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NOVEL PROCESS FOR THE FERMENTATIVE PRODUCTION
OF CEPHALOSPORIN

5 Field of the invention
The present invention relates to a process for the
preparation of cephalosporins and cephalosporin derivatives.
Mofgxin particular, the present invention relates to the
recovery of cephalecsporins and derivatives therecf from
10 complex mixtures of cephalosperins and other beta-lactam
compounds. The invention is alsc concerned with recovery of
. deacylated cephalosporins from mixtures of beta-lactam
compounds and side chains, such as those obtainable by
enzymatic side-chain removal. |
15
Background of the invention
Semi-synthetic routes to prepare cephalosporins
mostly start from fermentation products such as penicillin

G, penicillin V and Cephalosporin €, which are converted to

20 the corresponding B-lactam nuclei, for instance in a manner
as is disclosed in K. Matsumoto, Bioprocess. Techn., 186,
(1993), 67-88, J.G. Shewale & H. Sivaraman, Prccess
Biochemistry, August 1989, 146-154, T.A. Savidge,
¢ Biotechnology of Industrial Antibiotics (Ed. E.J. Vandamme)
25 Marcel Dekker, New York, 1984, or J.G. Shewale et al.,
Process Bicchemistry Intermational, June 1990, 97-103. The

obtained P-lactam nuclei are subsegquently converted to the

desired antibiotic by coupling to a suitable side chain, as

has been described in inter alia EP 0 339 751, JP-A-53005185
30 and CH-A-640 240. By making different combinations of side

chains and B-lactam nuclei, a variety of penicillin and
cephalosporin antibiotics may be obtained.
7-Amino desacetoxy cephalosporanic acid (7-ADCA) and
7-aminocephalosporonic acid (7-ACA) are known to be the most
35 important intermediates for the production of antibiotics
used in the pharmaceutical industry.
7-ADCA is for example obtained by chemical or
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enzymatic cleavage (deacylation) of phenylacetyldesacetoxy
cephalosporanic acid yielding 7-amino desacetoxy
cephalcsporanic acid and phenyl acetic acid.
Phenylacetyldesacetoxy cephalosporanic acid is
normally produced by chemical treatment of penicillin G
sulgpxide, which is formed from penicillin G. In this
prodgbtion process a large amount of chemicals are required
to ensure that the desired reaction take place. This is both
expensive and places a heavy burden on waste management.
Morecver, the total yield of the process, is not wvery high.
To overcome some of the drawbacks of the chemical
process a fermentative process has been disclosed for the
production of 7-ADCA, 7-amino desacetyl cephalospoﬁanic acid

(7-ADAC) and 7-ACA, involving fermentative production of

N-substituted P-lactams, such as adipyl-7-ADCA, adipyl-7-
ADAC or adipyl-7-ACA by a reccmbinant Penicillium
chrysogenum strain capable of expressing a
desacetoxycephalosporanic acid synthetase (DAQCS) also known
as "expandase" from a transgene (EP 0 532 341, EP 0 540 210,
WO 93/08287, WO 95/04148). The expandase takes care of the
expansion of the 5-membered ring of certain N-acylated
penicillanic acids, thereby yielding the corresponding N-
acylated desacetoxycephaldsporanic acids.

In order to yield the economically most important
non-acylated cephalosporins, such as 7-ADCA, 7-ADAC and 7-
ACA, the acyl groups are enzymatically removed with a
suitable acylase.

Known processes for recovering chemically or
enzymatically produced penicillanic and cephalosporanic
acids are not effective for the'recovery of the

N-substituted B-lactam intermediates and deacylated

amino-f-lactams. The main prcblem with the recovery of the
fermentatively produced cephalosporin compounds mentioned
above is the complexity of the broth, or culture filtrate.
The broth usually comprises various penicillanic acids, such
as alpha-aminocadipyl-é-penicillanic acid, alpha-
hydroxyadipyl-6-penicillanic acid, 6-aminopenicillanic acid
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(6-APA), various cephalosporanic acids including alpha-
aminoadipyl- and hydroxyadipyl-7-ADCA and a lot of
proteinaceous material. Known recovery procedures do not
give an acceptable gquality of the cephalosporanic acid
product in terms of purity. In deacylation this leads to
problems in terms of reduced enzyme half-life, slower
bioéghversion rate and more expenses in the recovery after
biocénversion and/or unacceptable contaminant levels.
Moreover, after deacylation, such impurities prevent cr at
least hamper the recovery of the desired deacylated

cephalosporin compound of the desired specifications.

Summary of the invention .
The invention provides for a method for the recovery
of a cephalosporanic acid compound of the general formula
(I):

R
Rg—NHz®
TN

HO o (I

wherein

e R, is hydrogen or C,, alkoxy;

s Y is CH,, oxygen, sulphur, or an oxidised form of
sulphur;

e R, is any of the groups selected from the group
consisting of
— hydrogen,
— hydroxy,
- halecgen,
- saturated or unséturated, straight or branched alkyl

(L - 5 carbon atoms; optionally replaced by one or
more heteroatoms), opticnally substituted with
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hydroxy, halogen, aryl, alkoxy (1 - 3 carbon atoms),
or acyl;

~ alkoxy (1-3 carbon atoms; optiocnally replaced by one
or more heterocatoms), optionally substituted with

hydroxy or halogen; or

—>¢ycloalkyl (3 - 8 carben ateoms) optionally substituted
.\‘-_ , .
“with hydroxy, halogen, amino;

- aryl;
— hetercaryl; and

* R, 1s selected from the group consisting of adipyl (1,4-
dicarboxybutane), succinyl, glutaryl, adipyl, pimelyl,
suberyl, 2-{carboxyethylthio)acetvl, 3- (carboxy-
ethylthio)propionyl, higher alkyl saturated and higher
alkyl unsaturated dicarboxylic acids,

from a complex mixture comprising in addition to the

compound of the general formula 6-aminopenicillanic acid (6-

APA) and optionally one or more N-substituted R-lactam

compounds,

comprising the steps of:

(a} acidifying the complex mixture to a pH below 6.5 and

maintaining the mixture below said pH at a temperature of

between 10°C and 150°C; and/or
(b) contacting the complex mixture with a carbon dioxide
source; and
{c) recovering the cephalosporanic acid compound of the
formula (I} from the mixture obtained after steps (a) and/or
(b} .
Preferably in step (a) the temperature is kept between about
50 °C and about 130 °C, preferably between 70 and 120 °C,
for between 10 secoends and about 1 week and the pH is kept
at or below pH 4.5. According to a preferred method the
compound of formula (I) has been produced by fermentation of
a micro-organism capable therecf, the complex mixture being
a broth, a culture filtrate or any culture liquid derivable
from the broth after fermentation.

Preferred compounds of the general formula (I) are
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selected from the grcup censisting of adipyl-?iADCA, adipyl-
7-ADAC and adipyl-7-ACA.

According to another aspect of the invention step (c)
is performed by subjecting the mixture obtained after steps
{a) and/cr (k) to chromatography, preferably adscrption
chromatography, more preferably Hydrophobic Interaction
Chrd%?tography.

hAccording to ancother aspect of the invention the use
of chromatography in a process cf recovering a cephalosporin
compound according to formula (I) is provided, preferably by
adsorption chromatography, more preferably Hydrophobic
Interaction Chromatography, still more preferably using
Simulated Moving Bed technology. J

According to yet another aspect of the invention a

method is provided for making a compound of formula (II):
HEN g\'o A
;I N F#
a 1
o 0 (I1)

wherein

R, is hydrogen or C,.; alkoxy;

Y is CH,, oxygen, sulphur, or an oxidised form of

sulphur;

e R, is any of the groups selected from the group

consisting of

— hydrogen,

— hydroxy,

— halogen,

- sgaturated or unsaturated, straight or branched alkyl
(1 - 5 carbon atoms; opticnally replaced by one or
more heterocatoms), optionally substituted with
hydroxy, halcgen, aryl, alkoxy (1 - 3 carbon atoms),

or acyl:;
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— alkoxy (1-3 carbon atoms; optiocnally repiaced by one
or more hetercatoms), optionally substituted with

hydroxy or halogen; or

- cycloalkyl (3 - 8 carbon atoms) opticnally substituted
with hydroxy, halogen, amino;

o aryl;
~

- heterocaryl;
comprising the steps of making a compound according to
formula (I) wherein R,, ¥ and R, are as above and R, is
selected from the grcup consisting of adipyl (1,4-
dicarboxybutane}, succinyl, glutaryl, adipyl, pimelyl,
suberyl, 2-(carboxyethylthioc)acetyl, 3-(carboxyethylthio) -
propionyl, higher alkyl saturated and higher alkyi
unsaturated dicarboxylic acids;
deacylating the compound of formula (I} tc obtain a
conversicn soluticon which comprises a compound according to
formula (II).
The conversion solution preferably further comprises the
cleaved side chain desigmated R,.

According to a preferred embodiment, the process
comprises the further step of recovering the compound of
formula (II) from the soluticn by crystallisaticn,
preferably preceded and/or followed (after solubilisation of
the crude crystals i.e. by crystallisation) by treatment of
the solution with an agent selected such as activated carbon
or an adsorber resin. According to another aspect of the
invention during or before crystallisaticn and/or
recrystallisation a solvent such as methanol, ethanol,
(iso)propanol, iscbutanol, n-butanol, or acetone or a
combination of any of the mentioned agents is added.
Preferred adsorber resins are selected from XADlé (CAS No.
102419-63-8), XAD1600 (CAS No. 153796-66-8) and HP20 (CAS
No. 55353-13-4). Preferred according to the inventicn is a
method wherein the 6-aminopenicillanic acid (6-APA)} level is
10 ppm or less with respect to the compound of formula (II).
According to another aspect, a process is provided wherein
follewing the deacylation the solution is treated to remove,
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at least partially, the cleaved side chain rep%esented by
R,. This step may be performed, or repeated, after
crystallisation and solubilisation (i.e. recrystallisation)
of the compound of formula (II). Also removal of the clesaved
side-chain may be carried out cn the mother ligquor cbtained
after crystallisation or recrystallisation.

Q37 Thus, a process is provided wherein said treatment
to remove, at least partially, the cleaved side chain is
followed by solubilisation of the crude crystals and
recrystallisation of the compound of formula (II).

Preferably said treatment to remove the cleaved side

chain comprises subjecting the conversion sclution, or the
mother liguor, or both, to membrane filtration at‘é pH below
S, preferably below 4, more preferably near or kelow 3.
Accordingly, the use is provided of membrane filtraticn to
remove a dicarboxylic acid from a mixture comprising the
dicarboxylic acid and a f-lactam antibiotic. The mixture is
preferably a mother liquid obtained after crystallisation of
a compound of the formula (II} or the mixture obtained after
deacylation of the compound of formula (I)}). Membrane
filtration takes preferably place at a pH of about 5 or
less, preferably at pH 4 or less, yet more preferably by
nanofiltration at or below pH 3.
According to ancther aspect of the invention, a process is
provided wherein the side chain R, is, at least partially,
removed from the conversion mixture by crystallisation
and/or recrystallisation.
According to still ancther aspect of the invention, a
process is provided wherein the side chain R, is, at least
partially, removed from the conversion mixture by acidifying
the mixture to a pH lower than 3 and next contacting this
mixture with an organic solvent, for instance amyl acetate,
butyl actetate, ethyl acetate, methyl isobutyl ketone,

cyclohexanone, isobutancl or n-butanol.

