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do hereby declare the invention, for which we pray that a patent may be
granted to us, and the 5      method by which it is to be performed, to be
particularly described in and by the  5 following statement:- This
invention relates to cephalosporin antibiotics, and more particularly to an
improved method for the recovery of 7-(2'-thienylacetamido)cephalosporanic
acid salts. 10         In U.S. patent No. 3,218,318 to Flynn, description
is made of a new class of 7-  10 acylamido cephalosporanic acid
antibiotics. One of the most valuable groups of com- pounds described and
claimed by Flynn are the 7-(2-thienylacetanido) cephalosporanic acid salts
(now known generically as cephalothin salts): [err] 15     wherein M is a
cation of an alkali metal (e.g., sodium, potassium, lithium). Cephalothin
15 is now in widespread use and is commercially available in the form of
the sodium salt. In preparing the foregoing cephalothin salts on a large
scale, it has been the practice to recover sodium cephalothin from aqueous
solution thereof by adding to this aqueous solution a large excess (by
volume) of an organic solvent which is miscible 20      with water, such as
isopropanol, to cause precipitation of the cephalothin salt  20 However, as
so precipitated the sodium salt of cephalothin contains one or more
impurities which impart an undesirable yellow coloration to aqueous
pharmaceutical solutions of the salt. The exact nature of these impurities
is unknown at the present time, although it is believed that the impurity
is a polycarboxylic acid material which 25      can be precipitated with
protamine. In any event, the recovery of cephalothin sodium  25 salt using
the procedure described above in which isopropanol or like organic solvent
is added to an aqueous solution of the cephalothin salt to cause
precipitation of the cephalothin salt also results in co-precipitation of
the impurities. Thus, this technique for recovery is incapable of effecting
separation of the impurities. 30          The present invention provides a
new and improved method for the recovery of  30 cepalothin salts in which a
salt having a reduced amount of undesirable impurities is obtained. The
present invention also provides an improved method for the recovery of
cephalothin salts from aqueous solution in which a salt of enhanced
pharmaceutical 35     acceptability is obtained.
35 The present invention further provides an improved method for the
recovery of cephalothin salts which results in a product having increased
stability. [Price 25p]    2                                       1,318,690
It has been found in accordance with the concepts of this invention that
the alkali metal salts of cephalothin can be selectively precipitated from
aqueous solution thereof 



without co-precipitation of colorizing impurities by adding to the aqueous
solution an alkali metal salt whereby the cephalothin salt is precipitated
leaving the colorizing 5      impurities remaining in the aqueous solution.
The cephalothin salt thus obtained is not  5 only substantially free of
these impurities, but is also characterized by improved stability on aging.
Thus the present invention also provides a pharmaceutical composi- tion
comprising a cephalothin salt thus obtained and a pharmaceutical carrier.
In accordance with the practice of this invention, the alkali metal salt is
added to 10      a relatively concentrated aqueous solution of the
cephalothin salt to selectively pre-  10 cipitate the cephalothin salt
without co-precipitation of the impurities. The concentra- tion of the
cephalothin salt in the aqueous solution from which the cephalothin salt is
separated is not critical to the practice of this invention. The lower
limit of this concentration, as a practical matter, is set by the desired
yield while the upper limit 15     is the concentration at which the
solution of the cephalothin salt is saturated at the  15 temperature of the
solution. For example, at a temperature of [err] sodium cephalo- thin forms
a saturated solution when present in an amount of about 230-250 mg./ml of
water. For best results, it is generally preferred to make use of an
aqueous solution which contains at least 10% by weight of the cephalothin
salt. 20          As the alkali metal salt, use can be made of any of a
variety of non-toxic salts. It  20 is generally preferred to make use of an
alkali metal salt of an acid having a [err] less than about 5. Preferred'
alkali metal salts are the alkali metal salts of organic carboxylic acids
as represented by acetic, citric, lactic, maleic, fumaric, gluconic and
gluric acids. Alkali metal salts of formic acid can also be used if care is
taken to remove by- 25      product formic acid from the separated alkali
metal cephalothin. The alkali metal    25 halides,such as alkali metal
bromides and chlorides can be used in the practice of this invention,
although the use of such halide salts is not preferred since concentrated
solutions thereof are corrosive. It is generally preferred that the cation
of the alkali metal salt correspond to the cation of the cephalothin salt
to avoid the introduction 30      of extraneous cations into the system.
