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[57) ABSTRACT

A process for purifying oxacephalosporins which com-
prises contacting an aqueous solution of oxacephalospo-
rin carboxylic acid (at pH lower than its pKa) with a

macroporous polymeric adsorbent (specific gravity:
higher than 1.05; and saturated adsorptici capacity for
cephalosporin C. larger than 60 mg/ml) to adsorb and
thereby separate the oxacephalosporin carboxylic acid
from non-adsorbable contaminants, and then eluting the
adsorbed oxacephalosporin carboxylic acid with an
aqueous hydrophilic organic solvent to elute and

thereby separate it from non-eluting contaminants.

6 Claims, No Drawings

A statutory invention registration is not a patent. It has

the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the

rights associated with a statutory invention reglstratwn

see 35 U.S.C. 157.
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PURIFICATION OF CEPHALOSPORINS

This invention relates to a process for purifying ox-
acephalosporins useful as antibacterials. More specifi-
cally, it relates to a process for purifying oxacephalos-
porin carboxylic acids which comprises contacting an
aqueous solution of the oxacephalosporin carboxylic
acid (at pH lower than its pKa) with a macroporous
polymeric adsorbent (specific gravity: higher than 1.05;
and saturated adsorption capacity for cephalosporin C:
larger than 60 mg/ml, i.e., more than 1.2 times as high as
adsorbents reported In the literature to separate non-
adsorbable contaminants therefrom, and then eluting it
with an aqueous hydrophilic organic solvent to separate
from non-eluting contaminants therefrom.

In the production of oxacephalosporins, contami-
nants are removed by repeated extraction, precipitation,
crystallization, adsorption by old type synthetic adsor-
bents (e.g., Amberlite XAD-2, XAD-4, XAD-7, XAD-

8, Diaion HP-10, HP-20, HP-30, HP-40, and HP-SO) |

elution, or the like in the work up.

The present inventors looked for a suitable method to

promote efficiency of the purification and completed
this invention for purifying it with a macroporous poly-
meric adsorbent (specific gravity: higher than 1.05; and

saturated adsorption capacity for cephalosporin C:
larger than 60 mg/ml, i.e., more than 1.2 times as high as

adsorbent written in the citations).

~Itis known to use macroporous polymeric adsorbents
to remove electro-neutral materials, low molecular
weight substances, or the like from cephalosporin aque-
ous solutions [e.g., Japanese Patent Publication
(Kokoku) SHO-52-50799, 54-16922; and Japanese Pa-
tent Application Publication (Kokai) SHO-50-106996,
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51-110587, etc.]. However, the known methods have

several defects (e.g., lower adsorption capacity of the
resins, turbidity of eluted solvent, and difficulty of han-
dling due to low specific gravity).

In contrast, the macroporous polymeric adsorbent of 40

this invention (having specific gravity of higher than

1.05 and saturated adsorption capacity for cephalospo-
rin C of larger than 60 mg/ml,, i.e., more than 1.2 times
as high as adsorbents written in the literatures) has no
such defect, and it is suitable for purifying the unstable
oxacephalos;penn free carboxylic acids.

Typical nonionic macroporus polymeric adsorbents
are Amberlite XAD-2000, a stylene divinylbenzene
copolymer resin produced by Rohm and Haas Co., and
Diaion SP-206 and SP-207, styrene divinylbenzene co-
polymer resins produced by MltSllblShl Chemical Indus-
tnes Limited.

The oxacephalosporin to be punf cd by thls invention

1s 1-dethia-i-oxa-3-cephem-4-carboxylic acid or its de-
rivative having at least one carboxy and having acyl-
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amino at position 78, hydrogen or methoxy at position

Ta, and R or CH3R group at position 3 (here, R is hy-
drogen, halogen, alkyl, carbamoyl, carboxy, hydroxy,
alkoxy, acyloxy, alkylthio, haloalkylthio, arylthio, het-
erocyclic thio, pyridinium, substituted pyridinium, or
the like nucleophilic group). The acyl in the acylamino
is that of the amido side chain in the penicillin or cepha-
losporin chemistry. The heterocyclic group is mono- or
-di-cyclic heterocyclic group having one or more hetero
~atom selected from nitrogen, oxygen, and sulfur and
~optionally substituted by alkyl or R-substituted alkyl.

- The said parts may have R or other conventional sub-

stituent in the cephalosporin moiety.
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The amount of the macroporous polymeric resin used
in this invention (having specific gravity of higher than
1.05 and saturated adsorption capacity for cephalospo-
rin C of larger than 60 mg/ml, 1.e., more than 1.2 times
as high as adsorbents written in the literatures) s prefer-
ably 5 to 100 times the weight of the feeding oxaceph-
alosporin free carboxylic acid. B

The concentration of the oxacephalosporin carbox-
ylic acid is preferably 0.1 to 30 w/w %. Preferably, the
solution contains no adsorption inhibiting substance (for
example, an organic solvent) over the inihibiting con-

- centration. The operating temperature is preferably 0°

to 50° C.

