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HETEROCYCLIC COMPOUNDS V/

This invention relates to heterocyclic derivatives having
antibacterial activity, to processes for their preparation, to
compositions containing them, and to their use in medicine.

Thus the present invention provides compounds of the'general

formula (I)

in which R; represents a hydrogen atom or a hydroxyl protecting
group; '
Ry represents a hydrogen atom, a carboxyl protecting group or a

cation derived from an inorganic base or an organic base;

- Ry represents a hydrogen atom, a hydroxyl, hydroxylmethyl or

C1_3alkyl'group, or a group XR, in which X represents an oxygen atom

or the group S{(O)n in which n is zero or the 1nt;ger 1 or 2 and Ry

_ represents a C;_galkyl, C3_7cycloalkyl, or phenyl group, or when X

is an oxygen or sulphur atom then R4 may also represent the group
AlkNRsRG in which Alk represents a Cy.¢ straight or branched
alkylene chain, and Rs and Rg each independently represent a
hydrogen afom or a C3_4 alkyl group or Rg re#résents a formyl,
acetyl or iminomethyl group and Rg represents a throgen atom or Rg
and Rg together with the nitrogen atom to which they are attached
form a pyrrolidiﬁo or piperidino ring, or the group Ry represents
the group (CHy),NRgRg in which m is zero or one and R; and Rg
independently each represent a hydrogen atom or a C1-421kyl group ox
R4 represents a formyl, acetyl or iminomethyl group and Rg
represents a hydrogen atom or the group R3 and the carbon atom to

which it is attached represents a keto group or a ketal derivative



thereof; and metabolically labile esters,.salts and solvates
thereof.

When the group R3 contains a basic centre acid addition salts
of such compounds and internal salts formed with the carboxylic acid
grouping (R; = H) are also included in the invention.

In addition to the fixed stereochemical arrangement as defined
in formula (I) the molecule contains a further asymmetric carbon -
atom at the 8-position, and another at the 4-position, when R3 is
other than a hydrogen atom or when Ry and the carbon atom to which
. it is attached forms a keto group or a ketal derivative thereof. It
will be appreciated that all stereoisomers including mixtures
thereof arising from these additional asymmetric centres, are within
the scope of the compounds of formula (I).

The compounds of formula (I) are antibacterial agents and/or of
use as intermediates for the preparation of other active compounds
within the general formula (I). Compounds wherein Ry represents a
hydroxyl protecting group and/or wherein R,y represents a carboxyl_
protecting group are in general intermediates for the preparation of
other compounds of formula (I). -

Suitable hydroxyl protecting groups R, and carboxyl protecting
groups Ry .include those which may be removed by hydrolysis under
- buffered conditions or under non-aqueous conditions.

' When.the group OR; is a protected hydroxyl group this is
coﬁveniently an ether or an acyloky group. Examples of particularly
suitable ethers include those in which R; is a hydrocarbylsilyl
group such as trialkylsilyl, e.g. trimethylsilyl or t-
butyldimethylsilyl. When the groﬁp OR; represents an acyloxy group
then examples of suitable groups R; includes alkanoyl e.g. acetyl,
pivaloyl; alkenoyl e.g. allylcarbonyl; aroyl e.g. p-nitrobenzoyl:
alkoxycarbonyl e.g. t-butoxycarbonyl; halocalkoxycarbonyl e.g. 2,2,2-
trichloroethoxycarbonyl, or 1,1,1-trichloro-2-methyl-2-
propoxycarbonyl; aralkyloxycarbonyl e.g. benzyloxycarbonyl or F-
nitrobeniyloxycafbonyl; or alkenyloxycarbonyl e.g. éllyloxycarbonyl.

A particularly convenient protecting group R; is t-
butyldimethylsilyl.



Examples of suitable carboxyl protecting groups include
arylmethyl groups such as benzyl, p-nitrobenzyl or trityl, or
alkenyl gréups such as allyl or substituted allyl, t-butyl,
haloalkyl e.g. trichloroethyl or trialkylsilylalkyl e.g.
trimethylsilylethyl. ' Preferred protecting groups R; include
arylmethyl e.g. benzyl or allyl. . _

When the group R3j together with fhe carbon atom to which it is
attached represents a ketal group then the ketal is conveniently
that derived from a C;_5 alkanol e.g. methanol or a 1,2 or 1,3
alkane diol such as glycol or propane 1,3-diol.

Particularly useful compounds of formula (I) for use in
medicine as antibacterial agents are.those in which the group R;
represents a hydrogen atom and Ry represents a hydrogen atom or a
physioclogically acceptable cation, or an internal salt thereof.
These compounds exhibit antibacterial activity against a wide range
of gram positive and gram negative, aerobic and anaerobic pathogenic
microorganisms.

Where R, is a physiologically acceptable cation, suitable -
cations include those of alkali metals.(e.g; sodium or potassium),
alkaline earth metals (e.g. calcium), amino acids (e.g. lysine and

arginine) and organic bases (e.g. procaine, phenylbenzylamine,

' dibenzylethylenediamine, ethanolamine, diethanolamine, and N-methyl

Ty

glucosamine) .
Where Ry is a cation that is not physiologically accéptable
then such compounds may be useful as intermediates for the
preparation and/or isolation of other compounds of the invention.
Metabolically labile esters of the compounds of formula -(I)
include alkyl esters for example C3-42lkyl esters such as methyl
ethyl or isopropyl eéters or alkenyl esters such as allyl or

substituted allyl esters.

The general formula (I) as drawn includes at least 4
stereoisomers and mixtures thereof and these may be represented by

the formulae (la, 1lb, lc and 1d).
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The wedge shaped bond ..ss indicates that the bond is above the
plane of the paper. The broken bond i1t indicates that the bond is
below the plane of the paper.

The configuration shown for the carbon atom at the 8-position
in formulae la and 1b is hereinafter referred to as the B
configuration and in formulae lc and 1ld as the o configuration.

The configuration shown for the carbon at the 4 position in
formulae 1b and 1d is hereinafter referred to as the a confirguation
and in formulae la and lc as the B configuration.

In general, in the specific compounds named below, the B-
configuration at the 8-position corresponds to the S isomer and the
B-configuration at the 4-position to the R isomer. The «
configuration at the 8-position correspdnds to the R isomer and the
a-configuration at the 4-position corresponds to the § isomer. The
assignment of the R or S configuration at the 4- and 8- positions
have been made according to the rules of Cahn. Ingold and Prelog,
Experientia 1956, 12, 81.

A preferred group of compounds of formula I are those in which
the carbon atom at the 8- position is in the B configuration. Within
this group those compounds in which the carbon atom at the 4-
position is in the « configuration are particularly preferred.

A further preferred group of compounds of the invention are
those in which the group R;j represents a hydrogen atom or more
particularly an amino, aminomethyl, methylamino, hydroxy,

hydroxylmethyl, methyl, cyclopentyloxy, ethoxy, isopropoxy, methoxy,
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aminoethoxy, phénylthio, methylthio or methylsulphinyl group or
together with the carbon atom to which it is attached form a keto
group or its dxmethylketal.

A particularly preferred group of compounds of formula (I) are
those in which the carbon atom at the 8- position is in the B8
configuration and and the carbon atom at the 4- position in the «
configuration, Ry represeﬁts a hydrogen atom, R, represents a
hydrogen atom or a physiologically acceptable cation and R3
represents an amino, methylamino, aminomethyl, ethoxy, methoxy,

isopropoxy, aminoethoxy, phenylthio, methylthio, methylsulﬁhinyl,

hydroxy or hydroxymethyl group, and metabolically labile esters,

salts and solvates thereof.

Specific preferred compounds include (4S,8S,9R,10S,12R}~4~
methoxy-lo-(1—hydroxyethyl)-ll-oxo-l-azatricyclo [7.2.0. 03'81 undec-
2-ene-2-carboxylic acid and salts thereof e. g sodium or potassium
salt..
(48,88,9R,1OS,12R)-4-methy1thio-10-(l—hydroxyethyl)-ll-oxo-l-
-azatricyclo[7.2;0.03'8]undec-é—ene-z—carboxylic acid and salts
thereof e.g. potassium or sodium salt.

(45,85, 9R, 10S,12R) -4-methylsulphinyl-10-(1~hydroxyethyl) -1l-oxo-1-
azatricyclo[?.z.0.63'8]undec-z-ene-z-carboxylic acid and salts
thereof e.g. potassium or sodium salt.
(45,85,9R,108,12R)~-4-amino~10~-(l-hydroxyethyl)-1l-oxo-1-
azatricyclo[7.2.0.03'8]undec-2-ene-2—carboxy1ic acid and salts
thereof. ' _

Compounds according to the invention not only exhibit a broad
spectrum of antibacterial activity against a wide range of
pathogenic microorganisms but also have a very high resistance to
all B-lactamasés. Compounds of the invention are also relatively
stable to renal dehydropeptidase.

Compounds of the invention have been found to exhibit useful

levels of activity against strains of Staphvlococcus aureus,

Streptococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,

Clostridium perfringens and Bacteriodes fragilis.

The compounds of the invention may therefore be used for
treating a variety of diseases caused by pathogenic bacteria in
human beings and animals.

Thus, according to another aspect of the present invention, we

provide a compound of formula (I) for use in the therapy or
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prophylaxis of systemic or topical bacterial infections in a. human
or animal subject. '

Accoxding to a further aspect of the invention we provide the
use of a compound of formula (I) for the manufacture of a
therapeutic agent for the treatment of systemic or topical bacterial
infections in a human or animal body.

According to a yet further aspect of the invention we provide a
method of treatment of the human or non-human animal body to combat
bacterial infections which method comprises administering to the
body an effective amouﬁt of a compound of formula (I).

The compounds og the ihvention may be formulated for
administration in any convenient way for use in human or veterinary
medicine and the .invention therefore includes within its scope
pharmaceutical compositions comprising a compound of the ;nvention
adapted for use in human or ﬁeterinary medicine. Such compositions
may be presented for use in.conventional manner with the aid of one
or more suitablg carriers or excipients. The éoﬁpositions of the
invention include those in a form especially formulated for
§arentera1, oral, buccal, rectal,'tbpical, implant, ophthalmic,
nasal or genito-urinary use.

The compounds according to the invention may be formulated for

. use in human or veterinary medicine by injection (e.g. by

intravenous bolus injection or infusion or via intramuscular,
subcutaneous or intrathecal routes) and may be presented in unit
dose form, in ampoules, or other unit-dose containers, or in multi-
dose containers, if necessary with an added preservative. The
compositions for injection may be in the form of suspensions,
solutions, or emulsions, in oily or aqueous vehicles, and may
contain formulatoiy agents such as suspeﬂding, stabilising,
solubilising and/or dispersing agents. Alternatively the active
ingredient may be in sterile powder form for reconstitution with a
suitable vehicle, e.g. sterile, pyrogen-free water, before use.

The compounds of the invention may also be presented for human
or veterinary use in a form suitable for oral or buccal
administration, for example in the form of solutions, gels, syrups,
mouth washes or suspensions, or a dry powder for constitutibn with

water or other suitable vehicle before use, optionally with



flavouring and colouring agents. Solid compositions such as tablets,
capsules, lozenges, pastilles, pills, boluses, powder, pastes,
granules, bullets or premix preparations may also be used. Solid and
liquid compositions for oral use may be prepared according to
methods well known in the art. Such compositions may also contain
one or more pharmaceutically acceptable carriers and excipients
which may be in solid or liquid form.

The compounds of the invention may also be administered orally
in veterinary medicine in the form of a liquid drench such as a
soiution, suspension or dispersion of the active ingredient together
with a pharmaceutically acceptable carrier or excipient.

The compounds of the invention may also, for example, be
formulated as suppositories e.g. containing conventional suppository
bases for use in human or veterinary medicine or as pessaries e.g.
containing conventional pessary bases.

The compounds according to the invention may be formulated for
topical adm;nistration, for use in human and veterinary medicine, in
the form of ointments, creams, gels, lotions, shampoos, powders,
(including spray powders), pessaries, tampons, sprays, dips,
aerosols, drops (e.g. eye ear or nose.drops) or pour-ons.

Aerosol sprays are conveniently delivered from pressurised
packs, with the use.cf a suitable propellant, eg
dichlorodifluoromethane; trichlorofluoxomethane,
dichlorotetréfluoroethane, carbon dioxide or other suitable gas.

For topical administration by inhalation the compounds
according to the invention may be delivered for use in human or
veterinary medicine via a nebuliser.

The pharmacéutical compositions for topical administration may
also contain othér active ingredients such as corticosteroids or
antifungals as appropriate.

The compositions may contain from 0.01-99% of the active
material. For topical administration, for example, the composition
will generally contain from 0.01-10%, more preferably 0.01-1% of the
active material. -

For systemic administration the daily dose as employed for
adult human treatment will range from 5-100mg/kg body weight,
preferably 10-60mg/kg body weight, which may be administered in 1 to
4 daily doses, for example, depending on the route of administration

and the condition of the patient. When the composition comprises



dosage units, each unit will preferably contain 200mg to 1lg of
active ingredient. o
The duration of treatment will be dictated by the rate of
response rathei than by arbitrary numbers of days.
The compounds of formula (I) may be prepared by the cyclisation

of a compound of formula (II)

R’a
CHy ~ 0
o '\c/y
“\co; R,
(n) a

in which the group Rj, h;s the meansings defined above for R3 or is
a group convertible thereto, and Y is an oxygen atom or a phosphine
group, and the groups R;, and Ry, are hydroxy and carboxyl
protecting groups as defined for Ry and Ry and if required or
desired subjecting the resulting compound prior to or sqbseQuent to
any separation into its ste;eochemical isomers, to one or more of
the following operations

(a) removal of one or more protecting éroups.

(b) conversion of the group R3, into-the group Rj.

(c) conversion of a cohpound in which R, is a hydrogen atom or a
carboxyl protecting group into a salt of an inorganic or organic
base. ' ' -

The cyclisation of a compound of formula (II) in which Y is
oxygen is conveniently carried out by heating in the presence of an
organic phosphite. The reaction is preferably carried out in a
solvent or mixture of solvents at a temperature within the range 60-
2009, suitable solvents include hydrocarbons with an appropriate
boiling point, for example aromatic hydrocarbons, such as toluene or

xylene.



Suitable organic phosphites include acyclic and cyclic
trialkylphosphites, triarylphosphites and mixed alkylarylphosphites.
Particularly useful organic phosphites are the trialkylphosphites
e.g. triethylphosphite or trimethylphosphite.

The cyclisétion of a compound of formula (II) in which Y is a
phosphine grouping is preferably carried out in a solvent at a
temperature between 40-200%Cc. suitable solvents includé
hYdrocarbons such as aromatic hydrocarbons, for example xylene or
toluene, aliphétic hydrocarbons and haloggnated hydrocarbons.such as
dichlorométhane, chloroform and trichloroethane. Examples of
suitable phosphine groups are triarylphosphines e.g. triphenyl
phosphine, or trialkylphosphines e.g. tri-t-butylphosphine.

'The hydroxyl and carboxyl protecting groups R;, and Ry, may be
removed by conventional procedures and in any order. More preferably
however the hydroxyl protecting gioup Ry, is removed prior to the
removal of the carboxyl protecting group. Such removal of the
protecting groups is a further feature of the invention.

The hydroxyl profecting groups may be removed by well known
standard procgdures such as those described in Protective Groups in
Organic Chemistry, pages 46-1183, Edited by J F W McOmie (Plenum
P;esé, 1973). For example when R;, is a t~butyldimethylsilyl group,
this may be removed by treatment with tetrabutylammonium fluoride
and acetic acid. This process is conveniently carried out in a
solvent such as tetrahydrofuran. Similarly when Ry, is a
trichloroethoxycarbonyl group this may be removed by treatment with
zinc and acetic acid. _

The carboxyl protecting group Ry, may also be removed by
standard processes such as those described in Protective Groups in
Organic Chemistry, pages 192-210, Edited by J F W McOmie (Plenum
Press 1973). For example when R,, represents an arylmethy} group
this may be removed by conventional procedures using hydrogen and a
metal catalyst e.g. palladium. When the group Ry, represents an
allyl or substituted allyl group then this is preferably removed by
treatﬁent with an allyl acceptor in the presence of
tetrakis (triphenylphosphine) palladium and optionally in the
presence of triphenylphosphine. Suitable allyl acceptors include
sterically hindered amines such as tertbutylamine, cyclic secondary
amines such as morpholine or thiomorpholine, tertiary amines such as

triethylamine, aliphatic or cycloaliphatic B-dicarbonyl compounds
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such as acetylacetone, ethyl acetoacetate or dimedone, or alkanoic
acids or alkali metal salts thereof such as acetic acid, propionic
acid or 2-e£hyl hexanoic acid or the potassium or sodium salt
thereof. o

A particularly useful allyl acceptor is 2-ethylhexanoic acid
and more especially the sodium or potassium salts thereof.

The reaction is preferably carried out in an inert solvent such
as an ether e.g. diethyl ether or tetrahydrofuran, an alkanol e.g.
ethanol, an ester e.g. ethyl acetate or a halohydrocarbon e.g.
methylene chlori&e, or mixtures thereof. The reaction is
conveniently carried out in the temperature range 09-400 more
particularly at room temberature.

Compounds of the invention in which the group R, is.a
physiologically acceptable cation may be prepared from compounds of
the invention in which R, is hydrogen by treatment with a suitable

base. Conveniently the salt is formed in solution and then if

' required precipitated by the addition of a non-solvent e.g. a non

polar aprotic solvent. Alternatively the sodium or potassium salt

may be prepared by treating a solution of a éompound of formula (I}

in which Ry, represents a hydrogen atom with a solution of sodium or
potassium 2-ethylhexancate in a non-polar solvent such as diethyl

ether.

For the preparation of compounds of formula I in which Ry
represents a hydroxyl or hydroxymethyl group the cyclisation
reaction isiconveniently carried out using an intermediate of
formula (II) in which R3, is a protected hydroxyl or protected
hydroxymethyl group. Suitable protected hydroxyl.groups include
trihydrocarbyl silyl ethers such as the trimethylsilyl or t-
butyldimethylsilyl ether. The hydroxyl protecting group may then be
removed at any subsequent stage in the synthesis, for example at the
same time as.the removal of the hydroxyl protecting group Ry,.

For the preparation of compounds of formula (I) in which Rg3
represents a primary or secondary amino grouping or is a substituent
containing such an amino grouping, the cyclisation is conveniently

carried out with an intermediate of formula (II) in which the amino
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group presenf in R3, is in protectéd form, e.g. such as an
allyloxycarbonylamino group. The aminoc protecting group may then be
removed by conventional procednres, Thus for example if R3y is the
allyloxycarbonylamino, allyloxycarbonylaminoethoxy or
allyloxycarbonylaminomethyl group these may be converted into the
amino, aminoethoxy or aminomethyl group using the conditions
described above for converting an allyl ester into the corresponding
carboxylic acid. .
COméounds of-formnlé {I) may be converted into other compounds
of formula (I). Thus compounds of formula (1) wherein the group R,
is a carboxyl protecting group and R3 represents the group SOR,; may
be prepared by oxidation of the corresponding compound of formula
(I) wherein Rj represents the group SR;. The oxidation is
preferably carried out using a peracid e.g. a peroxybenzoic acid
such as m—chlofoperoxybehzoic acid in an organic solvent such as a
halogenated hydrocarbon e.g. methylene chloride. Preferably the
reaction is carried out at a low temperature e.g. -78%¢ to -20%.
Compounds of formula (I} wheréin the group R3 and the carbon
atom to which it is attached represents a keto group and the groups
R; and R; represent protecting groups may be prepared by hydrolysis
of the correésponding ketal of formula {I). For example a compound
of formula (I) wherein Rj and the cérbon atom to which it is
attached represents a dimethyl ketal may be converted iﬁtb the
corresponding ketone by treatment with silica in the presence of an
aqueous acid ‘such as aqueous oxalic acid or aqueous sulphuric acid.
The reaction is conveniently carried out in the presence of a
solvent such as a halohydrocarbon e.g. methylene chloride.
Compounds of formula (I) wherein the group R4 represents an
hydroxyl group may be prepared by the reduction of compounds of
formula (I) wherein the group R3 and the carbon atom to which it is.
attached represent a keto group. The reduction may be carried out
using a borohydride reducing agent} such as sodium borohydride,
sodium cyanoborohydride, or a trialkylborohydride such as lithium
trisamyl borohydride or lithium tri-sec-butylborohydride. The
reaction is carried out in a solvent such as an alkanol e.g.
methanol or an ether e.g. tetrahydrofuran or an Aromatic hydrocarbon
e.g. toluene. Thus for example the reduction may be carried out

using sodium borchydride in aqueous methanol and preferably the pH
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of the reaction.medium is maintained between 4 and 7 by the addition
of a suitable acid e.g. hydrochloric acid.

Compoundé of formula (I) in which R; is a hydroxyl prcteéting
group, Ry is a carboxyl protecting group and R3 is an alkoxy group
e.g. methoxy may be prepared by 0-alkylation of the corresponding
compound of formula (I) in which R3 is a hydroxzyl group. The
reaction méy be carried out using an approrriate alkyl-
trifluoromethanesulphonate in the presence of a suitable base such
as potassium bis (triﬁethylsilyl)amide, )

Compounds of formula (II) in which ¥ = 0 may be prepared by
treating a compound of formula (III) in which the group Rj, and R3,
have the meanings given”above with an activated derivative of the

acid (IV) in which Ry, has the meanings defined above.

Ry,
0 .
PR Ria  ° HOOCCOR,,
CHy o '

/ H
“an av)

Suitable activated derivatives of the acid (IV) includes the
corresponding acid halides e.g. acid chloride.

When the acid halide is used as the activated deczivative of the
acid (IV) then the réacticn is preferably carried out in the
presence of an acid acceptor such as a tertiary organic base for
example pyridine or a trialkylamine in an aprotic solvent such as
dichloromethane.

The compound of formula (II) in which Y is a phosphine group
may be prepared by treéting the intermediate (V) in which L is. a

leaving group such as a halogen e.g. chlorine

Rlao
)\;‘ E R3a
CH, o
' NCH-L
o}
CO: R

23

)
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with the corresponding phosphine e.g. triphenylphosphine in the
presence of a base. The reaction is conveniently carried out in a
solvent such.as dioxan in the presence of a tertiary organic base,
e.g. 2,6 lutidine. The compounds of formula (II) are novel compounds
and as such form a further asepct of the invention.

The compounds of formula (V) may be prepared from the
corresponding hydroxy derivative (VI) by_cdnventional means for

converting hydroxyl groups into leaving groups.

Rll (o]
H H
. )\’ R’a
CHy 0
.
0 “\cHoH

CO; R
VD) ‘a

Thus for example a compound of formula (V) in which L is a
chlorine atom may be prepared by tfeating a compound of formula (VI)

with thionyl chloride in an'aprotic solvent such as dioxan or

" tetrahydrofuran and in the presence of a tertiaxry organic base e.g.

2,6-1lutidine. Compounds of formula (VI) may be_prepared from the
reaction of a compound of formula (III) with glyoxylic eéter {(VIii;
CHOCOR,,) preferably in the form of its hydrate or hemiacetal. The
reaction is preferably carried out in an aprotic solvent such as
toluene and in the presence of an activated molecular sieve.'
Compounds of formula (VI) may also be prepared by reduction of a
compounds of formula (II) in which Y=0. Suitable reducing agents

include zinc/acetic acid.
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Alternatively compounds of formula (II) in which Y=0, may be
prepared by oxidation of a compound of formulé (VI), using for
exampie mangahese dioxide.

Compbﬁnds of formula. (III) may be prepared by treating the
azetidinone (VIII) with the enolate ion of the ketone (IX).

Ri,0 I .
)\‘“ H ocen,
|
o .
©o

oH, | =
Cf" H

The reaction is preferably carried out at a low temperature
e.g..-78°C in a solvent such as tetrahydrofuran.

