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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 wasisolated from a crude sample of Mephenytoin
using reverse phase preparative LC. The impurity isolated by preparative
LCwascharacterized by IR, NMR, and M S experimental data. Based on the
results obtained from different spectroscopic experiments, these impurity
was characterized as 1, 3-Dimethyl-5, 5-phenylethyl hydantoin. Formation
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of this impurity is also discussed.

INTRODUCTION

Mephenytoin, 5-ethyl-3-methyl-5-phenyl-
imidazolidine-2,4-dioneisused as an anticonvul sant'
3. High performanceliquid chromatographic (HPLC)
method was developed for testing of purity of
Mephenytoin bulk materid. Thestringent purity require-
ment from regul atory agencies® that al theindividua
impurity, which are>0.1%, must beidentified and char-
acterized, thispaper amsat theidentification and char-
acterization of an unknown impurity in Mephenytoin
activeingredient by IR, massspectrometer and NMR.
Tothebest of our knowledge, thisimpurityisnovel and
not reportedin literature.

Sincetheimpurity level islow, after trying severa
days, failed to enrich theimpurity level by synthetic
route.
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A thorough study has been undertakento develop
apreparativeLC method toisolate, wherever possible
and characterizethisimpurity by chromatographicand
spectroscopic techniques™s.

EXPERIMENTAL

Samplesand chemicals

The samplesof bulk Mephenytoin wasreceived
from local pharmaceutical industry. HPLC grade ac-
etonitrilewasobtained from Merck Co., Mumbai, In-
dia HPL C gradeA cetonewas obtained form Rankem,
Mumbai, India. Ultrapure water 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%).
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HPLC

AnAgilent HPL C system equi pped with 1200 se-
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
Agilent EZ Chrome Eliteversion 3.2.1 software. An
Inertsil ODS-3V (250X4.6mm, 5-Micron, GL Sci-
ences, Japan) columnwas employed for the separation
of impurity from Mephenytoin. The column e uent was
monitored at detection wavel ength 225nm. A isocratic
method was optimized for the clear separation of im-
purity from Mephenytoin activeingredient wherethe
mobilephaseratio 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.

AnAgilent preparativeHPL C system equi pped with
1100 series pump, photo diode array detector, auto
liquid sampler handling system fitted with 900u L loop
and 1100 series preparative fraction collector hasbeen
used. The data was collected and processed using
Agilent EZ Chrome Elite software. A Zorbax C18 col-
umn (50X 50mm, 5-Micron, Agilent Technol ogies) was
employed for |oading thesample. Ananayticad method
was devel oped inisocratic mode separately to resolve
thisimpurity, followed by scaling up the samemethod
for preparative HPL C to collect the required impurity
fractions. Themobile phase consisted of water and ac-
etonitrileintheratio of 20:80 (v/v). Theflow ratewas
set at 25mL min. Detectionwas carried out at 225nm.
Approximately 200 mg mL* of samplewas prepared
using acetonitrileand water asdiluentsintheratio of
50:50, v/v to load on to the column.

Mass spectrometry (LC-MSIMYS)

LC-MS/MS analysis has been performed on API
2000, Mass Spectrometer (Applied Biosystems). The
andysswasperformedin pogitiveionization modewith
turboion spray interface. The parametersfor lon source
voltage|S= 5500V, declustering potential, DP= 70V,
focusing potentia, FP= 400V, entrance potential, EP=
10V wereset with nebuliser gasasair at apressure of
40 psi and curtain gasasnitrogen at apressure of 25
ps.Anlnertsil ODS-3V (250 X 4.6mm, 5-Micro, GL
Sciences, Japan) column was used for the separation.
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Themobile phaseisamixture of weter, 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 MHzin CDCI,, at
25°C temperature on a Bruker 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 IR spectrophotometer.

RESULTSAND DISCUSSION

Detection of impurity by HPLC

Typical analytical LC chromatograms of
Mephenytoinand itsimpurity obtained by usngthe LC
method discussed inthe experimenta sectionareshown
in figure 1. The targeted impurity under study are
marked asImpurity eluted at retention times of about
6.0minand Mephenytoin duted a about 9.0 min. Crude
sample of Mephenytoin wasa so injected to check the
level of impurity.

CH;
H,C—CH,4 O._ N
{i :)—}—NH 0
D%\‘N/\QD H3C N‘.
| CH,
CH,;

Mephenytoin Im purity
Figurel: Chemical structuresof M ephenytoin (5-ethyl-3-
methyl-5-phenyl-imidazolidine-2,4-dione) and impurity (1.3
Dimethyl-5,5-phenylethyl hydantoin)

Infrared spectrum

Theinfrared spectrum of mephenytoin-impurity is
showninthefollowingfigure 1. The spectrum was ob-
tained as0.2 percent dispersion of mephenytoin - im-
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purity in KBr pellet withalR PRESTIGE-21 IR spec-
trophotometer. Thefollowing TABLE 1 givestheinfra-
red spectral assignments consi stent with the structure
of mephenytoin - impurity.

