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SUBSTITUTED AZETIDIN-2-ONES FOR TREATMENT OF ATHEROSCLEROSIS

“The present invention relates to certain novel monocyclic B-lactam
compounds, processes for their preparation, intermediates useful in their preparation,
pharmaceutical compositions containing them and x.hexr use in therapy, in pamcular in
the treatment of atherosclerosis. .

Lipoprotein Associated Phospholipase Aj (Lp-PLA3). 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
described in patent application WO 95/00649 (SmithKline Beecham plc). Suggested
therapeutic uses for inhibitors of the enzyme included atherosclerosis, diabetes,
rheumatoid arthritis, siroke, myocardial infarction, reperfusion injury and acute and
chronic inflammation. A later patent application (WO 95/09921, Icos Corporation)
and a related publication in Nature (Tjoelker et al, vol 374, 6 April 1995, 549)
describe the same enzyme, although 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 inﬂanimatory events. '

Lp-PLA) is responsible for the conversion of phosphatidylcholine to
lysophosphatidylcholine, during the conversion of low density lipoprotein (LDL) to
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-PLAj action are biologically active with
lysophosphatidylcholine, a component of oxidised LDL, known to be a potent
chemoattractant for circulating monocytes. As such, lysophosphatidylcholine is
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-PLA» enzyme would therefore be expected to stop the build up of these
macrophage enriched lesions (by inhibition of the formation of
lysophosphatidylicholine and oxidised free fatty acids) and so be useful in the
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-PLA> could therefore prove beneficial in the
treatment of this phenomenon. A Lp-PLAj inhibitor could also find utility in other
disease states that exhibit endothelial dysfunction including diabetes, hypertension,
angina pectoris and after ischaemia and reperfusion.

Lp-PLAj inhibitors may also have a general application in any disorder that
involves activated monocytes, macrophages or lymphocytes, as all of these cell types
express Lp-PLA.. Examples of such disorders include psoriasis.
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- Lp-PLA; inhibitors may also have a general application in any disorder that
involves lipid peroxidation in conjunction with Lp-PLA activity to produce the two
injurious products, lysophosphatidylcholine and oxidatively modified fatty acids.
Such conditions include the aforementioned conditions atherosclerosis, diabetes,
rheumatoid arthritis, stroke, inflammatory conditions of the brain such as Alzheimer's
Disease, myocardial infarction, reperfusion injury, sepsis‘and actite and chronic
inflammation. Further such conditions include various neuropsychiatric disorders
such as schizophrenia (see Psychopharmacology Bulletin, 31, 159-165, 1995).

- We have now identified a series of compounds whxch have been found to act
as inhibitors of Lp-PLAz
Accordingly, the. present im;emioh provides a compound of formula (I):

R e
ol S(O)R°
j:N\ o

..O . CHy~——Xx=—Y
@

in Wthh - :
R! and R2, which may be the same or dlfferem, is each selected from hydrogen,
halogen or opuonally substituted C(1-g)yalkyl; :
R3isaryl or arle(1.4)alkyl which may be optionally substituted;
X is a linker group;
Y is an optionally subsututed aryl group; and
nis0,lor2.

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

Representative examples of RlandR2 include hydrogen, bromo, methyl and
ethyl, optionally substituted with hyroxyl. Suitably, R! and R2 is each hydrogen or
one of R1 and R2 is hydrogen and the other of R} and R2 is methyl (to give a trans-
methyl). Preferably, R and R2 is each hydrogen. :

- Within R3. representative examples of the a_ryl group include phenyl and
naphthyl. Suitably, R3 is arylC}.3)alkyl. Suitable examples of R3 include phenyl,

| benzyl, 2-phenylethyl and 3-phenylpropyl in each of which 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, R3 is optionally substitued benzyl, preferably substitued at the

4-position. Suitable substituents :for a phenyl or naphthyl ring in R3 include halo,
hydroxy, C(}.6)alkyl, C(1.6)alkoxy, carboxy, C(].g)alkoxy-carbonyl,
C(2-6)alkenyloxycarbonyl, carboxyC¢ 1-6)alkyl and C(1-6)alkoxy-carbonle(1-
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6)alkyl. More preferably, R3is 4-carboxybenzyl or a corresponding C}.g)alkyl or
C(2-6)alkenyl ester thereof.
“Preferably, n is 1 or 2, more preferably 1.

. Preferably, S(O),,R3-is optionally substitued benzyisulphinyl, more
preferably 4-carboxybenzylsulphmyl ora correspondmg C( l-ﬁ)alkyl or C(2.6)alkenyl
ester thereof.

Suitably X'is a direct bond; a group X'(CHp), in which X' is CO, CONRS,
COO0, CONRSCO, or CONHO in which R3 is hydrogen or C(1-6)alkyl andmisOor
an integer from 1 to 12; or a C(1.12)alkylene chain optionally interupted by X'.
Representative examples of X include CO(CH)m, CONH(CH2)p, COO(CH2)m,
CONHCO(CH2)m, CONHO(CH2)p, and C(1.12)alkylene. Preferably, X' is CO or
CONRS, more preferably CONH. Preferably, mis 1,2, 5, 6, 7 or 9, preferably 6.
Preferably, X is CONH(CH»)g.

Suitably, Y is a benzene ring, optionally substituted by up to three further
substituents. Suitable substituents include halo, hydroxy, C(].g)alkyl and
C(1-g)alkoxy. Preferably, Y is phenyl optionally substituted by halo, niore preferably
4-chloro or 4-fluoro-phenyl, most preferably, 4-fluoro-phenyl. _

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

-such stereoxsomers

In preferred compounds of fotmula (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 at C-4 and the SO moiety are R and S respectively.

When used herein, the term 'alkyl' and similar terms such as ‘alkoxy' includes
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-pentyt and
n-hexyl

Suitable substituents for an alkyl group include, for example, halogen, cyano,
azido, nitro, carboxy, (C1.g)alkoxycarbonyl, carbamoyl, mono- or
di-(C1_g)alkylcarbamoyl, sulpho, sulphamoyl, mono- or dn-(C1.6)alkylsulphamoyl
amino, mono- or di-(Cj.g)alkylamino, acylamino, ureido,
(C1-¢)alkoxycarbonylamino, 2,2,2-trichloroethoxycarbonylamino, aryl, heterocyclyl,
hydroxy, (Cj.g)alkoxy, acyloxy, oxo, acyl, 2-thienoyl, (C.g)alkylthio,
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(C1-g)alkylsulphinyl, (C}.g)alkylsulphonyl, hydroxyimino, (C}.g)alkoxyimino,
hydrazino, hydrazono, benzohydroximoyl, guanidino, amidino and iminoalkylamino.
When used herein, the term ‘aryl' includes, unless otherwise defined, phenyl or
naphthyl optionally substituted with up to five, preferably up to three substituents.
Suitable substituents for an aryl group include, for example, halogen, cyano,
(Cy-g)alkyl, (C3-7)cycloalkyl, (C1-g)alkoxy, halo(C}-g)alkyl, hydroxy, amino,
mono- or di-(C1-g)alkylamino, acylamino, nitro, carboxy, (Cl'-ﬁ)aikoxycarbonyl,
(C3-g)alkenyloxycarbonyl, (C1-'5)alkoxycarbonyl(C1-'6)alkyl“, '
(C2-g)alkenoxycarbonyl(C1-g)alkyl, (Cy-g)alkylcarbonyloxy, carboxy(C1-g)alkoxy,
(C1-g)alkoxycarbonyl(C-g)alkoxy, (C2-g)alkenoxycarbonyl(C1-g)alkoxy,
(C1-g)alkylcarbonyloxy, (C1-g)alkylthio, (C1-g)alkylsulphinyl,
(Cy-g)alkylsulphonyl, sulphamoyl, mono- and di-(C}-g)-alkylsulphamoyl, -
carbamoyl, mono- and di-(C}-g)alkylcarbamoyl, and heterocyclyl. .
When used herein, the terms 'halogen' and *halo’ include fluorine, chlorine,
bromine and iodine ar.d fluoro, chloro, bromo and iodo, respectively.
Preferred compounds of formula (I) include:
(4R,S5/4S,SR)- N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfmyl)-z-oxoazsudln-l-
yl)acetamide;.

- (4R,SS5/45,SR)- N-(6-phenylhexyl)-(4-(3 4-d1methoxyphenylsulﬁnyl)-z-oxoazeudm-l-

yhacetamide;

(4R,SR/45,SS) N-(6-phenylhexyl)-(4—-(3 4-dunethoxyphenylsulﬁnyl)-2-0xoazeudm-l-

yhacetamide; :

(4R,S5/45,SR)- 4-(Phenylsulphmyl) N-(4-phenyl-2-oxobutyl)azeudm-2-one,

(4R,SS)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;

(4R,S5/4S8,SR)- 4-(3, 4-dxmethoxyphenylsulphmyl)-N—(4-phenyl-2-oxobutyl)azeudln-

2-one;

(4R,SS/4S,SR)- 4—(3—methoxyphenylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm—2-

one;

(4R,SS/48,SR)- 4-(4»methoxyphenylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm—2-

one;

R.S/S R)-N-[6-(4~chlorophenyl)hexyl]-4-(4—methylphenyl)sulﬁnyl 2-oxo-azeud1nyl-
1-yl acetamide;

(R.S/S,R)- N-[6-(4-Chlorophenyl)hexyl]-4—phenylsulﬁnyl—Z-oxoazendm— 1-

ylacetamide; -

{+)-(R.S or S,R)- N-[6-(4-Chlorophenyl)hexyl]—4~phenylsulﬁnyl-z-oxoaz.endm- 1-

ylacetamide;

(-)-(R,R or S.S)- N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulﬁnyl-2—oxoazzudm— 1-

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

1-ylacetamide;

N-(6-{4-Fluorophenyl ) hexyl)-4-(4-allyloxycarbonyibenzylsulphinyl-2-oxoazetidin-1-

yl)acetamide (Diastereoisomer 2);

N-(6-{4-Fluorophenyl }hexyl)—4-(4-carboxybenzylsulphmyl-Z-oxoazeudm-l-

yl)acetamide (Diastereoisomer 2);

N-(6-{4-Fluorophenyl }hexyl)-4-(4-1sopropyloxycarbonylbenzylsulphmyl-z-

oxoazetidin-1-yl)acetamide (Diastereoisomer 2);

N-(6-{4-Fluorophenyl }hexyl)-4-(4-propyloxycarbonylbenzylsulphmyl-z-oxoazeudm-
1-yl)acetamide (Diastereoisomer 2);

'N-{6-(4-Fluorophenyl)hexyl}-[4-(4-ethyloxycarbonylbenzyl)sulphinyl-2-oxo-

azetidin-1-yl]- acetamide (Diastereoisomer 2);N-(6-{4-Fluorophenyl}hex-1-yl)-4-
carboxybenzylthio)-2-oxoazetidin-1-yl acetamide; -
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-methyloxycarbonylbenzyl)sulphinyl-2-oxo-
azetidin- 1-yl]- acetamide (Diastereoisomer 2);
N-(6-{4-Chl'orophenyl}hexyl)-4-(4—isopropyloxycarbonylbenzylsulphinyl -2-
oxoazetidin- 1-yl)acetamide (Diastereoisomer 2);
N-(6-{4-Chlorophenyl}hexyl)-4-(4-propyloxycarbonylbenzylsulphmyl -2-
oxoazetidin- 1-yl)acetamide (Diastereoisomer 2); _
N-(6-{4-Chiorophenyl }hexyl)-4-(4-ethyloxycarbonylbenzylsulphinyl -2-oxoazetidin-
1-yl)acetamide (Diastereoisomer 2);
N-[6-(4-Fluorophenyl)hexyl]-{4-(4-(allyloxycarbonylmethyl) benzyl)sulphmyl -2-
oxo-azetidin-1-yl}- acetamide (Diastereomer 2);
N-[6-(4-Fluorophenyl)hexyl}-{4- (4-(carboxymethyl)benzyl)snlphmyl -2-0x0-
azetidin-1-yl}-acetamide (Diastereomer 2);
(4R,S5/4S,SR) 4-(Benzylsulphinyl)- 1-(4-phenyl-2-oxobutyl)azetidin-2-one; -
(4R ,SS/45,SR) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)azetidin-2-one;
(4R,S5/45,SR) N-(6-phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
(4R,S5/4S,SR) N-benzyl-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
(4R,SS8/48,SR) N-(9-Phenyinonyl)-(4-benzylsulphinyl-2-oxoazetidin- 1-yl)acetamide;
(4R,SS5/4S,SR) N-[6-(3,5-Di-tert-butyl-4-hydroxyphenyl)hexyl]- (4-benzylsulphmyl-2-
oxoazetidin- 1-yl)acetamide; '
(4R,SR/4S,SS) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphinyl-2-oxoazetidin-1-
yl)acetamide;
(4R, S5/4S,SR) N-6-(4-methoxyphcnyl)hexy]-(4-benzylsulphmyl-2-oxoazeudm-1-
yl)acetamxde .
(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-chlorophenylhexyl)- (4-benzylsulphmyl-2-oxoazendm-1-

yl)acetamide;

(4R,S5/43,SR) N-(6-(3 S-mchlorophenyl)hexyl) (4-benzylsulphmyl-Z-oxoazeudm-1-

yDacetamide;

(4R,S5/4S5,SR) N-(6-(3-chlorophenyl)hexyl)-(4-benzylsulphmyl-2-oxoazeudm-1-

yDacetamide;

(4R,S5/4S,SR) N-(6-Phenylhexyl)- (4-(4~ethoxycarbonyl)benzylsulphmyl—Z-

oxoazetidin-1-yl)acetamide; -

N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazetidin-1 -yl)acetam:de

(4R.S5/45,SR) 4-Benzylsulphinyl-1-(2-phenethyl)azetidin-2-one;

(35.4R, SR)-N-(6-phenylhexy-l)-4-benzylSulphinyl-3-brdmo-'2-oxoazetidin-l—yl

acetamide;

(35,4R,SR)- N-(6-phenylhexyl)-4-benzylsulphmyl-3-bromo-2-oxomudm-l-yl

acetamide;

N-(6-[4-chlorophenyl]hex- -yl)-(4-carboxylbenzylsulphmyl)-2-oxoazeudm-l-yl

acetamide (Diastereoisomer 2);

N-(6-{4-chlorophenyl]hex-1 -yl)—(4-metlmxycarbonylbenzylsulphmyl)-Z-oxoazeudm-

1-yl acetamide (Diastereoisomer 2); - :

N-(6-[4-chlorophenyl}hex-1 -yl)-(4-allyloxycarbonyl-benzylsulphmyl)-Z-oxoazeudm-
1-yl acetamide (Diastereoisomer 2).

Since the compounds of the present invention, in particular 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
a wt/wt basis). Impure preparations of the compounds of formula (I) may be used 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 (I). Preferably, whenever possible, the compounds of the
present invention are obtained in crystalline form.

When some of the compounds of this invention are aliowed to crystallise or
are recrystallised from organic solvents, solvent of crystallisation may be present in
the crystalline product. This invention includes within its scope such solvates.
Similarly, some of the compounds of this invention may be crystallised or -

 recrystallised from solvents containing water. In such cases 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 forms of crystalline products. This invention
includes within its scope all polymorphic forms of the compounds of formula (1).

Compounds of the present invention are inhibitors of the enzyme lipoprotein
associated ph_ospholipase Aj (Lp-PLA>) and as such are expected to be of use in
therapy, in particular in the treatment of atherosclerosis. In a further aspect therefore
the present invention provides a compound of formula (I) for use in therapy.

The compounds of formula (I) are inhibitors of lysophosphatidylcholine production
by Lp-PLA2 and may therefore also have a general application in any disorder that
involves endothelial dysfunction, for example atherosclerosis, diabetes, hypertension,
anginh pectoris and after ischaemia and reperfusion. In addition, compounds of
formula (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,
my(_icardial infarction, reperfusion injury, sepsis, and acute and chronic inflammation.
Further such conditions include various neuropsychiatric disorders such as
schizophrenia (see Psychopharmacology Bulletin, 31, 159-165, 1995).

Further applications include any disorder that involves activated monocytes,
macrophages or lymphocytes, as all of these cell types express Lp-PLA,. Examples
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-PLA, 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
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-
atherosclerotic or anti-diabetic or anti-anginal 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
administered in a standard pharmaceutical composition. The present invention
therefore provides, in a further aspect, a pharmaceutical composition compnsmg a
compound of formula (I) 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 formula (I) whichare active when given 'orally can be
formulated as liquids, for example syrups, suspenslons or emulsions, tablets, capsules
and lozenges :

A liquid formulation will generally consist of a suspension or solution of the
compound or pharmaceutically acceptable salt in a suitable liquid carrier(s) for
example, ethanol, glycerine, non-aqueous solvent, for example polyethyieue glycol,
oils, or water with a suspending agent, preservative, flavouring or colouring agent.

A composition in the form of a tablet can be prepared using any suitable

- pharmaceutical carrier(s) routinely used:for preparing solid formulations. Examples'

of such carriers mclude magnesium stearate, starch, lactose, sucrose and cellulose.

A composition in the form of a capsule can be prepared using routine
encapsulation procedures.. For example, pellets containing the a_cuve ingredient can
be prepared using standard carriers and then filled into a hard gelatin capsule;
alternatively, a dispersion or suspension can be prepared using any suitable
pharmaceutical carrier(s), for example aqueous gums, celluloses, silicates or oﬂs 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 formula (I) in a sterile aqueous carrier or parenterally acceptable oil, for
example polyethylene glycol, polyvinyl pyrrolidone, lecithin, arachis oil or sesame.
oil. Alternatively, the solution can be lyophxhsed and then reconsututed with a
suitable solvent just prior to administration.

A typical suppository formulation compnses a compound of formula (I) which
is active when administered in this way, with a binding andlor lubricating agent such
as polymeric glycols, gelatins or cocoa butter or other low meltmg vegetable or
synthetic waxes or-fats. '

Preferably the composition is in unit dose form such as a tablet or capsule.

Each dosage unit for oral administration contains prefera'bl'y from 1 to 500 mg
(and for parenteral administration contains preferably from 0 1t025 mg) of a
compound of the formula (I).

The daily dosage regimen for an adult patient may be, for example, an oral

dose of between 1 mg and 1000 mg, preferably between 1 mg and S00 mg, or an

intravenous, subcutaneous, or intramuscular dose of between 0.1 mg and 100 mg,
preferably between 0.1 mg and 25 mg, of the compound of the formula (I), the
compound being administered 1 to 4 times per day. Suitably'the ‘compounds will be
administered for a period of continuous therapy, for examplc for a week or more.

Compounds of formula (I) may be prepared from convement starting materials
by adapting synthetic procedures well known in the art. A surtable process compnscs
treating an azetidone of formula (II): '
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. IR ?_=: . | R 3 -
R,j;r.sm)na
- ' : o NH

(I
in which:
n, R1; R2 and R3 are as hereinbefore defined;
with an alkylating agent of the formula (III):
ZCHoXY
(I

in which Z is a suitable leaving group such as halogen; and
X and Y are as hereinbefore defined;
under alkylating conditions. , _
Suitable alkylating-conditions are well known to those skilled in the art and
include the use of a suitable base such as sodium hydride or potassiunt hydroxide, in a
suitable alkylating solvent such as tetrahydrofuran (THF), and at a témperamre in the
range -10 to 0°C. Suitably, alkylation is conveniently effected on compounds of
formula (II) in which n is 0.
Compounds of formula (I) in which n is 1 or 2 can be readily prepared from
compounds of formula (I) in which n is 0 by treatment thereof with a suitable
oxidising agent such as m-chloroperbenzoic acid. Use of chiral oxidising agents such

- as (+)- or(-)-1,1'-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 formula (IT) in which n is 0 may be obtained by treating 4-
acetoxyazetidinone, 4-benzoyloxyazetidinone or 4-phenylsuifonylazetidinone with a
thiol R3SH in the présence of a base such as sodium ethoxide, in a suitable solvent
such as ethanol at a temperature in the range 0 1o 5°C. When this displacament is
conducted in the presence of a chiral base, such as chinchonidine or cinchonine,
enantiomerically enriched compounds (IT) can be obtained (Shibasaki et al, JCS
Chem. Commum. 1883, 1324).

Compounds of formula (IIl) 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
1o introduce the side chain ZCH»X-. _

Compounds of formula (I) in which X denotes a group CONR5(CH2)“l
(amide) or CONHO(CH2)r, (hydroxamate) may be conveniently prepared by treating
an acid of the formula (IV):
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] Q! S(O)nR
| | ]

o CH,—COH
aIv)
in which:
n, R!, R2 and R3 are as herembefore deﬁned
with an amine of the formula (V):
NHR3(CHp)mm Y
_ | _ ' V)
or a hydroxylamine of the formula (VI):
NHZO(CHZ)mY
' (VD

in which RS, Y and m are as hereinbefore defined,
under suitable amide dr_ hydroxamate bond forming 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
dxcyclohexylcarbodumde (DCC), in a suitable solvent such as chloroform or
dimethy! formamide, at a temperature in the range -10 to 20°C.

An acid of formula (IV) may be obtained by treating a compound of formula
(II) with a 2-bromoacetate ester, under alkylating conditions, as hereinbefore
described; followed by the hydrolysis of the thus formed intermediate ester using
standard conditions. :

Compounds of formula (I) in whxch X denotes a group COO(CHy)py, (ester)
may be conveniently prepared by transesteriying an ester of formula (VII):

R

' . S(O)nR®
"1
N\ |

o) o
CH,—co,R®
(VID)
in which:
RS is (Cy-g)alkyl;

n,R1,R2? and R3 are as hereinbefore defined;

using trans esterifying conditions.
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Suitable such conditions are well known in the art and include, for instance,
heating in toluene in the presence of a catalytic amount of sodium methoxide and an
alcohol. -Suitably, the compound of formula (VII) is a methy! ester in which Rbis
methyl. : : '
A compound of formula (VII) may be obtained by treating a compound of
formula (II) with an-alkyl 2-bromoacetate, under alkylating conditions, as

hereinbefore described.

Compounds of formula (VII) are novel compounds which are useful as
intermediates to compounds of formula (I).

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

The compounds of formula (VII) are also inhibitors of the enzyme Lp-PLA>
and therefore of use in the various diseases hereinbefore described for compounds of
formauia () :

Alternatively, a compound of formula (I) in which X denotes a group
COO(CH3) (ester) may be prepared by treating a compound of formuia (IV) with
an aicohol Y(CH2), OH 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 formula (VIII):

R l ,SAg
N\
o) CH,-X-Y
: _ _ - (VII)
in which R1, R2 and R3 are as hereinbefore defined;
with an alkylating agent of the formula (IX):
R3Z
' (X)

in which R3 and Z are as hereinbefore defined; |
under suitable alkylating conditions, for instance, in a solvent such as acetonitrile, at a
temperature in the region 25°C. |

Compounds of formula (VIII) may be obtained from the corresponding 4-
acetylthioazetidinone by treatment with silver nitrate and a base in a suitable solvent
such as methanol.

Mixtures of diastereoisomeric compounds of formula (I) may be resolved, if
so desired, according to procedures well known in the art. For instance sulphoxides
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(n=1) may be separated by chromatography and/or crystallisa_tjon. Chirally pure

compounds may be prepared by chiral chromatography, from chirally pure

intermetiates or by chiral synthesis using chiral reagents or cata]ysis Suitable chiral
intermediates may be obtained by resolution or chiral mducnon or by using chiral
reagents, in particular natural chiral molecules, accordmg to methods well known to
those skilled in the art. For chiral synthesis, a convenierit chxral starting material is a
penicillin derivative which has the preferred conﬁgurauon at C-4 of the B-lactam

_ring. ’l'lus is illustrated in the following scheme:

She _
Br

':.Er P{OIPY),, :2 ;( -0 0,. ElOAc. ~70* &,
of ~)< COO-pMB (i) P(om;,

JL (i) agacid

' B SA9 | Br scH,. Ph Br SCH,Ph
NEL, AGNO, J:-f PRCHE Tt (D KOHMeOH, 0° J;f -
N ; MeCN N ¢ i ’
MeOH e N . o \~CO0-oM8 (u)uq o N _COOH -

'510° N~

_ : . o : o}
. n - [\]
8, SCH,Ph  mCPBA.C .Br, SCHPh . Zn/ACOHCH,Cly SCH,Ph
pcoHOBt -, i MCPBA. CH,Cly -5, r 2 2°lz. -. V

—_— - - . 5
Ph(CH,)gNH, o N~ CONH(CH,});Ph & N~ CONH(CH,);Ph N~ CONH(CH,),Ph

The preparation of the starting material (4-methoxybenzyl-6-bromopenicillinate-1-
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 sulfoxide compounds are referred to as having
R.R/S.S or R.S/S.R configurations. Such configurations were obtained initially by x-
ray analysis of a limited number of compounds and then extrapolated to the
remaining compounds on the basis of their IH NMR spectr'a. 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
describes the sulfoxide centre. Where mixtures of sulfoxides 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-Methoxyphenyhhexylamine

a. 6-Bromo-1-(4-methoxyphenyl)hexane

A solution of 6-brombhexanoyl chioride (50g, 0.2mol) in dry dichloromethane (40ml)
was added dropwise over 5 minutes to a suspension of aluminium chloride (31g,
0.2mol) in dry dichloromethane (100ml), 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
hours at room temperature. Triethylsilane (59.9g, 0.515mol) was added over 10
minutes, maintaining the temperature between 25°C - 35°C. 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 (MgS0O4) and evaporation under reduced pressure gave a yellow oil which

was distilled under reduced pressure at 90-110°C/0.5mbar. Product containing
fractions were combined and purified by flash chromatography on silica gel using
hexane as eluant to give a colourless oil (18.33¢g, 33%). '

b. N-(4-Methoxybenzyl)-6-hexyl phthalimide

6-Bromo- 1-(4-methoxyphenyl)hexane (26.5g, 0.1mol) was dissolved in DMF
(140ml), potassium phthalimide (36.2g, 0.2mol) was added and the mixture stirred at
100°C 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
(MgSO4) and evaporated to a yellow solid which was recrystallised from
ether/petroleum ether to give a pale yellow solid (20. Og, 61%) mp 63°-65°C.

¢. 6-(4-Methoxyphenyl)hexylamine

N-{4-methoxybenzyl)-6-hexyl phthalxmlde (19.9g, 60mmol) was dissolved in ethanol |
(300ml) and hydrazine monohydrate (8. 9g, 0. 11mol) 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
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, 0.02inbar.

Preparation 2. 6-(3,5-di'butyl-d-hydroxyphenyl)hexylamine

This was prepared from 3 5-d1‘butyl-4-hydroxy phenol accordmg to the general
procedure of Preparation 1.’

Preparation 3. 6-(3-chlorophenyl)hexylamine

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

A stirred mixture of 3-chloroiodobenzene (14.3g, 60mmol),

tetrakis(triphenyiphosphine) paliadium (2.1g, 1.8mmol) and S-hexyn-1-ol (5.9,

60mmol) in triethylamine (120ml) was stirred at 25°C for 3h and partitioned between
o -13-
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water and ether. The ether layer was separated and the athéoﬁs extracted with ether.
The combined ether extracts were washed with 1N HCI and dried (Na;SO,). The
ether was evaporated and the residue purified by flash chromatograbhy on silica using
dichloromethane as eluant. Evaporauon of the appropnate fractions gave the product
as an oil (11.5g, 92%)

b. 1-(Phthalimido)-6-(3-chlorophenyl)hex-1-yne

A solution of 6-(3-chiorophenylhexyn-1-ol (11.5g, S5mmol), triphenylphosphine

(14.5g, 55mol) and phthalimide (8.1g, 55mol) in dry THF (1 10ml) was treated with a
solution of DEAD (9.6g, 55mmol) in THF (20ml) over several minutes. After 16h,
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 eluant. Evaporation of the
appropriate fractions gave the product as a solid (16.5g, 89%)

¢. 6-(3-chiorophenyl)hexylamine

A suspension of 1-(phthalumdo)-6—(3-chlorophenyl)hex- -yne ( lOg, 30mmol) in
methanol (100ml) was treated with platinum oxide (250mg) and the mixture
hydrogenated at 50 psi for 72h.. Further quantities of catalyst were added at intervals

and when the theoretical uptake of hydrogen was compiete, the mtxture was filtered

and the filtrate evaporated to a brown oil (9.5g, 96%). This was dtssolved in IMS 99
(100ml) and treated with hydrazine hydrate (2.8g, S6mmol) under reflux for 16h.
The mixture was cooled to 5°C and the precipitate_d solid removed by filtration.
Evaporation of the filtrate gave an oil which was taken up in ether, washed with
water, dried (Na;SOy4) and evaporated to a brown oil (S.Sg. 98%)

Preparation 4.. 6-(3,5-dichlorophenyl)hexylamine -

This was prepared using the general procedure of Preparatton 3 and obtained as an onl
Preparanon 5- 4-(4-(Allyloxycarbonyl)benzylthio)azetidin-z-one

a. Allyl 4-(bromomethyl)benzoate - '
4~(Bromomethyl)benzotc acid (103 g, 0.48 moles)was suspended in thtonyl chloride
(200 ml) and dunethylformaxmde (1 ml) was added. The mixture was heated under

reflux until clear, evaporated and azcotroped 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 (40 ml) in dtchloromethane. ‘The mixture was stirred

at room temperature for 1 hour, then washed with water, 2M hydrochloric acid,
sodium hydrogen carbonate solution and brine. The organic solution was dried and
evaporated to give allyl 4-(bromomethyl)benzoate as a clear oil (98g, 84% yield). 'H
NMR & (CDCl;) 4.61 (2H, s, CH,), 4.82 (2H, m, CH;0), 5.34 (2H, m, CH.CH-), 6.05
(1H, m, CHCH,), 7.45 (2H, d, Ph-H), 8.03 (2H, d, Ph-H)

b. Allyl 4-(acetylthiomethyl)benzoate

Allyl 4-(bromomethyl)benzoate (98 g, 0.4 moles) i tn dry dtmethylfoxmamtde (100 ml)
was added dropwise to a cooled suspension of potassium thioacetate (46 g, 0.4 moles)
in dry dimethyiformamide (200 ml). The cooling bath was removed and the mixture

-14-
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was stirred overnight. The rection mixture was poured into water and extracted with

ethyl acetate (x3). The combined extracts were washed with water and brine. The

mixtwure was dried and evaporated to give allyl 4-(acetylthiomethyl)benzoate as an

orange oil (100g, 100% yield). 'H NMR § (CDCl3) 2.36 (3H, s, COCHs), 4.13 (2H, 5,
5 CH2), 4.82 (2H, m, CH;0), 5.32 (2H, m, CH:CH-), 6.05 (1H, m, CHCH,), 7.35 (2H,

d, Ph-H), 7.98 (2H, d, Ph-H).

¢ 4-(4-(Allyloxycarbonyl)benzylthio)azetidin-2-one

Allyl alcohol (27 ml) in dry tetrahydrofuran (50 ml) was added dropwise to a solution

of potassium zerz-butoxide (4.93 g, 0.044 moles) in dry tetrahydrofuran (100 ml).

10  After stirring for 5 minutes a solution of allyl 4-(acetylthiomethyl)benzoate (10.1 g,
0.04 moles) in dry tetrahydrofuran (100 mi) 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
partitioned 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 (9.1g, 82% yield). 'THNMR §
(CDCl,) 2.84 (1H, dd, H3a), 4.31 (1H, dd, H3b), 3.88 (2H, s, S-CH2), 4.68 (1H, dd,
H4), 4.78 (2H, m, CH:0), 5.35 (2H, m, CH,CH-), 6.05 (1H, m, CHCH;), 6.07 (1H,

20  br. singlet, N-H), 7.40 (2H, d, Ph-H), 8.03 (2H, d, Ph-H). .

Prepartion 6 - 4-(4-(Allyloxycarbonylmethyl)benzylthio)azetidin-2-one.
a. Allyl 4-(bromomethyl)phenylacetate

- Colourless oil, 95% yield. 'H NMR § (CDCl3) 3.7(2H, s), 4 5 (2H, s), 4.6(2H,
m),5.25(2H, m), 5.9(1H, m), 7.15-7.4(4H, dd) '

25  b. Allyl 4-(acetylthiomethyl)phenyl acetate
Colouriess oil, 96% yield. 'H NMR & (CDCl5) 2.36(3H, 5),3.6 (2H, s), 4. 1(2H s),

. 4.65(2H, m),5.25(2H, m), 5.9(1H, m), 7.23(4H, dd)
¢ 4-(4-(Altyloxycarbonylmethyl)benzylthio)azetidin-2-one
Yellow oil, 69% yield. 'H NMR 3 (CDCl,) 2.81-2.88(1H, 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(1H, m), 7.21-7.31(4H, dd)

Literature references for other amines:
6-phenylhexylamine

35 Morse M. A. et al., Cancer Research, 1991, 1846
6-(4-Chlorophenylhhexylamine
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 K et al., Annalen, 1974, 539

Exampls
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Example 1. 4-('Benzylthio)-1-(4-phenyl-z-oxobutyl)azeﬁdin-z-one a. 4
(Benzylﬂ:io)azeudm-z-one

Sodium (8.1 8. 0.35mol) was dxssolved in ethanol (250ml) and benzyl mercaptan
(45.2g, 0.37motl) added dropwise over 20 minutes k_egpmg 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 (50m1) was added dropwise over 15 minutes whilst maintaining
the temperature at 5°C. The mixture was stirred at room temperamre for 60 minutes
and evaporated to dryness under reduced pressure. Water (400ml) was added, the
mixture extracted with dichloromethane (2x300ml), the extracts dried (MgSO4) 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 Wthh was isolated by filtrauon
(50.2g, 79%), mp 50-51.0°C. - : -

THNMR & (CDCl3) 2.86(1H, m, H3,), 3 30 (lH m, 1-13|,). 3. 85 (2H S SCH,), 4.68
(1H, m, Hy), 7.31 (5H, m, Ph-H). ' .

b. 4-(Benzylthio)-1-(#phenyl-z-oxobntyl)azeﬁdin-z-one

To a cooled (cold water bath) solution of 4—(benzylm10)azzudm 2-one (S. Sg,
28.5mmol), tetra-n-butylammonium brom:de (0.9g, 2.85mmol) and 1-bromo-4-
phenylbutan-2-one (7.1g;, 31.3mmol) in dry THF (100 ml) was added freshly powdered
potassium hydroxide (1.8g, 31.3mmol), and the mixture stirred vigorously for 2 hr at
ambient temperature. Water was added and the product extracted into ethyl acetate,
dried (MgSQ,) and evaporated to an oil. Treatment wnh ether gave the product asa
white crystalline solid (3.12 g, 32%) mp 79-81°C. .

IH NMR 5 (CDCl3), 2.58 (2H, m, CH,CO), 2. 86 (2H, t, J=7.5Hz, CH,Ph), 2.96
(1H, dd, J=2.2, 15.2 Hz, H3, ), 3.17,3.98 ( each 1H, d, J=18.5 Hz, NCH,), 343 (1H,
dd, J=5.1, 15.2 Hz, Hjp). 3.70 ( 2H, 5, SCH,), 4.89 (1H, dd, J=2.4, 5.1 Hz, Hy),
7.15-7.33 (10H, m, Ph-H).

Found: C, 70.9; H, 6.3; N, 4.3%; C,oH,1NO,S requires: C, 70.8; H, 6.2; N, 4.1%
Example 2. (4R,SR/4S,SS) 4-(Benzylsu,lphinyl)-l-(&phenjl-z-'oxbbutyl)azetidin-
2one s _ a .

A solution of 4-(benzylthio)-1-(4-phenyl-2-oxobu‘tyl)a'i_e_tidin-Z-one (3.1g, 9_.2minol)
in dichloromethane (100 ml) was cooled to -50 to -60°C and a solution of m-
chloroperbenzoic acid (1.9g, 11mmol) in dichloromethane (80 ml) added dropwise
with stirring over 30 min. After a further 30 min at -50 to -60°C the reaction
mixture was shaken with a mixture of saturated aqueous sodium sulphite and
saturated sodium hydrogen carbonate and the organic layer separated, dried (MgSOy,)
and evaporated to a solid. Two recrystallisations from ethyl acetate gave
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(4R.SR/4S.SS) 4-(benzyisulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-2-one (0.8g,
27%), mp 147-9°C. | a |

IHNMR § (CDCly), 2.71 (2H, m, CH,CO), 2.89 (2H, m, CHZPh), 2.93 (1H, dd,
J=4.7, 14.8 Hz, Hj,), 3.36 (1H, dd, J=1.8, 14.8 Hz, H3}), 3.72, 4.37 (each 1H, d,
J=18.9 Hz, NCH)»). 3.9 (2H, s, CH,S0), 4.70 (lH dd, J=2.2, 4.7 Hz, H4), 7.12-7.40
(10H, m, Ph-H).

 Found: C, 67.5; H, 6.0; N, 4.0%; C20H21N03Sreqmres C,67.6; H, 6.0; N, 3.9%

Example 3. (4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-
2-one . N

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-
(benzylsuiphinyl)- 1-(4-phenyl-2-oxobutyl)azetidin-2-one (1.2g, 37%), mp 110-11°C.
1H NMR & (CDCly), 2.45 (1H, dd, J=2.3, 15.4 Hz, H3,), 2.71 (2H, m, CH,CO), 2.89
(2H, m, CH,Ph), 3.03 (1H, dd, J=5.1, 15.3 Hz, Hay,), 3.94, 4.12 (each 1H,d, J=13.0
Hz, CH,S0), 4.19, 4.37 (each IH d; J=19.2 Hz, NCH,), 4.65 (1H, dd, J=2.4, 5.1 Hz,
Hy). 7.12-7.40 (10H, m, Ph-1D.

Found: C, 67.5; H, 6.1, N, 4.1%; CaqH3)NO,S requires: C, 67.6; H, 60 N, 3.9%
Example 4. 4-(Benzylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one

To a cooled (ice bath) solution of 4-(benzylthio)-N-(4-phenyl-2-oxobutyl)azetidinone
(0.6 g, 1.76 mmol) in dichloromethane (25 ml) was added dropwise with stirring a
solution of m-chloroperoxybenzoic acid (0.92 g, 5.3 mmol) in dichioromethane (25
ml). The ice bath was removed, and after 1.5 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
layérs dried (MgS0Oy4) and evaporated to an oil which was crystallised from ether
(0.56g, 86%) mp 131-3°C,

1H NMR 3 (CDCl5), 2.69 (2H, t, J=6.9 Hz, CH,CO), 2.9 (2H, m, CH,Ph), 2.94 (1H,
dd, J=2.1, 10.8 Hz, Ha,), 3.14 (1H, dd, J=5.1, 15.4 Hz, Hjp), 3.82, 4.35 (each 1H, d,
J=18.8 Hz, NCH;), 4.28 (2H, s, 802CH2), 4.89 (1H, dd, J=2.3, 5.1 Hz, Hy), 7.14-
7.43 (10H, m, Ph-H).

