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1. I am authorised by Beecham Group p.l.c. the applicant for the patent 
to make this declaration on its behalf.

2. Michael John Pearson 
Richard Leonard Elliott

Residing at:
both of Beecham Pharmaceuticals, Brockham Park, Betchworth, Surrey, 

RH3 7AJ, England,

Ω

•ft/All British Subject(s)

ίβ/are the actual inventor(s) of the invention and the facts upon Which 
the applicant is entitled to make the application are as follows:-

by virtue of the employment of the actual inventor(s) by Beecham Group 
p.l.c., the applicant would, if a patent were granted upon an application 
made by the said actual inventor(s), be entitled to have the patent 
assigned to it.

3. The basic applications) as defined by Section 141 of the Act 
was/were made in United Kingdom by Beecham Group p.l.c. as follows:

Great Britain Patent Appln. No. 8518869 filed on 25th July 1985
Great Britain Patent Appln. No. 8610910 filed on 3rd May 1986

4. The basic applications) referred to in the paragraph 3 of this 
Declaration wae/were the first applications) made in a Convention country 
in respect of the invention the subject of the application.

Declared at Brentford, Middlesex, England 

this 25th day of June 19 86

R. Smither, as Attorney for arid on behalf of
the said Beecham Group p.l.c.
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1, A compound of formula (I) or a pharmaceutically 
acceptable salt or in-vivo hydrolysable ester thereof:

wherein RJ is hydrogen or an amino protecting group and R 
ie substituted methyl) hetereeyelyX (as herein defined); 
optionally substituted Cj.13 alkyl, alkenyl or alkynyl,· 
carbocyclyl) or aryl)

wherein the or each substituent, if present, is selected 
from the group consisting of

.,,/2
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(a) carboxyl, hydroxy, alkoxy, cyano, carbamoyl, 

aryloxy, aralkoxy, mercapto, alkylthio, arylthio, amino, 

halo, nitro, azido, formyl, phthalimido, Cj.j alkanoyl,

0χ.6 alkanoyloxy, Clw6 alkanoylamino, alkoxycarbonylamino, 

aralkoxy-carbonylamino, aryl, heterocyclyl (as herein 

defined) and carbocyclyl, or

(b) substituted amino or N-substituted carbamoyl, 

the further substituent being selected from (a) above

with the proviso that where R is substituted alkyl, it is 

not substituted with a group of the formula

- COHN -

where A is a group selected from -NHCO-, -NHCGNHCO-, 

-NHCOCH>«CH- or N-C- where R6 is hydrogen or lower alkyl;

r6
X is hydrogen, hydroxy, protected hydroxy, halogen, lower 

alkoxy or a nitro group; n is 1 or 2; and R2 is hydrogen 

or a protective group.

ίj
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The following statement is a full description of this invention, 

including the best method of performing it known to us :-
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NOVEL COMPOUNDS

This invention relates to novel β-lactam containing 

compounds, their preparation and their use, and in

5 particular to a novel class of penicillins. These

compounds have antibacterial properties, and therefore 

are of use in the treatment of bacterial infections in 

humans and animals caused by a wide range of organisms.

10 British Patent Specification 1 399 087 discloses a novel 

class of penicillin antibiotics containing a 6β-(α- 

etherified oxyimino)-acylamino group.

The present invention provides a compound of formula (I) 

15 or a pharmaceutically acceptable salt or in-vivo

hydrolysable ester thereof:

£ $ I
t t

9 t ΐ ■-

* ft ft 1 ι I4 t ft I
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wherein R1 is hydrogen or an amino protecting group and R 

25 is substituted methyl; heterocyclyl (as herein defined);

optionally substituted C2.12 alkyl, alkenyl or alkynyl; 

carbocyclyl; or aryl;

30

35

wherein the or each substituent, if present, is selected 

from the group consisting of

(a) carboxyl, hydroxy, alkoxy, cyano, carbamoyl, 
aryloxy, aralkoxy, mercapto, alkylthio, arylthio, amino, 
halo, nitro, azido, formyl, phthalimido, C^g alkanoyl,

alkanoyloxy, Cj.g alkanoylamino, alkoxycarbonylamino, 
aralkoxy-carbonylamino, aryl, heterocyclyl (as herein 
defined) and carbocyclyl, or

(b) substituted amino or N-substituted carbamoyl,
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the further substituent being selected from (a) above

with the proviso that where R is substituted alkyl, it is 

not substituted with a group of the formula

(ORjln
- COHN - A

r «
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where A is a group selected from -NHCO-, -NHCONHCO-,

10 -NHCOCH=CH- or N=C- where R6 is hydrogen or lower alkyl;

r6
X is hydrogen, hydroxy, protected hydroxy, halogen, lower 

alkoxy or a nitro group; n is 1 or 2; and R2 is hydrogen 

or a protective group.
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arikylthio,—a-g-yl-thio-,—aro-i-no,—atib-ate-it-utcd
nitro, azido, formyl, acyl.,, acylox.y·, ph'thalimido, 
acylamino, alkoxy^arteonyl'amino, aralkoxy-carbonylamino, 
arf-yl )· "Iwtoroo.yo 1 1 and ■■ carbocy-cly L.——.________

When R is substituted methyl, the preferred
substituents are carbocyclyl, aryl, heterocyclyJ., 
cyano, carboxyl, esterified carboxy, carbamoyl and N- 
substituted carbamoyl, alkylthio, arylthio and halo.

Suitable 02-12 alkyl groups include straight and 
branched chain alkyl groups containing 2 to 12 carbon 
atoms. Preferred alkyl groups contain 2 to 6 carbon 
atoms, such as t-butyl.

;'T

Suitable C2_i2 alkenyl groups include straight and
branched chain alkenyl groups containing 2 to 12 carbon 
atoms. Preferred alkenyl groups contain 2 to 6 carbon 
atoms, such as pxopenyl and butenyl.

Suitable C2-12 alkynyl groups include straight and
branched chain alkynyl groups containing 2 to 12
carbon atoms. Preferred alkynyl groups contain 2 to 6 
carbon atoms such as propynyl and butynyl.

f

The term '1carbocyclyl'' herein denotes single or fused 
aromatic or partly or wholly saturated carbocyclic 
rings, optionally substituted with one or more groups, 
which may be the same or different, selected, from 
optionally substituted C^_g alkyl, optionally 
substituted C2-6 alkenyl, optionally substituted C2-6 
alkynyl, optionally substituted exo-methylene, ' 
carboxyl, Cj._g alkoxycarbonyl, oxo, hydroxy, C^_6alkoxyimino, 
alkoxyimino, oxyimino, C^-g alkoxy, cyano, carbamoyl, N- 
substituted carbamoyl, aryloxy, aralkoxy, mercapto, 
alkylthio, arylthio, amino, substituted amino, halo,
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nitro, azido, formyl, acyl, acyloxy, phth^limido, 
acylamino, alkoxycarbonylamino, aralkoxy-carbonylamino, 
aryl, heterocyclyl and carbocyclyl. Suitable'

substituents for Cj-g alkyl,' ¢2-6 alkenyl, C2-6 alkynyl 
and exo-methylene include those referred to above as 
substituents for R. Preferably the carbocyclic system 

comprises between one and four rings, attached via a 

non-aromatic ring carbon atom thereof.

Suitable carbocyclyl groups include optionally

substituted ¢3-12/ preferably ¢4-3, cycloalkyl; 
optionally substituted Cg_i2/ preferably ¢7-19, 
bicycloalkyl; optionally substituted ¢7-141 preferably 
¢9-12/ tricycloalkyl; optionally substituted ¢7-141 

preferably ¢10-14/ tetracycloalkyl; optionally 
substituted ¢4-12/ preferably ¢5-9, cycloalkenyl; 
optionally substituted"¢6-12/ preferably 07-10/ 
bicycloalkenyl; and optionally substituted Cg-14, 
preferably ¢10-14/ tricycloalkenyl. Examples 
of carbocyclyl groups include indan-2-yl.

Suitable ¢3-12 cycloalkyl groups include cyclopentyl, 
cyclohexyl, cycloheptyl and cyclooctyl.'

Suitable ¢6-12 bicycloalkyl groups include bicyclo 
[2.2.ljheptyl (norbornyl) and bicyclo[2.2.2]octyl.

Suitable C4-12 cycloalkenyl groups include
cyclopehtenyl and cyclohexenyl.

Examples of ¢6-12 bicycloalkenyl groups include 
6,6-dimethylbicyclo[3.1.. l]h'ept-2-en-yl, and 
5-norbornen-2-yl.

Suitable ¢7-14 tricycloalkyl groups include adamantyl.

"1
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Suitable C7.14 tetracycloalkyl groups include tetracyclo 
[ 7.2.1.04,11.06,10] dodecanyl.

Suitable CB_14 tricycloalkenyl groups include tricyclo 

5 [6.2.0.1.02,7] undec-4-enyl.

When used herein the term 'aryl' includes phenyl and 

naphthyl optionally substituted with up to five, 

preferably up to three, groups, which are the same or

10 different, selected from halogen, optionally substituted 

Cx.6 alkyl, carbocyclyl, alkyl thio, acylamino, phenyl, Cx.6 

alkoxy, halo(Cx_6) alkyl, hydroxy, amino, nitro, carboxy, 

carbamoyl, Cx_6 alkoxycarbonyl, C1.6 alkoxycarbonyl-(Cx_6 )- 

alkyl, Cx_6 alkylcarbonyloxy, C1.6 alkylcarbonyl,

··* 15 heterocyolyl or N-substituted carbamoyl groups. Suitable
UH

substituents are as defined for R.
nil 
«I 

» » H

j The term "heterocyolyl" herein denotes single or fused
it»».

aromatic or non-aromatic rings, at least one of which 

20 comprises up to four hetero atoms selected from oxygen,

nitrogen and sulphur, each ring being optionally 

substituted with up to three groups, which are the same
t I I f

»«♦. or different, selected from halogen, Cx_6 alkyl,
“ carbocyclyl, alkylthio, Cx_6 alkanoylamino, Cx.6 alkoxy,

25 halo(Cx_g)alkyl, hydroxy, amino, carboxy, carbamoyl, N-

substituted carbamoyl the N-substituent being as defined 

in substituent group (a) on page la, Cx.6 alkanoyl, Cx.6 

alkoxycarbonyl, Cx.6 alkoxycarbonyl (Cx.6) alkyl, aryl or oxo 

groups. Suitably at least one heterocyclic ring

(30 comprises from 4 to 7 ring atoms, preferably 5 or 6 

atoms.

Particularly suitable heterocyolyl groups consist of a 5- 

or 6-membered heterocyclic ring containing from one to 

three heteroatoms selected from oxygen, nitrogen and 
sulphur, for instance tetrahydrothien-3-yl,

tetrahydropyran-4K-yl. The ring is optionally
substituted as set out above, for instance with one or
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more oxo groups on carbon, as in 2-pyrrolidon-3-yl, or 

ί with up to two oxo groups on sulphur, as in 1,1 dioxo
f «
ί tetrahydrothien-3-yl.
!ΐ ■ ' ' ■

The term 'halogen' refers to fluorine, chlorine,

H bromine and iodine.
π ,,
ii ■

ΐ . ,.,j Compounds of the invention may exist in two or more

j tautomeric forms, e.g. those having the partial

I structures below:

OR OR

't

Further tautomeric forms may be present"in the

compounds wherein R is heterocyclyl. It should be 

understood tliat all tautomeric forms of the compound of 

formula (I) are included within the scope of the 

invention.

Suitable amino protecting groups R·*- are those well 

known in the art which may be removed under 

conventional conditions without disruption of the 

remainder of the molecule;

Examples of amino protecting groups include Cj__g 

alkanoyl; benzoyl; benzyl optionally substituted in the 

phenyl ring by one or two substituents selected from 

Ci_4 alkyl, Ci_4 alkoxy, trifluoromethyl, halogen, or 

nitro; Cj_4 alkoxycarbonyl·;.' benzyloxycarbonyl or trityl 

substituted as for benzyl above;, allyloxycarbonyl, 

trichloroethoxycarbonyl· or chloroacetyl.



.//>
Wi
ffl!

. - 6 - · ■ 
Advantageously, R is joined to the oxyimino group 
through a secondary or tertiary carbon atom of R, more 
preferably a non-aromatic ring carbon atom of a 
carbocyclic system which may be multicyclic.

Ιί■ 1
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Preferred values for R within the present invention 
are: cyclopentyl, cyclohexyl', cycloheptyl, cyclooctyl, 
4-methyl cyclohex-1-yl,'1-methyl cyclohex-l-yl, 
bicycloC 2.2.2]oct-l-yl, endo-bicycloC2.2.1]hept-2-yl, 
t-butyl, 4-t-bu,tyl cyclohex-l-yl, adamant-1-yl, 
tetrahydrothien-3-yl, 4-methylene cyclohex-l-yl, 
4-oxocyclohex-l-yl, 1-methyl cyclohept-1-yl, 1-methyl 
cyclopent-l-yl, 2-methyl cyclohex-l-yl,
2-methoxycyclohex-l-yl, 4-methoxycarbonyl
cyclohex-l-yl, 4-chlorocyclohex-l-yl, cyclohex-2-enyl,
2-fluorocyclohex-1-yl, 1-carboxycyclohex-l-yl, 4-(N,N-
dimethylcarban oyl)cyclohex-l-yl, 1-methoxycarbonyl
cyclohex-l-yl, 3-methyl cyclohex-l-yl,
4-acetoxycyclohex-l-yl, 4-methoxyiminocyclohex-l-yl 
and 4-hydroxycyclohex-l-yl.

Particularly preferred values of R within the present 
invention are cyclohexyl, cyclooctyl, and * 
tetrahydrothien-3-yl.

The term ''pharmaceutically acceptable salts'1 as used 
herein in respect of compounds of formula (I) includes 
both mono and di- salts formed at either or .both of the ' 
carboxylic groups, one of which is attached to the 
penicillin nucleus and the other of which is present 
when R is substituted by' carboxyl. Similarly the term 
''in-vivo hydrolysable ester'' when used herein applies
to both mono and di- esters.

-sI
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Examples of suitable pharmaceutically acceptable in 
vivo hydrolysable ester groups , include those which 
break down readily in the human body to leave the 
parent acid or its salt. Suitable ester groups of this 
type include those of part formula (i), (ii), (iii) and
(iv): '

Ra

-C02CH-0. CO.Rb (i)
I ■

Rd/ .. . ...
-CO2-RG-N ' ■ '

\
Re · (ii)

-CO2CH2-ORf (iii)
♦ 1 V* t :·C » < l

4 64 Iί ί '

wherein Ra is hydrogen, C^-g alkyl, C3..7
cycloalkyl, methyl, or phenyl, Rb is C]__g alkyl, C]__g 
alkoxy, phenyl, benzyl, 03-7 cycloalkyl, Ci_g alkyl 
C3-7 cycloalkyl, 1-amino Ci_g alkyl, or l-(Ci_g 
alkyl)amino Cj_g alkyl; or Ra and Rb together form a 
1,2-phenylene group optionally substituted by one or 
two methoxy groups; Rc represents Ci_g alkylene 
optionally substituted with a methyl or .ethyl group and

'1
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and Re independently represent C^_g alkyl; R^ ■'' 
represents Cj__g alkyl; R9 represents hydrogen or phenyl 
optionally substituted by up to three groups selected 
from halogen, C^_g alkyl, or alkoxy; and X is
(preferably o) oxygen or (preferably o or p)NH.

Examples of suitable in'vivo hydrolysable ester groups 
include, for example, acyloxyalkyl■groups such as 
acetoxymethyl, pivaloyloxymethyl; α-acetoxyethyl, 
α-pivaloyloxyethyl, 1-(cyclohexylcarbonyloxy)prop-1- 
yl, and (1-aminoethyl)carbonyloxymethyl;
alkoxycarbonyloxyalkyl groups, such as
ethoxycarbonyloxymethyl and a-ethoxycarbonyloxyethyl; 
dialkylaminoalkyl especially di-loweralkylamino alkyl 
groups such as dimethyl ami nomethyl', ' dimethylaminoethyl, 
diethylaminomethyl or diethylaminoethyl; lactone groups 
such as phthalidyl and dimethoxyphthalidyl; and esters 
linked to a second β-lactam antibiotic' or to a 
P-lactamase inhibitor. .

Ο 9 9Ο Ο ο
• 0 0 Ό

9 1» ΟΟ Ό 9
b β 0

A further suitable pharmaceutically acceptable in vivo 
hydrolysable ester group is that of the formula:

β ·9 9Ο β »«<
— co2ch R2

0 9 β Ο 
9 9 Ο
Ο ο

0 9 Ο
0 0 0

Ο β β

0 0
V
0

wherein R2 is hydrogen, C^_g alkyl or phenyl.

The in-vivo hydrolysable esters "of compounds of formula 
(i) are preferred where the antibiotic is for oral 
administration. 1 . ' ■
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Suitable pharmaceutically acceptable salts of the 
carboxy group of the compound of formula (I) include 
metal salts, eg aluminium, alkali metal salts such as 
sodium or potassium, alkaline earth metal salts such as 
calcium or magnesium and ammonium or substituted 
ammonium salts, for example those with lower 
alkylamines such as triethylamine, hydroxy-lower 
alkylamines such as 2-hydroxyethylamine,
bis-(2-hydroxyethyl)-amine or tris-(2-hydroxyethyl) - 
amine, cycloalkylamines such as dicyclohexylamine, or 
with procaine, dibenzylamine, N,N-dibenzylethylene- 
diamine, 1-ephenamine, N-ethylpiperidine, N-benzyl-β- 
phenethylamine, dehydroabietylamine,
N,N1-bisdehydro-abietylamine, ethylenediamine, or bases 
of the pyridine type such as pyridine, collidine or 
quinoline, or other amines which have been used to form 
salts with known penicillins and cephalosporins.

Some of the compounds of this invention may be
crystallised or recrystallised . from solvents such as 
methanol. In such cases solvates may be formed. This 
invention includes within its scope stoichiometric 
solvates including hydrates as well as compounds 
containing variable amounts of water that may be 
produced by processes such as lyophilisation.

Since the compounds of the formula (I) and their salts 
and in-vivo hydrolysable esters are intended for use in 
pharmaceutical compositions it will readily be
understood that they are each provided in substantially 
pure form, for example at least 60% pure, more suitably 
at least 75% pure and preferably at least 85%,
especially at least 95% pure (% are on a weight for 
weight basis). Impure preparations of the compounds of 
the formula (I) and their salts may be used for 
preparing the more pure forms used in the

1

I



- 10

•■"Ί
i

' ΐ
ί - ; t ( t : 

t ' S ir
• * ι ί

» « '« 
t *i ί » *
ι r r 
t 1

I t t r

*» H, 
9
ttt'.

t T ■

I :

pharmaceutical compositions; these less pure
preparations of the compounds of formula (I) and their 
salts should contain at least 1%, more 'suitably at 
least 5% and preferably from 10 to 49% of a compound of 
the formula (l) or salt thereof. .

Compounds of the present invention may exist as either 
syn or anti isomers, or may exist as mixtures of syn 
and anti isomers containing at least 75% of one such 
isomer, or preferably at least 90% of one such isomer.

Herein the terms syn and anti refer to the
configuration of the group OR with respect to the 
carboxamido group, the syn-configuration (sometimes 
called the Z-configuration) being denoted thus:

OR

and the anti configuration (sometimes called the 
E-configuration) being denoted thus:

R1HN‘ N

RO

CONH

Preferred compounds of fhe present invention are the
syn-isomers of the formula (TI):
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wherein R end R1 are as hereinbefore defined.

A particularly preferred compound within the present 
invention ie the syn isomer of the compound of formula 
(III) or a pharmaceutically acceptable salt or in vivo 
hydrolyoable ester thereof.

β « « 
» 9# β β c
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(XXX) R » cyclohexyl

6 h -C 2 - (2 ·>ami no thi aao 1- 4 -y 1) - (2) - 2 -eyelohe xyl
oxytmlnoacetamido^penleillanic acid.

other specific compounds within this invention include 
the following and pharmaceutically acceptable salts and 
in-vivo hydrolysabla esters thereof!

6h-t2“(2-amlnothlaaol-4-yl)-(ii)-2-cyelO“ 
propylmathexyiwineaeetamidoSpenlelllanle acidte
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12
6p-[2-(2-aminothiazol-4-yl) - (Z)-2-ethoxy- 

i iminoacetamido]penici.llanic acid

1

ί 6β~[2-(2-aminothiazol-4-yl) - ( Z)-2-propoxy-

I
5 iminoacetamido]penici.llanic acid

i 6β-[ (Z)-2-ally,loxyimino-2-(2-aminothiazol-4-yl)

acetamido]penicillanic acid

■1
H
Π 6P-[2-(2-aminothiazol-4-yl)-( Z)-2- (iso-propyloxyimino)

N ■ . . ·
έ acetamido] peniclllanic acid

M ■

j | 6p-C2-(2-aminothiazol-4-yl)-(Z)-2-(tert-butyloxyimino)

5 acetamido]penicillanic acid.

ί 6P-E(Z)-2-(adamant-l-yloxyimino)-2-(2-aminothiazol-

l· 4-yl)acetamido]penicillanic acid

j i t#
j 1 ’· * E
H 6p-[2-(2-aminothiazol~4~yl)-(Z)-2-(l-

y * * *
/ methylcyclohex-l-yloxyimino)acetamido]penicillanic acid

if “·'

•q 6p-[2-(2-amlnothiazol-4-yl)-(Z)2-E(1S,2S,5R)~

Pg 5“methyl-2-isopropylcyclohex-l-yloxyimino)acetamido]

}| peniclllanic acid

J | 6p-[2“(2-aminothiazol-4-yl)-(Z)-2-(2-methyl-

1 propyloxyimlno)acetamido]penlclllanic acid

hi

j I 6p-[2-(2-aminothiazol-4-yl)“(z)-2~(ihdan-2-yloxy~

ϋ imlno)acQtamido]penicillahic acid

i

6P-C2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydrothieb-3- 

»'t yioxyimlno)acetamido]penicillanic acid

6P-E2-(2«amlnothlazol‘*4-yl) (Z)-2-(1-methyleyclohept-l- 

yloxyimino) aeetatnidojpeniciilanle acid

L
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6β-[2-(2-aminothiazol-4-yl)- (Ζ)-2-(bicyclo[2.2.2]oct-1-

yloxyimino)adetamidojpenicillanic acid

6p-[2-(2~aminothiazol-4-yJ,)-(Z)-2-( (IR, 2R, 5S)-5-methyl-
t .1

2-isopropylcyclohex-l-yloxyimino) acetamido]penicillanic

acid

6(3— C 2— (2-aminothiazol-4-yl)- ( Z)-2- (l-methylcyclopent~l-

yloxyimino)acetamido]penicillanic acid

6(3— C2 — (2-aminothiazol-4-yl) - (Z) -2- (1- (trans-4-

methylcyclohexyl)-1-methylethoxyimino)acetamido]

penicillanic acid

I
6p-[2~(2-aminothiazol-4-yl)-(Z)-2-(3,3-dichloroprop-2-

en-l-yloxyimino)acetamido]penicillanic acid

6p— C 2 —(2-aminothiazol-4-yl)-(Z)-2-(1-carboxy-l-methyl-

ethoxyimino)acetamido]penicillanic acid

60-C2-(2-aminothiazol-4-yl)- (Z)-2-(carboxymethoxyimino)

acetamido]penicillanic acid

6P-C2-(2^amlnothiazol-4-yl)-(Z)-2-(trans-2-methoxy-

cyclohexyloxyimino)acetamido]penicillanic acid

* I

6p-C2-(2-aminothiazol~4-yl)-(Z)-2-(cis-2-methyl-

cyclohexyloxyimino)acetamido]penicillanic acid

6P-C2-(2-aminothiazol-4-yl)-(Z)-2-(trans-4-methoxy-

carbonylcyclohexyloxyimino)acetamido]penicillanic acid

6(3—12—(2-aminothiazol-4“yl)-(Z)-2-(1,1-dioxotetrahydro-
thien-3-yloxyimino)acetami,do]peniclllanlc acid

6p-C2-(2-aminothiazol~4-yl)-(Z)-2-(deeahydronapth-2-

yloxyimino)acetamido]penicillanic acid
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6(3- 02 - (2-aminothiazol-4-yl)- (Z)-2-(1-carboxycyclohex- 
yloxyimino)acetamido]penicillanic acid

6(3-02- (2-aminothiazol-4-yl) - ( Z)-2-( trans-4- (Ν, N- 
-dimethylcarbamoyl)cyclohexyloxyimino)acetamido] 
penicillanic acid

6(3-02- (2-aminothiazol-4-yl)-( Z )-2- (1-methoxycarbonyl- 
cyclohexyloxyimino)acetamido]penicillanic acid

6(3 — C2 — (2-aminothiazol~4-yl) - ( Z) -2 - ( cis-3-methylcyclo- 
hexyloxyimino)acetamido]penicillanic acid

6(3-02- (2-aminothiazol-4-yl) -( Z) -2-( trans-3-me thyl cyclo­
hexyloxyimino) acetamido]penicilianic acid

6(3-02- (2-aminothiazol-4-yl) -(Z)-2-( cis-4-acetoxycyclo- 
hexyloxyimino)acetamido]penicillanic acid

ft ft#ft · ft ft * ft ft
·,’**’ 6(3-02- (2-aminothiazol-4-yl) -( Z) — 2— (trans-4-acetoxy-

cyclohexyloxyimino)acetamido]penicillanic acidft ft ft ft
ft ftft ft '

6(3-02-(2-aminothiazol-4-yl)-(Z)-2-( ( 2S,4S)-2-carboxy- 

·*·* pyrrolidin-4-yloxyimino)acetamido]penicillanic acid

6(3-02 - (2-aminothiazol-,4.-yl)- ( Z)-2- (4-oxoayclohexyl- 

oxyimino)acetamido]penicillanic acid
ι

6(3-02- (2-aminothiazol-4-yl) - (Z) -2-(4-methylene- 

cyclohexyloxyimino)acetamido]penicillanic acid

6(3-C2-(2-aminothiazol-4-'yl)-( z)-2-( CR.S'3-l-phenyi- 

ethyloxyimino)acetamido]penicillanic acid

6(3-02-( 2-aminothiazol-4-yl) - (z) -2-(2,e-dichlorobenzyl- 

oxyiminojacetamidojpenicillanic acid
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6 p — C 2 — (2-aminothiazol-4-yl)-(Z)-2-(trans-4-chioro- 
cyclohexyloxy.imino)acetamido]penicillanic acid

6 P— C2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-chloro- 
cyclohexyloxyimino)acetamido]penicillanic acid .

6p-[2-(2-aminothiazol-4-yl) -(Z)-2-(phenoxyimino)- 
acetamido]penicillanic acid

5

I * ♦♦ t t
» « c »
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6 p— C 2 —(2-aminothiazol-4-yl)-(Z)-2-(cyclopentyloxy- 
imino)acetamidojpenicillanic acid '

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(cycloheptyloxy- 
imino)acetamido]penicillanic acid

6p— E2-(2-aminothiazol-4-yl)- (Z)-2-(cyclooctyloxy- 
imino)acetamido]penicillanic acid

I
.·»·■· ■ · ■■ *

6 p— C 2 — (2-aminothiazol-4-yl)-(z)-2-(endo-bicycloE2.2.1]- 
hept-2-yloxyimino)acetamido]penicillanic acid

6P-[2-(2-aminothiazol-4-yl)-(z)-2-(trans-4-methylcyclo- 
hexyloxyimino)acetamido]penicillanic acid

6P-[2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-raethyl- 
cyclohexyloxyimino)acetamido]penicillanic acid

6p— E 2 —(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H-pyran- 
4-yloxyimino)acetamido]penicillanic acid

6P“[2-(2-aminothiazol-4-yl) — (Z)—2 — (2 — (1 — (S)—6,6-
diinethylbicyclo[ 3.1.l]hept-2-en-2ryl) eth'oxyimino) -
acetamido]penicillanic acid

60—E 2 — (2-aminothiazol-4~yl)-(Z)-2-(cyclohexylmethoxy-
imino)acetamido]penicillanic acid
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6P — C2 — (2-aminothiazol-4-yl)- (Z)-2-(n-butoxyimino)- 

acetamido]penicillanic acid

60-[2-(2-aminothiazol-4-yl)- (Z)-2-(cyanomethoxyimino)- 

acetamido]penicillanic acid

60-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-2-methyl- 

cyclohexyloxyimino)acetamido]penici11anic acid

60-C2- (2-aminothiazol-4-jyl) - ( Z)-2- (cyclohex-2-enyloxy- 

imino)acetamido]penicillanic acid

60-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-4-t-butyl- 

cyclohexyloxyimino)acetamido]penicilianic acid

60-[2-(2-aminothiazol-4-yl)-(Z) — 2—(trans-2-fluoro- 

cyclohexyloxyimino)acetamido]penicillanic acid

60-[2-(2-aminothiazol-4-yl) - (Z)-2-(2-pyrrolidon-3- 

yloxyimino)acetamido]penicillanic acid

60-[2-(2-aminothiazol-4-yl)-(Z)-2-(1-(R)-6,6-dimethyl- 

bicycloL 3.1.1]hept-2-en-2-yl)methoxyimino)acetamido] 

penicillanic acid

1

< 1
»

60-[2-(2-aminothiazol-4-yl)-(Z)-2-(benzyloxyimino) 
acetamido]penjLcillanic acid

Specific in vivo hydrolysable esters within this 
invention include the phthalidyl, acetoxyethyl, 
ethoxycarbonyloxyethyl, pivaloyloxymethyl and 
4-glycylaminobenzoyloxymethyl and 4-glycyloxybenzoyloxy 
methyl hydrochloride esters of the compound of formula 
(ill), as well as the 2-gl’ycylaminobenzoyloxymethyl 
hydrochloride esters of the compound of formula (III)

J
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and 6β-[2-(2-aminothiaz01-4-yl) -(Z)-(2)- (cyclopentyl 

oxyimino)acetamidojpenicillanic acid.

The compounds of formula (I) may be prepared by 

treating a compound of formula (IV) or salt thereof:

Η H
-S CH.

h2n

(IV)

I * (
« 9 * »

« ♦ t
9 4 » »
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4

U M 
t i

« < n

< i

wherein the amino group is optionally substituted with 

a group which permits acylation to take place, and 

is hydrogen or a readily removable carboxyl blocking 

group; with an acylating agent derived from the acid of 

formula (V):

Y-C C02H

(V)

S>
OR

wherein Y is a group of formula:

■Ί

RXHN

or a group which is convertable thereto, and 

R and R·'· are as defined with respect to formula (I).

L



18
Any of the following reactions in any appropriate 
sequence may then be carried out:- ·

(i) removal of any amino-protecting group r!;

(ii) removal of any carboxyl blocking 'group R3;

(iii) formation of a pharmaceutically' acceptable

salt; .

(iv) conversion of a carboxyl group into an

ester function such as an in vivo 
hydrolysable ester. · ■ . .

(v) conversion of group Y to a group of formula

Suitable groups which permit acylation to take place 
and which are optionally present on the..amino group of 
the starting material of formula (IV) include N-silyl, 
N-stannyl and1 N-phosphorus groups, for example 
trialkylsilyl groups such as trimethylsilyl,
trialkyltin groups such as tri-n-butyltin, groups of 
formula -PRaRk wherein Ra is an alkyl, haloalkyl, aryl, 
aralkyl, alkoxy, haloalkoxy; aryloxy, a'ralkoxy or 
dialkylamino group, Rb is the same as Ra or is halogen 
or Ra and Rb together form a ring; suitable such 
phosphorus groups being -P(OC2H5)2, -P(C2H5)2# -Ps J

zO -. O

and —P > . ,

Suitable carboxyl-blocking derivatives for the group 
CO2R3 in formula (IV) include salts and ester ,
derivatives of the carboxylic acid. The derivative is 
preferably one which may readily be cleaved at a later 
stage of the reaction. Suitable salts include metal
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salts, such as those with sodium, potassium and 
lithium, and tertiary amine salts, such as those with 
tr.ilower-alkylamines, N-ethylpiperidine, 2, 6-lutidine, 
pyridine, N-methylpyrrolidine, dimethylpiperazine. A 
preferred salt is with triethylamine.

Suitable ester-forming carboxyl-blocking groups are 
those which may be removed under conventional 
conditions. Such groups for r3 include benzyl, 
p-methoxybenzyl, 2,4,6-trimethylbenzyl,
3,5-di-t-butyl-4-hydroxy-benzyl, benzoylmethyl, 
p-nitrobenzyl, 4-pyridylmethyl, 2,2,2-t-richloroethyl,
2,2,2-tribromoethyl, t-butyl, t-amyl, diphenylmethyl 
(benzhydryl), triphenylmethyl, adamantyl,2-benzyloxy- 
phenyl, 4-methylthiophenyl, tetrahydrofuran-2-yl, 
tetrahydropyran-2-yl, pentachlorophenyl, p-tolUene- 
sulphonylethyl, methoxymethyl, a silyl, stannyl or 
phosphorus-containing group, such as described above, 
an oxime radical of formula -N=CHr4 where r4 is aryl or 
heterocyclic, or an in vivo hydrolysable ester radical 
such as defined above.

11

111

The carboxyl group may be regenerated from any of the 
above esters by usual methods appropriate to the 
particular R^ group, for example, acid - and base - 
catalysed hydrolysis, or by enzymically - catalysed 
hydrolysis, or by hydrogenation under conditions 
wherein other parts of the molecule are unaffected.

A reactive N-acylating derivative of the acid of 
formula (V) is employed in the abbve process. The 
choice of reactive derivative will be influenced by the 
chemical nature of the group R, and of course the group 
Rl in the acid of formula (V) , when present, will be 
chosen such that the group NHR·*- does not react when the 
carboxy group in (V) is converted into the said

ι
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N-acylating derivative. Thus, in many - although not 
all - of the suitable N-acylating derivatives' of the 
acid (V) detailed below, R1 bannot be hydrogen.

A preferred amino-protecting group r! in the 
intermediate of formula (V) is trityl, which R1 group 
may suitably be removed from the product of formula (I) 
by treatment with formic acid.

Suitable N-acylating derivatives of the acid (V) 
include acid (V) halides, preferably the acid chloride 
or bromide. Acylation with an acid halide may be 
effected in the presence of an acid binding agent, for 
example a tertiary amine (such as triethylamine or 
dimethylaniline), an inorganic base (such as calcium

; carbonate or sodium bicarbonate), molecular sieves
(such as type 4 Angstroms) or an oxirane, which binds

; » ,. hydrogen halide liberated in the acylation reaction.I · · · .
5 ***“ The oxirane is preferably a (Οι_θ)- 1,2-alkylene oxide

!
· β «

···· - such as ethylene oxide or propylene oxide. The
• « · · ., , , ' ■ .

,.*! acylation reaction using an acid halide may be carried
j «*’’*' out at a temperature In the range -5O°<2 to +50°C,
I J preferably -20°C to +20°C, in aqueous or non-aqueous
I *s 11 ’ ■ ·1 media such as aqueous acetone,'aqueous tetrahydrofuran,
{ ethyl acetate, dimethylacetamide,· dimethylformamide (DMF) ,

acetonitrile, dichloromethane, 1,2-dichloroethane, or 
j mixtures thereof. Alternatively, the reaction may be ·
j carried out in an unstable emulsion of water-immiscible
ί .

j solvent, especially an aliphatic ester or ketone, ,such
j as methyl isobutyl ketone or butyl acetate.

The acid halide may be prepared by reacting the acid
(V) with a halogenating (eg chlorinating or
brominating) agent such as phosphorus pentachloride,
thionyl chloride or oxalyl chloride.
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Alternatively, the N-acylating derivative of the acid
(V) may be a symmetrical or mixed anhydride. -Suitable 
mixed anhydrides are alkoxyformic anhydrides, or 
anhydrides with, for example, carbonic acid monoesters, 
trimethyl acetic acid, thioacetic acid, diphenylacetic 
acid, benzoic acid, phosphorus acids (such as 
phosphoric or phosphorous acids) or aliphatic or 
aromatic sulphonic acids (such as methanesulphonic acid 
and p-toluenesulphonic acid respectively). When a 
symmetrical anhydride is employed, the acylation 
reaction may be carried out in the presence of an 
organic base such as 2,6-lutidine as catalyst.

When a mixed anhydride is employed the N-acylating 
derivative is preferably prepared in the presence of an 
organic base such as triethylamine and/or
Ν,Ν-diisopropylethylamine in a suitable solvent such as 
DMF at between -50°C and room temperature.
Alternatively, the N-acylating derivative may be 
prepared from an alkali metal salt of the acid of 
formula (V), such as the sodium salt, in a suitable 
solvent such as DMF at between -50°C and room 
temperature. The N-acylating derivative of the acid of 
formula (V) so derived may then be reacted with a 
compound of formula (IV). The acylation .reaction may 
conveniently be carried out at -50°C- to +:50°C in a 
suitable solvent such as water, acetonitrile or DMF at a 
temperature of not more than 0°C. · The reaction may be 
carried out in the presence of a suitable base such as 
triethylamine or sodium hydrogen carbonate.

A- further method of forming the N-acylating derivative 
of the acid of formula (V) is to treat the acid of 
formula (V) with a solution or suspension preformed by ·
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addition of a carbonyl halide, preferably oxalyl 
chloride, or a -phosphoryl halide such as phosphorus 
oxychloride, to a halogenated hydrocarbon solvent, 
preferably dichloromethane, containing a lower acyl 
tertiary amide, preferably N,N-dimethylformamide . The 
N-acylating derivative of the acid of formula (V) so 
derived may then be caused to react with a compound of 
formula (IV). The acylation reaction may conveniently 
be carried out at -40° to +30°C, if desired in the. 
presence of an acid binding agent such as
triethylamine. A catalyst such as 4-diraethylamino- 
pyridine may optionally also be added. ·

Other suitable acylating agents derived from the acid of 
formula (V) are thioesters of formula (VI)

n—rr C
NS/ (VI)1R-HN

OR

which
wherein R and R1 are as hereinbefore defined and 
represents a 5- or 6-membered heterocyclic ring, 
may contain, in addition to the nitrogen atom, one or 
two further heteroatoms, selected from oxygen, nitrogen 
and sulphur and which may be substituted or fused to a 
benzene ring which may itself be substituted.

« £ t­: ς ·. t
I c
L ί <

Preferred acylating agents derived from the acid of 
formula (V) are the thio esters (Via) or (VIb)
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ε *

(Via)

(VIb)

wherein R and R-'- are as hereinbefore defined.

Compounds of the formula (Via) and (VIb) may be 
prepared by treatment of the acid (V) with 
2,2'-dipyridyldisulphide or 2,2'- 
dibenzothiazolyldisulphide respectively, in the 
presence of triphenylphbsphine, analogously to the 
routes described in EP-A-0037380. Conveniently, in 
compounds of the formula (Via) and (VIb), R^ may be 
hydrogen.

Other suitable N-acylating derivatives of ac.id (V) 
include the acid azide; the activated esters derived 
from cyanomethanol; p-nitrophenol; 2,4-dinitrophenol; 
thiophenol; halophenols, including pentachlorophenol; 
monomethoxyphenol; N-hydroxy succinimide;
N-hydroxybenzotriazole of 8-hydroxyquinoline; or 
include.amides such as N-acylsaccharins, 
N-acylthiazolidin-2-thione or N-acylphthalimides; or an

ft
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alkylidene iminoester prepared by reaction of the acid 
(V) with an oxime.

Compounds of formula (v) may be prepared by routes 
analogous to those disclosed in UK patent application 
GB 2 025 398A and by Takasugi et al., J.Antibiotics 
[19833 36 , 846 et seq. :

The present invention also encompasses modifications to 
such routes. In particular, a process in accordance 
with the invention includes a step in which a compound 
of formula (VII)

■ί.1
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(VII)

(wherein R and Y are as hereinbefore defined and R^ is 
an esterifying group such as ethyl or t-butyl) is 
derived from the corresponding hydroxyimine by reacting 
the latter with the aicohol ROH in the presence of 
diethylazodi-carboxylate (DEAD) and
triphenylphosphine. Preferred solvents are THF or 
toluene when Y is acetyl, and refluxing benzene, or 
toluene at 80.° 4lo 85°, when Y is the group of formula:

dimethylazodicarboxylate being preferred to DEAD in this 
case.. . - ' .

Inversion of stereochemistry takes place at the .
hydroxyl bearing carbon. This process step is 
advantageous in the case where the alcohol ROH cannot 
be converted to a corresponding halide without 
undesirable rearrangement of the carbon skeleton. In 
an alternative process of the invention, a compound of
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formula (VII) wherein γ ia acetyl is derived from the 
corresponding hydroxyimine by reacting the latter with 
a halide RX in the presence of silver
trifluoromethanesulphonato or silver carbonate in an 
ether solvent such as dioxane. This process step is 
advantageous for the preparation of oximes bearing 
tertiary carbon atoms (for example, RX « MegCBr), for 
which the reaction conditions suggested ,in ,

Ί-Α-2,025,398 and Takasugi et al have been found to be 
inefficient.

Where γ is not already a group of formula»

the conversion of Y may advantageously be carried out 
at thia stage, prior to formation of the N-acylating 
derivative of the acid of formula (v),

¥ may be any suitable group, but it la preferred that ¥ 
be an acetyl group, the conversion of which may be 
effected by halogenation followed by reaction with 
thiourea in the presence of a base such as 
N,N-dimethylanlHne.

In a particular aspect, a compound of formula (VII) 
wherein R5 ia t-butyl and ¥ ia acetyl ia chlorinated 
with Bulfuryl chloride in acetic acid, Thia causoa 
simultaneous cleavage of the t-butyl eater linkage, 
removing the necessity for a separate hydrolysis step.

Certain of the compounds of formula (V) are novel, and 
these novel compounds and their derivatives also form a 
part of the present invention. Accordingly, a further
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aspect op this invention provides a compound of formula 

(Va) or a salt, ester, or 'acylating derivative thereof:

.1
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wherein R1 is as defined with respect to.formula (I)

and rT2 is t-butyl? tetrahydrothien-3-yl; a

substituted» at least partly saturated, cyclic .

hydrocarbon moiety having one ring; or an optionally

substituted, at least partly saturated, cyclic

hydrocarbon moiety having between two and four rings.

Suitable salts and esters of the compound of formula

(Va) include the alkali metal salts and the ethyl and

diphenylmethyl esters, respectively.

Suitable acylating derivatives of the compound of

formula (Va) include those set out above in relation to

the compound of formula (V).

I
The present invention also provides a pharmaceutical

composition which comprises a compound of formula (I) .

or a pharmaceutically acceptable salt or in vivo

hydrolysable ester thereof and a pharmaceutically
acceptable carrier. The compositions of the invention J

include those in a form adapted for oral, topical or

parenteral use and may be used for the treatment of the

infection in mammals including humans,

The antibiotic compounds according to the invention may 
be formulated for administration in any convenient way

s

y
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for use in human or veterinary medicine, by analogy 
with other antibiotics, and the invention therefore 
includes within its scope a pharmaceutical composition 
comprising a compound of formula (I) above together 
with a pharmaceutical carrier or excipient.

The composition may be formulated for administration by 
any route, such as oral, topical or parenteral. The 
compositions may be in the form of tablets, capsules, 
powders, granules, lozenges, creams or liquid 
preparations, such as oral or sterile parenteral 
solutions or suspensions.

I:Μ

ι * 
ί Β

The topical formulations of the present invention may 
be presented as, for instance, ointments, creams or 
lotions, eye ointments and eye or ear drops, 
impregnated dressings and aerosols, and may contain 
appropriate conventional additives such as 
preservatives, solvents to assist drug penetration and 
emollients in ointments and creams.

The formulations may also contain compatible
conventional carriers, such as cream or ointment bases 

and ethanol or oleyl alcohol fob lotions, such 

carriers may be present as from about 1% up to about 

98% of the formulation. More usually they will form up 

to about 80% of the formulation.

Tablets and capsules for oral administration may be in 

unit dose presentation form, and may contain 

conventional excipients such as binding agents, for 

example syrup, acacia, gelatin, sorbitol, tragacanth, 

or polyvinylpyrollidone; fillers, for example lactose, 

sugar, maize-starch, calcium phosphate, sorbitol or 

glycine, tabletting lubricants, for example magnesium 

stearate? talc, polyethylene glycol or silica;

V
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disintegrants, for example potato starch; or acceptable 
wetting agents such as sodium lauryl sulphate. The 
tablets may be coated according to methods well known 
in normal pharmaceutical practice. Oral liquid 
preparations may be in the form of, for example, 
aqueous or oily suspensions, solutions, emulsions, 
syrups or elixirs, or may be presented as a dry product 
for reconstitution with water or other suitable vehicle 
before use. Such liquid preparations may contain 
conventional additives, such as suspending'agents, for 
example sorbitol, methyl cellulose, glucose .syrup, 
gelatin, hydroxyethyl cellulose, carboxymethyl 
cellulose, aluminium stearate gel or hydrogenated 
edible fats, emulsifying agents, for example lecithin, 
sorbitan monooleate, or acacia; non-aqueous vehicles 
(which may include edible oils), for example almond 
oil, oily esters such as glycerine, propylene glycol, 
or ethyl alcohol; preservatives, for example methyl or 
propyl p-hydroxybenzoate or sorbic acid, and, if 
desired, conventional flavouring or colouring agents.

Suppositories will contain conventional suppository 

bases, e.g. cpcoa-butter or other glyceride.

For parenteral administration, fluid unit dosage forms 

are prepared utilizing the compound and a sterile 

vehicle, water being preferred. The compound, 

depending on the vehicle and concentration used, can be 

either suspended or dissolved in the vehicle. In 

preparing solutions the compound can be dissolved in 

water for injection and filter sterilised before 

filling into a suitable vial or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, 

preservative and buffering agents can be dissolved in 

the vehicle. To enhance the stability, the composition 

can be frozen after filling into the vial and the water
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removed under vacuum. The dry lyophilized powder is 
then sealed in the vial and an accompanying vial of 
water for injection may be supplied to reconstitute the 
liquid prior to use. Parental suspensions are prepared 
in substantially the same manner except that the 
compound is suspended in the vehicle instead of being 
dissolved and sterilization cannot be accomplished by 
filtration. The compound can be sterilised by exposure 
to ethylene oxide before suspending in the sterile 
vehicle. Advantageously, a surfactant or wetting agent
is included in the composition to facilitate uniform

, ' ' *

distribution of the compound.
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The compositions may contain from 0.1% by weight, 
preferably from 10-60% by weight, of the active 
material, depending on the method of administration. 
Where the composition comprise dosage units, each unit 
will preferably contain from 50-500 mg of the active 
ingredient. The dosage as employed for adult human 
treatment will preferably range from 100 to 3000 mg per 
day, for instance 1500 mg per day depending on the 
route and frequency of administration. Such a dosage 
corresponds to 1.5 to 50 mg/kg per day. Suitably the 
dosage is from 5 to 20 mg/kg per day.

No toxicological effects are indicated when a compound 
of formula (I) is administered in the above-mentioned 
dosage range. ·

Certain compounds of the present invention are 
characterised by increased stability to p-lactamase 
producing organisms when compared to synthetic 
penicillins in commercial use such as amoxycillin.

The compound of the invention of formula (l) may 
therefore be used as the sole therapeutic agent in



30
compositions of the invention or may be used in 
combination with other antibiotics or with a 
β-lactamase inhibitor.

Advantageously the compositions also comprise a 
compound of formula (VIII) or a pharmaceutically 
acceptable salt or ester thereof:

H

(VIII)

wherein A is hydroxyl; substituted hydroxyl; thiol; a 
group of formula SO2R6 wherein R6 is Ci_g alkyl; 
substituted thiol; amino; mono- or di-hydrocarbyl 
substituted amino; mono- or di-acylamino; an optionally 
substituted triazolyl group; or an optionally 
substituted tetrazolyl,.group as described in EP 0 053 
893.

1

A further advantageous composition comprises an 
antibiotic compound according to the invention and a 
pharmaceutically acceptable carrier or excipient 
together with a β-lactamase inhibitor of formula (IX) 
or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof:

0
(IX)
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wherein B is hydrogen, halogen or a group of formula:

in which R? and R^ are the same or different and each 
is hydrogen, C]._6 alkoxycarbonyl, or carboxy or a 
pharmaceutically acceptable salt thereof.

