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Cephalosporin production

The present invention relates to cephalosporins, more specifically to ceftiofur of formula

OOH O
which is {6R-[60,7B(Z)]}-7-{[(2-amino-4-thiazolyl)(methoxyimino)acetyllJamino}-3-{[(2-
furanylcarbonyl)-thiolmethyl}-8-oxo0-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
e.g. described in The Merck Index, 12th edition, item 1999. Ceftiofur is known as a
pharmaceutically active compound, e.g. useful as an antiibiotic, such as an antibacterial
agent, e.g. used in veterinary medicine, e.g. in the form of a salt with sodium or in the form
of a salt with hydrochloric acid. Processes for the production of ceftiofur in free form, in the
form of a salt with hydrochloric acid or hydrobromic acid or in the form of a sodium salt are
known. A known production process of ceftiofur in the form of a sodium salt (ceftiofur-Na)
includes the following steps
a) treating ceftiofur in the form of a salt with hydrochloric or hydrobromic acid in an aqueous
organic solvent with polyvinylpyridine, which polyvinylpyridiri'e is activated by treatment
with aqueous HCI, rinsing with water, treatment with 10% NaOH solution, rinsing with
water and tetrahydrofurane and drying; to obtain a solution comprising ceftiofur in free
base form, |
b) filtering the solution obtained in step a) to remove the polyvinylpyridine;
c) treating the filtrate obtained in step b) with 2-ethylhexanoic acid in the form of a sodium
salt to obtain ceftiofur-Na, and
d) isolating ceftiofur in the form of a sodium salt by precipitation from an aqueous organic' -

solvent, e.g. acetone.
Ceftiofur-Na may be obtained in amorphous form.

We have now surprisingly found a process for the production of pure ceftiofur in the form of
a sodium salt, hereinafter designated as "ceftiofur-Na", starting from ceftiofur in the form of
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a salt with hydrochloric acid or hydrobromic acid, hereinafter designated as "ceftiofur-HCI"
or "ceftiofur-HBr", wherein the use of activated polyvinylpyridine may be avoided.

In one aspect the present invention provides a process for the production of ceftiofur in the

form of a sodium salt comprising the steps

a) treating ceftiofur in the form of a salt with hydrochloric acid or hydrobromic acid with a
sodium source in an agqueous solvent, e.g. water,

b) separating ceftiofur in the form of a sodium salt from sodium chloride or sodium bromide
in an aqueous solvent obtained in step a) by use of an appropriate membrane separation
system,

c) optionally concentrating the solution obtained in step b), and

d) isolating ceftiofur in the form of a sodium salt from a solution obtained in step b) or,

optionally, obtained in step ¢).

Isolating, e.g. including drying, may be carried out as appropriate, preferably by
lyophilisation or spray drying.

