (275-277) (Mte) 5 151 ; 123 ; 109 ; 96.

5 Examples 13 to 18.

These examples relate to the preparation of N-aryl-azetidinones

according to the invention using the following reaction diagram:

B 9942 MDT
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Example 13 : Preparation of tert butyl 4-dimethylsilyloxymethyl

aniline (compound 6).

123mg (1 mmole) of 4-aminobenzyl alcohol are dissolved in 2ml
of dry DMF and to the solution are added 180 mg (1.2 mmole)
of tert butyl dimethylsilyl chloride, followed by 170 mg (2.5

mmole) of imidazole.

Stirring takes place for 40 min. at ambient temperature and
then the DMF is evaporated with the vane pump. The residue
is taken up in 10 ml of ether and the ethereal phase washed
with 4x4 ml of water, followed by drying on MgSO4 and evapora-
tion. The o0il obtained is purified by flash chromatography
uging an ether:pentane mixture in a volume ratio of 3:2.- This

gives 173 mg of compound 6 corresponding to a 73% yield.

The product obtained has the following characteristics:

IR (CHéClz) : 3430-3380 ; 2800 ; 1610 ; 1510 ; 1100 cm-'1

1w (CD4),C0) : 0.05 ppm (6H, s) ; 0.85 (9H, s) ; 4.4 (2H,
NH, s wide) ; 4.55 (2H, ) ; 6.35 (2H, d, J=8.8Hz) ; 6.95 (2H,
d, J=8.7Hz).

Example 14 : Preparation of N-(tert butyl-4-dimethylsilyloxy~-
methyl phenyl)-2,2-difluoro-3-propionamide (compound 7),

The same operating procedure as in example 1 is used employing
compound 6 is place of tert butylaZ—diﬁethy19i1yloxymethyl
aniline. This gives 230 mg of compound 7 corresponding to &
70% yield.

The cliaracteristics of the product obtained are as follows:
Melting poinmt : 57.3°%C

IR(CH,C1,) : 3400 ; 1700 cm™

B 9942 MDT
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THINR (CD,)C0) : 0.17 ppm (6H, ) ; 1 (9H, 8) 5 4.16 (2H, t,
J=14.3Hz) ; 4.82 (2H, s) 5 7.43 (2H_; d ; J=8.58Hz) ; 7.8 (2N,
d, J=8.53Hz).

19FNMR - §(CFCL,) : - 120.8 ppm (t; J=14Hz)

Molecular weight for 016H24F2BrNOZSi :

found : 407.0729
calculated : 407,07283

Elementary analysis :

found calculated
C 47.76 47.06
H 5.99 5.92
N 3.33 3.43

m/z : 407 (M**) weak ; (352-350) isotopes Br ; (230-228) ; 106,
90.

Example 15 : Preparation of N-(tert butyl-4-dimethylsilyloxy-

methyl phenyl)-3,3~difluoro-2-azetidinone (compound 8).

The operating procedure of example 2 is adopted for preparing
compound 8 using 1.5 mmole of compound 7 in place of 1.5 mmole
of compound 2a. Following purification on a Florisil column
using an ether:pentane mixture with a volume ratio of 1:6, 72mg
of compound 8 are obtained corresponding to a 51% yield. This
compound is a white solid melting at 48°c,

The product obtained has the following characteristics:

IR (CH,CLy) : 1770 ca~t

THNMR (CD,Y,C0) : 0.2 ppm (6H, s) ; 1(9H, s) ; 4.49 (2H, ¢,
=6.42Hz) ; 4.87 (2H, s) ; 7.55 (4H, m).

9FMR §(CFCL,) ¢ - 111.6 ppm (2F, t, J=6.4Hz).
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Molecular weight :

found : 327.1471
calculated : 327.14661

m/z : 327 (Mte) ;312 ; 270 ; 196 ; 168.

Example 16 : Preparation of N-(4-hydroxymethyl phenyl)-3,3~

difluoro-2-azetidinone (compound 9).