Found: C, 64.5; H, 5.8; N, 3.8%; C20H21N04Sreqmres C,64.7;H,57;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 dxastereomenc
proportion (4R,SR/4S,SS : 4R,SS/4S,SR) as determined by 'H NMR.

Example §. 4-(Benzylthio)-1-(2-phenyl-2-oxoethyl)azetidin-z-one

Colourless oil, 48% yield.

1H NMR 8 (CDCl3) 3.02 (1H, dd, J=15.25, 2.00Hz, Hj,). 3.27 (1H, dd, J=15.25,
5.15Hz, Hyy), 3.72 (1H, d, J=21.76, COCHJ), 3.75 (2H, s, SCH>), 4.70 (1H, d,
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J=18.3, COCH,). 5.08 (1H, dd, J=5.13, 2.39, Hy), 7.08-7.29 (5H, m, Ph-H); 7.44-
7.50 (2H, m, Ph-H), 7.57-7.64 (1H, m, Ph-H), 7.76-7.80 (2H, m, Ph-H).

Example 6. (4R,SRI4S,SS) : 4-(Benzylsulphinyl)-I-(z-phenyl-z-oxoethyl)azeﬁdin-
2-one | ' '

White solid, 11.5% yield, mp 130-31°C

' Found: C, 65.8; H, 5.2; N, 4.4%; C;gH;;NO5S requires: C, 66.0; H.5.2; N, 4.3%

Example 7. (4R,SS/4S,SR) 4-(Benzylsulphinyl)-l-(z-phenyl-z-oxoeﬂlyl)azetidin-
2-one |
White sohd dias. ratio 15 85 15% yield, mp 92-93°C
Found: C, 65.8; H, 5.3; N, 4.4%; C;gH;7NO;S requires: C, 66.0; H, 5.2; N, 43%
Example 8. 4-(Benzylthio)- l-(9-phenyl-z-oxononyl)azetidin-z-one
a. 1-bromo-9-phenyinonan-2-one
A solution of 6-bromohexanoyl chloride (49.7g.'0.2_33mol) in dry dichloromethane
(40ml) was added dropwise over 5 minutes to a suspension of aluminium chloride
(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 dichlordmetha_ne (30m1l) was
added and stirred for 20 hours at room temperature. Triethylsilane (59.9g, 0.515mol)
was added over 10 minutes, maintaining the temperature between 25°C - 35°C. The
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 (MgS0Q,) and evaporated under reduced pressure to a
yellow oil. This was distilled under reduced pressure at 90°C - 1109C/0.Smbar to
give colourless oils. The relevant fractions were combined and purified by flash
chromatography on silica gel using hexane to glve 6-bromo-1 -phenylhexane asa
colourless oil (18.33g, 33%).

6-Bromo-l-p_henylhexane (18.02g,0.075 mol) was dissolved in acetone
(300ml), Nal (44.85g, 0.299 mol) was added, and the mixture heated at reflux _
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%). |
6-lodo-1-phenylhexane (17.43g, 0.061mol), acetyl acétone(6.66g,' 0.067) and
potassium c#rbonate_ (8.41g, 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 waterE(SOml), and the organic layer was
washed with brine, dried and evaporated 10 an orange oil (15.27g). 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 (5.21g, 0.033mol) was added to a solution of 9-phenylnonan-2-one
(7.12g, 0.033mol) in dry methanol (75m1) and stirred for 2 hours at room
temperature. Water (50ml) was added and stirring continued for 18 hours at room
temperature. Ether (175ml) and water (100ml) were added, the organic layer washed
with dil. NaHCO3, water (x2), dried (MgSO4) and evaporated under reduced pressure
to an oil (5.39g). Petroleum ether (40°C - 60°C, 50mi) was added and the mixture
cooled to -10°C and filtered. The solid obtained was re-dissolved in ether (40ml) and
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 gi(re 1-bromo-9-
phenylnonan-2-one a pale yellow solid (3.80g, 39%).
b. 4-(Benzylthw)-1-(9-phenyl-2-oxononyl)azetidinone
Colourless oil, 66% yield
IH NMR & (CDCly), 1.3 (6H, m, (CHj)3) 1.55 (4H m, CH,CH,Ph, CI;bCHzCO),
2.24,(2H, m, CH,CO0), 2.60 (2H, t, J=7.5 Hz, CH,Ph), 2.97 (1H, dd, J=2.2, 15.2 Hz,
Ha,), 3.21, 4.01 (each 1H, d, J=18.6 Hz, NCH)), 3.43 (1H, dd, J=5.1, 15.2 Hz, Hap),

- 3.73 (2H, s, SCHj), 4.93 (1H, dd, J=2.4, 5.1 Hz, Hy), 7.14-7.35 (10H, m, Ph-H).

Example 9. (4R,SR/4S,SS) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)azetidin-
2-one _ _ |
Colourless solid, 25% yield, mp 133-5°C

1H NMR 3 (CDCly), 1.30 (m, 6H, (CH3)3), 1.58 (4H, m, CH,CH,Ph, CH,CH,CO),
2.37 (2H; 1, J=7.5 Hz, CH,CO ), 2.59 (2H, t, J=7.9 Hz,CH,Ph), 2.94 (1H, dd, 1-?-4.7,
14.8 Hz, H3,), 3.36 (1H, dd, J=1.7, 14.9 Hz, H3p), 3.79, 4.42 (each 1H, d, J=18.9 Hz,
NCH;), 3.91 (2H, s, SOCH;,), 4.77 (1H, dd 1=2.2,4.7 Hz. H4), 7.15-7.4 (10H, m,
Ph-H).

Found: C, 70.3; H, 7.2; N, 34% C,5H3yNO3S requires: C, 70.6; H, 7.3; N, 3.3%
Example 10. (4R,SS/4S,SR) 4-(Benzylsulphmyl)-l-(9-phenyl-2-
oxononyl)azetidin-2-one :

Dias. ratio 1:9, Colourless solid, 30% yield, mp 75-6°C

IHNMR § (CDClg). 1.3 (m, 6H, (CHy)3). 1.58 (4H, m, CH,CH,Ph, CH,CH,CO),

- 2.34 (2H, 1, J=7.6 Hz, CH,CO), 2.43 (1H, dd, J=2.3, 15.2 Hz, H3,), 2.59 (2H, t,

J=7.4 Hz,CH,Ph), 3.02 (1H, dd, J=5.1, 15.3 Hz, Hj), 3.94, 4.13 (each 1H, d, J=13.0
Hz, SOCH,), 4.19, 4.38 (each 1H, d, J=18.7 Hz, NCHz),4 65 (1H, dd, J=2.4, 5.1 Hz,
Hy), 7.14-7.43 (10H, m, Ph-H).

Found: C, 70.4; H, 7.3; N, 3.4%; C,sH3;NO3S requires: C, 70.6; H, 7.3; N, 3.3%

- Examplell. 4-(2-Methoxybenzylthio)-N-(4-phenyl-z-oxobutyl)azetldm-z-one

Colourless oil, 62% yield
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1H NMR & (CDCl3), 2.60 (2H, m, CH;CO), 2.87 (2H, t, J= 7.5 Hz, CH,Ph), 3.01
(1H, dd, J=2.2, 15.2 Hz, Hj,), 3.23, 4.00 (each 1H, d, J=18.6 Hz, NCH,), 3.43 (1H,
dd, J=5}, 15.2 Hz, H3), 3.72 (2H,d, J=2.4 Hz, SCH), 3.83 (3H, s, OCH3) 495
(1H, dd, J=2.4, 5.1 Hz, H4) 6.81-6.92 (2H, m, 3 5-(2-CH30Ph)-H) 7.15-7.32 (7H, m,
4,6-(2-CH30Ph)-H, Ph-ED.

Example 12. (4R,SRI4S,SS) 4-(2-Methoxybenzylsulphinyl)-N-(4-phenyl-z-
oxobutyl)azetidin-2-one

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

1H NMR & (CDCl3), 2.71 (2H, m, CH,CO), 2.88 (2H, m, CH,Ph), 3.00 ( 1H, dd,

J=4.7, 14.8 Hz, H3,), 3.46 (1H, dd, J=1.9,14.8 Hz, H3}), 3.70, 4.35 (each 1H, d,
J=18.4 Hz, NCHZ). 3.88 (3H, s, OCH;), 4.00(2H, s, SCH,), 4.75 ( IH dd, J=2.2,4.7
Hz, Hy), 6.90-7.38 (9H, m, Ph-H + CH;0Ph-H).

Found: C, 65.3; H, 6.0; N, 3.9%; C;;H,3NO4S requires: C, 65.4; H, 6.0; N, 3. 6%
Example 13. (4R,S5/4S,SR) 4-(2-Methoxybenzylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azeﬁdinoz-one '

Colourless-oil, dias. ratio 1:3, 25% yxeld

1H NMR & (CDCl3), 2.49 (1H., dd, J=2.2, 15.4 Hz, Hga). 271 (ZH m, CH2CO), 2.89

(2H, m, CH,Ph), 3.04 (1H, dd, J=5.1,15.4 Hz, Hap). 3.87 (3H, s, OCH3), 4.09 (2H,

s, SCH,), 4.19, 4.36 (each 1H, d, J=18.6 Hz, NCH,), 4.69 (1H, dd, J=2.3, 5.0 Hz,
Hy), 6.89-7.34 (9H, m, Ph-H + CH;0Ph-H).

Found: C, 64.8; H, 6.1; N, 3.8%. C21H23N04S 0. l7H20 requu'es C, 64 9;H,6.1;
N,3.6%

Example 14. 4-(4-Fluorobenzylthio)-N-(Lphenyl-z-oxobutyl)azeﬁdin-z-one
Colourless oil, 41% yield

1H NMR & (CDCl3), 2.64 (2H, m, CH,CO), 2 88 (2H, t, J=7.5 Hz, CH,Ph), 2.95
(1H, dd, J=2.3,15.3 Hz, Hj,). 3.3, 4.06 (each 1H, d, J=18.6 Hz, NCH)>), 3.42 (1H,
dd, J=5.1, 15.3 Hz, Hjp), 3.67 (2H, s, SCH;). 4.88 (lH dd, 1-24 5. le, Hy), 6.84-
7.33 (9H, m, Ph-H, 4-FPh-H).

Example 15. (4R,SR/4S,SS) 4-(4-Flnorobenzylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azeﬁdin-z-one _

White crystalline solid, 16% yield, mp 152-4°C -

1H NMR 8 (CDCly), 2.74 (2H, t, J= 7.0 Hz, CH,CO0), 2.90 (2H, t, J=6.8 Hz, CH,Ph),
2.95 (1H, dd, J=4.7, 14.8 Hz, H3,), 3.35 (1H, dd, J=1.8, 14.8 Hz, H3y), 3.76, 4.40
(each 1H, d, J=18.9 Hz, NCH,), 3.85 (2H, m, SCHZ), 473 (IH dd, J=2.2, 4.7 Hz,
Hy), 7.04-7.32 (9H, m, Ph-H, 4-FPh-H).

_Found: C, 64.2; H, 5.4; N, 3.9%; CqoH,oFNO;S requires:C, 64.3; H, 5.4; N, 3.8%

Example 16. . (4R,SSI4S,SR) 4-(4-Huorobenzylsulphmyl)-N-(4-phenyl-2-
oxobutyl)azetidin-2-one
White crystalline solid, 26% yield, mp 114-6°C
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1H NMR 8 (CDCl), 2.60 (1H, dd. J=2.3, 15.2 Hz, H3,), 2.71 (2H, m, CH,CO), 2.91
(2H, m, CH,Ph), 3.15 (1H, dd, J=5.1, 15.2 Hz, Hyy), 3.96 (2H, m, SCH,), 4.19, 4.38
(each 1H, d, J=18.7 Hz, NCHy), 4.65 (1H, dd, J=2.4, 5.1 Hz, H4), 7.05-7.33 (9H, m,

_ Ph-H, 4-FPh-H.

Found: C, 64.1; H, 5.5; N, 3.9%; CygH;9FNO;3S requires:C, 64.3; H, 5.4; N, 38%
Example 17. 4-(4-methoxybenzylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one
White crystals, 74% yield, mp 70-71°C

1H NMR 8 (CDCl3) 2.60 (1H, t, J=7.13 Hz, CH,Ph), 2.86 (1H, t, J=7.59 Hz,
COCH»), 2.96 (1H, dd, J=15.25, 2.20 Hz, Hy,), 3.24 (1H, d, J=18.53 Hz, NCH,),
3.42 (1H, dd, J=15.25, 5.11 Hz, Hy,), 3.66 (2H, s, SCH;). 3.76 (3H, s, OCHj), 4.02
(1H, d, J=18.53 Hz, NCH,), 4.88 (1H, dd, J=5.10, 2.39 Hz, Hy), 6.79-6.84 (2H, m,
Ph-H), 7.16-7.32 (7H, m, Ph-H).

Example 18. (4R,SR/AS,SS) 4-(4-methoxyb‘enzyl,sulpllinyl)-N-(LphenyIQZ-
oxobutyl)azetidin-2-one

White crystalline solid, 20% yxeld mp 155-157°C

Found: C, 64.5; H, 6.0; N, 3.5%; ' Cq1Hy3NO,S 0.3 Hzoreqmresc 64.5;H,6.1; N,
3.6%

- Example 19. (4R,SS/4S,SR) 4_-(4-methoxybenzylsnlphinyl)-N-(4-phenyl-2-

oxobutyl)azetidin-2-one
White crystalline solid, 80% above diast., mp 92- 93°C, 31% yield
Found: C, 64.7; H, 6.0; N, 3.5%

C31Hp3NOS 0.2 Hy0 requires: C, 64.8; H, 6.1; N, 3.6%

Example 20. 4-(phenethylthio)-N-(4-phenyl-z-oxobutyl)azetidin-2-one
Colourless oil, 80% yield

1H NMR 8 (CDCl3) 2.65-2.97 (9H, m, S-CH,CH,, COClizCHz, Hija). 3.39 (1H, dd,
J=15.22, 5.00 Hz, H3y,), 3.50 and 4.17 (1H each, d, J=18.48 Hz, N-CH,), 4.83 (1H,
dd, J=4.99, 2.34 Hz, Hy), 7.14-7.33 (10H, m, Ph-H).

Example 21. (4R,SR/4S,S5) 4-(phenéthylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azetidin-2-one

White crystalline solid, 8% yield, mp 163-165°C - _
Found: C, 68.0; H, 6.2; N, 4.0%; C;;H,3NO;S 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

Found: C, 68.08; H, 6.32; N, 3.86%; C31H23NO;3S requires: C, 68.3; H, 6.3; N, 3.8%
Example 23. 4-(3-Phenylpropylthio)-N-(4-phenyl-2-oxobutyl)azetidm-z-one
Colourless oil , 67% yield

1H NMR & (CDCl,), 1.87 (2H, m, SCH,CH»), 2.47 (2H, m, CH,CO), 2.72 (4H, m,
2 x CH2Ph), 2.9 (2H, t, J=7.1 Hz, CH,S). 2.96 (1H, dd, J=2.2, 15.2 Hz, H3,), 3.48
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- (1H, dd, J= 5.0, 15.2 Hz, Hap), 3.63, 4.23 (each 1H, d, J=18. 5 Hz, NCH;). 4.86 (IH

. dd, J=2.3,5.0 Hz, H4),7 14-7.32 (10H, m, Ph-H).

Example 24. (4R,SR/4S,SS) 4-(3-Phenylpropylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azeudm-z-one
White crystalline solid, 25% yield, mp 136-8°C -
1H NMR 8(CDCly), 2.11 (2H, m, SOCH,CHj3), 2.49 (2H, m, SOCHj,), 2.78 (4H, m,
2 x CH2Ph), 2.91 (2H, m, CH,CO), 3.15 (1H, dd, J=4.8, 14.7 Hz, H3,), 3.55 (1H, dd,
J=1.7,14.7 Hz, H3|,), 3.78, 4.44 (each 1H, d, J=18.9 Hz, NCHZ), 4.66 (IH dd,
J=2.2, 4.8 Hz, Hy), 7.14-7.35 (10H, m, Ph-HD.
Found: C, 68.6; H,6.4; N, 3.8%; Cj3H,5NO;S requires: C, 68.9; H, 6.6; N, 3.7%
Example 25. (4R,SS/4S,SR) 4-(3-Phenylpropylsnﬂphinyl)-N-(Lphenyl-z-
oxobutyl)azetidin-2-one _
White crystaliine solid, 13% yield, mp 65-6°C _ : _
1H NMR § (CDCly), 2.12 (2H, m, SOCH,CH),), 2.54 (2H, m, SOCHp), 2.55-
2.94(7TH, m, 2 x CH2Ph + CH;CO + Hj3,), 3.33 (1H, dd, J= 5.2, 15.1 Hz, Hay), 4.20,
4,40 (each 1H, d, J=18.7 Hz, NCH5). 4.66 (1H, dd, J=2.2, 4.8 Hz, H4)..7.14-7.35

“(10H, m, Ph-H).

Found: C, 68.6; H, 6.5; N, 3.9%; C2Hy5NO;S requires: C, 68.9; H,6.6;N, 3.7%
Example 26. trans 3-Methyl-4-(benzylthio)-l-(&phenyl-z-oxobutyl)azetidin-z-
one

A solution of trans-3-methyl-4-(benzylthm)azeudm-z-one (0 73g, 3.5mmo}) 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 dry THF ( 10ml) under a nitrogen
atmosphere at -10°C. The mixture was stirred for 10 minutes at-10°C and 1-bromo-
4-phenylbutan-2-one (0.79g, 3.5mmol) in dry THF (10mI) was added over 5 minutes
at -10°C. The mixture was stirred at room temperature for 30 minutes and pdured
into ice/water. The layers were separated and the aqueous was extracted with ethyl
acetate. The combined organics were washed with brine, dfied (MgSOy) and
evaporated to an oil. This was purified by flash chromatography on silica gel
eluting with petroleum ether 40-60°C/ethyl acetate- 3 1,2:1togivea colourless solid
(0.34g, 27%) mp-69-719C. :

IHNMR 8(CDCly) 1.34 (3H, d, J=7 Hz, SCH3), 2.55 (2H. m, CH,Ph), 2.85 (2H, ,
J=8 Hz, COCH,CHj), 3.11, 3.97 (each 1H, d, J=18 Hz, NCH,), 3.15 (1H, m, Hj),
3.70 (2H, m, SCH,), 4.50 (1H, d, J=2 Hz, Hy), 7.1-7.4 (10H, m, 2xPh-H)

Example 27. (4R,SR/4S,SS) trans 3-Meﬂ1yl-4-(benzylsulphmyl)-l-(4—phenyl-2-
oxobutyl)azetidin-2-one

Prepared from trans 3-meu1yl-4-(benzylth10)-l-(4»phenyl-2-oxobutyl)azeudm-2oone
using the general procedure of Example 2 and obtained as a _wtute solid, 40% yield,

‘mp 87-94°C
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1HNMR §(CDCl3) 1.23 (3H, d, J=7 Hz, CH3), 2.71 (2H, m, CH,Ph), 2.9 (3H, m,

COCHy+H3), 3.91, 4.09 (each 1H, d, J=13 Hz, SOCH,), 4.17, 4.39 (each 1H, d, J=19
Hz, NCH,). 4.38 (1H, d, J=2 Hz, Hy). 7.1-7.4 (10H, m, Ph-H)

Found: C, 68.1; H, 6.3; N, 4.0%; C31H33NO;S requires: C, 68.3; H, 6.3; N, 3.8%
Example 28. (4R,SS5/4S,SR) trans 3-methyl-4-(benzylsulphinyl)- -(4-phenyl-2-
oxobutyl)azetidin-2-one

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

using the general procedure of Examples 2and 3 and obtamed as a white sohd dias.
ratio 1:4, 19% yield, mp 114-17°C

IH NMR § (CDCl3) 1.43 (3H, d, J=8 Hz, CH;), 2.7 (2H, m, CH,Ph), 2.9 (2H, m,

COCHy), 3.65, 4.37 (each 1H, d, J=19 Hz, NCH)), 3.82 (1H, m, H3), 3.93 (2H, m,
SOCH3), 4.44 (1H, d, J=2 Hz, H,). 7.1-7.4 (10H, m, Ph-H) '

Found: C, 68.1; H, 6.3; N, 4.0%; Cy,H»3NO3S requires: C, 68.3; H, 6.3; N, 3.8%

~ Example 29. N-(6-phenylhexyl}(&benzylﬂzio-z,oxoazeﬁdin-l-yl)acetamide

a. Methyl-(4-benzylthio-2-oxoazetidin-1-yl) acetate -

To a solution of 4-(benzylthio)azetidin-2-one (5.0g, 25mmol), methyl bromoacetate
(4.6g, 30mmol) and tetrabutylammonium bromide (0.9g, 0.28mmol ) in dry THF
(150ml) was added powdered potassium hydroxide (1.7g, 30mmol). The resulting
mixture was stirred for two hours at room temperature before water (S0 ml) was
added. The solution was extracted with ethyl acetate (3x150m] portions) and the
combined extracts dried (MgSOy4) 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-oxoazetidin-1-yl)acetate as a yellow oil (5g, 70%).

IH NMR 3 (CDCly) 2.96(1H, dd, J=2.5, 16 Hz Hjs,), 3.24,3.99 (each 1H, d, J=18.00
Hz, NCH,), 3.4 (1H, dd, J=5,12.5 Hz Hjy), 3.70 (3H, s, OCH3). 3.77 (2H, s, SCHy),
4.92 (1H, m, Hy), 7.28 (5H, m, Ph-H) |

b. (4-Benzylthio-2-oxoazetidin-1-yl)acetic acid

To a solution of methyl (4-benzylthio-2-ox0-azetidin-1-yl)acetate (2.5g, 9.4mmol) in
methanol (80ml) was added, dropwise at 0°C, a solution of 1 N sodium hydroxide
(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 (3x100ml) . The combined extracts were dried
(MgSO0g4), evaporated and the residue purified by recrystallisation (hexane/ether) to
give (4-ben_zylihio-2-oxo—azetidin-l-yl)acet.ic acid as a white solid (1.3g, 55%), mp
110-111°C. 1H NMR 3 (CDCl3) 2.99 (1H, dd, J=6.87,17.5 Hz, H3,), 3.27, 4.06
(each 1H, d, J=18.40 Hz, NCHy), 3.39 (1H, dd, J=5,15.4 Hz, H3p), 3.77 (2H, 5,
SCH,), 4.91 (1H, m, Hy), 7.27 (5H, m, Ph-B).

¢. N-(6-phenylhexyl)-(4-benzylthio-2-0xoazetidin-1-yl)acetamide
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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-benzyllhio-2-oxoazetidin- 1-yhacetic
acid (10g, 39mmol) and the mixture stirred for 2 hours at room temperature Ethyl

‘acetate (250m1) was added, the precipitate filtered, the filtrate washed with dil

NaHCO3, water (x2), dried (MgSOy4) and evaporated toan oil which was purified by
flash chromatography on silica gel using hexane/ethyl acetate (1:1). Evaporation of
the appropriate fractions followed by treatment w:th hexane gave a white solid
(11.2g, 70%), mp 65-70°C.

Example 30. (4R,SR/4S,SS) N-(6-phenylhexyl)-(4-benzylsmphinyl-z-oxoazeﬁdin-
1-yl)acetamide

A solution of N-(6-phenylhexyl)-4-benzylﬂno-2-oxoazzudm—l-yl acetamide (18. Og.
43.8mmol) in dichioromethane (500 ml) was cooled to -70°C and a solution of m-
chloroperbenzoic acid (6.7g, 43.8mmol) in dichloromethane (500 ml) added dropwise
with stirring over 60 min. After a further 3h at -60°C, the reaction mixture was
shaken Wim a mixture of saturated aqueous sodium sulphite and saturated sodium
hydtogcn carbonate. The organic layer was separated, washed with brine, dried
(MgSOy4) 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-

benzylsulphinyl-2-oxoazetidin-1-yl acetamide (3.8g; 20%) mp 138-140°C.

Found: C, 67.4; H, 6.9; N,6.8%; C,4H3oN>04S requires: C, 67.6; H, 7.1; N, 6.6%
Example 31. (4R,SS5/4S,SR) N-(&phenylhexyl)-(&benzylsmphinyl-z-oxoazetxdln-
l-yl)acetalmde g

The above filtrate was dxluted wnh hexane, filtered and upon standing deposned the
title compound as a colourless crystailine solid (4.5g, 24%), mp 107-108°C.

Found: C, 67.4; H, 7.1; N, 6.8%; Cy4H3gN,04S requires: C, 67.6; H, 7.1; N, 6.6%

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

diastereomeric proportion (4R,SR/4S,SS : 4R,SS/4S,SR) as determined by IH NMR.

Example 32. N-bemyl-(&benzylthio-z-oxoazetidin- -yl)acetamide
White solid, 49% yield, mp 89-90°C =~~~ .
IH NMR & (CDCl3) 2.94 (1H, dd, J=2.5,5.25 Hz, Ha,), 3.37 (1H, dd, J=2.5,5 Hz,

'Hsy), 3.65,3.76 (each 1H,.d, J=15.0 Hz, NCH),), 3.76 (2H, s, SCHz). 4.4 (2H, m,

NHCHj,), 4.81 (1H, m, Hy), 6.33 (1H, bs, NH), 7.20-7.37 (10H, m, Ph-F.
Example 33. (4R,SR/4S,SS) N-benzyl-(4-benzylstﬂphinyl-2-oxoazeﬁdm-l-
yhacetamide

White crystalline solid, 8% yield, mp 192-193°C

Found: C, 63.8; H, 5.7; N, 8.0%; C;9H;oN203S requires:C, 64.0; H, 5.7; N, 7.9%
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Example 34. (4R,SS/4S,SR) N-benzyl-(4-benzylsulphinyl-2-oxoazetidin-1-
yl)acetamide

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

Found: C,63.4;H,5.5; N, 7.7%:; C|9H20N203502H20requ1res C.63.5;H,5.7;
N, 7.8%

Example 35. N-(4-Pheuylbutyl)-(d-benzylthio-z-oxoazeﬁdin-l-yl)acelamide
Colourless oil, 100% yield.

IH NMR 3 (CDCl3) 1.5-1.7 (4H, m, CH>CH)), 2.63 (2H, t, J=7 Hz, CH,Ph), 2.93

(1H, dd, J=2, 15 Hz, Hj), 3.26 (2H, m, NCH,), 3.36 (1H, dd, J=5, 15 Hz, Hy), 3.53,

3.70 (each 1H, d, J=17 Hz, NCHj), 3.79 (2H, s, SCH,), 4.80 (1H, m, Hy), 6.07 (1H,

br s, NH), 7.1-7.4 (10H, m, 2xPh-H)

Example 36. (4R,SR/4S,SS) N-(4-Phenylbutyl)-(4-benzylsulphinyl-2-oxoazetidin-
1-yl)acetamide

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

IH NMR 3 (CDCl,) 1.5-1.7 (4H, m, CH,CH,) 2.62 (2H, t, J=7 Hz, CH,Ph), 2.95

(1H, dd, J=5, 15 Hz, H3), 3.26 (2H, m, NHCH;),' 3.45 (1H, dd, J=2, 15.Hz, H3), 3.71,

"4.10 (each 1H, d, J=17 Hz, NCH>), 3.88, 4.04 (each 1H, d, J=13 Hz, SOCH}), 4.51
(1H, m, Hy), 6.65 (1H, br s, NH), 7.1-7.4 (10H, m, 2xPh-ED)

Found: C, 66.2; H, 6.5; N, 7.0%: C3;H,¢N>03S requires: C, 66.3; H, 6.6; N, 7.0%

Example 37. (4R,SS/4S,SR) N-(4-Phenylbutyl)-4-(benzylsulphinyl-2-oxoazetidin-
1.yl)acetamide

“White solid, dias. ratio 5:95, 30% yield, mp 107-8°C

'H NMR § (CDCl3) 1.5-1.7 (4H, m, CH,CHy). 2.63 (2H, t, J=7 Hz, CHzPh), 2.85

(1H, dd, J=2, 15 Hz, H3). 3.15 (1H, dd, J=5, 15 Hz, Hy). 3.3 (2H, m, NHCH,), 3.90,

4.23 (each 1H, d, J=17 Hz, NCH)), 3.97, 4.15 (each 1H, d, J=13 Hz, SOCH,), 4.60

(1H, m, Hy), 7.1-7.4 (11H, m, 2xPh-H+NH)

Found: C, 66.1; H, 6.5; N, 7.1%; C5;H4N204S requires: C, 66.3; H, 6.6; N, 7.0%

Example 38. N-(9-Phenyinonyl)-(4-benzylthio-2-oxoazetidin-1-yl)acetamide

Colourless oil, 84% yield. '

H nmr § (CDC!3) 1.28-1.48 (14H m, 7xCH,), 2.59 (2H, t, J=7.7 Hz, PhCH,), 2.92,

2.98 (1H, dd, J=2.5, 15.4 Hz, H3), 3.2 (2H, m, NHCHj), 3.34, 3.40 (1H, dd, J=5.2,

15.4 Hz, Hj), 3.56, 3.72 (each 1H, d, J=16.8 Hz, NCH,), 3.81 (2H, s, SCH,), 4.81

(1H, m, Hy), 6.0 (1H, m, NH), 7.2 (10H, m, 2xPh-H)

Example 39. (4R,SR/4S,SS) N-(9-Phenylnonyl)-(4-benzyisulphinyl-2-oxoazetidin-

1-yl)acetamide '

White solid, dias. ratio 4:1, 8% yield, mp 124-128°C

1H nmr § (CDCly) 1.2-1.7 (14H, m, 7xCH,), 2.59 (2H, t, J=7.8 Hz, PhCH)), 2.93,

2.97 (1H, dd, J=4.8, 14.8 Hz, H3), 3.23 (2H, m, NHCH,), 3.44, 3.48 (1H, dd, J=2.4,

-25-



WO 96/19451 _ ' PCT/EPI5/05130

10

15

20

25

30

35

14.8 Hz, Hj), 3.7, 4.1 (each 1H, d, J=17.2 Hz, NCH,), 3.9, 4.13 (each 1H, d, J=12.8
Hz, SOCHj), 4.5 (1H, m, Hy), 6.59 (1H, m, NH), 7.16-7.41 (10H, m, 2xPh-H)
Found:C, 68.9; H, 7.5; N, 5.6%; Cy7H35N,03S requires: C, 69.2; H, 7.7; N, 6.0%
Example 40. (4R;SS/4S,SR) N-(9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoazetidin-
1-yDacetamide |
White solid, dias. ratio 4:6, 48% yield, mp 123-128°C : |

4 nmr 8 (CDCl,) 1.2-1.7 (14H, m, 7xCH,), 2.59 (2H, t, J=7.8 Hz, PhCH,), 2.85- _
2.97 (1H, m Hy), 3.1-3.5 (3H, m, NHCH;, H3), 3.7-4.2 (4H, m, SOCH,, NCH;), 4.5-
4.6 (1H,2xm, Hy), 6.68 (m, NH, 7.17-7.42 (10H, m, ZxPh-H) |

Found: C 69.3; H, 7.8; N, 6.1%; Cy7H34N,03S requires: C, 69.2; H, 77 N, 6.0%
Example 41. N-Methyl-N-(6-phenylhexyl)-(4-benzylthio-2-oxoazeﬂdin-l-
yDacetamide :

Yellow oil, 88% yield.

1H nmr 5 (DMSO0-dg 350K) 1.25-1.57 (8H, m, 4xCH2), 2. 55 (2H, m, PhCHz). 2.79-
2.95 (4H, m, NCHj3, Hj). 3.1-3.3 (2H, m, NCH,), 3.32, 3.35 (1H, dd, J=5. 2,14.8
Hz, H3), 3.45, 4.09 (each 1H, d, J=16.8 Hz, NCHZC-O) 3.84 (2H, s, SCHy), 4.94
(1H, m, Hy), 7.14-7.32 (10H, m, 2xPh-H)

Example 42. (4R,SR/4S,SS) N-Methyl-N-(G-phenylhexyl)-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide

Colourless oil, dias. ratio 55:45, 67% yield - _

'H NMR 3 (DMSO-dg 350K) 1.2-1.6 (8H, m, 4xCHy), 2.56 (2H, t, J=7.6 Hz,
PhCH,), 2.86(4H, m, NCH3, H3). 3.02-3.26 (m, NCH2CH2, Hj), 3.81-4.4 (4H, m,
SOCH,, NCH,C=0), 4.81-,4.90 (1H, 2xm, Hy), 7.12-7.35 (10H, m ,2xPh-ED

Found: C,65.4; H,6.9; N,6.3%; Cy5H35N2038 requires: C,68.1; H,7.3: N,6.4%
Example 43. (4R,SS/4S,SR) N-MethyloN-(&phenylhexyl)-(tl-benzylsulplunyl-z-
oxoazetidin-1-yl)acetamide

Colouriess oil, 13% yield: : _

1H nmr 3 (DMSO-dg 350K) 1.2-1.6 (8H, m, 4xCH,), 2.56 (2H, t, J=7.6 Hz, PhCH,),
2.86 (4H, m, NCH3, H3), 3.1-3.3 (m, NCHy, Ha), 4.01 (2H, m, SOCH, NCHC=0),
4.17 (1H, d, J=12.9 Hz, SOCH), 4.37 (2H, d, J=I7L4Hz, NCHC:O), 4.81 (1H, m,
Hy), 7.13-7.35 (10H, m, 2xPh-H)

Found: C,65.3; H,6.8; N,6.1%; CjsH33N503S requires: C,68.1; H,7.3: N,6.4%
Example 44. N-[6-(3, S-di-teﬂ-butyl-&hydmxyphenyl)hexyl]-(4-benzylthio-z-
oxoazetidin-1-yl)acetamide -

Yellow oil, 83% yield.

IH NMR 8 (CDCly) 1.3-1.6 (26H, m, 4xCH2+6xCH3), 2.50 (2H, t, J=8 Hz, CH,Ph),
2.95 (1H, dd, J=2, 15 Hz, Hj), 3.25 (2H, q, J=7 Hz, NHCHZ).337 (1H, dd, J=5, 15
Hz, Hj), 3.55, 3.71 (each 1H, d, J=17 Hz, NCH>), 3.82 (2H, s, SCHy), 4.80 (1H, m,

H,). 5.03 (1H, s, OH), 6.02 (1H, br s, NH), 6.96 (2H, s, HOPh-H), 7.3 (5H, m, Ph-H)
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Example 45. (4R,SS/4S,SR) N-[6-(3,5-Di-tert-butyl-4-hydroxyphenyl)hexyi}-(4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide

Light brown glass, 33% yield

IHNMR § (CDCl3) 1.3-1.7 (26H, m, 4xCH,+6xCHj3), 2.50 (2H, t, J=8 Hz, CH,Ph),
2.88 (1H, dd, J=2, 15 Hz, H3), 3.17 (1H, dd, J=5, 15 Hz, H3), 3.3 (2H, m, NHCH,),
3.89, 4.25 (each 1H, d, J=17 Hz, NCH,), 3.99, 4.19 (each 1H, d, J=13 Hz, SOCH,),
4.61 (1H, m, Hy), 5.02 (1H, s, OHD, 6.96 (2H, s, HOPh-H), 7.25 (1H, br s, NH), 7.3-
7.5 (SH, m, Ph-H) :

Found: C, 68.9; H, 8.3; N, 5.0%; C3yHsN,04S requires: C, 69.3; H, 8.4; N, 5.0%
Example 46. N-6-(4-methoxyphenyhhexyl-(4-benzylthio-2-oxoazetidin-1-
yhacetamide |

Yellow oil, 77% yield

IHNMR & (CDCl3) 1.3 - 1.6 (8H, m, 4xCH,), 2.54 (2H, t, J = 15Hz, CH,PhOCH3),
2.95 (1H, dd, J=2, 15 Hz, H3), 3.23 (2H, m, NHCH,), 3.37 (1H, dd, J=5, 15 Hz, Ha),
3.55, 3.71(each 1H, d, J=17 Hz, NCH,), 3.78 (3H, 5, OCHj3), 3.81 (2H, s, SCH,),
4.80 (1H, m, Hy), 6.01 (1H, br s, NH), 6.82, 7.07 (each 2H, d, J = 8.5 Hz, CH;0Ph-
H). 7.3 (5H, m, Ph-H)

Example 47. (4R,SR/4S,SS) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide |

White solid, 10% yield, mp 129-133.5°C.

HNMR 5(CDCl3) 1.25-1.56(8H,m,CH,CHCHoCH5), 2.52(2H,1,J=7.25Hz,
CH2Ph-OMe), 2.94(1H,dd,J=14.75,4.5Hz,H3p), 3.20(2H,m;NHCH2). 3.45(1H.dd,
J=14.75,2.0Hz,H3,), 3.71.4.23(2H,dd J=15.5,15.5Hz,SOCH,Ph), 3.78(3H.s, OCHj).
3.88,4.04(2H,dd,J=13.0,12.75Hz,N-CH>), 4.53(1H,m,Hy), 6.66(1H,s, NH), 6.78-
6.83,7.06-7.09(2H,2H,m,CH3-Ph-OMe), 7.22-7.26,7.36-7.40(3H,2H, m,SOCH,Ph).
Found: C,64.9; H,6.6; N,6.1%; C,5H35N,0,4S requires: C,65.8; H7.1; N.6.1%
Example 48. (4R,SS/4S,SR) N-6.-(4-methoxyphenyl)hexyl-(4-benzylsnﬂphinyl-z-
oxoazetidin-1-yl)acetamide

Pale yellow solid, 29% yield, mp 85-88°C

1IHNMR 8 (CDCI13) 1.23-1.63(8H,m,CH>CHoCH2CH3), 2.53(2H.t, J=7.25Hz,
CH2Ph), 2.88(1H,dd,J=15.25,2.5Hz,H3,), 3.13-3.31(3H.m,NHCH>3,Hs3p),
3.78(3H.s,0CH3), 3.85-4.28 (4H,m, NCH5>, SOCH,Ph), 4.61(1H,m.Hy), 6.78-
6.84,7.05-7.10(2H,2H,m,CH2-Ph-OMe), 7.18(1H,s,CONH), 7.23-7.27,7.37-
7.44(3H,2H,m,SOCH2Ph).

