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wherein X* denotes a compound of formula

| :

wherein Y

(i) denotes a group of formula -NR;R. and
a)} Ry to Rs are the same or different and denote independently of one ancther hydrogen, optionall;
substituted alkyl or aryl or
b} two of the substituents R, o Rs, which are bonded to different nitrogen atoms, together form
~{CHz)z~ or -{CHa)s- group and the other substituents R: to Rs are as defined above

(i) denotes together with Ra a -{CHz)s- or -{CHa)s- group and R; and Rs denote together a -«(CHz);

group.

HACA is of great interest as a starting material for highly effective cephalosporins. Position 7 thereo
may be acylated to form the corresponding 7-acytamino-3-hydroxymethyl-3-cephem-4-carboxylic acid, an
likewise, the hydroxy function in position 3 and optionally the carboxylic function in position 4 may b
changed to form a series of highly effective derivatives. For example, the active substances
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may be produced.
We have found particular forms of HACA which are particularly useful for economical synthesis in the

production of such cephalosporins. These are stable soluble forms of HACA in a solvent or solvent mixture
30 which allows derivation to take place in position 7 and, if desired, subsequently in position 3, without either
having to change a solvent or having to isolate the intermediate stage, for reasons of reactivity of the
derivitisation reagents.
Surprisingly, soluble forms of HACA have been found in the form of its amidine salts, which on the one
hand are stable despite the high basicity of the corresponding bases, and on the other hand are soluble in a
35 number of solvents or solvent mixtures, and thus create many options in the synthesis of cephalosporin end
products or intermediate products, depending on the reactivity and solubility of the derivitisation reagents.
Amidine means also a guanidine which has a further amine group at the carbon atom of the-N =C-N-
group thus being an amino-amidine. Suitable guamdlnes are for example compounds of formula i, wherein
Y denotes a group of formula -NR3;R. and
40 a) Au to Rs are the same or different and denote independently of one another hydrogen, optionally
substituted alkyl or aryl or
b) two of the substituents R: to Rs, which are bonded to different nitrogen atoms, together form a -{CHz)-
2- or -(CHa )a- group and the other substituents R1 to Rs are as defined above.
Any carbon containing group except where otherwise stated herein preferably contains up to 20 carbon
45 atoms.
Preferably R; to Rs denote independently of one another hydrogen, unsubstituted alkyl or alkyl
substituted by a phenyl group, for example benzyl, or unsubstituted aryl.
Alkyl means preferably (C;-Cs) alkyl, more preferably (C:-Cs} alkyl. Aryl means preferably a group
having an arylic structure such as phenyl, naphthyl or an aromatic heterocyclic radical. More preferably aryl
56 means a phenyl group.

- Alkyl and aryl may optionally be substituted by groups which are inert under the reaction conditions of
the following reaction steps such as acylation and further derivitisation. Such groups are in the case of alkyl
for example: aryl, as for example phenyl, nitro groups, protected hydroxy or thio groups, protected amine
groups and in the case of aryl for example: alkyl, aryl, protected hydroxy or thio groups, halogen, nitro

55 groups, protected amino groups. Protection groups are such which do not disturb the acylation reaction and
further derivitisation reactions.
Particularly useful are guanidines of formula Il in which R: to Rs independently of one another denote
hydrogen, methyl, ethyl, benzyl or phenyl, for example tetramethyl guanidine, pentamethyl guanidine or
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step. Moreover, water is a most unfavorable solvent for such a sensitive derivitisation reaction. in example 3
of ES 403 523, the triethylammonium salt of HACA is acylated without stating the solvent system, but
undesired Jactonisation simultaneously takes place. We have found that HACA may not be dissolved using
triethyl amine in, for example, dichloromethane or methanol.

Salts of certain 7-amino-3-cephem-4-carboxylic acid derivatives with amidines and guanidines are
known for example from EP 127 541, but all the g-lactam nucleii mentioned have non-reactive substituents
in position 3, for example the substituent in position 3 may be a simple methyl group or a sulphur
heterocycle. In contrast, HACA with its hydroxy function possesses a reactive functional group in position 3.
It is known, that g-lactams are not inert towards alcohols. In addition, in the case of 3-hydroxymethyl-3-
cephém-4-carboxylic acids, there is a great risk of lactonisation.

Surprisingly, the salts of HACA according to the invention are stable in solution, and in practice there is
neither decomposition in the presence of the strong bases through inter-motecular nucleophilic ring opening
of the g-lactam ring due to the alcohol function, nor intra-molecular lactonisation.

The salts according to the invention may be produced by e.g. bringing into contact the HACA with the
corresponding amidine or guanidine preferably in a solvent. In an aprotic solvent preferably an approxi-
mately stoichiometric quantity of the amidine or the guanidine, preferably 1.0 to 1.2 equivalents are used
based on the HACA employed. In protic solvents, e.g. in methanol, in order to obtain a solution, the quantity
should be increased 1o ca. 1.5 to 2.0, e.g. to 1.8 equivalents. The salts according to the invention may be
isolated by adding a non-solvent to the solution. Thus for example, the tetramethylguanidinium salt of HACA
mmay be precipitated as a syrup from a solution in dichloromethane by adding methy! tert.buty! ether or by
adding acetone to a methanolic solution. The 1,5-diaza-bicycio[4.3.0]non-5-ene (=DBN} salt may be
crystallized from chioroform, the tetramethylguanidinium salt also from dichioromethane.

