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ABSTRACT

One unknown impurity in Mephenytoin bulk material at alevel 0.15% was
detected by a reverse phase high performance liquid chromatography
(HPLC). Thisimpurity was isolated from a crude sample of Mephenytoin
using reverse phase preparative LC. The impurity isolated by preparative
LC was characterized by IR, NMR, MS experimental data. Based on the
results obtained from different spectroscopic experiments, these impurity
was characterized as 1, 3-Dimethyl-5, 5-phenylethyl hydantoin. Formation
© 2010 Trade Sciencelnc. - INDIA

of thisimpurity is also discussed.

INTRODUCTION

Mephenytoin, 5-ethyl-3-methyl-5-phenyl-imidazo-
lidineisused asan anti convul sant!*3, High performance
liquid chromatographic (HPL C) method was devel oped
for testing of purity of Mephenytoin bulk materia. The
stringent purity requirement from regulatory agencies®
that dl theindividua impurity, which are>0.1%, must
beidentified and characterized, this paper aimsat the
identification and characterization of an unknownim-
purity in Mephenytoin activeingredient by IR, mass
spectrometer and NMR. To the best of our knowledge,
thisimpurity isnove and not reportedinliterature. Since
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Figurel: Chemical structuresof M ephenytoin (5-ethyl-3-
methyl-5-phenyl-imidazolidine) and impurity (1.3-Dimethyl-
5,5-phenylethyl hydantoin)
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theimpurity leve islow, after trying severd days, faled
to enrichtheimpurity level by synthetic route. A thor-
ough study has been undertaken to develop aprepara-
tive LC method to isolate, wherever possible and
characterizethisimpurity by chromatographic and spec-
troscopi ¢ techniques®®.

EXPERIMENTAL

Samplesand chemicals

The samples of bulk Mephenytoin was received
fromloca pharmaceutical industry. HPLC grade ac-
etonitrilewasobtained from Merck Co., Mumba, In-
dia. HPLC gradeA cetonewas obtained form Rankem,
Mumbai, India. Ultrapurewater was collected from
Millipore water purification system. HPLC grade
Dichloromethaneused for liquid liquid extraction was
purchased from Spectrochem, India. Nitrogenand Zero
Air used wereof ultrapuregrade (99.99%).

HPLC
AnAgilent HPL C system equi pped with 1200 se-
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impurity at about 6.0min

ries high pressure binary pump along with pulse damp-
ener, photo diode array detector and auto liquid sam-
pler handling system has been used for the analysis of
samples. Thedatawas collected and processed using
Adgilent “EZ Chrome Elite version 3.2.1.” software. An
Inertsil ODS-3V (250 x 4.6mm, 5-Micron, GL Sci-
ences, Japan) columnwas employed for the separation
of impurity from Mephenytoin. The columneuent was
monitored at detectionwavel ength 225nm. A isocratic
method was optimized for the clear separation of im-
purity from Mephenytoin activeingredient wherethe
mobile phaseratio wasamixture of 0.04% v/v ortho-
phosphoric acid and acetonitrilein aratio of 50:50, v/v
for 30 min. The Chromatography was performed at
roomtemperatureusing a aflow rateof 1.0mL min.

High performanceliquid chromatogr aphy (prepar a-
tive)

AnAgilent preparativeHPL C system equi pped with
1100 series pump, photo diode array detector, auto
liquid sampler handling system fitted with 900uL loop
and 1100 series preparative fraction collector hasbeen
used. The data was collected and processed using
Agilent “EZ Chrome Elite” software. A Zorbax C18
column (50 x 50mm, 5-Micron, Agilent Technologies)
was employed for loading the sample. An analytical
method was devel oped inisocratic mode separately to
resolvethisimpurity, followed by scaing up the same
method for preparative HPLC to collect therequired
impurity fractions. The mobile phase cons sted of wa
ter and acetonitrileintheratio of 20:80 (v/v). Theflow
ratewas set at 25mL min™. Detectionwas carried out
at 225nm. Approximately 200 mg mL of samplewas
prepared using acetonitrile and water asdiluentsinthe
ratio of 50:50, v/v toload onto the column.
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Figure3: Infrared spectrum of M ephenytoin impurith;
M ass spectrometry (LC-MS/MS)

LC-MS/MSanalysis has been performed onAPI
2000, Mass Spectrometer (Applied Biosystems). The
andysswasperformedin pogtiveionizationmodewith
turboion spray interface. The parametersfor lon source
voltage|S= 5500V, declustering potential, DP=70V,
focusing potentia , FP=400V, entrance potential, EP
=10V were set with nebuliser gasasair at apressure
of 40 ps and curtain gasasnitrogen at apressureof 25
psi. Anlnertsil ODS-3V (250 x 4.6mm, 5-Micro, GL
Sciences, Japan) column was used for the separation.
Themobile phaseisamixtureof water, acetonitrileina
ratio of 50:50 (v/v). Theanaysiswasperformed at a
flow rateof 1.0mL min™.

NMR spectroscopy

The!H and C NMR experiments of theimpurity
carried out at afrequenciesof 200 MHz in CDCI., at
25°C temperature on aBruker Avance dpx- 200 FT
NMR spectrometer. *H and *C chemical shiftsarere-
ported onthe d scalein ppm, relativeto tetramethyl
silane (TMS) & 0.00 and CDCI, at 77.0ppm in *C
NMR respectively. D,O exchange experiment was per-
formed to confirm the exchangeabl e protons.

FT IR spectroscopy

IR spectraof theimpurity of Mephenytoinwasre-
cordedinthesolid stateasKBr pellet using IR PRES-
TIGE-21-1R spectrophotometer.