A process according to the present invention may be e.g. carried out as follows:
Ceftiofur-HCI or ceftiofur-HBr may be suspended or dissolved in an aqueous solvent, e.g.
including water or a mixture of water and an appropriate organic solvent, preferably water.
The mixture obtained is treated with an appropriate sodium source, e.g. including a sodium
source which is able to convert cefiofur-HCI or ceftiofur-HBr into ceftiofur-Na, such as an
inorganic sodium source, e.g. sodium hydroxide, sodium carbonate, sodium bicarbonate.
The sodium source may be used in solid form or in solution, e.g. in an aqueous solution. A
pH of 5 to 9, preferably of 5 to 7.5, is adjusted in the mixture obtained. Treatment with the
sodium source is carried out at appropriate temperatures, e.g. including temperatures of
0°C to about 30°C, preferably of 0°C to 5°C. A solution is obtained comprising ceftiofur-Na
beside NaCl or NaBr, which solution optionally may be treated with an adsorbing agent, e.g.
including charcoal and/or an adsorber resin, e.g. for decolorizing or clear filtration. The
optionally adsorbing-agent-treated solution obtained is subjected to a membrane separation
system comprising a membrane which is appropriate for separation of NaCl or NaBr from
ceftiofur-Na in an aqueous solution and comprising means for removal of a solution of NaCl
or NaBr from said system and for adding fresh water to said system. Appropriate
membranes for separation of sodium chloride or sodium bromide from ceftiofur-Na in
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aqueous solution include nanofiltration membranes having a cutoff of ca. 100 to 500 Dalton,
a retention of MgSQO, of over 90%; e.g. and a retention of sodium chloride of below 80%.
Such membranes are known and commercially available, e.g. including a polyamide thinfilm
composite on a polysulfone carrier, such as the membranes Nanomax 50® of the firm
Millipore; NF 45® or NF 70® of the firm Danish Separation Systems; SR-1®, SR-2® or
MPF44® of the firm Koch; or other comparable membranes of the firms Celgard, Nitto
Denko or PCI; and including ceramic membranes, e.g. ceramic membranes comprising
separating layers from titanium or zirconium oxides and an aluminium oxide carrier material.
Said membrane separation system comprises means for removal of a solution of NaCl or
NaBr and for adding fresh water to the solution comprising ceftiofur-Na. The membrane
separation system is run as appropriate, e.g. a separated solution of sodium NaCl or NaBr
is removed from the solution comprising ceftiofur-Na and fresh water is added. Separation
is run at appropriate temperatures e.g. including temperatures of 0°C to about 30°C,
preferably of 0°C to 5°C. The concentration of the solution of ceftiofur and NaCl or NaBr is
not critical but separation is faster in a high concentrated solution compared with a low
concentrated solution. Convenient concentrations include concentrations of ceftiofur-Na in
water of 1% to 30%, preferably of 10% to 15% (w/w).

A solution of ceftiofur-Na is obtained which is substantially free of NaCl or NaBr.
Ceftiofur-Na may be isolated from the solution obtained as appropriate, e.g. according to a
method as conventional, e.g. ‘including direct lyophilisation or spray drying of the solution
obtained according to the present invention; or, the solution obtained may be concentrated
as appropriate e.g. according to a method as conventional, e.g. including solvent
evaporation, reversed osmosis prior to isolation of ceftiofur-Na; e.g. the concentrated
solution may be subjected to lyophilisation or spray drying.

- Prior to isolation of ceftiofur-Na from the solution, but after membrane treatment, a buffer

may be added to the (concentrated) solution, e.g. including primary or tertiary sodium or
potassium phosphate-buffers. |

Ceftiofur-Na in solid, amorphous form may be obtained, substantially free of NaCl or NaBr,
e.g. containing NaCl or NaBr, but in an amount of 0.2 % and less, e.g. 0.05% and less.

It is one advantage of the present invention and it is novel, that organic solvent may be
avoided in the production of ceftiofur-Na according to the present invention. Organic
solvents may be such as ethers, e.g. tetrahydrofurane, carboxylic acid esters, e.g.
ethylacetate or ketones, e€.g. acetone. Ceftiofur-Na may be thus obtained according to the
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present invention meeting the reqirements of ICH or Pharmacopoeiias with respect to
residual solvents; it is practically free of organic solvent.

If a buffer is added prior to lyophilisation or spray drying to the (concentrated) solution of
ceftiofur-Na, a composition is obtained after lyophilisation or spray drying which contains
beside ceftiofur-Na additionally buffer substances. These buffer substances and the
amount thereof is dependent from the amount and composition of the buffer which is added
prior to lyophilisation or spray drying to the (concentrated) solution of ceftiofur-Na.

A process according to the present invention may thus be carried out in water as a solvent
and in the absence of organic solvent, e.g. tetrahydrofurane. "Absence of organic solvent"
includes, however, residual amounts of organic solvent which may be present and which

may originate from a production step in ceftiofur production.

In another aspect the present invention provides a process for the production of ceftiofur in
the form of a sodium salt from ceftiofur in the form of a salt with hydrochloride or
hydrobromide comprising using water as a solvent in the absence of organic solvent such

as e.g. tetrahydrofurane, acetone or ethylacetate.

In another aspect the present invention provides ceftiofur in the form of a sodium salt which

Is practically free of any organic solvent, such as tetrahydrofurane or acetone.