The operating procedure of example 3 is adopted for preparing
compound 9 from compound 8 using 0.19 mmole of compound 8 in
place of 0.19 mmole of compound 3a. This gives 42mg of compound

9 in the form of a solid, which corresponds to an 827 yield.

The product obtained has the following characteristics:

Melting point : 124°C

IR (CH,CL,) : 3580-3490 (2OH) : 1768 (»CO) cn'

UHNMK (CD,),C0) : 4.68 ppm (2H, d, J=5.7Hz) ; 4.45 (2H, t, J=6.32
Hz) ; 4.35 (1H, t, J=5.76Hz) ; 7.5 (4H__ ; s)

9MR - 8(CFC1,) @ - 111.6 ppm (2F, t, J=6.4Hz)

Molecular weight for C10H9F2NO2

found : 213.0604
calculated : 213.06014

m/z ¢ 213(MT+) 3 149 ; 106.

Example 17 : Preparation of N-(4-chloromethyl phenyl)-3,3-

difluoro-2-azetidinone (compound 10a).

The operating procedure of example 4 is followed for the prep-
aration of compound 10a from compound 9 using 0.11 mmole of
compound 9 in place of 0.11 mmole of compound 4a. This gives
16mg of compound 10a in the form of a white solid corresponding
to a 55% yield.

B 9942 MDT
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The compound obtained has the following characteristics:
Melting point : 93°C
IR (CH,CL,) : 1770 cn ' ( CO)
TINR (CD,),C0) : 4.48 (2H, t, J=6.53Hz) ; 4.79(2H, 8) ; 7.57
(4Harm, d ; J=8.6Hz).
9 - (CRCL,) : - 111.5 ppm (2F, t, J=6.6Hz)
Molecular weight for C, oHgF,C1NO

found : 231.0260

calculated : 231.02625
m/z : 231-233 (M'e isotope €1) : 196 ; 157 ; 169 ; 168 ; 132
118 ; 90 ; 77. '

Example 18 : Preparation of N-(4-fluoromethyl phenyl)-3,3-

difluoro—2—3~zetidinone (compound 10b).

The operating procedure of example 5 is used for preparing comp-
ound 10b from compound 9, the latter being used instead of com-
pound 4a. This gives 16mg of compound 10b in the form of a
solid corresponding to a 387 yield.

The product ,btained has the following characteristics:
Melting point 104°C
IR (CH,CL,) : 1770 ™' ( CO)
THNMR - (CD,)C0) : 4.49 ppm (2H, t, J=6.49Hz) ; 5.46 (2A, d,
J=48Hz) ; 7.58 (4H, s)
MR (CFCL,) ¢ - 111.5 ppm (2F, t, J=6.6Hz) ; - 200.39 (IF,
t, J=48Hz)
Mélecular weight

found : 215.0559

calculated : 215.05580
m/z : 215 (M*<) ; 151 ; 106 ; 109

.

B 992 MDT
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Examples 19 to 22.

These examples illustrate the preparation of N-aryl-azetidinones

according to the invention using the following .eaction diagram :

CHs3
05t ¢(cHg)3
CHs
cL
* CLl-
CHy t:l _CH}
053 7 c(enps o” | _ o5t ceenyds
N (Hy — \GRS
( compound 3€)
ct ¢!

L) ct
-\

( ¢compound 4e€) ¢compound 3€)
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Example 19 : Preparation of N(tert butyl-2-dimethylsilyloxy-

methyl phenyl)-2,2,3-trichloro propionamide (compound 2e).

For this synthesis, use is made of tert butyl-2-dimethylsilyl-
oxymethyl aniline prepared according to the method described
by G. Just and R. Zamboni in Canad. J. Chem. 1978, 5b, p.2720

and trichloropropanoyl chloride prepared in the following way.

