
(54) IMPROVED PROCESS FOR PREPARING
CEPHALOSPORIN ANTIBIOTICS         (71)   We, ELI LILLY AND  COMPANY, a
urea-type amide retaining at least one un-     Corporation of the State of
Indiana, United  substituted amide grouping.     States of America, of 740
South Albama    The invention provides a practical 7-ACA     Street, City
of Indianapolis,  State of Indiana,  acylation procedure which permits the
ob-  50  5  United States  of America,  do hereby declare  taining of high
yields of cephalosporin anti-     the invention for which we pray that  a
patent  biotics while using  impure  7-ACA  con-     may be granted to us
and the method by  taminated with a methanol-insoluble, acidic     which it
is to be performed to be  par-  polymer,  characterized   as  chiefly
poly-     ticularly described in and by the following  saccharide in
nature. The polysaccharide is  55 10  statement: -
apparently produced during the fermentation       This invention concerns
cephalosporin anti-  of Cephalosporin C and is carried through     biotics
and provides an improved process: for  several purification steps with
Cephalosporin     acylating  7  - aminocephalosporanic  acid  C.     under
practical conditions of chemical manu-   More particularly, the present
invention  60 15  facture to  obtain  more economically  the  provides an
improved process for acylating     desired cephalosporin antibiotic
chemicals.  7-ACA with an acyl halide, which comprises       In the
manufacture of various cephalo-  containing the 7-ACA with the acyl halide
sproin antobiotic chemicals.                 in the presence of (1) an
organic liquid       In the manufacture of various cephalo-  diluent
containing up to 5%  by volume of 65 20  sporin antibiotics, Cephalosporin
C is pro-  water that is a non-solvent for said 7-ACA,     duced by
fermentation processes and the  substantially chemically  inert toward said
Cephalosporin C is cleaved at the amido bond  acyl halide and a solvent for
the cephalo-     to obtain 7 - aminocephalosporanic . acid,  sporin
acylation product, and (2) at least one     (7-ACA), the so-called
cephalosporin .nucleus.  member of the group consisting of urea, thio-  70
25  In the manufacture of various desired  anti-  urea, biuret,
dithiobiuret, phenylurea, 1,1 -     biotics the 7-ACA  is caused to  react
with  diphenylurea, and phenylthiourea, said com-     various acyl halides,
acid anhydrides, or free  ponent (2) :being present in the reaction
acid forms of chemical compounds  to form   mixture in an amount ranging
from  about     cephalosporin  chemical compounds  which  0.5 to about 2.0
molar equivalents of said  75 30  have been  found to   be effective broad-
component (2) for each molar equivalent of     spectrum antibiotics  agents
Gram positive and  the acyl halide.     Gram-negative microorganism. An
example    In a further more  specified embodiment of     of such compounds
is cephalothin, prepared  the invention there is provided an improved
by condensing a 2 - thienylaceyl halide  process of making sodium 7 - (2' -
thienyl- 80 35  (sometimes termed thiophene - 2  - acetyl
acetamido)cephalosporanic acid salt, which     halide) with 7-ACA. Efforts
are constantly  comprises (1) forming a mixture of (a) 7-     being
directed toward  increasing the com-  ACA. in (b) an organic liquid diluent
as de-     mercial efficiency  of manufacturing  such  fined above, and (c)
at least one member of     desirable  products.                         the
group consisting of urea, thiourea, biuret, 85 40    It  is the object of
this invention to pro-  dithiobiuret,  phenylurea, phenylthiourea, and
vide an  improved  process for preparing  1,1 - diphenylurea (2) contacting
said mixture     cephalosporin  antibiotics  by  a  generally  with  2 -
thienylacetyl chloride to form 7 -     anhydrous acylation procedure
wherein 7-  (2' - thienylacetyl)cephalosporanic acid, and     ACA, the
cephalosporin nucleus,  is  caused.  to  (3) contacting said 7 - (2' -
thienylacet-  90 45  react with a selected acyl derivative of a
amido)cephalosporanic  acid  with  a water     selected acid in the
presence of urea  or  a  soluble  sodium  organic acid  salt in  an  
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2       organic liquid diluent to form the  sodium 7  -    Of the various
available urea compounds,      (2' - thienylacetamido)cephaloporanate salt.