The enolate ion of the keténe.(IX) is conveniently generated in
situ by treatment with a suitable base such as lithium bis(trimethyl
" silyl)anide. _

Alternativelj compounds formula (III) in which R3, is a
hyd;ogen'atom may be prepared from the reaction of azetidinone

(VIII) with the enol ether (X)

OSiR,
(X)Rg=C, qalkyl

The reaction may be carried out in a solvent such as methylene
chloride or acetonitrile in the presence of an aétivated ester of
trifluoromethanesulphonic acid e.g. the trimethylsilyl ester or a
Lewis acid such as stannic chloride. Compounds of formula (III) may

also be prepared by reduction of a compound of formula (XI)

Rho
Y HH R

3
CH, 7N o :

o
XD
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The reduction may be effected ﬁsing hydrogen and a metal catalyst
e.qg. palladiﬁm on a suitable support e.g. carbon or alumina. The
reaction is carried out in a solvent such as an ester e.g. ethyl
acetate. '

The compound of formula (XI) may be prepared from the‘reaction
of the azetidinone (VIII) with the ketone (XII) or the enol ether
(XIII) using the conditions described abovelfor preparing compounds

of formula (III) from the ketone {(IX) and the enol ether (X).

O Si(Ry)s
[p'¢1)) (X1m)

Compounds of formula (III) may also be prepared by oxidation of
the alcohol of formula (XIV)

in ﬁhich the groups Ry, and R3, have the meanings defined above. The
oxidation-may be carried out using conventional oxidising agents
known in the art for converting a secondary alcohol such as a
cfcldhexanol into a ketone such as a cyclohexanocne. Thus for example
the oxidation may be carried out using pyridinium chlorochromate or
oxalyl chloride and dimethylsulphoxide. The reactions are preferably

carried out in a solvent such as methylene chloride.



Wy .

- 16 -

The alcohol (XIV) may be prepared by reduction_of the o-b
unsaturated ketone {XX). This reduction is cbnveniently carried out
in a two stage reaction. The first stage is the reduction of the
ketone to the alcohol using a suitable metal hydride such as sodium
borohydride. The resultant a-f unsaturated alcohol is then reduced
to the required alcohol (XIV) using hydrogen and a metal catalyst as
described above for the preparation of the ketone (III) frém the o-B
unsaturated ketone (XI).

Compounds of formula (III) in which R3, represents an alkyl
thic group may be prepared by treating the corresponding compound of
formula (III) in which R3, represents a hydrogen atom with an alkali
metal base e.g. lithium bié(trimethylsilyl)émide and‘the
corresponding alkylthio methanesulphonate.

In this reaction an alkylthio group is introduced on to the N-
nitrogen atom of the azetidinone group and thus it is necessary to
use two equivalents of the base lithium bis(trimethylsilyl)amide and
the corresponding alkylthio methanesulphonate. If the reaction. is
carried out stepwise, such that the alkylthio group is introduced on
the azetidinone nitrogen before the second equivalent of base and
alkylthio reagent is added, then the reaction gives predominantly
one ste:eoisomer.at the 4-position. 1If however the 2 equivalents of
base and alkylthio ester are added together then the reaction gives
an approximately even mixture of the two stereoisomers at the 4-
position. The alkylthio group on the azetidinone nitrogen atom may
be removed by treatment with a suitable nucleophile e.g. 2-
mercaptopyridiﬁe in the presence of an additional tertiary organic
base such as triethylamine, to give the required compound of formula
(III) in which R3 represents an alkylthio group.

In a modification of this process the compound of formula (III)
in which R3, represents hydrogen may be first converted into an
alternative N-protected derivative e.g. the N-trimethylsilyl
derivative by conventional means and then the alkylthio group R3,
introduced using the conditions described above followed by

subsequent removal of the N-protecting group.
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Compounds of formula (III) in which the group R3, has the
meaning SRy may also be prepared from a corresponding compound in
which R3, represents hydrogen, via a corresponding halo derivative.
Thus for example reaction of a compound of formula (III) in which
Rz, is hydrogen with a suitable base such as sodium or lithium
bis(trimethylsilyl) amide in a solvent such as hexane and/or
tetrahydrofuran followed by reaction with iodine and then sodium
sulphite gives the corresponding iodo derivative (III; R3,=I).
Treatment of the iodide with the thiol R4 SH in aqueous methylene
chloride in the presence of a suitable base such as a phase transfer
catalyst e.g. tetrabutylammonium hydroxide gives the required
compound (III: R3,-SRy).

' The alcohol of formula (XIV) in which R3, is an alkoxy group
may be prepared by reacting the corresponding epoxide (XV) with the
corresponding alcohol R3,0H in the presence of an acid catalyst such

as p-toluene sulphonic acid.

Rho

PR

CH, N o)
H

xV)

? 0

The alcohol of formula (xiV) in wich Ry, is an azido group may
be prepéred by treatiﬁg the expoxide (XV) with an alkali metal
azide. The reaction may be carried out in a solvent such as an
alkanol e.g. methanol.

The compounds of formula (III) in which the group R3, is an
amino group may be prepared by reducing a compound of formula (III)
in which the grbup R3 is azido. The reduction may be carried out
using hydrogen and a metal catalyst in a solvent such as ethyl
acetate.

Combounds of formula (IXIX) in which R3, is or contains a
protected amino group may be prepared from the corresponding primary
amino compound by conventional means for example by reaction with a
suitable acid chloride such as allyloxycarbonyl chloride.

The alcohol of formula (XIV) in which R3a is the group NR7RE
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wherein Ry is a hydrogen atom or a C;_jgalkyl group and Rg represents
a.cl_4a1kyl_group may be prepared by. from the reaction of the
epoxide (XV) with the corresponding amine RqRgNH. The reaction is
preferably carried out in a solvent such as an alkanol e.g ethanol
or agqueous ethanol and in the presence of an ammonium salt.

The alcohol of formula (XIV) in which R3, is a protected
secondary amino group may be preparéd from the corresponding
secondary amino group -NHRg by conventional means, such as for
example reaction with a suitable acid chloride e.g.
allyloxycarbonylchloride.

The epoxide of formula (XV) may be prepared by epoxidation of
the cycloalkeﬁe of formnia {(XvI)

Rh 0
H H

in which Rj, has the meanings given above. The epoxidation may '
conveniently be carried out by treating the cycloalkene of formula
(II) with a peracid. Suitable peracid.include optionally
substituted perbenzoic acids such as perbenzoic acid or meta
chloroperbenzoic acid, and ﬁeralkanoic acids such as peracetic acid
and trifludroéeracetic acid. The reaction may be carried out in a
solvent such as a halohydrocarbon e.g. dichloromethane and
conveniently at a temperature within the range -30 to +300c.

The cycloalkene of formula (XVI) may be prepared by treating
the corresponding tosylhydrazone (XVII)

Rll 0

/‘\H 5 \
CH, NN—Iozs_;O—CHs
H

o
(XVID

in which R! is a hydroxyl protecting group with a base, such as
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methyl or butyl lithium or lithium diisopropylamide. The reaction is
conveniently carried out in an aprotic solvent such as an ether e.qg.
tetrahydrofufan and at a temperature between -500¢c to o%¢.

The tosylhydrazone (XVII) may be prepared by treating the
cyclohexanone derivative (III) in which Ry, is a hydrbxyl protecting
group and R3, is hydrogen

Hszozs—O—CHa

XVIID

with tosylhydrazide (XVIII) in a suitable solvent such as giacial
acetic acid. i

Compounds of formula (III) in which R3, is an hydroxyl group

may be prepared from the silylenol ether (XIX) by reaction with a

peracid such as metachloroperbenzoic acid followed by hydrolysis of

the silylenol ether and the N-silyl protecting group.

The silylenolether (XIX) may be prepared from the corresponding

ketone (XX) by reaction with a halo trialkylsilane in the presence

of a strong base such as potassium or lithuim bis (trimethylsilyl)
amide.

The ketone (XX) may be prepared from the reaction of the N-
protected azetidinone (XXI) with the enol ether (X) in the presence
of an activated ester of trifluoromethyl sulphonic acid e.g. the

trimethylsilyl ester or a Lewis acid such as stannic chloride.
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O
Rh? H I
H
/\ ’ = O C CH3
CHs
N-Si(Rg)s
8)
(XXD)

The N-protected azetidinone (XXI) may be prepared from the
.azetidinone (VIII) by reaction with an appropriate
trihydrocarbylsilylhalide in the presence of a tertiary organic base
such as triethylamine and in an aprotic solvent e.g.
dichloromethane.

-In any of the formulae (I) to (XX) shown above when there is an
asymmetric carbon atom and no specific configuration is shown then
the formula includes all possible configurations. _

Specific stereoisomers of the compounds of formula (I) as
defined in formulae la, 1lb, lc and 1d, essentially free of the other
stereoisomers'may be prepared by using the general processes
described above starting with the appropriate stereoisomer of
formula (IXI).

The processes described above for preparing the compounds of
formula (III) will in general give a mixture of stereoisomers.

The individual stereoisomers of the compounds of formula (III)
may be separated from each other by conventional techniques such as
fractional crystallisation or more particularly by column
chromatography, using for example a silica column, as illustrated in
the relevant examples. .

The compounds of formulae (III), (XI) and (XIV) are nqvel
compounds and these compounds and the individual stereoisomers
thereof form a further aspect of the invention;

Alternatlvely the synthesis may be carried out startxng with a
mixture of 2 or more stercoisomers of formula (III) and the required
specific stereoisomer separated at by conventional techniques at
another stage in the synthesis. Thus the compounds may be separated

by fractional crystallisation and or column chromatography.



- 21 -

In the synthesis of compounds of formula fI) or the
intermediates therefore it may be necessary to protect functional
groupings within the group R3. Such protection and deprotection
steps are-conventionai and are within the scope of the invention.
For example when the group is a primary or secondary amine or
contains .such a group then it may be desirable to protect these
dﬁring the synthesis using conventional nitrogen protecting groups.
' The compounds of formulae (VIII), (IX), (X), (XII) and (XIII)
are either known compounds or may be prepéred by analogous methods
to those used for known compounds. '

In order that the invention may be more fuliy understood the
following examples are given by way of illustration only.

In the Preparations and Eiamples, unless otherwise stated:

Melting points (m.p.) were determined on a Gallenkamp m.p;
apparatus and are uncorrected. All temperatures refer to Oc.

Infrared spectra were measured in chloroform-d; solutions on a

. FT-IR instrument. Proton Magnetic Resonance (1H-NMR) spectra were

recorded at 300 MHz as solutions in chloroform-d;. Chemical shifts

are reported in ppm downfield (8§) from Me,Si, used as an internal

standard, and are assigned as singlets (s), doublets (d), doublet of
doublets (dd) or multiplets (m).
Column chromatography was éarried out over silica gel (Merck AG
Darmstadt, Germany).-
Solutions were dried over anhydrous sodium sulphate.
. "Petrol™ refers to petroleum ether, b.p. 40-60%c.

Methylene chloride was redistilled over calcium hydride:;

"tetrahydrofuran was redistilled over sodium; ethyl ether was

redistilled over sodium; kylene was redistilled over phosphorus
pentoxide and ethyl acetate was dried over activated molecular
sieves.

The following abbreviations are used in the tables and text.
EA = ethyl acetate, CH = cyclohexane, P = petroleum ether 40-60°C,
THF = tetrahydrofuran, MC = methylene chloride, EE = ethyl ether.

Tlc refers to thin layer chromatography on silica plates.
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Intermediate 1
(35,4R )-3-[ (R )-1-(t-Butyldimethylsilyloxy Jethyl]-4-((R)-2'~(1'-oxo-
cyclohexyl)]azetxd1n—2-one {1la) and (35,4R)-3-[(R)-1-(t-Butyldimethyl~
s11yloxy)eth11]-4-((5)-2' (1'-oxocyclohexyl)]azet1d1n—2-one (lb)
Method A

1-Trimethylsilyloxycyclohexene (11g) was dissolved in methylene
chloride (400ml) under nitrogen. (3R,4R)-4-Acetoxy-3{{R)-
(t-butyldimethylsilyloxy)ethyl)-2-azetidinone (9.28g; intermediate A)
was added to the solution, the mixture stirred at 23" and
trimethylsilyl trifluoromethanesdlphonate (0.66g) was added. The
mixture was stirred under nitrogen for 2hr and then poured into an ice
cold 1% solution of sodium hydrogen carbonate (300ml). The'organic
layer was separated, washe& with water (300ml) and brine (300ml). The
oily residue obtained, after evaporating the solvent under reduced
pressure was chromatograbhed (gradient elution with EE/P) to give the
title compound (la; 2.6g) as a white solid m.p. 70-80Y (t.1.c. P/EA
4/6; Rf 0.5) and the title compound (1lb; 2.63g) as a white solid m.p.
100Y (t.l.c. P/EA 4/6; RF 0.45). '

Method B .

A IM solution of lithium bis(trimethylsilyl)amide in hexane
(250ml) was added to tetrahydrofuran (250ml1), the mixture stirred -
under nitrogen, cooled to -78' and cyclohexanone (15.2g) was added
over 20 min. The temperature was allowéd,to rise to -559 for 10 min
and then the mixture cooled to -78Y for 40 min. Intermediate A (34g)
was added and the resulting mixture stirred for 30 min at -78Y. The
reaction mixture was poured into a saturated ammonium chloride
solution (200ml) and the resulting mixture extracted with ethyl
acetate (3 x 200ml). The combined organic layers were washed with
brine, dried and evaporated under reduced pressure. The oily residue
was chromatographed (gradient elution with CH/EA) to give the title '
compound (la; 11.6g) as a white solid m.p. 70-80 and the title
compound (1b; 12g) as a white solid m.p. 100YC.

Using Method A (35,4R)-3-[(R)-1-(t-butyldimethylsilyloxylethyl]-4{(S)~
6'-(1'-oxocyclohex~2 '-enyl)-azetidin-2-one (lc; 12.7g), m.p. 125Y
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was prepared from 2-trimethylsilyloxycyclohex-1,3-diene (19.2g) and
intermediate A (14.34g) except that the redction time was 18 hr and
the crystalline product was obtained from the oily residue by

crystallisation from EE/P in place of the chromatographic purification
step.

Using method B -

(35,4R)-3-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-4-((S)-2'-({R)-6"'~
methyl-1'-oxocyclohexyl))azetidin-2-one (1d; 0.5g) m.p. 117Y hpd a
mixture (intermediate le; 3.15g) of (3R,4R)-3-[(R)-1-(t-butyldimethyl-
silyloxy)ethyl]l~4~((S)-2"'{(S)-6"'-methyl-1'-oxocyclohexyl))azetidin-
2-one and (3R,4R)-3-[(R)-1-{t-butyldimethylsilyloxy)ethyl]-4-
((R)-2'-((S) -6'-methyl-l‘-oxocycloﬁexyl))azetidin—Z-one-were prepared
from intermediate A (14.35g) and 2-methyl-l-oxo-cyclchexane 13.2g.

(35,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethy1l-4-((5)-2'-(6",6 -
dimethoky-l'-cyclohexyl))azetidin-z-one (1f; 0.97g) from intermediate
A (1.8g) and 2,2-dimethoxy-l-oxocyclohexane (2.0g) except that the
chromatography eluants were EE and P.

{3S,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyll-4-((R)-6'~{2 -
methoxy-1'-oxocyclohex~2'~enyl))]azetidin-2-one (19) and (35,4R )-3~
[(R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-({5)-6"~ (2'-methoxy-l'
-oxo-cyclohex~ 2'-enyl))]azetidin-2-one (lh)

- 2-Methoxy-2-cyclohexenone {11.9g) was added dropwise to a stirred
mixture of anhydrous tetrahydrofuren (200ml) and a 1M solution of
lithium bis(trimethylsilyl)amide in hexane (200ml) cooled to -78"Y and
under nitrogen. The temperature was maintained at -78Y for a further
30 min, intermediate A (15g) added and the reaction mixture kept at
-78Y for en additional 15 min. The reaction mixture was poured into a
cold saturated solution of ammonium chloride (100ml) and then

extracted with ether. The organic layer was washed with a cold 1%

solution of hydrochloric acid (SOml) and a cold saturated solution of
sodium hydrogen carbonate, dried and then evaporated under reduced

pressure. The residue was dissolved in the minimum amount of ethyl
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acetate and petroleum ether (200ml) added to give the title compound
(lh; 7.9g) as a white solid m.p. 170Y (t.l.c. Rf 0.25; CH/EA 4/6).
The mother liquors were evaporated under reduced pressure and

submitted to flash chromatography to give the title compound (lg;
2.9g) (t.l.c. Rf 0.20; CH/EA 4/6).

(35,4R )-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-((R)-6'-(2" -
ethoxy-1'-oxocyclohex-2'-enyl))]azetidin-2-one (1i) and (35,4R)-3-
[(R)-1—(t—Butyldimethylsilyloxy)ethyl]-a((55-6'-?E'-ethoxy—l'-oxo—
cyclohex-2'-enyl)]aretidin-2-one (1j) o

A solution. of 2-ethoxy—2-cyc1;;§xenone (24g) in anhydrous
" tetrahydrofuran was added to a mixture of anhydrous tetrahydrofuran
(160m1) and a 1M solution of lithium bis{trimethylgilyl)amide in
hexane {200ml) cooled to -78' and under nitrogen and with the
resultant mixture kept at -78' for lh. A solution of intermediate A
(26.3g) in tetrahydrofuran (80ml) was then added over 10 min. A cold
saturated solution of ammonium chloride (320ml) was added followed by
a 10% solution of hydrochloric acid (70ml). The resultant mixture was
extracted with ether (3 x 150ml) washed with cold 10% hydrochloric
acid (50ml), brine and then dried. Removal of the solvent under
reduced pressure gave an oily residue which was purified by flash
chromatography {eluants CH/EA) to give a l:1 mixture of the title
compounds (20g) and pure title compound (1j; 1.3g) (t.l.c. Rf 0.36;
CH/EA 1/1). The mixture was disSolQed in the minimum amount of ethyl
acetate, diluted with cyclohexane and chilled to give the title
compound (li; 4g) as a white solid (t.l.c. Rf 0.38; CH/EA 1/1).

Intermediate 1 K .
(35,4R )-3-[ (R)-1-(t-ButyldimethylsilyloxyJethyll-4-((R)-2'-(1'-oxo-
cyclohexyl)lazetidin-2-one and {3S,4R)-3-[ (R)-1-(t-Butyldimethyl-
silyloxy )ethyl]-4-((5)-2'~(l'-oxocyclohexyl )]azetidin-2-one
1-Trimethylsilyloxycyclohexene {(llg) was dissolved in methylene
chloride (400ml) under nitrogen. {3R,4R)-4-Acetoxy-3((R)-
(t-butyldimethylsilyloxy)ethyl)-2-azetidinone (9.28g; intermediate A)
was added to the solution, the mixture stirred at 23Y and
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trimethylsilyl trifluoromethanesulphonate {0.66g) was added. The
mixture was stirred under nitrogen for 2hr and then poured into an ice
cold 1% solution of sodium hydrogen carbonate (300ml). The organic
layer was separated, washed with water (300ml) and brine (300ml).
Evaporation of the solvent under reduced pressure gave a mixture of
the title compoundé as an oil.

Intermediate 2

{35,4R )-3-[ (R )~1-{t-Butyldimethylsilyloxy Jethyl]-4[ (R)=-2'={(S)-6"'-
methoxy-1'-oxocyclohexyl))]azetidin-2-one (ZF) and (35,4R)-3-
[(R)-1-(t-butyldimethylsilyloxy)ethyl]-4[(R)-2'-({R)-
6'-methoxy-1'-oxocyclohexyl)]llazetidin-2-one (2b)

10% Palladium on charcoal (1.8g) was addég to a solution of
intermediate (lg: 2.2g) in ethyl acetate (200ml) and the mixture was
hydrogenated at 1 atmosphere for 2hr. The catalyst was removed by
_ filtration and the filtrate evaporated under reduced pressure. The
oily residue was chromatographed (eluants EA/CH 9/1) to give the title
compound 2a (0.6g) (t.l.c. Rf 0.8; EA/CH 9/1) as a light yellow oil.
Further elution gave the title compound 2b (1.1g) (t.l.c. Rf 0.4;
EA/CH 9/1) as an oil.

In a similar manner :-

(35,4R)-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-({S)-2'-((S)-6"'-
methoxy-1'-oxocyclohexyl))lazetidin-2-one (2c; 2.1g) was obtained from
intermediate 1h (2.2g);

(35,4R )-3-[(R)-1-(t-Butyldimethyisilyloxy)ethyl)-4((R)-2"'-((S)-6'-
ethoxy-1'-oxocyclohexyl) )]azetidin-2-one (2d; 0.95g) (t.l.c. Rf 0.57;
eluants EA/CH 1/1) and

(35,4R )-3-[ (R )-1-(t-Butyldimethylsilyloxy)ethyl]-4-{(R )-2'-({R)-6 "'~
ethoxy-1-oxocyclohexyl))lazetidin-2-one (2e; 3g) (t.l.c. Rf 0.35
eluants EA/CH 1/1) from intermediate 1li (4.4g).

Intermediate 3
(35,4R )-3-[ (R)-1-(t-Butylidmethylsilyloxy )ethyl]-4~((R)-2'-(1-
oxocyclohexyl))]-1-methylthicazetidin-2-one
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Intermediate la (9.56g) was dissolved in tetreshydrofuran (60ml)
under nitrogen and cooled to -78YC. Lithium bis(trimethylsilyl)amide
(32.3ml 1M solution in hexane) was added in 8 min from a dropping
funnel and the reaction stirred at -78Y for 30 min. Methylthio methane
sulphonate (4.08g) was added, the mixture kept at -78Y for 3Omin. and
then warmed to -30YC. Ethyl ether (20ml) was added and the mixture
was maintained at -30YC for 30 min and poured in to a saturated
solution of ammonium chloride (100ml). The organic layer was washed
with a 1% solution of cold hydrochloric acid (2 x 50ml) then with
brine (50ml). The oil obtained after evaporation of the organic
solvent was chromatographed (eluahts E/P) to yield the title compound
(5.15g). | '

IR (CDC1,) v {cw-!) 1765 (B-lactam), 1709 (c=0), 2850 and 1300
(-5CH ) H*-NMR (CDC1,): 4.307 (dd), 4.22 (m), 2.992 (t), 2.6l (m),
2.46 (m), 2.395 (s), 2.407 (m), 2.105 {m), 1.935 (m), 1.70 (m), 1.49
(m), 1.19 (d), 0.86 (s), 0.064 (s), 0.048 (s).

Intermediate &

{35,4R)-3-1 (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-({R)-2'-((S)-6'~

methylthio-1'-oxocyclohexyl))]-1-methylthioazetidin-2-one

A IM solution in hexane of lithium bis(trimethylsilyl)amide
(18m1) was cooled at -78Y and a solution of intermediate 3 (5.15g) in
tetrahydrofuran (20ml) added over 4 min. The resulting mixture was
stirred for 30 min the methylthiomethanesulphonate (2.27g) was added.
The reaction ﬁixture was kept at -78Y for 30 min then at -30°C for 10
min. Diethyl ether (50ml) was added and the mixture was poured into a
saturated solution of ammonium chloride (200ml). The organic layer
was washed with cold 1% hydrochloric acid (2 x 100ml) ‘then with brine
(100ml). The orghnic layer was dried, evaporated under reduced
pressure and purified by flash chromatography (elusnts EE/P) to obtain
the title compound (3.72g) es a yellow oil.

IR (coci,) Vnax {cm~t) 1757 (B-lactam), 1699 (C=0)

Hi-NMR (CDCL,): 4.396 (m), 4.18 (m), 3.5 (m), 3.03 {dd), 2.42 (s), 2.2
{m), 2.068 (s), 2.1-1.6 {(m), 1.47 (d), 1.21 (d), 0.86 (s), 0.077 {s),
0.065 (s). - | '

Intermediate 5 :
(35,4R)-3-[(R)-1-(t-Butyldimethylsilyloxy )ethyl]-4-{(5)-2'-{(R)-6"-
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methylthio- 1'-oxocyclohexyl))-1l-methylthiocazetidin-2-one (5a) and
(35,4 )-3-[ (R)-1- (t-Butylmethylsilyloxyethy1]-4((5)=2"'=((5)=6"~
methylthio-1'~oxo-cyclohexyl)-1-methylthiocazetidin-2-one (5b)

A M solution in hexane of lithium bis(trimethylsilyl)amide
(18ml) was cooled at -78Y under nitrogen and a solution of
intermediate 1b (2g) in tetrahydrofuran (20ml) was added.