Firstly 2,2,3-trichloropropionitrile is prepared by adding chlor-
ine to x-chloroacrylonitrile, as described by H. Brintzinger

et al in Angew. Chemie, 1948, 60, p.311 and then the 2,2,3-tri-
chloropropionitrile undergoes acid hydrolysis with 60% HZSO4

at 125°C and for 5 hours in order to obtain the corresponding
acid, as described by H. Laato in Suomen Kemistilehti, 1968,

41B, p.266. The acid is them treated by SOCl2 in the presence

of a catalytic quantity of DMF at 40 to 50°C and for 1 hour,
which gives 2,2,3-trichloropropanoyl chloride, which is distilled
at 50°C under 2700 Pa (20 mm of Hg), the yield being 663.

This compound has the following characteristics:
IR (CH)CL,) : 1800 1770 cu™ ' (intense band)
IHNMR (CDCL,) : 4.4 ppm (2H, s).

The same operdting procedure as in example 1 is used for prep-
aring N-(tert butyl-2-dimethylsilyloxymethyl phenyl)-2,2,3~

trichloropropionamide from tert butyl-2-dimethylsilyloxymethyl
aniline and 2,2,3-trichloropropanoyl chloride. This gives 814

mg of compound 2e corresponding to a 707 yield.

The compound has the following characteristics:
White solid : m.p. 41°¢C ;
IRCCHQGIZ) : 3300 ; 1690 ; 1585 em”
iR : 10.25(1H,NH) ; 8.25(1H,d) ; 7.35(2H,m) ; 4.8(2H,s) ;
4.2(2H,s8) ; 0.95(9H,s) ; 0.15(6H,s).

1
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m/z : 382-384 (M-14) ; 338-340 ; 268 ; 200 ; 192 ; 164 ; 132
93 ; 75 ; 29.

Micro analysis :

found / calculated %
C 48,32 / 48,43
H 6.32 / 6.10
N 3.6 / 3.53

Example 20 : Preparation of N-(tert buty1—2—dimethylsilylogy—

methyl phenyl)-3,3-dichloro-2-azetidinone Lpompound 3e).

The same operating procedure as in example 2 is adopted for
preparing compound 3e from compound 2e. The product obtained

is purified by flash chromatography using an ether:pentane mixt-
ure (1:10). This gives compound 3e in the form of a white solid

with a 59% yield.

This compound has the following characteristics:

IR(CH,Cl,) : 1770 o (Vco jolactame).

HNMR (CDCLy) ; 7.5(4H, m) ; 4.8(2H,s) ; 4.5(2H,s) ; 0.95(9H,s);
0.15(6H,s).

Precise weight : (observed/calculated : 359.087 / 359.0875).

m/z : 344-346 ; 302-304 ; 206 ; 192 ; 132 ; 93 ; 73 ; 29 ;

Micro analysis :

found / calculated Z
C 53.24 / 53.33
H 6.62 / 6.43
N 3.67 / 3.89

Example 21 : Preparation of N-(2-hydroxymethyl phenyl) 3,3-

dichloro~2-azetidinone (compound é4e).

The operating procedure of example 3 is used for preparing comp-
ound 4e from compound 3e, This gives compound 4e in the form

B 9942 MDT




LR
LN
. ec e

(XXX Y]
-
[ N X J
3 . &
.o L4
. %
L}
seee
LXE X2

s
LA R R

10

15

20

25

- 34 -
of a colourless oil with a 707 yield.

This compound has the following characteristics:

1

) : 3580-3480 (YOH cm ~ ; 1765 (y co lactame)

IR ( CH2C1

-1
m

2
c

1H NMR (CDCI3) : 7.45 ppm (4H,m) ; 4.75(2H,s) ; 4.5(2H,s) ;
3(1H,s).

Example 22 : Preparation of N-(2-chloromethyl phenyl)~3,3-di-

chloro-2-azetidinone (compound Se).

The operating procedure of example 4 is used for preparing comp-
ound 5e from compound 4e. The product cktained is purified
by silica gel chromatography using an ether:pentane mixture
(1:3). This gives compound Se in the form of a white solid

with a yield of 67Z.