urea itself is preferred, alone or mixed with        Briefly,   according
to  this  invention,  biuret. The urea compounds are not initially
cephalosporin  antibiotics such as cephalothin    soluble in the organic
liquid diluent system 5  can  be prepared  in  improved yield  by  but can
be kept in suspension by suitable 70      acylating 7-ACA  with an acyl
halide such as  agitation during -the course of the reaction.      2 -
thienylacetyl chloride in the presence of  The amount of the urea compound
used in      (1) a substantially anhydrous organic liquid  the reaction
mixture  to accomplish smooth      diluent and (2) at least one member of
the  acylation  of  at  least  some 7-ACA  is not 10  group consisting of
urea, thiourea, biuret, di-   critical. However, it is best that about 0.5
75      thiobiuret, phenylurea, phenylthiourea, and  to 2.0 molar
equivalents of the urea com-      1,1 - diphenylurea, at mild temperatures
until  pound be used for each mole of acyl halide.      the desired
cephalosporin product is formed,  When urea is the selected compound, it is
and then recovering the cephalosporin from  preferred to use about 0.8 to
about 1.2 molar 15  the resulting reaction mixture. For best, re-
equivalents of urea for each mole of the acyl 80      sults the urea
compound or mixture of  urea  halide. Lower  molar equivalent ratios of
urea      compound or mixture of urea compounds  compounds may be used, but
the yield of      should be present in amounts ranging from   product
suffers.  Higher molar ratios than      about 0.5 to about 2 molar
equivalents there-  those stated, may be used but  are not needed. 20  of
per molar equivalent of the acrylating        In conducting the acylation
reaction of this  85      agent.
invention, it is best to mix the organic liquid        The acylating agent,
i.e., the acyl halide,  diluent, the urea compound, the 7-ACA, and
should be present in the reaction mixture in  a little water  if  the 7-ACA
is impure  stir      molar equivalent amounts at least  equal to  the
mixture, and add the acyl halide to the 25  the 7-ACA reactant. An excess
of acyl halide,  stirred mixture at a steady rate, sufficient to  90
e.g., from  20 percent to 100 percent molar  avoid substantial chemical
decomposition of      excess of the acryl halide, is preferably used
reactants or cephalosporin product, say, about      to insure substantially
complete reaction of  0.3 to about 2 hours, at a mild temperature      the
7-ACA. 2 - Thienylacetyl chloride is the  between about -5[err]C.  to about
50[err]C., to 30  preferred acylating agent in the preparation  form  the
cephalosporin product. It is pre-  95      of 7 - (2' -
thienylacetamido)cephalosporanic  ferred to add the acyl halide to the
7-ACA      acid [cephalothin], although 2 -thienylacetyl  reaction mixture
over a period of about 0.5      bromide may also be used.
to 1.5 hours at 15 to 35[err]C. When the acyl        The organic liquid
diluent which is used in  halide addition is completed, the reaction 35
the reaction medium should be a non-solvent  mixture is preferably stirred
for 1 to 2 hours 100      for the  7-ACA, should  be  substantially  after
the acyl chloride addition has been      chemically inert toward the acyl
halide, but  completed.      should be a solvent for the cephalosporin
The acylation reaction mixture obtained as      acrylation product. This
diluent may be a  described above is filtered to remove im- 40  single
compound  such as an appropriate di-  purities,  partially  the
polysaccharide-like 105      alkyl ketone having from 1 to 2 carbon atoms
material, if present with the 7-ACA reactant.      in each alkyl  group,
e.g.  acetone,  methyl  The organic liquid solution of the cephalo-
ethyl ketone, diethyl ketone, an alkyl aliphatic  sporin product
constituting the  filtrate is con-      acylate ester having from 2 to
about 7 carbon  centrated, preferably under vacuum, to re- 45  atoms such
as  ethyl acetate, methyl formate,  move most of the organic liquid
solvent 110      propyl . acetate, propylene glycol diacetate,  system,
thereby leaving the desired cephalo-      methyl propionate, etc., a
dialkyl  sulfoxide  sporin acid in a concentrated form, say, of      having
from  1 to about 4 carbon atoms in  20 to 25 percent by weight. The concen
-      each alkyl group such as dimethyl sulfoxide,  trated solution is