Suitabie soivents are e.9. the chlorinated hydrocarbons such as dichioromethane, ethers such as
tetrahydrofuran, alcohols such as methanol, amides such as dimethylformamide, sulphoxides or sulphones
such as sulpholane, ketones such as acetone, methyl isobutyl ketone, acetonitrile or mixtures of such
solvents. Preferred solvents are dichtoromethane, methano!, dimethylformamide, acetone or acetonitrile,
particularly preferred are dichloromethane, methanol or acetonitrile.

In another aspect the invention provides a process for the production of cephalosporins which
comprises acylating an amidine salt of 7-amin-3-hydroxymethyl-3-cephem-4-carboxylic acid in the 7-
position and if necessary converting the product into other cephalosporins, particularly converting the
product into a derivative from the 3-hydroxymethyl group.

In another aspect the invention provides the use of an amidine salt of 7-amino-3-hydroxymethyl-3-
cephem-4-carboxylic acid in the production of cephalosporins.

The salts according to the invention may be acylated on the amino group in excellent yields. The

reaction may be carried out using any conventional method for acylation, e.g. in analogous manner to that
described in the Examples thereafter. Preferably the carboxylic acid used for acylating is in activated form.
Suitable activated forms of carboxylic acids are the acid chlorides, {mixed) anhydrides, activated esters or a
carboxylic acid-carbodiimide system. If required, in order to bind the acid being released, a base may be
added, preferably an organic nitrogen base.
When the reaction has taken place, the corresponding acyl derivatives of HACA may be in situ further
converted into other cephalosporins, e.g. on the hydroxy function in position 3, e.g. to produce the
compounds S1108 or RO 23-9424, as necessary temporarily protecting reactive group; if desired the acyl
derivatives may be isolated before. Reactions at position 3 are conventional derivitisation reactions of
alcohols, e.g. ester formation with activated carboxylic acid derivatives, carbamate formation with
isocyanates or nucleophilic substitution by means of an activated derivative of the alcohol and may be
carried out using any suitable conventional method.

As a result of the surprising stability and solubility of the salts according to the invention in organic
solvents, on the one hand there is freedom of choice of the acylation agent in order to produce the most
varied N-acy| derivatives of HACA in good yields and good purity and on the other hand, if desired, the
solvent {system) may be selected such that the second reaction sequence, i. e. the further derivitisation on
the hydroxy function, may be carried out in the same solvent (system) as the acylation reaction in situ with

sensitive reagents.
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guamdme a solution is obtained within 5 minutes at room temperature. To this solution ca. 5 ml of methy!
tert.butyl ether are added, whereby a sirupy deposit is formed. The supernatant solution is decanted oft, the
residue digested with methyl tert.butyl ether and dried. The fitle compound is obtained as a syrup.

15
Example 2: Salt ot 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid with tetramethylguanidine

23 g of HACA are suspended in 130 mi of dichloromethane. After addition of 1.2 equivalents of
tetramethyl guanidine a solution is obtained within ca. 30 minutes at 0. This solution is cooled to -25° and
20 inoculated. The title compound cryslallizes and is filtered off. The crystals are washed with cofd dich-
loromethane and dried.
Melting point: 150-154 * (Decomposition).
In analogous manner to that described in the preceding Examples, as appropriate, the following HACA
salts are obtained:

25
Example Salt
3 DBU syrup
4 DBN M.p.: 143-146"
30 {decomp.)

The salts according to the invention may be used to produce cephaiosporin end products, e.g. the following
of which are produced:

3 Example 5. Production of 78~{((Z)-(2-amino-1,3-thiazol-4-yl)-2-methoximinoacetamido}-3-hydroxymethyi-3-
cephem-4-carboxylic acid

a) Production using the salt of HACA with tetramethylguanidine

“ 184 g of HACA are suspended in 120 ml of methanol and the suspension is cooled to §°. After
addition of 10.6 ml of tetramethylguanidine a clear solution is obtained within ca. § minutes. To this solution
30.8 g of {Z)-2-aminothiazol-4-yl-methoximinoacetic acid-2-mercaptobenzthiazolylester are added in portions
and the mixture is stirred for 4 hours at 0. 120 mi of water are added dropwise. The mercaptobenzthiazole
which is released slowly precipitates. After filtration the mother liquor is slowly adjusted to pH 3.5. The
suspension formed is stirred for 1 hour in an ice bath. The product crystallizes, is fillered off, washed with
cold methanol and dried.

