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AZETIDINE DERIVATIVES, THEIR PREPARATION 
AND MEDICAMENTS CONTAINING THEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/320,344, ?led Dec. 16, 2002, Which is a 
continuation of US. application Ser. No. 09/803,723, ?led 
Mar. 9, 2001, now US. Pat. No. 6,518,264 Which is a 
continuation of International Application No. PCT/FR99/ 
02147, ?led Sep. 9, 1999, Which, in turn, claims the bene?t 
of US. Provisional Application No, 60/119,929, ?led on 
Feb. 12, 1999, and of French Patent Application FR98/ 
11342, ?led on Sep. 11, 1998. 

SUMMARY OF THE INVENTION 

[0002] The present invention relates to aZetidine deriva 
tives of formula: 

(1) 
R3 

RA 
U R 

[0003] their optical isomers, their salts, their preparation 
and medicaments containing them, as Well as to methods of 
using these derivatives to treat a variety of medical condi 
tions and disorders. 

DETAILED DESCRIPTION 

[0004] In formula (I), 

[0005] R represents a chain 

(A) 
502R1 

R2 
, (B) 

OR 502R1 

C—CH 

R2 

[0006] R1 represents a methyl or ethyl radical, 

[0007] R2 represents either an aromatic chosen from 
phenyl, naphthyl or indenyl, these aromatics being 
nonsubstituted or substituted With one or more halo 

gens, alkyl, alkoXy, —CO-alk, hydroXyl, —COORS, 
formyl, tri?uoromethyl, tri?uoromethylsulfanyl, trif 
luoromethoXy, nitro, —NR6R7, —CO—NH—NR6R7, 
—N(alk)COOR8, cyano, —CONHRQ, —CO— 
NR16R17, alkylsulfanyl, hydroXyalkyl, —O-alk 
NR12R13 or alkylthioalkyl or a heteroaromatic chosen 
from the benZofuryl, benZothiaZolyl, benZothienyl, 
benZoXaZolyl, chromanyl, 2,3-dihydrobenZofuryl, 2,3 
dihydrobenZothienyl, indolinyl, isochromanyl, iso 
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quinolyl, pyridyl, quinolyl, 1,2,3,4-tetrahydroiso 
quinolyl, 1,2,3,4-tetrahydroquinolyl, thiaZolyl, or 
thienyl rings, it being possible for these heteroaromat 
ics to be nonsubstituted or substituted With a halogen, 
alkyl, alkoXy, —COOR5, tri?uoromethyl, tri?uorom 
ethylsulfanyl, tri?uoromethoXy, nitro, —NR6R7, 
—CO—NH—NR6R7, cyano, —CONHRQ, alkylsulfa 
nyl, hydroXyalkyl or alkylthioalkyl, 

[0008] R3 and R4, Which are identical or different, 
represent either an aromatic chosen from phenyl, naph 
thyl or indenyl, these aromatics being nonsubstituted or 
substituted With one or more halogens, alkyl, alkoXy, 
formyl, hydroXyl, tri?uoromethyl, tri?uoromethoXy, 
—CO-alk, cyano, —COORS, —CONRloRll, —CO— 
NH—NR6R7, alkylsulfanyl, hydroXyalkyl, -all<-NR6R7 
or alkylthioalkyl; or a heteroaromatic chosen from 
benZofuryl, benZothiaZolyl, benZothienyl, benZoX 
aZolyl, chromanyl, 2,3-dihydrobenZofuryl, 2,3-dihy 
drobenZothienyl, furyl, isochromanyl, isoquinolyl, pyr 
rolyl, quinolyl, 1,2,3,4-tetrahydroisoquinolyl, thiaZolyl 
or thienyl rings, it being possible for these heteroaro 
matics to be nonsubstituted or substituted With a halo 
gen, alkyl, alkoXy, hydroXyl, tri?uoromethyl, tri?uo 
romethoXy, cyano, —COOR5, —CO—NH—NR6R7, 
—CONRloRll, -alk-NR6R7, alkylsulfanyl, hydroXy 
alkyl or alkylthioalkyl; 

[0009] R5 is an alkyl or phenyl radical Which is option 
ally substituted With one or more halogen atoms, 

[0010] R6 and R7, Which are identical or different, 
represent a hydrogen atom or an alkyl, —COOalk, 
cycloalkyl, alkylcycloalkyl, -alk-O-alk or hydroXyalkyl 
radical or alternatively R6 and R7 together form With 
the nitrogen atom to Which they are attached a 3- to 
10-membered saturated or unsaturated mono- or bicy 
clic heterocycle optionally containing another heteroa 
tom chosen from oXygen, sulfur and nitrogen and being 
optionally substituted With one or more alkyl, 

—COalk, —COOalk, —CO—NHalk, —CS—NHalk, 
—CO-alk-NR14R15, OX0, hydroXyalkyl, -alk-O-alk or 
—CO—NH2 radicals, 

[0011] R8 represents an alkyl radical, 

[0012] R9 represents a hydrogen atom or an alkyl radi 
cal or an alkyl radical substituted With a dialkylamino, 
phenyl, cycloalkyl (optionally substituted With 
—COOalk) or a 3- to 10-membered saturated or unsat 
urated mono- or bicyclic heterocycle optionally con 
taining one or more heteroatoms chosen from oxygen, 
sulfur and nitrogen and being optionally substituted 
With one or more alkyl radicals, 

[0013] R10 and R11, Which are identical or different, 
represent a hydrogen atom or an alkyl radical or 
alternatively R10 and R11 together form With the nitro 
gen atom to Which they are attached a 3- to 10-mem 
bered saturated mono- or bicyclic heterocycle option 
ally containing another heteroatom chosen from 
oxygen, sulfur and nitrogen and being optionally sub 
stituted With an alkyl radical, 

[0014] R12 and R13, Which are identical or different, 
represent a hydrogen atom or an alkyl or cycloalkyl 
radical or alternatively R12 and R13 together form With 
the nitrogen atom to Which they are attached a 3- to 
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10-membered saturated mono- or bicyclic heterocycle 
optionally containing another heteroatom chosen from 
oxygen, sulfur and nitrogen and being optionally sub 
stituted With an alkyl, —COalk, —COOalk, —CO— 
NHalk, —CS—NHalk or —CO-alk-NR14R15 radical 
or a 3- to 10-membered saturated mono- or bicyclic 

heterocycle containing a heteroatom chosen from oxy 
gen, sulfur and nitrogen, 

[0015] R14 and R15, Which are identical or different, 
represent a hydrogen atom or an alkyl or —COOalk 

radical, 

[0016] R16 and R17 together form With the nitrogen 
atom to Which they are attached a 3- to 10-membered 
saturated mono- or bicyclic heterocycle optionally con 
taining another heteroatom chosen from oxygen, sulfur 
and nitrogen, 

[0017] R‘ represents a hydrogen atom or a —CO-alk 
radical, alk represents an alkyl or alkylene radical. 

[0018] In the preceding de?nitions and in those Which 
folloW, unless otherWise stated, the alkyl and alkylene 
radicals and portions and the alkoxy radicals and portions 
are in the form of a straight or branched chain and contain 
1 to 6 carbon atoms. 

[0019] Among the alkyl radicals, there may be mentioned 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, iso 
butyl, tert-butyl, pentyl and hexyl radicals. Among the 
alkoxy radicals, there may be mentioned methoxy, ethoxy, 
n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy, 
tert-butoxy and pentyloxy radicals. 

[0020] The term halogen comprises chlorine, ?uorine, 
bromine and iodine. 

[0021] When R2 and/or R3 and/or R4 represent indepen 
dently a substituted phenyl, the latter is preferably mono-, 
di- or trisubstituted. 

[0022] When R6 and R7 together form With the nitrogen 
atom to Which they are attached a 3- to 10-membered 
saturated or unsaturated mono- or bicyclic heterocycle, the 
latter is preferably an aZetidinyl, pyrrolidinyl, piperaZinyl, 
piperidyl, morpholinyl, imidaZolyl, thiomorpholinyl or furyl 
ring, these rings being optionally substituted With an alkyl, 
hydroxyalkyl, -alk-O-alk, —CONH2, —COalk, —COOalk, 
oxo, —CSNHalk, —CONHalk or —CO-alk-NR14R15 radi 
cal and, in particular, With a methyl, ethyl, propyl, isobutyl, 
acetyl, N,N-dimethylaminomethylcarbonyl, methyloxycar 
bonyl, methylcarbamoyl, methylthiocarbamoyl, N-methy 
laminomethylcarbonyl, N-methyl—N-tertbutoxycarbony 
laminomethylcarbonyl, oxo, —CSNHCH3 or —CONHCH3 
radical. 

[0023] When R10 and R11, together form With the nitrogen 
atom to Which they are attached a 3- to 10-membered 
saturated mono- or bicyclic heterocycle, the latter is pref 
erably an aZetidinyl, pyrrolidinyl, piperaZinyl, piperidyl, 
morpholinyl or thiomorpholinyl ring, these rings being 
optionally substituted With an alkyl. 

[0024] When R12 and R13 form together With the nitrogen 
atom to Which they are attached a 3- to 10-membered 
saturated mono- or bicyclic heterocycle, the latter is pref 
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erably an aZetidinyl, pyrrolidinyl, piperaZinyl, piperidyl, 
morpholinyl or thiomorpholinyl ring, these rings being 
optionally substituted With an alkyl, —COalk, —COOalk, 
—CO—NHalk, —CS—NHalk or —CO-alk-NR1 4R15 radi 
cal or a 3- to 10-membered saturated mono- or bicyclic 
heterocycle containing a heteroatom chosen from oxygen, 
sulfur and nitrogen, and, in particular, With a thiomorpholi 
nyl radical. 

[0025] When R16 and R17 together form With the nitrogen 
atom to Which they are attached a 3- to 10-membered 
saturated mono- or bicyclic heterocycle, the latter is pref 
erably a piperidyl ring. 

[0026] When R9 represents an alkyl radical substituted 
With a 3- to 10-membered saturated or unsaturated mono- or 

bicyclic heterocycle optionally containing one or more het 
eroatoms chosen from oxygen, sulfur and nitrogen, the latter 
is preferably a pyrrolidinyl, tetrahydrofuryl, morpholinyl or 
pyrrolyl ring, these rings being optionally substituted With 
one or more alkyl radicals. 

[0027] The compounds of formula (I) may be provided in 
the form of enantiomers and diastereoisomers. These optical 
isomers and mixtures thereof form part of the invention. 

[0028] The compounds of formula (I) for Which R repre 
sents a chain of formula (A) may be prepared by dehydration 
of a corresponding compound of formula (Ia) 

(Ia) 
R3 

RA 
N 

R” 

[0029] in Which R1, R2, R3 and R 4 have the same meanings 
as in formula (I) and R“ represents a hydroxyl, methane 
sulfonyloxy or acetyloxy radical. 

[0030] This dehydration is carried out by any method 
knoWn to persons skilled in the art Which makes it possible 
to dehydrate an alcohol or one of its derivatives in order to 
obtain the corresponding alkene. Preferably, derivatives are 
used for Which R“ is a methanesulfonyloxy or acetyloxy 
radical obtained from the corresponding derivative for 
Which R“ is a hydroxyl radical by the action of methane 
sulfonyl chloride or acetyl chloride, in an inert solvent such 
as pyridine, tetrahydrofuran, dioxane, a chlorinated solvent 
(dichloromethane or chloroform for example), at a tempera 
ture of betWeen 5° C. and 20° C. and then the medium is 
treated With a base such as an alkali metal hydroxide 
(sodium hydroxide for example), an alkali metal carbonate 
(sodium or potassium carbonate for example), an amine 
such as a trialkylamine (triethylamine for example), 4-dim 
ethylaminopyridine, diaZa-1,8-bicyclo[5.4.0]undec-7-ene, 
at a temperature of betWeen 0° C. and the boiling tempera 
ture of the reaction mixture. The methanesulfonyloxy and 
the acetyloxy may be isolated or otherWise. 
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[0031] The compounds of formula (I) for Which R repre 
sents a chain (B) in Which R‘ is a hydrogen atom may be 
prepared by reacting the derivative R1SO2CH2R2 (II) for 
Which R1 and R2 have the same meanings as in formula (I) 
With an aZetidinone of formula: 

(III) 
R3 

RAN 
R 

O 

[0032] in Which R3 and R4 have the same meanings as in 
formula 

[0033] The procedure is generally carried out in an inert 
solvent such as an ether (tetrahydrofuran for example), in the 
presence of a strong base such as lithium diisopropylamide, 
potassium tert-butoxide or n-butyllithium, at a temperature 
of betWeen —70° C. and —15° C. 

