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PROCESS FOR PREPARING CEFTAROLINE nyl ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.O ] oct - 2 - ene - 2 

FOSAMIL carboxylate ; Teflaro ) is a cephalosporin antibiotic which is 
active against methicillin - resistant Staphylococcus aureus 
and Gram - positive bacteria . It has the general formula Matter enclosed in heavy brackets [ ] appears in the 

original patent but forms no part of this reissue specifica 
tion ; matter printed in italics indicates the additions 
made by reissue ; a claim printed with strikethrough 
indicates that the claim was canceled , disclaimed , or held 20 - CH2CH3 invalid by a prior post - patent action or proceeding . 

H 
FIELD OF THE INVENTION 

5 

10 
OH 

HO— 

The present invention relates to a novel process for 
preparing ceftaroline fosamil as well as to intermediates of 
this process . 

15 

BACKGROUND OF THE INVENTION 

20 Ceftaroline fosamil ( 6R , 7R ) -7 - [ ( 2Z ) -2 - ethoxyimino - 2 
[ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 - yl ] acetyl?amino ] 
3- [ 4- ( 1 - methylpyridin - 1 - ium - 4 - yl ) -1,3 - thiazol - 2 - yl ] sulfa 

whereby the compound is generally provided in the form of 
its acetic acid solvate . 
EP - A - 1 043 327 discusses certain phosphonocephem 

derivatives : 

Ri – NH , 
+ R3 

CO —NH 

- ( CH = CH ) 2 - 
R4 

OR 
COO 

Salts of these compounds are also disclosed . 
EP - A - 1 310 502 discloses a process for preparing cef 

taroline fosamil which includes the following reaction step . 

CH3 

HN 
acylation reaction 
crystallization 

COPONH , S 
N 

COO • 2HCI COCI 
( IX ) 

CH2CH3 

( HO ) 2PONH CH3 

CONH 

CH2CH3 COO 

( la ) 
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Scavengers such as certain alkali metal salts , tertiary wherein Hal is a halogen ; and 
amines , and alkylene oxides can be present in this step . ( ii ) adding a reagent selected from the group consisting of a It was an object of the present invention to provide an magnesium salt , and an imidazole which can be option improved process for producing ceftaroline fosamil which 
requires less reaction steps . It was a further object of the ally substituted by one or more C1-6 alkyl groups ; 
present invention to provide an improved process for pro to provide a compound having the formula ( 1 ) 
ducing ceftaroline fosamil which results in a lower forma 
tion of by - products . 

( 1 ) 
SUMMARY OF THE INVENTION 

5 

10 

The present invention relates to a compound having the 
formula ( 1 ) -CH2CH3 

X 
15 Phos 

00 -CH2CH3 
20 

X wherein 
Phos — N 

H 

Oo 25 

Phos is a phosphate group ; and 
X is a cation selected from the group consisting of an 
imidazolium cation which can be optionally substituted 
by one or more C1-6 alkyl groups and a magnesium cation . 
The present invention also refers to a process comprising 

the steps of : 
30 ( a ) reacting a compound having the formula ( 2 ) or a salt 

thereof 

wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of an 
imidazolium cation which can be optionally substituted by 
one or more C1-6 alkyl groups and a magnesium cation . 

The compound can be provided in the form of a pharma 
ceutically acceptable solvate . 

This compound can be used for the preparation of cef 
taroline fosamil . 

The present invention also relates to a process comprising 
the steps of : 
( i ) reacting a compound having the formula ( 2 ) or a salt 

thereof 

( 2 ) 
35 

HN 40 

# 

45 

H2N with a silane to provide a compound having the formula 
( 5 ) 

50 

( 5 ) 

55 

with a compound having the formula ( 3 ) 
H?N 

( 3 ) 
-CH2CH3 60 

Hal Hal 

0 — SiR3 Hal 

65 

wherein R is independently selected from a C1-6 alkyl 
group ; 
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( b ) reacting the compound having the formula ( 5 ) with a wherein Y is CH , COOH , CH , CH , COH or CH , CN ; and 
compound having the formula ( 3 ) n is 0 to 5 . 

DETAILED DESCRIPTION 
5 

In one embodiment , the present invention relates to a 
compound having the formula ( 1 ) ( 3 ) 

-CH2CH3 

10 Hal Hal ( 1 ) 

Hal 

-CH2CH3 
15 H 

X 
Phos 

20 OO 

wherein Hal is a halogen ; and 
( c ) removing the silyl group —SiRz from the resultant 

compound ; and 
( d ) adding a reagent selected from the group consisting of a 
magnesium salt , and an imidazole which can be option 
ally substituted by one or more C1-6 alkyl groups ; 
to provide a compound having the formula ( 1 ) 

25 

wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of an 
imidazolium cation which can be optionally substituted by 
one or more C1-6 alkyl groups or a magnesium cation ; 
as well as a pharmaceutically acceptable solvate thereof . 