During the addition the temperature rose to -70YC. The reaction
mixture was kept under stirring at -78Y for 30 min then
methylthiomethaneulsphonate {2ml) was carefully added over 5 min.
After a further 15 min under stirring the mixture was allowed to warm
to -30YC for 1 h and then diluted with anhyd;ous diethylether {(40m1).
The mixture was poured into a saturated agueous solution of ammonium
chloride (200ml). The organic layer was washed with a 1% cold
solution of hydrochloric acid (2 x 50ml) then with brine (50ml) and
dried. The organic layer was evaporated and the residue purified by
flash chromatography (eluting with petroleum ether/diethylether) to
give the title compound 5a {1g). (t.l.c. Rf = 0.7 eluants P/EE 3/7).
Further elution gave the title compound 5b (0.84g) as a yellow oil
(t.l.c. Rf 0 0.35 eluants P/EE 3/7).

Intermediate 5a _

IR (cDC1)) Vi ax (cm=t) 1757 ($-lactam), 1725 (C=0)

HL-NMR (CDC1,): 4.4 (dd), 4.2 (m), 3.6 (m), 2.9 (dd), 2.6 (m), 2.45
(m), 2.4 (s), 2.11 (s), 2.0-1.7(m), 1.9 (m), 1.2 (d), 0.8 (s), 0.04
(s)

Intermediate S5b :

IR (COC1,) v__ (emri) 1755 (p-lactam), 1707 (C=0)

Hi-NMR (COCL,): 4.31 (dd), 4.24 (m), 3.52 (m), 3.33 (dd), 2.96 (dd),
2.45 (s8). 2.17 (m), 2.12 (s), 2.1-1.9 {m), 1.75 (m), 1.46 (m), 1.18
(d), 0.86 (s), 0.06 (s).

.Intermediate 6
(35,48 )-3-[ (R)-1-{t-butyldimethylsilyoxy Jethyl]-4-((R }~2'-{(5)-6"'-
methylthio-1'-oxocyclohexyl))azetidin-2-one 6a
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2-Mercaptdpyridine {1.63g) and triethylamine (1.49g) were added
to a solution of intermediate 4 (5.60g) in methylene chloride under
nitrogen and cooled at 0?. The reaction mixture was stirred at é}”
for 2 hrs and then poured into cold 2%'hydrochloric acid (200ml). The
organic layer was separated, washed with dilute hydrochloric acid (2 x
200m1) and then with water (2 x 200ml). The residue obtained after
evaporating the solvent was purified by flash chromatography {eluants
EE/P) to give the title compound 6a (3.87g) as a light yellow oil.

H: NMR (CDC1,) ppm. H; 2.88(dd), H, 4.16(m).

In a similar manner (3S,4R)-3-((R)-1-(t-Butyldimethylsilyloxy)-
ethyl-4-((S)-2'-((S)-6 *-methylthio-1'-oxocyclohexyl) Jazetidine-2-one
(6b; 0.6g) HINMR (CDC1;) ppm. H; 2.70 (m) H, 3.68 (dd) was prepared
from Intermediate 5b (0.84g), and (35,4R)-3-[(R)-1-(t-Butyldimethyl-
silyloxy)ethyl]-4-((S)-2'-((R)-6'-methylthio-1"-oxocyclohexyl))-
azetidin-2-one (§c; 0.5g) HNMR (CDC1,) ppm H, 2.73(m), H, 3.59(dd)
was prepared from Intermediate 5a (0.7g).

Intermediate 7 .

{35,4R )-1-(t-butyldimethylsilyl-4~-acetoxy-3[ (R )-{t-
butyldimethylsilyloxy)ethyllezetidin-2-one

To a stirred ice-cold solution of the (35,4R)-4- acetoxy-3((R)-t-
butyldimethylsilyloxy)ethyl)-2-azetidinone (112g) in dichloromethane
(800m1), t-butyldimethylchlorosilene (73g) and triethylamine (80ml)
were added. The mixture was stirred at room temperature for 20 hours
then washed with water {1 1) and brine (300ml). The organic layér was
dried and evaporated to give an oil (160g) which was dissolved in a
mixture of cyclohexane/ethyl acetate (95/5) (1600ml) and treated with
silica gel {(480g). The suspension was stirred for 15 min then
filtered. The solid was washed with cyclohexane/ethyl acetate (95/5:
4.81) and the solvent evaporated to give the title compound (110g) as
a pale yellow oil. {(Rf =0.85 Petrol/Diethyl ether =2/1)

IR(COCL DV | (em=t): 1747(C=0)

Hi-NMR a (CDCL,):6.14(d), 4.15(m), 3.07(dd), 2.03(s), 1.2(d), 0.9(s),
0.84(s), 0.22(s), 0.055(s), 0.35(s), 0.005(s)ppm.
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Intermediate 8 _

(35,4R )-1-(t-butyldimethylsilyl-3-[ (R)-1-(t-
butyldimethylsilyloxy)ethyll-4-[2'-(1'-oxc-cyclohexyl)lazetidin-2-one
" Stannic chloride (35.4ml) was added dropwise to stirred acetonitrile
(400ml1) under nitrogen atmosphere at -40YC, a white solid formed

together with white fumes which were eliminated by nitrogen flushing.
The obtained suspension was allowed to rise to -10YC then a solution
of l-trimethylsilyloxycyclohexene (60.6ml) and of Intermediate 7
(110g) in acetonitrile (300ml) was added in 10 minutes. The yellow
solution was stirred at G"C for 10 min then poured into a stirred,
ice-cold, mixture of a 10% aq solution of sodium hydroxide (1 1),
diethyl ether (1 1) and ice (5009); The organic layer was separated,
washed again with sodium hydroxide {500ml1) and then with a saturated
solution of ammonium chloride, dried and evaporated to give a yellow
solid {117.7g). The solid was dissolved at 40YC in isopropanol (300ml)
then cooled at room temperature, water (300ml) was added slowly under
stirring to obtain a solid which was stirred at 0YC for 30 min then
filtered, washed with a 1 to.1l mixture of iéopropanol/water (100m1)
and dried under vacuum at 40YC for 15 hr. to afford the title compound
(76g) as a mixture of 2'R and 2'S isomers in a ratio of 70% to 30%
(the ratio between the two isomers was determined by HPLC using
hexane/ethanol (99/1) as eluant).

. Intermediate 9

(35,4R )-1- (t-butyldimethylsilyl)-3-[ (R)-1-(t- _
-butyldimethylsilyloxy)ethyl]—a-[6'—(l'-trimetbxlsiiyloxxcyclohex—
1'-enyl)lazetidin-2-one A IM solution of lithium |
bis(trimethylsilyl)amide in hexane (70ml) was added to tetrahydrofuran
(150m1), the mixture stirred under nitrogen, cooled to -70C and then
a solution of the compound of Intermediate 8 (15.5g) in
tetrahydrofuran (70ml) was added over 20 min. The obtained solution
was stirred for 30 min then chlorotrimethylsilane (10ml) was added

over 10 min. The reaction temperature was allowed to rise to -20YC

then the mixture was poured into a saturated ammonium chloride
solution (500ml) and the resulting mixture extracted with diethyl

ether (300ml). The organic layer was washed with water (200ml), a 2%
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ice-cold solution of hydrochloric acid {(300ml), agueous solution of
sodium hydrogen carbonate and brine, dried and evaporated under
reduced pressure to give the title compound as e mixture of 6'R and

6'S isomers.

Intermediate 10
(35,4R )-3-[ (R)-1(t-butyldimethylsilyloxy)ethyll-4-[(R)-[2'-{(S)-

6'~hydroxy-1'-oxocyclohexyl)lazetidin-2-one

The compound of Intermediate 9 was dissolved at -10YC in
dichloromethane (300ml) and treated with sodium hydrogen carbonate
(2.85g). To the obtained suspension, 3~chloroperoxybenzoic acid (8.5g)
was added portionwise over 30 min. The reaction mixture was stirred
at 0YC for 1.5 h and at room temperature for lh then solid sodium
sulphite (5g) was added. After stirring for 30 min the solid was
filtered and washed with dichloromethane (100ml). The organic layer
was washed with a 3% aqueous sodium sulphite solution (100ml) followed
by an ice-cold 3% aqueous sodium hydrogen carbonate solution (3x150m1)
and water, dried and evaporated to give a yellow o0il which was
dissolved. in methanol (250ml). Potassium fluoride (6g) was added and
the obtained solution stirred ét room temperature for 30min then
poured into a saturated solution of ammonium chloride (500ml) and the
resulting mixture extracted with ethyl acetate (3x200ml). The combined
organic layers were washed with brine, dried and evaporated to give s
white foam (12g). Crystallisation from a mixture of petrol and diethyl
ether (8/2) (25ml) afforded the title compound (4.4g) as a white solid
m.p. 145-147YC.

IR(CDC1 )V max {em=*): 3501(0H), 3414(NH), 1763(C=0), 1713(C=0)

HL-NMR a (CDC1,): 6.29{m), 4.20{m),4.02(dd), 3.51(d), 2.93(m),
2.81(m), 2.40(m), 2.0-1.8(m), 1.73-1.6{m), 1.03(d), 0.87(s),
0.0(s)ppm. '

Intermédiate li
(35,4R)—3—[(R)-1-(t—butyldimethylsilyloxy)etbyl]-

4-[(R)-2'-((S)6 '-trimethylsilyloxy~1'-oxocycxlohexyl)lazetidin-2-one
The compound of Intermediate 10 (4.4g) was dissolved in dry

dichloromethane (100ml) at room temperature. Trimethylsilyl chloride
{7.5ml1) followed
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by triethylamine (1lml) were added and the mixture was stirred for 1h,
then poured into water (200ml). The organic layer was separated and
washed with water {2x200ml), dried and evaporated to give a yellbw oil
containing traces of triethylamine. The o0il was dissolved in methanol
(100m1), silica gel (10g) added and the suspension was stirred for 1 h
then filtered. The silica gel was washed with ethyl acetate (2x100ml)
aﬁd the combined organic layers evaporated under reduced pressure at
25YC. The obtained oil was dissolved with ethyl acetate (150ml),
washed with brine, dried and evaporated to give a yellow foam which
was chromatographed on silica gel using a mixture of petroleum and
diethyl ether (1/1) as eluant (Rf) 0.25) to afford the title cﬁmpound
(3.5g) as a white foam.
IR(EDC1,) ¥ __ (onr+)s 3818(NH), 1755(C=0) 1717(C=0)
Ht-NMR a (CDClS)z 5.77(s), 4.16(m), 4.Q1(m), 3.95(m), 3.20(m),
2.86(dd), 2.1{m), 1l.4(m), 1.25(d), 0.86(s), 0.10(s), 0.07(s),
0.05(s)ppm. '

Intermediate 12

(35,8R)-3-[ (R )-1- (t-butyldimethylsilyloxy Jethyl]l-4-[[ (R)-1 "~ (4~

methylphenylsulfono)hydrazonol-cyclohex-2'-yll-azetidin-2-one(12a) and

{35,4R )-3-[R )-1- (t-butyldimethylsilyloxy Jethyl]-4-[[ (S )-1'- (4~

methylphenylsulfono)hydrazonol-cyclohex-2'-yll-azetidin-2-one(12b)

To a solution of intermediate (1K 12.1g) in glacial acetic acid
(120m1) tosylhydrazide {6.9g) was added at room temperature. The
reaction was stirred for 3hrs., then'dilutéd with dichloromethane
{250m1) and washed with brine (2x250ml), then with a 5% solution of
sodium hydrogen carbonatg until pH 7, and with brine again (2x150ml).
The organic layer was dried and the solvent evaporated under reduced
pressure. The obtained Fdam was stirred with diethyl ether (60 ml) for
2 hrs at room temperature to give the title compound 12b as a white
powder, after filtration and drying under vacuum (6 g; m.p.

187-189YC; t.l.c. diethyl ether Rf=0.13). IR (COCl,) V maxeM*)

3416 (N-H), 3304(NNH504), 1753 (lactam), 1599(C=N; C=C) H!-NMR (COCL,):
7.80 (d) 7.38 (bm), 7.34(d), 5.65 (bs), 4.15 (m) 3.58 (dd)
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2.63(m), 2.62{m), 2.44{s), 2.3(m), 2.08(m), 1.92{(m), 1.78(d), 1l.4(m),
1.20{m), 1.185(d), 0.9(s), 0.077(s), 0.067(s).

The organic layér, which contained the title compound l2a& in presence
of a small amount of the title compound 12b (by t.l.c.), was
concentrated and the residue was purified by flash chromatography
(eluant dithyl ether/petroleum ether 7:3) to give the title compound
12a as a white poweder (7.6 g; m.p. 95-969C; t.l.c. diethyl ether
RF-0.37)

IR (CDC1l3)V méx (em*) 3410{N-H), 3306(NNHSC,), l755(lactam), 1599
{C-N; C=C) H*-NMR (CDC13): 7.81(d), 7.40(m), 7.33(d), 5.60(bs) 4.09(m)
4.00{m), 2.81(dd), 2.52(m), 2.44(s), 2.3(m), 2.0-1.8{(m}, l.6-1.4(m),
1.04(d) 0.87(s) 0.06(s), 0.03(s).

Intermediate 13
(35,4R )-3-[ (R)-1-(t-butyldimethylsilyloxy)ethyl]-4-[(S)-3'-cyclohex-
1'-enyllazetidin-2-one '

A solution of the intermediate (12a 1.12g) in anhydrous
tetrahydrofuran (20ml) was slowly added, at -40YC, to a stirred
solqtion of.diisopropylamide {prepared from anhydrous diisopropylamine
(1.35m1) and a 1.6M solution of n-butyllithium in hexane (5.7ml). The
reaction was slowly warmed to -20Y/0'C and maintained at -20Y/0YC for
lh. The reaction mixture was added to a precdoled 5% solution of
hydrochloric acid (20ml) and extracted with ethyl acetate (2x40ml).
The organic layer was washed with a 5% solution of sodium hydrogen
carbonate (20ml) and brine (20ml), dried and evaporated. The crude
product was purified by flash chromatography (eluant diethyl
ether/petroleum ether 1/1) to give the title compound as a white
powder (0.45g, m.p. 104-06'C; t.l.c. diethyl ether Rf=0.73) IR
(cbci) v max (cM*) 3416{(N-H), 1753 (lactam), 1603(C=C)

H+-NMR (CDC1_ ): 5.82(bs),. 5.81(m), 5.60(dd), 4.14(m), 3.46(dd),
2.85(m), 2.2.4(m), 2.00(m), 1.85-1.70(m), 1.54(m), 1.27(m) 1.23(d),
0.86(s), 0.064(s), 0.054(s).
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Intermediate 14

(35,4R)=-3-[(R)-1-(t-butyldimethylsilyloxy)ethyll-4-[(1'R,2'S,3'R)-

1'2'-epoxycyclohex-3'-yl]-azetidin-2-one

A solution of metachloroperbenzoic acid (3.76g; assay 55%) in
dichloromethane (50ml) was added dropwise, at 0YC, to a solution of
the intermediate 13 in methylene chloride (50 ml). The solution was
warmed to room temperature and stirred for 3 hrs. The.reaction mixture
was added to a 10% solution of sodium sulphite (50ml), the washed with
a 5% solution of sodium hydrogen carbonate (2x50ml) and brine (50ml).
The solution was dried and the solvent was evarporated. The crude
prdocut was purified by flash chromatography (eluant ethyl
acetate/cyclohexane 3/7) to obtain the title compound as a white
powder (1.53g; m.p. 134Y-136YC; t.l.c. diethyl ether Rfz0.3)IR
(cociy) v max (em=*) 3413(N-H), 1757 (Lactam) H*-NMR CDCl,. 5.85(bm),
4.22(m), 3.77(dd), 3.16(t), 3.12(m), 3.01{m), 2.00-1.7(m), 1.55(m),
1.4(m), 1.24(d), 1.22(m), 0.87(s), 0.67(s).

Intermediate 15 ‘

(35,4R)-3-[ (R)-1-(t-butyldimethylsilyloxy JethylJ=4-[ (R )=6'~( (S )-

2'-azido-1' (R)-hydroxycyclohex-6'-yl)]azetidin-2-one

To a solution of the intermediate 14 (1.5g) in methanol (150ml) under
nitrogen, magnesium sulpﬁate heptahydrate (1.1359) and sodium azide
(0.9g) were added. The'résulting mixfure was refluxed overnight,
poured into water (150ml) and extracted with dichloromethane (3x150ml)
dried and evaporated to give the title compound (1.49g), m.p. 124~
1259C; t.l.c. cyclohyexane/ethyl acetate 3/7(Rf 0.68); IR:V max
(CDC1,) 3600, 3416, 2101, 1755 cm+; 1H-NMR (300 MHZ, CDCl,) 6.02(bs)
4.16(m), 3.78(m), 3.72(m), 3.60(dd), 2.99(m), 2.27(bm), 2.0-1.4{m),
1.24(m), 1.28(d), 0.89(s), 0.098(s), 0.092(s)ppm.

Intermediate 16 |
(35,4R)-3-[R)-1-(t-butyldimethylsilyloxy ethyl]-4~[ (R )-6'=((S)-

2'-azido-1'-oxocylohex-6'-yl)]azetidin-2-one

To a mixture of pyridinium chlorochromate (6.67g) in dry

dichloromethane (50ml), under nitrogen, a solution of the intermediate
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15 in dichloromethane (200ml) was added. The mixture was stirred at
room temperature overnight, filtered through florisil and the _
resulting solution evaporated under reduced pfessure. The oily residue
was chromatographed on silica gel using a cyclohexane/ethylacetate
(1/1) mixture as eluant to afford the title compound (4g; m.p.
134-135YC dec; t.l.c. diethyl ether Rf 0.68); IR:V max (cocl,)34ls,
2104, 1759,

1720cm'; *H-NMR (300MHZ. CDCly) 5.77 (bs), .2(m), 4.04(m), 3.00({m),
2.9(m), 2.15-1.3(m), 1.21(d), 0.87(s}, 0.074(s), 0.065(s)ppm. '

" Intermediate 17

(35,4R)-3-[ (R)-1-(t-butyldimethylsilvloxy)ethyl]-4-[ (R)-6'-((5)-
2'-allyloxycarbonylaminc-1'~oxocyclohex-6'-yl)]azetidin-2-one

The Intermediate 16 {4g) was dissolved in ethyl acetate (300ml), 10%
palladium on charcoal (3g) added and the mixture hydregenated at 3 atm
for 2 hrs. A further amount of the catalyst (lg) was added and the
hydrogenation was continued for 2hrs. The mixture was filtered through
a pad of celite and the resulting solution treated with allyl
chloroformate (1.7g) and pyridine (1.12g). The reaction mixture was
kept under stirring for- 30 min af room temperature, then poured into a
saturated aq. solution of ammonium chloride (350ml). The organic layer
was washed with a 1% solution of hydrochloric acid (2x150ml), then
with a 5% solution of sodium hydrogen carbonate (2x150ml) and brine

(200ml), dried and evaporated in vacuo. The residue was purified by

flash chromatography on a silica coldmn, using a cyclohexane-ethyl
acetate (1/1) mixture to obtain the title compound as an 0il (2g;
t.l.c. cyclohexane/ethyl acetate 3/7 Rf=0.4). IR: V max(CDCl_,) 3414,
1765, 1709 cm*; ‘H-NMR (300 MHZ, CDCl,) 6.05(s), 5.9(m) 5.64(bd),
5.26(m), 4.56(m), 4.4-41(m), 4.05(dd), 2.9(m), 2.75(m), 2.60{m),
2.0-1.2(m), 1.02(d), 0.86(s), 0.06(s).

Intermediate 18
(35,4R)-3-[(R)-1"'-(t-Butyldimethylsilyloxy)ethyl]-4-[ (1"S,2"R,6"R)-
1"-hydroxy-2"-cyano-cyclohex-6"-yl]ezetidin-2-one

Intermediate 14 (2.4g) was dissolved into e mixture of

dimethylformamide (80m1) and water {40ml), potassium cyanide (lg) was
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added the mixture was warmed at 60C for 8 hours, diluted with ether
(150m1) and washed twice with wter (150ml). The organic layer was
dried and evaporated under reduced pressure to give a crude oil which
was purified by flash chromatography on silca gel {eluent ether/ethyl
acetate 8/ 2Rf= 0.4) to afford the title compound (l.?g) as a white
solid. .

IR{cm=+): 3611 (OH), 3416(NH), 1755 (CO);

NMR (ppm): 6.12(bs), 4.18-4.16(m), 3.60(dd), 3.0(dd), 2.94(m),
2.74(bs), 2.0-1.87(m), 1.85-1.6(m), 1.6-15(m), 1.29(d), 0.89(s);
0.09(s).

Intermédiate 19

(35,4R)-3-[ (R)-1' (t~Butyldimethylsilyloxy Jethyl]-4-[ (1"R,2"R,6"R)-
1"-hydroxy-2"~(allyloxycarbonylaminomethyl)cyclohex -6"-yl]-
azetidin-2-one '

Intermediate 18 (1.7g) was dissolved in acetic acid (15ml) and
platinum dioxide (40 mgr.) was added, the mixture was hydrogenated (1
atm) for 3.5 hours then filtered on a celite pad and the solvent was
evaporated under reduced pressure. The residue was redissolved with
dry dichloromethane (80m1) at o'c, N-ethyl-piperdihe (1.8m1) and allyl
chloroformate (0.55ml) were added and the resulting mixture was
stirred for 16 hrs. The solvent Qas evaporated under recued pfessure
to give a crude material which was redissolved with ethyl acetate

-(100m1) and washed twice with brine (50ml). The orgsnic layer was

dried and evaporated under reduced pressure to give an oil which was
purified by flash chromatography on silica gel {eluants
cyclohexane/ethylacetate 60/40 Rf =0.5) to afford the title compound
{0.7g) as a white solid.

IR(cm+): 3454(NH), 3416{(NH), 1751(CO), 1720(C0);

NMR (ppm) 6.32(s), 5.9(m), 5.06(t), 4.55(m), 4.18(m), 3.78-3.6(m),
3.26(m), 3.07-2.7(m), 1.89)m), 1.83-1.2(m), 1.28(d), 0.88(s), 0.1(s),
0.09(s).

Intermediate 20

(35,4R)-3-[ (R)-1'(t-Butyldimethylsilyloxy)ethyl]-4-[(2"R,6"R)-
1"-oxo-2"-(allyloxycarbonylaminomethyl)cyclohex-6"-yl]-azetidin~2-one
Intermediate 19 (0.7g) was dissolved in methylene chloride (50ml) and

pyridinium chlorochromate (1.1g) was added under vigorous stirring.
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After 2.5 hours the mixture was filtered on a celite pad diluﬁed~with
methylene chloride (150ml) was washed with cold 5% hydrochloric acid
(20m1), and then with aqueous sodium hydrogen carbonate {20ml). The
organic layer was dried and evaporated under reduced pressure to give
an 0il which was purified by flash chromatography on silica gel
(eluants cyclohexane/ethyl acetate 30/70 Rf = 0.3) to afford the title
compound (0.48g) as a white sold.
IRV max C® =+): 3456 and 3439 (NH), 1759 (CO), 1720 and 1718 (C0),
1603(C=C); : .
NMR (d ppm) 6.02(bs), 5.98 (m), 5.23(m), 5.12(bt), 4.5(m), 4.21(m),
4.05(m), 13.35(m), 2.92(bs), 2.68(m), 2.58(m), 2.1-1.55(m),
1.32-1.2(m), 1.04(d), 0.87(s), 0.06(s).