[0034] The derivatives of formula (II) may be obtained by 
application or adaptation of the methods described in the 
examples. In particular, the procedure is carried out accord 
ing to the folloWing reaction schemes: 

(a) 
(W) (V) 

R1— SO2Na\(c) (b)/oxidation 

[0035] In these formulae Hal represents a halogen atom 
and, preferably, chlorine, bromine or iodine, R1 and R2 have 
the same meanings as in formula 

[0036] The reaction (a) is generally carried out in an inert 
solvent such as dimethylformamide or a 1-4C aliphatic 
alcohol, at a temperature of betWeen 20 and 30° C. 

[0037] The reaction (b) is carried out by any knoWn 
method Which makes it possible to oxidiZe a sulfur-contain 
ing derivative Without affecting the rest of the molecule such 
as the methods described by M. HUDLICKY, Oxidations in 
Organic Chemistry, ACS Monograph, 186, 252-263 (1990). 
For example, the procedure is carried out by the action of an 
organic peroxy acid or a salt of such a peroxy acid (peroxy 
carboxylic or peroxysulfonic acids, especially peroxyben 
Zoic acid, 3-chloroperoxybenZoic acid, 4-nitroperoxyben 
Zoic acid, peroxyacetic acid, tri?uoroperoxyacetic acid, 
peroxyformic acid or monoperoxyphthalic acid) or in 
organic peracids or a salt of such an acid (for example 
periodic or persulfuric acid), in an inert solvent such as a 
chlorinated solvent (chloroform or dichloromethane for 
example), at a temperature of betWeen 0 and 25° C. It is also 
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possible to use hydrogen peroxide or a periodate (sodium 
periodate for example), in an inert solvent such as 1-4C 
aliphatic alcohol (methanol or ethanol for example), Water or 
a mixture of these solvents, at a temperature of betWeen 0 
and 20° C. It is also possible to carry out the procedure using 
tert-butyl hydroperoxide in the presence of titanium tetrai 
sopropoxide in a 1-4C aliphatic alcohol (methanol or ethanol 
for example) or a Water-alcohol mixture, at a temperature 
close to 25° C. or using oxoneR (potassium peroxymono 
sulfate), in a 1-4C aliphatic alcohol (methanol or ethanol for 
example), in the presence of Water, acetic acid or sulfuric 
acid, at a temperature close to 20° C. 

[0038] The reaction (c) is preferably carried out in an inert 
solvent such as a 1-4C aliphatic alcohol (methanol or 
ethanol for example), at a temperature of betWeen 20° C. and 
the boiling temperature of the reaction medium. 

[0039] The derivatives of formula (IV) are commercially 
available or may be obtained by application or adaptation of 
the methods described in the examples. In particular, the 
methylated derivative or the corresponding alcohol is halo 
genated using a halogenating agent such as hydrobromic 
acid, in acetic acid, at a temperature close to 20° C. or 
N-bromo- or chlorosuccinimide in the presence of benZoyl 
peroxide, in an inert solvent such as tetrachloromethane, at 
the boiling temperature of the reaction medium. The methy 
lated derivatives or the corresponding alcohols are commer 

cially available or may be obtained according to the methods 
described by BRINE G. A. et al., J. Heterocycl. Chem., 26, 
677 (1989) and NAGARATHNAM D., Synthesis, 8, 743 
(1992) and in the examples. 

[0040] The aZetidinones of formula (III) may be obtained 
by application or adaptation of the methods described by 
KATRITZKYA. R. et al., J. Heterocycl. Chem., 271 (1994) 
or DAVE P. R., J. Org. Chem., 61, 5453 (1996) and in the 
examples. The procedure is generally carried out according 
to the folloWing reaction scheme: 

OH 
0 N/ A l 
—> i HYDROXYLAMINE A 

R3 R4 R3 R4 

[B 
B N NH; 

r l l E 
| + —» 
R 

3 R4 R3 R4 

0 
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-continued 
0 OH 

D 
<— 

N N 

R3)\ R4 R3)\ R4 
(III) 

[0041] In these formulae, R3 and R4 have the same mean 
ings as in formula (I) and X represents a chlorine or bromine 
atom. 

[0042] In step A, the procedure is preferably carried out in 
an inert solvent such as a 1-4C aliphatic alcohol (ethanol or 
methanol for example), optionally in the presence of an 
alkali metal hydroxide, at the boiling temperature of the 
reaction medium. 

[0043] In step B, the reduction is generally carried out 
using lithium aluminum hydride, in tetrahydrofuran at the 
boiling temperature of the reaction medium. 

[0044] In step C, the procedure is preferably carried out in 
an inert solvent such as a 1-4C aliphatic alcohol (ethanol or 
methanol for example) in the presence of sodium hydrogen 
carbonate, at a temperature of betWeen 20° C. and the 
boiling temperature of the reaction medium. 

[0045] In step D, the oxidation is preferably carried out in 
DMSO, using the sulfurtrioxide-pyridine complex, at a 
temperature close to 20° C. or using dimethyl sulfoxide, in 
the presence of oxalyl chloride and triethylamine, at a 
temperature of betWeen —70 and —50° C. 

[0046] In step E, the procedure is carried out according to 
the method described by GRISAR M. et al., in J. Med. 
Chem., 885 (1973). The magnesium compound of the bro 
minated derivative is formed and then the nitrile is reacted, 
in an ether such as ethyl ether, at a temperature of betWeen 
0° C. and the boiling temperature of the reaction medium. 
After hydrolysis With an alcohol, the intermediate imine is 
reduced in situ With sodium borohydride at a temperature of 
betWeen 0° C. and the boiling temperature of the reaction 
medium. 

[0047] The R3—CO—R4 derivatives are commercially 
available or may be obtained by application or adaptation of 
the methods described by KUNDER N. G. et al. J. Chem. 
Soc. Perkin Trans 1, 2815 (1997); MORENO-MARRAS M., 
Eur. J. Med. Chem., 23 (5) 477 (1988); SKINNER et al., J. 
Med. Chem., 1A (6) 546 (1971); HURN N. K., Tet. Lett., M 
(52) 9453 (1995); MEDICI A. et al., Tet. Lett., 24 (28) 2901 
(1983); RIECKE R. D. et al., J. Org. Chem., 62 (20) 6921 
(1997); KNABE J. et al., Arch. Pharm., 306 (9) 648 (1973); 
CONSONNI R. et al., J. Chem. Soc. Perkin Trans 1, 1809 
(1996); FR-96-2481 and JP-94-261393. 

[0048] The R3Br derivatives are commercially available 
or may be obtained by application or adaptation of the 
methods described by BRANDSMA L. et al., Synth. 
Comm., 20 (11) 1697 and 3153 (1990); LEMAIRE M. et al., 
Synth. Comm., 24(1) 95 (1994); GODA H. et al., Synthesis, 
9 849 (1992); BAEUERLE P. et al., J. Chem. Soc. Perkin 
Trans 2, 489 (1993). 
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[0049] The R4CN derivatives are commercially available 
or may be obtained by application or adaptation of the 
methods described by BOUYSSOU P. et al., J. Het. Chem., 
29 (4) 895 (1992); SUZUKI N. et al., J. Chem. Soc. Chem. 
Comm., 1523 (1984); MARBURG S. et al., J. Het. Chem., 
17 1333 (1980); PERCEC V. et al., J. Org. Chem. 60 (21) 
6895 (1995). 

[0050] The compounds of formula (I) for Which R repre 
sents a chain (B) in Which R‘ is a hydrogen atom may also 
be prepared by action of a derivative R3CH(Br)R4 (VI) for 
Which R3 and R4 have the same meanings as in formula (I) 
With a derivative of formula: 

(v11) 
HN 

OH 

[0051] in Which R1 and R2 have the same meanings as in 
formula 

[0052] This reaction is generally carried out in the pres 
ence of a base such as an alkali metal carbonate (potassium 
carbonate for example), in an inert solvent such as acetoni 
trile, at the boiling temperature of the reaction medium. 

[0053] The derivatives of formula (VI) are commercially 
available or may be obtained by application or adaptation of 
the method described by BACHMAN N W. E., J. Am. Chem. 
Soc., 2135 (1933). Generally, the corresponding alcohol 
R3CHOHR4 is brominated using hydrobromic acid, in acetic 
acid, at a temperature of betWeen 0° C. and the boiling 
temperature of the reaction medium. 

[0054] The corresponding R3CHOHR4 alcohols are com 
mercially available or may be obtained by application or 
adaptation of the methods described by PLASZ A. C. et al., 
J. Chem. Soc. Chem. Comm., 527 (1972). 

[0055] The derivatives of formula (VII) may be obtained 
by hydrolysis of a derivative of formula: 

(VIII) 
H2C= HCOOC— N 

OH 

[0056] in Which R1 and R2 have the same meanings as in 
formula 

[0057] This reaction is generally carried out using hydro 
chloric acid, in an inert solvent such as an ether (dioxane for 
example), at a temperature close to 20° C. 

[0058] The derivatives of formula (VIII) are obtained by 
reacting vinyl chloroformate With a corresponding com 
pound of formula (1) for [lacuna] R represents a chain of 
formula (B), R‘ represents a hydroxyl radical, R3 and R4 are 
phenyl radicals, in an inert solvent such as a chlorinated 
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solvent (dichloromethane or chloroform for example), at a 
temperature of betWeen 0° C. and the boiling temperature of 
the reaction mixture. 

[0059] The compounds of formula (I) for Which R is a 
chain (B) in Which R‘ is a —CO-alk radical may be prepared 
by reacting a halide Hal-CO-alk in Which Hal represents a 
halogen atom and, preferably, a chlorine atom and alk 
represents an alkyl radical With a corresponding compound 
of formula (I) for Which R is a chain (B) in Which R‘ is a 
hydrogen atom. 

[0060] This reaction is generally carried out in an inert 
solvent such as tetrahydrofuran, dioxane, a chlorinated sol 
vent (dichloromethane or chloroform for example), at a 
temperature of betWeen —50° C. and 20° C., in the presence 
of n-butyllithium. 

[0061] The compounds of formula (I) for Which R2 rep 
resents an aromatic or a heteroaromatic substituted With 

—NR6R7 in Which R6 and R7 each represent a hydrogen 
atom may also be prepared by reducing a corresponding 
compound of formula (I) for Which R2 represents an aro 
matic or a heteroaromatic substituted With nitro. 

[0062] This reaction is carried out by any knoWn method 
Which makes it possible to reduce a nitro to an amino 
Without affecting the rest of the molecule. Preferably, iron is 
used in the presence of hydrochloric acid in a 1-4C aliphatic 
alcohol such as ethanol, at the boiling temperature of the 
reaction medium. 

[0063] The compounds of formula (I) for Which R2 rep 
resents an aromatic or heteroaromatic substituted With 

—COHNR9 and/or R3 and/or R4 represent an aromatic or a 
heteroaromatic substituted With —CONR1OR11 may also be 
prepared by reacting a corresponding compound of formula 
(I) for Which R2 and/or R3 and/or R4 represent an aromatic 
or a heteroaromatic substituted With —COOR5 for Which R5 
is alkyl or phenyl optionally substituted With halogens With 
respectively an amine HZNR9 or HNRloR11 for Which R9, 
R10 and R11 have the same meanings as in formula 

[0064] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloromethane or 
chloroform for example) or a 1-4C aliphatic alcohol (metha 
nol or ethanol for example), at a temperature of betWeen 0° 
C. and the boiling temperature of the reaction mixture. 