Further suitable β-lactamase inhibitors include
6-alkylidene penem of formula X below:

* · »« · »• * » «
• ·»• « «

4 4 9 ·
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R‘°

or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof, wherein R^ and r!0 are the 
same or different and each represents hydrogen, or a 
Ci_io hydrocarbon or heterocyclic group optionally 
substituted with a functional group; and R^1'represents 
hydrogen or a group of formula Ra or -SRa where Ra is 
an optionally substituted C^_^q hydrocarbon,or 
heterocyclic group, as described in European Patent 
Application No. 81301683.9 (publication Number'0 041 
768).
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c
Other suitable β-lactamase inhibitors .include 

6p-bromopenicillanic acid .and salts and'in vivo 

hydrolysable esters thereof and 6p-iodopenicillanic 

acid and salts and in vivo hydrolysable esters thereof.

Such compositions of this invention comprising a 

p-lactamase inhibitor are formulated in conventional 

manner. '

The present invention also includes a method of 

treating bacterial infections in humans and animals 

which comprises the administration of a therapeutically 

effective amount of an antibiotic compound of this 

invention. ’

Antibiotic compounds of the present invention are

active against a broad range of bacteria, in particular

they are useful for treatment of respiratory' tract and

I ,*·, urinary tract infections in humans and mastitis in

• « * ·
««♦« cattle. It should be stressed that a particular

*‘‘*t advantage of certain compounds of the invention is

* f
““ their stability to p-lactamase enzymes and they are

* 11 ‘ ■
therefore effective against p-lactamase-producing 

organisms.

The antibiotic compounds of the present invention are 

active against both Gram-negative and Gram-positive 

organisms including E.coli, in particular ESS and NCTC 

10413; H.influenzae, in particular Q1 and NEMC 1;

S. aureus such1as Oxford, Russell, MB 9 and methicillin 

resistant strains such as V.573; S.pyogenes such as 

CN10; S.agalactlae such as 2798; and S. pneumoniae such 

as PU7 and 1761·

The following Examples illustrate the preparation of 

the compounds > * the present invention. “
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Example 1

a · Ethyl-2- (2-aminothiaz'ol-4-yl) - (Z) -2-cyciopropyi.-
methoxyiminoacetate. ,

Ethyl ( Z) -2 ~cyclopropylmethoxyirnino-2 - (2-tritylamino- 
thiazol-4-yl) acetate (2.39g) was dissolved in 98% 
formic acid (18.7ml), water (5.6ml) was added, and the 
mixture vigorously stirred. After 6h the solvents were 
evaporated, toluene added to the residue and the 
process repeated. This was done twice more. The 
residual solid was chromatographed on silica to give 
the title compound as a white solid (1.17g), vraax 
(Nujol) 3440, 3250, 3120, 1720, and 1620cm-1; δΗ 
(CDCI3) inter alia 1.35 (3H, t, J 7Hz) , 4.0 (2H, d, J 
7Hz), 4.37 (2H, q, J 7Hz), 5.4 (2H, broad s, exch.
D2O), and 6.67 (IH, s). ,

b· 2~(2-Aminothiazol-4-yl)-(Z)-2-cyclopropylmethoxy-
iminoacetic acid.

Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-cyclopropyl- 
methoxyiminoacetate (1.12g) was suspended in ethanol 
(9ml) and sodium hydroxide (IN; 9ml) added. The 
mixture was stirred at room temerature for 40h, 
acidified to pH2.8 and the ethanol removed. The 
precipitated solid was filtered off, washed with a 
little cold water, and dried in vacuo to give a white 
solid (845mg) vraax (Nujol) 3350, 1640 br, and 1580cm-1; 
δΗ C(CD3)2SO] inter alia 3.92 (2H, d, J 7fiz),, 6.82 
(IH, s), and 7.20 (3H, very broad s, exch. D20).
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c. 2- (2-Aroinothiazol-4-yl) - (Ζ) -2-cyclopropy.lmethoxy-
iminoacetic acid 2-py'ridyl thioester.

Triphenylphosphine (520mg) was stirred in acetonitrile 
(3ml) and 2,21-dithiodipyridine (440mg) was added.
After 15min at room temp'ebture the solution was cooled 
to 0°C and 2-(2-aminothiazol-4-yl)-(Z)-2-cyclopropyl- 
methoxyiminoacetic acid'(241mg) added. The mixture was 
stirred for 3h at 0°C and the 2h at room temperature. 
The solvent was evaporated and the residue rapidly 
chromatographed on silica to give the title compound, 
sufficiently pure for the next step, vraax (Nujol) 1705, 
1660, and lOOOcm-·^·; E(CD3)2SO] inter alia 3.87 
(2H, d, J 7Hz), 6.7 (2H, bs, exch D2O), 6.92 (IH, s), 
and 8.07 (IH, m). 1

d. Sodium 6p-[ 2- ( 2-Aminothiazol--4-yl)- (Z )-2-cyclo-
propylmethoxyiminoacetamido]penicillanate.

6-Aminopenicillanic acid (].44mg) in dichloromethane 
(3ml) was treated with triethylamine (136mg) and 
chlorotrimethylsilane (146mg) under argon. .The mixture 
was stirred under reflux for lh, cooled to -10°C, and 
2- (2-aminothiazol-4-yl) - (Z )'-2-cyclopropylmethoxyimino- 
acetic acid 2-pyridyl thioester (189mg) added. The 
cooling-bath was removed and the solution kept 2h at 
room temperature and then 16h at +5°C. The solution 
was diluted with dichloromethane (5ml) and water (5ml) 
and the pH adjusted to 7. The aqueous layer was 
separated, washed with dichloromethane and layered with 
ethyl acetate. The pH was adjusted to 2 urid the organic 
layer separated. The aqueous solution was washed (x2) 
with ethyl acetate and the combined extracts .washed
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with saturated brine. Water was added to the organic

, solution and the pH adjusted to 7. A little acetone
J was added to give two layers and the aqueous layer was
t .I removed. The remaining organic layer was extracted
i with water (xl) and the combined water extracts
I . . ,evaporated to low bulk in vacuo and purified on HP20SS,
I using water and water/tetrahydrofuran mixtures. The
I relevant fractions were combined, evaporated to remove
.1 . , ' 1 1 ' ■tetrahydrofuran and lyophilised to give the title 
a, compound as a white amorphous solid (105mg), vmax (KBr)
| 3193, 1766, 1668, and 1608cm— I; (D20) 0.3 (2H',
f m), 0.56 (2H, m), 1.19 (1H, m), 1.51 (3H, s), 1.61 (3H,
j ' s), 4.0 (2H, d, J 7.1Hz), 4.23 (1H, s) , 5.62 (1H, 4, J

4Hz), 5.65 (1H, d, J 4Hz) and 7.0 (1H, s) . [Mass 
l.j spectrum: +ve ion (thioglycerol) [MH-Na +H] + (440),
Π MH+, (462), MNa+ (484)]. .
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Example 2.

a· Ethyl-2-(2-aminothiazol-4-yl)-(Z)-2-ethoxyimino-
1acetate.

Ethyl (Z)-2-ethoxyimino-2-(2-tritylaminothiazol-4-yl) 
acetate (2.63g) was converted into the title compound 
as described in Example la. The product (1.29g) was 
isolated as a white solid, vmax (Nujol) 3450, 3250, 
3125, 1730 and 1620cm-1; δΗ [(CD3)2SO] 1.2,(6H, m),
4.16 (4H, m), 6.78 (1H, s) , and 7.18 (2H, s, e'xch D2O).

b· 2-(2-Aminothiazol-4-yl)-(Z)-2-ethoxyiminoacetic
acid.
Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-ethoxyiminoacetate 
(1.12g) was hydrolysed as described in Example lb.,' The 
title compound was obtained as a white solid (845mg) 
''max (Nujol) 1660, 1620qm“lt δΗ [CD3)2SO] 1.17 (3H,t,
J 7Hz), 4.10 (2H, q, J 7Hz), 5.5, (2H, broad s, exch. 
D2O), 6.77 (Hi, s) . and 7.20 (1H, broad s, v-xch. D20) .
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c· (2-Aminothiazol-4-7yl) -(Z)-2-ethoxyiminoacetic
acid 2-pyridyl thioester.

2- (2-Aminothiazol-4-yl)-( Z)-2-ethoxyimirtoacetic acid 
was converted into the title compound as described in 
Example lc. vmax (Nujol) 3125, 1710, 1665cm-1.

d · Sodium 6p-[ 2- ( 2-Aminothiazol-4-yl)-( Z ) -2-ethoxy-
iminoacetamidoJpenicillanate.

Method 1 . '
6-Aminopenicillanic acid was treated with 2-(2-amino- 
thiazol-4-yl)- (Z)-2-ethoxyiminoacetic acid 2-pyridyl 
thioester as described in Example Id to give the title 
compound as a white freeze-dried solid,'vmax (KBr) . 
3160, 1764, 1663, and 1608cm-1; 6h (D2O) 1.28 (3H, t,

, J 7Hz), 1.51 (3H, s), 1.61 (3H, s), 4.22. (2H, q, J
< * 9 ---- _ ----

7Hz), 4.24 (1H, s), 5.63 (2H, s), and'7.01 (1H, s).
·«<«' (Mass spectrum: +ve ion (glycerol) MH+ (436), MNa+

,<’ί * (458), [M+H+G]+ (528)).
mi '

« t
ί I * l

’ Method 2l Ϊ I ·'
A solution of ethyl (Z)-2-ethoxyimino-2-(2-tritylamino- 
thiazol-4-yl) acetate (1.36g) in 1,4-dioxane (30ml) and 
ethanol (9ml) was treated with aqueous sodium hydroxide 
(IN, 3.5ml). After stirring at room temperature for 16 
hours, water (200ml) was added and the pH adjusted to
2.5 with hydrochloric acid (2N). The organic solvents 
were evaporated under reduced pressure arid the 
resultant precipitate collected by filtration and dried 
in vacuo, to afford the corresponding acil as a 
cream-coloured solid (0.988g).
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Oxalyl chloride (0.178mlj was added to a stirred 
solution of dimethylformamide (0.183ml) in dry 
dichloromethane (5ml) at -20°C under an argon 
atmosphere. After stirring for 10 minutes, the acid 
prepared above (0.920g) was added, and the mixture 
stirred for a further 10 minutes. A solution of the 
triethylammonium salt of 6p-aminopenicillanic acid 
(0.792g) and triethylamine,(0,253g) in dry 
dichloromethane (2ml) was added and the mixture allowed 
to warm to 0°C. Stirring was continued at 0°C for 4 
hours.
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The crude reaction mixture was evaporated under reduced 
pressure, the residue dissolved in ethyl acetate (10ml) 
and washed with water (2 x 10ml). Formic acid (98%, 
10ml) was added to the organic phase and the mixture 
stirred for 1.5 hours, adding a further aliquot of 
formic acid (5ml) after 0.5 hours. .

The solution was evaporated, toluene (25ml) added, and 
the process repeated twice. The resultant foam was 
dissolved in ethyl acetate (20ml), water (30ml) added 
and the pH adjusted to 7.0 with' saturated aqueous 
sodium bicarbonate. The layers were separated and the 
organic phase washed with water. ,

The combined aqueous extracts were evaporated to low 
bulk in vacuo and purified as described in Example Id. 
The title compound was obtained as a white amorphous 
solid after lyophilisation (0.210g), and "was identical
in all respects to the material obtained· in Method 1.ι '
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Example 3

a. Ethyl-2- (2i-aminothiazol-4-yl) - ( Z)-2-propoxyimino­
acetate.
Ethyl (Z)-2-propoxyimino-2-(2-tritylaminothiazol-4-yl ) 
acetate (0.83g) was converted into the title compound 
as described in Example 'la. The product (344mg) was 
isolated as a white solid δΗ [(003)280] 0.85 (3H, t,
J ca 7Hz), 1.23 (3H, t, J ca 7Hz), 1.39-1.78 (2H, m), 
3.99 (2H, t, J ca 7Hz), 4,19 (2H,.q, J ca 7Hz), 6.81 
(IH, s), and 7.16 (2H, s, exch. D2O).

b. 2-(2-Aminothiazol-4-yl)-(Z)-2-propoxyiminoacetic
acid. ,
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-propoxyiminoacetate 
(310mg) was hydrolysed as described in Example lb, to 
give the title compound as a white solid (239mg), vmax 
(Nujol) 3350, 1635 (broad); δΗ ((CD3)2SO) 0.86 (3H, 
t, J 7Hz), 1.61 (2H, m), 4.01 (2H, t,, J 7Hz) , 6.78 (IH, 
s), and 7.0-7.64 (3H, broad s, exch. D2O).

c. 2-(2-Aminothiazol-4-yl)-(Z)-2-propoxyiminoacetic acid
2-pyridyl thioester.
2-(2-Aminothiazol-4-yl)-(Z)-2-propoxyiminoacetic acid 
was converted into the title compound as described in 
Example lc 6H (CDCI3) inter alia 0.97 (3H, t, J 7Hz), 
1.57-1.92 (2H, m), 4.14 (2H, t, J 7Hz), and 6.75 (IH, 
s) . .

• 9

7'
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d. Sodium 6β-C2-(2-Aminothiazol-4~yl)-(Z)-2-propoxy-
iminoacetamldolpeniclllanate.
6-Amlnopenicillahic acid was treated with 2-(2-amino- 
thiazol-4-yl)-(Z)-2-propoxyiminoacetic acid 2-pyridyl 
thioester as described in Example Id to give the title 
compound aa a white freeze-dried solid, v^ax (KBr) 
1766, 1662, and 1611cm"1; δΗ (p20) 0.90 OH, t, J 
7.4Hz), 1,51 (3H, a), 1.61 (3H, s), 1,61-1.68 (2H, m), 
4,14 (2H, t, J 6.5Hz), 4,23 (1H, a), 5,62 (lH,‘dJ 
4Hz), 5,64 (1H, d, J 4Hz), and 7.0 tlH, s),

Example 4
a. Ethy1 (2) -2-(cycloh axyloxy1mlno)-3- ox ob u ty r ate.
Method 1.
A solution of ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate 
(3.0g) in dimefthylsulphoxido (15ml) was stirred with 
potassium carbonate (6»24g) at room temperature, After 
15min cyclohexyl iodide (7,9g) was added, The mixture 
wan stirred vigorously for 13h, and then partitioned 
between water and ethyl acetate, The organic phase was 
separated, washed twice with water, then brine, dried 
{MgS©4) and evaporated, Tha residue was purified by 
flash chromatography, eluting with ethyl seetata/hexano 
to give the title compound as a colourless liquid 
(3»0g, 67%); Vmox (film) 2950, 2860, 1745, 1695 
cm"1; δΗ (CDO13) 1.32 (3H, t), 1,3-2,0 UOR, br m)
2,37 (3H, Θ) and 4.3 (3H, q + bcia),

*
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Method 2
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A solution of ethyl (z)-2~(hydroxyimino)-3~oxobutyrate 

(35.8g) in dimethylsulphoxide (150ml) was stirred 

with potassium carbonate (40.4g) at room temperature. 

After 15 min cyclohexyl bromide (55g) was added over 

30min. The mixture was stirred vigorously for 44h, 

then partitioned between water and ethyl acetate, The 

organic phase was separated, washed twice with water, 

then brine, dried (MgSO4) and evaporated. The residue 

was purified by flash chromatography, eluted with 

ethyl acetate/hexane to give the title compound as ,a 

colourless liquid (34,0g,’ 64%),

Method 3,

A solution of diethyl azodicarboxylate (0.495ml) in 

tebrahydrofuran (5ml) was added dropwise to a solution 

of ethyl (Z)~2-(hydroxyimino)~3-oxobutyrate (0.50g), 

cyclohexanol (0.327ml) and triphenylphosphine (0.825g) 

in tetrahydrofuran (10ml) over 5 min at room

temperature, The mixture was stirred for 22h, then 

solvent removed in vacuo. The residue was 

chromatographed on silica to give the title compound 

(0.242g, 32%),
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b. Ethyl 4-chloro-(Z)-2-(cyclohexyloxyimino)-3-
oxobutyrate
Ethyl ( Z)-2-(cyclohexyloxyirnino)-3-oxobutyrate (l.Og) 

was added to ice-cooled sulphuryl chloride (10ml) with 
stirring. The mixture was allowed to warm to roomI · *
temperature, stirred for 27h, then evaporated under an 
argon stream. The residue was dissolved in diethyl 
ether, washed twice with water, then brine, dried 
(MgSOxO and evaporated. Purification by flash 
chromatography, eluting with dichloromethane/carbon 

tetrachloride gave the title compound (0.69g, 60%) as a 
colourless liquid; vmax (film) 2950, 2860, 1750,
1720 cm-i; 6H (CDC13) 1.32 (3H, t), 1.2-2.0 (10H, 

br in), 4.3 (1H, br m), 4.34 (2H, q) , and 4.53 (2H, s) , 
(Pound: MH+ 276.0998, Οχ2Ηΐ3ΝΟ4σΐ requires M+H 

276.1004).

c. Ethyl-4-bromo-(Z)-2-(cyclohexyloxyirnino)-3-

oxobutyrate.

Λ solution of bromine (4,5ml) in carbon tetrachloride 

(50ml) was added dropwise to a mixture of ethyl 

( Z)-2-(cyclohexyloxyimino)-3~oxobutyrate (20.Og) ■, 

hydrogen bromide in acetic acid (45%, 1.0ml) and carbon 

tetrachloride (150ml) over 1.5h, at room temperature. 

The mixture was stirred for 2h, then the solvent 

removed in vacuo.

The residue was dissolved, i,n ethyl acetate, washed «with 

water, then brine, dried (MgS04) and evaporated to give 

the title compound as a pale yellow liquid (26.Og,
98%); vmax (film) 2940, 2860, 1740, 1700 jm"1; δΗ 

(GDCI3) 1*31 (3H t) 1.3-2.0 (ΧΟΗ, m) 4.29 (2H, s) 4.33 

(2H, q), 4.35 (1H, m) . [Mass spectrum, Mil4* (320) MNH44· 

(337)3.

4ϋ «9«
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d. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclohexyloxy­
imino) acetate. ■ ■ ' '
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Ethyl 4-chloro-(Z)-2-(cyclohexyloxyimino)-3-oxobutyrate 
(0.68g) was dissolved in ethanol (6ml) and 
Ν,Ν-dimethylaniline (0.30g) and thiourea (0.19g) added 
with stirring. After 18h the mixture was evaporated 
and the residue partitioned between dichloromethane and 
water. The organic layer was separated, washed with 
brine, dried (tdgSO^) and evaporated. Purification by 
flash chromatography eluting with ethyl acetate/hexane 
gave the title compound as a cream solid (0.66g, 90%).
A sample was crystallised from cyclohexane, m.p. 
133-4°C? vmax (CHCI3) 2940, 1730, 1605 cm"1? 
δΗ (CDC13) 1.34 (3H, t), 1.3-2.0 (10H, br m), 4.3 
(IH, br m), 4.36 (2H, q), 5.4 (2H, br s, exch D20) , and 
6.68 (IH, s).

e. 2-(2-Amlnothiazol-4-yl)- (Z)-2-(cyclohexyloxyimino)-
acetic acid.

Ethyl 2-(2~aminothiazol-4-yl)-(Z)-2-(cyclohexyloxy- 

imino)acetate (0,536g) was dissolved in ethanol (15ml), 

and water (5ml) and aqueous sodium hydroxide (IN,

6.4ml) added. The mixture was stirred at room 

temperature for 24 h. Ethanol was removed and the 

residue diluted with water (25ml), washed with ethyl 

acetate, and acidified to pH 2.8» The precipitate was 

collected by filtration, washed with cold water and 

dried in vacuo to give the title compound as a 

cream solid (O.335g? 69%), vmax (nujol) t1630cm71 

δΗ (DgDMSO) 1.2-2.0 (10H, br m), 6.78 (111, d), and 

7.14 (2H, s, exch. 020) .
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f· 2-(2-Aroinothiazol-4-yl)-(Ζ)-2 -(cyclohexyloxyimino)-
acetic acid 2-pyridyl thioester.

Triphenylphosphine (643mg) was stirred in acetonitrile 
(4ml) and 2, 2'-dithiodipyridine (540mg) was added.
After 15min at room temperature the solution was copied 
to 0°C and 2-(2-aminothiazol-4-yl)-(Z)-2- 
(cyclohexyloxyimino)acetic acid (330mg) added. The 
mixture was stirred at room temperature for 4h, the 
solvent evaporated and the residue rapidly 
chromatographed on silica to give the title compound 
(440mg), m.p. 154-6°C, ’ ( Found: C, 52.9, H, 5.3, N, 15.3 
^16^18^40283 requires C, 53.0; N, 5.0, N, 15.5%), \»max 
(KBr) 3315, 3142, 2932, 1683, 1645, 1537cm-1; δΗ 
(CDCI3) 1.31-1.95 (10H, m), 4.33 (1H, m), 5.69 (2H, s), 
6.82 (1H, s), 7.34 (1H, m), 7.76 (2H, m), 8.66 (1H, m).

g. Sodium 6β-[2-(2-aminothiazol-4~yl)-(Z)-2-cyclohexyl
oxyiminoacetamido]penicillanate.
6-Aminopenicillanic acid (310mg) was treated with 2-(2- 
aminothiazol-4-yl)- (Z)-2-(cyclohexyloxyimino)acetic 
acid 2-pyridyl thioester (440mg) as described in 
Example Id, except the reaction after the initial 
silylation step was stirred at room temperature for 
46h. The title compound was a white freeze-dried solid 
(200mg), vmax (KBr) 3377, 2933, 1766, 1662, 1608, 
1526cm-1; δΗ (D2O) 1.33-1.91 (10H, m), 1.53 (3H, s), 
1.64 (3H, s), 4.25 (2H, s + m), 5.64 (1H, d), 5.68 (lH,
d), and 6.99 (1H, s), [Mass spectrum: +ve ion 
(thioglycerol) MH+(490), MNa+(512) 2M+Na+ (1001)].

Βί
ί
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EXAMPLE 5.

a . Ethyl (Z)-2-allyloxyiroino-2-(2-tritylaminothiazpl-4
yl)-acetate. ' '

Ethyl ( Z) -2-hydroxyimino-2-.(2-tritylaminothiazol-4-yl) 
acetate hydrochloride (988mg, 2mmol) in dry dimethyl- 
sulphoxide (7.5ml) was treated with potassium carbonate 
(345mg, 2.5mmol) followed by allyl bromide (0.173ml, 
242mg, 2mmol) and the mixture was stirred for 18h.
Ethyl acetate layer was washed with water (3 x 100ml), 
saturated aqueous sodium chloride (50ml) and then was 
dried (MgSC>4) and evaporated in vacuo to leave the 
crude product. This was chromatographed on silica gel, 
eluting with ethyl acetate/hexane mixture to give the 

title compound as a solid foam (753mg; 75%), vmax 
(CH2CI2) 3400, 1735 and 1215cm-1; δΗ (CDCI3, 60MHz)

1.54 (3H, t, J 7Hz) , 4.38 (2H, q, J 7Hz)., 4.7-4.9 (2H, 
m), 5.1-5.55 (2H, m), 5.7-6.3 (1H, m) , 6.52 (1H, s), 
7.00 (1H, broad s), 7.30 (15H, s) .

b· (Z)-2-Allyloxyimino-2-(2-tritylaminothiazol-4-yl)
acetic acid.
Ethyl (_Z)-2-allyloxyimino-2-(2-tritylaminothiazol-4-yl) 
acetate (716mg, 1.44mmol) in methanol (31.5ml) 
containing water (3.5ml) was treated with anhydrous 
potassium carbonate (397mg, 2.88 mmol) and the mixture 
was heated under reflux for 20h. The methanol was 
removed by evaporation and ethyl acetate and excess 
0.1N aqueous HCl were added. After separation,the 

aqueous layer was re-extracted with ethyl acetate and 
the combined ethyl acetate layers were washed with 
saturated aqueous sodium chloride, dried (MgSC>4) and 
evaporated in vacuo. Chloroform was added to the 
residue and evaporated in vacuo to remove traces of

L
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ethyl acetate and leave the title compound (620mg;

91%), δΗ (CDC13, 90MHz) 4.59 (2H, d, Jca6Hz),

5.0-5.35 (2H,.m), 5.65-6.20 (1H, m), 6.50 (1H, s), 7.25

I
(15H, s), 10.09 (broad s); [Mass spectrum (+ve ion

3- NOBA) MH+ (470)J. 3-NOBA is an abbreviation for 3- 

nitrobenzyl alcohol.

c. Sodium 6p-[(Z)-2-allyloxyimino-2-(2-aminothiazol-

4- yl) acetamido]penicillanate.

(Z)-2-Allyloxyimino-2-(2-tritylaminothiazol-4-yl) acetic 

acid (583mg, 1.24mmol) in dry dichloromethane (10ml) 

was treated with N,N-dimethylformamide (0.096ml, 91mg, 

1.24mmol), followed by oxalyl chloride (0.119ml, 173.mg, 

1.24mmol). After 10 min the mixture was cooled in an 

ice bath and subsequently treated with a mixture of the 

triethylamine salt of 6-p-aminopenicillanic acid 

(476mg, 1.5mmol) and triethylamine (0.21ml, 152mg, 

1.5mmol) in dichloromethane ,(5ml). The mixture was 

stirred at 0° for 45 min and then the dichloromethane 

was removed by evaporation in vacuo, ethyl acetate 

(iOOml) and water (100ml) were added to the residue and 

the pH was adjusted to 2.5 by addition of dilute 

hydrochloric acid. The ethyl acetate layer was washed 

with 0.05N HCl (100ml), then with water (100ml), 

followed by saturated aqueous sodium chloride, then 

dried (MgSO^) and evaporated in vacuo to leave the 

coupled product as a foam (765mg), contaminated by 

ethyl acetate·. This was dissolved in ethyl acetate 

(10ml) and .treated with 98% formic·acid (15ml) at room 

temperature for 1.5h. The mixture was worked up as 

described in Example 2d, Method 2 and purified as 

described in Example Id to give, after lyophilisation, 

the title compound as a white solid, vmax (KBr) 1764, 

1660, 1527, 1457, 1395, 1319, 1200, 1158, 1126, 1094 

and 1020cm-1; δΗ (D2O, 25θΜΗζ), 1.51 (3H, s), 1.61

L
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(3H, s),.4.23 (IH, s) , 4.67-4.70 (2H, m), 5.25-5.42

(2H,m), 5.62 (IH, d, J 4.0Hz), 5.64 (IH, d, J 4.0Hz),

5.95-6.11 (IH, m), 7.03 (IH, s) [Mass spectrum (+ve ion

3NOBA/Na+) MH+ (448), MNa+ (470)].

Example 6 .

a. Ethyl (Z)-2-(isopropyloxyimino)-3-oxobutyrate.

Ethyl (Z)-2-hydroxyimino-3-oxobutyrate (3.2g, 20mmol) 

was converted into the_ title compound by reaction with 

2-iodopropane in an analogous reaction to that 

described in Example 4a Method 1, except that reaction 

was complete in 3h. After purification the title

« compound was obtained as an oil (3.01g; 74%); vmax

(CH2C12) 1740, 1685, 1600, 1370, 1315, 1225 and

I « » ,
1070cm-1; δΗ (CDCI3) 1.31 (3H, t, J 6.5Hz), 1.33 (6H, 

««A d, J 6.5Hz), 2.37 (3H, s), 4.38 (2H, q, J 6.5Hz), ca

‘ , · 4.6 (IH, m) [Mass spectrum (+ve ion, 3-NOBA) MH+

(202)]. ........................................................

b. Ethyl-2-(2-aminothiazol-4-yl)- (Z)-2-(isopropyloxy-

imino)acetate.

Ethyl (Z)-2-(isopropyloximino)-3-oxobutyrate (2.86g,

14.2mmol) was converted into ethyl 4-bromo-(Z) —2 — (iso- 

propyloxyimino)-3-oxobutyrate by an analogous procedure 

to that described in Example 4c and this was converted 

into the title compound by an analogous procedure to 

that described in Example 4d. After .purification and 

crystallisation the title compound was obtained as 

crystals (2.63g; 72%) m.p. 166-167°C [Found: C, 46.78; 

H, 5.69; N, 16.35. M+, 257.0831. CioHl5N,3°3s requires,

G, 46.68; H, 5.88; N, 16.33%; M, 257.0835]; vmax(Nujol) 

3450, 3420, 3250, 3140, 1725, 1610, 1540, 1270, 1040 

and 980cm-1; vlnax (KBr) 3451, 3425, 3258, 3145, 1724, 

1609, 1539, 1381, 1270, 1191, 1116, 1040 and 983cm-1.
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c. 2-(2-Aminothiazol-4-yl)-(Z)-2-(isopropyloxyimino)
acetic acid. ,
Ethyl 2-(2-aminothiazol-4-yl) - (Z)-2-(isopropyloxyimino) 
acetate (2.39g, 993mmol) was hydrolysed in an analogous 
manner to that described in Example 4e to give the 
title compound (1.63g; 76%); vraax (Nujol) 3350, 3050, 
1650-1620 (broad) 1590, 1570cm-1; δΗ· C(CD3)2C0/(CD3)2 
SO] 7.10 (2H, broad s),, 6.77 (1H, s), 4.33 (1H, m),
1.15 (6H, d, J 6.5Hz).

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(isopropyloxyimino)
acetic acid 2-pyridyl thioester,
2-(2-Aminothiazol-4-yl)-(Z)-2-(isopropyloximino) acetic 

, tl acid (1.15g, 5mmol) was reacted with 2,21-dithiodi-■ it .
*·*’ pyridine and triphenyl phosphine in a similar manner to

« i t
‘.'.tt' that described in Example 4f to give, after silica gel

» I u , , .lt,» chromatography, eluting with ethyl acetate/hexane
(6:4), and crystallisation the title compound (l.43g;if It . ,,,r"· 1 - r... · - ·

* ,<·, 89%) m.p. 171-172°C; (Found: C, 48.42; H, 4.32; N,
17.34. CP3H14N4O2S2 requires C, 48.43; H, 4.38, N 
17.38%); vmax (KBr) 3340, 3271, 3127, 2982, 2927, 1694,

tj;'.‘· 1661, 1573, 1543, 1059 and 992cm-1; δΗ (250 MHz,
,·, (CD3)2SO) 1.22 (6H, d, J6.3Hz), 4.35 (1H, septet, J

’ 6.2Hz), 6.93 (1H, s) , 7.33 (2H, s), 7.50 (1H, m), 7.72
(1H, broad d, J 7.1 z), 7.94 (1H, dt, J 2.0 and 7.8Hz), 
8.63 (1H, m).

e· Sodium 6g-[2-(2-aminothiazol-4-yl)-(Z)-2-(iso-
propyloxyimino)acetamidojpenicillanate. 
6-p-Aminopenicillanic acid (805mg, 3.72mmol)■was 
converted into the corresponding disilyl derivative, 
and then reacted with 2-(2-aminothiazol-4-yl)-(Z)-2- 
(isopropyloxyimino)acetic acid 2-pyridyl thioester 
(1.18g, 3.66mmol) by a similar procedure to that
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outlined in Example Id to give, the title compound; 
vmax (KBr) 1766, 1662, 1609, 1526, 1457, 1396 and
1326cm-1; (250MHz, D2O) 1.27 (3H, d, J 6.2Hz),
1.28 (3H, d, J 6.3Hz), 1.52 (3H, s), 1.62 (3H, s), 4.24
(1H, s), 4.43 (1H, m), 5.63 (1H, d, J 4.0Hz), .5.66 (1H,
d, J 3.9Hz) , 6.99 (1H, s); [Mass spectrum (+ve ion,

• f•i
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thioglycerol) MH+ (450), MNa+ (472)] , .

Example 7 , ,,,.
a . Ethyl (Z)-2-(tert-butyloxyimino)-3-oxobutyrate. 
Ethyl (_Z)-2-hydroxyimino-3-oxobutyrate (4.77g, 30mmol) 
in 1,4-dioxane (15ml) was treated with .silver carbonate 
(8.27g, 30mmol) and the mixture was stirred in the dark 
and treated with tert-butyl bromide (3.37ml, 4.11g,' 
30mmol) . After stiring in the dark fo’r 5h more silver 
carbonate (8.27g) and tert-butyl bromide (3.37ml) were 
added. As the solution became warm more 1,4-dioxane 
(10ml) was added, followed by tert-butyl bromide 
(3.37ml). After 64h silver carbonate (4.14g) was ‘ 
added, followed by 1,4-dioxane (10ml) and tert-butyl 
bromide (3.37xpl) . After a further 2.5h more 
tert-butyl bromide (3.37ml) was added and stirring was 
continued for a further 3h. The mixture was then 
filtered through Celite and the residue' was washed well 
with 1,4-dioxane. The filtrate was evaporated in vacuo 
to leave an oil. Toluene was added and evaporated in 
vacuo to leave the crude product as an oil.' , 
Chromatography on silica gel, loading in. c.arbon 
tetrachloride, and eluting with hexane/ethyl acetate 
mixtures gave the title compound as an oil (4.5g; 70%); 
vmax (CH2C12) 1745, 1690, 1595, 1365, 1315, 1230, 1180, 
1070 and 990cm-1; δΗ (60MHz, CDCI3) 1.36 (12H, s,

t

superimposed on t) , 2.40 (3H, s) , 4.33 (28, q, J ‘
6.5Hz); [Found: M+-OEt 170.0813. CgHj^NOg requires M-

OEt 170.0817, Ammonia CI mass spectrum MH+(216)].
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b. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(tert-butyloxy-
imino)acetate. ..... '
Ethyl (Z)-2-(tert-butyloxyimino)-3-oxobutyrate (4.30g, 
20mmol) was converted via ethyl 4-bromo-(Z)-2-(tert- 
butyloxyimino)-3-oxobutyrate into the title compound 
(4.0g; 74%) by procedures analogous to those described 
in examples 4c and 4d, m.p. 111-112°C (ethyl acetate/ 
hexane). [Found: C,48.96; H, 6.18; N, 15.49. M+, 
271.0994. G11H17N3O3S requires C, 48.69; H, 6.32; N, 
15.49%. M, 271.0991]. δΗ (60MHz, CDCI3) 1.33 (9H, 
s), 1.35 (3H, t), 4.40 (2H, q, J 7Hz), 6.18 (2H, s), 
and 6.70 (IH, s).

t * i
tit c. 2-(2-Aminothiazol-4-yl)-(Z)-2-(tert-butyloxyimino)-It» - - ■ --- --- - -- - - - -■*- -- ..- - . . ‘ ’ *- - - - -
*<«’*' acetic acid. ,

. * Ethyl 2- (2-aminothiazol-4-yl) - ( Z)-2- (tert-butyloxy-
♦’·**, imino) acetate (2.7g, lOmmol) was hydrolysed in an» » ί » ,
• ,·«, analogous manner to that described in Example 4e to

give the title compound (1.75g; 72%) m.p. 164-166° 
(dec); \>max (KBr) 1628, 1448, 1386, 1363, 1262, 1191

»,»*’· and 992cm-1; [Found: M+, 243.0682. C9H13N3O3S requires
,·,“ M, 243.0678].

t t ‘

«£ -- d. 2- ( 2-Aminothiazol-4-yl)- (Z) - 2- (tert-butyl oxy­
imino) acetic acid 2-pyridyl thioester.
2- (2-Aminothiazol-4-yl)-( Z')-2- (tert-butylox'y imino) - 
acetic acid (1.06g, 4.4mmol) was reacted with 2,2'- 

dithiodipyridine and triphenylphosphine in a similar 
manner to that described in Example 4f, except that the 
reaction was allowed to .run for 19h. The precipitated 
solid was filtered off to give the title compound 
(905mg). The mother liquors were evaporar.ed in vacuo 
and chromatographed on silica gel, loading in toluene
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and eluting with ethyl acetate/hexane mixtures to give 
more of the title compound (43Omg), m.p. 155-156°C 
(ethyl acetate/hexane) [Found: C, 50.00; H, 4.76;
16.80. M+, 336.0704. C^H^O^ requires C, 49.93; H, 
4.79; N, 16.65%. M, 336.0715]; δΗ (60MHz, CDCI3 + 
(CD3)2SO) 1.31 (9H, s), 6.74 (1H, s), 6.8-8.3 (6H, m) .

1 1 1
t * *
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e. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(tert-
butyloxyimino)acetamido]penicillanate.
6-p-Aminopenicillanic acid (648mg, 3mmol) was converted 
into the corresponding disilyl derivative and then 
reacted with 2-(2-aminothiazol-4-yl)- (Z)-2-(tert- 
butyloxyimino)acetic acid 2-pyridyl thioester (l.Olg, 
3mmol) by a similar procedure to that described in 
Example Id, except that the reaction was allowed to 
proceed for 44h at room temperature. The
dichloromethane was removed by evaporation in vacuo and 
ethyl acetate (100ml) arid water (100ml) were added to 
the residue. The pH was adjusted to 7.0 by addition of 
aqueous NaHCO3. The layers were separated and the 
aqueous layer was extracted with ethyl acetate·(2 x 
100ml) . The pH of the aqueous., layer was adjusted to 
3.0 by addition of dilute HC1, with cooling in an ice 
bath and the mixture was extracted with ethyl acetate 
(3 x 100ml). The ethyl acetate layer was washed with 
saturated brine (50ml) and then water (70ml) was ad.de d 
and the pH adjusted to 7.5 by addition of aqueous 
NaHCO3. The aqueous layer was reduced in volume to ca. 
50inl by evaporation in vacuo and purified on HP20SS to 
give the title compound. Vn,ax (KBr) 1766, 1607, 1516, 
1456, 1398, 1365, 1323, 1186, 985 and, 909cm-1; δΗ 
(250MHz, D20) 1.33 (9H, s), 1.51 (3H, s), 1.62 (3H, s), 
4.23 (1H, s), 5.62 (1H, d, J 4.1Hz), 5.67 (1H, d, J 
4.0Hz), 6.95 (1H, s); [Mass spectrum. +ve ion 
(thioglycerol). MH+ (464)].

ad.de
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Example 8

a . Ethyl (Z)-2-(adamant-l-yloxyimino)-3-oxobutyrate.
Ethyl (Z)-2-hydroxyimino-3-oxobutyrate (4.77g, 30mmol) 
was reacted with 1-bromoadamantane in an analogous 
manner to that described in Example 7a to give after 
purification the title compound (3.8g; 40%). vmax 
(neat) 2830, 2750, 1745, 1730 and.1700cm-1; vraax 
(CH2Cl2) 2820, 2750, 1735, 1700 (sh) and 1680cm-1; 
δΗ (60MHz, CDCI3) 1.31· (3H, t, J 7Hz), 1.67 (6H, 
broad s), 1.94 (6H, broad s), 2.21 (3H, broad s), 2.35 
(3H, s), 4.30 (2H, q, J 7Hz) .

» ♦ *
• · <

» · * ·

ί b. Ethyl (Z)-2-(adamant-l-vloxyimino)-4-bromo-3-
tut ------------- ------------------------------------------------------------------ ------------------------------------------------------------------------

t««i oxobutyrate .
< J 6 9.,,, Ethyl (JZ )-2-(adamant-1-yloxyimino)-3-oxobutyrate (3.8g,t t

11.8mmol) was converted into the title compound by a
»-< similar procedure to that described in Example 4c. The

title compound was obtained as an oil, vniax (neat)
. 2945, 2915, 1750, 1710, 1250, 1030 and 990cm_1; δΗ

‘ ' (60MHz, CDCI3) 1.37 (3H, t, J6.5Hz), 1.73 (6H, broad s)
1.97 (3H, broad s), 2.0-2.4 (6H, broad m) , and 4.33 
(4H, m).

c. Ethyl (Z)-2-(adamant-l-yloxyimino)-2-(2-amino-
thiazol-4-yl)acetate.
The ethyl (Z)-2-(adamant-1-yloxyimino)-4-bromo-3- 
oxobutyrate was converted into the title compound 
(1.67g, 43%), as described in example 4d. m.p.152-153°C 
(ethyl acetate/hexane); [Found: C, 58.68; H, 6.63;

N, 11.91; M+ 349.1461.C12H23N3O3S requires C, 58.43;
H, 6.63; N, 12.02%; M, 349.1461]; vraax (CH2CI2) 2915,
2855, 1735, 1605, 1530, 1305, 1075, 1040 and 975cm-1.
δΗ (90MHz, CDCI3) 1.35 (3H, t, J 7Hz) , l.'65'(6H,
broad s), 1.90 (6H, broad s), 2.16 (3H, broad s), 4.37
(2H, q, J 7Hz) 5.65 (2H, s) , 6.71 (IH, 3).
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d . ( Z )-2- (Adamant-1-yloxyimino) -2-- (2-aminothiazol-4- 
yl)acetic acid.
Ethyl (_Z ) - 2- (adamant-1-yloxyimino) -2- (2-aminothiazol- 
4-yl)acetate (1.2g, 3.79mmol) was hydrolysed to the 
title compound using a similar procedure to that 
described in Example 4e; m.p. 203-204°C; vmax (KBr) 
3362, 3218, 2907, 2851, 1628, 1450, 1393, 1351, 1300 
and 973cm-1; δΗ E(CD3)2SO] 1.73 (6H, broad s), 1.92· 
(6H, broad s), 2.23 (3H broad s), 6.85 (1H, s), 7.37 
(2H, broad s). .

c. (Z)-2-(Adamant-1-yloxyimino)-2°(2-aminothiazol-
4-yl)acetic acid 2-pyridyl thioester.
(^)-2-( Adamant-1-yloxyimino)-2-(2-aminothiazol-4-yl) 
acetic acid (j541mg, 2.2mmol) was converted into the 
title compound using a similar procedure to that 
described in Example 4f, except that the reaction was 
allowed to proceed for 24h. . The product, crystallised
from the reaction mixture, and was filtered off and 
washed with ether; m.p. >307°C; vmax (Nujol) 3290, 
3125, 1680, 1645, 1530, 1345, 1070, 990, 925, 915 and 
775cm"1; δΗ (250MHz, (CD3)SO) 1.61 (6H, broad s),
1.81 (6H, broad s), 2.15 (3H, broad s), 6.9 (1H, s),
7.36 (2H, s), 7.5 (1H, m), 7.7 (1H, d, J 7.9Hz), 7.94 
(1H, m), 8.64 (1H, m).
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£, Sodium 6B-C (Ζ)-2-(Βΰηηιαη1-1-γ1οχγΐΓη1ηο)-2-{2-
amlnothlazol-4-yl),acetamldo]penlcillanato.

(Z)-2-(Adamant-l-yloxyimino)-2~(2-aminothiazol-4-yl) 
acetic acid 2-pyridyl thioester (706mg, l,7mmol) was 
converted into the title compound as described in 
Example Id, except that v.he coupling reaction was 
allowed to run for 80h at room temperature. The 
dichloromethane was then removed by evaporation In 
vacuo and water and ethyl acetate were added, The 
mixture was cooled in an ice-bath and the pH adjusted 
bo 3.0 by addition of dilute HC1, The ethyl acetate 
layer was treated with water and then with aqueous 
NaIIC'03. The combined pH 7.0 extracts were lyophilised 
and chromatographed on HP20SS to give the title 
compound as a white solid? vmax (KB?) 3366 (broad), 
2907, 2852, 176, 1685, 1608, 1515, 1351, 1397, 1070 and 
964cm’1? 6h(250MHz, DgO) 1.52 (3H, s), 1.63 (9H, 
broad a), 1.90 (6H, m)# 2.17 (3H, broad s), 4,24 (IB, 
S), 5.63 (IK, d, σ 4,0Hz), 5,68 (IK, d, J4.1Hz), 6.96 
(IK, 0), (Mass spectrum, +ve ion (thioglycerol), MNa* 
564, MH* (542), and M-Na+ (520)3.

Example9

a, K thy 1 ,(,¾ )» 2- (l~m ethyl cyalohex-1 - y 1) ox y imi no- 3- 
oxobufeyrate»
Ethyl (JS)-2-hydroxyimino~3-oxobutyrafee (3.18g, 20mmol) 
and l-brofflo-l-mQfehylcycXohQxanQ (3.54g, 20mmol) in dry 
dioxane (15ml) were stirred together in the dark and 
silver trlfluoromethanesu5phonate (5.13g, 20mmol) waa 
added portionwise over 4h, After a total of lOOh the 
mixture was filtered through Kieselguhr and the residue 
was washed well with dioxane. The filtrate was 
evaporated In vacuo, toluene was added and evaporated
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in vacuo and the residual oil was dissolved in ethyl 

acetate and washed with dilute aqueous NaHCC>3, followed 

by water and brine, Ater drying (MgSO4) the ethyl 

acetate was evaporated in vacuo and the residual oil 

was chromatographed on silica gel, to give the title 

compound as a yellow oil (3.49g; 69%); vmax (CH2CI2) 

2945, 1740, 1685, 1370, 1320, 1235, 1070 and 1005cm-1;

(60MHz, CDCI3) 1.35 (6H, s superimposed on t) ,

l. 4-2.0 (10H, m), 2.37 (3H, s), 4.55 (2H, q, J 7Hz).

b, Ethyl 4-bromo-(Z)-2-(1-methylcyclohex-1-yl)oxy-

1mlno- 3-oxobutyrate.
Ethyl (Z)-2-(1-methyleyelohe x-1-yl)oxyiraino-3-oxo­

butyrate (3.19g, 12.5mmol) was converted into the title 

compound by an analogous procedure to that of Example 

4c. The title compound was obtained as an oils vmax 

(neat) 2980, 2860, 1740, 1690, 1590, 1445, 1370, 1330, 

1275, 1020 and 790cm-1; (60MHz, CDCI3) 1.0-2.1

(16H, m), 4.31 (2H, s), 4.36 (2H, q, 0 7Hz) .

c. Ethyl 2- (2-amlinothlazol-4-yi) - (z) -2-C (l-methyl-

eyclohax-l-yljoxy.iminolaoetate.
The ethyl 4-bromo-('Z)-2-(l-methylcyclohex-l«yl)oxy- 
imino-3-QXobutyrate was transformed into the title 
compound (2.75g; ?lt) as described in example 4d?
m, p,125.5°C (cyclohexane-hexane)? [Found; M+, 311.1303, 
C14H21N3O3S requires M, 311.13033. vraax (CH2CI2) 3470, 
3380, 1735, 1605, 1530, 1375, 1240, 1045 and 975em(Jl?
0H (90MHz, CDCI3) 1.0-2.0 (16H, m), 4.35 (2H, q, J 
7Hz), 5.£5 (2H broad s), 6.67 (1H, s).
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d. 2-(2-Aminothiazol-4-yl)-(Z)-2-Q (l-methylcyclohex-l-

yl) oxyiroino] acetic acid.

Hydrolysis of ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-[l- 

methylcyclohex-l~yl)oxyimino]acetate (1.13g, 3.6mmol) 

by a similar method to that described in Example 4e 
gave the title compound (704mg; 69%) as a solid, ni.p. 

2Q3-2Q4°C; [Pound; M+, 283.0991, C12H17N3O3S requires 

M, 283.0991]; vmax (KBr) 3369, 3055, 2928, 1639, 1573, 
1395, 987, 972, 843 and 738cm-1; δΗ [250MHz,

(CD3)2SO] 1.23 (3H, s), 1.31-1.51 (8H, m), 1.78 (H, 

broad d, J 12.6Hz), 6.80 (IH, s), 7.28 (2H, broad s).

= ’ v e· 2-(2-Amlnothiazol-4-yl)- (Z)-2-0(1-methylcyclohex-
: S fi * '

»* 1-yl)oxyimino]acetic acid 2-pyridyl thioester.

*’’’t 2-(2-Aminothiazol~4~yl)-(>Z)-2-[ (l-methylcyclohex-
I '

”·· l-yl)oxyimino]acetic acid was converted into the titleft » * < Γ.ΙΠ—Π- - -,
compound as described in Example 4f except the reaction 

was 1<3^ t0 proceeed for 18h. The title compound 

(574mg) crystallised from the reaction mixture. A

* * further quantity (95mg) was obtained by evaporating .in

vacuo the mother liquours and chromatography on silica 

gel, eluting with dichloromethane, followed by ethyl 

acetate/hexane mixtures. The title compound was 

obtained as pale yellow crystals; (Pound; C, 54.36;

H, 5.28; N, 14.86; M"·’, 376.1029. C17H20N4O2S2 requires 

C, 54.23; H, 5.35; N, 14.88%, M, 376.1028); vraax (KBr) 

3287, 3141, 2931, 1694, 1652, 1623, 1538, 1419, 1059, 
989, 936 and 918cm-1? δΗ 0250MHz, (003)220] 1.23 (3.H, 

s), 1.43 (8H, m), 1.84 (2H, broad d, J 12.8Hz), 6.91 

(IH, s), 7.36 (2H, s), 7.50 (IH, m), 7.71 (IH, d, J 

7.8Hz), 7*96 (IH, dt J 1.8 and 7.7Hz), 8.64 (ih, m).

t

J
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f · Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2·-(1- 
methylcyclohex-l-yloxyimino)acetamido]penicillanate .
2-(2-Aminothiazol-4-yl)-(Z)-2-C(1-methyleyelohex-l-yl)- 
oxyimino]acetic acid 2-pyridyl thioester (706mg, 
1.7mmol) was converted into the title compound using a 
similar procedure to that described in Example 8f.
After purification and lyophilisation the title 
compound was obtained as a colourless solid, vmax (KBr) 
3375, 2969, 1766, 1662, 1608, 1515, 1398 and 1322cm-1; 
δΗ (250MHz, D2O) 1.28 (6H, s), 1.41 (5H, broad d, J 
3.1Hz), 1,51 (3H, s), 1.61 (3H, s), 1.87 (2H, m), 4.22 
(1H, s), 5.62 (1H, d, J 3.9Hz), 5.69 (lH, d, J 4.0Hz), 
6,93 (1H, s), [Mass spectrum, +ve ion (thioglycerol)
MH+ (504) and MNa+ (526)].

