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The decomposition rate of cephalosporin C was measured in order to determine the stable operating conditions
for extraction, and the same pH dependence as those reported in the past works was obtained. The physical
extraction of cephalosporin C with butyl acetate did not occur since it was amphoteric and the fraction of

undissociated form was very low.

The reactive extraction and strippting of cephalosporin C were studied by using various extractants and buffer
solutions. The reactive extraction occurred when tri-r-octylmethylammonium chloride and carbonate buffer were
used as an extractant and buffer, respectively. This was the first example of cephalosporin extraction.
Cephalosporin C extracted into organic phase was stripped by acetate buffer solution. In the stripping, the anion

exchange reaction between cephalosporin C and acetate occurred.

Introduction

Along with penicillins, cephalosporin derivatives
are representative and important f-lactam antibiot-
ics. Cephalosporin C, produced by Cephalosporium
acremonium, has been recovered from fermentation
broth by chromatographic or chemical processes'®.
The former process requires rather cumbersome and
expensive plants. Therefore, it is meaningful to
develop a simple technique of separation. Solvent
extraction based on the distribution between aqueous
and organic phases (henceforth physical extraction),
which has been widely employed for the purification
of lipophilic antibiotics such as penicillins, is regarded
as one of the most promising alternatives. However,
physical extraction is not used for the purification of
cephalosporin because cephalosporin is amphoteric
and is barely soluble in organic solvents. To establish
a recovery system by extraction, Andrisano et al.
proposed to render cephalosporin C more lipophilic
by a chemical reaction in the broth and then to use

physical extraction”. Such a chemical reaction
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method, however, has been applied only to a few
cephalosporines because of the complicated processes
involved.

Extraction accompanied with the reaction of anti-
biotics and extractant (henceforth reactive extraction)
has been studied for penicillin G recovery'®!1:13).
This process is preferable since extraction is carried
out at middle-range pH, where penicillin is relatively
stable. In those studies, secondary long-chain alkyl
amines were recommended as extractant due to
appropriate extraction-stripping ability and no
formation of a third phase. However, cephalosporin
C cannot be extracted by secondary amines because
it is amphoteric and the formation of an ionpair
complex with amines is difficult. It was reported that
quaternary ammonium salts could extract amino
acids, which are representative amphoteric com-
pounds, by anion-exchange reaction®®. Therefore,
the reactive extraction of amphoteric cephalosporin
C is thought to occur in the same way by using
quaternary ammonium salts. If a reactive extraction
is established, it will become possible to apply
liquid-membrane processes, which are considered to
be well-suited for separation of unstable antibiotics
like cephalosporins. Recovery of various bioproducts
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such as organic acids®7'?), amino acids*!*® and
penicillin G>® from fermented broths by liquid-
membrane processes have already been reported.
This paper discusses the recovery of cephalosporin
C by solvent extraction to obtain the basic informa-
tion necessary for liquid-membrane separation.

1. Experimental

1.1 Reagents

Figure 1 shows the molecular structure of cephalo-
sporin C (henceforth abbreviated as P). The values
shown in the figure are the pKa values of carboxyl
and amino groups. Tri-n-octylmethylammonium
chloride (henceforth TOMAC and abbreviated as
QC1) was mainly employed as extractant. Di-2-
~ ethylhexylphosphoric acid (henceforth D2EHPA)
and tri-n-octylamine (henceforth TOA) were com-
mercial extractants used for comparison. Butyl
acetate was used as organic solvent since it has been
used for penicillin extraction.
1.2 Decomposition rate

The decomposition rate of cephalosporin C was
measured in 2mol/m® aqueous solution at 298 K.
The pH was changed from 1 to 12 by acetate and
carbonate buffers. Aqueous solution was sampled at
proper time intervals. Cephalosporin C concentration
in the sample was determined by HPLC using a C-18
column (Biofine RPCSCI18, Japan Spectroscopic Co.
Ltd.) and a mixture of 5mol/m® aqueous ammonium
carbonate solution and methanol as eluent.
1.3 Extraction equilibria

In the study of reactive extraction equilibrium, an
organic solution was prepared by dissolving the
extractant in butyl acetate. In physical extraction,
the extractant was not added. Aqueous solution
was prepared according to the same procedure as
described for the measurement of decomposition
rate. When TOMAC was used as extractant, a large
excess of sodium chloride compared with cephalo-
sporin was added to the aqueous solution to keep
Cl~ concentration constant during the extraction.
Aqueous and organic solutions of equal volumes
(25cm?®) were shaken in a flask at constant tem-
perature (298 K) to attain equilibrium. After two
hours the concentration of cephalosporin C in the
aqueous solution was measured by HPLC. Stripping
from organic to aqueous solutions was carried out
with the aqueous acetate buffer solution containing
sodium chloride. Concentrations of cephalosporin C

and acetate in the stripping solution were measured
by HPLC.