[0065] The compounds of formula (I) for Which R2 rep 
resents an aromatic substituted With hydroxyl and/or R3 
and/or R4 represent an aromatic or a heteroaromatic substi 
tuted With hydroxyl may also be prepared by hydrolysis of 
a corresponding compound of formula (1) for Which R2 
represents an aromatic substituted With alkoxy and/or R3 
and/or R4 represent an aromatic or a heteroaromatic substi 
tuted With alkoxy. 

[0066] This reaction is carried out by any method of 
hydrolyZing an alkoxy to a hydroxyl Without affecting the 
rest of the molecule. Preferably, the hydrolysis is carried out 
using boron tribromide, in a chlorinated solvent such as 
dichloromethane, at a temperature close to 20° C. 

[0067] The compounds of formula (I) for Which R2 rep 
resents an aromatic substituted With —NR6R7 for Which R6 
represents an alkyl radical and R7 represents a hydrogen 
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atom may also be prepared by deprotecting a corresponding 
compound of formula (I) for Which R2 represents an aro 
matic substituted With an —N(alk)COOR8 in Which R8 
represents a tert-butyl radical. 

[0068] This reaction is generally carried out using hydro 
chloric acid, in a solvent such as dioxane at a temperature 
close to 20° C. 

[0069] The compounds of formula (I) for Which R2 and/or 
R3 and/or R4 represent an aromatic substituted With 
—COOR5 may also be prepared by esteri?cation of a deriva 
tive of formula: 

RI/Q 
EL 

[0070] for Which R represents a chain C=C(SO2R1)R‘2 or 
C(OR‘)CH(SO2R1)R‘2, R1, R‘2, R‘3 and R‘4 have the same 
meanings as the substituents R1, R2, R3 and R 4 of formula (I) 
With the proviso that at least one of the substituents R‘2, R‘3 
and R‘4 represents an aromatic or a heteroaromatic substi 
tuted With carboxyl, using a derivative of formula RSOH for 
Which R5 is alkyl or phenyl optionally substituted With one 
or more halogens. 

[0071] When R5 is alkyl, this reaction is generally carried 
out in the presence of an inorganic acid (sulfuric acid for 
example), at a temperature of betWeen 20° C. and the boiling 
temperature of the reaction medium. When R5 is optionally 
substituted phenyl, this reaction is preferably carried out in 
the presence of a carbodiimide (1-(3-dimethylaminopropyl) 
3-ethylcarbodiimide or N,N‘-dicyclohexylcarbodiimide for 
example), in an inert solvent such as an imide (dimethyl 
formamide) or a chlorinated solvent (methylene chloride, 
1,2-dichloroethane or chloroform for example), at a tem 
perature of betWeen 0° C. and the boiling temperature of the 
reaction mixture. 

[0072] The derivatives of formula (IX) for Which R rep 
resents a chain C=C(SO2R1)R‘2 or C(OR‘)CH(SO2R1)R‘2, 
R‘, R1, R‘2, R‘3 and R‘4 have the same meanings as the 
substituents R‘, R1, R2, R3 and R4 of the formula (I) With the 
proviso that at least one of the substituents R‘2, R‘3 and R‘ 4 
represents an aromatic or a heteroaromatic substituted With 
carboxyl may be obtained according to the methods 
described above for the preparation of the compounds of 
formula (I) from the corresponding intermediates and in 
particular according to the method described in Example 29. 

[0073] The compounds of formula (I) for Which R2 and/or 
R3 and/or R4 represent an aromatic or a heteroaromatic 
substituted With alkylthioalkyl may also be prepared by 
reaction of a derivative of formula (IX) for Which R repre 
sents a chain C=C(SO2R1)R‘2 or C(OR‘)CH(SO2R1)R‘2, R‘, 
R1, R‘2, R‘3 and R‘4 have the same meanings as the substitu 
ents R‘, R1, R2, R3 and R 4 of the formula (I) With the proviso 
that at least one of the substituents R‘2, R‘3 and R‘ 4 represents 
an aromatic or a heteroaromatic substituted With haloalkyl 
With sodium alkylthiolate. 
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[0074] This reaction is generally carried out in an inert 
solvent such as an amide (dimethylformamide for example), 
at a temperature close to 20° C. 

[0075] The derivatives of formula (IX) for Which R rep 
resents a chain C=C(SO2R1)R‘2 or C(OR‘)CH(SO2R1)R‘2, 
R‘, R1, R‘2, R‘3 and R‘4 have the same meanings as the 
substituents R‘, R1, R2, R3 and R 4 of the formula (I) With the 
proviso that at least one of the substituents R‘2, R‘3 and R‘4 
represents an aromatic or a heteroaromatic substituted With 
haloalkyl may be obtained by reacting a phosphorus triha 
lide (preferably phosphorus tribromide) With a correspond 
ing compound of formula (I) for Which R2 and/or R3 and/or 
R4 represent an aromatic or a heteroaromatic substituted 
With hydroxyalkyl, in an inert solvent such as a chlorinated 
solvent (carbon tetrachloride or chloroform for example), at 
a temperature close to 20° C. 

[0076] The compounds of formula (I) for Which R2 and/or 
R3 and/or R4 represent an aromatic substituted With 
hydroxyalkyl in Which the alkyl contains one carbon atom 
may also be prepared by reducing a compound of formula (I) 
for Which at least one of the substituents R2, R3 and R4 
represents an aromatic substituted With formyl. 

[0077] This reaction is generally carried out using sodium 
borohydride, in a 1-4C aliphatic alcohol (methanol or etha 
nol for example), at a temperature close to 0° C. 

[0078] The compounds of formula (I) for Which R3 and/or 
R4 represents an aromatic substituted With -alk-NR6R7 for 
Which alk is an alkyl containing one carbon atom may also 
be prepared by reacting a compound of formula (I) for Which 
at least one of the substituents R3 and R4 represents an 
aromatic substituted With formyl With an amine HNR6R7 in 
Which R6 and R7 have the same meanings as in formula 

[0079] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloroethane for 
example), at a temperature close to 20° C. in the presence of 
sodium triacetoxyborohydride or sodium cyanoborohydride. 

[0080] The compounds of formula (I) for Which R2 rep 
resents an aromatic or a heteroaromatic substituted With 

—CONHR9 and/or R3 and/or R4 represents an aromatic or 
heteroaromatic substituted With —CO—NR1ORM may also 
be prepared by reacting a derivative of formula (IX) for 
Which R represents a chain C=C(SO2R1)R‘2 or 
C(OR‘)CH(SO2R1)R‘2, R‘, R1, R‘2, R‘3 and R‘4 have the same 
meanings as the substituents R‘, R1, R2, R3 and R4 of the 
formula (I) With the proviso that at least one of the substitu 
ents R‘2, R‘3 and R‘4 represents an aromatic or a heteroaro 
matic substituted With carboxyl With respectively an amine 
HZNR9 or HNRJLOR11 in Which R9, R10 and RM have the 
same meanings as in formula 

[0081] This reaction is preferably carried out in the pres 
ence of a condensing agent Which is used in peptide chem 
istry such as a carbodiimide (for example 1-(3-dimethylami 
nopropyl)-3-ethylcarbodiimide or N,N‘ 
dicyclohexylcarbodiimide) or N,N‘-carbonyldiimidaZole, in 
an inert solvent such as an ether (tetrahydrofuran or dioxane 
for example), an amide (dimethylformamide) or a chlori 
nated solvent (methylene chloride, 1,2-dichloroethane or 
chloroform for example) at a temperature of betWeen 0° C. 
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and the boiling temperature of the reaction mixture, or after 
prior binding of the acid to a resin of the TFP type of 
formula: 

F OH 

<1) \ / 

[0082] in Which S represents an aminopolystyrene resin, in 
an inert solvent such as dimethylformamide, in the presence 
of 4-dimethylaminopyridine, at a temperature close to 20° C. 
The binding to the resin is generally carried out in dimeth 
ylformamide, in the presence of 4-dimethylaminopyridine 
and 1,3-diisopropylcarbodiimide, at a temperature close to 
20° C. 

[0083] The compounds of formula (I) for Which R2 and/or 
R3 and/or R4 represent an aromatic or a heteroaromatic 
substituted With —CO—NH—NR6R7 may also be prepared 
by reacting a corresponding compound of formula (I) for 
Which R2 and/or R3 and/or R4 represent an aromatic or a 
heteroaromatic substituted With —COOR5 and R5 represents 
an alkyl or phenyl radical optionally substituted With halo 
gens, With a hydraZine H2N—NR6R7 for Which R6 and R7 
have the same meanings as in formula 

[0084] This reaction is generally carried out in an inert 
solvent such as dimethylformamide, at a temperature close 
to 20° C. 

[0085] The compounds of formula (I) for Which R2 rep 
resents an aromatic or a heteroaromatic substituted With 

—CO—NHR9 in Which R9 represents a hydrogen atom 
and/or R3 and/or R4 represent an aromatic or a heteroaro 
matic substituted With —CO—NR1ORM in Which R10 and 
R11 are hydrogen atoms may also be prepared by hydrolysis 
of a corresponding compound of formula (I) for Which R2 
and/or R3 and/or R4 represent an aromatic or a heteroaro 
matic substituted With cyano. 

[0086] This reaction is carried out by any knoWn method 
Which makes it possible to pass from a nitrile to the 
corresponding carbamoyl Without affecting the rest of the 
molecule. Preferably, the procedure is carried out using 
hydrochloric acid, in acetic acid, at a temperature close to 
20° C. 

[0087] The compounds of formula (I) for Which R2 rep 
resents an aromatic substituted With —O-alk-NR12R13 may 
also be prepared by reacting a derivative of formula (IX) for 
Which R represents a chain C=C(SO2R1)-R‘2 or 
C(OR‘)CH(SO2R1)R‘2, R‘, R1, R2‘, R3‘ and R4‘ have the same 
meanings as the substituents R‘, R1, R2, R3 and R4 of the 
formula (I) With the proviso that at least one of the substitu 
ents R2‘, R3‘ or R4‘ represents an aromatic substituted With 
-O-alk-Hal in Which alk represents an alkyl radical and Hal 
represents a halogen atom and, preferably, a chlorine or 
bromine atom, With an amine HNRMR13 in Which R12R13 
have the same meanings as in formula 
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[0088] This reaction is generally carried out in an inert 
solvent such as acetonitrile, in the presence of an alkali 
metal carbonate (potassium carbonate for example), at a 
temperature close to 20° C. 

[0089] The derivatives of formula (IX) for Which R rep 
resents a chain C=C(SO2R1)R‘2 or C(OR‘)CH(SO2R1)R‘2, 
R‘, R1, R2‘, R3‘ and R4‘ have the same meanings as the 
substituents R‘, R1, R2, R3 and R4 of the formula (I) With the 
proviso that at least one of the substituents R2‘, R3‘ or R4‘ 
represents an aromatic substituted With —O-all<-Hal in 
Which alk represents an alkyl radical and Hal represents a 
halogen atom may be obtained by reacting a corresponding 
compound of formula (I) for Which R2 represents an aro 
matic substituted With hydroxide With a Hal-alk-Hal deriva 
tive in Which Hal represents a halogen. 

[0090] This reaction is generally carried out in an inert 
solvent such as a ketone (methyl ethyl ketone for example), 
in the presence of a base such as an alkali metal carbonate 
(potassium carbonate for example), at the boiling tempera 
ture of the reaction medium. 

[0091] The compounds of formula (I) for Which R3 and/or 
R4 represents an aromatic substituted With -alk-NR6R7 may 
also be prepared by reacting a derivative of formula (IX) for 
Which R represents a chain C=C(SO2R1)R‘2 or 
C(OR‘)CH(SO2R1)R‘2, R‘, R1, R2‘, R3‘ and R4‘ have the same 
meanings as the substituents R‘, R1, R2, R3 and R4 of the 
formula (I) With the proviso that at least one of the substitu 
ents R3‘ or R4‘ represents a substituted aromatic -alk-Cl in 
Which alk represents an alkyl radical With an amine HNR6R7 
in Which R6R7 have the same meanings as in formula 

[0092] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloromethane for 
example), optionally in the presence of a nitrogen base such 
as dimethylaminopyridine, diisopropylethylamine, at a tem 
perature of betWeen 5 and 25° C. 

