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ABSTRACT

Thisarticledea swith theidentification of geometrical isomers (E and Z) of
some cephalosporin drugsby NMR. *H and *C NMR chemical shift values
are used to distinguish between the Z isomer of cephalosporins having
superior antibacterial activity from E isomer having lessantibacterial activ-
ity. Nine cephal osporins of pharmaceutical interest viz, cefotaxime, cefixime,
ceftazidime, cefdinir, ceftiofur, ceftriaxone, cefpodoxime proxetil, cefuroxime
and cefuroxime axetil sampleswere taken for the study.

© 2010 Trade SciencelInc. - INDIA

INTRODUCTION

Cephalosporins, first isolated and identified by
Brontzen 1948, aretill aninteresting classof 3-lactam
antibioticsbecause of their thergpeutic actionagaingt a
large number of both Gram-positiveand Gram-nega-
tive microorganisms. Cephalosporin structures are
basad onthe 7-aminocephd osporanic acid nudeus (with
acondensed dihydrothiazolering initsskeleton) and
aregenerdly stableintheacid mediaand inthe pres-
enceof penicillase. Many efforts have been madeto
synthesi ze cepha osporinswith various phys co-chemi-
cd properties(mainly liposol ubility) by varyingthesub-
situentg¥.

Cephal osporin compounds possessing an oxime
group inthe 7a-sidechain havegeneradly beenfound to
exhibit high stability to B-lactamases produced by many
pathologica organisms. However, it hasbeen found thet
Z-isomers(syn-isomers) of these cephal osporin com-
poundsexhibit superior antibacterid activity tothe cor-
responding E-isomers (anti-isomers), so that theoxime
group contai ning cephal osporin antibioticsare gener-
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aly obtained and used in theform of their synisomers
figure 1. TheZ-isomersof thecepha osporin compounds
may be prepared by employing an acid that issubstan-
tidly inthesyn-isomer form (Z-isomer), or aderivative
thereof, inthe 7-position of the cephem nucleusunder
controlled reaction conditionsin thisand the subsequent
stepsto avoid isomerisation to theanti-isomer figure 2.

0 0
R R
R’ R’
N| IN
“OR" R"0”

Z-isomer E-isomer

R= HZN\g/Nj and @

HoN S
3 CHs

COOH
R" = -H, -CH3, -CH,COOH, -C(CH3),COOH
Figurel: Eand Z isomer in cephalosporin drugs
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Figure2: E and Z orientation of oxime substituent

E-isomersaretheprocessrelated impuritiesaswell as
possible degradation products. E-isomersareformed
during the manufacturing process or by conversion of
Z-isomer under theacidic conditionsor on exposureto
light and hence the necessity to separate and identify
them. A processfor the separation of synand anti oxime
isomersof Cephal osporin compounds by using macro
reticular adsorption resin has been reported earliert?,

The Z-isomer isthe predominant isomer over the
E-isomer and is used in the preparation of dosage
forms. The antibacteria activity and oral absorbabil-
ity of both isomers have been studiedin details. The
E-isomer isreported to be 2-32 times|ess active than
the Z-isomer against gram-negative bacteria, athough
both isomers show appreciableora absorbability re-
gardlessof theconfiguration of theoximé®. Itisinter-
esting to notethat Z-isomer of cefotaxime (Compound
1) isupto 100 times more active against certain or-
ganismsthanthe E-isomert.

NMR analysisof some cepha osporin’shavebeen
reported earlier®9. The present study describestheiden-
tification of E and Z isomersof nine cepha osporins of
pharmaceutical interest viz, cefotaxime, cefixime,
ceftazidime, cefdinir, ceftiofur, ceftriaxone, cefpodoxime
proxetil, cefuroximeand cefuroximeaxetil by using*H
and *C NMR chemicd shift values. Structurd detailsof
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Figure3: Hydrogen bonding between theaminothiazolefuryl
Hydrogen and oxygen of theoxime

theabove cepha osporinswereshowninTABLE 1. The
E-isomerswereisolated by asmplereverse phasepre-
parativeHPL C and werecharacterized using spectrd deta

EXPERIMENTAL

High performanceliquid chromatography (Prepar a-
tive)

Theisomerswereseparated by Preparative HPLC
using Preparative HPL C system (Waters LC2000 and
Waters Delta Prep4000 (Waters, Milford, US) and
using UV detector (Waters 2487 detector). The data
were collected and processed using Waters
Millenium32 software. Thefractionswere collected
separately, the collected fractionswere confirmed by
analytical HPLC method. The fractions of impurity
were pooled together and lyophilized using Virtis
Freezemobile 35 EL.

NMR spectroscopy

Deuterated sol ventswereobtained fromAldrich and
Euriso-top. Thefollowing suite of NMR spectrawere
collected at 298 K using a5mm BBO gradient probe
on a Bruker Avance 400 MHz NMR spectrometer
(Bruker Biospin, Fadllanden, Switzerland) proton, and
carbon. The'H and *C chemical shift valueswerere-
ported onthe s scalein ppm, relativeto DSS (5 = 0.00
ppm) inthecaseof D,O solvent. Inthe caseof DMSO-
d, solvent, 1H chemica shift valueswerereportedrela
tiveto TMS (6 = 0.00 ppm). The carbon spectrum
wasreferenced using theresidual DM SO-d6 signd as
reference, and set equa to 6 39.5 ppm.

