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SUBSTITUTED AZETIDIN-2-0NES FOR TREATMENT OF ATHEROSCLEROSIS 

·ne present invention relates to certain novel monocyclic P-lactam 
compounds. processes for their preparation. intermediates useful in their preparation, 

5 phannaceutical compositions containing them and their use in therapy, 1n particular in 
the treatment of atherosclerosis .. 

Lipoprotein Assc;lCiated Phospholipase A1 (Lp-PLA2). The sequence of the 
enzyme, the isolation and purification thereof, isolated nucleic acids encoding the 
enzyme, recombinant host cells transformed with DNA encoding the enzyme are 

10 described in patent application WO 95/00649 (SmithKline Beecham plc). Suggested 
therapeutic uses for inhibitors of the enzyme included atherosclerosis, diabetes, 
rheumatoid arthritis, stroke, myocardial infarction. reperfusion injury and acute and 
chronic inflammation. A later patent application (WO 95/09921, Icos Corporation) 
and a related publication in Nature (fjoelker et al, vol 37 4, 6 April 1995, 549) 

15 describe the same enzyme. althoqgh calling it by the name 'Platelet Activating Factor 
Acetyl Hydrolase' (PAF acetyl hydrolase) and suggest that it may have potential as a 
therapuetic protein for regulating pathological inflammatory events. 

Lp-PLA2 is responsible for the conversion of phosphatidylcholine to 
lysophosphatidylcholine. during the conversion of low density lipoprotein (LDL) to 

20 its oxidised form. The enzyme is known to hydrolyse the sn-2 ester of oxidised 
phosphatidylcholine to give lysophosphatidylcholine and an oxidatively modified 
fatty acid. Both products of Lp-Pi..A2 action are biologically active with 
lysophosphatidylcholine. a component of oxidised LDL. known to be a potent 
chemoattractant for circulating·monocytes. As such, lysophosphatidylcholine is 

25 thought play a significant role in atherosclerosis by being responsible for the 
accumulation of cells loaded with cholesterol ester in the arteries. Inhibition of the 
Lp-PLA2 enzyme would therefore be expected to. stop the build up of these 
macrophage enriched lesions (by inhibition of the formation of 
lysophosphatidylcholine and oxidised free fatty acids) and so be useful in the 

30 treatment of atherosclerosis. 
The increased lysophosphatidylcholine content of oxidatively modified LDL 

is also thought to be responsible for the endothelial dysfunction observed in patients 
with atherosclerosis. Inhibitors of Lp-PLA2 could therefore prove beneficial in the 
treatment of this phenomenon. A Lp-PLA2 inhibitor could. also find utility in other 

35 disease states that exhibit endothelial dysfunction including diabetes, hypertension. 
angina pectoris and after ischaemia and reperfusion. 

Lp-PLA2 inhibitors may also have a general application in any disorder that 
involves activated monocyres. macrophages or lymphocytes. as all of these cell types 
express Lp-PLA:. Examples of such disorders include psoriasis. 
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Lp-PLA2 inhibitors may also have a general application in any disorder that 
involves lipid peroxidation in conjilnction with Lp-PLA2 activity to produce the two 
injurious products, lysophosphatidylcholine and oxidatively modified fatty acids. 
Such conditions include the .aforementioned conditions atherosclerosi~ diabetes. 

S rheumatoid arthritis. stroke, inflammatory conditions of the brain such as Alzheimer's 
Disease. myocardial infarction. reperfusion injury. 8epsis1 and aerate and chronic 
inflammation. Further such conditions include various neuropsychiatric disorders 
such as schizophrenia (see Psychophannacology Bulletin, 31. 159-165. 1995). 

We have now identified a series of compounds which have been found to act 
10 as inhibitors of Lp-PLA2. 

Accordingly. the present invention provides a compolind of formula (I): 

-in which: 

R2 
~S(O)nR3 

R.J--~ . 
0 ' CH2-X-Y 

15 R 1 and R 2. which may be the same or different. is each selected from hydrogen. 
halogen or optionally sub$tituted Cc l •8)alkyl; . 
R 3 is aryl or arylC( l-4)alkyl which may .be optionally substituted: 
X is a linker group; 
Y is an optionally substituted aryl group; and . 

20 n is o. 1 or 2. 

(I) 

Compounds of formula (I) are inhibitors of Lp-PLA2 and as such are 
expected to be of use in treating atherosclerosis and the other disease conditions noted 
above. 

Representative examples of R 1 and R 2 include hydrogen. bromo. methyl and 
25 ethyl. optionally substituted with hyroxyl. Suitably, al and R2 is each hydrogen or 

one of R 1 and a2 is hydrogen and the other of a 1 and R2 is methyl (to give a trans­
methyl). Preferably. al and a2 is each hydrogen. 

Within R3. representative examples of the aryl group include phenyl and 
naphthyl. Suitably, a3 is arylC(l-J)alkyl. Suitable examples ofR3 include phenyl, 

30 benzyl, 2-phenylethyl and 3-phenylpropyl in each ofwhich the phenyl ring may be 
optionally substituted by up to three substituents. It will be appreciated that an 
optional substituent may be located in the aryl·portion and/or the alkyl portion (if 
present). Preferably, a3 is optionally substitued benzyl, preferably substitued at the 
4-position. Suitable substituents for a phenyl or naphthyl ring in R3 include halo, 

35 hydroxy. C(l-6)alkyl. C(l-6)alkoxy, carboxy, C(l-6)alkoxy•carbonyl, 
C(2-6)allcenyloxycarbonyl, carboxyC( l-6)allcyl and C( t-6)alkoxy-carbonylC( 1-
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6)alkyl. More preferably, R3 is 4-carboxybenzyl or a corresponding C(l-6)alkyl or 
C(2-6)alkeilyl ester thereof. 

1>referably, n is 1 or 2, more preferably 1. 
Preferably, S(O)nRlis optionally substitued benzylsulphinyl, more 

5 preferably 4-carboxybenzylsulphinyl or a corresponding C( l-6)alkyl or C(2-6)alkenyl 
ester thereof. 

Suitably X is a direct bond; a group X'(CH2>m in which X' is CO, CONR5, 
COO, CONRSco. or CONHO in which RS is hydrogen or C(l-6)alkyl and m is O or 
an integer from I to 12; or a Cct-12)alkylene chain optionally interupted by X'. 

1 O Representative examples of X include CO(CH2)m, CONH(CH2>m• COO(CH2>m• 
CONHCO(CH2>m• CONHO(CH2)m and C(l-12)alkylene. Preferably, X' is CO or 
CONR5, more preferably CONH. Preferably, mis l, 2, S, 6, 7 or 9, preferably 6. 
Preferably, X is CONH(CH2>6· 

Suitably, Y is a benzene ring, optionally substituted by up to three funher 
15 substituen~. Suitable substituents include halo, hydroxy, C(l-8)alkyl and 

C(l-S)alkoxy. Preferably, Y is phenyl optionally substituted by halo, more preferably 
4-chloro or 4-fluoro-phenyl, most preferably, 4-tluoro-phenyl. 

It will be readily appreciated by the skilled person that C-4 of the P-lactam 
ring is a chiral centre which will give rise to the presence of stereoisomers. The 

20 present invention encompasses all such stereoisomers. 
It will be further readily appreciated by the skilled person that, in compounds 

of formula (I) in which n is 1, that is sulphoxide compounds, the presence of the SO 
moiety will introduce an additional chiral centre into the molecule and therefore give 
rise to the existence of extra stereoisomers. The present invention encompasses all 

25 ·such stereoisomers. 
In preferred compounds of formula (I), the relative configurations at C-4 and 

the SO moiety are R,S and S,R and in the most preferred compounds the absolute 
configurations atC-4 and the SO moiety are Rand S respectively. 

When used herein, the term 'alkyl' and similar terms such as 'alkoxy' includes 
30 all straight chain and branched isomers. Representative examples thereof include 

methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, t-butyl, n-pentyl and 
n-hexyl. 

· Suitable substituents for an alkyl group include, for example, halogen, cyano, 
azido. nitro. carboxy, (C l-6>allcoxycarbonyl, carbamoyl, mono- or 

35 di-(C l-6>alkylcarbamoyl, sulpho~ sulphamoyl, mono- or di-(C l-6)allcylsulphamoyl, 
amino, mono- or di-(C l-6>alkylamino, acylamino, ureido, 
(C 1-6>alkoxycarbonylamino, 2,2;2-trichloroethoxycarbonylamino, aryl, heterocyclyl, 
hydroxy, (C1-6)allcoxy, acyloxy, oxo, acyl, 2-thienoyl, (C1-6)alkylthio, 
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(C 1-6>alkylsulphinyl, (C1-6)alkylsulphonyl, hydroxyimino, (C1-6)alkoxyimino, 
hydrazine, hydrazono, benzohydroximoyl, guanidino. amidino ·and iminoalkylamino. 

llhen used herein, the term 'aryl' includes. unless otherwise defined. phenyl or 
naphthyl optionally substituted with up to five. preferably up to three substituents. 

5 Suitable subsJ,ituents for an aryl group include, for example, halogen. cyano. 
(C1-6)alkyl, (C3-7)cycloalkyl, (C1-6)alkoxy, halo(C1-6)alkyl~ hydroxy, amino. 
mono- or di-(C 1-6)allcylamino. acylamino, nitro, carboxy, (Ci -6)alkoxycarbonyl, 

(C2-6)alkenyloxycarbonyl. (C 1 •6)alkoxycarbonyl(C1 .;6)alkyl, 

(C2-6)alkenoxycarbonyl(C1-6)allcyl, (C i-6)alkylcarbonyloxy, carboxy(C 1-6)alkoxy, 
1 O (C 1-6)alkoxycarbonyl(C 1-6)alkoxy. (C2-6)alkenoxycarbonyl(C i -6)allcoxy. 

(C 1-6)alkylcarbonyloxy, (Ct ·6)alkylthio, (C 1-6)allcylsulphinyl, 
(C 1-6)alkylsulphonyl, sulphamoyl, mono- and di-(C i-6ralkylsulphamoyl •. 
carbamoyl. mono- and di-CC 1-6)alkylcarbamoyl, and heterocyclyl. 

When used herein, the terms 'halogen' and 'halo' include fluorine, chlorine, 
15 bromine and iodine ar.d fluoro, chloro, bromo and iodo, respectively. 

· Preferred compounds of formula (I) include:· 
( 4R,SS/4S,SR}- N-(6-phenylhexylr(4-(4-methoxyphenyl)sulfmyl)-2~oxoazetidin-1-

yl)acetamide; 

( 4R,SS/4S,SRr N-(6-phenylhexylr(4-(3,4-dimethoxyphenylsulfinylr2-oxouetidin-1-
20 yl)acetamide; 

(4R,SR/4S,SS} N-(6-phenylhexyl)-(4-(3,4-dimethoxyphenylsulfinyl}-2-oxoazetidin-1-
yl)acetamide; 

( 4R,SS/4S,SR)- 4-(Phenylsulphinyl)-N-( 4-phenyl-2~oxobutyl)azeti.din-2-one; 
(4R,SS)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; 

25 (4R,SS/4S,SR)- 4-(3,4-dimethoxyphenylsulphinyl)-N-(4-phenyl-2.;.ox<>butyl)azetidin-
2-one; 
( 4R.SS/4S,SR)- 4-(3-methoxyphenylsulphinyl)-N-( 4-phenyl~2.;oxobutyl}azetidin-2-
one; 
(4R.SS/4S,SR)- 4-(4-methoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-

30 one; 
(R,S/S,R)~N-[6-( 4-chlorophenyl)hexyl]4( 4-methylphenyl)sulfinyl-2-oxo-azetidinyl­

l-yl acetamide; 
( R.SIS.R)-N-.£ 6-( 4-Chlorophenyl)hexyl]+phenylsulfinyl;.2-oxoazetidin-1-

ylacetamide; 
35 ( + )-( R.S or S.RJ-N-(6-(4-Chlorophenyl)hexyl]+phenylsulfinyl.;2-oxoazetidin-1-

ylacetamide; 
(-)-( R.R or S,S)-N-(6-( 4-Chlorophenyl)hexyl]4phenylsulfinyl-2-oxoazetidin-l­

ylacetamide; 
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(R,S/S,RJ-N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulfinyl)-2-oxoazetidin­

l-ylacetamide; 

N-(6-{ 4'-Fluorophenyl} hexyl)-4-(4-allyloxycarbonylbenzylsulphinyl-2-oxoai.etidin- l­

yl)acetamide (Diastereoisomer 2); 

S N~(6-{ 4-Fluorophenyl} hexyl)-4-( 4-carboxybenzylsulphinyl-2-oxoai.etidin-l­
yl)acetamide (Diastereoisomer 2); 

N-(6-{ 4-Fluorophenyl} hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl-2-
oxouetidin- l-yl)acetamide (Diastereoisomer 2); 

N-(6-{ 4-Fluorophenyl} hexyl)-4-(4-propyloxycarbonylbenzylsulphinyl-2-oxoai.etidin-
l 0 1-yl)acetamide (Diastereoisomer 2}; 

N-(6-(4-Fluorophenyl)heXyl]-[4-(4-ethyloxycarbonylbenzyl)sulphinyl-2-oxo­
uetidin- l-yl]- acetamide (Diastereoisomer 2);N-(6-[ 4-Fluorophenyl]hex-l-yl)-4-

carboxybenzylthio )-2-oxoai.etidin-1-yl acetamide; · 

N-[6-( 4-Fluorophenyl)hexyl]-[ 4-( 4-methyloxycarbonylbenzyl)sulphinyl-2-oxo-

15 ai.etidin-1-yl]- ~tamide (Diastereoisomer 2); 

_ N-(6-{ 4-Chlorophenyl} hexyl)-4-( 4-isopropyloxycarbonylbenzylsulphinyl -2-
oxoazetidin- l-yl)acetamide (Diastereoisomer 2); 
N-(6-{ 4-Chlorophenyl} hexyl)~4-( 4-propyloxycarbonylbenzylsulphinyl -2-
oxoai.etidin- l ~yl)acetamide (Diastereoisomer 2); 

20 N-(6-{ 4-Chlorophenyl }hexyl)-4-(4-ethyloxycarbonylbenzylsulphinyl -2-oxoazetidin­
l-yl)acetamide (Diastereoisomer 2); 

N-[ 6-( 4-Fluorophenyl)hexyl]-[ 4-( 4-(allyloxycarbonylmethyl) benzyl)sulphinyl -2-

oxo-azetidin- l-yl]- acetamide (Diastereomer 2); 
N-(6-( 4-Fluorophenyl)hexyl]-[ 4- ( 4-(carboxymethyl)benzyl)sulphinyl -2-oxo-

25 ai.etidin-1-yl]-acetamide (Diastereomer 2); 

( 4R,SSl4S.SR) 4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl}azetidin-2-one; 
( 4R,SS/4S.SR) 4-(Benzylsulphinyl)-l ~(9-phenyl-2-oxononyl)azetidin-2-one; 
( 4R,SS/4S,SR) N-( 6-phenylhexyl)-( 4-benzylsulphinyl-2-oxoai.etidin-l-yl)acetamide; 

( 4R.SS/4S,SR} N-benzyl-( 4-benzylsulphinyl-2-oxoazetidin· l-yl)acetamide; 
30 ( 4R.SS/4S,SR) N-(9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoazetidin- l-yl)acetamide; 

(4R,SS/4S,SR) N-[6-(3,5-Di-ten-butyl-4-hydroxyphenyl)hexyl]-(4-benzylsulphinyl-2-

oxouetidin-l-yl)acetamide; 
( 4R,SR/4S,SS) N-6-( 4-methoxyphenyl)hexyl-( 4-benzylsulphinyl-2-oxoai.etidin- l­

yl)acetamide; 
35 ( 4R.SS/4S,SR) N-6-( 4-methoxyphenyl)hexyl-( 4-benzylsulphinyl-2-oxoazetidin-1-

yl)acetamide; 
( 4R.SS/4S.SR) N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-

yl)acetamide; 
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( 4R ,SS) N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-l­
yl)acetamide; 

( 4R,SS/4S,SR) N-( 6-(3,5-dichlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin- l­
yl)acetamide; 

5 ( 4R,SS/4S,SR) N-( 6-(3-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin- l­
yl)acetamide; 

( 4R.SS/4S,SR) N-( 6-Phenylhexyl)-( 4-( 4-ethoxycarb(>nyl)benzylsulphinyl-2-
oxoazetidin- l-yl)acetamide; 
N-(6-(3.S-dichlorophenyl)hexyl)-(4-benzylsulphonyl•2•oxoazetidin- l-yl)acetamide; 

10 ( 4R,SS/4S.SR) 4-Benzylsulphinyl-1-(2-phenethyl)azetidin-2-one; 
(3S,4R.SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2-oxoazetidin-l-yl 
acetamide; 
(3S,4R,SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2-oxoazetidin-l-yl 
acetamide; 

15 N-(6-[ 4-chlorophenyl]hex-1-yl)-(4-carboxflbenzylsulphinyl)-2-oxou,.etidin-l-yl 
acetamide (Oiastereoisomer 2); 
N-(6-( 4-chlorophenyl]hex-1-yl)-( 4-methoxycarbonylbenzylsulphinyl)-2-oxoazetidin­
l-yl acetamide (Diastereoisomer 2); 
N-(6-( 4-chlorophenyl]hex-1-yl)-(4-allyloxycarbonyl-benzylsulphinyl)-2-oxoazetidin-

20 1-yl acetamide (Diastereoisomer 2). 
Since the compounds of the present invention, in panicular compounds of 

formula (I), are intended for use in pharmaceutical compositions, it will be 
understood that they are each provided in substantially pure form, for example at least 
50% pure. more suitably at least 75% pure and preferably at least 95% pure (% are on 

25 a wflwt basis). Impure preparations of the compounds of formula (I) may be u~d for 
preparing the more pure forms used in the pharmaceutical compositions~ Although 
the purity of intermediate compounds of the present invention is less critical, it will 
be readily understood that the substantially pure form is preferred as for the 
compounds of formula en. Preferably. whenever possible, the compounds of the 

30 present invention are obtained in crystalline fonn. 
When some of the compounds of this invention are allowed to crystallise or 

are recrysWlised from organic solvents, solvent of crysWlisation may be present in 
the crystalline producL This invention includes within its scope such solvates. 
Similarly. some of the compounds of this invention may be crystallised or 

35 recrystallised from solvents containing water. In such cUes water of hydration may 
be formed. This invention includes within its scope stoichiometric hydrates as well as 
compounds containing variable amounts of water that may be produced by processes 
such as lyophilisation. In addition, different crystallisation conditions may lead to the 
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formation of different polymorphic fonns of crystalline products. This invention 
includes within its scope all polymorphic forms of the compounds of formula (I). 

<:ompounds of the present invention are inhibitors of the enzyme lipoprotein 
associated phospholipase A2 (Lp-PLA2> and as such are expected to be of use in 

5 therapy, in particular in the treatment of atherosclerosis. In a further aspect therefore 
the present invention provides a compound of fonnula {I) for use in therapy. 
The compounds of fonnula (1) are inhibitors of lysophosphatidylcholine production 
by Lp-PLA2 and may th~fore also have a general application in any disorder that 
involves endothelial dysfunction, for example atherosclerosis, diabetes, hypertension, 

10 angina pectoris and after ischaemia and reperfusion. In addition, compounds of 
fonnula (I} may have a general application in any disorder that involves lipid 
peroxidation in conjunction with enzyme activity, for example in addition to 
conditions such as atherosclerosis and diabetes, other conditions such as rheumatoid 
arthritis, stroke, inflammatory conditions of the brain such as Alzheimer's Disease, 

15 myocardial infarction, reperfusion injury, sepsis. and acute and chronic inflammation. 
Funher such conditions include various neuropsychiatric diso~ders such ·as 
schizophrenia (see Psychophannacology Bulletin, 31. 159-165, 1995). 

Further applications incl.ude any disorder that involves activated monocytes. 
macrophages or lymphocytes. as all of these cell types express Lp-PL~. Examples 

20 of such disorders include psoriasis. 
Accordingly, in a further aspect, the present invention provides for a method of 
treating a disease state associated with activity of the enzyme Lp-PL~ which method 
involves treating a patient in need thereof with a therapeutically effective amount of an 
inhibitor of the enzyme. The disease state may be associated with the increased 

25 involvement of monocytes. macrophages or lymphocytes; with the formation of 
lysophosphatidylcholine and oxidised free fatty acids; with lipid peroxidation in 
conjunction with Lp PLA2 activity; or with endothelial dysfunction. 

Compounds of the present invention may also be of use in treating the above 
mentioned disease states in combination with anti-hyperlipidaemic or anti-

30 atherosclerotic or anti-diabetic or anti-angina! or anti-inflammatory or anti­
hypertension agents. Examples of the above include cholesterol synthesis inhibitors 
such as statins, anti-oxidants such as probucol. insulin sensitisers, calcium channel 
antagonists, and anti-inflammatory drugs such as NSAIDs. 

In therapeutic use, the compounds of the present invention are usually 
35 administered in a standard phannaceutical composition. The present invention 

therefore provides. in a further aspect. a pharmaceutical composition comprising a 
compound of fonnula en and a pharmaceutically acceptable carrier. 

Suitable pharmaceutical compositions include those which are adapted for oral 
or parenteral administration or as a suppository. 
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The compounds of fonnula {I} which· are active when given orally can be 
fonnulated as liquids. for example syrups, suspensions or emulsions, tablets, capsules 
and lozenges. 

A liquid fonnulation will generally consist of a suspension or solution of the 
5 compound or phannaceutically acceptable salt in a suitable liquid carrier{s} for 

example, ethanol, glycerine. non-aqueous solvent. for example polyethylene glycol, 
oils, or water with a suspending agent. preservative. flavouring or cblotning agent 

A composition in the fonn of a tablet can be prepared using any suitable 
phannaceutical · carrier{s) routinely used for preparing S<>lid formulations. · Examples . 

10 of such carriers include magnesium stearate, starch. lactOse, sucrose and cellulose. 
A composition in the fonn ofa capsule can be prepared using routine 

encapsulation procedures. For example. pellets containing ·the aCtive ingredient can 
be prepared using standard carriers and then filled into a bard.gelatin capsule; ~ 
alternatively, a dispersion or suspension· can be prepared using any suitable 

15 phannaceutical carrier{s), for ex~ple aqueous gums, celluloses. silicates or oils and 
the dispersion or suspension then _filled into a soft gelatin capsule. · 

Typical parenteral compositions consist of a solution or suspension of the 
compound of fonnula (I) in a sterile aqueous· carrier or paienterally acceptable oil, for 
example polyethylene glycol, polyvinyl pym>lidone, lecithin, aracbis oil or sesame 

20 oil. Alternatively, the solution can be lyophilised and then reconstitiJted with a 
suitable solvent just prior to administration. · 

A typical suppository fonnulation comprises a.compound' of fonnula {I) which 
is active when administered in this way, with a binding and/or lubricating agent such 
as polymeric glycols, gelatins or cocoa butter or other low melting vegetable or 

25 synthetic waxes orfats. 
Preferably the composition is irt unit dose form such.as a tablet or capsule. 
Each dosage unit for oral administration contains preferably from 1 to 500 mg 

{and for parenteral administration contains preferably from 0.1 to 25 mg} of a 
compound of the f onnula {I). 

30 The daily dosage regimen for an adult patient ·may be, for example, an oral 
dose of between I mg and 1000 mg, preferably between 1 mg and 500 mg, or an 
intravenous, subcutaneous, or intramuscular dose ofbetween O~l mg and 100 mg, 
preferably between 0.1 mg and 2S mg, of the compound of the fonnula en. the 
compound being administered 1 to 4 times per day~ S~tably the compounds will be 

35 administered for a period of continuous· therapy~ for example for a week or more. 
Compounds of formula a> may be prepared from convenient starting materials 

by adapting synthetic procedures well known in the art A suitable·process comprises 
treating an azetidone of formula {Il):· 
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in which: 

2 '·:··. :· 
R 

R~S(O)nR3 

0-.J-~H 

n, R 1, R 2 and R 3 are as hereinbefore defmed; 
5 with an alkylating agent of the fonnula (Ill): 

10 in which Z is a suitable leaving group such as halogen; and 
X and Y are as hereinbefore defined; 
under alkylating conditions. 

PCT/EP95/0S130 

(II) 

(Ill) 

Suitable alkylating conditions ~ well known to those skilled in the art and 
include the use of a suitable base such as sodium hydride or potassium hydroxide. in a 

15 suitable alkylating solvent such as tetrahydrofuran (IBF}, and at a temperature in the 
range -10 to 0°C. Suitably, allcylation is conveniently effected on compounds of 
formula (II) in which n is 0. 

Compounds of fonnula a> in which n is 1 or 2 can be readily prepared from 
compounds of formula ro in which n is 0 by treatment thereof with a suitable 

20 oxidising agent such as m-chloroperbenzoic acid. Use of chiral oxidising agents such 
as ( + )- or (-)-1, l '-bi-2-naphthol /titanium isopropoxide (N Komatsu et al, J Org 
Chem. 1993, 58, 7624-7626) can give· diastereoisomeric selectivity, if not chirally 
pure compounds. 

Compounds of fomtula (ll) in which n is 0 may be obtained by treating 4-

25 acetoxyazetidinone, 4-benzoyloxyazetidinone or 4-phenylsulfonylazetidinone with a 
thiol R3SH in the presence of a base such as sodium ethoxide, in a suitable solvent 
such as ethanol at a temperature in the range 0 to 5°C. When this displacament is 

conducted in the presence of a chiral base, such as chinchonidine or cinchonine, 
enantiomerically enriched compounds (10 can be obtained (Shibasaki et al, JCS 

30 Chem. Commum. 1883, 1324). 
Compounds of fomtula (m) may be readily prepared by adapting known 

synthetic procedures, according to the specific value of X. A convenient starting 
material is an appropriately substituted aryl compound which may then be elaborated 
to introduce the side chain ZCH2X-. 

35 Compounds of fonnula (I) in which X denotes a group CONR5(CH2>m 
(amide) or CONHO(CH2>m (hydroxamate) may be conveniently prepared by treating 
an acid of the formula (IV): 
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in which: 
S n, R 1, R 2 and R 3 are as hereinbefore defined; 

with an amine of the f onnula (V): 

10 or a hydroxylamine of the formula {VI): 

in which RS, Y and m are as hereinbefore defined, 
15 un~er suitable amide or hydroxamate bond fonning conditions (respectively). 

Suitable such conditions are well known to those skilled in the art and 
include the use of an activating agent such as ethyl chloroformate or 
dicyclohexylcarbodiimide (DCC}, in a suitable solvent such as chlorofonn or 
dimethyl f onnamide, at a temperature in the range -10 to 20°C. 

(IV) 

(V) 

(VI) 

20 An acid of fonnula (IV) may be obtained by treating a compound of fonnula 
(II) with a 2-bromoacetate ester, under alkylating conditions, as hereinbefore 
described; foil owed by the hydrolysis of the thus formed intermediate ester using 
st.andard conditions. 

Compounds of fonnula (I) in which X denotes a group COO(CH2>m (ester) 
25 may be conveniently prepared by transesteriying an ester of formula (VIl): 

in which: 
30 R6 is (Ct·6)alkyl; 

2 
R . S(O)nR3 

Rt!, 
0 • 

CHz-COR 
2 

n, RI, R2 and R3 are as hereinbefore defined; 
using trans esterifying conditions. 
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Suitable such conditions are well known in the an and include. for instance. 
heating in toluene in the presence of a catalytic amount of sodium methoxide and an 
alcohol. ..Suitably. the compound of fonnula (VII) is a methyl ester in which R6 is 
methyl. 

5 A compound of fonnula (VII) may be obtained by treating a compound of 
fonnula (II) with an-alkyl 2-bromoacetate. under alkylatittg conditions. as 
hereinbefore described. 

Compounds of fonnula (VIl) are novel compounds which are useful as 
intennediates to compounds of fonnula en. 

10 Accordingly, in a further aspect. the present invention provides for 
compounds of formula (VII) as hereinbefore defmed. 

The compounds of fonnula (VIl) are also inhibitors of the enzyme Lp-PLA2 
and therefore of use in the various diseases hereinbefore described for compounds of 
formaula (I) 

15 Alternatively, a compound of formula en in which x denotes a group 

20 

25 

COO(CH2>m (ester) may be prepared by treating a compound of formula (IV) with 
an alcohol Y(CH2>mOH or an activated derivative thereof, for instance a tosylate. 

In addition, compounds of formula (I) in which n is 0 may be prepared by a 
process which comprises treating a compound of fonnula (VIIl): 

in which R 1, R 2 and R 3 are as hereinbefore defined; 
with an alkylating agent of the formula (IX): 

in which R 3 and Z are as hereinbefore defined; 

(VIll) 

(IX) 

under suitable alkylating conditions, for instance. in a solvent such as acetonitrile, at a 
30 temperature in the region 25°C. 

Compounds of formula CVUD may be obtained from the corresponding 4-

acetylthiou.etidinone by treatment with silver nitrate and a base in a suitable solvent 
such as methanol. 

Mixtures of diastereoisomeric compounds of f onnula (I) may be resolved, if 
35 so desired. according to procedures well known in the art. For instance sulphoxides 

- 11-
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(n=l) may be separated by chromatography and/orcrystaliisation. Chirally pure 
compounds may be prepared by chiral chromatography~ from chirally pure 

intermetliates or by chiral synthesis using chiral reagenti; or catalysis. Suitable chiral 

intermediates may be obtained by resolution or chiral induction or by using chiral 

5 reagents. in particular natural chiral molecules. m:ording to methods well known to 
those skilled in the art. For chiral synthesis. a conveniedt chiral starting material is a 
penicillin derivative which has the preferred configuration at C-4 of the Jj-lactam 
ring. This is illustrated in the following scheme: 

10 

0 
Br " Br'Jt. SAc Br SAc 
~rr-sv P<01Pr>3. ~ .· N (I)~ EtOAc. ·70' ·,·r--t 
}-H.....( ' .,.... 0 )(CC»pMB (D) P(~ )-N, COQ.pMB 

0 s. (il)~.ad 0 ............ COO-pMB 

The preparation of the starting material (4-methoxybenzyl-6-bromopenicillinate-l­
oxide) is described in J. Chem. Soc .• Perkin Trans. 1, 1994, 179-188. 

The present invention· will now be illustrated by the following examples. In 
these examples diastereoisomers of sulf oxide compounds are referred to as having 

15 R.RIS.S or R.SIS.R configurations. Such configurations were obtained initially by x­
ray analysis of a limited number of compounds an~ then extrapolated to the 
remaining compounds on the basis of their 1 H NMR spectra. Unless otherwise 
specified, all compounds are racemic. Chiral compounds are described as 4R or S, SR 

or S where the 4 describes the centre at the C4 position in the azetidinone and the S 
20 describes the sulfoxide centre. Where mixtures of sulf oxides were obtained the 

spectral data is given for both (50:50 mixtures) or for the major isomer (e.g. 90: 10 
mixtures). All compounds are characterised by NMR and most by microanalysis and 

mass spec •• 

- 12 -
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Preparations 

Preparation 1. 6-(4-Methoxypbenyl)hexylamine 

a. 6-Bromo-1·( 4-methoxyp'1enyl)hexane 

PCT/EP95/0S130 

5 A solution of 6-bromohexanoyl chloride (50g, 0.2mol) in dry dichloromethane (40ml) 
was added dropwise over S minutes to a suspension of aluminium chloride (3lg, 
0.2mol) in dry dichloromethane (lOOml), keeping the temperature between 20-23°C. 
The mixture was stirred for 30 minutes at room temperature to give a yellow solution. 
Anisole (23g, 0.2mol) in dry dichloromethane {30ml) was added and stirred for 20 

10 hours at room temperature. Triethylsilane {59.9g, O.SlSmol) was added over 10 
minutes, maintaining the temperature between 2s0c -3S0c. The solution was stirred 
for 60 minutes at room temperature and poured onto ice/water {200g). The organic 
layer was washed with brine and water until the pH_ of the solution was neutral. 

- Drying (MgS04) and evaporation under reduced p~ssure gave a yellow oil which 

15 was distilled under reduced press~re at 90-l 10°CJ0.5mbar. Product containing 
fractions were combined and purified by flash chromatography on silica gel using 
hexane as eluant to give a colourless oil (18.33g, 33%). 
b. N-(4-Methoxybenzyl)-6-hexyl phthalimlde 

6-Bromo-1-(4-methoxyphenyl)hexane (26.Sg, O.lmol) was dissolved in DMF 
20 ( l 40ml). potassium phthalimide (36.2g, 0.2mol) was added and the mixture stirred at 

I oo0c for 18 hours. The mixture was evaporated, the residue taken up in ether and 
excess potassium phthalimide filtered off. The filtrate was washed with water, dried 
(MgS04) and evaporated to a yellow solid which was recrystallised from 
ether/petroleum ether to give a pale yellow solid (20.0g, 61%) mp 63°-6soc. 

25 c. 6-(4-Methoxyphenyl)hexylamine 

N-{4-methoxybenzyl)-6-hexyl phthalimide (19.9g, 60mmol) was dissolved in ethanol 
(300ml) and hydrazine monohydrate (8.9g, 0.1 lmol) was added. The mixture was 
refluxed for 3 hours, filtered, the residue washed with ethanol and the filtrate 
evaporated. The residue was taken up in diethyl ether, filtered and the residue 

30 washed well with ether. Evaporation of the filtrate gave a yellow oil which was 
pruified by distillation to give a clear oil bp 108 - 110°c. 0.02mbar. 
Preparation 2. 6-(3,5-ditbutyl-4-hydroxyphenyl)hexjlamine 

This was prepared from 3,5-di1butyl-4-hydmxy phenol according to the general 
procedure of Preparation 1. · 

35 Preparation 3. 6-(3-chlorophenyl)hexylamine 

a. 6-(3-chlorophenyl)hexyn-1-ol 

A stirred mixture of 3-chloroiodobenzene (14.3g, 60mmol), 
tetrakis(triphenylphosphine) palladium (2.lg, l.8mmol) and 5-hexyn-1-ol (5.9g, 
60mmol) in triethylamine (120ml) was stirred at 2S°C for 3h and partitioned between 

- 13 -
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water and ether. The ether layer was separated and the aqueous extracted with ether. 
The combined ether extracts were washed with IN HCl and dried (Na2S04). The 
ether was evaporated and· the residue purified by flash chromatography on silica using 
dichloromethane as eluanL e_vaporation of the appropriate fractions gave the product 

S as an oil (1 l.Sg, 92%) 
b. l·(Phthallmido)-6-(3-cblorophenyl)bex·l·)'ne 
A solution of 6-(3-chlorophenyl)hexyn- l-ol (11.Sg, SSmmol), triphenylphosphine 
(14.Sg, SSmol) and phthalimide (8.lg, SSmol) in dry nlF (110ml) was treated with a 
solution of DEAD (9.6g, SSmmol) in 11fF (20ml) over several minutes. After 16h, 

IO volatiles were removed in vacuo and the residue treated with ether. The precipitated 
solid was removed. the filtrate evaporated and the 'residue purified by flash 
chromatography on silica using dichloromethane as· eluanL · Evaporation of the 
appropriate fractions gave the product as a solid (1~.Sg, 89%) 
c. 6-(3-chlorophenyl)hexylamine 

15 A suspension of l~(phthalirilido)-6-(3-chlorophenyl)hex-l-yne (lOg, 30mmol) in 
methanol (100ml) was treated with platinum oxide (250mg) and the mixture 
hydrogenated at SO psi for 72h. Further quantitiei of catalyst were added at intervals 
and when the theoretical uptake of hydrogen was complete. the mixture was filtered 
and the filtrate evaporated to a brown oil (9.Sg, 96% ). This was dissolved in IMS 99 

20 (100ml) and treated with hydrazine hydrate (2~8g. 56mmol) under reflux for 16h. 
The mixture was cooled to 5°C and the precipitated solid removed by filtration. 
Evaporation of the filtrate gave an oil which was taken up in ether. washed with 
water. dried (Na2S04) and evaporated to a brown oil (5.8g, 98%) 
Preparation 4 •. 6-(3,5-diddorophenyl)hexylamine 

25 This was prepared using the general procedure· of Preparation 3 and obtained as an oil. 
Preparation S • 4-(4-(Allyloxycarbonyl)beU}'lthio)azetidin-2-one 
a. Allyl 4-(bromomethyl)benzoate 
4-(Bromomethyl)benzoic ac.id (103 g. 0.48 mol~)wassuspended in thionyl chloride 
(200 ml) anddimethylfonnainide (I.ml) was added. The mixture was heated under 

30 reflux until clear, evaporated and azeotroped with toluene (2 x 150 ml). The resulting 
oil was dissolved in dichloromethane and added dropwise to a cooled solution of 
pyridine (42 ml) and allyl alcohol(4o ml) in dichforomethane. The mixture was stirred 
at room temperature for 1 hour, then washed with water, 2M hydroChloric acid, 
sodium hydrogen ~arbonate ~lution and brine. The organic solution was dried and 

35 evaporated to give allyl 4-(bromomethyl)benzoate as a clear oil (98g, 84% yield). 1H 
NMR 8 (CDCh) 4.61 (2H, s, CH2)~ 4.82 (2H, m, CH20), 5.34 (2H. m, CHiCH-). 6.05 
(IH, m, CHCH2). 7.45 (2H. d, Ph-H), 8.03 (2H, d, Ph-H). 
b. Allyl 4-(acetylthiomethyl)benzoate 
Allyl 4-(bromomethyl)benmate (98 g, 0.4 moles) in dry dimethylfonnamide (100 ml) 

40 was added dropwise:to a cooled suspension of potassium thioacetate ( 46 g, 0.4 moles) 
in diy dimelhylformamide (200 ml). The cooling balh· was removed and the mixture 

- 14-
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was stirred overnight. The rection mixture was poured into water and exuacted with 
ethyl acetate (x3). The combined extracts were washed with water and brine. The 
mixture was dried and evaporated to give allyl 4-(acetylthiomethyl)benzoate as an 
orange oil (100g, 100% yield). 1H NMR & {CDCh) 2.36 {3H, s, COCIL). 4.13 (28, s, 

5 CH2), 4.82 (2H, m. ClLO>." S.~2 (2H. m. ClLCH-). 6.05 {lH. m. CHCH1). 7.35 (2H. 
d. Ph-H), 7 .98 (2H. d, Ph-H). 
c. 4-(4-(AJlyloxycarbonyl)benzylthio)azetidin-2-one ! 

Allyl alcohol {27 ml) in dry tetrahydrofuran (50 ml) was added dropwise to a solution 
of potassium ren-butoxide (4.93 g. 0~044 moles) in dry tetrahydrofuran (100 ml). 

1 O After stining for 5 minutes a solution of allyl 4-{acetylthiomethyl)benzoate (10.1 g, 
0.04 moles) in dry tetrahydrofuran (100 ml) was added dropwise. After stirring for 15 
minutes a solution of 4-acetoxyazetidin-2-one (5.16 g, 0.04 moles) was added 
dropwise. The mixture was stirred for 1 hour and evaporated. The residue was 
panitioned between ethyl acetate and water and the aqueouse was extracted with ethyl 

15 acetate. The combined extracts were washed with brine, dried and evaporated. Flash 
chromatography (silica gel. ethyl acetate-petrol) gave 4-(4-
Allyloxycarbonylbenzylthio)azetidin-2-one as an oil (9.lg, 82% yield). 1H NMR S 
{CDCh) 2.84 (.lH, dd, H3a), 4.31 {lH, dd, H3b), 3.88 (2H, s, S-CH2), 4-68 (IH, dd, 
H4), 4.78 (2H, m, ClilO), 5~35 (2H, m, ClilCH-), 6.05 (lH. m, CHCH2), 6.07 OH. 

20 br. singlet, N-8), 7.40 (2H, d, Ph-8), 8.03 (2H, d, Ph-8). 
Prepartion 6 • 4-( 4-(AllyloxycarbonyJmethyl)benzylthio)azetidin-2-one. 
a. Allyl 4-(bromomethyl)phenylacetate 
Colourless oil, 95% yield. 1H NMR & (CDC13) 3.7(2H, s), 4.5 (28, s), 4.6(2H, 
m),5.25(2H. m), 5.9(1H, m), 7.15-7.4(48, dd) 

25 b. Allyl 4-(acetylthiomethyl)phenyl acetate 
Colourless oil, 96% yield. 1H NMR S (CDCl3) 2.36(3H. s),3.6 (2H, s), 4.1(2H, s). 
4.65(28. m),5.25(28, m), 5.9(18, m), 7.23(48. dd) 
c. 4-(4-(Allyloxycarbonylmethyl)benzylthio)azetidin-2-one 
Yellow oil, 69% yield. 1H NMR S (CDCl3) 2.81-2.88(18, dd), 3.26-3.35(1H, dd), 

30 3.65(2H. s), 3.83(2H, s), 4.6(2H, m), 4.68(1H. dd). 5.20-5.32(2H, m). 5.60(1H, 
broad)S.8-6.0(18, m), 7.21-7.31(4H, dd) 

Literature references for other amines: 

6-phenylbexylamine 

35 Morse M. A. et al •• Cancer Research. 1991, 1846 
6-(4-Chlorophenyl)bexylamine 

Lamattina J. L. EP 138464 A2 850424 (CA 103:142000) 

6-(4-hydroxyphenyl)hexylamine 

Goodwin B. L. et al., Xenobiotica, 1994, 24(2). 129 

40 4-Acetoxyzetidin-2-one 

Clauss Ket al .• Annalen, 1974, 539 

Examples 

- 15-
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Example 1. 4-(Benzylthio)-1-(4-phenyl-2-oxobutyl)azetidin-2-one a. 4-
(Benzyltbio)azetidin-2-one 

Sodium (8. lg •. 0.35mol) was dissolved in ethanol (250ml) and benzyl mercaptan 

5 (45.2g. 0.37mol} added dropwise over 20 min:utes keeping the temperature between 

20°C - 25°C whilst bubbling nitrogen through the mixture. After 15 minutes. the 

reaction was cooled to 5°C and a solution of 4-acetoxyazetidin-2-one (45.0g, 
0.35mol) in ethanol (50ml) was added dropwise over 15 minutes whilst maintaining 

the temperature at 5°C. The mixture was stirred at room temperature for 60 minutes 

10 and evaporated to dryneu under reduced· pressure. Water (400ml) was added, the 

mixture extracted with dichloromethane (2x300ml), the extracts dried (MgS04) and 

evaporated under reduced pressure to an oil. The· oil was cooled to -20°C and 

titurated with ether (400ml) to give a white solid w~ich was isolated by filtration · 

(50.2g. 79%), mp 50-51.0°C. · 

15 1H NMR 3 (CDCl3) 2.86(1H, m. li38 ). 3.30 (lH. m;. li3b)• 3.85 (2H, ~· SC1i2>. 4.68 
(lH, m.&>. 7.31 (SH. m. Ph-H). 
b. 4-(Benzylthio)-1..( 4-phenyl-2-oxobutyl)aZetidin-J.;one 

To a cooled (cold water bath) solution of 4-(benzylthio)Uetidin-2-one (5.Sg. 

