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Abstract
In the synthesis of cephalosporin antibiotics, esterified in 4-position, the Δ2-isomerization is a well-known side reaction
proceeding under basic conditions. In this work, we investigated the Δ2-isomerization of the esterified cefpodoxime proxetil.
Due to the R-configuration and S-configuration of the stereogenic center in the side chain in 4-position, there are two starting
materials being diastereomeric to each other. Furthermore, an additional stereogenic center is formed in the isomerization
step, thus leading to four possible products. To the best of our knowledge, in this work for the first time the Δ2-isomerization
of the two isolated diastereomers of AMCA proxetil, a precursor of cefpodoxime proxetil, as a starting material is reported. It
has been shown, that each diastereomer only reacts to one of the two possible Δ2-diastereomers. The synthesis, isolation and
characterization of (R)-diastereomers as well as (S)-diastereomers of Δ2-AMCA proxetil and cefpodoxime proxetil,
respectively, are presented.

Introduction

Cefpodoxime is a third-generation semi-synthetic β-lactam
antibiotic [1]. Previous work shows a higher oral activity for
cephalosporin antibiotics esterified in 4-position [2]. An
example for this type of prodrug is cefpodoxime proxetil, a
broad spectrum β-lactam antibiotic for oral application
[2–6]. Cefpodoxime proxetil itself is an antibacterial inac-
tive substance, which is de-esterified by intestinal wall
esterases to the metabolite cefpodoxime [3, 4]. Beside the
advantage of possible oral application the esterification in 4-
position leads to instability against basic conditions. Under
these conditions the double bond in Δ3-position isomerizes
to Δ2-position in a reversible reaction [7, 8]. With respect to

the nomenclature, it has to be stated that by using IUPAC
nomenclature the double bond in cefpodoxime proxetil is in
Δ2-position and in Δ3-position in the isomerized form.
However, in the traditional nomenclature used by the
cephalosporin community and which therefore has been
used also in this work, numbering starts at the sulfur, thus
leading to the double bond in cefpodoxime proxetil being in
Δ3-position and in Δ2-position in the isomerized form. A
possible mechanism for this isomerization was suggested by
Bently et al. and Saab et al. and confirmed by Richter et al.
(Fig. 1) [8–10]. After a deprotonation in 2-position, the free
electron pair moves to the 3-position and the resulting free
electron pair in 4-position is then protonated. It is known
that the Δ2-compound is pharmaceutically inactive, thus
representing an unfavorable side-product [7, 9].

The side chain in 4-position of cefpodoxime proxetil
contains a stereogenic center, which can possess the R-
configuration as well as S-configuration. Taking into
account the additional two stereogenic centers in 6-position
and 7-position with a fixed absolute configuration, this
results in two possible diastereomers of cefpodoxime
proxetil. Both isomers are reported to exhibit similar bio-
logical activities, but showing differences in their physico-
chemical properties [11, 12]. As a process for the isolation
of (R)-AMCA and (S)-AMCA proxetil (with R-configura-
tion and S-configuration in the side chain, respectively;
AMCA: 7-amino-3-methoxymethyl-3-cephem-4-carboxylic
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acid) as a starting material for the synthesis of (R)-cefpo-
doxime and (S)-cefpodoxime proxetil, crystallization with
p-toluenesulfonic acid is known [13]. These two diaster-
eomers were isolated and examined previously; however, to
the best of our knowledge the Δ2-isomerization was not
investigated starting from the (R)-diastereomers and (S)-
diastereomers up to now. This Δ2-isomerization is an
interesting reaction, because a new stereogenic center with
an unknown absolute configuration is formed at the carbon
atom in 4-position (Fig. 2). In the following, we report this
Δ2-isomerization starting from the two isolated diaster-
eomers of AMCA proxetil, a precursor of cefpodoxime
proxetil, as a starting material.

Experimental part

Experimental setup

Automatic flash chromatography: For automatic flash
chromatography Isolera One System from Biotage (Bio-
tage, Box 8, 75103 Uppsala, Sweden) was used. For chro-
matography Snap Ultra cartridges of Biotage with 10 or 25
g silica gel were used.