It is understood that the charge of the cation and the 
charge of the phosphate group will be chosen so that the 
compound having the general formula ( 1 ) will have a neutral 
net charge . For instance , if the cation is an imidazolium 
cation , then the phosphate group will typically be 

30 

-CH2CH3 
H 35 X 

Phos N 
HO 

Oo 
40 

Whereas if the cation is a magnesium cation , then the 
phosphate group will typically be 

45 wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of an 
imidazolium cation which can be optionally substituted 
by one or more C1-6 alkyl groups and a magnesium cation . 
The compound having the formula ( 1 ) can be transformed 

into a compound having the formula ( 4 ) 

-CH2CH3 • YonH20 

OH 

?? . profit 
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Therefore , preferred compounds according to the present 

invention include ( 2 ) 

/ 5 

O – CH2CH3 H2N 

HO 10 wertsteuer NO 

15 
with a compound having the formula ( 3 ) 

( 3 ) 
-CH2CH3 

HO Hal 

H 

N 
CH3 torto for 
tentan 

wherein Hal is a halogen ; and 
( ii ) adding a reagent selected from the group consisting of a 
magnesium salt , and an imidazole which can be option 
ally substituted by one or more C1-6 alkyl groups ; 

to provide a compound having the formula ( 1 ) 
30 

( 1 ) 35 
Mg2 + 

LI 40 S 

S 

45 

D - CH2CH3 

In the second formula only one of the possible imidazo X. lium cations which are substituted by one or more C1-6 alkyl Phos groups is shown . It is to be understood that the present 
invention does not only cover the 1 - methylimidazole cation 
which is shown but also the 2 - methylimidazole cation , 
3 - methylimidazole cation , 4 - methylimidazole cation and 
5 - methylimidazole cation as well as respective imidazole 
cations having more than one methyl group . Furthermore , The compound having the formula ( 2 ) and the compound 
the present invention is not restricted to methyl as a C1-6 having the formula ( 3 ) are known in the art and can be 
alkyl group but also covers corresponding cations in which prepared , e.g. , as described in EP - A - 1 310 502 or PCT / 
the imidazolium cation is substituted by other straight or 50 EP2012 / 067550 . 
branched C1-6 alkyl groups including ethyl , propyl , butyl , The conditions for reacting the compound having the 
pentyl and hexyl . Ethyl and methyl are preferred and methyl formula ( 2 ) and the compound having the formula ( 3 ) are not 
is more preferred . The number of substituents is not par particularly restricted and any known reaction conditions 
ticularly limited and can be , e.g. , 1 to 5 , preferably 1 or 2 , can be chosen . In one possible embodiment , the compound 
more preferably 1 C1-6 alkyl group . 55 having the formula ( 2 ) is first silylated and subsequently 

The compounds of the present invention can be provided acylated . In an alternative embodiment , the compound hav 
in the form of a pharmaceutically acceptable solvate . The ing the formula ( 2 ) and the compound having the formula ( 3 ) 
scope of the present invention embraces the compounds in are directly acylated . 
any solvated form , including , e.g. , solvates with water , for In a preferred embodiment the ratio of the compound 
example hydrates , or with organic solvents such as metha- 60 having the formula ( 2 ) to the compound having the formula 
nol , ethanol , isopropanol or acetonitrile or with C1-4 ( 3 ) is in the range of about ( 1 to 3 mol ) : about ( 1 mol ) , 
alkanoic acids such as acetic acid and propionic acid . preferably about ( 1 to 1.2 mol ) : about ( 1 mol ) . 

The reaction will be typically conducted at about -40 ° C. The present invention refers to a process comprising the to about 40 ° C. , preferably about -10 ° C. to about 10 ° C. 
The reaction duration is not particularly limited and can 

( i ) reacting a compound having the formula ( 2 ) or a salt be , for instance , about 5 min to about 24 h , more preferably 
thereof about 20 min to about 2 h . 