28.Smmol). tetra-n-butylammonium bro~ide (0.9g, 285mmol) and l-bromo-4-

20 phenylbutan-2-one (7.lg, 31.3mmol) in dry mF (100 ml) was added freshly powdered 
. . 

potassium hydrOxide (l.8g. 31.3mmol). and the.mixture stirred vigorously for 2 hr at 

ambient temperature. Water was added and the product extracted into ethyl acerate, 

dried (MgS04) and evaporated to an oil. Treatment with ether iave the product as a 

white crystalline solid (3.12 g. 32%) mp 79-81°C. 

25 1 H NMR 8 (CDCl3). 2.58 (2H, m. CH2CO), 2 .. 86 (2H~ t. J=1.S Hz. CH2Ph), 2.96 

(lH. dd. J=2.2, 15.2 Hz.H3a.>• 3.17. 3.98 (each lH. d, J=18.5 Hz •. NCH2), 3.43 (lH. 
dd. J=S.l. 15.2 Hz. li3b)• 3.70 ( 2H. s. SCH2)•4.89 (lH, dd,J:::2.4, 5.1 Hz.1i4), 

7.15-7.33 (lOH, m, Ph-li). 

Found: C, 70.9; H. 6.3; N, 4.3%; C2off21N02S requires: C, 70.8; H. 6.2; N, 4.1 % 

30 Example 2. (4R,SR/4S.$S) 4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-

2-one 

A solution of 4-(benzylthio)-1-(4-phenyl-2-oxobutyl)azetidin-2-one (3.lg, 9.2mmol) 

in dichloromethane ( 100 ml) was cooled to -SO to -60°C and a solution of m­
chloroperbenzoic acid (l.9g. l lmmol) in dichloromethane (80 ml) added dropwise 

35 with stirring over 30 min. After a further 30 min at -SO to -60°C the reaction 

mixture was shaken with a mixture of saturated aqueous sodium sulphite arid 

saturated sodium hydrogen carbonate and the organic layer separated. dried (MgS04) 

and evaporated to a solid. Two recrystallisations from ethyl acetate gave. 

- 16-
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( 4R.SRl4S.SS) 4-(benzylsulphinyl)-1-( 4-phenyl-2-oxobutyl )azetidin-2-one (0.8g, 

27%), mp 147-9°C. 
1H NMB.3 (CDC13). 2.71 (2H, m. CH2CO), 2.89 (2H, m, CH2Ph), 2.93 (lH. dd, 

J=4.7, 14.8 Hz, H3a), 3.36 (llf, dd,J=l.8, 14.8 Hz, li3b), 3.72, 4.37 (each IH. d, 

5 J=l8.9 Hz. NCH2>. 3.9 (2H. s, CH2SO), 4.70 (lH, dd, 1=2.2, 4.7Hz.1:4). 7.12-7.40 

(lOH. m. Ph-ID . 
. Found: C. 67.5; H, 6.0; N, 4.0%; C2oH21N03S requires: C, 67.6; H. 6.0; N, 3.9% 

Example 3. ( 4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(4-phenyl·2-oxobutyl)azetfdin· 

2-one 
10 The combined filtrates from the above crystallisations were evaporated and the residue 

recrystallised twice from ethanol to give a predominantly (4R.SS/4S,SR) 4-
(benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-2-one (1.2g, 37% ), mp 110-11°C. 

lH NMR 3 (CDCl3), 2.45 (lH. dd, J=2.3, lS.4 Hz. li3a>• 2.71 {2H, m. CH2CO). 2.89 
(2H, m, CH2Ph), 3.03 (lH, dd, J=5.l. 15.3 Hz. H3b)• 3.94. 4.12 (each lH.d. J=13.0 

15 Hz. CH2SO). 4.19, 4.37 (each lH. d, J=l9.2 Hz. NCH2>. 4.65 (lH. dd. J=2.4, 5.1 Hz, 

R.>. 7.12-7.40 (lOH. m, Ph-Ii). · 
Found: C. 67.5; H, 6.1; N, 4.1 %; Cl()ff21N03S requires: C. 67.6; H, 6.0; N, 3.9% 

Example 4. 4-(Benzylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetfdin-2-one 
To a cooled (ice bath) solution of 4-(benzylthio)-N-(4-phenyl-2-oxobutyl)uetidinone 

20 (0.6 g, 1.76 mmol) in dichloromethane {25 ml) was added dropwise with stirring a 
solution of m-chloroperoxybenzoic acid (0.92 g, S.3 mmol) in dichloromethane (25 
ml). The ice bath was removed, and after l.5 hr. the solution was washed with a 

mixture of saturated aq. sodium hydrogen carbonate and saturated aq. sodium sulphite. 

The aq. layer was back extracted with dichloromethane and the combined organic 
25 layers dried (MgS04) and evaporated to an oil which was crystallised from ether 

(0.56g. 86%) mp 131-3°C. 
IH NMR 3 (CDCl3), 2.69 (2H, t, J=6.9 Hz. CH2CO), 2.9 (2H. m; CH2Ph). 2.94 (lH, 

dd,J=2.l, 10.8 Hz.H3a)• 3.14 (lH, dd,J=5.l, 15.4 Hz,B3b)• 3.82. 4.35 (each lH, d, 

1=18.8 Hz. NCH2). 4.28 (2H, s, S02Cli2). 4.89 (lH, dd, J=2.3, 5.1 Hz.14), 7.14-

30 7.43 (!OH. m, Ph-li). 
Found: C. 64.S; H, 5.8; N, 3.8%; Cl()ff21N04S requires: C, 64.7; H, 5.7; N, 3.8% 

The following compounds (Examples 5 to 25) were prepared using the general 
procedures of Examples 1-4. Where shown. ratios indicate the relative diastereomeric 

. . . 35 proponion (4R,SR/4S,SS: 4R,SS!4S,SR) as detennined by 1H NMR. 

Example 5. 4-(Benzylthio)-1-(2-phenyl-2-oxoethyl)azetfdin-2-one 

Colourless oil. 48% yield. 
lH NMR & (CDCl3) 3.02 (lH, dd, J=lS.25, 2.00Hz, li3a)• 3.27 (lH. dd, J=IS.25, 

5.15Hz. H3b)• 3.72 (lH, d, J=21.76, COCH2>. 3.75 (2H. s. SCH2>. 4.70 (IH, d, 
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J=l 8.3. COCH2>. S.08 (lH. dd. J=S.13. 2.39, ~), 7.08-7 .29 (SH. m. Ph-H). 7.44-
7 .SO (2H. m. Ph-H). 7.S7-7;64 (lH, m. Ph-H). 7.76-7.80 (2H. m, Ph.:H). 

Example 6. ( 4R,8R/4S,SS) 4-(Benzylsulphinyl)-1·(2-phenyl-2-oxoethyl)azetidin-

2-one 

5 White solid. l l.S% yield. mp 130-31 °C 

Found: C, 65.S-; H. S.2; N. 4.4%; C1sH17N03S require~: C. 66.0; H.5.2; N. 4.3% 
Example 7. (4R,SS/4S,sR) 4-(Benzylsulphinyl)-1-(2-phenyl-2-oxoethyl)azetidln· 

2-one. 

White solid. dias. ratio 15:85. 15% yield, mp 92-93°C 

10 Found: C. 65 •. 8; H. 5.3; N. 4.4%; C1s~17NO]S requiteS: C. 66.0; H. 5;2; N, 4.3% 
Example 8. 4-(Benzylthio)-1-{9·phenyl•2-oxc>nonyl)azetldln·2-one 

a. l·bromo-9-pheiaylnonan-2-one 

A solution of 6-bromohexanoyl chloride (49.7g. 0.~33mol) in dry dichloromethane 
{40ml) was added dropwise over 5 minutes to a s~pension of aluminium chloride 

.15 (31.0g. 0.233mol) in dry dichloromethane (100ml). keeping the temperature between 

20°c -· 23~C. The mixture was ·stirred for 30 minutes at room temperature to give a 
yellow solution. Benzene (18.2g. 0.233mol) in dry dichloromethane (30ml) was 
added and stirred for 20 hours at room temperature. Triethylsilane (59.9g. 0.515mol) 
was added over 1 O minutes. maintaining the temperature between 2soc -35oc. The 

20 solution was stirred for 60 minutes at room temperature. ·This was then poured onto 
ice/water (200g). A partial separation was achieved and the organic layer was washed 
with brine and water.several times until the pH of the solution was neutral. The 
organic solution was dried {MgS04) arid evaporated under reduced pressure to a 
yellow oil. This was distilled under reduced pressure at 90°C - 11 o0CJ0.5mbar to 

25 give colour!~ oils. The relevant fractions were combined and purified by flash 
chromatography on silica gel 'using hexane to give 6-bromo-1-phenylhexane as a 
colourless oil (18.33g, 33% ). 

6-Bromo-1-phenylhexane (18.02g.0.075 mol) was dissolved in acetone 
(300ml). Nal (44.8Sg. 0.299 mol) was added, and the mixwte heated at reflux 

30 temperature for 18 hours. This was filtered and the acetone evaporated under reduced 
pressure to give a residual mass which was extracted with n-pentane (150ml). The 
insoluble solid was filtered off and the filtrate evaporated to give 6-iodo-1-
phenylhexane as a colourless liquid (21.22g, 99'1> ). 

6-lodo-1-phenylhexane (17.43g. 0.06lmol). acetyl acetone(6.66g. 0.067) and 
3S potassium carbonate (8.4lg, 0.061mol) were dissolved in dry absolute ethanol (75ml) 

and the solution was refluxed for· 18 hours. After cooling tO room temperature the 
solution was filtered and evaporated under reduced pressure to an oil. This was 
partitioned between ethyl acetate (80ml) and water'(80ml), and the organic layer was 

washed with brine. dried and evaporated to an orange oil (i5.27g). This was purified 
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by flash chromatography on silica gel using petroleum ether/ethyl acetate to give 9-
phenylnonan-2-one as a colourless oil {7 .12g, 54% ) . 

..Bromine (5.2lg, 0.033mol) was added to a solution of 9-phenylnonan-2-one 
(7.12g, 0.033mol) in dry metl)anol (75ml) and stirred for 2 hours at room 

5 temperature. Water (50ml) was added and stirring continued for 18 hours at room 
temperature. Ether {175ml) and water (100ml) were ad@d. the organic layer washed 
with dil. NaHC03, water (x2), dried (MgS04) and evaporated under reduced pressure 
to an oil (5.39g). Petroleum ether (40°c - 60°C, 50ml) was added and the mixture 
cooled to -Io0c and filtered. The solid obtained was re-dissolved in ether (40ml) and 

10 evaporated under reduced pressure to an oil (4.06g) which was was further purified 
by flash chromatography on silica gel using hexane/ethyl acetate to give l-bromo-9-
phenylnonan-2-one a pale yellow solid (3.80g, 39%). 
b. 4-(Benzyltbio)-1 ·(9·phenyl-2-oxononyl)azetfdf;11one 
Colourless oil, 66% yield 

15 1H NMR a (CDCl3), 1.3 (68, m, (Cli2>J). 1.55 (4H, Iil, CH2CH2Ph."CH2CH2CO), 
2.24,(28, m, CH2CO), 2.60 {2H, t, J=7.S Hz. CH2Ph), 2.97 (lH, dd, J=2.2, 15.2 Hz, 
838), 3.21, 4.01 (each lH, d, J=l8.6 Hz, NCHi). 3.43 OH. dd, J=S.1, lS.2 Hz. H3tJ), 
3.73 (2H, s, SCH2>. 4.93 (lH, dd, J=2.4, 5.1 Hz. f4), 7.14-7.35 (lOH, m, Ph-H). 
Example 9. ( 4R,SR/4S,SS) 4-(Benzylsulphinyl)-1·(9·phenyl-2-oxononyl)azetidfn· 

20 2-one 

Colourless solid, 25% yield, mp 133-S°C 
lH NMR & (CDCl3), 1.30 (m, 6H, (Cli2)3), 1.58 (4H, m, CH2CH2Ph, CH2CH2CO), 
2.37 (2H, t, J=7.5 Hz, C.HiCO ), 2.59(2H,t;1=1.9 Hz,CH2Ph), 2.94" (lH, dd, 1=4.7, 
14.8 Hz, Iba>• 3.36 (lH, dd, J=l.7, 14.9 Hz, H3tJ), 3.79, 4.42 (each lH, d, 1=18.9 Hz, 

25 NCH2>. 3.91 (2H, s. SOCH2>. 4.77 (lH, dd, 1=2.2. 4.7 Hz. tt.>. 7.15-7.4 (lOH, m, 
Ph-fll. 

Found: C, 70.3; H, 7.2; N, 3.4%; C25H31N03S requires: C, 70.6; H, 7.3; N, 3.3% 
Example 10. (4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(9-phenyl·2-
oxononyl)azetidin·2-one 

30 Dias. ratio 1:9. Colourless solid. 30% yield, mp 75-6°C 
lH NMR & (CDCl3), 1.3 (m, 6H, (Clii)3), · 1.58 (4H, m, CHiCH2Ph, CHiCH2CO}, 
2.34 (2H, t, J=7 .6 Hz. CH2CO ), 2.43 (1 H. dd. J=2.3, 15.2 Hz. l:l3a), 2.59 (2H. t, 
1=1.4 Hz.CH2Ph), 3.02 (lH, dd, J=5.l, 15.3 Hz.H3b), 3.94, 4.13 (each lH. d, 1=13.0 
Hz. SOCH2), 4.19, 4.38 (each lH, d. 1=18.7 Hz. NCliz), 4.65 (lH, dd, 1=2.4, 5.1 Hz, 

35 H4), 7.14-7.43 OOH, m, Ph-fll. 

Found: C, 70.4; H, 7.3; N, 3.4%; C25H31N03S requires: C;70.6; H. 7.3; N. 3.3% 
· Examplel l. 4-(2-Metboxybenzylthio)-N-(4-phenyl-2-oxobutyl)azetidfn-2-one 

Colourless oil. 62% yield 
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lH NMR 3 (CDCl3). 2.60 (2H. m. CH2CO). 2.87 (2H, t, 1= 7 .5 Hz. CH2Ph). 3.01 

(lH. dd, 1=2.2, 15.2 Hz. li38). 3.23. 4.00 (each lH. d. 1=18.6 Hz. NCH2>. 3.43 (lH. 

dd. I=SJ. 15.2 Hz, li3b)• 3.72 (2H,d. J=2.4 Hz. SCH2>• 3.83 (3H. s. 0Cli3), 4.95 
(lH, dd, 1=2.4, 5.1Hz.1i4)6~81-6.92 (2H, m, 3,5-(2.;.CH30Ph)•H), 7.15-7.32 (7H. m, 

5 4,6-(2-CH30Ph)~li· Ph-H) .. 
Example 12. (4R,sR/4S,SS) 4-(2-Metboxybenzylsulp~inyl)-N.(4-phenyl-2-

oxobutyl)azeticlin-2-one 

White crystalline solid, 8% yield,· mp 90·2°C 

. lH NMR & (CDCI3), 2.71 (2H, m, Cli2CO), 2.88 (2H, m, CH2Ph), 3.00 (lH, dd, 

10 J=4.7, 14.8 ~.H38), 3.46(1H, dd~ J=l.9,14.8 Hz.H3~. 3.70, 4.35 (each lH, d, 

1=18.4 Hz. NClh). 3.88 (3H, S, 0Cli3), 4.00(2H, S, SCH2). 4.75 (lH. dd, 1=2.2. 4.7 

Hz,&>. 6.90-7 .38 (9H. 1.11• Ph-H + CH30Ph-H). 

Found: C. 65.3; H. 6.0; N, 3.9%; C21 H23N04S req_uires: C, 65.4; H, 6.0; N, 3.6% 

Example 13. ( 4R,SS/4S,SR) 4-(2-Methoxybenzylsulphlnyl)·N·(4-phenyl-2-

15 oxobutyl)azeticlin-2-one 

Colourless·oil, dias. ratio 1:3• 25% yield 

lH NMR 3 (CDCl3), 2.49 (lH, dd, J=2~2. 15.4 Hz; H38), 2~71 (2H. m, CH2CO), 2.89 
. (2H. m, CH2Ph), 3.04 (lH. dd, 1=5.1, 15.4 Hz, li3b)• 3.87 (3H, s. 0Cli3), 4.09 (2H, 

s, SCH2>. 4.19, 4.36 (each lH, d, J=l8.6 Hz, NCH2), 4.69 (lH, dd, J=2.3, S.O Hz, 

20 &>. 6.89-7 .34 (9H, m, Ph-H + CH30Ph-H). 

Found: C, 64.8; H, 6.1; N, 3.8%; C21H23N04S. 0.17H20requires: C, 64.9; H. 6.1; 

N. 3.6% 
Example 14. 4-(4-Fluorobenzylthfo)-N.(4-phenyl•l-oxobutyl)azeticlin-2-one 

Colourless oil, 41 % yield 

25 lH NMR & (CDCl)), 2.64 (2H, m, CH2CO), 2.88 (2.H. t. J=7.5 Hz. CH2Ph), 2.95 

(lH, dd, I=2.3, ·15.3 Hz, H38), 3.3, 4.06 (each lH, d, I=18.6 Hz. NCH2). 3.42 OH. 

dd, 1=5.1. 15.3 Hz, li3b), 3.67 (2H. s, SCli2). 4.88 (lH. dd, J:::2.4, 5.1 Hz,~). 6.84-

7 .33 (9H, m. Ph-li, 4-FPh-H). 
Example 15. (4R,8R/4S,SS) 4-(4-Fluorobenzylsulphinyl)-N-(4-phenyl-2-

30 oxobutyl)azeticlin-2-one 

White crys~ine solid, 1.6% yield, mp 152-4°C 

lH NMR & (CDCl3), 2.74 (2H, t, J= 7.0 Hz. CH2CO), 2.90 (2H, t. I=6.8 Hz, CH2Ph), 

2.95 (lH, dd, 1=4.7, 14.8 Hz, li38), 3.35 (lH, dd, J~l.8, 14.8 Hz, li3b)• 3.76, 4.40 

(each lH. d, J=18.9 Hz. NCH2>. 3.85 (2H. m, SCH2>. 4.73 (lH, dd, J=2.2, 4.7 Hz, 

35 ~). 7.04-7.32 (9H, m. Ph-li, 4-FPh-J:l). 
Found: C, 64.2; H. 5.4; N, 3.9%; Cl()ffl()FN03S requires:C, 64.3; H. 5.4; N. 3.8% 
Example 16. . (4R,SS/4S;SR) 4-(4-Fluorobenzylsulphinyl)-N-(4-phenyl-2-

oxobutyl)azetidin·2-one 

White crystalline solid. 26% yield, mp 114-6°C 
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lH NMR 8 (CDCl3), 2.60 (lH, dd, 1=2.3, 15.2 Hz, li3a), 2.71 (2H, m, CH2CO). 2.91 
(2H, m. Cli2Ph), 3.15 (lH, dd, 1=5.1, 15.2 Hz, li3b)• 3.96 (2H, m, SCH2>. 4.19, 4.38 

(each lH, d, 1=18.7 Hz. NCli2). 4.65 {lH, dd. 1=2.4. 5.1 Hz, }4). 7.05-7.33 (9H. m. 
Ph-H,"4-FPh-li). 

5 Found: C. 64.l; H. 5.5; N~ 3.9%; C2offl()F'N03S requires:C. 64.3; H, 5.4; N, 3.8% 
Example 17. 4-( 4-methoxybenzylthio)-N-(4-phenyl-2"oxobutyl)azetidin-2-one 

White crystals, 74% yield, mp 70-71°C 
lH NMR 8 (CDCl3) 2.60(lH,t,1=7.13 Hz, CH2Ph), 2.86(lH.t,1=1.59 Hz. 
COCH2>. 2.96 (lH. dd. 1=15.25, 2.20 Hz. H38), 3.24 (lH, d, 1=18.53 Hz, NCH2>. 

10 3.42 (lH, dd. 1=15.25; 5.11Hz.H3b)•3.66 (2H, s, SCH2>. 3.76 (3H, s, OCH3), 4.02 
(lH, d, 1=18.53 Hz. NCH2>. 4.88 OH. dd, 1=5.10, 2.39 Hz. H4)• 6.79-6.84 (2H. m, 

Ph-H), 7.16-7.32 (7H, m, Ph-H). 

Example 18. (4R,SR/4S,SS) 4-( 4-methoxybenzyl~ulphinyl)-N-(4-phenyl-2-

oxobutyl)azetidin-2-one 

15 White crystalline solid, 20% yield, mp 155-157°C 
Found: C, 64.5; H, 6.0; N, 3.5%;. C21H23N04S 0.3 H20 requires:C, 64.5; H, 6.1; N, 

3.6% 
Example 19. (4R,SS/4S,SR) 4-(4-methoxybenzylsulphinyl)·N-(4-phenyl-2-

oxobutyl)azetidin~l-one 

20 White crystalline solid, 80% above diasL. mp 92-93°C, 31 % yield 
Found: C. 64.7; H, 6.0; N, 3.5% 
C21H23N04S 0.2 H20 requires: C, 64.8; H, 6.1; N, 3.6% 
Example 20. 4-(phenethylthio)-N-(4-pbenyl-2-oxobutyl)azetidin·2-one 

Colourless oil, 80% yield 

25 lH NMR 8 (CDCl3) 2.65-2.97 (9H, m, S-CH2CH2. COCH2Cli2. H38), 3.39 (lH. dd, 
1=15.22, 5.00 Hz. H3b)• 3.50 and 4.17 (lH each, d, 1=18.48 Hz. N-Cli2), 4.83 (lH, 
dd, 1=4.99, 2.34 Hz. H4)• 7.14-7.33 OOH, m, Ph-H). 
Example 21. ( 4R,SR/4S,SS) 4-(pbenethylsulphinyl)-N-( 4-phenyl-2· 

oxobutyl)azetidin-2-one 

30 White crystalline solid, 8% yield, mp 163-16S°C 

Found: C, 68.0; H, 6.2; N, 4.0%; C21H23N03S requires: C, 68.3; H. 6.3; N. 3.8% 
Example 22. (4R,SS/4S,SR) 4-(phenethylsulphinyl)·N·(4-phenyl-2-

oxobutyl)azetidin·2-one 

White crystalline solid, 14.5% yield, mp 91-92°C 
35 Found: C, 68.08; H. 6.32; N, 3.86%; C21H23NO]S ·requires: C. 68.3; H, 6.3; N. 3.8% 

Example 23. 4-(3-Phenylpropylthio)-N·(4-phenyl-2-oxobutyl)azeddin-2-one 

Colourless oil • 67% yield 

lH NMR 3 (CDC13), 1.87 (2H. m, SCH2CH2>. 2.47 (2H. m. CH2CO). 2.72 (4H, m, 
2 x CH2Ph), 2.9 (2H. t. 1=1. l Hz, CH2S). 2.96 ( IH. dd, 1=2.2, 15.2 Hz, li3a>• 3.48 
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(lH, dd. J= S.O. 15.2 Hz, li3b), 3.63, 4.23 (each lH. d. J=l8~S Hz. NCliz). 4.86 (lH. 
dd, J=2.3, 5.0 Hz,}4), 7.14-7.32 OOH. m, Ph-.li). 

Example 24. (4R,8R/4S,SS) 4-(3-Phenylpropylsulphinyl).N-(4-phenyl-2-

oxobutyl)azetidin-2-one 

s White crystalline solid, 25% yield. mp 136-8°C · 

lH NMR & (CDCl3), 2.11 (2H, m, SOCH2CJ:i2). 2.49 C2H. m, SOCH2>. 2.78 (4H, m, 
2 x CH2Ph), 2.91 (2H. ·m, CH2CO). 3.15 (lH, dd, J=4.8, 14. 7 Hz, li38), 3.55 (lH, dd, 

J= 1.7, 14. 7 Hz. li3b), 3.78, 4.44 (each lH, d, 1=18.9 ~ NCH2>. 4.66 OH. dd, 

J=2.2, 4.8 Hz,&). 7.14-7.35 OOH, m, Ph-ID. 

10 Found: C, 68.6; H •. 6.4: N, 3.8%; C22H25N03S requires: C. 68.9: H, 6.6; N, 3.7% 
Example 25. (4R,SS/4S,8R) 4-(3-Phenylpropylsulphinyl)-N-(4-pbenyl-2-
oxobutyl)azetidin-2-one 

White crystalline solid, 13%.yield, mp 65-6°C 

IH NMR & (CDCl3). 2.12 (2H. m. SOCH2CH2>. ~.54(2H~ m, SOCl12>. 2.55-

15 2.94(7H, m, 2 x Cli2Ph + Cl12CO + 1138 ), 3.33 (lH,dd, J= 5.2, 15~1 Hz. l13b)• 4.20, 

4,40 (each lH. d, J=18.7 Hz. NCliz), 4.66 (lH. dd, J=2.2, 4.8 Hz.lf4),.7.14-7.35 
- (lOH. m. Ph-Ii). 

Found: C. 68.6; H, 6.5; N. 3.9%; C22H25N03S requireS: C, 68.9; H. 6.6; N. 3. 7% 

Example 26. trans 3-Methyl-4-(benzylthio)..l-(4-phenyl-2-oxobutyl)azetidin·2-

20 one 

A solution of trans-3-methyl-4-(benzylthio)az.etidin-2-one (0.73g, 3.5mmol) in dry 

THF (5ml) was added dropwise over 5 minutes to a suspension of sodium hydride 

(60% dispersion in oil, 0.15g,;3.8mmol) in dryTHF (10ml) under a nitrogen 

atmosphere at-10°C. The mixture was stirred for 10 minutes at-10°C and l-bromo-
25 4-phenylbutan-2-one (0.79g, 3.Smmol) in dry THF (10ml) wa5 added over S minutes 

at-10°c. The mixture·was stirred at room temperature for 30 minutes and poured 

into ice/water. The layers were separated and the aqueous was extraeted with ethyl 

acetate. The combined organics were washed with brine, dried (MgS04) and 

evaporated to an oil. This was purified by flash chromatography on silica gel 

30 eluting with petroleum ether 40-60°CJethyl acetate·3:1. 2:1 to give a colourless solid 

(0.34g, 27%) mp69-7t0c. 
1H NMR 6 (CDC!]) 1.34 (3H, d, J=7 Hz. SCli3), 2~55 (2H~ m. CH2Pb), 2.85 (2H. t. 

J=8 Hz. COCH2CH2). 3.11, 3.97 (each lH, d. J=18 Hz. NCliz); 3.15 OH. m. lb>. 
3.70 (2H. m, SCli2), 4.50 (lH, d, 1=2 Hz~li.4> .• 7.1-7A (lOH, m, 2xPh-li) 

35 Example 27. (4R,8R/4S;SS) trans 3-Methyl-4-(benzylsulphinyl)-1-(4-pbenyl-2-

ox(Jbutyl)azetidin-2-one 

Prepared from trans 3-methyl-4-(benzylthio )-1-( 4-phenyl-2-oxobutyl)az.etidin-2-one 

using the general procedure of Example 2 and obtained as a white solid. 40% yield, 

mp 87-94°C 
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lff NMR 3 (CDCI3) 1.23 (3H. d.1=1 Hz. Cli3). 2.71 (2H. m. CH2Ph). 2.9 (3H. m. 
COCH2+li3). 3.91. 4.09 (each lH. d, J;::l3 Hz. SOCH2>. 4.17. 4~39 {each lH, d.1=19 
Hz. NCi:b>. 4.38 {lH, d, J=2 Hz, lf4), 7.1-7.4 OOH, m. Ph-ID 

Found: c. 68.1; H. 6.3; N. 4 .. 0%; C21H23N03S requires: c. 68.3; H. 6.3; N. 3.8% 
5 Example 28. (4R,SS/4S,8R) trans 3-methyl-4-(benzylsulphinyl)·1·(4-phenyl-2-

oxobutyl)azetidin-2-one 

Prepared from trans 3-methyl-4-(benzylthio )-1-( 4-phenyl-2-oxobutyl)uetidin-2-one 

using the general procedure of Examples 2and 3 and obtained as a white solid. dias. 

ratio 1:4, 19% yield, mp 114-17°C 

10 1H NMR li (CDCl3) 1.43 (3H, d, I=8 Hz. Cli3), 2.7 (2H. m. CH2Ph), 2.9 (2H, m, 

COCH2>. 3.65, 4.37 (each IH. d. I=l9 Hz. NCH2). 3.82 OH. m. li3). 3.93 C2H. m, 
SOCH2>. 4.44 OH. d, J=2 Hz, lf4), 7.1-7 .4 (lOH. m. Ph-ID 
Found: C, 68.1; H, 6.3; N, 4.0%; C21H23N03S requires: C, 68.3; H. 6.3; N, 3.8% 
Example 29. N-(6-phenylhexyl)-(4-benzylthio-2..oxoazeUdin-l-yl)acetamlde 

15 a. Methyl-(4-benzylthlo-2-oxoazeUdln-1-yl) acetate 

To a solution of 4-(benzylthio)uetidin-2-one (S.Og, 25mmol), methyl bromoacetate 

(4.6g, 30mmol) and tetrabutylammonium bromide (0.9g, 0.28mmol ) in dry THF 

(150ml) was added powdered potmium hydroxide (l.7g. 30mmol). The resulting 

mixture was stirred for two hours at room temperature before water (50 ml) was 
20 added. The solution was extracted with ethyl acetare (3xl50ml portions) and the 

combined extracts dried (MgS04) and evaporated. The residue was purified by flash 

chromatography on silica gel eluted with petroleum ether 60°-80°:ethyl acetate 4:1 to 

give methyl (4-benzylthio-2-oxouetidin-1-yl)acetate as a yellow oil (Sg, 70%). 
1H NMR li (CDC13) 2.96(1H. dd, I=2.5, 16 Hz H38), 3.24,3.99 (each lH. d, 1=18.00 

25 Hz, NCH2>. 3.4 (lH, dd, 1=5,12.5 Hzli3b)• 3.70 (3H, s, 0Cli3), 3.77 (2H. s, SCli2). 
4.92 OH. m, 1i4), 7 .28 (SH. m, Ph-ID 
b. (4-Benzylthio-2-oxoazetidln-1-yl)acetic add 

To a solution of methyl (4-benzylthio-2-oxo-uetidin-1-yl)acetate (2.Sg, 9.4mmol) in 
methanol (80ml) was added, dropwise at 0°C. a solution of 1 N sodium hydroxide 

30 (9.9ml, 9.9mmol). The reaction was stirred for 1 hr and evaporated to dryness. Water 

(50 ml) was added and the solution acidified to pH 3 with dilute hydrochloric acid 

and extracted with ethyl acetate (3xl00ml). The combined extracts were dried 
(MgS04), evaporated and the residue purified by recrystallisation (hexane/ether) to 
give (4-benzylthio-2-oxo-azetidin-l-yl)acetic acid as a white solid (l.3g, 55%), mp 

35 110-lll°C. 1H NMR 3(CDC13) 2.99 (lH, dd, J=6.87,17.5 Hz.li38), 3.27, 4.06 

(each lH, d, 1=:=18.40 Hz. NCH2), 3.39 (lH, dd, J=5,15.4 Hz. li3b)• 3.77 (2H, s, 

SCH2>. 4.91 (lH, m, 1i4), 7.27 (SH, m, Ph-li). 
c. N-(6-phenylbexyl)-(4-benzylthlo-2-oxoazetidin-1-yl)acetamlde 
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A solution of 6-phenylhexylamine (Morse M.A. et al., Cancer Research, 1991, 
1846), (7.0g, 40mmol) in DMF (20ml) was added to DCC (8.2g, 40mmol), 
hydroxybenzotriazole (5.3g, 39mmol) and (4-benzylthio-2-ox087.etidin-1-yl)acetic 
acid (lOg. 39mmol) and Uie mixture stirred for 2 hours at room temperature. Ethyl 

5 acetate (250ml) was added. the precipitate filtered~ the filtrate washed with dil 
NaHC03, water (x2), dried (MgS04) and evaporated tQ an oil which was purified by 
flash chromatography on silica gel using hexane/ethyl acetate (1: 1 ). Evaporation of 
the appropriate fractions followed by treaunent with hexane gave a white solid 
( l l .2g, 70% ), mp 65-70oC. 

10 Example 30 •. (4R,sR/4S,SS) N·(6-phenylhexyl).(4-benzylsulphinyl·2-oxoazetidin· 
l·yl)acetaJDide 
A solution of N-(6-phenylhexyl)-4-benzylthio-2-oxoazetidin-l-yl acetamide (18.0g. 
43.Smmol) in dichloromethane (500 ml) was cooled to -70°C and a solution of m­
chloroperbenzoic acid (6.7g, 43~8mmol) in dichlor<>methane (500 ml) added dropwise 

15 with stirring over 60 min. After a funher 3h at -60°C, the reaction mixture was 
shaken with a mixture of saturated aqueous sodium sulphite and saturated .sodium 
hydrogen c~bonate. The organic layer was separated, washed with brine, dried 
(MgS04> and evaporated to a solid which was titurated with ether and filtered. Two 
recrystallisations from ethyl acetate gave (4R,SR/4S,SS) N-(6-phenylhexyl)-4-

20 benzylsulphinyl-2-oxoazetidin-l-yl acetamide (3.8g. 20%) mp 1380:140°C. 
Found: C, 67.4; H. 6.9; N,6.8%; C24H3oN20]S requires: C, 67.6; H. 7.1; N, 6.6% 
Example 31. (4R,SS/4S,8R) N-(6-phenylhexyl)-(4-benzylsulphinyl;.2-oxoazetidin­
l·yl)acetamide 

The above filtrate was diluted with hexane, filtered and ·upon standing deposited the 
25 title compound as a colourless crystalline solid (4~5g, 24% ), mp 107-108°C. 

Found: C, 67.4; H, 7.1; N, 6.8%; C24H3oN203S requires: C, 67.6; H, 7.1; N. 6.6% 

The following compounds (Examples 32 to 57) were prepared using the general 
procedure of Examples 29 "'. 31. Where shown, ratios indicate the relative 

30 diastereomeric proportion (4R,SR/4S,SS: 4R,SSJ4S,SR) as determined by 1H NMR. 
Example.32. N-~1-(4-benzylthio-2-oxoazeddln-t-yl)acetamide 
White solid, 49% yield, mp 89-90°C 
1 H NMR 3 (CDCI3) 2.94 (lH, dd,1=2~5,S.25 :Hz, H38 ), 3.37 OH~ dd, 1=2.S,5 Hz, 

. H3.,>. 3.65~3.76 (each IH. d, J;::.15.0 Hz, NClb). 3.76 (2H, s, SCH2). 4.4 (2H, m. 
35 NHClb). 4.81 OH. m,_fi4), 6.33 OH. bs, NH>. 7.20-7.37 OOH, m. Ph-ID. 

Example 33. (4Jl~4S,SS) N·benzyl-(4-benzylsulphinyl-Z.OxoazeUdin·l· 
yl)acetamide 
White crystalline solid, 8% yield, mp l 92- l93°C 
Found: C, 63.8; H. 5.7; N, 8.0%; C19H2oN20]S requires:C, 64.0; H, 5.7; N, 7.9% 

-24-



' WO 96/19451 PCT/EP95/05130 

~. · .. · ' : 

Example 34. (4R,SS/4S,8R) N·benzyl-( 4-benzylsulphinyl-2-oxoazetidin· 1· 

yl)acetamide 

White selid, dias. ratio 15:85, 36% yield, mp 181-182°C 

Found: C, 63.4; H, S.S; N, 7.7%; C19H2oN203S 0.2 H20 requires: C, 63.5; H, 5.7; 
5 N, 7.8% 

Example 35. N-(4-Phenylbutyl)-(4-benzylthio-2-oxoazeUdln·l·yl)acetamide 

Colourless oil, 100% yield. 
1H NMR 6 (CDCl3) 1.5-1.7 (4H, m, CH2Cli2). 2.63 (2H, t, J=7 Hz. Cli2Ph), 2.93 
(lH. dd, J=2, 15 Hz, li3), 3.26 (2H, m, NCH2). 3.36 (lH, dd, J=5, 15 Hz, li3), 3.53, 

10 3.70 (each lH, d, 1=17 Hz. NCHi). 3.79 (2H, s. SCHi). 4.80 (lH, m. &>. 6.07 (18, 

br s, NH). 7 .1-7 .4 (1 OH, m, 2xPh-H> 
Example 36. (4R,SR/4S,SS) N-(4-Phenylbutyl)-(4-benzylsulphinyl-2-oxoazetfdln­

l·yl)acetamide 

White solid, dias. ratio 4:1, 15% yield, mp 161-2°C 

15 1H NMR 6 (CDCl3) 1.5-1.7 (4H, m, CH2CH2> 2.62 (2H, t. J=7 Hz. Cli2Ph), 2.95 
(lH, dd, 1=5, 15 Hz. li3). 3.26 (2H. m, NHCH2>. 3.45 (lH, dd, 1=2. 15.Hz. li3). 3.71, 

-4.10 (each lH, d, J=17 Hz. NCH2>. 3.88, 4.04 (each lH, d, J=l3 Hz, SOCH2>. 4.51 
OH. m, 14), 6.65 (lH, br s, NH), 7.1-7.4 (lOH, m. 2xPh-ID 
Found: C, 66.2; H, 6.5; N, 7.0%; C22H26N203S requires: C, 66.3; H, 6.6; N, 7.0% 

20 Example 37. (4R,SS/4S,8R) N-(4-Phenylbutyl)-4-(benzylsulphinyl·2-oxoazetfdln-

1-yl)acetamide 

White solid, dias. ratio 5:95, 30% yield, mp 107-8°C 
1H NMR 8 (CDCl3) 1.5-1.7 (4H, m, CH2CH2>. 2.63C2H,t.1=1 Hz. CH2Ph), 2.85 
(lH, dd, J=2, 15 Hz, Ji3), 3.15 {lH. dd, J=5, 15 Hz, H3). 3.3 (2H, m, NHCH2>. 3.90, 

25 4.23 (each lH, d, J=l 7 Hz. NC&>. 3.97, 4.15 (each lH, d, J=l3 Hz, SOCH2). 4.60 
(IH, m, IL>~ 7.1-7.4 (l lH. m, 2xPh-H+NH> 
Found: C, 66.1; H. 6.5; N. 7.1%; C22H26N203S requires: C. 66.3; H, 6.6; N, 7.0% 
Example 38. N-(9-Phenylnonyl)-(4-benzylthio-2-oxoazeddin·l·yl)acetamide 

Colourless oil. 84% yield. 
30 lff nmr 8 (CDC13) 1.28-1.48 {14H, m. 7xCH2>. 2.59 (2H, t. J=7.7 Hz, PhCH2>. 2.92, 

2.98 (lH, dd, 1=2.5, 15.4 Hz, li3), 3.2 (2H, m, NHCli2). 3.34, 3.40 (lH, dd, 1=5.2. 

15.4 Hz. H3>. 3.56, 3.72 (each lH, d, J=16.8 Hz, NCH2l. 3.81 (2H. s. SCH2>. 4.81 
(lH, m, IL>. 6.0 (lH, m, NJi), 7.2 {lOH, m, 2xPh-B> 
Example 39. (4R,8R/4S,SS) N-(9-Phenylno~yl)-(4-benzylsulphinyl-2-oxoazeUdin-

35 1-yl)acetamide 

White solid, dias. ratio 4:1, 8% yield, mp 124-128°C 
lH nmr 8 (CDCl3) 1.2-1.7 {14H, m, 7xCH2>. 2.59 (2H, t, J=7.8 Hz. PhCH2). 2.93, 
2.97 (lH, dd, J=4.8, 14.8 Hz. H3), 3.23 (2H, m, NHCH2>. 3.44, 3.48 (lH, dd, J=2.4, 
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14.8 Hz.H3>. 3.7. 4.1 (each lH. d. J=l7.2 Hz. NCH2l. 3.9, 4.13 (each lH. d. J=l2.8 
Hz. SOCH2>. 4.5 (lH, m, l14), 6.59 {lH, m, NI::D. 7.16-7.41 OOH. m. 2xPh-ID 

Found:.C. 68.9: H, 7.5; N. 5.6%; C27H36N203S requires:. C, 69.2; H, 7.7; N, 6.0% 
Example 40. (4R;SS/4S,8R).N-(9-Pbenylnonyl)-(4-benzylsulphlnyl-2-oxoazetidin-

5 1-yl)acetamide 

White solid, dias. ratio 4:6, 48% yield, mp 123-128°C ~ · · 
1H nmr o (CDCl3) 1.2·1.7 (14H. m, 7xCl:b). 2.59 (2H. t. J=7.8 Hz, PhCH2>. 2.85-

2.97 (lH. m li3), 3.1-3.5 (3H. m, NHC&. H;). 3.7-4.2 (4H. in, SOC&. NCH2>. 4.5- . 

4.6 (1H.2xm. &>. 6.68 (m, NH~). 7.17-7.42 OOH. Di; 2xPh·H> . 

10 Found: C 69.3; H. 7.8; N,6.1%; C27H36N2~S requires: C. 69.2; H. 7.7; N. 6.0%· 
Example 41. N-Methyl·N-(6-phenylhexyl)-(4-bemyltbio-2-oxoazetidin-l· 

yl)acetamide 

Yellow oil. 88% yield. 
1H nmr a (DMSO-~ 350K) 1.25-1.57 (8H, m. 4xClbl. 2.55 (2H. m. PhCli2). 2.79-

15 2.95 (4H. m. NCH3. li3). 3.1-3.3 (2H. m. NCH2>. 3.32, 3.35 OH. d~. J=S.i., 14.8 
Hz. H3). 3.45, 4.09 (each lH. d.1=16.8 Hz. NCH2C=O). 3.84 (2H, S, SCHi). 4.94 
(lH. m, &>. 7.14-7.32 (!OH. m. 2xPh-H> 
Example 42. (4R,8R/4S,SS) N·Methyl·N·(6-phenylhexyl)-(4-belizylsulphinyl-2-

oxoazetidin· 1 ·yl)acetamlde 

20 Colourless oil, dias. ratio 55:45, 67% yield 
1H NMR 8 (DMSO-d6 350K) 1.2-1.6 (SH. m. 4xCH2>. 2.56(2H,t,1=1.6 Hz, 

PhCli2). 2.86(4H, m. NCH3, li3). 3.02·3.26 (m, NCH2CH2. li3), 3.81-4.4 (4H. m. 
SOCH2. NCH2C=O), 4.81,4.90 (lH. 2xm. &>. 7.12-7~35 (!OH. m .2xPh-ID 
Found: C,65.4; H,6.9; N,6.3%; C2SH32N203S requires: C,68.1; H.7.3: N,6.4% 

25 Example 43. (4R,SS/4S,8R) N-Methyl-N-(6-phenylhexyl)-(4-benzylsulphinyl-2-

oxoazetidin-l·yl)acetamide 

Colourless oil, 13% yield 
1H nmr 8 (DMSO-~ 350K) 1.2-1.6 (8H, m. 4xCH2>. 2~56 (2H. t, J=7.6 Hz. PhCH2), 

2.86 (4H. m. NCH3.li3), 3.1-3.3 (m, NCl:b. li3).4.01 (2H, m. SOCB. NCHC=O), 
30 4.17 (lH, d, 1::12.9 Hz, SOCID. 4.37 (2H, d, 1=17AHz. NCHC=O). 4.81 (lH. m, 

&>. 7.13-7.35 OOH, m, 2xPh-H> 
Found: C,65.3; H,6.8; N,6.1%; C2SH32N203S requires: C,68.1; H,7.3: N,6.4% 
Example 44. N-( 6-(3,S~l•tert·butyl·4-hydroxyphenyl)hexyl]·( 4-benzylthfo-2-

oxoazetidin-l·yl)acetamide 

35 Yellow oil, 83% yield. 
1H NMR 3 (CDCl3) 1.3-1.6 (26H. m. 4xCH2+6xCli3), 2.50(2H,t.1=8 Hz, CH2Ph), 

2.95 OH. dd, 1=2, 15 Hz, li3);, 3.25 (2H, q, 1=1 Hz. NHCH2>. 3.37 (lH, dd." J=S. 15 
Hz, H3). 3.55, 3.71 (each lH, d, J=17 Hz, NCli2). 3.82 (2H, s, SCH2>• 4.80 (lH. m, 

l14). 5.03 (lH. s, OH). 6.02 (lH, br s. NI::D. 6.96 (2H. s, HOPh-li), 7.3 (SH. m, Ph-li) 

- 26-



' WO 96/19451 PCT/EP95/05130 
. ~ . . . . 