RESULTSAND DISCUSSION

Detection of impurity by HPLC

Typical analytical LC chromatograms of
Mephenytoinand itsimpurity obtained by usngthe LC
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Figure4: Massfragmentation of impurity
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Figure6: Thepraoton NM R spectr um of mephenytoin-impurity
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Figure8: *H NM R spectrum of impurity

method discussed inthe experimenta sectionareshown
in figure 1. The targeted impurity under study are
marked asImpurity eluted at retention times of about
6.0 min and Mephenytoin duted at about 9.0 min. Crude
sample of Mephenytoin wasa soinjected to check the
leve of impurity.
Infrared spectrum

Theinfrared spectrum of mephenytoin - impurity is
showninthefollowing figurel.The spectrum wasob-
tained as0.2 percent dispersion of mephenytoin - im-
purity in KBr pellet withalR PRESTIGE-21- IR spec-

trophotometer .Thefollowing TABLE givestheinfra-
red spectral assignments cons stent with the structure

of mephenytoin - impurity.
LC-MS/MSanalysis
LC-MS/MS analysis of crude sample of
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Figure5: Massspectrum of impurity
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Figure7: Thecarbon-13 NM R spectrum of mephenytoin-
impurity
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Figure9: 3C NMR spectrum of impurity

M ephenytoin was performed using the solvent system
asdescribedin theexperimenta section. Resultsof LC-
MS/M Sanalysisrevealed that theimpurity exhibited
molecular ion at m/z (M+1) 233 amu and massfrag-
mentation wascarried for thismolecularion.

I solation of theimpurity (m/z; 233) by preparative
HPLC

A smplereverse phase solvent systemdiscussedin
theexperimentd sectionwasused for isolating theim-
purity with m/z 233(M+1)amu. Inthissolvent system,
M ephenytoin el uted at about 9.0 minwhereastheim-
purity el uted at about 6.0 min. Theimpurity fractions
isolated, were concentrated by removing acetonitrile
layer & roomtemperatureunder high vacuum onaBuchii
Rotavapour Model R124. The aqueouslayer contain-
ing thisimpurity was extracted into methylenechloride
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TABLE 1: Infrared spectral assgnmentsfor mephenytoin -
impurity

TABLE 3 : Carbon-13NMR spectral assignments of
mephenytoin - impurity Chemical shift (5 ) values

Assignment IR k::?::gs n
aromatic C — H stretch 3067
aliphatic C — H stretch 2970
amide and imide bands 1769,1715
aromatic bands 1477,1462
C — N dtretch 1273
C — H out — of — plane bending of mono — 756,729

substituted benzene ring

TABLE 2: Proton NM R spectral correationsof mephenytoin
—impurity

Protons No.of protons Chemical shift (64) Multiplicity

A 3 0.87 t
B 1 2.03 m
C 1 259 m
D 3 2.84 S
E 3 3.06 s
F 5 7.31 m

B and C protons are diastereotopic

usingthesgparating funnd. Themethylenechloridelayer
whichishavingimpurity isdried through anhydrousso-
dium sulphate. Thesefractionswere concentrated at
roomtemperature under high vacuum on aRotavapour.
Purity of thisimpurity wastested in andytica modeand
was found to be 99.5% before carrying out spectro-
Scopic experiments.

Sructural ducidation of impurity

LC-MS/MS spectra dataof impurity was com-
pared with the spectral dataof Mephenytoin. Thisim-
purity exhibited molecularionat m/z233(M+1) inLC-
MSMSandysis Thismolecular ionisexactly 14 amu
morethan that of Mephenytoin. Themassfragmenta-
tion pattern of impurity isshowninthefigure4.

The massfragmentation of impurity supportsto the
chemica structurepredictedinfigure 1.

Proton nuclear magneticresonance (NMR) spec-
trum

The proton NMR spectrum of mephenytoin- im-
purity isshowninthefollowing Figure. The spectrum
was obtained with a Bruker Avance-300 MHz FT
NMR spectrometer. CDCI, was used as sol vent with
TMSastheinternal standard. Thefollowing TABLE
givestheproton NMR spectral correlationswhich are

Carbon Chemical shift (6¢)
7.74
24.96
25.39
25.66
70.83
126.01
128.68
129.11
136.35
156.96
174.23

>

o — I O TTmOO0Ow

A

cond stent with the structure of mephenytoin—impurity.

Carbon-13 (*3C) nuclear magnetic resonance
(NMR) spectrum

The carbon-13 NMR spectrum of mephenytoin-
impurity isshowninthefollowing figure 3. The spec-
trum was obtained with a Bruker Avance-300 MHz
FT NMR spectrometer. CDCI,, was used as solvent
withTM Sastheinterna sandard. Thefollowing TABLE
givesthe*C NMR spectrd corrdationsconsistent with
thestructure of mephenytoin— impurity.

Based on these spectral results, it was confirmed
that the impurity having the molecular formula
C,H,N,O, and the same was characterized as 1,3-
Dimethyl-5,5-phenylethyl hydantoin.

Formation of impurity (m/z 233)

Alkainemethanol wasusedinthefind synthesisof
Mephenytoin, which leadsto theformation of thisim-
purity 1,3-Dimethyl-5,5-phenylethyl hydantoin.

CONCLUSION

Thisresearch paper describestheidentification, iso-
lationand structura e ucidation of aprocessreated im-
purity present in the Mephenytoin. Theimpurity was
separated by reverse phase chromatographictechnique,
further isolated thisimpurity by semipreparativeliquid
chromatography. Theisolated M ephenytoin impurity
was characterized using spectroscopictechniques. This
isolated impurity wasused for ca culatingthemassbal-
ance of Mephenytointechnicad materid. Theformation
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of theimpurity wasalso discussedin brief.
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