then contacted with  an 50  or mixtures of the aforesaid organic liquids
appropriate organic liquid, i.e. one that is a  115      such as equal
parts by volume of ethyl acetate  non-solvent for 7-ACA, substantially
chemic-      and acetone. The preferred organic  liquid  ally inert toward
acyl halide and a solvent.      diluent for the purpose of the process of
this  for the cephalospoin acylation  product, such      invention is
acetone or a mixture containing  as ethyl acetate, to separate any oily,
water- 55  a major proportion of acetone. The organic  miscible compounds
originally solubilized in  120      liquid diluent system should be
substantially  the initial reaction medium. The hydro-   anhydrous,
although with some impure 7-   philic phase is separated and discarded
after      ACA  starting materials, it has  been.  found  being washed with
ethyl acetate or other suit-      that a small amount of water, usually
under  able  solvent  to  recover  any  adhering 60  5 percent 'by volume
of the  total solvent  cephalosporin. The organic liquid solution of 125 



system, aids  in removing water-soluble or  the cephalosporin acid,
purified in the manner      water-dispersible coloring impurities. How-
described above, can then  be washed with      ever, the acrylation
reaction of this invention  water to separate water-soluble material. After
can be run in the complete  absence of water  separating the aqueous phase,
the remaining 65  to obtain acceptable cephalosporin products.  organic
solvent solution  of  the  desired  130          3
1,206,626                                           3         cephalosporin
product can be treated with an  7 - (2'  thiazolylacetamido)cephalosporanic
appropriate organic alkali salt in an organic    acid from 2 -
thiazolylacetyl chloride    65 solvent to   form  a cephalosporin salt
which  7 - [err]  - (2' - furyl)butyramido]cephalo-        precipitates
from  the organic solvent. For    sporanic acid from [err] - (2 -
thienyl)valeryl    5  example, an acetone-ethyl acetate solution of
chloride        cephalothin  [7  - (2  - thienylacetamido)-  7 - [err] -
(2' - thienyl)valeramido]cephalo-        cephalosporanic acid] can be
treated with    sporanic acid from [err] - (2 - thioenyl)valeryl 70
sodium  acetate in methanol to precipitate    chloride        sodium
cephalothin [sodium 7 - (2' - thienyl-  7  - [err] - (3' -
thienyl)hexanoyl]amido-   10  acetamido)cephalosporanate].
cephalosporanic acid from [err] - (3  thienyl)-          The advantages of
this invention have been   hexanoyl chloride        described primarily
with reference to the pro-  7- (2' - methyl - 3 - pyridyl - acetamido)-  75
duction of cephalothin from  impure  7-ACA     cephalosporanic acid from 2'
- methyl        and 2-thienylacetyl chloride because of the    3' - pyridyl
- acetyl chloride   15  interest in cephalothin as a highly  useful, well-
7 - [err] - (2' - thienyl)propionamido]cephalo-        recognized
therapeutic agent in the field of   sporanic acid from [err] - 2 -
thienylpropionyl        antibiotic treatment. However, the invention
chloride                                    80        is not restricted
thereto and this process can  7-  [a - (2' -
thienyl)isobutylramido]cephalo-        be used to prepare other active
cephalosporin   sporanic acid from  [err] - 2 - thienyliso-   20
antibiotics which are prepared by acylating    butyryl chloride       the
cephalosporin  nucleus, 7-ACA, with  7 - [err] - (2' - furyl) - n -
butyramido]-       various desired acylating agents. The follow-
cephalosporanic acid from [err] - 2 - furyl -  85       ing examples, of
cephalosporin products and    n - butyryl chloride       the acyl halides
used in preparing them  by  7 - (2' - methyl - 3' - furylacetamido)-   25
acylating 7-ACA, together with the detailed    cephalosporanic acid from (2
- methyl - 3 -       examples which follow, will illustrate the
furyl)acetyl chloride       types of compounds which  can be made  by  7 -
(3' - methyl  - 2' - thienylacetamido)-  90       the process of the
present invention:           cephalosporanic acid from (3 - methyl - 2 -
thienyl)acetyl chloride
7 - (5 - methoxy - 3' - pyridylacetamido)-        7 - (2 -
phenoxyacetamido)cephalosporanic    cephalosporanic acid from (5 - methoxy