Found: C,65.5; H,6.8; N,6.0%; C25H32N204Srequ1res C.65.8; H,7.1; N,6.1%
Example 49. N-(6-(4-chlorophenyl)hexyl)-(4-benzylth|o-2-oxoazetldin-1-
yhacetamide

Pale yellow solid, 89% yield, mp 60-62°C

-27-



WO 96/19451 _ ' - PCT/EP95/05130

10

15

20

25

30

35

H NMR § (CDCl3) 1.3-1.6 (8H, m, 4xCH,), 2.55 (2H, t, J=7.6 Hz, PhCH}), 2.90,

2.97 (1H, dd, J=2.4, 15.4 Hz, H3), 3.3 (2H, m, NHCH,), 3.33, 3.40 (1H, dd, J=5.2,

15.4 H2; Hy), 3.56, 3.71 (each 1H, d, J=16.8 Hz, NCH,), 3.81 (2H, s, SCH;), 4.81

(1H, m, Hy), 6.05 (1H, m, NH), 7.05-7.36 (9H, m, 2xPh-H)

Example 50. (4R,SR/4S,SS) N-(6-(4-chlorophenyl)hexyl)-(4-benzylsulphmyl-zo

oxoazeﬁdin-l-yl)acemnide

Colourless solid, 17% yield, mp 178-179°C.

1H NMR 8 (CDCl3) 1.2-1.6 (8H, m, 4xCHy), 2.55 (2H, t, J=7.6 Hz, PhCHj,). 2.93,

2.99 (1H, dd, J=4.7, 14.8 Hz, H3), 3.22 (2H, m, NHCH,), 3.44, 3.49 (1H, dd, J=2.2,

14.8 Hz, Hj), 3.68, 4.13 (each 1H, d, J=17.4 Hz, NCH,), 3.87, 4.05 (each 1H, d,

J=13.2 Hz, SOCH)3), 4.50 (1H, m, Hy), 6.65 (1H, m, NH), 7.07-7.40 (9H, m, 2xPh-

0

Found: C, 62.5; H, 6.3; N, 6.3%; C24H29C1N203S reqmres C,62.5,H,6.3; N,

6.1%. .

Example 51. (4R,SSI4S,SR) N-(6-(4-chlorophenyl)hexyl)-(4-benzylsnlphmyl-z-

oxoazetidin-1-yl)acetamide

Colourless solid, dias. ratio 1:9, 39% yield, mp 103-104°C

H NMR (CDCl,) 5 1.3-1.6 (8H, m, 4xCHj), 2.56 (2H, t, J=7.6 Hz, PhCH,). 2.87,

2.90 (1H, dd, J=2.5, 15.3 Hz, Hj), 3.16, 3.20 (each-1H, d, J=5.3, 15.3 Hz, H3).3.26

(2H, m, NHCH,), 3.87, 4.25 (each 1H, d, J=17 2 Hz, NCHj), 3.98, 4.19 (each 1H, d,

J=13 Hz, SOCH,), 4.6 (1H, m, Hy), 7.07-7.41 (10H, m, 2xPh-H, NH)

Found: C, 62.5; H, 6:3; N, 6.2%:; C24H29C1N203S requxres C,62.5;H,6.3;N,

6.1%.

Example §2. N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylﬂ|io-2-oxoazetidin-l-yl)-

acetamide

Pale yellow oil, 69% yield

IH NMR & (CDCl3) 1.30-1.60 (m, 4xCH») , 2.57 (2H, t, J=7.63Hz, ArCH>), 2 95

(1H, dd, J=2.4, 15.4Hz, H3,) 3.24 (1H, m, NHCH>), 3.38 (1H, dd, J=5.13,15.4Hz,

Hip), 3.64 (2H, dd, J=16.8Hz, COCHN), 3.81 (2H, 5, A:Cst),tt 81 (1H, m,
=2.5Hz, 5.0Hz, Hy), 6.0 (1H, m, NH.C=0),7.0-7.36 (9H, m, 9xArH) :

Example 53. (4R,SR/4S,SS) N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylsulphmyl-

2-oxoazetidin-1-yl)acetamide

White solid, dias. ratio 36:1, yield 37%, mp 158-159°C -

Found: C,58.2; H,5.7; N.5.7%; Cy4HasC1oN,03S requires: C,58.2; H,5.7; N.5.7%

Example 54. (4R,SS/4S,SR) N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylsulplunyl-

2-oxoazetidin-1-yl)acetamide

White solid, dias. ratio 1:9, yield 22%, mp 108-109°C

Found: C,58.2; H.5.6; N,5.7%; Cq4HgCl,N204S requires: C,58.2; H,5.7;N.5.7%
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Example 55. N-(6-(3-chlorophenyl)hexyl)-(4-benzylﬂlio-2-oxoazeﬁdin-l-yl)-
acetamide

Pale yéllow oil, 75% yield -

IJHNMR 8 (CDCl5) 1.30-1.60 (8H, m, 4xCH2). 2.55 (21, t, J=7.63Hz, ArCH>),
2.95(1H, dd, J=2.5, 15.5Hz, H3a). 3.24 (2H, m, J=17.5Hz, NHCH3), 3.38 (1H, dd,
J=5.25,15.25Hz, H3p), 3.64 (2H, dd, J=16.87Hz, COCHN), 3.82 (2H, s, ArCH>S),
4.81 (1H, m, Hy). 6.06 (1H, m, NH), 7.0-7.36 (8H, m, 8xArHD)

Example 56. (4R,SR/4S,SS) N-(6-(3-chlorophenyl)hexyl)-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide

White solid, dias. ratio 36:1, yield 18%, mp 147-148°C

Found: C,62.3; H,6.1; N,6.2%; C,4H39CIN,05S requires: C.62.5; H,6.3; N.6.1%
Example 57. (4R,SS/4S,SR) N-(6-(3-chlorophenyl)hexyl)-(ft-benzylsulphinyl-z-
oxoazetidin-1-yl)acetamide

White solid, dias. ratio 14:86, yield 49%, mp 74o75°C

Found: C,62.4; H,6.2; N,6.1%; Cy4H9CIN,O;S requires: C,62.5; H,6.3; N,6.1%
Example 58. N-6-(4-hydmxyphenyl)hei:yl-(4-benzylthi0oz-oxoazeﬁdin-l-yl)-
acetamide

Yellow oil 23% yield

1H NMR 8 (CDCl3) 1.2- 1.7 (8H, m, 4xCHy), 2.52 (2H, t, ] = 15Hz, CH,PhOH),

2.95 (1H, dd, J=2, 15 Hz, H3), 3.21 (2H, m, NHCH,), 3.37 (1H, dd, J=5, 15 Hz, Hj),
3.53, 3.72(each 1H, d, J=17 Hz, NCH,), 3.76 (2H, s, SCH,), 4.83 (IH, m, Hy). 5.37
(1H, s, OH), 5.97 (1H, br s, NH), 6.75, 7.02 (each 2H, d, ] = 8.5 Hz, HOPh-H) 7.3
(5H, m, Ph-H) :

Example 59. (4R,SR/4S,SS) and (4R,SS/4S,SR) N-6-(4-hydroxyphenyl)hexyl-(4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide

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

~ 1HNMR 8 (CDCl3) 1.25-1.58 (16H, m, 2xCH,CH2CH,CHg), 2.52 (4H, 1, J=7.0Hz,

2xCH»>Ph), 2.83 (1H, dd, J=15.0, 2.0Hz, H3,), 2.90 (1H, dd, J=15.0, 5.0Hz, H3p).
3.12-3.25 (5H, m, 2xNHCH>, H3p). 3.40 (1H, dd, J=15.0,2.5Hz, H3,), 3.72-4.21
(8H, m, 2xSOCHPh, 2xN-CH»), 4.56 (1H, m, Hy), 4.64 (1H, m, Hy), 6.08 (1H, s,
OH), 6.17 (1H, s, OH) 6.63 (1H, m, NH), 6.71-6.77, 6.97-7.04 (4H, SH, m.2
xCH»Ph-OH, NH), 7.22-7.29,7.35-7.39 (4H, 6H, m, 2xSOCH>Ph).

Found: C,63.47; H,6.53; N,6.24%; C,4H3oN,04S requires: C,65.13; H,6.83;
N,6.33%

Example 60. N-(G-Phenylhexyl)-(4-(4-eﬂ|oxycarbonyl)benzylﬂ1io-z-oxoazehdin-
1-yl)acetamide

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

Yellow oil, 62% yield
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" 1HNMR 5 (CDCls) 1.40 (3H, t, J=7.13 Hz, O-CH,CHj), 2.85 (1H, dd, coupling

indeterminate, Hj,), 3.31 (1H, dd, coupling indeterminate, Hs;,) 3.88 (2H., s, S-CH,),

4.38 (2H, q, J=7.13 Hz, O-CH,CH3), 6.10 (1H, br. singlet, N-H), 7.40 (2H, d, J=8.36

Hz Ph-H), 8.01 (2H, d, J=8.34 Hz; Ph-H) '
N-(6-Phenylhexyl)-(4-(4-ethoxymrbonyl)benzylﬂ|io-2-oxoazeﬁdm-l-

yDacetamide

Colourless oil, 59% yield ' o

1H NMR & (CDCl3) 1.23-1.71 (13H, m, CH,CH), OCHZCH3), 2.56-2.62 (2H, m, Ph-
CH>). 2.93 (1H, dd, coupling indeterminate, Ha,), 3.18-3.27 (2H, m, NH-CH,), 3.38
(1H, dd, J=15.37, 5.14 Hz, Hy,), 3.52 and 3.80.(1H each, d, J=16.64 Hz, N-CH,),
4.37 (2H, q, J=7.13 Hz, O-CH,CHy), 4.85 (1H, dd, coupling indeterminate, H,), 6.01
(1H, br. triplet, N-H), 7.14-7.29 (5H, m, Ph-H), 7.39 (2H, d, J=8.34 Hz, Ph-H), 8.00
(2H, d, J=8.30 Hz, Ph-H).

Example 61. (4R,SS/45,SR) N-(6-Phenylhexyl)-(4-(4-
ethoxycarbonyl)benzylsulphinyl-z-oxoazetidin-l-yl)acetannde '

White crystalline solid, 25% yield, mp 101-103°C S

Found: C, 64.69; H, 6.64; N, 5.72%

C27H34N2058 requires: C, 65.04; H, 6.87; N, 5.62%

Example 62. N-(6-phenylhexyl)-4-(4-chlorobenzylthio)-z-oxoazeﬁdin-l-
ylacetamide

a. 4-(4-Chlorobenzylthio)azeudmone

Crystalhne solid, 72% yield, mp 73-74°C :

1H NMR & (CDCl3) 2.86 (1H, m, H3,), 3.32 (1H, m, Hyy), 3.81 (2H, s, S-CH,), 4.68
(1H, dd, J=5.07, 2.46 Hz, H,), 6.04 (1H, br. singlet, N-H), 7.24-7.33 (4H, m, Ph-H).
b. N-(6-phenylhex-l-yl)-4-(4-chlorobenzylthio)-z-oxoazetldin-l-ylacetanude
Colourless oil, 41% yield :

1H NMR § (CDCl,) 1.28-1.35 (4H, m, CH2CH2), 1.40-1.51 (2H, m, CH,), 1.53-1.60
(2H, m, CH)). 2.60 (2H, t, J=7.65 Hz, Ph=CHj,), 2.92 (1H, dd, J=15.37, 2.40 Hz,
Hs,), 3.23 (2H, dt, 4 lines, NH-CH,), 3.38 (1H, dd, J=15.36, 5.16 Hz, Hy,), 3.54 and
3.82 (1H each, d, }=16.65 Hz, N-CH,), 3.78 (2H s, S-CH,), 4.83 (IH dd, J=5.15,
2.43 Hz, Hy), 7.14-7.30 (9H, m, Ph-H). -

Example 63. (4R,SR/4S,SS) N-(6-phenylhex-l-yl)-4-(4-chlorobenzylsulphmyl)-2-

- oxoazetidin-1-ylacetamide

White crystalline solid, m.p. 155-156°C, 10% yield

Found: C,62.2;H, 6.2; N, 6.1%; Cy4H9CIN,O5S requires: C, 62.5; H,6.3; N, -
6.1%

Example 64. (4R,SS/4S5,SR) N-(G-phenylhex-l-yl)-4-(4-chlorobenzylsulphinyl)—2—
oxoazetidin-1-ylacetamide

mp 92-93°C, 33% yield
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Found: C, 62.4; H, 6.3; N, 6.1%; C4H9CIN;O,S requires:C, 62.5; H, 6.3; N, 6.1%
Example 65. trans N-(6-Phenylhexyl)-(4-benzylthio-3-methyl-2-oxoazehdm-1-
ylacetdmide

Colourless oil, 65% yield :

1HNMR & (CDCl3) 1.2-1.7 (11H, m, 4xCH+CHj), 2.59 (2H, t, J=7 Hz, CH,Ph),
3.2 (3H, m, NHCH,+Hj3), 3.50, 3.70 (each 1H, d, J=17 Hz, NCH,), 3.80 (2H, s,
SCH,), 4.42 (1H, d, J=2 Hz, Hy). 6.04 (1H, br s, NH), 7.1-7.4 (10H, m, 2xPh-H)
Example 66. trans N-(6-Phenylhexyl)-(4-benzylsulphinyl-3-methy}-2-
oxoazetidin-1-yl)acetamide

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

1H NMR & (CDCl3) 1.1- 1.7 (11H, m, 4xCH,+CHy), 2.59 2H, m, CH,Ph), 3.25
(2.6H, m, NHCH>+H3), 3.7-4.3(3.4H, m, SOCH,+H4+Hj3"). 6.65 (0.6H,

brs, NH), 7.1-7.4 (10.4, m, 2xPh-H+NH") _

Found: C, 67.2; H, 7.3; N, 6.0%; Cy5H35N,04S requires: C, 68.2; H, 7.3; N, 6.4%

The fbllowir_lg 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-oxoazetidin-1-yl)acetamide
White solid, 65% yield, mp 104-105°C |

Found: C, 64.7; H, 6.6; N, 6.3%; Co4H3gN,04S requires: C, 65.1; H, 6.8; N, 6.3%
Example 68. N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzyisulphonyl-2-oxoazetidin-
1-yl)acetamide

White solid, 90% yield, mp 115-116°C

Found: C, 55.2; H, 5.4; N, 5.4%; C241-128C12N204S 0.65H,0 requires: C, 55.1; H,
5.6, N, 5.4%

Example 69. N-(6-(3-chlorophenyl)hexyl)-(4-benzylsnlphmyl-2-oxoazeﬁdin-l-
yhacetamide

‘White solid, 3% yield, mp 95-98°C

Found: C, 61.0; H, 6.2; N, 6.0%; C24H29C1N204SO 12C6H,4 requires: C, 60.9; H,
6.3:N, 5.8%
Example 70. 4-(Benzylthio)-1 -(&phenylpmpyl)azeﬁdin-z-one

A solution of 4-(benzylthio)azetidin-2-one (1.1g, 5.5mmol) in dry THF (10ml) was

added dropwise over 10 minutes to a suspension of NaH (0.13g, 5.6mmol) in dry
THF (5ml) at -20°C under a N3 atmosphere. A solution of 3-phenyl-1-
(triftuoromethanesulfonyloxy)propane (1.5g, 5.6mmol) in dry THF (10mi) 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 (MgSOy4), evaporated under reduced pressure and purified by
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flash chromatography on silica gel eluted with 5:1 petroleum ether-ethyl acetate to |
give the title compound as a yellow oil (1.4g, 81%).

IH NMR § (CDCly) 2.58 (2H, m, CHy), 2.58 (2H, t, J = 15Hz, CH,Ph), 2.9, 3.2
(each 2H, m, H-3 & NCH,), 3.73 (2H, s, SCHz) 451 (1H, m, H-4),7.2 (10H, m,
2xPh-H) .

Example 71. (4R,SR/4S,SS) 4-Benzyisulphinyl-1-(3-phenylpropyl)azetidin-2-one
Prepared from 4-(benzylthio)-1-(3-phenylpropyl)azetidin-2-one using the general
procedure of Example 2. The product was obtamed asa wlute solid, dias. ratio 97:3,
19% yield, mp 93-96°C : o

IHNMR 3 (CDCl3) 1.83-1. 94(2H.m.CH2CH2CH2) 2.57-2.69(2H,m,CH,Ph),
2.76(1H,dd,J=14.5,4.5Hz H3p), 3.22-3. 39(3H,m.N-CH2,Hga) 3.83,3.98(2H,dd,
J=13.0,13.0Hz,SOCH,Ph), 4.22(1H,mHy), 7.13-7.41(10H.m,CH,Ph,SOCH,Ph).
Found: C,69.5; H.6.5; N,4.5%; Cj9H21NO3S requires: C.69.7; H,6.5; N,4.3%
Example 72. (4R,SS/4S,SR) 4-Benzylsulphinyl-1-(3-phenylpropyl)azetidin-2-one
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

IH NMR 3(CDCl3) 1.90-2.04(2H, m, CHyCH»CHj), 2.41(1H, dd, J=15.0, 2.4Hz,
H3a), 2.59-2.64 (2H, m, CHaPh), 2.84 (1H, dd, J=15.0, 5.0 Hz, H3p), 3.41-3.49 (2H,
m, N-CHy), 3.94-4.05 (2H, dd, J=13.0, 13.0 Hz, SOCHzPh), 4.23-4.26 (1H, m, H4).

© 7.15-7.39 (10H, m, SOCHPh, CH,Ph).

Found: C,66.0; H,6.4; N,3.3%; C19H21NO3S requires: C,69.7; H,6.5; N,4.3%

The following compounds (Examples 7 3-75) was prépared using Lhe general
procedures of Examples 70 - 72.

Example 73. 4-Benzylth|o-l-(z-phenethyl)azeﬁdin-z-one

Light brown oil, 60% yield

IHNMR 8 (CDCly) 2.8-2.9 (3H, m, CHzPh+H3), 3.1, 3.5 (each 1H, m, NCH,), 3.18
(1H, dd, J=5, 15 Hz, Hj3), 3.66 (2H dd, J=14 Hz, SCHZ),435 (1H, m, H4) 7.1-7.4
(10H, m, 2xPh-H)

Example 74. (4R, SR/4S,SS) 4-Benzyisulphinyl- l-(z-phenethyl)azetidin-zoone
Colourless solid, 16% yield, mp 98-101°C '

- IHNMR $ (CDC13) 2.71 (1H, dd, J=2, 15 Hz, Ha3), 2.88 (2H, t, J=7 Hz, CH,Ph),

3.29 (1H, dd, J=2, 15 Hz, H3). 3.3 (1H, m, NCHZ),37-39(3H m, NCH,+SOCH,),
3.9 (1H, m, Hy), 7.1-7.4 (10H, m, Ph-H) :

Found: C, 68.7; H, 6.1; N, 4.5%; C;gH;oNO,S requires:C, 69.0; H, 6.1; N, 4.5%
Example 75. (4R,SS/4S,SR) 4-Benzylsulphinyl-1 -(Z-phenethyl)azetidm-z-one
Colourless solid, 27% ‘yield, mp 88-9°C
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1H NMR & (CDCl3) 2.40 (IH dd, J=2, 15 Hz, Hy), 2.85 (1H, dd, §, 15 Hz, H3), 3.0
(2H, m, CH,CH,Ph), 3.62, 3.76 (each 1H, m, NCH,), 3.92, 4.03 (each lH d,
SOCH,)J, 4.16 (1H, m, Hy), 7.2-7.4 (10H, m, Ph-H)

Found: C, 68.8; H, 6.2; N, 4.7%; C;3H;9NO,S requires: C, 69.0; H, 6.1; N, 4.5%
Example 76.  4-(Benzylthio)-1-(4-phenylbutyl)azetidin-2-one

A solution of 4-(benzylthio)azetidin-2-one (1.1g, 5.5mmol) in dry THF (10ml) was
added dropwise over 10 minutes to a suspension of NaH (0.13g, 5.6mmol) in dry
THF (5mi) at -20°C under a N7 atmosphere. A solution of 1-iodo-4-phenylbutane
(1.4g, 5.5mmol) in dry THF (10ml) was added dropwise over 10 minutes at -55°C.
After stirring for 18 hours, 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 (MgSO0y4), 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 nge the

_ product as a yellow oil (0.25g, 14%).

IH NMR 8 (CDCl3) 1.5 (4H, m, 2xCH,), 2.6 (2H, m, CH,Ph), 2.85, 3.2 (each 2H,
m, H-3 & NCH,), 3.73 (2H, s, SCHj). 4.54 (1H, m, H-4), 7.2 (10H, m, 2xPh-H)
Example 77. (4R,SS/4S,SR) 4-Benzylsulphinyl-1-(4-phenylbutyl)azetidin-2-one
Prepared from 4-(benzylthio)- 1-(4-phenylbutyl)azetidin-2-one using the general
procedure of Example 30. The product was obtained as a yellow oil following flash
chromatography, 76% yield. :

IHNMR § (CDCl3) 1.61-1.66(8H,m,2xCH>CH2CH>CH>), 2.47(1H,dd,J=15.0,
1.50Hz,H3,), 2.60(4H,m,2xCH>Ph), 2.83(1H,dd,J=14.5,4.5Hz,H3}), 2.93(1H,dd,
J=15.0,5.0Hz,H3p), 3.29-3.50(5H.m.2xN-CH2.H3a) 3.98,4.06(2H,dd,J=13.25,
13.25Hz,SOCH3>Ph), 3.83,3.93(2H.,dd,J=6.25,6.25Hz,SOCH2Ph), 4.28(1H,m,Hy),
4.31(1H,m,Hy), 7.12-7.39(20H,m,2xCH2Ph,2xSOCH2Ph).

Found: C.69.2; H,6.9; N,4.5%; CoqgH23NO»S requires: C,70.2; H,6.8; N.4. 1%
Example 78. p-Methoxybenzyl [(3S, 4R)-4-benzylth|o-3-bromo-2-oxoazeudm-l-
yllacetate ' _

a. p-Methoxybenzyl [(3S, 4R)-4-acetylthio-3-bromo-2-oxoazeﬁdin-l-yl]acetate
Ozonised oxygen was bubbled through a solution of p-methoxybenzyl 2-[(3S, 4R)-4-
acetylthio-3-bromo-2-oxoazetidin- 1-yI}-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 permanent blue solution was obtained. Excess 0zone was
removed by the passage 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 of p-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. ¢t_hyl acetate. The combined extracts were washed successively

- with sdturated aq. sodium hydrogen carbonate and brine, then dried (MgSO,) and

evaporated. Purification by flash chromatography (silica, ethyl acetate-pet. ether) gave

the product as a light brown oil, yield 10.6 g(58%).

b. Silver (3S,4R)-3-bromo-l-(p-methoxybenzyloxyearbonylmethyl)-z-

-oxoazetidine-4-thiolate -

A solution of p-meﬂxoxybenzyl [@3S, 4R)-4-acetylth:o-3-bromo-2—oxoazeudm-1-
ylacetate (4.13 g, 0.01 mol) in methanol (90 ml) was added with stirring in subdued

light to a solution of silver nitrate (2.27 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 5-10°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
cold methanol then hexane to give the title compound, yield 4.6 g (96%). |
¢. p-Methoxybenzyl [(3S, 4R)-4-benzylthio-3-bromo-2-oxoazetidin-1-yl]acetate
A solution of silver (35,4R)-3-bromo-1 -(p-met_h'ox'ybenzyloxycarbonylmethyl)-z-
oxoazetidine-4-thiolate (4.6 g, 0.0099 mol) in acetonitrile (100 ml) was treated with

~ benzyl bromide (1.76 ml, 0.015 mol) under nitrogen and the mixture stirred in subdued

light for 48 hr. The solvent was evaporated, the residue treated with dichloromethane

and the precipitated salts filtered off. The filtrate was evaporated and 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 (CDCly), 3.39, 4.02 (each 1H, d, J=18.1 Hz, NCHz). 3.76 (2H, 5, SCHy),

3.81 (3H, s, OCHj),4.61, 4.91 (each 1H, d, J=1.6 Hz, H3 + H,), 5.08 (2H, m,

OCH,), 6.89 (2H, m, 3 5-(4-CH30Ph)-H), 7. 22-7 33 (7H, m, Ph-H +2,6-(4-

CH30Ph)-HD. _

Example 79.. (33,4R)-N-(6-phenylhexyl)-1-(4-benzylﬂ|io-3-bromo-2-oxoazetidm-
1-yDacetamide

a) p-Methoxybenzyl 2-[(3S, 4R)-4-benzylthio-3-bromo-2-oxoazetidm—l-yl]-3-

methylbut-2-enoate

A solution of the silver sait of p-methoxybenzyl 2-{(3S, 4R)-4-mercapto-3-bromo-2-

oxoazetidin-1-yl]-3-methylbut-2-enoate ( lOg, 20mmol) in dry acetonitrile (100ml)

- was treated with benzyl bromide (4g, 24mmol) and the: resulung mixture refluxed for

30 mins. The reaction was cooled to room temperature, filtered, evaporated to .
dryness and the residue purified by flash chromatography using 1:1 ether:pentane as
the eluting solvent. Evaporation of the appropriate fractions gave the product as a

- white solid (5.8g, 59%), mp 70-72°C. 'H NMR § (CDC13)1.93 (3H, s, CHy), 2.23

(3H, s, CHj), 3.66 (1H, dd, J=2.9,17.5 Hz, SCH»), 3.79 (3H, 5, OCHj3), 4.52 (1H. d,
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J=1.8 Hz, H3), 4.95 (1H, d, J=1.9 Hz, Hy), 5.08 (2H. g, J=12.0 Hz, CO,CH,). 6.84-
6.90 (2H, m, 2,6Ph-H), 7.13-7.31 (7H, m, 3,5Ph-H,Ph-H).

b) (35, 4R)-4-Benzylthio-3-bromoazetidin-2-one

Ozonised oxygen was bubbled through a solution of p-methoxybenzyl 2-[(3S, 4R)-4-
benzylthio-3-bromo-2-0xoazetidin- 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*! had disappeared, methanol (4ml) together
with a trace of sodium methoxide and dimethyl sulfide (1ml) was added and stirring
continued at room temperature for 16h. The reaction was evaporated and the residue
purified by flash chromatography using 1:1 ether:pentane as the eluting solvent.
Evaporation of the appropriate fractions gave the product as a colourless oil (0.7g,
64%). .

IH NMR 8§ (CDCl;) 3.87 (2H, s, SCH»), 4.52 (1H, m, Hy), 4.69 (1H, d, H3) 5.85
(1H, bs, NH), 7.18-7.39 (SH, m, Ph-H). '

¢) N-(6-Phenylhexyl)[(3S, 4R)-4-benzylthio-3-bromo-2-oxoazeﬁdin-l-
yllacetamide

A solution of (38, 4R)-4wbenzyltluo-3-bromomudm—2—one (0.7g, 2.6mmol) in dry
THF (25ml) was treated with N-(6-phenylhexyl)bromoacetamide (0.8g, 2.6mmol),
powdered potassium hydroxide (0.2g 3mmol) and tetrabutylammonium hydroxide
(0.1g, 0.3mmol). The mixture was stirred at room temperature for 4h and partitioned
between ether and brine. The organic layer was separated, dried (MgSO,) 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%).

IHNMR & (CDCly) 1.21-1.66 (8H, m, (CHa)4), 2.59 (2H, t, J=7.4 Hz, CHz).
3.48,3.82 (each 1H, d, J=16 Hz, NCHj), 3.21 (2H, h, J=6.00 Hz, CH5), 3.37(1H, dd,
J=5,15 Hz, Hap,), 3.83 (2H, s, SCHj), 4.59 (1H, d, J=1.6 Hz, Hy), 4.89 (1H, d, J=1.6
Hz, H3). 6.04 (1H, bt, NH), 7.14-7.36 (10H, m, Ph-H).

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. (SS,4R,SR)-N-(G-phenylhexyl)-&benzylsulphinyl-s-bromo-z-
oxoazetidin-1-yl acetamide

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

Found: C, 57.9; H, 6.0; N, 6.0%; Cy4H29N>03S requires: C, 57.0; H, 5.8; N, 5.5%
Example 81. (3S,4R,SS)-N-(6-phenylhexy!)-4-benzylsulphinyl-3-bromo-2-
oxoazetidin-1-ylacetamide

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

Found: C, 57.5H, 6.0; N, 5.5%; Cy4H29N,0,S requires: C, 57.0; H, 5.8; N, 5.5%
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Example 82. (4R,SSIMZ,SR)-N-(6-phenylhexyl)-4-benzylsulphmyl-2-oxoazehd|n-
1-yl acetamide

Treatment of (3S 4R.SS)-N-(6-phenylhexyl)-4—benzylsulphmyl-3-bromo-2-
oxoazetidin-1-ylacetamide in either of the procedures below gave (4R,SS/4R »SR)-N-
(6-phenylhexyl)-4-benzylsulphinyl-2-oxoazetidin-1-yl acetamide as a mixture whose
NMR spectra were identical to a mixture of Examples 30‘and 31. -

a. L . .

To a stirring suspension of activated zinc powder (51.7 mg, 0.79 mmol) in
dichioromethane (1.2 ml) and acetic acid (0.4 ml) at 5-10°C was added N-(6-
phenylhexyl)[(4R)-4-benzylsulphinyl-3-bromo-2-oxoazetidin- 1-yljacetamide (0.2 g, 0.4
mmol). After 1 hr, the mixture was diluted with dichloromethane-water, and the
organic layer washed with saturated aq. NaHCO3, dried (MgSO4) 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. 120-1°C.
The filtrate was evaporated and the residue treated with ether to give a second Crop as
a 3:1 mixture of diastereoisomers, yleld 50 mg (30%), m.p. 108-11°C

b

A suspension of N-(6-phenylhexyl)[(4R)-4-benzylsulphmyl-3—bromo-2-oxoazeudm- 1-
ylJacetamide (0.3 g, 0.59 mmol) and 10% palladium on charcoal (50 mg) in ethanol
was treated with a solution of sodium hydrogen carbonate (50 mg, 0.59 mmol) in a
small amount of water and hydrogenated at 50 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 dichlorométhane. The combined extracts were dried

- (MgS0y) and evaporated to an oil which crystallised from ether to give the product as

a mixtwure of diastereoisomers 4R,SS : 4R,SR in the ratio 3 1, yleld 0.17 g (68%) m.p.
110-13°C. . - -

Example 83. (3S,4R)-N-(6-phenylhexyl)-l-(4-benzylthio-3-bromo—2-oxoazetidm-
1-yl)acetamide

a) ((3S, 4R)-4-Benzylthio-3-bromo-2-oxoazelidin-l-yl)aceuc acid

To a solution of p-methoxybenzyl [(3S, 4R)-4-benzyl_ttuof3-bromo-2-oxoazetidin-l-
yllacetate (3.03 g, 0.0067 mol) in methanol (50 mi) at-5t0-10°Ca 1M solution of
potassium hydroxide (7.4 ml) was added dropwise with stirring. After 2 h, the
methanol was evaporated off and the residue diluted with wat_éi',fexu'acted twice with
ether, and the ag. layer acidified with ice cooling to pH 3 (2M HCI). The oil which
precipitated soon crystallised and was filtered, washéd and dned to nge the title
compound, yield 0.9 g (41%), m.p. 138-40°C. -~

b) (BS,AR)-N-(G-phenylhexyl)-l-(4-benzylthio-3-bromo-2-oxoazetidin—l-yl)-
acetamide :
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Treatment of the above acetic acid with 6-phenylhexylamine as described in Example
29 gave the title compound, with identical spectra to Example 79.

Example 84. (4R,SS)-N-(6-(4-chlorophenyl)hexyl)-(4-benzylsulphinyl-2-
oxoazetidin-1-yl)acetamide . -

see examples 154 to 157

Example 85 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylthio)-2-
oxoazetidin-1-ylacetamide

8. N-[6-(4-Fluorophenyl)hexyl]-1-bromoacetamide

A cooled solution of 6-(4-flucrophenyl)hexylamine (2.0g) and Hunig's base (1.33g)
in dry dichloromethane (25 ml) was troated with bromoacetylbromide (2.07g) in
dichloromethane (10 ml) at 0-5 °C. After workup and chromatography N-{6-(4-
Fluorophenyhhexyl]-1-bromoacetamide was obtained as a colourless solid, 2.71 g,
m.p.50-51°C.

b. N-[6-(4-FIuorophenyl)hexyl]-4-(4-methoxybenzylthio)-2-oxoazetidm-l-
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 * (0.4g) to give N-[6-(4-fluorophenyl)hexyl]-4-(4-
methoxybenzyithio)-2-oxoazetidin-1-ylacetamide (3.8g, 65% yield) as colourless
crystals, m.p. 53-5°C, after chromatography. 'H NMR § (CDCl,) 1.33 (4H, m), 1.58
(4H, m), 2.56 (2H, t), 2.94 (1H, dd), 3.24 (2H, m), 3.37 (1H, dd), 3.61 (1H, d), 3.75
(1H, d), 3.77 (2H, s), 3.79 (3H, s), 4.79 (1H, dd), 6.09 (1H, m), 6.82-7.26 (8H, m).
Example 86 N-(6-(2,4-Difluorophenyhhexyl)-(4-benzylthio-2-oxoazetidin-1-
yhDacetamide

Sequential treatment of (4-benzylthio-2-0xo0azetidin-1-yl)acetic acid w:t.h 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

IHNMR § (CDCl3) 1.3-1.36 (4H, m, 4xCHj,), 1.50-1.60 (4H, m, 4xCH,), 2.58 (2H,
t, J=7.6Hz, PhCHj,), 2.93, 2.97 (1H, dd, J=2.4, 15.6Hz, H3), 3.23 (2H, m, NHCH,),
3.35, 3.39 (1H, dd, J=5.2, 15.2Hz, Hj), 3.57, 3.71 (each 1H, d, J=16.4Hz, NCH,),
3.81 (2H, s, SOCH,), 4.80 (1H, m, Hy), 6.02 (1H, m, NH), 6.76-7.33 (8H, m, 2Ph-
H): V =0 1774 cm”! Found: C, 64.5; H 6 3; N, 6.5%; C24H28F2N2025 requu'es G
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-Chlorophenyl)hexyl]-4-(4-methoxybenzylthio)-2-

oxoazetidin-1-ylacetamide

White crystals, m.p.65-6°C, 89% yield; Found C,63.1:H,6.5; N, 6.1%;

Cy5H31CIN;O5S requires: C, 63.2; H, 6.6; N, 5.9%

Example 88 N—(6-(3,4-Dinuorophenyl)hexyl)-(4-benzylthio-2-oxoazeﬁdin-1-

ylacetamide

Colourless solid, m.p. 53-54°C, 77% yield; 'H NMR § (CDCl3) 1.3-1.39 (4H, m,

4xCH,), 1.44-1.60 (4H, m, 4xCHz) 2.55 (2H, t, J=7.6Hz, PhCH,), 2.91, 2.97 (1H,
-37-



wb 96/19451 ' - PCT/EP95/05130

10

15

20

25

30

35

45

dd, J=2.4, 15.4Hz, Hj), 3.23 (2H, m, NHCHj), 3.34, 3.40 (1H, dd, J=5.2, 15.4Hz,
Hj3), 3.56, 3.71 (each 1H, d, J=16.8Hz, NCHj). 3.81 (2H, s, SOCH,), 4.80 (1H, m,
Hy). 6.09 (1H, m, NH, 6.82-7.33 (8H, m, 2Ph-H); V g 1776cm™! Found: C, 64.2;
H, 6.3 ; N, 6.2%; Cp4HogF2N50,S requires: C, 64.6; H, 6.3; N, 6.3%

Example 89 N-(7-phenylhept-1-yl)-4-benzylthio-2-oxoazetidin-1-yl acetamide
White crystalline solid, m.p. 63-65°C, 96% yield; 1H NMR & (CDCl;) 1.25-1.63
(10H, m), 2.59 (2H, t), 2.93 (1H, dd), 3.22 (2H, dt), 3.36 (1H, dd), 3.50, 3.71 (each
1H, d), 3.81 (2H, s), 4.81(1H, dd), 6.05 (1H, br. singlet), 7.13-7.36 (10H, m).
Example 90 N-(G-[#dﬂorophenyl]hex-l-yl)-(4-methoxycarbonylhenzylﬂnio)-2—
oxoazetidin-1-yl acetamide -

White crystals, m.p. 87-88°C, 88% yield; Found: C 62.0; H, 6 2 N, 6. 0%
C,6H31CIN;O,S requires: C, 62.1; H, 6.2; N, 5.6%

Example 91 N-(5-phenylpentyl)-4-benzylthio-2-oxo-azetidinyl-1-yl acetamide
Colourless oil, 70% yield; 'H NMR § (CDCl3)1.38-1.65(6H, m,(CH»)3), 2.6 (2H, 1,
J=7.75 Hz), 2.89-2.96(1H, dd, J=2.5,15 Hz Hj,), 3.32 (2H, q, J=6.68 Hz, NHCH; )
3.34 (1H, dd, J=5.15 Hz, Hz}), 3.59,3.70 (each 1H, d, J=17.00 Hz, NCH,), 3.8 (2H,
s, SCHj), 4.80 (1H, m, Hy), 6.07 (1H,-bs, NH),7.14-7.33 (10H, m, Ph-H).

