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Process for the preparation of crystalline TACA.

5 The éresent invention relates to a crystallization

' process for the isolation. of 7-g-amino-3-(S5-carboxy-

methyl-4-methyl-1,3-thiazol- 2-yl-th10methyl)-ceph~ -em=
4-carboxylic acid (TACA) of the formula

HaN___-S CHy,
4_N
0 CH, =S lcaecua

ChaH
TACA
TACA is the central intermediate in the p?eparation of
10 the human antibiotic cefodizime
OH :
' ' C-C-N -
L \DCH,4
HaN" g gr N CH,~S CH CDz
' - COaH
Cefodizime

which is obtained by acylation of TACA. Cefodizime is
employed against bacterial infections as the sterile
disodium salt. -

The preparation of TACA by reaction of 7-aminocephalo-

15 sporanic acid (7-ACA)
Ha N s
o N -n-g-cu,
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and 2-mercapto-4-methyl-5-carboxymethyl-1,3-thiazole
(MMTA) N—ijnga
HSLS CHRCO,H

MMTA

in water in the presence of a base (sodium bicarbonate)

- and precipitation by addition of an acid (2N hydrochloric

5 acid, pH 2.0) is described in U.S. 4,278,793. The MMTA
radical is introduced here by a replécement reaction in

the side chain of the 7-ACA and TACA is thus formed. It

is expedient in order to precipitate the TACA to add not

only acid, but also a precipitation aid, preferably an

10 alcohol. The crystallizate thus obtained is then

| centrifuged in a' customary manner, washed in the
centrifuge, isolated and dried. '

This process, which is known from the literature in
principle, in which the precipitation of the TACA is
15 carried ocut by addition of an acid, was checked on the
' ~ laboratory and technical scale and in its possibility of _
large scale applz.cation , a customary chromatographic
purification step also being inserted.

On the laboratory and technical scale, the precipitation
20 of theé TACA can be carried out in such a way that the
solution of the TACA, which, due to the preparation, is
present as a salt, preferably the sodium salt, and is
purified by means of an adsorption chromatography column,
is first treated with a precipitation auxiliary, for
25 = example an alcohol, preferably n-butanol. If an acid is
' now added, preferably an inorganic acid, preferably
.sulfuric acid, and a homogeneous phase is produced by
stirring, the solution, which is supersaturated with
TACA, remains initially clear until, after some time,

30 crystallization begins.
o _ The crystailizate thus obtained can indeed be separated
4 . . . . . . -
from its mother liquor with the aid of a centrifuge,
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washed and isolated on the scale of a few kilograms, baut
not on the large scale in an acceptable time without loss

case of this crystallization procedure is to reduce the
batch size drastically in oxrder, as a result of the then
considerably smaller batch size, to have such a small
layer thickness of crystallizate in the centrifuge that
the entire isolation process i? possible in an acceptable
period of time without loss of quality. ' '

In the context of large-scale process development for the
preparation of TACA, a method was worked out to precipi-
tate TACA from the solution as a crystallizate. However,
this method leads - as is shown below - in the case of a
large-scale production quantity to the isolation time for
the crystallizate in a centrifuge lasting so long that
distinct damage to the product with respect to color,
content and yield' already occurs. |

In this method, the precipitation was carried out in such

a way that, after replacement by MMTA in the 3’-position

of 7=ACA to give TACA, the TACA reaction solution
was purified by means of a chromatography column packed

P.7/16

. of guality. As a way out, the only possibilitsv in the

with adsorption resin, pfeferably HP 20. The product-

containing eluate fraction was treated with a precipita-

tion auxiliary, in particular an alcohol, preferably

n-butanol. Within a certain time, preferably about 30
minutes, a defined. pH of preferably about 5.5 was
established by addition of an acid, preferably an
inorganic acid, in particular of about 15% stﬁ:‘ength
sulfuric acid. The TACA began to crystallize during this

- addition or shortly thereafter.