ι
Example 10.

a· Ethyl (Z)-2-[(lS, 2S, 5R)-5-methyl-2-isopropyl- 
cyclohex-l-yl]oxyimino-3-'oxobutyrate .
(IR, 2S, 5R)-(-)-Menthol (7.3g, 45mmol) and triphenyl- 
phosphine (8.65g, 33mmol) in dry tetrahydrofuran under 
argon Were cooled in an ice bath and diethyl

, azodicarboxylate (5.2ml, 5.7g, 33mmol) in dry 

tetrahydrofuran (30ml) was added dropwise over 15 

minutes. The ice bath was removed and ethyl 

2-hydroXyimino-3-oxobutyrate (4.77g, 33mmol) in dry, 

tetrahydrofuran (30ml) was added dropwise over 20 min. 

The mixture was stirred at room temperature for 18h and 

then warmed at 50°C for 1.5h. The mixture was cooled 

and the tetrahydrofuran w-'ws removed by evaporation in 

vacuo. Toluene was added to the residue aud evaporated 

in vacuo. The residual yellow oil was chromatographed 

on silica gel, eluting with carbon tetrachloride, 

followed by hexane, followed by hexano/ethyl acetate 

mixtures> After evaporation of relevant fractions the

L
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title compound was obtained as an oil, vraax (CH2CI2) 
2945, 2920, 2860, 1740, 1685, 1365, 1315; 1235, 1070 
and 1005cm"1; δ (250MHz, CDCI3) 0.87 (3H, d, J 7.3Hz), 
0.90 (3H, d, J 6.8Hz), 0.92 (3H, d, J 6.3Hz), 0.95-1.14 
(2H, m), 1.14-1.35 (IH, m), 1.32 (3H, t, J 7.2Hz), 
1.49-1.63 (2H, m) , 1.63-1.80 (2H, m), 2.13 (IH, m),
2.40 (3H, s), 4.34 (2H, q, J 7.1Hz), 4.70 (IH, broad 
s) .

b. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-[(IS , 2S, 5R)-
5-methyl-2-isopropylcyclohex-l-yl]oxyIminoacetate .
Ethyl (z)— 2-[ (IS, 2S, 5R)-5-methyl-2-isop,ropyl-
cyclohex-l-yl]oxyimino-3-oxobutyrate (l.3g, 4.37mmol) 
was converted into ethyl 4-bromo~2-[(IS, 2S, 5R)- 
5-methyl-2-isopropylcyclohex-1-yl]oxyimino-3-oxo­
butyrate by an analogous method to that described in 
Example 4c and this was converted into the title 
compound (1.17g? 75%) by an analogous procedure to that 
described in example 4d. The product was obtained as a 
solid [Found: M+ 353.1768. C17H27N3O3S requires M, 
353.1773], vtt,ax (CH2GI2) 3470, 3380, 3250, 3110, 2940, 
2920, 2860, 1735, 1605, 1530, 1190 and 980cm·1; δ 
(400MHz, CDCI3) 0.85 (3H, d, J 6.5Hz) 0.89 (3H, d, J 
6.7Hz), 0.93 (3H, d, J 6.7Hz), 0.8-1.1 (3H, m), 1.24 
(IH, approx dq J ca 3Hz and 12.8Hz), 1.36 (3H, t, J 
7.2Hz), 1.5-1.7 (4H, m), 2.17 (IH approx ddd, J ca 
14Hz, ca 3Hz and ca 2Hz), 4.37 (2H, dq J ca 1.2,Hz and 
7.2Hz), 4.63 (IH, broad s), 5.33 (2H, s), 6.69 (IH, s).

c· 2-(2-Aminothiazol-4-yl)-(Z)-2-[(IS , 2S, 5R)-5-
methyl-2-isopropylcyclohex-l-yl]oxyiminoacetic acid.

Ethyl 2-(2-aminohhiazol-4-yl)-(Z)-2-[ls, 2S,
5R)-5-methyl-2-isopropylcyclohex-l-yl] oxyiminoacetate 

(1.16g, 3.28mmol) was hydrolysed to the solid title 

compound as described in Example 4e; [Found: M+, ·

325.1464. Cx5hz N3C3S requires 325.1460]; v,SaX (KBr) 

3296, 3121,
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2945, 2866, 2843, 1704, 1622, 1451, 1382, 1195 and 
1011cm-1; δΗ [(CD3)2SO, 250MHz], 0.82 (3H, d, J 
6.4Hz), 0.86 (3H, d, J6.5Hz), 0.89 (3H, d, J ca 6Hz), 
0.9-1.3 (4H, m), 1.3-1.8' (4H, m), 2.02 (IH, broad d, J 
ca 14Hz), 1.3-1.8 (4H, m), 2.02, (IH, broad d, J ca 
14Hz), 4.42 (IH, broad s), 6.81 (IH, s), 7.24 (2H, s), 
10.3-11.0 (IH, broad).

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-[(IS, 2S, ■
5R)-5-methyl-2-isopropylcyclohex-l-yl] oxyiminoacetic

acid 2-pyridyl thioester.
2-(2-Aminothiazol-4-yl)-(Z)-2-[(IS, 2S,■
5R)-5-methyl-2-isopropyleyelohex-l-yl]oxyiminoacetic 
acid (1.07g,3.3mmol)was converted into the title 
compound (1.03g; 74%) as described in Example 9e, m.p. 
158-159°C. [Found: C, 57.49; H, 6.29; N, 13.49. 
C20H26N4O2s2 requires C, 57.39; H, 6.26; N, 13.39%]; 
vmax (KBr) 3302, 3145, 1693, 1653, 1622, 1571, and 
1538cm-1; 6h (250MHz, CDCi3) 0.86 (3H, d,.,. J 6.3Hz) , 
0.92 (3H, d, J 6.8Hz), 0.95 (3H, d, J6.8Hz), 0.9-1.2 
(3H, m), 1.2-lk5 (1H, m), 1.5-1.9 (4H, m), 2.10-2.3 
(IH, m), 4.66 (IH, broad s), 6.26 (2H, s), 6.81 (IH, 
s), 7.3-7.45 (IH, m), 7.6-7.9 (2H, m), 8.65-8.70 (IH, 
m).

e. Sodium 6β-([2-(2-aminothiazol-4-yl)-(Z)-2-
[(IS ,2S,5R)-5-methyl-2-isopropylcyclohex-l-yl]oxy-
imino]acetamido)penicillanate■
2-(2-Aminothiazol-4-yl)-(Z)-2-[(IS, 2S,
5R)-5-methyl-2-isopropylcyclohex-l-yl]oxyiminoacetic 
acid 2-pyridyl thioester was converted into the title 
compound as described in Example 8f. v^iax (KBr) 1768,, 
1668, 1608, 1514, 1455 and’l’396cm-1; 6H (250MHz, D20) 

0.83 (3H, d, J 6.6Hz), 0.87 (3H, d, J6.7Hz), 0.88 (3H, 
d, j 6.6Hz), 0.9-1.4 (4H, m)> 1.51 (3H, s), 1.61 (3H, 
s), 1.5-1.75 (4E\ nb 2.10 (IH, broad d, J ca 12Hz), 
4.22 (IH, s), 4.0/ fxil, broad s), 5.62 (IH, d, J 
4.2Hz), 5.68 (IH, Ί J 4.1Hz), 6.93 (IH, s) .
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a· Ethyl (Z)-2-(2-methylpropyloxyimino)-2-(2-trityl-

aminothiazol-4-yl) acetate.

Ethyl (Z)-2-(hydroxyimino)-2-(2-tritylaminothiazol-4- 

yl)acetate hydrochloride (lg) was alkylated with 

l-bromo-2-metlhylpropane (0.48ml) as described in 

Example 5a to give the title compound (0.8g), vmax 

(CHC13) 3400, 2960, 1725, 1520 and 1025cm-1m; δΗ 

(CDC13) 1.09 (6H, d, J 7Hz), 1.30 (3H, t) , 1.90 (IH, 

m), 3.95 (2H, d, J 7Hz), 4.30 (2H, q), 6.42 (IH, s), 

6.93 (IH, br.s), 7.22 (15H, m). [Mass spectrum: +ve ion 

(3NOBA) MH+ (514)].

b. (Z)-2-(2-Methylpropyloxyimino)-2-(2-tritylamino-

thiazol-4-yl)acetic acid.

Ethyl (Z)-2-(2-methylpropyloxyimino)-2-(2-trityl- 

aminothiazol-4-yl)acetate (0.8g) was hydrolysed as,' 

described in Example 5b to give the title compound 

(0.6g) m.p. 168-9°C (acetone-light petroleum); vmax 

(CHCI3) 3400, 2960, 1710, 1525 and 1025cm-1, δΗ 

[(CD3)2SO] 0.87 (6H, d, J7Hz), 1.85 (IH, m), 3.78 (2H, 

d J 7Hz), 4.16 (IH, br.s), 6.75 (IH, s) , 7.26 (15H, m), 

8.68 (IH, s), [Mass spectrum: tve ion (3NOBA) MNa+ 

(508)]. .

t

I

} c· Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(2-methyl- ·

J propyloxyimino)acetamido]penicillanate.

ί (Z)-2-(2-Methylpropyloxyimino)-2-(2-tritylaminothiazol-

.1 4-yl)acetic acid (0.5l2g), was coupled to 6p"amino-

Ί penicillanic acid and the product deprotected as

described in Example 5c to give the title' compound 

(67nig), vmax (KBr) 3321 (br) , 1765, 1610, 1526 and 

1027cm-1, 6H (D20) 0.90 (6H, d J 7Hz), 1.52 (3H, s),
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1.63 (3H, s), 1.99 (1H, m), 3.97 (2H q J 7Hz), 4.24
■ (1H, s), 5.63 (1H, d J 4Hz), 5.67 (1H, d J 4Hz), 7.01

(1H, s), [Mass spectrum: +ve ion (thioglycerol) MNa+
1 (486)].

ί Example 12.

) a· Ethyl (Z)-2-(indan-2-yloxyimino)-3-oxobutyrate,
j Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (2.4g) was
{ reacted with 2-indanol as described in Example 4a,j
ί method 3 to give the title compound (2.4g), vmax (film)
ί 2970, 1740, 1685, 1235 and 1010cm“l; δΗ (CDC13) 1.27
{ /j (3H, t), 2.32 (3H, s) , 3.26 (4H, m), 4.25 (2H, q) , 5.30
j « .i( (1H, m), 7.23 (4H, m) . [Mass spectrum: +ve ion
X (3NOBA/Na+) MH+ (276), MNa+ (298)].
j I « » « <
:; «ι » « *

*««·» b. Ethyl 4-bromo- ( Z)-2- (indan-2-yloxyirni no) -3-
B oxobutyrate.
ji Ethyl (Z)-2-(indan-2-yloxyimino)-3-oxobutyrate ' (2.4g)
h t was brominated as described in Example 4c to give the
Π title compound (3.1g). 1 '
ii
π «

j j c . Ethyl 2-(2-aminothiazol-4-yl) - ( Z) -2- ( i'ndan-2-yl-
1i oxyimino)acetate.

J Ethyl 4-bromo-(Z)-2-(indan-2-yloxyimino)-3-oxobutyrate
i (3.1g) was converted into the title compound (0.8g) as
| described in Example 4d after crystallisation from
| toluene, [Found: M+, 331.0998, Ci6H17N3°3s requires M,
I 331.0991); vraax (KBr) 3433, 1734, 1622, 1533 and 1095
J cm-1, δΗ (CDC13) 1.08 (3H, t), 3.08 (4H, m), 4.17

Ί (2H, q) , 5.22 (1H. m), 5.52 (2H, br s), 6.63 (1H, s),
7.12 (4H, m).

J
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d. 2-(2-Aroinothiazol-4-yl)—(Z)—2—(indan-2-yloxyimino)-
acetic acid.
Ethyl 2-(2-aminothiazol-4-yl) -(Z)-2-indan-2-yloxy- 
imino)acetate (0.8g) was hydrolysed as described in 
Example 4e to1 give the title compound (0.285g), ν^χ 
(KBr) 3068, 2952, 1622, 1369 and l0l4cm~l; δΗ 
[(CD3)2SO] 3.18 (4H, m), 3.88 (3H, br s, exch. D2O), 
5.06 (1H, m) , 6.79, 7.32 (1H, 2 x s), 7.15 (4H, m).

e. 2-(2-Aminothiazol-4-yl)-(Ε,Z)-2-(indan-2-yloxy-
imino)acetic acid 2-pyridyl thioester.
2-(2-Aminothiazol-4-yl)-(Ε,Z) — 2 — (indan-2-yloxyimino)- 
acetic acid (230mg) was converted into the title 
compound as described in example 4f (300mg).

f. Sodium 6p-[2-(2-aminothiazol-4-yl·)-(Z)-2-(indan-
2-yloxyimino)acetamido]penicillanate.
2-(2-Aminothiazol-4-yl)-(Ε,Z)-2-(indan-2-yl0xyimino) - 
acetic acid 2-pyridyl thioester (300mg) was coupled to 
6(3-aminopenicillanic acid as described in Example Id 
and the (z)-isomer separated during the HP20SS 
chromatography to give the title compound (48mg),
Vmax (KBr) 3369, 1765, 1662, 1616 and 1017cm-1, 
δΗ (D2O) 1.42 (3H, s), 1.46 (3H, s), 3.22 (4H, m),
4.12 (1H, s), 5.17 (1H, m), 5.44 (1H, d, J 4Hz), 5.47 
(1H, d, J4Hz), 6.97 (1H, .s) , 7.27 (4H, m) . [Mass 
spectrum: +ve ion (thioglycerol), MH+ (524), MNa+ 
(546)].

J
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Example 13 .

a. Ethyl (Z)-2-(cyclopentyloxyimino)-3-oxobutyrate
Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (7.9g) was 
treated with cyclopentyl bromide as described in 
Example 4a, Method 2, except that the reaction was 
stirred overnight to give the title compound as a 
colourless liquid (9.0g, 80%), (Found: M++H, 228.1241. 
C11H17NO4 requires M+H, 228.1236); \>max (film) 2960 
1745, 1700cm"1; δΗ (CDC13) 1.30 (3H, t), 1.6-2.0 
(8H, m), 2.37 (3H, s), 4.31 (2H, q),and 4.87 (1H, m).

b . Ethyl 4-bromo- ( Z) -2-:( cyclopentyloxyimino)-3-
oxobutyrate
Ethyl (Z)-2-(cyclopentyloxyimino)-3-oxobutyrate (4.0g) 
was brominated as described in Example 4c to give the 
title compound (5.37g, 99%).

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclopentyl­
oxyimino) acetate
Ethyl 4-bromo-(Z)-2-(cyclopentyloxyimino)-3-oxybutyrate 
(5.23g) was treated with thiourea as described in 
Example 4d. Crystallisation from cyclohexane gave the 
title compound as a white solid (3.69g, 76%), m.p. 
136-8°C; (Found: C: 51.01, H: 6.22, N: 14.59%., 
C12H17N3°3S requires C: 50.87, H: 6.05, N: 14.83%);
Vmax (CHCI3) 3500, 3400, 2960, 1730, 1600, 1525cm"1; 
δΗ (CDC13) 1.33 (3H, t), 1.5-1.9 (8H, m), 4.34 (2H, 
q), 4.81 (1H, m) 5.65 (2H, br s, exch D20) , 6.64 (1H, 
s) .
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d . 2- (2-Aminothiazol-4-yl) - ( Z) -2- (cyclopentyloxy-
imino)acetic acid
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclopentyloxy- 
imino)acetate (2.0g) was hydrolysed as described in 
Example 4e to give the title compound as a white solid 
(1.44g, 80%). vmax (KBr) 3342, 2957, 1639cm-1, δΗ 
(de-DMSO) 1.65 (8H, m), 4.5 (2H, br s) 4.66 (1H, m),
6.79 (1H, s), 7.2 (1H, br s).

e. 2-(2-Aminothiazol-4-yl)-(Z)-2-(cyclopentyloxy-
imino)acetic acid 2-pyridyl thloester
2- (2-Aminothiazol-4-yl) - ( Z.) -2- (cyclopentyloxyimino) -

: , acetic acid (0.50g) was treated with triphenylphosphine
l; and 2,21-dithiodipyridine as described in Example 4f to

i give the title compound (0.59g, 87%).<
I · ί .

' “ “' f· Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclo-
ί «' ‘« Pentyioxyimino) acetamido]penicillanate

6p-Aminopenicillanic acid (0.44g) was· treated with 
2-(2-aminothiazol-4-yl)-(Z)-2-( cyclopentyloxyimino)-

( u

'Ή,1 acetic acid 2-pyridyl thioester (0.59g) as described in
ί‘4* Example Id to give the title compound as a white

freeze-dried solid (0.28g, 35%), \>max (KBr) 3337,
2963, 1764, 1662, 1526cm-1; δΗ(D2O) 1.52 (3H, s)
1.59 (2H, m), 1.63 (3H, s), 1.81 (2H, m), 4.23 (1H, s),
4.80 (1H, m) , 5.62 (1H, d), 5.64 (1H, d), 6.98 (1H, 
s). [Mass spectrum: +ve ion (thioglycerol) MH+ (476) 
MNa+ (498) 2M+Na+ (973)].

Example 14

a· Ethyl (Z)-2-(cycloheptyloxyimino)-3-oxobutyrate
Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (5.0g) was
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treated with cycloheptyl bromide as described in 
Example 13a to give the title compound as a colourless 

liquid (6,36g, 80%). (Found: M++H, 256.1547, C13H21NO4 

requires M+tt 256.1550), vmax (film) 2940, 1750, 

1690cm”1; 6h (CDCI3): 1.31 (3H, t) 1,4-2.0 (12H, m), 

2.35 (3H, s) 4,32 (3H, q + m).

b, Ethyl 4-bromo-(Z)-2-(cycloheptyloxyimino)-3-

oxobutyrate '
Ethyl (Z)-2-(cycloheptyloxyimlno)-3-oxobutyrate (5.0g) 
was brominatod as described in Example 4c to' give the 
title compound (6.4g, 98%), v max (film) 2940, 1745, 
1700 cm"1.

c, Ethyl 2-(2-amlnothlazol-4-yI)-(Z)-2-(cycioheptyl-
oxy iro1no) a c e ta to
Ethyl 4-bromo-(2)-2-(cycloheptyloxyimino)-3-oxobutyrate 
(6.3g) waa treated with thiourea as described in 
Example 4d, crystallisation from dichloromethane/ 
hexane gave the title compound as a white solid (4,lg, 
69%), m,p. 1O7-8°G. (Found: Gt 54,24, Ht 6.72, Nt 
13.33, ¢1482183038 requires Gt 54.00, Ht 6,80, 
Ntl3.49%), v max (KBr) 3433, 2930, 1723, 1611, 1540 
cm"1,· (GDGI3) 1.33 (38, t) 1.4-2,0 (12H, ft), 4,35 
(3H, q+ft) 5,60 (2H, br s, exch, D2O), 6,64 (IR, s),

d, 2-(2-Aftinothlazel-4-yl)-(2)-2-(cycloheptyIoxy-
Iffllno)acetic acid
Ethyl 2-(2-aminothiazol-4~yl)-(Z)-2-(eyeloheptyloxy- 
imino) acetate (2»17g) was hydrolysed as described in 
Example 4e to give the title compound as a white solid 
(l.SOg, 76%;» v max (KBr) 2927, 1633 em‘J,
(dg-DMSOjt 1,5-1,9 (I2H, ft), 4,0 (3H, hr ft), 6,76 (IH, 
s), 7.14 (111, br a),

L
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e. 2- (2-Aminbthiazol-4-yl) - ( Ζ) -2- (cycloheptyloxy­
imino) acetic acid 2-pyridyl thioester
2-(2-Aminothiazol-4-yl)-(Z)-2-(cycloheptyloxyimino) 
acetic acid was converted into the title compound as 
described in Example 4f.

f. Sodium 60-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclo­
heptyloxyimino) acetamido]penicillanate 
60-Aminopenicillanic acid (0.154g) was treated with 
2-(2-aminothiazol-4-yl)-(Z)-2-(cycloheptyloxyimino) 
u-etic acid 2-pyridyl thioester (0,244g) as described 
in Example Id to give the title compound as a white 
freeze-dried solid (0.132g, 44%), v raax (KBr) 3329, 
2928, 1767, 1668, 1610, 1522 cm"1; δΗ (D2O) 1.51 
(38, s), 1.62 (3H, »), 1.43-1.91 (128, m), 4.23 (1H,
s), 4.44 (1H, m), 5.62 (18, d), 5.65 (18, d), 6.96 (18, 
s). [Mass spectrums +ve ion (thioglycerol) MH+ (504), 
MNa+ (526)3.

a. Ethyl (2)-2-(cyclooctyloxylmlno)-3-oxobutyrate

Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (2.0g) was 

treated with cyclooctyl iodide as described in Example 

4a, Method 1, to give the title compound as a 

colourless liquid (2.35g, 69%), v max (film) 2930, 
1740, 1695 cm"1, (CDCI3) 1.31 (3H, t)-, 1.4-2.0 

(148, m), 2.38 (38, s), 4,33 (28, q), 4.4 (1H, m). 

[Mass spectrum, +ve ion, MH+ (270)].

b· Ethyl 4-bromo-(Z)-2 ♦ (cyclooctyloxylmlno)-3- 
oxobutyrate
Ethyl (Z)-2-(eyclooctyloxyimino)-3-oxobutyrate (2.17g) 
was brominated as described in Examiple 4c to give the 
title compound (2.8g, 99%),

»
t
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c’ Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclooctyl­

oxyimino) acetate

Ethyl 4-bromo-(Z)-2-(cyclooctyloxyimino)-3-oxobutyrate 

(2.8g) was treated with thiourea as described in 

Example 4d. Crystallisation from cyclohexane gave the 

title compound as colourless needles (l.9g, 72%), m.p. 

117-8°C. [Pound, C: 55.66, H: 7.16, N: 12.45. , 

G15H23N3°3S requires C: 55.36, H: 7.12, N: 12.91%].

V max (KBr) 3428, 2926, 1718, 1610, 1541 cm-1: δΗ 

(CDCl3) 1.35 (3H, t) 1.4-2.0 (14H, m), 4.36 (3H, q+m) 

5.65 (2H, br s, exch D20), 6.66 (1H, s). , .

d. 2-(2-Amlnothiazol-4-yl)-(Z)-2-(cyclooctyloxyimino)

acetic acid

Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclooctyloxy- 

imino) acetate (1.5g) was hydrolysed as described in 

Example 4e to give the title compound as a white solid 

(l.28g, 93%).

e. 2-(2-Aminothlazol-4-yl) -(Z)-2-(cyclooctyloxyimino)

acetic acid 2-pyridyl thioester

2-(2-Aminothiazol-4-yl)-(Z)-2-(cyclooctyloxyimino) 

acetic aid (l.Og) was converted into the title compound 

(1.24g, 94%) as described in Example 4f.

1 £· Sodium 68-[2-(2-amlnothiazol-4“yl)-(Z)-2-(cyclo­

octy loxy imino) acetamido] penicillanate

6p-Aminopenicillanic acid (0.816g) was treated with t 

2-(2-amlnothiazol-4-yl)-(Z)-2-(cyclooctyloxyimino) 

acetic acid 2-pyridyl thioester (1.23g) as described in 

Example Id to give the title compound as a white 

freeze-dried solid (0.48g, 29%), v max (^) 3365,

2921, 1766, 1670, 1608, 1526 enT1, δΗ (D?.O) 1.50 (3H,
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s), 1.60 (3H, s), 1.50-1.84 (14H, m), 4.19 (1H, s),
4.36 (1H, m), 5.59 (1H, d) , 5.63 (1H, d) , 6.90 (1H, 
s). [Mass spectrum: +ve ion (thioglycerol) MH+ (518), 
MNa+ (540)].

Example 16
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a. Ethyl (Z)-2-(endo-bicyclo[ 2 .2.1]hept-2-yloxy-' 
imino)-3-oxobutyrate
Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (4.6g) was 
treated with exo-2~bromobicyclo[2.2.1]heptane as 
described in Example 4a, Method 2, except that the 

reaction was stirred for 11 days to give the title 
compound as a colourless liquid (2.06g, 28%). v max 
(film) 2960, 1745, 1700 cm"1, 6h (CDCI3) i.32 (3H, 
t), 1.0-2.6 (10H, m), 2.36 (3H, s), 4.34 (2H, q) , 4.8 

(1H, m) .

b. Ethyl 4-bromo-(z)-2-(endo-bicyclo[2.2.1]hept-2-
yloxyimino)-3-oxobutyrate
Ethyl (Z )-2-(endo-bicyclo[2.2.l]hept-2-yloxyimino)-3- 
oxobutyrate (l.Og) was hrominated as described in 
Example 4c to give the title compound (1.37g, 95%). 
δΗ (CDCl3) 1.35 (3H, t), 1.0-2.6 (10H, m), 4.34 (4H, 
s+q), 4.8 (1H, m).

c. Ethyl 2-(2-aminothiazol-4-yl) — (Z) —2 — (endo-bicylo- > 
[2.2.l]hept-2-yloxyimino)acetate
Ethyl 4-bromo-(Z)-2-(endo-blcyclo[2.2.1]hept-2-yloxy- 
imino)-3-oxobutyrate (1.37g) was treated with thiourea 
as described in Example 4d to give the title compound 
as a foam (0.915g, 72%). A sample was crystallised 
from cyclohexane, m.p. 91-5°C. [Pounds M+, 309.1150.
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C14H19N3O3S requires N 309.1147]. vmax (CHCI3) 3400, 

2950, 1720, 1605 cm"1, δΗ (CDCI3) 1.35 (3H, t),

1.0-2.6 (10H, m), 4.36 (2H, q), 4.75 (IH. m), 5.55 (2H, 

br s, exch. D2O) , 6.66 (IH, s).

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(endo-bicyclo

[2.2.1] hept-2-yloxyimino)acetic acid

Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(endo-bicyclo-

[2.2.1] hept-2-yloxyimino) acetate (0.778g) was

hydrolysed as described in Example 4e to' give the title 

compound as a cream solid (0.236g, 33%).

e . 2-(2 -Aminothiazol-4-yl) - (Z) -2-(endo-bicyclo

[2.2.1] hept-2-yloxyimino) acetic acid 2-pyridyl

thioester

2-(2-Aminothiazol-4-yl)-(Z)-2-(endo-bicyclo[2.2.l]hept- 

2-yloxyimino) acetic acid (0.20g) was converted into 

the title compound (0.26g, 98%) as described in Example 

4f.

f . Sodium 6β-[2-(2-aminothiazol-4-yl) -(Z)-2-(endo-

bicyclo[ 2.2 . l']hept-2-yloxyimino) acetamido]

penicillanate

6p-Aminopenicillanic acid (0.184g) was treated with 

2-(2-aminothiazol-4-yl)- (Z)-2-(endo-bicyclo[2.2.1]hept- 

2-yloxyimino) acetic acid 2-pyridyl thioester (0.26g) 

as described in Example Id to give the title compound 

as a white freeze-dried solid (0.126g, 35%), v max 

(KBr) 3393, 2959, 1765, 1662, 1607, 1526 cm"1, δΗ 

(D20) 1.08 (IH, m), 1.26-1.62 (6H, m), 1.51 (3H, s), 

1.62 (3H, s), 1.92 (1H, m), 2.19 (IH, m), 2.52 (lH, m), 

4.23 (IB, s), 4.73 (IH, m), 5.64 (2H, m), 6.97 (IH, 

d). [Mass spectrum: +ve ion (thioglycerol) MH+ (480), 

MNa+ (502)]. ’ ’ ’

•♦1
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Example 17 ·

a. Ethyl (Z)-2-(trans-4-methylcyclohexyloxyimino)-3-
oxobutyrate
Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (3.0g) was 
reacted with cis-4-methylcyclohexanol as described in 
Example 4a,. Method 3, to give the title compound as a 
colourless liquid (1.2g, 25%), v max (film) 2950,
1745, 1695 cm-1, δΗ (CDCI3) 0.91 (3H, d), 1.02 (2H, 
m), 1.32 (3H, t), 1.41 (3H‘, ra) , 1.78 (2H, m), 2.10' (2H 
m), 2.39 (3H, s), 4.20 (lH,.m), 4.34 (2H, q); 6C 
(CDCI3) 14.1, 21.7, 25.1, 31.2 (2C), 31.7, 32.9 (2C), 
61.8, 85.2, 149.9, 161.5, 193.0.

b. Ethyl 4-bromo-(z)-2-(trans-4-methylcyclohexyloxy-
imino)-3-oxobutyrate
Ethyl (Z)-2-(trans-4-methylcyclohexyloxyimino)-3-i « « ■ '
oxobutyrate (1.13g) was brominated as described in 
Example 4c to give the title compound (1.46g, 98%).

tttt'1·.·;««
c· Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(trans-4- 
methylcyclohexyloxylmino) acetate
Ethyl 4-bromo-(Z)-2-(trans-4-methylcyclohexyloxyimino)
3-oxobutyrate (1.46g) was treated with thiourea as 
described in Example 4d. Crystallisation from 
cyclohexane gave the title compound as a cream solid 
(0.80g, 58%), m.p. 133-5°C. [Found: M+, 311.1300, 
C14H21N3O3S requires M, 31111303]. v max (KBr) 3447, 
3119, 2940, 1723, 1616, 1538 cm-1, δΗ (CDCl3) 0.89 
(3H, d), 0.98 (2H, m), 1.36 (6H, t+m), 1.72 (2H, m), 
2.11 (2H, m), 4.16 (1H, m), 4.39 (2H, q), 5.44 (2H, s, 
exch. D20) 6.68 (1H, s).
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d. 2- (2-Aminothiazol-4-yl) - (Z) -2- (trans-4-methyl-
cyclohexyloxyimino) acetic acid
Ethyl 2-( 2-aminothiazol-4-'yl) -( Z) -2-(trans-4-methyl- 
cyclohexyloxyimino) acetate (0.622g) was hydrolysed as 
described in Example 4e, except that after
acidification the aqueous solution was freeze-dried and 
the residue extracted with acetone. Evaporation of the 
acetone gave the title compound as a cream solid 
(0.31g, 55%). ' '

e· 2~(2-Aminothiazol-4-yl)-(Z)-2-(trans-4-roethyl-
cyclohexyloxyimino)acetic acid-2-pyridylthioester.
2-(2-Aminothiazol-4-yl) -(Z)-2-(trans-4-methylcyclo­
hexyloxyimino) acetic acid (0.31g) was converted, into 
the title compound (0.32g, 78%) as described in Example 
4f .

X .*·. f. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-
9 9 9 9 .. ................ - - - , .           tU    - ,. , .,,.

• o»* o 4-methylcyclohexyloxyimino)acetamidoJpenicillanate
’’J, δβ-Aminopenicillanic acid (0.22g) was, treated with©

2-(2-aminothiazol-4-yl)-(Z)-2-(trans-4-methylcyclohexyl
A 4 · ·

oxyimino)acetic acid 2-pyridyl thioester (0.32g) as
« «< , ,described m Example Id to give the title compound as a

white freeze-dried solid (0.134g, 31%), \> max (KBr)
3338, 2929, 1765, 1668, 1608, 1526 cm-1. 6Hs (D20)
0.86 (3H, d),,1.03 (2H, m), 1.35 (3H, m), 1.51 (3H, s),
1.62 (3H, s), 1.74 (2H, m) , 2.04 (2H, m), 4.14 (IH, m),
4.22 (IH, s), 5.61 (IH, d), 5.65 (IH, d), 6.97 (IH,
s) . [Mass spectrum; +ve ion (thioglycerol) [M +
2H-Na] + (482) , MH+ (504)]·,
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Example 18

a* Ethyl (Ζ)-2-(cis-4-methylcyclohexyloxyimino)-3-
oxobutyrate

Ethyl (Ζ)-2-(hydroxyimino)-3-oxobutyrate (3.61g) was
reacted with trans-4-methylcyclohexanol as described in
Example 4a, Method 3, to give the title compound as a
colourless liquid (1.66g, 29%).[Found: M++H, 256.1555.

c13H2lNO4 requires M+H, 256.1549]. vmax (film) 2930,
2850, 1745, 1690 cm“l; δΗ (CDC13) 0.89 (3H, d), 1.20
(2H, m), 1.35 (3H, t), 1.47 (3H, m),.1.60 (2H, m), 2.03
(2H, m), 2.40 (3H, s), 4.36 (2H, q), 4.51 (IH, m);
δ0 (CDC13) 14.3, 22.2, 25.1, 29.1 (2C), 29.4 (2C),
31.5, 61.8, 81.2, 150.2, 161.5, 193.1.

b. Ethyl 4-broroo-(Z)-2-(cis-4-methylcyclohexyloxy-
imino)-3-oxobutyrate
Ethyl (Z)-2-(cis-4-methylcyclohexyloxyimino)-3-oxo­
butyrate (1.50g) was brominated as described in Example
4c to give the title compound (0.78g, 40%) [Found;
M++H,334.0657. Ci3H2oN04Br requires M+H 334.0654] .\>max
(film) 2930, 2850, 1745, 1695 cm-1; δΗ (CDC13) 0.90

(3H, d), 1.20 (2H, m), 1.36 (3H, t), 1.60 (5H, m), 2.04
(2H, m), 4.35 (2H, s), 4.38 (2H, q), 4.55 (IH, m).

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-methyl-
cyclohexyloxyimino) acetate '
Ethyl 4-bromo-(Z)-2-(cjs-4-methylcyclohexyloxyimino)-
3-oxobutyrate (0.78g) was treated with thiourea as ,,
described in Example 4d. Crystallisation from I
cyclohexane gave the title compound as colourless j

platelets (0.30g, 41%), m.p. 123-6°C. \> max (KBr)
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3464, 2925, 1727, 1609, 1537 cm-1. δΗ (CDCl3) 0.88 
(3H, d) , 1.23 (2H, m), 1.40 (3H, t) , 1.46 (5H', to), 2.03 
(2H, m),4.41 (2H, q), 4.50 (1H, m), 5.36 (2H, br s, 
exch. D2O), 6.70 (1H, s). ' '

d. 2-(2-Aminothiazol-4-yl) -(Z)-2-(cis-4-methylcyclo­
hexyloxyirnino) acetic acid ' '
Ethyl 2-(2-aminothiazol-4-yl) -(Z)-2-(cis-4-methylcyclo- 
hexyloxyimino)acetate (0.247g) was hydrolysed as 
described in Example 17d to give the title compound 
(0.13g, 57%).

e. 2-(2-Aminothiazol-4-yl)-(Z)-2-(cis-4-methylcyclo-
hexyloxyimino)acetic acid 2-pyridyl thioester
2-(2-Aminothiazol-4-yl)-(Z)-2-(cis-4-methyIcyclohexyl- 
oxyimino)acetic acid (0.129g) was converted into the 
title compound (0.13g, 76%) as described in Example 4f.

fi» ft 0 ft 0 ftft 9 ft ft
ft ft ft 
Oft ftft ft ft ft

ft ft 9 ft ftft ft * ft
ft ft ft « ft ftft « ft ft

0 ft ♦• « 4
« a 4 4

f. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-
methylcyclohexyloxyimino)acetamidoJpenicillanate
6p-Aminopenicillanic acid (90mg) was treated with
2-(2-aminothiazol-4-yl)- (Z)-2-(cis-4-methylcyclohexyl-
oxyimino)acetic acid 2-pyridyl thioester (0.13g) as 
described in Example Id to give the title compound as a
white freeze-dried colid (87mg, 50%) Vrnax (KBr) 3351,

, δΗ (D20) 0.87 (3H, 
52 (3H, s), 1.62 (3H, 
t.43 (1H, m) , 5.64 (1H 
[Mass spectrum: +ve

2925 , 1766, 1661, 1606 , 1526 cm"
d) , 1.17 (2H, m), 1.5 (5H, m), 1
s) , 1.93 (2H, m), 4.24 (1H, s),
d), 5.68 (1H, d), 6.98 (1H, s).
ion (thioglycerol) MH+ (504) MNa
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a . Ethyl ( Ζ ) -2- (tetrahydro-4H-pyran-4-yloxyimino,) -3-
oxobutyrate
Ethyl ( Z)-2-(hydroxyimino) -^3-oxobutyrate (3.0g) was 
reacted with tetrahydro-4H-pyran-4-ol as described in 
Example 4a, Method 3, to give the title compound as a 
colourless liquid (1.69g, 37%). v mhx (film) 2950, 
1740, 1695 cm-1. δΗ (CDC13) 1.34 (3H, t), 1.82 (2H, 
m), 2.03 (2H, m) , 2.40 (3H, s) , 3.57 ,(2H, m), 3.91 (2H, 
m), 4.37 (2H, q), 4.54 (1H, m). .

b · Ethyl 4-bromo- ( Z) -2- ('tetrahydro-4H-pyran-4-yloxy-
imino)-3-oxobutyrate '
Ethyl (Z)-2-(tetrahydro-4H-pyran-4-yloxyimino)-3-oxo- 
butyrate (l.Og) was brominated as described in Example 
4c to give the title compound (0.55g, 42¾) . \) max 
(film) 2950, 2850, 1740, 1695 cm"1; δΗ (CDCl3) 1.32 
(3H, t), 1.7-2.0 (4H, m), 3.5 (2H, m), 3.8 (2H, m),
4.26 (2H, s), 4.34 (2H, q), 4.50 (1H, m). '

c. Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(tetrahydro- 
4H-pyran-4-yloxyimino) acetate
Ethyl 4-bromo-(Z)-2-(tetrahydro-4H-pyran-4-yloxyimino)-
3-oxobutyrate (0.52g) was treated with thiourea as 
described in Example 4d. Crystallisation from 
diisopropyl ether gave the title compound as a pale 
yellow solid (0.34g, 70%), m.p. 110.0-110.5°C. [Found: 
C: 48.37, H: 5.99, N: 13.59. C12H17N3°4S requires C:
48.15, H: 5.72, N: 14.04%]. V max (KBr) 3138, 1733, 
1616, 1538 cm-1. δΗ (CDC13) 1.39 (3H, t)) 1176 (2H, 
m), 2.01 (2H, m), 3.56 (2.H, m), 3.88 (2H, m), 4.42 (2H, 
q) , 4.53 (1H, m) , 5.29 (2K, br s, exch. D30) ,' 6.'73 (1H, 
s) .

ί|



9 t ft 0 9 4
ft 9 β

Η V 5

«499
O9 9 9 9

*■ e *· a to «
*99«

9 I <• 4 *
Mit

- 74 - ‘ ' '
d. 2-(2-.Aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H-
pyran-4-yloxyimino) acet'ic acid
Ethyl 2-(2-aminothiazol-4-ylj - ( Z ) -2- (tetrahydro-4H- 
pyran-4-yloxyimino)acetate (0.308g) was hydrolysed as 
described in Example 17d to give the title compound 
(0.243g, 87%).

e. 2-(2-Aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H-
pyran-4-yloxyimino)acetic acid‘2-pyridyl thioester
2-(2-Aminothiazol-4-yl)-(z)-2-(tetrahydro-4H-pyran-4- 
yloxyimino) acetic acid (0.24g), was converted, as 
described in Example 4f, into the title compound 
contaminated with triphenylphosphine oxide.

f. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(tetra-
hydro-4H-pyran-4-yloxylmino)acetamido]penicillanate 
ββ-ΑπιίηορεηίοίΙΙθηϊο acid (0.229g) was treated with 
2 -(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H-pyran-4- 
yloxyimino)acetic acid 2-pyridyl thioester as described 
in Example Id to give the title compound as a white 
freeze-dried solid (0.173g, 40%, 2 steps). .v raax 
3404, 2961, 1766, 1662, 1608, 1528 cm-1; δΗ (D2O)
1.52 (3H, s), 1.62 (3H, s),1.79 (2H, m), 2.02 (2H, m),
3.63 (2H, m),3.89 (2H, m), 4.24 (1H, s), 4.50 (1H, m),
5.63 (1H, d), 5.68 (lH, d), 7.01 (1H, s). [Mass
spectrum, +ve ion (thioglycerol) [M+2H-Na]+ (470), MH+ 
(492) MNa+ (514)]. , .

Example 20 , ,,,.
a. Ethyl (Z)-2-(2-(1-(S)-6,6-dimethylbicycloE 3.1.1]-
hept-2-en-2~yl)ethoxyimlno)-2-(2-tritylamino- ,
thiazol-4-yl)acetate ,
Ethyl (Z)-2-(hydroxyimino)-2-(2-tritylaminothiazol-
4-yl)acetate hydrochloride (3.57g) was reacted with'
2-( 1 (S) -6,6-dimethylbicyclo[3.1.1]hept-2-en-2-yl) ethyl

ι
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iodide as described iri Example 5a, to give the title 
compound as a foam (2.3,4g, 53%). [Found: M+,
605.2718. C37H39N3O3S requires M, 605.2712); vmax 
(CHCI3) 3400, 2990, 1735, 1525cm-1; δΗ (CDCI3) 0.81 
(3H, s), 1.14 (1H, d), 1.25 (3H, s), 1.31 (3H, t) , 
2.0-2.4 (7H, m), 4.22 (2H, t) , 4.30 (2H, q) , 5.24 (1H, 
m), 6.43 (1H, s), 6.90 (1H, s), 7.25 (15H, brs).
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b. 2-(2-Aminothiazol-4-yl)-(Z)-2-(2-(l-(S)-6,6- 
dimethylbicyclo[ 3.1. l]hept-2-en-2-yl.) ethoxyimino) acetic
acid ‘ '
Ethyl ( Z) -2- (2 - (1- (S) - 6 ,.6 -dimethylbicyclo[ 3.1.1 ]hept-2- 
en-2-yl)ethoxyimino)-2-(2-tritylaminothiazol-4-yl) - 
acetate (l.26g) was deprotected with formic acid as 
described in Example la. Crystallisation from ·
cyclohexane gave the title compound as a-white solid 
(0.40g, 53%) m.p. 84-50°C. [Found: M+, 363.1612. 
C18H25N3O3S requires·My 363.1616; vmax '(film) 345.0, 
3100, 2950, 1730, 1610, 1530cm-1; δΗ (CDCl3) 0.81 
(3H, s), 1.14 (1H, d), 1.25 (3H, s), 1.32 (3H, t) , 
2.0-2.4 (7H, m), 4.20 (2H, t), 4.34 (2H, q), 5.25 (1H, 
m), 5.33 (2H, brs), 6.65 (1H, s)- ,

c. 2-(2-Aminothiazol-4-yl)-(Z)-2-(2-(l-(S)-6,6- 
dimethylbicyclo[3.1al]hept-2-en-2-yl)ethoxyimino)acetic
acid
Ethyl 2-(2-aminothiazol-4'-yl) -( Z )-2-(2-(,1-(S)-6,6- 
dimethylbicyclo[3.1.1]hept-2-en-2-yl)ethoxyimino)- 
acetate (0.347g) was hydrolysed as described in Example 
4e to give the title compound as a white solid (0.254g, 
79%); δΗ (dg-DMSO) 0.79 UH, s) , 1.08 (1H, s) , l.?2 
(3H, s), 2.0-2.4 (7H, m), 4.03 (2H, t), 5.25 (1H, m) , 
6.78 (1H, s) , 7.14 (2H,.br.'s, exch. D2O)

If
'J

Ί
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d. 2-(2-Aminofhiazol-4-yl)-(Z)-2-(2-(l-(S)-6,6- 
dimethylbicyclo]3.1.l]hept-2-en-2-yl)ethoxyimino)- 
acetic acid 2-pyridyl thioester
2-(2-Aminothiazol-4-yl)-(Z)-2-(2-(1-(S)-6,6-dimethy1- 
bicyclo[3.1.1]hept-2-en-2-yl)ethoxyimino)acetic acid 
(0.22g) was converted into the title compound as 
described in Example 4f. δΗ (CDCI3) 0.83 (3H, s),
1.17 (1H, d), 1.26 (3H, s), 2.0-2.4 (7H, m), 4.28 (2H, 
t), 5.31 (1H, m) , 5.85 (2H, brs), 6.83 (TH, s), 7.34 
(1H, m), 7.74 (2H, m), 8.66 (1H, m). ·

e. Sodium 6 β-[2-(2-aminothiazol-4-yl)-(Z)-2-(2-(1- 
(S)-6,6-dimethylbicyclo[3.1.l]hept-2-en-2-yl)ethoxy­
imino ) acetamido]penicillanate
2- (2 -Aminothiazol-4-y.l )-(Z)-2-(2-(l-(S)-6,6-dimethyl- 
bicycloE 3.1.1]hept-2-en-2-yl)ethoxyimino)acetic acid 
2-pyridyl thioester was treated with 6t3-amino- 
penicillanic acid as described in Example Id to give 
the title compound as a white freeze-dried solid (I4mg, 
4%, 2 steps); vmax (KBr)· 2930, 1772, 1673, 1610, 
1532cm-1; δΗ (D20) 0.78 (3H, s), 1.09 (1H, d), 1.25 
(3H, s), 1.51 (3H, s) , 1.61 (3H, s)', , 2.07-2.37 (7H, m) , 
4.23 (3H, s + m), 5.32 (1H, rn) , 5.59 (1H, d) , 5.62 (1H,
d), 7.01 (1H, s). [Mass spectrum, +ve ion (thio­
glycerol) MH+ (556), MNa+ (578)]. '

Example 21

a. Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(cyclohexyl-
methoxyimino) acetate
Ethyl (Z)-2-(hydroxyimino)-2-(2-tritylaminothiazol-4- 
yl)acetate hydrochloride (3.08g) was reacted with 
cyclohexylmethyl bromide as described in Example 5a.
The product was deprotected with formic acid,as 
described in Example la. Crystallisation from
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cyclohexane/hexane gave the title compound as a white 
solid (l.2g, 62%), m.p. 107.0-107.5°C. [Found: C:
54.21; H: 6.58; N: 13.31. ^4^1^3()38 requires C:
54.00; H: 6.80; N: 13.49%]. Vinax (CHCI3) 3400, 2920, 
1730, 1600cm“l; δΗ (CDC13) 1.0 (2H, m), 1.2 (3H, m),
1.33 (3.H, t), 1.7 (6H, m) , 3.97 (2H, d) , 4.35 (2H, q) , 
5.60 (2H, br s, exch. D2O), 6.63 (IH, s).

b. 2-(2-Aminothiazol-4-yl)-(Z)-2-(cyclohexylmethoxy­
imino) acetic acid
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cyclohexyl- 
methoxyimino)acetate (0.971g) was hydrolysed as 
described in Example 4e to give the title compound as a 
white solid (0.679g, 77%); (dg-DMSO) 1.1 (5H, m),
1.6 (6H, m), 3.9 (2H, d), 6.8 (IH, s), 7.2 (2H, br s, 
exch. D2O).

c. 2-(2-Aminothiazol-4-yl) -(Z)-2-(cyclohexylmethoxy-
1πι1ηο)acetic acid 2-pyridyl thioester

9 9ft! 2-(2-Aminothiazol-4-yl)-(Z)-2-(cyclohexylmethoxyimino)
; « .’‘1 acetic acid (0.60g) was converted into the title
i «;«* compound (0.56g, 70%) as described in Example 4f.• ft ft tt ft

ft ft I t
ί ft 1 , . . ■

ί .* d. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclo-
! hexylmethoxyimino)acetaroido]penicillanate
i 6(3-Aminopenicillanic acid was treated with 2-(2-amino-
j · ·*. thiazol-4-yl)-(Z)-2-(cyclohexylmethoxyimino)acetic acid'
- ftft»· , ,I , ,, 2-pyndyl thioester (0.56g) as described m Example IdI ft 0 «! ’ “ to give the title compound as white freeze-dried solid--------------
" (0.315g, 42%); vmax (KBr) 3385, 2924, 1766, 1668, 1608,

* 1526cm-1; δΗ (D20) 0.97 (2H, m), 1.20 (3H, m), 1.51
(3H, s), 1.62 (3H, s), 1.68 (6H, m), 4.01 (2H, dd),

1
4.22 (IH, s), 5.61 (IH, d), 5.64 (IH, d), 6.97 (IH,

\ s). [Mass spectrum, +ve ion (thioglycercl), MH+ (504),
*’ MNa+ (526), 2M + Na1 (1029)].
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Example 22

ι
a. Ethyl (Z)-2-n-bufeoxylmlno-2-(2-feritylaralnothiazol-
4-yl)acetate
Ethyl (Z)-2-hydroxy1mlno-2-(2-trltylaminothlazol-4-yl) 
acetate hydrochloride (Ig) was alkylated with n-butyl 
bromide (Q.SSg) as described in Example 5a to give the 
title compound (0.706g)? (Pound: M+, 513.2083. 
c30H31N3Q3s requires M, 513.2088)? Vjnax (CHgGlg) 3400, 
1735 and 1525cm"1? δΗ (CDC13) 0.92-1.80 (10H, ra),
4.07 (4H, m), 6.55 (1H, s), 7,06 (IB, broad s) and 7.34 
(15H, s),

ι c«* « ί«fits
β β 8 e β

8 E ‘" .

i
1;■
1

b. (z)-2-n~Bufeoxylmlno-2-(2-ferifeyiamlnofehlazol-4-yl)
acetic acid
Ethyl (Z)-2-2>butoxyimino-2-(2-tritylaminothiazol-4-yl) 
acetate (0.7g) was hydrolysed to the title compound 
(0.596g) as described in Example 5b? v^ax (CH2CI2) 
3400-2500 (broad), 1730, 1590, 1570, 1520 and 1490cm"1? 
«Η (CDCI3) 4.16 (2H, t, J GHz), 6.59 (IK, s), 7.34 
(15H, a) and 0.85 (2H, broad a). [Maes spectrum: +ve 
ion (3N0BA/Ma+) Mtfa* (508), MNa+ (sodium salt) (530)3.

c. Sodium 6P-C2-(2-aminothiaKoi-4-yl)-(Z)-2-(n-
butoxylmlno)acetamidojpenlcillanate 
Cz)»2*n*Buboxyiraino-2-(2-tritylaminothiazol-4-yl)acetlc 
acid (3,56g) was converted into the title compound 
(6.094ο) using a similar procedure to that described in 
Example 2d Method 2? v»ax (KBr) 1766, 1662, 1608, 1527, 
1459 and 1395cm"1? (ih?0) 0,89 (3H, fe, 0 ?Hssb 1,3?
(211, m), 1.51 (3B. s), 1,61 (3H, a), 1,55«!>70 (211, ra),
4,20 (2H, fe, 0 BUz), 4.23 (111, s), 5.62 (111, d, 0 4Η»),
5,63 (HI, d, 0 411s), and 6,99 (IB, s). [Mass spectrum?
+ve ion (3N6BA/Na+) MNa* (486)3*

Si
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Example 23

a. (z)-2-Hydroxylmino-2-(2-tritylaminothiazol-4-yl)
acetic acid
Ethyl ( Z) -2-hydroxyimino-2- (2-tritylaminothiazol-4-yl) - 
acetate hydrochloride (5g) as a suspension in dioxane 
(50ml) was treated at room temperature with 1M aqueous 
sodium hydroxide (23ml). After stirring for 12h, water 
(50ml) was added. The pH was adjusted to 1-2 with 
dilute hydrochloric acid. The resulting precipitate 
was filtered off, washed with water and dried over P20s 
to give the title compound (4.2g) as a white solid; 
δΗ ((003)230) 6.73 (IH, s), 7,30 (15H, s).

