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ABSTRACT

The control of pharmaceutical impuritiesis currently acritical issue to the
pharmaceutical industry. In Zolmitriptan tablet one unknown impurity was
observed above identification threshold as mentioned in ICH guidelines.
This unknown product was analyzed by liquid chromatography tandem
mass spectrometry (LC-MS/MS) to determine its molecular weight. Com-
parison of fragmentation pattern of the protonated species of unknown
impurity and Zol mitriptan were made usto determinethe possible structure
for impurity and its fragments. A detailed study was done to characterize
the impurity and it was further synthesized, subsequently characterized
and was co injected with the sample and was found to be co-eluting with
the impurity in the sample. Impurity was subsequently isolated using pre-
parative scale chromatography and its structure was confirmed using MS/
M S derived structural information combined with *H proton, ®*C-NMR & IR
analysis. Based on the spectral dataimpurity was characterized as (4-4-[[3-
[2-(Dimethyloxidoamino) ethyl]-1H-indol-5-yl] methyl-2-oxazolidinone).
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INTRODUCTION

Impurity profiling, i.e. identification, sructureduci-
dation and quantitative determination of impuritiesand
degradation productsin bulk drug materialsand phar-
maceutical formulationsisone of themost important
fieldsof activitiesin modern pharmaceutica analysis.
Thereasonfor theincreased importance of thisareais
that unidentified, potentialy toxicimpuritiesarehedth
hazards and in order to increase the safety of drug
therapy, impurities should beidentified and determined
by selective methods¥. To assure the quality, safety

and efficacy of thedrug product stability testingisthe
primary tool. Regulatory authoritiesin each country use
their own standardsfor stability testingsof drug prod-
uct(@, Effortsare being madeto unify these approaches,
asexemplified by Internationd Conferenceon Harmo-
nization (ICH) guidelinesfor stability testingfor drug
substance and drug product ICH Q1A (R2)1. Physi-
cd, Chemicd, biologica and microbiologica testing of
drug substance are performed to assess stability. One
of theevauation criteriafor evaluation of stability of
drug product through out itsshelf lifeistheappearance
of impuritiesin formul ation during accel erated and long
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Figure 1 : HPLC Chromatogram of stability sample of
lansopr azoledelayed r elease capsule
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Figure3: HPL C chromatogram of isolated impurity
term stability studies.

Zolmitriptan- [4-({ 3-[2-(dimethylamino) ethyl]-1H-
indol-5-yl}-1, 3-oxazolidin-2-one] is a synthetic
tryptaminederivative(Figurel). Itisapotent selective
serotonin receptor agonist used inthetrestment of acute
migraineatacks™. InZolmitriptantabletscontaining 2.5
mg of active substance one unknownimpurity comesat
0.30%levd, whichwascrossng thelimit for identifica-
tion threshold asmentioned in ICH Q3 A(R2) guide-
lines®. HPL C retention time of the unknown impurity
did not coincidewith any availableimpurity standard of
Zolmitriptan. Several methods have been reported for
the determination and anaysis of Zolmitriptaninbulk
drug, dosageform and biological fluidg®®. Few spec-
trophotometric methodsfor the determination of impu-
ritiesin Zolmitriptan weredescribed earlier®W. AnLC-
M S method has been described for the determination
of Zolmitriptanin plasma*.

Inthe present paper, we describetheidentification
of unknown impurity of Zolmitriptanin drug product
usngHPLC-ESI-MS. Positiveion modewasemployed
to obtainthe protonated [M+H]* ions of themol ecular
speciesand thefragments. Thisallowed usto propsed
fragmentation pathway of theimpurity. Novelty of the
present work istoidentify impurity by LCMS/MS, syn-
thesisof impurity inreasonableyield followed by isola-
tion on preparative Liquid Chromatography and char-
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Figure2: Mechanismfor theformation of fragment ion from
impurity

acterization of impurity by MS/MS, IR and *H & °C-
NMR techniques.

EXPERIMENTAL

Samplesand chemicals

Theinvestigated samplesof an Experimental For-
mulation of Zolmitriptan film coated tabletswere ob-
tained from formulation R& D Department, Jubilant
OrganosysLtd., Noida, India. LC-gradewater (resis-
tivity lessthan 18.0 MQ cm at 25°C) wasprepared by
purifying distilled water withaMilli-Qwater purifica-
tion system from Millipore (Mdsheim, France). Metha-
nol and Acetonitrile (gradient grade for chromatogra-
phy) and AR grade ammoniasol ution was purchased
fromsdfine-chem limited (SDFCL-Mumbai, India).
AR grade Trifluoroacetic acid was procured from
Spectrochem Pvt. Ltd. (Mumbai, India). Ammonium
Formate was purchased from Merck IndiaLimited.
Formic acid was purchased from RFCL Ltd. (New
Delhi, India).