steps of : 65 
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If the direct acylation is chosen , the reaction preferably odecylamine ) , alkylene oxides ( e.g. , propylene oxide , and 
takes place in the presence of an acid scavenger which epichlorohydrin ) and mixtures thereof . 
captures the acid that is generated during the reaction . After the acylation , a reagent selected from the group 
Examples of suitable acid scavengers include salts ( e.g. , consisting of a magnesium salt and an imidazole which can 
sodium hydrogen carbonate , sodium carbonate , potassium 5 be optionally substituted by one or more C1-6 alkyl groups 
carbonate , sodium acetate , potassium acetate , and sodium is added to provide a compound having the formula ( 1 ) 
phosphate ) , tertiary amines ( e.g. , triethylamine , tripro 
pylamine , tributylamine , ethyldiisopropylamine , pyridine , 
lutidine , N , N - dimethylaniline , N - methylpiperidine , N - meth ( 1 ) 
ylpyrrolidine , and N - methylmorpholine ) , alkylene oxides 
( e.g. , propyleneoxide , and epichlorohydrin ) and mixtures 
thereof . Of these , a combination of sodium hydrogen car 20 - CH2CH3 
bonate , sodium carbonate , sodium acetate , triethylamine or 
sodium acetate with triethylamine is preferable , and particu X. 
larly a combination of sodium hydrogen carbonate , sodium Phos - N 
acetate , triethylamine or sodium acetate with triethylamine 
is more preferable . In this embodiment the solvent is usually 
any suitable solvent that does not detrimentally effect the 
reaction . Examples of possible solvents include solvents 20 
such as water , dimethylformamide , sulfolane , tetrahydrofran In the embodiment in which a magnesium salt of the and mixtures thereof can be used . compounds of the present invention is to be prepared , it is In the alternative embodiment in which a silylation is also possible to use a magnesium salt as an acid scavenger conducted a silane is used . The silane is not particularly 
restricted and can , for example , be a silane having the 25 and to thus prepare the compounds of the present invention in situ . formula HalSiRz ( wherein Hal is a halogen ; preferably Cl , 
Br , or I ; more preferably I ; and R is independently selected The magnesium salt is not particularly restricted and can , 
from a C1-6 alkyl group ; preferably CH3 ) ; a silazane having for example , be selected from the group consisting of 
the formula R3Si – NH — SiRz ( wherein R is independently magnesium salts of carboxylic acids such as magnesium 
selected from a C1-6 alkyl group ; preferably CH3 ) , a silylu- 30 acetate , magnesium formiate , magnesium lactate , magne 
rea compound having the formula RzSi NH - C ( O ) sium aspartate and magnesium citrate ; magnesium salts of 
NH — SiRz ( wherein R is independently selected from a sulfonic acids such as magnesium methanesulfonate which 
alkyl group ; preferably CH3 ) , a silylformamide having the can , for example , be used in combination with a tertiary 
formula H - C ( O ) -N ( SiR3 ) 2 ( wherein R is independently amine ( e.g. , a C1-4 alkyl amine like tributylamine ) ; as well 
selected from a C1-6 alkyl group ; preferably CH3 ) , or a 35 as inorganic magnesium salts such as magnesium chloride 
silylacetamide having the formula RzSi – N = C ( CH3 ) which can , for example , be used in combination with a 
OSiRz or R , Si – N = C ( CF ) SiRz ( wherein R is tertiary amine ( e.g. , a C1-4 alkyl amine like tributylamine ) . 
independently selected from a C1-6 alkyl group ; preferably Hydrates of these magnesium salts are also possible . 
CH3 ) . The silane silylates the carboxylic acid group of the The ratio of the magnesium salt to the compound having 
compound having the formula ( 2 ) . Examples of possible 40 the formula ( 3 ) is preferably about ( 1 to 6 mol ) :( 1 mol ) , 
silanes include N , O - bistrimethylsilylacetamide , trimethylsi more preferably about ( 1.1 to 3 mol ) :( 1 mol ) . 
lylacetamide , bistrimethylsilylformamide , bistrimethylsilyl The reaction can be conducted in any suitable solvent that 
trifluoroacetamide , N.N ' - bistrimethylsilylurea , trimethylsi does not detrimentally effect the reaction . Examples of 
lyliodide , hexamethyldisilazane and mixtures thereof . possible solvents include polar solvents such as alcohols 

The silylation reaction is typically conducted in a polar 45 ( such as C1-4 alcohols ) , nitriles ( such as acetonitrile ) , alco 
solvent such as a nitrile solvent ( including acetonitrile ) or an hols ( such as ethanol , isopropanol ) , ethers ( such as tetrahy 
amide solvent ( including dimethylacetamide ) . The reaction drofuran ) , amides ( such as dimethylformamide , dimethyl 
temperature is not particularly limited and can be , for acetamide ) , ketones ( such as acetone ) and esters ( such as 
instance , in the range of about -40 ° C. to about 40 ° C. , ethyl acetate ) . Mixtures of these solvents can also be used . 
preferably about -10 ° C. to about 30 ° C. The reaction will be typically conducted at about -40 ° C. 