Example 92 N-(6-(4-Bromophenyl)hexyl)-4-benzylth|o-2-oxoazeﬁdin-l-
ylacetamide :

Colourless solid, m.p. 73-5°C, 91% yleld IH NMR 5 (CDCl3) 1.2-1.7(8H,m, 4x
CH,). 2.54 (2H, t, J=8 Hz, CH,Ar), 2.94 (1H, dd, J=2, 15 Hz, H3), 3:23 (2H, m,
NCH>). 3.37 (1H, dd, J=5, 15 Hz, Hj). 3.56, 3.71 (each 1H, d, J=17 Hz, NCH,), 3.81
(2H, s, SCHj), 4.80 (1H, m, Hy), 6.06 (1H, br s, NH), 7.0-7.4 (9H, m, Ph_-H + BrPh-
o))

Example 93 N-(6-(4-Fluorophenyl)hexyl)-4-benzylﬂ|io-2-oxoazeﬁdin-l-
ylacetamide

Colourless oil, 97% yteld lH NMR 8 (CDCl3) l 2:1.7 (8H m, 4 x CHz), 2.56 (2H,
t, =8 Hz, CH,Ar), 2.94 (1H, dd, J=2, 15 Hz, Hj), 3.23 (2H, m, NCHj), 3.37 (1H, dd,
J=5, 15 Hz, Hj). 3.56, 3.72 (each 1H, d, J=17 Hz, NCH)), 3.81 (2H, s, SCH,), 4.81
(1H, m, Hy), 6.07 (1H, brs, NH), 6.9-7.4 (9H, m, Ph-H + FPh-H) _

Example 94 N-[5-(4-chlorophenyl)pentyl]-4-benzylthio-z-oxo-azetidin-l-yl

 acetamide

Colourless oil, 63.4% yleld -
IH NMR § (CDCl3) 1.36-1.62 (6H, m,3 xCHz), 2.56 (2H, t, J=7.58Hz, AxCHz) 2.94
(1H, dd, 2.44Hz, 15.38Hz, H3,) , 3.23(2H. m, NHCHZ), 3.36 (1H, dd, J=5.17Hz,
15.38Hz, H3p). 3.62&3.55 (1H each, J=16.8Hz, NCH3), 3.80 (2H, , SCH2Ph), 4.78
(1H, dd, J=2.46Hz, 5.16Hz, Hy), 6.05 (1H, m, NHC=0),7.06-7.33 (9H, m, 9xArH)
Example 95 N-[6-(2-Chlorophenyl)hexyl]-d-benzylthio-z-oxo-azeﬁdm-lyl
acetamide _
Colourless oil, 84% yield lH NMR 3 (CDCl3) 1.34-1.67 (8H, m, 4xCHj), 2.71 (2H
t, J=7.7Hz, ArCH,), 2.94 (1H, dd, 2.5Hz, 15.4Hz, H3,), 3.21 (2H, m, NHCH>), 3.37
(1H, dd, J=5.2Hz, 15.4Hz, H3y). 3.55, 3.72 (1H each; J=16. 75Hz, NCH3),3.81 (2H, s,
SCH»Ph), 4.82 (1H, dd, J=2.5Hz, 5.2Hz, Hy), 6.09: (1H, m, NHC=0), 7. 10-7.33 (9H,
m, 9xArH)
Example 96 N-(6-[4-clﬂorophenyl]hex-l-yl)-(4-allyloxycarbonylbenzylthio)-2-
oxoazetidin-1-yl-acetamide '

- 33 -



| WO 96/19451 o PCT/EP95/05130

10

15

20

25

30

35

40

45

Pale orange oil, 36% yield '

1H NMR 3 (CDCly) 1.25-1.59 (10H, m), 2.55 (2H, m), 2.94 (lH dd), 3 38 (lH dd),
3.53 and 3.83 (1H each, d), 3.96 (2H, s), 4.83 (2H, m), 5.27-5.45 (2H, m), 5.92-6.09
(2H, m) 7.07 (1H, d), 7.22 (1H, d), 7.39 (1H, d), 8.02 (1H, d).

~ Example 97 N-[6-(4-methylphenyl)-hexyl]-[tl-benzylsulphmyl-z-oxo-azetidm-l-

yil-acetamide

Colourless solid, m.p. 63-4°C, 79% yield

1H NMR & (CDCl3) 1.30-1.60 (8H, m, 4xCH>), 2.31(3H, s, A!CHg). 2.55(2H, t,
J=1.61Hz, ArCHy), 2.94(1H, dd, J=2.5, 15.4Hz, H3,), 3.23 (2H, m, J=13.75Hz,
NHCH3), 3.38(1H, dd, J=5.17, 15.37Hz, H3p), 3.63 (2H, dd, J=16.75Hz, COCHN),
3.81 (2H, s, ArCH>S), 4.80 (1H, m, J=5.14, 2.47 Hz, Hy), 6.00 (lH m, NH), 7.03-

“7.36 (SH, m, 9 x ArH)

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

- Example 98 6-Phenylhexyl (4-benzylthio-2-oxo-azetidin-1-yl)acetate

Colourless oil, 33% yield, !H NMR 8 (CDCl3) 1.35-1.60 (8H, m, 4xCH3), 2.61 (2H,
t, J=7.64Hz, ArCH2), 3.01 (1H, dd, 2.12Hz, 5.37Hz, H3,) 3.39 (1H, dd, J=5.1Hz,
15.26Hz, H3p), 3.25, 4.00 (1H each, J=18.09Hz, NCH>), 3.77 (2H, s, SCH2Ph), 4.05
(2H, m, OCH3), 4.93 (1H, dd, J=2.37Hz, 5.07Hz, Hy), 7.15-7.31 (10H, m, 10xArH)
Example 99 6-(4-Chlorophenyl)hexyl-{4-benzylthio-2-0x0-azetidin-1yl] acetate
Colourless oil, 27% yield, lHNMR 3§ (CDCl3) 1.31-1.68 (8H, m, 4xCH>), 2.57
(2H, t, J=7.61Hz, ArCH>), 2.97 (1H, dd, 2.17Hz, 15.17Hz ,H3a), 3.40 (1H, dd,
J=5.1Hz, 15.25Hz, H3p), 3.25, 4.00 (1H each, J=18.10Hz, NCH>), 3.77 (2H, s,
SCHj>Ph), 4.10 (2H, m, OCH)), 4.93 (1H, dd,J =2.37Hz, 5.10Hz, Hy), 7.10-7.35
(9H, m, 9xArH)

Example 100 l-(9-Phenylnonyl)-4-benzylﬁlio-z-oxoazetidine

Treatment of 4-benzylthio-2-o0xo-azetidine (1.35g) in THF with NaH (0.18g)
followed by 9-phenylnonyltrifiate (2.8g) gave the titie compound as a colourless oil,
1.9g, 68% yield.

'HNMR 8 (CDCly) 1.2-1.7 (14H, m, 7 x CHz), 2.60 (2H, t, J=8 Hz, CH,Ar), 2.8,
3.2 (each 2H, m, H3 + NCH)>). 3.76 (2H, s, SCH3), 4.59 (1H, m, Hy), 7.15-7.35
(10H, m, Ph-H)

The following sulfoxides (Examples 101 - 130) were prepared by treatment of the

corresponding sulfides with mCPBA as described for Exampiles 2 and 3. When

described as Diastereoisomer 1 the compounds are predominantly 4R,SR/4S,SS,

whereas Diastereoisomer 2 is predominantly 4R,SS/4S5,SR.

Example 101 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzyisulphinyl)-2-

oxoazetidin-1-ylacetamide (Diastereoisomer 1) - .

Colourless crystals, m.p.147-9°C, 19% yield

Found: C, 63.2; H, 6.5; N, 6.0%; Ca5H31FN»QO4S requires: C 63. 3 H, 6.6; N, 5.9%

Example 102 N-[6-(4-Flnorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)-zo

oxoazetidin-1-ylacetamide (Diastereoisomer 2) '

Colourless crystals, m.p.97-9°C, 48% yield

Found: C, 63.1;H, 6.4; N, 5.8%; CpsH31FN704S requires: C,63.3: H, 6.6; N, 5.9%
. -39.
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Example 103 N-(6-(2,4-Diﬂuorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidm-
1-yDacetamide (Diastereoisomer 1)
Colourless solid, m.p. 153°C, 19% yield; | NMR 8(CDC13) 1.3-1.36 (4H, m,
4xCHy), 1.50-1.60 (4H, m, 4xCH)), 2.57 (2H, t, J-_,7 6Hz, PhCH,), 2.94, 2.98 (1H,
dd, J=4.8, 14.8Hz, H3), 3.23 (2H, m, NHCH,), 3.44, 3.48 (1H, dd, J=2.0, 14.8Hz,
Hs), 3.70, 4.12 (each 1H, d, J=17.2Hz, NCH,), 3.89, 4.05 (each 1H, d, J=13.2Hz,
SOCH,), 4.51 (1H, m, Hy). 6.64 (1H, m, NH), 6.72-7.41 (8H, m, 2Ph-H) ; V=0
1791 cm*! Found: C, 62.3; H, 6.1; N, 6.1%; CuﬂstzNzoaS requires:C, 62.3; H,

6.1;N, 6.1%

Example 104 N-(6-(2,4-Dillnorophenyl)hexyl)-(4-benzylsnlphinyl-2-oxoazeﬁdm-

1-ylacetamide

Colourless solid, m.p. 114-116°C, 46% yield '

IH NMR & (CDCl3) 1.3-1.36 (4H, m, 4xCH,), 1.50-1.60 (4H, m, 4xCH,), 2.58 (2H,
t, J=7.6Hz, PhiCH;), 2.87, 2.90 (1H, dd, J=2.4, 15.2Hz, H3) 3.16, 3.19 (1H, dd,

J=5.6, 15.2Hz, Hj3), 3.27 (2H, m, NHCH,), 3.88, 4.25 (each 1H, d, J=17. 2Hz,

NCH,), 3.99, 4.20 (each 1H, d, J=13.2Hz, SOCH,), 4. 60 (1H, m, Hy. 6. 72-7 41 (%9H,

m, 2Ph-H, NH); V ¢z 1793 cm™! Found: C, 62.3; H, 6.1; N, 6.2%;

C,4H2gF>N»048S requires: C, 62.3; H, 6.1; N, 6. 1% :

Example 105 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsmphinyl)-z-

oxoazetidin-1-ylacetamide (Diastereocisomer 1)

~ Colourless crystals, m.p. 147-9°C, 32% yield

Found: C, 61.0; H, 6.2; N, 6.0%; C25H31C1N204S requires: C 61.2; H 64 N,
57%
Example 106 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphinyl)-2- .
oxoazetidin-1-ylacetamide (Diasterecisomer2)
Colourless crystals, m.p. 102-3°C, 31% yield '
Found: C, 60.6; H, 6.2; N, 5. 8%; C25H31C1N204SO3H20 requu*es C,60.5; H, 6.4,
N, 5.6%
Example 107 '.N-(6-(3,4-‘Diﬂuorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-
1-yl)acetamide (Diastereoisomer 1)

Colourless solid, m.p. 171°C, 20 % yield ' '
1H NMR & (CDCl3) 1.3-1.36 (4H, m, 4xCH,), 1. 50-1 .60 (4H, m, 4xCHy), 2.54 (2H,

J=7.6Hz, PhCH,). 2.93, 2.99 (1H, dd, J=4.7, 14.9Hz, Hj), 3.22 (2H, m, NHCH,),
3 43, 3.48 (1H, dd, J=2.2, 14.9Hz, Hj), 3.70, 4.12 (each 1H, d, J=17.4Hz, NCH,),
3.89, 4.05 (each 1H, d, J=13.1Hz, SOCH,), 4.51 (1H, m, Hy), 6.72 (1H, m, NH),
6.87-7.41 (8H, m, 2Ph-H), V =0 1791cm:! Found: C 62.3; H,6.1; N, 6.2%;
Cy4HygF»N503S requires: C, 62.3; H, 6.1;N, 6. 1% -
Example 108 N-(6-{3,4-D|ﬂuorophenyl}hexyl)-(4-benzylsulphinyl-2-oxoazetidm—

1-yl)acetamide (Diasterecisomer 2)
Colourless solid, m.p. 115-116°C, 58% yneld
IHNMR 8 (CDCl3) 1.3-1.36 (4H, m, 2xCH,), 1.50-1. 60 (4H, m, 2xCH,), 2.54 (2H,
t, J=7.6Hz, PhCH,), 2.87, 2.92 (1H, dd, J=2.5, 15. 3Hz. Hj). 3.16,3.19 (1H, dd,
J=5.4, 15.3Hz, H3), 3.27 (2H, m, NHCHz). 3.88, 4.25 (each 1H, d, J=17.2Hz,
NCH,), 3.98, 4.21 (each 1H, d, J=13.0Hz, SOCHZ).460 (1H, m, Hy). 6.85-7.41 (9H,
m, 2Ph-H. N v 1793cm"! Found: C, 624 H,6.1;N,6. l% C24H28F2N2038
requires: C, 62.3; H, 6.1; N, 6.1%
-40 -
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Example 109 N-(7-phenylhept-l-yl)-4-benzylsulphinyl-2-oxoazet|din-l-yl
acetamide (Diasteremsomer 1)

Colourless crystalline solid, m.p. 143-144°C, 27% yield

Found: C, 67.7; H, 7.1; N, 6.3%; C25H3,N»03S 0.1H,0 requires: C, 67.9; H, 7.3; N,
6.3%

Example 110 N-(7-phenylhept- -yl)-4-benzylsulphinyl-2-oxoazet|din-l-yl
acetamide (Diastereoisomer 2)

Colourless crystalline solid, m.p. 133-34°C, 40% yield

Found: C, 67.8; H, 7.1; N, 6.3%; Ca5H33N>03S requires: C, 68.2; H, 7.3; N, 6.4%
Example 111 N-(6-[4-chlorophenyljhex-1-yl)-(4-
methoxycarbonylbenzyisulphinyl)-2-oxoazetidin-1-yl acetamide
(Diastereoisomer 1)

Form white crystals, m.p. 188-9°C, 17% yield

Found: C,60.1; H, 6.0; N, 5.5%; C26H31C1N2058requ1res C.60.2; H,6.0; N,
5.4%

Example 112 N-(6-[4-chlorophenyl]hex-1-yl)-(4-
methoxycarbonylbenzylsulphinyl)-2-oxoazetidin-1-yl acetamide
(Diastereoisomer 2) '

Form white crystals, m.p. 140-41°C, 51% yield :
Found: C, 60.1; H, 6.0; N, 5.4%; Cy4H3;CIN,OsS requires: C, 60.2; H, 6.0; N, 5.4%
Example 113 N-(6-phenylhex-1-yl)-(4-ethoxycarbonylbenzylsulphinyl)-2-
oxoazetidin-1-yl acetamide (Diastereoisomer 1)

Colourless crystals, m.p. 177-178°C, 8.4% yield

Found: C, 64.3; H, 6.7; N, 5.7%; C27H34N205803H20 requires: C, 64.3; H, 6.9; N,
5.6%

Example 114 N-(6-[4-ehlorophenyl]hex-1-yl)-(4-allyloxymrbonyl—
benzylsulphinyl)-2-o0xoazetidin-1-yl acetamide (Diastereoisomer 2)

White crystalline solid, m.p. 110-112°C, 30% yield

Found: C,61.7; H,6.1; N, 5.1% C;gH33CIN>OsS requires: C,61.7; H, 61 N,
5.1%

Example 115 N-(5-phenylpentyl)—4-benzylsulphinyl-z-oxo-azetidmyl-l-yl
acetamide

Colourless solid, m.p. 140-142°C, 6.5% yield '

V e=o 1790,1690 cm! Found: C, 66.6; H, 6.7; N, 6.8%; Ca3H2gN;03S requires: C,
67.0; H, 6.8; N, 6.8% -

Example 116 N-(S-(#Chlomphenyl)pentyl)-tt-bemylsulphinyl-z-oxo-azeﬁdm-lyl

‘acetamide (Diastereoisomer 1)

Form,White crystals, m.p.146-47°C, 31.5% yield

Found: C, 61.94; H, 6.1, N, 6.8%; C23H37CIN703S requires:C, 61.8; H,6.1;N, 6.3
%

Example 117 N-(S-(4-Chlorophenyl)pentyl)-4-bemylsulphinyl-2-oxo-azeﬁdm-lyl
acetamide (Diastereoisomer2) _

Colourless crystals, m.p.117-19°C, 53.8% yield

-41-
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Found:C, 61.7; H,5.9; N,6.4%; C23H27C1N203'S requires: C, 61.8; H, 6.1 ;N,63
% . .

Example 118 N-[S-(Z-Chlorophenyl)hexyl]-4-benzylsulphinyl-z-oxo-azetldin-lyl
acetamide (Diastereoisomer 1)

Colourless crystals, m.p.96-8°C,35.2% yield-

Found: C, 61.82; H,6.18; N,6.14%; C”H29C1N203S 0,3H70 requires: C, 61.81;
H640;N6.01%

Example 119 N-[S-(Z-Chlorophenyl)hexyl]-&benzylmﬂplﬁnyl-z-oxo-azeﬁdin-lyl
acetamide

Colourless crystals, m. p 86-8°C 57% yield :

Found: C, 62.6; H, 6.2; N, 6.1%:; CMH29C1N2038reqmresC625 H,6.3;N,6.1%
Example 120 N-(6-(4-Bmmophenyl)hexyl)-4-bemylsﬂphhyl-z-oxoazeﬂdin-l-
ylacetamide (Diastereoisomer 1)

Colourless solid, m.p. 177-9°C, 30% yield o

H NMR 8 (CDCl3) 1.2-1.7 (8H, m, 4 x CHy), 2.53 (2H, t, J=8 Hz, CHAr), 2.95
(1H, dd, J=5, 15 Hz, H3). 3.21 (2H, m, NCH,), 3.44 (1H, dd, J=2, 15 Hz, Hj). 3.72,
4.10 (each 1H, d, J=17 Hz, NCH,), 3.89, 4.04 (each 1H, d, J=13 Hz, SOCH,), 4.54 -
(1H, m, Hy), 6.74 (1H, br s, NH), 7.0-7.4 (9H, m, Ph-H + BrPh-H); v. =0 1792 cm!
Found: C, 56.9; H, 5.7; N, 5.6%; C24H29BrN,03S requires:C, 57.0; H, 5.8: N, 5.5%
Example 121 N-(6-(4-Bromophenyl)hexyl)-4-benzylsulphmyl-2-oxoazetidin-l-
ylacetamide (Diastereoisomer 2)

Colourless solid, m.p. 111-3°C, 45% yield

IHNMR 5(CDCl3) 1.2-1.7 (8H,m, 4 x CH»). 2. 54 (2H; t, J=8 Hz, CHzAr), 2.88
(1H, dd, J=2, 15 Hz, Hj), 3.18 (1H. dd, J=5, 15 Hz, H3), 3.25 (2H, m, NCH),), 3.89,

- 4.24(each 1H, d, J=17 Hz, NCH,), 3.98, 4.19 (each 1H, d, J=13 Hz, SOCH,), 4.62

(1H, m, Hy), 7.0-7.4 (10H, m, Ph-H + BrPh-H + NH); v o 1793 cm’]

Found: C, 57.0; H, 5.7; N, 5.6%; C4H9BrN,03S requires: C, 57.0; H, 5.8; N, 5.5%

Example 122 N-(ﬁ-(d-muorophenyl)hexyl)-4-benzylsulphinyl-2-oxoazetidin-l-

ylacetamide (Diastereoisomer1)

Colourless solid, m.p. 163-4°C, 33% yield

IH NMR 8 (CDC13) 1.2-1.7 (8H, m, 4 x CHj), 2.55 (2H, t, J=8 Hz, CHzAr), 2.96

(1H, dd, J=5, 15 Hz, Hj), 3.22 (2H, m, NCH,), 3:46 (1H, dd, J=2, 15 Hz, Hj), 3.71,

4.12 (each 1H, d, J=17 Hz, NCH,), 3.89, 4.06 (each 1H, d, J=13 Hz, SOCH,), 4.53

(1H, m, Hy), 6.70 (1H, br s, NH), 6.9, 7.1 (4H, 2xm.FPh—H),725 735(5H 2xm,
Ph-H); V cnp 1791 cm’!

Found: C, 64.8; H, 6.5; N, 6.2%; C24H29FN203Srequues C,64.8; H,6.6; N, 6.3%

-Example 123 N-(6-(4-Flnorophenyl)hexylMbenzylsulphinyl-z-oxoazehdin-1-
ylacetamide (Diastereoisomer 2)

Colourless solid, m.p. 118-9°C, 35% yield -

IHNMR 3 (CDCl3) 1.2-1.7 (8H, m, 4 x CHz). 2.56 (2H, t, J=8 Hz, CHzAr), 2.89
(1H, dd, J=2, 15 Hz, H3), 3.18 (1H, dd, J=5, 15 Hz, H3). 3.25 (2H, m, NCH)), 3.89,
4.24(each 1H, d,J=17 Hz, NCH5), 3.99, 4.19 (each 1H, d, J=13 Hz, SOCH,), 4.60

- (1H, m, Hy), 6.93,7.10 (4H, 2 x m, FPh-H),72-7S(6H m, Ph-H+NH) Vc=o

1793 cm!
Found: C, 64.8; H, 6.5; N, 6.2%; 'Cp4HpgFN704S requu'es C, 648 H 6.6; N, 6.3%
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Example 124 6-Phenylhexyl (4-benzylsulphinyl-2-oxo-azetidin-1-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%:
Cao4H29NO4S.0.8CH-Cly requires: C, 66.6; H, 6.9: N, 3.1 % '

Example 125 6-(4-Chlorophenyl)hexyl-(4-benzyisulphinyl-2-oxo-azetidin-1-yl]
acetate

Colourless oil, 25% yieldFound: C, 61.3; H, 6.1; N, 3.1%:; Ca4HpgCINO,S
0.14CH,Cl, requires:C, 61.2; H, 6.0; N, 3.0 %

Example 126 l-(9-Phenylnonyl)-4-benzylsulphmyl-2-oxoazet|dine
(Diastereoisomer 1) , :

Colourless solid, m.p. 87-8°C, 10% yield

IHNMR § (CDCly) 1.2-1.7 (14H, m, 7 x CH,), 2.59 (2H, t, J=8 Hz, CH,A), 2.85,
(1H, dd, J=5, 15 Hz, H3), 3.25 (2H, m, NCH,), 3.40 (1H, dd, J=2, 15 Hz, Haj), 3.86,
4.01 (each 1H, d, J=13 Hz, SOCH)), 4.33 (1H, m, H4), 7.15-7.45 (10H, m, Ph-H) v
=0 1777 cm’!

Example 127 l-(9-Phenylnonyl)-4-benzylsulphinyl-z-oxoazetidme (75%
Diastereoisomer 2)

Colourless solid, m.p. 59-61°C, 34% yleld

IH NMR § (CDCly) (Dia 2) 1.2-1.7 (14H, m, 7 x CH,), 2.46 (1H, dd, 1-2 15Hz,
Hj), 2.59 (2H, t, J=8 Hz, CH,Ar), 2.96, (1H, dd, J=5, 15 Hz, H3).3.37 (2H, m,
NCH,), 3.98, 4.07 (each 1H, d, J=13 Hz, SOCH,), 4.37 (1H, m, Hy), 7.15-7.40 (10H,
m, Ph-H)

Example 128 N-[6-(4-Methylphenyl)-hexyl]-[4-benzylsulphmyl-z-oxo-azetldm-l-
yll-acetamide

Colourless solid, m.p.156-7°C, 29% yieldFound: C, 67.9; H, 7.1; N, 6.3%:
C25H32N203S requires: C, 68.2; H, 7.3; N, 6.4%

Example 129 N-[6-(4-Meﬂlylphenyl)-hexyl]-[4-benzylsulphinyl-z-oxo-az'eﬁdin-1-
yl]}- acetamide

Colourless solid, m.p. 94-5°C, 59% yieldFound:C, 68.0; H. 7. 2; N, 6.3%;
C25H33N203S requires: C, 68.2; H, 7.3; N, 6.4%

Example 130 N-(6-(4-chlorophenyh)hex-1-yl)-((4-carboxybenzylsulphinyl)-2-
oxoazetidin-1-yl)acetamide (diastereoisomer 2)

A solution of N—(6-[4-chlorophenyl]hex-_l-yl)-(4-allyloxycarbonylbenzyl_sulphinyl)-z-
oxoazetidin-1-yl acetamide (diastereoisomer 2) (1.25g), tetrakis triphenylphosphine
palladium(0) (80mg), triphenylphosphine (635mg) and pyrrolidine (171mg) in
dichloromethane (100ml) was stirred at 25C for 16h. The reaction mixture was then
chromatographed (fine silica, dichloromethane-50% acetone in dichloromethane),
without concentration, to give N-(6-(4-chlorophenyl)hex- 1-y1)-((4- _ '
carboxybenzylsulphinyl)-2-oxoazetidin-1-yl)acetamide (diastereoisomer 2) as a white
solid, m.p. 195-197°C, 62% yield _

Found: C, 59.0; H,5.7; N, 5.5%; C,5H29CIN,03S 0.1H,0 requirs C, 59.2; H
5.8;N,5.5% :

The following sulfones (Examples 131 - 144) were prepared by treatment of the
corresponding sulfide or sulfoxide wnth an excess of m-CPBA as described in

- Example 4.
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Example 131 N-[6-(4-Fluorophenyhhexyi]-4-(4-methoxybenzylsulphonyl)-2-
oxcazetidin-1-ylacetamide

Colourless crystals, m.p.115-8°C, 37% yield

Found: C, 61.0; H, 6.3; N, 5.7%; C25H3,FN2'058requ1res C.61.2;H,6.4;N,5.7%
Example 132 N-(6-(2,4-Diﬂuorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazetidin-
1-yl)acetamide

Colourless solid, m.p. 130-131°C, 68% yield

IH NMR 8 (CDCl3) 1.3-1.36 (4H, m, 4xCH2), 1.50-1.60 (4H m, 4xCH,), 2.58 (2H,
t, J=7.6Hz, PhCHy), 2.97, 3.03 (1H, dd, J=2.6, 15.42Hz, Haj). 3.08, 3.14 (1H, dd,
J=5.0, 15.4Hz, Hy), 3.24 (2H, m, NHCHj), 3.84, 3.94 (each 1H, d, J=16. 9Hz,

'NCHjy), 4.31, 4.37 (each 1H, d, J=14.3Hz, SO,CHy), 4.81 (1H, m, Hy), 6.0 (1H, m,

NH). 6.72-7.44 (9H, m, 2Ph-H) V o, 1797 cm°!
Found: C, 60.1; H, 5.9; N, 5.9%; C,4H,3F,N,0,S requires: C, 60.2; H, 5.9; N, 5.9%

~ Example 133 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybemylsulphonyl)-z-

oxoazetidin-1-ylacetamide

Colourless crystals, m.p.118-20°C, 94% yield

Found: C, 59.0; H, 6.1: N, 5.5%: C,sH3;CIN,OsS requires: C, 59.2; H,62 N, 5.5%

Example 134 N-(6-(3 4-Diﬂuorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazetidin-
1.yl)acetamide '

Colourless solid, m.p.114-115°C, % yield :

1H NMR 3 (CDCl3) 1.3-1.36 (4H, m, 4xCHj). 1 .50-1.60 (4H, m, 4xCH2), 2.55(2H,

t, J=7.6Hz, PhCH5), 2.97, 3.03 (1H, dd, J=2.5, 15. 4Hz, Hj). 3.08, 3.14 (1H, dd,

}=5.0, 15.4Hz, Hj), 3.24 (2H, m, NHCH}), 3.84, 3.94 (each 1H, d, J=16.9Hz, |
NCH;). 4.31, 4.37 (each 1H, d, J=14.2Hz, 802CHz), 483 (lH m, Hy), 6.04 (1H, m,

NH). 6.82-7.44 (9H, m, 2Ph-H) Vv g 1797cm!

Found: C, 60.1;H, 5 9 N, S. 9% C24H28F2N204S reqmres C 602 H,5.9; N,
5.9%

Example 136 N-(7-phenylhept- -yl)-4-benzylsdphonyl-2-oxoazetidin-l-yl
acetamide .

Form white crystalline solid, m.p. 114-115°C, 85% yleld .

Found: C,64.9;H,6.9; N, 6. 1% C25H32N204803H20 requires: C, 65.0; H,7.1;
N, 6.1%

. Example 137 N-[6-(4-Chlorophenyl)hexyl]-(4-(4-carboxybenzylsulphonyl)-2-oxo- _

azetidin-1yl)acetamide

Colouriess crystals, m.p., 173-4°C, 40% yield. Found: C, 56.9; H 5.7; N, 5.1%;
Ca4H31CIN»OgS 0.5H20 requires: C, 56.8; H, 6.0; N, 51% _

Example 138 N-[5-(4-Chlorophenyl)pentyl]-4-benzylsulphonyl-2-oxo-azend|n-
1yl acetamide

Colouriess crystals, m.p.109-10°C, 81 7% yield

Found: C, 59.6; H, 5.7; N, 60% C23H27C1N204S requires: C, 59.7; H, 5.89; N, 61
%

Example 139 N-[S-(Z-Chlorophenyl)hexyl]-4-benzylsulphonyl-2-oxo-azetid|n—lyl

~ acetamide

Colourless crystals, m. p 81= 3°C 84% yield
Found:C, 60.5; H.6. 1; N.5.9%; Co4H59CIN7O4S. reqmres C.60.5; H6.1; N, 5.9%
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Example 140 N-(6-(4-Fluorophenyl)hexylMbenzykmphonyl-z-oxoauﬁdin-l.
ylacetamide

Colourless solid, m.p.132-3°C, 76% yield

IH NMR & (CDCl3) 1.2-1.6 (8H, m, 4 x CH,), 2.57 (2H, t, J=8 Hz, CH,Ar), 3.02
(1H, dd, J=2, 15 Hz, Hj), 3.10 (1H, dd, J=5, 15 Hz, Hj), 3. 25 (2H, m, NCH,), 3.85,
3.94 (each 1H, d, J=17 Hz, NCH,). 4.34 (2H, s, SO,CH,), 4.82 (1H, m, Hy), 6.0 (1H,
br s, NHD, 6.9, 7.15 (4H, 2 x m, FPh-H), 7.4 (SH, m, Ph-H ); V &g 1797 cm’!
Found: C, 62.5; H, 6.3; N, 6.2%; C;4H29FN,04S requires:C, 62.6; H, 6.4; N, 6.1% -
Example 141 6-Phenylhexyl-[4-benzylsulphonyl-2-0xo-azetidin-1yl] acetate
Colourless oil; 2.3% yield

IH NMR 3§ (CDCl3) 1.32-1.65 (8H, m, 4xCH3), 2.60 (2H, t.J=7.64Hz, AICH»), 2.95
(1H, dd, 2.35Hz, 15.35Hz, H3a), 3.11 (1H, dd, J=5.12Hz,15.39Hz, H3p), 3.72, 4.27
(1H each, J=18.3Hz, NCH3), 4.34 (2H, s, SCH,Ph), 4.11 (2H, m, OCHj), 491 (1H,
dd, J=2.36Hz, 5.08Hz, H4), 7.15-7.43 (10H, m, 10xArH)

Example 142 6-(4-Chlorophenyl)hexyl-(4-benzylsulphonyl-z-oxo-azeﬂdin-l-yl]
acetate

Colourless crystals, m.p.77-9°C, 50% yield

Found: C, 60.3; H, 5.9; N, 3.0%; C24H2gCINOsS requires: C, 60.3; H, 5.9; N ,2.9%
-Example 143 1-(9-Phenylnonyl)-4-benzylsulphonyl-2-oxoazetidine

Colourless solid, m.p. 69-70°C, 59% yield

IH NMR 5 (CDCl3) 1.2-1.7 (14H, m, 7 x CHj), 2.59 (2H, t, J=8 Hz, CHzPh) 292
(1H, dd, J=2, 15 Hz, H3) 3.1 (2H, m, H; + NCH,). 3.4 (1H, m, NCH)), 4.28 (2H, s,
SCHy), 4.50 (1H, m, Hy), 7.1-7.5 (10H, m, Ph-H); v = 1782 cm’!

Found: C, 70.0; H, 7.6; N, 3.4%; Cy5H33NO3S requires: C, 70.2; H, 7.8; N, 3.3%
Example 144 N-[6-(4-Methylphenyl)-hexyl]-[4-benzylsulphonyl-2-oxo-azeﬁdin-l-
yl}- acetamide

Colouriess solid, m.p. 125-6°C, 67% yield

Found: C, 65.3; H, 6.8; N, 6.0%; Co5H32N204S requires: C, 65.8; H, 7.1; N, 6.1%
Example 145 N-(G-Phenylhexanoyl)-(&benzylthio-z-oxoa_zetidin-yl)acetanude
a. 4-Benzylthio-2-oxoazetidin-1-yl)acetamide '

“ Book No. 50516/061

A solution of (4-benzylthio-2-oxoazetidin-1 -yl)aceuc acid (1.0g, 3. 98mmol) in dry
tetrahydrofuran (25ml), stirred at 10°C under a nitrogen atmosphere, was treated with
1,1'-carbonyldidimidazole (0.71g, 4.38mmol) and stirred at room temperature for 2h.
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.NaHCO; solution, brine, dried (MgSOy) and evaporated under reduced
pressure. Purification by column chromatography eluted with 20:1 CH,Cl,:MeOH
gave the product as a colourless solid, m.p. 127-128°C (0.92g, 92% yield).

Y nmr § (CDCl3) 2.93,2.99 1H, dd, J=2.4, 15.4Hz, Hj), 3.36,3.42 (1H, dd, J=6.2,
15.4 Hz, Hj), 3.47, 3.79 (each 1H, d, J=17 Hz, NCH,), 3.82 (2H, s, SCH,), 4.85 (1H,
m, Hy), 5.62 (1H, bs, NH), 6.07 (1H, bs, NH), 7.23-7.38 (5H, m, Ph-H)

b. 6-Phenylhexanoyl chloride

6-Phenylhexanoic acid (2.5g, 13mmol) was treated with thionyl chioride (3.0mi,
41.1mmol) and stirred under reflux for 3h. The mixture was evaporated under
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- give the product as a colourless oil (2.57g, 94%).

N-(&Phenylhexanoyl)-(4-benzylthio-2-oxoazetidin-yl)acetanﬁde

A solution of (4—benzylﬂuo-2-oxoazeudm— -yl)acetamxde (0 633, 2.52mmol) in dry
THF (15ml) was added to a suspension of sodium hyride (60% in oil, 0.10g,
2.5mmol) in dry THF at - 10°C under a nitrogen atmospfiere. The reaction was stirred
at -10°C for 10 minutes and was then treated with a solution of 6-phenylhexanoyl
chloride (0.58g, 2. 7Smmol) in dry THF (5ml) dropwise over 2 minutes maintaining
the temperature at -10°C. The cooling bath was removed and after stirring for 60
minutes the reaction was treated with sodium hydnde (50mg, 1.25mmol) and 6-
phenylhexanoyl chlonde (0.29g, 1. 38mmol) in dry THF (2ml). The reaction was
stirred for 60 minutes, poured into ice/brine (100ml), extracted with ethyl acetate
(2x50ml). The organic extracts were combined, washed with ag. sat.NaHCO,
solution, brine, dried (MgSO4) and evaporated under reduced pressure to an orange
oil. Purification by repeated column chomatography eluted with hexane: ethyl acetate
(3:1to 1:1) gave the product as a colourless oil (0.22g, 21% yleld contains 10% 6-
phenylhexanoic acid)

Homr 8 (CDCly) 1.3-1.7 (6H, m, 3xCHz), 2.44 (2H, 1, }=7.4 Hz NHCOCH;), 2.62
(2H t, J=7.6 Hz, PhCH)), 2.96, 3.02 (1H, dd, J=2.4, 15.3 Hz, Hj); 3.39, 3.45 (1H,
dd, J=5.1, 15.3 Hz, Hj), 3.61, 4.32 (each 1H, d, J=18.8 Hz, NCH,CO), 3.76 (2H, m,

'SCH3), 4.9 (1H, m.H4) 7. 1-73(10H m, 2xPh-H); 8.17 (1H, m, NH)
- Example 146 N—(G-Phenylhexanoyl)-(«t-benzylsnlphinyl-z-oxoazetidin-

ylhacetamide

Treatment of N-(6-Phenylhexanoyl)-(4-benzylthxo-2-oxoazeudm-yl)acexamxde with
mCPBA as in Example 2 gave the title compound as an 50:50 mixture of
diastereoisomers. Colourless solid, m.p.153-156°C, 37% yield

'H nmr 8 (CDCl3) 1.36 (4H; m, 2xCH,), 1.64 (8H, m, 4xCHy), 3.39 (4H, m,
2xPhCHy), 2.48, 2.52 (1H, dd, J=2.4, 15.2 Hz, Ha), 2.60.(4H, m, 2xNCH,). 2.96,
2.99 (1H, dd, J=4.8, 14.8 Hz,H3-),3 03, 3.07 (1H, dd, J=5.2, 15.2 Hz, Hj), 3.39, 3.43
(1H, J=2.0, 14.8 Hz, Hy), 3.9-4.6 (8H, m, 2xNCHp, 2xSOCH2). 4.72 (1H, m, Hy),
4.81 (1H, m, Hy), 7.16-7.40 (20H m, 4xPh-H), 8.49 (1H, s, NH) 9.01 (1H, s, NH)
V oo 1787 et

Found: C, 65.3; H, 6.4; N, 64% C24H28N204Sreqmres C, 654 H, 6.4; N 6.4%

~ Example 147 N-(S-Phenylpentyloxy)-(4-benzylthio-2-oxoazeﬂdin-l-yl)aeetamide

Treatment of (4-benzylthio-2-oxo)azetidin-1-ylacetic acid with N-(5-
phenylpentyl)hydroxylamme by the method described for Examples 1 and 86 gave N-
(5-phenylpentyloxy)-(4-benzylmno-2-oxoazeudm— -yl)acetamnde as a colourless oil in
55% yield.

IH NMR 8 (DMSO 350K) 1 31-143 (ZH m, CHz), 1.53-1.67 (4H, m, 2xCH2), 2.58

* (2H, t, J=7.6Hz, PhCH,), 2. 85,2.91 (1H, dd, J=2.4,15.0Hz, Hj), 3.41 (1H, d,

J=18.2Hz, 1 of NCHy), 3.74-3.91 (5H, m, 1 of NCHy; SCH,, NHOCH,), 4.87 (1H,
m, Hy), 7.10-7.35 (10H, m, 2xPh-H), 10.8 (18, m, NH). o
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‘Treatment of N-(5-phenylpentyloxy)-(4-benzylthio-2-oxoazetidin-1-yl)acetamide

with m-CPBA gave the following two compounds after work up as described for
Examples 2 and 3.

Example 148 N-(5-Phenylpentyloxy)-(4-benzylsulphinyl-2-oxoazetidin-1-
yl)acatamide (Diastereoisomer 1) '

Colourless solid, m.p. 178-179°C, 23% yield . '

IH NMR § (DMSO 350K) 1.34-1.38 (2H, m, CHy). 1 .56-1.62 (4H, m, 2xCH,), 2.58
(2H, t, }=7.6Hz, PhCH,), 3.0-3.17 (2H, m, Hj), 3.65, 3.40 (each 1H, m, SOCH,),
3.75 (2H,t, J=6.5Hz, NHOCH),), 3.85. 4.10 (each 1H, d, J=13Hz, NCH,), 4.87 (1H,
m, Hy), 7.14-7.35 (10H, m, 2xPh-H), 10.9 (1IH, m, NH); V om0 1777 cm°!