45

b) Production using the salt of HACA with DBU

so 23.0 g of HACA are suspended in 250 ml of dichloromethane. After addition of 15 mi of DBU and of 25

mil of methanol whilst stirring and cooling with ice, and within ca. 15 minutes a practically clear solution is
obtained. After addition of 386 g of (Z)-2-aminothiazol-4-yl-methoximinoacetic acid-2-mercaptobenz-
thiazolylester the suspension is stirred for 2.5 hours. HPLC analysis shows that the starting material is
ss completely reacted. The reaction mixture is diluted with 100 m! of water, the phases are separated and the
dichloromethane phase is washed with 25 ml of saturated bicarbonate solution. The combined aqueous
solutions are re-extracted with dichloromethane. The pH of the aqueous phase is adjusted to 3 with aqueous
hydrochioric acid. The title compound precipitates as a raw product. The raw product is suspended in 170
ml of water, dissolved with 2 N NaQOH at pH 7 and the mixture is treated with 7 g of active carbon. After

5
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is added to the mixed anhydride of (Z)-2-(2-tert-butoxy—carbony}amlnothlazol-ct-y!)-z-pentenecarboxyhc acid

and methanesulphonic acid, produced by reacting 19.3 g of (Z)-2-(2-tert-butoxy-carbonylaminothiazol-4-yl)-
2-pentenoic acid and 5.55 ml of methanesulphonic acid chloride in 195 ml of methylene chioride in the

75 presence of 11.8 m! of diisopropylamine at -15*. The temperature is held at about -10*, Simultaneously 5.1
ml of diisopropylamine are added in order to neutralize the methanesulphonic acid being released. After
addition, the reaction mixture is stirred for a further 30 minutes at a temperature of less than -10°. The
mixture is cooled to about -40° and 3.2 ml of methanesulphonic acid in 30 mi of dichloromethane are
added over the course of 10 minutes, followed by 7.3 ml of chlorsulphony! isocyanate. The temperature is

20 kept below -40°C. The mixture is subsequently stirred for 30 minutes at the above temperature. The
reaction mixture is mixed with a mixture of 80 ml of dimethylformamide and 250 ml of water and the
emulsion is heated for ca. 3 hours to 30°. Alter phase separation the organic phase is extracted with 200

mi of water. To the methylene chloride phase 8.4 mi of diisopropylamine are added. The title compound
precipitates. The product suspension is stirred for another 30 minutes, the product is isolated through a

25 suction filter, washed with methylene chloride and dried.

b) Production using the salt of HACA with DBU

2.3 g of HACA are suspended in 30 ml of dichloromethane. After addition of 3.0 ml of DBU a practically

30 clear solution is obtained within § minutes. This solution is cooled to -20* and added slowly ta a solution of
the mixed anhydride of (Z)-2-(2-tert. butoxycarbonylaminothiazol-4-yf)-2-pentenecarboxylic acid (BAPA) and
methanesulphonic acid, produced by reacting 3.43 g of BAPA and 0.98 m! of methanesulphonic acid
chioride in 68 m! of dichloromethane in the presence of 2.1 ml of diisopropylamine. The temperature is held

at about -10°. The mixture is stirred for a further 30 minutes at a temperature of less than -10°. HPLC

35 analysis shows that the reaction is practically completed. The mixture is cooled to -50* and 0.62 mi of
methanesulphonic acid, followed by 1.4 mi of chlorosulphonyl isocyanate are added. After 15 minutes HPLC

analysis shows that the reaction is practically completed.
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wherein X* denotes a compound-of formula

| :

wherein Y
(i) denotes a group of formula -NR3R. and
a) R: to Rs are the same or different and denote independently of one another hydrogen,
optionally substituted alkyl or aryl or
b) two of the substituents R to Rs, which are bonded to different nitrogen atoms, together form a
-{CHz)2- or -(CHz)s- group and the other substituents R, to Rsare as defined above
{ii) denotes together with Ra a -(CHz2)s- or -(CHz)s- group and Ry and Rs denote together a -(CHz)3-

group.

A compound of formula | as defined in claim 4, wherein Y denotes a group of formula -NR3R: and R;
to Rs are the same or different and denote independently of one another hydrogen, {C1-Cs) alkyl,
benzyl or phenyl.

A compound of formula | as defined in anyone of claims 1 to 5 which is the salt of 7-amino-3-
hydroxymethyl-3-cephem-4-carboxylic acid with
{a} tetramethylguanidine o
(b} 1,8-diaza-bicylo-(5.4.0)undec-7-ene
{c) 1.5-diaza-bicylo-(4.3.0)non-5-ene. This Sheet Has Been Reilaced

R

Preferably 1.0 to 1.2 equival ents
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1,55- di aza- bi cy atoafinér Sepbiisspaing- ene (=DBN) salt may be crystallized from
chil oroform the tetramethyl guanidiniumsalt also from dichl oronet hane.
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met hanol , °di met hyl f or rami de, acetone or acetonitrile, particularly
preferred are dichl oronmet hane, methanol or acetonitrile.
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When the reaction has taken place, the corresponding acyl derivatives of
HACA may be in .

Particularly the invention provides a compound of formula

HN S
o) CH,0H
Ccoo~ x*

wherein X* denotes a compound of formula

R, R,

wherein Y
(i) denotes a group of formula -NR,R, and
a) R, to R are the same or different and-denote independently of one another hydrogen,
optionally substituted alkyl or aryl or
b) two of the substituents R, to R,, which are bonded to different nitrogen atoms,
together form a -(CH,),- or -(CH,),- group and the other substituents R, to R; are as
. defined above
(ii) denotes together with R, a ~(CH,),- or -(CH,)s- group and R, and Ry denote together
a -(CH,),- group.
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may be produced.

We have found particular forms of HACA which are particularly useful for economical
synthesis in the production of such cephalosporins. These are stable soluble. forms of HACA
in a solvent or solvent mixture which allows derivation to take place in position 7 and, if
desired, subsequently in position 3, without either having to change a solvent or having to

isolate the intermediate stage, for reasons of reactivity of the derivitisation reagents.

