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Detailed Description of the Invention The novel process of this invention
can be used to, prepare crystalline sodium cefoperazone 5    from an
aqueous acetone solution containing from about 3 to 30 percent (w/v) sodium
Field of the Invention                              cefoperazone, with a
preferred content of 5 to 15 percent (w/v). This invention relates to a
novel, convenient       The aforementioned aqueous acetone solution and
economic process for producing sodium  .   10    of sodium cefoperazone is
conveniently prepared cefoperazone. More particularly, it relates to the
in situ by treating an acetone solution or production of crystalline sodium
cefoperazone       suspensions containing from about 5 to 35 essentially
free of residual organic solvents.      percent (w/v) of cefoperzone free
acid with an aqueous solution containing about one equivalent 15    of a
basic compound such as sodium hydroxide, sodium bicarbonate or sodium
carbonate. As one Description of the Art
skilled in the art is aware, many other sources of sodium bases can be
employed in order to Cefoperazone is a broad spectrum beta-lactam
generate sodium cefoperazone in situ such as antibiotic which is usually
administered      20    sodium ethyl hexanoate. parenterally as the sodium
salt, which is provided    The resulting aqueous acetone solution of by the
available procedures (British Patent         sodium cefoperazone is treated
with about a four- Specification 1.508,071) as an amorphous solid.     fold
volume (v/v) of a solution of acetone- Amorphous compounds are, in general,
less         methylene chloride (95:5, v/v). The temperature desirable than
is a crystalline form thereof from  25   for the combining of these
solutions is about 5- the standpoint, of preparation, storage and use.
40[err]., with a preferred temperature range of 15- A crystalline compound
is considerably more      23[err]. stable than an amorphous form oi the
compound,         Following the precipitation of the crystalline and
resists decomposing and discoloration. For      sodium cefoperazone the
mixture is allowed to pharmaceutical use, it is much easier to make up  30
stir for about 1 hour, followed by filtration and a particular dosage form
using a crystalline        drying. compound as opposed to an amorphous form
The drying can be carried out at room thereof. Finally, amorphous forms of
a compound     temperature under vacuum, or it can be done at are
frequently more hygroscopic than the            elevated temperatures under
vacuum. The crystalline form.                             35    preferred
temperature for drying is about 42[err] under a vacuum of 1.5 mm Hg. Under
these preferred conditions the crystalline sodium cefoperazone is dry in
about 15-16 hours. Frequently, when organic solvents are Summary of the
Invention                      40    employed in the formation of
crystalline salts of organic compounds, large amounts of unwanted It has
now been discovered that a relatively     organic solvents are trapped in
the crystal simple, inexpensive process can be used to         --structure
of the salt and render them unfit for obtain crystalline sodium
cefoperazone which is     human use or require extraordinary drying
essentially free of residual organic solvents which    45    conditions to
reduce the amount of organic comprises the steps of combining an aqueous
solvent to a range acceptable for human use. The acetone solution
containing from about 3 to 30      process of the present invention
provides percent by weight of sodium cefoperazone with       crystalline
sodium cefoperazone which is about a four-fold volume of acetonemethylene
essentially free of residual organic solvents chloride (95:5, v/v) at a
temperature of about 5-  50   'without resort to stringent drying
conditions. 40 C.; and separating and drying the resulting        As
previously mentioned, sodium crystalline sodium cefoperazone.
cefoperazone is a broad spectrum antibiotic The process utilizes readily
available            useful in treating bacterial infections in humans.
equipment and is characterized by ease of           The use of this
compound for this purpose is manipulation, overall economy and high quality
of   55    described in the art including British Patent the crystalline
compound. The stable crystalline    Specification 1,508,071 and U.S. Patent
4,087,424. sodium cefoperazone of the present invention is        The
following examples are provided solely for useful in the same dosage forms
and amounts for     the purpose of further illustration. the same purposes
as are the amorphous prior art products, but does not share the
abovementioned    60 shortcomings of the amorphous product. Also part of
the present invention is crystalline  EXAMPLE 1 sodium cefoperazone. To a
slurry of 10 g. of cefoperazone free acid in _          30 ml. of acetone
was added 1.23 g. of sodium   . 2 



~    3                        0101170                    4 bicarbonate in
11.3 ml. of water over a period of   Claims for the Contracting States BE
CH DE FR 30 minutes while the temperature was maintained     GB IT LI LU NL
SE at about 4-6[err]. To the resulting solution, having a pH of less than
6.5. was added dropwise with          1. A process for the manufacture of
crystalline stirring 37 ml. of a solution of acetone-methylene  5    sodium
cefoperazone essentially free of residual chloride (95:5, v/v) while the
temperature is       organic solvents which comprises the steps of
maintained at about 15-20[err] and the mixture       combining an aqueous
acetone solution allowed to stir for 1 hour. Methylene chloride (66
containing from about 3 to 30 percent (w/v) of ml.) was added dropwise over
a period of 17         sodium cefoperazone with about a four-fold minutes
and the suspension, after stirring for 1  10   volume (v/v) of a solution
of acetone-methylene hour, was filtered, washed with methylene
chloride (95:5, v/v) at a temperature of about 5- chloride, and dried at
42C (1.5 mm Hg.equivalent   40 C.: and separating and drying the resulting
to 199.98 Pa) for 15 hours, 9.3 g. (95% yield).     crystalline sodium
cefoperazone. The product, sodium cefoperazone,                   2. The
process of claim 1 wherein said aqueous contained.003% residual acetone.