Instrumentation

Samplesof Zolmitriptan coated tabletswere ana-
lyzed onawatersAlliance 2690 HPL C system equipped
with Waters 2487 UV detector. Wavelength of detec-
tionfor andysiswas 225nm. LC-MSM Sandysswas
carried out on Water Alliance 2690 Liquid chromato-
graph coupled with Q-Tof Micromasssystem (Weaters).
Positive Electron Spray ionization (ESI mode) tech-
nique was used for theana ysisof samples. Capillary
voltagewas maintained at 4000 V, Sample conevolt-
ageat 30V and Extraction conevoltage at 4V. Nitro-
gen was used as both desol vation and nebulizing gas.
Conegasflow maintained at 50L/hr and desolvation
gasflow maintained at 500L/hr. MS/M Sstudieswere
carried out by maintaining Collision Energy at 15 and
massrange 100-1000amu. The purification of impurity
was carried out using preparative LC (Agilent Tech-
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Figure4(a) : M assspectrum of impurity in ES+vemode

nol ogies-1200 seriesWal dbrom, Germany) equipped
with binary gradient pump, multiwavel ength detector,
samplemanager and fraction collector. The'H and *C
NMR spectrum was recorded on Bruker 400 MHz
instrument. ThelR Spectraof isolated impurity was
recorded inthe solid state as K Br powder disc using
Thermo Electron, Nicolet Avatar 370 DTGS FT-IR

Spectromete.

RESULT AND DISCUSSION

Method development for impurity identification
usingLC-UVand MSMS

For theidentification of unknown impurity X Terra
RP-18 Column 250mmx4.6mm, with 5Sum particlesize
(Waters, USA) was used for Chromatographi c sepa-
ration. Flow rate of mobile phase was maintained at
1.0mL/min. and injection volumewas 10uL. Mobile
phaseA used for separationwasImL TFA in 1 liter of
water (pH 9.85withammoniasolution) & Mobilephase
B consst of ImL TFA inmixtureof Acetonitrile-Metha:
nol (pH 9.85 with ammoniasolution) (850:150, v/v).
Binary Gradient program was used and method was
abletodetect al theimpurities. Following gradient was
applied % Mobile Phase B (time, min): 10(0), 10(10),
60(40), 10(45), 10(55). Apart from the Zol mitriptan
pesk observed a RT 27.1 min. unknownimpurity pesk
elutesat 11.4 min. Atypical chromatogramisshownin
figure 2.

Further investigation wasdonetoidentify and char-
acterizethe unknownimpurity using High performance
liquid chromatography coupled with Q-Tof mass spec-
trometer.
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Figure4(b) : M SM Sspectrum of impurity in EStvemode

Since the mobile phase employed for LC-UV
andysisof samplesof Zolmitriptan tablets consisted of
volatilebuffer, sasmewasused for LC-MSandyssand
all the conditionsused for HPLC-UV anaysiswere
employedfor LC-MS/MSandyssdsousngsamegra
dient program. Mass spectral data of Zolmitriptan
showed amolecular ion peak [M+H]* a m/z 288 (mo-
lecular massof Zolmitriptanis287). TheM SM Sspec-
trumfor the protonated Zolmitriptan mol ecule showed
fragment at m/z 243. Formation of daughter ion peak
of m/z 243 dtributed tothelossof N, N Dimethyl Amine
fromtheZolmitriptan (M asspectracof Zolmitriptan and
fragmentation behavior Showedinfigure 3).

M ass spectra of unknown impurity showed mo-
lecular ion peak [M+H]*a m/z 304 and fragment of m/
Z 243amu was a so obtained with theimpurity (Figure
4). Thisshowed that theimpurity had structura smilar-
ity to the Zolmitri ptan and had mass 16amu morethan
the Zolmitriptan moiety. Asfragment of m/z 243 was
aso obtai ned withtheimpurity it showed that therewas
addition of oxygentotheN, N Dimethylamine group
(Mass spectraof impurity and its proposed fragmenta
tion behavior Showedinfigure 4).