% »» 
ft 4 ft

ft ft 4 ft

• ftft 
ft * ft

ft ftftft

ftftft ft 
««ftftft

ftftft ft 
ft «

ftftft»

ft ft * 
ft *

* ft

b. Dlphenylmethyl (Z)-2-hydroxylmino-2-(2-trltyl- 

amlnothiazol-4-yl)acetate

(Z)-2-Hydroxyimlno-2-(2~tritylaminothiazol-4-yl) acetic 

acid (4.2g) as a suspension in dichloromethane (150ml) 

was treated with a solution of diphenyldiazomethane 

(1.91g) in dichloromethane (50ml) in a dropwise 

fashion, over 5 min. After 2h stirring at room 

temperature, acetic acid (1ml) was added and stirred 

for a further 30 min, The solution was washed with 

saturated sodium bicarbonate and water, dried and 

filtered. Removal of solvent in vacuo gave a yellow 

crisp foam whiph was purified by chromatography on 

silica gel eluting with ethyl acetate/hexane. The 

title compound was obtained as a white solid; vmax 

(GH2C12) 1735, 1520 and 1490cm-1; (GDCI3) 6.16 

(IH, s), 7.17 (IH, a), 7,22-7.50 (25H, m). [Mass 

spectrum: +ve ion (thioglvcerol) MNa+ (596)].
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c · Diphenylmethyl (Z)-2-(cyanoroethoxyimino)-2-(2-

tritylaminothiazol-4-yl) acetate

; Diphenylmethyl (Z)-2-hydroxyimino-2-(2-tritylamino-

s · ·
thiazol-4-yl)acetate (1.5g) was alkylated with chloro- 

• acetonitrile (0.38g) as described in Example 5a to give

i the title compound as a white solid (1.23g); vmax

j (CH2C12) 3400, 1740, 1535 and 1490cm-1,· δΗ (CDC13)

ι 4.82 (2H, s), 6.45 (1H, s), 6.98 (1H, broad s) , 7.17

(1H, s) and 7.26-7.52 (25H, m) . [Mass spectrum: +ve 

ion (3ΝΟΒΛ) MH+ (635) and (3N0BA/Na+) MNa+ (657)].

ι d. 2-(2-Aminothiazol-4-yl)-(Z)-2-cyanomethoxyimino-

• acetic acid

| »
: Diphenylmethyl (Z)-2-cyanomethoxyimino-2-(2“trityl-

aminothiazol-4-yl)acetate (Ig) was dissolved in formic 

acid (98%, 40ml) and water (10ml) at room temperature 

and stirred for 12h. The solvent was removed in vacuo

i and the residue triturated with ether to give the title

ί compound as an off-white solid (0.39g). The product

j was sufficiently pure for the next step? vmax (nujol)

H 3700-2500, 1605 (broad), 1465 and 1380cm-1? 6H inter

Η ϊ «“’· alia 5.09 (2H, s), 7.04 (1H, s). [Mass spectrum: El M+

; t # HI i'
Ί ··’- (226) 3.

i * s » «
Π s‘.·· ■ ■ .

{ e · 2-(2-Aminothlazol-4-yI)-(Z)-2-(cyanomethoxyimlno)-

; acetic acid 2-pyrldyl thioester

2-(2~Aminothlazol-4-yl)-(Z)-2-cyanoraethoxyimino acetic 

acid (0.32g) was treated with triphenylphosphine

| (0.557g) and 2,2'-dithiodipyridine (0.467g) as

jj described in Example To, to give the title compound as

y a white solid (0.423g); vmax (KBr) 3405, 3263, 1681,

1 1626, 1569 and 1543cm-1,· 6h (CDCl3) 4.85 (2H, s),

6.94 (2H, s + broad s), 7.33-7.92 (m, PPh3 impurities), 

8.70 (1H, m).

» 4
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f. Sodium 6β-[2- (2-aminothiazol-4-yl) - ( Z) -.2- (cyano- .
methoxyimino)acetamido]penicillanate ' '
2-(2-Aminothiazol-4-yl) - (Z)-2-cyanomethoxyimino· acetic Ί
acid 2-pyridyl thioester (0.323g) was reacted with
6p-aminopenicillanic acid as described in Example Id,
to give the title compound as a freeze-dried white .
solid (149mg); '’max (KBr) 1764, 1662, 1606 and
1531cm-1; δΗ (D20) 1.51 (3H, s), 1.61 (3H, s), 4.25 '
(1H, s) , 5.00 (2H, s), 5.62 (1H, d, J 4Hz), 5.64 (1H, ·/
d, J 4Hz), 7.17 (1H, s). [Mass spectrum: +ve ion ,)
(glycerol) MH+ (447)]. ■ '

Example 24 ,
a. Ethyl (Z)-2-(trans-2-methylcyclohexyloxy-imino)-3- '
oxobutyrate
( Z)-2-hydrox.yimino-3-oxobutyrate (1.59g) was alkylated ' .·
with ois-2-methylcyclohexan-l-ol (1.71g) as described 
in Example 4, method 3. ’ The pure title compound was '
otained as a pale yellow oil (0.506g). (Found: M+, '
256.1552. ^13^21^4 requires M 256.1549)? '•’max (film) ;
1745, 1695 and 1595cm-1; δΗ (CDCI3) 1.02 (3H, d, J .
GHz), 1.35 (3H, t, J 7Hz) , ca 1.2-2.3 (9H, m) , 2.40 
(3H, s), 3.95 (III, m) and 4.42 (2H, q, J 7Hz) .

b. Ethyl 4-bromo-(Z)-2-(trans-2-methylcyclohexyloxy- ,,
imino )-3-oxobutyrate ' ' ' '■
Ethyl ( Z)-2-( trans-2-methylcyclohexyloxyimino)-3- '·
oxobutyrate (1.91g) was bromlnated according to the
procedure outlined in E,’.ample 4c to give the crude ' j
title compound. ί

*»«* ι
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c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(trans-2-
methylcyclohexyloxyimino)acetate
Ethyl 4-bromo-(Z)-2-(trans-2-methylGyclohexyl·-
oxyimino)-3-oxobutyrate (2.5g) was treated with 
thiourea (0.57g) and N,N-dimethylaniline (0.95ml) as 
described in Example 4d to give the title compound as a 
yellow gum (1.07g) after silica gel chromatography. 
(Found: M+, 311.1297. c14H2lN3O3S requires M,

311.1305); \>max (CH2C12) 3475, 3380, 1735,·· 1600 and 
1525cm-1; δΗ (CDC13) 0.98 (3H, d, J 6Hz), 1.35 (3H„ 

t, J 7Hz), ca 1.1-2.4 (9H, m), 3.84 (lib m), 4.40 (2H, 
q, J 7Hz), 5.88 (2H, broad s), 6.71 (IH, s). .

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-2-methyl-
cyclohexyloxyimino) acetic acid . , ,
Ethyl 2- (2-aminothiazolT-4-yl)- ( Z)-2-( trans-2-methyl- 
cyclohexyloxyimino)acetate (1.07g) was hydrolysed as 
described in Example 4e to give the title compound as a 
buff coloured solid (0.802g); vmax (nujol) 3500-2300, 
1615 (broad), 1460 and 1375cm"1; δπ ((CD3)2SO) inter 
alia 0.95 (3H, d,‘ J 6Hz), 0.95-2.1 (9H, m), 6.83 (lH, 
s). [Mass spectrum: +ve ion (thioglycerol) MH+ (284)3.

e. 2-(2-Aminothiazol-4-yl)-(Ε,Z)-2-(trans-2-methyl-
cyclohexyloxyimino)acetic acid 2-pyridyl thioester
2-(2-Aminothiazol-4-yl) - ( Z)-2-(trans-2-methylcyclohex- 
yloxyimino)acetic acid (0.5g) was converted to the 1 
corresponding 2-pyridyl thioester as described in 
Example lc. The title compound was isolated as a 
mixture of (E) and (z) isomers (0.472g). (Found: M+, 
376.1024. C17H2qN4O2S2 requires M, 376.1028); Vuiax 
(KBr) 3343, 3128, 1688, 1652, 1622, 1572, 1562, 1537, 
1449 and 1418cm-1; δΗ ((CD3)2SO) 0.99 (3H, d, J 6Hz), 

1.15-2.3 (9H, m), ca 3.5-4.20 (lH, m), 6.97 (IH, a)» cn 
7.2-8.20 (4H, m), 8.72 (1H, m).

y

ft ft
ft <
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f. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-
2-methylcyclohexyloxyiroino)acetamido]penicillanate
2-(2-Aminothiazol-4-yl)-(Ε,Z)-2-(trans-2-methylcyclo- 
hexyloxyimino)acetic acid 2-pyridyl thioester (0.43g) 
was coupled with 6P-aminopenicillanic acid (0.247g) as 
described in example Id. The title compound was 
obtained (0.112g) as a freeze-dried solid after 
separation from its (E)-isomer; Vmax (KBr) 1766, 1668, 
1608 and 1526cm-1,· (D2O) 0.93 and 0.96 (3H, 2d, J
6Hz), 1.03-1.41 (4H, m) , 1.51 (3H, s), 1.56-1.75 (4H, 
m), 1.62 (3H, s), 2.06 (1H, m), 3.71-3.83 (1H, m), 4.21 
and 4.22 (1H, 2s), 5.61-5.66 (2H, m).,. 6.95 (1H, s) .

. [Mass spectrum: +ve ion (thiolglycerol) MH+ (504)].

Example 25 ,
a· Ethyl (Z)-2-(cyclohex-2-enyloxyimino)-2-(2-trityl-
aminothiazol-4-yl)acetate ,
Ethyl (Z)-2-hydroxyimino-2-(2-tritylaminothiazol-4-yl)

• acetate (4.58g) was suspended in dry ethanol (120ml),
* with stirring at room temperature. This was treated

with a solution of sodium (0.23g) in ethanol to give a
ft ft ft

yellow homogeneous solution. After 15 min at room
e w a ft '

···! temperature, freshly distilled 3-bromocyclohexene
(4.83g) was added and the reaction mixture' left to stir

ί »’*, at room temperature for ca 3h. , The solvent.was removed
■ f 4 t I 1 ' "

in vacuo. The residue was taken up in ethyl acetate, 
and washed successively with portions of water and 
brine. Drying over anhydrous sodium sulphate and 
evaporating gave a brown gum. Flash silica gel 
chromatography eluting with 10% ethyl acetate/hexarie 
afforded the title compound as a colourless foam 
(1.35g). (Found: M+, 537.2075. C32H31N3O3S requires
M, 537.2088); vmax (CH2Cl2) 3380 and 1730cm-1; δΗ ' 
(CDC13) 1.46 (3H, t, J 7Hz), 1.6-2.3 (6H, ft), 4.42 (2H,

- q, J 7Hz), 4.93 (1H, m), 5.96 (2H, broad s), 6.55 (1H,
s) , 7.37 (15(1, s) t ■“
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b · ( Z)-2-(Cyclohex-2-enyloxyimino)-2- (2-tritylamino-

" - thiazol-4-yl)acetic acid .
• Ethyl ( Z)-2-( cyclohex-2-enyloxyimino)-?,-(2-tritylamino-

thiazol-4-yl) acetate (l.35g) was hydrolysed as 
described in Example 5b. The title compound was 
obtained as a white solid (0.944g); vmax 3397, 1727 
(broad), 1590, 1569, 1526, 1490 and 1446cm"1; δΗ 
((CD3)2SO) 1.5-2.2 (6H, m), 4.64 (IH, m), 5.90 (2H, m),
6.89 (IH, s), 7.36 (15H, s). [Mass spectrum: +ve ion 
(thioglycerol) MH+ (510)].

c . Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-( cyclo-
hex-2-eny loxy imino) acetamido]penicillanate 
( Z) - 2- (Cyclohex-2-enyloxyimino) - 2- (2-tr.itylaminothiazol 
-4-yl)acetic acid (0.85g) was converted into the title 
compound (0.112g) as described in Example 2d, method 2; 
vmax (KBr) 3351, 1766, 1662, 1608, 1526 and 1396cm"1; 
δπ (D2O) 1.50 (3H, s), 1.61 (3H, s), 1.84 (2H, m),
2.02 (2H, m), 4.22 (IH, s), 5.59 (IH, d, J 4Hz), 5.60 
(IH, d, J 4Hz) , 5.63 (IH, d, J 4Hz) , 5.64 (IH, d, J

5 »«’, 4Hz), 5.83 (IH, m), 6.05 (IH, m), 6.98 and 6.99 (IH,
.ι.» 2s). [Mass spectrum: +ve ion (3NOBA/Na+) MH+ (488) and

MNa+ (510)].
I 4111:
• ί '

Example 26
a. Ethyl (Z)-2-(trans-4-t-butylcyclohexyloxy- 
imino)-3-oxobutyrate
Ethyl (Z)-2-hydroxyimino-3-oxobutyrate (1.59g) was 
converted to the title compound using 4-t-butylcyclohexanol 
as described in Example 4a, method 3. The product was 
obtained as a pale yellow oil (0.973g). [Found:
M+, 298.2014 . C16H28NO4 re<3ulres 298.2020;

’ Umax (CH2C12) 1735 and i^Scm-1; δκ (CDCl3) 0.67

. (9H, s), 0.9-2.1 (8H, m) , 1.13 (3H, 5, J 7Hz),
2.20 (3H, s), 3.8-4.3 (3H, m).
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b · Ethyl 4-bromo- (Ζ ) -2- (trans-4-t-butylcyclohexyloxy- 
imino) -3-oxobutyrate " .

ί

Ethyl (Z)-2-(trans-4-t-butylcyclohexyloxyimino)-3-oxo- 
butyrate (5.19g) was brominated as outlined in Example 
4c to give the unpurified title compound.

?1 
ίί 
ί I

c · Ethyl 2- (2-aminothi,azol-4-yl) - ( Z,) -2- (,trans-4-t- 
butylcyclohexyloxyimino)acetate
Ethyl-4-bromo-(Z)-2-(trans-4-t-butylcyclohexyloxy- 
imino-3-oxobutyrate was converted to the pure title 
compound (1.577g) as described in Example 4d. [Pound: 
M+, 353.1781. <23.7827^038 requires M, 353.1773]; vmax
(CH2C12) 3480, 3380, 1735, 1600 and 1525cm-1; δΗ 
(CD3OD) 0.88 (98, s), ca 0.9-1.5 (48, m), 1.36 (3H, t, 
J 7Hz), ca 1.8-2.4 (4H, m), ca 4.1 (1H, broad m), 4.41 
(28, q, J 7Hz), 6.77 (1H, s).

I

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-4-t-butyl-
cyclohexyloxyimino)acetic acid
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(trans-4-t-butyl- 
cyclohexyloxyimino)acetate (l.52g) was hydrolysed as 
described in Example 4e to give the title compound as a 
white amorphous solid (l.llg); vmax (KBr) 3214, 1610 
(very broad), 1450 and 1389cm-1; ((CD3)2SO) 0.78
(9H, s) , ca 0.8-1.3 (48, ni) , ca 1.5-2.3 (4H, m) , 3.8 
(18, broad m), 6.70 (1H, s), 7.13 (3H, broad s). [Mass 
spectrum: +ve ion (thioglycerol) MH+ (326)]. ’

e· 2-(2-Aminothiazol-4-yl) -(Z)-2-(trans-4-t-butyl-
cyclohexyloxyimino)acetic acid 2-pyridyl thio ester 
2-(2-Aminothiazol-4-yl) - (Z )-2-( trans-4-t.-butylcyclo- 
hexyloxyimino)acetic acid (1.05g) was converted to the 
title compound (1.22g) as described in Example lc.

1
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[Found: M+, 418.1507. c20^26i^4(-)2S2 requires M
418.1497]; \>raax (KBr) 3313, 3155, 1700, 1641, 1573 and 
1538cm-1; δΗ ((CD3)2CO) 0.90 (9H, s), ca 1.4-1.9 (4H, 
m), ca 2.0-2.7 (4H, m), 7.00 (2H, broad s), 7.20 
(lH,s), 7.70 (IH, m), 8.10 (2H, m) , 8.87 (IH, m).

f. Sodium 6p-[2-(2-amih0thiazol-4-yl)-(Z)-2-(trans-
4-t-butylcyclohexyloxyimino)acetamido] penicillanate
2-(2-Aminothiazol-4-yl)- (Z)-2-(trans-4-t-butylcyclo- 
hexyloxyimino)acetic acid 2-pyridyl thio ester 
converted to the title compound (0.656g) as described 
in Example Id; \>max (KBr) 3369, 1767, 1668, 1608 and
1526cm-1; 6h (d2o) 0.83 (9H, s), 1.02 (3H, m) , 1.33
(2H, m), 1.51 (3H, s), 1.62 (3H, s), 1.81 (2H, m) ,
(2H, m), 4.07 (IH, m), 4.21 (IH, s), 5.60 (IH, d, J
4Hz), 5.66 (IH, d, J 4Hz), 6.90 (IH, s) . [Mass
spectrum: +ve ion (thioglycerol) MH+ (546) and MNa+
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(568)].

Example 27 ,

a . Ethyl (Z)-2-(trans-2-fluorocyclohexyloxyimino-
3-oxobutyrate ,
Ethyl (Z)-2-hydroxyimino-3-oxobutyrate was treated with 
cis-l-bromo-2-fluorocyclohexane (prepared according to 
the method of T. Ando et al., J. Org. Chem., 1981, 46, 
4446) as described in Example 4a (method 2), to give 
the title compound as a colourless oil (15%); vmax 
(CH2CI2) 2950, 2350, 1740 and 1685cm-1; δΗ (CDC13) 
1.28-1.78 (9H, m, inel. 1.33, t, J 7Hz), 2.00-2.18 (2H, 
m), 2.40 (3H, s), 4.30-4.52 (3.5H, m), 4.68 (0.5H, ddd, 
J 4.8, 7.9, 9.5Hz).
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b. Ethyl 4-broroo-(Z)-2-(trans-2-fluorocyolohexyl-

oxyimino)-3-oxobutyrate

Ethyl (Z)-2-(trans-2-fluorocyclohexyloxyimino)-3 - 

oxobutyrate was converted to the title compound using 

the procedure described in Example 4c, (69%); vmax 

(CH2C12) 2940 and 1735cm-1; δΗ (CDCI3) 1.33-1.80 

(9H, m, incl. 1.33, t, J = 7Hz), 2.05-2.20 (2H, m), 

4.30-4.52 (5.5H, m) , 4.68 (0.5H, ddd,· J = 4.9, 8.1, 

9.7Hz) .

c. Ethyl 2-(2-aminothiazol-4-yl) -(Z)-2-(trans-2-

fluorocyclohexyloxyimino)acetate

Ethyl 4-bromo-(Z)-2-(trans-2-fluorocyclohexyloxy- 

imino)-3-oxobutyrate was converted to the title 

compound following the procedure of Example 4d, (76%), 
Vmax (CH2C1.2) 3460, 3380, 1735, 1610, 1525 cm-1; δΗ 

(CDCI3) 1.22-2.30 (llH,'m, incl. 1.34, t, J=7Hz), 

4.25-4.60 (3.5H, m) , 4.80-5.25 (0.5H, m), 5.85 (2H, br 

s) , 6.76 (1H, s) .

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-2-fluoro- 

cyclohexyloxyimino)acetic acid

Ethyl 2-(2-aminothiazol-4-yl) - (Z)-2-(trans-2-fluoro- 

cyclohexyloxyimino)acetate was converted to the title 

compound following the procedure of Example 4e, (60%), 
v.max (Nujol) 3350 (br) , 1640 cm-1; δπ (Οθ-DMSO) 

1.20-2.30 (811, m), 4.00-4.50 (1.5H, m) , 4.60-5.30 

(2.5H, m), 6.88 (1H, s).

e· 2-(2-Aminothiazol--1-yl)-(Z)-2-(trans-2-fluoro-

cyclohexyloxyiroino)acetic acid-2-pyridyl thioester 

2-(2-Aminothiazol-4~yl)-(Z)-2-(trans-2-iluorocyclohex- 

yloxyimino)acetic acid was converted to the title 

compound following the procedure of Example 4f. The 

product was obtained as a pale yellow crystalline
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solid, (73%), m.p. 159-160°C (ethyl a.cetate) , \)max 
(CH2C12) 3460, 3380, 1730, 1690, 1610, 1525cm"1; δΗ 
(Dg-DMSO) 1.20-1.70 (6H, m), 1.95-2.10 -(2H, m),
4.16-4.28 (1H, m), 4.60 (1H, dddd, J=4.9, 9.6, 9.6, 
55.3Hz), 6.96 (1H, s), 7.35 (2H, br s), 7.48-7.53 (1H, 
m), 7. 75 (1H, dd, J=0.9, 7.9Hz), 7.96 (lH,'ddd, J=1.9, 
7.7, 7.7Hz), 8.62-8.66 (1H, m).

f. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans- 
2-fluorocyclohexyloxyimino)acetamidojpenicillanate.

i 2 -(2-Aminothiazol-4-yl) -(Z)-2- (trans-2-fluorocyclohex-
’ yloxyimino)acetic acid 2-pyridyl thioester and 6β-
; aminopenicillanic acid was converted to the title
! compound as described in Example Id. vrnax (KBr) 1767,
j 1663, 1615, 1529 cm"1, δΗ (D2O) 1.15-1.75 (12H, m,
ί incl. 1.25, 3H, t, J=7.5Hz), 2.02-2.18 (2H, m), 4.24
| (1H, s), 4.21-4.38 (1H, m), 4.51-4.62 (0.5H/ m)
} (remainder of this signal hidden under HOD peak),
j 5.63-5.69 (2H, m), 7.02 (1H, s); [Mass spectrum: (+ve
; ion FAB) MH+ (508), MH+-Na (486)]. ,
1 r # *
ί « « e

’ H J l1 1
? I t » «I t,, i Example 28
I < t ---------------*--------------------

a · Benzhydryl-6|3-aminopenicillanate
To a suspension of 6p-aminopenicillanic acid (2.16g) in 
dry acetonitrile (50ml) was added diphenyl diazomethane' 
(1.94g) and the reaction mixture heated to 50°C for 
68h. The solution was filtered, the solvent
evaporated, and the residue chromatographed on 

j Kieselgel 60 i( <230 mesh ASTM) eluting with 70% ethyl
acetate/ hexane, to afford the title compound as a 

y white foam (1.84g, 46%); vmax (CH2Cl2) 3400, 1780,
, 1740 cm-1. To a solution of the title compound (1.80g)( : ... . -
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ft in acetone (10ml) was added a solution of
ft p-toluenesulphonic acid hydrate (0.863g) in· acetone
j (10ml). The resultant white crystals of
j benzhydryl-6-aroinopenicillanate p-toluene sulphonic
■fi acltl salt were collected by filtration and dried in

ft vacuo, (1.92g); m.p. 165°C, (Found: C, 60.50? H, 5.39;'ft ------
ft N, 4.92. c28H30s2°6N2re<lulres C, 60.63; H, 5.45; N,
ft 5.05%); δΗ (D6-DMSO) 1.48 (3H, s), 1.83 (3H, s),
ft 2.25 (3H, s), 4.68 (IH, s), 5.10 (IH, d, J=5Hz), 5.54
ft (IH, d, J=5Hz), 6.89 (IH, s), 7.05-7.52 (I4H, m).

I b. Benzhydryl 6β-(C2—(2-tritylaminothiazol-4-yl)-
■ (Z)-2-(2-pyrroiidon-3-yloxyimino)]acetamido)-

ft penicillanate
ft To a suspension of (Z)-2-(2-tritylaminothiazol-

{ 4-yl)-2-(2-pyrrolidon-3-yloxyimino) acetic acid (0.130g)' > Ij (prepared according to the procedure described in
; European Patent NC, 0101265) in dry tetrahydrofuran

ft (8ml) were added benzhydryl 6β-aminopenicillanic acid
ft (0.120g), 1-hydroxybenzotriazole (0.042g) and
Π 1,3-dicyclohexylcarbodiimide (0.063g). The reaction
ft mixture was stirred at room temperature under an argon

i atmosphere for 2 h, filtered and the filtrate
evaporated under reduced pressure and the residue 
dissolved in ethyl acetate (10ml). The organic

ftf solution was washed with dilute HCl (0.1N, 5 ml), 5%
ίft NaHCO3 (5ml), saturated aqueous NaCl (5ml), dried 1

i, (MgSO4) and evaporated under reduced pressure.
ft Chromatography on Keiselgel 60 (<250 mesh ASTM) eluting
ft

with ethyl acetate afforded the title compound as a
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• white foam (0.082g; contaminated with a small amount of

1,3-dicyclohexyl urea); vraax (CH2CI2) 3430, 3380,
1785, 1710, 1680, 1520 cm-1; δρ (CDCl^) inter alia
1.23 (3H, s), 1.58 (3H, s) , 2.30-2.65 (2H, m),
3.20-3.55 (2H, m), 4.48 (IH, s), 4.99 (IH, t, J=9Hz),
5.55-5.78 (2H, m), 6.75 (IH, s), 7.27 (25H, m).
c. Sodium 6(3-[ 2- (2-aminothiazol-4-yl)-(Z)-2-(2- 
pyrrolidon-3-yloxyimino)acetamido]penicillanate
Benzhydryl. 6(3-( [2- (2-tritylaminothiazol-4-yl)-( Z)-2- 
(2-pyrrolidon-3-yloxyimino)]acetamido)penicillanate 
(0.030g·) was dissolved in dry dichloromethane (lml) and 
treated with anisole (2.5 μΤ) and trifluoroacetic acid 
(50 μΐ) at 0°C. After 20 mins at 0°C, the reaction 
mixture was diluted with toluene (3ml), the solvent 
evaporated to low volume under reduced pressure, 
further toluene (3ml) added, and the process repeated 
twice. The residue was partitioned between water (3ml) 
and ethyl acetate (3ml), and the pH adjusted to 8.0 
with saturated aqueous sodium bicarbonate. The aqueous 
phase was separated, concentrated to low volume and 
applied to a column of HP20 SS. Elution with water 
followed by 0.5% tetrahydrofuran/water afforded the 
title compound which was lyophilised to a pale yellow 
solid (2.5 mg); \>max (KBr) 1772, 1690 (br) , 1610 
(br), 1532cm-1; δΗ (D2O) 1.51 (3H, s), 1.59 (3H, s), 
2.20-2.38 (IH, ra), 2.50-2.65 (IH, m), 3.35-5.53 (2H, 
m), 4.25 (lH,'s), 5.00-5.06 (IH, m), 5.61 (2H, dd,
J=3.2, 5.4Hz), 7.07 (IH, s). ([Mass spectrum: (+ve 
ion-FAB) M+ (491, sodium salt), MH+ (469, free acid)].
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ϊ . Example 29 , , 'i ’’*
1 .. " ' ' ■ ' ' ' ■ 'I a . Ethyl 2-(2-aminofhiazol-4-yl)-(Z)-2-(l-(R)-6,6-
1' dimethylbicycloE 3.1 . l]hept-2- en-2-yl) me thoxy imino)
I · acetate
p Ethyl (Z)-2-(hydroxyimino)-2-(2-tritylaminothiazol-4-
),.· yl)acetate hydrochloride (4.93g) was reacted with
Γ 2-(1-(R)-6,6-dimethylbicycloE 3.1.1]hept-2-en-2-yl)-
f . , . . '
L methyl bromide as described in Example 5a, to give the
I·· title compound as a foam (3.5g, 59%), vmax (CHCI3)
j . 3380, 1730 and Ί525cm-1; δΗ (CDC13) 0.8 (3H, s),
1' 1.25 (3H, s), 1.16 (1H, d, J8Hz), 1.32 (3H, t, J7Hz),
ϊ 2.25 (5H, m), 4.3 (2H, q, J7Hz), 4.58 (1H, s showing
j undefined fine coupling), 5.54 (1H, m), 6.45 (1H, s),
j. 6.88 (1H, s, exch. D20), and 7.25 (15H, m).sV

*■ , ”. b · 2- ( 2-Aminothiazol-4-yl) - (Z)-2-(l-(R)-6,6-
>:>, ' , ,, dimethylbicycloE 3.1 .1 ]hept-2-en-2-yl) me thoxy imino)
S' **” acetic acid ,,, t # · « . 1 . 1. *■ . ■ ·
r »«*’ Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(1-(R)-6,6-
/· di:m-e th y lbLcycloE 3.1.1 ]hept-2-en-2 -yl) methoxy imino)
L i acetate (1.18g) was hydrolysed as described in Example
;s 5b to give the title compound as a pale yellow foam

(100%), vmax (CHCI3) ca. 3000 (very broad), 1720 
' cm-1, δΗ (CDC13), 0.75 (3H, s) , 1.08 (1H, d, J8Hz) ,

1.2 (3H, s) , 2.17 (5H, m) , 4.49 (2H, slightly broadened 
s), 5.47 (1H, br s) , 6.5 (1H, s) , 7.25 (16H, m), and

i/ ca . 10.2 (1H, v.ery broad signal, exch. D2O) . [Found:
!l· +ve ion (3N0Ba/Na) MNa+ (586), M+ + 2Na (608)].

'
I . :

ri' '
A
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c. Sodium 6B-C2-(2-amlnothlazol-4-yl)-(Z)-2-(l-(R)-
6,6-dimethylbicycloC 3.1.l]hept-2-on-2yl)methoxy-
imlno)acetamido]penicillanate
2-(2-Aminothiazol-4-yl)-(z)-2-(1-(R)-6,6-dimethyl- 
bicycloC3.1.l]hept-2-en-2-yl)methoxyimino)acetic acid 
was converted to the title compound (37mg, 9%) as 
described in Example 2d, method 2, 9max (KBr) 2969, 
2915, 2830, 1766, 1668, 1608 and 1528cm"1/ 6H (D2Q) 
0,79 (3H, s), 1,12 (1H, d, J8.6Hz), 1.52 (3ll, s), 1.63 
(3H, a), 1.9 (1H, m), 2,16-2,37 <3H, m), 2,4 (1H, m),
4,24 (111, a), 4.6 (2H, ΑΛ' syscam), 5,62 (211, a), 5,66 
(1H, br s) and 7,0 (1H, a). [Mass spectrum» +vo ion 
(thloglycarol) MH+ (542), MNa+ (564)]
Example 30

a, Ethyl (2)-2-(banzyloxylmino)-3-oxobutyrato 
Ethyl (Z)-2-(hydroxyimino) •‘3-oxobutyrabo (2,4g) was 
alkylated with benzyl bromide as duacribod in Example 
4a, method 1, to give the title compound (2,94g), 
(Foundt M*, 249,0994,IM*
^13^15^04 requires M 249,1001), vmnx (film) 2980,
1740 and 1695cm"1, (CDCI3) 1,20 (3H, t), 2,33 (311, 
b), 4,26 (2H, q), 5,23 (2H, s), 7,27 (5H, w).
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b , Ethyl 4-bromo-(Z)-2-(benzyloxyimino)-3-oxobutyrate
Ethyl (Z)-2-(benzyloxyimino)~3-oxobutyrate (2.84g) was
brominated as described in Example 4c to give the title
compound (3.24g) vrnax (film) 2980, 1740, 1700 and
1010 cm-J·, δΗ (CDCla) 1.30 (3H, t) , 4.29 (2H, s),
4.36 (2H, q) , 5.37 (2H, s), 7.40 (5H, m). [Mass
spectrum,· +ve ion (ammonia) MH+ (328), MNH4+ (348)].

c, Ethyl 2-(2-arolnothlazol-4-yl)-(z)-2-(benzyl­
oxyimi no) acetate
Ethyl 4-bromo(-(z)-2-(benzyloxyimino)-3-oxobutyrate
(3.14g) was converted into the title compound (2.0g) as
described in Example 4d, m.p. 133-4°C (acetone-light
petroleum), vmax (CHCI3) 3450, 1730, 1605 and
1020cm-1, δΗ [,(C03)2C03 1.29 (3H, t) , 4.36 (2H, q) ,

5.24 (2H, s), 6.88 (1H, s), 7.40 (7H, ra).

d, 2-(2-Amlnothlazol-4-yl)-(Ε, Z)-2~(benzyioxyiroino)
acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)~(Z)-2-(benzyloxyimino)
acetate (l,9g) was hydrolysed as described in Example
4e to give the title compound (0.43g), vmax (KBr)
3029, 1623, 1364 and 1010 cm-1, δΗ C(CD3)2SO] 4.18
(3H, br s, exch. D20), 5.13, 5.23 (1H, 2xs)), 6.82,
7.50 (1H, 2xs), 7.33 (5H, m). [Mas3 spectrums +ve ion
(3NOBA/Na+) MNa+ (300), MNa+ sodium salt (322)).

e, 2-(2-Amlnothiazoi-4-yl)-(Ε,Z)-2-(benzyioxyiroino)
acetic acid 2-pyridyl thioester
2“(2-Aminothiazol-4-yl)»,(E, Z)-2-(benzyloxyimino) acetic
acid (0.4g) was converted into the title compound
(O.575g) as described in Example 4f. /

■

I

«». *

I
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f. Sodium 6p-([2-(2-aminothiazol-4-yl)-(z)-2-(benzyl-
oxyimino)]acetamido)penicillanate
2- (2-Aminothiazol-4-yl) - (Ε, Z) - 2- (benzyloxyiinino) acetic 

acid 2-pyridyl thioester (285mg) was coupled to 
6p-aminopenicillanic acid as described in Example Id 

and the (z) isomer separated during the HP2OSS 
chromatography to give the title compound (50 mg),
Vmax (KBr), 3322, 1766, 1668, 1608 and 1015cm-1, δπ 

(D20) 1.47 (3H, s), 1.56 (3H, s), 4.20 (IH, s), 5.23 
(2H, s), 5.56 (IH, d, J4Hz), 5.61 (IH, d, J4Hz), 6.99 
(IH, s), 7.43 (5H, m). [Mass spectrum: +ve ion 
(thioglycerol) MH+ (498), MNa+ (520)].

β a ·
9 3 «a ·· 9 a
a a a «a a

a a a a

a a a a 
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Example 31

a. Ethyl (Z) -2-(1-methylcyclohept-l-yloxyimino) -3- 
oxobutyrate.
Ethyl (^)-2-hydroxyimino-3-oxobutyrate (795mg, 5mmol),

and 1-bromo-l-methylcycloheptane (l.lg, 5.76mmol)
in dry 1,4-dioxan (5ml) under an atmosphere of
argon in the dark were treated portionwise with silver
trifluoro-methanesulphonate (1.48g, 5.76mmol),
with stirring, over 5h . The mixture was
stirred for a further 18h in the dark and then
worked up using a similar procedure
to that described in Example 7a to give the title 
compound as an oil (878mg; 65%); vmax(CH2C12) 3430, 
3350, 1740, 1685, 1595, 1370, 1320, 1230, 1070, and 
1,000cm"1; δΗ (250MHz, CDCI3) 1.33 (3H, t, j 7.1Hz), 
1.33 (3H, s), 1.4-1.8 (10H, m), 1.99 (2H, dd, J ca 13.5 
and 7.5Hz), 2.40 (3H, s), and 4.35 (2H, q, J 7.1Hz); 
[Pound: M+ -OEt 224.1273. 0^2^18^03 requires M-OEt 
224.1287. Ammonia CI mass spectrum MH+ (270)]. __

b. Ethyl 2- ( 2-aminothiazol-4-yl)- (Z,)-2- (1-methyl- 
cyclohept-l-yloxyimino)acetate.
Ethyl (JZ)-2- (l-methylcyclohept-l-yloxyimino)-3-oxo- 
butyrate (3.4g, 12.6mmol)* was converted via ethyl
4—bromo- (Z)-2-(1-methylcyclohept-l-yloxyimino)-3- 
oxobutyrate, using analogous procedures to those 
outlined in Examples 4c and 4d, to the title compound 
(3.0g; 73%); [Found: M”^ 325.1468. CX5H23N3O3S requires 

M 325.1460]. vmax (CH2Cl2) 3470, 3380, 3260, 3110,
2930, 1730, 1605, 1520, 1210, 1175, and 1030cm"1; δπ 
(60MHz, CDCI3) 1.35 (3H, s), 1.1-2.0 (15H, m), 4.33 
(2H, q, J 7Hz), 6.18 (2H, s), and 6.61 (IH, s).
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c · 2-(2-Aminothiazol-4-yl) -- ( Z)-2-(1-methyl-
cyclohept-l-yloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)-(25 )-2-(1-methylcyclohept- 
1-yloxyimino)acetate (3.0g, 9.2mrool) was hydrolysed in 
an analogous manner to that described in Example 4e to 
give the title compound (1.8g; 66%) m.p. 173-179°
(dec); vmax (KBr) 3290, 3119, 2927, 2856, and 1626cm-1;
δΗ (400MHz, (CD3)2SO) 1.26 (3H, s), 1.27-2.0 (12H, 

m), 6.79 (lH, s), and 7.27 (2H, s) [Ammonia CI mass 
spectrum MH+ '(298)].

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(1-methylcyclohept-
1- yloxylmino)acetic acid 2-pyridyl thioester.
2- (2-Aminothiazol-4-yl)-(Z)-2-(1-methylcyclohept-1-yl­
oxyimino) acetic acid (320mg, 1.08mmol) was reacted with 
2,21-dithiodipyridine and triphenylphosphine in a 
similar manner to that described in Example 4f, except 
the reaction was allowed to run for 20min. Work up and 
chromatography gave the title compound (370mg; 88%). 
Vmax(CH2Cl2) 3300, 3130, 2920, and 1690am-1.

e. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(1- 
methylcyclohept-l-yloxyimino)acetamido]peniclllanate.
6p-Aminopeniclllanic acid (216mg, lmmol) was converted 
into the corresponding disilyl derivative and then 
reacted with 2-(2-aminothiazol-4-yl)-(Z)-2-(1-methyl- 
cyclohept-l-yloxyimino)acetic acid 2-pyridyl thioester 
(360mg, 0.92mmol) by a similar procedure to that 
described in Example Id, except the reaction was 
allowed to run for 4 days at room temperature. Work up 
and chromatography by a similar method to that 
described in Example 7e gave the title compound. vmaX 
(KBr) 3376, 2967, 2926, 2855, 1766, 1675, 1609. and 
1515cm-1; Xraax (Η2θ) 288 (e 8,050), 232 (13,130)nm;

ΐ
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δΗ(250ΜΗζ, D20) 1.32 (3H, s), 1.52 (3H, s), 1.62 (3H, 
s), 1.3-1.7 (10H, m), 1.85-2.05 (2H, m), 4.22 (1H, s), 

5.63 (1H, d, J 4.1Hz), 5.68 (1H, d, J 4.0Hz), and 6.93 
(1H, s); [FAB mass spectrum +ve ion (thioglycerol) MH+ 
(518) , MNa+ (540)]. _

Example 32

a· Ethyl (Ζ)-2-(bicyclo[2.2.2]oct-l-yloxyimino)-3-
oxobutyrate. .

1-Bromobicyclo[2.2.2]octane (4.6g, 24.3mmol)', ethyl 

(Z}-2-hydroxyimino-3-oxobutyrate (3.78g, 24.3mmol) and 
silver trifluoromethanesulphonate (6.32g, 24.6mmol) 

were reacted under similar conditions ho that described 

in Example 31a to give the title compound (1.47g,
22%); Vmax(CH2Cl2) 2950, 2925, 2860, 1735, 1685, 1370 
and 1325cm"1; δΗ(60ΜΗζ, CDCI3) 1.30 (3H, t, J ca 

7Hz), 1.64 <S) and 1.75 (s) (together 13H), 2.36 (3H, 
s), and 4.30 (2H, q); [Ammonia CI mass spectrum Found 
MH+ (288)]. ’ ‘

b. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(bicyclo-
[2.2.2] oct-l-yloxyimino)acetate.

Ethyl ( Z )-2-(bicyclo[2.2.2 joct-l'-yloxyimiho)-3-oxo- '
butyrate (1.47g, 5.4mmol) was converted to the title 
compound (1.03g, 69%) via ethyl 4-bromo-(55)-2-(bicyclo
[2.2.2] oct-l-yloxyimino)-3-oxobutyrate using analogous 

procedures to those outlined in Examples 4c and 4d. 
Recrystallisation from dichloromethane/hexane gave the 
title compound as crystals m.p. 139-140° [Found C, 
56.06; H, 6.39; N, 12.81% CisHjq^C^S requires C, 

55.71; H, 6.55? N, 12.99%]; \)max (CH2C12) 3480, 3390, 
2960, 2930, 2780, 1605, 1530, 1185, 1035, and 975cm-1; 

6h(250MHz, CDCI3) 1.35.(3H, t, J 7.1Hz) , ..1.57 (1H, ' 
m), 1.6-1.9 (12H, m), 4.37 (2H, q, J 7.1Hz), 5.49 (2H, 
s) , and 6.73 (ΊΗ, s) .

t
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σ. 2-(2-Aminothiazol-4-yl)-(Z)-2-(bicyclo[2.2. 2]oct- 

1-yloxyimino)acetic acid.

Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(bicycloC2.2.2]oct-

1- yloxyimino)acetate (760mg, 2.35mmol) was converted 

into the title compound by a similar procedure to that 

described in Example 4e, except the product was 

extracted into ethyl acetate from the acidified 

solution. After drying (MgS.04) and removal of the 

ethyl acetate under reduced pressure, trituration with 

diethyl ether gave the title compound (316mg, 45%), 

vraax (KBr) 3363, 2293, 3067, 2947, 2920, 2866, 1640, 

1571, 1396, and 976cm"1; δΗ[250ΜΗζ, (CD3)2SO] 1.53 

(IH, broad s), 1.66 (12H broad s), 6.77 (IH, s), and 

7.24 (2H, s) .

d. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(bieyeΙο­

ί 2 , 2 .2]oct-1-yloxyimino)acetamido]penicillanate■

2- (2-Aminothiazol-4-yl-2-(bicyclo[2.2.2]oct-1- 

yloxyimino)acetic acid (300mg, 1.02mmol) in dry

N, N-dimethylformamide (2ml) was treated with

N-ethyl-N,N-diisopropylamine (0.194ml, 144mg,

1.12mmol), cooled to -50°C to -60°C and then treated

I
with methanesulphonyl chloride (0.086ml, 128mg,

1.12mmol) and the mixture was stirred at -50° to -60° 

for 40min. The mixed anhydride thus formed was added 

to a mixture of 6p-aminopenicillanic acid (200mg,

O. 92mmol) and triethylamine (0.354ml, 257mg, 2.55mmol) 

in watfer (2ml) at 0°C. After 10 min. water (50ml) and 

ethyl acetate (50ml) were added and the pH was adjusted 

to 2.5 with ice cooling. The layers were separated and 

the aqueous layer was re-extracted with ethyl acetate 

(25ml). The combined ethyl acetate layers were washed 

with water (20ml) and then treated with water and, 

while cooling in ice and stirring, the pH was adjusted

k



r

·r
ϊ·
4· ‘

i ’

·(

e

- 99 -
to 8.0 by addition of aqueous sodium hydrogen
carbonate. After separation the ethyl acetate was 

washed with water (30ml) at pH 8.0 a further two 
times. The combined pH 8.0 extracts were evaporated 
in vacuo to cia 80ml, treated with a little sodium 

chloride, and loaded onto Diaion HP20SS (3 x 12cm).
The column was eluted with water, followed by water- 
tetrahydrofuran mixtures. The relevant fractions were 
combined and the volume was reduced by evaporation 

under■reduced pressure. Lyophilisation then gave the 
title compound (300mg, 55%); vraax (KBr) 3349, 3196, 
2949, 2921, 2866, 1768, 1669, 1601, and 1517cm-1; 

δΗ(250ΜΗζ, D2O) 1.49 (3H, s) 1.50 (1H, broad s), 1.61 

(3H, s), 1.72 (12H, broad s), 4.20 (1H, s) , 5.59 (1H, 
d, J 4.0Hz), 5.64 (1H, d, J 4.0Hz), and 6.92 (1H, s).

Example 33

a. Ethyl (Z)-2-[(lR, 2R, 5S)-5-methyl-2-isopropyl- 
cyclohex-l-yl]oxyimino-3-oxobutyrate.
(IS, 2R, 5S)-(+)-Menthol (7.03g, 45mmol), triphenyl- 
phosphine (8.65g, 33mmol), ethyl (Z)-2-hydroxyimino- 
3-oxobutyrate'(4.77g, 33mmol) and diethyl azodi­
carboxylate (5.7g, 33mmol) were reacted by analogy with 
Example 4a Method 3 to give the title compound (1.37g, 
14%), vmax (CH2C12) 2960, 2930, 2870, 1745, 1690, 1370, 
1320, 1235, 1075, and 1010cm-1; δΗ(400ΜΗζ, CDCI3)

0.87 (3H, d, J6.6Hz), 0.90 (3H, d, J6.8Hz), 0.92 (3H, 
d, J 6.7Hz), ca 0.9 (1H, m) , 1.02-1.12 (2H, in), 1.1-1.3 
(1H, m), 1.32 (3H, t, J7.lHz), 1.50-1.65 (2H, m), 
1.67-1.78 (2H, m), 2.06-2.18 (1H, in), 2.40 (1H, s) ,
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4.34 (2Η, dq, J 7.1 and 1.0Hz), and 4.70 (1H, broad s); 
613c (100MHz, CDCl3), 14.24 (CH3), 20.70 (CH3),
20.97 (CH3), 22.26 (CH3) 25.04 (CH2), 25.11 (CH3) 26.06 
(CH), 29.10 (CH), 34.77 (CH2), 39.44 (CH2) 46.98 (CH), 
61.70 (CH2), 83.43 (CH), 150.28, 161.53, 192.94 
[Ammonia CI mass spectrum Found: MH+ (298); MNH+
(315)].

b. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-[(IR, 2R, 5S)~ 
’ 5-methyl-2-isopropylcyclohex-1-yl]oxyiminoacetate.