[0093] The derivatives of formula (IX) in Which R repre 
sents a chain C=C(SO2R1)R‘2 or C(OR‘)CH(SO2R1)R2, R‘, 
R1, R2‘, R3‘ and R4‘ have the same meanings as the sub 
stituents R‘, R1, R2, R3 and R4 of the formula (I) With the 
proviso that at least one of the substituents R3‘ or R4‘ 
represents an aromatic substituted With -alk-Cl may be 
obtained by reacting thionyl chloride With a corresponding 
compound of formula (I) for Which at least one of the 
substituents R3 or R4 represents an aromatic substituted With 
one or more hydroxyalkyl radicals. 

[0094] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloromethane for 
example), at a temperature of betWeen 10 and 30° C. 

[0095] The compounds of formula (I) for Which R repre 
sents a chain B, R‘ represents a hydrogen atom and R3 and/or 
R4 represents an aromatic substituted With hydroxyalkyl in 
Which the alkyl residue contains one carbon atom may also 
be prepared by reacting diisobutylaluminum hydride With a 
corresponding compound of formula (I) for Which R repre 
sents a chain B, R‘ represents a hydrogen atom and R3 and/or 
R4 represents an aromatic substituted With one or more 

—COOR5 radicals, in Which R5 is an alkyl radical. 

[0096] This reaction is generally carried out in toluene, at 
a temperature of betWeen —30° C. and 0° C. 
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[0097] The compounds of formula (I) for Which R2 rep 
resents a phenyl radical substituted With —NR6R7 repre 
senting a 1-piperaZinyl ring substituted at the 4 position With 
an alkyl radical may also be prepared by reacting a corre 
sponding compound of formula (I) for Which R2 represents 
a phenyl radical substituted With a radical —NR6R7 repre 
senting a 1-piperaZinyl ring With an alk-CHO derivative in 
Which alk represents a straight- or branched-chain alkyl 
radical containing 1 to 5 carbon atoms. 

[0098] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloroethane or 
chloroform for example), in the presence of NaBH(OC 
OCH3)3, at a temperature close to 20° C. 

[0099] The compounds of formula (1) for Which R2 rep 
resents a phenyl radical substituted With —NR6R7 repre 
senting a 1-piperaZinyl ring substituted at the 4 position With 
a radical —COOalk may also be prepared by reacting a 
corresponding compound of formula (I) for Which R2 rep 
resents a phenyl radical substituted With a radical —NR6R7 
representing a 1-piperaZinyl ring With a derivative of for 
mula Hal-COOalk in Which alk represents an alkyl radical 
and Hal represents a halogen atom and, preferably, a chlo 
rine atom. 

[0100] This reaction is generally carried out in pyridine, at 
a temperature close to 20° C. 

[0101] The compounds of formula (I) for Which R2 rep 
resents a phenyl radical substituted With —NR6R7 repre 
senting a 1-piperaZinyl ring substituted at the 4 position With 
a radical —CO—NHalk or —CS—NHalk may also be 
prepared by reacting a corresponding compound of formula 
(I) for Which R2 represents a phenyl radical substituted With 
—NR6R7 representing a 1-piperaZinyl ring With a derivative 
of formula Y=C=Nalk in Which alk represents a straight 
or branched-chain alkyl radical containing 1 to 6 carbon 
atoms and Y represents a sulfur or oxygen atom. 

[0102] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloromethane for 
example), at a temperature close to 20° C. 

[0103] The compounds of formula (I) for Which R2 rep 
resents a phenyl radical substituted With a radical —NR6R7 
representing a 1-piperaZinyl ring substituted at the 4 position 
With a radical —CO-alk-NR14R15 may also be prepared by 
reacting a corresponding compound of formula (I) for Which 
R2 represents a phenyl radical substituted With a radical 
—NR6R7 representing a 1-piperaZinyl ring With an acid of 
formula R15R14N-alk-COOH in Which alk represents an 
alkyl radical and R14 and R15 have the same meanings as in 
formula (I), optionally folloWed by deprotection of the 
product for Which R14 is a tert-butoxycarbonyl radical in 
order to obtain the compounds for Which R14 is a hydrogen 
atom. 

[0104] This reaction is generally carried out in an inert 
solvent such as a chlorinated solvent (dichloroethane for 
example), at a temperature close to 20° C. The deprotection 
is carried out using formic acid at a temperature close to 20° 
C. 

[0105] The compounds of formula (I) for Which R2 rep 
resents a phenyl radical substituted With a radical —NR6R7 
representing a 1-piperaZinyl ring substituted at the 4 position 
With a radical —CO-alk in Which alk represents a methyl 
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radical may also be prepared by reacting a corresponding 
compound of formula (I) for Which R2 represents a phenyl 
radical substituted With a radical —NR6R7 representing a 
1-piperaZinyl ring With acetic anhydride. 

[0106] This reaction is generally carried out in the pres 
ence of pyridine, at a temperature close to 20° C. 

[0107] It is understood for persons skilled in the art that, 
to carry out the processes according to the invention Which 
are described above, it may be necessary to introduce groups 
protecting amino, hydroxyl and carboxyl functions in order 
to avoid side reactions. These groups are those Which alloW 
removal Without affecting the rest of the molecule. As 
examples of groups protecting the amino function, there 
may be mentioned tert-butyl or methylcarbamates Which 
may be regenerated using iodotrimethylsilane or allyl using 
palladium catalysts. As examples of groups protecting the 
hydroxyl function, there may be mentioned triethylsilyl and 
tert-butyldimethylsilyl Which may be regenerated using tet 
rabutylammonium ?uoride or alternatively asymmetric 
acetals (methoxymethyl or tetrahydropyranyl for example) 
With regeneration using hydrochloric acid. As groups pro 
tecting carboxyl functions, there may be mentioned esters 
(allyl or benZyl for example), oxaZoles and 2-alkyl-1,3 
oxaZolines. Other protecting groups Which can be used are 
described by GREENE T. W. et al., Protecting Groups in 
Organic Synthesis, second edition, 1991, John Wiley & 
Sons. 

[0108] The compounds of formula (I) may be puri?ed by 
the customary knoWn methods, for example by crystalliZa 
tion, chromatography or extraction. 

[0109] The enantiomers of the compounds of formula (I) 
may be obtained by resolution of the racemates for example 
by chromatography on a chiral column according to 
PIRCKLE W. H. et al., Asymmetric synthesis, Vol. 1, 
Academic Press (1983) or by formation of salts or by 
synthesis from chiral precursors. The diastereoisomers may 
be prepared according to knoWn conventional methods 
(crystalliZation, chromatography or from chiral precursors). 

[0110] The compounds of formula (I) may be optionally 
converted to addition salts With an inorganic or organic acid 
by the action of such an acid in an organic solvent such as 
an alcohol, a ketone, an ether or a chlorinated solvent. These 
salts also form part of the invention. 

[0111] As examples of pharmaceutically acceptable salts, 
the folloWing salts may be mentioned: benZenesulfonate, 
hydrobromide, hydrochloride, citrate, ethanesulfonate, 
fumarate, gluconate, iodate, isethionate, maleate, methane 
sulfonate, methylene-bis-[3-oxynaphtoate, nitrate, oxalate, 
pamoate, phosphate, salicylate, succinate, sulfate, tartrate, 
theophyllineacetate and p-toluenesulfonate. 

[0112] The compounds of formula (I) exhibit advanta 
geous pharmacological properties. These compounds pos 
sess a high affinity for the cannabinoid receptors and par 
ticularly those of the CB1 type. They are CBI receptor 
antagonists and are therefore useful in the treatment and 
prevention of disorders affecting the central nervous system, 
the immune system, the cardiovascular or endocrine system, 
the respiratory system, the gastrointestinal apparatus and 
reproductive disorders (Hollister, Pharm. Rev.; 38, 1986, 
1-20, Reny and Sinha, Prog. Drug Res., 36, 71-114 (1991), 
Consroe and Sandyk, in Marijuana/Cannabinoids, Neurobi 

Nov. 25, 2004 

ology and Neurophysiology, 459, Murphy L. and Barthe A. 
Eds, CRC Press, 1992) of bacterial, viral and parasitic 
infections. 

[0113] Accordingly, these compounds may be used for the 
treatment or prevention of psychoses including schiZophre 
nia, anxiety disorders, depression, epilepsy, neurodegenera 
tion, cerebellar and spinocerebellar disorders, cognitive dis 
orders, cranial trauma, panic attacks, peripheral 
neuropathies, glaucomas, migraine, Parkinson’s disease, 
AlZeimer’s disease, Huntington’s chorea, Raynaud’s syn 
drome, tremor, obsessive-compulsive disorder, senile 
dementia, thymic disorders, Tourette’s syndrome, tardive 
dyskinesia, bipolar disorders, cancers, movement disorders 
induced by medicaments, dystonia, endotoxemic shocks, 
hemorrhagic shocks, hypotension, insomnia, immunological 
diseases, multiple sclerosis, vomiting, asthma, appetite dis 
orders (bulimia, anorexia), obesity, memory disorders, in 
Weaning from chronic treatments and alcohol or drug abuse 
(opiods, barbiturates, cannabis, cocaine, amphetamine, 
phencyclide, hallucinogens, benZodiaZepines for example), 
as analgesics or potentiators of the analgesic activity of the 
narcotic and normarcotic drugs. They may also be used for 
the treatment or prevention of intestinal transit disorders, as 
antibacterial, antiviral and antiparasitic agents. 

[0114] The affinity of the compounds of formula (I) for the 
cannabis receptors has been determined according to the 
method described by KUSTER J. E., STEVENSON J. I., 
WARD S. J., D’AMBRA T. E., HAYCOCK D. A. in J. 
Pharmacol. Exp. Ther., 264 1352-1363 (1993). 

[0115] In this test, the IC5O of the compounds of formula 
(I) is less than or equal to 100 nM. 

[0116] Their antagonist activity has been shoWn by means 
of the model of hypothermia induced by an agonist of the 
cannabis receptors (CP-55940) in mice, according to the 
method described by PertWee R. G. in Marijuana, Harvey D. 
J. eds, 84 Oxford IRL Press, 263-277 (1985). 

[0117] In this text the ED50 of the compounds of formula 
(I) is less than or equal to 50 mg/kg. 

[0118] The compounds of formula (I) exhibit loW toxicity. 
Their LD5O is greater than 40 mg/kg by the subcutaneous 
route in mice. 

[0119] The preferred compounds of formula (I) are those 
for Which 

[0120] R represents a chain (A) or (B) and R‘ represents 
a hydrogen atom or a —COalk radical, 

[0121] R1 represents a methyl or ethyl radical, 

[0122] R2 represents either an aromatic chosen from 
phenyl and naphthyl, these aromatics being nonsubsti 
tuted or substituted With one or more halogens, alkyl, 
alkoxy, hydroxyl, —COOR5, tri?uoromethyl, tri?uo 
romethyl-sulfanyl, tri?uoromethoxy, —NR6R7, 
—CO—NH—NR6R7, cyano, —CONHR9, alkylsulfa 
nyl, hydroxyalkyl, nitro, —CO—NR16R17, 
—O-all<NR12R13 or alkylthioalkyl or a heteroaromatic 
chosen from isoquinolyl, pyridyl, quinolyl, 1,2,3,4 
tetrahydroisoquinolyl, 1,2,3,4-tetrahydroquinolyl and 
thienyl, these heteroaromatics being unsubstituted or 
substituted With a halogen, alkyl, alkoxy, —COOR5, 
tri?uoromethyl, tri?uoromethylsulfanyl, tri?uo 
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romethoXy, —NR6R7, —CO—NH—NR6R7, cyano, 
—CONHRQ, alkylsulfanyl, hydroXyalkyl, nitro or alky 
lthioalkyl, 

[0123] R3 and R4, Which are identical or different, 
represent either an aromatic chosen from phenyl or 
naphthyl, these aromatics being nonsubstituted or sub 
stituted With one or more halogens, alkyl, alkoXy, 
tri?uoromethyl, tri?uoromethoXy, —CONR1OR11, -alk 
NR6R7, hydroXyalkyl, formyl or —COOR5, or a het 
eroaromatic chosen from thiaZolyl or thienyl rings, 
these heteroaromatics being unsubstituted or substi 
tuted With a halogen, alkyl, alkoXy, —CONR1OR11, 
-alk-NR6R7, hydroXyalkyl or —COORS. 