0.12%        15    acetone solution containing sodium cefoperazone
methylene chloride and 1.9% water.                  is formed in situ by
combining an acetone solution or suspension containing from about 5 to 35
percent (w/v) of cefoperazone free acid with an aqueous solution containing
about one 20    equivalent of a base selected from the group EXAMPLE 2
consisting of sodium hydroxide, sodium carbonate and sodium bicarbonate. To
a suspension of 3.3 g. of cefoperazone free      3. The process of claim 1
wherein said aqueous acid in 30 ml. of acetone cooled to 4-8[err]. is added
acetone solution contains from about 5 to 15 196 mg. of sodium hydroxide in
10 ml. of water  25    percent (w/v) of sodium cefoperazone, and the over a
period of 10 minutes with cooling to         combining of said solution
with said solution of maintain the temperature at 4-8C. To the resulting
acetone-methylene chloride is carried out at solution is added 40 ml. of
acetone-methylene       about 15-23C. (95:5, v/v) dropwise with stirring
over a period of     4. The process of claim 1 wherein said 20 minutes, the
temperature being maintained at    30    separating is by filtration and
said drying is under about 5-15[err]. After the resulting slurry has been
vacuum (1.5 mm Hg equivalent to 199.98 Pa) at stirred for 1 hour. an
additional 120 ml. of acetone-  about 42[err]. methylene chloride (95:5,
v/v) is added at 5-15[err].    5. Crystalline sodium cefoperazone. and the
stirring continued for 1 one hour. Methylene chloride (50 ml.) is added
over a period    35 of 15 minutes, and the slurry is allowed to stir an
additional hour. The suspension is filtered and the  Claims for the
Contracting State AT desired product washed with methylene chloride and
dried at about 42C. (1.5 mm Hg.equivalent to      1, A process for the
manufacture of crystalline 199.98 Pa) for 16' hours.              -
sodium cefoperazone essentially free of residual organic solvents which
comprises the steps of combining an aqueous acetone solution containing
from about 3 to 30 percent (w/v) of EXAMPLE 3
.           sodium cefoperazone with about a four-fold 45    volume (v/v)
of a solution of acetone-methylene To a suspension of 14.2 g. of
cefoperazone in     chloride (95:5, v/v) at a temperature of about 5- 60
ml. of acetone is added 1.1 g. of sodium         40[err].; and separating
and drying the resulting carbonate in 22 ml. of water over a period of 45
crystalline sodium cefoperazone. minutes while the temperature is
maintained at 4-     2. The process of claim 1 wherein said aqueous 6[err].