Detailed description of the invention
The invention pertains to a mathod for the recovery

of a cephalosporanic acid compcund of the general formula
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{I}:

(1)

wherein

Ry, is hydrogen or C,, alkoxy;

¥ is CH,, oxygen, sulphur, or an oxidised form of

sulphur;

R, is any of the groups selected from the group

consisting of

- hydrogen,

- hydroxy,

— halcgen,

- saturated or unsaturated, straight or branched alkyl
(L - 5 carbon atoms; optionally replaced by one or
more heteroatoms), opticnally substituted with
hydroxy, halogen, aryl, alkoxy (1 - 3 carbon atoms),
or acyl;

— alkoxy (1-3 carbon atoms; optionally replaced by one
or more heterocatoms), optionally substituted with
hydroxy or halogen; or

- cycloalkyl (3 - 8 carbon atoms) optionally substituted
with hydroxy, halogen, amino;

- aryl; _

- hetercaryl; and

R, is selected from the group consisting of adipyl (1,4-
dicarboxybutane), succinyl, glutaryl, adipyl, pimelyl,
suberyl, 2- (carboxyethylthio)acetyl, 3- (carboxy-
ethylthio)propionyl, higher alkyl saturated and higher
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alkyl unsaturated dicarboxylic acids,
from a complex mixture comprising in addition to the
compound of the general formula é6-aminopenicillanic acid (s-
APA) and optiocnally one or more N-substituted penicillanic
5 acid compounds, |

comprising the steps of:
(a){%&idifying the complex mixture to a pH below 6.5 and
maintéining the mixture below said pH at a temperature of
between 10°C and 150°C; and/or

10 (b) contacting the complex mixture with a carbon dioxide
sSource; and
(c) recovering the cephalesporanic acid compound of the
formula from the mixture cbtained after steps (a) and/or
{b) . The inventicn relates further to a process for the

15 preparation of cephalosporins having the general formula
{II):

o o (1D

wherein
20 « R, is hydrogen cr C,, alkoxy;
e Y is CH,, oxygen, sulphur, or an oxidised form of
sulphur;
e R, is any of the groups selected from the group
consisting of
25 — hydrogen,
— hydroxy,
- halogen,

— saturated or unsaturated, straight or branched alkyl
(1 - 5 carbon atoms; optionally replaced by one or
30 more hetercatoms), opticnally substituted with
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hydroxy, halogen, aryl, alkoxy (1 - 2 carbon atoms),
or acyl;
— alkoxy (1-3 carbon atoms; optionally replaced by one
or more heterocatoms), optionally substituted with
5 hydroxy or halogen; or

Txpycloalkyl (3 - 8 carbon atoms) opticnally substituted
“Nrwith hydroxy, halogen, amino;

- aryl;

- heterocaryl.

10 The compound according te formula {(I) may be produced
by any series of steps which yield a complex mixture as
defined herein, from which the recovery of the compound
according to formula (I) is accomplished. For thefpurposes
of the specification and claims, a complex mixture is

15 defined as a mixture comprising a N-substituted

cephalosporin compound and substituted or unsubstituted B-
lactam compounds.
The compound of formula (II) is obtained by the

following series of steps:

20 (a) recovering, preferably purifying, the compound of
formula (I);
(b) deacylating the preferably purified compound of formula
(I) to obtain a solution comprising the compound of formula
(II) (the conversion solution); and

25 (c) recovering, preferably purifying the compound of formula
(11).

One of the obstacles of producing N-substituted
cephalosporanic acid fermentatively is the presence of

30 unwanted contaminating B-lactam components, for instance N-
substituted 6-amino penicillanic acid. According tc one
embodiment of the invention, it has been found that these
contaminations can be remarkably reduced by incubating the
broth, the filtrate of the broth or a liquid derived from

35 the broth using any biomass separation technique, under
acidified conditions, preferably accompanied with an
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elevated temperature. The broth is acidified down to a pH
lower than 6.5, preferable lower than 4.5, using at least
one known acid, for instance sulphuric acid, hydrochloric

acid or nitric acid cr a combination therecof. Operating

temperature is in the range of 20 to 150 °C, preferably at

- 70 t@ 120 °C. Residence time at these conditions is in the
2

o .
range of a few seconds {at 150 °C), or several days {at 20

°C), preferably 10 seconds to 60 minutes. The pH/temperature
treatment is preferably carried cut for a perioed which
provides for an N-substituted 6-APA reduction of a factor
100, preferably 1000, more preferably 1,000,000 with respect
to the compound of formula (II). This step can be carried
out either before or after biomass separation and éan be
performed batch wise or continuously.

According to another embodiment of the invention
contaminating penicillin components, for instance N-
substituted 6-APA, are remarkably reduced by contacting the
broth, the filtrate of the broth, the eluate, the conversion
solution or the dissclved contaminated cephalosporin
according to formula (I), typically at pH 5 to 7, with
carbon dioxide. Carbon dioxide can be added to the solution
in any suitable way, such as solid or gasecus form or as
solution of carbonate ions. The solution is contacted with

the CO, source at a temperature of 10 to 60 °C, preferably

20 to 40 °C, where said solution is saturated with molecular
CO, for 4 to 10 hours. After reduction of the penicillin
components, purification of the cephalosporins, according to
formula 1 can be obtained as mentioned earlier.

The complex mixture as defined herein may have any
origin, but is preferably a culture broth or a culture
filtrate obtained after fermenting under conditions giving
rise to production, a micro-organism capable of producing an
7-N-acylated version of the compound of the general formula
(I), wherein the acyl-group may be any acyl-group which
supports the ring-expanding enzyme (desacetoxycephalosporin
synthetase - DAOCS - or a bifunctional expandase/hydroxylase




10

15

20

25

30

35

WO 99/50271 PCT/EP99/02247
- 12 -

occasionally referred to as desacetylcephalospérin
synthetase DACS] in the cephalosporin biosynthetic pathway.
Bioprocesses for producing 7-N acyl-substituted compounds
according to formula (I) in vivo are disclosed in WO
93/05158 (adipyl-7-ADCA); WO 93/08287 (adipyl-7-ADAC and
adipyl-7-ACA), WO 95/04148 (2- (carboxyethylthio) acetyl-7-
ADCﬁﬁl WO 95/04149 (3-(carboxyethylthio)propicnyl-7-ADCA)
and higher alkyl saturated or unsaturated dicarboxylic
acids. The relevant parts of these PCT-applications are
herein incorporated by reference. Preferred acyl groups are
dicarboxylic acid groups in general, such as adipyl (1,4-
dicarboxybutane), 2-(carboxyethylthic)acetyl, 3-
(carboxyethylthio)propionyl, muconic acid and the iike.
Suitable host organisms include but are not limited to
Penicillium chrysogenum and Acremonium chrysogenum. Suitable
sources of expandases, including bifunctional
expandase/hydroxylases include but are not limited to
Streptomyces clavuligerus and Acremonium chryscgenum.
Methods for transformation, selection of transformed cells
and expression regulating elements for filamentous fungi,
which may be used to genetically modify host cells, are well
known in the art of recombinant DNA technology of £-lactam
producing (filamentous) fungi.

Preferably, the brcocth is subjected first to biomass
separation such as filtration by any suitable means, such as
membrane filtration, vacuum filtration, ultrafiltration or a
combination thereof, prior to acidification and the optional
temperature increase. Any other means of biomass separation
is suitable as well. .

After the pH-lowering step and the opticnal
temperature step, the recovered compound according to the
formula (I) is preferably subjected to further purification
to remove, at least partially, unwanted B-lactam cocmponents,
especially unwanted N-substituted cephalosporins and
penicillins. The further purificatiocn may be carried out by
extraction using an organic solvent. In the case of

extraction, it 1s found to be advantageous tc wash the
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extract, back extract the N-substituted cephalésporin from
the organic phase to an aqueous phase and stripping the
aqueous phase. The extracting organic solvent may be
selected from amyl acetate, butyl acetate, ethyl acetate,
methyl isocbutyl ketone, cyclohexancone, iso-butanol or
n—bupanol, and the like. A preferred purification step in
the{ﬁiocess is the usage of chromatography for the
purification of N-substituted cephalosporin, rather than
extraction using organic scolvents. The advantage of
chromatography is in the absence of solvents, which cause
waste problems and problems of containment, as well as
improved purity of the final product. Preferred is ion
exchange chromatography or adsorption chromatograph%, more
preferably Hydrophobic Interaction Chromatography. The
filtrate is subjected to chromatography using an adsorbent.
An adscrbent includes activated carxben, e.g. Norit CG-1 or
Cecarbon GAC 40; or an adsorber resin, such as
styrene-divinylbenzene copolymerisates, for example Dianion
HP 20 (CaAS No. 55353-13-4), Dianion HP 21 (CAS No.
92529-04-9}, Dianion SP 207 (CAS Nc. 98225-81-1) or Dianion
SP825, from Mitsubishi Kasei Corporation or Amberlite Xap
1180 (CAS No. 973%6-56-0), Amberlite XAD 1600 (CAS No.
153796-66-8) or Amberlite XAD 16 (CAS No. 102419-63-8) from
Rohm and Haas or Amberchrom CG 161 (CAS No. 131688-63-6)
from TosoHaas; preferably XAD 1€ or XAD 1600.

Before adsorbing the N-substituted cephalospeorin the
complex mixture is adjusted to a pH of 1.0 to 5.0,
preferably 2.5 to 3.5, by the means of one or more known
acids, for instance sulphuric acid, hydrochloric acid or
nitric acid or a combination therecf. Operating temperature

is the range of ¢ to 50 °C, preferably at 5 to 25 °C.
Operating pressure 1is in the range of ¢ to 1.0 MPa
overpressure.

Unwanted P-lactam components, especially unwanted

N-substituted cephalosporins, such as alpha-
aminocadipylcephalosporanic acids, also adsorb on the
adsorbent but are displaced by the wanted N-substituted
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cephalosporin.

After adsorbing, washing with water is applied to

remove unwanted B-lactam components from the void volume

between the adsorbent and to desorb weakly bound unwanted

B-lactam components from the adsorbent. The water can be
acidified down to a pH of 1.0 by the means of one or more
knoaﬁ:acids, for instance sulphuric acid, hydrochloric acid
or nitric acid or a combination thereof. To increase the

osmotic pressure, salts may be added to the water. Operating

temperature is the range of 0 to 50 °C, preferably at 20 to

40 °C. Operating pressure is in the range of 0 to 1.0 MPa
overpressure. r
Elution may ke carried ocut with a suitable buffer,
such as acetate, phosphate, carbonate, bicarbonate or
adipate but also diluted organic solvents (e.g. acetone,

isopropancl) or diluted bases (e.g. ammonium, caustic) can
be used. Operating temperature is the range of 0 to 80 °C,

preferably at 10 to 40 °C. Operating pressure is in the
range of 0 to 1.0 MPa overpressure.

Regeneration of the adsorbent can be done by any
common applied method, such as with dilute bases, dilute
aci&s, aor with water miscible solvents (such as acetone,

methanol, ethanol or iso-propanol), or a combination

thereof. Optionally heating up to 100°C may be performed.
The regeneration liquids can be removed by washing
with water. The water can be acidified down to a pH of 1.0
by the means of one or more known acids, for instance
sulphuric acid, hydrochloric acid or nitric acid or a
combination thereof.
The chromatcgraphy step can be performed in several types
of equipment, such as in a single column but also the
simulated moving bed technology can be applied. For this
simulated moving bed technology several types of equipment
are available, such as the ADSEP system from U.S. Filter,
the ISEP/CSEP-system from Advanced Separaticn Technology,

the ‘merry-go-around'-system from e.g. Applexion or the
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SORBEX-~system from Universal 0il Products Compény (UOP) .

Alternatively, the buffer can be removed from the
eluate by means of nanofiltration. The characteristics of
the membrane in this membrane filtration show a high
retention for the wanted N-substituted cephalosporin and a
low_E?tention for the buffer.

Optionally a concentration step is applied by any means of
suitable concentration such as vacuum evapcration, reversed
osmosis, nanofiltration, or narofiltration after
chromatography or extraction.