This compound has the following characteristics:
F: 79°C

IR : (CHZCIZ) : 1770 cm™
MR (CDCL,) : 7.5 (4H,s) ; 4.8(2H,s) ; 4.5(2H,s) ;

Precise weight : (found : calculated : 262.9675 / 262.96715).
mnfz : 263-261 (isotopes Cl) ; 169-167 ; 132 ; 91 ; 77 ; 40 ;

29.

Micro analysis :

1

found / calculated %
C: 45,67 / 45.4
H: 3.12 / 3.05
N: 5.06 / 5.3
B 9942 MDT
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Example 23 : Preparation of N-(2-bromomethyl phenyl):QLB-di-

fluoro-2-azetidinone (compound 5d).

This example uses another process for preparing compound 53d

of example 7. This process corresponds to the following reaction

diagram:

Pt - F 4 ar

( compound n°11)

The starting compound 11 is prepared from 3-bromo-2,2-difluoro
propanoyl chloride used in example 1 and ortho-toluidine by
cyclization following the operating procedure of examples 1

and 2 for preparing compound 3a.

24mg (0.12 mmole) of compound 11 are dissolved in 20 ml of CCl4
and 21 mg (0.12mmole) of N-bromosuccinimide and a catalytic
quantity of benzoyl peroxide are added. After refluxing (78°C)
for 1 hour and illuminating with a 150 watt lamp, hot filtering
takes place of the succinimide formed. The filtrate is then
cooled and evaporated in vacuo, which gives a solid product,

B 9942 MDT
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purified by silica gel chromatography. This gives 20mg of com-
pound 5d corresponding to a 62% yield.

Example 24,

The properties of the N-aryl-azetidinones obtained in examples
4,5,6,7,11,17,22 and 23 are checked and in particular their
deactivation capacity for porcine pancreatic elastase (PPE)
and human leucocytic elastase (HLE) using the methods of Kitz
and Wilson for HLE in the case of compounds 5a,5c,5d,5e,5a’
and 10a, the method of Kitz and Wilson for PPE in the case of
compounds 5a,5c,5e and 10a and the method of Hart and O'Brian
for PPE in the case of compounds 5a and 5'a. All the kinetic
measurements are carried out at 37°C and at a pH of 8 with a
0.1M tris buffer (PPE) or a 0.1M tris buffer, Brij 0.01%, NaN3
0.02%Z (HLE) (pH 7.5 for compound 5d).

The method of Hart and O'Brian was published in 1973 in Bioch-
emistry, Vol. 12, pp.2940-2945 and that of Kitz and Wilson in
1962 in J. Biol. Chem., Vol. 237, pp.3245-3249.

In this way the first order constant ki is determined for the
formation of the deactivated enzyme and the dissociation constant
Ki of the enzyme-inhibitor complex. The ki:Ki ratio is the
apparent second order constant characterizing the deactivation.

The results obtained are given in the following table.

On the basis of these results, it can be seen that compounds
5a,5¢,5'a,5e and 10a deactivate PPE and HLE.

On testing compounds 5a,5c,5'a and 10a under identical conditions
as chymotrypsin or trypsin inhibitors, it can be seen that they

have no aection on these enzymes.
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Example 25

This example used for testing the properties of compounds 5b
and 10b with respect to elastase and it can be seen that these
compounds are elastase substrates, but that they are not inhib-
itors. Thus, the nature of the R3 substituent has a significant

influence on the properties of the product obtained.

Example 26.

The effect of compound 5a on the degradation of elastin, the
natural substrate of elastase in the human organism was tested.
The elastase, préeviously treated by compound 5a, lest its capa-
city to degrade elastin. Compounds 5a,5c and 5'a remain capable
of deactivating elastase previously incubated for 30 min. in

the presence of an elastin excess (2mg).