Ethyl (Z)-2-[(lR, 2R, 5S)-5-methyl-2-isopropylcyclo- 
hex-l-yl]oxyimino-3-oxobutyrate (2.31g, 7.77mmol) was 
converted via ethyl 4-bromo-2-[(IR, 2R, 5S)-5-methyl- 
-2-isopropy1eyelohex-l-yl]oxyimino-3-oxobutyrate into 
the title compound (0.5g, 18%), by analogous methods to 

77 those described in Examples,4c and 4d. Vmax(CH2C12)
/·, 3480, 3380, 2930, 2870, 1735, 1605, 1530, 1180, and> · « ♦
0 980cm-1; 6H(400MHz, CDCI3) 0.85 (3H, d, J 8.5Hz),

ft ft ft ft 0.89 (3H, d, J 6.7Hz), 0.93 (3H, d, J 6.7Hz), 0.8-1.1ft ftft ft ft ft
ft ft ft (3H, m), 1.25 (1H, m), 1.36 (3H, t, J 7.1Hz), 1.5-1.8
ft β *«ft ft « (4H, m), 2.18 (1H, m), 4.38 (2H, approx q, J 7.1Hz),

4.63 (1H, broad s) , 5.46 (2.H, s) , and 6.69 (1H, s);
ft « <4 » t

613c (100MHz, CDCI3) 14.26 (ch3) , 20. ί35 (CH3) 21.05
(CH3), 22.35 (CH3), 25.24 (CH2), 25.96 (CH), 29.30 
(CH), 34.96 (GH2), 39.36 (CH2), 47.01 (CH), 61.6 (CH2), 
80.83 (CH), 109.06 (CH), 142.32, 146.11, 163.49,
108.78.

c. 2-(2-Aminothiazol-4-yl)-2-[(IR,2R,5S)-5-methyl-
2-isopropylcyclohex-l-yl]oxyiininoacetic acid.
Ethyl 2-(2-aminothiazol-4-yl)-2-[(IR,2R,5S)-5-methy1- 
2-isopropylcyclohex-l-yl]oxyiminoacetate (ca 500mg) was 
hydrolysed to the title compound (440mg) by an
analogous method to that described in Example 4e.



vmax(KBr) 3304, 3123, 2947, 2867, and 1625cm“l; 

δΗ(250ΜΗζ, (CD3)2SO), 0.7-1.3 (13H, m), 1.4-1.8 (4H, 
m), 2.08 (IH, broad d, J ca 6Hz), 4.42 (IH, s), 6.81 

(lH,s), 7.25 (2H, s), and 13.53 (IH, s).

d. Sodium 6I3--L'2- (2-aminothiazol-4-yl) - (Z) -2-
[ (1R,2R, 5S) -5-methyl-2-isopropylcycloh|ex-l-yl3oxyimino-
acetamido]penicillanate.
2-(2-Aminothiazol-4-yl)-2-[(lR,2R,5S)-5-methyl-2-iso- 
propylcyclohex-l-yl]oxyiminoacetic acid (440mg, 
1.35mmol) in dry Ν,Ν-dimethylformamide (DMF) (3ml) at 

-50° to -60°C was treated with N-ethyl-N,N-diisopropy1- 
amine (0.235ml, 1.48mmol) followed by methanesulphonyl 
chloride (0.115ml, 170mg, 1.48mmol). More DMF (3ml) 
was added followed by dry dichloromethane (4ml) and the 

mixture was stirred at -50° for 40min. The bis- 

trimethylsilyl derivative of 6-aminopenicillanic acid, 
(prepared by treatment of 6-aminopenicillanic acid 

(321mg) with triethylamine (298mg) and chloro- 
methylsilane (322mg) in dichloromethane (10ml) under 
reflux for lh), in dichloromethane (10ml) was added and 
the reaction mixture was allowed to warm to 0°C over 
lh. The dichloromethane was removed by evaporation 
under reduced pressure. Ethyl acetate (50ml) and water 
(50ml) were added and, cooling in an ice bath, the pH 
was adjusted to 2.5. The aqueous layer was washed with 
ethyl acetate and the combined ethyl acetate layers 

were washed with water followed by saturated brine. 
Water (50ml) was then added to the ethyl acetate and, 
cooling in an ice bath, the pH of the stirred mixture 
was adjusted to 8.0. The ethyl acetate layer was 

extracted a further two times with water (50ml) at pH 
8.0. The combined pH 8.0 extracts were adjusted to 
pH 7.5, reduced in volume to ca 12.0ml, treated with
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some sodium chloride and loaded on to Diaion HP20SS 

' (3 x 10cm). The column was eluted with water, followed

by water/tetrahydrofuran mixtures to give the title 

· compound (244mg) after freeze-drying. vmax(KBr) 3368,
3197, 2947, 2925, 2868, 1772, 1670, 1611, and 1513cm-l; 

·' δΗ(250ΜΗζ, D2O) 0.81 (3H, d, J 6.1Hz), 0.88 (6H, d, J

·■'■ ’ ca 6Hz), 0.88-1.35 (4H, m) , 1.50 (3H, s) , 1.60 (3H, s) ,

• 1.4-1.7 (4H, m), 2.06 (IH, broad d, J ca 12.2Hz), 4.21

(IH, s)> 4.58 (IH, broad s) , 5.61 (IH, d, J 4.0Hz),

'· 5.67 (IH, d, J 4.0Hz), and 6.91 (IH, s), [FAB mass

‘ ’ spectrum (thioglycerol) MH+ (546), MNa+ (568)].
Λ

. Example 34

a· Ethyl (Z )-2- (1-methylcyclopent-l-yloxyimino)-3- 

/. · oxobutyrate.

• Ethyl ( Z)-2-(hydroxyimino)-3-oxobutyrate (5.86g,

··' Z 36.8mmol), 1-bromo-l-methylcyclohexane (6.01g
,. w ff » * '
■ ' »*«·> 36.8mmol), and silver trifluoromethanesulphonate

. (9.45g, 36.8mmol) were reacted together by a similar
f., ff a ,

method to that described in Example 9a to give the 
ί). \ϊ.·ν title compound (4.45g, 50%); Vmax (film) 2970, 1745,

i··’ 1690, 1590, 1370, 1320, 1230, 1070, and 990cm-1;

h' δΗ(60ΜΗζ, CDC13), 1.31 (3H, t, J 7Hz), 1.48 (3H, s),
'/ 1.1-2.2 (8H, m), 2.35 (3H, s) , and 4.30 (2H, q, J 7Hz) .

i/ < · ,
π . ■ . ... ■ ■
5«. b · Ethyl 4-Bromo-(Z)-2-(1-methylcyclopent-l-yloxy-
MΠ.: imino)-3-oxobutyrate.
ί f
4 Ethyl (Z)-2-(l-methylcyclopent-l-yloxyimino)-3-oxo-
ii ~
y· butyrate (3.9g, 16mmol) was converted into the title

compound by an analogous procedure to that described in

’ Example 4c. vmax (film) 2970, 1745, 1690, 1370, 1325,
' 1245, and 1005cm-1.

ι

I
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c. Ethyl 2-(2,-aminothiazol-4-yl)-(Z)-2-(l-roethyl- 
cyclopent-l-yloxyimino)acetate.
Ethyl 4-'bromo- (_Z )-2- (1-methylcyclopent-l-yloxyimino) - 
3-oxobutyrate prepared above was converted into the 
title compound (1.39g, 64%) by an analogous procedure 
to that described in Example 4d. m.p. 94-95°C 
(ethyl acetate-hexane), [Found: C, 52.82; H, 6.41; N, 
14.11. C13H19N3O3S requires C, 52.50; H, 6.44; N, 
14.13%]. vmax (CH2C12) 3475, 3380, 2960, 1735, 1605, 
1530, 1175, and 970cm"1; δΗ(60ΜΗζ, CDCI3) 1.34 (3H, 
t, J 7Hz) , 1.45 (3H, s), 1.0-2.2 (8H, rn) , 4.31 (2H, q,
J 7Hz), 5.95 (2H, s), and 6.62 (1H, s).

d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(1-methylcyclopent- 
1-yloxyimino)acetic acid.
Hydrolysis of ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(1- 
methylcyclopent-l-yloxyimino)acetate (2.94g, 10.4mmol) 
by similar method to that described in Example 4e gave 
the title compound (1.46g, 52%), m.p. 182-3°C;
^max(KBr) 3365, 2963, 1636, 1574, 1391, and 984cm"1; 
δΗ(250ΜΗζ, (CD3)2SO) 1.37 (3H, s), 1.54-1.61(6H, m), 
1.80-1.95 (2H, m), 6.81 (1H, s), and 7.27 (2H, s).

e. 2-(2-Arainothiazol-4-yl)-(Z)-2-(1-methylcyclopent- 
1-yloxyimino)acetic acid 2-pyridyl thioester.
2 - (2-Aminothiazol-4-yl) - (_Z) -2- (1-me thyl cyclopent-l-yl- 
oxyimino)acetic acid (680mg, 2.5mmol) was converted 
into the title compound (516mg, 57%) using a similar 
procedure to that described in Example 4f, except that 
the reaction time was 20min. m.p. 146-9°C (ethyl 
acetate-hexane) [Found: C,52.93; H, 4.92; N, 15.46. 
C16H18N4°2S2 requires C, 53.02; H, 5.00; N, 15.46%].
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Vmax(KBr) 3295, 3144, 2965, 1697, 1649, 1624, 1573, 
1539, 1421, 1207, 990, and 924cm-1; δΗ(250ΜΗζ, 
(CD3)2SO) 1.39 (3H, s), 1.63 (6H, m) , 1.92 (2H, m), 
6.92 (IH, s), 7.37 (2H, s) , 7.71 (IH, dd, J 7.8 and 
0.8Hz), 7.96 '(IH, dt, J 1.9 and 7.7Hz), and 8.64 (IH, 
m) .

> 
a

0 © 
f o o944-9
G4O0'δ·,ί

Οί» fO<r«
0 di 
a * a©ft » a

f· Sodium 6p-[2-(2-aminothiazol-4-yl)- (Z)-2-(1- 
methylcyclopent-l-yloxyimino)acetamido]penicillanate.
2- (2-Aminothiazol-4-yl) - (jS) -2- (1-methylcyclopent-l- 
yloxyimino)acetic acid 2-pyridyl thioester (483mg, 
1.33mmol) was converted into the title compound (190mg) 
using a similar procedure to that described in Example 
4g. vmax(KBr) 3337, 2965, 1765, 1608, 1525, 1397, and 
1323cm-1; δΗ(250ΜΗζ, D20) 1.43 (3H, s), 1.51 (3H, s), 
1.62 (9H, s superposed on m), 1.98 (2H, m), 4.22 (IH, 
s), 5.62 (IH, d, J 4.0Hz), 5.66 (IH, d, J 4.0Hz), and 
6.94 (H, s). Xmax(H20) 290 (e7730) and 232nm (12580). 
[Mass spectrum: +ve ion (thioglycerol) FAB MNa+ (512)].

Example 35.

a. 2-(4-Methylcyclohexyl)propan-2-ol.
α-Terpineol (6.17g) in ethanol (130ml) was hydrogenated 
for lh at atmospheric pressure using 10% Pd-C catalyst 
(290mg). The, catalyst was' then removed by filtration 
through Kieselguhr and the solvent was removed under 
reduced pressure to leave the title compound as an oil 
(5.93g). Distillation gave an oil (4.56g) b.p. (13mm) 
98°; Vmax (film) 3375, 2940, 1445, 1160, 1140, and 
910cm-1; δΗ(60ΜΗζ, CDC13) 0.6-2.0(m).

b. 2-Bromo-2-(4-methylcyclohexyl)propane.
2-(4-Methylcyclohexyl)propan-2-ol (0.99g, 6.39mmol) was
added to a mixture of anhydrous zinc bromide (0.72g,
3'.2mmol) and 48% HBr (aq) . The mixture was stirred at

ίί'
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room temperature for 2h. The mixture was then
extracted with diethyl ether (2 x 20ml) and the 
combined extracts were washed with water, dried 
(MgSO4/K2CO3) and evaporated under reduced pressure to 
give the crude title compound as an oil (1.12g, 80%), 
Vmax (film) 2940, 2915, 2860, 1450, and 1370cm-1? 
δΗ(60ΜΗζ, CDC13) 0.8-2.2 (m), 7.2 (s). Distillation 
from K2CO3 under reduced pressure removed the impurity 
resonating at 57.2.

c. Ethyl (Z) -2- [1-( t,rans-4-methylcyclohexyl)-l-methyl-
ethoxyimino]-3-oxobutyrate.
2-Bromo-2-(4-raethylcyclohex-l-yl) propane (1.99g, 
9.06mmol), ethyl ()-2-hydroxyimino-3-oxobutyrate 
(1.44g, 9.06mmol) and silver trifluoromethanesulphonate 
(2.33g) were reacted together in dry dioxane (8ml) 
using a similar method to Example 9a. The title 
compound was obtained as an oil (1.31g, 51%), vmax 
(CH2C12) 2920, 2860, 1740, 1685, 1370, 1320, 1235,
1070, and 1000cm-1. 6x3c (100MHz, CDCI3) 14.14 (CH3), 
22.55 (CH3), 23.24 (2 x CH3), 25.11 (CH3), 26.8 (2 x 
CH2), 32.76 (CH), 35.36 (2 x CH2), 46.25 (CH), 61.7 
(CH2) 87.6, 149.7, 161.6 (C = 0), 193.1 (C = O); 
δΗ(400ΜΗζ, CDCI3), 0.86 (3H, d, J 6.5Hz), 0.8-0.95 
(2H, m), 0.95-1.15 (2H, m), 1.29 (6H, s), 1.32 (3H, t,
J 7.1Hz), 1.2-1.35 (IH, m), 1.45-1.65 (2H, m),
1.65-1.80 (3H, m), 2.40 (3H, s), and 4.34 (2H, q, J 
7.1Hz).

j d. Ethyl 4-Bromo-(Z)-2-[1-(trans-4-methylcyclohexyl)-
1-methylethoxyimino]-3-oxobutyrate.
Ethyl (Z) -2- [1- (trans-4-rroethylcyclohexyl) -1-methyl- 
ethoxyimino]-3-oxobutyrate (1.31g, 4.65mmol) was 
converted into the title compound using a similar

I
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method to that described in Example 4c, The title 
compound was obtained as an oil, vroax (film) 2980,
2945, 2860, 1745, 1690, 1590, 1370, 1330, 1250, 1025, 
and 790cm-1? $h (60MHz, CDCI3) 0.65-2.0 (16H, m),
1,37 (6H, s), 4.37 (2H, q, J7Hz), and 4,30 (2H, s),

e. Ethyl 2-(2-Aminothiazol-4-yl)-(Z)-2-Cl-(trans- 
4-methyloyclohexyl j-I-methylethoxylmlrio] acetate,
Ethyl 4-bromo-(Z)-2-Cl-(trana-4-methyicyclohexyi)-1- 
mothylethoxyimino]-3-oxobutyrate was converted into the 
title compound (1.24g, 76%), by the method outlined in 
Example 4d, vmax (CK2CI2) 3470, 3380, 2925, 1730, 1605, 
1525, 1370, 1240, 1175, 1040, and 970cm-1,

£. 2-(2-Ami nothlazol-4-yl)- (2) -2 -C1 - (trana-4-me thyl-
eyciohexyl)-l-methylethoxyimlno3 acetic acid,
Ethyl 2-(2-aminothia2Ol-4-yi)-(Z)-2-Cl'-(trana-4-metthyl- 
eyclohexy1)-1-mathyiothoxyimino]ace tato (63Omg,
1,78mmol) in othanol (14mi) and water (2ml) was treated 
with 1M NaOH (1.78ml) and the mixture was stirred at 
room temperature for 5 days, The ethanol was removed 
by evaporation in vacuo and the residual mixture was 
treated with ethyl acetate (100ml) and water (100ml) 
and the pH was adjusted to 3.0. The aqueous layer was 
extracted with ethyl acetate (3 x 30ml). The combined 
ethyl acetate layers ware dried (MgS©^ and evaporated 
to leave the title compound (390mg, 671), vmax (KBr) 
3290, 3120, 2942, 1724, 1616, 1447, 1380, and 985cm-1? 
δΗ (250MHz, (©©3)28©), 0.04 (3H, d, J S,4Ha), 1.17 
(611, s), 0.7-1.9 (101b m), 6,/8 (llb~s), 7,25 <2H, a), 
and 13,5 (1H, broad a).
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g. 2-(2-Amlnothiazol-4-yl)-(Z)-2-[1-(trans-4-methyl-
cyclohexyl)-l-lroethylethoxyimino) acetic acid 2-pyrldyl

thioester.

2 - (2-Aminothiazol-4-yl)~(J3) -2 -Cl-(trans-4 -methyl cyclo­

hexyl )-1-methylethoxyimino]acetic acid (382mg,

1.17mmol) was converted into the title compound by an 

analogous method to that described in Example 4f, 

except the mixture was stirred for 17h. Filtration 

gave the title compound (291mg, 54%). Work-up and 

chromatography of the material from the mother liquors 

gave a further quantity of product (68mg, 14%). 
rrt.p. 164-5°C? [Pound: C, 57.60? H, 6.43? N, 13.50. 

^20^26^4θ2®2 requires 0,57.39, H, 6.26? N, 13.39%].

^max (KBr) 3125, 2923, 1702, 1660, 1546, 1452, 1421, 
1055, 994, and 931cm·'1? δΗ(250ΜΗζ, (CDa^SO) 0.84 

(3H, d, σ6.3Hz), 0.8-1.4 (5H, m), 1.19 (6H, s), 

1.46-1.75 (5H, m), 6.89 (1H, s), 7.35 ( 2H, s), 7.49 

(IH, m), 7.68 (IH, d, J7.9Hz), 7.95 (IH, dt J 1,9Hz 

and 7.8Hz), and 8.63 (IH, m).

h. Sodium6p-C2-(2-amlnothlazol“4-yl)-(Z)-2-[l- 

(trana-4-methylcyclohexyI)-l-methylethoxylmlno3-

acetamldolpenlcillanato,

2-(2"AmlnothlazoI-4-yl)-(2)-2-Cl-(trans-4-methyIcyclo- 

h©xyl)~l~methylefhoxyimino3aeetic acid 2-pyridyl 

thioeater (215mg) was converted into the title compound 

(134mg) by an analogous procedure to that described in 

Example 4g, vmaX (KBr) 3369, 2975, 2944, 1769, 1610, 
1517, 1321, 969, and 902cm-1? XmaxU^O) 288, 231nm?

(250MHz, OzO), 0.81 (3H, d, J ca 6Hz), 0.9-1.75 

(10H, to), 1.22 (SH, a), 1.49 (3H, a), 1.59 (3H, a),

4.20 (IH, a), 5.58 (IH, d, J 3.7Hz), 5.66 (IH, d, J 

3,7Hz), and 6.85 (IH, a). [PAB mass spectrum 
(thioglyeerol) MH+ (524), MHa+ 5463.
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Example 36.

a. Ethyl (Z)-2-(3,3-dichloroprop-2-en-l-yloxyimino)-

2- ( 2-triphenylmethylaniinothiazol-4-yl) acetate.

Ethyl (Z)-2-hydroxyimino-2-triphenylmethylaminothiazol- 

4-yl)acetate (l.231g, 2.69mmol) was converted into the 

title compound (0.65g 43% yield) using l-bromo*-3,

3- dichloroprop-2-ene by an analogous method

to that outlined in Example 25a. vmax (CH2CI2) 3380, 

1735, 1620, 1545, 1180, and 1025cm"1; δΗ(60ΜΗζ,
GDGI3) 1.37 (3H, t, J 7Hz) , 4.45 (2H, q, J 7llz), 4.87 

(2H, d, J 6.5Hz), 6.23 (1H, t, J 6.5Hz), 6.62 (1H, s), 

7.02 (1H, broad s), and 7.35 (15H, m). [PAD mass 

spectrum (3N0BA/Na+) MH+ (566), MNa+ (588)3.

• ftftftft*

Ϊ »“» b. Ethyl 2- ( 2-aminothiazol-4-yI)-(Z)-2-(3,3-dichloro-
ft »a

prop-2-en-l-yloxylmino) acetate.
Ethyl (z)-2 - (3,3-dichloroprop-2-en-l-yloxyimino)-2-(2- 

’**e*'’ trlphenyimethylaminothlazol-4-yl)acetate (622mg,

a & *
1.09mmol) was dissolved in 98% formic acid (5ml) and 

treated with water (1.5ml). After stirring for 2h the

, ,, formic acid and water were removed under reduced

ft ft $
pressure, Toluene was added and the process repeated.

’ The residue was chromatographed on silica-gel eluting ·

with ethyl acetate/hexane mixtures to give the title 

compound (298mg, 84%) m.p. 135-136°; ["Found c, 37.25?

H, 3.46; N, 13.12, C10HHCI2N3O3S requires C, 37.05?

M, 3.42? N, 12.9643. vmax (CHgC^) 3475, 3380, 3110, 

1735, 1605, 1530, 1375, 1180, and 1025cm"·1? δρ 

(60MHz, GDGI3) 1.30 (3H, t, J ca 7Hz), 4.37 (2H, q, J 

ca 7Hz), 4.72 (2H, d, J ca 6.5Hz), 5.83 (2H, broad s), 

6.1 (1H, t, J ca 6.5Hz), and 6.66 (IK, s).

ft
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c. 2-(2-Aminothiazol-4-yl)-(Z)-2-(3,3-dichloroprop-
2-en-l-yloxyimino)acetic acid.
Ethyl 2 -(2-aminothiazol-4-yl) -(55) -2-(3 ,3-dichloroprop- 
2-en-l-yloxyimino)acetate (285mg, 0.88mmol) was 
hydrolysed in an analogous way to that described in 
Example 4e to give the title compound (167mg, 64%). 
vmax (KBr) 3114, 2935, 1623, 1387, 1017, 883, and 
853cm"1; 6H (250MHz, (CD3)2SO), 4.69 (2H, d, J 
6.5Hz), 6.35 (1H, t, J6.3Hz), 6.91 (IH, s), 7.28 (2H, 
s), and 14.0 (IH, broad s).

d. Sodium 6β— C2—(2-aminothiazol-4-yl)-(Z)-2-(3,3-di- 
chloroprop-2-en-1-yloxyimino)acetamidoIpenicilianate.
2- (2-Aminothiazol-4-yl)-( Zi)~2- (3,3-dichloroprop-2-en- 
1-yloxyimino)acetic acid (155mg, 0.52mmol) was 
converted to the title compound (123mg, 45%) using an 
analogous procedure to that described in Example 32d, 
Vm’axiKBr) 3331, 2971, 1767, 1664, 1611, 1529, 1398, 
1323, and 1024cm"1? δΗ (250MHz, D2O) 1.50 (3H, s),

1.61 (3H, s), 4.22 (IH, s), 4.78 (2H, d, J 6.9Hz), 5.60 
(2H, s), 6.27 (IH, t, J 6.9Hz), and 7.02 (IH, s).

Example 37

a. Diphenylmethyl (Z)-2-[i-methyl-l-(4~nitrobenzyl- 

oxycarbonylethoxylmlno]-2-(2-tritylaminothiazol-4-yl)-

acetate.
A solution of diphenylmethyl (z)-2-hydroxyimino-2-(2- 

tritylaminothiazoi-4-yl)acetate (l.20g)'in dry 

dimethylsulphoxide (12ml) was stirred with potassium 

carbonate (0.552g) and jo-nitrobenzyl-2-bromo-2-methyl 

propionate (0.600g) at room temperature for 1.5h. The 

mixture was poured into water (120ml), the precipitate 

collected by filtration, washed with water, and
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dissolved in ethyl acetate. The solution was washed 
with water, brine, dried (MgSOxj), and evaporated. The 
residue was purified by flash chromatography, eluting 
with ethyl acetate-hexane to afford the title compound 
as a pale yellow foam (1.41g, 88%); \)max (CH2C12) 3370, 
1740, 1520, and 1350 cm-1; 6h(CDC13) 1.48 (6H, s),
5.17 (2H, s), 6.34 (1H, s), 6.65 (1H, br. s), 7.08 (1H, 
s), 7.15-7.32 (26H, m), 7.38 and 7.95 (4H, ABq, J 9Hz) .

b. 2-(2-Aminothiazol-4-yl)- (Z)-2-[1-methyl-l-(4- 
nitrobenzyloxycarbonyl)ethoxyimino]acetic acid.
Diphenylmethyl (JZ) -2-Cl-methyl-l- (4-nitrobenzyloxy- 
carbonyl)ethoxyimino]-2-(2-tritylaminothiazol-4-yl) - 
acetate (l.Og,) was treated with formic acid under the 
conditions described in Example 23d. The title 
compound was obtained as a white solid (0.355g, 75%); 
Vmax (Nujol) 3300 (br), 3100 (br), 1740, 1625 (br). 
1610, 1520, and 1350 cm"1; 6H((CD3)2SO) 1.50 (6H, s), 
5.30 (2H, s), 6.74 (1H, s), 7.15-7.40 (3H, m), and 7.59 
and 8.08 (4H, ABq, J 9Hz).

c. 2-(2-Aminothiazol-4-yl)-(Z)-2-(1-methyl-l-(4-
nitrobenzyloxycarbonyl)ethoxyimino]acetic acid
2-pyridyl thioester.
2 - (2-Aminothiazol-4-yl) - (_Z)-2-Cl-methyl-l- (4-nitrobenz- 
yloxycarbonyl) ethoxyimino] acetic acid (0.325g) was 
treated with triphenylphosphine (0.87g) and 2,2'-di- 
thiodipyridine (0.741g) as described in Example Ic, 
increasing the reaction time to 16h at 7°C to give the 
title compound as a white solid (0.230g, 59%); vmax 
(CH2C12) 3420, 3380, 1735, 1685, 1610, 1525, and 
1350cm"1; 6H (CDCI3) 1.65 (6H, s) , 5.35 (2ΙΪ, s) , 6.78 
(1H, s), 7.32-8.18 (7H, m), and 8.70-8.80 (1H, m).

L
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d. Sodium 6P-[2-(2-aminothiazol-4-yl)-(Z)-2-[l-methyl
-1-(4-nitrobenzylOxycarbonyl)ethoxyimino]acetamido]-
penicillanate.
6p-Amino*anicillanic acid (O.lOOg) was treated with 
2-(2-aminothiazol-4-yl)-(Z)-2-[1-methyl-1-(4-nitro- 

benzyloxycarbonyl)ethoxyimino]acetic acid 2-pyridyl 
thioester (0.220g) as described in Example 4g. The 

title compound was obtained as a white freeze-dried 

solid (28mg); vmax (KBr) 3378, 1773, 1739, 1680, 1606, 
1522, and 1347 cm“l; 6h(D2O) 1.49 (3H, s), 1.58 (9H, 
s), 4.21 (1H, s), 5.28 and 5.37 (2H, ABq, J 12.8Hz), 
5.60 and 5.66 (2H, ABq, J 3.99Hz), 6.93 (1H, s), and 
7.53 and 8.06 (4H, ABq, J 8.7Hz); [Mass spectrum: +ve 
ion (thioglycerol) MH+ (629), MNa+ (651)].

e. Disodium 6β—[2—(2-aroinothiazol-4-yl)-(Z) — 2—(1 —
carboxylato-1-methylethoxyimino)acetamido]penicillanate.
Sodium 6p-[2- (2-aminothiazol-4-yl) - (_Z) -2-[1-methy1- 
1-(4-nitrobenzyloxycarbonyl)ethoxyimino]acetamido]penic 

illanate (60mg) was dissolved in water (10ml) and 
1,4-di.oxan (10ml), 5% palladium on activated carbon 
(60mg) added, and the mixture subjected to
hydrogenolysis at room temperature and pressure for 

lh. Sodium hydrogen carbonate (8.8mg) in water (2ml) 
was added,’· the mixture filtered through Kieselguhr and 
the 1,4-dioxan removed under reduced pressure. The 
resultant aqueous solution was washed twice with ethyl 
acetate, evaporated to low volume and purified on 
HP20SS using water as eluant. The product-containing 
fractions were combined and lyophilised to give the 
title compound as a white amorphous solid (22mg); \>max 
(KBr) 3417-, 1766, 1594, 1530, and 14.01cm“1i 6h (&2O) 
1.44 (3E, s), 1.47 (3H, s), 1.51 (3H, s), 1.61 (3H, s), 
4.25 (1H, s), 5.63 -5.68 (2H, m), and 6.99 (1H, s).
[Mass spectrum: +ve ion (thioglyceroi) MH+ (516), MNa+
(538)].
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Example 38

a. Diphenylmethyl (Ζ)-2-[ (4-nitrobenzyloxycarbonyl)- 
methoxyim.ino]-2-(2-tritylaminothiazol-4-yl) acetate.
Diphenylmethyl ( Zj-2-hydroxyimino-2- (2-tritylamino- 
thiazol-4-yl) acetate (5.95g) was treated with 
potassium carbonate (2.76g) and p-nitrobenzyl bromo­
acetate (3.014g) under the conditions described in 
Example la. The title compound was obtained as a pale 
yellow solid (6.64g, 84%), m.p. 176-17Q°C; \>inax (KBr) 
3390, 3070, 3030, 1765, 1740, 1605, 1525, and 1490cm"1; 
6h(CDC13) 4.80 (2H, s), 5.23 (2H, s), 6.01 (IH, s),
6.85 (IH, br. s), 7.06 (IH, s), 7.17-7.33 (25H, m),
7.38 and 8.12 (4H, ABq, J 10Hz).

b. 2-(2-Aminothiazol-4-yl)-(Z) — 2—C(4-nitrobenzyloxy-
carbonyl) metho'xyimino] acetic acid .
Diphenylmethyl (Zj-2-(4-nitrobenzyloxycarbonyl) methoxy- 
imino-2-(2-tritylaminothiazol-4-yl)acetate (2.5g) was 
treated with formic acid under the conditions described 
in Example 23d, increasing the reaction time to 26h.
The title compound was obtained as a white solid. 
(1.13g); \>ιη3Χ (Nujol) 3520, 1745, 1605, and 1510cm-1; 
6h((CD3)2SO) inter alia 4.85 (2H, s), 5.37 (2H, s),
6.86 (IH, s), 7.23 (2H, br. s), 7.57 and 8.23 (4H, ABq, 
J 8Hz) .

c. 2-(2-Aminothiazol-4-yl)-(Z)-2-C(4-nltrobenzyloxy- 
ca'rbonyl )methoxyimino] acetic acid 2-pyridyl thioester.
2- (2 -Aminothiazol-4-yl) -(_Z) -2[ (4-nitrobenzyloxycarbon- 
yl)methoxyimino]acetic acid was converted to the title 
compound (40%) under the conditions described in 
Example lc, increasing the reaction time to 16h at 7°C;
Vmax (Nujol) 3425, 3100, 1760, 1690, 1630, 1545, and 
1510cm-1; δΗ [(CD3)2SO] 4.95 (2H, s), 5.37 (2H, s),
7.00 (IH, s), 7.37-8.25 (12H, m), and 8.50-8.68 (lH,m).

\ * I
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? d. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-[(4-
ί nitrobenzyloxycarbonyl)methox.yimino] acetamido]·
I penicillanate. .
J ’ ■ - —■ -■ ■

ί 6p-Aminopenicillanic acid was treated with 2-(2-amino-
j thiazol-4-yl)-(Z)-2-[(4-nitrobenzyloxycarbonyl)methoxy-
s imino] acetic acid 2-pyridyl thioester as described in
ί Example 4g. The title compound was obtained as a white
t
> freeze-dried solid (15% ) ; vmax (KBr) 3369, 1761, 1670,
j 1606, and 1521cm-1; 6H(D2O) 1.48 (3H, s), 1.55 (3H,
\ s), 4.22 (1H, s), 5.36 (2H, s), 5.57 and 5.73 (2H, ABq,
j J 3.9Hz), 7.04 (1H, s), 7.53 and 8.15 (4H, ABq, J

'5 8.7Hz) .

,,t .

ι
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Si
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e. Disodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(carboxylatomethoxyimino)acetamido]penicillanate.
Sodium 613 — C2 — (2-aminothiazol-4-yl) — (Z)—2 — [ (4-nitro­
benzyloxycarbonyl) methoxy imi no] ace tamido]penici liana te 
(50mg) was subject to hydrogenolysis under the 
conditions described for Example 37e. The product was 
obtained as a white freeze-dried solid (32mg); vmax 
(KBr) 3405, 1765, 1600, and 1531cm-1; 6H(D2O) 1.52 
(3H, s), 1.59 (3H, s), 4.27 (1H, s), 4.54 (2H, s), 5.62 
and 5.65 (2H, ABq, J 4Hz), and 7.07 (1H, s).

Example 39 :

a . Ethyl ( Z)-2-(trans-2-methoxycyclohexyloxyimino)-3- 
oxobutyrate.
(Z)-2-hydroxyimino-3-oxobutyrate (0.98g) was alkylated 
with cis-2-methoxycyclohexanol (0.89g) as described in 
Example 4, method 3. The pure title compound was 
obtained as a colourless oil (0.3g).· vraax (film) 1745, 
1695, and 1595cm-1; 6H(CDCl3) 1.30-2.30 (13H, in),
2.39 (3H, s), 3.42 (3H, s), and 4.20-4.60 (3H, >m).
[Mass spectrum: CI MH+ (272)]. *

-."T
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b . Ethyl 4-bromo- ( Z ) -2- (trans-2-inethQxycyclohexylQxy- 
imlno)-3-oxobutyrate. ,
Ethyl ( Z)-2-(trans-2-methoxycyclohexyloxyimino) -3-oxo­
butyrate (2.82g) was brominated according to the 
procedure outlined in Example 4c to give the crude 
title compound.

C-. Ethyl 2- ( 2-aminothiazol-4-yl) - ( Z ) - 2- (trans-2- 
methoxycyclohexyloxyimino)acetate .
Ethyl 4-bromo-(z)-2-(trans-2-methoxycyclohexyloxyimino) 
-3-oxobutyrate was treated with thiourea (0.79g) and 
N,N-dimethylaniline (1.318ml) as described in Example 
4d to give the title compound as an orange gum (l.78g) 
after silica gel chromatography. vmax (CH2CI2) 3460, 
3370, 3250, 3100, 1730, 1605, and 1530cm"1; 6H(CDC13)

* inter alia 1.10-1.20 (11H, m), 3.32 (IH, m), 3.43 (3H, 
s), 4.00-4.50 (3H, m), 6.55 (2H, br. s), and 6.66 (IH,* t *

■' s). [Mass spectrum: ΞΙ M+ (327)].

d· 2~(2-Aminothiazol-4-yl)-(Z)-2-(trans-2-methoxy-
cyclohexyloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(trans-2-methoxy- 
cyclohexyloxyimino)acetate (1.79g) was hydrolysed with 
IM sodium hydroxide (10.75ml) in ethanol (20ml) as 
described in Example 4e. After acidification of the 
aqueous phase to pH 2-3 the water was removed under 
reduced pressure. The residue was extracted with hot 
ethanol and concentrated to dryness to give a brown 
foam. Trituration with ethyl acetate gave the title 
compound as a, buff coloured solid (0.904g). vniax(KBr) 
3302, 3207, 1628, 1534, and 1450cm"1; δΗ ((CD3)2SO)

, inter alia 1.00-2.00 (8H, m), 3.00-3.33 (4H, ni and s) ,
3.90-4.30 (IH, m), 6.87 (IH, s), and 7.28 (3H, br. s). 
[Mass spectrum: +ve ion (thioglycerol) MH+ (300), MNa+ 
(322)] .
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e · 2-(2-Amlnothiazol-4-yl) - (Z) -2- (trans-2-methoxy-
cyclohexyloxyimino)acetic acid 2-pyridyl thioester.
2-(2-Aminothiazol-4-yl) - (Z)-2-(trans-2-methoxycyclohex-

. . . ., . ιyloxyimino)acetic acid (0.8g) was converted to the 
corresponding 2-pyridyl thioester (0.319g) as described 
in Example lc. m.p. 158°C (ethanol); Umax (KBr) 3326, 
3108, 1688, 1626, 1570, 1562, and 1540cm-1; δΗ 
((CD3)2SO) 1.10-2.20 (8H, m) , 3.20-3.50 (4H, m and s), 
4.15 (IH, m), 7.05 (IH, s), 7.41-8.10 (3H, m), and 8.76 
(IH, m). [Mass spectrum: +ve ion (thioglycerol) MH+ 
(393)].

f. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-
2-methoxycyclohexyloxyimino)acetamido]penicillanate.
2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-2-methoxycyclo- 
hexyloxyimin'o) acetic acid 2-pyridyl thioester (0.277g) 
was coupled with 6p-aminopenicillanic acid (0.153g) as 
described in Example Id. The title compound was 
obtained as a white freeze-dried solid (0.139g); vmax 
(KBr)' 3377, 3196, 1767, 1668, 1608, 1528, and 1453cm-1:
δΗ (D20) 1.25 (3H, m), 1.42 (IH, m), 1.51 (3H, s),
1.62 (3H, s), 1.66 (2H, m), 2.09 (2H, m), 3.39 (3H, s),
3.43 (IH, m), 4.12 (IH, m), 4.22 and 4.23 (together IH,
2s), 5.62-5.67 (2H, m), 6.98 and 6.99 (together IH,
2s). [Mass spectrum: +ve ion (thioglycerol) MH+ (520), 
MNa+ (542)].

Example 40

a . Ethyl (Z )-2-(tetrahydrothien-3-yloxyimino)-3- 
oxobutyrate.
Ethyl ( Zi)-2-hydroxyimino-3-oxobutyrate (1.68g) was 
treated with 3-bromotetrahydrothiophene as described in 
Example 4a, method 2, to give the title compound (1.7g,

•V
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68%) as a colourless liquid; [Found M+ 245.0719, 

c10h15no4s requires M 245.0722]. vmax (film) 2890, 
2940, 1745, 1695, and 1600 cm-1. δΗ (CDC13) 1.33 

(3H, t), 2.02 (1H, m), 2.41 (3H, s), 2.47 (1H, m), 2.89 

(2H, m), 3.13 (2H, m), 4.35 (2H, q), and 5.14 (1H, m). 

6c (CDC13) 14.1, 25.2, 28.6, 35.7, 62.0, 88.3, 150.8, 

160.7, and 192.6.

b. Ethyl 4-bromo-(Z)-2-(tetrahydrothien-3-yl- 

oxyimino)-3-oxobutyrate.

Ethyl (_Z)-2-( tetrahydrothien-3-yloxyimino)-3-oxo-  

butyrate (1.29g) was dissolved in a mixture of carbon- 

tetrachloride' (15ml) , dichloromethane (5ml) and 

methanol (2ml). The mixture was cooled to -26°, a 

solution of hydrogen bromide in acetic acid (0.05ml,

45% w/v) was added followed by bromine (0.29ml). The 

mixture was allowed to warm to room temperature and 

stirred for 3 days. The solvents were removed under 

reduced pressure, the residue was partitioned between 

ethyl acetate and water. The organic layer was washed 

successively with saturated aqueous sodium bicarbonate, 

water and brine, then dried (MgSO4) and evaporated. 

Purification by flash chromatography with

dichloromethane elution gave the title compound (0.4g, 

23%) as a pale yellow liquid. vmax (film) 2970, 2940, 

1740, 1695, and 1600 cm-1. δΗ (CDC13) 1.34 (3H, t), 

2.04 (1H, m), 2.48 (1H, m), 2.90 (2H, m), 3.13 (2H, m), 

4.33 (2H, s), 4.37 (2H, q), and 5.18 (1H, m). [Mass 

spectrum: +ve ion MH+ (324)].
1 7
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c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro- 
thien-3-yloxyimino)acetate.
Ethyl 4-bromoy(Z)-2-(tetrahydrothien-3-yloxyimino)-3- 
oxobutyrate (0.39g) was converted into the title 
compound (0.24g, 66%) as described in Example 4d, m.p. 
151-2°C (toluene), vraax (KBr) 3113, 1734, 1610, and 
1538cm-1, 6H(CDC13) 1.38 (3H, t), 1.93 (1H, m), 2.48
(1H, m), 2,86 (2H, m), 3.09 (2H, d), 4.4 (2H, q), 5.15 
(1H, m), 5.20 (2H, br s), and 6.75 (1H, s). [Mass 
spectrum, +ve ion (ammonia) MH+ (302)].
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d . 2- (2-Ami'nothiazol-4-yl) - ( Z )-2- (tetrahydrothien-3-
yloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydrothien-3- 
yloxyimino)acetate (0.17g) was hydrolysed as described 
in Example 17d, to give the title compound (86mg).

e· 2-(Aminothiazol-4-yl)-(Z)-2-(tetrahydrothien-3-yl-
oxyimino)acetic acid 2-pyridyl thioester.
2-(2-Aminothiazol-4-yl)-(Z. )-2 - (tetrahydrothien-3-yl- 
oxyimino)acetic acid (86mg) was converted into the 
title compound, contaminated with 2-mercaptopyridine, 
as described in Example 4f.

t - f. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-
(tetrahydrothien-3-yloxyimino)acetamido]penicillanate.
2-(2-Aminothiazol-4-yl)-(Z)-2-(tetrahydrothien-3-yloxy- 
imino)acetic acid 2-pyridyl thioester was coupled to 
6p~aminopenicillanic acid as described in Example Id to 
give the title compound (50mg, 33% 2 steps) as a white 
freeze-dried solid, \>max (KBr) 3325 , 1762, 1668, 1607,
and 1527 cm-1, δΗ (D20) 1.52 (3H, s), 1.63 (3H, s),
1.94 (1H, m), 2.48 (1H, m), 2.91 (2H, m), 3.12 (2H, m),
4.24 (1H, s), 5.12 (1H, m), 5.6 (1H, d), 5.66 (1H, d),
and 7.02 (1H, >d). [Mass spectrum: +ve ion (thio-
glycerol) MH+ (494), MNa+ (516)].

Λ

U ' '



Γ
. .A

118
Example 41

а. Ethyl (Z)-2-(cis-2-methylcyclohexyloxyimino)-3-
oxobutyrate■
Ethyl ( Z; )-2-hydroxyimino-3-oxobutyrate (3.48g) was 
reacted with trans-2-methyleyelohexanol as described in 
Example 4a, method 3 to give the title compound 
(0.476g, 8.5%), as a colourless liquid, vmax (film) 
2930, 1740 and 1690cm-1, δΗ (CDC13) 0.95 (3H, d, J
б. 9Hz), 1.34.(3H, t), 1.3-2.1 (9H, m), 2.40 (3H, s), 
4.36 (2H, q), and 4.39 (IH, m).

?:.
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b. Ethyl 4-bromo-(Z)-2-(cis-2-methylcyclobexyloxy-
imino)-3-oxobutyrate.
Ethyl (J2) - 2- (_cis-2-methyl eye lohexyloxyimino) -3-oxo­
butyrate (0.46g) was treated with bromine as described
in Example 4c to give the title compound (0.41g, 68%),
Vmax (film) 2930, 1740, and 1695cm-1, δΗ (CDCI3) 0.95
(3H, d, J6.7Hz), 1.35 (3H, t), 1.3-2.1 (9H, m), 4.35
(2H, s) , 4.38 (2H, q), and 4.40 (IH, m). [Mass
spectrum: +ve ion (ammonia) MH+ (334)].

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cis-2-metbyl-
cyclohexyloxyimino)acetate.
Ethyl 4-bromo- (7)-2-( cis-2-methylcyclohexyloxyimino) -
3-oxobutyrate was converted into the title compound
(0.24g, 66%) as described in Example 4d, m.p. 123-126°C
(cyclohexane/hexane), [Found: M+ 311.1309, C14H21N3O3S
requires M 311.1303] . vmax (KBr) 3453, 3117, 2927,
1730, 1610, and 1538cm-1, 6H(CDC13) 0.95 (3H, d, J
7.0Hz), 1.38 (3H, t), 1.3-2.1 (9H, m), 4.36 (IH, m),
4.39 (2H, q), 5.35 (2H, br s), and 6.69 (IH, s). i

Ai
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d . 2- (2-Aminothiazol-4-yl) - ( Z ) -2- ( cis-2-methylcyclo-
hexyloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(ois-2-methylcyclo- 
hexyloxyimino)acetate (0.227g) was hydrolyesd as 
described in Example 17d to give the title compound
(0.159g, 77%).

e. 2-(2-Aminothiazol-4-yl)- (Z)-2-(cis-2-methylcyclo-
hexyloxyimino)acetic acid 2-pyridyl thioester.
2t(2-Aminothiazol-4-yl)-(Z)-2-(cis-2-methylcyclohexyl- 
oxyimino)acetic acid (0.159g) was converted into the 
title compound (0.17g, 80%) as described in Example 4f.

f. Sodium 6{3—C 2 — ( 2-ajninothiazol-4-yl) - (Z)-2-( cis-2- 
methylcyclohexyloxyimino)acetaraido]penicillanate.
2- (2-Aminothiazol-4-yl) -(_Z)-2-( cis-2-methylcyclohexyl- 
oxyimino)acetic acid 2-pyridyl thioester (0.17g) was 
coupled to 6p-aminopenicillanic acid as described in 
Example Id to give the title compound (57 mg, 25%), as 
a white freeze-dried solid, \>max (KBr) 3385, 2928,
1767, 1668, 1609, and 1514cm-1, δΗ (D2O) 0.91 (3H, 
d+d), 1.2-2.0 (9H, m), 1.50 (3H, s), 1^60 (3H, s), 4.21 
(1H, s), 4.28 (1H, m) , 5.62 (1H, d+d), 5.68 (1H, d+d), 
and 6.94 (1H, s). [Mass spectrum +ve ion (thioglycerol) 
MH+ (504), MNa+ (526)].
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Example 42

a . tert-Butyl- (Z)-2- (transM-rocthoxycarbonylcyclo-

hexyloxyimino)-3-oxobutyrate. (

A solution of diethyl azodicarboxylate (1,62ml) in 
tetrahydrofuran (5ml) was added dropwise to a solution 
of tert-butyl (z)-2-hydroxyimlno-3-oxobutyrate (1.6g), 
methyl cls-4--hydroxycyclohQxanecarbQxyiatQ (1,9g) and 
triphenylphosphine (2.7g) in tetrahydrofuran (20ml) 
over 15min at room temperature. The mixture was 
stirred for 18h, then the solvent removed under reduced 
pressure. The residue was chromatographed on silica to 
give the title compound (0.93g, 33%) as a colourless 
liquid, vmax (film) 2950. 1730, and 1690cm"1.

(CBClj) 1,47-1,64 (3B, m), 1,53 (SB, s), 1,56 (3B, 
d, J 5,3Hz). 2,05 (2B, m), 2,17 (2B, m), 2.35 (lH, ffl),
2.37 (3B, s), 3,69 (3B, s), and 4,24 (IB, tt, J 4.1, 
10,0Hz), 6C (GBC13) 25,2, 26,3 (2G), 28,1 (3G)7 29,9 
(2G), 41,6, 51.7, 82.9, 84,0, 160,6, 175.5, and 193.0, 
EMoss spectrum +vo ion (ammonia) MH+ (328), MNIty* 
(345)3,

«4*
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b · 2~ (2-Aminothiazol-4-yl) -(Z)-2-(trans-4-methoxy-

carbonylcyclohexyloxyimino) acetic acid.

Sulphuryl chloride (0.55ml) was added to a solution of 

tert-butyl (Z)-2-(trans-4-methoxycarbonylcyclohexyloxy­

imino) -3-oxobutyrate (0.50g) in acetic acid (1.5ml).