To the resulting mixture is added dropwise  50    acetone solution
containing sodium cefoperazone with stirring 80 ml. of acetone-methylene
chloride  is formed in situ by combining an acetone (95:5, v/v) while the
temperature is maintained at  solution or suspension containing from about
5 to 35 40 C. After stirring for 2 hours an additional 280  35 percent
(w/v) of cefoperazone free acid with ml. of acetone-methylenechloride
(95:5, v/v) is     an aqueous solution containing about one added and the
stirring continued for 2 hours. The    55    equivalent of a base selected
from the group suspension is filtered and the solids washed with
consisting of sodium hydroxide, sodium methylene chloride. The crystalline
sodium          carbonate and sodium bicarbonate. cefoperazone is dried at
42C. (1.5 mm Hg.            3. The process of claim I wherein said aqueous
equivalent to 199.98 Pa) for 18 hours.              acetone solution
contains from about 5 to 15 60    percent (w/v) of sodium cefoperazone, and
the combining of said solution with said solution of 



acetone-methylene chloride is carried out at about 15-23[err]. 4. The
process of claim 1 wherein said 65    separating is by filtration and said
drying is under 3    3                        0101170                    4
bicarbonate in 11.3 mk of water over a period of     Claims for the
Contracting States BE CH DE FR 30 minutes while the temperature was
maintained      GB IT LI LU NL SE at about 4-6[err]. To the resulting
solution, having a pH of less than 6.5. was added dropwise with
1. A process for the manufacture of crystalline stirring 37 ml. of a
solution of acetone-methylene  5    sodium cefoperazone essentially free of
residual chloride (95:5. v/v) while the temperature is       organic
solvents which comprises the steps of maintained at about 15-20C.  and the
mixture       combining an aqueous acetone solution allowed to stir for 1
hour. Methylene chloride (66  containing from about 3 to 30 percent (w/v)
of ml.) was added dropwise over a period of 17         sodium cefoperazone
with about a four-fold minutes and the suspension, after stirring for 1  10
volume (v/v) of a solution of acetone-methylene hour, was filtered, washed
with methylene           chloride (95:5, v/v) at a temperature of about 5-
chloride, and dried at 42C (1.5 mm Hg.equivalent   40[err].; and separating
and drying the resulting to 199.98 Pa) for 15 hours, 9.3 g. (95% yield).
crystalline sodium cefoperazone. The product, sodium cefoperazone.
2. The process of claim 1 wherein said aqueous contained.003% residual
acetone, 0.12%        15    acetone solution containing sodium cefoperazone
methylene chloride and 1.9% water.                  is formed in situ by
combining an acetone solution or suspension containing from about 5 to 35
percent (w/v) of cefoperazone free acid with an aqueous solution containing
about one 20    equivalent of a base selected from the group EXAMPLE 2
consisting of sodium hydroxide, sodium carbonate and sodium bicarbonate. To
a suspension of 3.3 9. of cefoperazone free      3. The process of claim 1
wherein said aqueous acid in 30 ml. of acetone cooled to 4-8[err]. is added
acetone solution contains from about 5 to 15 196 mg. of sodium hydroxide in
10 ml. of water  25    percent (w/v) of sodium cefoperazone, and the over a
period of 10 minutes with cooling to         combining of said solution
with said solution of maintain the temperature at 4-8 C. To the resulting
acetone-methylene chloride is carried out at solution is added 40 ml. of
acetone-methylene       about 15-23C. (95:5, v/v) dropwise with stirring
over a period of    4. The process of claim 1 wherein said 20 minutes, the
temperature being maintained at    30    separating is by filtration
and.said drying is under about 5-15[err]. After the resulting slurry has
been   vacuum (1.5 mm Hg equivalent to 199.98 Pa) at stirred for 1 hour, an
additional 120 ml. of acetone-  about 42 C. methylene chloride (95:5, v/v)
is added at 5-15[err].     5. Crystalline sodium cefoperazone. and the
stirring continued for 1 one hour. Methylene chloride (50 ml.) is added
over a period    35 of 15 minutes, and the slurry is allowed to stir an
additional hour. The suspension is filtered and the  Claims for the
Contracting State AT desired product washed with methylene chloride and
dried at about 42[err]. (1.5 mm Hg.equivalent to      1  A process for the
manufacture of crystalline 199.98 Pa) for 16' hours.                     40
sodium cefoperazone essentially free of residual organic solvents which
comprises the steps of combining an aqueous acetone solution containing
from about 3 to 30 percent (w/v) of EXAMPLE 3
..          sodium cefoperazone with about a four-fold 45    volume (v/v)
of a solution of acetone-methylene To a suspension of 14.2 g. of
cefoperazone in     chloride (95:5, v/v) at a temperature of about 5-
60'ml. of acetone is added 1.1 g. of sodium         40[err].; and
separating and drying the resulting carbonate in 22 ml. of water over a
period of 45    crystalline sodium cefoperazone. minutes while the
temperature is maintained at 4-      2. The process of claim 1 wherein said
aqueous 6[err]. To the resulting mixture is added dropwise  50    acetone
solution containing sodium cefoperazone with stirring 80 ml. of
acetone-methylene chloride  is formed in situ by combining an acetone
(95:5, v/v) while the temperature is maintained at  solution or suspension
containing from about 5 to 35-40 C. After stirring for 2 hours an
additional 280  35 percent (w/v) of cefoperazone free acid with ml. of
acetone-methylenechloride (95:5, v/v) is     an aqueous solution containing
about one added and the stirring continued for 2 hours. The    55
equivalent of a base selected from the group suspension is filtered and the
solids washed with  consisting of sodium hydroxide, sodium methylene
chloride. The crystalline sodium         carbonate and sodium bicarbonate. 