2. Results and Discussion

2.1 Decomposition rate
In previous studies®!® the decomposition rates of
cephalosporin C in aqueous buffers were found to

294

PHazss e

LN- ISR A

SCHECHY;C-N-C-C'7CH, O

H

Ao C Ig-r{ oG- CrrotceH;
COOH pra=2s

Fig. 1. Chemical formula of cephalosporin C
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Fig. 2. Effect of pH on decomposition rate constant
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Fig. 3. Effect of pH on extent of extraction without
extractant

obey first-order kinetics. Figure 2 shows the effect of
pH on the decomposition rate constant, k. In basic
and acidic solutions the rate was relatively fast due
to hydrolysis of the acetyl group. Such behavior
agreed with that in previous works®'®. From Fig. 2,
recovery in the middle pH range is desirable to
reduce activity loss by decomposition.
2.2 Extraction

First, the physical extraction of cephalosporin
C was examined using butyl acetate as a solvent.
Figure 3 shows the effect of pH on the extent of
extraction. In this figure, the asterisk indicates that
cephalosporin C decomposed after equilibration.
Extraction did not occur because the fraction of
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undissociated form of cephalosporin C was very
low over the whole pH range due to its amphoteric
properties.

Therefore, the possibility of reactive extraction
was examined. TOMAC was employed as extractant
since it could extract amino acids at high pH?®. As
a result of preliminary experiments, extraction was
found to be possible when carbonate buffer (pH = 10)
was used in aqueous cephalosporin solution. This is
the first report of reactive extraction of cephalo-
sporin C. The combination of TOMAC and phos-
phate buffer did not give a satisfactory result since
phosphate is significantly extracted with TOMAC
compared to carbonate®. Thereafter, extraction was
performed by using TOMAC and carbonate buffer.
Figures 4 and 5 show the effects of extractant (QCI)
and Cl~ concentrations on the distribution ratio, D,
which is defined as the ratio of total concentration of
cephalosporin C in the organic phase to that in the
aqueous phase. During these experiments, cephalo-
sporin C did not decompose despite the high pH
(pH=10). This finding indicates that the anion
exchange reaction was relatively fast compared with
decomposition. Under the conditions in Figs. 4 and
5, the maximum extent of extraction was about 80%.
In both figures, the slopes of logarithmic plots of D
versus [QCI] and [C1™] were 1 and — 1, respectively.
From pKa values, cephalosporin C exists mainly in
the monoanionic form at pH=10. Therefore, the
extraction reaction is expressed as follows:

P~ +QCI=QP+Cl~ :K )

where K is the extraction equilibrium constant defined
by Eq. (2).

g [QPIC ] @
[(PT10QCH]
By rearranging Eq. (2), Eq. (3) is obtained.
log D=1log K+1og[QCI]/[Cl] 3)

where D (=[QP]/[P™]) is the distribution ratio.

From the plots based on Eq. (3) shown in Fig. 6,
the extraction equilibrium constant, K, was found to
be 0.25. This value was higher than those for inorganic
anions like phosphate, sulfate and carbonate which
coexisted in the fermented broth®. Therefore, the
selective extraction of cephalosporin C is possible.
2.3 Stripping

The stripping of cephalosporin C from organic to
aqueous phases was carried out. The pH of the
aqueous solution was adjusted by 100 mol/m?> acetate
buffer to pH =4, where cephalosporin C is relatively
stable as is shown in Fig. 2. Figure 7 shows the effect
of sodium chloride concentration on the extent of
stripping, which was 60-70%. During the experi-
ment, cephalosporin C could be recovered in strip-
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Fig. 7. Effect of sodium chloride concentration on extent
of stripping

ping solution without decomposition. This indicates
that cephalosporin in the organic solution was more
stable than that in the aqueous solution. According
to Eq. (1), the extent of stripping should increase
with sodium chloride concentration. Figure 7,
however, indicates that stripping was independent of
sodium chloride concentration. This discrepancy was
thought to be caused by reaction between TOMAC
and acetate anion used as a buffer. Figure 8 shows
the effect of acetate anion concentration on dis-
tribution ratio, D. As expected, D decreased with
increasing acetate anion concentration.

To simulate the results shown in Fig. 8, the follow-
ing anion exchange reaction was considered.

Ac” +QCl=QAc+Cl™ :K, 4

where K, is the extraction equilibrium constant of
Eq. (4). From Egs. (1) and (4) and the mass balance
of acetate, the distribution ratio of cephalosporin C
was derived as follows.

_ K([Ac]o—((1+ K)[H" J/K, + D[Ac™])
K4[Ac™]

D %)

where K; and K, are the distribution equailibrium
constant and dissociation constant of acetic acid,
respectively. The value of K, was determined by
another experiment to be 0.3. From the experimental
results shown in Fig. 8 and Eq. (5), the value of K,
was determined to be 0.045. The solid line in Fig. 8
is the calculated result using these values. The
experimental data agreed well with calculated lines.

Conclusion

Extraction and stripping of cephalosporin C was
carried out by using various extractants and buffer
solutions. Reactive extraction occurred with a
combination of TOMAC and carbonate buffer, and
was the first example of reactive extraction of
cephalosporin. Cephalosporin C in organic phase
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ratio in stripping

could be stripped in acetate buffer solution. In
stripping, anion exchange reaction between cephalo-
sporin C and acetate occurred. In neither extraction
nor stripping did cephalosporin C decompose.
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Nomenclature
D = distribution ratio [—]
K = extraction equilibrium constant of

cephalosporin C defined by Eq. (2) [—1
K, = extraction equilibrium constant of

acetate defined by Eq. (4) [—]
K, = acid dissociation constant [mol/dm?]
K, = distribution equilibrium constant [—]
k = decomposition rate constant [s™]
[ 1 = concentration [mol/m?]
{Subscript)
0 = initial state
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