The mixture was subsequently stirred for a short time,
preferably about 15 minutes, and then a defined final pH
of preferably about 4.0 was established by further
addition of the acid. The mixture was subsequently
stirred for some time, preferably about 1 hour, and the
suspension was added to a centrifuge. The mother liquor
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- was " removed by centrifugation at a moderate speed,

preferably 300-400 rpm, and the crystal cake which

remained was washed with wash liquid, preferably an

alcohol, in particular isopropancl. After centrifugal

5 drying at the same'speed, preferably about 400 rpm, the
solid was isolated and dried. '

These processes lasted more than 30 hours on a scale of
about 100 kg of product/batch (this correqunds to one
centrifuge filling). At the same time, an increasing

10 discoloration of the solid was observed, such that the
dried TACA no longer complied with the guality criteria
set. The batch wis therefore unusable for further pro-
cessing.

There was thus a need to £ind a crystallization process
15 which allows the crysthllizétion, centrifugation, washing

and isolation of TACA on a large scale without losses in

quality occurring during the time necessary for this.

The present J.nventj.on therefore relates to a process for
the preparation of c:ystall.me TACA

), L5
| 04 CHE-SJK\ CHzCUa

CUaH
TACA
20 by reaction of 7-ACA
HaNy, < |
] i
G7 NS CH ~2-C-CH,
€3, H
o | - 7=ACA
_K'\\
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‘and MMTA | N—}i"‘a
o Hs'l\s CH,CO,H

MMTA

in the presence of a base and subsequent precipitation of

the TACA by addition of an acid, which comprises
precipitating the TACA by addition of a TACA solution to
a partial amount of the acid, which can also contain a
precipitation auxiliary, the precipitatioh being
completed by further addition of acid up to a final pH
of 3.0 - 4.5 or, if the final pH is kept constant, by
further addition of TACA solution and acid.

P.9716

By means of the present invention, the manner of the

crystallization is modified by agglomeration of finely
crystalline material (*inverse crystallization") such
that the TACA can subsequently be centrifuged in a

centrifuge and washed, and also isclated, on the large.

scale in an acceptable time without loss of quality. This
material maintains the quality criteria set and is very
highly suitable for further processing. '

The precipitation auxiliary, in particular a low

molecular weight alcohol, preferably n-butanol or amyl
alcohol, is initially introduced together with a partial
amount, preferably about 40 - 50%, of the total amount of
acid calculated for the conversion of the TACA salt,
preferably of the sodium salt, into the free carboxylic
acid. The calculation is carried out with reference to

'the content of TACA in the eluate to be determined

previously in each case. Suitable acids are inorganic
acids, such as, for example, hydrochloric acid or prefer-

ably sulfuric acid, in particular about 15% strength.

sulfuric acid, or organic acids, such as, for example,
formic acid or acetic acid.

The previously collected eluat_ie fractions, obtained by
means of an adsorption résin, preferably HP 20, are added

i



. 22 FEBR. ‘96 1@8:@4 HOECHST PATENTABT.1 @64357175 . P.10/16
o ' +43 69 357175
. - 6

with st:.rring in the course of a short time, preferably
about 15 minutes. In the course of this, crystallization |
begins :.nmed:.ately and the pH increases to a value of
preferably about 5.3 to 5.4. After stirring for a short
5 time, preferably about S minutes, the final pH of about
3.0 - 4.5, in particular 3.8 - 4.2, preferably 4.0, is
established by further addition of acid, preferably in
the course .of about 10 minutes. The mixture is
subsequently stirred for‘a short time, preferably
10 about 5 minutes, and allowed to settle for a longer time,
preferably about 1.5 hours, without stirring. It is then
poss:.ble to syphon off a relatively large part, about 1/3
to 1/2 of the mother ,lz.quor, as a clear supernatant above
the suspension. This syphoned-off part, as it only
15 . contains a little very fine solid, is not added via the
centrifuge. The remaining suspension containing the
crystallizate is then added to a centrifuge. The mother
liquor is removed by centrifugai:ion at a moderate speed,
preferably about 300-400 rpm, and the crystal cake which
20 remains is washed with wash liquid, preferably an
alcohol, preferably isopropanol. After centrifugal drying
at the same speed, preferably about 400 rpm,- the solid is
isolated and dried.