Found: C, 63.8; H, 6.5; N, 6.5%; C33HygN,04S (+ 1.0%H,0) requires: C, 63.8; H,
6.6; N, 6.5% '

Example 149 N-(SoPhenylpentyloxy)-(4-benzylsulplunyl-z-oxoazetidin-l-
yDacatamide (Diastereoisomer 2)

Colourless oil, 39% yield -

IH NMR 3 (DMSO 350K) 1.36 (2H, m, CH,). 1.56-1.61 (4H, m, 2xCH,), 2.58 (2H,
t, J=7.6Hz, PhCH), 2.9, 3.2 (2H, m, H3), 3.75 (2H.t, J=6.6Hz, NHOCH,), 3.9, 4.05
(each 1H, m, SOCH,), 4.04, 4.20 (each 1H, d, J=12.9Hz, NCH,). 4.79 (1H, m, Hy),
7.16-7.37 (10H, m, 2xPh-H), 10.95 (1H.m, NH); v o, 1788 cm"!

Found: C, 63.7; H, 6.6; N, 6.2%; C23HgN204S(+1 4%C4H802 1.0%H,0) requlres
C,63.7; H, 6.7, N, 6.4%

Example 150 R-N-(6-(4-Chlorophenyl)hexyl)-(4-benzythio-2-oxoazeﬁdin-1-
yDacetamide _

Treament of R-(-)-(4-benzythio-2-oxoazetidin- 1-yl)acetic acid [prepared from the
corresponding racemic acid by recrystallisation of the salt formed with chinchonidine
[a)p? = -43° (c=1, CHCl,)] with dicyclohexylcarbidiimide and 6-(4- _
chlorophenyl)hexylamine by the procedure described for Example 29 gave R-N-(6-
{4-Chiorophenyl }hexyl)-(4-benzythio-2-oxoazetidin- 1-yl)acetamide as a colourless
solid, m.p. 71°C, 83% yield.

1H nmr & (CDCl3) 1.33 (4H, m, 2xCH3), 1.47-1.6 (4H, m, 2xCHj), 2.56 (2H, t, J=7.6
Hz, PhCHy), 2.92, 2.97 (1H, dd, J=2.4, 15.4 Hz, Hj3), 3.22-3.24 (2H, m, NHCH,),
3.33, 3.39 (1H, dd, J=5.2, 15.4 Hz, Hj), 3.54, 3.72 (each 1H, d, J=16.8 Hz, NCH,),
3.81 (1H, s, SCHj), 4.80 (1H, m, Hy), 6.11 (1H, m, NH), 7.07-7.33(9H, m, 2xPh~H)
V cmo 1776 cm’l; [a)p = +36.0° (¢ = 1.1%w/v in CHCl3) at 25°C

Found: C, 64.8; H, 6.5; N, 6.4%; C,4Hy9CIN,O,S requires: C, 64.8; H, 6.6; N,
6.3%

Example 151 S-N-(6-{4-Chlorophenyl}hexyl)-(4-benzythio-2-oxoazetidin-1-
yhacetamide

4S-(4-benzylthio-2-oxoazetidin-1-ylacetic acid, [o)p25 = +34° (c=1.1%, CHCl3) was
prepared from the corresponding racemic acid by recrystallisation of the salt formed
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. 'H nmr 8 (CDCl5) 1.33 (4H. m,
2xCH,), 1.47-1.6 (4H, m, 2xCH,), 2.56 (2H, t, J=7.6 Hz, PhCHj;), 2.93, 2.97 (1H,
dd, J=2.4, 15.2 Hz, Hj), 3.22-3.24 (2H, m, NHCHj), 3.35, 3.39 (1H, dd, J=5.2, 15.2
Hz, H3), 3.54, 3.72 (each 1H, d, J=16.8 Hz, NCH,), 3.81 (1H, s, SCHj). 4.80 (1H,
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m, Hy), 6.11 (1H, m, NH), 7.05-7.36 (9H, m, 2xPh-H); v -, 17‘76 cml; [a]D = -
36.3° (c = 0.9%wi/v in CHCl;) at 25°C :

Found: €, 64.5; H, 6.5; N, 6.3%; C24H29ClNzOerequxresC 648 H, 6.6;N, 6.3%
Example 152 4R,SR-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphinyl-z-
oxoazetidin-1-yl)acetamide '
4R-N-(6-(4-Chlorophenyl)hexyl)-(4~benzysulphmyl—2—oxoazeudm- -yl)acetamde
(0.5g) was treated with (+)-(8, 8-Dichlorocamphoryisulfonyl)oxaziridine (0.3g) in
dichlorometnane (70 ml) at 25°C for 16h to give the title compound after
chromatography (silica/EtOAc) as a colourless solid, m.p. 159-160°C, (0.21g, 41%
yield). 'H nmr § (CDCl3) 1.3-1.6 (8H, m, 4xCHjy), 2.55 (2H, t, J=7.6 Hz, PhCHy),
2.93, 2.98 (1H, dd, J=4.8, 14.8 Hz, H3), 3.22 (2H, m, NHCHj), 3.44, 3.48 (1H, dd,
J=2.2, 14.8 Hz, Hj), 3.68, 4.13 (each 1H, d, J=17.4 Hz, NCH,), 3.88, 4.05 (each 1H,
d, J=12.8 Hz, SOCHj), 4.50 (1H, m, Hy), 6.65 (1H, m, NH), 7.07-7.40 (9H, m, 2xPh-
H): V cap 1791 cml; [adp = -166.91° (¢ = 1.08%w/v in CHCl3) at 25°C

Found: C, 62.2; H, 6.3; N, 6.1%; C34H59CIN,O5 requires: C, 62.5; H, 6.3; N, 6.1%
Example 153 4S,SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphinyl-zo
oxoazetidin-1-yl)acetamide
4S-N-(6-(4-Chlorophenyl)hexyl)-(&benzysulphmyl-2-oxoazeudm- ~ylacetamide
(1g) was treated with (-)-(8,8-dichlorocamphorylsulfonyl)oxaziridine (0.67g) in
dichlorometnane (75 ml) at 25°C for 16h to give the title compound, after
chromatography (silica/EtOAc).as a colourless solid, m.p. 159°C, (0.95¢g, 83% yield);
H nmr 8 (CDCl;) 1.2-1.6 (8H, m, 4xCH,), 2.55 (2H, t, J=7.6 Hz, PhCH,5), 2.93,
2.99 (1H, dd, J=4.8, 14.8 Hz, H3), 3.22 (2H, m, NHCH}), 3.44, 3.49 (1H, dd, J=2.2,
14.8 Hz, Hj), 3.68, 4.13 (each 1H, d, J=17.4 Hz, NCH,), 3.88, 4.05 (each 1H, d,
J=13.1 Hz, SOCH,), 4.50 (1H, m, Hy), 6.65 (1H, m, NH), 7.07-7.40 (9H, m, 2xPh-
H); V =0 1791 cm’]; [o]p = +169.2° (¢ = 1.0%w/v in CHCl) at 25°C

Found: C,62.4;H,6.3; N, 6. 1%; C24H29C1N203requ1res C,62.5;H,6.3; N, 6.1%
Example 154 4R,SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzylsulplunyl-2-
oxoazetidin-1 1-yl)acetamide (diastereoisomer 2)

Treatment of 4R-N-(6-(4-chlorophenyl)hexyl)_-(4—benzyltlno—2-oxoazeudm-l-
ylacetamide (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-
140°C, 16% yield after repeated recrystallisation from butanone; 'H nmr § (CDCl,)
'1.33 (4H, m, 2xCH)), 1.5-1.65 (4H, m, 2xCHj), 2.56 (2H, t, J=7.6 Hz, PhCH)>), 2.87,
2.91 (1H, dd, J=2.4, 15.6 Hz, Hj). 3.16, 3.20 (1H, dd, J=5.2,15.6 Hz, H3), 3.22-3.32
(2H, m, NHCH,), 3.87, 4.26 (each 1H, d, J=16.8 Hz, NCH,), 3.97, 4.18 (each 1H,
d, J=13.2 Hz, SOCH,). 4.60 (1H, m, Hy), 7.08-7.41 (10H, m, 2xPh-H, NH); V o0
1793 cm °1; Found: C, 61.6; H, 6.1; N 6 1%:; C%H29C1N203S 0. 26H20 requtres
C,61.9;H, 6 4; N, 6.0%

Example 155 4R,SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzylsulphinyl-z-
oxoazetidin-1-yl)acetamide (diastereoisomer 2)
4R-N-(6-(4-Chlorophenyl)hexyl)-(4-benzylﬂuo-2-oxoazeudm- -yl)acetam1de (52.2

- g) was treated with mCPBA (26.3 g / 65% pure) in dichloromethane (1500 ml) at -70

to -74°C for 120 min. After work-up with aqueous sodium sulfite and sodium
bicarbonate the organic layer was dried and evaporated to give an approximately
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65:35 mixture of sulfoxide diastereoisomers (2:1) (53.1 g). This was combined with
other similar batches of material and separated by preparative HPLC on a Septech
800C insgrument using a Merck 50 mm selfpacker column with Lichrosphere 10 um
silica (220g) as stationary phase and 60% ethanol/40% n-hexane as eluant to give the
title compound as a colouriess solid, m.p. 139-140°C, 35% overall yield. [a]p =
+126.4° (c = 1.004% wi/v in CHCl,) at 25°C; Found: C, 62.5; H, 6.2; N, 6.2%;
Cy4H29CIN>O3S requires: C, 62.5; H, 6.3; N, 6.1%; - spectra same as for Example
154. -

_ Example 156 4R,SS-N-(6-(4-Chlorophenybhexy)-(4-benzylsulphinyl-2-

oxoazetidin-1-yl)acetamide (diastereoisomer 2)

R-(+)-1,1'-Binaphthol (0.256g) was suspended in toluene (20 mi) at 25 C and
Ti(OiPr)4 (0.134 ml) and water (0.168 ml) added. After 1h 4R-N-(6-(4-
chlorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin- 1-yl)acetamide (2.07g) in toluene (12
ml) was added and the mixture stirred for 30 min. t-Butylhydroperoxide (1.36 ml) was
added and the mixture stirred for 66h. After chromatography a 6:1 mixture of
sulfoxide diastereoisomers (4R.SS : 4R,SR) was isolated (1.6g, 75%). The 4R,SR
isomer was removed by addition of 0.222g of 45,SS-N-(6-(4-chiorophenyl)hexyl)-(4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide 1o the mixture, crystallisation of the
4R,SR / 45.SS racemate from the mixture and crystallisation of 4R,SS-N-(6-(4-

- chlorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide (1.19g, 55%,

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-1-yl)acetamide (diastereoisomer 2) .

a. R+(-) (4-Benzylsulfinyl-2-oxoazetidin-1-yl)acetic acid

9.11g of R-(-)-(4-Benzylthio-2-oxoazetidin-1-yl)acetic acid was dissolved in 250 ml
dry dichloromethane and cooled to -70°C. Ozone gas was then passed through the
solution in puises until all the starting material was consumed. The reaction mixture
was then purged with oxygen and allowed to warm to room temperature. Triphenyl
phosphine (~ )10 mg was added to the solution which was then evaporated to an
oil/solid (10.7 g). The two component mixture was then triturated with chloroform
(100 ml) at room temperature causing the oil to dissolve. The solid was filtered off
and found to be predominantly diastereoisomer 1 (4R, SR) ( 4.55g, 46%) (~90% dia
1), m.p. 142-144°C. The filtrate was the evaporated to dryness to yield a glass which
was predominantly (94%) diastereoisomer 2 (4R, SS) by hplc. (4.6g 47%) m.p.
indeterminate. 'H nmr § 2.95 (1H, dd, Hj), 3.29 (1H, dd, Hj), 3.78-4.24 (4H, m,
NCH,, SOCHj), 4.81 (1H, m, Hy), 7.36 (5H, m, Ar-H) '

b. 4-chlorophenylhexyl amine (1.31g, 0.0074 mol) in dry dimethylformamide was
added to a mixture of 1-hydroxybenzotriazole (0.96g), N.N'-
dicyclohexylcarbodiimide (1.52 g) and the predominantly 4R,S5-(-)-4-
(benzylisulphinyl-2-oxoazetidin-1-yl )acetic acid (2 g), prepared in (a) above, in dry
dimethylformamide (S0 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
4R,SR isomer (1.668, 55%) m.p. 133-134°C '
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Example 158 4S,SR-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphinyl-2- '
oxoazetidin-1-yl)acetamide (diastereoisomer 2) '

The titlecompound was prepared from 4S-N-(6-(4~chlorophenyl)hexyl)-(4-
benzylthio-2-oxoazetidin-1-yl)acetamide using the procedure described in Example

-156 but substituting S-(-)-1,1 -bmaphthol for R-(+)-1,1"-binaphthol and 4R,SR-N-(6-

(4-chlomphenyl)hexyl)-(&benzylsulphmyl-2-oxoazeudm- -yl)acetamxde for 45,8S-
N-(6-(4-chlorophenyl)hexyl)-(4-benzylsulphmyl-Z-oxomudm- -yl)acetamide and
was obtained as a colourless solid, m.p.139-140°C, 44% yield; Hamr$ (CDC13)
1.33 (4H, m, 2xCH>), 1.5-1.65 (4H, m, 2xCH)), 2. 56 (2H, t, J=7.7 Hz, PhCH,), 2.87,
2.91 (1H, dd, J=2.4, 15.3 Hz, H3), 3.16, 3.20 (1H, dd, J=5.1,15.3 Hz, Hy), 3.22-3.32
(2H, m, NHCH,), 3.87, 4.26 (each 1H, d, J=17.1 Hz, NCHz), 3.97, 4.18 (each 1H,
d, J=13 Hz, SOCH,). 4.60 (1H, m, H,), 7.08-7.41 (10H, m, 2xPh-H, NH); v cmo
1793 cm°l: [ojp = -124.11° (c = 1.1%w/v in CHC13) at 25°C; Found C,62.4. H,.

' 6.3; N, 6.1%; CpqHpoCIN,05S requires: C, 62.5; H, 6.3; N, 6.1%

Example 159 4R-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysuﬂphonyl-2-oxoazeﬁdin—
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; !H
nmr (CDCl3) & 1.3-1.6 (8H, m, 4xCHj), 2.56 (2H, t, J=7.6 Hz, PhCH,), 2.96, 3.02
(1H, dd, J=2.5, 15.4 Hz, Ha), 3.09, 3.13 (each 1H, d,J=5.1, 15.4 Hz, Hj). 3.24 (2H,
m, NHCH,), 3.85, 3.94 (each 1H, d, J=16.9 Hz, NCHz); 4.34 (2H, dd, J=14.2 Hz,
SO,CH,), 4.83 (1H, m, Hy), 6.1 (1H, m, NH), 7.07-7.43 (9H, m, 2xPh-H); v om0
1797 ecm’}; [a)p = -34.7° (¢ = 1.0%w/v in CHCl3) at 25°C. |
Found: C,60.3; H, 6.0; N, 5.9%; Cy4H9CIN,04S rquires: C, 60.4; H, 6 I; N, 5.9%
Example 160 4S-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphonyl-2-oxoazetxdm-
l-yacetamide
The title compound was produced by treatment of 45-N-(6-(4-chlorophenyl}hexyl)-
(4-benzythio-2-oxoazetidin-1-yl)acetamide with mCPBA as described in Example 4
and was obtained as a colourless solid, m.p. 147°C; 62% yield; 'H nmr (CDCly) 8
1.3-1.6 (8H, m, 4xCH2). 2,56 (2H, t, J=7.6 Hz, PhCHz), 2.96, 3.03 (1H, dd, J=2.5,
15.4 Hz, H3), 3.09, 3.12 (each 1H, d, J=5.1,.15.4 Hz, Hj). 3.25 (2H, m, NHCH)),
3.85, 3.94 (each 1H, d, J=16.8 Hz, NCH,). 4.34 (2H, dd, J=14.2 Hz, SO,CH,), 4.83
(1H, m, Hy). 6.1 (1H, m, NH), 7.08-7.43 (9H, m, 2xPh-HD; V cuip 1798 cm". [alp=

- +36.3° (¢ = 1.1%w/v in CHCl,) at 25°C

Found: C, 60.3; H, 6.0; N, 5. 9% C24H29C1N204S requu'es C,604:H,6.1:N,
5.9% _

Example 161 4R-(6-Phenylhexyl)-(4-benzyltl|io-2-oxoazetidin-l-yl)acetamide
Treatment of 4R-(4-benzylthio-2-oxo-azetidin-1-yl)acetic acid (Example 84) with

- dicyclohexylcarbodiimide and 6-phenylhexylamine by the method described in

Example 29 to give the title compound as a colourless solid, m.p. 46-47°C, 49% =
yield; IH omr § (CDCl,) 1.33 (4H, m, 2xCHj), 1.5-1.65 (4H, m, 2xCH),), 2.59 (2H,
t, J=7.6 Hz, PhCH,), 2.92, 2.96 (1H, dd, J=2.4, 15.2 Hz, H3), 3.22 (2H, m, NHCH,).
3.35, 3.39(1H, dd, J=5.2; 15.2 Hz, H3), 3.56, 3.71 (each 1H, d, J=16.8 Hz, NCH,),
3.81 (2H, s, SCH,), 4.80 (1H, m, Hy), 6.0 (1H, m, NH), 7.15-7.4 (10H, m, 2xPh-H);
V om0 1776 cm’!; [alp = +6.6° (¢ = 1.1%wi/v in ethanol) at 25°C |

Found: C,70.0; H, 7.2; N, 6.9%; Co4H3gN705S requires:C, 70.2; H, 7.4; N, 6.8%
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Example 162 4R,SR-N-(6-Phenylhexyl)-(4-benzylsnlphinyl-Z-oxoazetidin-l-
yl)acetamide

A mixture of (S)-(-)-1,1 -31-2-naphthol (28mg, 0.98mmol) in dry toluene (2m1) was
treated with titanium IV isopropoxide (14mg, 0.0494mmol) and water (25mg,
1.34mmol). The dark orange mixture was stirred for 60 minutes and treated with a
solution of R-N-(6-phenylhexyl)-(4-benzylthio-2-oxoazetidin- 1-yl)acetamide (200mg,
0.487mmol) in dry toluene (1ml). The reaction was stirréd for 30 minutes and then
treated with tert-butylhydroperoxide (70% in water, 0.14ml, 1.02mmol) and stirring
was continued for 3.5h. Purification by column chromatography eluted with ethyl
acetate to 15:1 ethyl acetate:ethanol and recrysatilisation from ethyl acetate gave the
product as a pale yellow solid, m.p. 145°C (0.079g, 38% yield). 'H nmr & (CDCl;)
1.33 (4H, m, 2xCHj), 1.5-1.65 (4H, m, 2xCHj), 2.59 (2H, t, J=7.8 Hz, PhCHj,), 2.93,
2.97 (1H, dd, J=4.8, 14.8 Hz, H3), 3.22 (2H, m, NHCHj,), 3.45, 3.48 (1H, dd,
J=2.4,14.8 Hz, H3), 3.70, 4.12 (each 1H, d, J=17.2 Hz, NCHj), 3.88, 4.06 (each 1H,
d, J=12.8 Hz, SOCHj;), 4.50 (1H, m, Hy). 6.65 (1H, m, NH), 7. 16-7 4 (lOH m, 2xPh-
H): V =0 1789 cm’! .
Found: C, 65.7; H, 6.7; N, 6.3%; Cuﬂ;mNzO;S requxres C,67.6;H,7.1;N,
6.6%

Example 163. N-(6-{4-Fluorophenyl-}hexyl)4-(4-allyloxyearbonylbenzylﬂ|io-2f
oxoazetidin-1-yl)acetamide

Treatment of 4-(4-allyloxycarbonylbenzylthio)azetidin-2-one with N-(6-(-4-
fluorophenyl)hexyl)-1-bromoacetamide by the method described in Example 85a
gave the title compound as a colourless oil, 43% yield. 'H NMR § (CDCl3) 1.30-1.60
(8H, m, 4xCH,), 2.55 (2H, t, J=7.6 Hz, CH,Ph), 2.90, 2.97 (1H, dd, J=2.4, 15.4 Hz,
H,). 3.23 (2H, m, NHCH)), 3.35, 3.41 (1H, dd, J=5.1, 15.4 Hz, H,), 3.53, 3.78 (each
1H, d, J=16.6 Hz, NCH,), 3.86 (2H, s, SCH,), 4.83 (3H, m, CO,CH,, H,), 5.37 (2H,
m, CH,=CH), 6.0 (2H, m, NH, CH,=CH), 6.94 (2H, m, 4-FPh-H), 7.10 (2H, m, 4-
FPh-H), 7.39 (2H, d, J=8.3 Hz, 4-CO,allylPh-H), 8.02 (2H, d, J=8. 3 Hz.
CO,allylPh-H)

Treatment of N-(6-(4-fluorophenyl)hexyl)-4-(4-allyloxycarbonylbenzylthio-2-
oxoazetidin-1-yl)acetamide with mCPBA followed by recrystallisation as described
for Example 2 and 3 gave the compounds described in Examples 164 and 165.

Example 164. N-(6-{4-Fluorophenyl}hexyl)-4-(4-

. allyloxycarbonylbenzylsnlphmyl-}oxoazetidin-l-yl)acetamide (Diastereoisomer

1

Colourless soild, m.p. 190-191°C 24% yield. "H NMR 8 (CDCl3) 1.30-1.60 (8H, m,
4xCH,). 2.55 (2H, t, J=7.6 Hz, CH,Ph), 2.95, 2.98 (1H, dd, J=4.8, 14.8 Hz, H,), 3.24
(2H, m, NHCH,), 3.42, 3.46 (1H, dd, J=2.4, 14.8 Hz, H,), 3.76, 4.09 (each 1H, d,
J=17.2 Hz, NCH,), 3.95,4.01 (each 1H, d, J=13.2 Hz, SOCH,), 4.59 (1H, m, H,),
4.84 (2H, m, CO,CH,), 5.37 (2H, m, CH,=CH), 6.0 (1H, m, CH,=CH), 6.47 (1H, m,
NH), 6.95 (2H, m, 4-FPh-HD, 7.10 (2H, m, 4-FPh-H), 7.36 (2H, d, J=8 Hz, 4-
CO,allylPh-H), 8.09 (2H, d, J=8 Hz, 4-CO,allylPh-H). Found: C, 63.3; H, 6.2; N,
5.4%. C,H,FN,O,S requires: C,63.6;H,6.3; N, 5.3%
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Example 165. N-(6-{4-Fluorophenyl}hexyl)—4-(4-

anyloxycarbonylbenzylsmphinyl-z-oxoazetidm-l-yl)aoemmide (Diastereoisomer
2) -

Colourless soild, m.p. 115-117°C, 53% yield. 'H NMR 5 (CDCl,) 1.30-1.60 (8H, m,
4xCH,), 2.56 (2H, 1, J=7.6 Hz, CH,Ph), 2.91, 2.95 (1H, dd, J=2.4, 15.2 Hz,H,), 3.27
(3H, m, NHCH,, H,), 3.94, 4.22 (each 1H, d, J=17.2 Hz, NCH,); 4.04,4.18 (each
1H, d, J=12.8 Hz, SOCH,), 4.65 (1H, m, H,), 4.84 (2H, m, CO,CH,), 5.37 (2H, m,
CH,=CH), 6.0 (1H, m, CH,=CH), 6.95 (3H, m, 4-FPh-H, NH),), 7.10 (2H, m, 4-FPh-
H), 7.36 (2H, m, 4-CO,allylPh-H), 8.09 (2H, m, 4-CO,allylPh-H). V g 1795 cm’L.
Found: C, 63.5; H, 6.2; N, 5.4%. C,H,,FN,O,S requires: C, 63.6; H, 6.3; N, 5.3%
Example 166. N-(6-{4-Fluorophenyl}hexyl)-4-(4-carboxybenzylsulplﬂnyl—2—
oxocazetidin-1-yl)acetamide (Diasterecisomer2): -

A solution of N—(6-{4~ﬂuorophenyl}hexyl)-4-(4»allyloxycarbonylbenzylsulphinyl-2-
oxoazetidin- 1-yl)acetamide (diastereoisomer 2) (0. 353, 0. 662mmoles),
triphenylphosphine (0.18g, 0.686mmoles) and
tetrakis(triphenylphospine)palladium(0) (22mg) was treated with a solution of
pyrollidine (0.048g, 0.675mmoles) in dry dichloromethane (1ml). The reaction
mixture was stirred for 22h. Purification by column chromatography eluted with
CH,CL,, 1:1 CH,Cl,:acetone, 50:50:1 CH,Cl,:acetone:glacial acetic acid and washing
with dichloromethane and ether gave the product as a colourless solid, m. P. 185-
186°C (67% yield).'H NMR & (DMSO) 1.26 (4H, m, ZxCH,), 1.38 (2H, m, CH)),
1.50 (2H, m, CH,), 2.96, 2.99 (1H, dd, J=2, 15.2 Hz, H,), 3.06 (2H, m, NHCH,),
3.84, 4.09 (each 1H, d, J=17.2 Hz, NCH,), 4.13,4.31 (each 1H, d, J=12.8 Hz,
SOCH,). 4.84 (1H, m, H,), 7.05 (2H, m, 4-FPh-H), 7.19 (2H, m, 4-FPh-H), 7.47
(2H, d, J=8'Hz, 4-CO,allylPh-H), 7.93 (2H, d, J=8 Hz, 4-CO,allylPh-H), 8.10 (1H,
m, NH), 13 (1H, bs, CO,H). Found: C, 60.9; H, 5.9; N, 5.7%.
C,H,FN,0,S.0.136H,0 requires: C, 61.2; H, 6.0; N, 5.7%

Example 167. N-(6-{4-Fluorophenyl}hexyl)-4-(4--
lsopropyloxyearbonylbenzylsulphinyl-Z-oxoazeﬁdin-l-yl)acetamide
(Diastereoisomer 2)

To a solution of N-(6-{4-fluorophenyl }hexyl)-4-(4-carboxybenzylsulphinyl-2-
oxoazetidin-1-ylhacetamide (0.3g, 0.6mmol) in N-methyl pyrrohdm-z-one (4 ml) was
added anhydrous potassium carbonate (0.7g, 5Smmol) and 2-iodopropane (0.9g,
Smmol). The mixture was stirred for 18h at room temperature, treated with aqueous
brine and extracted with ethyl acetate. The organic extract was washed with water,
dried (MgSO,) and evaporated. The residue was purified by flash chromatography
using a) ethyl acetate and b) ethyl acetate :methanol (95:5) as the eluting solvents.
Evaporation of the appropriate fracuons gave the. ultle compound as a white powder
(0.3g, 75%), mp 119°C.

'HNMR 8 (CDCl5) 1.33-1.41 (IOH ‘m); 1 45—1 58 (4H m), 2.56 (2H, t, J = 7.5Hz),

2.92 (1H, dd, J = 2.5, 15.4Hz), 3.15-3.40 (3H, m), 3.93 and 4.24 (each 1H,d,J =
18Hz), 4.30 and 4.22 (each 1H, d, J = 15Hz), 4.69 (1H, m), 5.25 (1H, m), 6.86-7.15
(5H, m), 7.35 (2H, m), 8.07 (2H, m). Found: C, 63.05; H646N524 ' :
C,H,,FNOSreqmres C. 6338 H, 6.65; N, 5.24% "
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The followmg compounds (Examples 168, 169) were prepared in an analogous
manner:

Example 168. N-(6-{4-Fluorophenyl}hexyl)-4-(4-
propyloxymrbonylbenzylsulphinyl-z-oxoazehdin-l-yl)acetamide
(Diastereoisomer 2)

Cream solid, m.p. 113°C, 68% yield. 'H NMR 8 (CDCl3j 1.03 (3H, t, J=7.4 Hz,
CH:), 1.30-1.60 (8H, m, 4xCH>). 1.80 (2H, m, CH.CH3) 2.56 (2H, t, J=7.6 Hz,
CH.Ph), 2.90, 2.94 (1H, dd, J=2.4, 15.6 Hz, Hs), 3.22 (3H, m, NHCH,, Hs), 3.94,
4.22 (each 1H, d, J=17.2 Hz, NCH>), 4.04, 4.18 (each 1H, d, J=12.8 Hz, SOCH.),

'4.30 (2H, t, J=6.6 Hz, CO,CHo.), 4.65 (1H, m, Hs), 6.95 (3H, m, 4-FPh-H, NH),),

7.10 (2H, m, 4-FPh-H), 7.36 (2H, m, 4-CO,propyIPh-H), 8.07 (2H, m, 4-
CO.propylPh-H). v o 1795 cml. Found: C, 62.4; H, 6.4; N, 5.3%.
CasHisFN,058.1%H,0 requires: C, 62.7; H, 6.7; N, 5.2%

Example 169, N-[6-(4-Fluorophenyl)hexyl}-[4-(4-
ethyloxycarbonylbenzyl)sulphinyl-2-oxo-azetidin-1-yl]- acetamide
{Diasterecisomer 2)

Off-white solid, 82 % yield, m.p.130-31°C. 'H NMR § (CDCl3) 1.3-1. 6( 11H, m),
2.55(24, v), 2.91(1H,dd), 3.25(1H, dd), 3.27(2H, m), 3.94 &4.23(each 1H, d, J=
20Hz), 4.17& 4.02(each 1H, d, J=12.5Hz), 4.39(2H, q), 4.65(1H, dd), 7.01(5H, m),
7.35& 8.07(each 2H, d, J=8.27Hz).

Found: C, 62.6; H, 6.3; N, 5.4% Cy9H33FN,OsS requires: C, 62.8; H, 6.4; N, 5.4%
Example 170. N-(6-[4-Fluorophenyl]hex-1-yl)-4-carboxybenzylthio)-2-
oxoazetidin-1-yl acetamide _

Treatment of N-(6-[4-ﬂuorophenyl]hex-1oylMaliyloxycarbon‘ylbenzylthio)-2-
oxoazetidin-1-yl acetamide under the conditions described in Example 166 gave the
title compound as a colourless oil, 62% yield. 'H NMR § 1.24 (4H, bm), 1.41-1.51
(4H, bm), 2.50 (3H, t, J = 7.4Hz), 2.87-2.93 (1H, bdd), 3.09-3.47 (4H, m) 3.6-3.80
(3H, m), 4.86 (1H, bm), 6.75 (1H, 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-FIuorophenyl]hex-l-yl)-(4-methoxymrbonylbenzylthlo)-
2-oxoazetidin-1-yl acetamide =

N-(6-{4-fluorophenyl]hex-1 -yl)-4-carboxybenzylthxo)—2-oxoazeudm-l-yl acetamide
(1g, 2.1 mmol) was dissolved in dry dichloromethane (5 ml) and the solution treated
with a solution of trimethyisilyldiazomethane (6ml 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
(0.27g, 26% yield).

1H NMR § 1.32 (4H, bm), 1.4-1.7 (4H, bm), 2.56 (3H, t,J 7.4Hz), 2.9(1H, dd,
J=2.5, 15.3Hz), 3.15-3.35 (3H, m), 3.4-4.0 (7H, m), 4.86 (1H, m,), 5.99 (1H, bm),
6.90-6.98 (2H, m), 7.07-7.13 (2H, m), 7.40 (2H, m), 7.97 (2H, m)
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‘Example 172. N-[6-(4-FluorophenyDhexyl}-[4-(4-

methyloxycarbonylbenzyl)sulphinyl-2-oxo-azetidin-1-yl}- acetamide
(Diasterecisomer 2)

Treatment of N—(6o[4-ﬂuorophenyl]hex- -yl)-(4-memoxycarbonylbenzylthxo)-2-
oxoazetidin-1-yl acetamide with mCPBA as described in Examples 2 and 3 gace the
title compound as a waxy solid, 26% yield. 1H NMR § 1.34 (3H, bm) 1.4-1.7 (4H,
m), 155-1.70 (4H, m), 2.50 (3H, 1), 2.95 (1H, dd), 3.15-3.3 (3H, m), 3.9-4.3 (7TH, m),
4.6 (1H, m), 6.94 (2H, 1), 7.12 (2H, 1), 7.36 (2H, d), 8.06 (24, d). v c=01795 cml.
Found: C, 61.72; H, 6.17; N, 5.5%. CgH31FN7OsS requu'es C,62.13; H, 6 22; N,

5.6%

Example 173. N-(6-{4-Chlorophenyl}hexyl)-4-(4-
mpmpyloxywrbonylbenzylsulphinyl -2-oxoazeﬂdin-l-yl)acetamide
(Diastereoisomer 2). ' :
Treatment of N-(6-{ 4-chlorophenyl)hexyl)-4-(4—carboxybenzylsulphmyl-2-
oxoazetidin-1-yl)acetamide (Diastereoisomer 2) (Example 130) with isopropyl iodide
using the method described in Example 169 gave the title compound as white
crystals, 78% yield, m.p. 114.5°C. Found: C, 61.45; H, 6.35; N, 5. 26%
C,gH35CIN,O5S requires: C, 61.47; H, 6.45; N, 5.12%.

Example 174. N-(6-{4-Chlorophenyl}hexyl)-4-(4- .
propyloxycarbonylbenzylsulphinyl -2-oxoazeﬂdin- l-yl)acetamide
(Diastereoisomer 2). :

Treatment of N-(6-{4—chlorophenyl}hexyl)-4-(4-carboxybenzylsulphmyl-2—
oxoazetidin- 1-yl)acetamide (Diastereoisomer 2) (Example 130) with n-propyl iodide
using the method described in Example 169 gave the title compound as a white
powder, 69% yield, m.p 104°C. IH NMR & (CDCl3) 1.03 (3H, t, J = 7.4Hz), 1.36
(4H, m), 1.55 (4H, m), 1.81 (2H, m), 2.56 (2H, t, J =7.9Hz), 2.89 (1H, dd, J = 2.5,
15.3Hz), 3.23 (3H, m), 3.90 and 4.16 (each 1H, d, J=17.1Hz), 4.00 and 4.27 (each
1H, d, J = 12.9Hz), 4.32 (t, J = 7.4Hz), 4.63 (1H, m), 7.01.(1H, 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).
Example 175. N-(6-{4-Chlorophenyl}hexyl)-4-(4- .
ethyloxyearbonylbemylsnlphinyl -}oxomﬁdin-l-yl)aeetamide (Dlastereonsomer
2).

Treatment of N-(6-{4-chlorophenyl }hexyl)-4-(4-carboxybenzylsulphmyl-2-
oxoazetidin-1-yl)acetamide (Diastereoisomer 2) (Example 130) with ethyl iodide
using the method described in Example 169 gave the title compound as a white
powder, 70% yield, m.p. 124°C. 1.33 (4H, m), 1.40 (3H, t, J = 7.1Hz), 1.55 (4H, m),
2.56 (t, ] = 7.4Hz), 2.88 (1H, dd, J = <2, 17.7Hz), 3.19-3.27 (3H, m),3.90 and 4.19
(each 1H, d, J = 17.1Hz), 4.01 and 4.16 (each 1H, d, J = 12.9Hz),4.35 (2H,q,] =

- 7.2Hz,7.01 (1H,bm), 7.06 (2H,d,J = 84Hz),724(2H d,J=8.4Hz),7.34 2H,d,]J

= 8.3Hz), 8.05 (2H, d, J = 8.3Hz).

'Example 176. N-[6-(d-FiuorophenyDhexyl}-[4-(4-

(allyloxycarbonylmethyl)benzyl)thio -2-oxd-azetidin-1-yl}-acetamide

Treatment of 4-(4-(allyloxycarbonylmethyl)benzylﬂno)azeudm-Z-one with N-(6-(-4-

fluorophenyl)hexyl)-1-bromoacetamide by the method described in Exampie 85a

gave the title compound as a olourless oil, 16% yield. 'H NMR & (CDCL,) 1.30-

1.60(8H, m), 2.56(2H, 1), 3.00- 2.95(1H, dd ), 2.97&3.57(each 1H, dd), 3. 23(1H, m),
-54-
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3.42(1H, dd), 3.65(2H, s), 3.77(2H, q), 4.59(2H, m), 4.88 (lH dd), 5.23-5 32(2H
m), 5.9(1H, m), 6.1(1H, v, 6.9-7.30 (8H, m)

Treatment of N-(6-(4-fluorophenyl)hexyl)-4-(4-(allyloxycarbonylmethyl)benzylthio-
2-oxoazetidin-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-Fluorophenyhhexyl]-[4- (4-(allyloxycarbonylmethyl)
benzyl)sulphinyl -2-oxo0-azetidin-1-yl]- acetamide (Diastereomer 1)

White crystalline solid, 16% yield, m.p.132-33°C.

Found: C, 63.3; H, 6.3; N, 5.0%. CyH3sFN,0sS0.5H,0 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)

White crystalline solid, 56% yield, m.p.106-9°C. '

Found: C, 64.2; H, 6.4; N, 5.1%. CiH3sFN,OsS requires: C, 64.2; H, 6.4; N, 5.2%
Example 179, N-[&(&Hnorophenyl)hexyl}-[«i— (Hwboxymethyl)benzyl)thno-z-
oxo-azetidin-1-yl]- acetamide.

Treaiment of N-[6-(4-fluorophenyl)hexyl}- [4-(4-(allyloxycarbonylmemyl)-benzyl)th:o—
2-0x0-azetidin-1-yl}-acetamide under the conditions described for Example 166 gave
the title compound as a white solid, 87% yield, m.p. 'H NMR & (CDCl,) 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 1H, d, ] =
16.9Hz), 2.90 (1H, dd, J = <2, 16.6Hz), 3.14 (2H, m), 3.39 (1H, dd, J = 5.3, 15.1H2),
3.64 (2H, s), 3.69 (2H, dd, J= 7.7, 14.3Hz), 4.86 (1H, m), 6.29 (1H, bm), 6.91-7.26
(8H, m).