30 It is generally desirable to employ sufficient quantities of the alkali
metal salt to precipitate substantially all of the cephalothin salt from
the solution. For this purpose, it is preferred to employ the alkali metal
salt in quantities in the range of 0.5 to 8.0 parts by weight per part by
weight of cephalothin salt contained in the aqueous 35      solution.
However, as will be appreciated by those skilled in the art, greater
quantities  35 of the alkali metal salt can be employed although there is
frequently no advantage in using quantities in excess of that forming a
saturated solution of the alkali metal salt in the aqueous solution. The
alkali metal salt can be added to the aqueous solution of the cephalothin
salt 40      in any of a variety of forms. For example, the salt may be
used in solid form or in the  40 form of a concentrated solution in a
liquid carrier such as water or a lower alkanol (e.g., ethanol,
isopropanol, butanol), or a mixture thereof. To avoid yield-lowering
dilution by water and to permit a cleaning and sterilizing filtration, the
alkali metal salt added to selectively precipitate the cephalothin salt can
be employed in the form 45      of a solution in an alkanol. For example,
it is frequently preferred to make use of a  45 solution of the alkali
metal salt in an alkanol containing 20 to 60% by weight of the alkali metal
salt After addition of the alkali metal salt, a precipitate of the
cephalothin salt is obtained which can be separated from the aqueous mother
liquor containing the 50      colorizing impurities still in solution in a
conventional manner, as by, for example,  50 filtration and/or
centrifugation. The process of the invention thus results in a product in
yields of 'the order of 80 to 90% containing significantly reduced
quantities of impurities. In addition, the product obtained as a result of
the process of this invention exhibits significantly 55     improved
stability with respect to formation of new quantities of impurities on
aging  55 in aqueous solution. 



Having described the basic concepts of the invention, reference is now made
to the following examples which are provided by way of illustration, and
not of limitation, of the practice of the invention. 60
Example 1                                         60 The sodium salt of
cephalothin having an impurities content of 18 mg/g. is dissolved in water
to form a solution containing 100 g. of the salt per 400 ml. of water. The
resulting solution is a clear solution having a yellow coloration. To this
solution, there is added 100 g. of ground sodium chloride. The solution 65
is stirred, and crystallization is observed upon completion of the NaCl
addition. The  65    1,318,690 resulting suspension is then allowed to
stand for about 30 minutes to insure complete dissolution of the NaCL The
crystals thus formed are harvested by filtration, and washed with an
aqueous solution of ethanol. The product sodium cephalothin, is dried under
vacuum for 5      several hours, and is found to have an impurities content
of 2.0 mg./g.. The yield is  5 90% A sample of 100 g. of the purified
sodium cephalothin is then densified by treating with 15 ml. of water to
form a paste which is allowed to dry in room atmosphere overnight. 10
The densified material is ground and sieved to pass through a #30 mesh
screen.  10 Analysis indicates that no significant change in the impurities
content was caused by the additional water treatment. Example 2 A sample of
100 g. of sodium cephalothin having an impurities content of 18.0 15
mg./g is dissolved in 400 ml. of water to form a yellow solution.
.     15 Thereafter, a solution containing 55%  by weight sodium lactate in
ethanol is added to the aqueous solution of the sodium cephalothin. After
addition of about 100 g. of solution, precipitation commences. The sodium
cephaldthin crystals are then separated and washed in accordance with the
procedure described in Example 1, and 20     are found to have an
impurities content of about 3.0 mg./g.                       20 Example 3
This example demonstrates the improved stability of cephalothin salt
recovered in accordance with the process of this invention as compared to
salts recovered using isopropanol. 25          In determining the
stabilityof products recovered in accordance with this inven-  25
tion,samples of sodium cephalothin recovered with sodium lactate in
accordance with the procedure described in Example 2 and samples recovered
from aqueous solution by precipitation with isopropanol are dissolved in
sterile water and aged for 48 hours either at room temperature [err] or at
[err]. The aging was carried out with two 30      concentrations of sodium
cephalothin, at 0.54 M corresponding to ampoule condition  30 (e.g.1 g of
salt in 4 ml. of diluent) and at 0.01 M corresponding to intravenous
infusion conditions (i.e, 4 g. of salt in 1000 ml of diluent). For each
sample, the impurities content is determined by means of a protamine-
nephelometric assay. In this method, the impurities are precipitated from a
cephalothin 35     salt solution by the addition of protamine. The
resulting turbidity is then compared  35 with the turbidity obtained in
like manner from solutions of cephalothin salts containing known amounts of
the impurities. In the test employed in this example, 0.5 ml of a 0.1%
solution of protamine sulfate is slowly added at a controlled rate to a
test solution of 0.005 M  cephalothin salt and 0.01 M sodium phosphate at a
pH of 7.0, and the 40     resulting turbidity is measured in accordance
with conventional procedures..       40 The results of the aging tests are
shown in Table 1. 



