
(54) A PROCESS FOR THE PREPARATION OF 7-AMINOCEPHALOSPORANIC ACID AND
DERIVATIVES THEREOF (71)   We, BRISTOL-MYERS COMPANY, a corporation
organized under the laws of the State of Delaware, United States of
America, of 345 Park Avenue, New York, State of New York, United States of
America, do hereby declare the invention, for which we pray that a patent
may be granted to us, and the method by which 5      it is to be performed,
to be particularly described in and by the following statement:-  5 This
invention relates to the production of derivatives of cephalosporin C. In
particular there are provided methods for the preparation of an acylated
cephalo- sporin C and for the preparation of 7-aminocephalosporanic acid
(7-ACA). Recovery methods for cephalosporin C from fermentation broth are
described 10     in United States Patents Nos. 3,093,638 and 3,094,527,
wherein the processes de-   10 scribed involve adsorption of the
cephalosporin C onto an adsorbant as compared to solvent extraction. While
the use of (lower)alkylcarbamoyl or arylcarbamoyl-cephalo- sporin C
derivatives are not described as being formed "in situ" in cephalosporin C
fermentation broth, or as being useful to aid in the extraction of
cephalosporin C from 15     its broth, or as being useful as a starting
material in the production of 7-ACA    15 some of these compounds are
described in the Patent literature (British Patents Nos. 1,014,883 and
1,064,495 and United States Patent No. 3,227,712) as antibiotics. Several
processes for the chemical cleavage of cephalosporin C or certain of its
deriva- tives are described in the Patent literature (United States Patents
Nos. 3,188,311; 20     3,234,223 and 3,124,576 and British Patent No.
1,041,985). None of these processes  20 employ the use of N-(lower)alkyl-
or arylcarbamoyl-cephalosporin C or a silyl ester thereof as a starting
material. 7-Aminocephalosporanic acid (7-ACA) is a most valuable
intermediate in the pre- paration of a multitude of semi-synthetic
cephalosporanic acid antibacterial agents. 25     In view of the
impracticability of the total synthesis of 7-ACA on a large scale, com-  25
mercial supplies of the compound are prepared by the chemical degradation
of naturally occurring cephalosporanic acids, i.e., cephalosporin C, which
is produced by fermenta- tion. Most 7-ACA is derived from cephalosporin C
(United States Patent 3,093,638) which has the structure [err] The
production of 7-ACA by currently available methods is fraught with diffi-
culties from the fermentation to the chemical cleavage of cephalosporin C.
Low yields of 7-ACA have made it difficult for cephalosporanic acids to
take their rightful place in antibiotic therapy. For this reason the
processes of the present invention are a 35     significant improvement
over the methods of the prior art.                         35 Cephalosporin
C is characterized by an amino-acid function in its side chain. The
amino-acid exists in the form of a zwitterion in aqueous solution and as
such    2                                           1,283,223
2 is very water soluble. Because of its highly ionic nature, it is
extremely difficult to harvest by solvent extraction of the fermentation
broth. The harvesting procedure currently used involves the adsorption of
the crude cephalosporin C from the fer- mentation broth onto a suitable
adsorbant, e.g., charcoal, or an ion exchange resin, 5      followed by
elution, concentration and precipitation at the isoelectric point or by
salt  5 formation (United States Patent No. 3,094,527). The low degree of
efficiency coupled 



with the complexity of each step in this process combine to make it very
difficult to manufacture 7-ACA. The building block of the semi-synthetic
cephalosporins is 7-ACA, whose struc- 10     ture is shown below:
10 [err] Most 7-ACA is prepared by partial degradation of cephalosporin C
or its de- rivatives by chemical means (United States Patents Numbers
3,124,576; 3,188,311 and 3,234,223). 15          Again, most of these
methods provide commercial yields that are undesirably         15 low.
Furthermore, these methods invariably employ as the starting material a
purified form of cephalosporin C which is difficult to obtain. There is
therefor a need for a process for improving on the harvestable yields of
cephalosporin C from its fermentation broth in such a chemical form as to
be directly 20     useable in subsequent cleavage reactions to produce
7-ACA without substantial puri-     20 fication procedures. This has now
been achieved by the provision according to the present invention, of the
process for the "in situ" preparation and harvesting of a derivative of
cephalo- sporin C having the formula [err] wherein R is (lower)alkyl but
preferably ethyl, n-propyl, isopropyl, n-butyl or isobutyl; or a group of
the formula wherein n is an integer of 0 to 6 (R is phenethyl for example)
and R[err] and R[err] are 30      alike or different and each is H, Cl, Br,
F, NO[err], (lower)alkyl or (lower)alkoxy, but    30 preferably hydrogen;
which comprises the consecutive steps of: (A) adding an acylating agent
which is an isocyanate of formula R-N=C=O in which R is as defined above,
to an acid-incubated fermentation broth preferably 35      previously
filtered, containing cephalosporin C, in a ratio of at least 2 moles of
acylat-  35 ing agent per mole of cephalosporin C, but preferably in a
ratio of from 2 to 10 moles of acylating agent per mole of cephalosporin C,