TABLE 1: Infrared spectral assienments for mephenytoin -
impurity

IR bands in

Assignment B!
cm
aromatic C — H stretch 3067
aliphatic C — H stretch 2970
amide and imide bands 1769,1715
aromatic bands 1477,1462
C — N stretch 1273
C — H out — of = plane bending of mono - s
. . 5 ! 5(), 729
substituted benzene ring
el ‘ ‘
my |
- |
|
|
Unimeram gty H \
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Figure2: HPL C chromatogram of M ephenytoin showingan
impurity at about 6.0min
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Figure3: Infrared spectrum of mephenytoin impurity hiéh
performanceliquid chromatogr aphy (pr epar ative)

LC-MS/MSanalysis

LC -M S /MS analysis of crud e sample of
M ephenytoin was performed using the solvent system
asdescribedin theexperimenta section. Resultsof LC-
MS/M S anaysisreveaed that theimpurity exhibited
molecular ion at m/z (M+1) 233 and massfragmenta-
tionwascarried for thismolecular ion.

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

A smplereverse phase solvent sysemdiscussedin
theexperimentd sectionwasused for isolating theim-
purity with m/z 233(M+1). In this solvent system,
M ephenytoin eluted at about 9.0 minwhereastheim-
purity el uted at about 6.0 min. Theimpurity fractions
isolated, were concentrated by removing acetonitrile
layer a roomtemperatureunder highvacuumonaBuchii
Rotavapour Model R124. The aqueouslayer contain-
ing thisimpurity was extracted into methylenechloride
usingtheseparating funnd. Themethylenechloridelayer
whichishavingimpurity isdried through anhydrous so-
dium sulphate. Thesefractionswere concentrated at
room temperatureunder high vacuum on aRotavapour.
Purity of thisimpurity wastested in andytical modeand
was found to be 99.5% before carrying out spectro-
SCopic experiments.

Sructural ducidation of impurity

LC-MS/MS spectral data of impurity was com-
pared with the spectral dataof Mephenytoin. Thisim-
purity exhibited molecularionat m/z233(M+1) inLC-
MSMSandyss Thismolecularionisexactly 14 more
than that of M ephenytoin. The massfragmentation pat-
tern of impurity isshowninthefigure4.

Na* H*

CHs CHs
O o Oc 4
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CHj;. H,C N CH;. H,C N
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CH;
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CH;

[M+Na]* at m/z 255 (31) [M+H]" at m/z 233 (100)
Figure 4 : Mass fragmentation of impurity
Themassfragmentation of impurity supportstothe
chemicd structurepredictedinfigure 1.

Proton nuclear magneticresonance (NM R) spec-
trum

The proton NM R spectrum of mephenytoinim-
purity isshown in thefollowing Figure. The spectrum
was obtained with aBruker Avance-300 MHz FT3
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NMR spectrometer. CDCI, was used as sol vent with
TMSastheinternal standard. Thefollowing TABLE
2 givesthe proton NMR spectra correlationswhich
are cons stent with the structure of mephenytoin i im-
purity.

TABLE2 : Proton NMR spectral correlations of mephenytoin
—impurity

Protons No.of protons Chemical shift (8y) Multiplicity

A 3 0.87 t
B 1 2.03 m
c 1 2.59 m
D 3 2.84 s
E 3 3.06 s
F 5 7.31 m

B and C protons are diastereotopic
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Figure 6: 'l'hcprutun .\.\ll{ spectrum of mephenyvtoin-impurity
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Figure 7 : The carbon-13 NM R spectrum of mephenytoin-

impurity
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Figure 8: 'H NMR spectrum of impurity
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Figure9 : "CNMR spectrum of impurity

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

Carbon Chemical shift (d¢)
A 7.74
B 24.96
C 2539
D 25.66
E 70.83
F 126.01
G 128.68
H 129.11
l 136.35
J 156.96
K 174.23

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
with TM Sastheinternd sandard. Thefollowing TABLE
3 givesthe BC NMR spectral correlations consi stent
with the structure of mephenytoin impurity. Based on
these spectrd results, it was confirmed that theimpurity
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having the molecular formulaC ,H, N, O, and the
same was characterized as 1,3-Dimethyl-5, 5-

phenylethyl hydantoin.
Formation of impurity (m/z 233)

Alkainemethanol wasused inthefind synthesisof
Mephenytoin, whichleadsto theformation of thisim-
purity 1,3-Dimethyl-5,5-phenylethyl hydantoin.

CONCLUSION

Thisresearch paper describestheidentification, iso-
lation and structurd ducidation of aprocessrelatedim-
purity present in the Mephenytoin. Theimpurity was
separated by reverse phase chromatographictechnique,
further isolated thisimpurity by semi preparativeliquid
chromatography. Theisolated M ephenytoinimpurity
was characterized using spectroscopictechniques. This
isolated impurity wasused for ca culating themassbal -
anceof Mephenytointechnical materid. Theformation
of theimpurity wasaso discussedin brief.
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