Intermediate 21 -
(35,4R)-3[(R)-1-(t-Butyldimethx;silz;oxy)etbyl]-&-((ﬂ)-6'-(2'-
isopropoxy-1'-oxocyclohex-2'-enyl))azetidin-2-one {2la) and
(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-((S)-6'-(2'~
isopropoxy-l1'-oxocyclohex-2'-enyl))azetidin-2-one (21b)

To a mixture of IM solution of Lithium bis(trimethylsilyl)amide in
hexane (486ml) and anhydrous THF (300ml), under inert atmosphere and
cooled to -78C, a solution of 2-isopropoxy-2-cyclohexenone (30g) in
anhydrous THF (100ml), was added.dropwisé. The temperatufe was
maintained at -78YC for furher 30', then a solution of (3R,
4R)-4-Acetoxy-3-((R)-t—Butyldimethylsilyloxy)ethyl—Z-azetidinone
(46.59g) in anhydrous THF (100ml) was added dropwise. The reaction was
kept at -78YC for 10 min then poured in to a cold saturated sclution
of ammonium chloride (300ml), and extracted with diethyl ether. The
organic layer, after washing with a cold 1% solution of hydrochoric
acid (150ml) and with a cold saturated solution of sodium hydrogen
carbonate, dried and evaporated under reduced pressure. The yellow’
oily residue was treated with petroleum ether. After Filtrafion, the
title compound 2la was obtained as a white solid (8.4g); m.p. 130YC
dec.; t.l.c. cyclohexane/ethyl acetate 4/6 Rf 0.21; IR (Nujol), V
(Cm=.): 3233_(NH), 1759(C=0 ﬁ-lactam), 1680{(C=0); H,-MNR, (CDClJ):

max

5.92(t), 575(bs), 8.29(m), 4.2(m), 2.99(dd), 2.59(m), 2.52(m), 2.09{m)
1.9(m), 1.27(d), 1.25(d), 1.23(d), 0.86(s), 0.06(s) p.p.m.
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The mother liquors were evaporated under reduced pressure and
submitted to flash chromatography to obtain the title compound 21b as
an oil (9.2g; t.l.c. cyclohexane/ethyl acetate 4/6 Rf 0.21); IR
{Nujol), V (cm“) 3425(NH), 1755 (C=0 p-lactam) 1684 (C=0),
1684(C=0), 162& (c=C).

H*~ NMR, (CDCl,): 6.35(bs}, 5.95(m), 4.2(m), 3.6(dd), 2.75(m), 2.5(m),.
2.44(m), 2.07(m), 1.7(m), 1.27(d), 1.25(d), 0.86(s), 0.07(s), 0.057(s)
ppm.

Intermediate 22

(35,4R)-3[ (R)-1-{t-Butyldimethylsilyloxy)ethyl]-4-((R)-6'-(2"'-
isopropoxy-l'-hydroxyéyclohex—Z'-enyl))azetidin—Z—one

To an ice-cold solution of intermediate 2la (5.7) in methanoll(lDUml)
and water (BDml), sodium borohydride (560mg) was added in ten portions
in 1.5 hrs. During the additions the pH was meintained between 5 and
7.5 with a 5% solution of hydrochloric acid. At the end
dichloromethane (200ml) and water (100ml) were added. The organic
layer, after washing with water, was dried and evaporated under
reduced pressure to give the title compound 22 as & white foam
(5.59).

Intermediate 23

(35,4R )-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-{ ((R)-2'-
({S)-6'-isopropoxy-1'-oxocyclohexyl))lazetidin-2-one (23a)

(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-[ ((R)-2'-

" ({R)-6"-isopropoxy-1'-oxocyclohexyl))lazetidin-2-one (23b)

The intermediate 22 (5.5g) was dissolved in ethanol (100ml). Then 10%
palladium on charcoal (O. Sg) was added and the mixture was
hydrogenated at 3 atm for 4 hrs. The catalyst was filtered off and the .
solution was evaporated under reduced pressure. The oily residue {(59)

was dissolved in anhydrous dichloromethane (150ml) and pyridinium

chlorochromate (4.2g) was added. The reaction mixure was stirred at
20YC for 6 hrs, then more pyridinium chlorochromate (2.8g) was added.
The reaction was stirred for further 4 hrs. then diluted with diethyl
ether (100ml) and decanted from black gum, which was washed twice with

diethyl ether. The organic solutions were combined end evaporated
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under reduced pressure; the oily residue was chromatographed using a
mixure ethyl acetate/cyclohexane 9/1) to obtain the title compound 23a
as a white solid (D.8g; t.l.c. ethyl acetate/cyclohexane 1/1 Rf 0.5);
IR(CDCI,), v max (cm=*): 3416(NH), 1755(C=0 p lactam), 1705(C=0
ketone).
H*-NMR{CDC1,): 5.89(bs), 4.17(m), 3.97(m), 3.78(m), 3.53(m), 3.15(m),
2.86(dd), 2.13{(m), 2.10(m), 1.8-1.4(m), 1.24(d), 1.13(d), 0.88(s),
0.08(s), 0.06(s)ppn. . .
Further elution gave the title compund 23b as a white solid (lg; m.p.
121YC; t.l.c. ethyl acetate/cyclohexane 1/1 Rf 0.28); IR(CDCIJ)T v max
(Cm—*): 3415(NH), 1759(C=0 p lactam), 1722(C=0). _
H*ﬁMR(CDCl,): 5.7(bs), 4.18(m), 4.09(m), 3.97(dd), 3.6(m), 2.8(dd)
2.55(m), 2.3{m), 2.1(m), 1.98(m), 1.8-1.6(m), 1.22(d), 1.14(d),
0.8(s), 0.07(s), 0.06{s) ppm.

Intermediate 24

(35,4R )-3[ (R )-1-(t-Butyldimethylsilyloxy Jethyll-4~{{R)-6'-{2'-
cyclopentyloxy-1'-oxocyclohex-2'-enyl) azetidin-2-one (24a) and
(35,4R)-3[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-((S)-6'-(2'-
cyclopentyloxy-l'-oxocyclohex-2'-enyl))azetidin-2-one (24b)

To a mixture of a 1M solution of Lithium bis(trimethylsilyl)amide in
hexane (140ml) and anhydrous THF (70m1) under inert atmosphere and
‘cooled to -78Y, 2-cyclophenthyloxy-2-cyclohexenone (8.5g) dissolved in
anhydrous THF (70ml), was added.

The temperature was kept at -78Y for 40 minutes, then a cooled
solution of (3R, 4R )-4-acetoxy-3-( (R)-t-Butyldimethylsilyloxy)ethyl-
2-azetidinone (11.25g) in anhydrous THF (70ml) was added. The reaction
mixture was kept at -78"Y for 5 minutes then it was poured into a
cooled mixture of diethyl ether (225 ml), 10% solution of hydrochloric
acid (63ml), water (180ml) and a saturated solution of ammonium
sulphate (180m1). The organic layer was washed with 10% solution of
hydrochloric acid (2x70ml) and brine (3x70ml), dried and evaporated
under reduced pressure. the residue was chromatographed on silica gel
using a mixture of cyclohexane/ethyl scetate 9/1 to 8/2 to obtain an

equimolar mixture of the two title compounds 24a and 24b (6.82g).
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The title compound 24a was obtained by crystallation from

THF /Petroleun 1/5 (2.1g, m.p. 111-113; t.i.c. cyclohexane/ethyl
acetate 1/1 Rf 0.29) IR (€DCL,), V _ (CM~*): 3412 (NH); 1757 (C=0
beta lactam); 1688 (C=)); 1626 (C=C).

HY-NMR (CDC1,): S5.85(t), 5.67(sa), 4.4(m), 4.3(dd), 4.2(m), 2.98(dd),
2.57(m), 2.50(m), 2.1{(m), 1.9{(m), 1.5(m), 1.22(d), 0.83(s), 0.05(s).
The mother liquors were evaporated under reduced préssure to give the
title compound 24b conteining a small amount of the compound 24a

(2.45g; t.l.c. cyclohexane/ethyl acetate 1/1 Rf 0.29) IR (CDCl,), V
max (cm=1): 3425 (NH), 1757 (C=0 g lactam), 1684 (CfO), 1624 (C;C).
Hi= NMR (CDC1,) 6.36(sa), 5.87(m), 4.41(m), 4.17(m), 3.60(dd),
2.75(m), 2.49(m), 1.20(m), 1.7-1.6(m), 1.235(d), 0.86(s), 0.068(s),
0.054(s). '

Intermediate 25

(35,4R)-3[ (R)-1-(t-ButyldimethylsilyloxyJethyl]-4-[{(2'R,6,'5)-6"-(2"'-
cyclopentyloxy-1'~oxocyclohex-6'-yl))azetidin-2-one

The intermediate 24b (3.2g) was dissolved in ethyl acetate (290ml) 10%
Palladium on charcoal (1.35g) was added and the mixture was
hydrdgenated at 3 atm for 1 hr. The catalyst was filtered off through

a pad of celite, and the solution was evaporated under reduced
pressure. The residue was chromatographed on silica gel, using a
mixture of ethyl ecetate/cyclohexane 9/1 to 7/3 to obtain the title
compound as a white foam (1.2g); t.l.c. cyciohexne/ethyl acetate 1/1
Rf 0.45) IR (CDC1,), V max (cmt): 3418 (NH), 1755 (C=0 g lactam),
1722(C=0).

Hi-NMR (CDC1l,): 6.097(sa), 4.15(m), 4.01(m), 3.905(m), 3.67(dd),
2.69{m), 2.43~ 2.22{m), 2.10(m), 2.00-1.90(m)}, 1.83-1.50{m), 1.33(m),
1.22(d), 0.86(s), 0.075(s), 0.049(s).

Intermediate 26

2-(t-Butyldimethylsilyloxymethyl )~cyclohexanone
2-hydroxymethyl cyclohexanone (8.8g) tert-Butyldimethylsilyl-chloride

(10g) and Imidazole (4.6g) were dissolved in DMF {100ml) at room
temperature.
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The resulting mixture was stirred for 2 hours, then poured into
petroleum ether (200ml). The organic layer was washed twice with cold
10% sodium hydrogen carbonate (60ml), dried, evaporated under reduced
pressure and purified by flash chromatography (eluants '
cyclohexane/ethyl acetate 95/5 Rf =0.7) to obtain the title compound
(13.6g) as a yellow oil. '

IR: (V mx cm~*): 3670 and 1703;

NMR (d ppm): 3.96{dd), 3.555(dd), 2.47(m), 2.4~2.2{m), 2.04(m),
1.89(m), 1.65(m), 1.40(m), 0.87(s), 0.048(s), 0.044(s).

Intermediate 27

(35,4R )-3-[ (R)-1-(t-Butyldimethylsilyloxy)ethyl]-4~[ (2"R,6"R )~
2“-(t-Butyldimethylsilyloxymethy1)l“-oxocyclohex—é"—yl]azefidin—
2-one '

(35,4R )~3-[ (R )-1-{t-Butyldimethylsilyloxy)ethyl]-4-[ (2"5,6"'R )~

2"-(t-Butyldimethylsilyloxymethyl )l "-oxocyclohex-6"-yl]lazetidin-2-one
2,2,6,6-Tetramethyl piperidine (28.3ml) was added dropwise to a
stirred solution of butyl lithium 1.6 M in hexane (125ml) in dry THF
(150m1) under nitrogen and cooled at -50". The resulting mixture was
warmed at 5Y C for 10 min cooled at -78YC, and intermediate 26 (23g)
in dry THF (100ml) was added dropwise at -70YC. After 1 hour,

(3R, 4R )~4-Acetoxy-3-((R)~(tertbutyldimethylsilyloxy)ethyl-2-
azetidinone (27.5g) was added and the resulting mixture was stirred
for 40 min at -78YC. The reaction mixture was ﬁoured.into a saturated
solution of ammonium chloride (300ml), extracted twice with ethyl

‘acetate (250ml), the organic layer was dried and evaporated under

reduced pressure. The oil obtained was purified by flash
chromatography (eluants cyclohexane/ethyl acetate 90/10 Rf =0.3)

to give a mixture of the title compound (17g) as a yellow solid.

IR: (V maxcml) 3582, 1755(C0 p-lactam), 1612

NMR: (d ppm): 6.1-5.7 (bs+bs+bs). 4.18(m), 4.06(m), 3.97{(m), 3.90(m),
3.51(m), 3.74(m), 2.86(m), 2.7-2.5(m), 2.40(m), 2.14(m), 2.1-1.6(m),
1.32(m), 1.24(d), 1.17{d), 0.87(s+s+s), 0.05(m).

Intermediate 28

(35,4R )-3~[ (R )-1-(t~Butyldimethylsilyloxy)ethyll-4-{(2'S)-((6'R,S )-

6'-iodo-1'-oxocyclohex~2'-yllazetidin-2-one
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To a stirred 1 M solution of lithum bis (trimethylsilyl) amide in-
hexane (48.7ml1), dissolved in anhydrous THF (70ml) cooled to -78C
under nitrogen atmosphere a solution of intermediate la (7.2g) in THF
(70ml) was added. The resulting mixture was stirred at -70 for 1.5
hrs, cooled to -78C and a solution of iodine (7.4g) in anhydrous THF
(20m1) was slowly added. The reaction was stirred for further 10 min
then brine (250ml) was added at -78C. The resulting mixture was
extracted twice with ether (150ml); the orgenic layer was washed twice
with a saturated solution of sodium sulphite (100ml) and with water
(100ml). The organic layer was dried, evaporated under reduced

pressure and the crude material (9.5g) was used without any further
purification.

Intermediate 29

(35,4R)-3-[(R)—l-(t—Butyldimethylsilylbxy)ethyl]-h-((z'S)—((6'S)—6‘

phenylthio-1'-oxocyclohex-2'-yl)]azetidin-2-one 29a

s, 4R )-3-[(R)-1- (t-Butyldlmethy181lyloxy)ethyl]-4-((2'5)-2'((6‘R)-6'

phenylthio-1'-oxocyclohex=2'-yl)]azetidin-2-one 29b

Thiophenol (7.424g) was dissolved into a solution of potassium
hydroxide (5.33g) in water (740ml) under stirrring. To the resulting
solution tetrabutyl ammonium bromide (1.52g) was added followed by a
solution of intermediate 28 (15.2g) in methylene chloride (500ml). The
resulting mixture was stirred for 16 hrs. The organic layer was
separated and the aqueous phase was extracted with methylene chloride.
The organic layer was dried, and evaporated under reduced pressure.
The residue was chromatgraphed (elutants cyclohexane/ethyl acetate
7/3) to give thiophenol (4.9g) and a mixture (5.34g) of the title
compounds 29a and 29b and intermediate 1A. The mixture was
chromatographed using petroleum ether 40-60/diethyl ether 9/1 as

elutant to give title compound 29a (0.1g) as the first eluted material

and a mixture of title compounds 29a and 29b (1.1g) as the second
eluted material. The second eluted material was further purified by
HPLC (silica, n-hexane/ethyl acetate 8/2, 10ml/min, uv detection set
at 275) to give the title compound 29a (0.7g) as a white solid (m.p.
116-7 from cyclohexane) and title compound 29b (0.12g) as a light

yellow solid m.p. 65-7V.
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Title Compound 29A

‘H-NMR (ppm) 7.4-7.2(m’, 5.8 (bs); 4.13(m); 3.9(m); 3.8(m); 3.46(m);
2.75 {(dd); 2.3{m); 2.2{m); 2.00(m); 1.8{m); 1.6(m); 1.18(d); 0.8(s);
0.019(s).

Title compound 298

‘H-NMR (ppm) 7.4-7.3(m}; 5.77(bs); 4.17(m); 4.11(m); 3.95(m); 2.8(dd);
2.6(m); 2.4(m); 2.2(m}; 2.00(m); 1.7(m); 1.4(m); 1.23(d); 0.86(s);
0.06(s); 0.055(s). '

Intermediate 30

{35,8R )-3-[ (R )-1-(t-Butyldimethylsilyloxy)ethyl]-4-[(2'S,6'R)-2"'-
methoxy-1'-hydroxycyclohex-6'-yl)]azetidin-2-one

To a solution of the intermediate 14 (0.lg) in methanol (10ml)
p-toluensesulfonic acid mononhydrate (1Omg) was added at 0Y. The
resulting mixture was stirred at 22Y for 2 hrs, poured into diethyl
ether (30ml), washed with brine (2x50ml), dried end evaporated to give
the crude title-compound as a white powder (70 mg; t.l.c. diethyl
ether Rf 0.20); IR (CDC1l,) V méx (cm—+ ) }700, 3609, 3418, 1753;
iH-NMR (300 MHZ, COC1,} 5.85(bs), 4.18(m), 3.88(bm), 3.64(dd),
3.34(s), 3.30(m), 2.95(m), 1.8{(m), 1.8-1.4(m), 1.27(d), 0.88(s),
0.08(s). ' '

Intermediate 31

(35,4R )-3-[(R)-1-(t-Butyldimethylsilyloxy)ethyl]-4-[(2'S,6'R)-2'~
methoxy-1'-oxocyclohex-6'-yl)]azetidin-2-one

To a solution of the intermediate 30 (70mg) in dry dichloromethane
(8ml) a mixture of pyridiniumchlaorochromate (80ml) in dry

dichloromethane was added, under nitrogen. The resulting mixture was '
stirred at 22Y for 4 hrs, then diluted with diethyl ether (30mg),
decanted from black gum and filtered through florisil. The organic
solution was evaporated under reduced pressure to give the title

compound as a pale yellow powder (30mg; t.l.c. cyclohexane/ethyl
acetate 4/6 Rf ‘0.43); IR (CDC1,), V max (cm™+): 3418, 1757, 1718;
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‘H-NMR (300 MHZ, CDECl,) 5.84(sa), 4.18(m), 3.99(m), 3.57(m), 3.28(s),
3.10(m), 2.876(dd), 2.24(m), 2.08(m), 1.98(m), 1.68(m), 1.56(m),
1.248(d), 0.87(s), 0.075(s), 0.063(s).

Intermediate 32

{35,48R )-3-[ (R )-1-(t-Butyldimethylsilyloxy)ethyl]-4-[{1'S,2'S,6'R)

-2'-methylamino-1'~-hydroxycyclohex-6'~yl]-azetidin-2-one

To a solution of the intermediate 14 (5g) in 96% ethanol (150ml) and
water (50ml) ammonium chloride (1.67g) end methylamine (40wt% solution
in water; 30ml) were added. The resulting mixture was refluxed for
15hrs, then poured into a mixture of dichloromethane {150ml) and brine
(400ml). The aqueous layer was éxtracted with dichloromethane
(2x120m1) and the organic layer washed with brine (150ml), dried and
evaporated to give the title comgound as a white foam (5.2g; t.l.c.

CHC1,/MeOH/NH,OH 23/7/0.5 Rf 0.75); IR (CDCl )} V max (cmm*)3416,

1753; +H-MNR (300 MHZ, CDCIJ) 6.26(bs), 4.20(m), 3.80(m), 3.72(dd),
3.13(m), 2.67(m), 2.49(s), 2.02(m), 1.7-1.2(m), 1.31(d), 0.91(s),
0.12(s). '

Intermediate 33
{35,4R )3~ (R )~1-(t~Butyldimethylsilyloxy)ethyll-4-{(1'5,2'S,6'R)-2"'-

{N-allyloxycarbonyl-N-methylamino)-1'-hydroxycyclohex-6"'-yllazetidin-

2-one

To a solution of the intermediate 32 (5.2g) in dry dichloromethane
(120ml1), under nitrogen at 0Y, allyl chloroformate (2.2ml) and
2,2,6,6~tetramethylpiperidine (3.5ml) were added. The reaction mixture
was stirred for 10 min st 0V, then diluted with dichloromethane {(60ml)
and washed with a saturated ag. solution of ammonium chloride
(2x100m1), a 5% solution of sodium hydrogen carbonate (100ml), brine
{100ml1), dried, and evaporated in vacuo. The residue was purified by
trituration in diethyl ether (30ml), to obtain the title compound as a

white powder (4.54g; m.p. 159-161Y; t.l.c. dichloromethane/methanol
9/1 Rf=0.64).

IRt v __ (CDCLs) 3414, 1753, 1688 cm~'; ‘H-NMR (300 MHZ COCL.)
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6.2(bs), 5.9(m), 5.2{m), 4.6(m), 4.2(m), 4.04(m), 3.87(dd), 3.8(m),

3.17(dd), 2.86(s), 2.26(m), 1.8-1.2(m), 1.30(d), 0.89(s), 0.10(s),
0.09(s). '

Intermediate 34
(35,4R )-3-[ (R)-1-(t-Butyldimethylsilyloxy )ethyl]-4-{(2'S,6'R})-2'-

- N-allyloxycarbonyl-N-methylamino-1-'-oxocyclohex-6'-yl)]azetidin-

2-one

Method A

To a solution of the intermediate 33 (1.8g) in dry dichloromethane
(50m1) pyridiniumchlorochromate (2.2g) was added under nitrogen. The
reaction mixture was stirred at 22Y for 5 hrs, then filtered through
florisil, washing with ethylacetate (200ml), and the resulting
solution evaporated under pressure. The oily residue was
chromatographed on silica gel, using a cyclohexane/ethylacetate 1/1
mixture as elutant to, afford the title compound as a white powder
{1.0g; m.p. 140-142Y).

Method B

To a solution of oxalyl chloride (3.35ml) .in dry dichloromethan
{15m1), under nitrogen at -70Y, a solution of dimethyl sulfoxide
(3.35m1) in dry dichloromethane (40m1) was added dropwise in 15 min.
After 15min, a solution of the intermediate 33 (4.3Ag).in dry
dichloromethane (35ml) was added dropwise in 20 min and the solution
was stirred at -70Y for 2 hr, then triethylamine (l4ml) was added with
warming to -40Y in 10min. The solution was washed with a saturated
solution of ammonium chloride (2x100ml), brine (2x100ml), dried, and
evaporated. The crude product was triturated with a mixture of
petroleum ether (40ml) and diethyl ether (10ml) to give the title
compound as a white powder (3.71 g; m.p. 140-142Y; t.l.c. diethyl
ether Rf 0.3;); IR: V max (CDCIJ) 3414, 1763, 1718, 1691 cm~*; !-H-NMR
(300 MHZ, CDClJ) 6.08(bs), 5.92(m), 5.3-5.1(m), 4.55(m),4.20(m),
4.03(dd), 2.99{m), 2.85(s), 2.66(m), 2.08-1.8(m), 1.06(bd), 0.86(s),
0.06(s) ppm.
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Intermediate 35
(35,4R)—3-[(R)-;-(t—Butyldimethylsilyloxy)ethyl]-4-£(2'516'R)-2'-
. (N-allyloxycarbonyl-N-methylamino)~1-oxocyclohex-6'-yl)-1-

allyloxalyll-azetidin-2-one _

To a solution of the intermediate 34 (3.77g) in dry dichloromethane
(50ml1), solid potassium carbonate (0.15g), then allyloxalylchloride
(3m1) were added at 22Y, under nit;ogen. Triethylamine (6ml) was then

added dropwise over 5 min. The reaction mixture was stirred at 22' for
45 min, then washed with a saturated solution of ammonium chloride
{2x90m1), brine (2x90ml), dried, end evaporated. The residue was
" chromatographed on silica gel, uéing a petroleum ether/diethyl ether
11 mixture as eluant, to afford the title compound as a colourless
0il (4.0g; t.l.c. diethyl ether Rf 0.76)

IR: Vv ma (CDCl ) 1809, 1753, 1703, cm~+; *H-NMR (300MHZ, CDC1, )

5. 97(m), 5.3(m), 5.25(m), 4.79(m), 4.65(m), 4.55(m), 4.54(m), 4.30(m),
3.24(m), 2.87(m), 2.87(s), 2.2-1.8(m), 1.1(d), 0.84(s), 0.06(s)ppm.