Adsorption is effected by centactmg the aqueous
solution of oxacephalosporin with the said macroporous
polymer adsorbent by a conventional method (e.g.,
batch method, column methed or chromatographic
method).

In order to remove non-adsorbable materials from the
adsorbed material, the resin on which oxacephalosporin
has been adsorbed is washed with a liquid which can
wash out the non-adsorbable contaminants without
eluting the desired substance. Such liquid can be, for
example, water, buffer solution, salt solution, aqueous
surfactant solution, or the like. Here again, a conven-

- tional method (e.g., batch method, column method,

chromatographic method, or gradient method) is appli-
cable. The washing can be continued until no impurity
detectable in the effluents from the resin. The preferable
temperature is 0° to 50° C.

For eluting the adsorbed objective material, it is pref-

erable to use an aqueous organic solvent (e.g., ester,

ketone, alcohol, or ether, especially lower alkanol).
This may contain a substance for controlling eluting
efficiency or independent of eluting (e.g., inorganic salt,
acid, base, or cation surfactant). This*elution may be
carried out in a conventional operation (e.g., batch
method, column method, chromatographic method, or
gradient method), preferably at 0° to 50° C. The eluting
procedure is stopped when the objective material has
been eluted and the non-eluting contaminants remain on
the adsorbent. |

The used adsorbent can be recovered for using again
in a usual operation (with, e.g., aqueous sodium hydrox—
ide, neutral or acidic methanol or 150propan01 Or mix-

ture of these).
The oxacephalosporin can be recovered from the

effluents by a conventional operation (e.g., extraction,

concentration, precipitation, crystallization, of lyophili-
zation).

Each step of this invention can be carried out at room
temperature or at 0° to 50° C. for 30 minutes to 50 hours.
- The oxacephalosporin carboxylic acids produced by
this invention with low energy consumption is highly
pure and highly yielding. |

The following examples illustrate embodlments of
this lnventmn

EXAMPLE 1.

‘A 0.11% crude latamoxef sodium [i.e., 18-(2-p-
hydroxyphenyl-2-carboxyacetamido)-3-(1-methyltet-

 razol-5-yljthiomethyl-7a-methoxy-1-dethia-1-dethia-1-

oxa-3-cephem-4-carboxylic acid disodium sait] aqueous
solution (produced by hydrolyzing latamoxef dibenz-
hydryl ester with aluminum chloride and by removing

organic solvents from the reaction mixture) is adjusted

pH to 1.5 with hydrochloric acid.
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A nonionic macroporous polymeri¢ adsorbent (Am-
berlite XAD-2000, a stylene-divinylbenzene copolymer
adsorbent resin produced by Rohm and Haas Co.) (200
ml) is packed in 270 mm height in a glass tube which has
32 mm inside diameter and 350 mm length. The said
- solution (2780 g) is passed through the packed column
to adsorb latamoxef. This column 1s washed with water
(1360 ml) and then with 50% methanol (125 ml) to
remove non-adsorbing contaminants (e.g., salts). Then,
latamoxef is eluted with 70% methanol (535 ml). The
effluents contain the objective material at a concentra-
tion of 0.5% when estimated ultraviolet . spectro-
| photometencally
" The effluents are concentrated under diminished
- pressure, neutralized with aqueous sodium hydroxide,

- and lyophilized to obtain pure latamoxef sodium. Yield:

86%.

EXAMPLE 2.

A 0.19% crude latamoxef aqueous solution is ad-

justed pH to 2.9.
A nonionic macroporous polymeric adsorbent (Am-

berlite XAD-2000, a stylene-divinylbenzene COpolymer

resin produced by Rohm and Haas Co.) (100 ml) 1s

packed in 255 mm height in a glass tube which has 22

- mm inside diameter. The said solution (4800 ml; con-
taining 8.02 g of the said compound) is passed through
the packed column to adsorb the objective material.
This column is washed with water (2480 ml). Then
purified objective material is eluted with 50 to 80%
methanol (810 ml). The effluents contain 68.7% of the
feeding objective material when estimated ultra-violet
spectrophotometrically. -

EXAMPLE 3.

A 0.94% crude latamoxef aqueous solutlon is ad-
Justed pH to 2 to 3.
- A nonionic macroporous polymerlc adsorbent (D1-
aion SP-207, a stylene-divinylbenzene copolymer resin
produced by Mitsubishi Chemical Industries Limited)
(40 ml) is packed in 115 mm height in a glass tube which
~has 19 mm inside diameter. The said solution (200 ml;
containing 1.88 g of the said compound) is passed
through the packed column to adsorb latamoxef. This

- column 1s washed with water (200 ml). Then the puri-

fied objective material is eluted with 50% acetone (220
ml). The effluents contain 93.3% of the feed objective

~material when estimated from hlgh precision liquid

~chromatogram.