and most preferably 5 to 8 moles of acylating agent per mole of
cephalosporin C (e.g. about 6 moles), at a pH of    3
1,283,223                                       3 above 7, but preferably
about 8, at a temperature no greater than 60[err]. to form said derivative
of cephalosporin C; and (B) recovering said derivative of cephalosporin C,
preferably by extraction using a water-immiscible organic solvent such as
methyl isobutyl ketone, butanol, ethyl 5      acetate, chloroform,
methylene chloride or dichloroethane but preferably n-butanol, at  5 a pH
of from 1 to 3, but preferably about pH 2. The term "(lower)alkyl" for the
purpose of the present invention is defined as an alkyl group comprised of
1 to 10 carbon atoms, including for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, and n-pentyl but especially 10
methyl, ethyl, n-propyl, isopropyl, n-butyl and isobutyl. The terms
"(lower)alkoxy"  10 and "halo(lower)alkyl" are also defined as moieties
containing 1 to 10 carbon atoms. The fermentation of the mould known as
Cephalosporium, or an appropriate mutant thereof, produces a mixture of
compounds, predominately cephalosporin C and lesser amounts of
cephalosporin N (now known to be a penicillin). Cephalosporin 15     C is
acid stable while cephalosporin N is not. Accordingly, prior to the
reaction of  15 



the fermentation broth with acylating agent, it is desirable to destroy in
situ any co- produced cephalosporin N. This is accomplished by
acidification to about pH 2 with a mineral acid such as hydrochloric acid,
sulphuric acid, or phosphoric acid, followed by an incubation period of
from 2 to 20 hours. The fermentation broth may be 20     filtered before or
after acidification and incubation.                           20 Following
this step, the filtrate of the fermentation broth containing the cephalo-
sporin C is adjusted to from pH 7 to 9, but preferably about 8, by the
addition of an alkali metal base such as sodium or potassium hydroxide. The
volume of the prepared broth is increased about 25% by the addition 25
of acetone. The acylating agent is added to this solution with stirring in
a ratio of at  25 least 2, preferably from 2 to 10 moles of acylating agent
per mole of cephalosporin C (broth concentration having been predetermined)
but more preferably in a ratio of from 5 to 8 moles. The pH is held
constant during the slow addition and for at least 30 minutes following the
addition. The temperature of the broth is preferably main- 30     tained
below 40[err]C. e.g. from -5[err]C to 20[err]C, but more preferably at
0[err]C. to 25[err]C.  30 e.g. from 0[err]C to 5[err]C during this time.
The reaction is usually complete one hour after the addition is completed.
One-half volume of an immiscible organic solvent is added, preferably
n-butanol, and the pH is adjusted to from 1 to 3, but preferably 2. The
mixture is stirred and 35     the organic solvent phase containing the
cephalosporin C derivative III is collected.  35 The organic solution is
concentrated in vacuo to about one-third its original 25
volume at a temperature not to exceed 40[err]C. The concentrate is cooled
to about 20[err]C. to 30[err]C. and the sodium salt of the cephalosporin
derivative III is precipitated by the addition -of a slight excess of
sodium 2-ethylhexanoate dissolved in a solvent 40     such as n-butanol.
The mixture is cooled to 0[err]C. to 5[err]C. for 3 to 4 hours and the  40
solid sodium salt of derivative III is collected by filtration. The filter
cake is washed with cold n-butanol followed by an n-hexane washing. The
product is dried in vacuo at about 25[err]C. Another aspect of the
invention is a process for the preparation of 7-ACA which 45     is capable
of using the compounds having formula III for instance when prepared  45 by
the above process without the necessity of preliminary purification or
chemical conversion to cephalosporin C. This has been achieved by the
provision according to the present invention, of the process for the
preparation of 7-aminocephalosporanic acid which comprises the 50
consecutive steps of: (A) mixing a compound having the formula
50 [err] wherein each M  is hydrogen, metal or an amine cation, and R is
(lower)alkyl, but preferably ethyl, n-propyl, isopropyl, n-butyl and
isobutyl; or an aralkyl group of 55     the formula
55    4                                          1,283,223
4 [err] wherein n is an integer of 0 to 6 (R is phenethyl for example) and
R[err] and R[err] are alike or different and each is H, Cl, Br, F, NO[err],
(lower)alkyl or (lower)alkoxy, but preferably hydrogen; with at least two
equivalents of a silyl compound of the formula [err] 5 



or [err] wherein R[err], R[err] and R[err] are the same or different and
are each hydrogen, halogen, (lower)alkyl, halo(lower)alkyl or phenyl, at
least one of the said R[err], R[err] and R[err] groups 10  being other than
halogen or hydrogen; R[err] is (lower)alkyl, m is an integer of 1 to 2  10
and X is halogen or [err] wherein R[err] is hydrogen or (lower)alkyl and
R[err] is hydrogen, (lower)alkyl or R5 [err] 15     but preferably
dimethyldichlorosilane or trimethylchlorosilane; under anhydrous con-  15
ditions in the presence of an acid deactivating tertiary amine such as
triethylamine, trimethylamine, dimethylanidine, quinoline, lutidine, or
pyridine, in an inert solvent such as methylene chloride, dichloroethane,
chloroform, tetrachloroethane, nitro- methane, or diethylether, to produce
the corresponding silyl di-ester of compound 20      III.