Example 45. ( 4R,SS/4S,SR) N·[ 6-(3,5-Di-tert-butyl-4-hydroxyphenyl)hexyl]-(4-
benzylsulphinyl-2-oxoazetidin· l-yl)acetamide 
Light brown glass, 33% yield 
1 H NMR 3 (CDCl3) 1.3-1. 7 (26H, m, 4xCH2+6xCH3), 2.50 (2H, t, 1=8 Hz. CH2Ph), 

5 2.88 {lH, dd, 1=2, 15 Hz;. H3), 3.17 {IH, dd, 1=5, lS Hz, H3), 3.3 {2H, m. NHCH2), 
3.89, 4.2S {each lH, d, 1=17 Hz. NCH2>. 3.99, 4.19 (each lH, d, J=l3 Hz, SOCH2), 
4.61 {lH, m, 14), 5.02 {lH, s. Oli), 6.96 (2H, s, HOPh-li), 7.2S (lH. br s, Nli), 1.3-
1.S (SH. m, Ph-ID 
Found: C, 68.9; H, 8.3; N, S.0%; C32H.i6N204S requires: C, 69.3; H, 8.4; N, S.0% 

10 Example 46. N-6-(4-methoxyphenyl)hexyl-(4-benzylthfo-2-oxoazetidin-l­
yl)acetamlde 

Yellow oil, 77% yield 
1H NMR 3 {CDCl3) 1.3 - 1.6 (8H, m, 4xCH2). 2.S4 (2H, t, l = lSHz. CH2PhOCH3), 
2.9S {lH. dd. 1=2. IS Hz, li3), 3.23 (2H, m, NHCH2), 3.37 (lH, dd, 1=5, 15 Hz, H3), 

15 3.SS, 3.7l(each lH. d, 1=17 Hz. NCH2>. 3.78 (3H, s. OCH3), 3.81 {2H, s, SCH2>. 
4.80 (lH. m. R.). 6.01 {lH, br s, Nli), 6.82, 7.07 (each 2H. d, l = 8.S Hz. CH30Ph­
li). 7 .3 (SH, m, Ph-ID 
Example 47. (4R,8R/4S,SS) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide 

20 White solid, 10% yield, mp 129-133.S°C. 
1H NMR 3 {CDCl3) l.2S-1.S6{8H,m.CH2CH2CH2CH2>. 2.52(2H,t,1=7.25Hz, 
CH2Ph-OMe), 2.94(1H,ddJ=l4.7S,4.5Hz.li3b), 3.20(2H,m,NHCH2). 3.45(1H,dd, 
1= 14. 75,2.0HzJiJa>· 3. 7 l,4.23(2H.ddJ=lS.S, lS.5Hz.SOCH2Ph), 3. 78{3H,s. OCH3), 
3.88,4.04(2H,ddJ=13.0,12.75Hz.N-CH2>. 4.53(1H,mJf4), 6.66(1H,s.· NH), 6.78-

25 6.83, 7 .06-7 .09(2H.2H.m,CH2-Eh-OMe), 7.22-7 .26, 7.36-7.40(3H,2H. m.SOCH2fh). 
Found: C,64.9; H,6.6; N,6.1%; C25H32N204S requires: C,65.8; H,7.1; N.6.1% 
Example 48. (4R,SS/4S,SR) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide 

Pale yellow solid, 29% yield, mp 85-88°C 
30 lH NMR 3 (CDC13) l.23-1.63(8H,m,CH2CH2CH2Cli2). 2.53(2H,t, 1=7.25Hz, 

CH2Ph), 2.88(1H,ddJ=l5.2S,2.5Hz.H3a). 3.13-3.31(3H,m,NHCH2.li3b), 
3.78(3H.s,OCH3), 3.85-4.28 (4H,m. NCH2. SOCH2Ph), 4.61(1H,mJf4). 6.78-
6.84,7.05-7.10(2H.2H.m,CH2-Eh-OMe), 7.18(1H,s,CON'H), 7.23-7.27,7.37-
7.44{3H,2H,m,SOCH2fh). 

35 Found: C,65.S; H,6.8; N,6.0%; C25H32N204S requires: C,6S.8; H,7.1; N,6.1% 
Example 49. N-(6-(4-chlorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-1-
yl)acetamide 

Pale yellow solid, 89% yield, mp 60-62°C 
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lH NMR 3 (CDCl3) 1.3:-1.6 (8H, m, 4xCH2>. 2.55(2H,t.1=1.6 Hz, PhCH2>. 2.90, 
2.97 (lH, dd, 1=2.4, 15.4 Hz, li3). 3.3 (2H. m, NHCH2>. 3.33, 3.40 (lH, dd, J=S.2, 
IS.4 Hz.;l:f3), 3.56, 3.71 {each IH, d, 1:::16.8 Hz.NCH2>. 3.81 (2H. s, SC.Hz>. 4.81 
(IH, m, 114), 6.05 OH. m, NH>. 7.0S-7.36 (9H~ m. 2xPh-ID 

5 Example SO. (4R,8R/4S,SS) N·(6-(4-cblorophenyl)hexyl)·(4-benzylsulphinyl·2-
oxoazetidin·l·Yl)acetamide 

Colourless soli~. 17% yield, mp l 78-l 79°C. 
lH NMR & (CDCI3) 1.2-1.6 (8H, m, 4xCl:b). 2.55 (2H. t. I=7.6 Hz, PhCH2), 2.93, 
2.99 (IH, dd, J=4.7, 14.8 Hz;, li3), 3.22 (2H. m, NHCHz>, 3.44, 3.49 (lH, dd. 1=2.2, 

10 14.8 Hz. li3), 3.68, 4.13 (each IH, d, J=17.4 Hz, NCH2). 3.81, 4.05 (each IH, d, 
1=13.2 Hz. ~OCH2>. 4.50 (IH, m, 1i4), 6.65 OH. m, Nli), 7.07-7.40 (9H. m, 2xPh­
H> 
Found: C. 62.5; H, 6.3; N, 6.3%; C24H29CIN203S.requites: C, 62.5; H. 6.3; N, ( 
6.1%. 

IS Example 51. (4R,SS/4S,sR) N·(6-(4-chlorophenyl)heXyl).(4-benzylsulphinyl·2-
oxoazetidin·l·yl)acetaJnide 

Colourless solid, dias. ratio 1:9, 39% yield, mp 103-104°C 
I H NMR (CDCl3) 6 1.3-1.6 (8H, m. 4xCHz), 2~s6 (2H~ t, 1=1 .6 Hz. PhCH2). 2.87. 
2.90 OH. dd, J=2.5, 15.3 Hz, li3), 3.16, 3.20 (each lH. d. J=5.3, 15.3 Hz, H3>. 3.26 

20 (2H, m, NHCH2), 3.87, 4.25 (each 1 H, d, J=l 7.2 Hz, NCH2>. 3~98, 4.19 (each IH, d, 
J=13 Hz. SOCH2>. 4.6 OH. m, JL), 7.07•7.41 (JOH. m, 2xPh~H. NH> 
Found: C, 62.5; H, 6.3; N, 6.2%; C24H29ClN203S requites: C, 62.5; H,6.3; N. 
6.1% •. 
Example 52. N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-1-yl)· 

2S acetamide 

Pale yellow oil, 69% yield 
1H NMR & (CDCl3) 1.30-1.60 (m, 4xClf2), 2.57 (2H, t, J~7.63Hz. ArCH2>. 2.9S 
(lH, dd, 1=2.4, 15.4Hz, li38 ) 3.24 OH. m, NHCH2>. 3.38 OH. dd. J=5.13,15.4H:i, 
HJb), 3.64 (2H, dd, J=l6.8Hz, COCH2N>. 3~81 (2H~ s, ArCH2S), 4.81 OH. m. 

30 J=2.5Hz. 5.0Hz.~). 6.0 (lH~ m, NH..C=0),7.0-7~36 (9H, m, 9xArHl 
Example 53. (4R,8R/~,SS) N·(6-(3,S-dichlorophenyl)hnyl).(4-benzy1Sulphinyl· 
2-oxoazetidin-1-yl)aeetamide 

White solid, dias. ratio 36:1, yield·37%, mp 158-1S9°C 
Found: C,58.2; H.S.7; N,S.7%; C24H2sCl2N203S requires:-C.58.2; H,5.7; N,5.7% 

35 Example 54. (4R,SS/4S,SR) N-(6-(3,5-dichlorophenyl)hexyl)·( 4-benzylsulphinyl-
2-oxoazeUdin·l·yl)acetamide 
White solid, dias. ratio 1:9, yield 22%, mp 108-109°C 
Found: C,58.2; H.S.6; N,5.1%; C24H23Cl2N2~s··requues: C.58.2: H,5.7; N.5.7% . 
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Example .SS. N·( 6-(3-chlorophenyl)hexyl)·(4-benzylthio-2-oxoazetidin-1 ·yl)­

acetamlde 

Pale ytnlow oil, 75% yield 
1H NMR 8 (CDC13) 1.30-1.60 (8H, m, 4xCH2>. 2.SS (2H, t, 1=7.63Hz, ArCH2>. 

S 2.9S(lH, dd, 1=2.S, lS.SHz, H3a>. 3.24 (2H, m, J=l7.5Hz, NHCH2>. 3.38 (lH, dd, 
1=5.25,15.25Hz. H3b>· 3.64 (2H, dd, 1=16.87Hz, COCHzN>. 3.82 (2H. s. AICH2S), 
4.81 (lH, m. ~). 6.06 (lH, m. NH>. 7.0-7.36 (SH. m. 8xArID 
Example 56. ( 4R,sR/4S,SS) N-(6-(3-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-

oxoazetidin-t-yl)acetandde 

10 White solid, dias. ratio 36:1, yield 18%, mp 147-148°C 
Found: C.62.3: H.6.1; N.6.2%; C24H29CIN203S requires: C,62.5; H,6.3; N,6.1% 
Example 57. ( 4R,SS/4S,5R) N-(6-(3-chlorophenyl)hexyl)-( 4-benzylsulphfnyl-2-

oxoazetidin-l-yl)acetamide 

White solid, dias. ratio 14:86, yield 49%, mp 74-75°C 
15 Found: C.62.4; H,6.2; N,6.1%; C24H29C~N203S requires: C,62.5; ~.6.3; N.6.1% 

Example 58. N-6-( 4-hydroxyphenyl)hexyl-( 4-benzylthio-2-oxoazetidin-l-yl)­

acetamide 

Yellow oil 23% yield 
1 H NMR 8 (CDCl3) 1.2 - 1. 7 (SH, m, 4xCH2>. 2.52 (2H, t, 1 = lSHz. CH2PhOH), 

20 2.95 (lH, dd, 1=2. 15 Hz. li3), 3.21 (2H, m, NHCfh). 3.37 (lH, dd, 1=5, 15 Hz, H3), 

3.53. 3.72(each lH, d. 1=17 Hz. NCH2>. 3.76 (2H, s, SCH2>. 4.83 (lH, m, lf4), 5.37 
(lH, s, Oli). 5.97 (lH. br s. NH). 6.75. 7.02 (each 2H, d. I= 8.S Hz. HOPh-li), 7.3 
(SH. m. Ph-Hl 
Example S9. (4R,8R/4S,SS) and (4R,SS/4S,SR) N-6-(4-hydroxyphenyl)hexyl-(4-

25 benzylsulphinyl-2-oxoazetidin-l-yl)acetamide 

White glassy solid. dias. ratio 1 :2, 79% yield, mp 38-490C~ 

1 H NMR a (CDCl3) 1.25-1.58 (16H, m. 2xCH2CH2CH2CH2>. 2.52 (4H, t. J=7 .OHz, 
2xCH2Ph). 2.83 OH. dd. J=l5.0, 2.0Hz. li3a>· 2.90 OH. dd. J=l5.0, 5.0Hz, HJb). 
3.12-3.25 (SH, m. 2xNHCH2. liJb), 3.40 OH. dd, J=15.0,2.5Hz. H3a>. 3.72-4.21 

30 (SH. m, 2xSOCH2Ph. 2xN-CH2>. 4.56 OH. m, l14), 4.64 OH. m, .B4>. 6.08 OH. s. 
OH>. 6.17 OH. s. OH> 6.63 OH. m, NH), 6.71-6.77, 6.97-7.04 (4H, SH. m,2 

xCH2fh-OH, NH), 7.22-7.29,7.35-7.39 (4H. 6H. m. 2xSOCH2Eb>. 
Found: C,63.47; H.6.53; N,6.24%; C24H3oN204S requires: C,65.13; H,6.83; 
N,6.33% 

35 Example 60. N-(6-Phenylhexyl)-( 4-( 4-etboxycarbonyl)benzylthlo-2-oxoazetidin-

1-yl)acetamide 

a. 4-(4-(Ethoxycarbonyl)benzylthio)azetidin-2-one 

Yellow oil. 62% yield 
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lH NMR 8 (CDCl3) 1.40 (3H. t. J=7.13 Hz. O-CH~H3). 2.85 (lff,,dd, coupling 
indeterminate, H3a>• 3.31 (lH. dd, coupling indeterminate, H3b) 3.88 (2H. s, S-CH2), 
4.38 (2H, q, J=7 .13 Hz, O-CH~H3), 6.10 (IH, br. singlet, N•H), 7 .40 (2H, d. 1=8.36 
Hz, Ph-ID. 8.01 (2H, d, J=8.3.4 Hz. Ph-ID 

S b. N-(6-Phenylhexyl).(4-( 4-ethoxycarbonyl)bemylthio-2-oxoazetidin· l· 
yl)acetamide 

Colourless oil. 59% yield 

lH NMR 8 (CDCl3) 1.23-1.71 (13H, m, CH2CH2. OCH2CH3), 2.56.-2.62 (2H. m. Ph­
CH2>. 2.93 (IH, dd, coupling indetenninate, H3a>• 3'.18.;.3.27 (2H. m. NH-CH2>. 3.38 

10 (lH, dd, 1=15.37, 5.14 Hz, H3b), 3.52 and 3.80. (lH each, d, 1=16.64 Hz, N-CH2), 
4.37 (2H, q, 1=7.13 Hz, O-CH2CH3), 4.85 (lH, dd, coupling indeterminate, fti), 6.01 
(lH, br. triplet, N-ID. 7.14-7.29(5H, m, Ph-ID~ 7.39 (2H. d, J=8.34 Hz. Ph-ID. 8.00 
(2H. d, J=8.30 Hz. Ph-li). 
Example 61. (4R,SS/4S,8R) N-(6-Phenylhexyl).(4-(4-. 

15 ethoxycarbonyl)benzylsulphinyl-2-oxoazetidin..;1..;yJ)acetamide · 

White crystalline solid. 25% yield. mp 101-103°C 
Found: C. 64.69; H, 6.64; N. 5.72% 
C27H34N205S requires: C, 65.04; H. 6.87; N, 5.62% 
Example 62. N-(6..phenylhexyl)-4-(4-chlorobenzylthio)-2-oxoazetidin·l· 

20 ylacetamide 

-. . 4-(4-Chlorobenzylthlo)azetidinone 

Crystalline solid, 72% yield, mp 73-74°C 
lH NMR 8 (CDCl3) 2.86 (lH. m. H38 ), 3.32 (lH. m. H3b)• 3.81 (2H~ s. S-Cli2). 4.68 
(lH, dd; J=5.07, 2.46 Hz, fti), 6.04 (lH, br. singlet, N-H), 7.24-7.33 (4H, m. Ph-ID. 

25 b. N-{6-phenylhex· l·yl)-4-( 4-chlorobenzylthio)-2-oxoazetidin· l·ylacetamide 
Colourless oil, 41 % yield 
lH NMR 8 (CDCl3) 1.28-1.35 (4H. m. CH2CH2).1.40-1.51 (2H. m. CH2>. 1.53-1.60 
(2H, m. CH2), 2.60 (2H, t~ J=7.65 Hz, Ph=CH2). 2.92 (lH, dd, J=lS.37, 2.40 Hz, 
H38), 3.23 (2H, dt, 4lines. NH-CH2), 3.38 (lH, dct. 1=15.36, 5.16 Hz, H3b), 3.54 and 

30 3.82 OH each, d, 1=16.65 Hz, N-C&>. 3.78 (2H, s, S-Cli2), 4.83 (lH, dd, J=5.15, 
2.43 Hz. fti), 7.14-7.30 (9H, m, Ph-li). 
Example 63. (4R,8R/4S,SS) N-(6-phenylhex·l-yl)-4-(4-chlorobenzylsulphinyl).2-

oxoazetidin·l-ylacetamide 

White crystalline solid, m.p. 155-156°C, 10% yield 
35 Found: C, 62.2; H, 6.2; N, 6.1 %; C24H29CIN203S requires: C, 62.5; H. 6.3; N, 

6.1% 
Example 64. (4R,SS/4S,8R) N-(6-phenylhex-1-yl)-4-(4-chlorobemylsulphinyl).2-

oxoazetidin·l·ylacetamide 

mp 92-93°C, 33% yield 
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Found: C, 62.4; H. 6.3; N, 6.1 %; C24H29ClN203S requires:C, 62.S; H, 6.3; N, 6.1 % 

Example 65. trans N-(6-Phenylhexyl)-(4-benzylthio-3-methyl-2-oxoazetidin-1-

yl)aceuanide 

Colourless oil, 65% yield 
5 lH NMR 8 (CDCl3) 1.2-1.7 (1 lH, m, 4xCH2+Cl:b), 2.59 (2H, t, J=7 Hz. CH2Ph), 

3.2 (3H, m. NHCH2+li3), 3.50, 3.70 (each lH. d,_1=17 Hz. NCH2). 3.80 (2H. s, 
SCH2>. 4.42 OH. d, 1=2 Hz.&>. 6.04 OH. br s. Nii), 7.1-7 .4 (1 OH. m, 2xPh-H> 
Example 66. trans N-(6-Phenylhexyl)-(4-benzylsulphinyl-3-methyl-2-

oxoazeddin-1-yl)acetamide 

10 White, semi-solid, dias. ratio 4:6, 85% yield 

15 

lH NMR 8 (CDCI3) 1.1-1. 7 (l lH, m, 4xCH2+Cli3), 2.59 (2H, m, CH2Ph), 3.25 
(2.6H, m. NHCH2+li3), 3.7-4.3(3.4H, m, SOCH2+li4+li3'), 6.65 (0.6H, 
br s, NH), 7.1-7.4 (10.4, m, 2xPh-H+Nlf') 
Found: C, 67.2; H, 7.3; N. 6.0%; C25H32N203S requires: C, 68.2; H.7.3; N, 6.4% 

The following compounds (Examples 67 to 69) were prepared by oxidation of the 
corresponding sulfides described above using the general procedure of Example 4. 
Example 67. N-(6-phenylhexyl)-(4-benzylsulphonyl-2-oxoazeddin·l•yl)acetamide 

White solid, 65% yield, mp 104-105°C 
20 Found: C, 64.7; H, 6.6; N, 6.3%; C24H3oN204S requires: C, 65.1; H, 6.8; N, 6.3% 

Example 68. N·(6-(3,5-dlchlorophenyl)hexyl);,(4-benzylsulphonyl·2-oxoazeddin-

1 ·yl)acetamide 

White solid, 90% yield, mp 115-116°C 
Found: C, 55.2; H. 5.4; N, 5.4%; C24H23Cl2N204S.0.65H20 requites: C. 55.1; H. 

25 5.6; N, 5.4% 

Example 69. N·(6-(3-chlorophenyl)hexyl)-( 4-benzylsulpbinyl-2-oxoazetidin-1· 

yl)acetamide 

. White solid, 3% yield, mp 95-98°C 
Found: C, 61.0; H, 6.2; N, 6.0%; C24H:i9ClN204S.0.12C6H14 requires: C. 60.9; H, 

30 6.3; N, 5.8% 
Example 70. 4-(Benzylthio)· 1·(3-phenylpropyl)azetidin-2-one 

A solution of 4-(benzylthio)azetidin-2-one Cl.lg, 5.Smmol) in dry TIIF (10ml) was 
added dropwise over 10 minutes to a suspension of NaH (0.13g, 5.6mmol) in dry 

1liF (Sml) at-20<>c under a N2 atmosphere. A solution of 3-phenyl-1-
35 (trifluoromethanesulfonyloxy)propane (l.Sg, S.6mmol) in dry THF (10ml) was added 

dropwise over 10 minutes at-55°C. After stirring for 1 hour. the mixture was 
poured onto ice/water (50g), filtered through hyflo. the THF evaporated under 
reduced pressure and the residue taken up in ethyl acetate. The solution was washed 
with brine (x2), dried {MgS04), evaporated under reduced pressure and purified by 
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flash chromatography on silica gel eluted with 5: 1. pearoleum ether.ethyl acetate to 
give the title comp()und as a yellow oil (l .4g, 81 % ). 
1 H NMR. 8 (CDCl3) 2.58 (2H, m, CH2>. 2.58 (2H, t, J = 15Hz. CH2Ph). 2.9, 3.2 
(each 2H. m. H-3 & NCH2>· 3.73 (2H. s. SCH2>. 4.51 (lH,' m. H-4), 7.2 (IOH. m, 

s 2xPh-H> 
Example 71. (4R,8R/4S,SS) 4-Benzylsulphinyl·1·(3-phenylpropyl)azeddin·2-one 
Prepared from 4-(benzylthio )-1-(3-phenylpropyl)uetidin-2-one using the general 
procedure of Example 2. The product was obtained as a white solid, dias. ratio 97:3, 
19% yield, mp 93-96°C 

10 1 H NMR 8 (CDCl3) 1.83-1.94(2H.m.CH2Cli2CH2). 2~57~2.69(2H,m,CH2Ph), 
2. 76( lH,ddJ=l4.5,4.5Hz.li3b)• 3.22-3.39(3H.m;N-CH2.li3a>• · 3.83,3.98(2H,dd, 
J=13.0,13.0Hz.SOCH2Ph), 4.22(1H.mJl4), 7 .13-7 .41(10H,m,CH2Ph.SOCH2Ph). 
Found: C,69.5; H.6.5;·N,4.5%; C19H21NQiS requires: C~69.7; H,6.5: N,4.3% 
Example 72. (4R,SS/4S,8R) 4-Benzylsulphinyl-1-(3-phenylpropyl)aZeddin·2-one 

15 The mother liquors obtained from the above crystallisation were re-worked to give· 
_the title compound.as a pale green oil. dias. ratio 80:20, 14% yield 
19 NMR 8 (CDCl3) 1.90-2.04(2H. m, CH2CH2CH2). 2.41(1H, dd, 1=15.0, 2.4Hz. 
H38), 2.59-2.64 (2H, m, CH2P~). 2.84 (lH, dd, J=iS~O. 5.0 Hz. H3bl• 3.41-3.49 (2H, 
m, N-CH2). 3.94-4.05 (2H, dd, J=13.0, 13.0 Hz. SOCH2Ph), 4.23-4.26 (lH. m, 84), 

20 7.15-7.39 (IOH, m, SOCH2Ph, CH2Ph). 
Found: C,66.0; H,6.4; N,3.3%; C19H21NQiS requires:·C.69.7; H,6.5; N,4.3% 

The following compounds (Examples 73;. 75) was prepared using the general 
procedures of Examples 70 - 72. 

25 Example 73. 4-Benzylthio-1·(2-phenethyl)azeUdin-2-one 
Light brown oil, 60% yield 
lH NMR 8 (CDCl3) 2.8-2.9 (3H, m, CH2Ph+li3), 3.1. 3.5 (each Ui, m, NCH2>. 3.18 
(lH, dd, J=5, 15 Hz, H3), 3.66 (2H, dd, J=14 Hz. SCH2). 4.35 (lH, m, 14), 7.1-7.4 
( lOH, m, 2xPh-H> 

30 Example 74. (4R,8R/4S,SS) 4-BenzylsuJphinyl·l-(2-phenethyl)azetidin-2-one 
Colourless solid, 16% yield, mp 98-101°C 
lH NMR.8 (CDCl3) 2.71 (lH. dd, J=2. 15 Hz. li3); 2~ss (2H. t, J=7 Hz. CH2Ph), 
3.29 (lH, dd, J=2, 15 Hz~ li3). 3~3 (lH, m. NCH2>. 3,7.;3,9 (3H, m, NCH2+SOCH2>. 
3.9 (lH, m, 14), 7.1-7.4 (lOH, m, Ph-H> 

35 Found: C, 68.7; H, 6.1; N, 4.5%; C1sH19N~S requires:C, 69.0; H, 6.1; N, 4.5% 
Example 75. (4R,SS/4S,8R) 4-BenzylsuJphlnyl·l-(2-phenethyl)azetidin•2-one 
Colourless solid, 27% ·yield, mp 88·9°C 
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IH NMR 6 (CDCl3) 2.40 (lH, dd, 1=2, 15 Hz, li3), 2.85 (lH, dd, 5, 15 Hz. li3). 3.0 
(2H, m. CH2CH2Ph), 3.62, 3.76 (each lH, m. NCli2). 3.92, 4.03 {each lH, d, 
SOCH2f. 4.16 (lH, m, 1i4), 7.2-7.4 (lOH, m, Ph-If) 

Found: C, 68.8; H, 6.2; N, 4.7%; C1sH19NOiS requires: C, 69.0; H, 6.1: N, 4.5% 
5 Example 76. 4-(Benzylthlo)-1-(4-phenylbutyl)azeUcli•~one 

A solution of 4-(benzylthio)azetidin-2-one (I.lg. 5.5mmbl) in dry THF (10ml) was 
added dropwise over 10 minutes to a suspension of Naff {0.13g, 5.6mmol) in dry 

THF (5ml) at -2o<>c under a N2 atmosphere. A solution of 1-iodo-4-phenylbutane 
(l.4g, 5.Smmol) in dry THF (lOml) was added dropwise over IO minutes at -55°C. 

10 After stirring for 18 hours. the mixture was poured onto ice/water (50g), fJ.ltered 
through hyflo, the THF evaporated under reduced pressure and the residue taken up in 
ethyl acetate. The solution was washed with brine (x2), dried (MgS04), evaporated 
under reduced pressure to a yellow oil which was purified by flash chromatography 
on silica gel eluted with 5:1, 3:1 then 1:1 petroleun·ether/ethyl acetate to give the 

15 . product as~ yellow oil (0.25g, 14%). 
1H NMR 6 (CDCl3) 1.5 (4H, m, 2xCH2>. 2.6 (2H, m, CH2Ph), 2.85, 3.2 (each 2H, 

m, H-3 & NCH2>. 3.73 (2H. s. SClii). 4.54 UH. m, li-4), 7.2 (lOH, m, 2xPh-W 
Example 77. (4R,SS/4S,SR) 4-Benzylsulpbinyl-1·(4-phenylbutyl)azeUdin-2-one 

Prepared from 4-(benzylthio )-1-( 4-phenylbutyl)u.etidin-2-one using the general 
20 procedure of Example 30. The product was obtained as a yellow oil following flash 

chromatography, 76% yield. 

l H NMR 6 (CDCI3) 1.6 l-1.66(8H,m,2xCH2CH2CH2CH2). 2.47(1H,dd,J=15.0, 

l.50Hz.li3a)• 2.60(4H~.2xCH2Ph), 2.83(1H,ddJ=l4.5;4.5HzJi3b)• 2.93(1H,dd, 
J= 15.0.5.0HzJi3b)• 3.29-3.50(5H,m.2xN-CH2Ji3a). 3.98,4.06(2H,ddJ=13.25, 

25 l 3.25Hz.SOCH2Ph), 3.83,3.93(2H.ddJ=6.25,6.25Hz,SOCH2Ph), 4.28(1H.mJ4), 
4.31 {l H.mJ4), 7.12-7.39(20H,m,2xCH2fh,2xSOCH2fh>. 
Found: C.69.2; H,6.9; N,4.5%;. C20H23N<>2S requires: C,70.2; H,6.8; N,4.1 % 

Example 78. p-Methoxybemyl [(3S, 4R)-4-benzylthio-3-bromo-2-oxoazetidin-l­

yl]acetate 

30 a. p-Methoxybenzyl [(3S, 4R)-4-acetylthio-3-bromo-2-oxoazetldin-1-yl]acetate 

Ozonised oxygen was bubbled through a solution of p-methoxybenzyl 2-[(3S. 4R)-4-
acetylthio-3-bromo-2-oxoazetidin-l-yl]-3-methylbut-2-enoate (Osborne N. F. et al .• J. 

Chem. Soc .• Perkin Trans. 1. 1994, 179) (20.16 g. 0.0456 mol) in ethyl acetate (400 
ml) at -65 to -70°C until a pennanent blue solution was obtained. Excess ozone was 

35 removed by the pwage of oxygen, then trimethyl phosphite (53.8 ml. 0.456 mol) was 
added dropwise. After 15 min. the solution was allowed to warm to room 
temperature, then stood for 16 hr. The solvents were evaporated and the residue 
reevaporated twice from toluene.then dissolved in ethyl acetate (300 ml) and stirred 
vigorously for 1.5 hr. with a solution ofp-toluenesulphonic acid (2 g) in water (100 
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ml). After dilution with water the organic layer was separated and the aqueous layer 
further extracted with.ethyl acetate. The combined extraets were washed succes&vely 
with saturated aq. sodium hydrogen carbonate and brine, then dried ((MgS04) and 
evaporated. Purification by flash chromatography (silica. ethyl acetate-peL ether) gave 

S the product as a light brown oil. yield 10.6 g-(58'1>). 
b. Silver (3S,4R)-3-J>romo-1•(p-metboxybenzyloxyalrbonylmetbyl)-2-

oxoazetid.ine-4-thiolate 

A solution of p:.methoxybenzyl [(3S, 4R)-4-acetyltbi~3-bromo-2-oxoazetidin-l­
yl]acetate (4.13 g, O.Olmol) in methanol (90 ml) was added with stirring in subdued 

10 light to a solution of silver nittate (227 g. 0.0133 mol) in methanol (90 ml). 
Triethylamine (1.87 ml. 0.0133 mol} was then added with ice cooling, and stirring 
continued for 1 hr. at 5-l0°C followed by 30 min~ at room temperature. The mixture 
was re-cooled (ice bath) and the precipitated solid filtered and washed twice with ice f . 
cold methanol then hexane to give the title compound. yield 4.6 g {96'1> ). 

15 c. p-Metboxybenzyl [(3S, 4R)-4-benzyltblo-3-bromo-2-oxoazetidin-1-yl]acetate 
A solution of silver (3S.4R)-3-bromo-1-(p:.methoxybenzyloxycarbonylmethyl)-2-
oxoazetidine.+thiolate (4.6 g. 0.0099 mol) in acetonibile (100 ml) Was treated with 
benzyl bromide(l.76 ml. 0.015 mol) undernittogen and ihe mixture stirred in subdued 
light for 48 hr. The solvent was evaporated. the residue treated with dichloromethane 

20 and the precipitated salts filtered off. The filttate was evaporated.arid the residue 
purified by flash chromatography (silica. ethyl acetate-pet. ether) to give the title 
compound as an oil, yield 3.37 g (76% ). 

IH NMR 8 (CDC13). 3.39, 4.02 (each lH, d. 1=18.1 Hz. NCH2>• 3.76 (2H, s, SCH2>. 
3.81 (3H, s, OCH3), 4.61, 4.91 (each IH, d. J=l.6 Hz, H3 +J4), S.08 (2H. m. 

25 OCH2>. 6.89 (2H. m, 3.5-(4-CH30Ph)-li), 7.22-7.33 (7H, m,Ph-H + 2,6-(4-
CH30Ph)-li). 
Example 79 •. (3S,4R)~N-(6-phenylhexyl)-1-(4-benzyltbio-3-bromo-2-oxoazetidin-

1 ·yl)ace~de 

a) p-Methoxybenzyl 2-[(3S, 4R)-4-benzyltbio-3-bromo-2-oxoazetidin-1•yl]·3-

30 metbylbut-2-enoate 

A solution of the silver salt of p-methoxybenzyl 2-[(3S, 4R)-4-mercapto-3-bromo-2-
oxoazetidin-l-yl]-3-methylbut-2-enoate (lOg~ 20mmol) in dry acetonitrile (100ml) 
was treated with benzylbromide (4g, 24mmo1) and the resulting mixture refluxed for 
30 mins. The reaction was cooled to room temperature. filtered. evaporated to 

35 dryness and the residue purified by flash chromat0graphy using 1: t · ether:pentane as 
the eluting solvenL ·Evaporation of the appropriate fractions gave the product as a 

. white solid (S.8g, 59% ), mp70-72°C. 1 H NMR 8(CDCl3)1.93 (3H. s. CH3), 2.23 
(3H. s, CH3>. 3.66 OH. dd, J=2.9.11.s Hz. scH2>. 3.79 (3H. s. OCH3>. 4.52 OH. d. 
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J=l.8 Hz. li3), 4.95 OH. d. J=l.9Hz,1i4), 5.08 (2H. q, 1=12.0 Hz, C02Cli2). 6.84-
6.90 (2H, m. 2,6Ph-li), 7.13-7.31 (7H, m, 3.SPh-H,Ph-li). 
b) (3S, .. 4R)-4-Benzylthio-J.bromoazetidin-2-one 

Ozonised oxygen was bubbled through a solution of p-methoxybenzyl 2-[(3S, 4R)-4-

5 benzylthio-3-bromo-2-oxoazetidin-1-yl]-3-methylbut-2-enoate (2g, 4mmol) in 

dichloromethane ( 40ml) at -78°C and the reaction monitored by infra-red 
spectroscopy. When the band at 1780 cm·1 had disappeared. methanol (4ml) together 
with a trace of sodium methoxide and dimethyl sulfide (lml) was added and stirring 

continued at room temperature for 16h. The reaction was evaporated and the residue 
10 purified by flash chromatography using 1: 1 ether:pentane as the eluting solvent 

Evaporation of the appropriate fraction$ gave the product as a colourless oil (0.7g, 
64%). 
1H NMR 8 (CDCl3) 3.87 (2H. s, SCli2). 4.52 (lH, m. &>. 4.69 (lH, d, li3) 5.85 
(lH, bs, Nii), 7.18-7.39 (SH, m, Ph-li). 

15 c) N-( 6-Phenylhe~l)[(3S, 4R)-4-benzylthio-J.bromo-2-oxoazetidin· l • 

yl]acetamide 

A solution of (3S, 4R)-4-benzylthio-3-bromoazetidin-2-one (0.7g, 2.6mmol) in dry 

TIIF (25ml) was treated with N~(6-phenylhexyl)bromoacetamide (0.8g, 2.6mmol), 

powdered potassium hydroxide (0.2g 3mmol) and tetrabutylammonium hydroxide 
20 (0.lg, 0.3mmol). The mixture was stirred at room temperature. for 4h and partitioned 

between ether and brine. The organic layer was separated, dried (MgS04) and 

evaporated. The residue was purified by flash chromatography using 3: 1 

ether:pentane as the eluting solvent. Evaporation of the appropriate fractions gave the 
title compound as an oil (0.63g, 53%). 

25 1H NMR S (CDCl3) 1.21-1.66 (8H, m, (Cli2)4), 2.59 (2H, t, J=7.4 Hz~ Clii), 
3.48,3.82 (each lH, d, J=l6 Hz. NCH2). 3.21 (2H. h, l=6.00 Hz, CH2), 3.37 (lH, dd, 
J=5,15 Hz, H3b), 3.83 (2H, s, SCH2>. 4.59 UH. d, l=l.6 Hz, lf4), 4.89 UH. d, J=l.6 
Hz.H3), 6.04 (lH, bt, Nli), 7.14-7.36 (lOH, m, Ph-li). 

30 Examples 80 and 81 were prepared from (3S,4R)-N-(6-phenylhexyl)-4-benzylthio-3-

bromo-2-oxoazetidin-1-yl acetamide by the method described in Example 2 and 3 
Example 80. (3S,4R,SR)-N-(6-phenylhexyl)4benzylsulphlnyl·3-bromo-2-

oxoazetidin·l·yl acetamide 

White crystals m.p. 115-117°C, 17.5% yield · . 

35 Found: C, 57.9: H. 6.0; N. 6.0%; C24H29N203S requires: C, 57.0; ff. 5.8; N, 5.5% 
Example 81. (3S,4R,SS)·N·(6-phenylhexy~)4bemylsulphinyl·3-bromo-2-

oxoazetidin·l·ylacetamide 

Colourless solid. m.p.105-107°C, 15% yield 

Found: C, 51.5 H. 6.0; N. 5.5%; C24H29N203S requires: C, 57.0; ff. 5.8; N, 5.5% 
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Example 82.·( 4R,SS/4R,8R)-N-(6-phenylheX)'l)-4-benzylsulphinyl•2-oxoazetidin-
1-yl acetamide 

Treauneiit of (3S,4R.SS)-N-(6-phenylhexyl)-4-:benzylsulphinyl-3;.bromo-2-
oxouetidin-l-ylaceblmide in.either of the procedures below gave (4R,SS/4R,SR)-N-

5 (6-phenylhexyl)-4-benzylsulphinyl-2-oxoazelidin-l-yl acetamide as a mixture whose 
NMR spectra were identical to a mixture of Examples 30'and ·31. · 
a. 

To a stirring suspension. of activated zinc powder (S 1. 7 mg, 0. 79 mmol) in 
dichloromethane ( 1.2 ml) and acelic acid· (0.4 ml) at S-lO°C was added N-(6-

10 phenylhexyl)[(4R)-4-benzylsulphinyl-3-bromo-2-oxoazetidin-l •yl]acetamide (0.2 g, 0.4 
mmol). After 1 hr, the mixture was diluted With dicbloromethane•water, and the 
organic layer washed with saturated aq. NaHC03, dried (MgS04) and evaporated to 
an oil. Crystallisation from ethyl acetate gave the product as a mixture of 
diastereoisomers 4R.SS: 4R.SR in the ratio 6:1, yield 48 mg (28%), m.p. 129-1°c. 

15 The filtrate was evaporated and the residue. treated With ether to give a second crop as 
a 3:1 mixture of diastereoisomers, yield 50 mg (30%), m.p. 108-11°C~ · 
b. 
A suspension of N-(6-phenylhexy1)[(4R)-4-benzylsulphinyl-3-bromo-2-oxoai.etidin-1-
yl]acetamide (0.3 g·, 0.59 mmol) 8nd 10% palladium oli charcoal (50 mg) in ethanol 

20 was treated With a solution of sodium hydrogen carbonate (50 mg, 0.59 mmol) in a 
small amount of water and hydrogenated at SO psi for 2 hr~ The catalyst was filtered 
off through hyflo and the filtrate evaporated to an oil. which was treated with water 
and extracted three times With dichloromethane. The combined extracts were dried 
(MgS04) and evaporated to an oil which crystallised from ether to give the product as 

25 a mixture of diastereoisomers 4R,SS: 4R,SR in the ratio 3:1,yield 0.17 g (68%). m.p. 
110-13°C. 
Example 83. (3St4R)-N-(6-phenylhexyl)-1-(4-benzylthlo-3-bromo-2-oxoazetidin-
1·yl)acetamlde 

a) ((3S, 4R)-4-Benzyltbio-3-bromo-2-oxoazetidln·1-yl~tic acid 
30 To a solution of p-methoxybenzyl [(3S, 4R)-4-beozylthio-3-bromo-2-oxoaz.etidin-l­

yl]acetate (3.03 g, 0.0067 mol) in methanol (50 ml) at -S to -10°C a IM solution of 
potassium hydroxide (7 .4 ml) was added dropwi8e With stirring. After 2 h. the 
methanol was evaporated off and the residue diluted With water, extracted twice with 
ether. and the aq. layer acidified with ice cooling to pH 3 (2M HCl). The oil which 

· 35 precipitated soon crystallised and was flltered, washed and dried to give the title 
compound, yield 0.9 g (41%). m~p. 13840°C •. 
b) (3S,4R)-N-(6-phenylhexyl)-1·( 4-benzyltbio-3-bromo-2-oxoazetldln-1-yl)­
acetamide 
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Treaunent of the above acetic acid with 6-phenylbexylamine as described in Example 

29 gave the title compound, with identical spectta to Example 79. 
Exampre 84. (4R,SS)-N-(6-(4-cblorophenyl)hexyl)-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide . 

5 see examples 154 to 157 
Example 85 N-[ 6-( 4-Fluorophenyl)hexyl]-4-( 4-metho'Q'benzylthio)-2-
oxoazetidin· l-ylacetamide 
a. N-[6-(4-Fluorophenyl)hexyl]~l-bromoacetamide 
A cooled solution of 6-(4-fluorophenyl)hexylamine (2.0g) and Hunig's base (1.33g) 

10 in dry dichloromethane (25 ml) was ttoated with bromoacetylbromide (2.07g) in 
dichloromethane (10 ml) at 0-5 °C. After workup and chromatography N-[6-( 4-
Fluorophenyl}hexyl]-1-bromoacetamide was obtained as a colourless solid. 2. 71 g. 
m.p.S0-51 °C. 
b. N-[ 6-( 4-FluorophenyJ)bexyl]-4-( 4-methoxybenzylthio)-2-oxoazetidin-1-

15 ylacetamide 
4-(4-Methoxybenzylthio)-2-oxoazetidinone (2.65g) was treated with the above 
bromoacetamide (4g) in dry THF in the presence of potassium hydroxide (0.7g) and 
tetra-n-butylammonium bromide· (OAg) to give N-[6-(4-fluorophenyl)hexyl]-4-(4-
methoxybenzylthio)-2-oxoazetidin-l-ylacetamide (3.8g, 65% yield) as colourless 

20 crystals. m.p. 53-5°C, after chromatography. 1H NMR 3 (CDCl3) 1.33 (4H, m), 1.58 
(4H. m), 2.56 (2H, l), 2.94 (lH. dd), 3.24 (2H, m). 3.37 (lH. dd), 3.61 (lH, d), 3.75 
(lH. d), 3.77 (2H. s). 3.79 (3H, s). 4.79(18, dd), 6.09 (lH, m), 6.82-7.26 (8H. m). 