Intermediate 36

2-(Z-benzyloxyethoxy)-cyclohexénone

A mixture of dimeric 2-hydroxycyclohexanone (13.7g), 2
benzyloxyethanol (20g) and p-toluensulphonic acid (2g) were dissolved
in xylene (500ml) in a round bottom flask fitted with a Dean Stark
apparatus and reluxed for 1lOhrs. The resulting solution was cooled,
washed with sodium hydrogen carbonate (3x50ml) dried and concentrated
under reduced pressure. The crude oil was then pruified by flash
chromatography using cyclohexane/ethyl acetate 60/40 as eluant
yielding 20g of the title compound (RF=0.5).

IR, CDC1,, (cm*): 1722 (C=0), 1603{(C=C).

‘H-MNR, 300 MHz, CDCl,, chemical shift (ppm, TMS): 7.32(m), 4.55(dd),
3.92(m), 3.83(m), 3.64(m), 3.60(m), 2.48(m), 2.24(m), 1.93(m),
1.8-1.55(m).

Intermediate 37

(35,4R )3-[ (R)~1- (t—butyldlmeth1151lyloxy)ethyl]-a-[(R)Z'—[(S)6' (2-
benzyloxyethoxy)-1'-oxocyclohexyl]lazetidin-2-one

2,2,6,6-tetramethylp1per1d1ne (12.7g) was dropped to a solution of
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n—butylllthlum 2.5M in hexane (33ml) in tetrahydrofuran {150ml) at
~70C under a nitrogen atmosphere. The reaction mixture was then warmed
to 10C, recooled to -70 and intermediate 36 (18.72g) was slowly added
maintaining the temperature below -70C. After the addition was

completed, the solution was maintained at that temperature for 15 min

“and then intermediate A {11.48g), dissolved in THF (200ml) was edded

over 30 mins maintaining the temperature below -70C. The reaction was
quenched after 5 minutes using a mixture of ammonium chloride {100 ml
saturated solution) and hydrochloric acid (200 ml 10% solution) and
extracted with ethyl acetate. Tﬁe organic layer was washed with brine,
dried, concentrated under reduced pressure and purified by flash
chromatdgraphy using cyclohexane/ethyl acetate 85/15 to 30/70 es
eluant, title compound (2.2g., RF=0.65). :

IR, CDC1, (cm*): 3418(NH), 1757(C=0 lactam), 1718 (C-D) 1603 (C=0).
‘H-NMR 300 MHz CDCl,, chemical shift (ppm, TMS): 7.32(m), 5.71 (s
broad), 4.56 (s+m), 4.18(m), 3.99(m), 3.73(m), 3.6-3.5(m), 3.15(m),
2.87(dd), 2.30(m), 2.10(m), 1.80-1.50(m), 1.19(d), 0.86(s), 0.07(s +
8); '

Intermediéte 38 )
(35,4R )-3-[ (R )-1-(t-butyldimethylsilyloxy Jethyll-4~[ (R)2'-[ (5 )6'-(2-

azidoethoxy)-1'-oxocyclohexylllazetidin-2-ane

To a stirred solution of the intermediate 37 (3.7g) in anhydrous
dimethylformamide (20ml), triphenylphosphine (2.6g) and sodium azide
(1.8g) were added. Carbon tetrabromide 3.4g) was then added over 10

min. After 2 hr. the resulting mixture was diluted with diethyl ether

(50m1) and washed three times with water (30ml). The organic layer was
dried and evaporated in vacuo. The residue was chromatographed on
silica gel, using a ethyl acetate/cyclohexane 7/3 mixture as eluant,
to afford the title compound as a colourless oil (2.6g t.l.c. ethyl
acetate/cyclohexane 9/1Rf=0.8).

IR (cDCl, v _ (em*) 3161 (N-H), 1759 (lactam), 1707 (C=0)

H:-NMR (CDC1,): 5.84 (sa), 4.18(m), 4.00(m), 3.71(t), 3.60(m),
3.49(m), 3.35(m), 3.12(m), 2.88(dd), 2.25(m), 2.20-2.00(m), l.6(m),
1.22(d), 0.86(s), 0.06(s), 0.05(s). '
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Intermediate 39

(35,4R)-3-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-4-[(R)2'-[{5)6'~(2-

azidoethoxy}-(R/S)-1'-hydroxycyclohexyl]Jazetidin-2-one

To a solution of the intermediate 38 (2.6g) in methyl alcohol (70ml)
at -10C, sodium borohydride (0.49) was added in 15 min. then, after 1}

hr the mixture was quenched with a saturated solution of ammonium

chloride (100ml) and ethyl acetate (2x150m1). The organic layer was

dried and evaporated to afford the title compound (2.8g) as a mixture
of two diastereocisomers (t.l.c. Rf 0.6 ethyl acetate/cyclohexane
95/5). '

IR (CDC13 \4 max (cm=+) 3416 (N-H OH), 2108 (NJ) 1753 (lactam)

Hi-NMR (CDC1,): 6.32(sa), 6.08(sa), 6.04(sa), 5.96(sa), 4.14{m),
4.00-3.00(m), 3.21(dd), 2.10-1.0(m), 1.32(d), 1.26(s), 0.90(s),
0.12(s). - :

Intermediate 40

(35,4R)-3-[(R)-1-(t-butyldimethylsilyloxylethyl]-4-[ (R)2'-[(5)6'-(2-

allyloxycarbonlyaminoethoxy)-1'-oxocyclohexyl] Jazetidin- 2-one

To a solution of the intermediate 39 in anhydrous tetrahydrofuran
(100ml), triphenyl bhosphine (1.6g) was added, the mixture stirred at
room temperature for 36 hr. and then water (0.09ml) was added. After
12hr the mixture was cooled at -5CY, and N-ethylpiperidine (0.9ml) and
allylchloroformate (0.8ml) were added. After 3 hr the mixture was
diluted with ethyl acetate {100ml) end washed with e cooled 5%
solution of hydrochloric acid (2x 30ml). The organic layer was dried,’
evaaporated and purified on silica gel using a ethyl
acctate/cyclohexanc 6/4 mixture as eluant. The msterial so oblained’
was dissolved in dichloromethane (30ml), pyridinium chloruchromate
(2.6g) was added over 40 min and the mixture was refluxed. After & hr
the mixture was filtered on celite and washed with o cooled 5%
solution of hydrochloric acid (2x20ml). The organic layer was dried
and chromategrphed on silica gel, using a elhyl acctate/cyclohexane
2/8 as eulant to afford thc.gjiggigﬂmﬁgyyq as o colourless oil (0.75¢}

t.l.c. ethyl scetate/cyclohexanc 9/1 R=0.4)
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IR (CDCLy V (em—t) 3458 and 3418(N-H) 1757(lactam), 1718(C=0),
1603(C=C). _

Hi-NMR (COCL,): 5.92{m), 5.25(m), 5.10({sa), 4.56(m), 4.18(m),
3.98(m), 3.80-3.20(m), 3.05(m), 2.88(m), 2.40-1.10(m), 1.22(d),
0.87(s), 0.07(s), 0.06(s).

Intermediate 41 _

Benzyl 2-[(35,4R)-3-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-
4-[(2'S,6'R)-2'-mehoxy-1"~oxocyclohex-6"~yllazetidin-2-on-1-y1]-2-
hydroxyacetate .

To a solution of the intermediate 2a (0.6g) in dry toluene (5ml)
benzyl'glyoxylate (0.83g) and 3A molecular sieves were added. The
resulting mixture was refluxed for 3 hrs with the use of a Dean Stark
. trip to remove water, then concentrated under reduced pressure. The -

oily residue was chromatographed on silica gel, using a

" cyclohexane/ethyl acetate 8/2 mixture as eluant, to afford the title
compound as a mixture of two isomers {0.67g; t.l.c. cyclohexéne/ethyl
acetate 1/1; Rf= 0.61 and 0.72).

IR (I.':Df;"l.1 v max {cm—*) }490(0-“), 1753(C;U B lactam), 1713{C=0
ester); ' '

H-NMR (300 MHZ,CDCld): 7.4-7.30{m), 5.54(d), S.46{(d), 5.34(d),

- 5.16(d), 4.80(d), 4,21(m), 4.05(m), 4.05-3.90(m), 3.55(d), 3.53(m),
3.48(m), 3.24(s), 3.23(s), 3.2-3.0{m), 2.94-2.86(dd), 2..15~1.40(m),
1.26(d).

Intermediate 42

Ethyl | |
2-[(3'S;Q'R)-3'—[(R)ol“-(t—butyldimethylsilyloxy)ethyl]-4'- .
[(2'"5,6'"R)-2'-methoxy-1'"~oxocyclohex-6"'"-y-]azetidine-
2'on-1'-yl]-2-hydroxyacetate

To a solution of :
(35,4R)-3-[(R)-1'(t-butyldimethylsililoxy)ethyll-4-[ (25",6R")-2~
methoxy~1"oxocyclohex-6"-yllazetidin-2-one (0.lg) in dry
tetrahydrofuran (5ml), ethyl glyoxylate (0.5g), N,N,N-triethylamine
{0.02m1) and 3A molecular sieves were added. The resulting mixture was
stirred at 22Y for 17 hrs, then diluted with ethyl acetate (30ml),
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washed with brine (3x70m1), dried and concentrated under vacuum. The
crude product was chromatographed on silica gel, using diethyl ether/
light petroleum 3/7 as eluant, to afford the title compound as a
colourless oil (0.1g) (1/1 mixture of isomers at 2 position; t.l.c.
diethyl ether; Rf= 0.63 nd 0.51).
IR(CDCl,)vmaxcm‘*: 3524(0-H), 1747{C=0 p lactam), 1715(C=0 ester);

Example 1

Examgle la -
Allyl (45,85,9R IOSIJZR)-Q-methylthlo-lﬂ (1-(t-butyldlmethy151lyloxy)-
ethyl )-11-oxo-l-azatricyclo [7.2.0.0 ! ]undec-Z-ene-Z-carboxylate

. To an ice-cold solution of intermediate 6a (3.85q) in 200ml of
dichloromethane, potassium carbonate (3g) was added. The mixture was
stirred for 10 min, then allyl oxalylchloride (5.57g) followed by
pyridine (3.48g) were added. The reaction mixture was stirred at 25Y
for 1.5 hours then diluted with dichloromethane, filtered, washed with
ice~cold water and dried. Removal of the solvent gave the crude
oxalimido intermediate (5.37g) which was dissolved in dry xylene
(150m1) and treated with triethyl phosphite (9.97g). The obtained
solution was heated and refluxed for 6 hours, the solvent removed
under vacuum and the residue chromatographed on silica gel us1ng
mixture of a EE/F (3/7) as eluant to afford the title compound (1 78g)
as a yellow oil. R:V (CDC1,) 1772 and 1717cm~*; 'H-NMR (300 MHZ,
CDC1,) 6.00(m), 5.43(m), 5.26{(m), 4.75(m), 4.70(m), 4.17(m), 3.41(m),
3.20(dd), 2.02(s), 1.9-1.7(m), 1.23(d), 0.88(s) and 0.080(s) ppm.

Using the same general procedure the following compounds were

prepared:

Exemple 1b

Allyl (8R,9R,10S lZR)-lD-(l (t-butyldimethylsilyloxy)ethyl)-11-
oxo-l-azatricyclo [7.2.0. 0 ’ ]undec—2-ene—2-carboxy1ate
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Example lc

Allyl (4s,8S,9R,10S,12R)-4-ethoxy-10~(1-(t-butyldimethyl-
3 8
silyloxy)ethyl)-11-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example 1d

Allyl (8S,9R,10S, 12R)-10 (1-(t-butyldimethylsilyloxy)ethyl)-11-

oxo-l-azatricyclo [7.2.0. 0 ! ]undec-Z-ene-Z—carboxylate.

Example le

Allyl (45,8R;9R,lOS,12R)~4;methyl-10-(%-(t—butyldimethylsilyl—
. 3
oxy)-ethyl)-1l-oxo-l-azatricyeclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example 1f
Allyl (4R,8R, 9R 105 12R)-a-methy1thlo-1o-(1 (t-butyldimethyl-

silyloxy)-ethyl)- -11-oxo-1-azatricyclo [7.2.0.0 % ]undec-2-ene-2-
carboxylate.

Example lg

“Allyl (8R,9R,105,12R)—4,4—dimethoxy-10-(l-gt—butyldimethyl-

’ 3
silyloxy)ethyl)-ll-oxo~1-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example lh

Allyl (4S,8R,9R,105 lZR)—4-methylth10—lD (l (t-butyldimethyl-

silyloxy)ethyl)-ll-oxo-l-azatricyclo[7.2.0.0 g ]undec-Z-ene-Z-
carboxylate.
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Example 1i

Allyl (45,SR,9R,105,12R)-h-methoxy;12-(1-(t-butyldimethylsilyl—
oxy)ethyl)-ll-oxo-l-azatricyclo[7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example 1j

Allyl (4R,8R,9R,105,12R)-4-nethyl-10-(1-(t-butyldinethylsilyl-
oxy)ethyl-11-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example 1k

Allyl (45,85,9R,105,12R)-4-methyl-10- (1-{t-butyldinethyl-
]
silyloxy)ethyl)-1l-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-
carboxylate.

Example il

Allyl {4R,85,9R,10S lZR)-4—methoxy-10 (l (t-butyldimethylsilyl-
oxy)-ethyl)-11-oxo-l-azatricyclo f7 2.0.0 % ]undec-Z-ene—Z-
carboxylate.

Example 1m

Allyl (8S,9R,10S 12R)-4-methoxy-10 (1- (t-butyld1methy1311y10xy)-
ethyl)- ll—oxo-l-azatarlcyclo [7 2.0. 0 ’ ]undec—2 4-diene-2-
carboxylate.

Example ln

Allyl (8R,9R,105,12R)-4-methoxy-12-(l-(t—butyldimethylsilyoxy)-
3
ethyl)-ll-oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2,4-diene-2-
carboxylate.
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The physical characterictics for the above compounds together with

modifications in the reaction conditions are given in the following
table. -



Example 1 '

Starting Wt. of _ .
Intermediate| Vol of |allyloxalyl Wt. of Vol of|Vol of Eluting IR (CDCL,)|*H-NMR (CDC1,)
CH,Cl,[chloride Base|Wt. |K,COy {Time |Xylene|P(OEt),|Time|Solvent|Yield |p-lactam [H8 H9
Ex No [No. [ we(g) [(mI) °[ (@) (@) | (@ | () | 1) | D) | (w) (@ |(emb) (ppm)
la 6a 3.85 | 200 - 5.57 Py [3.48)|3 1.5 |150 10 |6 [EEMR 1.8 1772 3.41(m) 4.17(m)
7:3
lb 1b | 5.0 250 8.8 Py 5.0 |5 3 250 15 4 CH/EA 4.2 1772 3.00(m) 3.60(dd)
S 3:1
lc 2d 0.93 520 a.71 TEA |0.8 }0.265 |2.5 |60 & 3 CH/EA |{210mg 1774 3.16(m) 4.13(dd)
: 8:2 ‘
1d la 2.9 80 2.6 Py (1.5 |2.46 1.5 (100 5.8 |5.5 [CH/EA (1.2 1769 2.78(m) 4.10(dd)
' 8:2
le le 6.2 200 4.4 TEA {1.7 |6 2 200 15 7 CH/EA |0.4 1772 3.01(m) 3.62(dd)
_ ' : 9:1 o
1f 6c 0.5 30 1.0 Py d.6 0.47 2 30 1.5 |6 P/EE 0.3 1753 3.40(m) 3.65(dd)
: 2;:1
1g 1f 32.2 800 49.3 Py [26.3|22.4 4 200 71 5 P/EE 27 1778 2.91(m) 3.78(dd)
- 1:1
1h 6b | 0.6 35 1.5 [Py 1.0 [0.47 1.5 |30 2 3.5 |P/EE 0.1 1772
: ' 2:1
1li 2c | 2.3 20 - 1.9 TEA |1.1 ]0.8 1 50 5 2.5 |CH/EA [1.3 1772 2.91(m) 3.75(dd)
' 9¢1
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Starting Wt. of -
Intermediatef Vol of|allyloxalyl wt. of Vol of|Vol of Eluting IR (CDC1,)}*H-NMR (CDCI )
CH,Cl,|chloride [Base[Wt. |[K.,CO, [Time {Xylene|P(OEt),|Time[Solvent|Yield [B-lactam [H8 H9
Ex No [No. | Wt(g) (mf) (g) (g) (g) (h) | (m1) | (m1) | (h) (qg) (cm=1) (ppm)
1j 1d 1.2 30 0.8 TEA 0.7 ]1.5 4 |30 3 4 |P/EE 0.1 1772 }2.91(m) 3.64(dd)
9:1
1k le 2.3 60 1.8 TEA [0.4 {2.5 0.3 |100 8 8 |CH/EE |0.6 1772 3.10(m) 4.07(dd)
' 9:1
11 2b 1.1 50 0.8 TEA 0.5 ]O.8 1.5 100 -5 5 CH/EA {0.3 1772 2,.80(m) 4.20(dd)
. 9:1
Im 1g 2.4 75 3.9 Py 2.1 (3.7 1 100 5 3 EE/R 1.2 1772 3.35(m) 4.10(dd)
: 1:1 '
In 1h 2.5 50 2.1 TEA [12.2]0.8 1 100 5 2 CH/EA |0.7 1776 3.21(m) 3.77(dd)
' 8:2
Py = pyridine
TEA = triethylemine
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Example 2
Allyl (45,8519R,105142R)-a-methoxy-IOQ(1—(t-butyldimethylsilyloxy)-
ethyl )-11-oxo-l-azatricyclo [7.2.0.OJ’a]undec-Z;ene-Z-carboxylate
Intermediate 2a (0.5g) was dissolved in methylene chloride
{20ml), anhydrous potassium carbonate (150mg) added and the mixture
stirred under nitrogen at 23Y. Allyl oxalylchloride (0.2ml) was added
followed by triethylamine (0.2ml). The reaction mixture stirred for
40 min and then filtered. The filtrate was washed with water (50ml),
a 5% solution of sodium hydrogen carbonate (50ml) then brine and
dried. The solution was concentrated under reduced pressure, and the -
oily residue dissolved in dry Xylene (30ml). Triethyl phaosphite (2ml)
was added and the mixture heated with stirring at 140Y for 3hr. The
reaction mixture was_cooled, concentrated under reduced pressure and
the residue chramatographed {eluants CH/EA; 8:2) to give the title

compound (80mg) as a colourless oil.

IR (€DC1,) v (cm*): 1772 ( -lactem), 1717 (C=0), 1634 (C=C)

He-NMR & (CDC1,): 6.0(m), 5.45 (m), 4.98 (m), 4.74 (m), 4.22 (m), 4.15
(dd), 3.28 (s), 3.22 {m), 3.21 {(m), 2.07 (m), 1.84 {m), 1.66{m),
1.6-1.2{m), 1.25 {d), 0.9 (s), 0.08 (s) ppm.

Example 3 . . _
Allyl (BR,9R,105,12R.)~4~oxo-10-{1-{t-butyldimethylsilyloxy )-ethyl)-
ll-oxo-l-azatricyclo [7.2.0.03’°]undec-Z-ene-Z—carbdxylate

An aqueous solution of 10% oxalic acid was added with continuous
magnetic stirring to a suspension of silica gel (10g, silica gel 60,
for column chromatography, 70-230 mesh) in methylene chloride (20ml).
After 2-3 min. Example lg (4.31g) was added and the mixﬁure stirred at
room temperature for 2 hours. The sdlid phase was filtered and the
solid washed with methylene chloride (200ml). The combined methylene
chloride layers were washed with a 1% aqueocus sodium carbonate

solution, dried and evaporated to give the title compound (3.15g) as a
yellow oil. IR:v_ _ (COCI,) 1786, 1736 and 1696 cn-t; *H-NMR (300
MHZ, CDC1,) & 5.94 (m), 5.43-5.27(m), 4.75 (m), 4.20 (m), 3.95(dd),
3.34(m), 3.24 (dd), 2.6(m}, 2.37 (m), 2.25-2.1 {m), 1.8-1.6 {(m), 1.25
(d), 0.89 (s) and 0.08 (s) ppm.
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Example &
Allyl (4S,8R,9 9R 105 12R)-4-hydrq4y-10-(l—(t-butyld1methy131lxloxy)-
ethyl)-ll-oxo—l-azatrlcyclo [7.2.0. 0 ’ Jundec-2-ene-2-carboxylate

To an ice-cold solution of Example 3 (lg) in methanol (20ml) and
water (10ml), sodium borohydride (180mg) was added in 5 portions over
10min. During the additions the pH was maintained between 4 and 7
with diluted hydrochloric acid (1%). Dichloromethane (100ml) and
water (100ml) were then added, the organic layer separated, washed

with water, dried and evaporated to give the title compound (980mg) as
a white oil. IR: Y ax (CDCl ) 1774 and 1693 cm™*; *NHR (300 MHZ, CDC )
5 6.21 (s), 5.94 (m), S5.45 (m), 5.28 (m), 4.77 (m), 4.41 (m), 4.17
(m), 3.70 (dd), 2.93 (m), 2.22 {m), 2.09 (m), 1.42 (m), 1.22 (dd),
0.88 (s), 0.07 (s) ppm.

Examgle 5
Example Sa
Allyl (45,85,9R,10S, 12R )-4~methylthio-10- (l-hydroxyethyl }-11l-ox0-1~
azatricyclo [7.2.0.0 B ]undec-2-ene—2-carboxylate

To an ice-cold solution of Example la (1.75g) in dry tetrshydro-
furan (70ml), acetic acid (2.32g) and tetrabutylammonium fluoride
(3.05g) (11.7ml of solution 1.0M in THF) were added. The mixture was
. stirred at 25YC for 20 hours then diluted with diethylether (250ml)
and washed with a 2% aqueous sodium bicarbonate solution, ice water
and brine. The organic iayer was dried and evaporated under vacuum to
give a thick oil which was chromatographed on silice gel using an EE/P
(7/3) mixture as eluant to afford the title compound as a yellow oil
(0.52q). IR‘“max (COC1,) 1772 end 1720 cm~*; *H-NMR (300 MHZ CDCl,) &
5.96 (m), 5.43 (dq), 5.27 (dq), 4.80{(m), 4.67(m), 4.21 (dd), 4.20 (m),
3.48 (m), 3.25 (dd), 2.0l (s), 2.10-1.60 (m), 1.50-1.30 (m) and 1.32
(d) ppm.

The following compounds were prepared'using the same general
procedure.

Example 5b
Allyl (BR,9R,105,12R)-10-(l-hydroxyethyl)-11-oxo-l-azatricyclo
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2 b
[7.2.0.0 * Jundec-2-ene-2-carboxylate

Example 5¢c
Allyl (45,85,9R,10S lZR)—4—ethoxy-10-(l-hydroxyethyl)—ll-oxo—l—
azatricyclo [7.2.0.0 £ ]undec-z-ene-z-carboxylate

Example 5d
Allyl (85 9R 105 ,12R )-10- {1-hydroxyethyl )-11-oxo-l-azatricyclo
[7.2.0.0 " ]undec-2-ene-2-carboxylate

Example Se
Allyl (4S,8R,9R,10S ,12R )-4-methyl-10-(1-hydroxyethyl)~11-oxo-1-
@ O .

azatricyclo [7.2.0.0 °’ ]undec-Z-ene-Z-carbuxylate.