These processes last less than 6 hours on a scale of
25 about 100 kg of product/batch (this corresponds to one
centrifuge filling). At the same time, no discoloration
of the solid is observed. The dried TACA complies with
the quality criteria set and is therefore highly suitable
for further processing to cefodizime. | ‘

30 . The process according to the invention can also be
carried out with slight modifications. Thus, it is even
possible to dispensé entirely with the precipitation
auxiliary and onJ.y' to initially introduce the partial
amount of the acid, or even to replace the inorganic acid

35. by an organic acid ,. such as, for example, formic acid,

" for example 18% strength formic acid or acetic acid. The
inverse crystalli.zation method can also be modified such
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that, after initially introducing a partial amount of the
acid and, if desired, a precipitation auxiliary, eluate
is added and after attaining and while further maintain-
ing the final pH defined above, still further eluate and
the residual acid are added at the same time. |

The process according to the invention with its variants
results in it being possible to isolate the TACA on a
large scale in the period of time necessary for this
without loss of quality. The large-scale preparation of
TACA on a scale -of about 100 kg of product/batch has
therefore only become possible at all. Since ‘the addition
of acid, which was ctistomary hitherto, to precipitate the

P.11/16

TACA gave poor results, it was not to be expected that.
the addition of a partial amount of the acid essential °

-according to the invention would lead to such surprising

results.

The following exemplary embodiments sexve to illustrate

the process according to the invention further, without
restricting it thereto. '

Example 1:
Preparation of the TACA-containing eluate

486 m1 of demineralized water are initially introduced
into a 2000 ml four-necked flask with nitrogen.

blanketing and -
22.8 g (0.120 mol) of mercaptomethylthiazoleacetic acid
' (MMTA) are introduced with stirring. The MMTA is
dissolved at pH 6.3 to 6.6 in the course of about
10 minutes by dropwise addition of about
4.1 g (10.2 ml) of sodium hydroxide solution (33%
strength). The solution is then heated to 70°C.

In the meantime, _
28.61 g (0.100 mol) of 7-aminocephalosporanic acid
(7~ACA) are stirred in a 250 ml beaker with
97. 9 ml of demineral:.zed water to give a homogeneous
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suspension. The 7-ACA sugspension is metered into
the MMTA solution in the course of about 55
minutes using a nmnetering pump. The internal
temperature is XkXept at 70°C in the course of
this. At the same time as the metering, the pH of
the reaction solution is kept at pH 6.3 to 6.4 by
~ metering in altogether about

240 g (225 ml) of sodium- hydrogen carbonate solution

(8% strength). . :

After metering is complete, the 7-ACA vessel is
rinsed-out with

22 m1 of demineralized water and the rinsed water is
added to the reaction solution. To complete the
reaction, the reaction mixture is subse‘quently' .
stirred at 70°C for one hour. | .

Purification:
- After reaction is complete, the solution is
cooled to 30°C and pumped at 3 BV/h through a
. column containing '
300 ml of adsorption resin HP 20.

The first three hundred milliliters of the eluate
(forerun) are discarded. The remaining eluate is
. collected. After metering of the reaction solu-
tion is complete, the column is rinsed with
700 ml of demineralized water (v = 3 BV/h) and the wash
' eluate is combined with the product eluate.