Example 86 N-(6-(2,4-DiDuorophenyl)hexyl)-( 4-benzylthfo-2-oxoazetfdln· 1· 
yl)acetamide 

25 Sequential treatment of (4-benzylthio-2-oxoazetidin-l-yl)acetic acid with 1-
cyclohexyl-3-(2-morpholinethyl)carbodiimide metho-p-toluenesulfonate and 6-(2.4-
difluorophenyl)hexylamine in dimethyl formamide by the method described for 
Example 29 gave the title compound as a colourless solid, m.p. 65-66°C, in 73% 
yield 
1 ~ . 30 H NMR u (CDCl3) 1.3-1.36 (4H. m. 4xCH2).1.50-l.60 (4H, m. 4xCH2>. 2.58 (2H. 
t. J=7.6Hz. PhCH2>. 2.93, 2.97 (lH, dd~ 1=2.4, 15.6Hz, li3), 3.23 (2H, m. NHCH2>. 
3.35, 3.39 (lH, dd. J=S.2, 15.2Hz. li3}, 3.57, 3.71 (each lH, d, J=l6.4Hz. NCH2>. 
3.81 (2H, s, SOCH2>. 4.80 (lH, m, 1i4), 6.02 (lH. m. Nlf), 6.76-7.33 (8H, m. 2Ph­
li); v c=o 1774 cm·1 Found: C, 64.S; H. 6.3; N, 6.5%; C24H23F2N202S requires: C, 

35 64.6; H, 6.3; N. 6.3% 

The following amides, Examples 87-96 were prepared by one of the methods 
described in Examples 29, 85 or 86. 
Example 87 N-[6-(4-Cblorophenyl)hexyl]-4-{4-metboxybenzylthlo)-2-

40 oxoazetidln·l-ylacetamfde 
White crystals. m.p.65-6°C, 89% yield; Found: C, 63.1; H, 6.5; N, 6.1%; 
C~H31CIN2~S requires: C. 63.2; H, 6.6; N. 5.9% 
Example 88 N-(6-(3,4-Diftuoropbenyl)hexyl)-(4-benzyltbio-2-oxoazetfdin-1-
yl)acetamfde 

45 Colourless solid. m.p. 53-54°C. 77% yield; 1H NMR 3 (CDCl3) 1.3-1.39 (4H, m. 
4xCH2>. 1.44-1.60 (4H. m. 4xCH2>. 2.55 (2H. t. J=7.6Hz. PhCH2). 2.91, 2.97 (IH~ 
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dd, J=2.4, 1S.4Hz, li3), 3.23 (2H, m, NHCH2>• 3.34, 3.40 (IH, dd, J=S.2, 15.4Hz. 
H3), 3.56, 3.71 (each lH, d, J=l6.8Hz. NCH2>• 3.81 (2H, s. SOCH2), 4.80 (IH, m, 
114), 6.09 (IH, m, NH), 6.82-7.33 (8H, m, 2Ph-li); v c-o 1776cm-1 Found: C, 64.2; 
H, 6.3 ; N. 6.2%; C24H28F2N202S requires: C, 64.6; H. 6.3; N. 6.3% 

5 Example 89 N-(7-phenylhept·l-yl)-4-benzylthio-2-oxoazetidin~l•yl acetamide 
White crystall~e solid. ni.p. 63-65°C, 96% yield; 19 ~R 6 (CDC13) 1.25-1.63 
(lOH. m), 2.59 (2H, t}, 2.93 (lH, dd), 3.22 (2H, dt), 3.36 (lH, dd), 3.50, 3.71 (each 
IH, d), 3.81 {2H. s), 4.81(1Ii, dd), 6.05 (lH, br. singlet), 7.13-7.36 {lOH, IJl). 

Example 90 N·((t-[ 4-chlorophenyl]hex·l·yl)-(4-metboxycarbonylbenzyltldo)-2-
10 oxoazeddin-1-yl aee-1de 

White crystals. m.p. 87-88°C. 88% yield; Found: C, 62.0; H, 6.2; N. 6.0%; 
C~31CIN204S reqµires: C. 62.1; H. 6.2; N, 5.6% 
Example 91 N-(S-phenylpentyl)-4-benzyltblo-2-oxo-azetidlnyl·l·yl acetamide 
Colourless oil, 7~ yield; lH NMR & (CDCl3)1.38~1.65(6H, m,(CH2)]), 2.6 {2H, t, 

15 J=1.1S Hz), 2.89-2.96(18, dd, 1=2.S,15 Hz li3a)• 3.32 {2H, q, J=6.68 Hz. NHCH2 ) ( 
3.34 (lH, dd, J=S,15 Hz.H3b>• 3.59,3.70 (each IH, d, J:I7.00 Hz,NCH2), 3.8 (2H, 
s, SCH2>. 4.80 (IH, m, H4)• 6.07 (IH, bs, Nli),7.14-7.33 OOH, m, Ph-li). 
Example 92 N-(6-(4-Qromophenyl)bexyl)-4-benzyltbio-2-oxoazeddin-1· 
ylacetamide . . . . .· · 

20 Colourless solid, m.p. 73-S°C, 91 % yield; 1H NMR 3 {CDCl3) 1.2-1.7 {SH, m, 4 x 
CH2>. 2.54 (2Ii. t, J=8 Hz, CH2Ar), 2.94 OH. dd, l=2, 15 Hz, li3), 3;23 (2H, m, 
NCH2>. 3.37 {IH. dd,J=5. 15 Hz, li3}, 3.56, 3.71 (each lH. d~ Ji::l 7 Hz, NCH2). 3.81 
(2H, s, SCH2), 4.80 (lH, m.&>. 6.06 {lH, brs, NH>. 7~0-7;4 (9H, m, Ph-H + BrPh­
H> 

25 Example 93 N·(6-( 4-Fluorophenyl)hexyl)-4-benzylthl0-2-oxoazetidfn· l· 
ylacetamide . 
Colourless oil, 97%·yield; 1H NMR a (CDCl3) 1.2•1.7 (8H, in~ 4 x CH2). 2.56 {2H, 
t, J=8 Hz. CH2Ar). 2.94 {IH, dd, l=2, 15 Hz, li3);, 3.23 (2H. ID; NCH2>. 3.37 (lH, dd, 
1=5, 15 Hz, li3). 3.56, 3.72 (each lH, d. J=l7 Hz, NCH2>. 3.81 {2H, s. SCH2>. 4.81 

30 (lH. m, 14), 6.07 (IH. brs. NB>. 6.9-7.4 (9H.· m, Ph.;H + FPh-B> 
Example 94 N·[S-(4-chlorophenyl)pentyl]-4-benzjlthl•2-oxo-azeddln-1-yl 
acetamide 
Colourless oil, 63.4% yield 
1H NMR a. CCDCl3) 1.36-1.62 {6H, m,3 xCH2>. 2.56 (2H, t, J=7 .58Hz, AICH2>, 2.94 

35 OH. dd, 2.44Hz. 15.38Hz. H3a>. 3.23{2H. m. NHCH2>. 3.36 OH. dd. J=5.17Hz, 
15.38Hz, H3b), 3.62&3.55 (IH each, J=l6.8Hz. NC.li2). 3.80 (2H,. SCH2Ph), 4.78 
(lH, dd, J=2~46Hz, 5.16Hz. H4), 6.05 OH. m, NHC=0),7~()6.;7 .33 (9H, m, 9xArlil 
Example 95 N·[Ci-(2-Chlorophenyl)hexyl]-4-beilzylthfo-2-oxo-azeddiil·lyl 
acetamide 

40 Colourless oil, 84% yield 1H NMR a (CDCl3) 1.34•1.67 (8H~ m, 4xCli2). 2.71 {2H. 
t, J=7.7Hz, ArCH2), 2~94 (IH, dd, 2.5Hz, 15.4Hz, H38), 3.21 (2H, m, NHCH2}. 3.37 
(lH, dd, J=5.2Hz, 15.4Hz, H3b), 3.55, 3.72 OH each;J:16.75Hz. NCH2).3.81 (2H, s, 
SCH2Ph), 4.82 (IH. dd,J::2.5Hz. 5.2Hz. 84), 6~09·Cllt m. NHC=O), 7.10-7.33 (9H, 
m,9xArBl 

45 Example 96 N-( 6-[ 4<blorophenyl]hex-l·yl)-(4-allyloxycarbonylbenzyltldo)-2-
oxoazetidin-t-yJ-acetamide 
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Pale orange oil. 36% yield 
lH NMR 8 (CDCl3) 1.25-1.59 (lOH. m). 2.55 (2H. m), 2.94 (lH. dd), 3.38 (lH. dd), 
3.53 ana 3.83 (lH each. d), 3.96 (2H, s). 4.83 (2H, m), 5.27-5.45 (2H, m), 5.92-6.09 
( 2H, m) 7.07 (lH. d), 7.22 (lH, d), 7.39 OIL d), 8.02 (lH, d). 

5 Example 97 N-[ 6-( 4-methylpbenyl).bexyl]·[ 4-benzylsulpbinyl-2-oxo-azetidin·l· 
yl]-acetamide 
Colourless solid, m.p. 63-4°C, 79'*1 yield 
1H NMR a (CDCl3) 1.30-1.60 (8H. m, 4xCB2). 2.31(3H. S, AICB3). 2.55 (2H. t. 
1=1 .61Hz. AlCli2). 2.94(1H. dd, 1=2.5, 15.4Hz. B38), 3.23 (2H. m, J=13.75Hz. 

10 NHCB2>. 3.38(1H, dd, J=5.17.15.37Hz.B3b). 3.63 (2H. dd, J=l6.75Hz. COCBzN>. 
3.81 (2H, s, AICB2S>. 4.80 (lH, m, 1=5.14, 2.47 Hz. 14>. 6.00 (lH, m, Nlf), 7.03-
·7.36 (9H, m, 9 x ArHl 

Examples 98 and 99 were prepared by the general procedure of Example 86 
15 substituting the phenylhexanols for the amine. 

Example 98 6-Phenylhexyl (4-benzyltldo-2-oxo-azetidin·l-yl)acetate 
Colourless oil, 33% yield, .1H NMR 8 (CDCl3) 1.35-1.60 (SH, m. 4x~B2).·2.61 (2H. 
t. 1=1.64Hz. AICH2), 3.01 (lH, dd, 2.12HZ. 5.37Hz. H38) 3.39 (lH. dd. 1=5.1Hz. 
15.26Hz, BJb)• 3.25. 4.00 (IH each, J=18.09Hz. NCB2>. 3.77 (2H, s. SCB2Ph). 4.05 

20 (2H. m, OCH2>. 4.93 (lH, dd, J=2.37Hz. S.07Hz, 1i4), 7.lS-7.31 (lOH. m. lOxAdil 
Example 99 6-(4-Cblorophenyl)hexyl-[4-benzylthio-2-oxo-azetidln-lyl] acetate 
Colourless oil. 27% yield. lff.NMR 8 (CDCl3) 1.31-1.68 (SH, m, 4xCB2>. 2.57 
(2H, t. J=7.61Hz. AICH2l. 2.97 (lH. dd, 2.17Hz, 15.17Hz ,H3a), 3.40 (lH, dd, 
J=S.lHz, 15.25Hz, liJb)• 3.25. 4.00 OH each, 1=18.IOHz. NCH2>. 3.77 (2H. s, 

25 SCH2Ph), 4.10 (2H, m, OCH2). 4.93 (lH, dd,1=2.37Hz.5.10Hz,l:l4). 7.10-7.35 
(9H, m, 9xArHl 
Example 100 1-(9-Phenylnonyl)-4-benzylthio-2-oxoazeddine 
Treatment of 4-benzylthio-2-oxo-azetidine (l.35g) in THF with NaH (0.18g) 
followed by 9-phenylnonyltriflate (2.8g) gave the title compound as a colourless oil. 

30 l.9g. 68% yield. 
1H NMR 8 (CDCl3) 1.2-1.7 (14H, m, 7 x CB2>. 2.60(2H.t,1=8 Hz. Cli2Ar), 2.8, 
3.2 (each 2H, m. li3 + NCB2>. 3. 76 (2H, s, SCH2>• 4.59 (IH, m, lf4), 7 .15-7 .35 
(lOH, m, Ph-H) 

35 The following sulfoxides (Examples 101 - 130) were prepared by treatment of the 
corresponding sulfides with mCPBA as described for Examples: 2 and 3. When 
described as Diastereoisomer 1 the compounds are predominantly 4R.SR/4S,SS. 
whereas Diastereoisomer 2 is predominantly 4R,SS/4S,SR. 
Example 101 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)·2-

40 oxoazetidin-1-ylacetamide (Diastereoi$0mer 1) 
Colourless crystals, m.p. l 47-9°C. 19% yield 
Found: C, 63.2; H. 6.5; N, 6.0%; C2'H31FN204S requires: C. 63.3; H, 6.6; N, 5.9% 
Example 102 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)·2-
oxoazetidin·l·ylacetamide (Dlastereoisomer 2) 

45 Colourless crystals, m.p.97-9°C, 48% yield 
Found: C, 63.1; H, 6.4; N, 5.8%; C2'H31FN20 4S requires:C. 63~3; H, 6.6; N, 5.9% 
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Example 103 N-(6-(2,4-DiDuorophenyl)hexyl)-(4-benzylsulphlnyl-2-oxoazetidin· 
1-yl)aceiamide (Diastereoisomer 1) · · · 
Colourless solid~ m.p. 153°C, 19% yield; 1H NMR 8. (CDCI3) 1.3-L36 (4H, m, 
4xCH2). 1.50-1.60 (4H, m, 4xCH2), 2.57 (2H, t. J:7 .6Hz. PhCH2), 2.94, 2.98 OH. 

5 dd. 1=4.8. 14.SHz. H3>. 3.23 (2H. m, NHCH2). 3~44. 3.48 OH. dd, 1=2.0, 14.8Hz, 
li3). 3.70, 4.12 (each IH. d, J=l7.2Hz, NCH2), 3.89, 4.0S (each lH, d, 1=13.2Hz. 
SOCH2>. 4.51 (IH. m. &>. 6.64 (lH, m, NH>. 6.72;.7.41 (SH, m, 2Ph-H>; v c:=o 
1791 cm·1 Found: C, 62.3; H, 6.1; N, 6.1 %; C24H28F2N2~S requires:C, 62.3; H, 
6.l; N, 6.1% 

IO Example 104 N-(6-(2,4-Dlftuorophenyl)hexyl)-(4-benzylsulphlnyl-2-oxoazetidin­
l·yl)acetarnide 
Colourless solid, m.p. l l 4- l l 6°C, 46% yield 
le NMR 8 (CDC13) 1.3-1.36 (4H, m, 4xCH2>. 1.50-1.60 (4H, m, 4xClf2), 2.58 (2H, 
t, 1=1.6Hz. PhCH2>. 2.87. 2.90 (lH, dd. 1=2.4, 15.2HZ,}i3), 3.16, 3.19 (lH, dd, 

15 1=5.6, 15.2Hz, li3). 3.27 (2H. m, NHCH2>. 3.88, 4.25 (each lH, d, 1=17.2Hz, ' f 
NCH2>. 3.99, 4.20 (each lH, d, 1=l3.2Hz, SOCH2>~ 4.60 (lH, m, &>. 6. 72-7 .41 (9H, 
m. 2Ph-H. ~; v c=o 1793 cm·1 Found: C, 62.3; H,6.l; N, 6.2%; · 
C24H23F2N203S requires: C, 62.3; H, 6.1; N, 6.l~ 
Example 105 N·[6-(4-Chlorophenyl)hexyl]4(4-metboxybenzylsulphinyl)-2-

20 oxoazetidin•l·ylacetamlde (Diastereolsomer 1) 
Colourless crystals, m.p. 147-9°C, 32% yield 
Found: C, 61.0; H, 6.2; N, 6.0%; C25H31ClN204S requires: C, 61.2; H, 6.4; N, 
5.7% 
Example 106 N.;[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)·2-

25 oxoazetidin-1-ylacetailiide (Diastereoisomer 2) · · · 
Colourless crystals, m.p. 102-3°C, 31% yield 
Found: C, 60.6; H, 6.2; N, 5.8%; C25H31ClN204S.0~3H20 requires: C, 60.S; H, 6.4; 
N. 5.6% 
Example 107 ·.N.(6-(3,4-Dlftuorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-

30 1-yl)acetamide (Dlastereoisomer 1) 
Colourless solid, m.p. 171 °C, 20 % ·yield 
lff NMR 8 (CDCl3) 1.3-1.36 (4H, m, 4xCH2>. 1.50-1.60 (48, m, 4xCH2). 2.54 (2H, 
t. 1=7.6Hz PhCH2>. 2.93, 2.99 (IH, dd, 1=4.1, 14.9Hz, H3), 3.22 .(2H, m. NHCH2), 
3.43, 3.48 (lH, dd, 1=2.2, 14.9Hz, li3), 3.70, 4.12 (each lH, d, J=l7.4Hz, NCH2>. 

35 3.89, 4.05 (each lH, ~ 1::13~1Hz, SOCH2). 4.5 I (lH, m •. }L), 6.72 (lH, m, NH), 
6.87•7.41 (88, m, 2Ph;;H>; v c-o 179lein".'l Found: C, 62.3; H, 6.1; N, 6.2%; 
C24H28F2N20jSrequires: C, 62.3; H, 6.1; N, 6.1'11 
Example 108 N-(6-{3~4-DiDuorophenyl}hexyl)-(4-benzylsulphlnyl·2-oxoazetidin-
t-yl)acetamlde (Diastereoisomer 2) · 

40 Colourless solid, m.p. l 15-l 16°C, 58% yield 
1H NMR 3 (CDCl3) 1.3-1.36 (4H, m, 2xCH2>. 1.so.:1.60 (4H, m. 2xCH2>. 2.54 (2H. 
t, 1=1 .6Hz, PhC&>. 2.87, 2.92 (lH, dd, 1=2 .• 5. 15.3Hz, li3), 3.16, 3.19 (lH, dd, 
1=5.4, 15.3Hz.H3), 3.27(2H~ m, NHCH2>. 3.88, 4~25 (each Ill, d, J=l7.2Hz, 
NCH2), 3.98, 4.21 (each lH, d, J=l3.0Hz. SOCH2>. 4~60 (lH, m, H.4>. 6.85-7.41 (9H. 

45 m. 2Ph-H. NH> v e=o 1793cm·1 Found: C. 62.4; H, 6.1; N, 6.1%; C24H28F2N20]S 
requires: C. 62.3; H. 6.1; N. 6._1% 
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Example 109 N.(7-phenylbept· l·yl)-4-benzylsulphinyl-2-oxoazetidin· l·yl 
acetamide (Diastereoisomer 1) 

Colourless crystalline solid, m.p. 143-144°C, 27% yield 
S Found: C, 67.7; H, 7.1; N, 6.3%; C25H32N203S O.lH20 requires: C, 67.9; H, 7.3; N. 

6.3% 
Example 110 N-(7-phenylhept· l·yl)-4-benzyls~phlnyl·2-oxoazetidin· 1·yl 
acetamide (Diastereoisomer 2) 
Colourless crystalline solid, m.p. 133-34°C, 40% yield 

10 Found: C, 67.8; H. 7.1; N, 6.3%; C25H32N203S requires: C, 68.2; H. 7.3; N, 6.4% 
Example 111 N.(6-[4-chlorophenyl]hex·l·yl)-(4-
methoxycarbonylbenzylsuJpbinyl)-2-oxoazetidJn·l·yl acetamide 
(Diastereoisomer 1) 
Fonn white crystals, m.p. 188-9°C, 17% yield 

15 Found: C, 60.1; H. 6.0; N. 5.5%; C26H31CIN205Srequires: C, 60.2; H, 6.0; N, 
5.4% 
Example 112 N-(6-[4-chloroph~nyl]hex-1-yl).(4-

methoxycarbonylbenzylsulphlnyl)-2-oxoazetidin·l·yl acetamide 
(Diastereoisomer 2) 

20 Fonn white crystals, m.p. 140-41°C, 51% yield 
Found: C, 60.1; H, 6.0; N, 5.4%; C26H31CIN205S requires: C, 60.2; H, 6.0; N, 5.4% 
Example 113 N-( 6-phenylhex-1-yl)-( 4-ethoxycarbonylbenzylsulphinyl)-2-
oxoazetidin· l·yl acetamide (Diastereoisomer 1) 
Colourless crystals. m.p. 177-178°C, 8.4% yield 

25 Found: C, 64.3; H, 6.7; N, 5.7%; C27H34N205S 0.3H20 requires: C, 64.3; H, 6.9; N, 
5.6% 
Example 114 N-(6-(4-chloropbenyl]bex· l·yl)-( 4-allyloxycarbonyl· 
benzylsulpbinyl)-2-oxoazetid.in·l·yl acetamlde (Dlastereoisomer 2) 
White crystalline solid, m.p. l 10-l 12°C, 30% yield 

30 Found: C. 61.7; H, 6.1; N, 5.1% C23H330N205S requires: C, 61.7; H. 6.1; N, 
5.1% 
Example 115 N-(S·phenylpentyl)-4-benzylsulphinyl-2-oxo-azetidinyl· l·yl 
acetamide 
Colourless solid, m.p. 140-142°C, 6.5% yield 

35 v c=o 1790,1690 cm·1 Found: C, 66.6; H, 6.7; N, 6.8%; C23H28N203S requires: C, 
67.0; H, 6.8; N, 6.8% · 
Example 116 N·(S-(4-Chlorophenyl)pentyl)-4-benzylsulphinyl-2-oxo-azetid.in-lyl 
· acetamide (Diastereoisomer 1) 
Form.White crystals, m.p.146-47°C, 31.5% yield 

40 Found: C, 61.94; H, 6.1; N, 6.8%; C23H2,CIN203S requires:C, 61.8; H, 6.1; N, 6.3 
% 
Example 117 N-(5·(4-Chloropbenyl)pentyl)-4-benzylsulphinyl-2-oxo-azetidin·lyl 
acetamide (Diastereoisomer2) . 
Colourless crystals, m.p.l 17-19°C, 53.8% yield 
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Found:C, 61.7; H,5.9; N,6.4%; C23H27ClN203S requiles: C, 61.8; H, 6.1; N, 6.3 
% 
Example 118 N·[S-(2-Chlorophenyl)hexyl]-4-benzylsulpblnyl·2-oxo-azetidin-lyl 
acetamide (Diastereoisomer 1). 

S· Colourless crystals. m.p.96-8°C,35.2% yield·· 
Found: C. 61.82; H,6.18; N,6.14%; C24H29CIN203S.0,3H20 requires: C,61.81: 
H,6.40 ; N,6.01 % ' . 
Example 119 N-[5·(2-Chlorophenyl)hexyl)-4-beiizylsulphlnyl-2-oxo-azeUdin-lyl 
acetamide 

10 Colourless crystals;-m.p.86-8°C, 57% yield 
Found: c. 62.6; H. 6.2; N, 6.1 %; C24H29ClN203S reqwres:C,62.5; H,6.3 : N.6.l % 
Example 120 N·(6-(4-8romophenyl)hexyl)-4-benzylsulphfiiYl·2-oxoazetidin·l· 
ylacetamide (DiastereOisomer 1) · 
Colourless solid, m.p. 177-9°C, 30% yield 

15 1H NMR a (CDCl3) 1.2-1.7 (8H, m, 4 ~ CH2). 2.S3(2H.t,1=8 Hz. CH2Ar), 2.95 4· 
(lH, dd, 1=5.15 Hz, li3), 3.21 (2H, m, NCH2). 3.44 (lH, dd, 1=2, 15 Hz, H3). 3.72, 
4.10 (each lH, d, I= 17 Hz. NCH2>. 3.89, 4.04 (each lH, d, 1=13 Hz, SOCH2), 4.54 · 
(lH. m. li4>~· 6.74 (IH, br s, NH>. 7.0-7.4 (9ff91J:1, Ph-H + BrPh.;.H>: v.c=o 1792 cm·l 

- Found: C. 56.9; H. 5.7; N, 5.6%; C24HigBrN20]S requires:C, 57~0; H, 5.8; N, 5.5% 
20 Example 121 N·(6-(4-Bromophenyl)hexyl)-4-benzylsulphinyl-2-oxoazetldin·l· 

ylacetamlde .(Diastereoisomer 2). 
Colourless solid, m.p. 1 l l-3°C, 45% yield 
1 H NMR 8 (CDCl3) 1.2-1.7 (8H, m, 4 x Clh). 2.54 (2H; t, 1=8 HZ. CH2Ar), 2.88 
(lH, dd, 1=2, 15 Hz, li3), 3.18 OH. dd, 1=5. 15 Hz, li3), 3.25 (2H, m, NCH2>. 3.89, 

25 4.24(each lH, d, 1=17Hz, NCH2), 3.98, 4.19 (each lH, d, J=13 Hz, SOCH2>. 4.62 
(lH, m, 1i4), 7.0-7.4 (lOH. m. Ph-H + BrPh-li +NH); v c=o 1793 cm-1 

Found: C. 5.7.0; H, ,.7; N, 5.6%; C24H2gBrN2<l]S requiles: C, 57.0; H, 5.8; N, S.5% 
Example 122 N-(•(4-Fluorophenyl)hexyl)-4-benzylsulphiilyl.;.2-oxoaietfdin·l· 
ylacetamide (Diastereoisomer 1) 

30 Coloudess solid, m.p. 163-4°C, 33% yield 
lff NMR a (CDCl3) 1.2-1.7 (8H, m. 4 x Clh). 2.55(2H,t,1=8 Hz. CH2Ar), 2.96 
(lH, dd, 1=5, 15 Hz, li3), 3.22 (2H, m. NClb). 3A6 (lH, dd, 1=2, 15 Hz; li3), 3.71, 
4.12 (each lH, d, 1=17 Hz. NCH2>. 3.89, 4.06 (each lH, d, 1=13 Hz, SOCH2>. 4.53 
(lH. m, 1i4), 6.70 (lH. br s. NH), 6.9. 7.1(4H~2 x m. FPh-H), 7.25. 7.35 (SH, 2 x m. 

35 Ph-Bl; v c=o 1791 cm-1 
Found: C. 64.8; H, 6.5; N, 6.2%; C24H29FN203S requires: C, 64.8; H. 6.6;.N, 6.3% 
Example 123- N·(6-(4-F1uorophenyl)hexyl)-4-benzylsulphlnyl·~xoazetidin·l· 
· ylacetamide (Diastereoisomer 2) 
Colourless solid, m.p. l l 8-9°C, 35% yield 

40 IH NMR 8 (CDCl3) 1.2-1.7 (SH, m. 4 x CH2>. 2.56 (2H, t.1=8 Hz. CH2Ar), 2.89 
(lH. dd. 1=2, 15 Hz. li3}. 3.18 (lH. dd, 1=5, 15 Hz. li3). 3.25 (2H. m, NCHv. 3.89, 
4.24(each lH, d;J=l 7 Hz, NCH2), 3.99, 4.19 (each. lH, d, 1=13 Hz, SOClfl). 4.60 

. (lH, m, 1i4), 6.93, 7.10 (4H, 2 x m, FPh-H), 7.2-7.5 (6H, m, Ph-H +NH); v c=o. 
1793 cm·1 

45 Found: C. 64.8; H. 6.5; N. 6.2%; C24H29FN203S requires: C. 64.8; H, 6.6; N, 6.3% 
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Example 124 6-Phenylhexyl (4-benzylsulphinyl~2-oxo-azetidin·l·yl)acetate (2:1 
Diast 2 : Diast 1) 
Colourless crystals, m.p. 64-7°C, 80% yieldFound: c. 66.5; H,6.8; N,3.3%; 
C24H29N04S.0.8CH2Cl2 requires: C, 66.6; H. 6.9 ; N. 3.1 % 
Example 125 6-(4-Chlorophenyl)hexyl-( 4-benzylsulphinyl-2-oxo-azetidin-l-yl] 
acem~ , 
Colourless oil, 25% yieldFound: C, 61.3; H, 6.1; N, 3.1 %; C24H2sClN04S 
0.14CH2CI2 requires:C, 61.2; H, 6.0; N, 3.0 % . 
Example 126 1-(9-Phenylnonyl)-4-benzylsulphinyl-2-oxoazetidine 
(Di&stereoisomer 1) 
Colourless solid, m.p. 87-8°C, 10% yield 
1H NMR 8 {CDCl3) 1.2-1.7 (14H, m, 7 x CH2>. 2.59{2H.t,1=8 Hz. CH2Ar). 2.85, 
{lH, dd, 1=5, 15 Hz, H3), 3.25 {2H, m, NCH2), 3.40 {lH, dd, 1=2, 15 Hz, li3), 3.86, 
4.01 {each lH, d, 1=13 Hz. SOCH2). 4.33 (lH, m, &). 7.15-7.45 {lOH, m, Ph-Hl v 

1777 cm·l c=o 
Example 127 1-(9-Phenylnonyl)-4-benzylsulphlnyl-2-oxoazetldine (75% 
Dias~reoisomer 2) 
Colourless solid, m.p. 59-61°C, 34% yield . 
1H NMR 8 (CDCl3) (Dia 2) 1.2-1.7 {14H, m, 7 x Cli2). 2.46 {lH, dd, 1=2, 15 Hz. 
li3). 2.59 {2H, t, 1=8 Hz, CH2Ar), 2.96, {lH, dd, 1=5. 15 Hz. li3). 3.37 {2H, m, 
NCHv. 3.98, 4.07 {each lH, d, 1=13 Hz, SOCH2). 4.37 (lH. m, f4), 7.15-7.40 (lOH. 
m,Ph-Hl 
Example 128 N-[ 6-( 4-Methylphenyl)-hexyl]·[ 4-benzylsulphinyl-2-oxo-azetidin-1-
yl]-acetamide 
Colourless solid, m.p.156-7°C, 29% yieldFound: C, 67.9; H, 7.l; N. 6.3%; 
C25H32N203S requires: C, 68.2; H. 7.3; N, 6.4% 
Example 129 N-[6-{4-Methylphenyl)-hexyl]-[4-benzylsulphinyl-2-oxo-azetidin-1-
yl]· acetamide 
Colourless solid, m.p. 94-5°C, 59% yieldFound:C. 68.0; H. 7.2; N. 6.3%; 
C25H32N203S requires: C, 68.2; H, 7 .3; N, 6.4% 
Example 130 N-(6-(4-chlorophenyl)hex-1-yl)-({ 4-carboxybenzylsulphinyl)-2-
oxoazetidln-1-yl)acetamide (diastereoisomer 2) 
A solution of N-(6-[ ~hlorophenyl]hex-1-yl)-( 4-allyloxycarbonylbenzylsulphinyl)-2-
oxoazetidin-1.;.yl acetamide (diastereoisomer 2) (1.25g). tetrakis triphenylphosphine 
palladium(O) (80mg). triphenylphosphine (635mg) and pyrrolidine {17lmg) in 
dichloromethane (1 OOml) was stirred at 25C for l 6h. The reaction mixture was then 
chromatographed {fme silica, dichloromethane-50% acetone in dichloromethane), 
without concentration, to give N-{6-{4-chlorophenyl)hex-1-yl)-((4-
carboxybenzylsulphinyl)-2-oxoazetidin-l-yl)acet.amide {diastereoisomer 2) as a white 
solid, m.p. 195-197°C, 62% yield 
Found: C, 59.0; H, 5.7; N, S.5%; C25H29CN20 3S 0.1H20 requires: C, 59.2; H, 
S.8; N, S.5% 

The following sulfones {Examples 131 - 144) were prepared by treatment of the 
corresponding sulfide or sulfoxide with an excess of m-CPBA as described in 
Example4. 
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Example· 131 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylsulphonyl)-2-
oxoazeUctin·l-ylacetamide 
Colourress crystals. m.p. l 15-8°C. 37% yield 
Foiind: C. 61.0; H. 6.3; N. 5.7%; C25H31FN20sS requires: C. 61.2; H. 6.4; N. 5.7% 

5 Example 132 N-(6-(2,4-DiDuorophenyl)hexyl)-(4-beDzylsulphonyl-2-oxoazeUctin­
t-yl)acetamide 
Colourless solid. m.p. 130-131°C. 68% yield 
lff NMR 3 {CDCl3) 1.3-1.36 (4H. m. 4xC!h), l.SO-l.60 (4H. m, 4xCH2). 2.58 (2H. 
t. 1=1 .6Hz, PhClb). 2.97, 3.03 (lH, dd, 1=2~6. 15.42HZ. li3). 3.0~. 3.14 (lH, dd, 

10 I=S.O, 15.4Hz, li3), 3.24 (2H. m, NHCH2>. 3.84, 3.94 (each lH, d, I=16.9Hz, 
NCH2>. 4.31, 4.37 (each lH. d, I=14.3Hz. S~Clii), 4.81 (lH, m. !L>. 6.0 (lH. m, 
NB>. 6.72-7.44 (9H. m~ 2Ph-Hl v c-c> 1797 cm·l . 
Found: C, 60.l; H, 5.9; N, 5.9%; C24H28F2N204S requires: C, 60.2; H, 5.9; N. 5.9% 
Example 133 N·[6-(4-Chlor0phenyl)hexyl]-4-(4-methoxybemylsidphonyl)-2-

1s oxoazeUdin-1-ylacetamide · 
Colourless crystals, m.p.1l8-20°C, 94% yield . .· 
Found: C, 59.0; H, 6.1; N, 5.5%; C25H31CIN205S requires: C, 59.2; H, 6.2; N, 5.5% 
Example 134 N-(6-(3,4-Diftuorophenyl)bexyl)-(4-benzylsulpbonyl-2-oxoazetidin­
t-yl)acetamide 

20 Colourless solid, m.p.l 14-115°C, % yield 
1H NMR a (CDCl3) 1.3-1.36 (4H. m. 4xCH2).1.50-1.60 (4H, m, 4xCH2>. 2.SS (2H, 
t. J=7.6Hz. PhCH2>. 2.97, 3.03 OH. dd. I=2.5, 1S.4Hz, li3), 3.08, 3.14 (lH. dd, 
J=S.O. 15.4Hz.H3), 3.24 (2H, m, NHCH2>. 3.84.·3.94 (each lH, d,J=l6.9Hz, 
NCli2). 4.31, 4.37 (each lH, d, J=l4.2Hz. S~CH2), 4.83 (lH. m, lf4), 6.04 (lH. m. 

25 Nli). 6.82-7.44 (9H, m. 2Ph-Jil v c=o 1797cm·l 
Found: C. 60.1; H. 5.9; N. 5~9%; C24H28F2N204S 1;equires: C. 60.2; H, 5.9; N, 
S.9% . . . 

Example 136 N-(7-phenylhept-t-yl)-4-benzylsulpbonyl-2-oxoazetictin-l-yl 
ace ta mi de 

30 Fonn white crystalline solid. m.p. 114-115°C, 85% yield 
Found: C, 64.9; H. 6.9; N. 6. f%; C25H32N204S 0.3H20 requires: C, 65.0; H. 7.1; 
N. 6.1% . . 
Example 137 N;.;[6-(4-Chlorophenyl)hexyl]·(+(4-carboxybenzylsulphonyl)-2-oxo­
azeUdin-lyl)acetamide 

35 Colourless crystals. m.p., 173-4°C. 40% yield~ Found: C, 56.9; H, 5.7; N, 5.1 %; 
C2~31CN206S 0.5H20 requires: C, 56.8; H. 6.0; N. 5.1% 
Example 138 N·[S-(~Cblorophenyl)pentylJ-4-benzYlsulphonyl-2-oxo-azeUdin­
lyl acetamide 
Colourless crystals. m;p.109-10°C, 81.7% yield 

40 Found: C. 59.6; H, 5.7; N. 6.0%; C23H2,CIN204S requires: C, 59.7; H, 5.89; N, 6.1 
% 
Example 139 N-[S-(2-Chlorophenyl)hexyl]-4-benzylsulphonyl-2-oxo-azeUdin-lyl 
acetamide 
Colourless crystals. m.p. 81;;3°C, 84% yield . 

45 Found:C. 60.5; H,6.1; N,5.9%; C24H29ClN204S. requires: C,60.5; H,6.1; N,_5.9% 

-44-



W096/194Sl PCT/EP95/05130 

Example 140 N-(6-(4-Fluorophenyl)hexyl)-4-benzylsulphonyl-2-oxoazeUd.in-1· 
ylacetamide 
Colour~s solid, m.p.132-3°C, 76% yield 
1H NMR 8 (CDCl3) 1.2-1.6 .(SH, m, 4 x CH2l. 2.57 (2H, t, 1=8 Hz. CH2Ar), 3~02 

5 (lH, dd, J=2. 15 Hz. li3). 3.10 (lH, dd, J=5. 15 Hz, H3). 3.25 (2H. m, NCH2>. 3.85, 
3.94 (each lH, d, 1=17 Hz. NCH2). 4.34 (2H, s, SOiCfb), 4.82 (lH, m, 1i4), 6.0 (lH, 
br s. NH), 6.9, 7.15 (4H, 2 x m. FPh-H), 7.4 (SH, m, Ph~H ); v c=o 1797 cm·I 
Found: C. 62.5; H. 6.3; N, 6.2%; C24H29FN204S requires:C, 62.6: H, 6.4; N. 6.1 % · 
Example 141 6-Phenylbexyl-[ 4-benzylsuJpbonyl-2-oxo-azeddin·lyl] acetate 

. 10 Colourless oil; 2.3% yield 
1H NMR 8 (CDCl3) 1.32-1.65 (8H, m. 4xCH2>. 2.60 (2H, tJ=7.64Hz, AICH2>. 2.95 
(lH, dd, 2.35Hz, 15.35Hz. H3a), 3.11 (lH. dd, 1=5.12Hz,15.39Hz, H3b), 3.72, 4.27 
(lH each, J=l8.3Hz. NCH2>. 4.34 (2H, s. SCH2Ph), 4.11 (2H, m, OCH2). 4.91 (lH, 
dd. J=2.36Hz, S.08Hz.1i4), 7.15-7.43 (lOH. m. lOxArHl 

IS Example 142 6-(4-Chlorophenyl)hexyl..( 4-benzylsulphonyl-2-oxo-azeUdin-l·yl] 
acetate 
Colourless crystals. m.p.77-9°C, 50% yield 
Found: C. 60.3; H; 5.9; N, 3.0%; C24H2gClN05S requires: C, 60.3; H. 5.9; N ,2.9% 

·Example 143 1-(9-Pbenylnonyl)-4-benzylsulphonyl-2-oxoazeUdine 
20 Colourless solid, m.p. 69-70°C, 59% yield 

1H NMR 8 (CDCl3) 1.2-1.7 (14H. m, 7 x CH2). 2.59(2H,t,1=8 Hz, CH2Ph), 2.92 
(lH, dd, J=2, 15 Hz, li3) 3.1 (2H, m, H3 + NCH2>. 3.4 (lH, m. NCH2>. 4.28 (2H, s, 
SCH2>. 4.50 (lH. m, f4), 7.1-7.S (lOH, m, Ph-H>; v c=o 1782 cm·l 
Found: C, 70.0; H. 7 .6; N. 3.4%; C25H33N03S requires: C, 70.2; H, 7 .8; N. 3.3% 

25 Example 144 N·[ 6-( 4-Methylpbenyl)-hexyl]·[4-benzylsulphonyl-2-oxo-azetid.in-1· 
yl)· acetamide 
Colourless solid, m.p.12S-6°C, 67% yield 
Found: C, 65.3; H. 6.8; N. 6.0%; C25H32N204S requires: C, 65.8; H, 7.1; N, 6.1% 
Example 145 N-(6-Phenylhexanoyl)-(4-benzylthlo-2-oxoazeUdln~yl)acetamide 

30 a. 4-Bemylthio-2-oxoazeUdin-1-yl)acetamide 
Book No. 50516/061 
A solution of (4-benzylthio-2-oxoamtidin-l-yl)acetic acid (1.0g, 3.98mmol) in dry 
tetrahydrofuran (2Sml). stirred at 10°C under a nitrogen aunosphere, was treated with 
l, l '-carbonyldidimidazole (0. 7 lg, 4.38Itimol) and stirred at room temperature for 4h. 

35 Ammonia gas was bubbled through the reaction for 30 minutes. The reaction was 
stirred for a further 60 minutes, diluted with ethyl acetate (75ml), washed with 
aq.sat.NaHC03 solution, brine, dried (MgS04) and evaporated under reduced 
pressure. Purification by column chromatography eluted with 20: 1 CH2Cl2:MeOH 
gave the product as a colourless solid, m.p. 127-128°C (0.92g, 92% yield). 
I . 40 H nmr 8 (CDC13) 2.93,2.99 lH, ~d. J=2.4, 15.4Hz, li3), 3.36.3.42 (18, dd, 1=6.2,. 
15.4 Hz. H3), 3.47. 3.79 (each lH, d, J=l7 Hz, NCH2). 3.82 (2H, s, SCH2>. 4.85 (lH. 
m, 1i4), 5.62 (lH, bs, NH>. 6.07 (lH. bs. NH), 7.23-7.38 (SH, m. Ph-H> 
b. 6-Pbenylhexanoyl chloride 
6-Phenylhexanoic acid (2.Sg, 13mmol) was treated with thionyl chloride (3.0ml. 

45 41.lmmol) and stirred under reflux for 3h. The mixture was evaporated under 
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reduced pressure to remove thionyl chloride and then distilled· at 92-95°CJO. lmbar to 
· give the product as a colourless oil (2.51g. 94%). 
c. N·( 6-Phenylhexanoyl)-( 4-benzylthio-2-oxoazetidin-yl)acetamide 

S A solution of (4-benzylthio-2-oxoazetidin-1-yl)acetamide (0.63g. 2.52mniol) in dry 
mF (15ml) was adcre,c.t to a suspension of sodiwn hYrlde (60% in oil. O.lOg. 
2.Smmol) in dry THP at-lO°C under a nitrogen aunosp~. The reaction was stirred 
at -1 O°C for 10 minutes and was then treated with a solution of 6-phenylhexanoyl 
chloride (0.58g, 2.7S1nmol) in dry THF (5ml) dropwise over 2 minutes maintaining 

10 the temperature at-lO°C. The cooling bath was reqiovedand after stirring for 60 
minutes the reaction was tteated with sodium hydride (50mg, l.25mmol) and 6-
phenylhexanoyl chloride (0.29g. 1.38mmol) in dry THF (2ml). The reaction was 
stirred for 60 minute&, po~ci into ice/brine ( lOOml), extracted with. ethyl acetate 
(2xSOml). The organic extracts were combined, washed with aq.sat.NaHC03 

15 solution, brine, dried (MgS04) and· evaporated un,der reduced pressure to an orange ( 
oil. Purification by repeated column chomatograp~y eluted with hexane:ethyl acetate 
(3: 1 to 1: 1) gave the product as a colourless oil (0.22g. 21 % yield, contains· I 0% 6-
phenylhexanoic acid) 
1H nmr a (CDC13) J..3-1.7 (6H. m. 3xCH2>. 2.44 (2H. t.1=1.4 Hz. NHCOCH2>. 2.62 

20 {2H .t. 1=1.6 Hz. PhClb). 2.96, 3.02 OH. dd, 1=2-4:. 15.3 Hz. H3); 3.39, 3~45 {IH. 
dd. 1=5.1, 15.3 Hz. HJ>• 3.61, 4.32 (each lH. d,;1=18.8 Hz, NCH2CO), 3~76 (2H, m, 
SCH2>. 4.9 OH. m, 1i4), 7.1-?.3 OOH, m. 2xPh-li), 8.17 OH. m, NH> 
Example· 146 N·(fi.Phenylbexa~yl)-(4-bemylsul.Phinyl·2-oxoazetidin· 
yl)acetamide .. . 