Example 5f :

.Allyl (4R,8R,9R,10S, lZR)—4—methy1th10—lO-(1 hydroxyethyl)—ll-oxo-l-
azatricyclo [7.2.0.0 g ]undec—2-ene—2—carboxylate

Example 5g :
Allyl (45,8R,9R,10S 12R)-4-hydroxy-10 {1- hydroxyethyl)-ll—oxo-l-
azatricyclo[7.2.0.0 T Jundec-2~-ene-2~-carboxylate

Example 5h
Allyl (4S,8R,9R,10S lZR)—&-methylthlo-IO (l-hydroxyethyl) 11-oxo-1-
azatricyclo [7.2.0.0 £ ]undec-2-ene—2-carboxylate

Example 5i
Allyl (4S,8R,S9R,10S lZR)—k—methoxy—lU—(l hydroxyethyl)-ll-oxo—l-
azatricyclo [7. 2.0.0 i ]undec-Z-ene-Z-carboxylate

Example 5k

Allyl (45,85,9R,105,12R)-4-methyl—10-(l-hydroxyethyl)-ll—oxo—l-
> O

azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate

Example 51 :

Allyl (4R,85,9R,10S,12R )-4-methoxy-10-({l-hydroxyethyl)-11-oxo-1-
i o O .

azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate
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Example 5

Starting - .
Intermediate|Wt. of} Wt. of Vol. of Eluting IR (CDC1,)|*H-NMR (CDCI ;)
TBAF AcOH THF Time - |[Solvent|Yield |p-lactam {HB H9
Ex No INo. | Wt(mg) (g) (g) (ml). (h) ' (mg) {(cm=t) (ppm)
5a le 3.05 |1.75g | 3.05 2.23 70 EENR 520 1772 3.48(m) 4.2(dd)
- ' 7:3 . :

5b 1b 900 1.R0 1.40 30 20 EE/P 300 1772 2.86{(m) 3.69(dd)
3:1

Sc lc 220 0.16 0.26 20 48 CH/EA {20 1771 3.25(m) 4.14(dd)
9:1

5d 1d 1.02g {1.96 1.51 30 24 EA/CH ]380 1769 2.80(m) &.15(dd)
8:2 '

5e le 220 0.54 0.52 7 16 CH/EA . {110 1771 3.05(m) 3.69(dd)
7:3 ‘

LT3 1f 250 0.47 0.35 7 246 |EE 60 1771 3.43(m) 3.72(dd)

5g 10 l1g = |2.50 1.42 30 20 EE 320 1774 2.97(m) 3.76(dd)

5h lh | 400 (0.70 | D.44 10 18 |EE 1110 1771 3.06(m) 3.75(dd)

5i 1i 800 2.35 1.15 50 24 EA/CH |430 1774 2.94(m) 3.80(dd)

' ' 1:1 '

5j 1j 500 2.18 1.05 25 24 CH/EA {180 1772 2.93(m) 3.69(dd)
1:1

5k 1h 400 0.78 0.84 20 16 CH/EA |100 1769 3.10(m) 4.13(dd)
1:1 ’

51 1i 270 0.81 0.40 30 24 CH/EA | 80 1772 2.83(m) 4.20(dd)
6:4 _
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Example 6
Allyl (45,85,9R,105,12R )-4~methoxy-10~-(1-hydroxy Jethyl )-11-oxo-1-
aszatricyclo [7.2.0.03’o]undec—2—ene-2-carboxy1ate

 Example 2 (80mg) was dissolved in dry tetrahydrofuran (2ml)},
acetic acid (0.09ml) was added followed by a 1M solution of
tetrabutylammonium fluoride in tetrahydrofuran (0.45ml). The reaction
was stirred at 23“C for 48h then diluted with ethyl acetate (50ml),
extracted with a 5% solution of sodium hydrogen carbonate {2 x 50ml)
then with brine (50ml). The residue after evaporation was purified by
flash chromatography (eluants CH/EA mixtures) to obtain the title
compound 20mg as an oil.

IR (cDC1,) Vnax (cm!): 3609 ( 0-H), 1772 ( lactam), 1717 (C=0), 1642
(c=C) :

" H*-NMR s (CDCl,): 5.96 (m), 5.43 (m), 5.27 (m), 4.96 (m), 4.82 (m),
4.68 {m), 4.237 (m), 4.19 (dd), 3.25 (s), 3.28 (m), 3.20 (m), 2.08
{m), 1.9-1.8 {(m), 1.65 {m), 1.45 {m), 1.32 (d) ppm.

Example 7

Example 7a

Allyl (45,85,9R,105, 12R)-4-methylsu1f1nyl—10-(l-hydroxyethyl)—ll-oxo-
" 1-azatricyclo [7.2.0.0 £ ]undec—Z-ene-2-carboxx}ate

To a solution of the Example 5a (0.15g) in dry dichloromethane

(30m1) at -78YC, 3-chloroperoxybenzoic acid (0.77g) in dichloromethane
(10ml1) was added dropwise over 15 minutes. The mixture was stirred at
-78YC for 1 hour then washed with a 3% aqueous sodium sulphite

solution followed by an ice-cold 3% aqueous sodium hydrogen carbonate
solution and water. The organic layer was dried and evaporated to
give the title compound as a clear oil (D0.10g). IR:Vmax(CDCl’) 1778,
1717 and 1040 cm~*. *H-NMR (300 MHZ, CDC1,) & 5.96 (m), 5.35 (m), 4.77
(m), 4.23 (m), 3.29 (m), 3.10 (m), 2.68-2.55 (m), 2.58 (s), 2.2-1.6
(m), 1.5-1.4(m) and 1.30 (d) ppm. .

Using the general method described above but with a reaction
temperature of -40YC
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Allyl (45,8R,9R,lDS,iZR);a-methylsulfinyl-lﬂ-(l-hydroxyethyl)-ll-oxo-
l-azatricyclo [7.2.0.0 * Jundec-2-ene-2-carboxylate. (78) 1ll3mg was

prepared from example Sh (190mg) and 3-chloroperoxybenzoic acid
(96mg).

Example 8
Example Ba.
Potassium (4S,85,9R,105,12R )-4-methylthio-10-{1-hydroxyethyl)-11-oxo-
l-azatricyclo [7.2.0;6:’Uiundec-z-ene-z-carboxylate

" To e solution of Exemple 5a {500mg) and triphenylphesphine (78mg)
in a_mixture of dry dichloromethane (3ml) and ethyl acetate (3ml), was’
added a solution of potassium 2-ethylhexanoate (246mg) and
tetrakis(triphenylphosphine) palladium (86mg) in dichloromethane
(Aml). The mixture was stirred for 30 minutes then diethylether
(25ml1) was added and the obtained solid filtered, washed with
diethylether and dried to'give the title compound (400mg) as a yellow
solid IR:\amax {Nujol) 1749, 1701 and 1589 cm—i; ‘H-NMR (300 MHZ,
D,0-Acetone) s. 4.53 (m), 4.06 (m), 4.02 (m), 3.24 (m), 3.18 (m), 1.83
(s), 1.85-1.50 (m), 1.4-1.2(m) and 1.10 (d) ppm.

Using the above general procedure the following'compounds have been
prepared and specific details are given in the table.

Example 8b

-Pot3531um (BR 9R, 10S lZR)-lO-(l-hydroxyethyl)-ll—oxo-l-azatrlcyclo

[7.2.0.0 % ]undec-2-ene-2-carboxylate.

Example 8¢
Potassium (45,85,9R,}0§,12R)-4-ethoxy-10-(l-hydroxyethyl)—ll—oxo-l-
azatricyclo [7.2.0.0 * Jundec-2-ene-2-carboxylate.

Example 8d
Potasslum (85 9R,105,12R )-10-(1-hydroxyethyl)-11-oxo-1-azatricyclo:
[7.2.0.0 % ]undec—Z—ene—Z-carboxylate
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Example 8e
Potassium (4S,BR,9R§125,12R)-4‘methy1-10-(l-hydroxyethyl)—ll-oxo-l-
azatricyelo[7.2.0.0 * Jundec-2-ene-2-carboxylate.

Example 8f
Potassium (4R,8R,9R,10§,%ZR)-4-methylthio—lD-(l—hydroxyethyl)-ll-oxo-
l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8g
Potassium (45,BR,9R,195512R)-4-hydroxy-10—(l—hydroxyethyl)-ll—oxo—l—
azetricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Ekamgle 8h
Potassium (45,8R,9R,%0§,12R)-4-methy1thio—lﬂ-(l-hydroxyethyl)-ll-dxo—
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8i .
Potassium (AS,BR,9R,%D§,12R)-4-methoxy-10-(l-hydroxyethyl)—ll-oxo—l—
azatricyclo [7.2.0.0 ' Jundec-2-ene-2-carboxylate.

Example 8j _
Potassium (4R,8R,9R,%0§,12R)-4-methyl-10-(l-hydroxyethyl)—ll-oxo—l—
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8k
Potassium (45,85,9R, 105 lZR)—Q-methyl-lﬂ-(l-hydroxyethyl-11-oxo—l—
azatricyclo [7.2.0.0 % ]undec—Z-enevZ-carboxylate.

Example 81
Potassium (AR,BS,9R,%05,12R)-4—methoxy-10-(l-hydrOXyethyl)-ll-oxo—l-
azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.

Example 8m .
Potassium (45,8R,9R,lOS,125);4—mefhylsulfinyl-lO-(l—hydroxyethyl)-ll—
oxo-l-azatricyclo [7.2.0.0 ’ Jundec-2-ene-2-carboxylate.
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Example 8

Starting
Material Wt. of| Wt. of Wt. of Vol. of IR (Nujol)|‘H-NMR (D O-Acetone)
a Diethyl-{Yield E
Ex. PPH. K+ Pd(Ph3),| Solvent Vol. |Time |ether B-lactam |[H8 H9
Ex No [No. | Wt(mg)|(mg} | (g) (mg) - (1) |(min) {(m1) (ng) | (cm1) (ppm)
8a S5a 500 78 246 85 MC/EA (3 30 25 400 1749 3.18(m) 4.02(m)
1:1
8b 50 | 35 6 25 9 MC/EA 2 10 5 10 1778 2.75(m) 3.50(m)
. 1:1 -
|8c 5¢c | 50 4 25 5.2 MC/EA 5 60 5 |6 1738 3.13(m) 4.11(dd)
2:3 : :
8d 5d 200 36 127 48 MC/EA 5 30 10 112 1755 2.70(m) 4.06(dd)
1:1 ' :
8e Se 100 10 60 10. | MC/EA 5 5 5 60 1751 3;00(m) 3.49(dd)
1:1
8f 5f 70 9 45 14 MC/EA 2 45 10 40 1753 3.15(m) 3.52(dd)
1:1 '
|8g SQ 280 52 230 63 THF 7 10 10 110 1767 2.95(m) 3.54(dd)
8h Sh™ | 100 9 ] 72 15 MC/EA 4 30 7 20 1742 2.91(m) 3.59(dd)
1:1
8i 5i - | 200 20 182 15 MC/EA 6 30 2 30 1751 2.84(m) 3.62(dd)
2:1-




Starting
Material Wt. of| Wt. of | Wt. of Vol. of IR (Nujol)|*H-NMR (D ,0-Acetone)
a Diethyl-|Yield
Ex. PPH. K+ Pd(Phy),} Solvent Vol. {Time |ether B-lactam |H8 H9
Ex No [No. | Wt(mg) (mgg (g) (mg) * (ml) {(min) [(ml) (mg) | (cm=*) (ppm)
8j 5] 150 13.5| 88 20 MC/EA 10 10 10 120 1751 12.75(m) 3.53(dd)
: 1:1
Bk 5k 100 9 58 13 MC/EA 6 240 10 60 1751 2.97(m) 3.90(dd)
1:1
'£?Bl 51 80 15 45 8 MC/EA 2 60 3 65 1751 2.68{(m) 4.05(m)
- 1:1 :
8m 5m 90 6 54 15 MC/EA 4 30 5 40 1751 2.93(m) 4.04(dd)
1:1
' o=

.".4
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Example 9 _
Potassium(4S,B5 ,9R ,105,12R )~4-methoxy-10-{-1-hydroxyethyl)-
ll-oxo-l-azatribyclo[7.2.0.03’5]undec—2-ene-2-carboxy1ate

Example 6 (17mg) was dissolved in dry tetrahydrofuran (2ml) and
to this was added a solution formed from a 0.5 molar solution of
potassium 2-ethylhexanoate in ethyl acetate (0.lml), pelladium
(tetrakis)triphenylphosphine {5mg) and triphenylphosphine (3mg) in
tetrahydrofuran (1.5ml). The reaction was stirred at 23YC for 20' and
then diluted with a 1/1 mixture of ethyl ether and petroleum ether.
The solid obtained was filtered, washed with ethyl ether/petroleum
ether mixtures and dried to give the title compound (5mg) as a white
solid. _
IR (cDC1)) Viax (emt): 1751 ( -lactam), 1589 (C=0)

- HY-NMR 6 (CDCL ,): 4.76 (m), 4.07 (m), 4.03 (m), 3.26 (dd), 3.08 (s),

2.99 (m), 1.84 {m), 1.71 (m), 1.53 (m), 1.41 (m), 1.2(m), 1.11 (d).
ppm. '

Example 10
Potassium (45,85,9R,105,12R )-4-methylsulfinyl-10-{l-hydroxyethyl)-11-
oxo-l-azatricyclo [7.Z.O.ﬂu’ujundec—Z-ene-Z-carboxylate |
To a solution of Example 7a (160mg) and triphenylphosphine {9mg)
in 4ml of a mixture 1/1 of dry dichloromethane and ethyl acetate,
potassium 2-ethylhexanoate (80mg) and tetrakis(triphenylphosphine)
palladium (20mg) were added. The mixture wes stirred for 45 minutes,
then dry diethyl ether (5ml) was added. The obtained solid filtered,
washed with diethfl ether and dried to give the title compound (25mg)
as yellow solid. IR:vmax (Nujol) 1751 car-i; *H-NMR & (D O-Acetone) :
4.6 {m), 4.07 (m), 4.04{(dd), 3.34 (dd); 2.93 (m), 2.50 (s),
2.22-1.6(m), 1.27 (m) and 1.09 {d) ppm.
Example 11
Allyl(45,85,9R,105,12R )~4-trimethylsilyloxy-10-[1-(t- s
butyldimethylsilyloxy)-ethyl]-1l-oxo-1-azatricyclo[7.2.0.0 ' Jundec-
2—éne—2—carboxylate '

To an ice-cold solution of the compound of Intermediate 1l (2.79) in

dichloromethane (50ml) potassium carbonate (1.8g) was added. The
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mixture was stirred for 10 min, then triethylamine (2.7m1) was added.
Allyloxalychloride dissolved in dichloromethane (5m1) was added
dropwise over 15min and the reaction mixture .was stirred for 1 hour
then filtered, washed with water (3x200ml) end dried, Removal of the
solvent gave the crude oxalimido intermediate wﬁich was dissolved in
_dry xylene (50ml) and treated with triethyl phosphite (6.7ml). The
obtained solution was heated and refluxed for 3.5 hours, the solvent
removed under vacuum and. the residue chromatographed on silica gel
using a mixture of petroleum and diethyl ether (8/2) as eluant to
afford the title compound (l.6g) as a yellow oil.
IR {CDC1,) V max (cmrt)s 1771(C=0), 1751(C00), 1634(C=C)
H{-NMR a (CDC1,): 5.96(m), 5.84(m), 5.4(m), 5.25(m), 4.72(m), 4.18(m),
4.08(dd), 3.28(m), 3.145(dd), 2.0-1.75(m), 1.6(m), 1.41(m}, 1.32(m),
" 1.23(d), 0.8(s), 0.09-0.06(s)ppm. |

Example 12

Ally1{45,85,9R,105 lZR)—A-hydrogy-lG [l (t-butyld1methy1311yloxy)-
ethyl]-11-oxo-l-azatricyeclo[7.2.0. 0 ’” Jundec~ 2-ene-2-carboxylate
The compound of Example 11 (1.4g) was dissolved in tetrahydrofuran
{20m1) and the mixture stirred at 0YC. Acetic acid (05ml) was added
followed by 1.1M solution of tetrabutylemmonium fluoride in

_ tetrahydrofuran (2.8ml). The reaction was stirred at 0YC for 45 min
then some more acetic acid (0.5ml) and tetrabutylammonium fluoride in
tetrahydrofuran (1ml) were added. The reaction was stirred. for 45 min
then poured into a stirred, ice-cold, mixture of diethyl ether (150ml)
and a 2.5% aqueous solution of sodium bicarbonate (100ml). The organic
layer was washed with water (2x200ml), brine dried and evaporated to
give the title compound (l.1g) as a clear oil. IR(CDC1,) V max
(cm*): 1772(c=0), 1717(C00), 1634(C=C)

H!-NMR a (CDCl,): 5.94(m}, 5.48(m), S5.43(m), 5.25(m), 4.73(m),
4.20(m), 4.14(dd), 3.36(m), 3.19(dd), 2.3(m), 2.1-1.8(m), .165(m),

- 1.51(m), 1l.4(m), 1.23(d), 0.88(s), 0.07(s)ppm.

Example 13
Allyl(45,85,9R,10S 12R)-4-methoxy-10 [l (t-butyldimethylsilyloxy )-
ethyll-11-oxo-1-azatriecyclo[7.2.0.0 i ]undec— 2-ene-2-carbaxylate
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The compound of Example 12 (1g) was dissolved in diethyl ether (100ml)
under nitrogen and coocled at -78YC. Methyl trifluoromethanesulfonate
(0.54m1) was added then potassium bis(trimethylsilyl)amide (7.8ml),
05M solution in toluene) was added dropwise over 2 hours, at the end
some more methyl trifluoromethanesulphonate (0.3ml) was added followed
by a dropwise addition of potassium bis(trimethylsilyl)amide (4 ml,
0.5M in toluene). After 1 hour the reaction mixture was poured into a
saturated solution of ammonium chloride (300ml) and separated. The
organic leyer was washed with a 1% solution of cold hydrochloric acid
(2x200m1), water and brine, dried and evaporated. The oiiy residue was
chromatographed on silica gel using a mixture of petroleum and diethyl
ether (7/3) as eluant to afford the title compound (370mg) as a
colourless oil (Rf 0.45).
IR(CDCL,) V (cm 1)z 1772(C=0), 1717(C00), 1634(C=C)
i{H-NMR a (CDCl }: 6.0(m), 5.45(m), 4.98(m), 4.74{m), 4.22(m),
4.15(dd), 3.28(s), 3.22(m), 3.21(m), 2.07(m), l.84{m), 1. 66(m),
1.6-1.2(m), 1. 22(d), 0.9(s), 0.08(s)ppm.

Examgle 14 :
Ally1(45,85,9R,105,12R )-4-methoxy-—10- (l-hydroxyethyl )~
1l-oxo-l-azatricyclo[7.2. 0.0 ! ]undec— 2-ene-2-carboxylate

The compound of Example 13 (370mg) was dissolved in dry
tetrahydrofuran (12ml) acetic acid (0.5ml) was added followed by a
1.1M solution of tetrabutylammonium fluoride in tetrahydrofuran
(2.85m1). The reaction was stirred at room temperature for 30 hours
then diluted with ethyl acetate {200ml), washed with a 5% solution of
sodium hydrogen carbonate (2x200ml) then with brine, dried and
evaporated to give a yellow 0il which was purified by chromatography
using diethyl ether as eluant (Rf 0.4) to obtain the title compound
(180mg) as e white oil.

IR{CDC1,) V . (omm*): 3609(0H), 1772(C=0), 1717(C00), 1642(C=C)
H!-NMR S (CDCl )_ 5.96(m), 5.43(m), 5.27{(m), 4.96{(m), 4.82(m),
4.68(m), 4.237(m), 4.19(dd), 3.25(s), 3.28(m), 3.20(m), 2.08(m),
1.9-1.8(m), 1.65(m), 1.45(m), 1.32(d)ppm.

-
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Example 15
Potassium(45,85,9R, 105 12R)~4-methoxy—10-(l-hydroxyethyl)-ll-oxo—l-
azatricyclo [7.2.0.0 i Jundec~-2-ene-2-carboxylate
To a solution of the compound of Example 14 (420mg) and
triphenylphospine (15mg) in dry tetrahydroduran, a solution of |
tetrakis(triphenylphosphine)palladium (30mg) in tetrahydrofuran (2ml)
and a 0.5M solution of potassium 2-ethylexanoate (3ml) were gquickly
added. The reaction mixture was stirred for 30 min then the obtained
white solid was centrifugated, washed with a mixture of diethyl ether
and tetrahydrofuran (8/2) (3x10ml) and diethyl ether (2x10ml) then
dried under vacuum to give the title compound (400mg).
‘IR(Nujol) V max {em!): 3609€0H), 1772(C=0), 1717(C00), 1642(C=C)
HL-NMR S (D 0O~Acetone): 4.6(m), 4.07(m), 4.04(dd), 3.34(dd), 2.93(m),
2.50(s), 2.22-1.6(m), 1.27(m), 1.09(d)ppm.

Example 16
Ally1(4S,85,9R,105,12R )-4-allyloxycarbonylamino-10-~{1- (t-

o butyldlmethy131lyloxy)-ethyl]-11-0xo-l-azatr1cyclo[7 2.0. 0 ’ ]undec-

2-ene-2~carboxylate

To an ice cold solution of Intermediate 17 (2g) in anhydrous
dichloromethane (100ml), solid potassium carbonate (0.680g) was added.
The mixture was stirred for 30min., then allyloxalylchloride (0.88g)
followed by triethylamine (0.59g) were added. The reaction mixture was
stirred at room temperature for lhr, then further allyloxalylchloride
{0.88g) and triethylamine (0.599) were added. After 15 min the
reaction mixture was diluted with dichloromethane, filtered, washed
with 5% hydrochloric solution, 5% sodium hydrogen carbonate solution,
and brine. Removal of the solvent gave the crude oxalimido
intermedidate which was dissolved in dry xylene (130ml) and treated
with triethylphosphite (7.4ml). The obtained solution was heated at
reflux for 2z hrs., the solvent removed under vacuum and the residue
chromatographed on silica gel using a mixture of
diethylethér/petroleum (9/1) as eluant to afford the title compound

as a yellow oil (1.7g); IR:V max (cocl,) 3425, 1769, 1742, 1649 cm';
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‘H-NMR (300 MHZ, CDC1l;) 6.05-5.8(m), 5.45(t}; 5.5-5.18(m), 4.96(d),
4.78(m), 4.55(m), 4.19(m), 4.12(dd), 3.16(dd), 3.06(m), 1.97(m),
1.9-1.5(m), l.4-1.2(m), 1.23(d), 0.88(s), 0.07(s). |

Example 17 _
A11y1(45,85,9R,1051;2R)-4-gl%yloxycarbonylamino-lD-(l-hydroxyethyl)611-
-oxo~l-azatricyclo[7.2.0.0 ’ Jundec~2-ene-2-carboxylate

To an ice cold solution of Example 16 (0.98g) in dry fetrahydrofuran
(60ml), acetic acid (0.93g) and solid tetrabutylammonium fluoride
trihydrate (1.83g) were added. The mixture was stirred at room
temperature for 30 hrs., then poured into water and extracted with
ethyl acetate (3x180ml). The organic layer was washed with 5% sodium
hydrogen carbonate solution and brine, dried and evaporated under
vacuum. The residue was chromatographed on silica gel using & mixture
of methylene chloride/methanol (9/1) es eluant to give the title
compound as a white foam (0.4g); IR:V max (CDC1,)3447, 1772, 1718cm‘;
‘H_NMR (300 MHZ, CDCl,) 6.05-5.8(m), 5.45-5.39(bt), 5.4-5.15(m),
4.94(m), 4.9-4.6(m), 4.54(m), 4.21(m), 4.16(dd), 3.19(dd), 3.12(m},
2.05-1.5(m), 1l.4(m), 1.31(d).

Example 18

(45,85,9R,105,12R )-4-amino-10-{1-hydroxyethyl )11--oxo-1-
azatficyclo[7.2.O.D§3°]undec- 2-ene-2-carboxylic acid

A solution of the Example 17 (0.4g) and acetic acid (0.24g) in dry
tetrahydrofuran (10ml) was stirred under nitrogen for 15 min. Tetrakis
(triphenylphosphine) palladium {0.650 g), dissolved in dry
tetrahydrofuran {15ml), was then added and the mixture stirred for
lhr. The obtained solid was filtered off, washed with diethylether and
dried, to give the title compound as a pale yellow solid (0.230g); IR:
Vmax (Nujol) 3364-2669, 1767, 1872, qm*; ‘H-NMR (300 MHZ, D 0-Acetone)
5.0({m), 4.12-4.0(m), 3.32(m), 3.09(m), 2.0-1.5(m), 1l.25(m), 1.12(d).