cefoperazone is dried at 42[err]. (1.5 mm Hg.            3. The process of
claim 1 wherein said aqueous equivalent to 199.98 Pa) for 18 hours.
acetone solution contains from about 5 to 15 60    percent (w/v) of sodium
cefoperazone, and the combining of said solution with said solution of
acetone-methylene chloride is carried out at about 15-23[err]. 4. The
process of claim 1 wherein said 65    separating is by filtration and said
drying is under 3 C  L  M  S    5                        0101170
6 vacuum (1.5 mm Hg.equivalent to 199.98 Pa) at       Acetonl6sung durch
Zusammenbringen einer about 42C.
Acetonl6sung oder Suspension, die etwa 5 bis 35 5. A process-for preparing
a pharmaceutical      % (Gew.NVol.) freier Cefoperazonsiure enthilt,
composition comprising mixing crystalline           mit einer wissrigen
LWsung, die etwa 1 Aquivalent sodium cefoperazone with a pharmaceutically
5    einer Base, ausgeweily'!aus der Gruppe bestehend acceptable diluent or
carrier.                      aus Natriumhydroxid, Natriumcarbonat und 6. A
process according to claim 5, wherein the    Natriumbicarbonat, in situ
gebildet wird. crystalline sodium cefoperazone has been              3.
Verfahren nach Anspruch 1, bei dem die prepared by a process as claimed in
any one of      wissrige Acetonl8sung etwa 5 bis 15 9 claims 1 to 4.
10   (Gew.N/ol.) Natrium-cefoperazon enthalt und die Losung mit der LBsung
von Aceton- -                                             Methylenchlorid
bei etwa 15 bis 23C zusammengebracht wird. Patentansrtlche fOr die
Vertragsstaaten BE,           4. Verfahren nach Anspruch 1, bei dem das CH,
DE, FR, GB, IT, Li, LU, NL, SE            15    Abtrennen durch Filtrieren
und das Trocknen unter Vakuum (1,5 mm Hg entsprechend 199,98 1. Verfahren
zur Herstellung von kristallinem     Pa) bei etwa 42C erfolgt.
Natriumcefoperazon, im wesentlichen frei von          5. Verfahren zur
Herstellung einer restlichen organischen Losungsmitteln, das die
pharmazeutischen Zusammensetzung, Stufen des Zusammenbringens einer
wissrigen   20    umfassend das Mischen kristallinen Natrium- Acetonl8sung,
die etwa 3 bis 30 4b (Gew.-/Vol.)     cefoparazons mit einem pharmazeutisch
Natrium-cefoperazon enthilt, mit dem etwa 4-        akzeptablen
VerdOnnungsmittel oder Triger. fachen Volumen (Vol./Vol.) einer L8sung von
6. Verfahren nach Anspruch 5, bei dem das Aceton-Methylenchlorid (95:5,
Vol./Vol.) bei einer  kristalline Natrium-cefoperazon nach einem Temperatur
von etwa 5 bis 40C und des        25    Verfahren, wie in irgend'einem der
Anspruche 1 Abtrennens und Trocknens desenfallenden             bis 4
beansprucht, bergestellt worden ist. kristallinen Natriumcefoperazons
umfait. 2. Verfahren nach Anspruch 1, bei dem die wissrige,
Natrium-cefoperazon enthaltende Acetonl6sung durch Zusammenbringen einer
30    Revendications pour les Etats contractants BE Acetonl~sung oder
Suspension, die etwa 5 bis 35     CH DE GB IT Li LU NL SE %b (Gew./Vol.)
freier Cefoperazonsiure enthilt, mit einer wissrigen LWsung, die etwa 1
Aquivalent      1. Proc6d6 de production du sel de sodium einer Base,
ausgewghit aus der Gruppe bestehend     cristallin de la cefoperazone
essentiellement aus Natriumhydroxid, Natriumcarbonat und      35
depourvu de solvants organiques residuels, qui Natriumbicarbonat, in situ
gebildet wird.           comprend les etapes consistant A rdunir une 3.
Verfahren nach Anspruch 1, bei dem die         solution aqueuse acetonique
contenant environ 3 a wissrige Acetonl6sung etwa 5 bis 15 9b
30 % (en poids/volume) de sel de sodium de (Gew./Vol) Natrium-cefoperazon
enthilt und die      c6foperazone avec environ quatre fois le volume Losung
mit der L8sung von Aceton-             40    (en volume) d'une solution
ac6tone-chlorure de Methylenchlorid bei etwa 15 bis 23C
m6thylene (95:5 en volume) A une temperature zusammengebracht wird.
d'environ 5 a 40C: et a separer et secher les cristaux 4. Verfahren nach
Anspruch 1; bei dem das         resultants de sel de sodium de
c6foperazone. Abtrennen durch Filtrieren und das Trocknen            2.
