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ABSTRACT

A high performance liquid chromatography (HPLC) coupled AB SCIEX
TripleTOF™ 5600 high resolution mass spectrometer system was used for
identification of degradation products (DPs) of Irbesartan using generic
workflow. Degradation experiments were carried out under various condi-
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tions such as acid hydrolysis, acid photolysis, base hydrolysis and base DBS,
photolysis. A simple reverse phase chromatography was developed to sepa- TripleTOF™ 5600 mass
rate the degradation products or impurities on Phenomenex Kinetics C18 (50 spectrometer;

X 2.10mm, 1.7u) column using SmM ammonium acetate and methanol at 0.5 ml/
min flow rate. Degradation products of Irbesartan were acquired using ge-
neric information dependent acquisition (IDA) with dynamic background
substraction algorithm (DBS). The magjor degradation products were identi-
fied as 2-butyl-3-(tetrazole[1,5-f] phenanthridin-6-ylmethyl)-1,3-
diazaspiro[4,4]non-1-en-4-one (M/z 427.2251; C .H, N O") and 1-(1-2-(1H-
tetrazol-5-yl)biphenyl-4-yl) methylamino) pentylideneamino) cyclopentane
carboxylic acid (m/z 447.2506; C,H., N,O,"), acid photolysis and base hy-
drolysis gtress condition, respectively.  © 2015 Trade Sciencelnc. - INDIA

Advanced analysis and data
interpretation tools.

INTRODUCTION or impuritiesin new drug substances is a key com-

ponent of the guideline issued by the International

Degradation product analysisor Impurity profiling
isanvitd study in pharmaceutical andyss, particularly
during the product devel opment and qudlity control ™.
The safety of any drug product is determined by not
only onthetoxicological propertiesof theactivedrug
substance, but a so on the major and minor impurities
that it having?. Monitoring of the degradation products

conferencein Harmonization (ICH)®l,

There are many analytical techniqueswhich are
being used for impurity profiling. High pressureliquid
chromatography (HPLC) coupledwith UV or PDA is
themost common analytical techniqueto monitor the
degradation kinetics but for identification and confir-
mation of the degradation productstriple quadrupole,
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guadrupole base linear ion trap (QTRAP), time of
flight based high resolution mass spectrometer
(QgTOF) mass spectrometer are being used™12,

Theadventsof hybrid massspectrometer havemade
it possible to use combination scan functionsfor the
identification and confirmation of sructurdly rlated mol-
eculesin complex samples. Selectivescan functionsin
combination with unique software capabilitiesin the
modern mass spectrometer provides very useful
workflow based optionsfor sel ectiveidentification of
low concentration of Structurdly related impuritieseffi-
dently.

Anaysisof common degradation products can be
carried out using genericinformation dependent acqui-
gtion (IDA) method followed by their product ion scan.
InIDA acquisition method, full-scan M Sacquigtionis
employed asasurvey scan to search for predicted deg-
radation productsion. Dueto the complexity of the
analysisof degradation productsor impurity profiling,
aufficient sengtivity and separaionisdifficult toachieve
with HPL C. Using the hybrid quadrupol e based time-
of -flight mass spectrometer with HPL.C providesnew
dimensiontothesenstivity, sensitivity, resolution and
mass accuracy!*3. A ccurate massand product i on spec-
traprovidevital information for theidentification and
structure, confirmation of potential degradation prod-
uctsor impurities.

Irbesartan (2-butyl-3-({ 4-[2-(2H-1,2,3,4-tetrazol -
5-yl)phenyl] phenyl} methyl)-1,3-diazaspiro[4.4] non-
1-en-4-one) isan angiotensin |1 receptor used in the
treatment of hypertension™°, Hypertensionisone of
the most prevaent diseaseswith estimated onebillion
casesworldwidéd®, Thetherapeutic mechanismwas
sgnificantly improved by discoveringwithlosartan class
of molecules'’ 8, Irbesartan isanonpeptideangiotensin
Il type-1(AT1) receptor antagonist. An entirethera-
peutic classof AT, -receptor antagonists or sartanshas
been developed, among which Irbesartan has been
marketed for over 10 years. Few studiesonitsstability
and degradation have been reported by Singh and
Mbah!*29, Singh et al. identify and characterize the
degradation product of Irbesartan obtained using dif-
ferent stressconditionsby LC-MSTOF, MS", online
exchangeand LC-NMR. In hisfindingsdegradation of
irbesartan was 4.5%, 51.4% and 48.7% under acid,
base and photoacid conditionsrespectively. Hillaert et
al. asoreported theinstability of irbesartanin basic
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conditiong?,