Ceftiofur in the form of a sodium salt which is practically free of organic solvent includes that
it meets not only the Pharmacopoeiiasa respectively ICH limits for residual solvents, but the
content of organic solvent(s) is, e.g.considerably, below that of Pharmacopoeiias, or ICH
limits, respectively, e.g. containing residual amounts of organic solvent which may be
present and which may originate from a production step in ceftiofur production, but no

organic solvent from the sodium salt production step.

In another aspect the present invention provides a composition consisting essentially of
ceftiofur in the form of a sodium salt, an amount of sodium chloride or sodium bromide, e.qg.
sodium chloride; which is below 0.2%, but more than zero, and a water residue; and

optionally buffer substances.

"Essentially” in that respect means that the compostion contains 95% and more, e.9. 98%
and more, or 99% and more, but less than 100% of ceftiofur-Na. If buffer substances are
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present the composition may contain ceftiofur-Na in an amount of less than 95%, i.e. Iin
such an amount less, which corresponds to the amount of buffer substances present. "A
water residue” is meant to be an amount of water which is usually present in a lyophilisate
or in a spray dried product, which lyophilisate or in a spray dried product is directly, i.e.
without any further means, useful for the production of a solid pharmaceutical composition.

Ceftiofur-Na in solid, amorphous form obtained according to the present invention, e.g. In
the form of compositions according to the present invention, is useful in the production of
pharmaceutical compositions comprising ceftiofur as a pharmaceutically active compound

beside pharmaceutically acceptable excipient(s), e.g. in sterile or non-sterile form.

In another aspect the present invention provides the use of a compound of ceftiofur in the
form of a sodium salt, e.g. in solid, amorphous form, as obtained according to the present
invention, in the production of a pharmaceutical composition comprising ceftiofur as a

pharmaceutically active compound beside pharmaceutically acceptable excipieni(s).
Excipient(s) are auxiliaries useful in the production of pharmaceutical compositions.

A pharmaceutical composition comprising ceftiofur as a pharmaceutically active compound
beside pharmaceutically acceptable excipient(s), e.g. in sterile or non-sterile form, may be
produced as appropriate, e.g. according to a process as conventional, using ceftiofur-Na in

solid, amorphous form obtained according to the present invention.

Ceftiofur-Na obtained according to the present invention may be used in the same
indications and in the same dosage ranges as ceftiofur-Na provided by a prior art process,

e.g. as ceftiofur-Na currently on the market.

In another aspect the present invention provides the use of ceftiofur-Na, e.g. in solid,
amorphous form, obtained according to the present invention in sterile form as an antibiotic.

In another aspect the present invention provides a process for the production of a

pharmaceutical composition comprising ceftiofur as an active agent, comprising the steps:

a) treating ceftiofur in the form of a salt with hydrochloric acid or hydrobromic acid with a
sodium source in an aqueous solvent,
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b) separating ceftiofur in the form of a sodium salt from sodium chloride or sodium bromide
in an aqueous solvent obtained in step a) by use of an appropriate membrane separation
system;

c) optionally concentrating the solution obtained in step b),

d) isolating ceftiofur in the form of a sodium salt obtained in step b) or, optionally obtained
in step c¢), by lyophilisation or spray drying to obtain dry ceftiofur in the form of a sodium
salt, and

e) producing a pharmaceutical composition wherein the active agent ceftiofur is
represented by dry ceftiofur in the form of a sodium salt obtained in step c), optionally

under sterile conditions.

In another aspect the present invention provides a process for the production of ceftiofur of

formula | in the form of a sodium salt comprising the steps

a) treatlng a compound of formula I in the form of a salt with hydrochloric acid or
hydrobromlc acid with a basic sodium source in aqueous solvent; to obtain a compound
of formula | in the form of a sodium salt beside sodium chloride or sodium bromide in an
aqueous solvent;

b) separating a compound of formula | in the form of a sodium salt from sodium chloride or
sodium bromide in an aqueous solvent obtained in step a) by use of an appropriate
membrane separation system; and

c) isolating a compound of formula | in the form of a sodium salt obtained in step b).