4                                      1,318,690
4 TABLE,I Mode of                               Time
purities/g Na Recovery       Concen      Temp.       (hours)     pH
cephalothin Isopropanol    0.54 M       [err]          0        5.2
7.72 6       4.9         15.93 24       4.85        17.12 48       4.65
38.06 Na lactate     0.54 M                 0        5.4         1.05 in
6        4.9         4.29 ethanol                                  24
4.8        12.60 48       4.6         25.93 Isopropanol    0.54M
[err]          0       5.2          7.54 6       5.2         10.71 24
5.25        11.18 48       5.2         12.60 Na lactate     0.54 M
[err]         0        5.4          1.05 in
6        5.25         1.83 ethanol                                  24
5.35        1.81 48       5.25         2.07 Isopropanol      0.01 M
[err]          0       5.1          7.83 6       4.7         14.86 24
4.5         35.93 48       4.5         61.29 Na lactate     0.01 M
[err]          0        5.4         1.21 in
6        4.6         4.33 ethanol                                  24
4.4         26.76 48       4.4         52.83 Isopropanol    0.O1 M
[err]           0       5.1          7.60 6       4.95        10.86 24
4.85        10.59 48       4.75        11.16 Nalactate       0.01 M
[err]          0       5.3          1.19 in
6        5.1          1.24 ethanol                                 24
4.85         1.43 48       4.75         1.52 As can be seen from Table I ,
the process of the present invention provides a cephalothin salt having
improved stability, particularly where the aqueous solution of the salt is
stored under refrigeration (i.e., at [err]). Example 4 A potassium salt of
cephalothin having an impurities content of about 15 mg/g. is dissolved in
water to form a solution containing 25% weight of the cephalothin salt To
this solution there is added about 85 g. of potassium lactate crystals. The
10     resulting mixture is stirred for about 10 minutes, and is then
allowed to stand to insure  10 complete dissolution of the potassium
lactate. Thereafter, the crystals which are formed in the aqueous solution
are separated by filtration, and washed in aqueous ethanol. The product is
dried under vacuum and is found to be potassium cephalothin having an
impurities content of about 3.0 mg/g. 15
Example 5                                       15 To a solution containing
26% by weight sodium cephalothin in water, there is 



added 105 g. of sodium acetate in the form of a saturated solution of
sodium acetate in water.    5
1,318,690                                       5 The sodium cephalothin
crystals formed as a result of adding the sodium acetate are then separated
in the manner described in Example 1, washed and dried. The sodium
cephalothin is found to have a significantly reduced impurities content
Example 6 5          The procedure of Example 5 is repeated except that the
salt added is sodium    5 citrate. The sodium cephalothin separated from
the aqueous solution is again found to have a significantly reduced
impurities content. WHAT WE CLAIM IS: - 1. A process for the recovery of an
alkali metal salt of 7-(2'-thienylacetamido) 10     cephalosporanic acid
from an aqueous solution thereof which comprises adding a non-  10 toxic
alkali metal salt to the aqueous solution to precipitate the salt of the
7-(2'- thienylacetamido) cephalosporanic acid, and separating the
precipitate thus formed. 2. A process as defined in claim 1 wherein the
alkali metal of the non-toxic salt corresponds to the alkali metal of the
cephalosporanic acid salt 15          3. A process as defined in claim    1
wherein the non-toxic salt is an alkali metal  15 halide or an alkali metal
salt of an organic carboxylic acid. 4. A process as defined in claim 1 or 3
wherein the non-toxic salt is an alkali metal lactate. 5. A process as
defined in claim 1 or 3 wherein the non-toxic salt is an alkali 20
metal salt of an acid having a [err] less than 5.