Therefore the objective of present study wasto
develop accurate, fast and sensitive generic workflow
to identify degradation products of drug substanceand
drug product insingleandytica run by using advanced
analysisand datainterpretation tools.

EXPERIMENTAL

Chemicalsand reagents

HPL C grade methanol was purchased from J.T.
Baker. Formic acid (MS grade) was obtained from
Fluka. Ammonium acetate, Hydrochloric acid and so-
dium hydroxide sol ution were procured from Merck
India. Ultrapurewater (18.2 MU) was obtained using
MilliQ gpparatusfromMillipore (Milford, USA)

Instrumentation

Shimadzu Prominance20AD (Kyto Japan) coupled
withAB SCIEX TripleTOF™ 5600 mass spectrom-
eter System (AB SCIEX, Concord, ON) equipped with
dud ionization (electrogpray ionization and atmospheric
pressure chemica ionization) sourcewasused for this
andysis. Externa cdibrant ddivery sysem (CDS) was
used to calibrate the TOF mass analyzer with APCI
small molecules calibrant solution provided by instru-
ment vendor.

Chromatographicand massspectrometric condi-
tions

Shimadzu Prominance 20AD HPLC with UV de-
tector wasconnected withtheAB SCIEX Triple TOF™
5600 high resolution mass spectrometer. The separa
tion of the drug and its degradation products were
optimised using different mobile phase conditions.
Isocratic and gradient flow sysemsweretried to achieve
the acceptabl e resol uti on using organic solvent (metha-
nol, acetonitrile) and volatile buffer (ammonium acetate
and formate buffer) at different ratios. Best resolution
between the drug and degradation products (DPs) was
achieved using Phenomenex Kinetics C18 (50 x
2.10mm, 1.7u, USA) column. The UV detector was
optimised and set to 254 nm wavelength for better de-
tection of degradation products.

Separation of the degradation products was
achieved on Kinetics C18 (50 x 2.10mm, 1.7y,
Phenomenex USA) at theflow rateof 0.5 ml/min. The
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sampletray temperaturewas 15 °C and column oven
temperaturewas 50 °C. The chromatographic elution
wascarried out usng 5mM ammonium acetate (mobile
phaseA) and methanol (moblephaseB). Themobile
phase gradient was started at 40 % of B, after L minit
was increased to 90% within 5 min, held for 13min
and, then brought bring back to 40%in 14 min. UV
detector was set to 254 nm. Injection volumewas kept
S uL. Total run time was optimised to 15 min. The flow
ratewas set at 0.5 ml/minwith asplit after theHPLC
columnintheratio of 1/20, producing aninlet flow into
the mass spectrometer of 0.050 ml/min.

All thedataacquistion wasperformedwithaTriple
TOF™ 5600 System (AB SCIEX, Concord, ON)
coupled withdual ionization source (AB SCIEX, Con-
cord, ON) which has electrospray and atmospheric
pressure chemical ionization (APCI) probefor analy-
ss.All theexperiment werecarried out in el ectrospray
positiveionization modein mass spectrometer. Data
was acquired using an ion spray voltage of +5.5kV,
curtain gasof 30 PSl, nebulizer gasof 50 PSI, and an
interface heater temperature of 600 °C with drying gas
(GS2) 50 PSl. Generic method was setup using infor-
mation dependent acquisition (IDA) survey scansfor
100 msand 8 product ion scanswere collected for 50
mswith their threshol d exceeding 200 counts per sec-
ond (cps). Collisonenergy (CE) settingof 35V witha
spread of +15V was applied to all parent ions for
collisondly induced dissociaion (CID). Dynamic back-
ground subtraction agorithm was switched on during
the DA acquisition to diminate thebackground noise.
All theacquired datawere processed usngAnayst TF®
1.5, PeakView® 1.1.1.