Example 19

Ally-(45,85,9R,105,12R )~4-(allyloxycarbonylaminomethyl)-10-[1-(t-
Butyldimethylsilyloxy)—ethy1]—ll—oxo-l-azatricy1co-[7.2.0.03’5]-
undec-2-ene-2-carboxylate
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Intermediate 20 (0.48g) was dissolved in diy methylene chloride (20ml)
at room temperature, potassium carbonate (lg) was added followed by
allyloxallylchloride (D.18ml) and triethylemine (0.18ml). After 5 hr
the mixture was filtered, diluted with methylene chloride (80ml),
washed with & 5% of sodium hydrogen carbonate solution and brine
(30m1). The organic layer was dried and evaporated under reduced
pressure. The residue which was dissolved with dry xylene (100ml)
triethylphosphite (0.8ml) and hydroquinone (0.05g) were added and the
mixture was refluxed for 3.5 hr.
‘The solvent was evaoorated under reduced pressure to give an o0il which
was purified by flash chromatography on silica gel {eulants ether and
cyclohexane 80/20 Rf = 0.7) to afford the title compound (0.30g) as a
yellow oil. -
IR (cmri): 3450(NH), 1769(*C0), 1744(C0), 1715(CO);
NMR{ppm)5.92(m), 5.5-5.1(m), 4.9{m), 4.8-4.5(m), 4.18{(m), 4.11(dd),
3.72(m), 3.55(m), 3.3-3.0(m), 2.0-1.2(m), 1.36(t), 1.19(d), 0.86(s),
0.05(s).

Example 20

Allyl(45,85,9R,10S,12R )-4-(allyloxycarbonylaminomethyl }~10- (1~
hydroxyetbyl)-ll-oxo-l-azatricylco[?.2.0.03’6]-undec-2-ene—2—
carboxylate ; ' o
Example 19 (0.30g) was dissolved in dry tetrahydrofuran, acetic acid
(0.3m1) and tetrabutylammonium fluoride (2.5ml of M solution in THF)
were added and the mixture was stirred for 30Ihours. The mixture was
diluted with ethyl acetate (150ml) and washed twice with brine (100m1)
-and with 'a 5% aq. sodium hydrogen carbonate solution (80ml). The
oranic layer was dried and evaporated under reduced pressure to give a
residue which was purified by flash chromatography on silica gel
(eulants cyclohexane and ethyl acetate 50/50 Rf = 0.1) to afford the
title compound (0.06g) as a colourless oil.

IR (v enr+): 3605(0H), 3447(NH), 1771(C0), 1717(C0), 1620 (C=C);
NMR (CDCl-, ppm): 6.0-5.8(m), 5.5-51(m), 4.93(bm), 4.8-4.6(m),
4.48(m), 4.3-4.1(m), 3.73{(m), 3.58(m), 3.3-3,.1{m), 1.75-1.2(m),
1.27(d).
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Example 21
{45,85,9R,10S,12R )-4-(am1nomethyl)-—10—(l hydroxyethyl)
~11-oxo-l-azatricylco[7.2.0. 0 ]- undec-2~ene-2~carboxylic 801d
Example 20 (0.06g) was dissolved in dry tetrahydrofuran (lml), acetic
acid (0.036ml), and tetrakis(triphenylphospine)palladium (0.09g) were
added. The mixture kept under stirring for 1 hour was diluted with a
mixture of ether (8ml) and petroleum ether (4ml). The obtained solid
was washed twice with a mixture of ether (8ml) and petroleum ether
(4ml). The solid was dissolved in water (5ml) and chromatographed on
reverse phase silica gel C-lB(eu;ant water) and the solution was
freeze dried to give the title compound (0.04g) as a white solid.
IR (Nujol, cm‘1):3300-2650(NH3;,0H,NH2), 1751(c0) 1582(c=C,C0)
NMR (D20 ppm): 7.62(m), 4.78(m), 4.07{(m), 4.00{(dd), 3.9-3.65(m),
3.24(m), 3.3-2.9{(m), 2.1-1.95(m), 1.8-1.4(m), 1.3-1.0(m), 1.11(d),
1.02(d), uv (v_max nm): 268.5.

Example 22 _
(a) Allyl-(45,85,9R,10S,12R )-4—isopropoxy-10-~[1~(t- .
butyldimethylsilyloxy) ethyll-11-oxo-l-azatricylco-[7.2.0.0 ’ ]-

undec-2-ene-2-carboxylate

To an ice-cold solution of intermediate 23a (1.139)_in anhydrous
dichloromethane (150ml1), solid K ,CO, was added. The mixture was
stirred for 30' under nitrogen, then allyloxalylchloride (4.43ml) -
followed by triethylamine (5ml) in serveral portions was added during
40 hrs at 25YC until complete conversion of the starting material.
After filtration the organic layer was washed with brine, dried, and
evaporated under reduced pressure. The oily residue (1.05g),
corresponding to the crude oxalimide intermediate, was dissolved in
dry (40ml) xylene and triethylphosphite (1.445ml) was added and the
mixture was heated with stirring at 140YC for 3 hrs. The reaction
mixture was then cooled, evaporated under reduced pressure and
chromatographed, using a mixture cyclohexane/ethyl acetate 1/1 as
eluant, to obtain the title compound as an yellow oil (0.33g; t.l.c.
cyclohexane/ethyl acetate 1/1 Rf 0.68); IR {(CDCL,) V max (cm1):
1772(C=0 B-lactam), 1717(C=0 allyl ester)
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H4-NMR(CDC1 3): 6(m), 5.43(m), 5.26{(m), 5.1B(m), 4.86-4.6(m), 4.21(m),
4.125(dd), 3.55(m), 3.18(dd), 3.20(m), 2.05-1.5(m), 1.5-1.2(m),
1.23(d), 1.14{dd), 0.88(s), 0.08(s) ppm.

(b) In a similar manner

Allyl(4R,85,9R,105,12R )-4-1sopropoxy-10-[1-{t-Butyldimethylsilyloxy )-
ethy1]-ll-oxo-l-azatricylco[J.2.O.DJ’G]— undec~-2~-ene-2-carbaxylate
(0.29 t.l.c. cyclohexane/ethyl acetate 7/3 Rf 0.67); IR(COC1,), V max
em~t): 1765(C=0 g~lactam), 1744(C=0 allyl ester), 1612(C=C)

H*-NMR (CDCl,): 5.94(m), 5.33{(m), 4.73(m), 4.17(dd), 3.67(m),
3.23(dd), 2.78{m), 2.4—1.2(m), 1.22(d), 1.10(m), 0.88(s),
0.018(s)ppm., was obtained from intermediate 23b (1.64g) except that

the chromatrography elutant was a 7/3 mixture of ‘cyclohexane/ethyl
acetate. '

Example 23

{a)

Allyl(4S,85,9R,105,12R )-4~isopropoxy-10~-(1-hydroxyethyl )-
ll-oxo-l—azatricylco[7.2.0.03?6]- undec—2-ene—Z;carboxylate

The Example 22a (0.330g) was dissolved in tetrahydrofuran (30ml) and
acetic acid (0.325ml) was added followed by tetrabutylemmonium
fluoride trihydrate (Q.67ﬂg). The mixture was stirred at 20YC for
ZOhrs, then diluted with ethyl acetate (50ml) and washed with a 2%
solution of sodium hydrogen carbonate and brine (50ml). After
evaporation, the.residue was purified by flash chromatography, using a
mixture, pyclohexane/ethyl acetate 1/1 as eluant, to obtain the title
compound as an oil {0.12g; t.l.c. cyclohexane/ethyl acetate 1/1 Rf
0.15); IR:V __ Cm~* 3614(0H); 1772(C=Oplactam) 1717(C=Oester)
1632(C=C); H*-NMR(CDC1,) (CDC1,): 5.96(m), 5.45(m), 5.27(m), 5.18(m),
4.82{m), 4.69(m), 4.25(m), 4.18(dd), 3.53(m), 3.3{(m), 3.23(dd),
2.0(m), 1.88(m), 1.77¢(m), 1.7-1.2(m), 1.33{(d), 1.13(dd) ppm.

(b).
Allyl(4R,85,9R,105,12R )-4~isopropoxy-10-(l-hydroxyethyl )~

* 9
1l-oxo-1l-azatricyleo[7.2.0.0 ’ ]- undec-2-ene-2-carboxylate
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The Example 22b (0.2g) was dissolved in tetrahydrofuran (50ml) and
acetic acid (0.197ml) was edded followed by tetrabutylammonium
fluoride trihydrate (0.408g). The mixture was stirred at 20°C for 24
hrs. Then brine (50ml) was added end the mixture was extracted with
ethyl acetate (3x20ml). The organic layer was extracted with a
solution of sodium hydrogen carbonate (2x25ml), then with brine
(brine). After concentration, the residue was purified by flash
chromatography, using & mixture cyclohexane/ethyl acetate 7/3 as
eluant, to obtain the title compound as an oil (0.04g t.l.c.
cyclohexane/ethyl acetate 1/1 Rf 0.13); IR (CDCl,), V ﬁax (cnrt)

1776(C=0 B-lactam); 1720(C=0 allyl ester), 1609(C=C), 3600(0H)

H*-NMR (CDCl,): 5.93(m), 5.40(m), 4.70{(m), 4.20(dd), 4.19(m), 4.05(m),
3.66(m), 3.26(dd), 2.81(m), 2.1-1.2{m), 1.29(d), 1.08(m) ppm.

Example 24

(a) ’

Potassium{45,85,9R,10S 12R)-4-1soprqpoxy-10 (l-hydroxyethyl)-
ll—oxo-l-azatrlcylco[7 2.0.0 it ]— undec-2-ene-2-carboxylate

The Example 23a (c. 12g) was dissolved in anhydrous dichloromethane
(20ml) and triphenylphosphine (0.09g), followed palladium tetrakis
(triphenylphosphine) (0.13g) and a 0.5M solution of potassium
2-ethylhexanoate (0.568ml) were added. The crude solid (22mg),

obtained by filtration, was purified by reverse phdse chromatography

(Rplﬂ; water as eluant). Fractions containing the product were
combined and freeze dried. The title compound was obtained as a white
solid (10mg); IR Nujol, V _ (om=!): 3375(0H), 1731(C=0 f-lactam),
1593(bb C=C and C = O carboxylate)

H*-NMR (H 0/acetone): 4.99(m), 4.08(m), 4.d(m), 3.49(m), 3.26(m),
3.05(m), 1.8-1.2(m), 1.11(d), 0.98(m), ppm.

(b)

Potassium(&R,SS,9R,105,12R)-4-isopropoxy-10-(1—hydroxyethyl)-
ll-oxo-l-azatricylco[7.2.0.05’5] undec-2-ene-2-carboxylate

The Example 23b (0.03g) was dissolved in anhydrous dichloromethane
{(loml). Then triphenylphosphine (0.0022g) was added, followed by
palladium tetrakis(triphenylphospine) (0.0033g) énd 0.05M solution of
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potassium 2-ethylhéxancate (0.1éml). The pedéfion mixture was stirred
for two hrs under nitrogen, then the solvent was evaporated to small
volume and the resulting mixture was diluted with diethyl ether (5ml).
The solid obtained was filtered, washed with diethyl ether/petroleum
ether and dried to give the title compound as a white solid (0.022g);
IR (CDCly), V (cm‘ ): 1751 (C=0 g-lactam), 1595 (C=0,C=C)

H{-NMR D_0: 4. 02(m), 4.1-4(m), 3.6(q), 3.24(dd), 2.67(m), 2. 05(m)
1.79(m), 1.6{m), 1.1(d), 0.9(s), 1.4{(m) ppm.

Example 25
Allyl(45,85,9R,10S,12R )-4~-cyclopentyloxy~10-[1-{t-

3
. Butyldlmethy1811yloxy)—ethy1]-ll-oxo-l-azatr1cy1co[7 2.0.0 ,° 1-

undec-2-ene-2-carboxylate

To an ice cold solution of the intermediate 25 (1.2g) in anhydrous
dichloromethane (60ml), solid K,CO, (300mg) and 4A molecular sieves
were added. To the stirred solution, allyl oxalylchloride (0.48mg) and

- triethylamine (0.33mg) were added énd the resulting mixture was

stirred at 20Y, under nitrogen for 3 hr. The solid was filtered off
and the solution washed with 10% NaeHCO, solution, brine, dried over
sodium sulfate ahd evaporated under reduced pressure. The crude
oxalimide intermediate was dissolved in dry xylene (50ml) and
triethylphosphite (4.6ml) was added. The resulting solution was heated
under stirring at 80" for 1 hr, then at 140Y for 3 hrs. The reaction
mixture was cooled and evaporated under reduced pressufe. The residue
was chromatographed on silica gel using cyclohexane as eluent to give
the title compound as a yellows oil (0.75g t.l.c. cyclchexane/ethyl
acetate 1/1 Rf 0.6) IR {cocy,), v max(cm‘*): 1771 (C=0 p lactam), 1738
(C=0), 1601 (C=C). H-‘-NMR (CDCl,): 5.38(m), 5.23(m), 4,70(m),
4.11(m}, 3.99(m), 3.74(dd), 3.09(dd), 2.89{(m), 2.10{m), 1.90(m),
1.80-1.20{m), 1.23(d), 0.86(s), 0.05(s).

Example 26

Allyl(4S,8S,105, 12R)-4-cyclopenty104y—10-(l hydroxyethyl )-
ll-oxo-l-azatricylco[7.2.0. 0’ ]- undec-2-ene-2-carboxylate

To the stirred solution of Example 25 in dry THF (40ml), acetic acid
(0.75mg) and tetrabutylammonium trihydrate (1.80g) were added. The
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mixture was stirred at 20Y for 24 hrs then poured into water and
extracted with ethyl acetate; the organic layer was wahed with 10%
solution of NaHCO;, brine dried over MgS0, and evaporated under
reduced pressure. The residue was purified by flash chromatography,
using a mixture of cyclohexane/ethyl acetate 8/2 as eluant, to obtaine
the title compound 4b as an oil. (0.19g; t.l.c. cyclohexane/ethyl
acetate 3/7 Rf 0.3). IR (CDC1,), V (cm~*): 3600(0R), 1776 (C=0 p
lactam), 1738 (C=0) 1603 (C=C).

max

" H'- NMR (CDCl4): 5.95(m), 5.39(m), 5.26(m), &4.71(m), 4.16{(m), 4.09(m),

4.00(m), 3.79(dd), 3.18(dd), 2.90(m), 2.10(m), 1.90(m), 1.8-1.2(m),
1.31(d).

Example 27
Potassium(AS,85,9R,105,12R)zagcyclgpentyloxy-lﬂ-(l-hydroxyethyl)-
11-oxo-1-azabicycle[7.2.0.0 ’ ]- undec-2-ene-2-carboxylate

To the stirred solution of Example 26 (0.17g) ih dry ethyl ethyl
acetate (9ml) and dry methylene chloride (9ml), triphenyl phosphine
(18mg), tetrakis {triphenylphosphine) palladium (23.6mg) and 0.5M
solution of potassium ethyl exanoate (0.85ml) were added. The mixture
was stirred under nitrogen at 20C for & hr. A 1/1 solution of diethyl
ether/petroleum (15ml) was then added, the obtained solid was filtered
of f, washed with. 1/1 diethyl ether/petroleum solution (3x15ml1), and
dried to give the title compound {(0.10g; t.l.c. methylene.
chloride/acetic acid 9/1 Rf 0.2 IR (Nujol), L (c 1)
1772-1680{C=0); 1640, 1585 (C=C).

H{-NMR (DZD): 4.05(m), 3.89(m), 3.62(dd), 3.22(dd), 2.83(m),
1.9-1.0(m), 1l.11(d).

Example 28

Allyl-{45,85,9R,105,12R )~4~ (t-Butyldlmethy131lyloxymethy1)-10[1 {t-
Butyldimethysilyloxy )-ethyl]-1l-oxo-1-azatricycle[7.2.0. 0 ]-
undec-2-ene-2-carboxylate .

Intermediate 27 (5.2g) were dissolved in anhydrous methylene chloride
(100m1) and anhydrous potassium carbonate {lg) was added.
Allyloxalylchloride {1.9ml) end triethylamine (1.9ml) were added to

the stirred solution at room temperature, and the resulting mixture
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was stirred for 2.5 hours filtered and washed twice with a saturated
aqueous solution of sodium hydrogen carbonate (50m1). The organic
layer was dried and the oil obtained after evaporation was partially
purified from polar impurities by flash chromatography (eluants
cyclohexane/ethyl acetate 98/2 Rf = 0.7). The eluants were removed by
evaporation and the residue dissolved in dry xylene (150ml) and
triethylphosphite (8.3ml) was added. The solution was refluxed for 4
hours and the solvent removed under reduced pressure. The oily residue
ws chromatographed on silica (eluants cyclohexane/ethyl acetate 98/
2Rf = 0.7) to afford the title compound (1.8g) as a yellow oil.
IR: (V max cm~t) 1769, 1715 end 1647;
NMR: {(d ppm) 5.96{m), 5.33{(m), 4.72(m), 4.18{(m), 4.18(m), 4.07(dd),
3.75(m), 3.16(dd), 3.0(m), 1.95(m), 1.9-1.7(m), 1.3(m), 1.23{(m),
0.87(s), 0.07(s), 0.03(s). '

Example 29
Allyl—(45,85J9R,105112R)-4—(hxgroxymethy1)-10-(1-hydroxyethyl)-
ll-oxo-l-azatriqylco[7.2.D.OJ’GJ undec;z-ene-2-carboxy1ate

To a stirred solution of Example 28 (90mg) dissolved in anhydrous THF
(lSmi), acetic acid (0.1ml) and tetrabutylammonium fluoride (0.82ml of
1 M solution 1n_THF) were added. The resulting mixture wes stirred for
30 hours then diluted with ethyl acetate (100ml) and washed with 2%
aq. sodium hydrogen bicarbonate, ice water and brine. The organic
layer was dried and evaporated under reduced pressure to give an o0il
which was chromatographed on silica gel (eluants cyclohexane/ethyl
acetate 50/50 Rf = 0.2) to afford the title compouhd a a colourless
oil (25mg). _

IR: (v max cm—*)3605, 3497, 1771, 1713 and 1620;

NMR: (d ppm), 5.98(m), 5.35(m), 4.74(m), 4.23-4.18(m + dd), 3.78(m),
3.24(dd), 3.08(m), 2.1-1.2{m), 1.31(d).

Example 30 :
Potassium(4S,85,9R,105,12R )-4- (hydroxymethyl )-10~{1-hydroxyethyl)-
ll-oxo—l-azatricylco[7.2.0.03;0]- undec-2-ene-2~-carboxylate
Example 29 (25mg) was dissolved in anhydrous THF (1.5ml),
tetrakis(triphenylphosphine)palladium (10mg), triphenylphosphine
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(10mg) and potassiium 2-ethylhexanote (0.14ml of 0.5 M in ethyl
acetate) were dissolved in 0.5 ml of anhydrous THF and added to the
solution, the mixture was stirred for an hour then diluted with dry
ether (15m1) and petroleum ether (10ml). The solid was washed twice
with dry ether (15ml) end petroleum ether (10ml). The solid was
dissolved in water (0.2ml) and chromatographed on reverse phase silica
gel C-18 (eluant water), the solution was freeze dried to give the
title compound (10mg.) as a while solid.

IR: (Nujol, cm*) 1751 and 1583;

NMR (d ppm, D,0) 4.06{(m), 3.57(m), 3.178(dd), 3.51(m),.2.92(m),
1.50{m).

Example 31

.A11y1(45,85,9R,105,12R)—4-(1)fphenylthio-lo-[l-(t- -
Butyldimethylsilyloxy)ethyll-1ll-oxo-l-azatricylco[7.2.0.0 ’ 1-
undec-2-ene-2-carboxylate |

To & solution of intermediate 29a (0.75g) in snhydrous methylene
chloride (25m1), anhydrous potassium carbonate (0.24g) was added and
the mixture was stirred at 23 C for 15min. The mixture was cooled at
0YC and allyl oxalyl chloride (0.385g) was added by a syringe followed
by triethylamine (0.36éml). The reaction was stirred at 23C for 0.5
hrs, the solid was filtered off washing with methylene chloride
(20m1). The solvent was evaporated and to the resulting mixture ethyl
ether (40ml) end brine (20ml) were added. The two layers were
extracted and separated, the organic phase was extracted with brine
(20m1) 5% sodium hydrogen carbonate (6x20ml) water {20ml) a cold 1%
solution of hydrochloric acide {3x20ml) and water (20ml). The organic
layer gave, after evaporation a yellow 0il (0.85g) which was dissolved
in anhydrous xylene, triethyl phosphite (2.87g) was added and the
resulting solution was heated under stirring for 16 hrs. the reaction
was evaporated and the oily residue was submitted to flash
chromagrography (CH/EA 8/2). The title compound (0.29g, 32.6%) was
obtained Rf=0.7, CH/EA 7/3) as a white wax.

IR (cm~*) 1774 (p-lactam); 1717(carboxyl); 1651(double bond);
1626(double bond); 1583(double bond).
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H-NMR (ppm) 7.37{m); 7.20{(m), 5.81(m); 5.25(m); 5.17{m); &.54(m),
4.13(m), 4.06(dd); 3.39(m); 3.14(dd); 2.04(m); 2.0-1.8{m);
1.8-1.65(m); 1.37(m); 1.19(d); 0.85(s).

Example 32

Allyl(45485,9R,105,12R)-4-ph§n§}thio—lﬂ-(l—hydroxyethyl)-
11-oxo-1-azatricyclo{7.2.0.0 ’ J- undec-2-ene-2-carboxylate

To a stirred solution of Example 31 (0.13g) in anhydrous THF under
nitrogen, acetic acid was added by a syringe: (0.11éml) followed by a
solution of tetrabutylammonium fluoride trihydrate (0.239g) in THF
(6ml). The resulting mixture was stirred for 20 hrs and diluted with
brine (10ml), extracted 3 times with ethyl acetate (30ml). The orgenic
layer was washed tﬁice with a 5% solution of sodium hydrogen carbonate
(30m1) and with brine (30ml). The residue, after evaporation, was
purified by flash chromatography (CH/EA gradient elution from 7/3 to
1/1) to obtain 5 (0.08g) eluted first and the title compound (0.03 g,

'30%) eluted second as a colourless oil (Rf=)0.3, CH/EA 1/1)

IR{cm~*) 3612(hydroxyl); 1772 {g-lactam); 1717(carboxy); 1649 (doulbe

.bqnd); 1626{double bond); 1583{double bond).

*H-NMR (ppm) 7.38(m); 7.26{m); 5.83(m); 5.22(sa); 4.58{m); 4.20{m);
4.15(dd); 3.51(m); 3.22(dd); 2.2-1.5(m); 1.4(m); 1.3(d).

Example 33

. Potassium(45,85,9R,105,12R )-4-(1-phenylthio-10-{{l-hydroxy)ethyl)-
“ O

11-oxo-l-azatricyclo{7.2.0.0 ’ ]- undec-2-ene-2-carboxylate

To a solution of Example 32 (30mg) in a 1/1 mixture of methylene
chloride and ethyl acetate (2ml), under nitrogen a solution of
triphenyl phosphine (2mg) in methylene chloride (0.5ml) was added
followed by a solution of palladium tetrakis{triphenylphosphine) in
methylene chloride (0.5ml) and by a 0.5M solution of potassium
2-ethylhexanoate in ethyl acetate (0.125ml). The solution was stirred
for 1 hr. The precipitate which formed was separated after
centrifugation, washed three times with ethyl ether to yield the title
compound as a white solid (6mg, 20:).

IR(Nujol, cm~*) 3344(hydroxyl); 1765 (p-lactam); 1645(double bond);..
1591(double bond).
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L H-NMR (0,0 ppm) 7.20(m), 5.17(bs); 4.01(m); 3.87(dd); 3.18(m + dd);
1.9-1.5(m), 1.25{(m); 1.08(d).