Example 180. N-[6-(4-Fluorophenyhhexyl]-[4- (4-(carboxymethyl)benzyl)
sulphinyl - 2-oxo-azetidin-1-yl] - acetamide (Diastereomer 1)

Ozonised oxygen was bubbled through a solution of N-{6-(4-fluorophenyl)hexyl]-[4-
(4-(carboxymethyl)benzyl)thio-2-oxo-azetidin-1-yl}- acetamide (1.5g, 3mmol) in
dichloromethane (100ml) 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. !H NMR & (DMSO-dg) 1.26 (4H, m), 1.38
(2H, m), 1.53 (2H, m), 2.54 (2H, t, J = 7.6Hz), 3.04 (3H, m), 3.14 (1H, dd, J = 1.6,
>12Hz), 3.57 (2H, s), 3.57 and 4.00 (each 1H, d, J = 21.6Hz), 3.80 and 4.10 (each
1H, J = 13.2H2), 4.89 (1H, m), 7.05-7.26 (8H, m), 7.98 (1H, bm), 12.3 (1H, bs).
Example 181. N-{6-(4-Fluorophenyl)hexyl]-{4- (4-
(carboxymethyl)benzyl)snlphinyl -Z-oxo-azetidin-l-yl]-acetamide (Diastereomer
2)

Evaporation of the filtrate from the above crystalhsauon gave diastereomer 2
contaminated with diastereomer 1 (ratio 65:35) (0.31g, 20%) m.p. 125-129°C. 'H
NMR 8 (DMSO-dg) 1.26 (4H, m), 1.37 (2H, m), 1.51 (2H, m), 2.55 (2H, m), 2.91
(1H, dd, J = 2.4, 15.2 Hz), 3.06 (2H, m), 3.29 (1H, m), 3.57 (2H, s), 3.99-4.21 (4H,
m), 4.82 (1H, m), 7.05- 7.29 (8H, m), 8.13 (1H, bm), 12.32 (1H, bs).

Example 182. N-2,4-Dichlorobenzyl-(d-benzylthio-z-oxoazetidin-l-y])acetamide
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Treatment of (4-benzylthio-2-oxoazetidin-1-yl)acetic acid with 2,4-
dichlorobenzylamine under the conditions described for Example 86 gave the title
compound as a colourless solid, m.p. 132-133°C, 72% yield. 'H nmr § (CDCL,)
2.93,2.97 (1H, dd, J=2.4, 15.4 Hz, H,), 3.36, 3.39(1H, dd, J=5.2, 15.4 Hz, H,),
3.56, 3.70 (each 1H, d, J=16.9 Hz, NCH,), 3.76 (2H, s, SCH,), 4.47 (2H, m,
NHCH,), 4.80 (1H, m, H,). 6.5 (1H, m, NH), 7.20-7.34 (7H, m, Ph-H, 2,4-diCIPh-
H). 7.38 (1H, d, J=2 Hz, 2,4-diCIPh-H). v = 1776 cm!. Found: C, 55. 8 H, 4.5; N,
6.9%. C,H,,CLN,O,S requires: C, 55.8; H, 4.4; N, 6. 8%

Treatment of N-2 4-d1chlorobeniyl-(4-benzyltluo-2-oxoazeudm- 1-yl)acetamide with
mCPBA followed by recrystallisation as described in Examples 2 and 3 gave the

" compounds described in Examples 183 and 184. Treatment of N-2 4-dichlorobenzyl-

(4-benzylsulfinyl-2-oxoazetidin- 1-yl)acetamide with mCPBA gave Example 185.

Example 183. N-2,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-1-
yDacetamide (Diastereomer 1)
Colourless solid, m. p. 224-226°C 16% yield. 1H amr o (DMSO) 3.03, 3.07 (1H, dd

J=4.8, 148 Hz, H,), 3.15, 3.18 (1H, dd, J=1.6, 14.8 Hz, H,), 3.78, 4:16 (each 1H, d,
- }=16.8 Hz, NCH,), 3.85, 4.14 (each 1H, d, J=12.8 Hz, SOCH,), 4.33 (2H, d, J=5.6

Hz, NHCH,), 4.93 (1H, m, H,), 7.32-7.42 (7H, m, Ph-H, 2,4-diCIPh-ED, 7.61 (1H, d,
J=2 Hz, 2,4-diCIPh-H), 8.62 (1H, m, NH). Found: C, 51.7; H, 4.2; N,6.4%.
C,H,CLN,0;S requires: C, 53.7; H, 4.3; N, 6.6%

Example 184. N-2,4-Dmhlorobenzyl-(4-benzylsulphinyl-z-oxoazetidm-l-
yhacetamide (Diastereomer 2

Colourless solid, m.p. 162-163°C, 45% yield. H nmr § (DMSO) 291, 2.95 (1H, dd,
J=2.2, 15.4 Hz, H,)), 3.30 (1H, m, H)), 3.97, 4 21 (each 1H, d, J=17.2 Hz, NCH,),
4.05, 4.20 (each 1H, d, J=12.8 Hz, SOCH,), 4.34 (2H, d, J=5.8 Hz, NHCH,), 4.83
(1H, m, H,), 7.32-7.42 (7H, m, Ph-H, 2,4-diCIPh-H), 7.60 (1H, d, J=2 Hz, 2.4
diCIPh-H), 8.72 (1H, m, NH). Vv o 1793 cm" Found: C, 53.5; H, 4.4; N, 6.6%.
C,H,,CLN,O,S requires: C, 53.7; H, 4.3; N 66%

- Example 18S. N-2,4-DichlorobenzyI-(4-benzylsulphonyl-2-oxoazetidin-l-

yhacetamide -

Colourless solid, m.p. 163-164°C, 77% yield. H amr 8 (DMSO) 3.08 (1H,m, H,), .
3.30 (1H, m, H,), 3.77,4.19 (each 1H, d, J=17.2 Hz, NCH,). 4.34 (2H, m, NHCH,),
4.66, 4.77 (each 1H, d, J=13.4 Hz, SO,CH,), 5.09-(1H, m, H,), 7.38 (7TH, m, Ph-H,
2,4-diCIPh-H), 7.62 (1H, m, 2,4-diCIPh-H), 8.67 (IH, m, NH). V ¢ 1796 cml.
Found: C, 51.5; H, 4.1; N, 6.3%.  C,H,,CLLN,OS requires: C, 51.7; H, 4.1; N, 6.4%

- Example 186. N-3,4-Dichlorobenzyl-(4-benzylthio-2-oxoazetidin-1-yl)acetamide

Treatment of (4-benzylthio-2-oxoazetidin-1-yl)acetic acid with 3,4-
dichlorobenzylamine under the condmons descnbed for Example 86 gave the title
compound asac .

olourless solid, m.p. 90—91°C 68% yteld H nmr 8 (CDCI,) 2.94, 298 (1H, dd
J=2.4, 15.6 Hz, H,), 3.36, 3.39 (1H, dd, J=5.2, 15.6 Hz, H,), 3.62, 3.70 (each 1H, d,
J=16.8 Hz, NCH,), 3.79 (2H, s, SCH,), 4.38 (2H, m, NHCH,), 4.80 (lH m, H,), 6.5
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(1H, m, NH), 7.12 (1H, m, 3,4-diCIPh-H), 7.26-7.40 (7H, m, Ph-H, 3.4-diCIPh-E). v
=0 1778 cm™L. Found: C, 55.8; H, 4.5; N, 6.9%. C,,H,,CLN,0,S requires: C, 55.8;
H, 4.4; N, 6.8%

Treatment of N-3,4-dichlorobenzyl-(4-benzylthio-2-oxoazetidin-1-yl)acetamide with
mCPBA followed by recrystallisation as described in Examples 2 and 3 gave the
compounds described in Examples 187 and 188. Treatméent of N-3,4-dichlorobenzyl-
(4-benzylsuifinyl-2-oxoazetidin-1-yl)acetamide with mCPBA gave Example 189.

Example 187, N-34-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-1-
yl)acetamide (Diastereomer 1). ' _

Colourless solid, m.p. 213-214°C, 14% yield. 'H nmr 8 (DMSO) 3.03, 3.06 (1H, dd,
J=4.4, 14.8 Hz, H,), 3.15, 3.18 (1H, dd, J=2, 14.8 Hz, H,), 3.78, 4.14 (each 1H, d,
J=17.2 Hz, NCH,), 3.85, 4.14 (each 1H, d, J=12.8 Hz, SOCH,), 4.29 (2H, d, J=6 Hz,
NHCH,), 4.93 (1H, m, H,), 7.25 (1H, m, 3,4-diCIPh-H), 7.31-7.40 (S5H, m, Ph-H),
7.52-7.56 (2H, m, 3,4-diCIPh-H), 8.62 (1H, m, NH). Found: C, 53.0; H, 4.3; N,
6.5%. C,;H,,CLN,O,S requires: C, 53.7; H, 4.3; N, 6.6%

Example 188. N-3 4-D|chlorobenzyl-(4-benzylsulphinyl-z-oxoazetidm-l-
yDacetamide (Diastereomer 2).

Colourless solid, m.p. 155-156°C, 33% yield. !H nmr 8 (DMSO) 2.91, 2.95 (1H, dd
J=2.2,15.3 Hz, H,), 3.30 (1H, m, H,), 3.96, 4.18 (each 1H, d, J=17.2 Hz, NCH,),
4.05, 4.20 (each 1H, d, J=12.8 Hz, SOCH,), 4.31 (2H, d, J=5.9 Hz, NHCH,), 4.83
(1H, m, H,), 7.27 (1H, m, 3,4-diC1Ph-H), 7.31-7.37 (SH, m, Ph-H), 7.54-7.57 (2H,
m, 3,4-diCIPh-H), 8.72 (1H, m, NH). v o 1795 cm™l. Found: C, 53.7; H,4.3; N,
6.5%. C,,H,CLN,O,S requires: C, 53.7; H, 4.3; N, 6.6%

Example 189. N-3,4-Dichlorobenzyl-(4—benzylsulphonyl-z-oxoazetidin-l-
ylacetamide

Colourless solid, m.p. 173-174°C, 86% yield. !H nmr 8(DMSO) 3.08 (1H, m, H,),
3.30 (1H, m, H,), 3.76, 4.18 (each 1H, d, J=17.2 Hz, NCH,), 4.31 (2H, d, J=5.9 Hz,
NHCH,), 4.66, 4.77 (each 1H, d, J=13.4 Hz, SO,CH,), 5.09 (1H, m, H,), 7.27 (1H, m,
3,4-diC1Ph-H), 7.38 (5H, s, Ph-H), 7.53-7.59 (2H, m, 3,4-diCIPh-H), 8.66 (1H, m,
NBD. Found: C, 51.6; H, 4.2; N, 6.4%. C,H,CLN,O,S requires: C, 51.7; H,4.1; N,
6.4%

Example 190. (3S,4R)-N-(6-{4-Fluorophenyl}hexyl)-(3ocl|loro-4-benzylthio-2-
oxoazetidin-1-yl)acetamide

a. (SS,4R)-(4-Benzylthio-B-chloro-z-oxoaxetidm-l-yl)acetlcacid

A suspension of methyl [(3S,4R)-4-benzyithio-3-chloro-2-oxoxazetidin- 1-yl)acetate
(2.87 g, 0.00957 mol) (Example 305) in methanol (50 ml) was cooled to 10°Cand
1IN aq. sodium hydroxide (9.6 ml) was added over 40 minute. The cooling bath was
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-pet. ether gave the product as colourless soild, 1.15g (42%,
m.p. 132-134°C). :
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b. (3S,4R)-N-(6-{4-Flnorophenyl}hexyl)-(3-chloro-4-benzylﬂ1io-2-oxoazetidm-l-
yDacetamide _

Treatment of (3S 4R)-(4-benzylthlo-3-chloro-2-oxoaxendm- -yDacetic acid with 6-
(4-fluorophenyl)hexylamine under the conditions described for Example 86 gave the
title compound as a colourless oil, 85% yield. 'H NMR § (CDCly) 1.3-1.6 (8H, m,
4xCH,). 2.56 (2H, t, J=7.6Hz, CH,Ph), 3.22 (2H, m, NHCH,), 3.51, 3.81 (each 1H, d,
J=16.5 Hz, NCH,), 3.83 (2H, s, SCH,), 4.58 (1H, d, J=1.7 Hz, H,). 4.79 (1H, d, J=1.7
Hz, H,). 5.80 (1H, m, NH), 6.95 (2H, m, 4-FPh-H), (2H, m, 4-FPh-H), 7.30 (5H, m.
Ph-H)

Treatment of (35,4R)-N-(6-{4-fluorophenyl }hexyl)-(3-chloro-4-benzylthio-2-
oxoazetidin-1-yl)acetamide with mCPBA under the conditions described for
Examples 2 and 3 gave the compounds described in Examples 191 and 192.

Example 191. (SR,3$,4R)-N-(6-{4-FIuorophenyl}hexyl)-(:’o-éhloro-4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide

Colourless solid, m.p. 135-136°C, 18% yield. 'HNMR & (CDCl3) 1 3-1.6 (8H, m,
4xCH,), 2.56 (2H, t, J=7.8Hz, CH,Ph), 3.22 (2H, m, NHCH,), 3.80, 4.13 (each 1H, d,
J=17.2 Hz, NCH,) 4.08, 4.23 (each 1H, d, J=13.2 Hz, SOCH,), 4.67 (1H, d, J=1.6
Hz, H,), 5.38 (1H.d, J= 1.6 Hz, H,), 6.47 (1H, m, NH), 6.95 (2H, m, 4-FPh-H), 7.10
(2H, m, 4-FPh-H), 7.39 (SH, m. Ph-H). v ., 1808 cm!. [0, at 25°C =-117.4

- (0.973%w/v CHCL). Found: C, 60.1; H, 5.8; N, 5.9%. CuH,CIFNOSrequtres C
. 60.2;H,5.9; N, 5.9%

Example 192. (SS,3$,4R)-N-(6-{4-FIuorophenyl}hexyl)-(3-chloro-4-
benzylsulphinyl-2-oxoazetidin-1-yl)acetamide -

Colourless solid, m.p. 87-89°C, 52% yield. 'H NMR 3 (CDCI3) 1.3-1.6 (8H, m,
4xCH,), 2.56 (2H, t, J=7.6 Hz, CH,Ph), 3.26 (2H, m, NHCH,), 3.92, 4.28 (each 1H,
d, J=17.2 Hz, NCH,), 4.10, 4.18 (each 1H, d, J=13.2 Hz, SOCH,),465 (1H,d, J=2
Hz, H.), 4.72 (1H, d, }=2 Hz, H,), 6.95 (2H, m, 4-FPh-H), 7.09 (1H, m, NH), 7.10
(2H, m, 4-FPh-H), 7.39 (SH, m. Ph-H). v ¢, 1809 cm-l. [o], at 25°C = +75.3
(0.908%w/v CHCL,). Found: C, 60.2; H, 5.9; N, 5.9%. C,H,,CIFNOSrequxres C,
60.2;H,5.9:N,59% - -

Example 193. N—(6-(4-Fluorophenyl)hexyl)-(3S,4R)—4-benzylﬂlio-3-((R)-
hydroxyethyl)-2-oxoazetidin-1-ylacetamide '

(a) (38,4R)-4-Benzyltlno-3-((R)-(t-butyldimetl'lylsilyloxy)ethyl)-z-azeﬂdinone
Treatment of (3R, 4R)-4-acetoxy-3-((R)-(t-butyldimethylsilyloxy)ethyl)-2-azetidinone
with sodium benzylthiolate as described in Example 1a gave the title compound as a
waxy solid, m.p. 69-70°C, 95% yield. !HNMR’ 8(CDC13) 0.01 (6H, 2xs, SiCH,),

- 0.83 (9H, s, tBu-H), 1.13 (3H, d, J=6 Hz, CH,), 3.14 (1H, m, H3), 3.82 (2H. s,

SCHj), 4.15 (1H, m, CH CH),475 (1H,d, J=2 HZ,H4) 5.36 (lH br s, NH), 7.28

~ (5H, m, Ph-HD

(b) N-(6-(4-Fluorophenyl)hexyl)-(38,4R)-4-benzylthio-3-((k)-(t.
butyldimethylsilyloxy)ethyl)-2-oxoazetidin-1-ylacetamide

Treatment of (38, 4R)-4-benzylm1o-3-((R)-(t-butyldlmethylsllyloxy)ethyl)-2-
azetidinone with N-(6-(4-fluorophenyl)hexyl)-1-bromoOacetamide as described in -
Example 85 gave the title compound as a colourless oil, 54% yield. 1H NMR §
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(CDCl3) 0.01 (6H, 2xs, SiCH,), 0.82 (9H, s, tBu-HD, 1.07 (3H, d, J=6 Hz, CH,), 1.3-
1.6 (8H, m, 4 x CH,) 2.56 (2H, t, J=8 Hz, CH,Ar), 3.14 (1H, m, H3), 3.25 (2H, m,
NHCH,», 3.54, 3.81 (2H, 2xd, ] = 17Hz, NCH,). 3.82 (2H, s, SCH,), 4.20 (1H, m,
CH,CHD. 4.75 (1H, d, J=2 Hz, Hy), 6.40 (1H, br t, NH), 6.95, 7.10 (4H, 2 x m, FPh-
KD, 7.30 (5H, m, Ph-ED

(c) N-(6-(4-Fluorophenyl)hexyl)-(38,4R)-4-benzylﬂnio-3-((R)-hydroxyethyl)—2-
oxoazetidin-1-ylacetamide
N-(6-(4-Fluorophenyi)hexyl)-(3S,4R)-4-benzylthio-3-((R)-(1-
butyldimethylsilyloxy)ethyl)-2-oxoazetidin-1-ylacetamide (2.68g; 4.57mmoles) and
glacial acetic acid (0.4ml) were dissolved in dry THF (50ml) and a molar solution of
tetrabutylammonium fluoride in THF (6.9ml; 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 (S0ml) and ethyl acetate
(50ml), separated and the organics washed with water, brine, dried over magnesiunm
sulphate and evaporated to a brown solid which was recrystallised from ethyl
acetate/ether to give a cream solid (1.69g) m.p. 102-4°C, 78% yield. 'H NMR &
(CDCl3) 1.2-1.7 (11H, m, 4 x CH, + CH,), 2.34 (1H, br s, OH) 2.56 (2H, t, J=8 Hz,
CH,Ar), 3.20 (3H, m, NHCH,+ Hj), 3.31, 3.92 (2H, 2xd, J = 17Hz, NCH), 3.79
(2H, s, SCHj), 4.34 (1H, m, CH,CH), 4.76 (1H, m, Hy), 6.64 (1H, br t, NH), 6.95,
7.09 (4H, 2 x m, FPh-H), 7.25 (5H, m, Ph-H)

Example 194. N-(6-(4-Fluorophenyl)hexyl)-(3s,4k)-4obenzylsulphmyl-3-((R)-
hydroxyethyl)-2-oxoazetidin-1-ylacetamide (Diastereomer 2). -

Treatment of N-(6-(4-fluorophenyl)hexyl)-(3S.4R)-4-benzylthio-3-((R)-

“hydroxyethyl)-2-oxoazetidin-1-ylacetamide with mCPBA as described for Example 2

gave the title compound as a colourless solid, m.p. 164-7°C, 17% yield. 'H NMR §
(CDCl3) 1.3-1.7 (11H, m, 4 x CH, + CH,), 2.45 (1H, m, OH) 2.56 (2H, t, J=8 Hz,
CH,Ar), 3.25 (2H, m, NHCH,), 3.40 (1H, m, Hj3), 3.8-4.25 (4H, m, NCH; +

" SOCH,), 4.33 (1H, m, CH,CH), 4.69 (1H, m, Hy), 6.95, 7.09 (4H, 2 x m, FPh-H),

7.2-7.5 (6H, m, Ph-H + NH). V o 1782 cm™). Found: C, 63.6; H, 6.7; N, 5.8%.
CaH33FN,O4S requires: C, 63.9; H, 6.8; N, 5.7%

Example 201. N-(6-phenylhexyl)-(4-(4-methoxyphenylthio)-2-oxoazetidm-l-
yhacetamide

a Methyl-(4-mthoxyphenylﬂtio-z-oxoazetidin-l-yl)acetate

To a solution of 4-(4-methoxyphenylthio)azetidin-2-one (H. Guet. al., J. Org
Chem., 1990, 55, 5655) (11.6g, 55mmol), methyl bromoacetate (9.2g, 60mmol) and
tetrabutylammonium bromide (1.8g, 0.56mmol ) in dry THF (300ml) was added
powdered potassium hydroxide (3.4g, 60mmol). The resuiting mixture was stirred for
two hours at room temperature before water (100 ml) was added. The solution was
extracted with ethyl acetate (3x150mi portions) and the combined extracts dried
(MgS0y4) and evaporated. The residue was purified by flash chromatography on silica
gel eluted with ethyl acetate / hexane (1:1-52:1) to give the product as a solid mp101-
103°C, 58% yield
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IHNMR & (CDCl3) 2. 80( 1H, dd, J=2.2,15 Hz H3,), 3.34 (1H, dd, J=5,15 Hz, Hyy),
3.72 (3H, s, OCHj3), 3.77.4.29 (each 1H, d, J=18.00 Hz, NCH>), 3.80 (3H, s, SCH3),
5.07 (1M, m, Hy), 6.87 (2H, d, J=10 Hz, 2,6Ph-H), 7.35 (2H, d, J=10 Hz, 3,5Ph-H).

b. (4-(4-Methoxyphenylthio)-2-oxoazetidin-1-ylacetic acid |

To a solution of methyl-(4-methoxyphenylthro—Z—oxoazeudm— -yl)acetate (5.2g,
18mmol) in methanol (80ml) was added, dropwise. 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 dilute
hydrochloric acid and extracted with ethyl acetate (3x100ml) . The combined

‘extracts were dried (MgSO4), evaporated and the resrdue purified by recrystallisation
- (hexane/ether) to give the product asa whxte sohd, mp 78-79°C 79% yield

1H NMR o (CDC13) 2.80(1H, dd, J=1.9,15 Hz,_ Hja). 3.34 (1H, dd, J=5,15 Hz, Hy,),
3.80 (3H, 5, OCHj), 3.82,4.30 (each 1H, d, J=18.00 Hz, NCH>), 5.06 (1H, m, Hy),
6.40 (1H, bs, NH), 6.87 (2H, d, J=6.8 Hz, 2,6Ph-H), 7:35 (2H, d, J=6.8 Hz, 3,5Ph-H).
c N-(6-phen‘ylhexyl)-(4-(4-methokyphenylthio)-'z-oxoazeﬁdin-l-yl)acetamide

A solution of 6-phenylhexylamme (Morse M. A, et al., Cancer Research 1991,
1846), (1.4g, 8mmol) in DMF (50ml) was added to DCC (1.6g, 8rumol)
hydroxybenzotnazole (1.0g, 8mmol) and (4-(4-methoxyphenylﬂuo)-2-oxoazet1dm-l-
yhacetic acid (2. 1g, 8mmol) and the mixture stirred for 2 hours at room temperature.
Ethyl acetate (250ml) was added, the prectpltate ﬁltered the’ ﬁltrate washed with dil
NaHCOg3, ‘water (x2), dried (MgSOy4) and evaporated to an oil which was punﬁed by
flash chromatography on srhca gel using hexanelethyl acetate (1:3). Evaporation of
the appropnate fractions gave the product as a colourless oil, 77% yield. -

1§ NMR & (CDCl3) 1.34-1.47 (10H, m, (CH3)s), 2.59 (2H, t, J=7.7 Hz, CH;) 2.83(
1H, dd, J=2.2,15 Hz, Hj,), 3.18-3.36 (3H, m, CHz,Hgb). 3.78 (GH, s, OCH3).
3.80,3.99 (each 1H, d, J=15 Hz, NCH,), 4. 95 (1H, m, H4). 6.23 (1H, bt, NH), 6.87
(2H,d, J=6.8 Hz, 2 6Ph-H) 7.14-7.39 (7TH, m, 3,5Ph-H.Ph-H).

Example 202. (4R,SR/4S ,SS) N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulﬁnyl)—2-
oxoazetidin-1-yl)acetamide

A solution of N-(6-phenylhexyl) (4-(4-methoxyphenyltluo)-2-oxoazeudm-1-
ylacetamide (2.5g, 5.8mmol) in dxchloromethane (100 ml) was cooled to-70°C and a
solution of m-chloroperbenzorc acid (1. Og, 6. 4mmol) in drchloromethane (100 ml)
added dropwise with stirring over 60 min. Aftera further 3h at -60°C the reaction
mixture was shaken with a mixture of saturated aqueous sodtum sulphtte and
saturated sodium hydrogen carbonate. The orgamc layer was separated washed with
brine, dried (MgSOj4) and evaporated toa sohd whtch was titurated with ether and

- filtered. Two recrystalhsauons from ethyl acétate gave (R°R’IS°SS) N-(6-

' phenylhexyl)-(4-(4-methoxyphenyl)sulﬁnyl)-Z-oxoareudm—l-yl acetamide (0.4g,

-60 -
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14%) m.p. 123-125°C. Found: C, 64.9; H, 6.6; N, 6.3%; Cy4H39N,O4S requires: C,
65.1; H,6.8; N, 6.3% | |
Example 203. (4R,S5/4S,SR)- N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfinyl)-
2-oxoazetidin-1-yl)acetamide

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%; Cy4H30N»04S 0.4 EtOAc requires: C, 64.3; H,
7.0; N, 5.9% _ _

Example 204. N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfonyl)-2-0xoazetidin-1-
yl)acetamide

A solution of N-(6-phenylhexyl)-(4-(4-methoxyphenylthio)-2-oxoazetidin-1-
yl)acetamide (2.1g, Smmol) in dichloromethane (100 ml) was cooled to -70°C and a
solution of m-chloroperbenzoic acid (2.0g, 11mmol) in dichioromethane (100 ml)
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 sulphité and
saturated sodium hydrogen carbonate. The organic layer was separated, washed with
brine, dried (MgSQy4) and evaporated to a solid which was recrystalhsed from ethyl
acetate to a white solid, 1.2g (53% yield, m.p. 93-95°C

Found: C,62.7; H, 6.6; N, 6.2%; C34H3gN,OsS requires:C, 62.9; H, 6.6; N, 6.1%
Example 205. N-(6-phenylhexyl)-(4-(3,4-dimethoxyphenylthio)-2-oxoazetidin-1-
ylacetamide

a. 4-(3,4-Dimethoxyphenylthio)azetidin-2-one

Sodium (0.9g, 39mmol) was dissolved in ethanol (150ml) and 3,4-
dimethoxythiophenol (5.9g, 3Smmol) 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 5°C and a solution of 4-acetoxyazetidin-
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
60 minutes and evaporated to dryness 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 which was isolated by
filtration (4.1g, 52%) m.p. 145-6°C. .

IH NMR 8 (CDCl3) 2.85 (1H, m, H3,), 3.31 (1H, m, H3b) 3.88 (3H, s, O-CHj),

3.89 (3H, s, 0-CHj), 4.92 (1H, dd, J=4.92, 2.30 Hz, Hy), 6.30 (1H, br. singlet, N-H),
6.85 (1H, d, J=8.30 Hz, Ph-H), 7.00 (1H, d, I=2.04 Hz, Ph-H), 7.09 (IH dd, J=8.25,
2.06 Hz, Ph-HD.

b. Methyl-(4-(3,4-dimethoxyphenyl)thio-2-oxoazetidin-1-yl)acetate
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Sodium hydride (0.5g,12mmol) in dry DMF ( 10ml) was cooled to -5°C and a
solution of 4-(3,4-dimethoxyphenylthio)azetidin-2-one (3g,12mmol) in dry DMF
(20ml) Was added dropwise over 15 mins under a nitrogen atmosphere at -SOC. After
15mins methylbromoacetate (2g,12mmol) was added in one portion, and the mixture
stirred for 30mins at room temperature.  The reaction mixwre was carefully poured

into brine /ice water and ethyl acetate (100ml) was added. The organic layer was

washed with brine (x2), dried (MgSO4) and evaporated to a yellow oil which was
purified by flash column chromatography eluted with petroléum ether/ ethyl acetate
to give the product as a yellow oil (0.96g, 25% yield).

c. (4-(3,4-Dimethoxyphenylthio)-2-oxoazetidin-I-yl)aceticacid

Prepared according to the general procedure of Example 201b and obtained as a
yellow oil. _ - -

d. N-(G-phenylhexyl)-(4-(3,4-d|methoxyphenylthio)-z-oxoazeﬂdin-l-yl)acetanude
Prepared according to the general procedure of Example 201cand obtained as a
colourless oil. 'H NMR 8 (CDCl3) 1.3 - 1.7 (8H;'m, 4xCH,), 2.59(2H,t,1=17.6

.Hz, CH,Ph), 2.89 (1H, dd, J=2, 15 Hz, H3), 3.23 (2H, m, NHCH,), 3.37 (1H, dd,

J=5, 15 Hz, Hj). 3.73, 3.96(each 1H, d, J=17 Hz, NCH,). 3.87 (6H, s, 2x OCHj3),
4.99 (1H, m, Hy), 6.16 (1H, br s, NH), 6.8 - 7.3 (8H, m, Ph-H + (CH;0),Ph-H)
Example 206. (4R,SS/4S,SR)- N-(6-phenylhexyl)-(4-(3,4-
dimethoxyphenylsulfinyl)-2-oxoazetidin-1-yl)acetamide _
Prepared according to the general procedure of Examples 202&3 and obtained as a
yellow gum, 33% yield.

1H nmr 5 (CDCl3) 1.35-1.62(8H,m,CH;CH2CH2CHp). 2.58(2H,1,J=7.0Hz,
CHyPh), 3.15-3.45(4H,m,H3,.H3p,.NH-CHp). 3.43,3.82(2H,dd,J=17.0,17.0Hz,N-
CH»). 3.90-3.92(6H,s,2xOCH3), 4. 67(1H,m,H4), 6. 75(1H,s,NH) 6.96-
7.29(8H,m,Ar-H,SO-Eh-(OMe)7).

Example 207. (4R,SR/4S,SS) N-(6-phenylhexyl)-(4-(3,4-
dimeﬂloxyphenylsulﬁnyl)-z-oxoazeﬁdin-l-yl)ae'etamide

Prepared accordmg to the general procedure of Examples 202&3 and obtained as a
white solid m.p. 126 - 128°C, 26% yield. : :

1H nmr 8 (CDCl3)  1.35-1.59(8H,m,CH2CH2CH2CH)),
2.59(2H,4,J=7.0Hz,CH2Ph), 2.78(1H,dd,}=15.0,5.0Hz.H3p), 3. 28(2H,m,NH-CH)),
3.47(1H,dd,J=15.0,2.0Hz,H3,), 3.87,4.20(2H,dd.J=17.0,17.0Hz,N-CH)),
3.93(6H.s,2xOCH3), 4.51(1H,m,Hy), 6. 73(lH.s.NH) 6.98-7. 28(8H,m Ar-H,SO-Eh-
(OMe)p).

- Example 208, N-(6-phenylhexyl)-(4-(4-chlorophenylthio)-z-oxoazeﬁdin-l-

yl)acetamide
Prepared from 4-(4-chlorophenyl)azendxn-z-one (H Guet. al., J. Org. Chem., 1990,
55, 5655). accordmg to the general procedure of Example 201.
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White crystalline solid, m.p. 52-4°C, 80% yield

IH NMR 8 (CDCl3), 1.33 (4H, m, NCH,CHy(CH,)5), 1.48 (2H, m, CH,CH,PhCl),
1.63 (2H, m, NCH;CH,), 2.60 (2H, t; J=7.4 Hz, CH,PhCl), 2.88 (1H, dd, J=2.3, 15.3
Hz, H3,), 321 (2H, m, NHCHj), 3.43 (1H, dd, J=5.0, 15.3 Hz, Hayp). 3.73, 4.00 (each
1H, d, J=16.6 Hz, NCHj>), 5.12 (1H, dd, J=2.3, 5.0 Hz, H,), 7.15-7.39 (Ph-H + CIPh-
B. S o |
Example 209. 4-(Phenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one

To a cooled (cold water bath) solution of 4-phenylthioazetidin-2-one (Iwata-Reuyl et.
al., J. Nat. Prod., 1993, 56(8), 1373) (1.9g, 11mmol), tetra-n-butylammonium
bromide (0.4 g, 1.1mmol) and 1-bromo-4-phenylbutan-2-one (Tetrahedron, 1970, 26,
5611) (2.7g, 11.8mmol) in dry tetrahydrofuran (75 ml) was added freshly powdered
potassium hydroxide (1.8g, 31mmol), and the mixture stirred vigorously for 2 hr at
ambient temperature. Water was added and the product extracted into ethyl acetate,
dried (MgS0Oy4) and evaporated to an oil. Treatment with ether/pet. ether (b.p. 40-60)
gave the product as a white crystalline solid (1.8 g, 51%), mp 62-4°C.

1H NMR 8 (CDCly), 2.63 (4H, m, CH,CO + CH,Ph), 2.85 (3H, m, CH5Ph + Hs,),
3.44 (1H, dd, J=5.0,15.1 Hz, Hay) 3.73, 4.27 (each 1H, d, J=18.5 Hz, NCH,), 5.21
(1H, dd, J=2.3, 4.9 Hz, H,), 6.97-7.40 (10H, m, Ph-H).

Found: C, 70.0; H, 5.9; N, 4.4%; C;9HgNO,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. 23, 1985, 1993 - |

Example 210. (S)- 4-(Phenylthio)-N-(4-phenyl-2ooxobutyl)azetidin-zoone
Colourless oil, 54% yield

IH NMR 8 (CDCly), 2.63 (4H, m, cuzco + CH,Ph), 2. 85 (BH m, CHzPh + Ha,),
3.44 (1H, dd, J=5.0,15.1 Hz, Hyp) 3.73, 4.27 (each 1H, d, J=18.5 Hz, NCH)), 5.21
(1H, dd, J=2.3, 4.9 Hz, Hy), 6.97-7.40 (10H, m, Ph-H). o

Found: C, 69.9; H, 6.0; N, 4.4%; C;oH;9NO,S requires:C, 70.1; H, 5.9; N, 4.3%
[a]p = + 92.7° (c 0.49, chloroform, 25°C)

Example 211. (R)- 4-(Pheny|thlo)-N-(4-phenyl-z-oxobutyl)azeﬁdin-z-one
Colourless oil, 63% yield

IH NMR 8 (CDCly), 2.63 (4H, m, CH,CO + CH,Ph), 2.85 (3H, m, CH,Ph + Ha,).
3.44 (1H, dd, J=5.0,15.1 Hz, Hjy) 3.73, 4.27 (each 1H, d, J=18.5 Hz, NCHj), 5.21
(1H, dd, J=2.3, 4.9 Hz, Hy), 6.97-7.40 (10H, m, Ph-H). |

Found: C, 69.3; H, 5.9; N, 4.4%; C;9H{9NO,S. 0.2 H,0 requires:C, 69.4; H, 5.9; N,
4.3%; [alp=-88.7°(cO. 47, chloroform, 25°C)
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Example 212. 4-(2-Methoxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-z-one
a. 4-(2-Methoxyphenyithio)azetidin-2-one =~

Prepared—from 2-methoxythlophenol using the general procedure of example 205a
and obtained as a white crystalline solid, m.p.103-5°C, 81% yield

1 NMR & (CDCl3), 2.95(1H, m, Hj,), 3.39, (1H,; m, Hsp). 3.90 (1H, s, CH3;0Ph),
4.98 (1H, dd, J=2.4, 5.0 Hz, Hy), 6:33 (1H, s, NH), 6.96 (2H. m, 3.5-(2-CH;0Ph)-H),
7.39 (2H, m, 4,6-(2-CH30Ph)-H),

b. 4-(2-Methoxyphenylﬂlio)-N-(4-phenyI-2-oxobutyl)azeﬁdin-z-one

Colourless oil,, 76% yield _

1H NMR 8 (CDCl3), 2.59 (2H. m, CH,CO0), 2.81 H,m, CH,Ph), 2.93 (lH dd,
J=1.7, 14.9 Hz, H3a). 3.36 (1H, dd, J=5.0, 15.1 Hz, Hsp), 3.77, 4.22 (each 1H, d,
J=18.6 Hz, NCH,), 3.86 (3H, s, OCH3), 5.27 (1H, dd, J=2.3, 4.9 Hz, H,), 6.90 (2H,
m, 3,5-(2-CH30Ph)-H) 7.12-7.39 (7H, m, 4,6-(2-CH3;0Ph)-H + Ph-HD.

Found: C.67.6;H, 6.0; N, 3.9%; CyoH;1NO3S requires: C, 67.6; H, 6.0; N, 3.9%
Example 213. 4-(3,4-dimethoxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-
one

Colourless oil, 77% yleld

1H NMR 8 (CDCl,) 2.63-2. 70 (2H, m, CHyPh), 2.77-2.90 (3H m, COCH,, H3,),

- 3.38 (1H, dd, J=15.03, 4.96 Hz, Hyyp), 3.77 and 4.26 (1H each, d, J=18.41 Hz, N-

CH,). 3.86 and 3.87 (3H each, s, OCHj3), 5.11 (1H, dd, J=4.94, 2.29, H,), 6.79 (lH;
d, J=8.26, Ph-H), 6.90-6.98 (2H, m, Ph-H), 7.12-7.32 (SH, m, Ph-H).

~ Example 214. 4-(3-methoxyphenylthio)-N-(4-phenyl-2-oxobutyl)a‘zetidin-z-one

a. 4-(3-methoxyphenylthio)azetidin-2-one

Prepared from 3-methoxythiophenol using the general procedure of example 205a
and obtained as a white crystalline solid, mp 55-6°C, 86% yield

1H NMR & (CDCl3) 2.90 (1H, m, H3y), 3:38 (1H, m; Hjp), 3.80 (3H, 5, OCHj), 5.02
(1H, dd, J=4.94, 2.33 Hz, H,). 6.64 (1H, br. singlet, N-ID, 6.85-6.90 (1H, m, Ph-FD.
6.96-7.03 (2H, m, Ph-H), 7.23-7.30 (1H, m, Ph-H). . :

b. 4-(3-met.hoxyphenylthio)-N-(4-phenyl-z-oxobutyl)azetidin-z-one

Yellow oil, 86% yield '

1H NMR & (CDCl3) 2.50-2.97 (SH m, ClizCHz. Hga), 3.45(1H, dd, J=15.0, 4.97
Hz, H3p), 3.73, 4.27(1H each, d, J=18.55 Hz, N-CHj), 3.78 (3H, s, OCH3), 5.24 (1H,
dd, J=4.97, 2.34 Hz, H,), 6.84 (1H, m, Ph-H), 6.91-6.96 (2H, m, Ph-H), 7.12-7.31
(6H, m, Ph-H).