-   30    acid from 2 - phenoxyacetyl chloride          3 - pyridyl)acetyl
chloride                95       7    -   (phenylmercaptoacetamido)cephalo-
7-  (2' - triazinylacetamido)cephaloporanic          sporanic acid from  2
- phenylmercapto-    acid from 2' - triazinylacetyl chloride
acetyl chloride                            7  -
(phenylacetamido)cephalosporanic  acid        7 - (5' -
oxazolylacetamido)cephalosporanic    from phenylacetyl chloride   35
acid from 5 - oxazolylacetyl chloride       7 - [(4' -
chlorophenyl)acetamido]cephalo- 100       7 -' (4'[5'] -
imidazolylacetamido)cephalo-    sporanic acid  from  (4 - chlorophenyl)-
sporanic acid from 4(5) - imidazolylacetyl   acetyl chloride
chloride                                   7 - (octanamido)cephalosporanic
acid from        7 - (2' - pyranylacetamido)cephalosporanic    octanyl
chloride.   40    acid from 2 - pyranylacetyl chloride        7 - (n -
butylmercaptoacetamido)cephalo-          sporanic acid from  n -
butylmercapto-    The present invention  also provides a 105
acetyl chloride                            pharmaceutical composition
comprising the        7  - (2' - morpholinylacetamido)cephalo-  product of
the process of the invention to-   45    sporanic acid from  2 -
morpholinylacetyl  gether with  a pharmaceutically acceptable
chloride                                   diluent or carrier.       7 -
(2' - pyrazinylacetamido)cephalosporanic          acid from 2 -
pyrazinylacetyl chloride                     EXAMPLE 1
110       7  - (5' - imidazolinylacetamido)cephalo-    To 750 ml. of
acetone were added 11.1 g.   50    sporanic acid from  5
imidazolinylacetyl  of urea and 55 g. of commercially made 7-
chloride                                   aminocephalosporanic acid (84.8
percent pure       7 - (3' - bromo - 2' - pyridylacetamido)-  by an
ultraviolet assay procedure). To the re-          cephalosporanic acid from
3 - bromo - 2 -  sulting slurry at room temperature there was 115 



pyridylacetyl chloride                     added a mixture of 31.3 ml. of 2
- thienyl-   55  7 - [err] - (5 - fluoro - 2' -pyridyl)propion-  acetyl
chloride in 375 ml. of acetone at a          amido]cephalosporanic acid
from [err] - (5 -  steady rate over a 1-hour period. When the
fluoro - 2 - pyridyl)propionyl chloride   addition was completed, the
mixture was       7 - [err]  - (5 - pyrimidyl)propionamido]-  stirred for 2
additional hours to insure com- 120          cephalosporanic  acid  from
[err]  - (5  -  plete reaction. The resulting reaction mixture   60
pyrimidyl)propionyl chloride                was filtered to obtain 6 g. of
an insoluble       7 - (5' - nitro - 2' - thienylacetamido)  precipitate.
This precipitate  assaying  not          cephalosporanic acid from 5
nitro - 2 -  more than 6.2 percent 7-ACA by an ultra-
thienylacetyl chloride                   violet light  (UV) absorption
method, was 125         4
1,206,626                                           4      analyzed by the
anthone test procedure and  two reactions 0.615 g. (0.0102 mole) of urea
65     found to contain 87.3 percent carbohydrate.  was  also added before
addition of the  2-     The organic filtrate phase -analyzed as con-
thienylacetyl  chloride  began, while no urea`     taining 62 g. of 7 - (2'
- thienylacetamido)-  was added to the other reaction vessel. The 5
cephalosporanic  acid. This  organic  phase  reaction mixtures were stirred
for 2 addi-     was concentrated to 250 ml. which was shown  tional  hour
to insure complete reaction. The  70     by analysis to contain about  25
percent of the  organic  phase of the reaction  mixture from     7 - (2' -
thienylacetamido)cephalosporanic  each reaction  vessel was concentrated to
con-     acid. When 1.5 liters of ethyl acetate  were  tain  about  25
percent  by weight of the 7 - 10  added and mixed with the concentrate,
about  (2' - thienylacetamido)sephaloporanic  acid,     10 ml. of a viscous
lower phase  was obtained.  dilute with ethyl acetate to separate an oily
75     This was separated from the organic upper  residue, separated  from
the oily residue,     phase. The oily lower phase may   be dis-  washed
with water, and then treated with     carded, but in this work the phase
was  sodium  acetate  in  methanol solution. (120 15  scrubbed, but in this
work the  phase was  mg. of  NaOAc/ml.of  solution) with stirring.