The mixture was stirred at 45-50°C for 3.5h, then 

evaporated to dryness. Toluene (2ml) was added and 

evaporated, the process was repeated two more times to 

leave a residue of 4-chloro-(Z)-2-(trans-4-methoxy- 

carbonylcyclohexyloxyimlno)-3-oxobutyrlc acid. 6h 

(00013) inter'alia 3.7 (3H, s) and 4.5 (2H, s). This 

residue was dissolved in ethanol (5ml), thiourea 

(0.14g) and N,N-dimethylaniline (O.22g) were added with 

stirring. After 18h the mixture was evaporated and the 

residue dissolved in a mixture of ethyl acetate and 

water, The pH was adjusted to 8,0 by addition of 

aqueous sodium bicarbonate, The aqueous layer was 

separated, adjusted to pH 2,8 with IM aqueous 

hydrochloric acid and lyophilised. The resulting solid 

was extracted with a mixture of acetone and methanol to 

give the title compound as a gum, (CDCI3) inter 

alia 3.7 (3H> s) and 6,9 (IH, s).
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c· 2- U-Aminothiazol^-ylj-tzJ^-ttrans^-methoxy-

carbonylcyclohexyloxyimino) acetic acid 2-pyridyl
thioester.

2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-4-methoxycarbonyl- 

cyclohexyloxyimino) acetic acid was converted into the 

bitle compound (0.177g, 28%, 3 steps) as described in 

Example 4f. m.p. 156-158° (toluene), [Found: C, 51.80; 

H, 4.95; N, 13.10. ΟΐθΗ20^4θ4®2 requires C, 51.41; H,

4.79; N, 13.32%], \>max (KBr) 3428, 3125, 2942, 1714, 
1684, and 1611cm"1, δΗ (CDCl3) 1.56 (4H, m), 2.0-2.4 

(SH, m), 3.68 (3H, s), 4.26 (IH, m), 5.83 (2H, brs), 

6.82 (IH, s), 7.35 (IH, m), 7.76 (2H, m), and 8.67 (IH, 

m).

d. Sodium 6β-[2-(2-amlnothlazol-4-yl) -(Z)-2-(trans-

4-methoxycarbonylcyclohexyloxyimino)acetamido]

penicillanate. t
2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-4-methoxycarbonyl- 
cyclohexyloxyimino) acetic acid 2-pyridyl thioeater 
(0.138g) was coupled to 6p-aminopenicillanic acid as 
described in Example Id to give the title compound 
(80mg, 45%) as a white freeze-dried solid, \>raax(KBr) 
3335, 2945, 1767, 1723, 1668, 1609, and 1527cm"1, 
6h(D2O) 1.48 (4H, m), 1.52 (3H, s), 1.63 (3H, s),
2.06 (4H, m), 2.43 (IH, m), 3.68 (3H, s), 4.21 (IH, m), 
4.23 (IH, s), 5.63 (IH, d) , 5.66 (IH, d) , and 6.99 (IH, 
s). [Mass spectrum» +ve ion (thioglycerol) MH+ (548), 
MNa+ (570)3. ‘

Example43

a. Ethyl (z) -2-( 1,l-dloxotetrahydrothlen-3-yloxy'
1mlno)-3-oxobutyrate,
A solution of 3-ehloroperbenzoie acid (2.49g) in 
chloroform (20ml) was added to a solution of ethyl 
(2)-2-(tetrahydrothlen-3“yl©xyimino)“3«oxobutyrato
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(1.37g) in chloroform (30ml) over 5min at 0°C. After 
stirring at room temperature for 30min, then at 50°C 
for Ih, the solution was washed successively with 

saturated aqueous sodium bicarbonate, water and brine 

and dried (MgSO4). The residue after evaporation was 
chromatographed on silica to give the title compound 
(1.55g, 100%); [Found: MH+ 278.0701, Ci0H15NO6S +H+ 

requires 278.0698],, \)max (film) 2980, 1740, 1700, 1305, 
and 1000cm”1; δΗ (CDC13) 1.35 (3H, t), 2.42 (3H, s), 

2.60 (2H, m), 3.17 (2H, m), 3.42 (2H, m), 4.38 (2H, q), 
and 5,.22 (1H, m) .

b . Ethyl 4-chloro-(Z)-2·" (1,l-dioxotetrahydrothien-3- 
yloxyimino)-3-oxobutyrate.
Sulphuryl chloride (3ml) was added to a solution of 

ethyl (Z)-2-(1,l-dioxotetrahydrothien-3-yloxyimino)- 
3-oxobutyrate (1.55g) in acetic acid (6ml). The 

mixture was stirred at 50° for 5h, then evaporated to 
dryness. The residue was chromatographed on silica to 

give the title compound (0.87g, 50%) as a white solid, 
m.p. 86-88°C (ethanol), vraax (KBr) 3012, 1741, 1714, 
1302, and 993cm”1, δΗ (CDC13)) 1.36 (38, t), 2.62 

(28, m), 3.17 (28, m), 3.42 (28, m), 4.40 (2H, q), 4.56 

(28, s), and 5.25 (IB, m).

c. Ethyl 2-(2-aminothlazol-4-yl)-(z)~2-(l,i-dioxo-
tetra-hydrothieh-3-yloxyimino)acetate,

Ethyl 4-chloro-(z)-2-(l,l-dioxotetrahydrothien-3- 
yloxyimino)-3-oxobutyrate (0.467g) was converted into 
the ^tle compound (0.34g, 68%) as described in Example 
4d, m.p, 147-148°C (ethanol ). [Founds C, 39.80; 8, 
4.42; N, 12.35. G11815N3O5S2 requires C, 39.63? 8,
4.54; N, 12.60%]. vmax (KBr) 1735, 1618, 1537, 1307, 
and 999cm“l, $H(CDC13) 1.40 (38, t), 2.45 (18, m),
2.66 ¢18, m), 3.14 (28, m), 3.37 (28, d, J 4.38z) 4,43 

(28, q), 5.21 (IB, m), 5.44 (18, br s), and 6.80 (18, 
S')*.

i(
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d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(1, 1-dioxotetra-
hydrothien-3-yloxyimino) acetic acid.
Ethyl 2-(2-aminothiazol-4-yl) — (J3) —2 — (1, 1-dioxotetra- 
hydrothien-3-yloxyimino) acetate (0.34g) was hydrolysed 
as described in Example 17d to give the title compound 
(0.15g, 48%).

e. 2-(2-Aminothiazol-4-yl)-(Z)~2-(1,1-dioxotetra-
hydrothien-3-yloxyimino)acetic acid 2-pyridyl
thioester.

u
Η
i JIX

2-(2-Aminothiazol-4-yl)- (Z)-2-(1,1-dioxotetrahydro- 
thien-3-yloximino) acetic acid (80mg) was converted 
into the title compound (20mg, 19%) as described in 
Example 4f.

f. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-
(1,l-dioxotetrahydrothien-3-yloxyimlno)acetamido]-
penicillanate.
2-(2-Aminothiazol-4-yl) — (_Z) —2 — (1,1-dioxotetrahydrothien 
-3-yloxyimino)acetic acid 2-pyridyl thioester (20mg) 
was coupled to 6p-aminopenicillanic acid as described 
in Example Id to give the title compound (2.1mg, 8%) as 
a white freeze-dried solid. δΗ (D2o) 1.54 (3H, s),
1.64 (3H, s), 2.56 (1H, m), 2.69 (1H, m), 3.34 (2H, m), 
3.59 (2H, m) , 4.27 (1H, s), 5.23 (1H, m), 5.66(2H, m), 
and 7.11 (1H, d), [Mass spectrum, +ve ion
(thioglycerol) MH+ (526)Λ MNa+ (548)].

'V.



125

·

Example 44

a. Ethyl (Z)-2-(decahydronapth-2-yloxyimino)-3-oxo­
butyrate .
Ethyl (£)-2-hydroxyimino-3-oxobutyrate, (2.4g) was 
reacted with cis, trans-decahydronapth-2-ol as 
described in Example 4a, method 3 to give the title 
compound (l.7g). (Found: M+, 296.1868. CigH26NO4 
requires M, 296.1861), \)max (film) 2930, 1745, 1690,

, and 1005cm”1, δΗ (CDCI3) 0.8-2.2 (16H, rn) , 1.35 (3H,
t), 2.4 (3H, s), 4.28 (1H, m), and 4.35 (2H, q).

b. Ethyl 4-bromo-(Z)-2-(decahydronaphth-2-yloxyimino)
-3-oxobutyrate.

%’**’ Ethyl (!Z)-2-(decahydronaphth-2-yloxyimino)-3-oxo-
, · ,’·» butyrate (1.7g) in carbon tetrachloride (10ml) was

β β β 9

treated with bromine (0.29ml). The mixture was stirred « '
at room temperature for lh, then the solvent was

e a
oo“’ evaporated under reduced pressure. The residue was

dissolved in ether, washed with water, dried (MgS04) 
and evaporated under reduced pressure. The title

■ , ** compound (0.7g) was isolated by flash chromatoqraphy on* S » ' - ““·
silica eluting with chloroform:carbon tetrachloride.

O 4 6 ■
*·’··' 6h(CDC13) 1.33 (3H, t) , 1.10-2.00 (16H, m), 6.35 (2H,
: s), 4.40 (2H, q), and 4.40 (1H, m).

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(decahydro-
naphth-2-yloxyimino)acetate.
Ethyl 4-bromo- (25)-2-(decahydronaphth~2-yloxyimino) -3- 
oxobutyrate (0.7g) was converted into the title 
compound (0.48g) as described in Example 4d. (Found:
M+, 351.1618. C17H25N3O3S requires M, 351.1616), vmax 
(CHCI3) 2930, 1730, 1605, 1530, and 1005cm-1, δΗ 
[(CD3)2GO] 0.8-2.1 (16H, m), 1.33 (3H, t), 4.20 (1H, 
m) , 4.33 (2H, q), 6.8 (1H, s), and 6.98 (2H, br s) .
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d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(decahydronaphth-2-

yloxyimino) acetic acid.

Ethyl 2-(2-aminothiazol-4-yl)-(^)-2-(decahydronaphth- 

2-yloxyimino)acetate (0.48g) was hydrolysed as 

described in Example 4e to give the title compound 

(0.35g), \imax (KBr) 3118, 2920, 1625, and 1013cm-1, 

6hC(CD3)2SO] 0.8-2.1 (16H, m), 4.06 (1H, m), 6.82 

(1H, s), and 7.26 (3H, br s).

ii

ν ΐ

t i *
< · ι ι

t », 
It*9 9 9 9

» ,44 99 9 9 9
♦ 999 * 99 I 9 9

9 II 9 » 9
i 9 I I

e· 2-(2-Aminothiazol-4-yl)-(Z)-2-(decahydronaphth-2-

yloxyimino)acetic acid 2-pyridyl thioester.

2-(2-Aminothiazol-4-yl)-(^)-2-(decahydronaphth-2-yloxyi 

mino)acetic acid (348mg) was converted to the title 

compound (450mg) as described in Example 4f.

f. 613-[2- (2-Aminothiazol-4-yl) — (Z)—2 — (decahydronapth-

2-yloxyimino)acetamido]penicillanic acid.

2- (2-Aminothiazol-4-yl) - (j5) - 2- (decahydronaphth-2-yloxy- 

imino)acetic acid 2-pyridyl thioester (450mg) was 

coupled to 6p-aminopenicillanic acid as described in 

Example Id except that the title compound (20mg) was 

isolated as the zwitterion, by flash chromatography on 

silica eluting with ethyl acetate: propan-2-ol:water, 

Vmax(KBr) 3344, 1773, 1638, 1610, and 1526cm"1, δΗ 

C(CD3)2SO] 1.10-1.85 (16H, m), 1.44 (3H, s), 1.56 (3H, 

s), 3.95 (lH, s), 4.03 (1H, m), 5.47 (2H, m), 6.74 (1H, 

s), 7.21 (3H, s), and 9.22 (1H, m) [Mass spectrum: 

(thioglycerol) MH+(522)].
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Example 45

a . Ethyl (Z)-2-([R,S]-l-phenylethyloxyimino)-3-oxo­
butyrate . ·
Ethyl (^)-2-hydroxyimino-3-oxobutyrate (2.4g) was 
reacted with [R,S]-l-phenylethanol (1.81ml) as 
described in Example 4a, method 3 to give the title 
compound (1.4g), vraax (film) 1740, 1685, and 1230cm-1, 
6H(CDC13) 1.32 (3H, t), 1.61 (3H, d J 7Hz), 4.30 (2H, 
q), 5.41 (IH, q, J 7Hz), and 7.27 (5H, s), [Mass 
spectrum: (ammonia) MH+ (264), MNH44· (231)].

b Ethyl 4-bromo-(Z)-2-([R,S]-l-phenylethyloxyimino)
-3-oxobutyrate,

, Ethyl (£)-2-([R,S]-l-phenylethyloxyimino)-3-oxobutyrate
. / . (1.3g) was brominated as described in Example 4c to

’ ! 1

.... give the title compound (l.65g), (GDC13) 1.34 (3H,
t), 1.61 (3H, d, J7Hz), 4.21 (2H, s) , 4.37 (2H, q) ,

*··’♦’ 5.43 (IH, q, J 7Hz) , and 7.29 (5H, s) .
« β 4 —.·« 4♦ ββί

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-([R,S]-1- 
• << phenyloxyimino) acetate.

Ethyl 4-bromo-(_Z)-2-( [R, S]-l-phenylethyloxyimino)-3- 
«' oxobutyrate (1.6g) was converted into the title

compound (0.5g) as described in Example 4d after 
crystallisation from toluene, vraax (KBr) 3439, 3101, 
1729, and 1612cm-1, δΗ [(CD3)2CO] 1.33 (3H, t), 1.50 
(3H, d, J 7Hz), 4.34 (2H, q), 5.32 (IH, q, J 7Hz), 6.52 
(2H, br s), 6.77 (IH, s), and 7.30 (5H, m), [Mass 
spectrum: M+ (319)].
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d. 2-(2-Aminothiazol-4-yl)-(Z)-2-([R,S]-l-phenyl- 
ethy 1-oxy imino) acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)-(20-2-([R,S]-l-phenyl- 
ethoxy imino) acetate (0.45g) was hydrolysed as 
described in Example 4e to give the title compound 
(0.12g), Vn,ax (KBr) 2975 (br) , 1616 (br) , and 1385cm"1; 
δΗ ((CD3)2SO) 1.45 (3H, d, J 7Hz) , 5.28 (1H, q, J 
7Hz), 6.81 (1H, s), 7.23 (2H, br s), and 7.32 (5H, m), 
[Mass spectrum: M+ (291)].

e. 2-(2-Aminothiazol-4-vl)-(Z)-2-(Γ R.S]-l-phenyl- 
ethyloxyimino)acetic acid 2-pyridyl thioester■

, ,, 2-(2-Aminothiazol-4-yl)-(^)-2-([R,S]-l-phenylethyloxy-
r < *”'· imino)acetic acid (120mg) was converted into the title
« *« --------------
'•ί,,' compound (175mg) as described in Example 4f, vmax (KBr)

3441, 3113, 1688, 1614, 1570, and 929cm"1, 0H(CDCl3) 
1.56 (3H, d), 5.34 (1H, q) , 6.48 (2H, br s), 6.72 (1H,

j s), 7.32 (1H, m), 7.44 (5H, m), 7.76 (2H, m), and 8.72
”” (1H, m), [Mass spectrum: M+ (384)].

*,:*** f· 6β-[2-(2-Aminothiazol-4-yl)-(Z)-2-([R,S]-l-phenyl-
ethyl oxy imi no) acetamido]penicillanic acid.
2-(2 -Aminothiazol-4-yl) - (53)- 2 - ( [R, S]-.1-phenyl e thyloxy- 
imino)acetic acid 2-pyridyl thioester (l70mg) was 
coupled.to 6β-aminopenicillanic acid as described in 
Example Id except that the title compound (90mg) was 
isolated as its zwitterion, by flash chromatography on 
silica eluting with ethyl acetate:propan-2-ol:water, 
vmax(KBr) 3351, 1773, 1671, 1615, 1525, and 1317cm"1, 
6H[(CD3)2CO] 1.45 (3H, d, J 6.6Hz), 1.46 , 1.48,
1.67, 1.68 (6H, 4s), 4.12,'4.14 (1H, 2s), 5.23 (1H, q,

•J6.6Hz), 5.57 (2H, m), 6.72, 6.73 (1H, 2s), 7.20 (3H,
s) , 7.32 (5H, m), 9.48 and 9.50 (1H, 2d), [Mass
spectrum: (thioglycerol) MH+ (490)].



129

4
*

Example 46

a Ethyl (Z)-2-(2,6-dichlorobenzyloxyimino)-3-oxo- 
butyrate.
Ethyl (J5)-2-hydroxyimino-3-oxobutyrate (3.33g) was 
alkylated with 2,6-dichlorobenzylchloride (4.39g) as 
described in Example 4a to give the title compound

. (6g), 6H(CDC13) 1.27 (3H, t), 2.34 (3H, s), 4.36 (2H,
q), 5.68 (2H, s) , and 7.4 (3H, m). [Mass spectrum: M+ 
(317)].

b. Ethyl 4-bromo-(Z)-2-(2,6-dichlorobenzyloxyimino)-
3-oxobutyrate.
Ethyl (JZ)-2-( 2,6-dichlorobenzyloxyimino)-3-oxobutyrate 
(5.8g) was reacted with bromine (0.94ml) as described 
in Example 4c to give the title compound (7.2g),

•J” 6H(CDC13). 1.31 (3H, t) , 4.35 (2H, s) , 4.45 (2H, q) ,
»„ . 5.73 (2H, s) , and 7.43 (3H, m). 'fk t-h # « 0

<3 ’ 4
'’’’· c* Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(2,6-dichloro­

benzyloxyimino) acetate.
» Ethyl 4-bromo-(JZ) —2—(2,6-dichlorobenzyloxyimino)-3-oxo-
, „0 butyrate (7.2g) was dissolved in ethanol (20ml) and

« 9 4
*■ '“ Ν,Ν-dimethylaniline (2.33ml) and thiourea (1.4g) added

with stirring. After 18 h the title compound was 
filtered off, washed with ethanol and dried (4.9g), 
m.p. 171-2°C, vraax (KBr) 3423, 1722, 1619, 1529, 1284, 
1188, 1021, and 995 cm-1, δΗ [(CD3)2SO] 1.22 (3H, t), 
4.33 (2H, q), 5.51 (2H, s), 6.96 (IH, s), 7.24 (2H, br 
s), and 7.54 (3H, m), [Mass spectrum: M+ (373/375)].
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d. 2-(2-Aminothiazol-4-yl)-(Z)-2-(2,6-dichloro- 
benzyloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl)- (Z)-2-(2,6-dichloro- 
benzyloxyimino)acetate (4.8g) was hydrolysed with 
aqueous sodium hydroxide (IN, 25.6ml) in ethanol 
(40ml), acetone (20ml) as described in Example 4e to 
give the title compound (1.9g), vraax (KBr) 3123 (br) , 
1610 (br), and 992cm-1, δΗ [(CD3)2SO] 5.32 (2H, s),
6.81 (1H, s), 7.17 (2H, br s), and 7.44 (3H, m), [Mass 
spectrum: +ve ion (thioglyceroi) MH+ (346)].

e. 2-(2-Aminothiazol-4-yl)-(Z)-2-(2,6-dichlorobenzyl- 
oxyimino)acetic acid 2-pyridyl thioester.
2- (2-Aminothiazol-4-yl) — (JZ)—2—( 2,6-di chlor obenzy loxy imi 
no) acetic acid (0.69g) was treated with

5 tr.iphenylphosphine (0.79g) and 2,21-dithiodipyridine
tilt ι ,
’··· (0.66g) as described in Example 4f to give the title

’’’\ compound (0.72g), \>raax (KBr) 3125, 1690, 1658, 1623,
and 990cm-1, 6jj E(CD3)2SO] inter alia 5.38 (2H, s),

Μ..* 6.98 (1H, s), 7.25 (2H, br s) , 7.45 (3H, m), 7.30-8.00
(3H, m), and 8.65 (1H, m).

« »«
*’’’ f. 6p-[2-(2-Aminothiazol-4-yl)-(Z)-2-(2,6-dichloro-

< t t , , “

’ ’ ’ benzyloxyimino)acetamido]penicillanic acid.
' -» 2-(2-Aminothiazol-4-yl)-(^)-2-(2,6-dichlorobenzyloxy-

imino)acetic acid 2-pyridyl thioester (0.59g), was 
treated with 6p-aminopenicillanic acid (0.32g) as 
described in Example Id, except that tile title compound 
(0.012g) was isolated as its zwitterion after flash 
chromatography on silica eluting with ethyl acetate ·. 
propan-2-ol : water, vmax(KBr) 3328, 1773, 1671, 1610, 
and 1523cm-1, 6h(CD3OD) 1.46 (3H, s), 1.57 (3H, s),
4.18 (1H, s), 5.4-5.6 (4H, m), 6.89 (1H, s), and 
7.25-7.50 (3H, m).
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Example 47

a. 2-(2-Aminothlazol-4-yl)-(Z)-2-(cyclohexyloxy­

imino) acetic acid 2-benzothlazolyl thioester,

Trlphenylphosphine (643mg, 2.45mmol) and 2,2'-dithio- 

bis-benzothiazole (815mg, 2.45mmol) in dry acetonitrile 

(8ml) under argon were stirred for 25min. 2-(2-Amino- 

thiazol-4-yl)-(Z)-2-(cyclohexyloxyimino)acetic acid 

(330mg, 1.22mmol) was then added, followed by dry
f

acetonitrile (2ml) and the resultant mixture was 

stirred overnight. The solid was filtered off to give 

the title compound (218mg, 43%). The mother liquors 

were evaporated to leave an oil which was

chromatographed on silica gel, eluting with ethyl 
acetate/hexane mixtures to give further title compound 
(168mg, 33%). m.p. 125-126°c (ethyl acetate-hexane). 
[Pounds C, 51.81? B, 4.52? N, 13.15, Οΐ8Η10Ν4Ο283 
requires G, 51,65? H, 4.33? N, 13.39%]. vmax (KBr)
3317, 3159, 2931, 2855, 1706, 1645, 1616, and 1538cm-1?

(400MHz, CDCI3) 1.2-1.4 (3H, m), 1.5 (IB, m), 
1,55-1.65 (2H, m), 1,7-1,8 (2H, m), 1.9-2.0 (2H, m), 
4,34 (IB, m), 5,74 (2B, a), 6.84 (IB, a), 7.4-7.6 (2H, 
s), 7,93 (IH, broad d, J ca7Hz), and 8,07 (IB, broad 
d, σ ca 8Hz).

b, sodium. 6p-[2-(2-aminothiazol-4-yl)-(z)-2-(cyclo-
hexyioxylmlno)acefcawldeipenieillanate. 
fp-Aminopenicilianie acid (130mg, O.Gmmol) in dry 
diehicrofflQthan© (3ml) was treated with triethylamine 
CO,167ml, 121mg, l»2mmol), followed by ehlorotrimethyl- 
Bilane (0,152ml, 130mg, l,2mmol) and the mixture was 
heated under reflux for 30min, The mixture was then 
allowed to cool to room temperature and treated with
2-(2-aminothiazol-4«yl)-(Z)-2-(cyclohexyloxyimino)- 
acetic acid 2-bengothiazolyiahioaater (239mg,
0>57mmol), followed by dry dlchloromathane (2ml),
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After stirring for 18h the dichloromethane was removed 

under reduced pressure and ethyl acetate (50ml) and 

water (30ml) were added. The pH was adjusted to 8.0 

(cooling in ice) and the layers were separated. The 

ethyl acetate layer was extracted with water (20ml) at 

pH 8.0 and the combined aqueous layers were treated 

With ethyl acetate (30ml) and the pH was adjusted to 

3.0 (ice cooling) by addition of dilute HCl. The 

aqueous layer was washed with ethyl acetate and these 

ethyl acetate extracts (pH 3) were treated with water 

(20ml) and the pH was adjusted (ice cooling) to pH 7.7 

by addition of aqueous NaHCO3. The ethyl acetate 

layer was again extracted with water at pH 7.7 and the 

combined aqueous extracts (pH 7.7) were treated with 

1,4-dioxan (2ml) and evaporated under reduced pressure 

to ca 15ml. A little sodium chloride was added and the 

resultant solution was chromatographed on HP20SS to 

give the title compound (233mg, 83%), which exhibited 

identical spectroscopic properties to those described 

In Example 4g. ■

c. A solution of 2-(2-aminothiazol-4-yl)-(2)-2- 

cyclohoxyloxyimino)acetic acid (0.5g; 1.9mmoi) and 

N-ethyl dlisopropylamine (0.36ml? 2mmol) in dimethyl 

formamide (5ml) cooled to -50°c under dry argon was 

treated with methanesulphonyl chloride (0.16ml?

2mmol). The mixture wae stirred at -50°C for 40min

I then added to a solution of 60-aminopenicillanic acid
(0.36g? l.Qmmol) and triethylamine (0.58ml)? 4.2romol) 

in water (3ml) at 0°C. The resulting reaction mixture 

was stirred at 0°G for lOmin then water (50ml) was 

added and the pH of the solution adjusted to 7.5 (IN 

HCl).
’The aqueous phase was washed with ethyl acetate (2x), 
then a further quantity of ethyl acetate (70ml) was
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added and the pH of the mixture adjusted to 2.3 (5N 
HCl). The organic phase was separated and washed with 

water. Water (70ml) was added and the pH adjusted to
7,5 (5N NaOH). The aqueous phase was concentrated and 
chromatographed on HP20SS to give the title compound 

(0.53g; 58%).

d. A solution of 2-(2-aminothiazol-4-yl)-(jZ)-2- 
(cyclohexyloxyimino)- acetic acid (0.5g; 1.9mmol) and 

N-ethyl diisopropylamine (0.36ml; 2mmol) in dimethyl­
formamide (5ml) cooled to -50°C under dry argon was 

treated with methane sulphonylchloride (0.16tnl;
2mmol). The mixture was stirred at -50°G for 40min. 
then allowed to warm to -30°C and a solution of 

60-aminopenicillanic acid (0.36g; 1.8mmol) and 

triethylamine (0.58ml; 4.2mmol) in water (3ml) at 0°c 
added. The reaction mixture was stirred at Q°C for 

lOmin. then treated as in part c of this example to 
give the title compound (0.51g, 52%).

Example 48.

CR,S]-Phthalid-3-yl 60-C2-(2-amlnothiazol~4-yl)-(z)-2-

(cyclohexyloxylmlno)acetamido]penicillanate.

A mixture of CR,S]-3-bromophthalide (44mg) and sodium 

6p-[2-( 2-aminothiazol-4-yl) - (jz) -2- (cyclohexyloxyimino)- 

acetamido]penicillanate (lOOmg) in dry N,N-dimethyl- 

formamide was stirred at room temperature for Ih. The 

solution was diluted with ethyl acetate, washed with 

water, dried (MgSO/p and the solvent evaporated under 

reduced pressure. The title,compound (80mg) was 

isolated by flash chromatography on silica eluting with 

ethyl acetates cyclohexane, vmax(KBr) 3351, 2932, 1786, 

1677, 1611, and 980cm“l, δΗ Ucba^cod 1.20-2.05 

(10H, m), 1.61, 1.62 (3H, 2s),
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1.65, 1.67 (3H, 2s), 4.13 (1H, m), 4.57, 4.58 (1H, 2s), 
5.77 (2H, m), 6.58 (2H, s) , 6.83, 6.84 (1H, 2s), 7.63 
(1H, s), 7.88 (4H, m), and 8.14 (1H, d). [Mass 
spectrum: +ve ion (thioglycerol) MH+ (600)].

Example 49

[R,S]-1-Acetoxyethyl 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-
(cyclohexyloxyimino)-acetamido]penicillanate.
Sodium 6β- [2- (2-aminothiazol-4-yl)-(20-2-(cyclohexyl- 
oxyimino)acetamido]penicillanate (245mg) was esterified 

with [R,s]-1-acetoxy-l-bromoethane (84mg) as described 

in Example 48 to give the title compound (lOOmg), vmax 
(KBr) 3342, 2934, 1790, 1763, 1676, 1614, and 1527cm-1, 
δΗ [(CD3)2CO] 1.2-2.05 (22H, m), 4.15 (1H, m), 4.39, 
4.43 (1H, 2s), 5.68 (1H, 2d J 4Hz) 5.85 (1H, 2dd, J 4 
and 9Hz), 6.67 (2H, s), 6.84, 6.86 (1H, 2s), 6.91 (1H, 
2q), and 8.13 (1H, d, J 9Hz) [Mass spectrum: +ve ion 
(thioglycerol) MH+ (554)].

Example 50

[R,S]-l-Ethoxyoarbonyloxyethyl 6β-[2-(2-aminothiazol-4-

yl)-(Z)-2-(cyclohexyloxyimino)acetamido]penicillanate.

Sodium 6p-[2-(2“aminothiazol-4-yl)-(z)-2-(cyclohexyl­

oxyimino) acetamido]penicillanate (490mg) was esterified 

with [R, S]-l-ethoxycarbonyloxy-l-iodoethane (153mg) as 

described in Example 48 to give the title compound 

(60mg), V,nax (KBr) 3352, 2935, 1767, 1678, 1616, 1373,
and 1077cm"·1, 6h [(CD3)2GO] 1.20-2.05 (2H, m), 4.14
(1H, m), 4.22 (2H, q), 4.41, 4.45 (1H, 2s) , 5.67 (1H,

2d, J 4Mz), 5. 86 (1H, dd, J 4 and 9Hz) 6.57 (2H, s),

6.82 (1H, m), 6.84, 6.85 (1H, 2s), and 8.13 (1H, d J
9Hz), [Mass spectrum: +ve ion (thioglycerol), MH+ 

(584)].
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Example 51

Pivaloyloxymethyl 6P-[2-(2-aminothiazol-4-yl)-(Z)-2-
(cyclohexyloxyimino)acetamido]penicillanate.
A solution of pivaloyloxymethyl 6P-aminopenicillanate 
(1.13g) in dry dichloromethane (10ml) was treated with 
triethylamine (0.48ml) and chlorotrimethylsilane 
(0.44ml). After 40min at room temperature the mixture 
was cooled to 5°C. 2-(2-Aminothiazol-4-yl)-(Z)-2- 
(cyclohexyloxyimino)acetic acid 2-pyridyl thioester 
(1.13g) was added and the reaction allowed to warm to 
room temperature. After 5h the solvent was evaporated 
under reduced pressure and the title compound (O.lg) 
isolated by flash chromatography on silica eluting with 
ethyl acetate : cyclohexane, vmax(KBr) 3347, 2933,
1790, 1756, 1676, 1614, and 1529cm-1, δΗ [(CD3)2CO]
1.22 (9H, s) , 1.23-2.05 (10H, m), 1.53 (3H, s) , 1.65 
(3H, s), 4.15 (1H, m), 4.46 (1H, s) , 5.67 (1H, d, J 
4Hz), 5.85 (1H, dd J 4 and 9Hz), 5.88 (2H, ABq J 4Hz) , 
6.70 (2H, s), 6.83 (1H, s), and 8.15 (1H, d J 9Hz)
[Mass spectrum: +ve ion (thioglycerol), MH+(582)].

Example 52.
ft ft ft ft
ft ft ft I

ftft ft ft ftft fttt ft.
ft ft ftft ftft ft ftft

a. cis-4-Chlorocyclohexanol.

trans-4-Chlorocyclohexanol (2.67g) (R.S. Monson,

J.Chem.Education, 1971, 48(3), 197), triphenylphosphine 

(7.86g), and formic acid (2.8g; 2.3ml) were dissolved 

in dry tetrahydrofuran (100ml) and the solution cooled 

in an ice-bath. Diethyl azodicarboxylate (5.24g) was 

added to the stirred solution and the cooling-bath was 

removed. After 30min the solvent was evaporated under 

reduced pressure and the residue partitioned between 

ethyl acetate and aqueous sodium hydrogencarbonate.
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The organic layer was separated, washed with brine, 
dried, and evaporated. Chromatography on silica gel 
gave cis-4-chloro-l-formyloxycyclohexane (680mg), 
Vniaxifilni) 1715cm-1, (CDCI3) inter alia 4.12 (1H,
m), 4.96 (1H, m), and 8.01 (1H, s). The formate 
(598mg) in ethanol (10ml) was treated with IN sodium 
hydroxide (3.6ml). After lOmin the solvent was removed 
under reduced pressure and the residue partitioned 
between ethyl acetate and water. The organic layer was 
separated, washed with brine, dried and evaporated. 
Chromatography on silica gel gave the title compound as 
an oil (358mg) which slowly crystallised m.p. 27-29°C. 
(Found; M+, 134.0507. ΰθΗχχΟΟΙ requires M, 134.0499),
6h (CDCI3) inter alia 1.58 (1H, s, exch. D2O), 3.76 
(1H, m), and 4.20 (1H, m), 6C (CDCI3) 30.62, 32.00,
58.45, and 67.67.

b . Ethyl (Z)-2-(trans-4-chlorocyclohexyloxyimino)-3-
oxobutyrate.
Ethyl (Z)-2-hydroxyimino-3-oxobutyrate (95mg) was 
treated with cis-4-chlorocyclohexanol· as described in 
Example 4a, Method 3, to give the title compound as a 
colourless liquid (37mg, 21%), (Found: M+, 276.1011. 
C12H19NO4C1 requires M, 276.1002) vmax(film) 1735,
1685, 1360, 1310, and 950cm-1, 6H(CDCl3), 1.32 (3H, 
t, J 7.1Hz), 1.76 (4H, m), 2.14 (4H, m), 2.4 (3H, s), 
4.19 (1H, m), 4.35 (2H, q, J 7.1Hz), and 4.44 (1H, m).

c. Ethyl 4-bromc-(Z)-2-(trans-4-chlorocyciohexyloxy-
imino)-3-oxobutyrate.
Ethyl (Z)-2-( trans^-chlorocyclohexyloxyimino) -
3-oxobutyrate (673mg) was brominated as described in 
Example 4c to give the title compound (730mg; 84%).
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d. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(trans-4-
chlorocyclohexyloxyimino)acetate.
Ethyl 4-bromo-(Z)-2-(trans-4-chlorocyclohexyloxyimino)-
3-oxobutyrate (730mg) was treated with thiourea as 
described in Example 4d, to give the title compound 
(579mg, 85%) m.p. 155°C (ethyl acetate-hexane) (Found: 
C, 47.05; H, 5.02; N, 12.75; Cl, 10.8; S, 9.73. 
C13H18N3CIO3S requires C,47.1; H, 5.4; N, 12.7; Cl, 
10.7; S, 9.7%). vmax (Nujol) 3450, 3430, 3250, 3125, 
1720, 1615, 1610, and 1540cm-1. δΗ (CDCI3), 1.36 
(3H, t, J 7.1Hz), 1.73 (4H, m), 2.13 (4H, m), 4.18 (1H, 
m), 4.39 (2H, q, J 7.1Hz), latter signal obscures 
single hydrogen multiplet, 5.5 (2H, s, exch. D20) , and 
6.71 (1H, s).

e. 2-(2-Aminothiazol-4-yl)-(Z)-2-(trans-4-chloro-
cyclohexyloxymino)acetic acid.
Ethyl-2-(2-aminothiazol-4-yl)-Z-2-(trans-4-chloro- 
cyclohexyloxyimino)acetate (497mg) was hydrolysed as 
described in Example 4e to give the title compound as a 
very pale yellow solid (411mg, 91%). (KBr) 2947,
1613, 1390, and 987cm_1. δΗ [(CD3)2SO] 1.61 (4H, m), 
2.03 (4H, m), 4.23 (2H, m), 6.84 (1H, s), 7.25 (2H, s, 
exch. D20), and 13.69br (1H, s, exch. D20) [Mass 
spectrum: +ve ion (thioglycerol) MH+ (304)].

f. Sodium 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans- 
4^£h1^£ocyOlohe2cylox^ijnirio)_acetamido]p®ni£illaIlate_:_
2-(2-Aminothiazol-4-yl)-Z-2-(trans-4-chlorocyclohexyl- 
oxyimino)acetic acid (302mg) was suspended in dry DMF 
(2ml) under argon and di-isopropylethylamine (142mg) 
added. The solution was cooled to -50°C and methane 
sulphonyl chloride (126mg) added. After 45min at 
-50°C, triethylammonium 6P-aminopenicillanate (348mg) 
in dichloromethane (1ml) containing triethylamine

I
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(Ulmg) was added, and the temperature raised to 0°C. 
After lh the reaction mixture was poured into ethyl- 
acetate - water and the pH adjusted to 3. The aqueous 
layer was separated and re-extracted with ethyl acetate. 
The combined organic extracts were washed with brine, 
water added, and the pH adjusted to 7. The aqueous 
layer was evaporated under reduced pressure and the 
residue purified on HP20SS to give the title compound 
as a white freeze-dried solid (191mg; 37%) (Found: M+ 
+H, 524.0815. Ci9H23N5O5S2ClNa requires M+H, 524.0816), 
VmaxtKBr), 3345, 2951, 1768, 1669, 1611, and 1527cm-1, 
6H(D2O), 1.51 (3H, s), 1.61 (3H, s), 1.71 (4H, m),
2.09 (4H, m), 4.22 (IH, s) , 4.32 (2H, m) , 5.61 (IH, d,
J 4Hz), 5.67 (IH, d, J 4Hz), and 6.98 (IH, s).

Example 53.6 .
f
f f * 5' Ethyl (Z)-2-( cis-4-chlorocyclohexyloxyimino)-3-

oxobutyrate.
Ethyl (Z)-2-(hydroxyimino)-3-oxobutyrate (3.18g) was 
treated with trans-4-chlorocyclohexanol as described in 
Example 4a, method 3 to give the title compound as a 
colourless oil (2.02g). (Found: MH+, 276.0995. 
C12H19C1NO4 requires MH+, 276.1002; δΗ (CDC13) 1.36 
(3H, t, J 7H), 1.79, 1.96 and 2.09 (8H, 3m), 2.40 (3H, 
s), 4.11 (IH, qt, J 6Hz), 4.38 (2H, q, J 7Hz), and 4.41 
(IH, qt, J 6Hz). A small quantity of the trans-isomer 
was obtained from faster-eluting column fractions.

b. Ethyl 4-bromo-(Z)-2-(cis-4-chlorocyclohexyloxy- 
imino)-3-oxobutyrate.
Ethyl ( Z) -2-( cis-4-chloroGyclohexyloxyiniino-
3-oxobutyrate (2.42g) was treated with bromine (0.50ml)
in chloroform (20ml) as described in Example 4c.
Workup afforded the bromo-compound (3.15g) which was
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sufficiently pure to use directly; 6jj(CDC13) 1.37 
(3H, t, J 7Hz), 1.83,1.96 and 2.10 (8H, 3m), 4.13 (1H, 
qt, J 6Hz), 4.34 (2H, s), 4.40 (2H, q, J 7Hz), and 4.44 
(1H, qt, J 6Hz).

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-chloro- 
cyclohexyloxyimino)acetate.
Ethyl 4-bromo-(Z)-2-(cis-4-chlorocyclohexyloxy- 
imino)-3-oxobutyrate (3.15g) was treated with thiourea 
(0.67g) as in Example 4d.· The product was obtained as 
a crystalline solid (2.03g), m.p. 143-144°C (ethyl 
acetate-hexane) (Found; C, 46.8; H, 5.5; N, 12.4. 
c13Hl8clN3°3s requires C, 47.1; H, 5.4; N, 12.7%);· 
^max(KBr) 1723, 1601, 1534, and 1383cm-1; 6H(CDCl3)
1.42 (3H, t, J 7Hz), 1.72, 1.95 and 2.06 (8H, 3m), 4.06 
(1H, qt, J 6.5Hz), 4.40-4.50 (3H, 2m), 5.25 (2H, brs, 
D20 exch.) and 6.73 (1H, s).

d. Ethyl 2-(2-tritylaminothiazol-4-yl)-(Z)-2-(cis-
4-chlorocyclohexyloxyimino)acetate.
Ethyl 2- (2-tritylaminothiazol-4-yl) - (JZ) -2- (hydroxy- 
imino)acetate (0.91g), triphenylphosphine (0.58g) and 
trans-4-chlorocyclohexanol (0.54g) were dissolved 
together in anhydrous benzene (20ml). Diethyl 
azodicarboxylate (0-35ml) was added and the solution 
heated at reflux for 16h with exclusion of moisture.

*· s' Evaporation of solvent followed by chromatography
« afforded the title compound as a near colourless gum

(225mg, 20%); vmax(KBr) 1737, 1595 (w) , 1529, 1491 and 
1446cm-1; δΗ (CDC13) 1.39 (3H, t, J 7Hz), 1.69, 1.96 
and 2.06 (8H, 3m), 4.04 (1H, qt, J 6Hz), 4.39 (2H, q, J 
7Hz), 4.44 (1H, qt, J 3Hz), 6.49 (1H, s), 6.97 (1H, 
brs, D20 exch), and 7.32 (15H, s). [Mass spectrum; +ve 
ion (thioglycerol) MH+ (574), MNa+ (596)]. ’
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e· Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-chloro- 
cyclohexyloxyimino)acetate.
Ethyl 2-(2-tritylaminothiazol-4-yl)-(Z)-2-(cis-4- 
chlorocyclohexyloxyimino)acetate (205mg) was 
deprotected using formic acid as described in Example 
la. After chromatography the crystalline title 
compound (81mg) was obtained, having identical m.p. and 
spectroscopic data to Example 53c.

f. 2-(2-Aminothiazol-4-yl)-(Z)-2-(cis-4-chlorocyclo-
hexyloxyimino)acetic acid.
Ethyl 2-(2-aminothiazol-4-yl) — (_Z)—2—(cis-4-chlorocyclo- 
hexyloxyimino)acetate (1.33g) was hydrolysed as 
described in Example 4e. The title acid was obtained 
as a solid (0.72g); vmax (Nujol) 1640, 1570 and 
1470cm-1,· δΗ[ (CD3)2SO] 1.88 (8H, m) , 3.35 (2H, brs,
D2O exch), 4.23 (2H, m), and 6.86 (IH, s). [Mass 
spectrum: +ve ion (thioglycerol) MH+ (304), MNa+
(326)3.

9· Sodium 6β-[2-(2-Aminothiazol-4-yl)-(Z)-2-(cis-4- 
chlorocyclohexyloxyimino)acetamido]penicillanate.
2-(2-Aminothiazol-4-yl)-(Z)-2-(cis-4-chlorocyclohexyl- 
oxyimino)acetic acid (202mg) was coupled to 
6p-aminopenicillanic acid as described in Example 52f 
to give the title compound as a white amorphous solid 
(66mg); vraax (KBr) 1777, 1671, 1611 and 1529cm-1 
δΗ(ϋ20) 1.55 and 1.66 (6H, 2s), 1.70-2.10 (8H, m),
4.28 (IH, s), 4.28 (IH, m), 4.38 (IH, m), 5.67 (IH, d,
J 4Hz), 5.70 (IH, d, J 4Hz), and 7.03 (IH, s). [Mass 
spectrum: +ve ion (thioglycerol) MH+ (524), MNa+ (546), 
M-Na+ (502)].
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Example 54.

a . 2-(2-Chloroacetamidothiazol-4-yl)-2-phenoxyimino-
acetic acid.
2-Chloroacetamidothiazol-4-ylglyoxylic acid (3.6g)
(S. Kishimoto et. al., Chem. Pharm. Bull., 1984, 32, 
2649) was dissolved in tetrahydrofuran (40ml) and water 
(70ml). Phenoxyammonium chloride (2.5g) was added, and 
the solution adjusted to pH 5 by the addition of 2.5M 
sodium hydroxide solution. The solution was stirred 
and maintained at pH 5-6 by the dropwise addition of 5M 
hydrochloric acid. The reaction (monitored by the rate 
of addition of HCl) became very slow after 7.5h; it 
was refrigerated (2-3°C) overnight, and then adjusted 
to pH 8 with sodium hydroxide, extracted with toluene 
(50ml) and with ether (50ml). The aqueous solution was 
layered with ethyl acetate (100ml) and toluene (10ml) 
and acidified to pH 1.5 by the addition of 5M 
hydrochloric acid. The solvent layer was separated, 
dried (Na2SO4) and evaporated to near dryness, 
whereupon the compound crystallized. The mixture was 
slurried with ether, filtered off, washed with hexane 
and dried in vacuo, to afford the title compound (3.4g) 
as a fluffy solid. A further crop (0.5g) of less pure 
material was obtained from the mother liquors. m.p. 
>170°C (decomp.) vmax (Nujol) 3385, 1735, 1730, 1535, 
and 703cm-1; δΗ E(CD3)2CO] 4.52 (2H, s) 7.0-7.5 (5H, 
m), and 7.85 (IH, s) .

b. Sodium 6p-[2-(2-chloroacetamidothiazol-4-yl)-Z-2- 
(phenoxylmino)acetamido]penicillanate.
To a solution of N,N-dimethylformamide (0.25ml) in dry 
dichloromethane (5ml), stirred and cooled at -10°C, was 
added oxalyl chloride (0.29ml). A crystalline
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precipitate formed with evolution of gas. To this was 
added 2-(2-chloroacetamidothiazol-4-yl)-2-phenoxy- 
iminoacetic acid (1.02g). The mixture was stirred at 
-10°C for ^h, then allowed to warm gradually to 5°C. 
Triethyl ammonium 6|3-aminopenicillanate (2.08g) and 
triethylamine (0.42ml) were added. The reaction 
mixture maintained at about O°C for lh, and was then 
added to water and neutralised to pH 7.2. The 
separated organic layer was discarded. The aqueous 
phase was layered with ethyl acetate and toluene (50ml, 
1:1), acidified to pH 1.5 and separated. The solvent 
layer was washed with a little water and then brine, 
dried (Na2SO4), filtered and added to water (100ml).

• 9 0
The mixture was stirred and adjusted to pH 7.2 with 
dilute sodium hydroxide solution. The layers were

•J’’ separated, the aqueous layer washed with a little
© « « 4
,·«·« toluene and evaporated to partial solidification under

β · 4 .. ,, reduced pressure. The residue was re-evaporated with
• ft t

1-propanol and then with acetone. Acetone and ether 
were then added to precipitate the product as an

; off-white solid. This material was filtered off,» ί tt
, t. washed with acetone-ether, then with hexane and dried

ft I 1
in vacuo to yield the title product (1.2g), vmax(KBr) 
3351, 1772, 1672, 1607, 1592, and 689cm-1; δΗ (D20) 
1.44, 1.51 (2 x 3H, 2s), 4.18 (IH, s), 4.24 (2H, s),
HOD at 4.78, 5.58 (IH, d, J 4Hz), 5.62 (IH, d, J 4Hz) 
7.0-7.35 (5H, m), and 7.45 (IH, s) .t c

til 
4- V t

‘ 1 ‘ c. Sodium 6p-[2-(2-aminothiazol-4-yl)-Z-2-(phenoxy-
imino)acetamido]penicillanate.
Sodium 6p-[2-(2-chloroacetamidothiazol-4-yl)-Z-2- 
(phenoxyimino)acetamido]penicillanate (0.86g) was 
dissolved in water (30ml). Sodium
,N-methyldithiocarbamate (0.24g) was added, and the
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mixture allowed to stir at ambient temperature for 
1.5h. A further aliquot of sodium N-methyldithio- 
carbamate was added and the mixture stirred for lh.
The solution was extracted with ether, evaporated under 
reduced pressure to a syrup and leached with acetone.
A trace of gummy insoluble material was discarded and 
the remainder evaporated to dryness (0.45g). This was 
subjected to column chromatography on HP20SS resin, 
eluting with water graded to 6% v/v tetrahydrofuran - 
water. Fractions containing the desired penicillin (by 
tic) were combined and evaporated to dryness, to yield 
0.18g of a slightly impure product. This was 
rechroraatographed on silica gel using water - 
isopropanol - ethyl acetate (1:3:6) as eluent.
Fractions containing the desired product were combined, 
evaporated.to dryness and then dried overnight in 
vacuo, to yield the title product as an off-white solid 
(65mg). vmax (KBr) 3332, 3204, 1772, 1670, 1592, and 
690cm-1; δΗ (D20) 1.52, 1.58 (2 χ 3H, 2s) 4.26 (1H, 
s), HOD at 4.80, 5.69 (1H, d,J 4Hz) 5.72 (1H, d, J 4Hz) 
and 7.1-7.5 (6H, m); the thiazole singlet is at 67.23. 
[Mass spectrum +ve ion thioglycerol MH+ (484)].