The silylated intermediate having the formula ( 5 ) can then to about 40 ° C. , preferably about -30 ° C. to about -10 ° C. 
be reacted with the compound having the formula ( 3 ) . The The reaction duration is not particularly limited and can 
reaction is usually carried out in the same solvent which was be , for instance , about 30 min to about 24 h , more preferably 
employed in the silylation reaction . The reaction tempera about 30 min to about 4 h . 
ture is not particularly limited and can be chosen , e.g. , in the 55 In an alternative embodiment , the reagent is an imidazole 
range of about -10 ° C. to about 10 ° C. An acid scavenger is which can be optionally substituted by one or more C1-6 
typically not required if a silylated intermediate is reacted alkyl groups . Examples thereof include imidazole and 
with the compound having the formula ( 3 ) . After this methyl - imidazole . 
reaction the silyl group -SiRz is usually removed by The ratio of the imidazole which can be optionally 
hydrolysis . The hydrolysis reaction can be conducted with or 60 substituted by one or more C1-6 alkyl groups to the com 
without the presence of an acid scavenger . Examples of pound having the formula ( 3 ) is preferably about ( 1 to 10 
suitable acid scavengers include salts ( e.g. , sodium hydro mol ) :( 1 mol ) , more preferably about ( 1.5 to 8 mol ) :( 1 mol ) . 
gen carbonate , sodium acetate , magnesium acetate ) , tertiary The reaction can be conducted in any suitable solvent that 
amines ( e.g. , triethylamine , tripropylamine , tributylamine , does not detrimentally effect the reaction . Examples of 
ethyldiisopropylamine , pyridine , lutidine , N , N - dimethylani- 65 possible solvents include polar solvents such as alcohols 
line . N - methylpiperidine , N - methylpyrrolidine , and ( such as C1-4 alcohols ) , nitriles ( such as acetonitrile ) , ethers 
N - methylmorpholine ) , Amberlite LA 2 ( N - dodecyl - N - isod ( such as tetrahydrofuran ) , amides ( such as dimethylforma 

50 
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mide , dimethylacetamide ) , ketones ( such as acetone ) and Previously , for example in EP - A - 1 310 502 and EP - A - 1 
esters ( such as ethyl acetate ) . Mixtures of these solvents can 043 327 , a compound having the formula ( 1 ) in which X was 
also be used . sodium was used as an intermediate . This sodium compound 

The reaction will be typically conducted at about -40 ° C. was instable and degraded during processing , so that by 
to about 40 ° C. , preferably about -10 ° C. to about 10 ° C. products were formed which had to be removed , e.g. , by 

The reaction duration is not particularly limited and can column chromatography . The present inventors have sur 
be , for instance , about 10 min to about 24 h , more preferably prisingly found that the compound having the formula ( 4 ) 
about 30 min to about 4 h . can be provided in the same purity level without having to 

The compound having the formula ( 1 ) can be crystallized conduct column chromatography if X is a cation selected 
and isolated from the reaction mixture . If desired , it can be 10 from the group consisting of imidazolium cation which can isolated and , for example , washed and dried before it is be optionally substituted by one or more C1-6 alkyl groups subjected to further processing . and a magnesium cation . Without wishing to be bound by If desired , the compound having the formula ( 1 ) can be theory , it is assumed that the compounds of the present transformed into a compound having the formula ( 4 ) invention , particularly the imidazolium compounds , are 

more stable than the known ceftaroline disodium salt . There 
fore , the present process can be conducted without having to 
use column chromatography , or preferably other purification 
steps such as any type of chromatography . 

Typically , the HPLC - purity of the ceftaroline fosamil via O - CH2CH3 imidazolium salt is up to 97.6 area % . 
The present invention is illustrated by the following 

non - limiting examples . 
• YönH20 

EXAMPLES 

15 

N 
20 

OH N 

H0 - P - N : 

25 

Example 1 

30 
Y is preferably CH3COOH , CH , CH_COOH or CH , CN , 4- [ 2 - [ [ ( OR , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
more preferably CH , COOH . imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
n is 0 to 5 . yllacetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ) 

This transformation reaction is not particularly limited oct - 2 - en - 3 - yl ] thio ) -4 - thiazolyl ] -1 - methyl and any reaction previously employed with respect to the pyridinium , inner salt , magnesium salt corresponding compounds in which X is a sodium cation can 
be employed . In one embodiment , the transformation reac- 35 To a mixture of 300 mL acetonitrile and 30 mL dimethy tion can be conducted by adding an acid . Examples of acids 
include inorganic acids ( such as sulfuric acid , phosphoric lacetamide was added 15.0 g of 4- [ 2 - [ [ ( 6R , 7R ) -7 - amino - 2 
acid , and hydrochloric acid ) as well as organic acids ( such carboxy - 8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] 
as 4 - toluenesulfonic acid , methanesulfonic acid and oxalic thio ) -4 - thiazolyl ] -1 - methyl - pyridinium , chloride , 
acid ) . The pH of the reaction mixture is , for example , in the 40 hydrochloride ( 31.3 mmol ) and 22.8 g of N , O - bistrimeth 
range of about 2 to about 0.5 , preferably about 0.8 to about ylsilylacetamide ( 3.6 equi , 112 mmol ) . After stirring for 45 
0.6 . minutes the resulting solution was cooled to 0 ° C. At this 

The transformation can be conducted , e.g. , at a tempera temperature 11.25 g of 2- ( 5- ( dichlorophosphinyl ) amino ] -1 , 
ture in the range of about 0 ° C. to about 40 ° C. , preferably 2,4 - thiadiazole - 3 - yl ) -2 ( Z ) -ethoxyiminoacetyl chloride ( 1.02 
about 0 ° C. to about 30 ° C. 45 equi , 32.0 mmol ) was added and stirring was continued for 