Surprisingly, soluble forms of HACA have been found in the form of its amidine salts, which

on the one hand are stable despite the high basicity of the corresponding bases, and on the



In the sane solvent (system) as the acylation reactio %
sensitive reagents. In the foll ow ng Exanpl es, which i IREP "-J HEET

i nvention nmore fully, but in no way limt its scope, tfhg tenperaturesjaje
given in degree celsius. The follow ng abbreviations 4ré L&gd\fAﬂ-lﬂm
7- am no- 3- hydr oxynet hyl - 3- cephem4 car box:§ll ic acid TH
t et rahydr of uran DBN = 1, 5-di aza- bi cycl o[ 4. 3. OEnon- 5- ene DBU
= 1, 8-di aza- bi cycl o[ 5. 4. 0] undec- 7- ene 7 Exanple 1:'-Sat—of
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ggg,”'t ?gzeogpt@ng:bge%g} $is O 'i!sc%gl?a gs%olng end proc? f tsdtlarcxrtlaltecx)'rrnce) xaEehgrrc]) ucts, acpendmg

on the reactivity and solubility of the derivitisation reagents.

Amidine means also a guanidine which has a further amine group at the carbon atom of the -
N=C-N- group thus being an amino-amidine. Suitable guanidines are for example compounds
of formula I, wherein Y denotes a group of formula -NR,R, and
a) R, to R, are the same or different and denote independently of one another hydrogen,
optionally substituted alkyl or aryl or .
b) two of the substituents R, to R,, which are bonded to different nitrogen atoms,
together form a -(CH,),- or -(CH,),- group and the other substituents R, to Ry are as

defined above. -

Any carbon containing group except where otherwise stated herein preferably contains up to

20 carbon atoms.

Preferably R, to R denote independently of one another hydrogen, unsubstituted alky! or alkyl
substituted by a phenyl group, for example benzyl, or unsubstituted aryl.

Alkyl means preferably (C,-C;) alkyl, more preferably (C;-C) alkyl. Aryl means preferably
a group having an arylic structure such as phenyl, naphthyl or an aromatic heterocyclic

radical. More preferably aryl means a phenyl group.

Alkyl and aryl may optionally be substituted b§ groups which are inert under the reaction
conditions of the-following reaction steps such as.acylation.and further derivitisation. Such

- groups are in the case of alkyl for eéxample: aryl, as for example phenyl, nitro groups,
protected hydroxy or thio groups, protected amine groups and in the case of ary! for example:
alkyl, aryl, protected hydroxy or thio groups, halogen, nitro groups, protected amino groups.
Protection groups are such which do not disturb the acylation reaction and further
derivitisation reactions.

Particularly useful are guanidines of formula H in which R; to R independently of one
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of tetranethyl guanidine a solution is obtained wthy P@W@E M—gc'om
t.enperature. To this solution ca. 5 mM of nethyl terj.jbutyl ether anre
added, whereby a sirupy deposit is forned. The superinagt agt3 MARUBDPN |i S
decanted off, the residue digested with thyl tert.lbytyl ether andjdgi ed.
The title conpound is obtained as a syrup. Exanple 3: Sal't of

7-am 30- 3- hydr oxynet hyl - 3- cephem 4- carboxylic acid vith_tetranethyl -
guani dine 23 g of HACA are suspended .in 130 f_ di emet-hane. After
addi ti on qi,omcrzdeeq@iWémwememyl-eﬁw&rmm|°rgg1§m?dpﬁexaaﬂ SMF%"&?“X%“W%ned

within ca. 30 m . ' | OB 4] 7 b: ul ated..
The t1t1 o peaBatEEhidhe B mEdyiotabt bbb, iRty idnmemyt Pajilae,
washed with cold dichloronmethane and dried. Melting point: 150-154
(Deconposition). |In anal ogous_manner. 10 that_ described in th recedin
eapl oo, Salts BHHACH A IToWTH e VA Al (RGOS ARROGtich /5 agr 120 fE.cokap
Salt 3 . triethylammbiitm salt (ES 403 523). In tiRYJdtkhal of Antibiotics, the acylation of the
sodium salt of HACA with 2-(2-chloracetamidothiazol-4-y1)-2(Z)-methoximino-acetyl chloride

hydrochloride is described. In this, the HACA is acylated as the sodium salt in a mixture of
THF/water and the protecting group is subsequently removed. The yield is only 50 % and
derivitisation of the hydroxy function then takes place in a separate step. Moreover, water is
a most unfavorable solvent for such a sensitive derivitisation reaction. In example 3 of ES 403
523, the triethylammonium sait of HACA is acylated without stating the solvent system, but
undesired lactonisation simultaneously takes place. We have found that HACA may not be

dissolved using triethyl amine in, for example, dichloromethane or methanol.

Salts of certain 7-amino-3-cephem-4-carboxylic acid derivatives with amidines and guanidines
are known for example from EP 127 541, but all the B-lactam nucleii mentioned have non-
reactive substituents in position 3, for example the substituent in position 3 may be a simple
methy! group or a sulphur heterocycle. In contrast, HACA with its hydroxy function possesses
a reactive functional group in position 3. It is known, that 8-lactams are not inert towards
alcohols. In addition, in the case of 3-hydroxymethyl-3-cephem-4-carboxylic acids, there is

a great risk of lactonisation.