Example 215.. 4-(4-methoxyphenylthio)-N-(4-phenyl-Loxobutyl)azeﬂdin-z-one :
White crystalline solid, mp 57-58°C, 80% yield '

- Found: C, 67.4; H, 6.0; N, 4.1%; C20H21N038reqmres C.67.8; H,6.0; N, 3.9%

Example 216. (4R,SR/4S,SS) 4-(Phenylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azetidin-2-one
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A solution of 4-phenyithio-N-(4-phenyl-2-oxobutyl)azetidin-2-one (2.3g, 7mmol) in
dichloromethane (80 ml) was cooled to -50 to -60°C and a solution of m-
chloroperbenzoic acid (1.5g, 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-
chloroperbenzoic acid (61mg, 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 (MgSO,) and evaporated. Crystallisation from ether then
dichloromethane/ether gave the product as 2 white crystalline solid, mp 125-6°C,
27% yield

IH NMR 8 (CDCly), 2.78 (2H, m, CH,CO), 2.87 (1H, dd, J=4.7, 15.0 Hz, Hi,). 2.94
(2H, m, CH,Ph), 3.42 (1H, dd, J=2.0, 15.0 Hz, Hj}), 3.85, 4.46 (each 1H, d, J=18.9
Hz, CH;N). 4.73 (1H, dd, J=2.1, 4.7 Hz, Hy), 7.17-7.35 (5H, m, Ph-H), 7.55 (5H, s,
SOPh-H).

Found: C, 66.7; H, 5.7; N, 4.2%; C19H19N03Sreqmres C,66.8;H,5.6;N,4.1%

_Example 217. (4R,SS/4S,SR)- 4-(Phenylsulphinyl)-N-(4-phenyl-2- .

oxobutyl)azetidin-2-one

The combined filtrate from Example 216 was evaporated and the residue purified by
flash chromatography (silica, ethyl acetate/pet. ether) . The product crystallised from
ether to give the product as a white crystalline solid, mp 111-3°C, 16% yield

1H NMR § (CDCl3), 2.38-2.62 (2H, m, CH,CO), 2.81 (2H, m, CH,Ph), 3.13-3.30
(2H, m, Ha, + Hyy), 3.73, 4.30 (each 1H, d, J=18.8 Hz, CH,N), 4.80 (1H, dd, J=2.8,
4.8 Hz, H,), 7.11-7.33 (5H, m, Ph-H), 7.50-7.65 ((5H, m, SOPh-H).

Found: C, 66.4; H, 5.6; N, 4.3%; C,9H9NO3S requires: C, 66.8; H, 5.6; N, 4.1%

The following compounds (Examples 218 - 26) were prepared following the general
procedure of Examples 216 and 17.

Example 218. (4R,SR)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-
one

White crystalline solid, m.p. 123-4°C, 26% yield from Example 211.

1H NMR & (CDCly), 2.78 (2H, m, CH,CO), 2.87 (1H, dd, J=4.7, 15.0 Hz, Hj,), 2.94
(2H, m, CH,Ph), 3.42 (1H, dd, J=2.0, 15.0 Hz, H3y). 3.85, 4.46 (each 1H, d, J=18.9
Hz, CH,;N), 4.73 (1H, dd, J=2.1, 4.7 Hz, Hy), 7.17-7.35 (SH, m, Ph-H), 7.55 (SH, s,
SOPh-H).

Found: C, 66.3; H, 5.6, N, 4.4%; C19H19N03S 0.15 H,0 requires:C, 66. 3 H,5.7;
N, 4.1%

fa]p = - 309.69° (c 0.42, chloroform, 25°C)
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Example 219. (4R,SS)-4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-
one _ - B - "

White cYystalline solid, m.p. 49-51°C, 6% yield from Example 211.

1H NMR 3 (CDCl3), 2.38-2.62 (2H, m, CH,CO), 2.81 (2H, m, CH,Ph), 3.13-3.30
(2H, m, H3, + H3p)» 3.73, 4.30 (each 1H, d, J=18.8 Hz, CH,N), 4.80 (1H, dd, J=2.8,
4.8 Hz, Hy), 7.11-7.33 (5H, m, Ph-H), 7.50-7.65 (SH, nt, SOPh-H).

Found: C, 66.3; H, 5.7; N, 4.5%; C19H19N038 0.15 CH3CNreqmresC 66.7; H,
56;N,4.6%

[alp = + 161.8° (¢ 0.1, chloroform, 25°C)

Example 220. (4R,SR/4S,SS) 4-(2-Methoxyphenylsnlphinyl)-N—(4-phenyl-2p
oxobutyl)azetidin-2-one -

White crystalline solid, m.p. 129:31°C, 12% yield

1H NMR 8 (CDCl3), 2.79 (3H, m, H3, + CH2CO0),-2.96 (2H, m, CH,Ph), 3.35 (1H,
dd, J=1.6, 14.9 Hz, Hj}), 3.87 (3H, s, OCH3), 3.93, 4.50 (each 1H, d, J=18.9 Hz,
NCH,), 5.13 (1H, dd, J=2.1, 4.7 Hz, Hy). 6.93 (1H, d, 3-(2-CH30Ph)-H) 7. 16-7.34
(6H, Ph-H + 5-(2-CH30Ph)-H) 7.49 (1H, m, 4-(2-CH3OPh)-H) 7 67 (1H, dd, 6-(2-

~ CH30Ph)-H).

Found: C, 64.0; H, 5.8; N, 3.9%; C20H2,N04S 02H20reqmres C,64.0; H, 5.8;
N,3.7%

Example 221. (4R,SS/4S,SR)- 4-(2-Methoxyphenylsulphinyl)-N-(Lphenyl-z-

_oxobutyl)azetidin-2-one .

White crystalline solid, m.p. 85-7°C, 31% yield-

1H NMR § (CDCly), 2.20, 2.44 (2H, m, CH2CO), 2.67 (2H, m, CH,Ph), 3.26-3.45
(2H, m, Hj, + Hayp), 3.39, 4.22 (each 1H, d, J=19.1 Hz, NCHj), 3.85 (3H, s, OCH3),
5.36 (1H, dd, J=2.5, 4.9 Hz, H,), 6.83 (1H, d, 3-(2-CH3OPh)-H). 7.08-7.32 (6H, m, -
5-(2-CH;OPh)-H + Ph-H), 7.46 (1H, m, 4-(2-CH3OPh)-l-D. 7.76 (1H, dd 6-(2-
CH;0Ph)-HD.

Found: C, 64.2; H, 5.7; N, 3.7%; CjgHz]NO,S requires: C, 64.7; H,5.7;N,3.8%
Example 222. (4R,SS/4S,SR)- 4-(3,4-dimethoxyphenylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azetidin-2-one

White crystalline solid, m.p. 110-112°C, 11% yield

Found: C, 62.6; H, 5.8; N, 3.7%; C51H23NOsS fequires C 6'2"8 H,5.8;N,3.5%
Example 223. (4R,SR/4S,SS) 4-(3-methoxyphenylsulphinyl)-N-(4-phenyl-2-
oxobutyl)azetidin-2-one

White crystalline solid, m.p. 94-95°C, 15% yield

Found: C, 64.4; H, 5.7; N, 3.9%; CpoHy;NO,4S requires: C, 64.7; H,5.7;N, 3.8%
Example 224, (4R,SS/4S,SR)- 4-(3-methoxyphenylmlphinyl)-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%; CyoH3;NO,4S requires:C, 64.7; H, 5.7; N, 3.8%
Example 225. (4R,SR/4S,SS) 4-(4-meﬁ|oxyphenylsulphinyl)oN-(4-phenyl-2-
oxobutyl)azetidin-2-one

White crystalline solid, m.p. 154-155°C, 42% yield

Found: C, 64.6; H, 5.8; N, 3.9%; CogH;NO4S requires:C, 64.7; H, 5.7; N, 3.8%
Example 226. (4R,SS/4S,SR)- 4-(4-methoxyphenylsulphinyl)-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%; CyoH,;NO4S requires:C, 64.7; H, 5.7; N, 3.8%
Example 227. 4-(Phenylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one

To a cooled and stirring solution of 4-(phenyithio)-N-(4-phenyl-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 ml). The
cooling bath was removed and a further portion of m-chloroperbenzoic acid (0.13 g,
0.75 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 (MgSOy) and evaporated to an oil
which crystallised under pet. ether. Recrystallisation from dichloromethane-ether
gave the title compound as a white solid, yield 0.45 g (82%), m.p. 110-11°C.

1H NMR 5 (CDCly), 2.68 (2H, m, CH,CO), 2.89 (2H, t, CH,Ph), 3.06 (1H, dd,
1=1.9,15.3 Hz, Hj, ), 3.35 (1H, dd, J=5.2, 15.1 Hz, Hj,), 3.94, 4.41 (each 1H, d,
J=18.8 Hz, CH,N), 5.02 (1H, dd, J=2.2, 5.2 Hz, H4).7 15-7.34 (SH, m, Ph-ﬂ) 7.58-

7.89 (5H, m, SO,Ph-H).

Found: C, 63.4; H, 5.4; N, 4.2%; C;9H19N04Srequu'esC 63.9; H, 5.4; N, 3.9%
Example 228. 4-(2-Methoxyphenylisulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-
2-one _ '

Prepared according to the general procednfe of Example 227 and obtained as a white
crystalline solid, m.p. 122-3°C, 70% yield

1H NMR & (CDCl3), 2.44 (2H, m, CH2C0), 2.57 2H, m, CH,Ph), 3.37 (2H, m, Hj,
+ Hsyp), 3.67, 4.36 (each 1H, d, J=19.0 Hz, NCH,), 3.93 (3H, 5, OCH3), 5.49 (1H, dd,
J=2.7, 4.7 Hz, Hy), 6.99 (1H, d, 3-(2-CH30Ph)-H), 7.11-7.33 (6H, m, 5-(2-
CH;0Ph)-H + Ph-H), 7.63 (1H, m, 4-(2-CH3;0Ph)-H), 7.93 (1H, dd, 6-(2-CH30Ph)-
B. S _

Found: C, 61.8; H, 5.5; N, 3.7%; CjqH»1NOsS requires: C, 62.0; H, 5.5; N, 3.6%
Example 229 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methylphenylﬂlio)-z-
oxoazetidin-1-ylacetamide

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

A mixture of 3-chloroiodobenzene (14.3g, 60mmol). tetrakis(triphenylphosphine)

palladium (2.1g, 1.8mmol) and 5-hexyn-1-ol (5.9g, 60mmol) in triethylamine
(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 1IN HCl and dried (N2,SO4). The ether was evaporated
and the residue punﬁed by flash chromatography on silica using dichloromethane as
eluant. Evaporauon of the appropriate fractions gave the product alcohol as an oil
(11.5g, 92%) _
b. l-(Phthalimido)-G-(S-chlorophenyl)hex-l-yne _
A solution of 6-(3-chlorophenyl)hexyn-1-ol (11.5g, 55mmol), tnphenylphosphme
(14.5g, 55mol) and phthalimide (8.1g, 55mol) in dry THF (110ml) was treated with a
solution of diethylazodicarboxylate (9.6g, 5Smmol) in THF (20ml) over several
minutes. After 16h, 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 drchloromemane as eluant.
Evaporation of the appropriate fractions gave the product as a sohd (16.5g, 89%)
¢. 6-(3-Chlorophenyl)hexylamine
A suspension of 1-(phthalimido)-6-(3-chlorophenyhhex-1-yne (10g, 30mmol) in
methanol (100ml) was treated with platinum oxide (250mg) and the mixture
hydrogenated at 50 psi for 72h Further qQuantities 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 (9.5g, 96%). This was dissolved in ethanol
(100m1) 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 (Na,SOy) and evaporated to a brown oil (5.8g, 98%)
d. N-[6-(4-Chlorophenyl)hexyl]-l-bromoacetamide .
A cooled solution of 6-(4-chlorophenyl)hexylamxne (20 g) and Humgs base (12.15g)
in dry dichloromethane (250 mi) was treated with bromoacetylbromide (19.0 g) in
dichloromethane (50 ml) at 0-5 °C. After workup and chromatography N-{6-(4-
chiorophenybDhexyl]- 1-bromoacetamide was obtamed as a white solid, (20 4 g, 65%
yield), m.p. 63-65°C. :
e. 4-Methylphenylthio-2-oxo-azetidin—l-one
4-Methylphenylthio-2-0xo-azetidin-1-one was prepared from 4-methylphenyithiol
and 4-acetoxyazetidinone in the presence of sodium ethoxide in ethanol and was
isolated as a cream solid, m.p. 105-107°C, 4.3% yield; 'H NMR & (CDC13) 2.35(3H,
s, CHj), 2.85,3.32(each 1H, dd, J=2.5,15 Hz, H,,), 3.34,3.40 (1H, dd, J=5,15 Hz,
Hap), 4.93 (1H, m , Hy), 5.03 (1H, m, Hy), 6.41 (1H, bs, NH), 7.14 (2H, d , J=10
Hz, Ph-H), 7.36 (2H,d , J=10 Hz, Ph-H).
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methylphenyltluo)-2-oxoazetidin- 1-
ylacetamide
4-(4-Methyhphenylthio)-2-oxoazetidinone (2.5g) was ueated N-[6-(4-
chlorophenyl)hexyl]-1-bromoacetamide (4.3 g) in dry 'I'HF (100 mi) in the presence
of 18-crown-6 (~5 mg) and tetra-n-butylammonium bromide (1.44 g) to give N-{6-
(4-chlorophenyl)hexyl]-4-(4-meﬂ1ylphenylthro)-2-oxoazeudm-l-ylacetamxde (2 35g,
43% yield) as colourless microprisms, m.p. 63-65°C, after chromatography. 'H' NMR
8 (CDCl3)1.28-1.34(2H, m, CHj),1.45-1.60(4H, m, (C_Hz)z), 2.6 (2H, t, J=7.75 Hz,
CH>), 2.89,2.90(each 1H, dd, J=2.5,15 Hz, H3,), 2.85 (2H, q, J=7.5 Hz, NHCH, )
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3.34,3.40 (1H, dd, J=5,15 Hz, Ha}), 3.80,3.96 (each 1H, dd, J=19.00 Hz, NCH,),
5.03 (1H, m, Hy), 6.14 (1H, bs, NH),7:06-7.32 (8H, m, Ph-H).

Exampte 230 (R,R/S,S)-N-[6-(4-chlorophenyl)hexyl}-4-(4-methylphenyl)sulfinyl-
2-oxo-azetidinyl-1-yl acetamide

Treatment of N-{6-(4-chlorophenyl)hexyl]-4-(4-methylphenyithio)-2-oxoazetidin-1-
ylacetamide with mCPBA as for Example 202 gave the title compound as white

~ microprisms after crystallisation from the mixture of diastereoisomers, m.p. 133-

134°C, 32% yield; V cug 1790,1690 cm'! |
Found: C, 62.3; H, 6.2; N, 6.0%; Cy4H9CIN,03S requires:C, 62.5; H, 6.3; N, 6.1%
Example 231 (R,S/S,R)-N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfinyl-

~ 2-0xo-azetidinyl-1-yl acetamide

Evaporation of the mother liquors from the crystallisation in Example 230 yielded the
title compound as a waxy solid, m.p. indeterminate, 11% yield; Vv o 1791,1690 cm™
1, Found: C,60.2; H, 6.0; N, 5.8%: C24H29C1N2035 1H,0 requires: C, 60.5; H,
6.5; N, 5.9%

Example 232 N-[6-(4-chlorophenyl)hexyl]-4-(4-meﬂlylphenyl)sulfonyl-z-oxo-
azetidinyl-1-yl acetamide

Treatment of N-[6-(4-chlorophenyl)hexyl}-4-(4-methylphenylthio)-2-oxoazetidin-1-
ylacetamide with mCPBA (2 equivalents) as for Example 204 gave the title
compound as white microprisms, m.p. 132-133°C, 71% yield; v .., 1794, 1690 cm!
Found:C, 60.1; H, 6.1; N, 5.9%;. C24H29C1N204S requires: C, 60.4; H, 6.1; N,
5.9%

Example 233 (+I-)-N-[6-(4-Chlorophenyl)hexyl]-&phenylthio-z-oxoazitedin-l-
ylacetamide hydrate

Treatment (4-phenylthio-2-oxo)azitedin-1-ylacetic acid with 6-(4-
chiorophenyl)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%; Cy3H27CIN,0,8.H;0 requires: C, 61.5; H, 6.3; N, 6.5%

The above racemic compound (Example 233) was separated by high performance
liquid chromatography on a chiral support to give the constitutive enantiomers
{Examples 234, 35) '

Example 234 (-)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylﬂlio-z-oxoazitedin-l-
ylacetamide hydrate

Colourless oil, [a]n =-59.9 (CHCl;, c= 0 2%w/v) -

Example 235 (+)-N-[6-(4-Chlorophenyl)hexyl]-4—phenylthio-z-oxoazitedln-l-
ylacetamide hydrate

Colourless oil, [a]p>° = +56.0 (CHCls, ¢ = 0.3%)

Treatment of (+I-)-N-[6-(4-¢hlorophehyl)hexyl]-4-phenylﬂ1io—2‘-otoazitedin- 1-
ylacetamide with mCPBA as described for Examples 202 and 203 gave the following
sulfoxides (Examples 236, 237).

Example 236 (R, RIS S)-N-[6-(4-Clﬂorophenyl)hexyl]-4-phenylsulﬁnyl-2-
oxoazetidin-1-ylacetamide
' - 69 -
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Colourless solid, m.p. 110-111°C, 23% yield

Found: C,61.7; H, 6.1; N, 6.3%; C23H27C1N2038reqmresc 61.8; H,6.1; N, 6.3%
Example 237 (R, S/S,R)-N-[6-(4-Chlorophenyl)hexyl]#phenylsulﬁnyl-z-
oxoazeﬂdin-l-ylacemmide .

Colourless crystals, m.p. 85-88°C, 30% y1eld

Found: C,61.9;H,6.1; N, 6.3%; C23H27C1N203Srequ1res C, 61 8 H,6.1; N,
6.3%

. (R,R/S,S_)-N-[6¥(4-Chlorophenyl)hexyl]_-4-phenylsulfmyl-z-oxoazeﬁdin-l-

ylacetamide (Example 236) was separated by high performance liquid
chromatography on a chiral support to gwe the consumuve enanuomers (Examples
238, 39). . o

Example 238 (-)-(R R orS, S)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulﬂnyl-2--

oxoazetidin-1-ylacetamide

Colourless solid, m.p. 115-118°C, [a]p = -238.6 (CHCl3, ¢ = 0.04% wiv)
Example 239 (+)-(R,S or S,R)-N-[6-(4-Chlorophenyl)hexyl]-4-phenyisulfinyl-2-
oxoazetidin-1-ylacetamide

Colourless solid, m.p. 116-118.5°C, [a]n = +251 5 (CHCl;. c=0. 03% w/v)

N { R.S/S, R)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulﬁnyl-2-oxoazeudm-l- '

ylacetamide (Example 237) was separated by high performance liquid
chromatography on a chiral support to give the consutuuve enantiomers (Examples
240, 41). :

Example 240 (+)-(R,S or S R)-N-[6-(4-Chlorophenyl)hexyl]-d-phenylslﬂflnyl-z-
oxoazetidin-1-ylacetamide. -

Colourless solid, m.p. 115-116.5°C, [a]D = '+188 6 (CHCL, ¢ = 0:04% wiv)
Example 241 (-)-(R,R or S, S)-N-[ﬁ-(4-Chlorophenyl)hexyl]-4-phenylsulﬁnyl-2-
oxoazetidin-1-ylacetamide

~ Colourless solid, m.p. 113-115°C, [a]D =-212.8 (CHCl,, ¢ =0.04% wiv)

Example 242 N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2-oxoazeﬂdin-l-
ylacetamide

Treatment of (R,R/S S)-N-[6-(4-Chlor0phenyl)hexyl]-4-phenylsulfinyl-2- _
oxomudm—l—ylacetamnde with mCPBA in dxchloromethane gave the title compound
as colourless crystals, m.p. 144-146°C, 92%. '

Found: C, 59.6; H, 5.9; N, 6.1%; C33H»;CIN;O4S requires: C 59.7;H,59; N,
6.1%

(+/-)-N-[6-(4-Chlorophenyl)hexyl])-4-phenylsulfonyl-2-oxoazetidin-1-ylacetamide
(Example 242) was separated by high performance liquid chromatography on a chiral
support to give the constitutive enantiomers (Examples 243 244)

Example 243 (-)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2-oxoazeﬂdin-l-
ylacetamide

Colourless solid, m.p. 106-109 °C, [a]Dz° =-67.7 (CHCh;, ¢ =0.07% wiv)
-70 -
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Example 244 (+)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl-z-oxoazeﬁdm-l-

ylacetamide

Colourless solid, m.p. 110-111°C, [a]D = +69 1 (CHCl;, ¢ = 0.08% wiv)

Example 245 N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylthio)-2-
oxoazetidin-1-ylacetamide

The title compound was prepared by the methods described in Example 201 and was
isolated as colourless crystals, m.p. 84-86°C, in 94% yield.

Found: C, 62.4;H, 6.3; N, 6.1%; C4H;9CIN;0,S requires:C, 62.5; H, 6.3; N, 6.1%

Treatment of N-[6-(4-chlorophenyl)hexyl]-4-(4-methoxyphenylthio)-2-0xoazetidin-1-
ylacetamide with mCPBA as described for Examples 202 and 203 gave the following
sulfoxide diastereoisomers (Examples 246, 247).

Example 246 (R,R/S,S)-N-[6-(4-Chlorophenyl)hexyl]-4-(4-
methoxyphenylsulfinyl)-2-oxoazetidin-1-ylacetamide

Colourless crystals, m.p. 114-116°C, 39% yield.

Found: C, 60.1; H, 6.0; N, 6.0%; CuH29ClN204S requires: C, 60.4; H, 6.1; N,
5.9% .

Example 247 (R,S/S,R)-N-[6-(4-Chlorophenylhhexyl}-4-(4-
methoxyphenylsulfinyl)-2-oxoazetidin-1-ylacetamide

Colourless crystals, m.p. 74-77°C, 24% yield '

Found: C, 60.5; H, 6.0; N, 5.9%; Cq4H39CIN;0O,4S requires: C, 60.4; H, 6.1; N,
59%

Example 248 N-[6-(4-Chlorophenyl)hexyl]-4-(4-meﬁ|oxyphenylsulfonyl)-2-
oxoazetidin-1-ylacetamide

Treatment of (R,R/S,S)-N-[6-(4-chlorophenyl)hexyl]-4-(4-methoxyphenylsulfinyl)-2-
oxoazetidin-1-ylacetamide with mCPBA gave the title compound as colourless
crystals, m.p. 105-7°C, 91% yield;

Found: C, 58.6;H,5.9; N, 5.8%; C24H29CIN2058 requires: C, 58.5; H,5.9; N,
5.7%

Example 249. N-Benzyl-[4-(4-methoxyphenylthio)-z-oxoazeﬁdin-l-yl]acetanude
Treatment of (4-(4-methoxyphenylthio)-2-oxoazetidin-1-yl)acetic acid with
benzylamine under the conditions described in Exampie 86 gave the title compound
asa colourless oil, 74% yield. 'H NMR 8 (CDCl,) 2.80, 2.86 (1H, dd, J=2.3, 15.2
Hz, H,). 3.29.3.35 (1H, dd, J=5, 15.2 Hz, H,), 3.79 (3H, s, OCH,), 3.85, 4.05 (each
1H,d, J=16.7 Hz, NCH,), 4.43 2H, 4, J=5.7 Hz, NHCH,), 4.97 (1H, m, H,), 6.5
(1H, m, NH), 6.83 (2H, d, J=8.6 Hz, 4-OCH,Ph-H), 7.24-7.35 (7H, m, Ph-H, 4-
OCH,Ph-H). V o 1775 cm™l. Found: C, 64.0H, 5.8; N 8.1%. C,,H,,N,OS
requires: C, 64.0; H, 5.7 N, 7.9%

Treatment of N-benzyl-[4-(4-methoxyphenylthio)-z-oxoazztidin-l-yl]acémmide with
mCPBA followed by recryatallisation as described for Examples 2 and 3 gave the
compounds described in Examples 250 and 251.

Example 250 - N-Benzyl-[4-(4-meﬂ|oxyphenylsulphinyl)-z-oxoazehdin-l-
yllacetamide (Diastereomer 1). :
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Colourless solid, m.p. 165°C, 35% yield. 'HNMR & (CDCl3) 2.75, 2.81 (1H, dd,
J=4.7, 15 Hz, H,), 3.41,3.47 (1H, dd, J=2.2, 15 Hz, H,), 3.86 (3H, s, OCH,). 3.99,
4.16 (each 1H, d, J=17.2 Hz, NCH,), 4.47 (2H, m, NHCH,). 4.55 (1H, m, H)), 7.05
(2H, m, 4-OCH,Ph-H), 7.1. (lH m, NH), 7.33 (5H, m, Ph-H), 7.47 (2H, m, 4-
OCH,Ph-H). V o 1791 cm-!. Found: C, 61.3 H; 5. 4 N 71.5%. C,,H,,N,O S
requires: C, 61.3; H, 5.4 N, 75%

Example 251 - N-Benzyl-[4-(4-methoxyphenylsnlphinyl)-z-oxoazeﬁdin-l-

~ yllacetamide (Diastereomer 2).

Foam, 21% yield. 'HNMR 8 (CDCl) 3.23 (2H, m, 2x H,), 3.35. 3.89 (each 1H, d,
J=16.9 Hz, NCH,), 3.83 (3H, 5, OCH,), 4.39, 4.57 (2H, 2xd of d, J=6,15 Hz,
NHCH,), 4.65 (1H, m, H,), 6.90 (2H, m, 4-OCH,Ph-H), 7.26-7.50 (7H, m, Ph-H, 4-

'OCH,Ph-H), 7.60 (1H, m, NH). V o 1790 cm°l. Found: C, 60.9; H; 5.5; N, 7.4%.

C.H,N,0,S requires: C, 61.3; H, 54 N, 7.5%

Example 301 Methyl (&(&meﬂloxybenzylﬂﬂo)-z-oxoazeﬂdin- 1-yl)acetate
Treatment of 4-(4-methoxybenzylthio)-azetidin-2-one (7 g) with methyl bromoacetate

(5.3 2) under the conditions described for Example 29a gave the title compound asa

colourless solid, m.p. 45-46°C, (5.9 g, 64%)
Exampie 302 Methyl (&memoxyphenylﬂﬂo-z-oxoazeﬁdin-l-yl)acetate

To a solution of 4-(4-methoxyphenylthlo)azeudm-z-one (H. Guet al J. Org.
Chem., 1990, 55, 5655) (11.6g, 55mmol), methyl bromoacetate (9.2g, 60mmol) and
tetrabutylammonium bromide (1.8g, 0.56mmol ) in dry THF (300ml) was added

- powdered potassium hydroxide (3.4g, 60mmol). The resulting mixture was stirred for

two hours at room temperature before water (100 ml) was added. The solution was
extracted with ethyl acetate (3x150m1 portions) and the combined extracts dried
(MgS0y4) and evaporated. The residue was purified by flash chromatography on silica
gel eluted with ethyl acetate / hexane (1:1-2: l) to gwe the product asa sohd m.p.
101-103°C, 58% yield .

'H NMR & (CDCl3) 2.80(1H, dd, 1-2 2,15 Hz H3p). 3. 34 (1H, dd, J=5,15 Hz, Hy,),

3.72 (3H, s, OCHj),.3.77.4.29 (each 1H, d, J=18.00 Hz, NCH3), 3.80 (3H, s, SCHj3),

5.07 (1H, m, Hy), 6.87 (2H, d, J=10 Hz, 2 6Ph-H), 7.35 (2H, d, J=10 Hz, 3,5Ph-H).
Example 303 Methyl (4-phenylthio-2-oxoazetidin-l-yl)acetate

-----

56(8), 1373) 8 g) w:th methyl bromoacetate (7.5 g)_under the condmons descnbed
for Example 1b gave the title compound as a colourless oil (6 g, 53% yield). 'H NMR
8 (CDCl3) 2.87 (1H, dd, H,)); 3.42 (1H, dd, H,), 3.70 (3H, s, CH,), 3.75, 4.29 (each
1H, d, NCH,), 5.22, (1H, dd, H.), 7.26-7.46 (SH, m, Ph-H). .

Example 304 Methyl [(38,4R)-4-benzylthio-3-chloro-2-oxoxazetidin-l-yl)acetate
a. Methyl (6S)-chioropenicillanate 1-oxide o

_ A solution of methyl (6S)-chloropenicillanate (13.34 g, 0.0534 mol) (Tet.Lett.

No.11, p1205-1210, 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
dichloromethane (400ml) over 1 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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) chloroperoxybenzoig:igid (0.5 g) in dichloromethane ( 1 60ml) was added and stirred

for 30 minutes. The reaction mixture was washed successively with 10% ag. sodium
sulphite, sat. NaHCO,, water, dried (MgSO0,) and evaporated. Purification by flash
chomatography (silica, pet.ether-ethyl acetate ) gave the title compound as a
colourless oil, 14.1 g (99%).

b. Methyl 2-[(3S,4R)-4-acetylthio-3-chloro-2-oxoazetidin-1-yl]-3-methylbut-2-
enoate )

A mixture of methyl (6S)-chloropenicillanate 1-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
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 1
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
remove volatile impuities and chromatography (silica, dichloromethane), followed by
precipitation from pet. ether gave the title compound as a cream solid, 6 7 g (44%,
m.p. 62-63°C).

¢. Methyl [(3S,4R)-4-acetylthio-3-chloro-2-oxo-azetidin-1-yljacetate

Ozonised oxygen was bubbled through a solution of methyl 2-{(3S,4R)-4-acetylthio-
3-chloro-2-oxoazetidin-1-yl}-3-methylbut-2-enoate (7.6 g, 0.026 mol) in ethyl acetate
(300 m) 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
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 mI).
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 aqg. sodium hydrogen carbonate and brine, dried (MgSO,)
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).

d. Silver (3S,4R)-3-chloro-1-(methoxycarbonylmethyl)-2-oxoazetidine-4-thiolate
A solution of methyl [(3S,4R)-4-acetylthio-3-chloro-2-0x0-azetidin- 1-yljacetate
(3.64 g, 0.0145 mol) in methanol (125 ml) was added with stirring in subdued light to
a solution of silver nitrate (3.2 g, 0.0188 mol) in methanol (55 ml). Triethylamine
(2.6 ml, 0.0187 mol) was then added with ice cooling, and the reaction was stirred for
1 hr at 5-10°C followed by 40 minutes at room temperature. The mixture was filtered
and the solid washed with methanol (x2) and hexane to yield the title compound, 4.19
g (92%).

e. Methyl [(3S,4R)-4-benzylthio-3-chloro-2-oxoxazetidin-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
chromatography (silica, pet. ether-ethyl acetate) gave the title compound as a
colouriess solid, 2.93g (75%, m.p. 77-79°C).
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- 'H nmr (CDCl,) 3.57, 4.0 (each1H, d, J=18 Hz, NCH,). 3.72 (3H, s, CH,), 3.82 (2H,
s, SCH,), 4.62 (1H, d, J=1.7Hz, 1), 4.87 (1H, d, J=1.7 Hz, H,), 7.3 (5H, m, Ph-H)
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1. A compound of formula (I): Thls Sheet H;

K oom //mm/:mmm/mf“
arN: f

o
5 CH,—x—Y

in which: .
R1 and R2, which may be the same or different, is each selected from hydrogen,
halogen or C(]. 8)alkyl
10  R3is aryl or arylCj.4)alkyl which may be optionally substituted;
X is a linker group;
Y is an optionally substituted aryl.group;.ind
nis0, 1or2..

15 2. Acompound as claimed in claim 1 in which R! and R2 is each hydrogen.
3. A 'éompound as claimed in claim 1 or 2 in which R3is arylC(j.3)alkyl

4. A compound as claimed in any one of claims 1 to 3 in which, in R3, the aryl group
20  is optionally substituted phenyl.

5. A compound as claimed in any one of claims 1 to 4 in which R3 is optionally
subsutued benzyl

25 6. Acompound as claimed in any one of claims 1 to 5 in which R3 is 4-
carboxybenzyl or a corresponding C(1.g)alkyl or C(2-6)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 o 7 in which S(0)gR3 is 4-
carboxybenzylsulphinyl or a correspondmg C(1-6)alkyl or C(2.5)alkenyl ester
thereof. -

9. A compound as clmmed in any one of claxms lto8in whtch X is a direct bond; a
35  group X'(CH2)p, in which X' is CO, CONRS, COO, CONRSCO, or CONHO in
" whichRJ is hydrogen or C(;.g)alkyl and m is 0 or an integer from 1 to 12; ora C(j.
12)alkylene chain optionally interupted by X'.

10. A compound as claimed in claim 9 in which X is CO(CH2)p, CONH(CHp), .
40 COO(CHy)p, CONHCO(CHy)p, CONHO(CHy)p and C(1.12)alkylene.
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11. A compound as claimed in claim 10 in which X is CONH(CH3)g.

12. A compound as claimed 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 clzumed in claim12 in which Y is phenyl optionally substituted
by halo. .

14. A compound as claimod 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 relauve
configurations at C-4 and the SO moxety are R,S and S.R.

16. A compound as claimed in any one of claims 1 to 15 in wluch the absolute
configurations at C-4 and the SO moiety are R and-S respecnvely

17. A compound of formula (T) selected from:

4-(Benzylthio)-1-(4-phenyl-2-oxobutyl)azetidin-2-one;
(4R,SRI4S,SS)-4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azétidin¥2eone; :
(4R,SS5/4S,SR) 4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-2-one;
4-(Benzylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; |
4-(Benzylthio)-1-(2-phenyl-2-oxoethyl)azetidin-2-one; -
(4R,SR/4S,SS) 4-(Benzylsulphinyl)-1-(2-phenyl-2-oxoethyl)azetidin-2-one;
(4R,S5/48,SR) 4-(Benzylsulphinyl)-1 -(2-phenyl-2-oxoemyl)azetidin-Z-one;
4-(Benzylthio)-1-(9-phenyl-2-oxononyl)azetidin-2-one; :
(4R,SR/AS,SS) 4-(Benzylsulphinyl)- 1-(9-phenyl-2-oxononyl)azeudm-2-one,
(4R,S5/4S,SR) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)azetidin-2-one;
4-(2-Methoxybenzylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; |
(4R,SR/AS,SS) 4-(2-Methoxybenzylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin—2—one,
(4R ,SS/48,SR) 4-(2-Methoxybenzylsulphmyl)-N-(4-phenyl-2—oxobutyl)mudm-z-one,
4-(4-Fluorobenzylth10)-N—(4-phenyl-2-oxobutyl)azeudm-2-one,
(4R,SR/4S,SS) 4-(4~Fluorobenzylsulphmyl)-N-(4-phenyl-2—oxobutyl)azeudm-z-one. .
(4R, S5/4S, »SR) 4-(4-Fluorobcnzylsulphmyl)-N—(4-phenyl—2-oxobutyl)azeudm-2—one_,
4~-(4-methoxybenzylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; |
(4R,SR/4S.SS) 4-(4-methoxybenzylsulphinyl)-N’-(4-bhényl-z-oxot')utyl)azetidin-2-one,
(4R,S5/4S,SR) 4-(4-methoxybenzylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm-2-one,
4-(phenethylthlo)-N-(4-phenyl-2-oxobutyl)mudm-z-one,
(4R,SR/4S,SS) 4-(phenethylsulphmyl)—N-(4—phenyl-z-oxobutyl)mudm-z-one,
(4R,SS/4S,SR) 4-(phenethylsulphmyl)-_N—(4—phenyl-_2_-oxobuty_l)azeudm—2_-one.
4-(3-Phenylpropylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
-
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(4R,SR/4S,SS) 4-(3-Phenylpropylsulphmyl)-N-(4-phenyl-2-oxobutyl)azzudm-2-one,
(4R,SS/4S,SR) 4-(3-Phenylpropylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
trans 3-Methyl-4-(benzyithio)- 1-(4—phenyl-2-oxobutyl)azeﬁdih-z-one;

(4R,SR/AS,SS) trans 3-Methyl-4-(benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-2-
one; '

(4R,S5/48,SR) trans 3-methyl-4-(benzyisulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin- .
2-one; _

N-(6-phenylhexyl)-(4-benzylthio-2-oxoazetidin- 1-yl)acetamide;

(4R,SR/AS,SS) N-(6-phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
(4R,S5/4S,SR) N-(6-phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin- 1-yl)acetamide;

 N-benzyl-(4-benzylthio-2-0xo0azetidin-1-yl)acetamide;

(4R,SR/4S5,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- 1-yl)acetamide;

(4R,SR/4S,S5) N-(4-Phenylbutyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
(4R,S5/4S,SR) N-(4-Phenylbutyl)-4-(benzylsulphinyl-2-oxoazetidin-1-ybacetamide;
N-(9-Phenyinonyl)-(4-benzylthio-2-oxoazetidin-1-yl)acetamide;

(4R,SR/4S,SS) N-(9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
(4R,SS5/45,SR) N-(9-Phenyinonyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
N-Methyl-N-(6-phenylhexyl)-(4-benzylthio-2-oxoazetidin- 1-yDacetamide;
(4R,SR/4S,SS) N-Methyl-N-(6-phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-
yhacetamide;

(4R,S5/48,SR) N-Methyl—N-(6-pheny1hexyl)—(4-benzylsulphmyl-z-oxoazeudm— 1-
yDacetamide;

N-[6-(3, 5-dl-tert-butyl-4-hydroxyphenyl)hexyl] (4-benzylth10-2-oxoazendm-l-
yDacetamide;

(4R,SS/48,SR) N-[6-(3,5-Dl-tert-butyl-4-hydroxyphenyl)hexyl] (4-benzylsulphmyl-2-
oxoazetidin-1-yl)acetamide;
N-6-(4-methoxyphenyl)hexyl-(4-benzylthio-2-oxoazetidin-1-yl)acetamide;
(4R,SR/4S5,SS) N-6-_(4-memoxyphenyl)hexyl-(4-benzylsulphinyl-Z-oxoazetidin-1-
yl)acetamide;

'(4R,SS/4S,SR) N-6-(4-methoxyphenyl)hexyl-(4—benzylsulplunyl-z-oxoazendm- 1-

ylacetamide;

N-(6-(4-chlorophenyl)hexyl)-(4-benzylﬂno-2-oxoazzndm- -yDacetamide;
(4R,SR/4S,SS) N~(6- (&chlorophenyl)hexyl)-(4-benzylsulphmyl-2-oxoazeudm-1-
yl)acetamide;

(4R,SS5/4S8,SR) N-(6-(4-chlorophenyl)hexyl)-(4-benzylsulphmyl-2-oxoazendm—1-
yDacetamide; :
N-(6-(3, 5-dxchlorophenyl)hexyl)-(4-benzylthxo-2-oxoazeudm- -yl)-acetamide;

77
NN B




10

15

20

25

30

35

| This Sheet Has Been Relilaced

— 5/05130
PO
REPLACED

(4R, SRI4S ,SS) N-(6-(3 5-dlchlorophenyl)hexyl)-(4—benzylsulphmyl-z-oxoazeudm- 1-
ylacetamide;

(4R,SS/4S,SR) N-(6-(3,5-dlchlorophenyl)hexyl)—(4-benzylsulphmyl—2—oxoazzndm— 1-
yhacetamide; '

N-(6-(3-chlorophenyl)hexyl)-(4-benzylmno-2-oxomudm- -yh)-acetamide;

. (4R,SR/4S.,SS) N-(6-(3-chlorophenyl)hexyl)-(4—benzylsulphmyl-2—oxoazeudm—1-

yDacetamide;

(4R,SS/4S,SR) N~(6-(3-chlorophenyl)hexyl)-(4—benzylsulphmyl-Z-oxoazendm-l-
ylacetamide; - :

N-6-(4-hydroxyphenyl)hexyl-(4-benzylthio-2-oxoazetidin- 1-yl)-acetamide;
(4R,SR/AS,SS) and (4R,SS/4S,SR) N-6-(4-hydroxyphenyl)hexyl-(4—benzylsulptunyl—2—
oxoazetidin-1-yl)acetamide;
N-(6-Phenylhexyl)—(4-(4-et.hoxycarbonyl)benzylthid-Z-oxoazetidin'- 1-yl)acetamide;
(4R,SS/4S,SR) N-(6-Phenylhexyl)-(4-(4—ethoxycarbonyl)benzylsulphmyl-z-
oxoazetidin-1-yl)acetamide; = .