The solvent is not particularly limited and can be a polar 30 minutes . Then the reaction mixture was poured into 300 
solvent such as water , carboxylic acids ( such as acetic acid ) mL of ice water and stirred for 1 hour at 0 ° C. To the mixture 
and nitrile solvents ( such as acetonitrile ) . As well as mix was added 300 mL of tetrahydrofuran ( THF ) . After stirring 
tures thereof . for 16 hours at 0 ° C. , 3.0 g of charcoal was added and after 

The desired product can be obtained by removing the 50 5 minutes stirring charcoal was removed by filtration . The 
solvent . The procedures for solvent removal are well known pH of the filtrate was adjusted to 3.0 by adding approx . 62 
in the art and include evaporation as well as crystallization g of Amberlite LA 2 ( N - dodecyl - N - isododecylamine ) . To 
from the solution . In a preferred embodiment the solvent is the mixture was added 300 mL of heptane . After 5 minutes removed by crystallizing in a mixture of water and acetic 
acid . The acid which is formed in the reaction between the 55 discarded . The aqueous layer was extracted once more with 

stirring the layers were separated and the organic layer was 
compound having the formula ( 1 ) and the compound having 150 mL of heptane . To the extracted aqueous layer were the formula ( 2 ) can be neutralized , for example , by a base 
such as a tri ( C - alkyl ) amine like triethylamine or ethyldi added 8.25 g of magnesium acetate tetrahydrate ( 1.2 equi , 
isopropylamine . If an imidazolium salt is to be prepared , it 38.5 mmol ) and 300 mL acetonitrile . After stirring for 30 
is possible to use the imidazole itself as a base for neutral- 60 minutes at ambient temperature the suspension was cooled 
izing the acid . If the magnesium salt is to be prepared , it is to 0 ° C. and stirred at this temperature for 1 hour . The 
possible to use a magnesium acetate as a base for neutral crystals were isolated by filtration , washed with 90 mL 
izing the acid . The compounds having the formula ( 1 ) are aqueous acetonitrile ( 1/1 ) and 270 mL of acetonitrile . After 
soluble in water . If water is used as a solvent or for the drying in vacuo at room temperature 21.3 g of ceftaroline 
hydrolysis , an anti - solvent , e.g. acetonitrile , isopropanol or 65 fosamil magnesium salt were obtained in the form of a 
tetrahydrofuran , can be used to improve the crystallization crystalline powder . 
and isolation of the compound having the formula ( 1 ) . mp : 250 ° C. ( dec . ) 
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Example 2 
14 

Example 4 

5 

10 

15 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 yl ] acetyl ] amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] yllacetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl pyridinium , inner salt , magnesium salt pyridinium , inner salt , imidazolium salt 
To 24 ml deionized water was added 4.0 g of 4- [ 2 - [ [ ( 6R , 

To a mixture of 300 mL acetonitrile and 30 mL dimethy 7R ) -7 - amino - 2 - carboxy - 8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ) 
lacetamide were added 15.0 g of 4- [ 2 - [ [ ( 6R , 7R ) -7 - amino oct - 2 - en - 3 - yl ] thio ) -4 - thiazolyl ] -1 - methyl - pyridinium , chlo 
2 - carboxy - 8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] ride , hydrochloride ( 8.3 mmol ) . The suspension was cooled 
thio ] -4 - thiazolyl ] -1 - methyl - pyridinium , chloride , to 10 ° C. At this temperature 5.5 mL of 3M sodium acetate 
hydrochloride ( 31.3 mmol ) and 22.8 g of N , O - bistrimeth were added and the pH of the mixture is adjusted to 8.5 by 
ylsilylacetamide ( 3.6 equi , 112 mmol ) . After stirring for 45 addition of approx . 2.3 mL of triethylamine . The resulting 
minutes the resulting solution was cooled to 0 ° C. At this solution was cooled to 0 ° C. At this temperature 5 mL of 
temperature 11.25 g of 2- ( 5 - dichlorophosphinyl ) amino ] -1 , triethylamine and a cold ( -40 ° C. ) solution of 3.5 g of 
2,4 - thiadiazole - 3 - yl ) -2 ( Z ) -ethoxyiminoacetyl chloride ( 1.02 2-5- ( dichlorophosphinyl ) amino ] -1,2,4 - thiadiazole - 3 - yl ) -2 
equi , 32.0 mmol ) was added and stirring was continued for 20 ( Z ) -ethoxyiminoacetyl chloride ( 1.02 equi , 32.0 mmol ) in 
30 minutes . Then the reaction mixture was poured into 300 9.5 mL of tetrahydrofuran were added thereto immediately . 
mL of ice water . To the solution were added 150 mL of Then the reaction mixture was warmed to 22 ° C. and stirred 
tetrahydrofuran . After stirring for 16 hours at 0 ° C. to the at this temperature for 1 hour while keeping the pH to 5.0 by 
mixture were added 3.0 g of charcoal and after 5 minutes adding approx . 1.1 mL of triethylamine . After stirring for 1 
stirring the charcoal was removed by filtration . To the filtrate 25 hour 1.78 g of magnesium acetate tetrahydrate ( 1.0 equi , 8.3 
were added 15.0 g of imidazole ( 7.0 equi , 220 mmol ) and mmol ) were added . To the mixture were added 92 mL of 
then 450 mL of ethanol were added dropwise over 30 ethanol . The resulting suspension was cooled to 0 ° C. and 
minutes . The resulting slurry was stirred for 2 hours at 0 ° C. stirred at this temperature for 1 hour . The crystals were The crystals were isolated by filtration and washed with 200 isolated by filtration . The cake was washed with 20 mL of 
mL of ethanol . After drying in vacuo at room temperature 30 cooled ethanol / water ( 2/1 ) , 40 mL of cooled ethanol and 40 17.6 g ( 74.8 % ) of the imidazolium salt were obtained in the 
form of a crystalline powder . mL of methyl t - butyl ether . The wet product was dried at 