20 (B) mixing said silyl di-ester with a halogenating agent such as
phosphorus. penta- chloride, phosphorus pentabromide, phosphorus
trichloride, phosphorus tribromide, oxalyl chloride, p-toluenesulfonyl
halide, phosphorus oxychloride, or phosgene, in a molar ratio of 2 or more
moles of halogenating agent per mole of silyl ester, (e.g. 2 to 25      4
moles) preferably 2 to 3 moles, but more preferably about two moles, under
an-  25 hydrous conditions in an inert solvent such as methylene chloride,
dichloroethane, chloroform, tetrachloroethane, nitromethane, or diethyl
ether in the presence of an acid deactivating tertiary amine such as
triethylamine, dimethylaniline, quinoline, lutidine, or pyridine, at a
temperature below 0[err]C., but preferably from -10[err]C. to -60[err]C. 30
and more preferably in the range of -40[err]C. to -60[err]C., to produce in
solution the.  30 corresponding imino-halide; .    5
1 ,2 8 3 ,2 2 3                                     5 (C) mixing with said
solution of imino-halide an alcohol which may be an aliphatic alcohol
having 1 to 12 carbon atoms or a phenylalkyl alcohol having 1 to 7 alkyl
carbon atoms, at a temperature below 0[err]C., but preferably -40[err]C. to
-70[err]C. to produce in the solution the corresponding imino-ether; and
(D) mixing said solution of imino-ether under acidic conditions with water
or      5 an alcohol particularly an aliphatic alcohol, for example
methanol, n-propanol, iso- propanol or a mixture thereof, or a mixture of
both, to produce 7-aminocephalosporanic acid. The process of the invention
unexpectedly produces high yields under both labora- 10      tory and
commercial scale conditions. The yields, which may be in the order of
10 50%  to 70%, are attributed to the use of silyl esters on the carboxyl
groups of the compounds of formula III. The silyl esters may be prepared
and hydrolyzed to the acid again without the loss of product, especially if
the reaction proceeds at a tem- perature below  -20[err]C., preferably
-40[err]C. to -70[err]C., during formation of the 15        iminoether.
Moreover, the use of silyl esters rather than the esters employed in the
15 previously cited Patents, simplifies the process since the silyl ester
hydrolyzes simulta- neously with the splitting of the double bond of the
imino-group and avoids the separate step of splitting the 4-carboxylic
esters of the prior art processes. 



The formation of the silyl ester is accomplished by reacting a silyl
compound of 20      formula IV or V, under anhydrous conditions, in an
inert organic solvent, with the      20 compound  of formula III, or  a
salt thereof, in the presence  of an  acid deactivating tertiary amine.
Inert solvents which can be used include amongst others methylene chloride,
di- chloromethane, dichloroethane, chloroform, tetrachloroethane,
nitromethane, benzene 25      and diethyl ether.
25 Salts of compound III which can be used include amongst others alkali
metal and alkaline earth metal salts such as potassium, sodium, and
calcium, and also aluminum salts. Also acceptable are ammonium and amine
salts, preferably tertiary amines such as triethylamine, dibenzylamine,
trimethylamine, N-methylmorpholine, 30       pyridine,
N-benzyl-[err]-phenethylamine, 1-ephenamine, N,N'-dibenzylethylene-diamine,
dehydroabiethylamine, and N-(lower)alkylpiperidines such as
N-ethyl-piperidine. Tertiary-amine salts are preferable. Acid deactivating
tertiary amines which can be used include amongst others tri- ethylamine,
trimethylamine, dimethylaniline, quinoline, lutidine, and pyridine. The 35
quantity of acid deactivating amine used is preferably an amount equivalent
to about    35 75%   of the total acid generated in the process by the
halogenating agent and the halosilane compound reacting with compound III.
Silyl compounds of formulas IV and V which can be used are: trimethyl
chloro- silane, hexamethyl disilazane, triethyl chlorosilane, methyl
trichlorosilane, dimethyl 40      dichlorosilane, triethyl bromosilane,
tri-n-propyl chlorosilane, bromomethyl dimethyl   40 chlorosilane,
tri-n-butyl chlorosilane, methyl diethyl chlorosilane, dimethyl ethyl
chloro- silane, phenyl dimethyl bromosilane,  benzyl methyl ethyl
chlorosilane, phenyl ethyl methyl chlorosilane, triphenyl chlorosilane,
triphenyl fluorosilane, tri-o-tolyl chloro- silane,
tri-p-dimethylaminophenyl chlorosilane, N-ethyl triethyl silylamine,
hexaethyl 45      disilazane, triphenyl silylamine, tri-n-propyl
silylamine, tetraethyl dimethyl disilazane,  45 tetramethyl diethyl
disilazane, tetramethyl diphenyl disilazane, hexaphenyl disilazane, and
hexa-p-tolyl disilizane. The same effect is produced by
hexa-alkylcyclotrisilazanes or octa-alkylcyclotetrasilazanes. Other
suitable silylating agents are silylamides and silylureides such as
trialkylsilylacetamide and a bis-trialkylsilylacetamide. 50            The
imino  compound  is preferably an  imino  chloride  or bromide  which  can
be  50 prepared  by  reacting  the silyl ester of compound  III with a
halogenating  agent such as phosphorus pentachloride, phosphorus
pentabromide, phosphorus  trichloride, phos- phorus tribromide, oxalyl
chloride, p-toluene  sulphonic acid halide, phosphorus oxy- chloride, or
phosgene, under  anhydrous  conditions  in  the  presence  of  acid
binding 55       agents at temperatures  below  0[err]C. such  as
-40[err]C.  to -60[err]C.                          55 A very important step
for high yields of the process of the present invention  is the formation
of the  imino  ether by  reacting  the  imino  halide  under anhydrous
conditions with  a  primary  or secondary  alcohol at temperatures  below
0[err]C, preferably between -20[err]C.  and -70[err]C.  and  more
preferably about  -40[err]C. to -70[err]C. Temperatures 60       higher
than  -40[err]C.  result in a  substantial reduction  in yield.
