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ABSTRACT

The presence of unknown impurity of the order 0.2% wasidentified in the
Lansoprazole Delayed Rel ease Capsul e using liquid chromatographic tech-
nique employing binary gradient system. A simple high-performanceliquid-
electrospray ionization mass spectrometric method has been devel oped for
the identification of unknown impurity in Lansoprazole Delayed Release
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Capsule. The ESI-M Sresults obtained allowed usto propose possible struc-
ture for its fragmentations. Structure elucidation using nuclear magnetic
resonance (NMR) and infrared (IR) spectroscopy was facilitated by devel-
oped rapid preparativeisolation method. The impurity was characterized as

1 H-benzimidazole-2-thiol.

INTRODUCTION

Lansoprazole, 2-[[[3-Methyl-4-(2, 2, 2-
trifluoroethoxy)-2-pyridyl]-methyl] sulfinyl] benzimida:
zoleisagastric H*K*-ATPase (proton pump) inhibi-
torl¥l, Lansoprazole belongs to the class a-
pyridylmethylsulfinyl benzimidazole. It Bindscovaently
toparieta cdl H* K*-ATPase, renderingit nonfunctiond
andinhibitingthesecretion of gestricadidf?. Lansoprazole
isused for the prevention and treatment of gastricacid
related diseases. Several spectrophotometric methods
for the determination of Lansoprazol e were described
earlier®®, However very littleinformationisavailable
for thedetermination of itsimpurities™.

During the analysisof samplesof Lansoprazole
DR Capsul es, an unknown degradate was observed
by HPLC at level 0.20% relative to Lansoprazole
whichiscrossing thelimit for individual unknownim-
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purity of 0.1% as mentioned in USP
monographt*. The requirement of identification &
characterization of thisimpurity isextremely neces-
sary to meet the astringent regulatory requirements &
to ensure that safety of drug substanceis not com-
promised by presence of toxic impurities*. Forma
tion of 3 degradants Sulfone, N-Oxide and sulfide
impurity in Lansoprazoleisalready reportedin USP
monograph. The chromatographic retention of the
degradate observed in the Delayed Rel ease Capsule
formulation did not correspond to any of thesethree
known degradates. Chromatographic conditionsmen-
tioned in United State Pharmacopoeia (USP) isnot
compatible with mass spectrometric detection. In or-
der to get better ionization the method has been modi-
fied for the present investigation.

Present paper describesidentification, isolationand
structurd ducidation of unknownimpurity
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Samplesand chemicals

Samplesof an Experimentd Formulationthat con-
tain pharmaceutical gradegranulesof Lansoprazole De-
layed-Rel ease Capsule were obtained from formul a
tion R& D Department, Jubilant OrganosysLtd., Noida,
India. Impurity sulfone, N-Oxideand Sulfideweresyn-
thesized inthelaboratory after identificationby HPLC
and determination of molecular weight by LC-MS. LC-
gradewater was prepared by purifying distilled water
withaMilli-Q water purification syssem from Millipore
(Masheim, France). HPLC gradeA cetonitrilewaspur-
chased from Qualigens, Ammonium Formatewas pur-
chased from Merck IndiaLimited. DimethySulfoxide-
d6 (for NMR) was purchased fromAldrich Chemica
Co., USA

High performanceliquid chromatography (HPLC)

Lansoprazole sampleswere anayzed on awaters
Alliance 2690 HPL C equipped with Waters 2487 UV
detector. Kromasil C18 Column 150mmx 4.6mm, Sum
(AKZONOBEL, Brewster NY, USA) was used for
Chromatographic separation. How ratewasmaintained
at 0.8 mL /minwith UV detection at 285 nm. Mobile
phaseA used for separation waswater & Mobilephase
B consist of Water-Acetonitrile-TEA (200:800:5, v/iv/
v) and pH of mobilephaseB adjusted to 7.0 with dilute
OPA.Gradient program was used and method was able
to detect dl theimpurities. Following gradient was ap-
plied % Mobile Phase B (time, min): 10(0), 80(40),
80(50), 10(51), 10(60)

Liquid chromatogr aphy tandem massspectr ometry

The MS/MS studies were carried on Q-Tof
Micromass System (Weaters). The HPLC consisted of
WatersAlliance 2690 series quaternary gradient pump
with adegasser an autosampler & column oveninter-
faced with Q-Tof Micromass Spectrometer viaan ES|
Probe. HPL C effluent wasintroduced into El ectro spray
ionization (ESI) source of mass spectrometer. Capil-
lary voltage was maintained at 3000 V, Sample cone
voltageat 25V and Extraction conevoltageat 2V. Ni-
trogen was used asboth desol vation and nebulizing gas.
Conegasflow maintained at 50 L/hr and desolvation
gasflow maintained at 500L/hr.

MS/M S studieswere carried out by maintaining
Collision Energy at 20 and massrange 100- 1000 amu.

Hnalytical CHEMISTRY o

Negativeionization wasa so performed by switching
the polarity of capillary voltageto-3000 V.