[0124] R5 is alkyl or phenyl Which is optionally substi 
tuted With one or more halogens, 

[0125] R6 and R7, Which are identical or different, 
represent a hydrogen atom or an alkyl, —COOalk, 
cycloalkyl, alkylcycloalkyl, -alk-O-alk or hydroXyalkyl 
radical or alternatively R6 and R7 together form With 
the nitrogen atom to Which they are attached a 3- to 
10-membered saturated or unsaturated mono- or bicy 
clic heterocycle optionally containing another heteroa 
tom chosen from oXygen, sulfur and nitrogen and being 
optionally substituted With one or more alkyl, 

—COalk, —COOalk, —CO—NHalk, —CS—NHalk, 
—CO-alk-NR14R15, OX0, hydroXyalkyl, alk-O-alk or 
—CO—NH2 radicals, 

[0126] R9 represents a hydrogen atom or an alkyl radi 
cal or an alkyl radical substituted With dialkylamino, 
phenyl, cycloalkyl (optionally substituted With 
—COOalk) or a 3-to 10-membered saturated or unsat 
urated mono- or bicyclic heterocycle optionally con 
taining one or more heteroatoms chosen from oxygen, 
sulfur and nitrogen and being optionally substituted 
With one or more alkyl radicals, 

[0127] R10 and R11, Which are identical or different, 
represent a hydrogen atom or an alkyl radical or 
alternatively R10 and R11 together form With the nitro 
gen atom to Which they are attached a 3- to 10-mem 
bered saturated mono- or bicyclic heterocycle option 
ally containing another heteroatom chosen from 
oXygen, sulfur and nitrogen and being optionally sub 
stituted With an alkyl radical, 

[0128] R12 and R13, Which are identical or different, 
represent a hydrogen atom or an alkyl or cycloalkyl 
radical or alternatively R12 and R13 together form With 
the nitrogen atom to Which they are attached a 3- to 
10-membered saturated mono- or bicyclic heterocycle 
optionally containing another heteroatom chosen from 
oXygen, sulfur and nitrogen and being optionally sub 
stituted With an alkyl, —COalk, —COOalk, —CO— 
NHalk, —CS—NHalk or —CO-alk-NR14R15 radical 
or a 3- to 10-membered saturated mono- or bicyclic 
heterocycle containing a heteroatom chosen from oXy 
gen, sulfur and nitrogen, 

[0129] R14 and R15, Which are identical or different, 
represent a hydrogen atom or an alkyl or —COOalk 

radical, 
[0130] R16 and R17 together form With the nitrogen 

atom to Which they are attached a 3- to 10-membered 
saturated mono- or bicyclic heterocycle optionally con 
taining 
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[0131] another heteroatom chosen from oXygen, sulfur 
and nitrogen, 

[0132] alk represents an alkyl or alkylene radical, 

[0133] their optical isomers and their salts With an 
inorganic or organic acid. 

[0134] The compounds of formula (I) Which are particu 
larly preferred are those for Which 

[0135] R represents a chain (A) or (B), 

[0136] R‘ representing a hydrogen atom or a radical 
—COalk, 

[0137] R1 represents a methyl or ethyl radical, 

[0138] R2 represents either an aromatic chosen from 

[0139] naphthyl, 

[0140] phenyl, 
[0141] phenyl substituted With one or more halogen, 

alkyl, alkoXy, hydroXyl, —COOR5 (in Which R5 repre 
sents an alkyl or phenyl radical optionally substituted 
With several halogens) tri?uoromethyl, tri?uorom 
ethyl-sulfanyl, tri?uoromethoXy, —NR6R7 (in Which 
R6 and R7, Which are identical or different, represent a 
hydrogen atom or an alkyl or —COOalk radical or 
alternatively R6 and R7 together form With the nitrogen 
atom to Which they are attached a heterocycle chosen 
from pyrrolidinyl, piperidyl, piperaZinyl or piperaZinyl 
substituted With one or more alkyl, —COalk, 
—COOalk, —CO—NHalk, —CS—NHalk or —CO 
alk-NR1 4R15 radicals, in Which R14 and R15, Which are 
identical or different, represent a hydrogen atom or an 

alkyl radical), —CO—NH—NR6R7 (R6 and R7, Which 
are identical or different, represent a hydrogen atom or 
an alkyl radical or alternatively R6 and R7 together form 
With the nitrogen atom to Which they are attached a 
heterocycle chosen from piperidyl, piperaZinyl or pip 
eraZyl substituted With one or more alkyl radicals), 
cyano, —CONHR9 (in Which R9 represents a hydrogen 
atom or an alkyl radical or an alkyl radical substituted 
With dialkylamino, phenyl, cycloalkyl (optionally sub 
stituted With —COOalk) or a heterocycle chosen from 
pyrrolidinyl (optionally substituted With alkyl), tetrahy 
drofuryl, or morpholinyl), alkylsulfanyl, hydroXyalkyl, 
nitro, —CO—NR16R17, (in Which R16 and R17 together 
form With the nitrogen atom to Which they are attached 
a piperidyl ring), —O-alkNRlzR13 (in Which R12 and 
R13 together form With the nitrogen atom to Which they 
are attached a morpholino ring) or alkylthioalkyl, or a 
heteroaromatic chosen from 

[0142] isoquinolyl, 
[0143] pyridyl, 

[0144] quinolyl, 
[0145] 1,2,3,4-tetrahydroisoquinolyl, 

[0146] 1,2,3,4-tetrahydroquinolyl, 

[0147] thienyl, or 

[0148] thienyl substituted With a —COOR5 (in Which 
R5 represents an alkyl radical) or —CONHRQ, (in 
Which R9 represents an alkyl radical), 
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[0306] (2-{4-[3-({ 1 -[bis(4-chlorophenyl)methyl] aZeti 
din-3 -ylidene} methanesulfonylmethyl)phenyl]piper 
aZin- 1-yl} -2-oxoethyl)carbamic acid tert-butyl ester, 

[0307] 1- {4-[3-({ 1 -[bis-(4-chlorophenyl)methyl] aZeti 
din-3 -ylidene} methanesulfonylmethyl)phenyl]piper 
aZin- 1-yl} -2-methylaminoethanone, 

[0308] (2-{4-[3-({ 1 -[bis(4-chlorophenyl)methyl] aZeti 
din-3 -ylidene} methanesulfonylmethyl)phenyl]piper 
aZin- 1-yl} -2-oxoethyl)-N-methylcarbamic acid tert-bu 
tyl ester, 

[0309] 4-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene}methanesulfonylmethyl)phenyl]piperaZine 
1 -carbothioic acid N-methylamide, 

[0310] 4-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene} methanesulfonylmethyl)phenyl]piperaZine 
1 -carboxylic acid N-methylamide, 

[0311] 4-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin-3 
ylidene} methanesulfonylmethyl)phenyl]piperaZine-1 - 
carboxylic acid methyl ester, 

[0312] 1-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene} methanesulfonylmethyl)phenyl]-4-isobu 
tylpiperaZine, 

[0313] 1-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene}methanesulfonylmethyl)phenyl]-4-ethylpip 
eraZine, 

[0314] 4- acetyl 1 -[3-({ 1 -[bis(4-chlorophenyl)methyl] 
aZetidin-3-ylidene}methanesulfonylmethyl)phenyl] 
piperaZine, 

[0315] 1- {4-[3-({ 1 -[bis(4-chlorophenyl)methyl]aZeti 
din-3 -ylidene} methanesulfonylmethyl)phenyl]piper 
aZin- 1-yl} -2-dimethylaminoethanone, 

[0316] 1-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene}methanesulfonylmethyl)phenyl]piperaZine, 

[0317] 4-[3 -({ 1 -[bis(4-chlorophenyl)methyl]aZetidin 
3-ylidene}methanesulfonylmethyl)phenyl]piperaZine 
1 -carboxylic acid tert-butyl ester, 

[0318] 1-[bis(4-methoxycarbonylphenyl)methyl]-3-[(3, 
5 -di?uorophenyl)(methylsulfonyl)methylene]aZeti 
dine, 

[0319] 3-acetoxy- 1-[bis(4-methoxycarbonylphenyl)m 
ethyl]-3-[(3,5 -di?uorophenyl)(methylsulfonyl)methyl 
(RS) aZetidine, 

[0320] (RS)-4-[4-((4-chlorophenyl) {3-[(3,5-di?uo 
rophenyl)-methanesulfonylmethylene]aZetidin- 1 
yl}methyl)benZyl]morpholine, 

[0321] 4-(4-{3-[(1-benZhydrylaZetidin-3 -yliden 
e)methanesulfonylmethyl]phenoxy}butyl)morpholine, 

[0322] 4-(4-{3-[(1-benZhydrylaZetidin-3 -yliden 
e)methanesulfonylmethyl] 
phenoxy}propyl)morpholine, 

[0323] 
[0324] Among these compounds, the following com 
pounds are particularly preferred; 

[0325] 1-[bis(4-chlorophenyl)methyl]-3-[(3,5-di?uo 
rophenyl)(methylsulfonyl)methylene]aZetidine, 

their optical isomers and their esters. 
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[0326] 1-[bis(4-chlorophenyl)methyl]-3-[(3,5-di?uo 
rophenyl)(methylsulfonyl)methylene(RS)]aZetidin-3 
01, 

[0327] 3-acetoxy-1-[bis(4-chlorophenyl)methyl]-3-[(3, 
5-di?uorophenyl)(methylsulfonyl)methyl)methyl-sul 
fonylmethyl(RS)]aZetidine their optical isomers and 
their salts With an inorganic or organic acid. 

[0328] The folloWing examples illustrate the invention 
Without limiting it. 

Example 1 

[0329] 0.3 cm3 of methanesulfonyl chloride is added to a 
solution of 1 g of 1-benZhydryl-3-[(methylsulfonyl)(phenyl) 
methyl-(RS)]aZetidin-3-ol in 10 cm3 of pyridine, cooled to 
5° C. The mixture is stirred for 2 hours at 5° C. and then 1 
g of 4-dimethylaminopyridine is added in 10 cm3 of dichlo 
romethane at 5° C. The solution is stirred for 15 hours at 
room temperature and then concentrated to a dryness under 
reduced pressure (2.7 kPa). The residue obtained is 
chomatographed on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm), eluting at a nitrogen 
pressure of 0.5 bar With dichloromethane and collecting 80 
cm3 fractions. Fractions 17 to 20 are combined and then 
concentrated to dryness under reduced pressure (2.7 kPa). 
The residue is crystalliZed from 10 cm3 of ethyl ether. 0.14 
g of 1-benZhydryl-3-[(methylsulfonyl)(phenyl)methylene] 
aZetidine is obtained melting at 210° C. [NMR spectrum in 
DMSO-d6, T=300K, III in ppm (300 MHZ): 2.95 (3H, s, 
SCH3), 3.80 (2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.75 (1H, 
s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 (4H, t, J=7 
HZ, 4CH arom.), betWeen 7.40 and 7.60 (9H, m, 9 CH 
arom.)]. 
[0330] 1-BenZhydryl-3-[(methylsulfonyl)(phenyl)methyl 
(RS)]aZetidin-3-ol may be obtained in the folloWing manner: 
6.25 cm3 of 1.6 N n-butyllithium in solution in hexane are 
added to a solution of 1.4 cm3 of diisopropylamine in 10 cm3 
of tetrahydrofuran, under an argon atmosphere, cooled to 0° 
C., and then the mixture is cooled to —70° C. A mixture of 
1.7 g of benZyl methyl sulfone in 30 cm3 of tetrahydrofuran 
are then added and the stirring is maintained for 45 minutes 
at —70° C. 2.4 g of 1-benZhydrylaZetidin-3-one are added 
and then the mixture is stirred for 20 minutes While alloWing 
the mixture to return to room temperature. The reaction 
mixture is ?ltered and then concentrated to dryness under 
reduced pressure (2.7 kPa). The residue is taken up in 50 cm3 
of ethyl acetate, 30 cm3 of Water and 20 cm3 of normal 
hydrochloric acid. The precipitate is ?ltered, Washed With 30 
cm3 of distilled Water, drained and dried. 2 g of 1-benZhy 
dryl-3-[(methylsulfonyl)(phenyl)methyl-(RS)]aZetidin-3-ol 
are obtained melting at 260° C. 