Example 55

a. 4-[N-(4-Nitrobenzyloxycarbonyl)glycylamino]-
benzoic acid.
Oxalyl chloride (1.74ml) was added to a solution of dry 
dimethylformamide (1.70ml) in dry dichloromethane 
(40ml) at -20°C with stirring under argon. After 
stirring for lOmins at -20°C-0°C the mixture was 
recooled to -20°C and N-(4-nitrobenzyloxycarbonyl)- 
glycine (5.08g) added. Stirring was continued at



144

ίi5

-20°C-0°C for lOmin and the solution recooled to 
-20°C. A suspension of the triethylammonium salt of 
p-amino benzoic acid (4.96g) in dichloromethane (20ml) 
was added together with triethylamine (2.22g) and the 
reaction mixture stirred at -20°C-0°C for 20minutes.
The solvent was evaporated and the resultant solid 
partitioned between ethyl acetate (100ml) and water 
(100ml). The aqueous layer was separated and the 
organic phase washed with water (60ml), saturated 
aqueous NaCl (60ml) and dried (MgSO4). Evaporation 
under reduced pressure afforded the crude product as a 
pale yellow solid. This was dissolved in hot ethyl 
acetate (60ml). Hexane (300ml) was added to 
precipitate the title compound which was collected by 
filtration and dried in vacuo, (4.63g, 62%); vmax 
(Nujol) 3300, 1680, 1600, and 1580cm-1; (D^-DMSO) 
3.86 (2H, d, J 6.5Hz), 5.23 (2H, s), and 7.45-8.23 
(1OH, m).

b. Chloromethyl-4[N-(4-nitrobenzyloxycarbonyl)glycyl-
amino]benzoate.
A solution of chloromethylchlorosulphate (2.21g) in 
dichloromethane (5ml) was added dropwise to a stirred 
mixture of 4-[N-(4-nitrobenzyloxycarbonyl)glycylaminoj- 
benzoic acid (4.00g), sodium bicarbonate (3.00g) and 
tetrabutylammonium hydrogen sulphate (0.493g) in 
dichloromethane-water (1:1, 50ml). The mixture was 
stirred at room temperature for 3h. The organic phase 
was separated and the aqueous phase washed with 
dichloromethane (50ml). The combined organic extracts 
were dried (MgSC>4), concentrated to low volume and 
applied to a column of Kieselgel 60. Elution with 50%
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ethyl acetate/hexane afforded the title compound as a 
white solid (46%)? m.p. 163-5° (ethyl acetate),
(Found: C, 51.49? H, 3.79? N, 9.76. C10H16N3O7Cl 
requiros C, 51.26? H, 3.82? N, 9.96%)? \>,nax (Nujol)
3400, 3300, 1740, 1685, and 1610cm"1? δΗ 
(CDC13/D6«DMSO) 3.95 (2H, d, d 6.0Hz), 5.25 (2H, β) , 
5.97 (211* 9), and 7.35-8.20 (10H, m).

c. lodomethyl-4CN-(4-nitrobenzyloxycarbonyi)glycyl- 
amlnojbenzoate.
A solution of ehioromothyl-4CN-(4-nitrobenzyloxy- 
earbonyi)glycylamino3bonzoate (l.Og) in dry acetone 
(30ml) was treated with finely-ground sodium iodide 
(3.6g) and tho mixture stirred at room temperature for 
16h, The mixture was filtered, tho filtrate evaporated 
under reduced pressure and tha residue dissolved in 
dichloromothane (50ml) and washod with sodium 
thiosulphate (10%. aq. solution) until colourloos. Tho 
organic phase was washed with water (20ml), saturated 
aqueous NaGl (20ml) and dried (MgSOxp. Tho solvent was 
evaporated and the residue crystallised from ethyl 
acetate to afford the title compound as a white solid 
(0.600g), m.p, 162«4°C? vmnx (Nujol) 3300, 1735, 1690, 
1610, and 1525cm”1? SiiiCDGla/Dg-OMSO) 3.90 (211, d, J 
611»), 5.23 (211, s), 6.18 (211, a), 6.18 (211, s), and 
7,35-8,20 (10H, m).

d. 4-CN-(4“Nitrobenzyloxycarbenyl)glyeylamino3“ 
hattzcyiexymefhyl 6P-C2-(2-aminothiazol-4yl)-(7)-2-
(cyglohexylexylmlno)aiciOtamldo3penleiilanatQ.
A solution of iodomethyl-4[N-(4-nitrobenzyloxy- 
earhonyl)glyeylamino3benzoafce (0,600g) in dry dimethyl- 
formamide (6ml) was added to a stirred solution of 
sodium 68-¢2-(?-aminothlazol«4-yl)-(2)-2-(cyelohexyi- 
oxylmino)aeetamido3penioillanate (0,380g) in dry
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dimethylformamide (5ml) under an argon atmosphere at 

-20° to 10°C. The reaction mixture was stirred at this 

temperature for 1.5h. The resultant solution was 

poured into ethyl acetate (30ml), washed with sodium 

bicarbonate solution (10%, 20ml), and saturated aqueous 

NaCl (20ml) and dried (MgSO4). The solvent was 

evaporated and the residue chromatographed on Kieselgel 

60, eluting with 80% ethyl acetate/hexane. The title 

compound was obtained as a pale yellow foam (0.500g, 

75%); Vmax (CH2C12) 3400, 1780, 1735, 1610, and
j 1525cm"·1,· 6h(D6-DMSO) 1.15-1.90 (16H, m), 3.86 (2H,

j d, J, 6.0Hz), 4.00-4.08 (1H, m), 4.48 (1H, s), 5.23

) (2H, s), 5.58 (1H, d, J 4.2Hz), 5.67 (1H, dd, J 4,1,

j 7.6Hz ), 6.04 (2H, ABq, 0 6.1, 19.1Hz), 7.20 (2H, s,
1 D20 exch), 7.64 (2H, d, 0 8.8Hz), 7. 80 (3H, m), 7.95

jj (2H, d, 0 8.8Hz), 8.24 (2H, d, 0 6.8Hz), and 9.45 (1H,

d, 0 5.6Hz, D20 exch); [Mass spectrum: +ve ion
Π (thloglycevol) MH+ (853)].
: I
Π

°· 4-Glycylaminobenzoyloxymethyl 6β-[2-(2-amino- 

i j thiazol-4-yl)-(Z)-2-(cyclohexyloxyimino)acetamido]-

jpenicillanate hydrochloride.

j { (4[N-(4-Nitrobenzyloxycarbonyl)glycylamltto]benzoyloxy“
j mebhyl) 6p-[2-(2~aminothiazol-4-yl)-(Z)-2-(cyclohexyl-

| oxyimlno)acetamido] penicillanate (0.200g) was

dissolved in 1,4-dioxane (40ml) and water (4ml), 5% 

palladium on activated carbon (0.200g) added, and the

ij mixture subjected to hydrogenation at room temperature

y and pressure for 2h, The reaction mixture was filtered

through Kieselguhr, water (40ml) added, and the 
v solution treated with dilute hydrochloric acid (0.1N,

2.3ml, 1 equiv). The mixture was stirred at room
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temperature for 4h, the 1,4-dioxan removed under 
, reduced pressure, and the resultant aqueous solution

washed with ethyl acetate (3 x 30ml). Lyophilisation 

of the aqueous phase afforded the title compound as a 

white amorphous solid (0.075g. 45%); vmax (KBr) 3399, 
1775, 1736, 1701, 1626, 1602, and 1541cm-1? δΗ 

(D(,-DMSO) 1.20-1.80 (16H, m), 4.00-4.08 (IH, m), 4.27 
(2H, d, J 7.4Hz), 4.45 (IH, s), 5.57 (IH, d, J 4.1Hz), 
5.65 (IH, dd, J 4.0, 7.5Hz), 6.03 (2H, ABq, J 5.9, 
19Hz) , 6.72 (IH, s), 7.22 (2H, br. s, D20 exch), 7.83 
and 7.98 (4H, ABq, J 8.8Hz), 8.40 (3H, br. s, D2O 
exch), 9.44 (IH, d, J 7.5Hz, D2O exch), and 11.45 (IH, 
br,. s, D2° exch)? [Mass spectrum? +ve ion,
(thioglycerol) MH+ (free base) (674)3.

i I 4* *
l' * Example 56J fc . Γπ-—I τη Γ-—rr ...

» * > 
t t : -

«= -. a· Benzhydryl 2-(2-tritylaroinothiazol-4-yl)-(z)-2-

•' (1-(4-nltrobenzyl)oxycarbonylcyclohexyloxyimino)- ’
acetate.
Benzhydryl 2-(2-tritylaminothlazoi-4-yl)-(7)-2- 
(hydroxyimlno)acetate (3.44g) was treated with 

4-nitrobenzyl 1-bromocyclohexanecarboxylate as 

described in Example 5a to give the title compound 

(3.0g, 61%) as a foam. 6H(CDC13) 1.26-2.30 (10H, m), 

5.22 (2H, s), 6.39 (IH, s), 6.77 (IH, br s), 7.14 (IH, 

s), 7.28 (25H, §), 7.46 (2H, d), and 8.01 (2H, d).

b. 2-(2-Aminothlazol-4-yl)-(Z)-2-(1-(4-nltrobenzyl)- 

oxycarbonylcyclohexyloxyimino)acetic acid.

Benzhydryl 2-(2-tritylamlnothlazol-4-yl)-(Z)-2-(1-(4- 

nitrobenzyl)oxycarbonylcyclohexyloxyimino)acetate 

(1.3g) was treated with aqueous formic acid as 

described in Example 23d to give the title compound 

(0.58g, 85%) as a white solid, m.p. 184-185°C, [Found?
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C: 50.94; Η: 4.56; N: 12.48. C19H20N4O7S requires C: 
50.89; H: 4.50; N: 12.49%] \>max (KBr) 3358, 2939, 1735, 
1608, 1515, and 1346 cm-1, 5H(CDC13) 1.28 (IH, m) ,

Γ.52 (5H, m), 1.78 (2H, m) , 2.01 (2H, m) , 5.34 (2H, s) , 
6.80 (IH, s), 7.31 (2H, br s) , 7.63 (2H, d) , and 8.13 
(2H, d).
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c. Sodium 6P-[2-(2-aminothiazol-4-yl)-(Z)-2-(1-

(4-nitrobenzyl)oxycarbonylcyclohexyloxyimino)acetamido]

penicillanate.

2- (2-Aminoth^.azo.l-4-yl)-( Z)-2- (1- (4-nitrobenzyl)oxy- 

carbonylcyclohexyloxyimino) acetic acid was coupled to 

6p-aminopenicillanic acid as described in Example 47c 

to give the title compound as a white freeze-dried 

solid. vraax (KBr) 3362, 2938, 1774, 17^0, 1676, 1607, 
1522, and 1347cm"1; 6h(D2O) 1.32 (IH, m), 1.54 (3H,

s), 1.57 (5H, m), 1.62 (3H, s), 1.90 (2H, m), 2.13 (2H,

m), 4.25 (IH, s), 5.37 (2H, d), 5.67 (IH, d), 5.75 (IH,

d), 6.97 (IH, s), 7.59 (2H, d), and 8.11 (2H, d). [Mass

spectrum; +ve ion (thioglycerol) MH+(free acid )

(647)].

d. Disodium 6p[2-(2-aminothiazol-4-yl)-(Z)-2-(l- 

carboxylatocyclohexyloxyimino)acetamido]penicillanate.

Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(l-(4-nitro- 

benzyl)oxycarbonylcyclohexyloxyimino)acetamido] 

penicillanate in aqueous dioxan was hydrogenated over 

5% palladium on carbon. After 2h the mixture was 

filtered through celite, diluted with water, and the 

dioxan removed under reduced pressure. The resulting 

suspension was adjusted to pH 8 by the addition of 

aqueous sodium hydroxide to give a clear solution, this 

was washed with ethyl acetate, then chromatographed on 

HP20SS to give the title compound as a white freeze- 

dried solid. vmax (KBr) 3401, 2935, 1768, 1596, 1529,
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and 1400cm”1·? 6h(D2O) 1.27-1.81 (8H, m) , 1.55 (3H, 
s), 1.65 (3H, s), 2.05 (2H, m), 4.28 (IH, s), 5.68 (1H,
d), 5.74 (IH, d), and 7.02 (IH, s). [Mass spectrum +ve 
ion (thioglycerol) MH+ (556), MNa+ (578)].

V

I

Example 57

a· tert-Butyl (Z)-2-(trans-4-(4-nitrobenzyl)oxy-
carbonylcyclohexyloxyimino)-3-oxobutyrate■
tert-Butyl (_Z)-2-(hydroxyimino)-3-oxobutyrate (7.36g) 
was treated with 4-nitrobenzyl/4-hydroxycyclohexane- 
carboxylate as described in Example 4, Method 3 to give 
the title compound (5.1g, 29%) as a gum. vmax (film) 
2950, 1740, 1695, and 1525cm”1, 6H(CDCl3) 1.53 (9H, 
s), 1.62 (3H, m), 1.82 (IH, m), 2.14 (4H, m), 2.37 (3H, 
s), 2.45 (1H, tt, J 3.7Hz, 10.7Hz), 4.26 (IH, tt, J 
3.8, 9.8Hz), 5.22 (2H, s), 7.51 (2H, d), and 8.24 (2H,
d). 6C (CDC13) 25.2, 26.2, 28.1 (3C), 29.8, 41.6,
64.7, 82.7, 84.0, 123.8 (2C), 128.3 (2C), 143.3, 147.7,
150.7, 160.6, 174.5 and 193.0. [Mass spectrum (ammonia) 
MNH44· (466)].

b. trans-4-[(Z)-Acetyl-(tert-butoxycarbonyl)methyl-

iminooxy]cyclohexanecarboxylic acid.
A solution of tert-butyl (Z)-2-(trans-4-(4-nitrobenzyl) 

oxycarbonyicyclohexyloxyimino)-3-oxobutyrate (2.0g) in 

ethanol (30ml) and water (6ml) was hydrogenated at 

atmospheric pressure and room temperature over 5% 

palladium on carbon (0.10g), After 20min the mixture 

was filtered through celite and the solvents

evaporated. The residue was dissolved in ethyl acetate 

and extracted into water at pH 10. The aqueous layer 

was acidified, extracted with ethyl acetate and the 

extract washed with water, then brine, dried (MgSO4),

1

L
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and evaporated under reduced pressure to give the title 
compound (l*.33g, 95%). vmax (film) 2950, 1740, 1705, 
and 1600cm-1, δΗ (CDC13) 1.53 (9H, s), 1.58 (4H, m), 
2.14 (4H, ro), 2.37 (3H, s), 2.40 (1H, m), and 4.26 (1H,
tt, J 4.3, 9,8Hz).1

c. tert-Butyl (Z)-2-(trans-4-(N,N-dimethylcarbamoyl)-
cyclohexyloxylmino)-3-oxobutyrate.
N,N'-Dicyclohexylcarbodiimide (0.88g), 4-dimethylamino- 
pyridine (0.04g) and dimethylamine (1.0ml) were added 
successively to an ice-cool solution of trans-4-[(Z)- 
acetyl-(tert-butoxycarbonyl) methyliminooxy]eyelo- 
hexanecarboxyli’c acid (1.20g). The mixture was stirred 
at room temperature for 4 days, the solid removed by 
filtration and the filtrate chromatographed on silica 
gel to give the title compound (0.52g, 40%) as 
colourless plates, m.p. 109-110°C (hexane), [Found: C: 
60.10, H: 8.38) N: 8.21. ^17^28^2^5 requires C: 59.98;
N: 8.29; N: 8.23%]. vmax (KBr) 2937, 1735, 1695, and 
1634cm-1, δΗ (CDC13) 1.53 (9H, s), 1.42-1.71 (4H, m), 
1.85 (2H, m), 2.24 (2H, m), 2.37 (3H, s), 2.52 (1H, tt, 
J 3.7, 11.1 Hz), 2.95 (3H, s), 3.06 (3H, s), and 4.26 
(1H, tt, J 4.4, 10.8Hz).

d. Sodium 2-(2-aminothiazol-4-yl)- (Z)-2-(trans-4-
(Ν,Ν-dimethylcarbamoyl)cyclohexyloxyimino)acetate.
Sulphuryl chloride (1.0ml) was added to a solution of 
tert-butyl (Z)-2-(trans-4-(N,N-dimethylcarbamoyl)- 
cyclohexyloxyimino)-3-oxobutyrate (0.4C9g) in acetic 
acid (2ml) and the mixture stirred at 50°. After 3.5h 
excess reagent and solvent were evaporated under 
reduced pressure. Toluene (2ml) was added to the 
residue and evaporated, this process was repeated 
twice more to leave a residue of 4-chloro-(Z)-2-(tran,s-
4-(N,N-dimethylcarbomoyl)cyclohexyloxyimino)-3-oxo-
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butyric acid. This was dissolved in ethanol (4ml), 
thiourea (0.091g) and N,N-dimethylaniline (0.145g) were 
added. After stirring for 3h the solvent was removed 
under reduced pressure, ethyl acetate was added and the 
product was extracted into water at pH 8. Purification 
by HP20SS chromatography gave the title compound 
(0.185g, 42%) as a white freeze-dried solid. vraax 
(KBr) 3313, 2939, 1611, 1531 and 1400 cm-1, δΗ (D2O) 
1.49 (4H, m), 1.87 (2H, m), 2.23 (2H, m), 2.77 (IH, m), 
2.95 (3H, s), 3.16 (3H, s) , 4.13 (IH, m) , and 6.87 (IH, 
s) . [Mass spectrum: +ve ion (thioglycerol) MH+ (363), 
MNa+ (385)]. ,

e. Sodium 6p[2-(2-aminothiazol-4-yl·)-(Z)-2-(trans-4-
(N,N-dimethylcarbamoyl)cyclohexyloxyimino)acetamido]-
penicillanate,
Methanesulphonyl chloride (35μ1) was added to a 
suspension of sodium 2-(2-aminothiazol-4-yl) - (_Z)-2- 
(trans-4-(N,N-dimethylcarbamoyl)cyclohexyloxyimino) 
acetate (163mg) in dimethylformamide (3ml) at -60°C.
The mixture was stirred at -60 to -50°C for %h, then at 
-40 to -30° for a further hh. In the meantime a 
mixture of 6p-aminopenicillanic acid (107mg) and sodium 
bicarbonate (41mg) was stirred in water (2ml) at 0°C 
until a clear solution was obtained. This solution was 
added to the dimethylformamide suspension and allowed 
to warm to 0°. After 15min water was added, the pH 
adjusted to 7.5 and the mixture washed with ethyl 
acetate. Butan-l-ol was added and the pH taken to 
3.0. The butan-l-ol extract was diluted with ethyl 
acetate, washed with brine, added to water and the pH 
taken to 7.5 with aqueous sodium hydroxide. The 
resulting aqueous solution was concentrated, then 
chromatographed on HP20SS to give the title compound

. t
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(80mg, 32%) as a white freeze-dried solid. \>rnax (KBr)

3399

(4H,

, 2937, 1768, 1610,

s) ,

and

1.68

1529cm-1,
δΗ

1.89

(d2o) 1. 

(2H, m),

53

2.24m) , 1.58 (3H, (3H, s) ,

(2H, m), 2.76 (IH, m), 2.96 (3H, s) , 3.17 (3H, s), 4.27

(IH, m), 4.29 (IH, s) , 5.69 (IH, d) , 5.71 (IH, d), and

7.05 (IH, s) . [Mass spectrum, +ve ion (thioglycerol)

MH+ (561) . MNa+ (583)].

Example 58.

a· Benzhydryl 2-(2-tritylaminothiazol-4-yl)-(Z)-2-

(1-methoxycarbonylcyclohexyloxyimino)acetate.

Benzhydryl 2-(2-tritylaminothiazol-4-yl) - (Z)-2- 

(hydroxyimino)acetate (2.0g) was treated with methyl 

1-brornocyclohexane carboxylate as described in Example 

5a to give the title compound (1.7g, 69%) as a white 

solid, m.p. 180-182°C (ethyl acetate/hexane). [Found: 

C: 73.73; H: 5.60; N: 5.69. C45H41N3O5S requires C:

73.45? H: 5.62? N: 5.71%] vmax (KBr) 3406, 2945, 1751,

and 1528cm-1, ,δΗ (CDC13) 1.36 (5H, m), 1.72 (3H, m), 

2.00 (2H, m), 3.69 (3H, s), 6.46 (IH, s), 6.71 (IH, s),

7.15 (IH, s), 7.29 and 7.34 (25H, m).

b. Sodium 2-(2-aminothiazol-4-yl)-(Z)-2-(1-methoxy

carbonylcyclohexyloxyimino)acetate.

A solution of benzhydryl 2-(2-tritylaminothiazol-4- 

yl)~(Z)-2-(1-methoxycarbonylcyclohexyloxyimino)acetate 

(1.03g) in a mixture of formic acid (15ml) and water 

(3.5ml) was stirred for 5h. The solvents were 

evaporated, then toluene was added to the residue and 

evaporated. Water and ethyl acetate were added and the 

ρβ- adjusted to 9 with sodium hydroxide, the aqueous 

layer was concentrated and chromatographed on HP20SS to 

give the title compound (0.103g, 21%), as a white
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freeze-dried solid. vmax (KBr) 3310, 2940, 1727, 1617, 
and 1531cm-1, (D2O) 1.32 (1H, m), 1.58 (5H, m),
1.84 (2H, m), 2.08 (2H, m), 3.82 (3H, s), and 6.90 (1H, 
s). [Mass spectrum, +ve ion (thioglycerol) MH+ (350), 
MNa+ (372)].

c . Sodium 6β[2-(2-3πιίηοί1ιί3ζο1-4-ν1)-(Ζ)-2-(1·- 
methoxycarbonylcyclohexyloxyimino)acetamido]-
penicillanate.
Sodium 2-(2-aminothiazol-4-yl)-(Z)-2-(1-methoxycarbonyl 
cyclohexyloxyimino)acetate (90mg) was coupled to 
6t3-aminopenicillanic acid as described in Example 57e , 
except that ethyl acetate was used in place of 
butan-l-ol. The title compound was obtained as a white 
freeze-dried solid (52mg, 37%). vmax (KBr) 3343, 2937, 
1773, 1731, 1675, 1610, and 1529cm-1; δΗ (D2O)

•j'/ 1.30-1.60 (6H, m), 1.58 (3H, s), 1.68 (3H, s), 1.88
: /·< (2H, m), 2.13 (2H, m) , 3.82 (3H, s) , 4.30 (1H, s) , 5.71
*}»» (2H, d), 5.78 (2H, d), and 7.09 (1H, s).

•«* <
»* ’4 r <

Example 59, , t ' ■ —------
8 (I < f

a. Ethyl (Z)-2-(cis 3-methylcyclohexyl)oxyimino-3-
t oxobutyrate

Ethyl (z)-2-hydroxyimino-3-oxobutyrate (3g, 18.9mmol) 
was converted into the title compound by reaction with
3-methylcyclohexanol (5.16ml, 39.7mmol. 60:40 cis: 
trans mixture) as described in Example 4a method 3, 
except that the reaction was complete in 2h. After

<i purification the title compound was obtained as a
\s colourless oil (2.4g; 50%); \>max (CHCI3) 1740, 1685, and

1590 cm-1; δΗ (CDC13) 0^.75-0.97 (1H, m), 0.96 (3H, d,
J 6.5Hz), 1.05 (1H, dd, j 11.7Hz, partially obscured by

•d, δ 0.96), 1.32 (3H, t, J 7. 1Hz), 1.19-1.40 (2H, m,
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partially obscured by t, 6 1.32), 1.40-1.73 (2H, m),
l. 79-1.90 (1H, m) , 2.03-2.19 (2H, m), 2.39 (3H, s),
4.23 (1H, tt, J 11.2 and 4.5Hz), and 4.34 (2H, q, J 
7.1Hz); 613(2 14.1, 22.3, 23.6, 25.1, 31.2, 31.4,
34.0, 40.1, 61.7, 85.1, 149.9 161.5, and 193.

b. Ethyl/4-bromo-(Z)-2-(cis 3-methylcyclohexyl)oxy-
imino-3-oxobutyrate.
Ethyl (Z)-2-(cis 3-methylcyclohexyl)oxyimino-3-oxo- 
butyrate (1.85g; 7.2ramol) was brominated as described 
in Example 4c to give the title compound as an orange 
oil, vraax (CDCI3) 1730, 1700, and 1690cm~l.

c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-( cis 3-methyl-
cyclohexyloxyimino)acetate .
Ethyl/4-bromo-(Z)-2-( cis 3-methylcyclohexyl)oxyimino-3- 
oxobutyrate (7.2mmol) was treated with N,N-dimethyl- 
aniline (0.91ml; 7.2mmol) and thiourea (0.55g, 7.2mmol) 
in ethanol as described in Example 4d, except that the 
reaction was worked up after 2h. The title compound 
was obtained as a white crystalline solid (1.78g; 79%)
m. p. 91-93°C (ethyl acetate/hexane), (Found: C, 54.29; 
H, 6.88; N, 13.57. C14H21N3O3S requires C, 54; H, 6.79; 
N, 13.49%), vraax (CHCI3) 3480, 3400, 1730, and 
l610cm-l; (CDCI3) 0.64-1.1 (2H, m, partially 
obscured by d, δ 0.92), 0.92 (3H, d, J 5.5Hz), 1.1-1.55 
(3H, m, partially obscured by t, δ 1.36), 1.36 (3H, t,
J 7.1Hz), 1.55-1.70 (1H, m) 1.70-1.86 (1H, m),
2.03-2.25 (2H, m), 4.20 (1H, tt, J 11.1 and 4.3Hz),
4.39 (2H, q, J 7.1Hz), 5.31 (2H, broad s), and 6.7 (1H, 
s) .
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d . 2-(2-Aminothiazol-4-yl)-(Z)-2-(cis 3-methylcyclo-
hexyloxyimino)-acetic acid.
Ethyl 2-(2-aniinothiazol-4-yl)-(Z)-2-(cis 3-me thyl cyclo­
hexyloxyimino) acetate (l.Og; 3.2mmol) was hydrolysed 
according to the method described in Example 4e to give 
the title acid as a white solid (0.83g; 86%), vmax 
(KBr) 3800-2400, 1710, 1625, and 1530cm-1, δΗ 
[(CD3)2SO] 0.63-1.0 (2H, m, partially obscured by d, δ
0.91), 0.91 (3H, d, J 6.5Hz), 1.0-2.15 (7H, m), 4.0 
(1H, tt, J 11 and 4.1Hz), 6.81 (1H, s), and 7.2 (2H, 
s) .

e. Sodium 6p-[2-(2-aminothiazol-4-yl)-(Z)-2-( cis
3-methylcyclohexyloxyimino)acetamidojpenicillanate.
2-(2-Aminothiazol-4-yl)-(Z)-2-( cis 3-methylcyclohexyl­
oxyimino) acetic acid was coupled to 6|3-amino- 
penicillanic acid according to the method described in 
Example 47d to give the title compound; vraax (KBr) 
3650-3000, 1770, 1670, and 1610cm-1; Xn,ax (H20) 228.2 
(ε 13,083), 290.3nm (7,570); δΗ (D2O) 0.75-1.2 (2H, 
m, partially obscured by d, δ 0.99), 0.99 (3H, d, J 
6.5Hz), 1.2-1.75 (4H, m, partially obscured by 2 x s, δ 
1.59 and 1.70 ), 1.59 and 1,70 (6H, 2 x s), 1.75-2.25 
(3H, m), 4.25 (3H, m), 4.25 (1H, tt, J 11 and 4.3Hz), 
4.31 (1H, s), 5.63-5.78 (2H, m) and 7.06 (1H, s).

Example 60

a . Ethyl (Z)-2-(trans 3-methylcyclohexyl)oxyimino-3-
oxobutyrate.
Ethyl (j5)-2-hydroxyimino-3-oxobutyrate (2.65g,
16.7mmol) was converted into the title compound by 
reaction with cis 3-methylcyclohexanol (1.9g, 16.7mmol)
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as described in Example 4a method 3. After
purification the title compound was obtained as a 
colourless oil (0.57g, 11%) vraax (CHCI3) 1735·, 1680, 
and 1590cm-1; · (CDCI3) 0.8-1.3 (IH, m, . partially 
obscured by d, δ 0.9); 0;.90 (3H, d,-J'6.5Hz), 1.1-1.4 
(IH, ni) partially obscured by t, δ 1.3.3 ), 1.33 (3H, t, 
J 7.11Hz), 1.4-1.8 (2H, m, partially obscured by s, δ 
1.55 ), 1.55 (3H, s), 1.85-2.1 (2H, m), 2.4 (3H, s), 
4.36 (2H, q, J 7.1Hz), and 4.50-4.64 (IH, m) , 613c 
(CDCI3), 14.19, 20.32, 22.28, 25.13, 26.74, 29.55, 
34.16, 38.13, 61.74, 81.96, 150.2, 161.51, and 193.01.

b· Ethyl/4-bromo-(Z)-2-( trans 3-methylcyclohexyl)
oxyimino-3-oxobutyrate.
Ethyl (z)-2-(trans-3-methylcyclohexyl)oxyimino-3- 
oxobutyrate (O.57g, 2.2mmol) was brominated as 
described in Example 4b to give the title compound as 
an orange oil; vraax (CHCI3) 1735, 1700 and 1690cm-1.

c · Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(trans 3- 
roethylyclohexyloxyimino)acetate.
Ethyl 4-bromo-(Z)-2-(trans 3-methylcyclohexyl)oxyimino-
3-oxybutyrate (0.74g, 2.2mmol) was treated with 
thiourea (0.17g; 2.2mmol) and N,N-dimethylaniline 
(0.28ml, 2.2mmol) as described in Example 4d to give 
the title compound as a white crystalline solid (O.55g, 
61%); vmax (CHCI3) 3480, 3400, 1625, 1605, 1525, and 
1505cm-1; 6H(CDC13) 0.86 (3H, d, J 6.5Hz), 0.8-1.3 
(3H, m, partially obscured by d, δ 0.86), 1.37 (3H, t,
J 7.1Hz), 1.4-1.85 (4H, m), 1.9-2.05 (2H, m), 4.39 (2H, 
q, J 7.1Hz), 4.50-4.63 (IH, m), 5.46 (2H, broad s), and 
6,70' (IH, s) . * · " ' .
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d. . 2-(2-Arainothiazol-4-yl)-(Z)-2-(trans 3-methyl—
cyclohexyloxyimirio) acetic acid.

' Ethyl 2 - (2 -aminothiazol-4-yl) - (Z) —2- ( trans 3-jnethyl-
. . cyclohexyloxyimino)acetate (0.2g; 0.71mmol) was ‘

hydrolysed as described in Example 4'e to .give the title
■ ..compound as a white-solid (O.-13g~, 72%); ·νΠ3χ (KBr)

3600-2400, 1700 (sh), 1630, 1590, and 1530cm"1; δΗ 
C(CD3)2SO] 0.75-1.05 (IH, m, partially obscured by d, δ

. 0.84), 0.84 (3H, d, J 6.4Hz), 1:05-2.0 (8H, m) , 4.36
(IH, broad s), 6.83 (IH, s), and 7.22 (2H, broad s).

- e · Sodium 6β-Ε2-·( 2-aminothiaz0l-4-yl) - (Z)-2 (trans -
3-methylcyclohexyloxyimino)acetamido]penicillanate.

, 2-(2-Aminothiazol-4-yl)- (Z)-2-(trans 3-methylcyclo-
hexyloxyimino) acetic acid (O.lg, 0.35mmol) was coupled 
to 6β-aminopenicillanic acid as described in Example 
47d to give the title compound (20mg) as a white

\ freeze-dried solid; vmax (KBr) 1769, 1655, 1611, and
1528cm-1; Amax (H20) 290.5 (e 6017), 231.8nm (9971);

! , . δΗ (D2O) 0.83 and 0.85 (3H, 2 x d, J 6Hz), 0.88-1.05
j . (IH, m), 1.13-1.57 (4H, m, partially obscured by s, δ
j · 1.52), 1.52 (3H, s), 1.62 and 1.63 (3H, 2 x s),
| 1.57-2.02 (4H, m, partially obscured by 2 x s, δ 1.62
;| and 1.63), 4.23 (IH, broad s) , 4.51 (IH, broad s), 5.63
I (IH, d, J 4Hz), 5.69 (IH, d, J 4Hz), and 6.97 (IH, s).

y
'T
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Example 61

a . tert-Butyl (Z)-2-(cis-4-acetoxycyclohexyloxy- 
iroino)-3-oxobutyrate and tert-butyl (Z)-2-(trans-4- 
acetoxycyclohexyloxyimino)-3-oxobutyrate.
tert-Butyl ()-2-hydroxyimino-3-oxobutyrate (8.45g, 
45mmol), triphenylphosphine (13.09g, 49.8mmol) and
4-acetoxycyclohexanol (mixture of cis and trans 
isomers) (14.43g, 90.9mmol) in tetrahydrofuran (400ml) 
were reacted with diethyl azodicarboxylate (8.67g, 
7.8mmol, 49.8mmol) using an analogous procedure to that 
described in Example 4 method 3 to give, after 
chromatography on silica gel, loading in toluene, and 
eluting with a gradient of ethyl acetate in hexane (5% 
to 10%), the less polar isomer, considered to be the 
trans title compound, as an oil (2.1g; 14%). vraax 
(KBr) 2950, 1730, 1690, 1590, 1370, 1320, and 1250cm-1;
δΗ (250MHz, CDC13) 1.53 (9H, s), 1.5-1.80 (4H, m), 

1.85-2.30 (4H, m), 2.06 (3H, s), 2.37 (3H, s), and 
4.34-4.43 (3H, s); 6C (100MHz, DC13) 21.30, 25.17,
26.83, 26.90, 28.14, 70.40, 81.48, 83.98, 150.82,
160.46, 170.42, and 192.94; [Mass spectrum: M+ -CH3 
(312)]. Later fractions gave a mixture of cis and 
trans isomers (2.03g; 14%), followed by the more polar 
isomer, considered to be the cis title compound, as a 
solid (2.56g, 17%), m.p. 71-73°C (from EtOAc/hexane); 
^max (KBr) 2950, 1730, 1685, 1590, 1365, 1320 and 
1235cm-1; δΗ (250MHz, CDCI3) 1.56 (9H, s), 1.65-1.85 
(6H, m), 1.90-2.10 (2H, m), 2.05 (3H, s), 2.38 (3H, s),

'J ■ 4.36-4.46 (IH, m), and 4.74-4.88 (IH, m); δ0 (100MHz,
CDCI3) 21.30# 25.17, 26.65, 27.34, 28.15, 70.63, 80.26, 
84.01, 150.89, 160.51, .170.45, and 192.98; [Mass 
spectrum. Found (M+-CH3) 312.1450. Ο^βΗ25ΝΟθ-ΟΗ3 
requires 312.1447].
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b. (Z)-2-(trons-4-Acetoxycyclohexyloxyimino)-4- 
chloro-3-oxobutyric acid,

tert-Butyl (z)-2-(trans -4-acetOxycyclohexyloxyimino)- 
3-oxobutyrate (327mg, Immol) was reacted with sulphury! 
chloride (0.8ml) in glacial acetic acid (2ml) by an 
analogous procedure to that described in Example 57d to 
give the crude title compound.

c. sodium (Z)-2-(trans-4-acetaxycyclohexyloxylmlno)- 
2-(2-amlnothlazol-4-yi)acetate.
The crude (Z)-2-(trans-4-acetoxycyclohexyloxylmlno)-4- 
ehloro-3-oxobutyric acid obtained above was reacted 
with thiourea (76mg, immol) and N,N-dlmethylanilin© 
(0,26ml, !2!mg, Immol) in ethanol (5m!) aa in Example 
57d, Chromatography on HP20SS, eluting with water gave 
the title compound (119mg, 34%); Vmax (KBr) 3412, 3187, 
1718, 1612, 1532, 1399, 1371, 1266, and 103Qcmwl,· δΗ 
(250MHz, D2O) 1.54-1,72 (4H, m), 1,94-2.09 (411, m),
2.13 (311, b), 4,24 (111, m), 4.05 (111, m), and 6,88 (1H, 
b) ,

d. Sodium 69-C(Z)-2-(tranB-4-aeetoxygyclohQxyloxy-

Sodium (z)-2-(trana-4-acQtQXycyclohexyloxylmino)-2-(2- 
*amlnothlazol-4-yl)acetate (99mg, 0,283mmol) in 
Ν,Ν-dimethylformamlde (2ml) was reacted with methane- 
sulphonyl chloride (21.9ul, 32mg, 0,28mmol), followed

1 by SB-aminopenieillanie aeld (67mg, 0,31mmol) and sodium
hydrogen carbonate (26mg, 0.31mmol) in water (1.5ml) aa 
Example SOe to give after chromatography on HP20S8 the

1 title compound (78mg, 50%), vnmx (KBr) 3326, 2947,
1769, 1723, 1669, 1610, 1527, and 126301^¾ δπ 
(250MHz, B^O) 1.56 (311, a), 1.66 (311, a), 1,6-1.8 (4H, 
mb 1,85-2,1 (411, m), 4,28 (111, b) , 4,39 (111, mb 5,67 
(HI, d, d 4Hz) 5,7! (Ill, d, J 4llsb and 7,03 (IM, β) ,
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Example 62

a. (Z)-2-(cis-4-Acetoxycyclohexyloxyimino)-4-chloro-

3-oxobutyric acid.

tert-Butyl (Z)-2-(cis«4-Acetoxycyclohexyloxyimino)-3- 

oxobutyrate (327mg, Immol), as prepared in Example 61a, 

was reacted with sulphuryl chloride (0.8ml) in glacial 

acetic acid (2ml) as described in Example 57d to give 

the crude title compound.

b. Sodium (Z)-2-(cis-4-acetoxycyclohexyloxyimino)-

2-(2-aminothlazol-4-yl)acetate.

The crude (Z)-2-(cis-4-acetoxycyclohexyloxyimino) 

~4-chloro-3-0Xobutyric acid obtained above was reacted 

with thiourea (76mg, Immol) and N,N-dimethylaniline 

(0.126ml, 121mg, Immol) in ethanol (5ml) as in Example 

57d. Chromatography on HP20SS, eluting with water gave 

the title compound (64.5mg, 19.7%); vmax (KBr) 3307, 

3187, 2947, 1720, 1617, 1531, 1400, and 1270cm”1; δΗ 

(250MHz, 020) 1.74-1.85 (6H, m), 1.91-2.01 (2H, m),

2.13 (3H, s), 4.33 (IH, m), 4.83 (IH, m), and 6.89 (IH, 

s).

c. Sodium 6β-[(Z)-2-(cla-4-acetoxycyclohexyloxy“ 

imino)-2-(2“amlnothlaaol-4“yl)acetamido]penicillanate.

Sodium (7,,)-2-(cio-4-acetoxycyclohexyloxyimino)-2-(2- 

amlnothiazol-4-yl)acethte (58.6mg, 0.17mmol) in

N, N-dimethylformamide (2ml) was reacted with

methanesulphonyl chloride (13.3ml, 19mg, 0.17mmol), 

followed by 6P-aminopenicillanle acid (40.3mg.

O. 19mmol) and sodium hydrogen carbonate (15.7mg, 

0.19mmol) in water (1ml) as in Example 58c to give 

after chromatography on HP20SS, the title compound
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(47mg, 50.5%). vraax (KBr) 3325, 2950, 1768, 1718, 1529, 
and 1264cm"1 δΗ (250MHz, D2O) 1.56 (3H, s), 1.66 (3H, 

s), 1.77 (6H, m), 1.99 (2H, m), 2.15 (3H, s), 4.15 (1H, 

s), 4.41 (1H, m), 5.69 (1H, d, J 4.1Hz), 5.72 (1H, d, J 
4.1Hz),' and 7.03 (1H, s) .

Example 63

a Chloromethyl-4-[N-(4-nitrobenzyloxycarbonyl)-
glycyloxy3benzoate.
Triethylamine (4ml) was added to a suspension of 

N-(4-nitrobenzyloxycarbonyl)glycine (7.25g) in dry 
dichloromethane at -20°C. Ethyl chloroformate (2.75ml) 
was added to the resultant solution and the mixture 
stirred at -20° to -10°C for 20mins. A solution of
4-hydroxybenzoic acid (3.94g) and triethylamine (4ml) 
in dichloromethane (50ml) was added dropwise, and 
stirring continued for 2.5h after addition. The 

mixture was filtered, the filtrate washed with 10% 

aqueous citric acid (20ml), water (20ml), and brine 
(20ml), and dried (MgSO,}). Evaporation under reduced 

pressure afforded the crude product, 4-[N-(4-nitro- 
benzyloxycarbonyl) glycyloxy]benzoic acid as a pale 

yellow foam.
Without further purification, 4-[N-(4-nitrobenzyloxy­

carbonyl) glycyloxyjbenzoic acid was treated with 

chloromethylchlorosulphate (5.77g) under the conditions 

described in Example 55b. After work-up and 

chromatography as described therein, the title compound 

was obtained as a white crystalline solid (1.81g), 

m.p. 119-i20°G (ethylacetate/hexane); vmax (σΗ2Ο12) 

3450, 1780, 1740, 1610, and 1520cm"1,· 6H (CDC13) 4.33 

(2H, d, J 6Hz), 5.33 (2H, s), 5.72 (1H, br t, J 6Hz), 

.6.03 (2H, s), 7.23-7.70 (4H, m), and 8.18-8.40 (4H, m).
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b. Iodomethyl-4[N-(4-nitrobenzyloxycarbonyl)- 

glycyloxy]benzoate.
Chloromethyl-4[N-(4-nitrobenzyloxycarbonyl)glycyloxy]be 

nzoate (1.5g) was converted to the title compound 
(1.65g, 92%) under the conditions described in Example 

55c, m.p. 146-8°C (ethyl acetate); vmax (CH2C12) 3440, 
1775, 1740, 1605, and 1520cm"1; δΗ (CDClg/Dg-DMSO)

4.23 (2H, d, J6Hz), 5.33 (2H, s), 6.23 (2H, s),

7.25- 7.73 (5H, m), and 8.08-8.37 (4H, m).

c. 4-[N-(4-Nitrobenzyloxycarbonyl)glycyloxy]- 

benzoyloxymethy1 6β-[2-(2-aminothiazol-4-yl)-(Z)-2-
(cyclohexyloxyimino)acetamido]penicillanate. 

Iodomethyl-4-[N-(4-nitrobenzyloxycarbonyl)glycyloxy]- 

benzoate (0.790g) was reacted with sodium

6B-[2-(2-aminothiazol-4-yl)- (Z)-2-(cyclohexyloxyimino)- 
acetamido]penicillanate (0.500g) under the conditions

',· described in Example 55d. The title compound was

obtained as a pale yellow solid after trituration with 

ether (0.300g, 35%), vmax (CH2CI2) 3450, 3400, 1790,
’* 1775, 1740, 1690, 1605, and 1525cm-1; δΗ (CDG1 )

1.25- 2.06 (16H, m), 4.28 (2H, d, J 5.8Hz), 4.25-4.28 
(1H, m), 4.52 (1H, s), 5.18 (2H, br. s, D20 exch), 5.25 

(2H, s), 5.44 (1H, br. t, D2O exch), 5.64 (lH, d, J 
4.1Hz), 5.88 (1H, d, J 4.2, 9.1Hz), 7.02 (1H, s), 7.13 
(1H, d, J 9.1Hz, D20 exch), 7.25 (2H, d), 7.54 (2H, d),
8.12 (2H, d), and 8.23 (2H, d).

d. 4-Glycyloxybenzoyloxymethyl 6β-[2-(2-amino-

* thiazol-4-yl)-(Z)-2-(cyclohexyloxyimino)acetamido]-
penicillanate hydrochloride.

4-[N-(4-Nitrobenzyloxycarbonyl) glycyloxy) - 

benzoyloxymethyl 6P-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(cyclohexyloxyimino)acetamido]penicillanate (0.200g)
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was converted to the title compound using the procedure 

described in example 55e. The product was a pale 

yellow amorphous solid (0.065g, 39%), vmax (KBr) 3350, 

2936, 1774, 1740, 1673, 1629, 1603, and 1509cm-1; δΗ 

(Dg-DMSO) 1.18-1.90 (16H, m), 4.04-4.10 (3H, m), 4.50

(IH, s) , 5.58 (IH, d, J 4.1Hz), 5.65 (IH, dd, J 4.0,

7.1 Hz) , 6.06 (2H, ABq, J 6.0, 16.4Hz), 6.81 (IH, s),

7.41. and 8.09 (4H, ABq, J 8. 7Hz), 8.70 (3H, br. s .,

d2o exch) and 9.48 (IH, d, J 7.2Hz, D2O exch) .
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Example 64

a. (2S,4R)-4-Hydroxy-l-(4-nitrobenzyloxycarbonyl)-
pyrrolidine-2-carboxylic acid.
(2i3,4R)- (- )-4-Hydroxy-2-pyrrolidinecarboxylic acid 
[trans-4-hydroxy-L-proline] (5.24g, 40mmol) in water 
(40ml) was treated with 1M aqueous sodium hydroxide 
(40ml), cooled in an .ice-bath and then treated with
4-nitrobenzylchloroformate (8.64g, 40minol) in
1,4-dioxane (40ml), added dropwise over 20min. The 
mixture was stirred at 0°C for 3h. Most of the
1,4-dioxane was removed by evaporation under reduced 
pressure and ethyl acetate (100ml) and water (100ml) 
were added. The mixture was acidified and the aqueous 
layer extracted a further two times with ethyl acetate 
(100ml). The ethyl acetate layer was dried (MgSC>4) and 
evaporated under reduced pressure to leave an oil which 
crystallised after trituration under diethyl ether.
The crystals were filtered off to give the title 
compound (8.69g, 70%) as a mixture of
conformers/rotamers, m.p. 136-137°C (EtOAc/hexane) 
(Found: C, 50.30; H, 4.43; N, 8.82 C13H14N2O7 requires 
G, 50.32; H, 4.55; N, 9.03%); [a]D -38° (c 1 in 
EtOH); Vmax (KBr) 3319, 1737, 1663, 1607, 1518, 1456, 
and 1342cm-1; δΗ (250MHz, (CD3)2CO) 2.20-2.25 (1H, 
m), 2.25-2.50 (1H, m), 3.50-3.72 (2H, m), 4.4-4.6 (2H, 
m), 5.18 (d, J 14.2Hz), 5.29 (s), 5.33 (d, J 14.2Hz) 
(together 2H, 0CH2Ar, 2 conformers ), 7.66 (2H, m), and 
8.23 (2H, m); [Mass spectrum M+ (310)].

b. 4-Nitrobenzyl (2S,4R)-4-hydroxy-l-(4-nitrobenzyl-

oxycarbonyl)pyrrolidine-2-carboxylate.
(2iS, 4R)-4-Hydroxy-l- (4-nitrobenzyloxycarbonyl)- 

pyrrolidine-2-carboxylic acid (930mg, 3mmol)<»

1

n
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4-nitrobenzylbromide (660mg, 3.05mmol) and potassium 
carbonate (209mg, 1.51mmol) were stirred together in 
Ν,Ν-dimethylformamide (10ml) for 3.5h. The mixture was 
poured into water (100ml)/ethyl acetate (100ml) and the 
layers separated. The aqueous layer was re-extracted 
with ethyl acetate (50ml). The combined organic layers 
were washed with water (50ml), x4), brine (20ml), dried 
(MgSO4) and evaporated under reduced pressure. The 
residue was chromatographed on silica gel, eluting with

j ethyi acetate hexane mixture, followed by ethyl acetateIj to give the title compound (l.20g, 90%) as a mixture of
j conformers/rotamers; Vmax (CH2CI2) 3610, 3470, 2960,
I 1735, 1710, 1610, 1535, and 1350cm-1 * * * 5; δΗ (400 MHz,
I CDCI3) 1.90 (1H, broad d, J ca 7.4Hz), 2.05-2.20 (1H,
1 m), 2.3-2.5 (1H, m), 3.6-3.8 (2H, m), 4.58 (1H, broadί
j \ 'r ’ d, J ca 9.3Hz), 4.63 (1H, approx dt J 1.9, 8.1Hz),
I < // 5.05-5.35 (4H, m,) 7.30-7.50 (4H, m) , and 8.1-8.2 (4H,
I . m); [Mass spectrum: M+ (445)].