20 6. A process as defined in any of the preceding claims wherein the
non-toxic salt is employed in an amount within the range of 0.5 to 8.0
parts by weight per part by weight of the cephalosporanic acid salt in the
aqueous solution. 7. A process as defined in any of the preceding claims
wherein the non-toxic salt 25     is added to the aqueous solution in the
form of a concentrated solution in a liquid  25 carrier. 8. A process as
defined in claim 7 wherein the liquid carrier is water, an alkanol, or a
mixture thereof. 9. A process as defined in claim 8 wherein the liquid
carrier is an alkanol and the 30      concentrated solution contains 20 to
60% by weight of the non-toxic salt.         30 10. A process defined in
any of the preceding claims wherein the alkali metal of the non-toxic salt
is sodium. 11. A process as defined in any of the preceding claims wherein
the concentration of the cephalosporanic acid salt in the aqueous solution
is within the range of 10% by 35      weight up to the saturation
concentration.                                        35 12. A process
according to claim 1 substantially as described in any one of the Examples.
13. An alkali metal salt of 7-(2-thienylacetamido)-cephalosporanic acid
whenever prepared by a process as claimed in any one of claims 1 to 12. 40
14. A pharmaceutical composition comprising an alkali metal salt as claimed
in  40 claim 13 and a pharmaceutical carrier. BOULT, WADE & TENNANT,
Chartered Patent Agents, 34 Cursitor Street, London, EC4A 1PQ. Printed for
Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1973.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.  



5                                      1,318,690
5 The sodium cephalothin crystals formed as a result of adding the sodium
acetate are then separated in the manner described in Example 1, washed and
dried. The sodium cephalothin is found to have a significantly reduced
impurities content Example 6 5          The procedure of Example 5 is
repeated except that the salt added is sodium    5 citrate. The sodium
cephalothin separated from the aqueous solution is again found to have a
significantly reduced impurities content WHAT WE CLAIM IS: - 1. A process
for the recovery of an alkali metal salt of 7-(2'-thienylacetamido) 10
cephalosporanic acid from an aqueous solution thereof which comprises
adding a non-  10 toxic alkali metal salt to the aqueous solution to
precipitate the salt of the 7-(2'- thienylacetamido) cephalosporanic acid,
and separating the precipitate thus formed. 2. A process as defined in
claim 1 wherein the alkali metal of the non-toxic salt corresponds to the
alkali metal of the cephalosporanic acid salt. 15          3. A process as
defined in claim 1 wherein the non-toxic salt is an alkali metal  15 halide
or an alkali metal salt of an organic carboxylic acid. 4. A process as
defined in claim 1 or 3 wherein the non-toxic salt is an alkali metal
lactate. 5. A process as defined in claim 1 or 3 wherein the non-toxic salt
is an alkali 20      metal salt of an acid having a [err] less than 5.
20 6. A process as defined in any of the preceding claims wherein the
non-toxic salt is employed in an amount within the range of 0.5 to 8.0
parts by weight per part by weight of the cephalosporanic acid salt in the
aqueous solution. 7. A process as defined in any of the preceding claims
wherein the non-toxic salt 25     is added to the aqueous solution in the
form of a concentrated solution in a liquid  25 carrier. 8. A process as
defined in claim 7 wherein the liquid carrier is water,  an alkanol , or a
mixture thereof. 9. A process as defined in claim 8 wherein the liquid
carrier is an alkanol and the 30      concentrated solution contains 20 to
60% by weight of the non-toxic salt          30 10. A process defined in
any of the preceding claims wherein the alkali metal of the non-toxic salt
is sodium. 11. A process as defined in any of the preceding claims wherein
the concentration of the cephalosporanic acid salt in the aqueous solution
is within the range of 10% by 35      weight up to the saturation
concentration.                                        35 12. A process
according to claim 1 substantially as described in any one of the Examples.
13. An alkali metal salt of 7-(2-thienylacetamido)-cephalosporanic acid
whenever prepared by a process as claimed in any one of claims 1 to 12. 40
14. A pharmaceutical composition comprising an alkali metal salt as claimed
in  40 claim 13 and a pharmaceutical carrier. BOULT, WADE & TENNANT,
Chartered Patent Agents, 34 Cursitor Street, London, EC4A 1PQ. Printed for
Her Majesty's Stationery Office by the Courier Press, Leanington Spa, 1973.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