60 Alcohols which  can  be  used  for  producing  the  imino  ethers  from
the imino- halides are primary and secondary alcohols having the general
formula R[err]OH in which  R[err] is (A)  alkyl having  1  to 12  carbon
atoms, preferably having  1  to 3 carbon atoms, such  as methanol, ethanol,
propanol, isopropanol, n-butanol, amyl alcohol and n 65       decanol; (B)
phenylalkyl  having  1  to  7  alkyl  carbon  atoms, such  as benzyl
alcohol  65   



6                                  1,283223 and 2-phenylethanol-1; (C)
cycloalkyl, such as cyclohexyl alcohol; (D) hydroxyalkyl having 2 to 12
carbon atoms, preferably at least 3 carbon atoms, such as 1,6-hexane- diol;
(E) alkoxyalkyl having 3 to 12 carbon atoms, such as 2-methoxyethanol,
2-iso- propoxyethanol, 2-butoxyethanol; (F) aryloxyalkyl, having 3 to 7
carbon atoms in the 5      aliphatic chain, such as
2-p-chlorophenoxyethanol; (G) aralkoxyalkyl, having 3 to 7 carbon atoms in
the aliphatic chain, such as 2-(p-methoxybenzyloxy)-ethanol; (H)
hydroxyalkoxyalkyl, having 4 to 7 carbon atoms, such as diglycol. Also
mixtures of these alcohols are suitable for forming the imino ethers. After
formation of the imino-ether from the imino-halide, the imino bond must 10
be split to produce 7-ACA. The process is accomplished by mild acidic
hydrolysis    10 or alcoholysis. If the quantity of acid deactivating
tertiary amine present in the pro- cess is a quantity less than the acid
produced by the silylation and halogenation, the cleavage will probably
proceed simultaneously upon completion of the formation of the imino-ether.
If however the quantity of acid deactivating amine was more than the 15
acid produced, the cleavage step will require the careful addition of a
quantity of H+  15 to effect the cleavage. This step is carried out at a
temperature of from +10C. to -10[err]C. and preferably at about 0C. The
7-ACA is harvested from the reaction mixture by adjusting the pH of the
mixtures to or near the isoelectric point of the 7-ACA, following which the
7-ACA 20      crystallizes and is collected by filtration.
20 For optimum yields of 7-ACA, it is preferred to use high concentrations
of the reactants. For example, in the formation of the silyl esters, 20% to
30%, preferably 25% by weight of compound III is suspended in an inert
organic solvent and a base for the best results. The silane is employed
preferably in excess, i.e., 10%  to 60% 25      above theoretical amounts.
25 One molecule of cephalosporin C derivative III possesses to reactive
carboxyl groups capable of forming silyl esters. Therefore, in terms of the
silylation reaction, one mole of III is equal to two equivalent weights.
Accordingly, when compound III is treated with dichlorodimethylsilane, one
30      molecule of compound III (two equivalent weights) is treated with
at least one mole-  30 cule (two equivalent weights) of
dichlorodimethylsilane. Similarly, when compound III is treated with
chlorotrimethylsilane, one molecule of compound III (two equiva- lent
weights) is treated with at least two molecules (two equivalent weights) of
chlorotrimethylsilane. 35         This enables the use of solvents which
are not absolutely dry because trace amounts of water are removed therefrom
by reacting with the excess silylating agent. Obviously the quantity of the
silane compound required is dependent upon whether one or both carboxyl
groups of the compound III are available for silyl ester formation. In a
preferred embodiment the ratio of equivalents of silylating agent to
compound 40     III is from 1.2:1 to 2:1. Thus if, as is the case in the
reaction sequence set out  40 below by way of illustration, the compound of
formula III is a monosodium salt with the sodium on the carboxyl group of
the nucleus (the side chain carboxyl group being in a free acid form) the
silylating agent will react first with the carboxyl salt group on the
nucleus. If there is insufficient of the silane compound, due for example
45      to the presence of water, the free carboxyl group will remain
unreacted and the re-  45 action will proceed in this manner.   



7                       1,283,223
7 [err] Our copending Application No. 33138/69 (Serial No. 1283222)
describes and claims a process for the preparation of a derivative of
cephalosporin C of the formula H        D H [err] 5      wherein R is as
defined for the compounds prepared by the process of this invention      5
except that n is an integer of from 1 to 6, which process is analogous to
the present process except that as an acylating agent is employed a
haloformate of formula [err] wherein R is as defined for the cephalosporin
C derivatives resulting from the process 10      and X  is chloro, bromo or
iodo. Also described and claimed in Application No.          10 33138/69
(Serial No. 1283222) is a process for the preparation of 7-ACA from the
aforementioned cephalosporin C derivatives in a process analogous to that
of the present invention.    1,283,223
8 The present invention will now be further illustrated by way of specific
Examples. In these Examples no incubation period is specified since as is
described above the fermentation broth is incubated when cephalosporin N is
present. The fermenta- tion broth used in these Examples does not
necessarily contain cephalosporin N. 5
EXAMPLE 1                                         5 "In Situ" Preparation
of N-(N'-butylcarbamoyl)cephalosporin C [err] Twenty-nine hundred liters of
whole fermentation broth containing cephalo- 10     sporin C was mixed with
108 kg. of a filtering aid and 300 ml. of silicone antifoam  10 and then
filtered at pH 6.9 at 10[err]C. Sufficient oxalic acid was added to the
filtered broth to make the pH 3.1. Follow- ing this addition, the pH was
adjusted to pH 2 by the addition of 30%  sulfuric acid. Fresh filtering
aid, 54 kg., was added and the mixture was filtered. The filtrate 15
thus obtained was extracted with 1/2 volume of methyl isobutyl ketone
(MIBK)     15 at pH 2 and then separated. The MIBK phase was discarded.
One-fourth volume of acetone was added to the extracted broth and the pH
was adjusted to 7.85 with a solution of sodium hydroxide. n-Butylisocyanate
(2 kg./ 1000 1. of broth) was added slowly with stirring (a molar ratio of
about 6.1 moles of 20     n-butylisocyanate per mole of cephalosporin C).