NMR Spectroscopy: 1H and 13C NMR-spectra were mea-
sured with an Avance III 500 HD spectrometer (1H: 500MHz,
13C: 125MHz) from Bruker (Bruker Corporation, 40 Man-
ning Road, Billerica, MA 01821, USA). All samples were
measured as solution in deuterated chloroform and calibrated
to the solvent signal (1H: 7.26 ppm, 13C: 77.16 ppm).

HPLC-chromatography: A HPLC-System from JASCO
(JASCO Deutschland GmbH, Robert-Bosch-Strasse 14,
64319 Pfungstadt, Germany) was used, which includes

pumps PU-2080Plus, column thermostat CO-2060Plus,
detector MD-2010Plus, autosampler AS-2059-SFPlus and
degaser DG-2080-53. The used column is a NUCLEODUR
C18 HTec, 5 µm, 150, 4.6 mm form MACHEREY-NAGEL
(MACHEREY-NAGEL GmbH & Co. KG, Neumann
Neander Str. 6-8, 52355 Düren, Germany).

Accurate mass spectrometry: The accurate masses were
determined with an Agilent 6220 time-of-flight mass spec-
trometer from Agilent Technologies (Agilent Technologies,
5301 Stevens Creek Blvd., Santa Clara, CA 95051, USA).

Isolation of AMCA proxetil diastereomers

A mixture of both AMCA proxetil diastereomers (200 mg;
for preparation, see ref. [14]) was separated using automatic
flash chromatography (cyclohexane/ethyl acetate, 12–100%
ethyl acetate). The (R)-diastereomer (40 mg) and the (S)-
diastereomer (56 mg) were obtained in addition to a mixed
fraction.

Mixture of (R)- and (S)-AMCA proxetil diastereomers
HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/

acetonitrile, 60/40, 1 ml min−1): retention times 8.45,
9.05 min.

(R)-AMCA proxetil diastereomer
HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/

acetonitrile, 60/40, 1 ml min−1): retention time 8.96 min.
(S)-AMCA proxetil diastereomer
HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/

acetonitrile, 60/40, 1 ml min−1): retention time 8.45 min.

Preparation of cefpodoxime proxetil diastereomeric
mixture

A solution of AMCA proxetil (512 mg, 1.37 mmol) in ethyl
acetate (13.5 ml) was cooled to 0 °C. After adding MAEM
(582 mg, 1.66 mmol; MAEM: S-(benzo[d]thiazol-2-yl) (Z)-
2-(2-aminothiazol-4-yl)-2-(methoxyimino)ethanethioate)
the suspension was stirred for 18 h in an ice bath. After
filtration and washing the residue with ethyl acetate (2 ml)
the solvent was removed in vacuum. The residue of filtrate
was separated using automatic flash chromatography
(cyclohexane/ethyl acetate, 12–100% ethyl acetate). The
resulting cefpodoxime proxetil (as a diastereomeric mix-
ture) was isolated as slightly yellow solid (538 mg, 0.965
mmol, 70% isolated yield).

Fig. 1 Mechanism of the Δ2-
isomerization of cephalosporins
esterified in 4-position [10]

Fig. 2 Δ2-isomerization of AMCA proxetil leading to the formation of
a new stereogenic center [10]
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HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention times 11.53,
12.88 min.

Preparation of (R)-cefpodoxime proxetil
diastereomer

A solution of (R)-AMCA proxetil diastereomer (50 mg,
0.13 mmol) in ethyl acetate (1 ml) was cooled to 0 °C. After
adding MAEM (57 mg, 0.16 mmol) the suspension was
stirred for 18 h in an ice bath. After filtration and washing
the residue with ethyl acetate (0.5 ml) the solvent was
removed in vacuum. The residue of filtrate was separated
using automatic flash chromatography (cyclohexane/ethyl
acetate, 12–100% ethyl acetate). (R)-Cefpodoxime proxetil
diastereomer was isolated as slightly yellow solid (63 mg,
0.11 mmol, 69% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 12.96 min.

Preparation of (S)-cefpodoxime proxetil
diastereomer

A solution of (S)-AMCA proxetil diastereomer (42 mg,
0.11 mmol) in ethyl acetate (1 ml) was cooled to 0 °C. After
adding MAEM (57 mg, 0.14 mmol) the suspension was
stirred for 18 h in an ice bath. After filtration and washing
the residue with ethyl acetate (0.5 ml) the solvent was
removed in vacuum. The residue of filtrate was separated
using automatic flash chromatography (cyclohexane/ethyl
acetate, 12–100% ethyl acetate). (S)-Cefpodoxime proxetil
diastereomer was isolated as slightly yellow solid (41 mg,
0.074 mmol, 66% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 11.55 min.