1 ' · c. tert-Butyl 3-oxo-(Z)-2-[(2S,4S)-l-(4-nitrobenzy1-
oxycarbonyl)-2-(4-nitrobenzyloxycarbonyl)pyrrolidine-4-
yloxyimino]butyrate.
4-Nitrobenzyl (2S,4R)-4-hydroxy-l-(4-nitrobenzyloxy- 
carbonyl)pyrrolidine-2-carboxylate (3.24g, 7.28mmol) 
and triphenylphosphine (2.29g, 8.7mmol) in dry

/ tetrahydrofuran (60ml) under argon were treated with
dimethyl azodicarboxylate (1.28g, 8.7mmol) in dry

j tetrahydrofuran (5ml). After 5min tert-butyl (j5)-2-
hydroxyimino-3-oxobutyrate (2.59g, 8.7mmol) in dry

5 tetrahydrofuran (10ml) was added and the mixture was
' stirred under an argon atmosphere for 18h. The

tetrahydrofuran was removed and the residue taken up in 
ethyl acetate (150ml) and washed with water containing
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a trace of acetone (100ml, x6 ). The ethyl acetate 
layer was dried (MgSC>4) and evaporated under reduced 
pressure. The residue was chromatographed on silica 
gel, eluting with ethyl acetate/hexane mixture to give 
the title compound (2.49g, 55%) as a mixture of two 
conformers/rotamers; vmax (CH2C12) 1735, 1710, 1605, 
1525, and 1350cm_1? 6H(250MHz, CDCI3) 1.52 (9H, s),
2.31 (3H, s), 2.40-2.80 (2H, m), 3.75-4.0 (2H, m), 4.66 
(IH, approx dt, J ca 9.3, 1.5Hz), 4.94-5.05 (IH, m), 
5.1-5.4 (4H, m), 7.35-7.55 (4H, m), and 8.05-8.25 (4H, 
m) .

d. (2-(2-Aminothiazol-4-yl)-(Z)-2-[(2S,4S)-l-(4- 
nitrobenzyloxycarbonyl)-2-(4-nitrobenzyloxycarbonyl)-
pyrrolidin-4-yloxyimino]acetic acid.
tert-Butyl 3-oxo-(_Z )-2-[ (2S_, 4S_)-1-(4-nitrobenzyloxy- 

,< ’’« carbonyl)-2-(4-nitrobenzyloxycarbonyl)pyrrolidine-4-
yloxyimino]butyrate (2.19g, 3.56mmol) in acetic acidtit,,,, (7ml) was treated with sulphuryl chloride (2.89ml,I
4.81g, 35.6mmol) and the mixture was heated at 50°C for 
2.75h. The mixture was evaporated under reduced 
pressure, and toluene added to the residue and the 
solvent evaporated. The was repeated a further three 
times. The residue was partially dissolved in ethanol 
(15ml) and thiourea (271mg, 3.56mmol) was added, 
followed by Ν,Ν-dimethylaniline (0.9ml, 860mg,
7.1mmol), Ethanol (15ml) was added and the mixture was 
warmed to effect dissolution, the mixture was stirred

=1 at room temperture for I.5h, then warmed again to
,, \ dissolve the material, and stirred a further 0.5h. The!. I* ethanol was then removed by evaporation under reduced

pressure and a mixture of water/ethyl acetate/

n-butanol added. The pH was adjusted to 2 and the layers
separated. The aqueous layer was again extracted with

n-butanol (x2). The
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butanol extracts were combined and evaporated under 
reduced pressure. Ethanol was added to the residue and 
removed under reduced pressure, followed by toluene 
(x3) to leave a solid which was dried over P2O5 in 
vacuo to give the crude title compound (2.03g); vmax 
(KBr) 3383, 1745, 1710, 1630, 1607, 1521, 1432, 1404 
and 1347cm-1.

e. 4-Nitrobenzyl 6β-(2-(2-aminothiazol-4-yl)-(Z)~
2-[(2S,4S)-1-(4-nitrobenzyloxycarbonyl]-2-(4-nitro-
benzyloxycarbonyl)pyrrolidin-4-yloxyimino]acetamido)-
penicillanate.
2-(2-Aminothiazol-4-yl)- (Z)-2-[(2S, 4S)-1- (4-nitrobenzyloxy 
carbonyl)-2-(4-nitrobenzyloxycarbonyl)pyrrolidin-4-y1- 
oxyimino]acetic acid (2.05g, 3.3mmol) in dry

•3’** Ν,Ν-dimethylformamide (DMF) (9ml) was treated with N,N-
I diisopropylethylamine (0.638ml, 473mg, 3.67mmol). The• i » «

t.«i mixture was cooled under argon to -60° to -50°C,
*’‘‘t treated with methanesulphonyl chloride (0.284rnl, 420mg,
·“* 3.67mmol) and stirred in the cold for 1.75h.• ««
'*’««■ 4-Nitrobenzyl δβ-aminopenicillanate (1.32g, 3.77mmol)

and triethylamine (0.381g, 3.77mmol) in dry DMF (9ml) 
t , were added and the mixture was stirred at 0°C for lh.< 5 ·

Water/ethyl acetate were added and the ethyl acetate
* layer was washed with water (x4), followed by brine, 

then dried (MgSO4) and evaporated under reduced 
pressure. Chromatography on silica gel eluting with 
ethyl acetate/hexane mixtures, followed by ethyl

»» acetate gave the title compound (965mg) as a mixture oflit ■
\ conformers/rotamers; vmax (CH2CI2) 3470, 1785, 1740,

1710, 1685 (sh), 1605, 1575, andl350cm-1; δΗ(400ΜΗζ, 
CDCI3) 1.39 (s), 1.41 (s) (together 3H), 1.54 (s), 1.56 
(s) (together 3H), 2.40-2.48 (1H, m), 2.78 (d, J 
•14.4Hz), 2.94 (d, J 14.5Hz) (together IH) , 3.73-3.81 
(IH, m), 3.98 (d, J 12.5Hz), 4.11 (d, J 12.2Hz)
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(together 1H), 4.42 (s), 4.48 (s) (together 1H), 4.61 
(d, J 9.4Hz), 4.65 (d, J 9.0Hz) together 1H), 4.95-5.40 
(7H, m), 5.44 (2H, broad s), 5.60 (d, J 4.1Hz), 5.66 
(d, J 4.3Hz) (together 1H), 5.71 (dd, J 4.1, 8.2Hz), 
5.79 (dd, J 4.3, 8.7Hz) (together 1H), 6.89 (s), 6.90 
(s) (together 1H), 7.04 (d, J 8.5Hz), 7.34 (d, J 8.2Hz) 
(together 1H), 7.39-7.56 (6H, m), and 8.02-8.26 (6H, 
m) .

f. Sodium 6p-(2-(2-aminothiazol-4-yl)-(Z)-2-[(2S,4S)-
2-carboxypyrrolidin-4-yloxyimino]acetamido)penicill-

; anate.
ΐ 10% Palladium on carbon catalyst in 1,4-dioxane
ΐ (2ml)/water(lml) was treated with hydrogen for 15min.
i

S 4-Nitrobenzyl 6β-(2-(2-aminothiazol-4-yl)-(Z)-2-
[ ( 2S , 43.)-1- (4-nitrobenzyloxycarbonyl )-2- (4-nitrobenzyl­
oxycarbonyl )pyrrolidin-4-yloxyimino]acetamido)- 
penicillanate (48mg) in dioxane (0.7ml)/water (0.3ml) 
was added and the mixture was hydrogenated at
atmospheric pressure for lh. 10% Pd/C catalyst (22mg) 
and 1,4-dioxane (lml) were added and the mixture was 
hydrogenated a further 1.5h. Sodium hydrogen carbonate 
(4mg) was added and the mixture was filtered through 
Kieselguhr, the filter cake was washed with water 
(50ml) and the volume of the filtrate was then reduced 
to ca 30ml by evaporation under reduced pressure. The 
aqueous solution as washed with ethyl acetate (50ml, 
x3) containing a little acetone to assist separation. 
The aqueous layer was then reduced in volume to ca 7ml, 
sodium chloride was added and the mixture loaded onto a 
column of HP20SS, and the column eluted with water to 
give the title compound (7mg, 26%); vraax (KBr) 1764, 
1604, 1553, 1398, and 1332cm-1; 6h(D2O) 1.53 (3H, s),

ί
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2.34-2.68 (2H, m), 3.21 (IH, dd, J 4.3, 13.2Hz), 3.63

■ (IH, d, J 12.9Hz), 3.93 (IH, dd, J 5.5, 10.2Hz), 4.26
I

f (IH, s), 4.97 (IH, m), 5.62 (IH, d, J 3. 9Hz), 5.65 (d,
f J 3.9Hz), and 7.08 (IH, s).

Example 65

a. 2-[N-(4-Hitrobenzyloxycarbonyl)glycylamino]-
benzoic acid.

i
ί
ΐ

Oxalyl chloride (1.75ml) was added, dropwise over 2 
minutes to a stirred solution of dry dimethylformamide 
(1.75ml) in dry dichloromethane (30ml) at -20°C under 
dry nitrogen. The stirred mixture was allowed to 
attain 0°C during 15minutes, re-cooled to -20°C, and 
treated, portionwise over 1 minute , with N-(4-nitro- 
benzyloxycarbonyl) glycine (5.08g). The stirred mixture 
was allowed to attain 0°C during 30 minutes, re-cooled 
to -20°C, and treated, dropwise over 10 minutes, with a 
solution containing 2-aminobenzoic acid (3.74g) and 
triethylamine (2.78ml) in dry dichloromethane (20ml). 
The cooling bath was removed and the mixture was 
stirred for 2h [after a few minutes a semi-solid gel 
formed which was dispersed by the addition of dichloro­
methane (50ml)]. The mixture was diluted with ethyl 
acetate (250ml) and was washed with 5% citric acid 
(25ml) and brine (3 x 25ml). The dried (MgSC>4) organic 
layer was evaporated and the residue was triturated 
with ether to give the title acid as an off white solid 
(6.64g), m.p. 188-190°C (microcrystalline solid ex 
acetone/hexane); vmax (Nujol) 3300, 3500-2000 br, 1735, 
1705, and 1680cm-1; δΗ [(003)200,/(003)280] 3.98 (2H, 
d, J 6Hz, collapses to s on exch. D20), 5.35 (2H, s), 
6.8-8.6 (9H, m, 2H exch. D20), 8.85 (IH, d, J 8Hz), and 
11.95 (IH, brs, exch. D2O) .

1
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b. 2-[Ν-(4-Nitrobenzyloxycarbonyl)glycylamino]-
benzoyloxymethyl 6β-[ 2- ( 2-aminothiazol-4-yl) - (Z)-2-
(cyclohexyloxyimino)acetamidojpenicillanate,
A solution of chloromethyl chlorosulphate (275mg) in 
dichloromethane (lml) was added, dropwise over '-5 
minute, to a stirred mixture of 2-[N-(4-nitrobenzyl- 
oxycarbonyl)glycylaminojbenzoic acid (500mg), sodium 
bicarbonate (450mg) , tetrabutylammoniurn hydrogen- 
sulphate (70mg), dichloromethane (10ml), and water 
(10ml). After stirring at room temperature for lh the 
solid which had precipitated was redissolved by 
addition of dichloromethane (50ml). The organic layer 
was separated and was washed with dilute brine (2 X 
10ml), dried (MgSO.4), and evaporated to give the crude 
product, chloromethyl
2-[N-(4-nitrobenzyloxycarbonyl)glycylaminojbenzoate, as 
a solid. ■
Without further purification, the crude chloromethyl 
ester was dissolved in dry acetone (50ml) and was 
treated with sodium iodide (2.11g). After stirring at 
room temperature for 24h the mixture was evaporated.
The residue was dissolved in ethyl acetate (50ml) and 
was washed with water (3 x lOral) , dried (MgSO.^), and 
evaporated to give the crude product, iodomethyl 
2-[N-(4-nitrobenzyloxycarbonyl)glycylaminojbenzoate, as 
a solid.
Without futher purification, the crude iodomethyl ester 
was dissolved in dry dimethylformamide (10ml) and 
treated with sodium ’ ‘
6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclohexyloxyimino)a 
cetamido]penicillanate (688mg). After stirring at room 
temperature for lh the mixture was diluted with ethyl 
acetate (50ml) and was washed with 5% citric acid 
(10ml), brine (10ml), saturated NaHCO3 (10ml)., and

i
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brine (3 x 10ml). The dried (MgSO^ organic layer was 
evaporated and the residue chromatographed on silica 
gel eluting with methyl acetate/hexane mixtures to give 
the title compound as an amorphous solid (550mg), vraax 
(CHC13) 3600-3100, 1790, 1730 sh., and 1695cra-1; δΗ 
L(CD3)2CO] 1.20-2.00 (16H, ra), 4.03 (2H, d, J 6.3Hz, 
collapses to s on exch. D2O), 4.05-4.25 (1H, m) , 4.50 
(1H, s), 5.36 (2H, s), 5.68 (1H, d, J 4.2Hz), 5.79 (1H, 
dd, J 8.3 and 4.2Hz, collapses to d, J 4.2Hz on exch. 
D20), 6.12 and 6.17 (2H, AB q, J 6.0Hz), 6.55 (2H, s, 
exch. D20), 6.83 (1H, s), 7.18-7.40 (2H, m, 1H exch. 
D2O) , 7.65-7.72 (1H, m), 7.76 (2H, d, J8.4Hz), 8.07
(1H, d, J 8.0Hz), 8.12 (1H, d, J 8.3Hz, exch. D20),
8.27 (2H, d, J 8.4Hz), 8.76 (1H, d, J 8.4Hz), and 11.27 
(1H, s, exch. D20).t H 1

9 t C t C C f.
•, j f. c. 2-Glycylaminobenzoyloxymethyl

6p-[2 - (2-aminothiazol-4-yl) - ( Z) -2- ( cyclohexyloxyimino) a» t :, v ' ” ' ----- 1 — - π - ,
‘ ' cetamido]penicillanate hydrochloride.

A solution of 2-[N-(4-nitrobenzyloxycarbonyl)glycyl-
e ίt:i amino]benzoyloxymethyl 6p-[2-(2-aminothiazol-4-yl)-(Z)-

2-(cyclohexyloxyimino)acetamido]penicillanate (250mg) 
in a mixture of 1,4-dioxane (25ml) and water (15ml) was 
hydrogenated over 5% palladium/charcoal (375mg) at
S.T.P. for 30minutes. The mixture was filtered 
through Kieselguhr and the residue was washed with 50% 
aqueous dioxane (2 x 10ml). The combined filtrates 
were treated with hydrochloric acid (2.94ml of 0.1M)

;·,<«, and were kept at room temperature for 6h. Work-up of
t. ‘ t,. , the mixture as described in example 55(e) afforded the•I I

title compound as a pale yellow solid (86mg), vmax 
(KBr) 3700-2300, 1785, 1700, 1675, and 1630cm-1? δΗ 
(D2o) 1.10-2.05 (16H, m) , 4.13 (2H, s), 4.37 (1H, br

-s), 5.76 (2H, br s), 6.05-6.30 (2H, m) , 7.15 (1H, s),
7.35-7.50 (1H, ra) , 7.70-7.83 (1H, ra), 7.85-8.00 (1H,
m), and 8.05-8.20 (1H, m) .
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Example 66

a . 2- [N- (4-Nitrobenzyloxycarbonyl) glycylamino] -- 
benzoyloxymethyl 6β-[2-(2-aminothiazol-4-yl)-(Z)-
2-(cyclopentyloxyimino)acetamido]penicillanate.
Sodium 6p-[2-(2-aminothiazol-4-yl)-(JZ) -2- (cyclopentyl­
oxyimino) acetamido]penicillanate (500mg) was converted 
to the title compound, an amorphous solid (439mg), 
using the procedure described in example 65(b), \>raax 
(CHC13) 3600-3100, 1790, 1730, and 1700cm"1; δΗ 
E(CD3)2CO] 1.25-2.10 (14H, m), 4.03 (2H, d, J 6.6Hz), 
collapses to s on exch. D20) , 4.49 (IH, s), 4.70-4.74 
(IH, m), 5.36 (2H, s), 5.67 (IH, d, J4.2Hz), 5.77 (IH, 
dd, J 8.2 and 4.2Hz, collapses to d, J 4.2Hz on exch. 
D20), 6.12 and 6.17 (2H, ABq, J 5.9Hz), 6.52 (2H, 
exch. D20), 6.83 (IH, s), 7.12-7.38 (2H, m, IH exch. 
D20), 7.65-7.72 (IH, m), 7.76 (2H, d, J8.3Hz), 8.07 
(IH, d, J 8.2Hz), 8.13 (IH, d, J 8.2Hz, exch. D20),
8.27 (2H, d, J8.3Hz), 8.76 (IH, d, J 8.2Hz), 11.28 
(IH, s, exch. D2O).

b. 2-Glycylaminobenzoyloxymethyl 6β-[ 2- (2-amino- 
thiazol-4-yl)-(Z)-2-(cyclopentyloxyimino)acetamido]-
penicillanate hydrochloride.
2-[N-(4-Nitrobenzyloxycarbonyl) glycylamino]benzoyl- 
oxymethyl
6β-[2-(2-aminothiazol-4-yl)- (Z)-2-(cyclopentyloxyimino) 
acetamido]penicillanate (250mg) was converted to the 
title compound, a pale yellow solid (68mg), using the 
procedure described in example 65(c), vmax (KBr) 
3700-2400, 1769, 1700, 1675 sh., and 1628cm"1; δΗ
(D2O) 1.30-2.00 (14H, m), 4.15 (2H, s), 5.72 (IH, d, J 
4Hz), 5.76 (IH, d, J 4Hz), 6.12 and 6.17 (2H, ABq, J 
6.1Hz), 7.15 (IH, s) , 7.37-7.43 (IH, m) , 7.7-2-7.78 (IH, 
m), 7.95 (IH, d, J 8.0Hz), and 8.07 (IH, d, J 7.8Hz).

I C « t it Iί <
r < ι

t t tί £ t
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Example 67

a · 4-Methylene cyclohexyl benzoate.
Methyl trlphenylphoaphonlum bromide (3.6g) was 
suspended in anhydrous totrahydrofuran (20ml) under an 
atmosphere of argon. Potassium tcrt-butoxlde (l,12g) 
was added and the mixture was stirred and heated under

: gentle reflux for 1,25b. Tho orange mixture was cooled
: to 0°C and a solution of (4-benzoyloxy)cyclohexanone

(l,09gj L.N. Owens and P.A, Robins, 3...Chem. Soc.,
1 1949, 320) in anhydrous tetrahydrofuran (10ml) was
ί added slowly, The reaction was allowed to regain roon
ί temperature and stirring was continued for 0,5h. The
; mixture was diluted with ether (50ml) and washed with

water (2 x 25ml) and saturated brine (25ml), dried over 
; anhydrous magnesium sulphate, then evaporated to

dryness* Chromatography on silica afforded the olefin 
j (0.78g), followed by the starting ketone (0.21g)* The

ρ olefin exhibited \>max (GHGI3) 1710, 1650, 1610, and
P 1590cm-1; (COCI3) 1.82, 1,97, 2,21 and 2,43 (811,
!] 4m), 4,71 (2H, s), 5,21 (IH, m), 7,40-7,60 and
Β 8.00-8.10 (511, 2m), [Maos spectrum; chemical ionisation
ij (NH3), 217 (MH+)3,

ί b. 4-Methyleno.. cyciohoxanol,
j 4-Methylone cyclohexyl benzoate (l,00g) in ethanol

J (Sral) was treated with sodium hydroxide (2Mi 5ml) and
j stirred at room temperature for I6h, The resulting

clear solution was diluted with water (20ml) and 
i extracted with ether (3 x 20ml). The combined extracts

1J were dried and evaporated to give the essentially pure
alcohol (O.SOgb vmax (GllClg) inter alia 3600, 3400
(br) 3075 (m), 16S0, 910 (s) em”1; Bp (CDClg)
1,35-1,55 (311, m, 211 on b20 exch) , 1,05-2,15 and
2,25-2.45 (6H, 2m), 3,03 (ill, m), and 4,65 (211, 0),
[Mass spectrum» 11,1,, 94 (M-llgO)3,
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σ , Ethyl (Ζ )-2-(4-methylenecyclohexyloxyimlno)-2-(2-
tritylaminothiazol-4-yl) acetate■
4-Methylenecyclohexanol (412mg), triphenylphosphine 

(860mg), and ethyl (z)-2-hydroxyimino-2-(2-tritylamino- 

thiazol-4-yl)acetate (1.37g) were dissolved together in 

anhydrous benzene (9ml). Dimethyl azodicarboxylate 

(0.40ml) was added slowly with stirring and the 

resulting orange solution was stored at room

temperature for 6 5h with exclusion of moisture. Work­

up and chromatography as in example 4a, method 3 

afforded the title compound (174mg), (CDGI3) 1.33 

(3H, t, £ 7Hz) , 1.82, 2.08 and 2.31 (8H, 3m), 4.35 (2!!, 

q, £ 7Hz), 4.51 (IH, m), 4.63 (2H, s), 6.48 (IH, s), 

6.96 (IH, br s, D2O exch.), and 7.30 (15H, s) .

d. Ethyl (Z)-2-(4-roefhylenecyclohexyloxylmlno)-2-(2-

am 1 noth! a z ol- 4 - y I/acetate.

Ethyl (Z)-2-(4-methy.lenecyclohoxy,loxyimino)-2-(2- 

tritylaminothiazol-4-yl)acetate (171mg) was subjected 

to formic acid deprotection as in Example la, but with 

a reaction time of lh. After chromatography, the title 

compound was obtained as a white solid (74mg) (Pound; 

M+, 309.1135. C14H19N3O3S requires M, 309.1146), v,nax 

(KBr) 1724, 1650 (sh), 1624, 1540> 1461, and 1444em“h 

6H (CDC13) 1.36 (3H, t, £?Hz), 1.83, 2.09 and 2.32 

(SH, 3m), 4 40 (2H> q, £ ?Hz), 4.48 (IH, m), 4.64 (2H, 

s), 5*19 (id, br s, D2O exch.), and 6.73 (IH, s).

0. Sodium 2»» (i-Amlnothlazol-4-yl)- (z)-2-(4-methylene'

acetate,
Ethyl (Z)“2-(4-methyleneeyclohoxyloxyimino)-2“(2-amino- 
Uhiazol~4-yl)acetate (70mg) was hydrolysed with sodium 
hydroxide (2M? 0»34ml) as described in Example lb. When 
reaction was complete the pn was adjusted to 7.3 and

»
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solution was evaporated to dryness. Chromatography on 

HP20SS followed by concentration and lyophilisation of 
appropriate fractions afforded the sodium salt (60mg), 
vmax (KBr) 1670 (sh), 1617, 1529, 1398, and 1357cm-1; 

δΗ E(CD3)2SO] 1.55, 1.80, 2.01 and 2.30 (8H, 4m),
4.06 (IH, m), 4.61 (2H, s), 6.55 (IH, s), and 7.01 (2H, 
br s, D20 exch). [Mass spectrum: +ve ion
(thioglycerol) MH+ (304), M+Na-H+ (325)].

f. Sodium 2-(2~aminothiazol-4~yl)-(z)-2-(4-methylene-
cyclohexyloxyimino)acetamido]penicillanate.
Sodium 2-(2-aminothiazol-4-yl)- (Z)-2-(4-methylene- 
cyclohexyloxyimiho) acetate (50mg) was converted to a 

mixed anhydride using methanesulphonyl chloride 
(0.015ml) and Ν,Ν-diisopropylethylamine (0.030ml) and 
subsequently reacted with 6p-aminopenicilianic acid

t (50mg) as in Example 47c. Workup, chromatography on
HP20SS and lyophilisation as described therein afforded 
the penicillin (28mg), vmax (KBr) 1768, 1660 (sh),
1609, and 1527cm-1? δκ (D20) 1.55, 1.65 (6H, 2s),

1.87, 2.17, and 2.35 (8H, 3m), 4.27 (IH, s) , 4.49 (111, 
m), 4.75 (2H, s), 5.68 (2H, ABq), and 7.04 (IH, s) .

Example 68

. a· Ethyl 2-(2-trltylarolnothiazol-^-yl)-(Z)- 2-(4-oxo-
it
’ 6 cyclohexyloxylmino)acetate.

4-Hydroxycyclohexanone (570mg; J.B. Aldersley,

,, ,, G.N. Burkhardt, A.E. Gillami and K.C. Hindley,
β ? «

*, G. Chem, Soc., 1940, 10) ethyl/2-(2-tritylaminothlazol-

*« **· 4~yl)-(!£)“2-hydroxyimirtoaeetate (i.37g) and
triphenyl-phosphine (860mg) in anhydrous benzene (9ml) 

were allowed to react with dimethyl azodloarboxylate
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(0.40ml) as described in Example 67c except t'he 

reaction time was 14 days. Workup and chromatography 

gave the title compound (I58mg), v^ax (KBr) 3390, 1737, 

1710, 1596, 1585, 1529, and 1491cm-1,· δΗ (COC13) 1.33 

(3H, t, J7Hz), 2.01, 2.31, and 2.55 (8H, 3m), 4.36 

(2H, q, J 7z), 4.73 (1H, m) , 6.52 (1H, s), 6.97 (1H, 

brs, D2O exch.), and 7.30 (1511, br s) .

b .

Ethyl-2-(2-aminothiazol-4-yl)-(Z)-2-(4-oxocyclohexyΙ­

ο xyimino) acetate.

Ethyl-2-(2-tritylaminothiazol-4-yl-(Z)-2-(4-oxocyclo- 

hexyloxyimino)acetate (l50mg) was deprotected as in 

Example la. Chromatography gave the title compound 

(47rng), Vmax (KBr) 3449, 1720, 1706, 1616, and 

1541cm-1? 6H(CDC13) 1.36 (3H, t, J 7Hz), 2.03, 2.32, 

and 2.55 (8H, 3m), 4.41 (2H, q, J 7Hz), 4.72 (1H, m), 

5.12 (2H, brs, D2O exch), and 6.77 (1H, s).

c. Sodium 2-(2-amlnothiazol-4-yl)-(Z)-2-(4-oxocyclo-

hexyloxyimino)acetate .
Ethyl-2-(2-aminothiazol-4-yl)-(Z)-2-(4-oxocyclohexyl- 

oxyimino)acetate (40mg) was hydrolysed as described in 

Example lb. After adjustment to pH7 the sodium salt 

(36mg) was isolated by chromatography on HP20SS, 6h 

[(CD3)2SO+D2O] 1.94, 2.05, 2.15, and 2.54 (8H, 4m),
4.36 (1H, m), and 6.63 (1H, s).

d. Sodium 6P-C2-(2-aminothlazol-4-yl)-(Z)-2-(4~oxo-

cyclohexyloxyimino)acetamido]penicillanate.

Sodium 2-(2-amlnothlazol~4-yl)~(z)-2-(4-oxocyclohexyΙ­

ο xyimino) acetate (33mg) was converted to a mixed
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anhydride using methanesulphonyl chloride (0.012ml) and 
allowed to react with 6p-aminopenicillanic acid (34mg) 
as described in Example 47c. Workup, chromatography 
and lyophilisation afforded the penicillin (36mg), vmax 
(KBr) 1767, 1700, 1663, 1609, and 1529cm"1; sH (D20) 
1.51 and 1.60 (6H, 2s), 2.10, 2.35, and 2.60 (8H, 3m), 
4.23 (1H, s), 4.69 (1H, m), 5.67 (2H, ABq), and 7.04 
(1H, s).

Example 69

rI ίIt?
ttt

H · *
4 S

t < US

a. Ethyl (Z)-2-(tetrahydro-4H-thiopyran-4-yl
oxyimino)-3-oxobutyrate.
Ethyl (Z)-2-hydroxyimino-3-oxobutyrate (5.72g) was 
reacted with tetrahydro-4H-thiopyran-4-ol as described 
in Example 4a. method 3 to give the title compound 
(l.82g, 20%) as colourless liquid, vmax (film) 2930, 
1740, and 1690 cm"1, δΗ (CDC13) 1.35 (3H, t), 2.06 
(2H,m), 2.21 (2H, m) 2.40 (3H, s), 2.57 (2H, m), 2.82 
(2H, m), and 4.37 (3H, q + m), 6c (CDCl3) 14.2, 25.2,
25.3 (2C), 32.1 (2C), 62.0, 81.9, 150.5, 161.2 and 
192.7. [Mass spectrum, MH+(260)].

b. Ethyl 4-bromo- (Z) -2- (tetrahydro-4H-thiopyran-4-yl
oxyimino)-3-oxobutyrate.
Bromine (0.16ml) was added to a vigorously stirred 
mixture of ethyl (Z)-2-(tetrahydro-4H-thiopyran-4-yl 
oxyimino)-3-oxobutyrate (0.80g), a solution of hydrogen 
bromide in acetic acid (0.05ml, 45% w/v) and acetic 
acid (8ml) at room temperature. After lh the solvent 
was removed under reduced pressure. The residue was 
dissolved in ethyl acetate, washed with saturated 
aqueous sodium bicarbonate, dried (MgSO,^) and the' 
solvent evaporated.

Flash chromatography gave the title compound (0.70.g 

67%) contaminated with starting material (13%) as a 

colourless liquid, vmax (film). 2930, 1735, and 1690 
cm-1, δΗ (CDC13) 1.36 (3H, t), 2.05 (2H, m), 2.23 (2H, 

m), 2.56 (2H, m). 2.82 (2H, m), 4.32 (2H, s), and 4.38 
(3H, q + m).
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c. Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-
(tetrahydro-4H-thiopyran-4-yloxyimino) acetate .
Ethyl 4-bromo-(Z)-2-(tetrahydro-4H-thiopyran-4-yl 
oxyimino)-3-oxobutyrate (0.70g) was converted into the 

title compound (0.52g, 80%) as described in Example 4d, 
m.p. 109-110°C (toluene/hexane). [Found: C, 46.0; H, 
5.4; N, 13.5. Ci2H17N3O3s2 requires C, 45.7; H, 5.4; N, 
13.3%], vmax (KBr) 3440, 3126, 1726, 1613, and 1536 
cm-1, δΗ (CDC13) 1.40 (3H, t), 2.03 (2H, m), 2.15 (2H, 
m), 2.51 (2H, m) 2.83 (2H, m), 4.39 (IH, m), 4.42 (2H, 
q), 5.46 (2H, brs), and 6.72 (IH, s).

d. Sodium 2-(2-aminothiazol-4-yl)-(Z)-2-
(tetrahydro-4H-thiopyran-4-yloxyimino) acetate.
Ethyl 2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H- 
thiopyran-4-yloxyimino) acetate (0.20g) was dissolved 
in ethanol (7ml); water (1.0ml) and 1M sodium hydroxide 

(1.3ml) were added and the mixture stirred at room 
temperature for 18h. Ethanol was removed under reduced 
pressure and the residue chromatographed on HP20SS to 
give the title compound as a white freeze-dried solid 

(0.19g, 100%,) vmax (KBr) '3395, 2922, 1609, 1529, and 
1400cm-1, 6H (D20) 1.95 (;2H, m) , 2.11 (2H, m), 2.54 

(2H, m), 2.83 (2H, m), 4.24 (IH, tt, j 7.7, 3.1 Hz, and 

6.81 (IH, s) .

e. Sodium 6B-[2-(2-aminothiazol-4-yl)-(Z)-2-
(tetrahydro-4H-thiopyran-4-yl oxyimino)acetamido]
penicillanate.
Sodium 2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H- 
thiopyran-4-yloxyimino)acetate (0.167g) was coupled to 
6t3-aminopenicillanic acid as described in Example 58c. 
The title compound was obtained as a white freeze-dried 
solid (0.132g, 66%). vmax (KBr) 3326, 2926, 1767, 1669, 
1609, and 1528 cm-1, 6H (d20) 1.51 (3H, s), 1.62 (3H,
s) , 2.00 (2H, m) , 2.09 (2H, m), 2.54 (2H, m) 2.82 (2H,
m), 4.23 (IH, s) , 4.35 (IH, tt J 7.2, 3.4Hz), 5.63 (IH,
d) , 5.67 (IH, d) , and 6.98 (IH, s).
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Example 70

The sodium salt of 6p-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(3-thietanyloxyimino)acetamidojpenicillanic acid was 
prepared from 3-thietanyloxyamine using the process 
described in Example 54.

Example 71

The sodium salt of 6p-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(4-methoxyiminocyclohexyloxyimino) acetamido] 
penicillanic acid was prepared from
4-methoxyiminocyclohexanol using the process described 
in Example 68.

Example 72

The sodium salt of 6β-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(cis-4-hydroxycyclohexyloxyimino)acetamido] 
penicillanic
acid was prepared from the compound of Example 62b via 
hydrolysis with sodium hydroxide followed by coupling 
using the process described in Example 58c.

Example 73

The sodium salt of 6β-[2-(2-aminothiazol-4-yl)-(Z)-2- 
(1,l-dioxotetrahydro-4H-thiopyran-4-yloxyimino) 
acetamido]penicillanic acid was prepared using the 
process described in Example 69 but inserting after 
step a the process described in Example 43a.
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1η Vit.ro Biological Data.

MI(2 (pg/'ml)
example 4 flucloxacillin

H. influenzae Q1 0.12 4.0
H. influenzae NEMC1 : 0.5 16.0
B. catarrhalis Ravasio 0.25 16.0

S. aureus Oxford 0.12 0.25
S. aureus MB9 0. 5 0.5
S. epidermidis PHLN20 0.25 0.25
S. pneumoniae 1761 <0.03 0.25

• ft ft
o « t 

a a a «

ft tv• « < • · ♦ *
9 a * < 

Λ• ftft *
ft ft ft ft 9 I
ft ft » f

ft ft *
• a ·-

♦ < < *

In Vivo Biological Data.

The compound of example 4 was tested in vivo in mice 
against experimental infections. The results of these 
tests are shown in the following table:

ft r. 'I < Organism Total* S.C. CD50 (mg/kg)
ίI example 4 flucloxacillin

ί S. aureus Smith 1.5 6.0
5t < ’ (M.I.C) (0.12) (0.25)

ft I «4
S. aureus MB9 4.0 17.0

it tΐ 5’ «
(M.I.C) (0.5) (0.5)

* dosed at 1 and 5 hours after infection. 
5 mice/group.

(S.C. = subcutaneous)
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The compound of example 4 was administered to mice (5) 
by the subcutaneous route at a dosage of 50mg/kg and 
the blood concentration determined. The results are 
shown in the following table:

i
j
.!
£{

j
Ί
|Ij
ί

- / .."‘Ί
ί

Compound of

example No ..

Concentration ug/ml at..mins A.U.C

5 10 20 30 60 120 ng/
min/ml

4. 31.0 21.8 ' 14. 3 7.7 0.9 <0.09 5 71.0

0
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : -

1. A compound of formula (I) or a pharmaceutically 
acceptable salt or in-vivo hydrolysable ester thereof:

β r 9 
t * ι

β ί tt

* It
V %

♦ I* » I

I I t t 4« ♦ ·» «
4 ft It 

ft *will
9 ’ < I
* » ϊ
««It

wherein R1 is hydrogen or an amino protecting group and R 
is substituted methyl; heterocyclyl (as herein defined); 
optionally substituted C2.x2 alkyl, alkenyl or alkynyl; 
carbocyclyl; or aryl;

wherein the or each substituent, if present, is selected 
from the group consisting of

(a) carboxyl, hydroxy, alkoxy, cyano, carbamoyl, 
aryloxy, aralkoxy, mercapto, alkylthio, arylthio, amino, 
halo, nitro, azido, formyl, phthalimido, Cx.6 alkanoyl, 
Cx_6 alkanoyloxy, Cx_6 alkanoyl ami no, alkoxycarbonylamino, 
aralkoxy-carbonylamino, aryl, heterocyclyl (as herein 
defined) and carbocyclyl, or

(b) substituted amino or N-substituted carbamoyl, 
the further substituent being selected from (a) above

with the proviso that where R is substituted alkyl, it is 
not substituted with a group of the formula

• COHN A
(ORjIb

where A is a group selected from -NHCO-, -NHCONHCO-, 
-NHCOCH-CH- or N-C- where R6 is hydrogen or lower alkyl;

R6
X is hydrogen, hydroxy, protected hydroxy, halogen, lower 
alkoxy or a nitro group; n is 1 or 2; and R2 is hydrogen 
or a protective group.
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2. A compound according to claim 1, wherein R is an 

optionally substituted, at least partly saturated, cyclic 

hydrocarbon moiety having between one and four rings.

3. A compound according to claim 2, wherein R is a 

C5_io cycloalkyl or cycloalkenyl group having between one 

and four rings and optionally substituted by one or more 

groups selected from carboxy, optionally substituted Cj.g 

alkyl, Cj.g alkoxycarbonyl, C1.6 alkoxy, halo, carbamoyl, 

mono- or di- Cj.g alkyl carbamoyl, C^g alkylcarbonyloxy, 

optionally substituted exo-methylene, oxo, C^g

alkoxyimino and hydroxy.

4. A compound according to claim 1, wherein R is an 

optionally substituted C3.6 alkyl, alkenyl or alkynyl 

group which is attached at a secondary or tertiary carbon 

atom thereof.

'■1it

•'I
u

891010.183
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5. A compound according to claim 1, wherein R is
selected from cyclopentyl, cyclohexyl, cycloheptyl, 
cyclooctyl, 4-methyl cyclohex-l-yl, 1-methyl 
cyclohex-l-yl, bicyclo[ 2.2.2 ]oct-l-yl,' endo-bicyclo 
[2.2.l]hept-2-yl, t-butyl, 4-t-butyl cyclohex-l-yl, 
adamant-l-yl, tetrahydrothien-3-y1, 4-methylene 
cyclohex-l-yl, 4-oxocyclohex-l-yl, 1-methyl
cyclohept-l-yl, 1-methyl cyclopent-l-yl, 2-methyl 
cyclohex-l-yl, 2-methoxycyclohex-l-yl,
4-methoxycarbonyl cyclohex-l-yl, 4-chlorocyclohex-l-yl, 
cyclohex-2-enyl,2- fluorocyclohex-l-yl, 
1-carboxycyclohex-l-yl, 4-(N,N-
dimethylcarbamoyl)cyclohex-l-yl, 1-methoxycarbonyl 
cyclohex-l-yl, 3-methyl py.clohex-l-yl, ,
4-acetoxycyclohex-l-yl, 4-methoxyiminocyclohex-l-yl and 

4-hydroxycyclohex-l-yl.

claim,6. A compound according to any preceding
which is the syn-isomer of formula (II): ,

1
R HN

C —CONH

OR
\

wherein R and R1 are as defined with respect 
(I) . .

(II)

to formula

7. A compound of formula (III) or a "
pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof.
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(III) R = cyclohexyl

8. 6β-[2-(2-Aminothiazol-4-yl) -(Z)-2-cyclo-
propylmethoxyiminoacetamido]penicillanic acid,

6p-[2-(2-aminothiazol-4-yl) -(Z)-2-ethoxyimino 
acetamido]penicillanic acid,

6J3 — C2 — (2-aminothiazol-4-yl) - (Z) -2-propoxyimino 
acetamido]penicillanic acid,

6p-[(Z)-2-allyloxyimino-2-(2-aminothiazol-4-yl) 
acetamido]penicillanic acid, 1

6(3— C2 — (2-aminothiazol-4-yl) - ( Z ) -2 - (iso-
propyloxyimino)acetamido] penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(tert-
butyloxyimino)acetamido]penicillanic acid.

6β-[(Ζ)-2-(adamant-1-yloxyimino)-2-(2-
aminothiazol-4-yl)acetamido]penicillanic acid,

6p-[2-(2-aminothiazol-4-yl) -(Z)-2-(1-methy1- 
cyclohex-l-yloxyimino)acetamido]penicillanic acid
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6p-C2-{2-aminothiazol-4-yl)-(Z)2-C(XS,2S,5R)5-methyl-2- 
isopropyXcycXohex-l-yl oxyimino)acatamldo3penlcillanic 
acid,

6P-C2-(2-aminothiazol-4-yl) - (Z)-2-(2-methyl- ’ 
pj?©pyloxyimino)acatamido3panlciXXanic acid,

6p-C2-(2-aminothlazol-4-yl)-(Z)-2-(indan-
2- yloxyimlno)acatamido3penicillanic acid,'

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(tatrahydrothian-
3- yXoxyimino)acetamido]ponciXlanie acid,

6P-[2-(2-aminothiazol-4-yl)-(z)-2-(l-mathylcyclohapt-l- 
yloxyimino)aeatamido3paniciilanie acid,

6P-C2-t2-aminofchiazol-4-yX)«(Z)-2-(bicylo(2.2,2]oct-1- 
yloxyimino)acctamldo3paniciXlanie acid,

6p-E2-(2-amln©thlazoX-4-yX)-(Z)-2-((XR,2R,5S)~5-mathyX- 
2-i8opt,opyXey0Xohox-X-yloxyimlno)acatamido3p«niciXXanlc 
acid,

6P-[2-(2“amln©thiazol«4-yl)-{5,)“2-(l»mathyleyelopant-l- 
yloxyimino)ae0tamido3penicillaniQ acid,

6p-C2w(2-amincthiaaol-4-yi)-CZ)«*2»Cl«{fcran8-4- 
methylcyelohaxy1)-X-roethylethoxyimino)ae® tamido3~ 
panieiXXanic acid,

δβ»[2»(2-aminothiazol-4-yl)-(2)-2-(3,3-diehloroprop-2-
an-l-yX©xyimift©)aeetamid©3p®ftieilXanic acid, *

6h»£2»C2-awin©thiag©lM«yX}“C2)“2«<l-6arfeoxy«X»mathyX~ 
®th©xyiwin©)ae®taffiid©3p®ni©illanie acid,
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6 p— C 2—(2-aminothiazol-4-yl)-(2)-2-(carboxymethoxyimino) 

acetamido]penicillanic acid,
I. . '

6β-C2-(2-aminothiazol-4-yl)-(Z)-2-(trans-2-methoxv- 

cyclohexyloxyimino)acetamido]penicillanic acid,

6p-C2-(2-amlnothiazol-4-yl)-(2)-2-(cls-2-methyl- 

cyclohexyloxyimino)acetamido]penicillanic acid,

6 p - C 2 - (2-amlnothlazoI-4-yl) -(2)-2-(trans-4-methoxy- 
carbonylcyclohexyloxyimino)acetamido]penicillanic acid,

6p-C2-(2-aminothiazol-4-yl)-(2)-2-(1,1-dloxotetrahydro- 
thien-3-yloxyimino)acetamido]penicillanic acid/

6p-[2-(2-aminothiazol-4-yl)-(2)-2-(decahydE‘onapth-2- 
yloxyimino)acetamido]penicillanic acid, ’

6P-C2-(2-aminothiazoi-4-yl)-(2)-2-(CR»S]-l-phenyl- 
ethyloxylmino)acetamldo]penicillanic acid,

6p-[2-(2-amlnothiazol-4-yl)-(2)-2-(2,6-dichlorobenzyl- 
oxyimino)aoetamideOpeniclllanie acid,

6P-C2“(2-amlnothiazol-4-yi)-(2)-2-( tt‘an8-4“Chlogo- 
eyclohekyloxyimino)ae@tamJ ■*i']penicillanic acid,

6P-C2-(2-aminothiazoi-4-yl)-(2)-2-(cia-4-chloro- 
eyelohexyloxyimino)aeetamido]panlcillanle acid,'

6P-E2-(2-amin©thiazol-4-yl)-(2)-2-(phenoxyimino)- 
aeetamidoOpenieillanle acid,

(2-aminothiazol-4-yl)-(2)-2-(cyelopentyioxy- 
imino)aeetamido3penieillanie acid,
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6p-[2-(2-aminothiazol-4-yl) (Z)-2-(cycloheptyloxy- 

imino)acetamido]penicillanic acid,

6p-[2- (2-aminothiazol-4-yl) - ( Z) -2- (cyc,looctyloxy- 

imino)acetamido]penicillanic acid,

6p-[2-(2-aminothiazol-4-yl) -( Z) -2-(_endo-bicyclo[2.2.1]- 

h®pt-2-yloxyimino)acetamido]penicillanic acid,

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-( trans-4-methylcyclo- 

hexyloxyimino)acetamido]penicillanic acid,

6P-[2-(2-aminothiazol-4-yl)- (Z)-2-(cls-.4-methyl- 

cyclohexyloxyiminoJacetatnido]penicillanic acid,

t

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(tetrahydro-4H-pyran- 

4-yloxyimino)acetamido]penicillanlc acid,

6P-[2-( 2-aminothlazol**4~yl)-(Z)~2-(2-(1-(S )-6,6- 

dimethylbicyclo[3,1.l]hept-2-en~2~yl)ethoxyimino)- 

acefeamido]peniclllanic acid,

, , »

6P-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclohexylmethoxy- 

imino)acetamido]penicillanic acid,

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(n-butoxyimi no)4 

acetamido]penicillanic acid,

6P-[2-(2-aminothiazol-4-yl)- (z^-Ccyanomethoxyimlnoi- 
acetamldo^eniciilanle acid,

6P-C2-(2-aminothiazol-4-yl)-(Z)-2-( trans-2-methy1- 
cyelohaxyloxylmino)acetamido]peniciilanie acid,

6p-[2-(2-amlnothiazol-4-yl)-(z)-2-(eyelohex-2-enyloxy- 
imino)acetamido]penicillanic acid,. '
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6β-[2-(2-aminothiazol-4-yl)-(Ζ)-2-(trans-4-t-buty1- 
cyclohexyloxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(trans-2-fluoro- 
cyclohexyloxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl) - ( Z) -2- ( 2-pyrrolidon-3- 
yloxyimino)acetamido]peniclllanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(l-(R)-6,6-dimethyl 
bicycloC 3.1.1 ]hept-2-en-2«yl) methoxyimino) acetamido]- 
peniclllanic acid,

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(1-carboxycyclohex- 
yloxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothlazol-4-yl)-(Z)-2-(trans-4-(N,N- 
-dimethylcarbamoyl)cyclohexyloxyimino) acetamido]- 
peniclllanic acid,

6β-[2-(2-aminothiazol-4-yl) -(Z)-2-(1-methoxycarbonyl- 
cyclohexyloxyimino)acetamido]peniclllanic acid,

I J ‘

6p-[2-(2-aminothiazol-4-yl)-(Z)-2-(cis-3-methylcyclo- 
hexyloxyimino)acetamido]penlcillanic acid,

6p-[2-(2-aminothlazol-4-yl)-(Z)-2-(trans-3-methylcycl 
hexyloxyimino)acetamido]peniclllanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(cis“4-acetoxycyclo 
hexyloxyimino)acetamido]peniclllanic acid,

6β-[2-(2-aminothiazol-4—yl) - (Z)-2-(trans-4-acetoxy- 

cyelohexyloxyimino)acetamido]penicillanic acid,

I

6β-C2- (2-aminothiazol-4-yi)-(Z)-2-((2S,4S)-2-carboxy- 

pyrrolidin-4-yloxyimino)acetamido]peniclllanic acid,
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6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(4-oxocyclohexyl- 
oxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(4-methylene- 
cyclohexyloxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(benzyloxyimino)- 

acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(cyclohexyloxy- 
imino)acetamidojpenicillanic acid,

6β—[2 — (2-aminothiazol-4-yl)- (Z)-2-(tetrahydro-4H- 
thiopyran-4-yl-oxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(3-thietanyloxyimino) 
acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(4-methoxyimino- 
cyclohexyloxyimino)-acetamido] penicillanic acid, or

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(cis-4-hydroxycyclo- 
hexyloxyimino)acetamido]penicillanic acid,

6β-[2-(2-aminothiazol-4-yl)-(Z)-2-(1,1-dioxotetrahydro- 
4-H-thiopyran-4-yloxyimino)acetamido] penicillanic. acid

or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof.

i



9. A process for the preparation of a compound of
formula (I) as defined in claim 1, which process 
comprises treating a compound of formula (IV) or salt 
thereof:

Η H

(IV)

wherein the amino group is optionally substituted with 
a group which permits acylation to take place, and R3 
is hydrogen or a readily removable carboxyl blocking 
group; with an acylating agent derived from the acid of 
formula (V):
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co2h
(V)

N

$
OR

wherein Y is a group of formula:

R^n S

or a group which is convertable thereto, and R and R1 

♦. are as defined with respect to formula (I).
0 0 t

♦ ftftft

ft ft
ft ft t
ft ft t 

ft ft ft *
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ft ft ft < 
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10. A compound according to any one of claims 1 to 
8, for use in a method of medical or veterinary 
treatment.

1 1. Use of a compound according to any one of claims 
1 to 8 for the manufacture of a medicament for use in 
the treatment of bacterial infections in humans or 
animals.

12. A pharmaceutical composition comprising a 
compound according to any one of claims 1 to 8 and a 
pharmaceutically acceptable carrier.

1 3. Compounds of formula (I) , methods for their 
manufacture or pharmaceutical compositions containing 
them, substantially as hereinbefore described with

. ”, reference to the Examples.♦ < «
It»'»

t 'If» Ϊ
I ·. ■ ■
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