20 The pH was constantly maintained at pH 7.8 to 8.0 by the addition of 15%
of sodium hydroxide and the temperature was held in the range of 0[err]C.
to 10[err]C. during the addition. Stirring was continued until the pH
remained constant without the addition of further sodium hydroxide, a time
of about 2 hours. 25          The pH was adjusted to pH 2 by the addition
of 30%  sulfuric acid and the    25 acylated broth was extracted with
three-fourths volume of n-butanol. The butanol phase was water-washed and
then concentrated to approximately one-half the start- ing volume at
36[err]C. in vacuo. The water content of the concentrate as negligible. The
concentrate as cooled and a solution of sodium ethylhexanoate in n-butanol
30     as added to pH 4.8. The sodium salt of
N-(N'-butylcarbamoyl)cephalosporin C pre-  30 



cipitated and was collected by filtration. The precipitate was washed with
butanol, re-slurried in petroleum ether, washed with acetone, filtered and
dried in a vacuum oven at 40[err]C. to 60[err]C. to yield the product.
Assay of the spent broth indicated the presence of less than 15%
cephalosporin C activity. The product was of adequate 35     purity for the
subsequent preparation of 7-ACA. It assayed as the di-acid.        35 Anal.
calc'd. for C[err]H[err]N[err]O[err]S.H[err]O: C, 47.36; H, 6.06; N, 10.54;
H[err]O, 3.38. Found: C, 47.85; H, 6.52; N, 10.54; S, 6.45; H[err]O, 3.48.
EXAMPLE 2 Preparation of 7-Aminocephalosporanic Acid 40          Sodium
N-(N'-butylcarbamoyl)cephalosporin C [13.4 grams], 45 milliliters of  40
methylene chloride, 1.0 ml. of dimethylaniline and 3.67 ml. of
triethylamine were mixed together. Dichlorodimethylsilane (5.0 ml.) was
added with stirring at a tem- perature of 25[err]-28[err]C. The solution
was stirred for 30 minutes. The solution was then cooled to -60[err]C. and
11.5 grams of phosphorus pentachloride dissolved in 100 45     ml. of
methylene chloride was added while the temperature of the reaction was kept
45 below -40[err]C. An additional 12.4 ml. of NN-dimethylaniline in 10 ml.
methylene chloride was added. The temperature was held below -40[err]C. for
2 hours, then lowered to -73[err]C., and a mixture of 60 ml. of methanol
and 2.5 ml. dimethyl- aniline chilled to -78[err]C. was added slowly. The
temperature rose to -47[err]C. The 50     mixture was stirred and recooled
to -50[err]C. At the end of two hours, 55 ml. of water  50    9
1,283,223                                       9 heated to +95[err]C. was
added. The temperature rose to +5[err]C. The mixture was cooled in an ice
bath and stirred for 4 minutes. The pH was <0.1. Ammonium hydroxide (21.5
ml.) was added over 8 minutes to a pH of 3.8. The mixture was stirred
several hours and then filtered. The precipitate was collected, washed with
5        25 ml. of methylene chloride, then 25 ml. of water, then 50 ml. of
methanol and   5 finally 50 ml. of acetone. The solid was dried to yield
4.05 grams of 93.7% 7-ACA. EXAMPLE 3 "In Situ" Preparation of Sodium
N-(N'-phenylcarbamoyl)-cephalosporin C. The procedure of Example 1 was
repeated with a substitution for the 6.1:1 10     molar ratio of
n-butylisocyanate: cephalosporin C used therein of a 7: 1 molar ratio of
10 phenylisocyanate. A satisfactory product for cleavage to 7-ACA was
produced. Assay of the spent broth after extraction indicated the presence
of less than 15% cephalo- sporin C activity. It was assayed as the diacid.
Anal. calc'd for C[err]H[err]N[err]O[err]S: C, 51.68; H, 4.90; N, 10.48; S,
600. 15         Found: C, 51.63; H, 5.27; N, 10.62; S, 6.14.
15 EXAMPLE 4 Preparation of 7-Aminocephalosporanic Acid Sodium
N-(N'-phenylcarbamoyl) cephalosporin C [13.9 g.], 45 milliliters of
methylene chloride, 1 ml. of dimethylaniline and 3.67 ml. of triethylamine
were mixed 20      together. Dichlorodimethylsilane (5.5 ml.) was added
with stirring at a temperature of  20 25-28[err]C. The slurry was stirred
for 75 minutes, then cooled to -60[err]C. and 12.0 grams of PCI[err] in 100
ml. of methylene chloride was added. An additional 11.0 ml. of
dimethylaniline in 10 ml. of methylene chloride was added. The temperature
was maintained at -40[err]C. for 2 hours. The solution was cooled to
-75[err]C. and 15          25      a solution of 60 ml. methanol and 2.5
ml. dimethylaniline cooled to -78[err]C. was   25 added. The temperature
rose to -52[err]C. The temperature was held in the range of 



-45[err]C. to -50[err]C. for 2 hours. Fifty ml. of water warmed to
95[err]C. was added with stirring. The temperature rose to +5[err]C. After
4 minutes of stirring (pH 0.0), 22 ml. of NH[err]OH was added over an 8
minute interval to pH 3.7. The slurry was stirred 20          30      for
several days with cooling. The precipitated 7-ACA was collected by
filtration,  30 washed with 50 ml. methylene chloride, 40 ml. water, 50 ml.