The recovered N-acylated compound is subsequently
subjected to deacylaticn using any suitable method known in
the art. A preferred method is enzymatic deacylatioﬁ using a
suitable dicarboxylate acylase. Numerous suitable acylases,
wild-type or mutated, are known in the art including but not
limited tec those from Bacillus (EP 0 525 861; EP 0 405 846),
Pseudomonas (EP O 482 844; EP 0 525 861; EP 0 475 €52; EP
0663 445), Achromobacter (EP 0 525 861), Alcaligenes
faecalis (EP 0 638 649), Acinetobacter (EP 0 469 919},
Arthrobacter (EP 0 283 218), Escherichia ceoli (US
3,945,888), Kluyvera citrophila, Proteus rettgeri (US
3,915,798} and the like. The dicarboxylate acylase is
preferably from Pseudomonas SE83 or SY-77. Optionally, the
acylase may be a mutated form, as disclosed in WO 91/16435,
WO 97/20053, WO 97/40175 to increase or alter the affinity
towards the substrate. Another way of deacylating the N-
acylated cephalosporin compound according to the invention
is by way of contacting the substrate with a micro-organism
capable of producing the acylase, as disclosed in US Patent
No. 5,677,14%. '

The acylase may be immobilised (US 3,930,949}, either
on membranes (EP 0 243 404) or free flowing carriers such as
glutaraldehyde based carriers or aza-lacton polymers (EP Q
730 035), using techniques as such well known in the art.
Non-immobilised acylase is also contemplated, using
membranes to separate the reaction mixture (retentate) from
the product (permeate); such as disclosed in US Patent No.
5,521,068. The process may be batch-wise or (semi-
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)continucous, this is all well known and not crﬁcial with
respect to the inventicn. The enzymatic deacylation reaction
is usually carried out in a stirred tank reactor with or
without, preferably inert, sieve plates, to easily separate
the immobilised enzyme from the reaction product. The pH is
usually regulated during the reaction to compensate for the
pH éﬁ?nge as a result of the (dicarboxylic) side-chain
removal by any type of base such as ammonium, caustic,
carbonate, bicarbonate. The pH can be regulated in the
reactor and/cr in a circulating lecep over the reactor. Other
parameters may also be regulated, such as temperature,
deacylated pfoduct or side-chain concentration, and the
like, taking account of the effect of such parametérs on the

reacticon rate and/or the equilibrium.

Additional stabilising agents can be added before
and/dr during deacylation, such as sulphite (S,0.%, HSO,",
s0,*), EDTA, dithiotreitol (DTT).

Usually, the deacylated cephalosporin compound of the
general formula (I) is subsequently recovered using any
suitable combination of steps. Optionally a concentration
step can be applied by any means such as vacuum evaporation,
reversed osmosis, nanofiltration, or narofiltration before
crystallisation. Optiocnally a water miscible sclvent can be
added. Optionally, before crystallisation the solution can
be purified by treating with activated carbon or an adsorber
resin. Optionally, before crystallisation the side chain can
be removed, characterised by acidifying the agqueocus phase,
extracting the side chain to an extracting organic solvent
and separating the phases. The extracting organic solvent
may be selected from amyl acetate, butyl acetate, ethyl
acetate, methyl isobutyl ketone, cyclohexancone, iso-butancl,
n-butanol, and the like.

The product can be crystallised from the resulting
agqueocus phase in several ways. The most preferred mode of
cperation is neutralising the aqueous solution and
subsequently lowering the pH in 1 to 6 steps down to a pH 3
to 5 using one oOr more known acids such as H,S0,, HCl, HNO,,
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©r a combination thereof. This is preferably cérried out in
continucous mode using an inﬁerconnected set of 1 to 6
continuously operated crystallisers in series. Also batch
crystallisation, semi-continuous crystallisation or
concordance crystallisation can be applied. It is possible
to pgrform the crystallisation directly in the same way as
aboié} without the first neutralisation. According to one
embodiment of this invention it has been found that a water
miscible solvent, such as methanol, ethanol, iso-propanol,
n-butanol, acetone and the like, can be added to improve the
quality of the cephalosporin according to formula (II).
Opticnally, before crystallisation the solution can be
treated by activated carbon or by an adsorbent resin in
order tc improve the quality of the compound according to
formula (II).

It has been found that the quality of the
cephalosporin according to formula (II) can be further
improved by recrystallisation, optionally after treatment
with adsocrber resins, active ccal and/or ethanol and/or
acetate. This is characterised by dissolving the

~cephalosporin according to formula (II) at a pH in the range

of 0.5 to 10.0, preferably between 7.5 to 8.5 and
crystallisation of the product. The product can be
crystallised in several ways. The most preferred mode of
coperation is lowering of the pH in 1 to 6 steps down to a pH
3 to 5 using cne or more known acids, such as H,SO,, HC1,
HNO,, or a combination thereof. This can be carried out in
continuous mode using an interconnected set of 1 to 6
continucusly operated crystallisers in series. Also batch
crystallisation, semi-continuous crystallisation or
concordance crystallisation can be applied. According to one
embodiment of this invention it has been found that a water
miscible solvent, such as methanol, ethanel, (iso)propanol,
acetone, iso-butanol and n-butanol, can be added to improve
the quality of the cephalosporin according to formula (II).
It has been found further, that the quality of the
cephalosporin according te formula (II) can be improved by

treating the conversion solution and/or the solution of the
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dissolved cephalosporin according to formula (iI) with an
adsorbent. An adsorbent includes activated carbon, e.g.
Norit Ultra SX; or an adsorber resin, such as
styrene-divinylbenzene copolymerisates, for example Dianion
HP 20 (CAS No. 55353-13-4), Dianion HP 21 (CAS No.
9252_3-04-9) or Dianion SP 207 (CAS No. 98225-81-1) from A
Mitégbishi Kasel Corporation or Amberlite XAD 1180 (CAS No.
97396-56-0), Amberlite XAD 1600 (CAS No. 153796-66-8) or
Amberlite XAD 16 (CAS No. 102419-63-8) from Rohm and Haas or
Amberchrom CG 161 (CAS No. 131688-63-6) from TosoHaas;
preferably XAD 16, XAD 1500 or HP20Q.

The crystals are isolated by filtration or
centrifugation and dried in a conventional continuéus or
batch dryer. The crystals can be milied by any type of mill,
such as ball mill, jet mill and the like.

Optiocnally a water miscible solvent can be added
during the crystallisation. After dissoclving, the solution
can be treated with activated carbon or an adsorber resin.

This procedure will gave a better overall yield and
product quality than the currently known process, mentioned
before.

According to another aspect of the invention, a
method is provided for removing and recovering adipic acid
from the conversion scolution or mother liquid (the liquid
obtained after crystallisation of the compound according to
the formula (II)). It is found, that adipic acid can
advantagecusly separated using membrane filtration at low
PH, such as below pE 5, preferably below pH 4, more
preferably below at or near pH 3. Preferred according to the
invention is an embodiment wherein filtration is carried out
by reversed osmosis.

In addition to saving raw materials, the advantage of
doing so resides in the purity and/or yield upon
crystallisation of the so-treated solution.

The inventicon is further illustrated by the following

non-limiting examples.
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Experimental

A fermentation broth comprising adipyl-7-ADCA as a
complex mixture, comprising inter alia 6-APA, . adipyl-6-APA
and alpha-amino-adipyl-7-cephalosporanic acid as undesired
contaminants, is obtained by fermenting a Penicillium
chryiogenum strain transformed with an expandase
(deé@&etoxycephalOSporin C synthetase} from Streptomyces
clavuiigerus, as described in International patent
application WO 93/05158, published on March 18, 1993.

The transformed Penicilljium strain was cultursd as
described in Example 1 of WO 93/051358, incorporated by
reference herein.

After 5 to 7 days of fermentaticn, the broth;bas
taken for recovery experiments.

This complex mixture can alsoc be simulated by making
an aquecus mixture of 6-aminopenicillanic acid, adipyl-6-
aminopenicilianic acid, alpha-aminoadipyl-6-amino-
penicillanic acid, adipyl-7-aminodesacetoxycephalospcranic
acid, and alpha-aminoadipyl-7-cephalosporanic acid.

EXAMPLE 1
pPE/HEAT - TREATMENT

This example shows the advantages of a pH-treatment,
preferably a combined pH- plus increased temperature
treatment, on the removal of unwanted pf-lactam components,
from complex mixtures.

Broth from a fermentation of Penicillium chrysogenum
(see experimental), containing a complex mixture of adipyl-
7-ADCA and penicillanic acid and cephalesporanic acid
contaminants is filtrated. The concentrate is washed with
process water until the total volume of the combined
filtrates was approx. 2 times the initial broth volume.
The following experiments have been carried out:

A, Part of the filtrate is acidified to pH=3.5; heated up

to 70 °C and after 20 minutes cooled to 40 °C;
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B. Part of the permeate is acidified to pH=2.7; heated up
tc 110 °C and after 4 minutes cooled to 25 °C; or

C. Part of the permeate is acidified to pH=3.0 and not
further treated.

N The pre-treated solutions are then subjected to the
following treatments to obtain a compound according to
formula (II); 7-ADCA.

adsorption chromatography

The three soluticns (A to C) were subjected to
filtration over a Seitz K100 filter, whereafter the solution
was pumped at a pH of 3.0 over a column filled with 1.6
litre of XaD-1600 resin; next the resin was washed with 4.8
litre water, and eluted with 0.2 M bicarbonate-solution. The
first eluate fractiom (1.1 litre) is taken out and
discarded. The second fraction (3.2 litre) is collected and
analysed. The resin is purified by washing with caustic and

acetone, and conditioned again with acidified water.

concentrating
The eluate was concentrated at 20 to 30 °C vacuum (5-
10mm Hg) till a concentration cf 40 grams adipyl-7-ADCA per

litre was obtained.

enzymatic deacylation

Subsequently, the adipyl-7-ADCA is treated with
acylase as follows. To 1 litre of eluate, 1 gram of sodium
metabisulfite, 20 mM EDTA and 100 g immcbilised acylase
(comprising Pseudomonas SE83 dicarboxylate acylase) was
added. At 30 °C, the solution was stirred for two hours. The
pH was held at 8.5 with 4 N sodium hydroxide. The
immobilised acylase and the liquid were separated with a

glass sintered filter.

crystallisation of 7-ADCA
The 7-amino desacetoxy cephalosporanic acid (7-ADCA)
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was precipitated by lowering the pH to 3.6, under stirring,
at a temperature of 30 °C; in 45 minutes the pH of the

solution was lowered to 3.6 with 6 N sulphuric acid. After
cooling to 20 °C, the crystals were isolated on a glass

sintered filter, washed with water and dried at 35 °C.
O

resoiving 7-ADCA crystals
The 7-ADCA was dissolved with the aid of ammonia. To

"that end 15 grams of 7-ADCA was suspended in 255 ml water.

The 7-ADCA was dissolved with the aid of 4 N ammonium
hydroxide at a pH of 7.5-8.5. After filtration over a glass
sintered filter, water was added to cbtain 300 ml of

solution.

treatment with adsorber resin

The solution was treated with adsorber resin. In 45
minutes the solution was pumped over 15 ml of XAD1600.
Subsequently, 75 ml of water was pumped over the resin to
obtain 375 ml of solution.

recrystallisation
The 7-ADCA was precipitated by lowering the pH to 3.6

under stirring, at a temperature of 30 °C; in 45 minutes the

pE was lowered to 3.6 with 6 N sulphuric acid. After ceooling
to 20 °C, the crystals were isolated on a glass sintered

filter, washed with water and dried at 35 °C.

The 7-ADCA so produced shows good results in terms of
6-APA reduction. (6-APA ratio is with respect to 7-ADCA).
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Table la. Results of experiment 1A, 1B and 1C.

. € ~aminc
Experiment penicillanic acid

content
: (ppm)
~ 1A <1C

-

~. 1B <10
10 950

Clearly, the pH/temperature treatment reduces the level of
5 6é-aminopenicillanic acid contamination of the adipyl-7-ADCA

preparation.

The relationship between pH, Temperature and Time
cf treatment was determined for a fixed reduction of &-

10 aminopenicillanic acid of 10°® (Table 1b).