Proc6d6 suivant la revendication 1, dans unter Vakuum (1,5 mm Hg
entsprechend 199,98   45   lequel la solution aqueuse acetonique contenant
Pa) bei etwa 42C erfolgt.                          le sel de sodium de la
c6foperazone est form6e in 5. Kristallines Natrium-cefoperazon.
situ par r6union d'une solution ou suspension acetonique contenant environ
5 A 35 % (poids/volume) de chfop6razone sous la forme 50    acide libre
avec une solution aqueuse contenant Patentansprfiche fOr den Vertragsstaat
AT           environ un equivalent d'une base choisie dans le groupe
comprenant lhydroxyde de sodium, le 



1. Verfahren zur Herstellung von kristallinem     carbonate de sodium et le
bicarbonate de: sodium. Natriumcefoperazon, im wesentlichen frei von
3. Procede suivant la revendication 1, dans restlichen organischen
LWsungsmitteln, das die  55   lequel ladite solution aqueuse ac6tonique
Stufen des Zusammenbringens einer wissrigen         contient environ 5 A 15
% (poids/volume) de sel de Acetonl6sung, die etwa 3 bis 30.% (Gew.-/Vol.)
sodium de c6fop6razone et la reunion de ladite Natrium-cefoperazon enthilt,
mit dem etwa 4-        solution avec la solution ac6tonechlorure de fachen
Volumen (Vol./Vol.) einer Losung von         m6thylene est effectuee A
environ 15-23C. Aceton-Methylenchlorid (95:5, Vol./Vol.) bei elner    60
4. Procede suivant la revendication 1, dans Temperatur von etwa 5 bis 40GC
und des              lequel la s6paration est effectu6e par filtration et
Abtrennens und Trocknens des anfallenden            le sechage est effectue
sous vide (1,5 mm de Hg kristallinen Natriumcefoperazons umfalt.
6quivalant a 199,98 pa) a environ 42C. 2. Verfahren nach Anspruch 1, bei
dem die           5. Le sel de sodium cristallin de la wissrige,
Natrium-cefoperazon enthaltende     65    c6fop6razone.:. coa-- 4    7
0101170                     8 Revendications pou  I'Etat contractaneAT 1.
Proc6de de production du set de sodium *    cristallin de la cefoperazone
essentiellement d6pourvu de solvants organiques residuels, qui  5 comprend
les etapes consistant a r6unir une solution aqueuse acetonique contenant
environ 3 A 30 qb (en poids/volume) de sel de sodium de cIfoperazone avec
environ quatre fois le volume (en volume) d'une solution acetone-chlorure
de  10 methylene (95:5 eN'volume) A une temperature d'environ 5 a 40C; et a
separer et secher les cristaux resultants de sel de sodium de c6fop6razone,
,2 Proc6de suivant la revendication 1, dans lequel la solution aqueuse
acetonique contenant  15 le set de sodium de la cefoperazone est form6e in
situ par reunion d'une solution ou suspension acetonique contenant environ
5 a 35 W (poids/volume) de cefoperazone sous la forme acide libre avec une
solution aqueuse contenant  20 environ un 6quivalent d'une base choisie
dans le groupe comprenant Ihydroxyde de sodium, le carbonate de sodium et
le bicarbonate de sodium. 3. Procede suivant la revendication 1, dans
lequel ladite solution aqueuse acetonique     25 contient environ 5 a 15 %/
(poids/vofume) de set de sodium de cefoperazone et la reunion de ladite
solution avec la solution acetonechlorure de methylene est effectu6e a
environ 15-23C. 4. procede suivant la revendication 1, dans  30 lequel la
separation est effectuee par filtration et le sechage est effectu6 sous
vide (1.5 mm de Hg 6quivalant a 199,88 pa) A environ 42C. 5. Proc6d6 de
preparation d'une composition pharmaceutique, qui consiste a melanger du
set de   35 sodium de c6fop6razone cristallin avec un diluant ou support
pharmaceutiquement acceptable. 6. Proc6d6 suivant la revendication 5, dans
lequel le set de sodium de. cefoperazone cristallin a ete prepare par un
procede suivant l'une    40 quelconque des revendications 1 a 4. 45- 50 55
60 54f    