Surprisingly, the salts of HACA according to the invention are stable in solution, and in
practice there is neither decomposition in the presence of the strong bases through inter-
molecular nucleophilic ring opening of the-B-lactam ring due to the alcohol function, nor

intra-molecular lactonisation.

The salts according to the invention may be produced by e.g. bringing into contact the HACA
with the corresponding amidine or guanidine preferably in a solvent. In an aprotic solvent
Preferably an approximately stoichiometric quantity of the amidine or the guanidine,

Preferably 1.0 to 1.2 equivalents are used based on the HACA employed. In protic solvents,
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4 DBN M p.: 143-146 (decorﬁx Lﬁﬁ@hﬁﬁ a?&egordu ng
to the invention may be used to produce cephal osporitnfend prod"”é‘t"S‘"'e g.
the foll owi ng of which are produced: 8 Exanpl e 51 Prqgqis: f
7[err]-((2)-(2-am no-1 3-thiazol-4-yl)-2-gethoxi m npaget am do?n?ﬁ

hydr oxynet hyl - 3- cephem 4- car boxylic acid @) Product|on usrnmg~the-~sad t| of
HACA with tetramethyl guanidine 18.4 g of HACA are slspended in 120 myj of

met hanol and the suspension is cooled to 0. After addlélon 0

t et r amet hye.guinmethanel.dn ordasito obtain a selution.dhe GRAEHY Fheyl Fd&c%‘eﬁm Sim e]sg ¥®o

ol d- 20 nor e Eeto e sl TACHIR' kg tohe RGN Ha AR-Rbafed by adding

I's stirred, féi-sclvénnus theasol@jai. Thus Fa0exaimple, the tetramethylguanidinium salt of HACA
may be precipitated as a syrup from a solution in dichloromethane by adding methy! tert.butyl
ether or by adding acetone to a methanolic solution. The 1,5-diaza-bicyclo[4.3.0]non-5-ene
(=DBN) salt may be crystallized from chloroform, the tetramethylguanidinium salt also from

dichloromethane.

Suitable solvents are e. g. the chlorinated hydrocarbons such as dichloromethane, ethers such
as tetrahydrofuran, aicohols such as methanol, amides such as dimethylformamide,
sulphoxides or sulphones such as sulpholane, ketones such as acetone, methyl isobutyl ketone,
acetonitrile or mixtures of such solvents. Preferred solvents are dichloromethane, methanol,
dimethylformamide, acetone or acetonitrile, particularly preferred are dichloromethane,

methanol or acetonitrile.

In another aspect the invention provides a process for the production of cephalosporins which
comprises acylating an amidine salt of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid
in the 7-position and if necessary converting the product into other cephalosporins,

particularly converting the product into a derivative from the 3-hydroxymethyl group.

In another aspect the invention provides the use of an amidine salt of 7-amino-3-

hydroxymethyl-3-cephem-4-carboxylic acid in the production of cephalosporins.

The salts according to the invention may be acylated on the amino group in excellent yields.
The reaction may be carried out using any conventional method for .acylation, e.g. in
analogous manner to that described in the Examples thereafter. Preferably the carboxylic acid
used for acylating is in activated form. Suitable activated forms of carboxylic acids are the
acid chlorides, (mixed) anhydrides, activated esters or a carboxylic acid-carbodiimide system.
If required, in order to bind the acid being released, a base may be added, pre.ferably an
organic nitrogen base.

When the reaction has taken place, the corresponding acyl derivatives of HACA may be in



of water are added dropwi se. The nercaptobenzt hi azol e which is rel eased
slowy precipitates. After filtration the nother liquor is slowly adjusted
to pH 3.5. The suspension formed is stirred for 1 hour in an ice bath. The
product crystallizes, is filtered off, washed with cold nethanol and dri ed.
b) Production using the salt of HACA withe DBU 23.0 g of HACA are suspended
in 250 mM of dichloronmethane. After addition of 15 m of DBU and of 25 ml
-of nethanol whilst stirring and cooling with ice, and within ca. 15 nminutes
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As a result of the surprising stability and solubility of the salts according to the invention in
organic solvents, on the one hand there is freedom of choice of the acylation agent in order
to produce the most varied N-acyl derivatives of HACA in good yields and good purity and
on the other hand, if desired, fhe solvent (system) may be selected such that the second
reaction sequence, i. e. the further derivitisation on the hydroxy function, may be carried out

in the same solvent (system) as the acylation reaction in situ with sensitive reagents.

In the following Examples, which illustrate the invention more fully, but in no way limit its
scope, the temperatures are given in degree celsius.