methanol, then 50 ml. acetone. EXAMPLE 5 25                      "In Situ"
Preparation of Sodium N-(N'-benzylcarbamoyl)-cephalosporin C. 35
The procedure of Example 1 was repeated with substitution of a 7.0:1 molar
35 ratio of benzylisocyanate per mole of cephalosporin C, for the 6.1: 1
molar ratio of n-butylisocyanate: cephalosporin C used in Example 1. Sodium
N-(N'-benzylcar- bamoyl)cephalosporin C was produced. 30 EXAMPLE 6 40
7-ACA From Sodium N-(N'-benzylcarbamoyl)cephalosporin C                 40
The procedure of Example 2 was repeated with substitution of sodium N-(N'-
benzylcarbamoyl)cephalosporin C, for the sodium
N-(N-butylcarbamoyl)cephalosporin C used therein, 7-ACA was produced
satisfactorily. EXAMPLE 7 45         Sodium N-(N-((lower))alkyl- or
aryl-carbamoyl)cephalosporin C Derivatives     45 The procedure of Example
1 was repeated with substitution of the n-butyliso- cyanate used therein by
p-methylphenylisocyanate, o-methoxyphenylisocyanate, 50
o-chlorophenylisocyanate,
50 p-methylbenzylisocyanate, m-nitrophenylisocyanate, methylisocyanate, 45
ethylisocyanate, 55         n-proylisocyanate, isopropylisocyanate,
isobutylisocyanate, or t-butylisocyanate, produces respectively 50
sodium N-[N'-(p-methylphenyl)carbamoyl]cephalosporin C,    10
1,283,223                                        10 sodium
N-[N'-(o-methoxyphenyl)carbamoyl]cephalosporin C, sodium
N-[N'-(o-chlorophenyl)carbamoyl]cephalosporin C, sodium N-
[N'-(p-methylbenzyl)carbamoyl] cephalosporin C, sodium
N-[N'-(m-nitrophenyl)carbamoyl]cephalosporin C, 5          sodium
N-(N'-methylcarbamoyl)cephalosporin C,                                   5
sodium N-(N'-ethylcarbamoyl)cephalosporin C, sodium
N-(N'-propylcarbamoyl)cephalosporin C, sodium
N-(N'-isopropylcarbamoyl)cephalosporin C, sodium
N-(N'-isobutylcarbamoyl)cephalosporin C and 10         sodium
N-(N'-t-butylcarbamoyl)cephalosporin C.                                  10
EXAMPLE 8 The procedure of Example 2 was repeated with substitution of the
sodium N-(N'- 



butylcarbamoyl)cephalosporin C used therein by the carbamoylcephalosporin C
de- rivatives prepared in Example 7, 7-ACA was produced satisfactorily. 15
WHAT WE CLAIM IS:-
15 1. A process for the preparation of a derivative of cephalosporin C of
the for- mula: [err] wherein R is (lower)alkyl or a group of the formula 20
[err]                             20 wherein n is an integer of 0 to 6, and
R[err] and R[err] are the same or different and each is H, Cl, Br, F,
NO[err], (lower)alkyl or (lower)alkoxy; which process comprises adding an
acylating agent which is an isocyanate of formula R-N=C=O 25      wherein R
is as defined above, to an acid-incubated fermentation broth containing  25
cephalosporin C, in a ratio of at least 2 moles of acylating agent per mole
of cephalo- sporin C, at a pH above 7 and at a temperature no greater than
60[err]C, and recover- ing said derivative of cephalosporin C from the
reaction mixture. 2. A process as claimed in claim 1, wherein the acylating
agent is added to a pre- 30      viously filtered and acid-incubated
fermentation broth in a ratio of from 2 to 10  30 moles per mole of
cephalosporin C. 3. A process as claimed in claim 1 or claim 2, wherein the
mole ratio of acylat- ing agent to cephalosporin C is from 5:1 to 8:1. 4. A
process as claimed in any one of the preceding claims, wherein the pH is 35
from 7 to 9.
35 5. A process as claimed in any one of claims 1 to 3, wherein the pH is
about 8. 6. A process as claimed in any one of the preceding claims wherein
the tempera- ture is below 40[err]C. 40          7. A process as claimed in
claim 6 wherein the temperature is from 0[err]C. to    40 25[err]C. 8. A
process as claimed in any one of the preceding claims, wherein R[err] is H.
9. A process as claimed in claim 8, wherein R[err] and R[err] are H. 10. A
process as claimed in any one of claims 1 to 7, wherein R is ethyl, n- 45
propyl, isopropyl, n-butyl or isobutyl.
45 11. A process as claimed in any one of the preceding claims, wherein the
deriva-    10                                          1,283,223 sodium
N-[N'-(o-methoxyphenyl)carbamoyl]cephalosporin C, sodium
N-[N'-(o-chlorophenyl)carbamoyl]cephalosporin C, sodium
N-[N'-(p-methylbenzyl)carbamoyl]cephalosporin C, sodium
N-[N'-(m-nitrophenyl)carbamoyl]cephalosporin C, 5     sodium
N-(N'-methylcarbamoyl)cephalosporin C, sodium
N-(N'-ethylcarbamoyl)cephalosporin C, sodium
N-(N'-propylcarbamoyl)cephalosporin C, sodium
N-(N'-isopropylcarbamoyl)cephalosporin C, sodium
N-(N'-isobutylcarbamoyl)cephalosporin C and 10   sodium
N-(N'-t-butylcarbamoyl)cephalosporin C. EXAMPLE 8 The procedure of Example
2 was repeated with substitution of the sodium N-(N'- 



butylcarbamoyl)cephalosporin C used therein by the carbamoylcephalosporin C
de- rivatives prepared in Example 7, 7-ACA was produced satisfactorily. 15
WHAT WE CLAIM IS:-
15 1. A process for the preparation of a derivative of cephalosporin C of
the for- mula: [err] , -  I       -- wherein R is (lower)alkyl or a group
of the formula [err] 20
20 wherein n is an integer of 0 to 6, and R[err] and R[err] are the same or
different and each is H, Cl, Br, F, NO[err], (lower)alkyl or (lower)alkoxy;
which process comprises adding an acylating agent which is an isocyanate of
formula R-N=C=O 25     wherein R is as defined above, to an acid-incubated
fermentation broth containing     25 cephalosporin C, in a ratio of at
least 2 moles of acylating agent per mole of cephalo- sporin C, at a pH
above 7 and at a temperature no greater than 60[err]C, and recover- ing
said derivative of cephalosporin C from the reaction mixture. 2. A process
as claimed in claim 1, wherein the acylating agent is added to a pre- 30
viously filtered and acid-incubated fermentation broth in a ratio of from 2
to 10     30 moles per mole of cephalosporin C. 3. A process as claimed in
claim 1 or claim 2, wherein the mole ratio of acylat- ing agent to
cephalosporin C is from 5: 1 to 8:1. 4. A process as claimed in any one of
the preceding claims, wherein the pH is 35      from 7 to 9.