N-(6-phenylhex-1 -yl)-4-(4—chlorobenzyltluo)-2-oxoazeudm- -ylacetamxde
(4R,SR/4S5,SS) N-(6-phenylhex- 1-yl)-4~(4—chlorobenzylsulphmyl)-2~oxoazeudm-l-
ylacetamide;

(4R,SS/45,SR) N-(6-phenylhex- -yl)-4-(4-chlorobenzylsulphmyl)—2-oxoazendm— 1-
ylacetamide;

trans N-(6-Phenylhexyl)-(4-benzylﬂno-3~methyl—2-oxoazeudm- -yDacetamide;
trans N-(6-Phenylhexyl)-(4-benzylsulphinyl-3-methyl-2-oxoazetidin- l-yl)acetamxde
N-(6-phenylhexyl)-(4-benzylsulphonyl-2-oxoazetidin-1-yl)acetamide; _
N-(6-(3,5-dichlorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazetidin- 1 -yl)acetamxde
N-(6-(3-chiorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
4-(Benzylthio)-1-(3-phenylpropyl)azetidin-2-one;

(4R,SR/4S,SS) 4-Benzylsulphinyl-1-(3-phenylpropyl)azetidin-2-one;
(4R,S5/4S,SR) 4-Benzylsulphinyl-1-(3-phenylpropyl)azetidin-2-one;
4-Benzylthio-1-(2-phenethyl)azetidin-2-one; o

(4R,SR/4S,SS5) 4-Benzylsulphinyl-1 -(2-phenethyl)azeudm—2-one,

(4R,SS/4S,SR) 4-Benzylsulphinyl-1 -(2-phenemyl)azeudm—2-one,
4-(Benzy1thxo)-1-(4-phenylbutyl)azendm—2-one. _

(4R,SS5/48,SR) 4-Benzylsulphinyl-1 -(4-phenylbutyDazetidin-2-one;
p-Methoxybenzyl [(3S, 4R)-4-benzylmm-3-bromo-2-oxoazeudm- l-yl]acetate;
(35,4R)-N-(6-phenylhexyl)-1- (4-benzylﬂno-3-bromo—2—oxoazeudm— -yl)acetamxde,

- (354R SR)-N-(6—phenylhexyl)-4-benzyIsulphmyl-3-bromo-2-oxoazzudm-l-yl
acetamide; -

(35.4R, SS)-N-(6-phenylhexyl)-4-benzylsulphmyl-3-bromo-2-oxoazendm-1-

 ylacetamide;
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(4R,SS/4R SR)-N-(6-phenylhexyl)-4-benzylsnlphmyl-2-oxoazeudln-l- ide;

(35,4R)-N-(6-phenylhexyl)-1-(4-benzylthio-3-bromo-2-0xoazetidin-1-yl)acetamide:
(4R,S5)-N-(6-(4-chlorophenyl)hexyl)- (4-benzylsulphmyl-z-oxoazetxdm-1-
yl)acetamide;
5 N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylﬂno)-2~oxomudm- -ylacetamide;
- N-(6-(2 4-D1ﬂuorophenyl)hexyl)-(Lbenzylﬂuo-z-oxoazzt;dm 1-yDacetamide;
N-[6-(4-Chlorophenyl)hexyl]-4—(4-methoxybenzylmio)-2-bxoa_zetidin-l-ylacetamide;
N-(6-(3,4-Difluorophenyl)hexyl)-(4-benzylthio-2-oxoazetidin-1-yl)acetamide;
N-(7-phenylhept-1-yl)-4-benzylthio-2-oxoazetidin-1-yl acetamide;

10 N—(6-[4-c1ﬂorophenyl]hex—1-yl)—(4~methoxycarbonylbenzymuo)-z-oxoazeudm-l-yl
acetamide;

N-(S-phenylpenty1)-4-benzy1ﬂuo—2-oxo-azeudmyl— -yl acetamide;
N-(6-(4-Bromophenyl)hexyl)-4-benzylithio-2-oxoazetidin-1-ylacetamide;
N-(6-(4-Fluorophenyl)hexyl)-4-benzylthio-2-oxoazetidin- 1-ylacetamide;

15  N-[5-(4-chlorophenyl)pentyl}-4-benzylthio-2-0xo0-azetidin-1-yl acetamide;
N-{6-(2-Chlorophenyl)hexyl]-4-benzylthio-2-oxo-azetidin- 1yl acetamide;
N-(6-[4-chlorophenyllhex-1 -yl)-(4-allyloxycarbonylbenzylthm)-2-oxoamudm- -yl-
acetamide;

N-[6-(4-methylphenyl)-hexyl]- [4-benzylsulphmyl-2-oxo—azeudm- -yl]-acetamlde

20  6-Phenylhexyl (4-benzylthio-2-0xo0-azetidin-1-yl)acetate;
6-(4-Chlorophenyl)hexyl-[4-benzylthio-2-0xo0-azetidin-1yl) acetate
1-(9-Phenylnonyl)-4-benzylthio-2-0xoazetidine;
N-[6-(4-Fluorophenyl)hexyl]—4-(4-methoxybenzylsulphmyl)-2-oxoazeudm-l-
ylacetamide (Diastereoisomer 1);

25  N-[6-(4-Fluorophenylhexyl}-4-(4-methoxybenzylsulphinyl)-2-oxoazetidin-1-
ylacetamide (Diastereoisomer 2); | '
N-(6-(2,4-Difluorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide
(Diastereoisomer 1);
N-(6-(2,4-Difluorophenybhexyl)-(4-benzylsulphinyi-2-oxoazetidin-1-yhacetamide;

30 N-[6-(4-Chlorophenyl)hexyl]—4—(4-methoxybenzylsulphmyl)-z-oxoazeudm-1—
ylacetamide (Diastereoisomer 1);
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphmyl)-?.—oxoazeudm—1-
ylacetamide (Diastereocisomer 2);

N-(6-(3, 4-D1ﬂuorophenyl)hexyl)-(4-benzylsulphmyl-2—oxoazet1dm 1-yl)acetam1de

35 (Diastereoisomer 1);

N-(6-{3.4-Difluorophenyl }hexyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide
(Diastereoisomer 2);

N-(7-phenylhept-1-yl)-4-benzylsulphinyl-2-oxoazetidin-1-yl acetatmde
(Diastereoisomer 1);

40  N-(7-phenylhept-1 -yl)-4-benzylsulphmyl-2-oxoazeudm— -yl acetamide
(Diastereoisomer 2);

N-(6-[4-chlorophenyl}hex-1 -yl)-(4-methoxycarbonylbenzylsulphmyl)'2-oxoazeudm—l-
yl acetamide (Diastereoisomer 1);
N-(6-{4-chlorophenyl]hex-1 -yl)-(4-mel.hoxycarbonylbenzylsulphmyl)-2-oxoazeudm-1-

45  ylacetamide (Dxastereoxsomer 2);
[ Illllj TN A
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_ N-(6-phenylhex— -yl)-(4-ethoxycarbonylbenzylsulphmyl)-z-oxoazeudm-l-yl acetamide
(Diastereoisomer 1);
N-(6-[4-ehlorophenyl]hex- -yl)-(4-anyloxycarbonyl—benzylsulphmyl)-2-oxoazendm—l-
yl acetamide (Diastereoisomer 2);
5  N-(5-phenylpentyl)-4-benzylsulphinyl-2-oxo-azetidinyl-1-yl acetamide;

' N—(5-(4—-Chlorophenyl)pentyl)—4-benzylsulplunyl—2-oxo-azeudm-lyl acetamxde
(Diastereoisomer 1);
N—(S-(4-Chlorophenyl)pemyl)-4-benzylsulphmyl—2-oxo-azeudm -1yl acetarmde
(Diastereoisomer 2); :

10 N-[5-(2-Chlorophenyl)hexyl]-4-benzylsulphmyl-2-oxo-mudm-lyl acetamide
(Diastereoisomer 1);
N-[5—(2~Chlorophenyl)hexyl]-4-benzylsulptunyl-2-oxo-mudm-1yl acetanude
N-(6-(4-Bromophenyl)hexyl)-4—benzylsxﬂphmyl—2-oxoazeudm- -ylacetamide
(Diastereoisomer 1); :

15 N-(6-(4-Bromophenyl)hexyl)—4~benzylsulphmyl—2-oxoazeudm- -ylacetmmde
(Diastereoisomer 2);
N-(6-(4-Fluorophenyl)hexyl)4benzylsulphmyl-2—oxoazeudm-l-ylacetamxde

(Diastereoisomer 1); '
N-(6-(4-Fluorophenyl)hexyl)-4—benzylsulphmyl-2-oxoazzud1n-l-ylacetaxmde

20 (Diastereoisomer 2); '
6-Phenylhexyl (4-benzylsulphinyl-2-oxo-azetidin-1 -yl)acetate (2:1 Diast 2 : Diast 1);
6-(4-Chlorophenyl)hexyl-(4-benzylsulphinyl-2-oxo-azetidin-1-yl] acetate;
1-(9-Phenylnonyl)-4-benzylsulphinyl-2-oxoazetidine (Diasteréoisomer 1);
1-(9-Phenylnonyl)-4-benzylsulphinyl-2-oxoazetidine (75% Diastereoisomer 2);

25  N-[6-(4-Methylphenyl)-hexyi]-{4-benzylsulphinyl-2-oxo0-azetidin-1-yl}-acetamide;
N-[6-(4-Methylphenyl)-hexyl]-[4-benzylsulphinyl-2-0xo0-azetidin- -1-yl]- acetamide;
N-(6-(4-chlorophenylhex-1 -yl)-((4-carboxybenzylsulphmyl)-z-oxoazeudm-l-
yl)acetamide (diastereoisomer 2);
N-[6-(4-Fluorophenyl)hexyl]-4-(4-methoxybenzylsulphonyl)-z-oxoazeudm-1-

30  ylacetamide;

N-(6-(2, 4-D1ﬂuorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazeudm— -yhacetamide;
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxybenzylsulphonyl)-z-oxoazeudm-l-
ylacetamide;

N-(6-(3, 4-D1ﬂuorophenyl)hexyl)-(4-benzylsulphonyl-z-oxoazeudm- -yhacetamide;

35  N-(7-phenylhept-1-yl)-4-benzylsulphonyl-2-0xoazetidin-1-yl acetamide; '
N-[6-(4-Chlorophenyl)hexyl]-(4-(4-carboxybenzylsulphonyl)-2-oxo-azetidin-
1yl)acetamide; )
N-[5-(4-Chlorophenyl)pentyl]-4-benzylsulphonyl-2-oxo-azetidin-1yl acetamide;
N-[5-(2-Chlorophenyl)hexy!]-4-benzylsulphonyl-2-oxo-azetidin- 1yl acetamide;

40 N-(6-(4—Fluorophenyl)hexyl)-4-benzylsu1phonyl-2-oxomndm—l—ylacetalmde
6-Phenylhexyl-[4-benzylsulphonyl-2-ox0-azetidin-1yl] acetate;
6-(4-Chlorophenyl)hexyl-(4-benzyisulphonyl-2-oxo-azetidin- l-yl] acetate;

1-(9-Phenyinonyl)-4-benzylsulphonyl-2-oxoazetidine;
N-[6-(4-Methylphenyl)—hexyl]-[4-benzylsulphonyl—2-oxo-azeudm— -yl}- acetanude

45  N-(6-Phenylhexanoyl)-(4-benzylthio-2-oxoazetidin-yl)acetamide;
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N-(6-Phenylhe_xanoyl)-(4-benzylsnlphinyl-2-oxoazetidin—yl)acetamide;
N-(5-Phenylpentyloxy)-(4-benzylthio-2-oxoazetidin-1-yl)acetamide;
N-(5-Phenylpentyloxy)-(4-benzylsulphinyl-2-oxoazetidin- 1-yl)acatamide
(Diastereoisomer 1); '
N-(S-Phenylpentyloxy)-(4-benzylsulphmyl-2-oxoazeudm- -yl)acatamide
(Diastereoisomer 2); :
R-N-(6-(4-Chlor0phenyl)hexyl)-(4-benzyﬂno-2-oxoazendm- -yl)acetam1de,
§-N-(6-{4-Chlorophenyl }hexyl)-(4-benzythio-2-oxoazetidin- 1-yl)acetamide;
4R,SR-N-(6-(4-ChlorophenyDhexyl)-(4-benzysulphinyl-2-oxoazetidin-1-yl)acetamide;
48,SS5-N-(6-(4-ChlorophenyDhexyl)-(4-benzysulphinyl-2-oxoazetidin- 1-ylacetamide;
4R,SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzylsulphinyl-2-oxoazetidin- 1-yl)acetamide -
(diastereoisomer 2); |

4R SS-N-(G-(4-Chlorophenyl)hexyl)-(4—benzylsulphmyl-2—oxoazendm- -yl)acetam1de
(diastereoisomer 2);

4R SS-N-(6-(4-Chlor0phenyl)hexyl)-(4~benzylsulphmyl-z-oxoazeudm- -yl)acetamide
(diastereoisomer 2);

4R SS-N-(6-(4-Chlorophenyl)hexyl)-(4-benzylsu1phmyl-2-oxoazeudin—l-yl)acetamide
(diastereoisomer 2);

4S5 SR-N—(6-(4-Chlorophenyl)hexyl)-(4~benzysulphmyl-2-oxoazeudm— -yl)acetamxde
(diastereoisomer 2); '
4R-N-(6-(4-Chlorophenyl)hexyl)-(4-benzysulphonyl-2-oxoazetidin-1-yl)acetamide;
45-N-(6-(4-Chlorophenyl)hexyl)- (4-benzysulphonyl—2-oxomudm—l-yl)acetamxde,
4R-(6-Phenylhexyl)-(4-benzylthio-2-oxoazetidin- 1-yl)acetamide; _
4R,SR-N-(6-Phenylhexyl)-(4-benzylsulphinyl-2-oxoazetidin- 1-yl)acetamide;
N-(6-{4-Fluorophenyl}hexyl)-4-(4-allyloxycarbonylbenzylthio-2-oxoazetidin-1-
yhacetamide;
N-(6-{4-Fluorophcnyl}hexyl)-4~(4-allyloxycarbonylbenzylsulphmyl—2-oxoazeudm— 1-
ylacetamide (Diastereoisomer 1);
N-(6-{4-Fluorophenyl ) hexyl)-4-(4-allyloxycarbonylbenzylsulphinyl-2-oxoazetidin- 1-
yDacetamide (Diastereoisomer 2);

N-(6-{4-Fluorophenyl }hexyl)-4-(4-carboxybenzylsulphinyl-2-oxoazetidin-1-
yhacetamide (Diastereoisomer 2); .
N-(6-{4-Fluorophenyl }hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl-2-

- oxoazetidin-1-yl)acetamide (Diastereoisomer 2);

N-(6—(4-Fluorophenyl}hexyl)~4-(4-propyloxycarbonylbenzylsulphinyl-2-oxoamtidin-1-
yl)acetamide (Diastereoisomer 2);
N-[6-(4-Fluorophenyl)hexyl]-[4—(4-emyloxycarbonylbenzyl)sulphmyl-Z-oxo-azeudm-
1-yl]- acetamide (Diastereoisomer 2); .
N-(6-{4-Fluorophenyi]hex-1-yl)-4-carboxybenzylthio)-2-oxoazetidin- 1-yl acetamide;
N-(6-{4-Fluorophenyl}hex-1-yl)-(4-methylcarboxybenzylthio)-2-oxoazetidin-1-yl
acetamide; '
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-methyloxycarbonylbenzyl)sulphinyl-2-oxo-azetidin-
1-yl}- acetamide (Diastereoisomer 2); |
N-(6-{4-Chlorophenyl}hexyl)-4-(4-isopropyloxycarbonylbenzylsulphinyl -2-
oxoazetidin-1-yl)acetamide (Diastereoisomer 2);
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N-(6-{4-Chlorophenyl}hexyl)-4-(4-propyloxycarbonylbenzylsulphmﬂ -2-oxoazeudm-
1-yDacetamide (Diastereoisomer 2);
N-(6-{4£hlorophenyl}hexyl)-4-(4-ethyloxycarbonylbenzylsulphmyl -2-oxoazeudm 1-
yhacetamide (Diasterecisomer 2);
N-[6-(4-Fluorophenyl)hexyl] [4-(4-(allyloxycarbonyhnemyl)benzyl)&no -2-0X0-
azetidin-1-yl]-acetamide; '
N-[6-(4-Fluorophenyl)hexyl}-[4- (4-(allyloxycarbonylmethyl) benzyl)sulphmyl -2-0X0-
azetidin-1-yl}- acetaxmde (Diastereomer 1); - .
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-(allyloxycarbpnyhnemyl) benzyl)sulphmyl -2-0x0-
azetidin-1-yl}- acetamide (Diastereomer 2); :
N-[6-(4-Fluorophenyl)hexyl]-[4- (4-(carboxymemyl)benzyl)mto-z—oxo-mndm- -yi}-
‘acetamide;
N-[6-~(4-Fluorophenyl)hexyl]-[4- (4-(carboxymethyDbenzyl)sulphinyl -2-oxo-mudm-
1-yl}- acetamide (Diastereomer 1);
N-[6-(4-Fluorophenyl)hexyl]-[4- (4—(carboxymeﬂ1yl)benzyl)sulphmyl -2-oxo-azeudm _
1-yl]- acetamide (Diastereomer 2);
N-2 4—Dxchlorobenzyl-(4-benzylttuo-z-oxoazendm- -ylacetamide;
N-2,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-1 —yl)acetamxde (Dxastereomer
"1);
N-2 4-Dxchlorobenzyl-(4-benzylsulphmyl-2-oxoazeudm- -yhacetamide (Diastereomer
2);
N-2 4-Dxchlorobenzyl-(4-benzylsulphonyl-2-oxoazendm— -yl)aceta:mde
N-3 4—D1chlorobenzyl-(4-benzylthm-z-oxoazendm- -yDacetamide;
N-3,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-1 -yl)acetam1de (Dxastereomer
1
N-3,4-Dichlorobenzyl-(4-benzylsulphinyl-2-oxoazetidin-1 -yl)acetarmde (Dlastereomer
2); .
N-3 4—D1chlorobenzyl-(4-benzylsulphonyl-2-oxoazeudm- -ylacetamide; -
38 4R)-N-(6-{4-P'luorophenyl}hexyl)-(3-chloro-4~benzylth:o-z-oxoazendin-1-
yhacetamide;
(SR,3S 4R)-N-(6—(4-Fluorophenyl}hexyl)-(S-chloro—4—benzylsu1phmyl—2—oxoazeudm-
1-yl)acetamide;
(58,3S,4R)-N-(6-{4-Fluoropheny! }hexyl)-(3-chloro-4-benzylsnlphmyl-2-oxoazeudm—
1-yl)acetamide;
N-(6-(4-Fluorophenyl)hexyl)-(3S 4R)-4-benzyltlno-3-((R)-hydroxyemyl)-2-
oxoazetidin- 1-ylacetamide;
N-(6-(4-Fluorophenybhexyl)-(3S 4R)-4-benzylsulphmyl-3-((R)-hydroxyethyl)-Z-
oxoazetidin-1-ylacetamide (Diastereomer 2);
N-(6-phenylhexyl)-(4-(4-methoxyphenylthio)-2-oxoazetidin- 1-yl)acetamide;
(4R,SR/4S,SS) N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfinyl)-2-oxoazetidin-1-
yDacetamide;
(4R, S5/4S,SR)- N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulﬁnyl)—Z-oxoazeudm- 1-
yl)acetamide;
N—(6-phenylhexyl)-(4—(4-memoxyphenyl)sulfonyl)-Z-oxomndm— -yl)acetaxmde
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N-(6-phenylhexyl)-(4-(3_,4—dimemoxyphenym1io)-2-oxoazetidin-l-yl) i

(4R,SS/4S5,SR)- N-(6-phenylhexyl)-(4-(3;4-dimethoxyphenyisulfinyl)-2-oxoazetidin-1-

ylacetamide; |

(4R,SR/AS,SS) N-(6-phenylhexyl)-(4»(3 4-dunethoxyphenylsulfmyl)-2-oxomudm-l-
5  ybhacetamide; .

N—(6-phenylhexyl)-(4-(4-chlorophenylﬂuo)-2-oxoazeudm- -yDacetamide;

4-(Phenylth10)-N—(4-phenyl-z-oxobntyl)azeudm-Z-one,

(S)- 4-(Phenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;

(R)- 4-(Phenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;

10  4-(2-Methoxyphenyithio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; | _
4-~(3,4-dimethoxyphenylthio)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
4-(3-methoxyphenylmio)-N-(4-phenyl-2bxobutyl)azetidin-Z-one;
4-(4-methoxyphenylthio)-N-(4-phenyl-2-oxobutylazetidin-2-one;

(4R,SR/4S,SS) 4-(Phenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
15 (4R,SS/4S,SR)- 4~(Phenylsulphin_yl)-N-(4-phenyl-2-oxobutyl)amtidin-z-one;
(4R, SR)-4-(Phenylsulphinyl)-N-(4~phenyl-2-oxobutyl)azetidin-2-one;
(4R, SS)-4-(Phenylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm-2-one,
(4R,SR/4S,SS) 4-(2-Methoxyphenylsulphmyl)-N-(4-phenyl-2—oxobutyl)azzudm-2-one.
(4R,SS/4S,SR)- 4-(2-Memoxyphenylsulphmyl)-N~(4-pheny1-2-oxobutyl)azzndm-2-

20 one;

(4R,S5/4S,SR)- 4-(3,4-dimethoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-
one: _ _

(4R,SR/4S,SS) 4-(3-methoxyphenylsuiphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
(4R,S5/4S,SR)- 4-(3-mett_xoxyphenylsulphinyl)—N-(4-phenyl-2-oxobutyl)azeﬁdin-z-one;

25  (4R,SR/4S,SS) 4-(4-methoxyphenylsulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
(4R,S5/45,SR)- 4-(4-methoxyphenyisulphinyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
4-(Phenylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one; -
4-(2-Methoxyphenylsulphonyl)-N-(4-phenyl-2-oxobutyl)azetidin-2-one;
N-[6-(4-Chlorophenyl)hexyl]-4-(4-methylphenylthio)-2-oxoazetidin-1-ylacetamide;

30 RRS S)-N-[6-(4—chlorophenyl)hexyl]-4»(4-methylphenyl)sulﬁnyl-2-oxo-azeudmyl-1-
yl acetamide;

(R,SIS.R)-N-[6-(4—chlorophenyl)hexyl]-4-(4-methylphenyl)sulﬁnyl-2-oxo—azeudmyl-
1-yl acetamide;
N-[6-(4-chlorophenyl)hexyl]-4-(4-methylphenyl)sulfonyl-2-oxo-azeudmyl-l-yl
35 acetamide;
(+I-)-N-[6-(4-Chlorophenyl)hexyl]-4~phenyltluo-2—oxoazmdm— -ylacetamide hydrate;
(-)-N-[6-(4-Chlorophenyl)hexyl}-4-phenylthio-2-oxoazitedin-1-ylacetamide hydrate;
(+)-N-[6~(4-Chlorophenyl)hexyl}-4-phenylthio-2-oxoazitedin-1-ylacetamide hydrate;
(R,R/S,S)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfinyl-2-oxoazetidin-1-ylacetamide;
40  (R,S/S,R)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfinyl-2-oxoazetidin-1-ylacetamide;
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{-)-(R,R or §, S)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsu1f'myl-2-oxoamudm—l-
ylacetamide;

(+)-(RSor S, R)-N-[6-(4-Chlorophenyl)hexyl]-&phenylsulfmyl-z-oxoazeudm 1-
ylacetamide; .

(+)-(R,S or S,R)- N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfmyl—2—oxoazeudm-1-
ylacetamide;

(-){R.Ror S, S)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsmf'myl-2-oxoazeudm-1-
ylacetamide;

N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl-2—oxoazeudm— -ylacetamlde
(-)-N-[6-(4-Chlorophenyl)hexyl]-4-phenylsulfonyl—2-oxoazeudm-l-ylacetamlde;

' (+)-N-[6-(4-C_hlorophe_ny_l)héx_yl]-4»phenylsulfonyl—2-oxomtidin-l-ylacetamide;

N-[6-(4-ChlorophenyDhexyl]-4-(4-methoxyphenylthio)-2-oxoazetidin- 1-ylacetamide;
(R,R/S,S)-N- [6-(4-Chlbrophenyl)hexyl]-4-(4-methoxyphenylsulﬁnyl)'-z-oxoazetidin-1-
ylacetamide;

(R.S/S R)-N-[6-(4-Chlorophenyl)hexy1]-4-(4-methoxyphenylsnlﬁnyl)-z-oxoazeudm- I-
ylacetamide;

. N-[6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulfonyl)-Z-oxoazeudm-l-

ylacetamide _
N-Benzyl-[4-(4-methoxyphenylﬂuo)-z-oxoazzudm-l-yl]acetamde
N-Benzyl—[4-(4-methoxyphenylsulphmyl)-2-oxoazeudm-l-yl]acetamlde (Dmstereomer
1)

N-Benzy!—[4-(4-methoxyphenylsulphmyl)-z-oxoazendm- -yl]acetamlde

(Diastereomer 2)

18. A compound of formula (T) selected from:

(4R,S5/4S, SR)- N-(6-phenylhexyl)-(4-(4-methoxyphenyl)sulfinyl)-2-oxoazetidin- 1-
yDacetamide;

(4R,S5/4S,SR)- N-(6-phenylhexyl)-(4—(3 4-d1meﬂxoxyphenylsulfmyl)—2-oxoazeudm— 1-

“ylacetamide;

(4R,SR/4S.,SS) N-(6-phenylhexyl)-(4-(3 4—duneﬂ10xyphenylsulﬁnyl)—2-oxoazeudm—1-

yDacetamide;

(4R,S8/45.SR)- 4~(Phenylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm-2-one,

(4R, SS)-4-(Phenylsulphmyl)-N-(4~phenyl-2-oxobutyl)azeudm-2-one,

(4R,SS5/45,SR)- 4-(3 4-dunethoxyphenylsulplunyl)-N-(4-phenyl-2-oxobutyl)azeudm-

2-one;

(4R,SS/4S,SR)- 4-(3-methoxyphenylsulphmyl)—N-(4-phenyl-2-oxobutyl)azendm-2—

one;

(4R,SS/4S,SR)- 4-(4-methoxyphenylsulphmyl)-N-(4-phenyl-2-oxobutyl)azeudm-2-

one;

(R.SIS.R)-N-[6-(4-chlorophen‘y‘l)hexyl]-4'-(4~meﬂ1ylph'enyl)sulfmyl-z-oxo-azetidinyl-

1-yl acetamide; - | |
I —
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(R.S/S R)-N-[6-(4-Chloroph_enyl)hexyl]-4-phenylsulf‘myl-2-oxoazetidin—l-_-
ylacetamide;
(+)-(RSor§ R)-N-[6-(4~Chlorophenyl)hexyl]—4-phenylsulﬁnyl-2-oxoazeudm-l-
ylacetamide;

5 (-)(RRorS.S)- N-[6-(4-Chlorophenyl)hexyl]-Lphenylsulﬁnle-oxoazeudm-l-
ylacetamide; and
(R,S/S,R)-N- [6-(4-Chlorophenyl)hexyl]-4-(4-methoxyphenylsulﬁnyl)-z-oxoamudm-
1-ylacetamide.

10 19. A compound of formula (I) selected from:
N-(6-(4-P'Iuorophenyl}hexyl)-4~(4-allyloxycarbonylbenzylsulphmyl—2—oxoazet1dm—1-
yhacetamide (Diastereoisomer 2);

N-(6-{4-Fluorophenyl }hexyl)-4-(4-carboxybenzylsulphinyl-2-oxoazetidin-1-
yhacetamide (Diastereoisomer 2); .
15 N-(6-{4-Fluorophenyl}hexyl)-4-(4-1sopropyloxycarbonylbenzylsulphmyl-z-
* oxoazetidin-1-ylacetamide (Diastereoisomer 2); .
N-(6-{4-Fluorophenyl}hexyl)-4-(4-propyloxycarbonylbenzylsulphmyl-z-oxoazzndm-
1-yDacetamide (Diastereoisomer 2); :
N-{6-(4-Fluorophenyl)hexyi}-[4-(4-ethyloxycarbonylbenzyl)sulphinyl-2-oxo-

20  azetidin-1-yl]- acetamide (Diastereoisomer 2);N-(6-[4-Fluorophenyl]hex-1-yl)-4-
carboxybenzylthio)-2-oxoazetidin-1-yl acetamide;
N-[6-(4-Fluorophenyl)hexyl]-[4-(4-methyloxycarbonylbenzyl)sulphinyl-2-oxo-
azetidin-1-yl]- acetamide (Diastereoisomer 2); _
N-(G-{4—Chlorophenyl}hexyl)-4-(4-isopropyloxycarbony1benzylsulphinyl -2-

25  oxoazetidin-1-yl)acetamide (Diastereoisomer 2); |
N-(6-{4-Chlorophenyl}hexyl)-4-(4-propyloxycarbonyibenzylsulphiny} -2-
oxoazetidin-1-ylacetamide (Diastereoisomer 2);
N-(6-{4-Chlorophenyl)hexyl)-4-(4—emyloxycarbonylbenzylsulphmyl -2-oxo0azetidin-

1-yDacetamide (Diastereoisomer 2);

30 N-[6-(4-Fluorophenyl)hexyl]-[4-(4-(allyloxycarbonylmethyl) benzyl)sulphinyl -2-
oxo-azetidin- 1-yl]- acetamide (Diastereomer 2);

N-{6-(4-Fluorophenyl)hexyl]- [4- (4-(carboxymethyl)benzyl)sulphmyl -2-0x0-
azetidin-1-yl]-acetamide (Diastereomer 2); | :
(4R,SS/45,SR) 4-(Benzylsulphinyl)-1-(4-phenyl-2-oxobutyl)azetidin-2-one;

35  (4R,SS/4S,SR) 4-(Benzylsulphinyl)-1-(9-phenyl-2-oxononyl)azetidin-2-one;
(4R,SS5/4S,SR) N-(6-phenylhexyl)- (4—benzy1sulphmyl—2—oxoazeudm- -yl)acetamxde
(4R,S5/4S,SR) N-benzyl-(4-benzylsulphmyl-2-oxoazeudm-l-yl)acetamxde
(4R,S5/4S,SR) N-(9-Phenylnonyl)-(4-benzylsulphinyl-2-oxoazetidin-1-yl)acetamide;
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(4R,SS/4S,SR) N-[6-(3,S-Dl-tert-butyl-4~hydroxyphenyl)hexyl]-(4-benzylsulphmyl-2-
oxoazetidin- 1-yl)acetamide;

(4R,SR/4S,SS) N-6-(4-methoxyphenyl)hexyl-(4-benzylsulphxnyl-2-oxomudm-1-
yl)acetamide; '
(4R,S5/45,SR) N-6-(4~methoxyphenyl)hexyl-(4-benzylsulphmyl-2-oxoazeudm-l-
yDacetamide;

(4R,S5/45,SR) N-(6-(4~chlorophenyl)hexyl)-(4-benzylsulphmyl—2-oxoazeudm-l-
ylacetamide;

(4R,SS) N-(6-(4-chlorophenyl)hexyl)-(4-benzy1sulphmyl-z-oxoazeudm-l-
yDacetamide;

(4R,SS/45,SR) N-(6-(3,5-d1chlorophenyl)hexyl)-(4-benzylsulphmyl-z-oxomudm-l-
yDacetamide;

(4R,SS/45,SR) N-(6-(3-chlorophenyl)hexyl) (4-benzylsulphmyl-2—oxoazendm-l-
ylacetamide;

(4R,S5/45,SR) N—(6-Phenylhexyl)-(4-(4-ethoxycarbonyl)beuzylsulphmyl-z-
oxoazetidin-1-yl)acetamide;

N-(6-(3, 5-dlchlorophenyl)hexyl)-(4-benzylsulphonyl-2-oxoazeudm- 1-yl)acetamide;
(4R,S5/45,SR) 4-Benzylsulphinyl-1-(2-phenethyl)azetidin-2-one;

(35.4R SR)-N-(6-phenylhexyl)-4-benzylsulphmyl—3—bromo-z-oxoazeudm-l-yl
acetamide;

(35.4R, SR)-N-(6-phenylhexyl)-4-benzylsulphmyl-3-bromo-2-oxoazet1dm—l-yl
acetamide;

N-(6-[4-chlorophenyl]hex-1-yl)- (4-carboxylbenzylsulphmyl)-Z-oxoazeudm—l-yl
acetamide (Diastereoisomer 2);

N-(6-[4-chlorophenyl]hex- -yl)-(4-methoxyca:bonylbenzylsulphmyl)-2-oxoazzndm-
1-yl acetamide (Diastereoisomer 2);

N-(6-[4-chlorophenyl]hex-1 -yl)-(4—allyloxycarbonyl-benzylsulphmyl)-z-oxoazeudm-
1-yl acetamide (Diastereoisomer 2); and’

Methyl [(3S, 4R)-4-benzyltluo—3-chloro-2—oxdxmtidin— l-yl)aoetate-

20. A phannaceuncal composition compnsmg a compound of formula (I) and a

phannaceuucally acceptable carrier.
21. A compound of formula (I) for use i_n_therapy._-' _

22. The use of a compound of formula (1) as defined in claim 1 in the manufacture of
a medicament for treating atherosclerosis.

23. The'uée of a compound of formula (I) as defined in claim 1 in the manufacture of
a medicament for treating diabetes, hypertension, angina pectoris, after ischaemia,
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reperfusion, rheumatoxd arthritis, stroke, myocardxal 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 activity 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.

25. A method as claimed in claim 24 in which the disease state is associated with the
increased involvement of monocytes, macrophages or lymphocytes.

26. A method as claimed in claim 24 in which the disease state is associated with the
formation 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
endothelial dysfunction.

29. A compound of formula (I) as defined in claim 1 in combination with a further

~ therapeutically active agent selected from an anti-hyperlipidaemic, anti-

atherosclerotic, anti-diabetic, anti-anginal, ‘anti-inflammatory or ann-hypertenswn
agents for use in therapy.

30. A process for preparing a compound of fonnula (I) as defined in claim 1 which
process comprises: -

(i) treating an azetidone of formula (II):

.n‘ f S(O)nR®
pu

o~ 'H _
(I
in which:
n,R1, R2 and R3 are as hereinbefore defined;
with an alkylating agent of the formula (TII):
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in which Z is a leaving group; and
X and Y are as hereinbefore defined;
under alkylal:ing conditions;

ZCH,XY
| ()

[4
H

(i) when X denotes a , group comS(cnz)m or CONHO(CHz)m, treatmg an acid of
the formula (IV)

. _ : .
| R'—_— ,,.S(O)nB

7N,
. 0 CHz-f- CO,H
av)
in which: '
n,R1, R2apd R3 are as hereinbefore defined;
with an amine of the formula (V).
- NHRs5(CH2)n Y
W)
or a hydroxylamine of the formula (VI):
NH>O(CH2)p Y
(VD)

in which Y and m are as hereinbefore defined, |
under amide or hydroxamate bond forming conditions;

(iif) when X denotes a group COO(CH2)p, transesterifying another ester of formula

(vViI):
' R S(O)nR®
"1
o N\
. CH—co R’
(viy
in which:
RS is (C1-g)alkyl;
n, R1, R2 and R3 are as hereinbefore deﬁned
using trans esterifying conditions; .
, R —
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(iv) when X denotes a group COO(CH2)py; treating a compbund of formula (IV) as

hereinbefore defined with an alcohol Y(CH2)mOH or an activated derivative thereof

under ester forming conditions; or

(v) treating a compound of formula (VIII):

R1
%M
N\
o CH,X-Y
_ (VI
in which R1, R2 and R3 are as hereinbefore defined;
with an alkylating agent of the formula (IX):
R3Z
5. ¢)

in which R3 and Z are as hereinbefore defined;
under alkylating conditions.

31. A compound of formula (VII) as defined in claim 30.

32. A compound of formula (VII) as defined in claim 30 for use in therapy.

33. A compound of formula (VII) selected from:
Methyl-(4-benzylthio-2-oxoazetidin-1-yl) acetate;

Methy] (4-(4-methoxybenzyithio)-2-oxoazetidin- 1-yl)acetate;
Methyl (4-methoxyphenyithio-2-oxoazetidin-1-yl)acetate; and
Methyl (4-phenylthio-2-oxoazetidin-1-yl)acetate.

R, O Y A