The acute toxicity of compound 5a researched on male and female

mice exceeds 200 mg/kg.
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T A S
JABLE
1 2 3 Pre "
| Compound R R R ki K ki/Ki K 4 K AL
(s=1) M) (M-lsl) | (g1 (my  (misTh
L

ORTHO

5a F F cL 0.031 3.10°5 1033 5.1073  1.66.1075 301

Sc F F 0S0CHz | 0.017 4 .8.10°5 354 0.05 5.107% 100

5'a F Br cL  0.048 0.85.10°5 5647 0.37 1.17x10"3 316

5d F F Br 40
| Se ct ct ct 0.028 5.9.10°% 47 0.03 5.10-4 60
 PARA

103 F ¥ ct 0.075 6.6.107% 113 ~ 1.2

8¢
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. THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. N-aryl-azetidinones according to the formula:

Rl
o R2 "”"""] CHoR3
2R
/7—-—--'( / ( (1)
S 0 l g% i
R4

AR

P

in which
e R1 and R2, which can be the same or different, repre-
. sent an atom of F, Br, Cl or I, or a radical of
10 formule CF,, COOR®, CN, CONHR® or COR® with R° rep-

3i
resenting an alkyl or aryl radical,

R3 represents a fluorine, chlorine, bromine or iodine

atom, or a radical of formula OC(O)R6, OSOzRé,\OP(O)Ré2
e or S+R62 with R6 representing an alkyl, perfluoro-
e 15 alkyl or aryl radical and

R4 represents a hydrogen atom or a radical chosen

from among the alkyl radicals and the radicals of
oo formula COOR’, CONHR’, NO,, CF,, CN, SO,R’, (CH,) OR’
. and 0R7 with R7 representing a hydrogen atom or an

2" 3

' 20 alkyl or aryl radical and n being an integer between
1 and 18.
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N-aryl-azetidinone according to claim 1, characterized
in that -CH,R>
to N.

is in the ortho or para position relative

N-aryl-azetidinone according to claim 2, characterized

in that —CH2R3 is in the ortho positionm relative to N.

N-aryl-azetidinone according to any one of the claims 1

to 3, characterized in that R4 is a hydrogen atom.

N-aryl-azetidinone according to any one of the claims 1
to 4, characterized in that R’ represents F, Cl, Br or
050,CH,.

N-aryl-azetidinone according to claim 5, characterized

in that R1 andiR2 represent F,

N-aryl-azetidinone according te claim 5, characterized

in that R} represents F and R? represents Br.

N-aryl-azetidinone according to claimHS, characterized
in that R1 and R2 represent Cl.

Process for the preparation of a N-aryl-azetidinones accor-

ding to the formula:

(1)
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in which
R1 and R
sent an atom of F, Br, Cl or I, or a radical of formula
CF,, COOR®, CN, CONHR’

an alkyl or aryl radical.

2, which can be the same or different, repre-

or COR5 with R5 representing

R3 represents a fluorine, chlorine, bromine or iodine

atom, or a radical of formula 0C(O)R6, 0802R6, OP(O)R62
+,6

or S'R 2

alkyl or aryl radical and

with R6 representing an alkyl, perfluoro-

R4 represents a hydrogen atom or a radical chosen

from among the alkyl radicals and the radicals of
formula COOR’, CONHR', NO,, CF,, CN, SO,R’, (CH,) OR’
and OR7 with R7 representing a hydrogen atom or an
alkyl or aryl radical and n being an integer between

1 and 18, characterized in that it comprises the foll-

owing successive stages:

1) preparing a N-aryl-azetidinene of formula:

R2__|
] , CH0H

(11)

in which Rl, R2 and R4 have the meanings given herein-

before and

2) transforming the N-aryl-azetidinone of formula
(I1) into N-aryl-azetidinone of formula (I) by reaction
with a reagent chosen as s function of R,
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Process according to claim 9, characterized in that R3

represents Cl and in that the reagent is SOClz.