Table 1b
6-APA pH Temp. Time Time Time
reduction - {C) (s) {min) (h)
. 10°° 3 25 35050 584 9.74
107¢ 3 50 3057 50.9 0.85
10°° 3 75 378 6.3 0.11
10°¢ 3 100 62 1.0 0.02
10°¢ 4 25 148857 2481 41.35
10°¢ 4 50 12982 216.4 3.61
10°¢ 4 75 1607 26.8 0.45
107¢ 4 100 263 4.4 0.07
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EXAMPLE 2
ADSORPTION CEROMATOGRAPHY

This example shows the effect of (a) the degree of
loading of the column when adsorption chromatography is
used-(2A to 2D), (b) the effect of washing the column with
different amounts of water prior to elution (2E to 2G), (c¢)
the effect of the pH of the feed on the purification of
adipyl-7-ADCA (2H to 2J). The embodiment where adsorption
chromatography is carried out in a Simulated Moving BRed
mode is given as Experiment 2K.

The broth is pre-treated as described in'Exaﬁple 1A.
The adipyl-7-amino-desacetoxy cephalosporanic acid was
subsequently purified by adsorption chromatography by
pumping the solution over a column filled with 1.6 litre of
XAD-1600 resin, washed with different amounts of water (22
to 2D and 2H to 2K: 4.8 litre; 2E to 2F: see Table 2b), and
eluted with 0.2 M bicarbonate-sclution. The first eluate
fraction (1.1 litre)} is taken out and discarded. The second
fraction (3.2 litre) is collected and analysed. The resin
is purified by washing with caustic and acetone, and
conditioned again with acidified water. Several changes in
process conditions were applied (see table 2).

Reduction is calculated as: (comp-i,.., / comp-l..) / (coup-

ieluate / comp-lelua:a) .
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Table 2a. Results of experiment 2
Exp Feed Eluate {(g) Reduction comp
{-} 4
{(pom]

~ CcOmp comp camp comp comp comp comp comp

1 2 3 1 2 3 2 3
{g) {g) Q) g ), (g}
. 2A 34 3.3 9.3 30 3.1 5.9 1 1

2B 80 5.8 18.5 70 Q.5 a.08 10 173 <8

2C 127 | 105 | 32.8 78 0.3 0.07 24 301 19

2D 285 18.2 58.4 67 0.1 0.03 38 501 30

comp 1; adipyi-7-ADCA
comp 2: alpha-hydroxy adipyi-7-ADCA
comp 3: alpha-amino adipyl-7-ADCA

comp 4: 6-APA content relative to comp 1

These resuits clearly show the positive effect of overloading the

. column on the reduction of compounds 2 and 3 in the eiuate.
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Table 2b. Resuits of experiment 2
Exp Feed Wash Eluate Reduction
{-)
 §§‘comp comp | comp {1} comp | comp | comp | comp comp
g
N 2 3 1 2 3 2 3
{g} (g} (gl (g} {g} {a}
2t 35 6.6 14.G 1.8 81 2.1 1.2 3 11
2F 74 6.4 12.6 4.8 71 1.1 0.13 6 g4
2G 75 5.8 | 13.0 7.3 68 Q.5 0.1 1201 122
comp 1: adipyl-7-ADCA
comp 2: aipha-hydroxyadipyi-7-ADCA
comp 3: alpha-amino adipyl-7-ADCA

The exampie 2b shows the positive effect of extended
washing, prior to elution with sodium bicarbonate, on the
S reduction of undesired cephalosporin compounds.

Table 2c
Exp Feed Eluate Reducticn
(-}
comp | comp | comp | PH comp | comp | comp | comp comp
1 2 3 (-) 1 2 3 2 3

{g) {g) {g) {g) {g) {g)

2H 79 8.4 | 22.2 1 2.5 83 0.6 0.09 15 248

21 80 5.9 18.5 | 2.9 70 0.5 0.09 10 183

2J 83 8.2 t21.7] 3.5 62 0.5 0.14 12 1118

comp 1: adipyl-7-ADCA
comp 2: alpha-hydroxy adipyl-7-ADCA
comp 3: alpha-amino adipyl-7-ADCA
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The above example shows the effect of the pH at which
crystallisation was carried out, on the reduction of
unwanted 7-N acylated cephalosporin compounds. H,S0, was

5 wused as acid.

=

Tabie"ﬁd. Results of experiment 2 (30 litres of resin in an SMB-systern was applied)

Exp Feed Eluate Reduction (-}
comp comp comp | comp | comp | comp | comp | comp | comp comp comp
1 2 3 4 1 2 3 4 2 3 4
{kg) {kg} {kal {kg} {kg) {kg} {kg} (ka}
2K 1.46 0.08 Q.20 0.15 1.38 Q.01 0.01 C.02 7 _.FTB 7

comp 1: dipyl-7-ADCA
comp 2: alpha-hydroxyadipyi-7-ADCA
comp 3: alpha-aminoadipyl-7-A0CA

comp 4: adipic acid

This example illustrates the use of adsorption
chromatography performed according to the so-callied
10 Simulated Moving Bed technique, on a kilogram scale. The
technique may readily be scaled up further.

The so treated fractions 2A to 2K were treated with
acylase to produce 7-ADCA as described in Example 1.
15 Excellent conversion results were obtained, as illustrated

in Example 3.

EXAMPLE 3
20 ENZYMATIC CONVERSION

This example illustrates the results of enzymatic
conversion of adipyl-7-ADCA to 7-ADCA. The adipyl-7-ADCA was
recovered as disclosed in Example 2K (pH-treatment according
25 to Example 1A, adsorption chromatography was coptimised in
terms of overloading and washing). The conversion was

carried out as described in Example 1, at the pH indicated
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in Table 3. Experiment A to E represent different batches.

Table 3
Exp substrate | Substrate | pH | Product | product
. comp 1 comp 2 () stream stream
R (mmol) (mmol) comp 1 comp 2
S {mmol) (mmol)
A £9.7 2.2 8.5 1.1 €8.6
B 144.2 2.4 8.5 5.9 143.3
c 181 .4 2.3 8.5 13.5 174.5
D 113.1 1.7 8 S.4 i08.7
o 113.4 3.1 9 1.2 112.2
comp 1l: adipyl-7-ADCA
comp 2: 7-ADCA

The conversion rate and yields are superior when the.
adipyl-7-ADCA is pre-treated using the pH/temperature step,
as compared to no treatment. The further purification using
chromatography brings further improvement in terms of

purity (not shown in the Table).

EXAMPLE 4
CRUDE CRYSTALLISATION

The broth is pH/heat-treated (Example 1) and enriched
in adipyl-7-ADCA by adsorption chromatography as described
in Example 2. Subsequently, conversion was carried out as
described in Example 1.
* The conversion solution (the solution obtained after
deacylation) was concentrated with reversed osmosis to
increase the concentration. '

Part of the solution was taken and the 7-ADCA was
crystallised by lowering the pH to the pH 3.6, 4 or 5 (see

table 4a).
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Table 4a Crude crystallisation
Exp comp 1 pH product comp 1
in {-) after in
solution isclation, product
washing and (%)
“ drying (g)
~a 49.5 3.6 48.9 97.5
B 49.58 4 48.7 97.4
¢ 49.5 5 48.2 98
comp 1: 7-ADCA

Crystallisation was satisfactory at all pH tested.

5 1In the following experiment the pH was 3.6. The effect of

concentrating the solution is illustrated.

Table 4k Crude crystallisation
Exp comp 1 in product after comp 1 in
solution isclation, product
(g) washing and (%)
drying (g)
D 15.5 14.8 94 .3
E 36.1 35.7 95.3
F 43.5 48.9 97.35
comp 1: 7-ADCA
Clearly, there is an effect cof the concentration of

10 7-ADCA in the conversion solution on purity and yield after

crystallisation.

The following example illustrates the effect of

different adsorbers on product gquality (colour in scluticn

15 and clarity).
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Table 4c Crude crystallisation
Exp comp 1 treatment comp 1 colour clarity
in in in in HC1
soluticn product soluticn (EBC)
(g} (%) at 425 nm
s (-)
o 25 HP20 97.2 0.16 3.6
HP20
H 25 (2 rimes) 97.8 0.11 2.4
. T 25 IRAG7 97.2 0.;8 6
J 25 IRAGT7+HP20 97.7 0.1 .8
e 25 none 96 .3 0.3¢% A 7.3
comp l: 7-ADCA
EXAMPLE 5
5 TREATMENT OF DISSOLVED 7 ~AMINC DESACETOXY CEPHALOSPORANIC ACID

This example shows the effect on clarity and colour
of 7-ADCA, after treating 7-ADCA sclution with different
adsorber resins, prior to crystallisation.

. 10 A solution comprising 7-ADCA is made as disclosed in Example
2K (the adsorption chromatography column used is a XAD-1600

resin) .
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Table %
Exp comp 1 treatment Colour in Clarity
dissolved soluticn in HCI
{g) at 425 nom {EBC)
. {=)
N 0 -
NN 4 0.18 4.2
B 40 XAD1s 0.49% 1.8
c 40 HP20 n.d. 0.5
D 40 AD1&00 0.09 0.5
E 25 n.d. | 3.6
- 25 +1% EtOH 0.11 . 0.6
S 50 +3% EtOH 0.18 0.9
K 50 +2% Coal 0.04 n.d.
1 S0 0.17 1.4
I 5C +5% Coal 0.03 0.8
comp l: 7-amino desacetoxy cephalosporanic acid
EXAMPLE 6
5 RECOVERY OF ADIPYL~7-ADCA USING EXTRACTION WITH N-BUTANOL

Broth comprising adipyl-7-ADCA is treated as described in
Example 1.

After acidification, part of the adipyl-ADCA is purified by
10 adsorption chromatography. The sclution is pumped over a ceolum
filled with XAD-16 resin, washed with water, and eluted with 0.2
M acetate-soluticn. The firsc eluate fraction with leow adipyl
desacetoxy cephalcsporanic acid content is taken out and
discarded. The second fraction is collected. The resin is
15 purified by washing with caustic and acetone, and conditioned
again with acidified water.

Part of the adipyl-7-ADCA is purified by means of
extraction, followed by washing of the extract, hack extraction
of the N-substituted cephalospcorin from the organic phase teo an
20 agqueocus phase and stripping the aqueous phase; the extracting
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organic solvent is n-butancl.
The adipyl-7-ADCA is treate& with immobilised acylase to

produce 7-amino desacetoxy cephalosporanic acid (7-ADCA).

Part of the 7-ADCA is isolated by lowering the pH. The adipyl
5 desacetoxy cephalosporanic acid was dissolved with the aid of

caustic. The 7-amino desacetoxy cephalosporanic acid was isclated

by lowering the pH.

N Part of the 7-amino desacetoxy cephalosporanic acid

. aqueous sclution is acidified, and the side chain is extracted to

10 an extracting organic solvent and next the phases are separated;
the extracting organic solvent was n-butanoil,

Finally the crystal cake was filtrated, washed and dried.

Table §
Exp description comp 1 colour 1 | clarity
in in in HC1
preduct solution {EBC)
(%) at 425 nm
(-}
extraction/extraction
A /crystallisation 98.3 0.13 2.4
8 chromatograppy/extract1on/ 98 .5 0.09 1.5
crystallisation
chromatography/ _
< crystallisation 37.6 0.12
chorcmatograpiy/ |
D crystallisation/ 98.7 0.05 1.1
recrystallisation
Comp 1: 7-amino desacetoxy cephalosporanic acid

15

in the table, but the purity is far wcrse than when

The results using a single extraction are not shown

chromatography is used, even without recrystallisation. A

combination of chromatography and recrystallisation produces

20 or a ccmbination of chromatography and extracticn produces

the best results.
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EXAMPLE 7

RECOVERY OF ADIPIC ACID FROM 7 ~ADCA CRYSTALLISATION MOTEER LIQUORS

7-ADCA crystallisation mother liquors are obtained as
described in example 4. Adipic acid is determined using
HPLQj Aminex HPX-87H column, 300 mm x 7.8 mm, filled with 9
um‘ﬁétion gel (Bicrad), eluted at €S°C with a 0.2M solution
of H,S0, in water, detection using an RI Waters 410
refractometer. In the examples given below, optimisation is
directed at purity, not at yield.