Similarly, the eluting solvent 30% acetone, can be
replaced by 70% isopropanol to obtain the same pure
- product in high yield. | |

EXAMPLE 4

A 1.0% crude 7B-diﬂuoromethylthioacetamido-3-[1--

(2-hydroxyethyl)tetrazol-5-yl]thiomethyl-7a-methoxy-
1-dethia-1-oxa-3-cephem-4-carboxylic amd aqueous so-
lution 1s adjusted pH to about 2.

A nonionic macroporous polymeric adsorbent (Di-
aion SP-207, a stylene-divinylbenzene copolymer adsor-
‘bent resin produced by Mitsubishi Chemical Industries
Limited) (40 ml) is packed in 105 mm height in a glass
tube which has 22 mm inside diameter. The solution
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EXAMPLE 5

A 1.0% crude 78-difluoromethylthioacetamido-3-{1-
(2-hydroxyethyDtetrazol-5-yl]Jthiomethyl-7a-methoxy-
1-dethia-1-oxa-3-cephem-4-carboxylic acid aqueous so-
lution 1s adjusted pH to about 2.

A nonionic macroporous polymeric adsorbent (Am-
berlite XAD-2000, a stylene-divinylbenzene copolymer
adsorbent resin produced by Rohm and Haas Co.) (30
ml) is packed in 275 mm height in a glass tube which has
12 mm inside diameter. The said solution (200 Ml; con--
taining 2.0 g or the said compound) is passed through
the packed column to adsorb the objective material.
This column is washed with water (300 ml). Then puri-
fied objective material is eluted with 70% isopropanol

(80 ml). The effluents contain 99.4% of the feed objec-

tive material when estimated uItra-vxolet spectrophoto-
metrically. |

| | EXAMPLE 6
A 0.15% crude 78-[2-2-carbamoyl-2-fluorovinylthi-

‘0)acetamido]-3-{1-(2-hydroxyethyl)tetrazol-5-yl]jthi-

omethyl-7a-methoxy-1-dethia-1-oxa-3-cephem-4-car-

boxylic acid aqueous solution is adjusted pH to about 2.
A nonionic macroporous polymeric adsorbent (Di-

aion SP-207, a stylene-divinylbenzene copolymer resin

- produced by Mitsubishi Chemical Industries Limited)
. (30 ml) 1s packed in 132 mm height in a glass tube which

30

has 16 mm 1inside diameter. The said solution (200 ml;
containing 0.3 g of the said compound) is passed
through the packed column to adsorb the objective
material. This column is washed with water (200 ml).
Then the punified objective material is eluted with 70%
1sopropanol (150 ml). The effluents contain 77.5% of

- the feeding objective material when estimated ultra-vio-
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let spectrophotometrically.
What we claim 1s:
1. A process for purifying oxacephalosponns which

- comprises contacting an aqueous solution of oxaceph-

alosporin carboxylic acid (at pH lower than its pKa)
with a2 macroporous polymeric adsorbent (specific
gravity is higher than 1.05; and saturated adsorption -

capacity for cephalosporin C is larger than 60 mg/mi)

- to adsorb and thereby separate the oxacephalsporin
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(210 ml; containing 2.0 g of the said compound) is

passed through the packed column to adsorb the objec-
tive material. This column is washed with water (100
- ml). Then purified objective material is eluted with 70%
1sopropanol (140 ml). The effluents contain 87.1% of
the feeding objective material when estimated ultra-vio-
let spectrophotometrically. -
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_carboxylic acid from non-adsorbable contaminants, and
then eluting the adsorbed oxacephalosporin carboxylic
acid with an aqueous hydrophilic organic solvent to

elute and thereby separate the oxacephalosporin car-

boxylic acid from non-eluting contaminants.

2. The process as claimed in claim 1 wherein the
process 1s carried out at 0° to 50° C.

3. The process as claimed in claim 1 wherein the
oxacephalosporin carboxylic acid i1s latamoxef, 78-
difluoromethylthioacetamido-3-[1-(2-hydroxyethyl)tet-
razol-5-yljthiomethyl-7a-methoxy-1-dethia-1-oxa-3-
cephem-4-carboxylic acid, or 7f8-[2-(2-carbamoyl-2-
fluorovinylthio)acetamido]-3-[1-(2-hydroxyethyl)tet-
razol-5- yl]thlomethyl-'fa-methoxy-1 -dethia-1-o0xa-3-
cephem-4-carboxylic acid.

4. The process as claimed in claim 1 wherem the
macroporous polymeric adsorbent is Amberlite XAD-
2000, Diaion SP-206, or Diaion SP-207. |

5. The process as claimed in claim 1 wherein amount
of the macroporous polymeric adsorbent is 5 to 100
times the weight of the aqueous solution of oxaceph-
alosporin carboxylic acid.

6. The process as claimed in claim 1 wherein the
eluting solvent is 50 to 80% methanol, ethanol, propa-

nol, isopropanol, or acetone aqueous solution.
% x * ¥ x
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