[0331] 1-BenZhydrylaZetidin-3-one may be prepared 
according to the procedure described by KATRITZKY A. R. 
et al. in J. Heterocycl. Chem., 271 (1994). 

Example 2 

[0332] On carrying out the operation according to the 
procedure of Example 1 starting With 1.9 g of 1-benZhydryl 
3-[(3-methylphenyl)(methylsulfonyl)methyl-(RS)]aZetidin 
3-01, 0.52 cm3 of methanesulfonyl chloride and 1.7 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
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0.06 mm, diameter 3 cm, height 17 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane and then a dichlo 
romethane and ethanol mixture (98.5/1.5 by volume) as 
eluents and collecting 100 cm3 fractions. Fractions 5 and 6 
are combined and concentrated to dryness under reduced 
pressure (2.7 kPa). The solid obtained is crystalliZed from 2 
cm3 of dichloromethane and 20 cm3 of diisopropyl ether. 0.9 
g of 1-benZhydryl-3-[(3-methylphenyl)(methylsulfonyl) 
methylene]aZetidine is obtained melting at 180° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 2.35 
(3H, s, PhCH3), 2.95 (3H, s, SCH3), 3.80 (2H, s, NCHZ), 
4.20 (2H, s, NCHZ), 4.75 (1H, s, NCH), 7.20 (5H, m, 5CH 
arom.), 7.30 (5H, t, J=7 HZ, 5CH arom.), 7.50 (4H, d, J=7 
HZ, 4 CH arom.)]. 

[0333] 1-BenZhydryl-3-[(3-methylphenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 2.8 g of methyl(3 
methylbenZyl)sulfone and 3.6 g of 1-benZhydrylaZetidin-3 
one, 2.6 g of a solid are obtained after puri?cation on a silica 
gel column (particle siZe 0.04-0.06 mm, diameter 3 cm, 
height 25 cm) at a nitrogen pressure of 0.5 bar With a 
dichloromethane and ethanol mixture (98.5/1.5 by volume) 
as eluent. The solid is taken up in 25 cm3 of diisopropyl 
ether. After ?ltration, draining and drying, 1.9 g of 1-ben 
Zhydryl-3-[(3-methylphenyl)(methylsulfonyl)methyl-(RS)] 
aZetidin-3-ol are obtained melting at 170° C. 

[0334] Methyl(3-methylbenZyl)sulfone may be prepared 
in the folloWing manner: 10.5 g of oxoneR and then 2.6 g of 
methyl(3-methylbenZyl)sul?de and 30 cm3 of ethanol are 
added, at room temperature, to a solution of 30 cm3 of Water, 
30 cm3 of acetic acid and 15 cm3 of 36 N sulfuric acid. The 
mixture is stirred for 48 hours at room temperature and then 
taken up in 100 cm3 of Water and 100 cm3 of ethyl acetate. 
The organic phase is Washed With a saturated aqueous 
sodium bicarbonate solution, decanted off, dried over mag 
nesium sulfate and concentrated to dryness under reduced 
pressure (2.7 kPa). 2.8 g of methyl(3-methylbenZyl)sulfone 
are obtained in the form of a gum. 

[0335] Methyl(3-methylbenZyl)sul?de may be prepared in 
the folloWing manner: 1.7 g of sodium methylthiolate are 
added, While the temperature is kept beloW 30° C., to a 
solution of 3.7 g of 3-methylbenZyl bromide in 25 cm3 of 
dimethylformamide. The mixture is stirred for 2 hours at a 
temperature close to 20° C. and then taken up in 50 cm3 of 
ethyl acetate. The organic phase is Washed With 3 times 100 
cm3 of Water, dried over magnesium sulfate and concen 
trated to dryness under reduced pressure (2.7 kPa). 2.6 g of 
methyl(3-methyl-benZyl)sul?de are obtained in the form of 
an oil. 

Example 3 

[0336] 0.3 cm3 of methanesulfonyl chloride is added to a 
solution of 3.3 g of 1-benZhydryl-3-[(4-methylphenyl)(m 
ethylsulfonyl)methyl-(RS)]aZetidin-3-ol in 10 cm3 of pyri 
dine, cooled to 5° C. The mixture is stirred for 2 hours at 5° 
C. and then 1 g of 4-dimethylaminopyridine is added in 10 
cm3 of dichloromethane at 5° C. The solution is stirred for 
15 hours at room temperature and then concentrated to 
dryness under reduced pressure (2.7 kPa). The residue 
obtained is chromatographed on a silica gel column (particle 
siZe 004-006 mm, diameter 3 cm, height 25 cm), eluting at 
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a nitrogen pressure of 0.5 bar With dichloromethane and 
collecting 80 cm3 fractions. Fractions 17 to 20 are combined 
and then concentrated to dryness under reduced pressure 
(2.7 kPa). The solid obtained is crystalliZed from 30 cm3 of 
acetonitrile. 0.14 g of 1-benZhydryl-3-[(4-methylphenyl)(m 
ethylsulfonyl)methylene]aZetidine is obtained melting at 
210° C. [NMR spectrum in DMSO-d6, T=300K, III in ppm 
(300 MHZ): 2.30 (3H, s, PhCH3), 2.95 (3H, s, SCH3), 3.80 
(2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.75 (1H, s, NCH), 7.20 
(4H, m, 4CH arom.), 7.30 (6H, t, J=7 HZ, 6CH arom.), 7.45 
(4H, d, J=7 HZ, 4 CH arom.)]. 

[0337] 1-BenZhydryl-3-[(4-methylphenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 4 g of methyl(4 
methylbenZyl)sulfone and 5.1 g of 1-benZhydrylaZetidin-3 
one, 3 g of 1-benZhydryl-3-[(4-methylphenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol are obtained melting at 226° 
C. 

[0338] Methyl(4-methylbenZyl)sulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3.5 g 
of methyl(4-methylbenZyl)sul?de and 12.3 g of oxoneR, 3.5 
g of methyl(4-methylbenZyl)sulfone are obtained in the form 
of a solid. 

[0339] Methyl(4-methylbenZyl)sul?de may be prepared in 
the folloWing manner: on carrying out the operation accord 
ing to the procedure of Example 2 starting With 5.6 g of 
4-methylbenZyl bromide and 2.3 g of sodium methylthi 
olate, 4.7 g of methyl(4-methylbenZyl)sul?de are obtained in 
the form of a solid. 

Example 4 
[0340] 0.7 cm3 of methanesulfonyl chloride and then 3.8 g 
of 4-dimethylaminopyridine are added to a solution of 3.3 g 
of 1-benZhydryl-3-[(2-methylphenyl)(methylsulfonyl)m 
ethyl-(RS)]aZetidin-3-ol in 50 cm3 of dichloromethane, at 
room temperature. The solution is stirred for 3 hours under 
re?ux and then taken up in tWice 50 cm3 of Water. The 
organic phase is decanted off, dried and concentrated to 
dryness under reduced pressure (2.7 kPa). The residue 
obtained is chromatographed on a silica gel column (particle 
siZe 004-006 mm, diameter 3 cm, height 25 cm), eluting at 
a nitrogen pressure of 0.5 bar With dichloromethane and then 
With a dichloromethane and ethanol mixture (99/1 by vol 
ume mixture) and collecting 100 cm3 fractions. Fractions 6 
to 17 are combined and then concentrated to dryness under 
reduced pressure (2.7 kPa). The solid obtained is crystalliZed 
from 50 cm3 of ethyl ether. 2.6 g of 1-benZhydryl-3-[(2 
methylphenyl)(methylsulfonyl)methylene]aZetidine are 
obtained in the form of a foam [NMR spectrum in DMSO 
d6, T=300K, III in ppm (300 MHZ): 2.30 (3H, s, PhCH3), 
2.95 (3H, s, SCH3), 3.50 (2H, s, NCHZ), 4.20 (2H, s, NCHZ), 
4.70 (1H, s, NCH) betWeen 7.10 and 7.35 (10H, m, 10CH 
arom.), 7.45 (4H, m, 4CH arom.)]. 
[0341] 1-BenZhydryl-3-[(2-methylphenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 3.4 g of methyl(2 
methylbenZyl)sulfone and 4.3 g of 1-benZhydrylaZetidin-3 
one, 3.4 g of 1-benZhydryl-3-[(2-methylphenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol are obtained melting at 
218° C. 
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[0342] Methyl(2-methylbenZyl)sulfone may be prepared 
in the following manner: by carrying out the operation 
according to the procedure of Example 2 starting With 4.5 g 
of methyl(2-methylbenZyl)sul?de and 16.2 g of oxoneR, 3.4 
g of methyl(2-methylbenZyl)sulfone are obtained in the form 
of a solid. 

[0343] Methyl(2-methylbenZyl)sul?de may be prepared in 
the following manner: on carrying out the operation accord 
ing to the procedure of Example 2 but starting With 5.6 g of 
2-methylbenZyl bromide and 2.1 g of sodium methylthi 
olate, 4.5 g of methyl(2-methylbenZyl)sul?de are obtained in 
the form of a solid. 

Example 5 

[0344] On carrying out the operation according to the 
procedure of Example 4 but starting With 2.1 g of 1-ben 
Zhydryl-3-[(2-chlorophenyl)(methylsulfonyl)methyl-(RS)] 
aZetidin-3-ol, 0.55 cm3 of methanesulfonyl chloride and 2.3 
g of 4-dimethylaminopyridine, the residue obtained is puri 
?ed by chromatography on a silica gel column (particle siZe 
0.04-0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 100 cm3 fractions. Fractions 12 to 18 are com 
bined and concentrated to dryness under reduced pressure 
(2.7 kPa). The solid obtained is crystalliZed from a mixture 
of 3 cm3 of dichloromethane and 40 cm3 of ethyl ether. 1.1 
g of 1-benZhydryl-3-[(2-chlorophenyl)(methylsulfonyl)-me 
thylene]aZetidine are obtained melting at 204° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 2.95 
(3H, s, SCH3), 3.60 (2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.70 
(1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 (4H, 
t, J=7 HZ, 4CH arom.), 7.45 (7H, m, 7CH arom.), 7.55 (1H, 
d, J=7 HZ, CH arom.)]. 

[0345] 1-BenZhydryl-3-[(2-chlorophenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 4 g of (2-chlo 
robenZyl)methylsulfone and 4.6 g of 1-benZhydrylaZetidin 
3-one, the residue obtained is taken up in 50 cm3 of ethyl 
acetate, ?ltered and dried. 2.4 g of 1-benZhydryl-3-[(2 
chlorophenyl)(methylsulfonyl)methyl-(RS)]aZetidin-3-ol 
are obtained in the form of a White solid. 

[0346] (2-ChlorobenZyl)methylsulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3.4 g 
of (2-chlorobenZyl)methylsul?de and 12 g of oxoneR, 4 g of 
(2-chlorobenZyl)methylsulfone are obtained in the form of 
an oil Which crystalliZes. 