EXAMPLE 7A

RECCVERY OF ADIPIC ACID USING ACIDIFICATION

At 20°C, the pH of 7-ADCA crvystallisation mother
liquor (250 ml, 13.6 g/l adipic acid) was lowered to 0.7
using a 12M solution of H,S0, in water. After 16 h at 0°C, no

crystallisation could be detected. The pH was raised to 3.4
using a 6M solution of KOH in water. The resulting crystal

was recovered by filtration to give 7.7 g of material which

was a mixture of salt and adipic acid which was not further

analysed.

EXAMPLE 7B
RECOVERY OF ADIPIC ACID USING ACIDIFICATION AND CONCENTRATION

At 20°C, the pH of 7-ADCA crystaliisation mcther
ligquor (500 ml, 9.4 g/1 adipic acid) was lowered to 1.5
using a 12M sclution of H,80, in water and concentrated

under reduced pressure at 40°C to give a sticky mixture that

was isolated by filtration and dried to give 6.9 g adipic
acid with a purity of 53% (yield 78%).
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EXAMPLE 7C
RECOVERY OF ADIPIC ACID USING REVERSE OSMOSIS WITH
NanoMax 50 MEMBRANE

At 20°C, the pH of 7-ADCA crystallisation mother
liquor (500 ml, 9.4 to 18.2 g/1 adipic acid, see table} was
adjﬁéted to the value mentioned in the table using either a
€M solution of KOH in water or a 12M solution of H,SO, in
water, The resulting solution was subjected to reverse
osmosis using a Nanomax 50 membrane from Millipore. With the
aid of nitrogen gas, a pressure of 30 bar was applied to
give a filtrate and a retentate in which the amount, cf
adipic acid was determined using HPLC. In most cases, a

work-up procedure was applied that consisted of

concentration under reduced pressure until crystallisation
began, followed filtration of the product and drying.
Table 7
pH Adipic acid {g/1) Retention Volume Yield | Purity
permeate | after | after
work- | work-up
up
Start Permeate Retentate (%) (ml) (g) (%)
1.5 13.6 11.0 14.8 26 400 4.4 96
2.0 18.2 13.1 20.8 37 260 2.4 93
3.0 9.4 6.7 8.7 23 360 1.9 57
7.2 13.6 5.3 31.3 83 400 no ac
work- work -up
up
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EXAMPLE 7D
RECOVERY OF ADIPIC ACID USING REVERSE OSMOSIS
WITE DK Ul9F MeMBRANE AT PH 2.0

5 The pH of 7-ADCA crystallisation mother liguor (100
1, containing 25.0 g/1 adipic acid) was lowered to 2.0 using
2.9'§]_;_\' of a 12M solution of H,80, in water. The resulting
solution was subjected to reverse osmosis with 57 1 water
using a DK UlSF membrane in a 2.5 m° membrane filtration

10 unit P2-B20C from Hydrc Air Research. At a pressure of 30
bar an average flux of 8.8 1/m’/h was reached tc give the

results summarised in the table.

Table 8

Component Concentration {(g/1) Retention

(%)

Start Permeate | Retentate

Adipic acid 25.¢ 11.6 17.8 35

7-ADCA 0.72 <0.01 0.72 >99

Adipyl-7- 1.51 <0.03 " 1.54 >98

ADCA
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Claims

1. A method for the recovery of an N-substituted
cephalosporanic acid coempound of the general formula (I):

o]
h

HO~ 0 (D

wherein

e R, is hydrogen or C,, alkoxy;

10 e Y is CH,, oxygen, sulphur, or an oxidised form of

15

25

sulphur;

e« R, is any of the groups selected from the group

consisting of

- hydrogen,

— hydroxy,

~ halcgen,

— saturated or unsaturated, straight or branched alkyl
(1 -~ 5 carbon atoms; optionally replaced by one or
more heteroatoms), optionally substituted with

20 hydroxy, halogen, aryl, alkoxy (1 - 3 carbon atoms),
or acyl;

— alkoxy (1-3 carbon atoms; optionally replaced by one

| or more hetercatoms), optionally substituted with
hydroxy or halcogen; or

— cycloalkyl (3 - 8 carbon atoms) cptionally substituted

with hydroxy, haleogen, amino;

- aryl;
~ heterocaryl; and

e R, is selected from the group consisting of adipyl (1,4-
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dicarboxybutane), succinyl, glutaryl, adipyi, pimelyl,
suberyl, 2- (carboxyethylthic)acetyl, 3-(carboxy-
ethylthio)propionyl, higher alkyl saturated and higher
alkyl unsaturated dicarboxylic acids, '
from a complex mixture comprising in addition to the
compgund of the general formula 6-aminopenicillanic acid (6-
APAN:-and optionally one or more N-substituted R-lactam
compounds,
comprising the steps of:
{a) acidifying the complex mixture to a pH below 6.5 and

maintaining the mixture below said pH at a temperature of

between 10°C and 150°C; and/or '

(b) contacting the complex mixture with a carbon dioxide
source; and

(c) recovering the cephaleosporanic acid compound of the
formula (I) from the mixture obtained after steps (a) and/or

(b) .

2. A method according to claim 1, wherein in step (a)
the temperature is kept between abcut 50 °C and about 130

°C, preferably between 70 and 120 °C, for between 10 seconds
and about 1 day and the pH is kept at or below pH 4.5.

3. A method according to claim 1 or 2, wherein the
compound has been produced by fermentation of a micro-
organism capable thereof and wherein the complex mixture is
a broth, a culture filtrate or any culture liquid derivable
from the broth after fermentation.

4, A method according to any one of claims 1 to 3,
wherein the compound cf the general formula is selected from
the group consistiﬁg of adipyl-7-ADCA, adipyl-7-ADAC and
adipyl-7-ACA.

5. A method according to any one of the previous claims,
wherein step {(c¢) is performed by subjecting the mixture
obtained after steps (a) and/or (b) to chromategraphy.
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6. A method according to claim 5, wherein chromatography
is adsorption chromatography, more preferably Hydrophobic
Interaction Chromatography.

7. . Use of chromatography in a process of recovering an
N-sﬁﬁStituted cephaleosporin compound according to formula

(I} in claim 1.

8. Use according to claim 7, wherein the chromatography

is adscrpticn chromatography, preferably Hydrephobic

Interaction Chrcmatography.

9. Use according tec claim 8, wherein the chromatography

is performed using Simulating Moving Bed technology.

10. A method for preparing a compound of formula (II):
(II)

wherein

s R, is hydrogen br C,., alkoxy;

e Y is CH,, oxygen, sulphur, or an oxidised form of
sulphur;

» R, is any of the groups selected from the group
consisting of
— hydrcgen,
— hydroxy,
— halogen,

— saturated or unsaturated, stfaight or branched alkyl
(1 - 5 carbon atoms; optionally replaced by cne or
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more heterocatcoms), opticnally substituted with
hydroxy, halogen, aryl, alkoxy (1 - 3 carbon atoms),
or acyl;

~ alkoxy (1-3 carbon atoms; optionally replaced by one
or more heteroatoms), opticnally substituted with
 hydroxy or halogen; or

- \éycloalkyl (3 ~ 8 carbon atoms) optionally substituted
with hydroxy, halogen, aminc;

- aryl;

~ hetercaryl,
comprising the steps of making a compound according to
formula (I) using a process according to any one of.'claims 1
te 6; |
deacylating the compound of formula (I) tc oktain a
conversion solution which comprises a compound according to
formula (II).

11. | A method according to claim 10, wherein the
conversion solution further comprises the cleaved side chain
designated R,.

12. The process of claim 10, wherein the deacylation is
performed enzymatically using a dicarbexyl acylase.

13. A process according to any one of claims 10 to 12,
comprising the further step of recovering the compound of
formula (II) from the solution by crystallisation.

14. A process according to claim 13, wherein
crystallisation is preceded by treatment of the scolution
with an agent selected from the group consisting of an
adsorber resin, active coal, methanol, ethanol,
(iso)propanol, isobutanol, n-butancol, acetone or a

combination of any of the mentioned agents.

15. A process according to claim 14, wherein at least an
adsorber resin is used selected from XAD16, XAD1e600 and
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16. A method according to claim 10 or 11, wherein the 6-
aminopenicillanic acid (6~APA) level is 10 ppm or less with
respect to the compocund of fermula (II).

. ‘\‘\‘
17. ~A process according te claim 11 or 12, wherein

following the deacylation the solution is treated to remove,

at least partially, the cleaved side chain represented by
R,.

18. A process according to claim 17, wherein the
treatment to remove, at least partizlly, the cleaved side
chain is carried out on the mother ligquor obtained after
crystallisation.

19. A process according to claim 18, wherein said
treatment to remove, at least partially, the cleaved side
chain is followed by sclubilisation of the crude crystals
and recrystallisation of the compound of formula (II}.

20. A process according to claim 18, wherein
crystallisation is preceded by treatment of the solution
with an agent selected from the group consisting of an
adsorber resin, active cocal, methanol, ethanol,
(iso)propancl, isobutancl, n-butancl and acetone, or a

combination of any of these mentioned agents.

21. A process according to any one of claims 17 to 20,

wherein said treatment comprises subjecting the conversion
solution, or the mother liquid, tc membrane filtration at a
pH below 5, preferably below 4, more preferably near or

below 3.

22. Use of membrane filtration to remove a dicarboxylic
acid from a mixture comprising the dicarboxylic acid and a

f-lactam antibictic.
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23, Use according to claim 22, wherein the mixture is a
mother liquid cbtained after crystallisation of a compound
of the formula (II).

5 24, The use according to claim 22 or 23, wherein the
filtration takes place at a pH of about 5 or less,
prefé?ably at pE 4 or less.

25. The use acccrding to claim 22 to 24, wherein said
10 filtration is by narofiltration at or below pH 3.
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, BHRELAROMAAER. RARERITHOLARELRRY
AEAT 3 FRi
BA(DHHELLESHEH: T B-T-ADCA. T =B-T-ADAC #=
& B -T7-ACA.
BALZBPHE—F &, IHFETFTHE(C): FFER@ /XD
EERGRAYHITEEF(AAARREE R FHREHERKMELIE
B &gk AT,
BAEPOL—F @, RETEEFATEN (DY XA ZTLS
Mitie P p A, AT RBEEE. FHREIFEXBEAR EE
F, t—F A2 E RAEMB FH EHEH K (Sinulated Moving Bed
technology). ' |
#EALXAG X —F @, BT —FHEX D G H6GF %

£,

e RoEEAR C . mEE;

o Y% CH,. H. BARFAHBALX;
« R\ A#Z A TAMHLE AN




- B%,

- AR TR, AEGRIANEL (M ABET; HRR
—AREANMEBRTHENR), Hha sk, lﬁ% % 3% ﬁi%(b‘&r
O ABRT)RBERRN, | -
- RAK (3 ABRT &xm—%\w»a\ J?—‘f%&) Ak
ﬁ%&@%ﬁxﬁ EE -

- EHEEEE. BE. RARRGFREL (3-8 MEETF);

_ j/‘;-_%

- R |
wmﬁ—@%ﬁrﬂ*ﬁ%ﬁ #HEX (D #EH(EF, Ro Y F Ride bR
Z3, FHR#*A: B, 4-—HETHK), TB. R=BE. T
B, BB FoE. 2-(BACER) LB, 3-(BEACRL) FEL.
HBBEEAFFHRREER RN ZER);

1% X (1) 5P BLae o 3K 15 4 X (11) oo P 8 340 ik
B R RE 085 B e bk (RFAR).