scrubbed with  80 ml. of ethyl acetate. This  The  sodium  7 - (2' -
thienylacetamido)  80     ethyl acetate wash phase which resulted  was
cephalosporanate  salt (sodium cephalothin)     pooled with 100 ml. of
ethyl acetate and the  product  from each run  was  analyzed spectro-
resulting 180 ml. of  ethyl acetate   solution  photometrically in the
ultraviolet region. The 20  were used as the second scrub on  the primary
actual yield of sodium cephalothin from each     1100 ml. aqueous phase
obtained  when  the  run was calculated from the  ultraviolet assay, 85
acetone-ethyl acetate-acid solution after re-  assuming 95 percent minimum
purity. The     moval of the oily residue as above described,  results are
summarized  in  the following     was now in turn scrubbed with 1  liter of
table: 25  water. The aqueous 1100 ml.  phase was     washed again with the
180 ml. ethyl  acetate              Product Analysis[err]     wash solution
from the oily gum wash step.    Variable    237/265 Ratio[err]    Wt.(g.)
90     The aqueous phase was separated and dis-  Urea Absent
1.66           1.77     carded. The organic phase from the  aqueous  Urea
Present            1.65          2.44 30  wash step (170 ml.) was pooled
with the     scrubbed acetone-ethyl acetate-acid  organic  [err]The U/V
absorption was read on a     phase (1630 ml.) to give a water scrubbed
Cary, Model 11, Recording Spectrophoto-     organic solution (1800 ml.) of
cephalothin  meter.                                       95     acid.
[err]The  237/265 ratio reflects the purity of 35    To this organic
solution there was added  the sodium  cephalothin product relative to
119 ml. of a methanolic solution of sodium   other  species  absorbing in
the ultraviolet     acetate (120 mg. of NaOAc/ml.) with stir-  region. In
general, the nearer this ratio     ring. A  precipitate of sodium  7 -  (2'
-  approaches 1.62 to 1.64, the value for highly 100
thienylacetamido)cephalosporanate     salt purified sodium  cephalothin,
the better the 40  (sodium  cephalothin) was obtained  which  quality of
the once crystallized sodium salt.     weighed 60.7 g. and which analyzed
as  95.2  In this  experiment there was obtained a     percent pure by the
ultraviolet absorption  38.1 percent  improvement in yield when urea
method. The maximum or theoretical yield  was added. This example clearly
illustrated  105   was 71.5 g. of pure sodium salt. The yield  that
advantage is obtained by using urea in 45  was 80.7 percent of theory. The
product ex-  the reaction mixture.     hibited the characteristic ratio of
1.625 at the     wave lengths of 237 and 265 millimicrons.
EXAMPLE 3     This compares closely to the observed ratio of    This
example illustrates that an advantage     1.62 to 1.64 at these same wave
lengths for  can also  be obtained by incorporating  thio- 110 



50  highly purified sodium cephalothin.        urea into the acylation
reaction mixture.                                                    To  a
mixture of 30 ml  of acetone and                     EXAMPLE 2
1.96 g. (0.028 mole) of thiourea there were       This example illustrates
the advantage of  added 2.2 g. representing 0.00658 mole of     using urea
in the 7-ACA acylation reaction  the same impure 7-ACA as was used in Ex-
115     mixture.                                     ample 1; and then
while the mixture was 55    Two acylation runs were made in which  being
stirred, 1.65 g.  (0.01029 mole) of 2-     all  of the conditions were kept
constant ex-  thienylacetyl chloride in 15 ml. of acetone     cept for the
presence of urea in one of the  were added over 1hour at room temperature.