A second method was developed using mobile
phase compatiblewith LC/M Sinstrument. Chromato-
graphic conditionswere same as above method except
that mobile phase B was composed of Ammonium For-
mate (10mM)-Acetonitrile (200:800, v/v)

Preparativeliquid chromatogr aphy method

Thesamplesof Lansoprazole Capsul eswere soni-
catedinAcetonitrileand thenfiltered under vacuum and
filtrate was concentrated on Rotavapor (BUCHI
Labortechnik AG Flawil, Switzerland). Impurity was
isolated fromthe crude sampleusingAgilent 1200 Se-
riesAuto purification System Consisting of binary gra-
dient pump, M ultiwave ength detector, sample manager
and fraction collector (Agilent Technol ogiesWa dbrom,
Germany). Awaterssymmetry C18 column 300 mmx19
mmii.d, particlesize 7u was used for the separation.
M obile phase was consisted of amixture of Ammo-
nium formate (10mM)-Aceonitrile(80:20, v/v). Detec-
tionwasmonitored at 285 nm.

NMR

H and *3 C spectraof isolated impurity werere-
corded on Bruker 400 HZ instrument. TheH and *C
chemical shift valueswererecorded and 6 ppm scale
relativeto DM SO
I R spectroscopy

ThelR Spectraof isolated impurity wasrecorded
inthesolid stateas K Br powder disc using Perkin Elmer
FT-IR spectrometer.

RESULT AND DISCUSSION

Detection of impurityby HPLCand LC-M S

HPL C analysis of sampleof lansorazol e capsule
was carried out using the method di scussed in section
2.2. Apart fromtheprinciple pesk (elutingat 25.7 min)
one unknownimpurity was detected at retentiontime
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Figure 1 : HPLC chromatogram of stability sample of
lansopr azoledelayed r elease capsule
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10.7min, respectively. A typical chromatograph shown
infigure 1.

LC/MS/MSanalysis

Prior to characterization work on thisunknownim-
purity LC/MS/M S datafor Lansoprazole drug mol-
eculewas generated. Mass spectrum of Lansoprazole
show aprotonated molecular ion peak [M+H]*at m/z
370. TheM S/M S spectrum for theparent Lansoprazole
molecul e show fragment peaks at m/z 252, 150 and
118 amu. Fragment of 252 can beattributedto theloss
of benzimidazolemoiety.

Unknown impurity exhibited protonated molecular
ion peak having massto chargeratio 150 amu. Daugh-
terion M S/M S spectrum of the parent ion of theimpu-
rity gavefragment of m/z 118. Formation of daughter
ionattributed to thelossof SH fromthe parention pesk.
M echanism for thisfragmentation can berationalized
fromthestructureshowninfigure2.

H H
N N
(L=~ CLp

Formula Weight = 150.202 Formula Weight = 118.136
Figure2: Mechanismfor theformation of fragment ion from
impurity

| solation of impuritiesby preparativeHPLC

A newly devel oped isocratic reverse phase chro-
matographic method describedin section 2.4. wasused
for isolating unknown impurity. Theretentiontimefor
unknown impurity and lansoprazol e were observed at
4and 7 min., respectively. Thecollected fractionswere
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Figure4(a) : Massspectrum of impurity in ES+vemode
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combined and concentrated on rotavapor and dried
under high vacuum using lyophilizer. Chromatographic
purity of theisolated impurity samplewas determined
by HPL C and found to be 99 %, respectively asshown
infigure 3. Thissamplewas used further for spectro-
scopic studies.
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Figure3: HPL C chromatogram of isolated impurity
Sructureeducidation of impurity

Theisolated impurity was subjected for structural
analysisusingMS, LCMS/MS,*H, ®*CNMR & FT-
IR spectroscopic methods.

The+veES-M S spectrum of theimpurity showed
peak at m/z 151 corresponding to the adduct ion
(M+H)* TheMSM Sspectrum of theimpurity displayed
daughter ion at m/z 118 amu (Figure4.). Fragment of
150 & 118 were a so obtained with the Lansoprazole
suggestingthestructura smilarity betweenimpurity and
Lansoprazole. Further the-ve ES-M S spectrum showed
peak at m/z 149 correspondingto (M-H) (Figure5).

The ESI massspectrum of impurity exhibited amo-
lecular ion peak at m/z 151 amu. In the FT-IR spec-
trum, acharacteristic absorption band was appeared

1004 151.0042

117.5280
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153.0418
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Figure4(b) : M S/M Sspectrum of impurity in ES+vemode
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Figure5: Massspectrum of impurity in ES-vemode

at 3153 cm* for > N-H stretching vibration. IntheH
proton spectrum of impurity, in DM SO —NH proton
appeared at 12.5 ppm and 4 aromati ¢ protons appeared
intheregion (7.0-7.1 ppm) and—SH proton appeared
at 3.3 ppm. Detailed descriptionisgivenin TABLE 1.
Fragment of 118 amu was obtained with the Impurity
withthelossof 33 amufromthe parention showing the
lossof SH groupintheimpurity. Takentogether dl these
data support the structure of impurity that was pro-
posed on the basisof MS/M Sdata.

Based on the above spectral datathe molecular

Figure6: Sructureof impurity 1H-benzimidazole-2-thiol

TABLE 1: NM R spectral assgnmentsfor impurity

Position No. of Proton C_hemical 13C Ch_emical
Protons Shift 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 71 109.9
10 1 33 -

Refer the structural formula for numbering (Fig. 6).

formulaof impurity was confirmed and the corre-
sponding structure was characterized as1 H —benz-
imidazole-2-thiol.

CONCLUSION

Inthisstudy impurity profile of Lansoprazole has
been carried out by LC/MSand LC/MS/MS. Prelimi-
nary structure assignmentsfor the unknown impurity
was made on the basisof mass spectral data. Thecom-
plete characterization of the compound wascarried out
by various spectroscopic studiesafter preparative chro-
matographicisolation.
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