25 Treatment ofN-(6-i>henylhexanoyl)-(4-benzylthio-2-oxoa7.etidin-yl)acetamide with 
mCPBA as in Example 2 gave the title compound as an 50:50 mixture of 
diastereoisomers. Colourles$ solid, m.p.153-156°C, 37% yield I . . . . . .. . 
H nmr 8 (CDCl3) 1.36 (4H. m. 2xCl:l2>. 1.64 (8H, m, 4xClb>. 3.39 (4H. m. 

2xPhCH2>. 2.48, 2.52 OH. dd, 1=2.4. 15.2 H~ li3), 2.60 (4H. m9 2xNCH2). 2.96, 
· 30 2.99 (lH. dd, J=4.8, 14.8 Hz. li3;)~ 3.03. 3.07 (lH, dd,J=5.2, 15.2 Hz, l13), 3.39, 3.43 

{lH, J=2.0, 14.8 Hz. li3•), 3.9-4.6 (8H. m, 2xNCl12. 2xSOCli2). 4.72 (lH, m, f14·). 
4.81 OH. m, fi4), 7.16-7.40 {20H, m, 4xPh:-li), 8.49 (IH, s, NH), 9.01 (lH, s. NH); 

v 1787 cm·1 
C-0 . .. . . . . ' 

Found: C, 65.3: H. 6.4: N, 6.4%; C24H23N204S reqµjres: C, 65.4; H. 6~4: N. 6.4% 
35 Example 147 · N·(S-Phenylpentyloxy)-(4-benzylthio-2-oxoazetidin·l·yl)acetamide 

Treatment of (4-benzylthio-2-oxo)azetidin-l-ylacetJ.c acid with N-(S­
phenylpentyl)hydroxylamine by the method described for Examples 1 and 86 gave N­
(5-phenylpentyloxy)~(~benzylthio-2-oxoazetidin· 1-yl)acetamide as a colourless oil in 
55% yield. 

40 1H NMR 3 (DMSO 350K) 1.31-1.43 (2H. m, Clb), 1.53-1.67 (4H. m, 2xCH2). 2.58 
{2H, t. J=7.6Hz. PhCH2>. 2.85, 2.91 OH. dd, i::2.4,15.0Hz, li3). 3.41 (lH, d, 
J=l8.2Hz. 1 of NCH2>. 3.74-3.91 (SH. m, l ofNCll2• SCH2. NHOCH2>• 4.87 (lH, 
m.14), 7.10-7.35 {lOH. m. 2xPh-Hl, 10.8 (lH, m, NB). 
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Treaunent of N-(5-phenylpentyloxy)-( 4-benzylthio-2-oxouetidin-l-yl)acetamide 
with m-CPBA gave the following two compounds after work up as described for 
Examples 2 and 3. 
Example 148 N-(5-Phenylpe~tyloxy)-(4-benzylsulpbinyl·2-oxoazetidin·1· 

5 yl)acatamide (Diastereoisomer 1) 
Colourless solid, m.p. l 78-l 79°C, 23% yield 
lH NMR 8 (DMSO 350K) 1.34-1.38 (2H, m, Cli2). l.Sc;.'.1.62 (4H, m, 2xCH2>. 2.58 
(2H, t. J=7 .6Hz. PhClb). 3.0-3.17 (2H, m, li3), 3.65, 3.40 (each lH, m, SOCH2>. 
3:75 (2H,t, J=6.5Hz. NHOCH2>. 3.85, 4.10 (each lH. d, J=l3Hz. NCH2>. 4.87 (lH, 

10 m, &>. 7.14-.7.35 (10H, m. 2xPh-Hl, 10.9 (lH, m, NH); v c-o 1777 cm·l 
Found: C, 63.8; H, 6.5; N, 6.5%; C23H23N204S (+ l.0%H~) requires: C, 63.8; H, 
6.6; N. 6.5% . 
Example 149 N·(S-Phenylpentyloxy).(4-benzylsulphinyl-2-oxoazetidin·l· 
yl)acatamide (Diastereoisomer 2) 

15 Colourless oil, 39% yield 
lH NMR 3 (DMSO 350K) 1.36 (2H, m. Cliz), l.5~1.61 (4H, m. 2xCH2). 2.58 (2H, 
t. 1=7.6Hz. PhCH2>. 2.9, 3.2 (2H. m, li3), 3.75(2H,t.1=6.6Hz. NHOCH2>• 3.9. 4.05 
(each lH, m, SOCH2>. 4.04, 4.20 (each lH, d, 1=12.9Hz, NCH2>. 4.79 pH, m, 14), 
7.16-7.37 OOH, m, 2xPh-Hl, 10.95 (lH.m, NH); v c=o 1788 cm·1 

20 Found: C, 63.7; H, 6.6; N, 6.2%; C23H28N204S(+l.4%C4HsC>i. l.O%H20) requires 
C, 63.7; H, 6.7; N. 6.4% 
Example 150 R·N-(6-( 4-Chlorophenyl)hexyl)-( 4-benzythio-2-oxoazetidfn~l­
yl)acetamide 
Treament of R-(-)-(4-benzythio-2-oxou.etidin-1-yl)acetic acid [prepared from the 

25 corresponding racemic acid by recrystallisation of the salt fonned with chinchonidine 
[a]0 2S = -43° (c=l, CHC13)] with dicyclohexylcarbidiimide and 6-(4-
chlorophenyl)hexylamine by the procedure described for Example 29 gave R-N-(6-
{ 4-Chlorophenyl} hexyl)-( 4-benzythio-2-oxou.etidin-1-yl)acetamide as a colourless 
solid. m.p. 71°C, 83% yield. 

30 1H nmr 3 (CDCl3) 1.33 (4H, m. 2xCH2>. 1.47-1.6 (4H,-m, 2xCH2>. 2.56(2H.t.1=1.6 
Hz. PhCli2), 2.92, 2.97 (lH, dd, 1=2.4, 15.4 Hz, H3), 3.22-3.24 (2H, m, NHCH2>. 
3.33. 3.39 (lH, dd. J=S.2, 15.4 Hz, H3), 3.S4. 3.72 (each lH, d, 1=16.8 Hz, NCH2>. 
3.81 (lH. s, SCH2>. 4.80 (lH, m, 14), 6.11 OH. m, NH>. 7.07-7.33(9H, m, 2xPh-li) 
v c-o 1776 cm·1; [a]0 = +36.0° (c = l.1%w/v in CHC13) at 25°C 

35 Found: C, 64.8; H. 6.5; N, 6.4%; C24H29ClN202S requires: C, 64.8; H, 6.6; N, 
6.3% 
Example 151 S-N-(6-{ 4-Chlorophenyl}hexyl)-(4-benzytblo-2-oxoazetidln·l· 
yl)acetamide 
4S-(4-benzylthio-2-oxoazetidin-l-yl)acetic acid, [a]0

25 = +34° (c=l.1%, CHCl3) was 
40 prepared from the corresponding racemic acid by recrystallisation of the salt fonned 

with cinchonine or brucine. This chirally pure acid was treated with 4-
chlorophenyl)hexylamine by the procedure of Example 29 to give the title compound 
as a colourless solid, m.p. 69-70°C, 73% yield. Iff mnr 3 (CDC13) 1.33 (4H, m. 
2xCH2>. 1.47-1.6 (4H. m, 2xCH2>. 2.56(2H.t.1=1.6 Hz. PhClii), 2.93, 2.97 (lH, 

45 dd, 1=2.4, 15.2 Hz, H3), 3.22-3.24 (2H, m. NHCH2), 3.35, 3.39 OH. dd, 1=5.2, lS.2 
Hz, H3), 3.54, 3.72 (each lH, d. 1=16.8 Hz. NCH2>. 3.81 (lH, s, SCH2). 4.80 OH. 

-47. 
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m,14), 6.11 (lH, m. NH), 7.05-7.36 (9H. m. 2xPh-li); v c=o 1776cm·l; [a]o = -
36.3° (c = 0.9%w/v in CHCl3) at 2S°C 
Found: .C, 64.5; H. 6.5; N, 6.3%; C24H29ClN2C>iS requires:C, 64.8; H, 6.6; N, 6.3% 
Example 152 4R,8R·N·(6-(~Chlorophenyl)hexyl)-(4-benzysulphinyl-2-

5 oxoazetidin-1-yl)acetamide 
4R-N-( 6-( 4-Chlorophenyl)hexyl)-{4-benzysulphinyl-2-oxoazetidin- l-yl)acetamide 
(0.5g) was treated with (+)-(8,8-Dichlorocamphorylsulfonyl)oxaziridine (0.3g) in 
dichloiometnane (70 ml) at 2S°C for 16b to give the title compound after 
chromatography (silica/EtOAc) as a colourless solid. m.p. 159-160°C, (0.2lg, 41 % 

10 yield). 1 H nmr 3 (CDCl3) 1.3-1.6 (8H. m, 4xCJh), 2.55 (2H, t, 1=7.6 Hz, PhCJh), 
2.93. 2.98 (lH, dd, J=4.8, 14.8 Hz, l:f3), 3.22 (2H. m; NHCH2>. 3A4, 3.48 {lH, dd, 
I=2.2, 14.8 Hz.H3), 3.68, 4.13 (each lH, d, I=17.4 Hz, NCH2). 3.88, 4.05 (each lH, 
d, I=12.8 Hz. SOCH2>. 4.50 (lH, m, 14), 6.65 (1H9 m, NH), 7.07-7.40 (9H, m, 2xPh­
H); v c=o 1791 cm·1; [a]0 = -166.91° (c = l.08'1>w/v in CHC13) at 25°C 

15 Found: C, 62.2; H, 6.3; N, 6.1 %; C24H29ClN20] requires: C, 62.S; H, 6.3; N, 6.1% 
Example 153 4S,SS·N·(6-(4-Cblorop~enyl)bexyl).(4-benzysulpbinyl-2-
oxoazetidi•l·yl)acetamide . · 
4S-N-(6-( 4-Chlorophenyl)hexyl)-( 4-benzysulphinyl-2-oxouetidin- t;. yl)acetamide 
(lg) was treated with (-)-(8,8-dichlorocamphorylsulfonyl)oxaziridine (0.67g) in 

20 dichlorometnane (75 ml) at 2S°C for 16h to give the title compound• after 
chromatography (silica/EtOAc),as a colourless solid, m.p. 159°C, (0.95g, 83% yield); 
1 H nmr 3 (CDCl3) .1.2-1.6 (8H, m, 4xCH2). 2.55 (2H, t, 1:1 ~6 Hz, PhCli2). 2.93, 
2.99 (lH. dd, I=4.8, 14.8 Hz, li3). 3.22 (2H, m, NHCH2). 3.44. 3.49 (lH. dd, J=2.2, 
14.8 Hz, li3). 3.68. 4.13 (each lH, d, I=17.4 Hz, NCH2). 3.88. 4.05 (each lH, d, 

25 I=13.1 Hz. SOCH2). 4.50 (lH, m, 14), 6.65 (lH. m, NH), 7.07-7.40 (9H, m, 2xPh­
H>; v c=o 1791 cm;.1; [a]0 = + 169.2° (c = 1.0'l>w/v in CHC13) at 2S°C 
Found: C, 62.4; H, 6.3; N, 6.1%; C24H~1N20] req~ires: C, 62.5; H, 6.3;N, 6.1% 
Example 154 4R,SS·N·(6-(4-Cblorophenyl)hexyl)-(4-benzylsulpbinyl·2-
oxoazetidin-1-yl)acetamide (diastereoisomer 2) 

30 Treatment of 4R-N-(6-(4-chlorophenyl)hexyl)-(4-benzylthio-2-oxouetidiri-1-
yl)acetamide (0.59g) with mCPBA (0.355g/65% pure) in dichloromethane (40 ml) by 
the procedure of Example 30 gave the title compound as a colourless solid, m.p. 139-
1400C. 16% yield after repeated recrystallisation from butaiaone; lff nmr 3 (CDCI3) 
1.33 (4H. m, 2xCH2). lS·l.65 (4H. m. 2xCH2>. 2.56 (2H. t; I=7.6 Hz. PhCHv. 2.87, 

35 2.91 (lH, dd, I=2.4, 15.6 Hz, li3); 3.16, 3.20 (lH, dd, I=S.2,15.6 Hz, li3), 3.22-3.32 
(2H. m, NHCH2>. 3.87, 4.26 (each lH. d, 1=16.8 Hz. NCH2). 3.97, 4.18 (each lH, 
d. J=l3.2 Hz. SOCH2>. 4.60 OH. m.JL), 7.08-7.41'(10H, In, 2xPh-H. NH); v c=c> 

1793 cm ·I; Found: C. 61.6; H. 6.1; N, 6.1%; C24H29CIN203S .0.26H20 requires: 
C. 61.9; H. 6.4; N, 6.0% . 

40 Example 155 4R,SS·N·(6-(4-Chlorophenyl)bexyl)-(4-benzylsulphinyl·2-
oxoazetidin-l·yl)acetamide (diastereoisomer 2) 
4R-N-(6-( 4-Chlorophenyl)hexyl)-( 4-benzylthio-2".'oxoazetidin~ 1-yl)acetamide (52.2 
g) was treated witli mCPBA(26.3 g / 65% pure) in dichloromethane (1500 ml) at -70 
to -74°C for 120 min. After work-up with aqueou sodium sulfite and sodium 

45 bicarbonate the organic layer was dried and evaporated to give an approximately 

-48-
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65:35 mixture of sulfoxidediastereoisomers (2:1) (53.1 g). This was combined with 
other similar batches of material and separated by preparative HPLC on a Septech 
800C illSJnUllent using a Merck 50 mm selfp~ker column with Uchrosphere 10 um 
silica (220g) as stationary phase and 60% ethanol/40% n-hexane as eluant to give the 

5 title compound as a colourless· solid, m.p. 139-140°C, 35% overall yield. [a]0 = 
+126.4° (c = 1.004% w/v in CHC13) at 2S°C; Found: C, 62.S; H. 6.2; N. 6.2%; 
C24H29CIN203S requires: C. 62.S; H, 6.3; N. 6.1 %; spectra same as for Example 
154 . 

. · Example 156 4R,SS·N·(6-(4-ChJorophenyl)hexyJ).(4-benzylsuJphinyl-2-
10 oxoazetidin-1-yl)acetamicle (diastereoisomer 2) 

R-(+)-1,l'~Binaphthol (0.256g) was suspended in toluene (20 ml) at 25 C and 
Ti(OiPr)4 (0.134 ml) and water (0.168 ml) added. After lh 4R-N-(6-(4-
chlorophenyl)hexyl)-(4-benzylthio-2-oxou.etidin-l-yl)acetamide (2.07g) in toluene (12 
ml) was added and the mixture stirred for 30 min. t-Butylhydroperoxide (1.36 ml) was 

IS added and the mixwre stirred for 66h. After chromatography a 6: 1 mixlllre of 
sulfoxide diastereoisomers (4R,SS: 4R.SR) was isolated (l.6g, 7S%). The 4R,SR 
isomer was removed by addition of 0.222g of 4S,SS-N-(6-(4-chlorophenyl)he~yl)-(4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide to the mixture, crystallisation of the 
4R.SR / 4S.SS racemate from the mixture and crystallisation of 4R,SS-N.:(6-(4-

20 chlorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoaz.etidin-l-yl)acetamide (l. l 9g, SS%, 
colourless solid. m.p. 139-140°C) from the mother liquor. Spectra and physical 
properties were the same as those of Example 154. 
Example 157 4R,SS·N·(6-(4-Chlorophenyl)hexyl)·(4-benzylsulphinyl-2-
oxoazetidin-l·yl)acetamlde (diastereoisomer 2) 

25 a. R·( • )· ( 4-Benzylsulftnyl-2-oxoazetidin· l·yl)acetic add 
9.1 lg of R·(-)-(4-Benzylthio-2-oxoazetidin-l-yl)acetic acid was dissolved in ~50 ml 
dry dichloromethane and cooled to -70°C. Ozone gas was then passed through the 
solution in pulses until all the staning material was consumed. The reaction mixture 
was then purged with oxygen and allowed to warm to room temperature. Triphenyl 

30 phosphine (- ) 10 mg was added to· the solution which was then evaporated to an 
oiVsolid ( 10. 7 g). The two component mixture was then triturated with chlorofonn 
( 100 ml) at room temperature causing the oil to dissolve. The solid was filtered off 
and found to be predominantly diastereoisomer 1 (4R. SR) ( 4.SSg, 46%) (-90% dia 
1 ). m.p. 142-l 44°C. The filtrate was the evaporated to dryness to yield a glass which 

35 was predominantly (94%) diastereoisomer 2 (4R, SS) by hplc. (4.6g 47%) m.p. 
indetenninate. 1H runr a 2.95 (IH, dd, li3). 3.29 (lH. dd, li3). 3.78-4.24 (4H. m. 
NCH2. SOCH2>. 4.81 UH. m, .64>. 7 ~36 (SH, m. Ar-ID 
b. 4-chlorophenylhexyl amine (l.3lg. 0.0074 mol) in dry dimethylformamide was 
added to a mixture of 1-hydroxybenzotriazole (0.96g), N.N'-

40 dicyclohexylcarbodiimide ( 1.52 g) and the predom~dy 4R.SS-(-)-4-
(benzylsulphinyl·2-oxoazetidin-l-yl )acetic acid (2 g). prepared in (a) above. in dry 
dimethylfonnamide (50 ml) at room temperature and allowed to stir for two hours. 
After aqueous work-up. evaporation of the organic solvnts and recrystallisation from 
ethyl acetate the title compound was isolated in a 94:6 mixture with the corresponding 

45 4R.SR isomer (l.66g. 55%) m.p. 133-134°C 
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.Example 158 4S,8R-N-(6-(4-Chlorophenyl)hexyl}-(4-benzysulphinyl•2-
oxoazetidin• l•yl)acetamide (diastereoisomet 2) ·. 
The title~ompound was prepared from 4S•N-(6-(4-chlorophenyl)hexyl)-(4-
benzylthio-2-oxoazetidin-l-yl)_acetamide using theprocedure·described in Example 

5 156 but substituting S-(-)-1,l'-binaphthol for R-(+)-1,l'-binaphthol and 4R,SR-N-(6-
. . 

(4-chlorophenyl)hexyl)-{4-benzylsulphinyl-2-oxomtidin-l.;.yl)acetamide for 4S,SS-
N-(6-(4-chlorophenyl)hexyl)-(4-benzylsulphinyl•2-oxomtidin-l:.y1)acetamide and 
was obtained as a colourless solid, m.p.139-140°C, 44%yield; 1Hnmr 8 (COC13) 
1.33 (4H, Iii, 2xCH2). 1.5-1.65 (4H, m. 2xCH2>. 2:56(2H.t.1=1~1 Hz. PhCH2>. 2.87, 

10 2.91 (IH, dd, 1=2.4, 15.3 Hz,H3), 3.16, 3.20 (IH; Cid, 1=5.1,15.3 Hz, li3), 3.22-3.32 
(2H, m, NHCH2), 3.87, 4.26 (each lH, d, 1=il7.l Hz, NCH2). 3.97, 4.18 (each lH, 
d, 1=13 Hz,SOCH2>. 4.60 (lH. m,lf4), 7~08-7.41 OOH, m, 2XPh-H •. NH>; v c-o 
1793 cm·l; [a]0 = -124.l l 0 (c = l.1%w/v in CHC13) at 25°C; Found: c. 62.4; H,. 
6.3; N, ~. l %; C24H29CIN203S requires: C, 62.5; H. 6.3; N~ 6.1 % .· . 

15 Example 159 4R-N-(6-(4-Chlorophenyl)hexyl)-(~benzysulphonyl•2-oxoazetidin-
1-yl)acetamide . 
The title compound was isolated by chromatography of the reaction mixture produced 
in Example 156 and was obtained as a colourless solid, m.p. 145°C, 18% yield; lH 
nmr (COCl3) 81.3-1.6 (8fl, .m. 4xCH2). 2.56 (2H, t.1=1.6 Hz;. PhCH2>; 2.96, 3.02 

20 (lH. dd, 1=2.5, 15.4 Hz. li3). 3.09. 3.13 (each lH, d9J=5.l. 15.4 Hz, Ii3), 3.24 (2H, 
m, NHCH2>. 3.85, 3.94 (each lH, d, 1=16.9 Hz, NCH2>• 4.34 (2H. dd, 1=14.2 Hz, 
S02CH2>. 4.83 OH. m, lf4), 6.1 (lH, m, NH>. 7.07-7.43 (9H, m~ 2xPh-H>; v c-o 
1797cm·1; [aJo= -34.7°(c=l.0%w/vinCHC13)at2S~C 
Fourid: C, 60.3; H, 6.0; N, 5.9%; C24H29CIN204S·rquires: C, 60.4; H, 6.1; N, 5.9% 

25 Example 160 4S-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphonyl-2-oxoazetidin· 
1-yl)•cetamide 
The title compound was produced by treattnent of 4S-N•(6-(4-chlorophenyl}hexyl)­
(4-benzythio-2-oxoaz.etidin-l-yl)acetamidewith mCPBA as described in Example 4 
and waS obtained as a colourless solid, m.p. 147°C;, 62% yield; 1H nmr (CDC13) 8 

30 1.3-1.6 (8H, m, 4xCH2). 2.56 (2H, t.1=7.6 Hz, PhCH2>. 2.96, 3.03 (lH;. dd.1i::2.5, 
15.4 Hz, lf3). 3.09, 3.12 (e~h 1 H, d, 1=5.l, 15.4 Hz, li3). 3.25 (2H, m, NHCH2>. 
3.85, 3.94 (each lH, d, 1=16.8 Hz, NCH2). 4.34 (2H; dd, 1=14.2 Hz, S02CH2), 4.83 
(lH, m, lf4), 6.1 (lH, m •. mD. 7.08-7.43 (9H, m, 2xPh-ID; v c=o 1798 cm·1; [a]0 = 
+36.3° (c = ·1.1 %w/v in CHCl3) at 25°C 

35 Found: C. 60.3; H, 6.0; N, 5.9%; C24H29ClN204S requires: C, 60.4; H, 6.1; N, 
5.9% 
Example 161 4R-(6-Phenylbexyl}-(4-benzyltbi•2-oxoazetldln·l·yl)acetamJde 
Treaunent of 4R~(4-benzylthio-2-oxo-azetidin-l-yl)acetic acid (Example 84) with 
dicyclohexylcarbodiimide and 6-phenylhexylamine by the method described in 

40 Example 29 to give the title compound as a coloudess solid, m.p. 46-47°C, 49% · 
yield; 1H nmr 8 (COC13) 1.33 (4H, m, 2xCH2). LS~l.65 (4H, m, 2xCH2>• 2.59 (2H, 
t. 1=1.6 Hz. PhCH2),2.92, 2.96 (lH, dd, 1=2.4, 15.2 Hz,H3), 3.22·(28, m. NHCH2>. 
3.35, 3.39(1H, dd, 1=5.2. 15.2 Hz, li3), 3.56;· 3.71 (each, lH. d, 1=16.8 Hz. NCHv. 
3.81 (2H, s, SCH2), 4.80 (lH, m, lL), 6.0 (lH, m,.NH), 7.l5-7.4 (lOH, m. 2xPh-li); 

45 v c=o 1776 cm·l; [a]0 = +6.6° (c = 1.1 %w/v in ethanol) at 2S°C 
Found: C, 70.0; H, 7.2; N. 6.9%; C24H3oN202S requires:C, 70.2; H, 7.4; N, 6.8% 

-SO-
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Example 162 4R,SR·N-(6-Phenylhexyl).( 4-benzylsulphinyl-2-oxoazetidin· 1· 
yl)acetamide 
A mixture of (S)-(-)-1.l'-Bi-2-naphthol (28mg, 0.98mmol) in dry toluene (2ml) was 
treated with titanium IV isop('9poxide (14mg, 0.0494mmol) and water (2Smg. 

5 1.34mmol). The dark orange mixture was stilred for 60 minutes and treated with a 
solution of R-N-(6-phenylhexyl)-( 4-benzylthio-2-oxou.etidin-1-yl)acetamide (200mg, 
0.487mmol) in dry toluene ( lml). The reaction was stmed for 30 minutes and then 
treated with ten-butylhydroperoxide (70% in water, 0.14ml, l.02mmol) and stirring 
was continued for 3.5h. Purification by column chromatography eluted with ethyl 

10 acetate to 15: 1 ethyl acetate:ethanol and recrysatJUsation from ethyl acetate gave the 
product as a pale yellow solid, m.p. 145°C (0.079g, 38% yield). 1H nmr a (CDC13) 

1.33 (4H. m. 2xCH2>. 1.5-1.65 (4H, m, 2xCH2>. 2.59(2H,t,1=7.8 Hz, PhCH2>. 2.93, 
2.97 (lH. dd, 1=4.8, 14.8 Hz. li3), 3.22 (2H, m, NHCH2). 3.45, 3.48 (lH. dd, 
1=2.4.14.8 Hz, fl)). 3.70, 4.12 (each lH, d. J=l7.2 Hz. NCH2>. 3.88, 4.06 (each lH, 

15 d, 1=12.8 Hz. SOCH2>. 4.50 (lH, m, 1i4), 6.65 (lH •. m. NH), 7.16-7.4 (lOH. m. 2xPh-
li); v c=o 1789 cm·1 . 
Found: C, 65.7; H, 6.7; N, 6.3%; C24H~20~ requires: C, 67.6; H. 7.1; N. 
6.6% 
Example 163. N·(6-{4-Fluorophenyl}hexyl)-4-(4-allyloxycarbonylbemylthio-2-

20 oxoazetidin· l·yl)acetamide 
Treatment of 4-(4-allyloxycarbonylbenzylthio)uetidin-2-one with N-(6-(-4-
tluorophenyl)hexyl)-1-bromoacetamide by the method described in Example 85a 
gave the title compound as a colourless oil, 43% yield. 1H NMR 3 (CDCI3) 1.30-1.60 
(8H, m. 4xCH2). 2.55 (2H. t, 1=1 .6 Hz. CaPhl. 2.90, 2.97 (lH. dd, 1=2.4. 15.4 Hz. 

25 li,}. 3.23 (2H, m. NHClt). 3.35, 3.41 (lH, dd, J::S.1. 15.4 Hz. H,}, 3.53, 3.78 (each 
lH. d, J=l 6.6 Hz. NClt). 3.86 (2H, s. SClt). 4.83 (38, m, C02CH2• H.>. S.37 (2H. 
m. CH2=CH). 6.0 (2H. m. NH. ~H2=CH>. 6.94 (2H, m, 4-FPh-li), 7 .10 (2H, m, 4-
FPh-H>. 7.39 (2H, d, J=8.3 Hz. 4-CO~lylPh•H>, 8.02 (2H, d, J=8.3.Hz, 4-
C02allylPh-li) 

30 
Treatment of N-(6-{4-fluorophenyl)hexyl)-4-(4-allyloxycarbonylbenzylthio-2-
oxoazetidin-l~yl)acetamide with mCPBA followed by recrystallisation as described 
for Example 2 and 3 gave the compounds described in Examples 164 and 165. 

35 Example 164. N-(6-{4-Fluorophenyl}hexyl).4.(4-
allyloxycarbonylbenzylsulphinyl-2-oxoazeUdin-1·yl)acetamide (Diastereoisomer 
1) 
Colourless soild, m.p. 190-191°C, 24% yield. 1H NMR 3 (CDC13) l.30-1.60 (8H. m, 
4xClt}, 2.55 (2H. t, J=7 .6 Hz. C}LPh). 2.95, 2.98 (lH, dd, 1=4.8, 14.8 Hz, H,), 3.24 

40 (2H, m, NHCH,}. 3.42, 3.46 (lH, dd, l=2.4, 14.8 Hz, H,), 3.76, 4.09 (each lH. d, 
l=17.2 Hz, NClt}, 3.95, 4.01 (each lH, d, 1=13.2 Hz, SOC1i2}, 4.59 (lH, m, li.), 
4.84 (2H, m, C02CH2), 5.37 (2H, m, Clt=CH), 6.0 (18, m, CH2=CH), 6.47 OH. m. 
NH), 6.95 (2H, m, 4-FPh-H>. 7.10 (2H, m, 4-FPh-H), 7.36 (2H. d. J=8 Hz. 4-
C02ally1Ph-H>. 8.09 (2H, d, J=8 Hz, 4-C02ally1Ph-H>. Found: C. 63.3; H, 6.2; N, 

45 5.4%. C:sff,,FN20,S requires: C, 63.6; H. 6.3; N. 5.3% 
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Example 165. N-(6-{4-Fluorophenyl}hexyl)4(4-. 
allyloxycarbonylbenzylsulphinyl-2-oxoazetid.in-l·yl)acetamide (Diastereoisomer 
~ - - . 

Colourless soild, m.p. l 15-l l 7°C, 53% ·yield. 1H NMR 3 (CDC13) 1.30-1.60 (SH, m, 
5 4xCli2), 2.56 (2ff;, t, J=7 .6 Hz. CltPh), 2.91, 2.95 (IH, dd, J=2.4, 15.2 Hz, li,), 3.27 

(3H, m, NHClfi, li,), 3.94, 4.22 (each lH, d, 1=17.2 Hz, NClfi), 4.04, 4.18 (each 
lH, d, J= 12.8 Hz, SOClt), 4.65 (lH, m, .fL), 4.84 (2H; ~. C02C}L>• 5.37 (2H, m, 
CH2=CH), 6.0 (lH, m, C~=Cli), 6.95 (3H, m, 4-FPh-li, NH),), 7.10 (2H, m, 4-FPh-

. . - . -1 li},7.36 (2H, m, 4-C0i8lly1Ph-li), 8.09 (2H, m, 4-C02ally1Ph-li). v c=o 1795 cm . 
10 Found: C, 63.5; H, 6.2; N, 5.4%. C~,FN205S requires: C, 63.6; H~ 6.3; N, 5.3% 

EXample 166. -N·(6-{4-Fluorophenyl}hexyl)4(4.Grboxybellzylsulphlnyl.;.2-
oxoazetidin·l·Yl)acetamlde (Dlastereolsomer 2) ·. • 
A solution of N-(6-{ 4-0uorophenyl }hexyl)-4-(4-allyloxycarbonylbenzylsulphinyl-2-
oxoazetidin- l-yl)acetamide ( diastereoisomer 2) (0.35g, · 0.662mmoles), 

15 triphenylphosphine (0.18g, 0.686mmoles) and f 
tettalds(triphenylphospine)palladium(O) (22mg) was treated with a solution of 
pyrollidine (0.048g, 0.675mmoles) in dry dichloromethane· (lml~). The reaction 
mixture was ~tirred for 22h. Purification by column chromatography eluted with 
.CH2Cl2, 1: 1 CH2~:acetone. 50:50: I C~~:acetone:gJ.acial ·acetic· acid ·and washing 

20 with dichloromethane and ether gave the product a8 a colourless solid, m.p. 185-
l 860C (67% yield). 1H NMR 3(DMSO)1.26 (4H, m~ 2XClt). L38 (2H, m, Clfi), 
1.50 (2H, m, Clt>• 2.96, 2.99 (iH, dd, 1=2, 15.2 Hz, H,), 3.06 (2H, m~ NHClt), 
3.84, 4.09 (each lH, d, 1=17.2 Hz. NCfL), 4.13, 4.31 (each· lH, d, 1:::i:12.8 Hz, 
SOClfi), 4.84 (lH, m, .fL), 7.05 (2H, m. 4-FPh.;B), 7.19 (2H, m~ 4-FPh-li), 7.47 

25 (2H. d, J=8 Hz. 4-CO~lylPh-li), 7.93 (2H, d, J=8 Hz, 4-C0z3)1y1Ph-li), 8.10 (lH, 
m, NH), 13 OH, bs, COJi). Found: C, 60.9; H, 5~9; N, 5~7%~ 
C25H29FN20,S.0.136~0 requires: C, 61.2; H, 6.0; N, 5.7% 
Example 167. N·(6-{4-Fluoropheliyl}hexyl)4(4-­
isopropyloxycarbonylbenzylsulphinyl-2-oxoazetidln·l-yl)acetandde 

30 (Diastereoisomer 2) 
To a solution of N-(6-{ 4-fluorophenyl )hexyl}-4-(4-carboxybenzylsulphinyl-2-
oxoazetidin-l-yl)acetamide (0.3g, 0.6mmol) in N-methyl pyrrolidin-2-one (4 ml) was 
added anhydrous potassium carbonate (0.7g. 5mniol) and,2.;,iOdopropane (0.9g, 
Smmol). The mixture was stirred for l 8h at room temperature, treated with aqueous 

35 brine and extracted with ethyl acetate.· The organic exttaet was washed With water, 
dried (MgSOJ and evaporated. The residue was purified by flash chi-omatography 
using a) ethyl acetate and b) ethyl acetate :methanol (95:5) as the eluting solvents. 
Evaporation of the appropriate fractions gave the tiltle compound as a white powder 
(0.3g, 75%)~ mp 119°C. 

40 1HNMR accoc13> t.33-t.41 ooH.-m>~ 1.45-1.58 C4H. m>. 2.56 c2H~ t,J = 1.5Hz> • 
. 2.92 OH. dd, J = 2.5, 15.4Hz}, 3.15.;,3.40 (3H, m), 3.93 and 4.24 (each lH, d, J = 

18Hz}, 4.30 and 4.22 (each lH~ d, J = lSHz), 4.69 (lH, m), 5.25 OH. m), 6.86-7.15 
(SH, m), 7.35 (2H, m), 8.07 (2H. m). Found: C, 63~05; H, 6.46; N, 5.24. 
C~5FN20,S requires: C, 63.38; H, 6.65; N, 5.24% 

45 
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The following compounds (Examples 168, 169) were prepared in an analogous 
manner: 

Example 168. N-(6-{4-Fluo~phenyl}hexyl)-4-(4-
5 propyloxycarbonylbemylsulphfnyl-2-oxoazeUdJn-l·yl)acetamide 

(Diasteremsomer 2) 
Cream solid, m.p. l 13°C. 68% yield. 1H NMR 8 (CDCI3j 1.03 (3H. t. J=7 .4 Hz. 
CHJ), 1.30-1.60 (8H, m. 4xClh). 1.80 (2H, m. Cli2CH3) 2.56(2H,t,1=1.6 Hz, 
CH2Ph), 2.90, 2.94 (lH, dd. 1=2.4, 15.6 Hz, li:J), 3.22 (3H, m, NBC.Hi. H:,), 3.94, 

10 4.22 (each lH, d, J=l7.2 Hz. NCli2). 4.04, 4.18 (each IH, d, J=l2.8 Hz, SOClil), 

15 

· 4.30 (2H. t, J=6.6 Hz, CChClil). 4.65 (IH, m, .li.), 6.95 (3H, m. 4-FPh-H. NH),), 
7.10 (2H, m, 4-FPh-H), 7.36 (2H, m, 4-COipropylPh-H), 8.07 (2H, m, 4-
COipropylPh-H). v c=c> 1795 cm·1• Found: C, 62.4; H. 6.4; N, 5.3%. 
C2aff3sFN20sS.l%H20 requires: C, 62.7; H, 6.7; N, 5.2% 

Example 169. N·[6-(4-F1uoropbenyl)hexyl]-[4-(4-
ethyloxycarbonylbenzyl)sulphinyl·2-oxo-azeUdin·l·yl]· acetamide 
(Diastereoisomer 2) . 
Off-white solid, 82 % yield, m.p.130-31°C. le NMR 8 (CDCI3) 1.3-l.6(11H. m), 

20 2.55(28, t), 2.91(18,dd), 3.25(1H, dd), 3.27(28, m). 3.94 &4.23(each IH. d, 1= 
20Hz), 4.17& 4.02(each IH, d, 1=12.5Hz), 4.39(28. q), 4.65(18, dd), 7.01(5H. m), 
7 .35& 8.07(each 28, d, 1=8.27Hz). 
Found: C, 62.6; H. 6.3; N, 5.4% C29833FN20sS requires: C, 62.8; H, 6.4; N, 5.4% 
Example 170. N-(6-[ 4-Fluorophenyl]hex-1-yl)-4-carboxybemylthio)-2-

25 oxoazetidin-1-yl acetamide 
Treatment of N-( 6-[4-fluorophenyl]hex-l-yl)-4-allyloxycarbonylbenzylthio)-2-
oxoazetidin-1-yl acetamide under the conditions described in Example 166 gave the 
title compound as a colourless oil, 62% yield. lff NMR 81.24 (4H. bm), 1.41-1.51 
(4H, bm), 2.50 (38, t, J = 7.4Hz), 2.87-2.93 (lH. bdd), 3~09-3.47 (4H, m) 3.6-3.80 

30 {3H, m), 4.86 (lH, bm), 6.75 (lH, bm), 6.86-6.96 (2H, m), 7.03-7.09 (2H, m), 7.26 
{2H.m), 7 .97 (2H,m) 
Example 171. N-( 6-(4-Fluorophenyl]hex·l ·yl)-( 4-methoxycarbonylbenzylthio )-
2-oxoazetidin-1-yl acetamide 
N-(6-( 4-fluorophenyl]hex- l-yl)-4-carboxybenzylthio )-2-oxoazetidin-l-yl acetamide 

35 (lg, 2.1 mmol) was dissolved in dry dichloromethane (5 ml) and the solution treated 
with a solution of trimethylsilyldiazomethane (6mi of 2M hexane solution) over a 
period of 3 hours with stirring. Solvent was removed and the residue was 
chromatographed on silica using dichloromethane:methanol (9: 1) as the eluting 
solvent Evaporation of the appropriate fractions gave the title compound as an oil 

40 (0.27 g, 26% yield). . 
1H NMR 81.32 (4H, bm), 1.4-1.7 (4H, bm), 2.56 (3H, t, J= 7.4Hz), 2.9 (lH, dd, 
1=2.5, 15.3Hz). 3.15-3.35 (3H, m), 3.4-4.0 (7H. m), 4.86 (lH, m,), 5.99 (lH, bm). 
6.90-6.98 (2H, m), 7.07-7.13 (2H, m), 7.40 (28, m), 7.97 (2H, m) 
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~pie 172. N-[6-(4-Fluorophenyl)hexyl]-(4-(4-

methyloxycarbonylbemyl)sulphinyl-2-oxo-azeUdin·l·yl]· acetamide 

(Diastereoisomer 2) 

Treaunent of N-(6-( 4-fluoropt:ienyl]hex-1 ;.yl)-(4-methoxycarbonylbenzylthio)-2-
5 oxoazetidin-1-yl acetamide with mCPBA as described in Examples 2 and 3 gace the 

tide compound as a waxy solid, 26% yield. lff NMR l; 1.34 (3H. bm) 1.4-1.7 (4H. 
m), 155-1.70 (4H, m), 2.50 (3H. t), 2.95 (lH, dd), 3.15-3.3 (3H, m), 3.9-4.3 (7H. m), 
4.6 (lH, m), 6.94 (2H, t), 7.12 (2H. t), 7.36 (2H, d), 8~06 (2H, d). v c-ol 795 cm·l. 
Found: C. 61.72; H. 6.17; N, 5.5%. C26H31FN20sS requires: C; 62.13; H. 6.22; N, 

10 5.6% 
Example 173. N-(6-{4-Cbloropbenyl}hexyl)-4-(4-

isopropyloxycarbonylbenzylsulphinyl -2-oxoazeUdin-1-yl}acetamide. 

(Diastereoisomer 2). 

Treatment of N-(6-{ 4-chlorophenyl} hexyl)-4-( 4-carboxybenzy lsulphinyl-2-
15 oxouetidin-1-yl)acetamide (Diastereoisomer 2) (Example 130) with isopropyl iodide f 

using the method described in Example 169 gave the title compound as white 
crystals. 78% yield, m.p. l14.5°C. Found: c. 61.45; H, 6.35; N. 5.26%. 
C28H35ClN20sS requires: C, 61.47; H. 6.45; N. 5.12%. 
Example 174. N-(6-{4-Chloropbenyl}hexyl)-4-(4-

20 propyloxycarbonylbenzylsulphlnyl -2-oxoazeUdin-1-yl)acetamlde 

(Diastereo.isomer. 2).. 

Treatment of N-(6"'.{ 4-chlorophenyl )hexyl)-4-(4-carboxybenzylsulphinyl-2-
oxouetidin-l-yl)acetamide (Diastereoisomer 2) (Example 130) with n.;propyl iodide 
using the method described.in Example 169 gave the title compound as a white 

25 powder. 69% yield. m.p 104°C. 1H NMR 8 (CDC13) 1.03 .(3H, t, J = 7 .4Hz), 1.36 
(4H. m). 1.55 (4H, m), l.81 (2H. m). 2.56 (2H. t, J =7.9Hz), 2~89 OH. dd, J = 2.5, 
15.3Hz). 3.23 (3H, m), 3.90 and 4.16 (each lH. d, l·=· 17.lHz), 4.00 and 4.27 (each 
lH. d, J= 12.9Hz). 4.32.(t,J:: 7.4Hz), 4.63 (lH, m), 7.01.(lH, bm), 7.06 (2H. d,J= 
8.4Hz). 7 .20 (2H, d, J = 8.4Hz), 7 ~34 (2H, d, J = 8.3Hz), 8.05 (2H, d, J = 8.3Hz). 

30 Example 175. N-(6-{4-Chlorophenyl}hexyl)-4-(4-

ethyloxycarbonylbenzylsulpblnyl -2-oxoazeUdin-1-yl)aeetamide (Diastereoisomer 

2). 
Treatment of N-(6·{ 4-chlorophenyl) hexyl)-4-(4-carboxybenzylsulphinyl-2-
oxouetidin-1-yl}acetamide (Diaste~oisomer 2) (Example 130) witb ethyl iodide 

35 using the method described in Example· 169 gave the tide compound as a white 
powder, 70% yield. m.p. 124°C. 1.33 (4H. m), 1.40 (3H, t. J = 7.lHz). 1.55 (4H, m), 
2.56 (t. J = 7.4Hz)• 2.88(1H, dd. J =<2. 17.7Hz), 3.19-3.27 (3H, m), 3.90 and 4.19 
(each lH. d, I= 17.lHz). 4.01and4.16 (each lit d;I = 12.9Hz), 4.35 (2H, q, J = 
7.2Hz. 7.01 {lH, bm),7.06 (2H, d, I= 8.4Hz), 7.24 (2H, d, I:: 8.4Hz), 7.34 (2H, d, J 

40 = 8.3Hz), 8.05 {2H, d, J = 8.3Hz) • 
. Example 176. N·[6-(4-Fluoropbenyl)hayl]·[4-(4-

(allyloxycarbonylmethyl)benzyl)thio -2-oxo-aziUdln-1-yl]-acetamide 

Treatment of 4-(4-(allyloxycarbonylmethyl)benzylthio)uetidin-2-one with N-(6-(-4-
fluorophenyl)hexyl)-l-bromoacetamide by the method described in Example 85a 

45 gave the title compound as a olourless oil. 16% yield. 1H NMR 8 (CCCI,) l.30-
l.60(8H, m), 2.56(2H. t), 3.00- 2.95(1H, dd ), 2.97&3.57(each lH. dd). 3.23(1H. m), 

-54-



W096/19451 PCT/EP9S/05130 

3.42(1H, dd), 3~65(2H, s), 3.77(2H, q), 4.59(2H, m), 4.88 (IH, dd), 5.23-5.32(2H, 
m), 5.9(1H, m), 6.l(lH. l), 6.9-7.30 (8H, m) 

Treaunent of N-(6-( 4-fluoroP.henyl)hexyl)4( 4-(allyloxycarbonylmethyl)benzylthio-
5 2-oxouetidin-1-yl)acetamide with mCPBA followed by recrystallisation as described 

for Example 2 and 3 gave the compounds described in Examples 178 and 179. 
! 