two reactions. In this experiment in  each run  The  mixture was stirred
for 2  additional 120     2.2 g. (0.00685 mole) of the same impure 7-
hours to insure complete reaction, and was 60  ACA as was used in Example 1
were added  then worked up in the manner described in     to 30 ml. of
acetone, and then 1.65 g.  Example 2 to recover the sodium cephalothin
(0.01029 mole) of 2 - thienylacetyl chloride in  content  thereof.  The
yield  of  sodium     15 ml. of acetone was added dropwise over
cephalothin was 2.0 g. Based upon the same 125     1 hour at room
temperature.  In one of the  calculations for the 7-ACA starting material
5                                          1,206,626
5      used with no additives, the improvement in                  EXAMPLE
6     yield when thiourea was present was 17.5    To a mixture of the 84.8
percent pure  7     percent.                                    ACA
(0.00695 mole) (of the type described in  65
Example 1) in 30 ml. of acetone and 3.47 g.                     EXAMPLE 4
of dithiobiuret, a solution of 0.01029 mole 5    To a mixture of 30 ml. of
acetone and  of thiophene-2-acetyl chloride in 15 ml. of     2.2 g (0.00685
mole) of commercial grade 7-  acetone was added dropwise over 1 hour at
ACA (84.8 percent pure) there was added at  room  temperature. The reaction
mixture was  70     room  temperature 3.5 g. (0.0257 mole) of  purified in
the manner described in Example     phenylurea. While stirring the mixture
there  3. The cephalothin product content was pre- 10  was added dropwise
1.25 ml. (0.01029 mole)  cipitated from  organic solution by adding     of
thiophene - 2 - acetyl chloride in 15 ml. of  sodium   acetate  in
methanol  to  effect     acetone over 1 hour. Stirring was continued
crystallization of sodium  cephalothin. The  75     for an additional hour
to insure complete re-  yield of sodium cephalothin was 1.8 g. of
action. The insoluble material was filtered  90.5 pure material. 15 and
washed with 25 ml. of acetone. The com-     position filtrate and washings
had a volume                 EXAMPLE 7     of 63 ml. An aliquot of the
composite was    To a mixture of 0.00695 mole of 7-ACA     checked by
ultraviolet analysis assay after  (84.8 percent pure) in 30 ml. of acetone
and  80     concentration to about 25 percent solids by  4.03 g. of biuret,
there was added with stir- 20 removing acetone. The remainder of the ring
0.01029 mole of thiophene-2-acetyl     filtrate was concentrated to 12 ml.
volume, chloride diluted in 15 ml. of acetone over 1     diluted with 50
ml. of ethyl acetate to force  hour at room  temperature.  The reaction
out a lower water soluble viscous phase. The  mixture  was purified to
separate  water 85     water soluble lower phase was separated and  soluble
material and then the organic phase 25  discarded. The organic upper phase
contain-  containing  the  cephalothin  product was     ing the cephalothin
product was washed  treated  with  sodium  acetate  diluted  in
successively with 25 ml. and 10 ml. portions  methanol to obtain 2.1 g. of
sodium cephalo-     of water. These water washes (37 ml.) were  thin
crystals which were 96.3 percent pure  90     pooled and commingled with 10
ml. of ethyl  product. 30 acetate. The resulting ethyl acetate phase was
separated from the water phase and combined     with the main organic phase
to give 79 ml.,   WHAT WE CLAIM IS: -     assaying 36 mg. of
cephalothin/ml. of solu-    1. An improved process for acylating 7-
tion  by  the  ultraviolet  assay  method. ACA with an acyl halide, which
comprises 35  Cephalothin was recovered from the organic  containing the
7-ACA with the acyl halide in  95     phase as an insoluble sodium
cephalothin salt  the presence of (1) an organic liquid diluent     by the
addition of 5.5 ml. of a 12 percent of  containing up to 5% by volume of
water that     sodium  acetate in methanol solution, with  is a non-solvent
for said 7-ACA, substantially     agitation being continued about 0.5 hour
after  chemically inert toward said acyl halide and 40  addition  was
completed.  The  resulting  a solvent for the cephalosporin acylation pro-
100 



sodium  cephalothin  crystals  which  pre-  duct, and (2) at least one
member of the     cipitated were filtered, washed with 25 ml. group
consisting of urea, thiourea, biuret, di-     of isopropanol, and dried at
40[err]C. for 18  thiobiuret, phenylurea, 1,1-diphenylurea, and     hours
at 10 mm. vacuum  pressure. The  phenylthiourea, said component (2) being
pre- 45  sodium cephalothin product weighed 1.5 g. sent in the reaction
mixture in an amount 105     The ultraviolet purity was 97.5 percent. The
ranging from about 0.5 to about 2.0 molar     yield was thus 51 percent. In
this example, equivalents of said component (2) for each     the mother
liquor still contained cephalothin  molar equivalent of the acyl halide.