520 ° C. in vacuo yielding 5.98 g of a crystalline powder . 
mp : 250 ° C. ( dec . ) mp : 184 ° C. 

35 
Example 3 Example 5 

40 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
yllacetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] 

oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
pyridinium , inner salt , 1 - methylimidazolium salt 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
yljacetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ) 

oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
pyridinium , inner salt , acetic acid solvate 

monohydrate 

45 

55 

To a mixture of 300 mL acetonitrile and 30 mL dimethy To a solution of 2.6 g of D - mannitol in 36.7 g of water and 
lacetamide were added 15.0 g of 4- [ 2 - [ [ ( 6R , 7R ) -7 - amino 47.8 g of acetic acid were added 16.0 g of 4- [ 2 - [ [ ( 6R , 7R ) 2 - carboxy - 8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] 2 - carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxyimino ) -2- [ 5- ( phosphono thio ) -4 - thiazolyl ] -1 - methyl - pyridinium , chloride , amino ) -1,2,4 - thiadiazol - 3 - yl ] acetyl ] amino ] -8 - oxo - 5 - thia - 1 hydrochloride ( 31.3 mmol ) and 22.8 g of N , O - bistrimeth 
ylsilylacetamide ( 3.6 equi , 112 mmol ) . After stirring for 45 50 pyridinium , inner salt , magnesium salt ( 22.6 mmol ) . To the azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
minutes the resulting solution was cooled to 0 ° C. At this 
temperature 11.25 g of 2- ( 5 - dichlorophosphinyl ) amino ] -1 , slurry were added 7.6 mL of 2.5M sulfuric acid and 0.8 g of 
2,4 - thiadiazole - 3 - yl ) -2 ( Z ) -ethoxyiminoacetyl chloride ( 1.02 charcoal . After 5 minutes stirring charcoal was removed by 

filtration . The charcoal was washed with 5 mL of acetic equi , 32.0 mmol ) was added and stirring was continued for 
30 minutes . Then the reaction mixture was poured into 300 acid / water ( 1/1 ) . Filtrate and wash liquid were combined , 
mL of ice water and stirred for 16 hours at 0 ° C. To the seeds were added and the mixture was stirred at room 
mixture were added 3.0 g of charcoal and after 5 minutes temperature for 2 hours . The suspension was cooled to 0 ° C. 
stirring charcoal was removed by filtration . To the filtrate and stirred for 2 hours at this temperature . Then the crystals 
were added 18.0 g of 1 - methyl - imidazole ( 7.0 equi , 219 were isolated by filtration , washed with 25 mL of acetic 
mmol ) and then 900 mL of isopropanol were added drop acid / water / 1 / 1 ) , 25 mL acetic acid / water ( 1/4 ) and 25 mL of 
wise over 30 minutes . The resulting slurry was stirred for 2 ethanol / acetic acid ( 1/1 ) , and dried in vacuo give 7.5 g of the 
hours at 0 ° C. The crystals were isolated by filtration and title compound . 
washed with 300 mL of isopropanol . After drying in vacuo 1H NMR ( DMSO - d6 ) : d 1.24 ( 3H , t , J = 7 Hz ) , 1.91 ( 3H , 
at room temperature 16.8 g ( 70.1 % ) of the 1 - methylimida s ) , 3.58 , 3.95 ( 2H , ABY , J = 17 Hz ) , 4.17 ( 2H , 9 , J = 7 Hz ) , 4.34 
zolium salt were obtained in the form of a crystalline 65 ( 3H , s ) , 5.32 ( 1H , d , J = 5 Hz ) , 5.92 ( 1H , dd , J = 5 Hz , 8 Hz ) , powder 8.51 ( 2H , d , J = 6 Hz ) , 8.99 ( 3H , m ) , 9.30 ( 1H , m ) , 9.70 ( 1H , 

d , J = 8 Hz ) 

60 

mp : 199 ° C. 
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Example 6 
16 