Example 177. N·[ 6-( 4-Fluorophenyl)hexyl]-[4- (4-(allyloxycarbonylmetbyl) 
benzyl)sulphinyl -2-oxo-azetidin-1-yl]· acetamide (Diastereomer 1) 

10 White crystalline solid, 16% yield, m.p.132-33°C. 
Found: C, 63.3; H, 6.3; N, 5.0%. Cu8:1,FN'10,SO.SH10 requires: C, 63.2; H, 6.6; N. 

·5.1% 
Example 178. N·[6-(4-Fluorophenyl)hexyl]·[4-(4-(allyloxycarbonylmethyl) 
benzyl)sulphinyl -2-oxo-azetidin-1-yl]· acetamide (Diastereomer 2) 

15 White crystalline solid, 56% yield, m.p.106-9°C. · 
Found: C. 64.2; H, 6.4; N, 5.1 %. C29H:1sFN20sS requires: C, 64.2; H. 6.4; N. S.2% 
Example 179. N-[6-(4-Fluorophenyl)hexyl]·[ 4- ( 4-(carboxymethyl)benzyl)thio-J;. 
oxo-azetidin·l·yl]_. acetamide. 
Treatment of N-[6-( 4-fluorophenyl)hexyl]-[4-( 4-(allyloxycarbonylmethyl)-benzyl)thio-

20 2-oxo-uetidin-1-yl]-acetamide under the conditions described for Example 166 gave 
the title compound as a white solid. 87%yield. m.p. 1H NMR & (COC13) 1.21 (4H, m), 
1.45 {2H. m), 1.58 (4H, m), 2.56 (2H, t. J = 7.6 Hz), 2.84 and 3.47 (each lH, d, J = 
16.9Hz). 2.90 (lH, dd, J = <2, 16.6Hz). 3.14 (2H, m), 3.39 (lH, dd, J = 5.3, 15.lHz). 
3.64 (2H, s), 3.69 (2H, dd. J = 7.7, 14.3Hz), 4.86 (lH. m), 6.29 (lH, bm). 6.91-7.26 

25 (8H, m). 

Example 180. N·[ 6-( 4-Fluorophenyl)hexyl]·[4- ( 4-(carboxymetbyl)benzyl) 
sulphinyl • 2-oxo-azetidin-1-yl] • acetamide (Diastereomer 1) 
Ozonised oxygen was bubbled through a solution ofN-(6-(4-tluorophenyl)hexyl]-[4-
(4-(carboxymethyl)benzyl)thio-2-oxo-az.etidin-l-yl]- acetamide (l.5g, 3mmol) in 

30 dichloromethane ( 1 OOml) at -78°C until a pale blue colour persisted. Nitrogen was 
purged through the reaction. the mixture allowed to reach room temperature and 
evaporated to dryness. The residue was crystallised from ethyl acetate to give the title 
compound (0.49g, 33%) m.p. 160-61°c. 1H NMR a (DMS0-"6) 1.26 (4H, m). 1.38 
(2H, m), 1.53 (2H. m). 2.54 (2H, t, J = 7.6Hz). 3.04 (3H, lil), 3.14 (lH, dd, J = 1.6, 

35 >12Hz). 3.57 (2H, s). 3.57 and 4.0Q (each lH, d. J = 21.6Hz). 3~80 and 4.10 (each 
lH. J = 13.2Hz). 4.89 (lH. m). 7.05-7~26 (SH. m), 7.98 (lH, bm). 12.3 OH. bs). 
Example 181. N-[6-(4-Fluorophenyl)hexyl]·[4- (4-
(carboxymethyl)benzyl)sulphlnyl -2-oxo-azetidin· l-yl]-acetamide (Diastereomer 
2) 

40 Evaporation of the filtrate from the above crystallisation gave diastereomer 2 
contaminated with diastereomer 1(ratio65:35) (0.3lg, 20%) m.p. 125-129°C. lH 
NMR 8 (DMS0-"6) 1.26 (4H. m). 1.37 (2H. m), 1.51 (2H, m), 2.55 (2H, m), 2.91 
(lH, dd. J = 2.4. 15.2 Hz). 3.06 (2H, m). 3.29 (lH, m), 3.57 (2H, s), 3.99-4.21 {4H, 
m). 4.82 (lH, m), 7.05- 7.29 (SH, m). 8.13 (lH. bm). 12.32 (IH, bs). 

45 Example 182. N-2,4-Dichlorobenzyl·( 4-benzyltbio-2-oxoazeddin· l·yl)acetamide 
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Treaun~nt of ( 4-benzylthio-2-oxoazetidin-l-yl)acetic acid with 2.4-
dichlorobenzylamine under the conditions describeli for Example 86 gave the title 
compouad as a colourless solid. m.p. 132-133°C, 72% yield. lH mnr 8 (CDCJ.,) 
2.93. 2.97 (lH. dd, 1=2.4. lS.~ Hz • .li,),. 3.36. 3.39(1H, dd, J=5~2, 15A Hz, li,). 

S 3.56, 3.70 (each lH, d, J=l6.9 Hz. NCl:L). 3.76 (2H, s. SCl:L). 4.47 (2H, m. 
NHCH2). 4.80 OH. m. H.). 6.5 (lH, m, NH>. 7.20-7.34 (7H. m. Ph-H. 2,4-diClPh­
H>. 7.38 (lH, d, J=2 Hz. 2,4-diCIPh-li). v c=o 1776 cm·l. Found: C, 55.8; H. 4.5; N. 
6.9%. C1,H11~202S requires: c. 55.8; H. 4.4; N, 6.8% 

10 Treaunent of N-2,4-dichlorobenzyl-( 4-benzylt,hio-2-oxoazetidin-l-yl)acetamide with 
mCPBA followed by recrystallisation ~described in Examples 2. and 3 gave the 
compounds described in Examples 183 and 184. Treaunent of N-2.4-dichlombenzyl­
(4-benzylsulfinyl-2-oxoazetidin-l-yl)acetamide with mCPBA gave Examplel8S. 

IS Example 183. N-2,4-Dichlorobenzyl-(4-benZylsulpbinyl-2-oxoazetidin·l• · 
yl)acetamide (Diastereomer 1) . 
Colourless solid, m.p. 224-226°C, 16% yield. 1 Hmm 8 (DMSO) 3.03, 3.07 ( lH, dd, 
J=4.8, 14.8 Hz. li,). 3.15. 3.18 (lH. dd. J=l.6, 14~8 Hz, B,>. 3.78. 4~16 (each lH, d, 

. J=l6.8 Hz. NCH2), 3.85, 4.14 (each lH. d, 1=12.8 Hz. SOCH2), 4.33 (2H, d. J=5.6 
20 Hz. NHCfL), 4.93 ( 1 H, m~ Ii.). 7.32-7.42 (78. m, Ph-H. 2,4-diCIPh-J:D, 7 .61 ( lH, d, 

1::2 Hz. 2,4-diCIPh-li), 8.62(1H, m. Nli). Found: C, Sl.1; H, 4.2; N,6.4%. 
C19H11C~N20,S requires: C, 53.7; H, 4.3; N, 6.6% 

Example 184. N-2,4-Dichlorobenzyl-(4-benzylsulp~inyl-2-oxoazetidin-1· 
25 yl)acetamlde (Dlastereomer 2 

Colourless solid. m.p. 162-163°C, 45% yield. 1H nmr 8 (DMSO) 2.91, 2.95 (lH. dd, 
J=2.2. 15.4 Hz. li,). 3.30 (lH, m, li,)~ 3.97. 4.21. (each lH. d, 1=17.2 Hz. NCH2>• 
4.05. 4.20 (each lH. d, J=l2.8 Hz. Sdcli2), 4.34 (2H, d~ J::S.8 Hz. NHC!L). 4.83 
(lH, m, IL>. 7.32-7.42 (7H. m, Ph-H. 2,4-diClPh~H>. 7.60 (lH, d, J=2 Hz. 2.4-

30 diCIPh-H), 8.72 (lH. in, Nli). v c=o 1793 cm·1• Found: C, 53.5; H, 4.4; N, 6.6%. 
C1,H11Cl2N20,S requires: C, 53.7; H. 4.3; N. 6.6% 

Example 185. N-2,4-Dlchlorobenzyl·(4-benzylsulphonyl-2-oxoazetidin·l· 
. . 

yl)acetamide ·. 
35 Colourless solid, m.p. 163-164°C, 77% yield. 1H nmr 8 (DMSO) 3.08 (lH. m. H,), . 

3.30 (lH, m, Ji,), 3~77,·4.19(each lH, d, 1=17.2 Hz, NCllz), 4.34 (2H, m, NHCllz). 
4.66, 4.77 (each lH, d, 1=13.4 Hz. S02C1t). 5.09(18, m, li.), 7.38 (7H, m, Ph-IL 
2,4-diClPh-H), 7.62 (lH, m, 2,4-diCIPh~li). 8'.67 (lH, IIi, NH). v c=o 1796cm·1. 

Found: C, 51.5; H, 4.l; N, 6;3%., Ci,H11Cl:iH20,S requites: C, 51.7; H, 4.l; N, 6.4% 
40 Example 186. N-3,4-Dicblorobenzyl-(4-benzyltblo-2-oxoazetidin-1-yl)acetamide 

Treatmentof (~benzylthio-2;.;oxoazetidin-1-yl)acetic acid with 3,4-
dichlorobenzylamine under the conditions described for EX&mple 86 gave the title 
compound as a c . · · 
olourless solid, m.p. 90-91°C, 68% yield. 1 H nmr & (CDC!,)· 2.94, 2.98 (lH, dd, 

45 1=2.4, 15.6 Hz, H,), 3.36, 3.39 (lH, dd; 1=5.2, 15~6 Hz, H,), 3.62, 3.70 (each lH, d, 
J=16.8 Hz. NCllz), 3.79 (2H, s, SClL). 4.38 (2H, m; NHCH2), 4.80 (lH, m, IL>. 6.5 
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(lH. m. Nli}, 7.12 (lH, m, 3,4-diClPh-li), 7.26-7.40 (7H, m. Ph-H. 3,4-diCIPh-li). v 
c=o 1778 cm·1• Found: C, SS.8; H. 4.S; N, 6.9%. C1,H11CI:N20 2S requires: C, 55.8; 
H. 4.4; :N, 6.8% 

S Treaunent of N-3,4-dichlorobenzyl-(4-benzylthio-2-oxoazetidin-l-yl)acetamide with 
mCPBA followed by recrystallisation as described in Examples 2 and 3 gave the 
compounds described in Examples 187 and 188. Treatment of N-3,4-dichlorobenzyl­
(4-benzylsulfinyl-2-oxoazetidin-l-yl)acetamide with mCPBA gave Example 189. 

10 Example 187. N-3,4-Dichlorobenzyl.(4-benzylsulphinyl-2-oxoazetidin-1-
yl)acetamide (Diastereomer 1).. 
Colourless solid. m.p. 213-214°C, 14% yield. IH nmr 8 (DMSO) 3.03, 3.06 (lH, dd, 
1=4.4, 14.8 Hz, H,), 3.15, 3.18 (lH, dd, 1=2, 14.8 Hz, H,), 3.78, 4.14 (each lH, d, 
1=11.2 Hz. NC}L), 3.85, 4.14 (each lH, d, 1=12.8 Hz. SOCIL). 4.29 (2H, d, 1=6 Hz, 

15 NHCIL>. 4.93 (lH, m. B.>. 7.25 (lH, m. 3,4-diCIPh-H), 7.31-7.40 (SH. m, Ph-H>, 
7.52-7.56 (2H, m, 3,4-diCIPh-ID, 8.62 (lH, m, NH). Found: C, 53.0; H, 4.3; N, 
6.S%. C1,H11CiiN20,S requires: C, S3.1; H. 4.3; N, 6.6% 
Example 188. N-3,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin•l· 
yl)acetamide (Diastereomer 2). · 

20 Colourless solid, m.p. 155-156°C, 33% yield. IH nmr 8 (DMSO) 2.91, 2.95 (lH, dd, 
J=2.2. 15.3 Hz, H,>. 3.30 (lH, m, H,), 3.96, 4.18 (each lH. d, J=l7.2 Hz, NCIL>. 
4.05, 4.20 (each lH, d, J=l2.8 Hz. SOCIL). 4.31 (2H, d, J=S.9 Hz. NHC}L), 4.83 
(lH. m. a>. 7.27 (lH. m, 3,4-diCIPh-H>. 7.31-7.37 (SH, m, Ph-H), 7.54-7.57 (2H, 
m. 3,4-diClPh-H), 8.72 (lH, m, Nli). v c=o 1795 cm·l. Found: C, 53.7; H, 4.3; N, 

2S 6.S%. C"H110iN20 3S requires: C, S3.1; H, 4.3; N, 6.6% 
Example 189. N-3,4-Dichlorobenzyl-(4-benzylsulphonyl-2-oxoazetidin-l· 
yl)acetamide -
Colourless solid, m.p. 173-174°C, 86% yield. IH nmr 8 (DMSO) 3.08 (lH, m, H,}, 
3.30 OH. m, H,), 3.76, 4.18 (each IH. d, 1:::17.2 Hz, NCIL>. 4.31 (2H, d, 1=5.9 Hz. 

30 NHCIL>. 4.66. 4.77 (each IH, d, 1=13.4 Hz. S02CH2), S.09 (lH, m, !L}, 7.27 (lH, m, 
3,4-diClPh-ID, 7.38 (SH, s. Ph-ID, 7.53-7.S9 (2H, m, 3,4-diClPh-H), 8.66 (lH. m, 
NH). Found: C, 51.6; H, 4.2; N, 6.4%. C1,H11Cl~20,S requires: C, 51.7; H. 4.1; N, 
6.4% 
Example 190. (3S,4R)·N·(6-{4-Fluorophenyl}hexyl)-(3-chloro-4-benzylthio-2-

35 oxoazetidin-1-yl)acetamide 
a. (3S,4R).(4-Benzylthio-3-chloro-2-oxoaxetidin-1-yl)aceticacid 
A suspension of methyl [(3S,4R)-4-benzylthio-3-chloro-2-oxoxai.etidin-1-yl)acetate 
(2.87 g, 0.00957 mol) {Example 30S) in methanol (50 ml) was cooled to 10°C and 
IN aq. sodium hydroxide (9.6 ml) was added over 40 minute. 1be cooling bath was 

40 removed and reaction was stirred for 30 min, evaporated to remove methanol, diluted 
with water and washed with ethyl acetate. The aqueous layer was acidified with 
dilute hydrochloric acid and extracted with ethyl acetate (x2). The organic extracts 
were combined and washed with brine. dried (MgSO,), evaporated to an oil. 
Precipitation from ether-peL ether gave the product as ·colourless soild, 1.15g (42%, 

45 m.p. 132-134°C). 
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b. (3S,4R)-N-(6-{ 4-Fluorophenyl}hexyl)-(J.cbloro-4-benzyltblo-2-oxoazeticlin-1-
yl)acetamlde 
Treatmeet of (3S.4R)-(4-benzylthio-3-chloro-2-oxoaxetidin-1-yl)acetic acid with 6-
(4-fluorophenyl)hexylamine under the conditions described for Example 86 gave the 

5 title compound as a colourless· oil, 85% yield. 1H NMR 3 (CDCl3) 1.3;. l.6 (8H. m. 
4xC}L). 2.56 (2H. t.1=7.6Hz. CH~h). 3.22 (2H, m. NHCIL), 3.51, 3.81 (each lH, d, 
1=16.5 Hz. NCH,), 3.83 (2H, s, SCH,), 4.58 (lH, d, 1=1.1Hz,l:L).4.79 (lH, d.1=1.7 
Hz. H,). 5.80 (lH, m, Nli), 6.95 (2H, m. 4-FPh-H), (2H, m. 4-FPh·ID. 7 .30 (5H, m. 
Ph-ID 

10 
Treatment of (3S,4R)-N-(6-{4-fluorophenyl} hexyl)-{3-chloro-4-benzylthio-2-
oxoaz.etidin-l-yl)acetamide with mCPBA under the conditions described for 
Examples 2 and 3 gave the compounds described in Examples 191 and 192. 

15 Example 191. (SR,3S,4R)-N·(6-{4-Fluoropbenyl}hexyl)-(J.Chloro-4-
benzylsulphinyl-2-oxoazetidin·l·yl)acetandde · . · 
Colourless solid. m.p.135-136°C, 18% yield. 1H NMR 3 (CDCI3) 1.3'."l.6 (SH. m. 
4xCH,). 2.56 (2H. t.1=7.8Hz. CH~h). 3.22 (2H. m. NHCH,). 3.80. 4.13 (each lH. d. 
1=11 .2 Hz. NC}L). 4.08. 4.23 (each lH. d, 1=13.2 Hz. SOCH,), 4~67 (lH, d, 1= 1.6 

20 Hz. H.>. 5.38 (lH,d; J:: 1.6 Hz, ll,)•6.47 (lH, m. NH), 6.95 (2H, m, 4-FPh-H), 7 .10 
(2H. m. 4-FPh-ID. 7.39 (5H, m. Ph•li). v c-o 1808 cm·1. [a]0 at 25°C =-117.4 
(0.973%w/v CHCI,). Found: C, 60.l;H, 5.8; N, 5.9%. C24ffaCFN20,S requires: C, 
60.2; H, 5.9; N, S.9% 
Example 192. (SS,3S,4R)-N-(6-{4-Fluorophenyl}hexyl)-(J.chloro-4-

25 benzylsulphinyl-2-oxoazetidln·l·yl)acetamide 
Colourless solid. m.p. 87-89°C, 52% yield. 1H NMR 3 (CDC13) 1.3-1.6 (8H, m, 
4xCH2), 2.56 (2H, t.1=7.6 Hz, CH2Ph), 3.26 (2H. m, NHCH,), 3.92, 4.28 (each lH, 
d, J=l7.2 Hz.NCH,);. 4.10, 4.18 (each IH. d. 1=13~2 Hz. SOCH,). 4.65 (lH, d. 1=2 
Hz. li.). 4. 72 ( IH, d, 1=2 Hz, H,)~ 6.95 (2H, m. 4-FPh-li); 7 .09 (lH, m, NH), 7 .10 

30 (2H, m, 4-FPh-H), 7.39 (SH, m. Ph-li). v c=o 1809 cm·1. [<X]0 at 25°C· = +75.3 
(0.908%w/v CHCI,). Found: C, 60.2; H. 5.9; N, 5.9%. C24ffaC1FN20,S requires: C, 
60.2; H~ 5.9; N, 5.9% . 
Example 193. N·(6-(4-Fluorophenyl)hexyl)-(3S,4R)-4-benzyltbio-3-((R)­
hydroxyetbyl)-2-oxoazetldin· l·ylacetamide 

35 (a) (3S,4R).4-Benzylthio-J.((R)-(t·butyldimetbylsDyloX}')etbyl)·2-azetldinone 
Treatment of. (3R,4R)-4-acetoxy-3-((R)-(t•butyldimethylsilyloxy)ethyl)-2-azetidinone 
with sodium benzylthiolate as described in Example la gave the title compound as a 
waxy solid, m.p. 69-70°C, 95% yield. lff NMR3 (CDC13) 0.01(6H,2xs, S~CH,>. 
0.83 (9H, s, tBu-H), 1.13 (3H, d, J=6 Hz. CH,>. 3.14 OH. m, H3), 3.82 (2H. s, 

40 SCH2>• 4.15 (lH, m, CH,CH). 4.75 (IH, d, J::2 H~ lf4), 5.36 (lH, br s, NH), 7 .28 
(SH, m. Ph-ID . 
(b) N·(6-(4-Fluorophellyl)hexyl)-(3S,4R).4-benzylthio-Jo.((R)-(t· 
butyldimetbylsilyloxy )ethyl)-2-oxoazetidi• l·ylaeetandde 
Treaunent of (3S,4R).+benzylthio-3~((R)~(t-butyldimethy1Silyloxy)ethyl)-2-

45 azetidinone with N-(6-(4-fluorophenyl)hexyl)-l-bromoOacetamide as described in 
Example 85 gave the tide compound as a colourless oil, 54% yield. 1 H NMR & 
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{CDCl3) 0.01 {6H, 2xs. SiCH,). 0.82 (9H, S, tBu-li). 1.07 (3a d, J=6 Hz. CH,). 1.3-
1.6 {SH. m. 4 x Cli2) 2.56 (2H. t. J=8 Hz. C}LAr), 3.14 OH. m. li3), 3.25 (2H. m, 
NHCH:it. 3.54, 3.81 (2H. 2xd. J = 17Hz, NCH2>. 3.82 (2H. s. SCH2>. 4.20 (IH. m. 
CH,CH>. 4.75 (lH, d, J=2 Hz~ lL>. 6.40 (IH. br t, Nli), 6.95, 7.10 (4H, 2 x m, FPh-

5 li), 7 .30 (SH. m, Ph-li) 
(c) · N-( 6-( 4-Fluorophenyl)hexyl)-(3S,4R)-4-benzylthJo-3-((R)·hydroxyethyl)-2-
oxoazetidin•l ·ylacetamide r . 

N-(6-(4-Fluorophenyl)hexyl)-(3S,4R)-4-benzyltllio-3-((R)-(t­
butyldimethylsilyloxy)ethyl)-2-oxoai.etidin-l-ylacetamide (2.68g; 4.57mmoles) and 

10 glacial acetic acid (0.4ml) were dissolved in dry THF (50ml) and a molar solution of 
tettabutylammonium fluoride in THF (6.9~1; 6.9 mmoles) added. The solution was 
refluxed for 24 hours. more TBAF (2ml; 2mmoles) added and refluxing continued for 
a further 24 hours. The solution was poured into water (SOml) and ethyl acetate 
{50ml), separated and the organics washed with water. brine, dried over magnesiunm 

15 sulphate and evaporated to a brown solid which was recrystallised from ethyl 
acetate/ether to give a cream solid (l.69g) m.p. 102-4°C, 78% yield~ IH NMR ~ 
(CDC13) 1.2-1.7 (l lH. m, 4 x Cli2+ CH,). 2.34 {IH. br s. OH> 2.56(2H.t.1=8 Hz, 
CH2Ar), 3.20 (3H. m. NHCH2+ H3>• 3.31, 3.92 {2H. 2xd, J = 17Hz, N~H2>. 3.79 
{2H, s. SCH2). 4.34 OH. m. CH,Cli), 4.76 OH. m. li4>. 6.64 (lH. br t, NH>. 6.95. 

20 7.09 (4H, 2 x m. FPh-l:D, 7.25 (SH. m. Ph-ID 
Example 194. N·(6-( 4-Fluorophenyl)hexyl)-(3S,4R)-4-benzylsulphinyl-3-((R)­
hydroxyethyl)-2-oxoazetldin-l·ylacetamide (Diastereomer 2). 
Treatment of N-(6-( 4-fluorophenyl}bexyl)-(3S.4R)-4-benzylthio-3-((R)­
hydroxyethyl)-2-oxoazetidin-l-ylacetamide with mCPBA as described for Example 2 

25 gave the title compound as a colourless solid, m.p. 164-7°C, 17% yield. 1H NMR 8 
(CDCl3) 1.3-1.7 (l IH, m, 4 x CH2 +CH,>. 2.45 (lH. m, OH> 2.56 (2H, t, J=8 Hz. 
CH2Ar), 3.25 (2H. m, NHCH2>. 3.40 UH. m, li3)~ 3.8-4.25 (4H, m, NCH2 + 
SOCH2>. 4.33 (IH, m, CH,Cli), 4.69 (lH, m, f4), 6.95, 7.09 (4H. 2 x m. FPh-li), 
7.2-7.5 (6H. m, Ph-H +NH). v c=o 1782 cm·1• Found: C, 63.6; H. 6.7; N, S.8%. 

30 C26H33FN204S requires: C, 63.9; H, 6.8; N, 5.7% 

Example 201. N·(li-phenylhexyl)-( 4-(4-methoxyphenylthio)·2-oxoazetfdin· l· 

yl)acetamide 

a Metbyl-(4-metboxyphenylthio-2-oxoazetfdin-1-yl)acetate 

35 To a solution of 4-(4-methoxyphenylthio)azetidin-2-one (ff. Gu et. al., J. Org. 
Chem., 1990, SS, 5655} (l l.6g, SSmmol}, methyl bromoacetate (9.2g. 60mmol) and 
tetrabutylammonium bromide ( l.Sg. 0.S6mmol ) in dry THF (300ml) was added 
powdered potassium hydroxide {3.4g, 60mmol). The resulting mixture was stirred for 
two hours at mom temperature before water {100 ml) was added. The solution was 

40 extracted with ethyl acetate (3x150ml portions) and the combined extracts dried 
(MgS04) and evaporated. The residue was purified· by flash chromatography on silica 
gel eluted with ethyl acetate/ hexane (1:1-+2:1} to give the product as a solid mpl01-
1030C, 58% yield 
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lH NMR 8 (CDCl3) 2.80(1H, dd, 1=2.2.15 Hz li3a), 3.34 (lH. dd, J=5,15 Hz, li3b), 
3.72 (3H. s, OCH3). 3.77,4.29 (each lH. d, 1=18.00 Hz, NCH2>. 3.80 (3H, s, SCH3). 
5.07 (lK, m, 1i4), 6.87 (2H, d, 1=10 Hz, 2~6Ph-li), 7.35 (2H, d, J=lO Hz, 3,5Ph-li). 
b. (4-(4-Methoxyphenylthio)-2-oxoazetidin· l·yi)acetic acid 

S To a solution of methyl-( 4-methoxyphenylthio-2-oxoaz.etidin-1-yl)acetate (5.2g, 
18mmol) in methanol (80ml) was added, dropw~:.at 0°C, a solution of 1 N sodium 
hydroxide (20ml, 20mmol). The reaction was stirred for 1 hr and evaporated to 

dryness. Water (50 ml) was added and the solution acidified to pH 3 with ~ilute 
hydrochloric acid and extracted with ethyl acetate (3x100ml) • The combined 

10 ·extracts were dried (MgS04), evaporated and the.residue purified by recrystallisation 
(hexane/ether) to give the product as a white solid, mp 78-79°C, 79% yield 
lH NMR 8 (Cocl3) 2.80(1H, dd, J=l.9,15 Hz, li38), 3.34 (lH, dd, 1=5,15 Hz, li3b)• 
3.80 (3H. s. OCH3). 3.82,4.30 (~ach lH. d, J=l8.00 Hz. NCH2>. 5.06(lH,·m,1i4), 
6.40 OH. bs, NH>. 6.87 (2H, d, J=6.8 Hz. 2,6Ph-li), 7~35 (2H, d, J~6.8 Hz. 3,5Ph-l:l). 

1 S c. N·( 6-phenylbexyl)-(4-( 4-methoxyphenylthio)-2-0xoazetidin-l·yl)acetamlde . . . . . 

A solutio.n of 6-phenylhexylamine (Morse M. A. et al., Cancer Research, 1991, 
1846), (l.4g, 8mmol) in DMF (50ml) was added to DCC (1.6g, 8mmol), 
hydroxybenzotriazole (1.0g, 8mmol) and (4-(4-methoxyphenylthio)-2-oxoaz.etidiil-l-

. . . . ' 

yl)acetic acid (2.1 g. 8mmol) and the mixture stirred for 2 ·hours. at room temperature. 
20 Ethyl acetate (250ml) was added, the precipitate filtered, the filtrate washed with dil 

NaHC03, water (x2). dried (MgS04) and evaporated to an oil whic.h was purified by 
flash chromatography on silica gel using hexane/ethyl acetate ( 1 :3). Evaporation of 
the appropriate fractions g~ve the product as a col~urle~ oil, 77% yield. 
1H NMR 8 (CDC13) L34-1.47 (lOH, m, (Cli2>s>• 2.59 (2H, t,J=7.7 Hz. CH2>. 2.83( 

25 lH, dd, J=2.2,15 Hz, li3a), 3.18-3~36 (3H, m, CH2Ji3b), 3~78 (3H, s, OCH3), 
3.80,3.99 (each lH, d, "1=15 Hz, NCH2>. 4.95 (lH, m, 1i4). · 6·.23 (lH. bt, NH>. 6.87 
(2H. d, 1=6.8 Hz, 2,6Ph-li), 7.14-7.39 (7H, m, 3,SPh-HJ>h-1:1). 

.. '1· 

Example ·201 (4R$R/4S,SS) N·(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfinyl)·2-
oxoazeUdln-1·yl)acetamide 

30 A solution of N-(6-phenylhexyl)-(4-(4-methoxyphenylthlo)-2-oxoaz.etidin-l- ·. 
yl)acetamide (2.5g, 5.Smmol) iii dichloromethal'le (loo ml) was coole.d to -70°C and a 
solution of m-chloroperbenioic acid (l.Og, 6.4nimol) in dichloromethane (100 ml) 
added dropwise with stirring over 60 min. After a further 3h. at -60°C, the reaction 
mixture was Shaken with a mixture of saturated aq11eous sodium sulphite and . 

35 saturated sddium hydrogen carbonate. The organic layer was Separated, wa8hed with. 
brine, dried (MgS04) and evaporated to a solid which was tl~ted ~th ether and 
filtered. Two recrystallisations from ethyl acetate gave (RCJli1scss) N-(6-

phenylhexyl)-(~( 4-methoxyphenyl)sulfinyl)-2-oxoazetidin-l-yl acetamide (0.4g, 
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14%) m.p. 123-125°C. Found: C. 64.9; H. 6.6; N. 6.3%; C24H3oN204S requires: c. 
65.1; H, 6.8; N, 6.3% 
Example 203. (4R,SSl4S,Sll'>· N..(6-phenylhexyl)-(4-(4-metboxyphenyl)sulfinyl)-

2-oxoazetidin-1-yl)acetamide 

5 Evaporation of the filtrate gave a waxy solid which was further purified by 
chromatogarphy on silica to give a gummy solid as a 9: 1 mixture of diastereisomers, 
in favour of the title compound. 
Found: C, 64.0; H~ 6.8; N, 6.1%; C24HJON204S 0.4 EtOAc requires: C. 64.3; H. 
7.0; N. 5.9% 

10 Example 204. N-(6-phenylhexyl)-(4-(4-methoxypheayl)sulfonyl)-2-oxoazeUdin-1· 

yl)acetamide 

A solution of N-( 6-phenylhexyl)-(4-(4-methoxyphenylthio )-2-oxou.etidin-1-
yl)acetamide (2.lg. 5mmol) in dichloromethane (100 ml) was cooled to -70°C and a 

solution of m-chloroperbenzoic acid (2.0g. 1 lmmol) in dichloromethane (100 ml) 
15 added dropwise with stirring over 60 min. After a further 2h at 20°C, the reaction 

mixture was· shaken with. a mixture of saturated aqueous sodium sulphite and 
saturated sodium hydrogen carbonate. The organic layer was separated, washed wilh 
brine, dried (MgS04) and evaporated to a solid which was recrystallised from ethyl 
acetate to a white solid. 1.2g (53% yield. m.p. 93-95°C 

20 Found: C,62.7; H. 6.6; N, 6.2%; C24HJON20sS requires:C. 62.9; H, 6.6; N, 6~1 % 

Example 205. N-(6-phenylhexyl)-(4-(3,4-dimetboxyphenyltbio)·2-oxoazetidin·1· 

yl)acetamide 

a. 4-(3,4-Dimetboxyphenyltblo )azetidln-2-one 

Sodium (0.9g, 39mmol) was dissolved in ethanol (lSOml) and 3,4-
25 dimethoxythiophenol (5.9g, 35mmol) added dropwise over 20 minutes keeping the 

temperature between 20°C - 25°C whilst bubbling nitrogen through the mixture. 
After 15 minutes. the reaction was cooled to S°C and a solution of 4-acetoxyuetidin-
2-one (4.3g. 33mmol) in ethanol (50ml) was added dropwise over 15 minutes whilst 
maintaining the temperature at 5°C. The mixture was stirred at room temperature for 

30 60 minutes and evaporated to dryness under reduced pressure. Water (400ml) was 
added, the mixture extracted with dichloromethane (2x300ml), the exttacts dried 
(MgS04) and evaporated under reduced pressure to an oil. The oil was cooled to -20 
°C and titurated with ether (400ml) to give a white solid which was isolated by 

filtration (4.lg, 52%) m.p. 145-6°C. 
35 1H NMR 3 (CDCl3) 2.85 UH. m. H38). 3.31 (lH, m, H3f>). 3.88 (3H. s. O-CH3), 

3.89 (3H, s. O-CH3), 4.92 (IH, dd, 1=4.92, 2.30 Hz,&>. 6.30 (lH, br. singlet, N-ID. 
6.85 (lH, d, J=S.30 Hz. Ph-li), 7 .00 ( lH, d, 1=2.04 Hz, Ph-li), 7 .09 (lH, dd, J=S.25, 

2.06 Hz, Ph-li). 

b. MetbyJ.(4-(3,4-dimetboxyphenyl)tllio-2-oxoazeUdln-1-yl)acetate 
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Sodium hydride (0.Sg.12mmol) in dry DMF (10ml) was cooled to-SoC and a 
solution of 4-(3.4-dimethoxyphenylthio)azetidin-2-one (3g.12mmol) in dry DMF 

(20ml) was added dropwi~ over 15 mins under a nitrogen aunosphere at -sac .. After 
15mins methylbromoacetate (2g.12mmol) was added in one portion, and the mixture 

S stirred for 30mins at room temperature. The reaction mixture was carefully poured 
into brine /ice water and ethyl acetate (100ml) was added ·The organic layer was 
washed with brine (x2), dried (MgS04) and evaporated to a yellow oil which was 
purified by flash column chromatography eluted with petroleum ether/ ethyl acetate 
to give the product as a yellow oil (0.96g, 25% yield). 

10 c. (4-(3,4-Dimetboxyphenyltbio)-2-oxoazetidin-l•yl)acetic add 
Prepared according to the general procedure of Example 201 b and obtained as a 
yellow oil. 
d. N-(6-phenylhexyl)-(4-(3,4-dimetboxyphenyltbio)-2-oxoazetldin-1-yl)acetamide ( 

Prepared according to the general procedure of Example 20 tc·and obtained as a 
1 S colourless oil. 1 H_ NMR 8 (CDCl3) 1.3 - 1. 7 (SH; m, 4xCH2>. 2.59 (2H, t, J = 7 .6 

_Hz. CH2Ph)~ 2.S9 (lH, dd, J=2, 15 Hz, li3), 3.23 (2H, m, NHCH2>. 3.37 OH. dd, 
J=S, 15 Hz, li3). 3. 73. 3.96(each lH. d. J=l 7 ~ NCB2>. 3.87 (6H, s. 2x OCB3), 
4.99 (lH, m, &>. 6.16 OH. br.s, Nii), 6.S. - 7.3 (SH, m, Ph-H+ (CH30)iPh-Hl 
Example 206~ (4R,SS/4S,5R)- N.(6-pbenylbexyl)-(4-(3,4-

20 dimethoxyphenyls11lllnyl)-2-oxoazetidin·l·yl)acetamide · 

Prepared according to the general procedure of Examples 202&3· and obtained as a 
yellow gum, 33% yield. 

1 H nmr a (CDCl3) l.35-l .62(8H,m,CB2CB2CB2CH2>. 2.58(2H,tJ=7.0Hz, 
CB2Ph), 3.15-3..45(4H,mJIJa.H3btNH-Cli2), 3.43,3.82(2H,dd,J=l 7.0,l 7.0Hz,N-

2S CB2>. 3.90-3.92(6H,s,2x0Cli3), 4.67(1H,mJ14), 6.75(1H.s;Nli),6.96-
7 .29(8H,m,Ar-H,SO-Eh-(0Me)2). 
Example 207. (4R,SR/4S,SS) N-(6-phenylhexyl)-(4-(3,4-· 

dimetboxyphenylsulftnyl)-2-oxoazetidin·l-yl)acetamide 

Prepared according to the general procedure of EXamples 202&3 and obtained as a 
30 white solid m.p. 126 - 128oC, 26% yield. 

1 H mm 8 (CDCl3) 1.3S-1.S9(8H,m.CH2Cli2Cll2CH2>. 
2.S9(2H,tJ=7.0Hz.CH2Ph). 2. 78(1H,ddJ=15.0,5.0HzJbb>• 3.~8(2H,m,NH-CH2>. 
3.47(1H;ddJ=lS.0,2.0Hz.H3a), 3.87.4.20(2H.ddJ::l 7 .O;l 7.0Hz.N-CB2>. 
3.93(6H,s,2x0Cli3), 4.51 (1H,m.B4). 6. 73(1H.s.NH), 6.98-7 .28(8H,m.Ar-H,SO-fh-

35 (OMe)2). 
Example 208. N·(6-phenylhexyl)-(4-(4-chlorophenyltbio~2-oxoazetidln·l· 

yl)acetamide 

Prepared from 4-(4_-chlorophenyl)azetidin-2-one (H. Gu et. al., J. Org. Chem., 1990, 

SS, 5655) according to the general· procedure of Example 201. 
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White crystalline solid. m.p. 52-4°C, 80% yield 
1H NMR 3 (CDC13), 1.33 (4H, m. NCH2CH2(Cli2h). 1.48 (2H. m, CH2CH2PhO}. 
1.63 (2H. m. NCH2Cli2). 2.60 (2H, to J=7 .4 Hz, CH2PhO}, 2.88 OH. dd. J=2.3, 15.3 
Hz, li38}, 3.21 (2H, m. NHCHz). 3.43 (lH, dd, I=S.O. 15.3 Hz, li3b), 3.73, 4.00 (each 

S lH, d, 1=16.6 Hz, NCH2>. 5.12 (lH, dd, 1=2.3, S.O Hz, l14), 7.15-7.39 (Ph-H + ClPh­
li). 

Example 209. 4-(Pbenylthio)·N·(4-pbenyl·2-oxobutyl)azeUdin-2-one 

To a cooled (cold water bath) solution of 4-phenylthioazetidin-2-one (lwata-Reuyl et. 
al., J. Nat. Prod., 1993, 56(8), 1373) (1.9g, llmmol). tetta-n-butylammonium 

10 bromide (0.4 g, l.lmmol) and l-bromo-4-phenylbutan-2-one (Tetrahedron, 1970, 26. 
5611) (2.7g, 11.8mmol) in dry tettahydrofuran (75 ml) was added freshly powdered 
potassium hydroxide (l.8g, 31mmol), and the mixiure stirred vigorously for 2 hr at 

ambient temperature. Water was added and the product exttacted into ethyl acetate, 
dried (MgS04) and evaporated to an oil. Treatment with ether/pet. ether (b.p. 40-60) 

15 gave the pr~uct as a white crystalline solid (1.8 g, 51%), mp 62-4°C. 

20 

25 

lH NMR 3 (CDCl3). 2.63 (4H. m, CH2CO + CH2Ph}, 2.85 (3H, m, CH2Ph + li38), 

3.44 (lH, dd, 1=5.0.15.1 Hz, li3b) 3.73, 4.27 (each lH, d, J=18.5 Hz, N~H2). 5.21 
(lH, dd, J=2.3, 4.9 Hz, fi4), 6.97-7.40 (lOH, m, Ph-ID. 
Found: C, 70.0; H. 5.9; N, 4.4%; C1gH1gN~S requires:C, 70.1; H, 5.9; N, 4.3% 

The following compounds (examples 210 to 215) were prepared according to the 

general procedure of Example 209. The (R)- and (S)-4-phenylthioazetidinones for 
Examples 210 and 211 were prepared by the method described in A. Basak, Synth. 
Commun. ll, 1985, 1993 

Example 210. (S)- 4-(Pbenylthio)-N-(4-pbenyl-2-oxobutyl)azetfdin-2-one 

Colourless oil, 54% yield 
1H NMR a (CDCl3), 2.63 (4H, m, CH2CO + CH2Ph), 2.85 (3H, m, CH2Ph + li3a>• 
3.44 (lH, dd, J=S.0,15.1 Hz, li3b) 3.73, 4.27 (each lH, d,' J=18-.S Hz, NCHi). 5.21 

30 (lH, dd, 1=2.3, 4.9 Hz, 1i4), 6.97-7.40 (lOH, m. Ph-li). 

Found: C. 69.9; H, 6.0; N, 4.4%: C19"19NOiS requires:C, 70.1; H, 5.9; N, 4.3% 
[a]n = + 92.7° (c 0.49. chloroform. 2S°C) 
Example 211. (R)- 4-(Pbenyltbio)-N-(4-phenyl-2-oxobutyl)azeUdin·2-one 

Colourless oil. 63% yield 
35 1H NMR 8 (CDCl3). 2.63 (4H, m. CH2CO + CJhPh). 2.85 (3H. m, CH2Ph + H3a>· 

3.44 (lH, dd, 1=5.0,15.1 Hz. li3b) 3.73, 4.27 (each lH, d, J=l8.5 Hz, N0i2). 5.21 
(lH, dd, J=2.3, 4.9 Hz, JW, 6.97-7 .40 (lOH; m, Ph-li). 
Found: C, 69.3; H, 5.9; N, 4.4%; C19H19N02S. 0.2 H20 requires:C, 69.4; H, 5.9; N, 

4.3%; [aJn = - 88.7° (c 0.47. chloroform, 25°C) 
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Example 212. 4-(2-Methoxyphenylthio)-N-(4-phenyl·2-oxobutyl)azetldin-2-one 

a. 4-(2-Methoxyphenylthlo)azetidin-2-one 

Prepared--from 2-methoiyihi()phenol using the general procedure or"example 20Sa 

and obtained as a white crystalline solid. m.p.103-5°C, 81% yield 

S 1H NMR 8 (CDCl3), 2.9S(1H. m, li3a), 3.39, OH.; m, H3b)• 3.90 (lH, s. CH30Ph), 

4.98 (lH, dd, J=2.4, S.O Hz,1i4), 6~33 (lH. s, NH), 6.96 (2H. m, 3,5-(2-CH30Ph)-li), 

7 .39 (2H, m. 4,6-(2-CH30Ph)-Hl. 

b. 4-(2-Methoxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetidin·2-one 

Colourless oil,, 76% yield 

10 1H NMR 8 (CDC13), 2.59 (2H. m,CH2CO), 2.81 (2H, m, C&Ph). 2.93 (lH, dd, 

J=l.7, 14.9 Hz, H38), 3.36 (lH, dd, J::S.O, lS.l Hz.H3b)• 3.77, 4.22: (each lH, d, 

J=l 8.6 Hz. NClb). 3.86 (3H, s, OCH3), S.27 (lH, dd, J=2.3, 4.9Hz,1i4), 6.90 (2H. 

m, 3,5-(2-CH30Ph)~H>. 7.12-7 .39 (7H, m, 4,6-(2-CH30Ph)-H + Ph-ID. 