Example 34 _
Allyl(ﬁSl§S,9Ri;DS,12R)-4-(N-al;yloxycarbonyl-N—methylaming);lO-[l-(t—
butyldimethylsilyloxy )-ethyl]-1l-oxo-l1-azatricyclof[7.2.0.0 * }-
undec-2-ene-2~carboxylate

A solution of the intermediate 35 in anhydrous xylene (120ml) was

stirred in presence of 4A molecular sieves, at 22Y under nitrogen for
lhr, then triethylphosphite (25ml) was added and the solution heated
at reflux for 7hrs, then the solvent was removed under vacuum. The
residue was chromatographed on silica gel, using & mixture of
diethylether/petroleum (7/3) as eluant, to afford the title compound
as a yellow oil (3g, t.l.c. diethyl ether Rf 0.76); IR; V max (coci )
1767,1744, 1693, 1649 cm—*; *H_MNR (300 MHZ, cDCly) 5.96{m),
5.5-5.1(m), 5.36(m), 4.8-4.5(m), 4.21(m), 4.16(dd), 3.20(m), 3.0(s),
2.25-2.1(m), 1.92-1.8{m), 1.75-1.4(m), 1.38(t), 1.23(d), 0.88(s),
0.078(s), 0.075(s).

Example 35 '

Allyl-(45,85,9R,105,12R )-4-(N-allyloxycarbonyl-N-methylamino)-10-{1'~
hydroxyethyl)-ll-oxo—l-azatricyclo[?.Z.O.OJ;Ui-undec-Z-ene- |
2-carboxylate |

To a solution of Example 34 (3.0g) in dry tetrahydrofuran (50ml),
acetic acid (2.6m1) and a solution of tetrabutylammonium fluoride
trihydrate (5.5g) in dry tetrahydrofuran (30ml) were added. The
mixture was stirred at 22Y for 15 hrs, then poured into water (200 ml)
and extracted with ethyl acetate (2x80ml). The organic layer was
washed with 5% sodium hydrogen carbonate solution (2x80ml) and brine
(100ml1), dried over anhydrous sodium sulfate and evaporated under

vacuum. The residue was chromatographed on silica gei, using & mixture
of methylene chloride/methanol (9/1) as eluant, to give the title
compound as a colourless oil (0.77g); IR: V max (cobci,) 3612, 1776,
1720, 1713 1700 em~*; *H-MNR (300 MHZ, CDC1,) 5.94(m), 5.5-5.15(m),
5.35(t), 4.73{m), 4.56(m), 4.23(m), 4.21(dd), 3.24{dd), 3.23(m),
2.99(s), 2.20(m), 1.91(m), 1.8-1.5(m), 1.4(m), 1.32(d).
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Example 36
{45,85,9R,10S 12R)-4-methxlam1no-10 {1-hydroxyethyl )-11-oxo-
l-azatricyclo[7.2.0.0 i 1- undec~2-ene-2~carboxylic acid
To a solution of Example 35 (1.2g) in dry tetrahydrofuran (50ml)
dimedone (1.67g) was added under nitrogen at 22Y. The solution was
stirred for 15min, then e solution of tetrakis(triphenylphosphine)
palladium (1.7g) in dry tetrahydrofuran (70ml) was added dropise in 10
min and the mixture stirred for lhr. Diethyl ether (200ml) was added
dropwise in 5 min under stirring and the resulting solid was filtered
of f, washed with diethylether (3x15ml) end dried. Then the solid was
dissolved in water (19ml) washed with ethyl acetate (5x 15ml) and ice
dried to give the title compound e pale yellow solid (0.6g); IR: V max
(Nujol) 3370-1700, 1767, 1597, cm-*; ‘H-NMR(300 MHZ, D 0-Acetone)
4.81(m), 4.15-4.02(m), 3.36(dd), 3.03(m), 2.47(s), 2.01—1.9(@),
1.33(m), 1.10(d).

Example 37

Allyl-{4s,85,9R,10S 12R)-4-(Z—allyloxycarbonylamlnoethoxy)-10-[1-
(t-butyldimethylsilyloxy)-ethyl-1l-oxo- l—azatr1cyclo[7 2.0. 0 ]-
undec-2-ene-2-carboxylate

To a solution of the intermediate 40 in anhydrous dichloromethane
(40ml), solid potassium carbonate (0.5g), then allyl oxalyl choride
(0.4m1) and triethylamine (D.4ml) were added at room termperature.
After 3 hr. the mixture was diluted with dichloromethane

(100m1), filtered and washed with cold 5% solution of sodium hydrogen
carbonate (2x 40ml). The orgenic layer was dried and evaporated. The
residue was dissolved in anhydrous xylene (100ml, hydroquinone
(0.02g), triethylphosphite (1.6ml) were added and the mixture was
heated at 110C for 3 hr, then the solvent was removed under vacuum.
The residue was chromatographed on silica gel usng a ethyl
acetate/cyclohexane 3/7 mixture as eluant to afford the title compound
(0.52g t.l.c.; ethyl acetate/cyclohexane.l/1 Rf=0.8).

IR (CDCL; V max (em=1) 3454(N-H), 1774(lactam), 1718(C=0), 1651(C=0),
H:-NMR (CDC1,): 6.20-5.85(2m), 5.48-.19(2m), 5.085(m), S5.04(bs),
4.82-4.64(m), 4.58(d), 4.216(m), 4.15(dd), 3.50-3.30(m), 3.195(dd),
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3.15(m), .05(m), 1.88-1.55(m), 1.52-1.20(m), 1.22(d), 0.0887(s),
o.osz(s),_u.o77(s).

Example 38

Allyl-(45,85,9R,10S 12R)—4—(Z-a1lyloxycarbonylamlnoethoxy)-10—[1-
hydroxyethyl )-11-oxo-l-azatricyclo[7.2.0.0 it ]-undec-2-ene-2-
carboxylate

To a solution of the Example 37 (0.52g) in dry tetrahydrofuran (50m1),
acetic acid (0.4ml) and a 1M solution of tetrabutyl ammonium fluoride
(5.5m1) in dry tetrahydrofuran were added. The mixture was stirred for
36 hr. at room temperature, diluted with ethyl acetate (100 ml) and
washed with a saturated ammonium chloride solution (1x 40ml) and a 5%
sodium hydrogen carbonate solution (2x 40ml). The organic layer was
dried evaporated and chromatographed on silica gel using a ethyl
acetate/cyclohexane 6/4 mixture as .eluant to afford the title
compound (0.2g, t.l.c.; ethyl acetate/ cyclohexane 6/4 Rf =0.1).

IR (CDC1l, V (c ~%) 3609 and 3499 (N-H, OH), 1722 ( lactam),
1718(C=0)

H*-NMR (CDC1,): 6.02-5. Ba(m) 5.5-5.18(m), 5.08(t), 5.02(sa),
4.88-4.64(m), 4.57(m), 4.24(m), 4.18(m), 3.44-3.3(m), 3.28-3.14(m),
2.05(m), 1.92-1.25(m), 1.32(d)

Example 39

{45,85,9R,10S 12R)—4—(2-am1noethoxy)-10-[l hydroxyethyl)
-11-oxo-1l-azatricyclo[7.2.0.0 it ]- undec-2-ene-2-carboxylic acid

To the solution of the Example 38 (0.04g) in dry tetrahydrofuran
(2m1), acetic acid (0.05ml) and tetrakis (triphenylphosphine)palladium
(0.0Sg)-in tetrahydrofuran (0.5ml) were added. After 4 hr. diethyl
ether (10ml) and petroleum ether (5ml) were added and the resulting
solid was centrifuged, washed with diethyl ether (3x 10 ml) and dried.
The solid was purified on C-18 (cartridge SEP-PAK Water Associates)
using water as eluant, then the sample dissolved in water and freeze
dried to afford the title compound (1 mg) as a white solid.

IR (CDC1, V max {em~t) 3358- 3100(NH,), 1763 (lactam), 1595(C=0, c=C).
Hi-NMR (D,0): 4.91(m), 4.08(m), 4.04(dd), 3.58-3.40(m), 3.28(dd),

3.12-2,93(m), 1.9(m), 1.80-1.30(m), 1.25(m), 1.11{(d).
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Example 40
Benzyl 4-methoxy=10-(1-hydroxyethyl)-11-oxo-
3 ©

1-azatricyclo[7.2.0.0 ’ ]- undec-2-ene-2-carboxylate

To a solution of the intermediate 41 (0.54g) in dry tetrahydrofuran
(5ml) under nitrogen at 0! thionyl chloride (0.15ml) and 2,6lutidine
0.27m1) were added. The reaction mixture was stirred at 22Y for 3
hrs., diluted with ethyl acetate {2ml) and washed with saturated aq.
ammonium chloride (2x25ml), 5% aq. sodium hydrogen carbonate (2>25ml)}
brine (2x25ml), dried end evaporated in vacuo. The oily residue

- {(0.56g) was dissolved in 1l,4-dioxane {10ml) and 2,6-lutidine (0.18ml),
sodium bromide (0.21g) and triphenylphosphine (0.54g) were added. The
reaction mixture was stirred at 22Y for 15 hrs. then heated at reflux
for 2 hrs. The reaction mixture was diluted with ethyl acetate (50ml)
and washed with saturated aq. ammonium chloride (2x 50ml) and brine
{(2x50ml1), dried and concentrated under vacuum. The oily residue was
chromatographed on silica gel, using & mixture of petroleum
ether/diethyl ether 9/1 as eluant, to afford a colourless oil (0.1ég).
This was dissolved in dry tetrahydrofuran (5ml), acetic acid (0.l4ml)
and a 1.1M solution of N,N,N-tetrabutylammonium fluoride in dry
tetrahydrofuran {084m1) were added. The reaction mixture was stirred
at 22Y for 15 hrs. diluted with ethyl acetate (25m1) and washed with
5% eq. sodium hydrogen carbonate (3x25m1) brine (2x25ml), dried and
concentrated under vacuum. The residue was chromatographed on silica
gel, using a mixute of éthyl acetéte/cydlohexane 3/7 as eluant, to
give the title compound as a colourless oil (35mg; t.l.c.
cyclohexane/ethyl acetate 1/1; Rf = 0.3). IR {(CDCl, V max.(cm"‘)
3600(0~-H), 1772{C=0 B lactam), 1718(C=0 ester), 1632(C=C);

Hi-NMR (300MHzCDCl1,): 7.47-7.30(m), 5.29{(dd), 4.94(t), 4.24(m),
4.19(dd), 3.3=3.3.2(m), 3.20(s), 2.05(m), 1.9-1.2(m), 1.61{d),
1.32(d).

Example 41

Potassium (4S,85,9R,105,12R )-4-methoxy-10-(l-hydroxethyl )~
11-0xo—1-azatricyclo[7.2.O.UJ’U]— undec-2-ene-2-carboxylate

To a solution of the Example 40 (30mg) in ethyl acetate (1m1), ethyl
alcohol (1ml) and palladium black (llmg) were added and the mixture
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was stirred in a hydrogen atmosphere {latm) at 25° for 25 min. Then
the catalyst was filtered off and the solution was' extracted with 0.4%
potassium hydrogén carbonate (2.5ml). The agueous layer was
concentrated under vacuum, then purified by reverse phase
chromatography. The aqueous solution was freeze dried to give the
title compound as a white solid (20mg).

Example 42

Benzyl 4-methoxy-10 [(l-hydroxyethyl—ll-oxo—l—azatrlcyclo-

{7.2.0.0 g ]- undec-2-ene-2-carboxylate

To a solution of the intermediate 41 (lg) in dry tetrahydrofuran
(10m1) under nitrogen at 0Y, thionyl chloride (0.27ml) end
2,6~lutidine (0.48ml) were added. The reaction mixture was stirred at
22Y for 3hrs, diluted with ethyl acetate (50ml) and washed with
saturated aq. ammonium chloride (2x50ml), 5% eﬁ. sodium hydrogen
carbonate {2x50ml), brine (2x50ml), dried and concentrated under
vacuum. The oily residue (1.1g) was dissolved in 1,4-dioxane (20ml)
and 2,6-lutidine (0.33ml), sodium bromide {0.39g), triphenylphosphine
(0.98g) were added. The reaction mixture was stirred at 22!Y for 15
hrs, then poured into saturated ag. ammonium chloride (50m1) and
extracted with ethyl acetate (50ml). The organic layer was washed with
saturated aq. ammonium chloride (50ml) and brine (2x50ml), dried and
concentrated under reduced pressure. The oily residue was
chromatographed on silica gel, using a mixture of ethyl
acetate/cyclohexane 3/7 as eluant, to give an oil (1.0g t.l.c. ethyl
acetate/cyclohexane 1/1 Rf = 0.6). The oil was dissolved in
acetonitrile (15ml), and acetic acid (1.3ml) and conc. hydrocloric
acid (Iml) were added at ice cooling. The reection mixture was stirred
at 0Y for 1 hr, then poured into cold 5% aq. sodium hydrogen carbonate
(50ml) and extracted with ethyl acetate (50ml). The organic layer was
.wgshed with brine, dried, and concentrated under reduced pressure to
give a white foam (0.9g t.l.c. ethyl acetate/cyclchexane; 25/5 Rf=z -
0.36). This was dissolved in 1,4-dioxane (20ml), heated at reflux for

Shrs, and then the solvent was removed under vacuum. The oily residue

was -chromatographed on silica gel, using a mixture of ethyl
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acetate/cyclohexarie 1/1 as eluant, to afford the title compound as a
colourless 0il (0.26g; t.l.c. ethyl acetate/cyclohexane 1/1 RF=073).

Example 43

Sodium{4S,85,9R,10S lZR)-a—methoxy—lo-(l—hxgroxyethyl)-ll-oxo-l—
azatricyclo[7.2.0.0 i ]undec-2-ene-2-carboxylate

To a solution of Example 42 (0.195g) in ethyl acetate (8ml), ethyl
alcohol (8ml) and palladium black (75.3mg) were added. The reaction
mixture was stirred in a hydrogen atmosphere (lamt) at 259 for 25min.,
then the catalyst was filtered off and sodium 2-ethylhexanoate (87mg)
was added. The organic solution was concentrated under reduced
pressure and the sodium salt residue was diluted with water and
purified by reverse phase chromatography. The aqueous soclution was
ice-dried to give the title compound as a white solid (90mg).
IR(CDCI,)Vmaxcm“: 3375(0-H),.1749(C=0 B lactam), 1595(C=0 & C=C);
*H-MNR (300MHz,CDC1,): 4.77(m), 4.16-4.06(m), 4.08(dd), 3.31(dd),
3.11(s), 3.03(m), 1.89(m), 1.75(m), 1l.6-1.2(m), 1.14(d).

Examgle 44 -
Ethyl{45,85,9R,105,12R )-4-methoxy-10~-(1-(t-butydimethylsilyloxy Jethyl-
—ll—oxo-l-azatricyclo[?.2.0.UJ;U]undec-Z—ene—Z-carboxxlate

To a solution of the intermediate 42 (0.7g) in dry tetrshydrofuran
(15m1) under nitrogen at-10Y, thionyl chloride (0.24ml) and
2,6-lutidine{o.41ml) were added. The reaction mixture was stirred at
-10Y for 30min, then diluted with ethyl acetate (100ml) and washed
with saturated ag. ammonium chloride (2x80ml) and brine (2x70ml) dried
and eveporated under vacuum. The oily residue (0.72g) was dissolved in
1,4-dioxan (10ml) and 2,6-lutidine (0.28ml), sodium bromide (0.33g)
and triphenylphosphine (0.85g) were added. The reaction mixture was
stirred at 22V for 24hrs, then diluted with ethyl acetate {50ml) and
washed with saturated aq. ammonium chloride (2x50ml) and brine
(2x50m1), dried and concentrated under vacuum. The oily residue was

chromatographed on silica gel, using cyclohexéne/ethyl acetate 8/2 as
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eluant, to afford & colourless ail (0. 669)(t 1.c. cyclohexane3ethyl
acetate 1/1; Rf=0.3).

A solution of the crude oil (0.66g), in 1,4-dioxan (10ml) was heated
at reflux for 4 hrs, diluted with ethyl acetate (30ml) and washed with
brine (2x50ml), dried and concentrted under vecuum. The oily residue
was chromatographed on silica gel, using cyclohexane/ethyl acetate 9/1
as eluant, to afford & colourless oil (0.13g; t.l.c. cyclohexane/ethyl
acetate 1/1 Rf=0.66).

IR(coc1,)vmaxcm-1= 1774{C=0 ﬁlactam); 1715(C=0 ester), 1632(C=C);

Example 45

Ethyl(4S,8S, (R,10S,12R )-4~methoxy-10-{1-hydroxyethyl )-11-oxo-1-
azatricyclo[7.2.0.0a’f]undec—Z-ene—Z-carboxylate

To a solution of Exemple 4§?(D.lg) in tetrahydrofuran (4ml), acetic
acid (0.1ml) and a 1.1M solution of N,N,N,N-tetrabutylemmonium
fluoride trihydrate (0.22g) were added. The resction mixture was
stirred at 22Y for 17hrs, then diluted with diethyl ether (20ml) and
washed with 5% aq. sodium hydrogen carbonate (30ml) and brine (30ml)},
dried and concentrated under vacuum. The residue was chromatographed
on silica gel, using diethyl ether/petroluem ether 1/1 as elutant to
give the tltle compound as a colourless oil (40mg; t. l.c.
diethylether; Rf=0.32).

IR(CDCls)Vmaxcm“: 3607(0-H), 1772(C=) p lactam), 1715(C=0 ester),
1632(C=C); -

'H-MNR (300MHz,CDCY,): 4.96(t), 4.46-4.22(m), 4.19(dd), 3.23(s),
3.35-3.17(m), 3.24(dd), 2.08{(m), 1.92-1.2(m), 1.36(d), 1.33(t).

Pharmacy Exahple

Dry Powder for Injection

Per Vial
Sodium(4S,85,9R,105,12R )~4~-methoxy-

lO-(l-hygrgxyethyl)-ll—oxo—l-azatricyclo 538mg

[7.2.0.0 ’ Jundec-2-ene-2-carboxylate

Fill sterile vials with the sterile sodium selt. Purge the vial head
space with sterile nitrogen; close the vials using rubber plugs and
metal overseals (applied by crimping). The product may be constituted

by dissolving in Water for Injection (10ml) or other suitable sterile
vehicle for injection shortly before administration.
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CLAIMS: (At BE,CH/LI,DE,DK,FR,GB,IT,LU,NL, SE)

1. Compounds of general formula (I)
’ OR|

0 - COOR,

in which:~-

R, represents a hydrogen atom or a hydroxyl
protecting group:

R, represents a hydrogen atom or é carboxyl
protecting group; and

R; represents a hydrogen atom, a hydroxyl group, a
hydroxymethyl group, a C,j;alkyl group or a group XR, in
which X represents an oxygen atom or the group S(O)n in
which n is zero or the integer 1 or 2 and R, represents a
C;.salkyl, C;,cycloalkyl or phenyl group, or when X is an
oxygen or sulphur atom then R, may also represent the
group AlKNR.R, in which Alk represents a C,, straight or
branched alkylene chain, and R; and R, each 1ndependently
represent a hydrogen atom or a C,., alkyl group or Rg
represents a formyl, acetyl or iminomethyl group and R,
represents a hydrogen atom or R, and R, together with the
nitrogen atom to which they are attached form a
pyrrolidino or piperidino ring, or R; represents a group
(CH,) NR;R; in which m is zero or one and R, and Ry
independently each represent a hydrogen atom or a C,,
alkyl group or R, represents a formyl, acetyl or
iminomethyl group and Ry represents a hydrogen atom, or
R, and the carbon atom to which it is attached represent
a keto group or a ketal derivative thereof;

and salts (including internal salts where

RN AR
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appropriate), metabolically labile esters and solvates
thereof.

2. Compounds as claimed in claim 1 wherein R, and R,
represent hydrogen atoms and physiologically acceptable
salts (including internal salts), metabollcally labile
esters and solvates thereof.

3. Compounds as claimed in claim 2 wherein R,
represents an amino, aminomethyl, methylamino, hydroxy,
hydroxymethyl, methyl, methoxy, ethoxy, isopropoxy,
cyclopentoxy, aminoethoxy, methylthio, phenylthio or
methylsulphinyl group or together with the carbon atom
to which it is attached forma a keto or dimethylketal
group. '

4. Compounds'of general formula (Ie)
OH

Q™

(te)

wherein R, represents an amino, aminomethyl, methylamino,
hydroxy, hydroxymethyl, methoxy, ethoxy, isopropoxy,
aminoethoxy, methylthio or phenylthio group,

and physiologically acceptable salts, metabolically
labile esters and solvates thereof. |

5. (4s,88,9R, 108, 12R) ~4-methoxy-10- (1-hydroxyethyl) -
11-oxo-1-azatricyclo[7.2.0.0%*#Jundec-2~ene-2-carboxylic
acid, and physiologically acceptable salts,
metabolically labile esters and solvates thereof.

6. The compounds:-

(4s,88,9R,108,12R) -4-methylthio-10-(1-hydroxyethyl)~-11-

Ay O
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oxo-1-azatricyclo[7.2.0.0%*%Jundec-2~ene-2-carboxylic
acid,

(45,85,9R, 108, 12R)-4-methylsu1ph1ny1-10-(1—
hydroxyethyl)-11-oxo-1l-azatricyclo[7.2.0.0%2]undec-2~
ene-2-carboxylic acid,

(4S,8$,9R,1QS,12R)-4-amino—10-(1-hydroxyethyl)-11-oxo-1-
azatricyclo[7.2.0.0%®%Jundec-2-ene-2-carboxylic acid,

and physiologiéally acceptable salts, metabolically
labile esters and solvates thereof.

7. A process for the preparation of compounds as

defined in claim 1 which comprises the cyclisation of a

compound of formula (II)
ORy,

H

(in which R,, is a hydroxyl protecting group, Rh'is a
carboxyl protecting group and R,;, is as defined for R; or
is a group convertible thereto, and Y is an oxygen atom
or a phosphine group) and thereafter, if necessary or
desired, subjecting the resulting compound, either

~ before or after any separation into its stereochemical
. isomers, to one or more of the following operations:-

a) conversion of a group R;, to the desired R, group,

b) removal of one or more protecting groups, or

c) conversion of a compound in which R, is a hydrogen
atom or a carboxyl protecting group to a corresponding
salt, metabolically labile ester or solvate.

8. A process as claimed in claim 7 wherein the

| ) O N VA
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cyclisation of a compound of formula (II) in which Y is
an oxygen atom is effected by heating in the presence of
an organic phosphite. |

9. A process as claimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a carboxyl protecting group
and R, is a group SR, (where R, is as defined in claim 1)
is oxidised to yield a compound (I) in which R, is a
group SOR,.

10. A process as claimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a carboxyl protectipg group
and R; together with the carbon atom to which it is
attached fepresents a ketal group is hydrolysed to yield
a compound (I) in which R, together with the carbon atom
to which it is attached represents a keto group.

11. A process as claimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a carboxyl protecting groﬁp
and R; together with the carbon atom to which it is
attached represents a keto group is reduced to yield a
compound (I) in which R; is a hydroxyl group.

12. A process as élaimed in claim 7 or claim 8 wherein
a compound (I) in which R, is a hydroxyl protecting
group, R, is a carboxyl protecting group and R, is a
hydroxyl group is O-alkylated to yield a compound (I) in
which R; is an alkoxy group.

13. Compounds as claimed in any of claims 2 to 6 for

use in the therapy or prophylaxis of systemic or topical -

bacterial infections in a human or animal subject.

14. The use of a compound as claimed in any of claims 2
to 6 in the manufacture of a therapeutié agent for the
treatment of prophylaxis of systemic or topical
bacterial infections in a human or animal body.

| \ ) A
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15. Pharmaceutical compositions comp¥ising a compound
as claimed in any of claims 2 to 6 in admixture with one
or more physiologically acceptable carriers or

- 89 -

excipients.

16. A method of.treatment of a human or non-human body
to combat bacterial infections comprising administration
to said body of an effective amount of a compound as
claimed in any of claims 2 to 6.
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