Synthesisof impurity

Impurity was synthesized by oxidation of
Zolmitriptan using meta Chloro perbenzoic acid. 1g
of Zolmitriptan APl wasdissolvedin 100 mL of DCM
in around bottom flask. To it 1g of meta Chloro
perbenzoic acid was added whilemaintaining there-
action condition below 0°C and the solution was
stirred for 3 hrs. on magnetic Sirrer. After 3hrs. gppox.
3g of sodiumbicarbonatewas added to it and the so-
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Figure5: Massspectrum of impurity in ES-vemode
lution wasfiltered and the solid precipitate | eft above
was further washed with about 100mL of DCM. Fil-
trate was evaporated on rotavapor under vaccum at
35°C to get solid mass. Rxn mass so obtained contain
appox. 40% of therequired impurity. Retention time,
MS and MS/M S data of the synthesized impurity
matched well with theimpurity cominginthesamples.
Asthe purity of theimpurity was40% in thereaction
massit wasfurther purified on preparative LC to get
purefraction. Proposed synthetic schemefor impurity
(seeFigure 5).

M ethod development for impurity isolation using
preparativeLC

Toisolatetheimpurity from Zolmitriptan reaction
mass a newly developed reverse phase chromato-
graphic method was employed using Agilent 1200 Se-
riesAuto purification System Conssting of binary gra-
dient pump, multiwavelength detector, sample manager
andfraction collector (Agilent Technol ogiesWa dbrom,
Germany). Waters symmetry C18 column
300mmx19mmi.d, particle size 7u wasused for the
separation. Mobile phase A used for isolation was
Ammonim Formate (pH 4.0; 10mM) and MobilePhase
B used was M ethanol. Following gradient was applied
% Mobile PhaseB (time, min): 10(0), 25(10), 25(15),
80(25). Flow ratewas maintained at 30mLmin™. De-
tection wasmonitored at 225nm. Injection volumefor
preparative LC was 5000uL. Theretention timefor
Zolmitriptan and unknown impurity were observed at
9.0min. and 11.8 min., respectively. Thecollected frac-
tionswere combined and concentrated on rotavapor at
35°C and dried under high vacuumusing lyophilizer to
obtain solid product. Chromatographic purity of theiso-
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Figure6: Sructureof impurity 1H-benzimidazole-2-thiol
TABLE 1: NMR spectral assgnmentsfor impurity

Position No. of Protons  Proton chemical shift  **Chemical shift

1 1 125

2 168.5
3

4 132.6
5 132.6
6 1 7.1 109.9
7 1 7.0 122.7
8 1 7.0 122.7
9 1 7.1 109.9
10 1 33

lated impurity samplewas determined by HPL C and
found to be 98%, respectively as shownin figure 6.
Thissamplewas used further for spectroscopic stud-
ies.

Sructureeucidation of impurity

Theisolated impurity was subjected to structural
analysisusingMS, LCMS/MS, *H and *CNMR and
FTIR spectroscopic methods. IR spectrum of impurity
exhibited abroad peak at 3418cm*. Additionally one
signal wasobserved in the proton NMR spectrum at
10.2ppm. Thisobservation indicates the presence of
indole NH group in the proposed structure. Presence
of fragment of 243 inthe MS/M S spectrum of theim-
purity added further support to the conclusion that in-
dole nucleus of the Zolmitriptan isal so present inthe
impurity. One sharp peak was observed at 1631cm
dueto >C=0 stretching vibration and the presence of
samewas further confirmed by signal at 159 ppmin
B3C gpectrumof impurity. Aliphatic asymmetricand sym-
metric stretching >C-H stretching gppearedintherange
2817-2924cm, Detailed description of *H and B*Cis
givenin TABLE 1. Taken together all these datasup-
port thestructureof impurity that was proposed on the
basis of MS/MS data. Based on the above spectral
datathemolecular formulaof impurity was confirmed
and the corresponding structure was characterized as
(4-4-[[ 3-[2-(Dimethyoxidoamino)ethyl]-1H-indol-5-
yllmethyl-2-oxazolidinone).
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CONCLUSION

The study of impurity profile of Zolmitriptan has
been carried out by LC/MSand LC/MS/MS. Prelimi-
nary structure ass gnmentsfor the unknown impurity
was made on the basis of mass spectral data. Onthe
basisof proposed structureit was synthesized and the
compl ete characterization of the compound was car-
ried out by various spectroscopic studiesafter prepara
tivechromatographicisolation.
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