Found: C. 67.6; H. 6.0; N, 3.9%; Cioff21N03S requires: C, 67~6; H, 6.0; N, 3.9% 

15 Example 213. 4-(3,4-dlmethoxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetfdin-2-

one 

Colourless oil, 77% yield · 

lH NMR 8 (CDCl3) 2.63-2.70 (2H, m, CH2Ph), 2.77"'.2.90 (3H, m, COCH2~ H38), 

3.38 (lH, dd, 1=15.03, 4.96 Hz. H3b), 3.77 and 4.26 (lH each, d, J=l8.41 Hz~ N-

20 CH2>. 3.86 and 3.87 (3H each, s, OCH3), S.11 (lH, dd, J=4.94, 2.29. ltJ), 6.79 (lH. 

d, J=8.2(), Ph-H), 6.90-6.98 (2H, m, Ph-H), 7 .12-7.32 (SH, m, Ph-H). 

Example 214. 4-(3-mef.lloxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one 

a. 4-(3-methoxyphenylthlo)azetidin·Z..One 

Prepared from 3-methoxythiophenol using the general procedure of example 205a 

25 and obtained as a white crystalline solid. mp 55-6°C, 86% yield 

lH NMR 8 (CDCl3) 2.90 (lH, m, H3a>• 3~38 (lH; m~ H3bl. 3.80 (3H. s, OCH3), 5.02 

(IH. dd, J=4.94, 2.33 Hz. l14). 6.64 (IH, br. singlet, N-H>. 6.85-6.90 OH. m. Ph-H>. 

6.96-7.03 (2H, m. Ph-ID. 7.23-7.30 (lH, m, Ph-H>. 

b. 4-(3-methoxyphenylthlo)-N-(4-phenyl-2-oxobutyl)azetidln•2-one 

30 Yellow oil. 86% yield 

lH NMR 3 (CDCl3) 2.S0-2.97 (SH, m, CH2CH2. H38). 3.4S (lH, d<I. J=l5.0~ 4.97 

Hz. H3b), 3.73, 4.27(1H each. d, 1=18.SS Hz, N-CH2>. 3.78 (3H, s, OCH3). S.24 (lH, 

dd, J=4.97. 2.34 Hz. J4), 6.84 (IH, m, Ph-H), 6~91-6.96 (2H, m, Ph-H)~ 7.12-7.31 

(6H, m, Ph-H). 

35 Example 215. 4-(4-methoxyphenylthio)-No.(4-pbenyl-2-oxobutyl)azetidfn-2-one 

White crystalline solid, mp 57-58°C, 80% yield 

Found: C, 67.4; H. 6.0; N, 4.1%; Cwff21N~Srequires: C, 67.8: H, 6.0; N, 3.9% 

Example 216. (4R,8R/4S,SS) 4-(Pbenylsulphinyl)-No.(4-pbenyl·2-

oxobutyl)azetidin·2-one 
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A solution of 4-phenylthio-N-(4-phenyl-2-oxobutyl)uetidin-2-one (2.3g, 7mmol) in 

dichloromethane (80 ml) was cooled to -50 to -60°C and a solution of m­
chloroperbenzoic acid (l.Sg, 9mmol) in dichloromethane (60 ml) was added dropwise 

with stirring over 40 min. After a further 2 hr. at -50 to -60°C another portion of m-

5 chloroperbenzoic acid (6lmg, 0.35mmol) was added and stirring continued for 30 

min. The reaction mixture was then shaken with a mixture of saturated aqueous 

sodium sulphite and saturated sodium hydrogen carbonate and the organic layer 

collected, dried (MgS04) and evaporated. Crystallisation from ether then 
dichloromethane/ether gave the product as a white crystalline solid, mp 125-6°C, 

10 27% yield 
1H NMR & (CDCl3), 2.78 (2H, m, CH2CO}, 2.87 (lH. dd, J=4.7, lS.O Hz, li3a>· 2.94 
(2H, m. CH2Ph), 3.42 (lH, dd~ 1=2.0, lS.O Hz, li3b), 3.85, 4.46 (each lH, d, 1=18.9 
Hz. CH2N), 4.73 (lH, dd, 1=2.1, 4.7Hz,1l4), 7.17~7.3S (SH, m, Ph-li), 1.SS (SH, s, 
SOPh-li). 

15 Found: C, 66.7; H, 5.7; N, 4.2%; C19H19N03S requires: C, 66.8; H, S.6; N, 4.1 % 
_Example 217. (4R,SS/4S,8R)- 4-(Phe~ylsulphlnyl)•N-( 4-phenyl-2- . 

oxobutyl)azetidin-2-one 

The combined filtrate from Example 21.6 was evaporated and the residue purified by 

flash chromatography (silica. ethyl acetate/pet. ether) . The product crystallised from 

20 ether to give the product as a white crystalline solid, mp 1 l l-3°C, 16% yield 

2S 

lH NMR 8 (CDCl3), 2.38-2.62 (2H, m, ClbCO), 2.81 (2H, m, CH2Ph), 3.13-3.30 

(2H, m, H3a + H3b)• 3.73, 4.30 (each lH, d, 1=18.8 Hz. CH2N>. 4.80 OH. dd, 1=2.8, 

4.8 Hz. Rt), 7 .11-7 .33 (SH, m, Ph-Ii), 7 .50-7 .65 ((SH, m, SOPh-li). 

Found: C, 66.4; H, S.6; N, 4.3%; C19H19N03S requires: C, 66.8; H, S.6; N, 4.1% 

The following compounds (Examples 218 - 26) were prepared following the general 

procedure of Examples 216 and 17. 

Example 218. . (4R,8R)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-

30 one 

White crystalline solid, m.p. 123-4°C, 26% yield from Example 211. 
lH NMR & (CDCl3), 2.78 (2H. m. CH2CO), 2.87 (lH, dd, J=4.7. 15.0 Hz, H3a>· 2.94 
(2H. m, CH2Ph). 3.42 (lH. dd.1=2.0. 15.0 Hz, li3b)• 3.8S, 4.46 (each lH, d, 1=18.9 
Hz. CH2N>. 4.73 OH. dd, J=2.l. 4.7Hz,1l4), 7.17-7.35 (SH. m, Ph-ID. 1.SS (SH, s. 

35 SOPh-li). 
Found: C, 66.3; ff; 5.6; N, 4.4%; C19H19N03S. 0.15 H20 requires:C, 66.3; H, 5.7; 

N, 4.1% 
[a]o = -309.69° (c 0.42, chloroform, 25°C) 
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Example 219. (4R,SS)-4-(Pbenylsulphinyl)-N-(4-pbenyl-2-oxobutyl)azeticlln-2-

one 

White c?ystalline solid, m.p. 49-51°C, 6% yield from Example 211. 

lH NMR6 (CDCl3), 2.38-2.62 (2H, m, CH2CO), 2.81 (2H, m, CH2Ph), 3.13-3.30 

5 (2H, m, H38 + H3b)• 3.73, 4.30 (each lH, d, J=l8.8 Hz. CH2N>. 4.80 OH. dd, 1=2.8, 
4.8 Hz, 1i4), 7.11-7.33 (SH, m, Ph-ID, 7.50-7.65 (SH, nt, SOPh.;ID. 

Found: C, 66~3; H, 5.7; N, 4.5%; C1gff1gNO]S. 0.15 CH3CN requires:C. 66.7; H, 

5.6; N, 4 •. 6% 

[a]o = + 161.8° (c 0.1, chlorofonn, 25°C) 

10 Example 220. (4R,8R/4S,SS) 4-(2-Metboxyphenylsulphinyl)-N-(4-phenyl-2-

oxobutyl)azetidin-2-one 

White crystalline solid, m.p. 129•31°C, 12% yield 

lH NMR 8 (CDCl3), 2.79 (3H, m, li38 + CH2C0),·2.96 (2H, m, CH2Ph), 3.35 (lH. ( 

dd, J=l.6, 14.9 Hz. li3b)• 3.87 (3H. s, 0Cli3). 3.93, 4.50 (each lH, d, J=l8.9 Hz. 

15 NCH2>. 5.13 (lH. dd, J=2.l, 4.7 Hz.1i4). _6.93 ClH, d, 3-(2-CH30P~)-H). 7.16-7.34 

(6H, Ph-H + 5-(2-CH30Pb)-H), 7.49(1H, m. 4-(2-CH30Ph)-ll), 7.67·(1H, dd, 6-(2-

CH30Ph)-H). 

Found: C. 64.0;H, 5.8; N, 3.9%; C:zoH21N04S. 0.2 H20 requires: C, 64.0; H. 5.8; 

N. 3.7% 

20 Example 221. (4R,SS/4S,8R). 4-(2-Methoxyphenylsulphinyl)-N-(4-phenyl-2-

. oxobutyl>-etidin;.2-one 

White crystalline solid, m.p. 85-7°C, 31 % yield 

lH NMR 5 (CDCl3), 2.20, 2.44 (2H, m. CH2CO), 2.67 (2H, m, CH2Ph), 3.26-3.45 

(2H. m. H3a + H3b), 3.39, 4.22 (each lH, d, J=19.1 Hz, NC!b). 3.85 (3H~ s. OCH3), 

25 5.36 (lH. dd, 1=2.5, 4.9 Hz, lf4), 6.83 OH. d, 3-(2-CH30Ph)-H), 7.08-7 .32 (6H, m, 
5-(2-CH30Pb)-H + Pb-li), 7.46 (IH. m. 4-(2-CH30Ph)-li), 7.76 (IH, dd, 6-(2-

CH30Ph)-ll). 

Found: C. 64.2; H, 5.7; N, 3.7%; Cioff21N04S requires: C, 64.7; H, 5.7; N, 3.8% 

Example 222. (4R,SS/4S,8R). 4-(3,4-dimethoxyphenylsulphinyl)·N-(4-phenyl-2-

30 oxobutyl)azetidin-2-one 

White crystalline solid, m.p. 110-112°C, 11% yield 

Found: C. 62.6; H, 5.8; N, 3.7%; C21H23N05S requires: C, 62.8; H. 5.8; N, 3.5% 

Example 223. (4R,8R/4S,SS) 4-(3-metboxyphenylsulphinyl)-N-(4-phenyl-2-

oxobutyl)aZeticlln·2-one 

35 White crystalline solid, m.p. 94-95°C, 15% yield 

Found: C, 64.4; H, 5.7; N, 3.9%; Cioff21N04S requires: C, 64.7; H, 5.7; N, 3.8% 

Example 224. (4R,SS/4S,8R). 4-(3-methoxyphenylsulphinyl)-N-(4-phenyl-2-

oxobutyl)azetidin-2-one 

White crystalline solid, m.p. 88-90°C, 4% yield 
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Found: C, 64.4; H, 5.7; N. 3.9%; C2off21N04S requires:C, 64.7; H, 5.7; N, 3.8% 
Example 225. ( 4R,SR/4S,SS) 4-(4-methoxyphenylsulphlnyl)-N-(4-phenyl·2-

oxobuty1)azetidin-2-one 

White crystalline solid. m.p. 154-155°C, 42% yield 

5 Found: C, 64.6; H, 5.8; N, 3.9%; C2off21N04S requires:C. 64.7; H, 5.7; N, 3.8% 
Example 226. (4R,SS/4S,8R'). 4-(4-methoxypbenylsulphinyl)-N-(4-phenyl·2-

oxobutyl)azetidin-2-one 

White crystalline solid, m.p. 67-69°C, 13.5% yield 
Found: C, 64.6; H, 5.8; N, 3.9%; C2off21N04S requires:C, 64.7; H. 5.7; N. 3.8% 

10 Example 227. 4-(Phenylsulphonyl)-N-( 4-pbenyl-2-oxobutyl)azetidin-2-one 

To a cooled and stirring solution of 4-(phenyltbio)-N-(4-pbenyl-2-oxobutyl)azetidin-
2-one (0.5 g, 1.54 mmol) in dichloromethane (20 ml) was added dropwise a solution 
of m-chloroperbenzoic acid (0.66 g, 3.84 mmol) in dichloromethane (25 nil). The 

cooling bath was removed and a further portion of m-chloroperbenzoic acid (0.13 g, 
15 0. 7 5 mmol) added to complete the reaction. After 30 min •• the mixture was shaken 

with a mixture of saturated aqueous sodium sulphite and saturated sodium hydrogen 
carbonate and the organic layer collected, dried (MgS04) and evaporated to an oil 
which crystallised under peL ether. Recrystallisation from dichloromethane-ether 
gave the title compound as a white solid, yield 0.45 g (82% ), m.p. 110-11°C. 

20 lH NMR 6 (CDCl3). 2.68 (2H. m. CH2CO), 2.89 (2H, t, CH2Ph). 3.06 (lH. dd, 
J=l.9,15.3 Hz.H38 ), 3.35 (lH. dd, 1=5.2, 15.1Hz.H3b),3.94, 4.41 (each lH, d, 
J=l8.8. Hz, Cli2N>. 5.02 (lH, dd, l=2.2, 5.2 Hz. }4). 7.15-7.34 (SH, m, Ph-ID. 7.58-
7 .89 (SH, m, SOiPh-li). 
Found: C, 63.4; H. 5.4; N, 4.2%; C1gH1gN04S requires:C, 63.9; H. 5.4; N, 3.9% 

25 Example 228. 4-(2-Methoxypbenylsulphonyl)-N-(4-pbenyl-2-oxobutyl)azetic:Un-

2-one 

Prepa,red according to the general procedure of Example 227 and obtained as a white 

crystalline solid, m.p. 122-3°C, 70% yield 

lH NMR & (CDCl3), 2.44 (2H. m. Cli2CO), 2.57 (2H, m, CH2Ph). 3.37 (2H. m. H38 

30 + H3b), 3.67, 4.36 (each lH, d, J=19.0 Hz,.NCH2). 3.93 (3H, s. 0Cli3), 5.49 (lH, dd, 

J=2.7, 4.7 Hz,}4). 6.99 (lH, d, 3-(2-CH30Ph)-H), 7.11-7.33 (6H, m, 5-(2· 
CH30Ph)-H + Ph-H), 7.63 (lH. m. 4-(2-CH30Ph)-H), 7.93 (lH, dd, 6-(2-CH30Ph)­
H). 

Found: C, 61.8; H. 5.5; N, 3. 7%; C2off21 NOsS requires: C, 62.0; H, S.S; N. 3.6% 
35 Example 229 N-[6-(4-Chlorophenyl)bexyl)-4-(4-methylphenylthio)-2-

oxoazetldin-1-ylacetamlde 
L 6-(3-chlorophenyl)bexyn-1-ol 
A mixture of 3-chloroiodobenzene (14.3g, 60mmol), tetrakis(ttiphenylphosphine) 
palladium (2.lg, 1.8mmol) and 5-hexyn-1-ol (5.9g. 60mmol) in triethylamine 

40 (120ml) was stirred at 25°C for 3h and partitioned between water and ether. The 
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ether layer was separated and the aqueous extracted with ether. · The combined ether 
extracts were washed: with IN HCl and dried (Na2S04). · The ether was evaporated 
and the residue purified by flash chromatography on silica using dichloromethane as 
eluanL Evaporation of the· appropriate fractions gave the product alcohol as an oil 

S (11.Sg, 92%) 
b. 1-(Pbthalimido)-6-(3-chlorophenyl)bex-i-yne 
A solution of 6-(3-cblorophenyl)hexyn-l-ol (11.Sg, SSmJhol), triphenylphosphine 
(14.Sg, 55mol) and phthalimide (8.lg, 5Smol) in dry 1llF(ll0ml) wu treated with a 
solution of diethylazodicarboxylate (9.6g, S5mmol)_ in 1HF (20ml) over several 

1 O minutes. After 16h, volatiles were removed in vacuo and the residue treated with 
ether. The precipitated solid was removed, the fu~ie ~yaporated and the residue 
purified by flash cbromaiography on s~ usmg dichloromethane .as eluanL 
Evaporation of the appropriate fractions gave the product as a solid (16.Sg, 89%) 
c. 6-(3-Chlorophenyl)hex)'lamine 

15 A suspension of l-(phthalimido)-6-(3-chlorophenyl)hex-l-yne (lOg, 30mmol) in C 
methanol (lOOml) was treated with platinum oxide (250mg) and -the mixture 
hydrogenated at SO psi for 72h. Funher quantities of catalyst were added at intervals 
and when the theoretical uptake of hydrogen was complete, the mixtilre was fJ.ltered 
and the filtrate evaporated to a brown oil (9.5g, 964). This was dissolved in ethanol 

20 (100ml) and treated with hydrazine hydrate (2.8g~ 56mmol) under reflux for 16h. 
The mixture was cooled to 5°C and the precipitated solid removed by f'tltration. 
Evaporation of the fdttate gave an oil which was· taken up in ether, washed with 
water, dried CNa2S04) and evaporated to a brown oil (5.8g, 98%) 
d. N•[6-(4-Chloropbenyl)bexyl]-1·bromoacetamide .·. 

25 A cooled s0llltion of 6-(4-chlorophenyl)hexylamine (20 g) and Hunig's base (12.15 g) 
in dry dichloromethane (250 ml) was treated with bromoacetylbromide (19.0 g) in 
dichloromethane (50 ml) at 0-5 °C. After workup and chromatography N-[6-( 4-
chlorophenyl)hexyl]-1-bromoacetamide was obtained as a white solid, (20.4 g, 6S% 
yield). m.p. 63-6S°C. 

30 e. 4-Metbylphenylthio-2-oxo-azeticUn-1-one 
4-Methylphenylthio-2-oxo-azetidin-l-one was pre~d from 4-methylphenylthiol 
and 4-acetoxyazetidinone in the presence of sodium ethoxide in ethanol and was 
isolated as a cream solid, m.p. 10S-107°C, 4.3% yield; 1H NMR 8 (CDCl3) 2.3S(3H, 
s, CH3). 2.85,3.32(eacb lH, dd,1=2.S,15 Hz.;H38>• 3.34,3.40 (IH, dd, 1=5.15 Hz. 

35 H3))), 4.93 ( lH, m, li4), 5.03 (lH, m, ftt), .6.41 (lH, bs, NH), 7~14(2H,d,1=10 
Hz. Ph-H), 7.36(2H,d,1=10 Hz., Pb-H). . 
f. N-[ 6-( 4-Chlorophenyl)bexyl]-4-( 4-metbylphenyltbio)-2-oxO&ZeticUn-1-
ylacetamide 
4-(4-Methyhphenylthio)-2-oxoazetidinone (2.Sg) was treated N-(6-(4-

40 chlorophenyl)hexyl)-1-bromoacetamide (4.3 g) in dry~ (100 ml) in the presence 
of 18-crown-6 (-S mg) and tetra-n-butylanunonium bromide (1.44 g) to give N-[~ 
(4-chlorophenyl)hexyl]-4-(4-methylphenylthio )-2-oxouetidin-1-yl~etamide (2.35 g, 
43% yield) as colourless microprisms. m.p. 63-65°C, after chromatography. 1H NMR 
8 (CDCl3)1.28-1.34(~ m, CHv.l.45-l.60(4H, m, (CHvv. 2.6(2H,t,1=7.75 Hz. 

45 Cli.2), 2.89,2.90(each IH, dd, 1=2.S,lS Hz, H38), 2.8S (2H, q, 1=1.S Hz. NHCH2) 
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3.34.3.40 (lH. dd. 1=5,15 Hz. li3b)• 3.80,3.96 (each lH, dd, 1=19.00 Hz, NCH2), 
S.03 (lH. m, f4), 6.14 (lH, bs, Nli),7:06-7.32 (SH, m, Ph-Ii). 
Example 230 (R,RIS$)..N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)suJftnyl-
2-oxo-azetidinyl·l·yl ace•de 

5 Treaunent of N-[6-( 4-chlorophenyl)hexyl].-4-(4-methylphenylthio )-2-oxoazetidin- l­
ylacetamide with mCPBA as for Example 202 gave the ~tle compound as white 
microprisms after crystallisation from the mixture of diastereoisomers, m.p. 133-
1340C, 32% yield; v c=o 1790,1690 cm·l 
Found: C, 62.3; H, 6.2; N, 6.0%; C24H29CJN20]S requires:C, 62.5; H, 6.3; N, 6.1% 

1 O Example 231 (R,SIS,R)-N·[6-(4-chlorophenyl)bexyl]-4-(4-metbylphenyl)sulfinyl· 
2-oxo-azedcUnyl·l·yl acetamlde 
Evaporation of the mother liquors from the crystaJJisarion in Example 230 yielded the 
title compound as a waxy solid, m.p. indetenninate, 11% yield; v c-o 1791,1690 cm· 
1• Found: C, 60.2; H. 6.0; N, 5.8%; C24H29ClN2~S.lH20 requires: C, 60.S; H, 

15 6.5; N, 5.9% 
Example 232 N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfonyl-2-oxo-
azetidlnyl-l·yl acetamide · 

Treatment of N-[6-(4-chlorophenyl)hexyl)-4-(4-methylphenylthio )-2-oxoazetidin-1-
20 ylacetamide with mCPBA (2 equivalents) as for Example 204 gave the title 

compound as white·microprisms, m.p. 132-133°C, 71% yield; v c-o 1794, 1690 cm·l 
Found:C, 60.1; H, 6.1; N, 5.9%; C24H29CN204S requires: C, 60.4; H, 6.1; N, 
S.9% 
Example 233 ( +/· )-N-[ 6-( 4-Chloropbenyl)hexyl)-4-phenylthio-2-oxoazitedin· l· 

25 ylacetamide hydrate 

30 

Treatment (4-phenylthio-2-oxo)azitedin-l-ylacetic acid with 6-(4-
chlorophenyl)hexylamine under the conditions described in Example 201 gave the 
title compound as colourless crystals, m.p. 57-9°C, 96% yield: Found: C, 61.3; H, 
6.3; N, 6.3%; C23HnCIN202S.H20 requires: C, 61.S; H, 6.3; N, 6.5% 

The above racemic compound (Example 233) was separated by high performance 
liquid chromatography on a chiral support lO give the constitutive enantiomers 
(Examples 234, 35) 
Example 234 ( ·>-N·(6-<4-Chloropbenyl)hexyl]-4-phenylthio-2-oxoazlteclin-1· 

35 ylacetamlde hydrate 

40 

Colourless oil, (cx]o20 = -59.9 (CHC13, c = 0.2%w/v) 
Example 235 ( + )-N-(6-(4-Chlorophenyl)hexyl]-4-pbenylthio-2-oxoazttedin·l· 
ylacetamide hydrate 
Colourless oil. (a]o20 = +56.0 (CHCl3, c = 0.3%) 

Treatment of ( +/-)-N-[ 6-( 4-chlorophenyl)hexyl]-4-phenylthio-2-oxoazitedin-l­
ylacetamide with mCPBA as described for Examples 202 and 203 gave the following 
sulfoxides (Examples 236, 237). 

45 Example 236 (R,RIS,S)-N·[6-(4-Chlorophenyl)hexyl]-4-phenylsulftnyl·i. 
oxoazeticUn· l·ylacetamlde 

-69-



W096/19451 PCT/EP95/05130 

Colourless solid, m.p. 110-111°C, 23% yield 
Found: C, 61.7; H, 6.1; N, 6.3%; C23HnCIN203S requires:C, 61.8; H, 6.1; N, 6.3% 
Examp~ 237 . (R,SJS,RJ-N·[6-(4-Chlorophenyl)hexyl]4phenylsulfinyl·2-
oxoazetidin·l·ylaeetamide . · 

5 Colourless crystals, m.p. 85-88°C, 30% yield 
Found: C, 61.9; H. 6.1; N, 6.3%; C23H2,CIN:z03S reql}ires: C, 61.8; H. 6.1; N, 
6.3% . 

(R,R/S,SJ-N-[6-(4-Chlorophenyl)bexyl]-4-phenylsulfmyl-2-oxouetidin-1-
10 ylacetamide (Example 236) was separated by high performance liquid 

chromatography on a chiral support to give the constitutive enan.tiomers (Examples 
238. 39). 

Example 238 (·J-(R,R or S,SJ-N-[6-(4-Chlorophenyl)bexyl]-4-phenylsulllnyl-2-
15 oxoazetidin·l·ylacetamide · 

20 

25 

Colourless solid, m.p. l lS-l l8°C, [a]0 
20 = -238.6 (CHC13, c = 0.04% w/v) 

Example 239 ( +)·(R,S or S,R)·N·[6-(4-Cblorophenyl)bexyl]-4-phenylsulftnyl·2-
oxoazetidin·l·ylacetamide . 
Colourless solid, m.p. 116-118.5°C, [a]o20 = +251.S(CHCI,. c = o~03% w/v) 

( R,S/S,R)-N-[6-( 4-Chlorophenyl)hexylJ-4-phenylSulfinyl-2-oxouetidin-1-
ylacetamide (Example 237) was separated by high perfonnance liquid 
chromatography on a chiral support to give the constitutive enantiomers (Examples 
240. 41). 

Example 240 (+)-(R,S or S,R)-N·[6-(4-Cbloropbenyl)hexyl]-4-phenylsulfinyl·2-
oxoazetidin·l-ylacetamide · · · 
Colourless. solid, m.p. 115;.116.5°C. [a]0

20 = +188.6 (CHCh. c = 0~04% w/v) 
Example 241 (·)·(R,R or S,S)-N-[6-(4-Cbloropbenjl)bexyl]-4-pbenylsWllnyl-2-

30 oxoazetidin-1-ylacetamide 
Colourless solid, m.p. 113-l 15°C, [a]0

20 = -212.8 (CHCI,. c = 0.04% w/v) 
Example 242 N·[6-(4-Cblorophenyl)bexyl]-4-pbenylsulfonyl•2-oxoazetidin·l· 
ylacetamide . 
Treatment of ( R,R/S,S)-N-(6-( 4-Chlorophenyl)hexyl)-4-pbenylSulfinyl-2- · .. 

35 oxoazetidin-1-ylacetamide with mCPBA in dichloromedlane gave the title compound 
as colourless crystals. m.p. 144-146°C, 92%. 
Found: C, 59.6; H,-5.9; N. 6.1 %; C23H2,ctN204S requires: C, 59.7; H, 5.9; N, 
6.1% 

40 ( +/-)-N-(6-( 4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2-oxouetidin-1-ylacetamide 
(Example 242) was separated by high perfonnance liquid chromatography on a chiral 
suppon to give the constitutive enantiomers (Examples 243, 244 ). 

Example 243 (. ).N-(6-(4-Cblorophenyl)bexyl]-4-phenylsulfonyl-2-oxoazetfdin·l· 
45 ylacetamide 

Colourless solid, m.p. 106-109 °c, [a]o20 = -67.7 (CHCl3, c =0.07% w/v) 
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Example 244 ( + )-N·[ 6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2-oxoazetldin·l· 
ylacetamide 
Colourleu solid, m.p. 110-111°C, [a]0

20 = +69.1(CHC13,c=0.08% w/v) 
Example 245 N·(6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylthio).2-

5 oxoazetidin-1-ylacetamlde 
The title compound was prepared by the methods descri~d in Example 201 and was 
isolated as colourless crystals. m.p. 84-86°C, in 94% yieid. 
Found: C, 62.4; H, 6.3; N, 6.1 %; C24H29ClN2~S requires:C, 62.S; H, 6.3; N, 6.1 % 

10 Treatment of N-[ 6-(4-chlorophenyl)hexyl]-4-(4-methoxyphenylthio )-2-oxoazetidin- l­
ylacetamide with mCPBA as described for Examples 202 and 203 gave the following 
sulfoxide diastereoisomers (Examples 246, 247). 

Example 246 (R,RIS,SJ-N·[6-(4-Chlorophenyl)hexyl]-4-(4-
15 methoxyphenylsulftnyl)-2-oxoazetldin-l-ylacetamfde 

Colourless crystals. m.p. l 14-l 16°C, 39% yield. . 
Found: C, 60.1: H, 6.0; N, 6.0%; C24H29CIN204S requires: C, 60.4; H. 6.1; N, 
S.9% . 
Example 247 (R,SIS,RJ-N·[6-(4-Chlorophenyl)hexyl]-4-(4-

20 methoxyphenylsulfinyl)-2-oxoazetidin-t-ylacetamide 
Colourless crystals, m.p. 74-77°C, 24% yield 
Found: C, 60.S; H, 6.0; N, S.9%; C24H29ClN204S ~quires: C, 60.4; H, 6.1; N, 
S.9% 
Example 248 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulfonyl)-2-

25 oxoazetldln· l·ylacetamlde 
Treatment of ( R.RIS.SJ-N-£6-( 4-chlorophenyl)hexyl]-4-( 4-methoxyphenylsulfinyl)-2-
oxoazetidin-l-ylacewnide with mCPBA gave the title compound as colourleu 
crystals. m.p. 10S-7°C, 91% yield; 
Found: C, 58.6; H. 5.9; N, 5.8%; C24H29CIN20 5S requires: C, 58.5; H. S.9; N. 

30 5.7% 
Example 249. N-Benzyl-(4-(4-methoxyphenylthio)-2-oxoazetldln·l·yl]acetamide 
Treatment of (4-{4-methoxyphenylthio)-2-oxoazetidin-l~yl)acetic acid with 
benzylamine under the conditions described in Example 86 gave the title compound 
as a colourleu oil. 74% yield. 1H NMR & (CDCI3) 2.80, 2.86 (lH, dd, 1=2.3. 15.2 

35 Hz. H,). 3.29. 3.35 OH. dd. l=S. 15.2 Hz.H,>. 3.79 (3H. s. OCH,). 3.85.4.05 (each 
lH. d, 1=16.7 Hz, NC!L). 4.43 (2H, d, J=S.7 Hz, NHCH,). 4.97 (lH, m, lL). 6.5 
(lH, m, Nli), 6.83 (2H, d, J=8;6 Hz, 4-0CH3Ph-lf), 7.24-7.35 (7H, m, Ph-H, 4-
0CH3Ph-H). v c=o 1775 cm·1. Found: c. 64.0 H. 5.8; N, 8.1 %. C19~20,s 
requires: c. 64.0: H. 5.7 N •. 7.9% 

40 
Treatment of N-benzyl-[ 4-( 4-methoxyphenylthio )-2-oxoazetidin-l-yl]acetamide with 
mCPBA followed by recryatallisation as described for Examples 2 and 3 gave the 
compounds described in Examples 250 and 251. 

45 Example 250. N-Benzyl-(4-(4-methoxyphenylsulphinyl)-2-oxoazetidin·l· 
yl]acetamide (Dlmtereomer 1). · 
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Colourless solid, m.p. 165°C, 35% yield. 1H NMR 3(CDct3) 2.75, 2.81(18, dd, 
J=4.7, 15 Hz, li,). 3.41, 3.47 OH. dd, J=2.2. 15 Hz,B,), 3.86 (3H0 s, OCH,). 3.99, 
4.16 (each lH, d, 1=17.2 Hz, NC}L), 4.47 (2H, m, NHCBz), 4.55 (lH, m,H.). 7.05 
(2H, m, 4-0CH,Ph-ID, 7.1 OH. m, NH>. 7.33(5H, m, Ph-ID~ 7.47 (2H. m, 4-

5 OCH,Ph-ID. v c=o 1791 cm·1. Found: C, 61.3 H, S.4; N, 7.5%. C1,ffaN20,S 
requires: C, 61.3; H, 5.4 N, 7.5% . 
Example 251 • N-8enzyl•(4-(4-methoxypheaylsulpb1Dyl)-2-oxoazetidin·1· 
yl]acetamide (Di•ter..,mer 2). 
Foam. 21 % yield. 1H NMR 3 (CDCl3) 3.23 (2H, m, 2x B,), 3.35. 3.89 (each lH, d, 

10 J=l6.9 Hz, NC}L), 3.83 (3H, s, OCH,), 4.39, 4.57 (2H, 2xd of d, J=6,15 Hz. 
NHCBz), 4.65 (lH, m, HJ, 6.90 (2H, m, 4-0CH,Ph-ID, 7.26-7.50 (7H, m, Ph-IL 4-
0CH,Ph-ID, 7 .60 (lH, m, Nli). v c-o 1790 cm.;l ~ Found: C, 60.9; H, 5.S; N, 7.4%. 
C19HzoN20,S requires: C, 61.3; H, 5.4 N, 7.5% 

15 Example 301 Methyl (4-(4-methoxybemylthlo)-~xoazetidin·l-yl)aeetate 4-
Treatment of 4-(4-methoxybenzylthio)-azetidin-2-!one (7 g) with methylbromoacetate 

20 

(5.3 g) under the conditions described for Example 29a gave the tide compound as a 
colourless solid, m.p. 45-46°C, (5.9 g, 64%) . 

- Example 302 Methyl (4-methoxypbenylthlci-2-oxoazetidin-t-yl)acetate 

To a solution of 4-(4-methoxyphenylthio)azetidin-2-one (H. Gu et. al., J. Org. 
Chem .• 1990, 55, 5655) (U.6g, 55mmol), methyl brt>mOac:etate (9.2g, 6Qmmol) and 
tetrabutylammonium bromide (l.Sg, 0.56mmol) in dry mF (300ml) was added 
powdered potassium hydroxide (3.4g• 60mmol). The resulting mixture was stirred for 

25 two hours at room temperature before water (100 ml) was.added. The solution was 
extracted with ethyl acetate (3xl50ml portions) and the combined extracts dried 
(MgS04) and evaporated. The: residue was purified by flash chromatography on silica 
gel eluted with ethyl acetate I hexane (1:1-+2:1) to give the product as a solid m.p. 
101-103°C, 58% yield 

30 1H NMR 3 (CDCl3) 2.80(1H, dd, J=2.2,15 Hz H3a>• 3.34 (lH, dd, 1=5,lS Hz, li3b)• 
3.72 (3H, s, OCH3). 3.77,.4.29 (each lH, d, J=l8.00 Hz, NClb), 3.80 (3H, s, SCH3), 
5.07 OH, m, lf4), 6.87 (2H, d, J=lO Hz. 2,6Ph-H>. ·7.35 (2H, d, J=lO Hz. 3,5Ph-H). 
Example 303 Methyl (4-ptlenyltbio-2-oxoazetidin•l·yl)acetate 

35 Treatment of 4-phenylthioazetidin-2-one (lwata4~euyl eL al., J. NaL Prod~. 1993, 
56(8), 1373) (8 g) with methyl bromoacetate (7.5:g) under the conditions described 
for Example 1 b gave the title compound as a colourless oil (6 g, S3% yield). 1H NMR 
6 (CDCl3) 2.87 (lH, dd, li,.); 3.42 (lH, dd, H,J~ 3.70 (3H, s. ~). 3.75, 4.29 (each 
IH, d, NCBz), 5.22, (lH, dd, H.>. 7.26-7.46 (SH. in, Ph-ID~ 

40 Example 304 Methyl [(3S,4R)-4-benzylthlo-3-chloro-2-oxoxazetidin-1-yl)acetate 
L Methyl (6S)-cbloropeniclllanate · l-oxide · 
A solution of methyl (6S)-chloropenicillanate (13~34 &~· 0.0534 mol) (Tet.Lett. 
No.I I, pl205-1210, 1966) in dichloromethane·(200 ml) was cooled to -70°C and 
treated with a solution of 3-chloroperoxybenzoic acid (16.76 g. 0.0534 mol) in 

45 dichloromethane (400ml) over l hour maintaining temperature at -70°C~ The 
cooling bath was removed and the reaction was stirred for 1.5 hr. A solution of 3-
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·. chloroperoxybenzoic ~id {0.S g) in dichloromethane :(iOOml) was added and stirred 
for 30 minutes. The reaction mixture wa& washed successively with 10% aq. sodium 
sulphite.-sat. NaHCO,, water, dried (MgSOJ and evaporated. Purification by flash 
chomatography (silica. pet.eth~r-ethyl acetate ) gave the title compound as a 

S colourless oil. 14.1 g (99%). 
b. Methyl 2-[(3S,4R)-4-acetylthio-J..chloro-2-oxoazetfdin-1-yl]·3-methylbut-.2-
m•~ ~ 
A mixture of methyl {6S)-chloropenicillanate I-oxide (13.94 g, 0.0625 mol), acetic 
anhydride (24~7 ml, 0.2618 mol) and triisopropyl phosphite (14.25 ml, 0.0578 mol) in 

10 benzene (150 ml) was stirred at reflux for 21 hr. The solvents were evaporated and 
the residue revaporated twice from xylene. The orange oil was diluted with ethyl 
acetate (150 ml) and treated with triethylamine (0.53g, 0.00524 mol) and stirred for I 
hr. The reaction was washed successively with 5% aq. citric acid, brine, 5%aq. 
NaHCO,, brine. dried (MgSO.), and evaporated to a brown oil. Distillation to 

15 remove volatile impuities and chromatography (silica, dichloromethane), followed by . 
precipitation from pet. ether gave the title compoun4 as a cream solid, 6.7 g (44%, 
m.p. 62-63°C). 
c. Methyl [ (3S,4R)-4-acetylthio-3-chloro-2-oxo-azetfdin-1·yl]aceta~ 
Ozonised oxygen was bubbled through a solution of methyl 2-[(3S,4R)-4-acetylthio-

20 3-chloro-2-oxoazetidin-l-yl]-3-methylbut-2-enoate (7.6 g, 0.026 mol) in ethyl acetate 
{300 ml) at -65 to -70°C until a permanent blue colour was obtained. Excess ozone 
was removed by the passage of oxygen, then trimethyl phosphite (30. 7 ml. 0.26 mol) 
was added dropwise. After 15 minutes the solution was allowed to warm to room 
temperature and stirred for 19 hr. The solvents were evaporated and the residue 

25 reevaporated twice from toluene. then disolved in ethyl acetate (175 ml) and stirred 
vigourously with a solution of p-toluenesulphonic acid (1.14 g) in water (60 ml). 
After dilution with water the organic layer was separated and the aqueous layer 
further extracted with ethyl acetate. The combined organic extracts were washed 
successively with saturated aq. sodium hydrogen carbonate and brine, dried (MgSO,) 

30 and evaporated •. Purification by flash chromatography (silica, pet. ether-ethyl acetate) 
gave the title compound as a colourless solid 3.69g (56%, m.p. 82-83°C). 
cl. Silver (3S,4R).3-chloro-1-(methoxycarbonylmethyl).2-oxoazetidine-4-thiolate 
A solution of methyl [(3S,4R)-4-acetylthio-3-chloro-2-oxo-azetidin-l-yl]acetate 
(3.64 g, 0.0145 mol) in methanol (125 ml) was added with stirring in subdued light to 

35 a solution of silver nitrate (3.2 g. 0.0188 mol) in methanol (SS ml). Triethylamine 
(2.6 ml, 0.0187 mol) was then added with ice cooling, and the reaction was stirred for 
I hr at 5-1 O°C followed by 40 minutes at room temperature. The mixture was filtered 
and the solid washed with methanol (x2) and hexane to yield the tide compound, 4.19 
g (92%). 

40 e. Methyl [(3S,4R)-4-benzylthio-3-chloro-2-oxoxazetidln-1-yl)acetate 
A solution of silver (3S,4R)-3-chloro-1-(methoxycarbonylmethyl)-2-oxoazetidine-4-
thiolate (4.12 g, 0.013 mol) in acetonitrile (125ml) was treated with benzyl bromide 
(2.3 ml. 0.0193 mol) under nitrogen and the mixture was stirred in the dark for 18 hr. 
The mixture was filtered and the filtrate was evaporated. Purification by flash 

45 chromatography (silica, pet. ether-ethyl acetate) gave the tide compound as a 
colourless solid. 2.93g (75%, m.p. 77-79°C). 
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1
H mnr (CDCl,) 3.57, 4.0 (eachlH, d, J=l8 Hz. NC!t). 3.72 (3H. s, Cli,). 3.82 (2H, 

S, SCH.i>. 4.62 (lH. d, J=l.7Hz. a>. 4.87 (lH, d, J:t.7 Hz, B,). 7.3 (SH, m. Ph-H> 
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Claim 

THIS SHEET HAS BEEN 
REPLACED 

1. A compound of formula CI): 
---------·----------

in which: 
R 1 and R 2, which may be the same or different, is each selected from hydrogen, 
halogen or C(l-8)alkyl; 

10 R3 is aryl or arylC(l-4)alkyl which may be option8:fiy substituted; 
X is a linker group; 
Y is an optionally substituted aryl.group;.and 
n is 0, 1or2.· 

15 2. A compound as claimed in claim 1 in which R 1 and R2 is each hydrogen. 

3. A compound as claimed in claim 1or2 in which a3 is arylC(l-3)alkyl 

(I) 

4. A compound as claimed in any one of claims 1 to 3 in which, in R 3, the aryl group 
20 is optionally substituted phenyl. 

S. A compound as claimed in any one of claims 1 to 4 in which a3 is optionally 
substitued benzyl 

25 6. A compound as claimed in any one of claims l to 5 in which a3 is 4-
carboxybenzyl or a corresponding Cc 1-6)alkyl or Cc2-6)alkenyl ester thereof. 

7. A compound as claimed in any one of claims 1 to 6 in which n is 1. 

30 8. A compound as claimed in any one of claims 1 to 7 in which SCO)nR3 is 4-
carboxybenzylsulphinyl or a co1TeSponding Cc 1-6)alkyl or Cc2-6)alkenyl ester 
thereof. 

9. A compound as claimed in any one of claims 1 to 8 in which X is a direct bond; a 
35 group X'CCH2>m in which X' is co. CQNRS. coo. CONR5co, or CONHO in 

which as is hydrogen orC(l-6)alkyl and mis 0 or an integer from 1to12; or a C(l-
12)alkylene chain optionally interupted by X'. 

10. A compound as claimed in claim 9 in which X is CO(CH2>m• CONH(CH2>m~ . 
40 COO(CH2)m, CONHCOCCH2>m• CONHOCCH2)m and C(l-12)alkylene. 
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THIS SHEET HAS BEEN 

5. 

10 

. REPLACED 

11. A compound as cl~ed in claim 10 in which Xis CONH(CH2>6· 

12. A et>mpound as claim~d in any one of claims 1 to 11 in which Y is a benzene 
ring, optionally substituted by up to three further substituents. 