Study of the equilibrium of Δ2-AMCA and Δ3-AMCA
proxetil

AMCA proxetil (20 mg, 0.053 mmol) was solved in ethyl
acetate (1 ml). After addition of triethylamine (0–74 µL,
0–0.533 mmol) the mixture was stirred for 0.5–4 h at 0 °C
or room temperature. After removing all volatile compo-
nents in vacuum, the residue was analyzed using 1H NMR.
For quantification the proton at the stereogenic center in the
side chain was used. Detailed weighing and results can be
found in the supplementary information.

Isomerization of Δ2-AMCA proxetil

Δ2-AMCA proxetil (19.5 mg, 0.052 mmol) was solved in
ethyl acetate (1 ml). After addition of triethylamine (74 µl,
0.534 mmol) the mixture was stirred for 2 h at room

temperature. After removing all volatile components in
vacuum the residue was analyzed using 1H NMR. For
quantification the proton at the stereogenic center in side
chain was used. For Δ2-AMCA/Δ3-AMCA proxetil a ratio
of 63:37 could be determined.

Preparation of Δ2-AMCA proxetil diastereomeric
mixture

Triethylamine (2.15ml, 15.5 mmol) was added to a solution
of AMCA proxetil (581mg, 1.55mmol) in ethyl acetate
(10ml). After 2 h of stirring at room temperature all volatile
components were removed in vacuum. The residue was
separated using automatic flash chromatography (cyclohex-
ane/ethyl acetate, 12–100% ethyl acetate). The Δ2-AMCA
proxetil diastereomeric mixture was isolated as slightly yel-
low solid (201mg, 0.537mmol, 35% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 7.00 min.

Preparation of (R)-Δ2-AMCA proxetil diastereomer

Triethylamine (0.414 ml, 2.99 mmol) was added to a solu-
tion of (R)-AMCA proxetil (113 mg, 0.303 mmol) in ethyl
acetate (5.6 ml). After 2 h of stirring at room temperature all
volatile components were removed in vacuum. The residue
was separated using automatic flash chromatography
(cyclohexane/ethyl acetate, 12–100% ethyl acetate). (R)-Δ2-
AMCA proxetil diastereomer was isolated as slightly yel-
low solid (34 mg, 0.091 mmol, 30% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 6.99 min.

Preparation of (S)-Δ2-AMCA proxetil diastereomer

Triethylamine (0.414 ml, 2.99 mmol) was added to a solu-
tion of (S)-AMCA proxetil (112 mg, 0.301 mmol) in ethyl
acetate (5.6 ml). After 2 h of stirring at room temperature all
volatile components were removed in vacuum. The residue
was separated using automatic flash chromatography
(cyclohexane/ethyl acetate, 12–100% ethyl acetate). (S)-Δ2-
AMCA proxetil diastereomer was isolated as slightly yel-
low solid (55 mg, 0.148 mmol, 49% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 7.03 min.

Preparation of Δ2-cefpodoxime proxetil
diastereomeric mixture

A solution of Δ2-AMCA proxetil diastereomer (58.0 mg,
0.155mmol) in ethyl acetate (3 ml) was cooled to 0 °C. After
adding MAEM (67.7mg, 0.193mmol) the suspension was
stirred for 18 h in an ice bath. After stirring all volatile
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compounds were removed in vacuum. The residue was
separated using automatic flash chromatography (cyclohex-
ane/ethyl acetate, 12–100% ethyl acetate). The Δ2-cefpodox-
ime proxetil diastereomeric mixture was isolated as slightly
yellow solid (85.8 mg, 0.154mmol, 99% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 10.12 min.

Preparation of (R)-Δ2-cefpodoxime proxetil
diastereomer

A solution of (R)-Δ2-AMCA proxetil diastereomer (21 mg,
0.056 mmol) in ethyl acetate (1 ml) was cooled to 0 °C.
After adding MAEM (27 mg, 0.077 mmol) the suspension
was stirred for 18 h in an ice bath. After stirring all volatile
compounds were removed in vacuum. The residue was
separated using automatic flash chromatography (cyclo-
hexane/ethyl acetate, 12–100% ethyl acetate). (R)-Δ2-cef-
podoxime proxetil diastereomer was isolated as slightly
yellow solid (28 mg, 0.050 mmol, 89% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 10.03 min.