The following abbreviations are used:

HACA = 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid
THF = tetrahydrofuran
DBN = 1,5-diaza-bicyclo[4.3.0Jnon-5-ene

DBU = 1,8-diaza-bicyclo[5.4.0]Jundec-7-ene REPLACEMENT SHEET

0 3 MAR 1997




with 7 g of active carbon. After filtration, the aqueous phase is m xed
with its half volume of ethanol, and the pH of the solution is adjusted to
pH 3 with hydrochloric acid. The title conpound precitipates, is filtered
of f, washed with 50 ml of water and dried. 0 3 MAR 1997 Exampl e 6:
Producti on of '
7[err]-((2)-2-(2-tert-butoxycarbonyl am nof hi azol -4-yl)-2-pentenoyl) -

am no- 3- car banoyl oxynet hyl - 3- cephem 4- car boxyl i ¢ acid diisopropyl am ne salt
a) Production using the salt of HACA with tetranethyl guanidine 13.8 g of
HACA are skxamplelduSalhofF-aminof3-hidroxysmeshyl:reenhemag-carboxidici acid withftetramethyl- of
t et ranet hyl %uad?i dine a practically clear solution is obtained wwthin ca. 5
m nut es MG cooled to -20. This solution is added to the mi xed
anhydride of (2)-2-(2-tert-butoxy-

car bonyl am not hi azol - 4-yl ) - 2- pent enecar boxyl i c_acid and nmet hanesul phoni c
acid, produged BCAcaretsuspended in § mk of dichloromethane. After addition of 1.2 equivalents

(2) - 2- (2t gL BRI SRIRRTY S AT s UoRA RS ot PRSI G Ricin fthshrftfL. Fo'This

solution ca. 5 ml of methyl tert.butyl ether are added, whereby a sirupy deposit is formed.
The supernatant solution is decanted off, the residue digested with methyl tert.butyl ether and
dried. The title compound is obtained as a syrup.

Example 2: Salt of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid with tetramethyl-

guanidine

23 g of HACA are suspended in 130 ml of dichloromethane. After addition of 1.2 equivalents
of tetramethyl guanidine a solution is obtained within ca. 30 minutes at 0°. This solution is
cooled to -25° and inoculated. The title compound crystallizes and is filtered off. The crystals
are washed with cold dichloromethane and dried.

Melting point: 150-154° (Decomposition).

In analogous manner to that described in the preceding Examples, as appropriate, the

following HACA salts are obtained:

Example Salt
DBU synup
4 DBN M.p.: 143-146°
(decomp.)

N =

The salts according to the invention may be used to produce cephalosporin end products, e.g.

the following of which are produced:




m of met hanesul phonic acid chloride in 195 ml of methylene chloride in the
presence of 11.8 m of diisopropylanm ne at -15. The tenperature is held at
about -10[err]. Simultaneously 5.1 m of diisopropylam ne are added in
order to neutralize the nmethanesul phonic acid being rel eased. After
addition, the reaction mxture is stirredgfor a further 30 mnutes at a
tenperature of less than -10. The m xture is cooled to about 40 and 3.2 ni
of net hanesul phonic acid in 30 m of dichloronethane are added over the

course of 10 n?liepfﬁglechohoﬁgﬁg%!? (Zﬁ]lmnoolf %Lﬁﬁi%ﬁgg‘m’d‘ | rr a:gf or

terrperaturE"ai e m>2 ure 1 s ‘subse uen

30 m nut espydioxyhetib3veephemipeeatboxydic adie reaction mxture is m xed with a
m xture of '90 m of dinmethylformanm de and 250 ml of water and the enul sion
is heated for ca. 3 hours to 30[err]. After phase separation the organic

phase is e Fﬂr@&fcﬁ%%ﬁ%tﬁggal%fogé&%ﬁ With ROy Ekdliagne chl oride phase

8.4 m of diisoprop ne are a The tit onpound precipitates. The
product suspension is stirred for another 30 m nutes, the product |s

oL et e D 0 B b BSES e ShS B L Sufli o
After addition of 10.6 ml of tetramethylguanidine a clear solution is obtained within ca. 5
| minutes. To this solution 30.8 g of (Z)-2-aminothiazol-4-yl-methoximinoacetic acid-2-mercap-
tobenzthiazolylester are added in portions and the mixture is stirred for 4 hours at 0°. 120 m}
of water are added dropwise. The mercaptobenzthiazole which is released slowly precipitates.
After filtration the mother liquor is slowly adjusted to pH 3.5. The suspension formed is
stirred for 1 hour in an ice bath. The product crystallizes, is filtered off, washed with cold
methanol and dried.

b) Production using the salt of HACA with DBU

23.0 g of HACA are suspended in 250 mi of dichloromethane. After addition of 15 ml of
DBU and of 25 m! of methanol whilst stirring and cooling with ice, and within ca. 15 minutes
a practically clear solution is obtained. After addition of 38.6 g of (Z)-2-aminothiazol-4-yl-
methoximinoacetic acid-2-mercaptobenzthiazolylester the suspension is stirred for 2.5 hours.
HPLC analysis shows that the starting material is completely reacted. The reaction mixture
is diluted with 100 m! of water, the phases are separated and the dichloromethane phase is
washed with 25 m! of saturated bicarbonate solution. The combined aqueous solutions are re-
extracted with dichloromethane. The pH of the équeous phase is adjusted to 3 with aqueous
hydrochloric acid. The title compound - precipitates as a raw product. The raw product is
suspended in 170 ml of water, dissolved with 2 N NaOH at pH 7 and the mixture is treated
with 7 g of active carbon. After filtration, the aqueous phase is mixed with its half volume
of ethanol, and the pH of the solution is adjusted to pH 3 with hydrochloric acid.The title

compound precitipates, is filtered off, washed with 50 ml of water and dried.