35 5. A process as claimed in any one of claims 1 to 3, wherein the pH is
about 6. A process as claimed in any one of the preceding claims wherein
the tempera- ture is below 40[err]C. 40          7. A process as claimed in
claim 6 wherein the temperature is from 0[err]C. to      40 25[err]C. 8. A
process as claimed in any one of the preceding claims, wherein R[err] is H.
9. A process as claimed in claim 8, wherein R[err] and R[err] are H. 10. A
process as claimed in any one of claims 1 to 7, wherein R is ethyl, n- 45
propyl, isopropyl, n-butyl or isobutyl.
45 11. A process as claimed in any one of the preceding claims, wherein the
deriva-    1,283,223                                         11 tive is
recovered by extraction with a water-immiscible organic solvent at a pH of
from 1 to 3. 12. A process as claimed in claim 11, wherein the solvent is
methyl isobutyl ketone, ethylacetate, butanol, chloroform, methylene
chloride or dichloroethane. 5            13. A process as claimed in claim
11, wherein the recovery is at a pH of about   5 2 using n-butanol. 14. A
process as claimed in claim 1 substantially as hereinbefore described in
any one of Examples 1, 3, 5 or 7. 15. A derivative of cephalosporin C of
the formula I defined in claim 1 when 10           10       prepared by a
process as claimed in any one of the preceding claims.                 10
16. A process for the preparation of 7-aminocephalosporanic acid, which
process 



comprises the steps of: (A) mixing a compound having the formula [err] III
15     wherein each M  is hydrogen or a metal or amine cation, and R is as
defined in       15 claim 1 with at least two equivalents of a silyl
compound of the formula [err] 20 or 25 20      wherein R[err], R[err] and
R[err] are the same or different and are each hydrogen, halogen,      20
(lower)alkyl, halo(lower)alkyl or phenyl, at least one of R[err], R[err]
and R[err] being other than halogen or hydrogen; R[err] is (lower)alklyl, m
is 1 or 2 and 25          X is halogen or
25 [err] [err] wherein R[err] is hydrogen or (lower)alkyl and R[err] is
hydrogen, (lower)alkyl or [err] 45    12 12
1,283,223                                          12 under anhydrous
conditions, in the presence of an acid deactivating tertiary amine in an
inert solvent to produce the corresponding silyl di-ester of compound III;
(B) mixing said silyl di-ester with a halogenating agent in a molar ratio
of 2 or more moles of halogenating agent per mole of silyl ester, under
anhydrous conditions 5      in an inert solvent in the presence of an acid
deactivating tertiary amine at a tem-  5 perature below 0[err]C., to
produce in solution the corresponding iminohalide; (C) mixing with said
solution of imino-halide an alcohol at a temperature below 0[err]C., to
produce in the solution the corresponding imino-ether; and (D) mixing said
solution of imino-ether under acidic conditions with water or an 10
alcohol or a mixture of both to produce 7-aminocephalosporanic acid.
10 17. A process as claimed in claim 16, wherein the ratio of silylating
agent to com- pound III is stoichiometric. 18. A process as claimed in
claim 16 or claim 17, wherein the ratio of equiva- lents of silylating
agent to compound III is from 1.2:1 1 to 2:1. 15          19. A process as
claimed in any one of claims 16 to 18, wherein the deactivating  15
tertiary amine in each stage is triethylamine, trimethylamine,
dimethylaniline, quino- line, lutidine or pyridine. 20. A process as
claimed in any one of claims 16 to 19, wherein the inert solvent in each
stage is methylene chloride, dichloroethane, chloroform, tetrachloroethane,
20      nitromethane or diethylether.
20 21. A process as claimed in any one of claims 16 to 20, wherein the
halogenating agent is phosphorus pentachloride, phosphorus pentabromide,
phosphorus trichloride, phosphorus tribromide, oxalyl chloride,
p-toluenesulphonyl halide, phosphorus oxy- chloride or phosgene. 