Be— AR EHRFE, TR EECEESE S ANGEREDKX
(IDAEHEX—F &, HABLEBI W I/RZE (R HEAET
RBEZE)RAEZHERRN FFREEIBARMR) REER. BRE
W F—F &, EESF/ R ELLBRAIZNEN—FERN, #lF
BE., LBE. (JP) @B, FTE., ETEIAARLFEZAMNEESA
Al . Mk ey B AR A XADI6(CAS No.102419-63-8) .
XAD1600 (CAS No. 153796-66-8) #» HP20 (CAS No. 55353-13-4) . ¥ A X
R AL HE B 2 X — o ik B b, 6-R A F ELR & (6-APA) A AT F X (1)
oot Ah 10ppn REY. BF—F &, BET—FHF&k, FF, K
B G, REEERMEVHS BB LA RATHIZLGNE. TA
XODA4ACHaELPhE(FELRZIERTEI BRI ELEY
B, AN EHRELE BZERAYTRTET, AN KR L.

vk, BERET—#5%, AP, EEREGE S FHohEs
DMz B, BEMERSAPELLA QD OGS,

3




-~ L

ik, MPERELREFSEANBEGCRE: AT 5. £384KT 4.
FHREBERAIAKT IHA T, BB HLEIFTERRXA X FHATE
KidE, Hib, BETEIXALEER S BB FP-HBERLELY

RAWBECHBRT @O EA. FRRAMARE L EXAD Bis

M2 e F AR B RIAR (D O Y FLEE REG R, BXEE

it EHH 5 XE NG pH T, Kb E pH 4 R EDTHRAT, ERAE
pH 3 &K # 4% @AM (nanofiltration) #47.
BAERGS—F &, RET—FF5&, Ly, BELEP/RELH
M AL RS Z ) 3R stk & T 844 R..

BAZAML—F &G, BT —FFE, E7, WM& R ZXHAEL
BRAHEVHS AR XY FRAVEBALEZIAT 3G pH, BAHFE

CRAMEENEN FlelBRE. LBTE. LERUE. YEARTR

BRl. IRCER. TR RETE) EA&.

BGAK (1) 89 kR FRBASH 6 7 &

RD
Rt =
T X
N
7 AT~
CE/ \K ‘R}_

HJ"A\\D (1)

HF,

o Ry A AR Co i

o Y Z CH,. H. FH &AL X;
e R\ A®A THAE—AK:




- B,

—R%

- RAERRIERG, AEHR IR E Q5 ABRET; 34

T AREARERTER), &:z"é?%li:’iﬁx @?‘ ?fﬁa Jfﬁ%‘l.ﬁx(l 3 '
:Aﬁﬁ%ﬁiﬁﬂﬁﬁ | |

B (1~3 ABETF; &sﬁél—?&;&‘ziﬁw
EEREEFRA XA
- EREEA. BE AARRAREL (38 MBET);
- FH;
- eFik, BAR
e R#‘EH: LB, 4-—FHETHR). T B, KB, -8 B
&, Fomk, 2-ERLRR UE. -ERLER)RBE. S4
RS REERREREIN 3
% F k6 T ¥ %
(a) B FF i 5 Je Bt EA&T 6. 5 ¢ pH J-45I& T A& pll 6 52 &4 4%
B 10°C # 150°C ZH R E; Fo/ K
(b)¥ A ELREME —RAERER, AR
(YT & (a) Ao/ R (b) ZEHKAHRAP A (D LRBER B
Sty AERRH—FHFEA—FHEEARN (D GRIEHLHF




-&ﬁiﬁT%%ﬁ*A%
_ s

- gk,

- BE | | -
et SR A 8. ﬁ%ﬁ&i%% %G@#ﬁﬁ%ﬁ%ﬁﬁ

—AREARBRTER), HkEAEA BE. FE. BAKQ~3
MR T) B ERRAK;
- RAKL(~3 MEET; BHHE— PR ENIERTER), FHHK
AERRERRK; XA
- ik A, BE. RARNKGIRRE (3~8 MET);
- %f-s;
| ..i—”-"b%;a; :
CRMBESHTERBERARALENGE LRSS WG ETZE T
’/"‘E‘Liﬁ MEZEERAGVEFAX (DI, s THHA B
AERXPEH, GAERBLEYEZXLACAS N-BRRLBHFELLG S
U R AR B A BRI S  6 R |
RAD PR EL T 25 F BFEHFN:
(a) wik. kX (1) 0gibe-4;
b)FHhE b X (DA BHREREFOLXN (DS HER
(k) A& |
(c) ®ic, ks X (11) 654064,

EEBXEAEFT FRREIAERBROBRZL XA AERHAERG T
FHP-ABEEAS (P N-BR6-R|RAFTERR) . AL PG~/ %
A E, CERXEFTEDTIHZBEETR Y EBRNOFHT L&A
E@%@ W E Bk, EEERNERIBEIEAENEDESHEARNA
KEERFERGRAES., PAEY—FHOoehs (Flloi#&. AR
BRAELMOW)BEBRBILIILT 6.5 8% pHUHERK T 4.5) . B
JEAE 20~150°C 9B A, Kk 70~120°C. X LM TR E WA




A (150°C FIXREX (20°C TR EA, &R 10 £~60 54,
R AT — BB R 6 pH/ SR AL B2 7 32 A N-TRR, 6-APA ARt T X (IT)
fhA Y g B AE AL 4 100, 54 1000, #4E4 1,000,000, THE
ABFHBEZWAZERAETE, HETH RS ST,
BARPE S -5k E, FTEBEFEEES (Fde NI 6-APA)
T RaAdBAER. ARRGER, RIR. SUARKERSR (D)5
M LB EGRFA IS 5 ANBEBARIEEZRR VY. =
FABETHEAEELSEN B (F B A AAEXREARBRS
F R B R T, WIERE CO, kA 10~60°C (43 20~40°C) #5132
TR L¥, FREEREST COMH 4~10 I . ERYFEE
W Ss, TRE LW ERFOR 1 KRE LML,
AXFAMELRBREYTEALELRR, PRARAEAFTHETS
4T, At B8N (DEeHY T-N-BALBXHREDEAEES
FEGEFRERRERIDER, ETFHEBEATIUARELRAZTED S
REETIBRT RS (L LBALRE L4 MBE-DAOCS, LXE Y
BB/ 2l (A afhh & LmiALIE £ 46 88 DACS)) &R
., AALE AR E T-N-BERKGAS S e £ WS EEXFT:
WO 93/05158 (T —-B—-7-ADCA); WO 93/08287 (T, —BL—7-ADAC H & —
Bt —7-ACA) , WO 95/04148(2-(# X & % A& ) Z & -7-ADCA), WO
95/04149 (3 (3 & Z#IL) B BL~7—ADCA) v & B8% 348 Fv 65 3 K 48 Fo
W E. X PCT YW ATRSHIARAI AL, Kibegmi
— R CHEBE, Al B4 BETR). 2-(BATHEK T
Bt 3—(ZACHEE) AR, BEES. dEaFI L haBERRT
% E S F % ¥ 75 (Acremonium chrysogenum) . A3 ¢ ¥ B B (€
RN ERY A/ BELE)ROELRRTHFIHAEER
(Streptomyces clavuligerus)Fo/= %k LTI, B FH &, Hi
BB ET2RAEGAYA T (EMNTHEATARENE £
Jo) AR B-A B A T (23R) EH &5 ¥4 DNA BAEUR 7 # iy,
fhitHh, HEEALFERITHEEZN, BARAERATGEDE
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55, PlhddtELENFETE, AEXEE EXdE. &
EREAS. AP EFENENECHTELREEY.
EpH-BRTEFERGBEESTRZE, SRS X (DR
G —F o E }%\%%%xﬁﬁﬁﬁﬁﬂ&&mﬁ,mﬁ
RAFBHEAN-BRRAREEFFTEE. HEFE—F AR THREE T

AIE M ER MR, hEREHR, ZATHAHGE: hkERE,
MAMAE N-BK LB Z R FRE MM, FRFRKM. FRAEMN
BRATHABLBEAR. LERTE. LERLE. TEAFTAR., 3ROH.
FTEBRETES, AAFET, RAGEATRESAEEE S
N-BRLRBFEAARAZLAANENER., EBIGREILIRFTLEE
MCERMINREHFHAATFTERAM), RALTHEEGRE, Kk
RETRHEZFREAWEE X, TRERRKMEMEAERE. K
AR ERRAFAEELE, RRH & FBRX, ¥4 Norit C6-1
H Cecarbon GAC 40; R EBHWME, Al X LH - LHEAEXXLED,
i# 4o t$ B Mitsubishi Kasei Corporation #3 Dianion HP 20 (CAS
No. 55353-13~4) . Dianion HP 21 (CAS No. 92529-04-9). Dianion SP
207 (CAS No. 98225-81-1) &, Dianion SP 825 X% 4f B Rohm # Haas
# Amberlite XAD 1180(CAS No.97396-56-0) . Amberlite XAD
1600 (CAS No. 153796-66-8) 3, Amberlite XAD 16 (CAS No. 102419-63-8)
RFZHZ B TosoHaas % Amberchrom CG 161 (CAS No. 131688-63-6); 4L
# XAD 16 & XAD 1600. .

AR N-BALIAEZN, B —FHREF B F LR
B, BAEIARILALEBARELROBATE 1.0~5. 004
2.5~3.5) 8 pH., ¥AEBEAL 0~50°C (R 5~25°C) 5 E A, RAF
JE A 0~1.0 MPa BEHEEA.

R BAGP-NBEESY, LERFZASG N-RALIEHE W
dra- B AT BLAERE)LERARRAN L, mEE & N-RR
KIoE F Ak

BWE, FRAKEEAGRFARMNZAEZERERTAH LAY

10




B-ABIEE S, FREARMBBEBELSN. AALANUP-ABKELAS.
Tkk“ﬁiyﬁaﬁﬁﬁwwﬁ&.ﬁ&%ﬁ&&ﬁﬁAmMMW
HAKE 1.0 8 pH. BWXEEE, TABKTERE. BEELE
0~50°C (4.3 f& 20~40°C) #53L Bl 1o BAF )R 1 5 O~1. O MPa A8 R &5 50 1

TRAAHEMEFN Belmi BEE BRLE BRAERT

8 3 AT AL, 2R B A AR AEN (Pl RE. AR R
(el ). BEBEL 0~80°CHLZEAE 10~40°C) 4355 B A,
BEEHNE 0~1.0 MPa BEMEEN.

T E R ERTERRMNGFLE, L AKRR HR,
REFAXBREBREN (MR B, FE. CESSTHE) EHE.
T VA S AR B m# E] 100°C,

BAgATHEEAKRGERE THEL ~FXEH TR (Fl
BB, BERAEBRAAAE)BRAEKRE 1.0 8 pl.

CTEEMNETFRTEELEYE, HlelE—wE, {935 T B LA
BMBHEBRR, FEEMSHEARRERIN, ARFZERZTRAY,
4] 4r U.S. Filter & ADSEP % %. Advanced Separation Technology
&5 ISEP/CSEP %%. #14= Applexion  ‘merry—go—around’ % % 3
Universal 0il Products Company (UOP) #7 SORBEX % %t.

FTAA R RR AR TOETH, REXTE T RAK
HEERATEZGN-BIREARBLZGFREG P AEA A GEEE
ﬁﬁﬁﬁ&ﬁ%é%%ﬁf%ﬂﬁﬂkﬁﬁﬁﬁ,ﬁ%ﬁlﬁﬁ,&
Hik, BEIENFEELERFREN narofiltration.