[0347] (2-ChlorobenZyl)methylsul?de may be prepared in 
the folloWing manner: on carrying out the operation accord 
ing to the procedure of Example 2 but starting With 4 g of 
2-chlorobenZyl bromide and 1.5 g of sodium methylthiolate, 
3.4 g of (2-chlorobenZyl)methylsul?de are obtained in the 
form of an oil. 

Example 6 

[0348] On carrying out the operation according to the 
procedure of Example 4 starting With 3 g of 1-benZhydryl 
3-[(3-chlorophenyl)(methylsulfonyl)methyl-(RS)]aZetidin 
3-ol, 0.79 cm3 of methanesulfonyl chloride and 3.3 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
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chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 100 cm3 fractions. Fractions 2 to 5 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from 40 cm3 of ethyl 
ether. 1.7 g of 1-benZhydryl-3-[(3-chlorophenyl)(methylsul 
fonyl)methylene]aZetidine are obtained melting at 205° C. 
[NMR spectrum in DMSO-d6, T=300K, III in ppm (300 
MHZ): 2.95 (3H, s, SCH3), 3.80 (2H, s, NCHZ), 4.20 (2H, s, 
NCHZ), 4.70 (1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 
7.30 (4H, t, J=7 HZ, 4CH arom.), 7.45 (8H, m, 8CH arom.)]. 

[0349] 1-benZhydryl-3-[(3-chlorophenyl)(methylsulfonyl) 
methyl-(RS)]aZetidin-3-ol may be obtained in the folloWing 
manner: on carrying out the operation according to the 
procedure of Example 1 starting With 3.1 g of (3-chloroben 
Zyl)methylsulfone and 3.4 g of 1-benZhydrylaZetidin-3-one, 
3.4 g of 1-benZhydryl-3-[(3-chlorophenyl)(methylsulfonyl) 
methyl-(RS)]aZetidin-3-ol are obtained in the form of a 
White solid. 

[0350] (3-ChlorobenZyl)methylsulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3.2 g 
of (3-chlorobenZyl)methylsul?de and 12 g of oxoneR, 3.2 g 
of (3-chlorobenZyl)methylsulfone are obtained in the form 
of a White solid. 

[0351] (3-ChlorobenZyl)methylsul?de may be prepared in 
the folloWing manner: on carrying out the operation accord 
ing to the procedure of Example 2 starting With 4 g of 
3-chlorobenZyl bromide and 1.5 g of sodium methylthiolate, 
3.2 g of 3-chlorobenZylmethylsul?de are obtained in the 
form of an oil. 

Example 7 

[0352] On carrying out the operation according to the 
procedure of Example 4 starting With 3.3 g of 1-benZhydryl 
3-[(4-chlorophenyl)(methylsulfonyl)methyl-(RS)]aZetidin 
3-ol, 0.87 cm3 of methanesulfonyl chloride and 3.6 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 100 cm3 fractions. Fractions 8 to 12 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from a mixture of 3 
cm3 and 30 cm3 of ethyl ether. 0.5 g of 1-benZhydryl-3-[(4 
chlorophenyl)(methylsulfonyl)methylene]aZetidine is 
obtained melting at 192° C. [NMR spectrum in DMSO-d6, 
T=300K, III in ppm (300 MHZ): 2.95 (3H, s, SCH3), 3.80 
(2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.70 (1H, s, NCH), 7.20 
(2H, t, J=7 HZ, 2CH arom.), 7.30 (4H, t, J=7 HZ, 4CH 
arom.), betWeen 7.40 and 7.55 (8H, m, 8CH arom.)]. 

[0353] 1-BenZhydryl-3-[(4-chlorophenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 2.8 g of (4-chlo 
robenZyl)methylsulfone and 3.24 g of 1-benZhydrylaZetidin 
3-one, 3.4 g of 1-benZhydryl-3-[(4-chlorophenyl)(methyl 
sulfonyl)methyl-(RS)]aZetidin-3-ol are obtained in the form 
of a White solid after crystalliZation from 80 cm3. 
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[0354] (4-ChlorobenZyl)methylsulfone may be prepared 
in the following manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3.5 g 
of (4-chlorobenZyl)methylsul?de and 12.3 g of oxoneR, 3.5 
g of (4-chlorobenZyl)methylsulfone are obtained in the form 
of a solid. 

Example 8 

[0355] On carrying out the operation according to the 
procedure of Example 4 starting With 3.1 g of 1-benZhydryl 
3-[(3,5-dichlorophenyl)-(methylsulfonyl)methyl-(RS)]aZe 
tidin-3-ol, 0.75 cm3 of methanesulfonyl chloride and 3.1 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 100 cm3 fractions. Fractions 6 to 10 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from a mixture of 2 
cm3 of dichloromethane and 30 cm3 of ethyl ether. 0.8 g of 
1-benZhydryl-3-[(3,5-dichlorophenyl)(methylsulfonyl) 
methylene]aZetidine is obtained melting at 204° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 2.95 
(3H, s, SCH3), 3.85 (2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.75 
(1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 (4H, 
t, J=7 HZ, 4CH arom.), 7.45 (6H, m, 6CH arom.), 7.70 (1H, 
s, CH arom.)]. 

[0356] 1-BenZhydryl-3-[(3,5-dichlorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 4 g of (3,5 
dichlorobenZyl)methylsulfone and 4 g of 1-benZhydrylaZe 
tidin-3-one, 3.2 g of 1-benZhydryl-3-[(3,5-dichlorophenyl) 
(methylsulfonyl)methyl-(RS)]aZetidin-3-ol are obtained in 
the form of a White solid. 

[0357] (3,5-DichlorobenZyl)methylsulfone may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 5.3 g 
of (3,5-dichlorobenZyl)methylsul?de and 17 g of oxoneR> 5 
g of (3,5-dichlorobenZyl)methylsulfone are obtained in the 
form of a White solid. 

[0358] (3,5-DichlorobenZyl)methylsul?de may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 5 g of 
3,5-dichlorobenZyl chloride and 2 g of sodium methylthi 
olate, 5 .3 g of (3,5-dichlorobenZyl)methylsul?de are 
obtained in the form of an oil. 

Example 9 

[0359] On carrying out the operation according to the 
procedure of Example 4 starting With 5 g of 1-benZhydryl 
3-[(3,4-dichlorophenyl)-(methylsulfonyl)methyl-(RS)]aZe 
tidin-3-ol, 1.2 cm3 of methanesulfonyl chloride and 3.8 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 4 cm, height 35 cm) at a nitrogen 
pressure of 0.5 bar With a mixture of cyclohexane and ethyl 
acetate (70/30 by volume) as eluent and collecting 35 cm3 
fractions. Fractions 30 to 55 are combined and concentrated 
to dryness under reduced pressure (2.7 kPa). The solid 
obtained is crystalliZed from 50 cm3 of ethyl ether. 1.5 g of 
1-benZhydryl-3-[(3,4-dichlorophenyl)(methylsulfonyl) 

Nov. 25, 2004 

methylene]aZetidine are obtained melting at 170° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 2.95 
(3H, s, SCH3), 3.80 (2H, s, NCHZ), 4.20 (2H, s, NCHZ), 4.70 
(1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 (4H, 
t, J=7 HZ, 4CH arom.), betWeen 7.35 and 7.50 (5H, m, 5CH 
arom.), 7.65 (2H, m, 2CH arom.)]. 

[0360] 1-BenZhydryl-3-[(3,4-dichlorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 4.5 g of (3,4 
dichlorobenZyl)methylsulfone and 4.3 g of 1-benZhydry 
laZetidin-3-one, 5 g of 1-benZhydryl-3-[(3,4-dichlorophe 
nyl)(methylsulfonyl)methyl-(RS)]aZetidin-3-ol are obtained 
in the form of a White solid. 

[0361] (3,4-DichlorobenZyl)methylsulfone may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 4.3 g 
of (3,4-dichlorobenZyl)methylsul?de and 13 g of oxoneR> 47 
g of (3,4-dichlorobenZyl)methylsulfone are obtained in the 
form of a White solid. 

[0362] (3,4-DichlorobenZyl)methylsul?de may be pre 
pared in the folloWing manner: on carrying out the operation 
acc3ording to the procedure of Example 2 starting With 2.8 
cm of 3,4-dichlorobenZyl chloride and 1.5 g of sodium 
methylthiolate, 4.3 g of (3,4-dichlorobenZyl)methylsul?de 
are obtained in the form of an oil. 

Example 10 

[0363] On carrying out the operation according to the 
procedure of Example 4 starting With 1.8 g of 1-benZhydryl 
3-[(2,5-dichlorophenyl)-(methylsulfonyl)methyl-(RS)]aZe 
tidin-3-ol, 0.4 cm3 of methanesulfonyl chloride and 1.8 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 100 cm3 fractions. Fractions 8 to 14 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from a mixture of 2 
cm3 of dichloromethane and 30 cm3 of ethyl ether. 1.2 g of 
1-benZhydryl-3-[(2,5-dichlorophenyl)(methylsulfonyl) 
methylene]aZetidine are obtained melting at 202° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (250 MHZ): 3.00 
(3H, s, SCH3), 3.70 (2H, m, NCHZ), 4.25 (2H, m, NCHZ), 
4.70 (1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 
(4H, t, J=7 HZ, 4CH arom.), 7.45 (4H, d, J=7 HZ, 4CH 
arom.), betWeen 7.55 and 7.70 (3H, m, 3CH arom.)]. 

[0364] 1-BenZhydryl-3-[(2,5-dichlorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 1.2 g of (2,5 
dichlorobenZyl)methylsulfone and 1.2 g of 1-benZhydry 
laZetidin-3-one, 1.8 g of 1-benZhydryl-3-[(2,5-dichlorophe 
nyl)(methylsulfonyl)methyl-(RS)]aZetidin-3-ol are obtained 
in the form of a White solid. 

[0365] (2,5-DichlorobenZyl)methylsulfone may be pre 
pared in the folloWing manner: 1.9 g of sodium methane 
sul?nate are added, at room temperature, to a solution of 2.7 
g of 2,5-dichlorobenZyl chloride in 30 cm3 of ethanol. The 
mixture is heated under re?ux for 5 hours, cooled to room 
temperature and then taken up in 50 cm3 of Water and 50 cm3 
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of ethyl acetate. The organic phase is decanted off, Washed 
With 20 cm of a saturated aqueous sodium chloride solution, 
dried over magnesium sulfate and concentrated to dryness 
under reduced pressure (2.7 kPa). 1.2 g of (2,5 -dichloroben 
Zyl)methylsulfone are obtained in the form of a White solid. 

Example 11 

[0366] On carrying out the operation according to the 
procedure of Example 4 starting With 9.1 g of 1-benZhydryl 
3-[(2,4-dichlorophenyl)-(methylsulfonyl)methyl-(RS)]aZe 
tidin-3-ol, 2.2 cm3 of methanesulfonyl chloride and 7 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 5.5 cm, height 30 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 40 cm3 fractions. Fractions 27 to 39 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from 20 cm3 of ethyl 
ether. 1.5 g of 1-benZhydryl-3-[(2,4-dichlorophenyl)-(meth 
ylsulfonyl)methylene]aZetidine are obtained melting at 165° 
C. [NMR spectrum in DMSO-d6, T=300K, III in ppm (250 
MHZ): 3.00 (3H, s, SCH3), 3.65 (2H, m, NCHZ), 4.25 (2H, 
m, NCHZ), 4.75 (1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH 
arom.), 7.30 (4H, t, J=7 HZ, 4CH arom.), 7.45 (6H, m, 6CH 
arom.), 7.80 (1H, s, CH arom.)]. 

[0367] 1-BenZhydryl-3-[(2,4-dichlorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 4.8 g of (2,4 
dichlorobenZyl)methylsulfone and 4.7 g of 1-benZhydry 
laZetidin-3-one, 9.1 g of 1-benZhydryl-3-[(2,4-dichlorophe 
nyl)(methylsulfonyl)methyl-(RS)]aZetidin-3-ol are obtained 
in the form of a broWn foam. 