activity, reflecting incomplete precipitation.  2. The process of claim  1,
wherein the                                                 organic liquid
diluent (1) is selected from the 110
gorup consisting of dialkyl ketones having 50                 EXAMPLE 5
from 1 to 2 carbon atoms in each alkyl group,       The procedure of
Example 4 was followed  alkyl aliphatic acylate esters having from 2
except that a mixture of 0.00695 mole of to about 7 carbon atoms, dialkyl
sulfoxides     the same purity 7-ACA in 30 ml. of acetone  having from  1
to about 4 carbon atoms in 115     with 5.45 g. of 1,1-diphenylurea was
treated  each alkyl group, and the component (2) is 55  with  0.01029 mole
of thiophene-2-acetyl  urea.     chloride diluted with 15 ml. of acetone,
added    3. A process of claim 1 or 2, wherein the     dropwise, over 1
hour at room temperature.  organic liquid diluent (1) is a mixture of
Sodium   cephalothin  crystals  were  pre-  diluents including a major
proportion of 120     cipitated  from  the  purified  mixture  by  acetone.
60  commingling sodium acetate in methanol solu-   4. The process of claim
1, 2 or 3, wherein     tion with the mixture. The yield was 1.7 g.  the
component (2) is an amount ranging from     of 75.5 percent pure sodium
cephalothin.  about 0,8 to about 1.2 molar equivalents of
5                 1,206,626                                   5      used
with no additives, the improvement in    EXAMPLE 6     yield when thiourea
was present was 17.5    To a mixture of the 84.8 percent pure 7-
percent.                                 ACA (0.00695 mole) (of the type
described in  65                                                 Example 1)
in 30 ml. of acetone and 37 g.                    EXAMPLE 4
of dithiobiuret, a  solution of 0.01029 mole 5    To a mixture of 30  ml.
of acetone and  of thiophene-2-acetyl chloride in 15 ml. of     2.2 g
(0.00685 mole) of commercial grade 7-  acetone was added dropwise over 1
hour at     ACA (84.8 percent pure) there was added at room temperature.
The reaction mixture was  70     room temperature 3.5 g. (0.0257 mole) of
purified in the manner described in Example     phenylurea. While stirring
the mixture there  3. The cephalothin product content was pre- 10 was added
dropwise 1.25 ml. (0.01029 mole)  cipitated from  organic solution by
adding     of thiophene - 2 - acetyl chloride in 15 ml. of  sodium
acetate  in  methanol  to  effect     acetone over 1 hour. Stirring was
continued  crystallization of sodium  cephalothin. The  75     for an
additional hour to insure complete re-  yield of sodium cephalothin was 1.8
g. of     action. The insoluble material was filtered  90.5 pure material.
15 and washed with 25 ml. of acetone. The com-     position filtrate and
washings had a volume                EXAMPLE 7     of 63 ml. An aliquot of
the composite was    To a mixture of 0.00695 mole of 7-ACA     checked by
ultraviolet analysis assay after  (84.8 percent pure) in 30 ml. of acetone
and  80     concentration to about 25 percent solids by  4.03 g. of biuret,
there was added with stir- 20  removing acetone. The remainder of the  ring
0.01029  mole of thiophene-2-acetyl     filtrate was concentrated to 12 ml.
volume, chloride diluted in 15 ml. of acetone over 1     diluted with 50
ml. of ethyl acetate to force  hour at room   temperature.  The reaction
out a lower water soluble viscous phase. The  mixture was purified to
separate water 85     water soluble lower phase was separated and  soluble
material and then the organic phase 25  discarded. The organic upper phase
contain-  containing  the  cephalothin  product was     ing the cephalothin
product was washed  treated  with  sodium  acetate  diluted  in
successively with 25 ml. and 10 ml. portions  methanol to obtain 2.1 g. of
sodium cephalo-     of water. These water washes (37 ml.) were  thin
crystals which were 96.3 percent pure  90     pooled and commingled with 10
ml. of ethyl  product. 30  acetate. The resulting ethyl acetate phase was
separated from the water phase and combined     with the main organic phase
to give 79 ml.,   WHAT WE CLAIM IS:-     assaying 36 mg. of cephalothin/ml.
of solu-   1. An improved process for acylating 7-     tion  by  the
ultraviolet assay  method. ACA with an acyl halide, which comprises 



35  Cephalothin was recovered from the organic  containing the 7-ACA with
the acyl halide in  95     phase as an insoluble sodium cephalothin salt
the presence of (1) an organic liquid diluent     by the addition of 5.5
ml. of a 12 percent of  containing up to 5% by volume of water that
sodium  acetate in methanol solution, with  is a non-solvent for said
7-ACA, substantially     agitation being continued about 0.5 hour after
chemically inert toward said acyl halide and 40  addition  was  completed.