Preparation of (S)-Δ2-cefpodoxime proxetil
diastereomer

A solution of (S)-Δ2-AMCA proxetil diastereomer (15 mg,
0.036 mmol) in ethyl acetate (1 ml) was cooled to 0 °C.
After adding MAEM (19.2 mg, 0.055 mmol) the suspension
was stirred for 18 h in an ice bath. After stirring all volatile
compounds were removed in vacuum. The residue was
separated using automatic flash chromatography (cyclo-
hexane/ethyl acetate, 12–100% ethyl acetate). (S)-Δ2-cef-
podoxime proxetil diastereomer was isolated as slightly
yellow solid (14 mg, 0.025 mmol, 65% isolated yield).

HPLC (C18, ammonium acetate buffer (pH 5.0, 20 mM)/
acetonitrile, 60/40, 1 ml min−1): retention time 10.23 min.

Results and discussion

Diastereomers of AMCA proxetil and cefpodoxime
proxetil

As a first step, both diastereomers of AMCA proxetil were
prepared in isolated form in order to subsequently transform
them into the corresponding cefpodoxime proxetil diaster-
eomers. Towards this end, an automatic flash chromato-
graphy system has been used for this separation, leading to
both diastereomers of AMCA proxetil in isolated form.
Then, both isolated diastereomers of AMCA proxetil as
well as a mixture thereof were converted with S-(benzo[d]
thiazol-2-yl) (Z)-2-(2-aminothiazol-4-yl)-2-(methoxyimino)

ethanethioate acid to amidate the 7-position of AMCA. By
means of this reaction, isolated cefpodoxime proxetil dia-
stereomers as well as a mixture of them were obtained. The
application of activated thioesters is a well-known concept
for the derivatization of the amino group in the 7-position
of 7-aminocephalosporonic acid or derivatives thereof
[15–17]. By using HPLC chromatography together with the
information that the more soluble S-isomer elutes first [11],
it was possible to determine the absolute configuration of
the stereogenic center in the side chain for the isolated
cefpodoxime proxetil diastereomers within our study and
this information has then been used for an analogous
determination of absolute configuration of the AMCA
proxetil diastereomers (Fig. 3).

Diastereomers of Δ2-AMCA proxetil and Δ2-
cefpodoxime proxetil

In the next step the equilibrium of Δ2-AMCA proxetil and
Δ3-AMCA proxetil was determined by means of a screen-
ing study. Therefore, Δ3-AMCA proxetil was stirred under
different reaction conditions (varying the amount of base,
temperature, and reaction time) and the amount of formed
Δ2-AMCA proxetil was subsequently determined (Fig. 4).
As expected, the amount of Δ2-AMCA proxetil can be
increased by higher amounts of base, longer reaction times,
and higher temperatures. All the reactions of the screening
approach led to an equilibrium containing an amount of
62% of Δ2-AMCA proxetil. In addition, the back reaction
from Δ2-AMCA proxetil to Δ3-AMCA proxetil was ana-
lyzed. In this study, the isolated Δ2-AMCA proxetil was
stirred at room temperature for 2 h with 10 equivalents of
triethylamine, leading to an amount of 63% Δ2-AMCA
proxetil in equilibrium, which also confirms the previously
determined equilibrium with an amount of Δ2-AMCA
proxetil being in the range of slightly above 60%.