Process according to claim 9, characterized in .hat R

represents F and in that the reagent is diethylaminosulphur
trifluoride.

Process according to claim 9, characterized in that R3
represents Br and in that the reagent is (CH3)3SiBr.

Process according to claim 9, characterized in that R3

represents OSOzR6 and.in that the reagent is ClSOzRe.

Process according to any one of the claims 9 to 13, char-

acterized in that the N-aryl-azetidinone of formula (II):

is prepared by
a) reacting a g ~halogenopropanoyl halide of formula:

tocCR'RY-cux? (111
in which X1 represents F, Cl, Br or I, X2 represents Cl,
Br or I and Rl
with a silyloxymethyl aniline of formula:

and R2 have the meanings given hereinbefore,

B 9942 MDT
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Hgh - CH081(CHy);
@ C(CH3)3 (1v)
ré

to obtain a halopropionanilide of formula:

5 $1 ‘“
RE-C-CHp X2 —
0«54\\_Nﬂ |, CHR081(CH3R {¥)
g C(CH3)3
~ R4
10 ’ b) by forming a N-aryl-azetidinone of formula:
Rl
- CH208i(CH3)
; !
R4 C(CH3)3
0 (vl
15 R4
B 9942 MDT
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by cyclization of said halopropionanilide of formula (V)

c) transforming said N-aryl-azetidinone of formula (VI)
into N-aryl-azetidinone of formula (II) by reaction with

a mixture of hydrofluoric acid and water.

Process for the preparation of a N-aryl-azetidinone of

formulas

in which:

ql
R2 —~——-—] CHoR3
M / (1)
Vo :
0 )
ré
Rl.and R2, which can be the same or different, repre-

sent an atom of F, Br, Cl‘or I, or a radical of formula
CF3,‘COOR5, CN or CONHR® with R’ representing an alkyl

or aryl radical,
R3 represents a bromine atom and

R4 represents a hydrogen atom of a radical chesen
from among radicals of formula COOR7, CONHR7, NOz,
CF3, CN and 802R7, with R7 representing a hydrogen

atom or an alkyl or aryl radical and n being an integer

between 1 and 18,
characterized in that it consists of reacting a N-aryl-

azetidinone of formula:
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Rl
RZ ___ t

P

0 (viI)

in which Rl, Rz and RA have the meanings given hereinbefore

with N-bromosuccinimide.

Pharmaceutical composition comprising an elastase

inhibitor and pharmaceutically acceptable adjuvants,

characterized in that said elastase inhibitor is a

N-aryl-azetidinone of formulas

Rl

Y J—— ,
l' CH2R3

N (1)
G

in which
R1 and Rz, which can be the same or different, stand
for an atom of F, Br, Cl or I, or a radical of formula
CF3, COORS, CN, CONHR5 or CORS‘with R5 representing
an alkyl or aryl radical,
R3 represents a chlorine, bromine or iedine atom,
or a radical of formula OC(O)R6, 0802R6, OP(\O.)Rs‘2
. o¥pb 3
or SR, with r® representing an alkyl, perfluoro-
alkyl or aryl radical and
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R4 represents a hydrogen atom or a radical chosen
from among the alkyl radicals and radicals of formula

7 7 57 7
COOR", CONHR', NOZ’ CF3, CN, SOZR , (CHZ)nOR and

OR7 with R7 representing a hydrogen atom or an alkyl
or aryl radical and n being an integer between 1 and
18.

Pharmaceutical composition according to claim 16, charac-
terized in that R4 is a a hydrogen atom and R3 is Cl, Br
or OSOZCH3.
Pharmaceutical composition according to either of the claims
16 and 17, characte.ized in that R' is F and R is F or

Br.

Pharmaceutical composition according to either of the claims

1 52

16 and 17, characterized in that R°, R® and R3 represent

Cl.

Dated this 15th day of December 1989

CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE

Patent Attorneys for the Applicant
F.B. RICE & CO.
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