[0368] (2,4-DichlorobenZyl)methylsulfone may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 4 g of 
(2,4-dichlorobenZyl)methylsul?de and 13 g of oxoneR, 4.8 g 
of (2,4-dichlorobenZyl)methylsulfone are obtained in the 
form of a White solid melting at 111° C. 

[0369] (2,4-DichlorobenZyl)methylsul?de may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 2.8 
cm3 of 2,4-dichlorobenZyl chloride and 1.5 g of sodium 
methylthiolate, 4 g of (2,4-dichlorobenZyl)methylsul?de are 
obtained in the form of an oil. 

Example 12 

[0370] On carrying out the operation according to the 
procedure of Example 4 starting With 3 g of 1-benZhydryl 
3-[(2,3-dichlorophenyl)-(methylsulfonyl)methyl-(RS)]aZe 
tidin-3-ol, 1.1 g of methanesulfonyl chloride and 3 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 30 cm) at a nitrogen 
pressure of 0.5 bar With a mixture of dichloromethane and 
ethanol (98/2 by volume) as eluent and collecting 100 cm3 
fractions. Fractions 10 to 20 are combined and concentrated 

to dryness under reduced pressure (2.7 kPa). The solid 
obtained is crystalliZed from 40 cm3 of ethyl ether. 1.6 g of 
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1-benZhydryl-3-[(2,3-dichlorophenyl)(methylsulfonyl) 
methylene]aZetidine are obtained melting at 201° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 3.00 
(3H, s, SCH3), 3.60 (2H, m, NCHZ), 4.20 (2H, m, NCHZ), 
4.70 (1H, s, NCH), 7.20 (2H, t, J=7 HZ, 2CH arom.), 7.30 
(4H, t, J=7 HZ, 4CH arom.), 7.45 (6H, m, 6CH arom.), 7.70 
(1H, dd, J=8 and 2 HZ, CH arom.)]. 

[0371] 1-BenZhydryl-3-[(2,3-dichlorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 3.6 g of (2,3 
dichlorobenZyl)methylsulfone and 3.6 g of 1-benZhydry 
laZetidin-3-one, 5.4 g of 1-benZhydryl-3-[(2,3-dichlorophe 
nyl)(methylsulfonyl)methyl-(RS)] aZetidin-3-ol are 
obtained in the form of a White solid. 

[0372] (2,3-DichlorobenZyl)methylsulfone may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 10 starting With 3 g 
of 2,3-dichlorobenZyl chloride and 2.4 g of sodium meth 
anesul?nate, 3.6 g of (2,3-dichlorobenZyl)methylsulfonate 
are obtained in the form of a White solid. 

Example 13 

[0373] On carrying out the operation according to the 
procedure of Example 4 starting With 2.5 g of 1-benZhydryl 
3-[(3-?uorophenyl)-(methylsulfonyl)methyl-(RS)]aZetidin 
3-ol, 0.72 cm3 of methanesulfonyl chloride and 2.9 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 25 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent, collect 
ing 100 cm3 fractions. Fractions 2 to 6 are combined and 
concentrated to dryness under reduced pressure (2.7 kPa). 
The solid obtained is crystalliZed from 40 cm3 of ethyl ether. 
1.5 g of 1-benZhydryl-3-[(3-?uorophenyl)(methylsulfonyl) 
methylene]aZetidine are obtained melting at 210° C. [NMR 
spectrum in DMSO-d6, T=300K, III in ppm (300 MHZ): 2.95 
(3H, s, SCH3), 3.80 (2H, m, NCHZ), 4.20 (2H, s, NCHZ), 
4.70 (1H, s, NCH), betWeen 7.10 and 7.30 (9H, m, 9CH 
arom.), 7.45 (5H, m, 5CH arom.)]. 

[0374] 1-BenZhydryl-3-[(3-?uorophenyl)(methylsulfo 
nyl)methyl-(RS)]aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 2.6 g of 3-?uo 
robenZyl methyl sulfone and 3.3 g of 1-benZhydrylaZetidin 
3-one, 2.9 g of 1-benZhydryl-3-[(3-?uorophenyl)(methyl 
sulfonyl)methyl-(RS)]aZetidin-3-ol are obtained in the form 
of a White solid melting at 200° C. 

[0375] (3-FluorobenZyl) methyl sulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3.1 g 
of 3-?uorobenZyl methyl sul?de and 13 g of oxoneR, 2.7 g 
of 3-?uorobenZyl methyl sulfone are obtained in the form of 
a White solid. 

[0376] (3-FluorobenZyl) methyl sul?de may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 2.6 
cm3 of 3-?uorobenZyl bromide and 1.6 g of sodium meth 
ylthiolate, 3.1 g of 3-?uorobenZyl methyl sul?de are 
obtained in the form of an oil. 
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Example 14 
[0377] On carrying out the operation according to the 
procedure of Example 4 starting With 4.3 g of 1-benZhydryl 
3-[(2-?uorophenyl)-(methylsulfonyl)methyl-(RS)]aZetidin 
3-ol, 1.2 cm3 of methanesulfonyl chloride and 3.7 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 4.5 cm, height 30 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 30 cm3 fractions. Fractions 28 to 58 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from 100 cm3 of 
ethyl ether. 2.3 g of 1-benZhydryl-3-[(2-?uorophenyl)(meth 
ylsulfonyl)-methylene]aZetidine are obtained melting at 
188° C. [NMR spectrum in DMSO-d6, T=300K, III in ppm 
(300 MHZ): 3.00 (3H, s, SCH3), 3.65 (2H, m, NCHZ), 4.20 
(2H, m, NCHZ), 4.75 (1H, s, NCH), 7.20 (2H, t, J=7 HZ, 
2CH arom.), 7.30 (6H, m, 6CH arom.), 7.50 (6H, m, 6CH 
arom.)]. 
[0378] 1-BenZhydryl-3-[(2-?uorophenyl)(methylsulfo 
nyl)methyl-(RS)]-aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 3.4 g of 2-?uo 
robenZyl methyl sulfone and 4.2 g of 1-benZhydrylaZetidin 
3-one, 4.3 g of 1-benZhydryl-3-[(3-?uorophenyl)(methyl 
sulfonyl)methyl-(RS)]aZetidin-3-ol are obtained in the form 
of a White solid. 

[0379] (2-FluorobenZyl) methyl sulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 R starting With 3 
g of 2-?uorobenZyl methyl sul?de and 13 g of oxoneR, 3.6 
g of 3-?uorobenZyl methyl sulfone are obtained in the form 
of a White solid. 

[0380] (2-FluorobenZyl) methyl sul?de may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 2.4 
cm3 of 2-?uorobenZyl bromide and 1.5 g of sodium meth 
ylthiolate, 3 g of 2-?uorobenZyl methyl sul?de are obtained 
in the form of an oil. 

Example 15 
[0381] On carrying out the operation according to the 
procedure of Example 4 starting With 1 g of 1-benZhydryl 
3-[(4-?uorophenyl)(methylsulfonyl)-methyl-(RS)]aZetidin 
3-ol, 0.3 cm3 of methanesulfonyl chloride and 0.9 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 35 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent and 
collecting 30 cm3 fractions. Fractions 20 to 35 are combined 
and concentrated to dryness under reduced pressure (2.7 
kPa). The solid obtained is crystalliZed from 50 cm3 of ethyl 
ether. 0.4 g of 1-benZhydryl-3-[(4-?uorophenyl)(methylsul 
fonyl)methylene]-aZetidine are obtained melting at 186° C. 
[NMR spectrum in DMSO-d6, T=300K, III in ppm (300 
MHZ): 2.95 (3H, s, SCH3), 3.80 (2H, m, NCHZ), 4.20 (2H, 
m, NCHZ), 4.75 (1H, s, NCH), betWeen 7.15 and 7.35 (8H, 
m, 8CH arom.), 7.45 (6H, m, 6CH arom.)]. 
[0382] 1-BenZhydryl-3-[(4-?uorophenyl)(methylsulfo 
nyl)methyl-(RS)]-aZetidin-3-ol may be obtained in the fol 
loWing manner: on carrying out the operation according to 
the procedure of Example 1 starting With 2.8 g of 4-?uo 
robenZyl methyl sulfone and 3.6 g of 1-benZhydrylaZetidin 
3-one, 1 g of 1-benZhydryl-3-[(4-?uorophenyl)(methylsul 
fonyl)methyl-(RS)]aZetidin-3-ol is obtained in the form of a 
White solid. 
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[0383] (4-FluorobenZyl) methyl sulfone may be prepared 
in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 3 g of 
4-?uorobenZyl methyl sul?de and 13 g of oxoneR, 3 g of 
4-?uorobenZyl methyl sulfone are obtained in the form of a 
White solid melting at 110° C. 

[0384] (4-FluorobenZyl) methyl sul?de may be prepared 
in the folloWing manner: on carrying out the operation 
acc3ording to the procedure of Example 2 starting With 2.5 
cm of 4-?uorobenZyl chloride and 1.5 g of sodium meth 
ylthiolate, 3 g of 4-?uorobenZyl methyl sul?de are obtained 
in the form of an oil. 

Example 16 

[0385] On carrying out the operation according to the 
procedure of Example 4 starting With 3.8 g of 1-benZhydryl 
3-[(3,5-di?uorophenyl)-(methylsulfonyl)methyl-(RS)]aZeti 
din-3-ol, 1 cm3 of methanesulfonyl chloride and 4.2 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 3 cm, height 30 cm) at a nitrogen 
pressure of 0.5 bar With dichloromethane as eluent, collect 
ing 100 cm3 fractions. Fractions 5 to 10 are combined and 
concentrated to dryness under reduced pressure (2.7 kPa). 
The solid obtained is crystalliZed from 30 cm3 of ethyl ether. 
0.8 g of 1-benZhydryl-3-[(3,5-di?uorophenyl)-(methylsulfo 
nyl)methylene]aZetidine are obtained melting at 172° C. 
[NMR spectrum in DMSO-d6, T=300K, III in ppm (250 
MHZ): 3.00 (3H, s, SCH3), 3.85 (2H, m, NCHZ), 4.20 (2H, 
m, NCHZ), 4.75 (1H, s, NCH), betWeen 7.10 and 7.40 (9H, 
m, 9CH arom.), 7.50 (4H, d, J=7 HZ, 4CH arom.)]. 

[0386] 1-BenZhydryl-3-[(3,5-di?uorophenyl)(methylsul 
fonyl)methyl-(RS)]-aZetidin-3-ol may be obtained in the 
folloWing manner: on carrying out the operation according 
to the procedure of Example 1 starting With 3.2 g of 
3,5-di?uorobenZyl methyl sulfone and 3.7 g of 1-benZhy 
drylaZetidin-3-one, 3.9 g of 1-benZhydryl-3-[(3,5-di?uo 
rophenyl)(methylsulfonyl)methyl-(RS)]aZetidin-3-ol are 
obtained in the form of a White solid. 

[0387] (3,5-Di?uorobenZyl) methyl sulfone may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 4.2 g 
of 3,5-di?uorobenZyl methyl sul?de and 16 g of oxoneR, 3.3 
g of 3,5-di?uorobenZyl methyl sulfone are obtained in the 
form of a White solid. 

[0388] (3,5-Di?uorobenZyl) methyl sul?de may be pre 
pared in the folloWing manner: on carrying out the operation 
according to the procedure of Example 2 starting With 5 g of 
3,5 -di?uorobenZyl bromide and 2 g of sodium methylthi 
olate, 4.9 g of 3,5-di?uorobenZyl methyl sul?de are obtained 
in the form of an oil. 

Example 17 

[0389] On carrying out the operation according to the 
procedure of Example 4 starting With 5.2 g of 1-benZhydryl 
3-[(2,3-di?uorophenyl)-(methylsulfonyl)methyl-(RS)]aZeti 
din-3-ol, 2.3 cm3 of methanesulfonyl chloride and 7.3 g of 
4-dimethylaminopyridine, the residue obtained is puri?ed by 
chromatography on a silica gel column (particle siZe 0.04 
0.06 mm, diameter 6 cm, height 40 cm) at a nitrogen 
pressure of 0.5 bar With a mixture of dichloromethane and 












































































