Precip;tatlon' ' .
The eluate collected is initially lntroduced into
a 2000 ml four-necked flask and treated with
72.5 g (89.5 ml) of n-butanol. Using altogether about
83 m1l of sulfuric acid (15% strength), the mixture is
' first adjusted to pH 5.5 (35 ml) in the course of
about 30 minutes, subsequently stirred for about
15 minutes, then further adjusted to pH 4.0
(48 ml) in the course of about 30 minutes while

1 6357175 P.12716
il 15
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slowly stirring at 25° to 30°C and subsequently
stirred at 20°C to 25°C for about one hour. The
precipitate is then filtered off with suction,
washed with : '
5 250 ml1 of demineralized water and
250 ml of  2-propancl and dried overnight at room
temperature in vacuo. '

Weight of precipitate: 30.5%9 g

Regeneration of the adsorption resin column:
10 250 ml of sodium hydroxide solution (1 N) and
250 ml of 2-propanol are initially introdunced into a
heatable vessel, and are heated to 70°C and
pumped through the adsorption column at 1 BV/h.
The column is then washed with
15 500 ml of demingralizéd water and
1000 m1l of acetic acid (1% strength) until a pH of 5 to
' 7 is attained in the column effluent. The column
is back-rinsed with about
250 ml of demineralized water and allowed to settle
20 . overnight. '

E a 23

44.0 ml of sulfuric acid (15% strength) and
69.5 ml of ne-butanol are initially introduced into a
2000 ml four-necked flask. TACA column eluate
25 prepared analogously to Example 1 is metered in
' with stirring in the course of about 5 minutes.
After a subsequent stirring time of about 5
minutes, the mixture is adjusted to pH 4.0 using

_ a further ' :

30 41.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for one hour. The solid is filtered off,
washed with | |

. 250 ml of demineralized water and
35--— 250 ml1 of 2-propanol and dried overnight at room
' temperature in vacuo.
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Weight of precipitate: 30.90 g

Example 3:

39.5 ml of sulfuric acid (15% strength) are initially
introduced into a 2000 ml four-necked flask. TACA
5 column eluate _prepared analogously to Example 1
is metered in with stirring in the course of
about 5 minutes. After a subsequent stirring time
of about 5 minutes , the mixture is adjusted to pH
_ - 4.0 using a further
10  40.1 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered
‘off, washed with
250 ml of demineralized water and
15 250 ml of 2-propanol and dried overnight at room
temperature in vacuo.

Weight of precipitate: 29.41 g
Example 4:

43.0 ml of formic acid (18% strength) are initially
20 . introduced into ‘a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Exa:ﬁple 1
_ is metered in with stirring in the course of
about 5 minutes. After a subsequent stirring time
- of about 5 minutes, the mixture is adjusted to pH
25 ~ 4.0 using a further
47.1 ml of formic acid and the resulting crystal
suspension is subsequently stirred at 20° to 25°C
for about one hour. The solid is filtered off,
washed with ) o
30 250 m1 of demineralized water and
' 250 ml of 2-propanol and dried overnight at room
: temperature in vacuo. ‘

Weight of precipitate: 30.40 g
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Exanple S¢

43.0 ml of formic acid (18% strength) and
69.5 ml of n-butanocl are initially introduced into a
2000 ml four-necked flask. TACA column eluate

5 prepared analogously to Example 1 is metered in
with stirring in the course of about 5 minutes.
After a subsequent stirring time of about 5
minutes, the mixture is adjusted to pH 4.0 using
a further
10 50.0 ml of formic acid (18% strength) and the resulting
: crystai suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered
off, washed with |
250 ml of demineralized water and
15 250 m1 of 2-propan6; and dried overnight at xroom
' temperature in vacuo. _
Weight of precipitate: 29.87 g
Exmle 6:
37.0 ml of acetic acid (99.8% strength) are initially
20 introduced into a 2000 ml four-necked flask. TACA
column eluate prepared analogously to Example 1
is metered in with stirring in the course of
" about S minutes. After a subsequent stirring time
of about 5 minutes, the mixture is ad]usted to pH
25 , 4.0 using a further
38.7 ml of acetic acid (99.8% strength). and the result;ng
crystal suspension is subsequently stirred for
about one hour at 20° to 25°C. The solid is
filtered off, washed with
30 250 ml1 of demineralized water and
250 ml1 of 2-propanol and dried qvérnight at room
temperature in vacuo. .
Weight of precipitate: 30.30 g
This Sheet Has Been
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Example 7:

37.0- ml of acetic acid (99.8% strength) and
69.5 ml of n-butanol are initially intreoduced into a
' 2000 ml four-necked flask. TACA column eluate
5 prepared analogously to Example 1 is metered in.
with stirring in the course of about 5 minutes.
After a subsequent stirring time of about 5
minutes, the mixture is adjusted.to pH 4.0 using
: a further _

10 54.0 ml of acetic acid (99.8% strength) and the resulting
crystal suspension is subsequently stirred at 20°
to 25°C for about one hour. The solid is filtered
off, washed with -

250 m1 of demineralized water and _

15 250 ml -of 2-propanol and dried overnight at room

| temperature in vacuo.

Weight of grécigitate:' 30.47 g

" Example 8:

40.0 ml of sulfuric acid (15% strength) and -
20  69.5 ml of amyl alcohol (mixture of 70% n- and 30% iso-
amyl alcohol) are initially introduced into a
2000 ml four-necked flask. TACA column eluate
_ prepared analogously to Example 1 is metered in
with stirring in the course of about 5 minutes.
25 After a subsequent stirring time of about
5 minutes, the mixture is adjusted to pH 4.0
- using a further K '
42.0 ml of sulfuric acid (15% strength) and the resulting
crystal suspension is subsequently stirred at 20°
30 to 25°C for about one hour. The solid is filtered
off, washed with
- 250 ml of demineralized water and
' 250 ml  of 2-propanol and dried overnight at room
| temperature in vacuo. |

5 . Weight of precipitate: 30.60 g
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Example

35.0 ml of sulfuric acid (15% strength) are initially
introduced into a 2000 ml four-necked flask. TACA
column e_luate prepared analogously to Example 1
5 ' is metered in with stirring in the course of
about 5 minutes. As soon as pH 4.0 is attained,
43.0 ml of sulfuric acid (15%' ~ strength) are
simultanecusly metered in in such a way that a pH
of 4.0. is x_naintained. The . resulting crystal
10 suspension is subsequently stirred at 20° to 25°C
| for about one hour. The solid is filtered off,
washed with '
250 ml of demineralized water and
250 ml of 2-propanol and dried overm.ght at room
15 temperature in vacuo.

Weight of precipitate: 30.81 g

Example 10:

35.0 ml of sulfuric acid (15% strength) and
69.5 ml of n-butanol are initially introduced into a
20 : 2000 ml four-necked flask. TACA column eluate
_prepared analogously to Example 1 is metered in.
with stirring in the course of about 5 minutes.
As soon as pH 4.0 is attained,
$0.0 ml of sulfuric acid (15% strength) are
2% - simultaneously metered in in such a way that a pH
of 4.0 is maintained. The resulting crystal
suspension is subsequently stirred at 20° to 25°C
for about one hour. The solid is filtered .off,
washed with e
30 250 m1 of demineralized water and
' 250 ml of 2-propanol and dried overm.ght at room
temperature in vacuo.

S Weight of precipitate: 30.98 g
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1. A process for the preparation of crystalline TACA

HoN ,’S hk—:Si '
Uf"‘”\\E:l‘CHe-S/[\ CH,CO,H

COpH
TACA

by reaction of 7-ACA
| S

© HaN_ - S
o—=N_ 9

D CHz ~D-C~CH,

CCOH

7-ACA

| MMT-A’

in the presencé' of a base and subseguent
precipitation of the TACA by addition of an acid,

which comprises precipitating the TACA by addition
of a TACA solution to a partial amount of the acid,

which can also contain a precipitation auxiliary,

the precipitation being completed by further.
addition of acid to a final pH of 3.0 - 4.5 or, if

the final pH is kept constant, by further addition
of TACA solution and acid. -

Patent Claims:

/

.and MMTA

2. The process as claimed in claim 1, wherein the TACA
solution is an eluate obtained by means of an
adsorption resin. '

3. The use of the TACA obtained as claimed in claims 1
and 2 for the preparation of cefodizime.

N
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