REPLACEMENT SHEET
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2.3 of HACA are suspended in 30 ml of dichloronethangpz Artchbdan..of
3.0 ?ﬂ of DBU a pract Pcal ly clear solution is obtained W‘ |‘¢E1% MET
This solution is cooled to -20 and added slowly to f [solution of7 the
m xed anhydride of (2)-2-(2-tert. 0 IMaR 393?

but oxycar bonyl am not hi azol 4-yl ) - 2- pent enear boxylic ac (BAPA) an
nmet hanesul phoni c 0 3 MAR 1997 10 acid, produced by JreactTng S43—g-of

BAPA and 0.98 m of nethanesul phonic acid chloride i n ‘Mﬁm”m
di chl or onegtample 6h Praduction of T8¢((Z)-2-12-tertrbutoky chirhonyiamipgthiazphé-y e )-
tenperature s held at about -10. The m xture.is.stirred for.a further 30 -
m nutes at 3"3"?’é‘ﬁi?él?aﬂqyrl@‘yﬂeq‘\g'iascﬁﬁgﬁﬁl‘gnfﬂi’°¥ﬁf_ccacé‘iQ}’W'%pg%% $flat the
reaction is practically conpleted. The m xture is cooled to -50 and 0.62 n
of net hanesul phonic acid, followed by 1.4 m of chlorosul phonyl isocyanate

are added.a)Rroductios usingithe salHbf HACA I with tetraimethylguanidinene reaction is
practically

o

13.8 g of HACA are suspended in 90 ml of dichloromethane. After addition of 9.1 ml of
tetramethylguanidine a practically clear solution is obtained within ca. 5 minutes which is
cooled to -20°. This solution is added to the mixed anhydride of (Z)-2-(2-tert-butoxy-
carbonylaminothiazol-4-yl)-2-pentenecarboxylic acid and methanesulphonic acid, prociuced by
reacting 19.3 g of (Z)-2-(2-tert-butoxy-carbonylaminothiazol-4-yl)-2-pentenoic acid and 5.55
ml of methanesulphonic acid chloride in 195 ml of methylene chloride in the presence of
11.8 ml of diisopropylamine at -15°. The temperature is held at about -10°. Simultaneously
5.1 ml of diisopropylamine are added in order to neutralize the methanesulphonic acid being
released. After addition, the reaction mixture is stirred for a further 30 minutes at a
temperature of less than -10°. The mixture is cooled to about -40° and 3.2 ml of
methanesulphonic acid in 30 ml of dichloromethane are added over the course of 10 minutes,
followed by 7.3 ml of chlorsulphonyl isocyanate. The temperature is kept below -40°C. The
mixture is subsequently stirred for 30 minutes at the above temperature. The reaction mixture
is mixed with a mixture of 90 ml of dimethylformamide and 250 ml of water and the
emulsion is heated for ca. 3 hours to 30°. After phase separation the organic phase is
extracted with 200 ml of water. To the methylene chloride phase 8.4 ml of diisopropylamine
are added. The title compound precipitates. The product suspension is stirred for another 30
minutes, the product is isolated through a suction filter, washed with methylene chloride and
dried.

b) Production using the salt of HACA with DBU

2.3 g of HACA are suspended in 30 ml of dichloromethane. After addition of 3.0 ml of DBU
a practically clear solution is obtained within 5 minutes. This solution is cooled to -20° and
added slowly to a solution .of the mixed anhydride of (Z)-2-(2-tert.

butoxycarbonylaminothiazol-4-y1)-2-pentenecarboxylic acid (BAPA) and methanesulphonic
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conpleted. 'H NWR Spectra (300 MHz, [err]) Exanple R B

4.90 (d, J =50 Hz, 1 H H6), 4.78 (d, J = 5.0 Hz, { ﬁﬂ%iwm“@

12.3 Hz, | H CHH -OH), 3.77 (d, J = 12.3 Hz, 1 H, H {- 51 and 3. 46

(AB, J = 17.8 Hz, 2 H [err]-S), 2.99 (s, 12 H 4 x [drr] &|)3@AR1997

4.90 (d, J = 5.0 Hz, 1 H H6), 4.78 (s hgoad, 1 H, 7), 4.45 (d. Ji={12.
, 1 H, CHHO—|)372(d J =12.3 Hz, 1 H CHH - 360t0335(m8
[err]-S, 3 x [err]-N), 2.85 (s broad, 2 H, [err]- 157

e, 1 4% progost by é“t"i}“g?“g% 35 BAPA A, 0198 8 o espgnpspiphipnic sl enipriaq
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than -10°. HPLC analysis shows that the reaction is practically completed. The mixture is

0

cooled to -50° and 0.62 ml of methanesulphonic acid, followed by 1.4 ml of chlorosulphonyl

isocyanate are added. After 15 minutes HPLC analysis shows that the reaction is practically

completed.
"H-NMR Spectra
(300 MHz, CDCly)

Example Spectrum: )

1,2 490(d,J=50Hz, 1 H, H-6),478 (d,J =50Hz, 1 H,H-7),445(d,J =
12.3 Hz, 1 H, CHH-OH), 3.77 (d, = 12.3 Hz, 1 H, CHH'-OH), 3.51 and
3.46 (AB, ] = 17.8 Hz, 2 H, CH,-S), 2.99 (s, 12 H, 4 x CH,-N)