RESULTSAND DISCUSSION

Identification of Eand Z isomerspresentinthe Cepha
losporing™® have been made based onthechemicd shift
vauesof aminothiazole/furyl protonand carbonat C-2
(Figure2).*H and *CNMR chemicd shift vaduesof ami-
nothiazolefuryl protonand carbon of Z and E-isomer of
some sdlected cepha osporinswereshownin TABLE 2.
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TABLE 1: Sructural detailsof cephalosporinsstudied
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Figure4: 'H NM R spectraof E and Z isomer sof Cefdinir
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Figure5: C NM R spectraof E and Z isomer sof Cefdinir
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Figure6: 'H NMR spectra of E and Z isomer sof Cefuroxime
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Figure7: C NMR spectraof E and Z isomer sof Cefuroxime

Interpretation of *H NMR spectraof theZ and cor-
responding E isomer (compound 1-7), indicated that
the aminothiazol e proton in the E -isomer appears at
downfield than the Z-isomer. The deshielding of the
aminothiazole proton in E-isomer may bedueto the
hydrogen bonding type of interaction between thispro-
ton and the oximeoxygen (Figure 3). In*HNMR, the
aminothiazole proton gppearsasasinglet around 6 6.70
t06.90 ppmand 6 7.2t0 7.6 ppmin Z and E isomer,

respectively.

Astheaminothiazol e proton appearsasasinglet
and iswell separated from the other signals, itisvery
easy to detect the presence of the E-isomer in lower
limitsalso.

In thisway *H NMR is the best choice for the
determination of E-isomer presence even in trace
amounts. Being anisomericimpurity, the E-isomer
cannot be determined by LCM S dueto the presence
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TABLE 2: *H and *C NMR chemical shift values of ami-
nothiazole/furyl proton and car bon of Z and E-isomer of some
selected cephalosporins
*H Chemical shift for 2C Chemical shift for
5. Aminothiazole/ Furan Aminothiazole/Furan proton
No. Compound proton (8 in ppm) bearing carbon (3 in ppm)
Z-lsomer E-lsomer  Z-lsomer
6.74 755
6.81 7.60
6.67 751
6.89 7.45
6.73 7.44
6.70 7.62
6.73 754
6.70 7.23
6.69 7.26

E-Isomer

Cefotaxime 109.8 116.6
111.5
107.7
110.5

113.6

Cefixime 117.3
Cefdnir

Ceftiofur

1151
115.6
116.5
124.8
117.9
119.9
120.0

Ceftriaxone
Ceftazidime 110.7
109.9
1130

1138

Cefpodoxime proxetil*

0 N o g b~ W N P

Cefuroxime
9  Cefuroxime axetil*

*Mixture of diastereoisomers

of other possibleisomericimpuritieslike A%-isomer
and 7-epimer. Similarly in the *C NMR spectra, E-
isomer exhibitsadownfield shift for aminothiazolecar-
bon C5 when compared to the Z-isomer. The ami-
nothiazole carbon bearing the proton appears around
6 107-109 ppm and & 115 to 120 ppm in Z and
Eisomer, respectively. *H and *C NM R spectrum of
E and Z isomersof Cefdinirisshowninfigure4& 5
asanexample.

Inthe case of Cefuroxime and Cefuroxime axetil
(8and 9), where, Risfuryl group, characterization of
E and Z isomers have been made based on the chemi-
cal shift valuesof furan Hydrogen at C-2 position as
discussed above. Similarly inthe **C spectra, E-iso-
mer exhibit adownfied shift for furan carbon C2, when
compared to the Z-isomer. *H and *C NMR spec-
trum of E and Z isomers of Cefuroximeisshownin
figure6 & 7.

Comparison of *H NMR dataof the sd ected Cepha
losporinsindicatesthat, approximately about 0.7 ppm
chemicd shift difference observed betweentheEand Z
isomers. Thegpproximatechemicd shift differencein*C
NMR spectraof E and Zisomersisabout 7 ppm . Higher
chemica shift difference (0.9 ppmin*H NMRand 15
ppminECNMR) observed for the Ceftazidimedrug
substance. Observation of these datashowsthat thedif-
ferenceisdueto the attachment of 2-methylpropionic
acid moiety attached to the oxime oxygen.

ThisNMR datacan be used for the quantitative de-
termination of unwanted E- isomer in some cepha ospor-
insin drug substances and variousdosageforms. The
determinationisbased ontheintegration of theaminothia-
zole/furyl protonin E-isomer rlaivetothe Z-isomer.

CONCLUSION

Quditativeand quantitative determination of Eand
Z isomersof nine pharmaceutically important cepha-
losporinsin bulk drugs by *H and *C NMR chemical
shift valueshave been discussed. *H NMRisfound to
be a better tool in terms of time compared to HPLC
and LCM Stechniquesfor the detection of the pres-
enceof E-isomer at levelsaround 1.0%.
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