The  resulting  a solvent for the cephalosporin acylation pro- 100
sodium  cephalothin  crystals  which  pre-  duct, and (2) at least one
member of the     cipitated were filtered, washed with 25 ml. group
consisting of urea, thiourea, biuret, di-     of isopropanol, and dried at
40[err]C. for 18  thiobiuret, phenylurea, 1,1-diphenylurea, and     hours
at 10 mm. vacuum  pressure. The  phenylthiourea, said component (2) being
pre- 45  sodium cephalothin product weighed 1.5 g. sent in the reaction
mixture in an amount 105     The ultraviolet purity was 97.5 percent. The
ranging from about 0.5 to about 2.0 molar     yield was thus 51 percent. In
this example, equivalents of said component (2) for each     the mother
liquor still contained cephalothin  molar equivalent of the acyl halide.
activity, reflecting incomplete precipitation.  2. The process of claim  1,
wherein the                                                  organic liquid
diluent (1) is selected from the 110
gorup consisting of dialkyl ketones having 50                 EXAMPLE 5
from 1 to 2 carbon atoms in each alkyl group,        The procedure of
Example 4 was followed  alkyl aliphatic acylate esters having from 2
except that a mixture of 0.00695 mole of to about 7 carbon atoms, dialkyl
sulfoxides     the same purity 7-ACA in 30 ml. of acetone  having from 1 to
about 4 carbon atoms in 115     with 5.45 g. of 1,1-diphenylurea was
treated  each alkyl group, and the component (2) is 55 with  0.01029  mole
of thiophene-2-acetyl  urea.     chloride diluted with 15 ml. of acetone,
added    3. A process of claim 1 or 2, wherein the     dropwise, over 1
hour at room temperature.  organic liquid diluent (1) is  a mixture of
Sodium cephalothin crystals were pre- diluents including a major proportion
of 120     cipitated  from  the purified  mixture by  acetone. 60
commingling sodium acetate in methanol solu-   4. The process of claim 1, 2
or 3, wherein     tion with the mixture. The yield was 1.7 g. the component
(2) is an amount ranging from     of 75.5 percent pure sodium cephalothin.
about 0.8 to about 1.2 molar equivalents of               1,206,626
urea per molar equivalent of the acyl halide  the mixture at a  steady rate
in from  about     used.                                        0.5 to 1.5
hours at from about 15  to  35[err]C;       5. An improved process of
making codium   and in step (3) the water soluble sodium salt.     7  - (2'
- thienylacetamide)cephalosporanic  is sodium acetate in methanol to effect
pre 5   acid salt, which comprises (1)  forming a  cipitation of sodium  7
- (2' - thienylacet-     mixture of (a) 7-ACA  in   (b) an organic
amido)cephalosporanic   acid  salt  from  the     liquid diluent as defined
in claim 1 and (c) at  organic liquid.                          30
least one member of the group consisting  of   7.  The improved process for
acylating 7-     urea, thiurea,  biuret, dithiobiuret, phenylurea,  ACA
with an acyl halide, substantially as 10  phenylthiourea, and
1,1-diphenylurea (2) con-  herein described with particular reference to
tacting  said  mixture  with  2-thienylacetyl  any one of  the specific
examples.     chloride to form  7 - (2' - thienylaceyl)-    8. A
cephalosporanic antibiotic obtained by  35     cephalosporanic acid   and
(3)  contacting said  the process of any  of claims 1 to 7.     7 - (2' -
thienylacetamido)cephalosporanic     9.  A   cephalosporanic  antibiotic
sub- 15  acid with a water soluble sodium organic  acid  stantially as
herein described with particular     salt in an organic liquid diluent to
form the  reference to any one of the specific ex-     sodium  7 - (2' -
thienylacetamido)cephalo-  amples.                                    40
sporanate salt.       6. The process of claim 5, wherein the  sub- 20
stantially anhydrous organic liquid diluent       BOULT,  WADE & TENNANT,
(1) (b)contains  a major proportion of acetone,  111 &  112  Hatton Garden,
London, E.C.1.     the mixture component (1) (c) is urea; in  step
Chartered Patent Agents,     (2) the 2 - thienylacetyl chloride is added to
Agents for the Applicant(s).          Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa, 1970.          Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY. from
which copies may be obtained.    