In order to synthesize the (R)-Δ2-AMCA proxetil and (S)-
Δ2-AMCA proxetil diastereomers in isolated and purified
form, the isolated (R)-AMCA proxetil and (S)-AMCA prox-
etil diastereomers were stirred under the same conditions as
the back reaction described before (room temperature, 2 h, 10

Fig. 3 HPLC chromatogram from (R)-cefpodoxime proxetil and (S)-
cefpodoxime proxetil and a mixture of them
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equivalents of triethylamine). By means of this approach, (R)-
Δ2-AMCA proxetil and (S)-Δ2-AMCA proxetil could be
synthesized with a yield of 30% and 49%, respectively. By
analyzing (R)-Δ2-AMCA and (S)-Δ2-AMCA proxetil by
HPLC, no difference in retention times could be observed.
With the used HPLC system it was not possible to separate
the mixture of both diastereomers. In the 1H NMR spectra
(Fig. 5) both diastereomers in the side chain have one set of
signals each, which underlines that only one of the two dia-
stereomers with the stereogenic center in the six-membered
ring was formed. Comparing the 1H NMR spectra of the (R)-

diastereomers and (S)-diastereomers with that of the corre-
sponding diastereomeric mixture, it can be unambiguously
shown that they represent the expected two diastereomers.
Most of the signals are very similar, but the signals in a range
between 4.50 and 5.50 ppm show some differences (compare
Fig. 5). The most significant difference is the shift of
0.04 ppm of the doublet from the proton in 6-position at
nearly 5.20 ppm. A second clear difference is the shift of the
signal of the 4-position in the region of 5.00 ppm. Both sets of
signals are visible in the green curve, as there are two (dif-
ferent) isolated signals each for these protons underlining the
presence of the two diastereomers. The double set of a heptet
in the region between 4.85 and 4.93 ppm and the double set of
a doublet at 4.61 ppm in the mixture further underline the
presence of diastereomers.

The (R)-Δ2-AMCA proxetil and (S)-Δ2-AMCA proxetil
diastereomers as well as the mixture thereof were used to
synthesize the corresponding different cefpodoxime-type
products. In analogy to the synthesis of the diastereomers
of cefpodoxime proxetil, S-(benzo[d]thiazol-2-yl) (Z)-2-
(2-aminothiazol-4-yl)-2-(methoxyimino)ethanethioate
(MAEM) was used to form the desired amide function in 7-
position. In these transformations, (R)-Δ2-cefpodoxime
proxetil and (S)-Δ2-cefpodoxime proxetil and the mixture
thereof were obtained in yields of 89%, 65% and 99%,
respectively. In analogy to the HPLC data of the two
Δ2-AMCA proxetil diastereomers, the corresponding two
Δ2-cefpodoxime proxetil diastereomers again show an
identical retention time in our HPLC analysis. Thus, like-
wise with the used HPLC-system it was not possible to
separate the mixture of both diastereomers. In the 1H NMR
spectra of (R)-cefpodoxime proxetil and (S)-cefpodoxime
proxetil most signals are similar (compare Fig. 6). However,
again in accordance with the analogous spectra of the two

Fig. 4 Isomerization from Δ3-AMCA proxetil to Δ2-AMCA proxetil
under different conditions

Fig. 5 Excerpt of 1H NMR-
spectra of (R)-Δ2-AMCA
proxetil (top), mixture of (R)-Δ2-
AMCA proxetil and (S)-Δ2-
AMCA proxetil (middle), and
(S)-Δ2-AMCA proxetil (bottom)
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Δ2-AMCA proxetil diastereomers (see Fig. 5) there is a
difference in the signal of the protons in position 4 and 6. In
the mixture (green curve) a double set of a doublet from
position 4 is observable in a range of 5.35 ppm. For the
single diastereomers (blue and red curves) there is one
doublet each. The signals in the region of 5.05 ppm indicate
that there are two singlets in the mixture (green curve),
one belonging to each diastereomer. The broad signal left of
the signal of the 4-position (5.45–5.50 ppm) belongs to the
amine group and shows a variability in terms of the
chemical shift.

Conclusion

In conclusion, we have successfully synthesized, isolated,
and characterized the two different diastereomers from
AMCA proxetil and cefpodoxime proxetil having an (R)-
configuration or (S)-configuration in the side chain of the
substituent at the 4-position. In addition, the Δ2-iso-
merization of the two different AMCA proxetil diaster-
eomers was investigated. According to the 1H NMR
spectra, this isomerization leads to only one of the two
possible diastereomers for each AMCA proxetil diaster-
eomer. These two Δ2-AMCA proxetil diastereomers were
characterized and could be distinguished by means of 1H
NMR spectra. Furthermore, we successfully converted the
Δ2-AMCA proxetil diastereomers to the Δ2-cefpodoxime
proxetil diastereomers, which were also isolated and
characterized.
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