BERRAASRCEGEELSEF EH B N-BALLE DB
B, — AR R ik 2 R R A iE 6 S R AL BRI 4 A B AT B AR BLBLAE
A, ARE3LENHASSE (FADXEER) ZAMRLE, ©
MEHERARETHREO THNHEDGARL: FRAFEE (Bacillus) (BPO
525 861; EP 0 405 846), 8 %8 ¥ B (Pseudoponas) (EP 0 482 844;
EP 0 525 861; EP O 475 652; EP 0 663 445), L &4 & &
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(Achromobacter) (EP 0 525 861), &£ 7 # ¥ (Alcaligenes
faecalis) (EP 0 638 649), FR3H#H B 5 (Acinetobacter) (EP 0 469
919), ¥ #F # & (Arthrobacter) (EP 0 283 218), K ¥ # K &
(Es_cheric_hia coli) (US 3, 945, 888), =% 7 R B KR KB

" (Kluyvera citrophila), %’K%ﬁ?ﬁ%ﬁ% (Proteusmret‘tgefi) (Us

3,915, 798) & . = % A0 Bu K 5 45 B 46 3 AF B 1R £ 76 1 & SE83 X SY-77.
ZEBAMBBRAEATAZEFEHX (&= WO 91/16435, WO 97/20053.
WO 97/40175 P AF & AR L) MfmIF X R A LRI e Fhebk., HRE
B 65 N-BEAL L F -G BBy 5 — % sk R B R B s 2 7 B
EESHORADERAE(EBREH No. 5, 677, 141 P AFEGAHH) .
TR R AR B e R AWK B E S5 E T (US 3,930,949) £
(BP 0 243 404) R A MAF eI HA (Pl X TR -G EE) AL A
Es R4 (FP 0 730 035) k. IR ZABKEEBBHLITNY, EA
BArBERAERAH(FED)EFH(FER), it lFA
No.5, 521,068 T AT M. HAETRAESBG R (F)HELE, X
R EAREGF AN AL P RARREES. BRMEBER BT AR
HEXAPARE(BARAARZABBEG TR, AAEHo2 & B TE
LEREZH) FHT, EREIERFAEFAY ol A4MEH T (25 L)
WA T LA GR (b, THAR BRE. ZBRAIBRELIR
4 pH Z/., TEREEYR/RAREBEEFHHEIAIT R
(circulating loop) ¥F3AF pH. X TAVTETCAH FH R E. HE
FEHEMBREE), ZEARLEAETAERER/KFHGYA.
TTAEBLE 2 R Ao/ R BB AR b 7 SR AR, 4 de B AR AR
(S,0s>. HSO,. S0,°). EDTA., —Fi#EB (dithiotreitol) (DTT).
BE, BEARAAELEN T BEASIKAX (D WHAB LA E
o, HRTERRESE, AdspATRA. REH, BED
AR 2 LR 69 narofiltration. fE T MK RE AR, £,
R TRA AN ERERBERRIEAE AR R. Fik, S
BT R4, EEEAT, Bk, g XRAFRANE

12




FHHBEHM. FRAENWENTRAACHERE. CRTE. LRL
B, PARTASM RoO8W. FTH. ETHE |

TR T ERAERGARKMER "%, RAEAGEFFEL F -
FoRER, R RS I th B (Bl H,S0,. HCI. HNO, & %
44) & 1~6 % HeA& pH £ pH 3~5. ALK 1~6 MEEH — A% S

ERRMALESE. TAESLEMAG T HABRFTESINTIET R L
Ffe, BAEPY—ALEHRFTE, LALT  TRPKREREN (Fld P
B, LB, 7R ETE aRH)MHREXNADGSLRALIORE.
ki, EELT TEAIAFREAIARARRBLEAZEX (DA
S RE.

EEAAT, HAEARRKE. FTHER/RLEF/HTEEL
2, TASEFLEGFI TR EXNADHEREAG RN E. ZAEY
¥ief T, £0.5~10.0 BB AW (st 4E 7.5~8.5 ZJA) &5 pH FiE X
AD W EREE, FRIHER. TREEFFT XL HE S, %K
WHIBREFER: RA—FR S 468 (Hld H,S0,. HCL. HNO,
KAL) 4 1~6 T HEpH £ pH3~5. KT H R 1~6 AL EM—2HE %
BSOS RBEEBERA) gy X#tfr, LT RBERSMER. FEE
SRR, BAARN-ANEETE, KBT TEMKRER
HER (AP, L. ()&, REBA. FTEPETR) mEEX
(IDMLRALGRE.

FEAT, THRIABRALEHAR P/ REBRGX (D) KRE
e ERAAER QDG AR EGAE. AWM ol Fhx, #
4o Norit Ultra SX; S ARMME, Hldi ThH-—CUHEEEXEED,
#H4miF B Mitsubishi Kasei Corporation #j Dianion HP 20(CAS
No. 55353-13-4), Dianion HP 21(CAS No. 92529-04-9) &, Dianion SP
207 (CAS No. 98225-81-1) & # 1% B Rohm and Haas #J Amberlite XAD
1180 (CAS No. 97396-56-0) . Amber]ite XAD 1600 (CAS No. 153796-66-8)
# Amberlite XAD 16(CAS No. 102419-63-8) 2, % % # TosoHaas #
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- Amberchrom CG 161 (CAS No. 131688-63-6); 4tit 4 XAD 16, XAD 1600
%, HP20.

mAZBITERECHEN, FEFTHAELE TENLRS BT
BAP T8, TR E L6 E (Bl sk B BRI ) BT AR A
B %ﬁ—fﬁmaﬁkﬁfﬁq’%ﬁﬁﬂiim&e—'}i&'ﬂ &e—%-fi Tfﬂ :%'}i)i%L

R PRI A R %
GRAEFLTEANC LT 2L LI FNE 2P FERR
BAEZPA S —F5 8, BET— ﬁM%{t,&f&ﬁz&(maﬁ&(ﬂ)

BB ERFHRR BRI PERC BT E. 2AT, PARX

1§ 75 4K pH (B 4 {& T pH 5. K #AKT pH 4. FAREALT pH3, & T

pH3 r&sﬁixﬁ_ PHR) BT AAH RS EC 8. AL PR AGZTX—F

| c R, AR hEa AR,
F.%T WEBERS, EHEARELRETAH AR ERLE L

BN TENES
B 4o T AR FRR 6T A R T AKX 9.

4 1993 4 3 A 18 BAF I BEE5 4 #3% WO 93/05158 F45E ¢
A, BRANAREFTIREERAS T EE (ZOBA LR T CER
BB P EEEARABOER T AL L REHHEATR,
04T E-T-ADCA, Kk G A FABA 5 F M6 6-APA. T
ZB-6-APA Feo-RE-T oB-T- LT ERE. |

¥ WO 93/05158 GFAAIAF£H) 64 F3ed] 1 TR MHF IR F
ik He i o) H BB B R

REEB~T K6, BRABRR TERELE,

EBLEH TG HHRBREDOENZ L RBEH: 6-F
EERE,. OB 6-REAFERE. a R AT B-6-RAEFEL

LT AR LB EALREE oA T B-T-LTE

Y ¥

14




- Rl

5564 1
pH/iﬂ-‘:—ﬁ’tﬂ

‘.w*ﬁwﬂmewﬁuw@%w%ﬁaﬁmk@z@ﬂ%aif

BAOWREREEA G- ABRIALS K. -
BRI EFELAENAER(LERFES)LE, MELABERG

AT B-T-ADCA FHFERBER LA ERRXI LT EIGL LRSS

V. RRAEFRAKAEERBRAZSFHEREERRYG AL

BARAREY 245, BHATT T I EE:

A, HHE>EEBEAE pH=3.5; M#AF] 70°C, 30 545 443 40°C;

B. %%nﬁﬁﬁkﬁﬂpwz7#ﬁﬂ1mc4ﬂﬁﬁﬂﬁﬁmm
£

C.  FBHRLSBEREBAE pH=3. 0 F B Rt —F 4,

BFuuMAEENZRREA L TLEEREFR (I G4,
7—ADCA.

B &

fE Seitz K100 BELIFE=ZMERA-C), REHF pH A 3.0 8
ERAEFIMAT 1.6 I XAD-1600 g 69 & b B E M 4.8 Fhkskk
A, 0.2 M BERARERER, REF—RAHRES (L1
fafd., WEFE KB (3.2 ). RTATHARAERLE
da AL IR, JR R B AT

P

7 20~30°C A% (5~10mm He) TRBHEE R AZE/ES 40 2T
B -T7-ADCA B3R .

15




A4 L. BL

BE ABASBHETAE 7 R AEiE O 8-T-ADCA. # 1 9tk
ik PRM L A BEEN. 20 oM EDTA #7 100 g Bl 4Bt A 3488
(BB FREAE SE8S ~HABAHBEE). £ 30°C TG R

___.g_;JHv‘ A4 NSSAHY DI BEHE 8.5, ﬁﬁﬂiﬁﬁ%kﬂ&éﬁ.ﬁ% 3 B

E B R AL B A B e ik AR

7-ADCA &4 &

AERFET., £30CHERETHEAPH £3.6 Mg T-2% L THRAE
L ERE (T-ADCA) LR; A 45 54 W, A6 Nﬁﬁﬁiéﬁf&éﬁ pH &
IKZE 3.6, AHE20CHE, EEBRLEHEELSE LK, AKRRKE,
F 35°C T T .

7 # T-ADCA aaﬁi

4% Bh T R T-ADCA. %wt ¥ 15 % 7T-ADCA & F T 255 ml 7K
g T 4 N AfAEE 7.5~8.5 85 pH Fi&EM 7T-ADCA. ERIBE
ey L EE, FhKk®mF 300 nl HE.

JB R B RS kR
RN TEER, £ 4545%R, HiZEREHEF 15n]
55 XAD1600 L. 3%, ¥ 75ml A REF ZAIE L mFEF 3750l HA.

T
BT, £ 30°C 65 E FTRAL pl £ 3.6 ffd 7-ADCA HiE; &
5 54, A6 NERE pH BIKE 3.6, A5 200 &, EHBR
B e e b AE A4k, ARSI, 4£ 35°C T .

M. 6-APA BV kA, IXARL P4 T-ADCA AT BBRIFHLEXR.
(6-APA A Z AAxt-T 7-ADCA KFH-49).

16




% la. £% 1A, 1B 1ICHEE

ey 6-REFERESF (ppu)
1A <10

1B <10
1c 950

ERAE T

FERERDTITETB-T-ADCA #1767 6-8 4L F

e TR Y 108 6-REAF ﬁ B E T & 2y pH. 8 E Feut
Bl Z H e E L % (k& 1b).

% 1b
6-APA pH i R 4] B ] B ]
Y | (®)] (s) (min) (h)
107 3 25 35050 584 9.74 |
107 3 50 3057 50. 9 0. 85
10°° 3 75 378 6.3 0.11
10° 3 100 62 1.0 0. 02
107 4 25 148857 2481 41. 35
10°° 4 50 12982 216. 4 3.61 J
107 4 75 1607 - 26.8 0. 45
10°° 4 100 263 4.4 0. 07
w48 2
KW &k

(a) B B AR E&EE, BoYE A5 (20~2D).
(c) #ted pH T =B

ZEFETT:
(b) £uBla A X FE8KELEE (2E~26).
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—7-ADCA £y 2646 6 R (2H~2]) . ABBE Fh Koy it T A M & 457
0% G FAEN S8 2K 2.

gy 1A PREAGFAHFAEL SR, BE, A3 ANEE%
AL B-T-RA - FLBAARERE: HERREHFRAT 1.6
7+ XAD-1600 # R #04 L, R Al %8 K 3%k (2A~2D F= 2H~2K: 4. 8 7t
2B~2F: L& 2b), M 0.2 MEBRABAEREM. REFE-KREHRE
S 1M EHFF. KEF KBS (3.2 9) F 4. BXAFTHRHR
HE A SR, BRARKGRBY. RATRERAALELMEH

T2 (K 2).