Comparative Example 1 

5 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
yljacetyljamino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] 

oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
pyridinium , inner salt , acetonitrile solvate 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino - 2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
yljacetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] 

oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
pyridinium , inner salt , disodium salt 

10 

15 

20 

To 249 mL of water and 270 mL of acetonitrile were 4- [ 2 - [ [ ( R , 7R ) -2 - Carboxy - 7 - [ [ ( 22 ) -2- ( ethoxyimino ) -2 
added 36.5 g of 4- [ 2 - [ [ ( 6R , 7R ) -2 - carboxy - 7 - [ [ ( 2Z ) -2 [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 - yl ] acetyl?amino ] 
( ethoxyimino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 - yl ] thio ) -4 - thi 
yl ] acetyl?amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en azolyl ] -1 - methyl - pyridinium , inner salt , disodium salt was 
3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl - pyridinium , inner salt , prepared according to the method described in Working 
magnesium salt ( 51.6 mmol ) . To the solution were added at Example 1 of EP 1 043 327 B1 . HPLC - analysis of the 
room temperature 7.1 mL acetic acid , 21.6 mL of conc . isolated disodium salt showed formation of by - products 
hydrochloric acid and 2.2 g of charcoal . After 5 minutes during the drying process and storage at 20 ° C. This indi 
stirring the charcoal was removed by filtration . The charcoal cates that the isolated disodium salt was very unstable . 
was washed with 40 mL of acetonitrile / water ( 5/2 ) . Filtrate The starting materials 2- ( 5- ( dichlorophosphinyl ) amino ] 
and wash liquid were combined and 274 mL of acetonitrile 1,2,4 - thiadiazole - 3 - yl ) -2 ( Z ) -ethoxyiminoacetyl chloride and 
were added dropwise over 30 minutes at room temperature . 4- [ 2 - [ [ ( 6R , 7R ) -7 - amino - 2 - carboxy - 8 - oxo - 5 - thia - 1 - azabicy 
The suspension was cooled to 0 ° C. and stirred for 1 hour at clo [ 4.2.0Joct - 2 - en - 3 - yl ] thio ) -4 - thiazolyl ] -1 - methyl - pyri 
this temperature . Then the crystals were isolated by filtra dinium , chloride , hydrochloride monohydrate were prepared 
tion , washed with 25 mL of acetonitrile / water ( 2/1 ) and 50 25 according to the procedures described in EP - A - 1 310 502 . 
mL of acetonitrile , and dried in vacuo to give 14.5 g of the 
title compound . 

1H NMR ( DMSO - d6 ) : d 1.23 ( 3H , t , J = 7 Hz ) , 2.07 ( 3H , 
s ) , 3.58,3.95 ( 2H , ABq , J = 17 Hz ) , 4.17 ( 2H , q , J = 7 Hz ) , 4.33 The invention claimed is : 
( 3H , s ) , 5.32 ( 1H , d , J = 5 Hz ) , 5.91 ( 1H , dd , J = 5 Hz , 8 Hz ) , 1. A compound having the formula ( 1 ) 8.51 ( 2H , d , J = 6 Hz ) , 8.99 ( 3H , m ) , 9.34 ( 1H , m ) , 9.71 ( 1H , 
d , J = 8 Hz ) 

30 

( 1 ) 
Example 7 35 

N 

20 - CH2CH3 
N 

X 
40 

4- [ 2 - [ [ ( 6R , 7R ) -2 - Carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 
yl ] acetyl ] amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] 

oct - 2 - en - 3 - yl ] thio ] -4 - thiazolyl ] -1 - methyl 
pyridinium , inner salt , acetic acid solvate 

monohydrate 

Phos - N 

wherein 

50 

To 88 ml of water and 154 ml of acetic acid were added 45 
38.0 g of 4- [ 2 - [ [ ( 6R , 7R ) -2 - carboxy - 7 - [ [ ( 2Z ) -2- ( ethoxy 
imino ) -2- [ 5- ( phosphonoamino ) -1,2,4 - thiadiazol - 3 - yl ] 
acetyl ] amino ] -8 - oxo - 5 - thia - 1 - azabicyclo [ 4.2.0 ] oct - 2 - en - 3 
yl ] thio ] -4 - thiazolyl ] -1 - methyl - pyridinium , inner salt , 
imidazolium salt . To the resulting solution were added 3 g of 
charcoal . After 5 minutes stirring charcoal was removed by 
filtration . The charcoal was washed with 20 mL of water . 
Filtrate and wash liquid were combined and after addition of 
15.7 mL of 2.5M sulfuric acid and seeds the mixture was 55 
stirred at room temperature for 2 hours . The suspension was 
cooled to 0 ° C. and stirred for 2 hours at this temperature . 
Then the crystals were isolated by filtration , washed with 
290 mL of acetic acid / water ( 1/1 ) , 150 mL acetic acid / water 
( 1/4 ) and 150 mL of ethanol / acetic acid ( 1/1 ) , and dried in 
vacuo to give 24.3 g of the title compound . 