3 490 (d, J =5.0Hz, 1 H, H-6), 478 (s broad, 1 H, H-7),445 (d,J =
12.3 Hz, 1 H, CHH'-OH), 3.72 (d, } = 12.3 Hz, 1 H, CHH'-OH), 3.60 t0 3.35
(m, 8 H, CH,-S, 3 x CH,-N), 2.85 (s broad, 2 H, CH,-C=), 210 (qi, ] =¥
Hz, 2 H, -CH;-), 1.9 to 1.5 (m, 8 H, 3 x -CH,-, -NH,)

4 490(d,J=5.0Hz, 1 H, H-6),478 (d,J=5.0Hz, 1 H, H-7), 440 (4, ] =

123 Hz, 1 H, CHH-OH), 3.71 (d, J = 12.3 Hz, 1 H, CHH-OH), 3.64 to
3.42 (m, 6 H, CH,-S, 2 x CH,-N), 3.37 (t, = 6.0 Hz, 2 H, CH,-N), 3.20 (m,
2 H, CH,-C=), 2.16 (qi, J = 7.9 Hz, 2 H, -CH,-), 2.04 (qi, =59 Hz, 2 H,
-CH,”)



[err]) Patent clains: 1. An am dine salt of

7- Am no- 3- hydr oxynet hyl - 3- cephem 4-carboxylic acid. 2. A salt according to
tlaim1l which is a guanidine salt. 3. A salt according to claiml which is
a di aza-bicyclo-al kylene salt. 4. A conpound of formula [err] wherein [err]
denotes a conpound of formula [err] [err]llwherein Y (i) -deneotes a graup of

formi a -[err] and KRN A

Patent claims:
1. An amidine salt of 7-Amino-3-hydroxymethyl-3-cephem-4-carboxylic acid.
2. A sﬁt according to claim 1 which is a guanidine salt.

3. Asalt according to claim 1 which is a diaza-bicyclo-alkylene salt.

4. A compound of formula

HN S :
o CH,0H
coo” x*

wherein X* denotes a compound of formula

RI\N/RZ
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wherein Y

(i) denotes a group of formula -NR,R, and

a) R, to Ry are the same or different and denote independently of one- another
hydrogen, optionally substituted alkyl or aryl or

b) two of the substituents R, to R,, which are bonded to different nitrogen atoms,

together form a -(CH,),- or -(CH,),- group and the other substituents R, to R



a) [err] to [err] are the sane or different and denote independently of one
anot her hydrogen, optionally substituted alkyl or aryl or b) two of the
substituents [err] to [err], which are bonded to different nitrogen atons,
together forma [err] or [err] group and the other substituents [err] to
[err] - 12 - are as defined above (ii) denotes together with [err] a

[err] or [err] group and [err] and [err]- Henote toget m]s“lu“mﬁ 5.
A conpound of fornula | as defined in claim4, V\hereilm‘“ﬁmu up of
formula [err] and [err] to [err] are the same or differet and"dehot’e

i ndependent|y of one anot her hydrogen, [err] al kyl, benzyl or phenyl. 6. A

conpound of fornula | as defined in anyone of clains 1 to 5 which is the
salt of 7- are as defined above

(ii) denotes together with R, a -(CH,);- or (CH,),- group and R, and R, denote
together a -(CH,),- group.

5. A compound of formuia I as defined in claim 4, wherein Y denotes a group of formula
-NR;R, and R, to R, are the same or different and denote independently of one another
hydrogen, (C,-Cy) alkyl, benzyl or phenyl.

6. A compound of formula I as defined in anyone of claims 1 to 5 which is the salt of 7-
amino-3-hydroxymethyl-3-cephem-4-carboxylic acid with
(a) tetramethylguanidine
(b) 1,8-diaza-bicylo-(5.4.0)undec-7-ene
(¢c) 1,5-diaza-bicylo-(4.3.0)non-5-ene.

7. A process for the production of cephalosporins which comprises acylating an amidine
salt of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid in the 7-position and if
necessary converting the product into other cephalosporins.

8. A process for the production of cephalosporins according to claim 7 which comprises
converting the product into a derivative from the 3-hydroxymethylgroup.

9. Use of an amidine salt of 7-amino-3-hydroxymethyl-3-cephem-4-carboxylic acid in the
production of cephalosporins. |

| )
DB




am no- 3- hydr oxymet hyl - 3- cephem 4- carboxylic acid with (a)
t et ranet hyl guani di ne (b) 1, 8-di aza- b| cylo (5. 4. 0)undec F-ene-{(C). ___ ___
1, 5-di aza- bi cyl o- (4. 3. 0) non-5-ene. 7. process s’m lgroductl on of

cephal osporins which corrprl ses acyl atl ng an ami di ne ! " ,m ML
7- am no- 3- hydr oxymnet hyl - 3- cephend- car Bbo §I i"c acid.in dif

necessary converting the product into other cephal ospori ns A process
for the production of cephal osporins according to claim?7 Whl ch conpri ses

o of an am ai haNEARpEREATER, 3F) I ¥Rt OF CePRARORERRAN D DI, ©

acid in the production of cephal osporins.

Novel amidine salts of 7-Amino-3-hydroxymethyl-3-cephem-4-carboxylic acid (=HACA),
particular guanidine and diaza-bicyclo-alkylene saits, are useful as intermediates in the

synthesis of cephalosporins.