25           22. A process as claimed in any one of claims 16 to 21,
wherein there is used    25 a molar ratio of 2 to 4 moles of halogenating
agent per mole of silyl ester. 23. A process as claimed in any one of
claims 16 to 21, wherein the mole ratio of halogenating agent to silyl
ester is 2: 1 to 3: 1. 24. A process as claimed in any one of claims 16 to
21, wherein the mole ratio 30      of halogenating agent to silyl ester is
2: 1.                                        30 25. A process as claimed in
any one of claims 16 to 24, wherein the halogena- tion is carried out at a
temperature of from -10[err]C. to -60[err]C. 26. A process as claimed in
claim 25, wherein the halogenation is carried out at a temperature of from
-40[err]C. to -60[err]C. 35          27. A process as claimed in any one of
claims 16 to 26, wherein the alcohol      35 in step (C) is an aliphatic
alcohol having from 1 to 12 carbon atoms or a phenyl alkyl alcohol having
from 1 to 7 carbon atoms in the alkyl group. 28, A process as claimed in
claim 27, wherein the aliphatic alcohol is methanol, ethanol, n-propanol or
isopropanol. 40        29. A process as claimed in any one of claims 16 to
28, wherein the temperature    40 in step (C) is from -20[err]C. and
-70[err]C. 30. A process as claimed in claim 29, wherein the temperature in
step (C) is from -40[err]C. to -70[err]C. 31. A process as claimed in any
one of claims 16 to 30, wherein the alcohol in 45      step (D) is an
aliphatic alcohol.                                                    45
32. A process as claimed in claim 31, wherein the aliphatic alcohol is
methanol, n-propanol or iso-propanol or a mixture thereof. 33. A process as
claimed in any one of claims 16 to 32, wherein step (D) is carried out at a
temperature of from  +10[err]C. to -10[err]C. 50          34. A process as
claimed in any one of claims 16 to 32, wherein step (D) is      50 carried
out at a temperature of about 0[err]C. 35. A process as claimed in any one
of claims 16 to 34, wherein R is ethyl, n- propyl, isopropyl, n-butyl or
iso-butyl, phenyl or phenethyl. 36. A process as claimed in any one of
claims 16 to 34, wherein R[err] is hydrogen. 55          37. A process as
claimed in any one of claims 16 to 36, wherein the silyl com-   55 pound is
dimethyldichlorosilane or trimethylchlorosilane. 38. A process as claimed
in any one of claims 16 to 37, wherein the compound III is produced by a
process as claimed in any one of claims 1 to 14. 39. A process as claimed
in claim 16 substantially as hereinbefore described in 60      any one of
Examples 2, 4, 6 or 8.
60 40. 7-Aminocephalosporanic acid when produced by a process as claimed in
any one of claims 16 to 39. 41. A cephalosporin when produced from
7-aminocephalosporanic acid as claimed in claim 40 by acylation. 65
42. A process according to claim 1, wherein the acylating agent is added to
a   65    I 1111111 111111 11111 11111 111111 13
1,283,223                                         13 previously filtered
and acid-incubated fermentation broth in a ratio of from 2 to 10 moles per
mole of cephalosporin C, at a pH of from 7 to 9, at a temperature of from
0[err]C. to 25[err]C. and the derivative is recovered by extraction with a
water-immiscible organic solvent at a pH of from 1 to 3. 



5           43. A process according to claim 1 wherein R[err] is H, the
mole ratio of acylating agent to cephalosporin C is from 5:1 to 8:1, the
temperature is from 0[err]C. to 15[err]C. and the solvent is methyl
isobutyl ketone, ethyl acetate, butanol, chloroform, methylene chloride or
dichloroethane. 44. A process according to claim 1, wherein R is ethyl,
n-propyl, isopropyl, n- 10          10      butyl or isobutyl, R[err] and
R[err] are H and about 6 moles of acylating agent are employed  10 at a pH
of about 8, at a temperature of from 0[err]C. to 5[err]C. and the recovery
is at a pH of about 2 using n-butanol. 45. A process according to claim 16,
wherein the ratio of equivalents of silylat- ing agent to compound III is
1:1, the deactivating tertiary amine in each stage is tri- 15
ethylamine, trimethylamine, dimethylanidine, quinoline, lutidine or
pyridine, the inert  15 solvent in each stage is methylene chloride,
dichloromethane, dichloroethane, chloro- form, tetrachloroethane,
nitromethane or diethylether, the halogenating agent is phos- phorus
pentachloride, phosphorus pentabromide, phosphorus trichloride, phosphorus
tribromide, oxalyl chloride, p-toluenesulphonyl halide, phosphorus
oxychloride or phos- 20       gene, and is in a molar ratio of 2 to 4 moles
of halogenating agent per mole of      20 silyl ester, the temperature of
the halogenation is from  -10[err]C. to -60[err]C., the alcohol in the
imino ether production stage is an aliphatic alcohol of from 1 to 12 carbon
atoms or a phenyl alkyl alcohol of 1 to 7 alkyl carbon atoms and the tem-
perature in that stage is from -20[err]C. to -70[err]C., and the alcohol in
the acid pro- 25      duction stage is an aliphatic alcohol, the
temperature at that stage being about 0[err]C.  25 46. A process according
to claim  16, wherein R is ethyl, n-propyl, isopropyl, io
n-butyl or isobutyl and R[err] is H, the ratio of equivalents of silylating
agent to com- pound III is from 1.2:1 to 2:1, the halogenating agent is
phosphorus pentachloride io                         or phosphorus
oxychloride and the mole ratio of halogenating agent to silyl ester is 30
from 2:1 to 3:1, the temperature of halogenating agent is from -40[err]C.
to -60[err]C.,      30 a-                         the alcohol in the
imino-ether production stage is methanol, ethanol, n-propanol or
isopropanol, the etherification is conducted at from  -40[err]C. to
-70[err]C., and the ut                          alcohol when used in the
acid production stage is methanol, n-propanol or isopropanol or mixtures
thereof, the temperature in the last stage being from -10[err]C. to
+10[err]C. 35          47.  A process according to claim 16, wherein R is
ethyl, n-propyl, isopropyl, n-  35 butyl or isobutyl, phenyl or phenethyl,
the silyl compound is dimethyldichlorosilane or trimethylchlorosilane, the
inert solvent in each stage is methylene chloride or di- chloroethane and
the halogenating agent is phosphorus pentachloride used in a molar ratio to
silyl ester of 2:1. re     40 BOULT, WADE & TENNANT, Chartered Patent
Agents, 112 Hatton Garden, London, ECIN 8NA. in 45
Reference has been directed in pursuance of Section 9, Subsection (1) of
the Patents Act, 1949, to patent No. 1,064,495. Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa, 1972. Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained. is     50    