1H NMR ( DMSO - d6 ) : d 1.24 ( 3H , t , J = 7 Hz ) , 1.91 ( 3H , 
s ) , 3.58 , 3.95 ( 2H , ABY , J = 17 Hz ) , 4.17 ( 2H , q , J = 7 Hz ) , 4.34 
( 3H , s ) , 5.32 ( 1H , d , J = 5 Hz ) , 5.92 ( 1H , dd , J = 5 Hz , 8 Hz ) , 65 
8.51 ( 2H , d , J = 6 Hz ) , 8.99 ( 3H , m ) , 9.30 ( 1H , m ) , 9.70 ( 1H , 
d , J = 8 Hz ) 

Phos is a phosphate group ; and 
X is a cation selected from the group consisting of a 
magnesium cation and an imidazolium cation which 
can be optionally substituted by one or more C1-6 alkyl 
groups ; as well as a pharmaceutically acceptable sol 
vate thereof selected from an acetic acid solvate or an 
acetonitrile solvate . 

2. The compound according to claim 1 , wherein X is an 
imidazolium cation which can be optionally substituted by 
one or more C1-6 alkyl groups . 

3. The compound according to claim 2 , wherein X is an 
imidazolium cation or a methyl - imidazolium cation . 

4. The compound according to claim 1 , wherein X is a 
magnesium cation . 

5. A process comprising the steps of : 
( i ) reacting a compound having the formula ( 2 ) or a salt 

thereof 

60 
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with a silane to provide a compound having the formula 
( 5 ) 

5 ( 5 ) 

H2N I 
10 H2N 

with a compound having the formula ( 3 ) 15 

-SiR3 
( 3 ) 

O - CH2CH3 

Hal Hal 20 trert wherein R is independently selected from a C1-6 alkyl 
group ; 

( b ) reacting the compound having the formula ( 5 ) with a 
compound having the formula ( 3 ) Hal 

C 

25 ( 3 ) 
-CH2CH3 

wherein Hal is a halogen ; and 
( ii ) adding a reagent selected from the group consisting of 

a magnesium salt and an imidazole which can be 
optionally substituted by one or more C1-6 alkyl groups ; 
to provide a compound having the formula ( 1 ) 

Hal Hal 

Hal 
30 

( 1 ) 

N 

20 - CH2CH3 35 ????? X 

wherein Hal is a halogen ; 
( c ) removing the silyl group SiRz from the resultant 
compound ; and 

( d ) adding a reagent selected from the group consisting of 
a magnesium salt and an imidazole which can be 
optionally substituted by one or more C1-6 alkyl groups ; 
to provide a compound having the formula ( 1 ) 

Phos - N 
H 

40 

wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of a 45 
magnesium cation and an imidazolium cation which 
can be optionally substituted by one or more C1-6 
alkyl groups . 

6. A process comprising the steps of : 
( a ) reacting a compound having the formula ( 2 ) or a salt 50 

thereof 

-CH2CH3 

X 

Phos 

( 2 ) 
55 

H2N S 
60 

wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of a 
magnesium cation and an imidazolium cation which 
can be optionally substituted by one or more C1-6 
alkyl groups . 

7. The process according to claim 5 , wherein the magne 
sium salt is selected from the group consisting of magne 
sium acetate as well as hydrates thereof . 

8. The process according to claim 5 , wherein the com 
pound having the formula ( 1 ) is transformed into a com 
pound having the formula ( 4 ) 

65 
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12. A process comprising the step of transforming a 

compound having the formula ( 1 ) 

N 
5 ( 1 ) 20 - CH2CH3 

OH 

HO 
• Y.nH20 20 - CH2CH3 N 

10 X 
Phos - N 

H 

15 
wherein Yis CH , COOH , CH , CH , COOH or CH , CN ; and 
n is 0 to 5 . 
9. The process according to claim 6 , wherein the magne 

sium salt is selected from the group consisting of magne 
sium acetate as well as hydrates thereof . 

10. The process according to claim 6 , wherein the com 
pound having the formula ( 1 ) is transformed into a com 
pound having the formula ( 4 ) 

20 

wherein 
Phos is a phosphate group ; and 
X is a cation selected from the group consisting of a 
magnesium cation and an imidazolium cation which 
can be optionally substituted by one or more C1-6 alkyl 
groups ; 

into a compound having the formula ( 4 ) 

25 
( 4 ) 

N - O - CH2CH3 N 

--0-CH.CH 
30 

HO OH 
• YönH20 

H0 - P - N 
H • YonH20 

35 

wherein Y is CH3COOH , CH2CH2COOH or CH2CN ; and 
n is 0 to 5 . 
11. The compound according to claim 1 , wherein the 

compound is an acetic acid solvate or acetonitrile solvate . 

wherein Y is CH2COOH , CH , CH , COOH or CH2CN ; and 
n is 0 to 5 . 