In the following example all temperatures are in degree Centigrade and are uncorrected.
The following abbreviations are used:

Ceftiofur in the form of a salt with hydrochloric acid = ceftiofur-HCl

Ceftiofur in the form of a salt with sodium = ceftiofur-Na
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Example

500 g of ceftiofur-HCI in 10 | of water are stirred at a temperature of 5 to 10°C. To the
mixture obtained an aqueous 5% sodium hydroxide solution is added and a pH of 7.5 is
adjusted at a temperature which does not exceed 5°C. The mixture obtained is filtrated,
treated with active charcoal and the charcoal is filtrated off. The solution obtained is

°subjec:ted to a membrane separation system comprising a membrane which is a polyamide

thinfilm composite on a polysulfone carrier (NANOMAX 50®, Millipore-membrane) and
comprising means for removal of a solution of sodium chioride from the system and for
adding fresh water to the system. A back pressure of 30 bar is adjusted. A continuous flow
of a solution comprising sodium chloride in isotonic concentration through the membrane is
obtained and ceftiofur-Na is substantially complete retained by the membrane. The volume
of the solution of ceftiofur-Na is kept approximately constant by addition of fresh water to
the system. After a six-fold exchange of the volume of water ceftiofur-Na is practically free
of sodium chloride. The solution comprising ceftiofur-Na is concentrated to obtain a
concentration of 10% to 30% (w/w) and the concentrate obtained is subjected to
lyophilisation. Ceftiofur-Na in amorphous form is obtained. Yield: >90%; content chloride:
<0,05%
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Patent claims

1. A process for the production of ceftiofur in the form of a sodium salt comprising the steps
a) treating ceftiofur in the form of a salt with hydrochloric acid or hydrobromic acid with a

5 sodium source in an agueous solvent,

b) separating ceftiofur in the form of a sodium salt from sodium chloride or sodium
bromide in an aqueous solvent obtained in step a) by use of an appropriate
membrane separation system;

c) optionally concentrating the solution obtained in step b), and

10 d) isolating ceftiofur in the form of a sodium salt from a solution obtained in step b) or,

optionally obtained in step c).
2. A process according to claim 1, wherein the aqueous solvent is water.

15 3. A process according to any one of claims 1 to 2, wherein ceftiofur in the form of a

sodium salt is isolated by lyophilisation or spray drying.
4. Ceftiofur in the form of a sodium salt which is practically free of organic solvents.

20 5. A composition consisting essentially of ceftiofur in the form of a sodium salt, an amount
of sodium chloride or sodium bromide, which is below 0.2%, but more than zero, and a

water residue; and optionally buffer substances.

6. A process for the production of a pharmaceutical composition comprising ceftiofur as an
25 active agent, comprising the steps: |
a) treating ceftiofur in the form of a salt with hydrochloric acid or hydrobromic acid with a
sodium source in an aqueous solvent,
b) separating ceftiofur in the form of a sodium salt from sodium chloride or sodium
bromide in an agueous solvent obtained in step a) by use of an appropriate
30 membrane separation system; |
c) optionally concentrating the solution obtained in step b),
d) isolating ceftiofur in the form of a sodium salt obtained in step b) or, optionally
: ~obtained in step c), by lyophilisation or spray drying to obtain dry ceftiofur in the form

of a sodium salt, and
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e) producing a pharmaceutical composition wherein the active agent ceftiofur is
represented by dry ceftiofur in the form of a sodium salt obtained in step c), optionally

under sterile conditions.

5 7. A process for the production of ceftiofur in the form of a sodium salt from ceftiofur in the
form of a salt with hydrochloride or hydrobromide comprising using water as a solvent in

the absence of organic solvents.

8. A process for the production of ceftiofur of formula

S O
H,N \, l H H
L O
N | N
H
N N ~ S / \ '
OCH, O O
10 COOH O
in the form of a sodium salt comprising the steps
a) treating a compound of formula | in the form of a salt with hydrochloric acid or
hydrobromic acid with a basic sodium source in an aqueous solvent; to obtain a
compound of formula | in the form of a sodium salt beside sodium chloride or sodium
15 bromide in an aqueous solvent;

b) separating a compound of formula I in the form of a sodium salt from sodium chloride
or sodium bromide in an aqueous solvent obtained in step a) by use of an appropriate
membrane separation system; and

c) isolating a compound of formula | in the form of a sodium salt obtained in step b).
20
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