13. A compound as claimed in claiml2 in which Y is p'1enyl optionally substituted 
by halo. · · 

14. A compound as claimed in claim 13 in which Y is 4-chloro or 4-fluoro-phenyl. 

15. A compound as claimed in any one of claims 1 to 14 in which the relative 
configurations at C-4 and the SO moiety are R,S and S~ 

16. A compound as claimed in any one of claims 1 to lS in which the absolute 
IS configurations at C-4 and ttie SO moiety are R and·S respectively 

17. A compound of formula Cn selected from: 

4-(Benzylthio)-1-( 4-phenyl-2-oxobutyl)uetidin-2-one; 
20 ( 4R,SR/4S,SS) 4-(Benzylsulphinyl)-l-(4-phenyl-2-oxobutyl)u.etidin;;2 .. one; 

(4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-( 4-phenyl-2-oxob1:Jtyl}uetidin-2:-ene; 
4-(Benzylsulphonyl)-N-( 4-phenyl-2-oxobutyl)uetidin-2-one; 
4-(Benzylthio)-1-(2-phenyl-2-oxoethyl)azetidin-2-one; 
( 4R,SR/4S,SS) 4-(Benzylsulphinyl)-1-(2-phenyl-2-oxoethyl)uetidin-2-one; 

25 ( 4R,SS/4S,SR) 4-~nzylsulphinyl)-1-(2-phenyl-2-oxoethyl)az.etidin-2-one; 
4-(Benzylthio)-1-(9-phenyt:-2-oxononyl)azetidin-2-one; .· ·· 

( 4R,SR/4S,SS) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)ai.etidin-2-one; 
( 4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)azetidin-2-one; 
4-(2-Methoxybenzylthio)-N-(4-phenyl-2-oxobutyl)uetidin-2-one; 

30 ( 4R,SR/4S,SS) 4-(2-Metboxybenzylsulphinyl)-N-(4-phenyl-2-oxobutyl)az.etidin-2-one; 
(4R,SS/4S,SR) 4-(2-Methoxybenzylsulphinyl)-N~(4-phenyl-2-oxobutyl)azetidin-2-one; 

4-(4-Fluorobenzylthio)-N-(4-phenyl-2-oxobutyl)az.etidin-2-one; 
(4R,SR/4S,SS) 4-(4-Fluorobenzylsulphinyl)-N-(4-phenyl~2-oxobutyl)uetidin-2-one; 

( 4R,SS/4S,SR) 4-(4-Fluorobenzylsulphinyl)-N-( 4-phenyl-2-oxobutyl)az.etidin-2-one; 
35 4-( 4-methoxybenzylthio)-N-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

. . 

(4R,SR/4S,SS) 4-(4-methoxybenzylsulphinyl)-N-(4-phenyl-2-oxobutyl)az.etidin-2-one; 
{ 4R,SS/4S,SR) 4-(4-methoxybenzylsulphinyl)-N-(4-pheilyl-2-oxobutyl)az.etidin-2-one; 
4-(phenethylthio)-N~(4-phenyl-2-oxobutyl)azetidm-2-one;. 
( 4R,SR/4S,SS) 4-(phenetbylsulphinyl)-N-( 4-phenyl-2-oxobutyl)az.etidin-2-one; 

40 (4R.SS/4S,SR) 4-(phenethylsulphinyl)-N-(4-phenyl•2-oxobutyl)uetidin-2-one; 
4-(3-Phenylpropylthio)-N-(4-phenyl-2-oxobutyl)mtidin-2-one; 
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( 4R,SR/4S,SS) 4-(3-Phenylpropylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azett m- -one; 
(4R,SS/4S,SR) 4-(3-Phenylpropylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; 
trans 3--Methyl-4-(benzylthio)-1-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

( 4R,SR/4S,SS) trans 3-Methyl-4-(benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)ai.etidin-2-

S one; 
( 4R,SS/4S,SR) trans 3-methyl-4-(benzylsulphinyl)-l-( 4-phenyl-2-oxobutyl)azetidin- . 
2-one; · 

N-( 6-phenylhexyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
( 4R,SR/4S,SS) N-(6-phenylhexyl)-( 4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 

10 ( 4R,SS/4S,SR) N-( 6-phenylhexyl)-( 4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 

N-benzy l-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 

(4R,SR/4S,SS) N-benzyl-( 4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide; 
( 4R,SS/4S,SR) N-benzyl-( 4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide; 

N-( 4-Phenylbutyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
15 ( 4R,SR/4S,SS) N-(4-Phenylbutyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide; 

( 4R,SS/4S,SR) N-(4-Phenylbutyl)4-(benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 

N-(9-Phenylnonyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
( 4R,SR/4S,SS) N-(9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 
(4R,SS/4S,SR) N-{9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoai.etidin-l-yl)acetamide; 

20 N-Methyl-N-(6-phenylhexyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
( 4R,SR/4S,SS) N-Methyl-N-( 6-phenylhexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-

yl)acetamide; 

( 4R,SS/4S,SR) _N-Methyl-N-( 6-phenylhexyl)-( 4-benzylsulphinyl-2-oxoazetidin- l­

yl)acetamide; 
25 N-[6-(3,5-di~tert-butyl-4-hydroxyphenyl)hexyl]-(4-benzylthio-2-oxoazetidin-l-

yl)acetamide; 
(4R,SS/4S,SR) N-[6-(3,5-Di-tert-butyl-4-hydroxyphenyl)hexylJ·(4-benzylsulphinyl-2-

oxoazetidin-1-yl)acetamide; 
N-6-(4-methoxyphenyl)hexyl-(4-benzylthio-2-oxoazetidin-1-yl)acetamide; 

30 ( 4R,SR/4S,SS) N-6-( 4-methoxyphenyl)hexyl-( 4-benzylsulphinyl-2-oxoai.etidin-l­

yl)acetamide; 
· ( 4R,SS/4S,SR) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphinyl-2-oxoazetidin- l­

yl)acetamide; 
N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 

35 ( 4R,SR/4S,SS) N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-

yl)acetamide; 
( 4R,SS/4S,SR) N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin- l­

yl)acetamide; 
N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-1-yl)-acetamide; 
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(4R.SRJ4S;SS) N-( 6-(3,5-dicblcSrophenyl)hexyl)-( 4-benzylsulphinyl-2-oxouetidin- l­
yl)acetamide; 
(4R.SSl.fs.SR) N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoa.zetidin-1-
yl)acetamide; 

S N-(6-(3-chlorophenyl)hexyl)-( 4-benzylthio-2-oxouetidin-l-yl)-acetamide; 
(4R.SR/4S,SS) N-(6-(3-chlorophenyl)hexyl)-(4-beniylsulphinyl-2-oxouetidin-l­
yl)acetamide; 
( 4R,SS/4S,SR) N-(6-(3-chlorophenyl)hexyl)-( 4-benzyJsulphinyl-2-oxoazetidin-l­
yl)acetamide; 

10 N-6-(4-hydroxyphenyl)hexyl-(4-benzylthio-2..0xoU.etidin-1-yl)-acetamide; 
( 4R,SR/4S,SS) and (4R,SS/4S,SR) N-6-(4-hydroxyphenyl)hexyl-(4-benzylsulphinyl-2-
oxoazetidin-l-yl)acetamide; 
N-(6-Phenylhexyl)-(4-(4-ethoxycarbonyl)be~zylthio-2-oxoazetidin-l-yl)acetamide; f 
( 4R,SS/4S,SR) N-(6-Phenylhexyl):..( 4-( 4-ethoxycarbonyl}benzylsulphinyl-2-

15 oxoazetidin-1-yl)acetamide; · 

N-(6-phenylhex-l-yl)-4-(4-chlorobenzylthio)•2-oxoazetidin-1-ylacewnide; 
( 4R,SR/4S,SS) N-(6-pheiiylhex-1-yl)-4-( 4-chlorobenzylSulphinyl)-2-oxoazetidin-l­
ylacetamide; 
(4R,SS/4S,SR) N.;(6-phenylhex-l-yl)-4-( 4-chlorobenzylsulphinyl)-2-oxOa.etidin-1-

20 ylacetamide; 
trans N-(6-Phenylhexyl)-(4-benzylthio-~methyl:..2-oxouetidin-l-yl)acetamide; 

trans N-(6-Phenylhexyl)-(4-benzylsulphinyl-3-methyl-2-oxoazetidin-1-yl)acetamide; 
N-( 6-phenylhexyl)-( 4-berizylsulphonyl-2-ox~tidin- l-yl)acetamide; 
N-(6-(3,5-dichlorophenyl}hexyl).;(4-benzylsulphonyl-2-oxoazetidin-1-yl)acetamide; 

25 N-(6-(3-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxouetidin-1-yl)acetamide; 
4-(Benzylthio )-1-(3-pbenylpropyl)azetidin-2-one; 
( 4R,SRJ4S,SS) 4-Benzylsulphinyl;..1-(3-phenylpropyl)azetidin-2-one; 
( 4R,SS/4S,SR) 4-Benzylsulphinyl-1-(3-phenylpropyl)Uetidin-2-one; 
4-Benzylthio-1.;(2-phenethyl)81.etidin•2~ne;· 

30 ( 4R,SR/4S;SS) 4-Benzylsulphinyl;.1-(2-pbenethyl)azetidin-2-one; 
( 4R,SS/4S,SR) 4-Benzylsulphinyl-1-(2-pbenetbyl)ai.etidin-2-one; 

. . . 

4-(Benzylthio)-1-(4-phenylbutyl)azetidin.;2 .. one; 
( 4R,SS/4S,SR) 4-Benzylsulphinyl-1-( 4-phenylbutyl)azetidin-2-one; 
p-Methoxybenzyl ( (3S, 4R)-4-benzylthio-J-bromo-2-oxoazetidin~ 1-yl]acetate; . 

35 (3S,4R)-N-(6-phenylhexyl)-l .;.( 4-benzylthio-3-brOmo-2-oxouetidin-1-yl}acetamide; 
(3S,4R,SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2-oxoai.etidin-1-yl 

·acetamide; 
(3S,4R,SS)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2-oxoa:zetidin-1-

ylacetamide; 
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( 4R,SS/4R,SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-2-oxoazetidin-l-!:J· ,.rac ;eim:m·m· ::------' 
(3S,4R)-N-(6-phenylhexyl)-l-( 4-benzylthio-3-bromo-2-oxoazetidin-l-yl)acetamide; 
( 4R,SS}N-(6-( 4-chlorophenyl)hexyl)-{4-benzylsulphinyl-2-oxouetidin-l-
yl)acetamide; . 
N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylthio )-2-oxoazetidin-l-y~etamide; 
N-(6-(2,4-Difluorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-l-yl)acetamide; , 
N-[ 6-( 4-Chlorophenyl)hexyl]-4-(4-methoxybenzylthio)-2-0xoazetidin-l-ylacetamide; 
N-(6-(3,4-Ditluorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
N-(7-phenylhept-l-yl)-4-benzylthio-2-oxoazetidin-l-yl acetamide; 
N-(6-[ 4-chlorophenyl]hex-1-yl)-( 4-methoxycarbonylbenzylthio)-2-oxoazetidin-l-yl 
acetamide; 
N-(S-phenylpentyl)-4-benzylthio-2-oxo-azetidinyl-l-yl acetamide; 
N-(6-( 4-Bromophenyl)hexyl)-4-benzylthio-2-oxoazetidin-l-ylacetamide; 
N-{6-{4-Fluorophenyl)hexyl)-4-benzylthio-2-oxoazetidin-l-ylacetamide; 
N-[S-( 4-chlorophenyl)pentyl]-4-benzylthio-2-oxo-azetidin-l-yl acetamide; 
N-[6-{2-Chlorophenyl)hexyl]-4-benzylthio-2-oxo-azetidin-lyl acetamide; . 
N-(6-[4-chlorophenyl]hex-l-yl)-(4-allyloxycarbonylbenzylthio)-2-ox~tidin-l-yl­

acetamide; 
N-[6-(4-methylphenyl)-hexyl]-[4-benzylsulphinyl-2-oxo-uetidin-l-yl]-acetamide; 

20 6-Phenylhexyl ( 4-benzylthio-2-oxo-uetidin-l-yl)acetate; 
6-(4-Chlorophenyl)hexyl-[4-benzylthio-2-oxo-azetidin-lyl] acetate; 
1-(9-Phenylnonyl)-4-benzylthio-2-oxoazetidine; 
N-[6-{4-Fluorophenyl)hexyl]-4-( 4-methoxybenzylsulphinyl)-2-oxoazetidin-l­
ylacetamide (Diastereoisomer l); 

25 N-[6-( 4-Fluorophenyl)hexyl]-4-( 4-metboxybenzylsulphinyl)-2-oxoazetidin-l­
ylacetamide (Diastereoisomer 2); 
N-(6-(2,4-DiDuorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide 
(Diast.ereoisomer 1); 
N-(6-(2,4-Difluorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide; 

30 N-[6-{4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl}-2-oxoazetidin-l-
ylacetamide (Diast.ereoisomer 1); 
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)-2-oxoazetidin-l­
ylacetamide (Diast.ereoisomer 2); 
N-(6-(3,4-Ditl1,1orophenyl)hexyl)-(4-benzylsulphinyl-2-oxo8z.etidin-l-yl)acetamide 

35 (Diastereoisomer l); 
N-(6-{ 3,4-Difluorophenyl} hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide 
(Diastereoisomer 2); 
N-(7-phenylhept-l-yl)-4-benzylsulphinyl-2-oxoazetidin-l-yl acetamide 
(Diast.ereoisomer l); 

40 N-(7-phenylhept-l-yl)-4-benzylsulphinyl-2-oxoazetidin-l-yl acetamide 
(Diast.ereoisomer 2); 
N-(6-[4-chlorophenyl]hex-l-yl)-(4-methoxycarbonylbenzylsulphinyl)-2-oxou.etidin-l­
yl acetamide (Diastereoisomer l); 
N-(6-[4-chlorophenyl]hex-l-yl)-(4-merhoxycarbonylbenzylsulphinyl)-2-oxou.etidin-1-

45 yl acetamide (Diastereoisomer 2); 

79 

111111111111111111111111111111 
* C L M S * 



'• 

W096/19451 PCT/EP95/05130 --------. 
·THIS SHEET HAS BEEN 

REPLACED 
N-( 6-phenylhex-1-yl)-( 4-ethoxy~arbonylbenzylsulphinyl)-2-oxouetidin-l-yl acetamide 
(Diastereoisomer l); 
N-(6-[4-ehlorophenyl]hex-l-yl)-(4-allyloxycarb0nyl-benzylsulphinyl)-2~oxouetidin-l­
yl acetaD'lide (Diastereoisomer 2); 

5 N-(5-phenylpentyl)-4-benzylsuiphinyl-2-oxo-azetidinyl~ 1-yl acetamide; 
N-(5-(4-Chlorophenyl)pentyl)-4-benzylsulphinyl .. 2-oxo-~tidin-l yl acetalnide 
(Diastereoisomer l); · · 

N-(5-(4-Chlorophenyl)pentyl)-4-benzylsulphinyl-2-oxo-aietidin-lyl acetamide 
(Diastereoisomer 2): · 

10 N-[5-(2-Chlorophenyl)hexylJ-4-benzylsulphinyl-2-oxo-azetidin-lyl acetamide 
(Diastereoisomer l); 
N-[5-(2-Chlorophenyl)hexyl]-4-benzylsulphinyl-2-oxo-azetidin-lyl acetamide; 
N-(6-(4-Bromophenyl)hexyl)-4-benzylsulphinyl-2-oxoazetidin-l-ylacetamide · 
(Diastereoisomer 1); 

15 N-(6-(4-Bromophenyl)hexyl)-4-benzylsulphinyl-2-oxouetidin-l-ylacetamide 
(Diastereoisomer 2}; 
N-(6-(4-Fluorophenyl)hexyl)-4-benzylsulphinyl-2-oxouetidin-l-ylacetamide 
(DiastereoiSomer l); 
N-(6-(4-Fluorophenyl)hexyl)-4-benzylsulphinyl~2-oxoazeticlin-l-ylacetamide 

20 (Diastereoisomer 2); 
6-Phenylhexyl (4-benzylsulphinyl-2-oxo-azetidin-l-yl)acetate (2:1Diast2: Diast l); 

6-( 4-Chlotophenyl}hexyl-( 4-benzylsulphinyl-2-oxo-azetidin-l-yl] acetate; 
1-(9-Phenylnonyl)-4-benzylsulpbinyl•2-oxouetidine (Diastereoisomer 1); . 
1-(9-Phenylnonyl)-4-benzylsulphinyl-2-oxoazetidine (75% Diastereoisomer 2); 

25 N-[6-(4-Methylphenyl}hexyl]-[4-benzylsulphinyl-2-oxo-azetidin.;. l-yl]-acetamide; 
N-[6-( 4-Methylphenyl)-hexyl]-[ 4-benzylsulphinyl-2-oxo-uetidin-l-yl]- acetamide; 
N-( 6-( 4-chlorophenyl)hex-1-yl)-((4-carboxybenzylsulphinyl)-2-oxoazetidin-l­
yl)acetamide (diastereoisomer 2); 
N-[6-( 4-Fluorophenyl)hexyl]-4-(4-methoxybenzylsulphonyl~2-oxoazetidin-l-

30 ylacetamide; .. ' 
N-(6-(2,4-Difluorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazetidin-1-yl)acetamide; 
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphonyl)-2-oxoazetidin-1-
ylacetamide; 
N-(6-(3,4-Ditluorophenyl)hexyl)-(4-benzylsulphonyl-2~oxoazetidin-1-yl)acetamide; 

35 N-(7-phenylhept-l-yl)-4-benzylsulphonyl-2-oxouetidin-l-yl acetamide; 
N-[6-(4-Chlorophenyl)hexyl]-(4-(4-carboxybenzylsulphonyl)-2-oxo.:.mtidin­
lyl)acetamide; 
N-(5-(4-Chloropbenyl)pentyl]-4-benzylsulphonyl-2-ox~azetidin-lyl acetamide; 
N-[5-(2-Chlorophenyl)hexyl]-4-benzylsulphonyl-2-oxo-uetidin.;. lyl acetamide; 

40 N-(6-(4-Fluorophenyl)hexyl)-4-benzylsulphonyl-2-oxouetidin-1-ylacetamide; 
6-Phenylhexyl-[ 4-benzylsulphonyl-2-oxo-uetidin-lyl] acetate; 
6-(4-Cblorophenyl)hexyl-(4-benzylsulphonyl-2-ox~azetidin- l-yl]. acetate; 
1-(9-Phenylnonyl)-4-benzylsulphonyl-2-oxouetidine; 
N-[6-( 4-Methylphenyl)-hexyl]-[ 4-benzylsulphonyl-2-oxo-uetidin-l-yl]- acetamide; 

45 N-(6-Phenylhexanoyl)-( 4-benzylthio-2-oxoazetidin-yl)acetamide; 
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N-(6-Phenylhexanoyl).(4-benzylsulphinyl-2-oxoazetidin-yl)acetamide;L-------­
N-(5-Phenylpentyloxy)-(4-benzylthio-2-0xoazetidin-l-yl)acetamide; 
N-(5-Phenylpentyloxy)-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acatamide 
(Diastereoisomer l); 
. -

5 N-(5-Phenylpentyloxy)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acat,amide 
(Diastereoisomer 2); 
R-N-(6-( 4-Chlorophenyl}hexyl)-( 4-benzythio-2-oxouetidin-l-yl}acetamide; 
S-N-(6-{ 4-Chlorophenyl }hexyl)-( 4-benzythio-2-oxoazetidin- l-yl)acetamide; 
4R.SR-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphinyl-2-oxoazetidin-l-yl)acetamide; 

10 4S.SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphinyl-2-oxoazetidin-l-yl)acetamide; 
4R,SS-N-(6-(4-Chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide · 
(diastereoisomer 2); 
4R.SS-N-(6-(4-Chlorophenyl}hexyl)-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide 
(diastereoisomer 2); 

15 4R.SS-N-(6-(4-Chlorophenyl)hexyl)-( 4-benzylsulphiilyl-2-oxoazetidin-1-yl)acetamide 
{diastereoisomer 2); 
4R.SS-N-(6-(4-Chlorophenyl)hexy~)-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide 
(diastereoisomer 2); 
4S.SR-N-(6-( 4-Chlorophenyl)hexyl)-( 4-benzysulphinyl-2-oxouetidin-l-yl)acetamide 

20 (diastereoisomer 2); 
4R-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphonyl-2-oxouetidin-l-yl)acetamide; 
4S-N-(6-( 4-Chlorophenyl)hexyl)-( 4-benzysulphonyl-2-oxouetidin-l-yl)acetamide; 
4R-(6-Phenylhexyl)-( 4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
4R.SR-N-(6-Phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 

25 N-(6-{ 4-Fluorophenyl} hexyl)-4-( 4-allyloxycarbonylbenzylthio-2-oxouetidin-1-
yl)acetamide; 
N-(6-{ 4-Fluorophenyl} hexyl)-4-(4-allyloxycarbonylbenzylsulphinyl-2-oxoazetidin-l­
yl)acetamide (Diastereoisomer 1 ); 
N-(6-{ 4-Fluorophenyl }hexy l)-4-( 4-allyloxycarbonylbenzylsulphinyl-2-oxoazetidin-1-

30 yl)acetamide (Dias~oisomer 2}; 
N-(6-{ 4-Fluorophenyl} hexyl)-4-(4-carboxybenzylsulphinyl-2-oxouetidin-l­
yl)acetamide (Diastereoisomer 2); 
N-(6-{ 4-Fluorophenyl }hexyl)-4-( 4-isopropyloxycarbonylbenzylsulphinyl-2-
oxoazetidin-1-yl)acetamide (Diastereoisomer 2); 

35 N-(6-{ 4-Fluorophenyl }hexyl)-4-(4-propyloxycarbonylbenzylsulphinyl-2-oxouetidin-l-
yl}acetamide (Diastereoisomer 2); . . 
N-[6-( 4-Fluorophenyl}hexyl]-[ 4-( 4-ethyloxycarbonylbenzyl)sulphinyl-2-oxo-u.etidin-
l-yl]- acetamide (Diastereoisomer 2); . 
N-(6-[ 4-Fluorophenyl]hex-l-yl)-4-carboxybenzylthio )-2-oxoazetidin-1-yl acetamide; 

40 N-(6-[ 4-Fluorophenyl]hex-1-yl)-( 4-methylcarboxybenzylthio )-2-oxoa:r.etidin-l-yl 
acetamide; 
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-methyloxycarbonylbenzyl)sulphinyl-2-oxo-azetidin­
l-yl]- acetamide (Diastereoisomer 2); 
N-(6-{ 4-Chlorophenyl} hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl -2-

45 oxoazetidin-1-yl)acetamide (Diastereoisomer 2); 
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N-(6-{ 4-Chlorophenyl} hexyl) f ( 4-propyloxycalbonylbenzy1sulphinyl -2-oxoazetidin­
l-yl)acetamide (Diastereoisomer 2); 
N-(6-{ 4.chloropheiiyl }hexyI>+(4-ethyloxycarbonylbenzylsulphinyl -2-oxouetidin-l-
yl)acetamide (Diastereoisomer 2); · 

5 N-[6-(4-Fluorophenyl)hexyl]-[4-(4-(allyloxycarbonylm~thyl)benzyl)thio -2-oxo­
azetidin-l-yl]-acetamide; · 
N-[6-(4-Fluoropbenyl)hexyl]-[4-. (4-(allyloxycarbonylmetbyl) benzyl)sulphinyl -2-oxo- · 
azetidin-1-yl]- acetamide (Diastereomer l); · 
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-(allyloxycarbpnylmethyl) benzyl)sulphinyl-2-ox;o-

10 azetidin-1-yl]- acetamide (Diaste!eomer 2); 
N-[6-(4-Fluorophenyl)hexyl]-[4- (4-(carboxymethyl)benzyl)thio-2~xo-azetidin- l-yl]­

. acetamide; 
N-(6-(4-Fluorophenyl)hexyl]-[4- (4-(carboxymethyl)benzyl)sulphinyl -2-oxo-azetidin­
l-yl]- acetamide (Diastereomer l); 

. 15 N-[6-(4-Fluorophenyl)hexyl]-[4- (4-(carboxymethyl)benzyl)sulphinyl -2-oxo-azetidin- ( 
1-yl]- acetamide {Diastereomer 2); 
N-2,4-Dichlorobenzyl-(4-benzylthio-2-oxoazetidin". l-yl)acetamide; 
N-2,4-Dichlorobenzyl-( 4-benzylsulphinyl-2-oxoazetidin- l-yl)acetamide (Diastereomer 

• 1); 

20 N-2,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide (Diastereomer 
2); 
N-2.4-DichlOl'()benzyl-(4-benzylsulphonyl-2-oxoazetidin-l-yl)acetamide; 
N-3,4-Dichlorobenzyl-(4-benzylthio-2-oxoazetidin-l-yl)acetamide; 
N-3,4-Dichlorobenzyl-(4-benzylslilphinyl-2-oxoazetidin-1-yl)acetamide (Dwtereomer 

2S 1); 
N-3,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide (Diastereomer 
2); 
N-3,4-Dichlorobenzyl-( 4-benzylsulphonyl-2-oxoazetidin-l-yl)acetamlde; 
(3S,4R)-N-(6-{4-Fluorophenyl} hexyl)-(3-chloro-4-benzylthi0-:2-oxoazetidhi-i-

30 yl)acetamide; 
(SR.3S,4R)-N-(6-{4-Fluoropbenyl}hexyl)-(3-cbloro-4-benzy1Sulpbinyl-2-oxoazetidin­
I-yl)acetamide; 
(SS,3S,4R)-N-(6-{ 4-Fluorophenyl }hexyl)-{3-chloro-4-benzylsulphinyl-2-oxoazetidin­
l-yl)acetamide; 

35 N-(6-( 4-Flu.orophenyl)hexyl)-(3S,4R)-4-benzylthio-3-((R)-hydroxyethyl)-2-
oxomtidin-l-ylacetamide; 
N-(6-( 4-Fluorophenyl)hexyl)-(3S.4R)-4-benzylsulphinyl-3-((R)-hydroxyethyl)-2-
oxouetidin-l-ylacetamide (Diastereomer 2); 
N-(6-phenylhexyl)-(4-(4-methoxyphenylthio )-2-oxoazetidin-l-yl)acetamide; 

40 ( 4R,SR/4S,SS) N-(6-phenylhexyl)-( 4-(4-niethoxyphenyl)sulfinyl)-2-oxoazetidin-l­
yl)acetamide; 
(4R,SS/4S,SR)- N-( 6-phenylhexyl)-(4-( 4-metboxyphenyl)sulfinyl)-2-oxoazetidin-1-
yl)acetamide; 
N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfonyl)-2-ox<>azetidin-1-yl)acetamide; 
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N-(6-phenylhexyl)-(4-(3,4-dimethoxyphenylthio)-2-oxoaz.etidin-l-yl)1acdramm1uer----­

(4R,SS/4S,SR)- N-(6-phenylhexyl)-(4-(3;4-dimethoxyphenylsulfinyl)-2-oxouetidin-1-

yl)acetamide; 

(4R,SR/4S.SS) N-(6-phenylhexyl)-(4-(3.4-dimethoxyphenylsulfmyl)-2-oxoazetidin- l-

5 yl)acetamide; 

N-(6-phenylhexyl}-( 4-( 4-chloropbenylthio)-2-oxoaz.etidin(. l-yl)acetamide; 

4-(Pbenylthio )-N-( 4-phenyl-2-oxobutyl)az.etidin-2-one; 

(S}- 4-(Phenyltbio}-N-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

(R)- 4-(Phenyltbio)-N-(4-pbenyl-2-oxobutyl)azetidin-2-one; 

10 4-(2-Methoxyphenylthio)-N-(4-phenyl-2-oxobutyl)u.etidin-2-one; 

.4-(3.4-dimethoxypbenylthio)-N-(4-phenyl-2-oxobutyl)u.etidin-2-one; 

4-(3-methoxyphenylthio }-N-{4-pbenyl-2-oxobutyl)u.etidin-2-one; 

4-( 4-methoxyphenylthio }~N-( 4-phenyl-2-oxobutyl}azetidin-2-one; 

( 4R.SR/4S,SS) 4-(Phenylsulphinyl)-N-{4-phenyl-2-oxobutyl)azetidin-2-one; 

15 (4R,SS/4S,SR)- 4-(Pbenylsulphinyl)-N-(4-phenyl-2-oxobutyl)u.etidin-2-one; 

( 4R.SR)-4-(Pbenylsulphinyl)-N-(4-phenyl-2-oxobutyl)uetidin-2-one; · 

(4R,SS)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)u.etidin-2-one; 

( 4R,SR/4S,SS) 4-(2-Methoxyphenylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

( 4R,SS/4S.SR)- 4-(2-Methoxypbenylsulphinyl)-N-(4-phenyl~2-oxobutyl)azetidin-2-

20 one; 

(4R.SS/4S,SR)- 4-(3,4-dimethoxyphenylsulphinyl)-N-(4-pbenyl-2-oxobutyl)azetidin-2-

one; 

(4R,SR/4S,SS) 4-(3-methoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; 

(4R,SS/4S,SR)- 4-(3-methoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; 

25 (4R,SR/4S,SS) 4-(4-methoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; 

( 4R,SS/4S,SR)- 4-( 4-methoxyphenylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

4-(Phenylsulphonyl)-N-( 4-phenyl-2-oxobutyl)uetidin-2-one; 

4-(2-Methoxyphenylsulphonyl)-N-(4-phenyl-2-oxobutyl)autidin-2-one; 
N-[6-(4-Chloropbenyl)hexyl]-4-(4-methylphenylthio )-2-oxouetidin-l-ylacetamide; 

30 (R,R/S,S)-N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfinyl-2-oxo-az.etidinyl-1-
yl acetamide; 
(R,S/S.R)-N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfinyl-2-oxo-az.etidinyl­
l-yl acetamide; 
N-[ 6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfonyl-2-oxo-uetidinyl-1-yl 

35 acetamide; 
( +/-)-N-[6-(4-Chloropbenyl)hexyl]-4-phenylthio-2-oxoazitedin-l-ylacetanlide hydrate; 
(-)-N-[ 6-(4-Chlorophenyl)hexyl]-4-phenylthio-2-oxoazitedin-l-ylacetamide hydrate; 
( + )-N-[6-( 4-Chloropbenyl)hexyl]-4-phenyltbio-2-oxoazitedin-1-y lacetamide hydrate; 
(R,RIS,S)-N-[ 6-(4-Chlorophenyl)bexyl]-4-phenylsulfinyl-2-oxouetidin-l-ylacetamide; 

40 (R,S/S,R)-N-[6-( 4-Chlorophenyl}hexyl]-4-phenylsulfinyl-2-oxoautidin-1-ylacetamide; 
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15 

20 

(-)-( R.R or s.s J-N-[6-( 4-Chlorophenyl)hexyl]-4-phenylsulfmyl-2-oxouetidin-1-
ylacetamide; . 
( + )·(R.J-or S.R)-N-[6-( ~hlorophenyl)hexyl]-4-phenylsulfmyl-2-oxoai.etidin-1-
ylacetamide; . 
( + )-(R.S or S,R)-N-£6-( 4-Chlorophenyl)hexyl]-4-phenylsulfmyl-2-oxouetidin-l-
ylacetamide; , 
( -)-( R,R or S;S)-N-£6-( 4-Chlorophenyl)hexyl]-4-phenylsulfmyl-2-oxoazetidin-l­
ylacetamide; 
N-[6-( 4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2-oxoazetidin-l-ylacetamidC; 
(-)-N-[6-( 4-Chlorophenyl)hexyl]-4-phenylsulfonyl•2-oxoazetidin..; 1-ylacetamide; 
( + )-N-[6-( 4-Chlorophenyl)~xyl)-4-phenylsulfonyl-2-oxoazetidin-l-ylacetamide; 
N-[6-( 4-Chloropheny l)hexylJ-4-( 4-methoxyphenylthio)-2-oxoazetidin-1-ylacetamide; 
(R.RIS.S)-N-£6-( 4-Chlorophenyl)hexyl]-4-( 4-methoxyph.enylsulfinyl)-2-oxouetidin-1-
ylacetamide; 
(R,S/S,RJ-N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulfinyl)-2-oxoa.etidin-1-
ylacetamide; 

. N-[6-( 4-Chlorophenyl)hexyl]-4-( 4-methoxyphenylsulfonyl)-2-oxoazetidin-l­
ylacetamide 
N-Benzyl-(4-( 4-methoxyphenylthio )-2-oxoazetidin-1-yl]acetamide; 
N-Benzyl-[4-(4-methoxypheliylsulphinyl)-2-oxoazetidin-1-yl]acetamide (Diastereomer 
l); 
N-Benzyl-[ 4-(4-methoxyphenylsulphinyl)-2-oxoazetidin-l-yl]acetamide 
(Diastereomer 2). 

25 18. A compound of fomiula (I) selected from: 
( 4R.SS/4S,SR}- N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfinyl)-2-oxoazetidin-l­
yl)acetamide; 
(4R,SS/4$,SR}- N-(6-phenylhexyl)-( 4-(3,4-dimethoxyphenylsulfmyl)-2-oxouetidin-l­
yl)acetamide; 

30 (4R,SR/4S,SS) N-(6-phenylhexyl)-(4-(3,4-dimethoxyphenylsulfinyl)-2-oxouetidin-l­
yl)acetamide; 
( 4R,SS/4S,SR)- 4-(Phenylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azetidin-2-one; 

(4R,SS)-4-(Phenylsulphiilyl)-N-(4-phenyl-2-oxobutyl)azetidin•2-one; 
( 4R,SS/4S,SR)- 4-(3,4-dimethoxyphenylsulphinyl)-N-(4-phen)'l-2-oxobutyl)azetidin-

35 2-one; 

( 4R,SS/4S,SR)- 4-(3-methoxyphenylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azetidin-2-

one; 
( 4R,SS/4S,SR)- 4-( 4-methoxyphenylsulphinyl)-N-( 4-phenyl-2-oxobutyl)azetidin-2-

one; 
40 (R,S/S,R)-N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfuiyl-2-oxo-azetidinyl-

l-yl acetamide; 
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{R,S/S,R)-N-[6-(4-Chlorophenyl)hexyl)-4-phenylsulfmyl-2-oxouetidin-1 ':' 
ylacetamide; 

( + )-(R,S or S,R)-N-[ 6-( 4-Chlorophenyl)hexyl]-4-phenylsulfmyl-2-oxouetidin-1-
ylacetamide; 

5 (-)-( R,R or S,S)-N-[6-{4-Chlorophenyl)hexyl]-4-phenylsulfinyl-2-oxou.etidin-1-
ylacetamide; and 

(R,S/S,RJ-N-[6-( 4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulfinyl)-2-oxoazetidin-
1-ylacetamide. 

10 19. A compound of formula (I) selected from: 
N-(6-( 4-Fluorophenyl} hexyl)-4-(4-allyloxycarbonylbenzylsulphinyl-2-oxouetidin-1-
yl)acetamide (Diastereoisomer 2); 

N-(6-( 4-Fluorophenyl} hexyl)-4-( 4-carboxybenzyls\llphinyl-2-oxoazetidin-l­
yl)acetamide (Diastereoisomer 2); . 

15 N-(6-{ 4-Fluorophenyl }hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl-2-
oxou.etidin-l-yl)acetamide (Diastereoisomer 2); 

N-(6-{ 4-Fluorophenyl} hexyl)-4-(4-propyloxycarbonylbenzylsulphinyl-2-oxoazetidin­
l-yl)acetamide (Diastereoisomer 2); 

N-[6-( 4-Fluorophenyl)hexyl]-[4~( 4-ethyloxycarbonylbenzyl)sulphinyl-2-oxo-
20 azetidin-1-yl]- acetamide (Diastereoisomer 2);N-(6-[ 4-Fluorophenyl]hex-l-yl)-4-

carboxybenzylthio)-2-oxoazetidin-1-yl acetamide; 
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-methyloxycarbonylbenzyl)sulphinyl-2-oxo­

u.etidin-1-yl]- acetamide (Diastereoisomer 2); 

N-(6-{ 4-Chlorophenyl} hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl -2-
25 oxoazetidin-1-yl)acetamide (Diastereoisomer 2); 

N-(6-{ 4-Chlorophenyl} hexyl)-4-( 4-propyloxycarbonylbenzylsulpbinyl -2-

oxou.etidin-1-yl)acetamide (Diastereoisomer 2); 
N-(6-{ 4-Chlorophenyl} hexyl)-4-(4-ethyloxycarbonylbenzylsulpliinyl -2-oxoazetidin-

1-yl)acetamide (Diastereoisomer 2); 
30 N-[6-(4-Fluorophenyl)hexyl]-[4-(4-(allyloxycarbonylmethyl) benzyl)sulphinyl -2-

oxo-uetidin-l-yl]- acetamide (Diastereomer 2); 
N-(6-(4-Fluorophenyl)hexyl]-[4- (4-(carboxymethyl)benzyl)sulphinyl -2-oxo­

azetidin- l-yl]-acetamide (Diastereomer 2); 
( 4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(4-phenyl:-2-oxobutyl)uetidin-2-one; 

35 ( 4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)uetidin-2-one; 
( 4R,SS/4S,SR) N-(6.;.phenylhexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-yl}acetamide; 
(4R,SS/4S,SR) N-benzyl-(4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 
( 4R,SS/4S,SR) N-(9-Phenylnonyl)-( 4-benzylsulphinyl-2-oxoazetidin-l-yl)acetamide; 

8S 
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( 4R,SS/4S,SR) N-[6-(3.S-Di-ten.;butyl-4-hydroxyphenyl)hexyl]-( 4-benzylsulphinyl-2-
oxoazetidin-l-yl)acetamide; 
(4R,SR/4s,SS) N-6-(4-methoxyphenyl)hexyl-( 4-benz)rlsulphinyl-2-oxoazetidin-l­
yl)acetamide; 

5 ( 4R,SS/4S,SR) N-6-(4-methoxyphenyl)hexyl-( 4-benzylsulphinyl-2-oxoazetidin- l­
yl)acetamide; 
(4R,SS/4S,SR) N-(6-(4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-l­
yl)acetamide; 
( 4R,SS) N-(6-( 4-chlorophenyl)hexyl)-( 4-benzylsulphinyl-2-oxoazetidin-1-

10 yl)acetamide; 
( 4R,SS/4S,SR) N-(6-(3.S-dichlorophenyl)hexyl)-(4-benzylsulphinyl;.2-oxoazetidin-l­
yl)acetamide; 
(4R,SS/4S~SR) N-(6-(3-chlorophenyl)hexyl)-( 4-benzylsulphinyl'."2-oxoazetidin-1-
yl)acetamide; 

15 ( 4R,SS/4S,SR) N.;(6-Phenylhexyl)-(4-( 4-edloxycarbonyl)benzylsulphinyl-2-
oxoazetidin-l-yl)acetamide; 
N-(6-(3,5-dichlorophenyl)hexyl)-( 4-benzylsulphonyl-2-oxoazetidin- l-yl)acetamide; 
( 4R,SS/4S,SR) 4-Benzylsulphinyl-1-(2-phenethyl)azetidin-2-one; 
(3S,4R,SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2'."oxoazetidin-l-yl 

20 acetamide; 
(3S,4R,SR)-N-(6-phenylhexyl)-4-benzylsulphinyl-3-bromo-2-oxoazetidin-l-yl 
acetamide; 
N-(6-[4-chlorophenyl]hex-l-yl)-(4-carboxylbenzylsulphinyl)-2-oxoazetidin-1-yl 
acetamide (Di~tereoisomer 2); 

25 N-(6-[ 4-chlorophenyl]hex-1-yl)-( 4-methoxycarbonylbenzylsulphinyl)-2-oxoazetidin-
1-yl acetamide (Diastereoisomer 2); 

30 

35 

N-(6-[ 4-chlorophenyl]hex-1-yl)-( 4-allyloxycarbonyl-benzylsulphinyl)-2-oxouetidin­
l-yl acetamide (Diastereoisomer 2); and 
Methyl [(3S,4R)-4-benzylthio-3-chloro-2-oxoxazetidin-l-yl)acetate · 

·20. A phannaceutical composition comprising a compound of formula (I). and a 
phannaceutically acceptable carrier. 

21. A compound of formula (I) for use in therapy. 

22. The use of a compound of fonnula (I) as def med in claim l in the manufacture of . . 

a medicament for treating atherosclerosis. 

23. The use of a compound of fonnula (I) as defmed in claim 1 in the manufacture of 
40 a medicament for treating diabetes, hypertension, angina pectoris, after ischaemia, 
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reperfusion, rheumatoid arthritis, stroke, myocardial infarction, reperfUSion inJury, 
sepsis. and acute and chronic inflammation, inflammatory conditions of the brain 
such as Alzheimer's Disease, neuropsychiatric disorders such as schizophrenia, and 
psoriasis. 

24. A method of treating a disease state associated with aetivity of the enzyme Lp -
PLA2 which method involves treating a patient in need thereof with a therapeutically 

effective amount of an inhibitor of the enzyme. 

10 25. A method as claimed in claim 24 in which the disease state is associated with the 
increased involvement of monocytes. macrophages or lymphocytes. 

15 

26. A method as claimed in claim 24 in which the disease state is associated with the 
fonnation of lysophosphatidylcholine and oxidised free fatty acids. 

27. A method as claimed in claim 24 in which the disease. state is associated with lipid 
peroxidation in conjunction with Lp PLA2 activity. 

28. A method as claimed in claim 24 in which the disease state is associated with 
20 endothelial dysfunction. 

29. A compound of formula (1) as defined in claim 1 in combination with a further 
therapeutically active agent selected from an anti-hyperlipidaemic, anti­
atherosclerotic, anti-diabetic, anti-angina!, anti-inflammatory or anti-hypertension 

25 agents for use in therapy. 

30. A process for preparing a compound of fonnula (1) as defmed in claim 1 which 
process comprises: 

30 (i) treating an uetidone of formula (II): 

in which: 

Rz 
R~(O)nR' 
OJ--~H 

35 n, R 1, R2 and R3 are as hereinbefore defmed; 
with an alkylating agent of the formula (lll): 
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(ii) when X denotes a group CONR5(CH2>m or CONHO(CH2>m• tteating an acid of 
the fomiula (IV): 

R2 

RJ=(s(O)nR° 

10 0 CH2-C0
2
H 

(IV) 

in which: 
n. RI, R 2 and R 3 are as hereinbefore defined; 
with an amine of the formula (V): 

lS 
NHR.5(CH2)m Y 

(V) 

or a hydroxylamine of the formula (VI): 

20 NH20(CH2>m Y 
(VI) 

in which Y and m are as hereinbefore defmed, 
under amide or hydroxamate bond forming conditions; 

2S (iii) when X denotes a group COO(CH2>m• transesterifying ano~r ester of formula 
(VU): 

30 in which: 
R6 is (C 1-6)alkyl; 
n, RI, R2 and R3 are as hereinbefore defined; 

using trans esterifying conditions; 
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(iv) when X denotes a group COO(CH2>m• treating a compound of formula (IV) as 
bereinbefore defmed with an alcohol Y(CH2>mOH or an activated derivative thereof 
under ester forming conditions; or 

s 
{v) treating a compound of fonnula (VIII): 

R1 R't{SAg 
N, 

0 CHz-X·Y 

(VIII) 

10 in which R 1, R2 and a3 are as hereinbefore defined; 

with an alkylating agent of the formula (IX): 

R3z 
(IX) 

15 in which R3 and Z are as hereinbefoie defined; 
under alkylating conditions. 

31. A compound of formula {Vll) as defined in claim 30. 

20 32. A compound of formula (VU) as defmed in claim 30 for use in therapy. 

33. A compound of formula {Vll) selected from: 
Methyl-{4-benzyltbio-2-oxoazetidin-1-yl) acetate; 
Methyl (4-(4-methoxybenzylthio)-2-oxouetidin-l-yl)acetate; 

2S Methyl (4-methoxypbenyltbio-2-oxoazetidin-l-yl)acetate; and 
Methyl (4-phenyltbio-2-oxoazetidin-1-yl)acetate. 
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