BT BHEHTE: (REH—i w/ -1 wn)/ ( REWH—1 spu/b

-1 wua)

Cﬁza EE 2 AR

ey kxS # % (g) Y () -t
bty | ALa% | sl | i | Lad | bt | i | ol | 4
1 2 3 2 3 2 3 | (ppm)
(g) (g | (g | (@ | (& | ()

2A | 34 3.3 1 9.3 30 | 3.1 5.9 1 1

2B 80 5.9 [18.5| 70 | 0.5 [0.09| 10 | 173 ! <6

2c | 127 [10.5[32.8| 76 | 0.3 [0.07| 24 | 301 19

2D | 255 [18.2/59.4| 67 | 0.1 |0.03| 38 | 501 | 30

4% 1: & =-®-T-ADCA

-4 20 a-FH T BE-T-ADCA

e 30 a-R AT B-T-ADCA

a4 4: 6-APAARXT THEGH 16548 F

REERFARAERPEEIBET RN B FRED 2 BRI N
SEHEEOR,
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%.2b. ZB 2 AR
% H#t & | kB Ay
)
e | febd | et | (1) | 40bd | feddn | o | udd | fdd |
v o2 el L2 s I
@ | ® | @ (& | (& | (& )
2E | 85 6.6 |14.0]1.6 | 81 | 2.1 ]1.2] 3 11
2F | 74 6.4 |12.6| 4.8 | 7L [ 1.1 10.13 6 94
26 | 75 | 5.8 ]13.0[ 7.3 68 | 0.5 0.1 ] 12 | 122
W44 11 T B-7-ADCA
o6 2: o-FA& L B-T-ADCA
64 3: a-#&ATB-T-ADCA

ZHaM 2b AMTEABRREAMBR TR ERETARIFAHER

8 KT E E AW AR
% 2¢
F%é Wt — Ay
| <
et | e | et | pH mx%lm\% ok | et | ot
1 2 3 (-) 3 2 3
(g | (& | (& | (g | (& | (g
o | 79 | 8.4 l22.2 25! 8 | 0.6 0.09] 15 | 248
21 | 80 | 5.9 |185|2.9 | 70 | 0.5 [0.09] 10 | 183
o7 | 83 |82 217035, 62 | 0.5 0.14] 12 | 118
44 10 T BE-T-ADCA

Wi 20 a—FA T = B-T-ADCA
WA 3 Rk T B-T-ADCA

l

g BG4 B T A AT SR pH AR R A A 8 T-NBAL K

[9




- e

REEFREHEGHR. HSO KA.

0. ZB 2B E (ESHB A% TR T 30 45

e bt | bt | fodd | ot | ot | b | fobd | bk ) b | b | b
1 2 3 4 1 2 3 4 2 3 4

(kg) | (ke) | (kg) | (kg) | (kg) | (ke) | (kg) | (ke)
2K 1.46 0.08 0.2010.15(1.380.0110.010.02 7 - 18 7

b1 T ®-T-ADCA
Wbt 2: a-BRLB-T-ADCA
fed# 3. oIk T BE-T-ADCA
44 T8

ﬁi%ﬁ@%T&%ﬁ%ﬁﬁ%ﬁﬁ&*ﬁ%iﬂﬁiﬁﬁ%ﬁ
Btk BB, BRARTAR S —FH K.

Jo Tt 1 PREGHRE, ABREASPELRIRLELHE S
IA~2K 2k £ T~ADCA. B THFHHAER, LHkp 3 FAHE.

LA 3
B5 AT B4

% LAk i T B4 T 8- 7-ADCA £ T-ADCA #1 %X . T =
BE—T-ADCA 2 3 7640 2K b A JF 8 ARFE w8 (32 & 4840 1A 2247 pH-
g, A S hkBAREEAEREN) . BRAER 1 TREN
AREE, A 3 F AR pH FRATHAL, FHH A~E RERFIK,

20




£ 3 )
5B J&H S pH | &K | ok
e 1 | e 2 (-) [ &bed 1| b 2
(mmol) (mmol) (mmo1l) (mmol)
A 69.7 | 2.2 8.5 | 1.1 | 68.6 |
1 B 144. 2 2.4 8.5 5.9 143. 3
T C | 18T 4 T T 2s 8.5 13.5 174.5 |
D 113.1 1.7 8 108. 7
E 113. 4 3.1 g 1 112. 2
45 10 ©=8-T-ADCA
b 2: T-ADCA

L RR /B EFERAEC B-T-ADCA B, 5 i &2, #
e PR P K. FREEEH - FHALSHAEENT - FE (X

FATH).

LA 4

FLLE

WA BB AT pH/ AR (FHEH] 1), BRI Ee] 2 PHE
MR EE R T £ O B-T-ADCA. 325, Jeiied] | TR &AM

17 #54L.

BB EE RGN (FEBGEFOER) M3t XRE.
Bl —5nEik, BB/ pH £ pH3.6.4 R 54 7T-ADCA & & (&

* 4a).
% 4a. L&
KE | BRTH p (8. & TR| FRTaLed ]
o 1 =) B 7P & (g) (%)
A 49.5 3.6 48. 9 97.5
B 49.5—4 4 48. 7 97. 4
C 49.5 5 48. 2 98
&% 1t 7T-ADCA

21




43R 3 K 89 pH ‘Fé‘J

REAABE. A TELB P, pi 4 3.6. 4

’E’FT Kﬁ?&&&ﬁﬁﬁ%
F 4b. HE 5 . L o |
: Ed s mEFW | B Bk Fabd
T | THAB 1 | RTEE® | Rke# 1
| (g) & (g) (%)
- D 15. 5 14. 8 94. 3
- E 36. 1 35. 7 95. 3
P 49. 5 48. 9 97.5
4% 1: 7T-ADCA

E%,%w&¢7wmﬁxﬁﬁ%%5%%F#F$%ﬁ
e F %ﬁﬁ]lﬁf’%i’?ﬁ Bl ERFE(CERTHH @ﬁvﬁ%

F‘)éﬁ%’“éx
4%40 FLEE &
%% | EaYH | KE ) FRFE | £ 425mm | £HCL T
ot 1 oy 1| RERT | HERE
(g) (%) & 5% &, (EBC)
(-)
G 25 HP20 97. 2 0. 16 3.6
H 25 HP20 97. 8 0.11 2.4
(2 4%)
I 25 TRAB7 97. 2 0.18 | &
J 25  |IRA67HHP20| 97.7 | 0.1
K 25 £ 96.3 | 0.39
.49 1: T-ADCA
53 5
B T-RAFLBEAIRERBHLE
GEAFETTASHWARFGRARMELE 7-ADCA H#R)E




*5 T-ADCA 9 ¥ B AR & 69 A,
B RS QK PAFE T ERNETAT-ADCAS R (KA éﬁ*ﬂﬁh‘@wﬂh
2 XAD-1600 #8).

TR T EeyT o A H fE 425nm & | £ HCI &y | -
a4 1 o ] FHRE
(g) &, (EBC)
| L ()
A 40 — 0.18 4,9
B 40 XAD16 0. 05 1.8
C 40 HP20 FX LB 0.5
D 40 XAD1600 0. 09 0.5
E 25 A@;k | 3.6
F 25 +1% EtOH 0.11 0.6
G 50 | +3% EtoH 0.18 0.9
H 50 +2% X 0. 04 K@ 4k
I 50 O 0.17 1.4
+_
J 50 +5% % 0.03 | 0.8
h¥ 10 T-BALLEBEALAERE

534 6
B E T BEFEBEN O BE-7-ADCA

s 1 PRHEGTHELE 64T B-T-ADCA S A B R&.

BALE, B RREEEAEL KRS T _B-ADCA. WEERERE
FHAT XAD-16 Wiseh AL, AARZHE, M0.2 MLEEFERTMK.
B A BN BELRELBERBSE - REBRELSBFH
*. KEF k4. BdATHAFARERRAEMNHE, FHXA
B ALS KA.
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XA —3F 9 T B -T-ADCA: B, B ERERERE, AAM
MR N-BR LR TR ERI KM, FLFERKIM FRANENZ
JET B,

R B AR AL HAE L B-T-ADCA & T-8E L Bt
Sk RERE (T-ADCA) . B B4R pH B4 & — 3 4 7T-ADCA. FE8h-T 3
 HABERO-BELRARBERE. AXEIK pH mH B T-REE
LEREKRRERER.

B T-REF LRAARERB KSR, BARMBER
B ERAMEN T, BHAHS B, FRAEMNENZETE.

=5, TERRE, BEETE.

%6
o B33 Pty | &£ 425nm &3 | £ HCL &
e 1| BRYHHAE % T
(%) | (=) (EBC)
A | FR/FER/ R 98. 3 0.13 2.4
B &g/ 98. 9 0.09 1.5
-
C &g g/ 97. 6 0. 12 —~
4 ah -
D &, a5/ 98. 7 0. 05 1.1
B/ ELES |

b1 T-RAFLBRALHRERER

FPALEFARERERVER, REELREAREELES (B
FAEFLEMEFE. HEeELBE5F LR FHEERALFR
A A RITH AR,

S 1 U
M T-ADCA £ BB KT B
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T-ADCA 4 & Bk 2# EAH 4 PHEGAREESG. LA HPLC
M E O 8 Aminex HPX-87H 4, 300 mmx7. 8 mm, 3% T 9 um M & F
5% 1% (Biorad), f£65°CF A1 0. 2 MH,SO, K IE &R % HL, &2 F Rl Waters 410 _
AR E, ETXEEY 9’;7:":&'9'] ‘T",-‘ %ﬁ{h%‘ﬁ..%&“_, MR HE,
R TA
P A S

A 20°C F, B 12 M HS0, X#&E &4 7-ADCA £ & 8 #& (250
ml, 13.6g/1 & —&)&  pH B3] 0.7. 4£ 0°C F 16 h &, Afeial ki &
5. A 6M KOH Atk pH St &3] 3.4, 3% sk w0 AL 65 & 4k
MmBB T g R (CAERCT_BRGRASY, ke —F 5.

L34 7B
FREBRA R B

F£20°C7F, A 12 MH:S0, AR 3& B 7T-ADCA £ gh 3% (500 nl, 9. 4g/1
OB pH K3 1.5, BEAACCRETRE ML —FHEERE
by, BANESEERSY, THRELE 6.9g T8, SLEA 53%(~
£ 18%).

| % aep] 7C
F.J3 Nanomax 50 BARBFZSEA WK T 8B

A 20°C F, A6 M KOH AKE& R 12 M HSO, KIEH ¥ 7T-ADCA %
3% (500 ml, 9.4~18.2¢/1 &=, RE) pHATH R PRI
5. FF4EQ Millipore 65 Nanomax 50 BI578 B 69 A B ST LT &,
BT REA, 0 CHEIRERNERFFGY, LF, RAHIPLC
MEC BT, EXSEEAT, AA-HRERSE, T&#E: £
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RETREHELER, BELEWiFTE.
* 7

pH | TEE@E/) . | RE | EER | REE | &BE
| R | BER | HEY R || AR

B T (%) (m1) (&) 1T &)
1.5 13.6 | 11.0 | 14.8 26 400 4.4 96
2.0 18.2 | 13.1 | 20.8 37 260 2.4 99
3.0 9.4 6.7 8.7 23 360 1.9 97
7.2 13. 6 31.9 83 400 | R4 | k4

FE A 7D

K DK UISF B RS EHAAEDPH 2.0 TER T &

A 2.91 6712 MH,S0, KA & ¥ 7-ADCA £ 53 3% (100 1, 4-25. 0g/1
& B ) 6 pH % 2.0, A 57 14K, A DK UI9F & 2.5 n®fF 8

Hydro Air Research #jJERXEE F P2-B200 T ¥ H X Y& FT
BH#E., £30CHRENT,EF 8.8 1/v*/h 5 FHAEE, 2+ 4
Wy R,
Y
o4 SRE (/1) 7Y
R4 B R a H (%)
OB 25.0 11.6 17.8 39
T—ADCA 0.72 <0.01 0.72 >99
& B -7—-ADCA 1.561 <0. 03 1. 54 >98
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