Sresscondition

Hydrolysis(acidicand basic) and photolysis(acidic
and basi ¢) degradation experiment werecarried out as
per ICH recommendeations. Stock solution of Irbesartan
was prepared by dissolving 5mg Irbesartan (Figure 1),
inacetonitrile-water (5ml; 50:50 v/v). The concentra:
tion of thisstock solution obtained was 1000 pg/ml.
For basehydrolys sthe stock solution of Irbesartan (0.5
ml) wastaken, towhich sodium hydroxide solution (2N,
0.5ml) wasadded. Base hydrolysiswascarried out at
80°C. Similarly acidic hydrolysisexperiment was setup
with hydrochloricacid (1N, 0.5ml) at 80°C. After sub-

Hnalytical CHEMISTRY o

jecting to stress (acid and base), samples (100 ul)
were taken out at different time points (0.0, 30.0
and 60.0 min) and were diluted five times with ac-
etonitrile: water (50:50, v/v) before injecting into
mass spectrometer. Similarly photo (acid and ba
Sic) degradation stress studies were carried out for
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Figurel: Sructureof Irbesartan

73 hunder the natural sun light.
RESULTSAND DISCUSSION

Genericinformation dependent acquisitionwithred
time dynamic background substraction method was
devel oped to anayzethe Irbesartan degradation prod-
uctsusing high resolution mass spectrometry. Simulta-
neous acquisition for TOFM Sand MS/M Sdatawas
devel oped using non targeted generic (IDA) method
withreal timeDBSfor thisstudy at fast LC scale.

Non targeted IDA method was set to run this ex-
periment in positiveionization modeto detect all the
degradation product. Thehigh resolution massscan data
of the sampl e (stressed) was compared with the con-
trol (unstressed) using PeakView® 1.1.1 software. The
corresponding M S/M Sdataof the precursor ion was
collected inthe same IDA experiment using collision
energy spread option (CES) and dynamic background
substraction (DBS) inAnalyst 1.5 TF® software. The
advantage of CESisthat lesstimeand lessoptimization
of collision energy arerequired to obtain completedis-
tribution of fragmentsionin MS/MS. Theseattributes
arevery useful when dedling with andyssof compound
onLCtimescae, especidly for unknown analyteandy-
ss. Information dependentinformation (IDA) offersthe
ability to smultaneoudy generatetheMSand MSM S
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information collected fromasingleLCinjection. As
the sample compl exity increases, ion selection cri-
terianeedsto carefully set so that therisk of missing
ion of interest decreases significantly. Its main pur-
pose is to get relevant information for product ion
spectrain every injection. Real time dynamic back-
ground substraction (DBS) is useful triggering tool
for MS/IMSinIDA experiments, on peaksof interest
not on the background ion. The concept of DBSisto
subtract the previous scan from the current one, be-
fore applying any other IDA selection criterid?2,
This can eliminate the need for a second injec-
tionin order to acquire MS/MS. Thefull scan accu-
rate mass and product ion spectraof Irbesartan were
obtained from information dependent information

—— Fuyl] Paper

(IDA) experiments (Figure 2 & 3). The most accu-
rate molecular formula for each major and minor
fragment was obtained with error (ppm and mDa)
and RDB were calculated and tabulated. MS/MS
information for all the degradation products helped
to correlate their structural similarity with parent
drug. The accurate mass spectrum with peak resolu-
tion of the irbesartan was obtained from the IDA
experiments. Irbesartan was showing the peak elut-
ing at 7.56 min (Figure 4). The experimental accu-
rate m/z valuefor Irbesartan was429.2398 (0.1 ppm
error) having aresolution of 42754.1 at full width
and half height (FWHH) obtained on fast LC scale.
Using formulafinder option in PeakView® software
calculated the most probable formula of the corre-
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Figure2: TOFM Sspectrum of Irbesartan [M +H] ,M/z429.2398
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Figure4: Display theextracted ion chromatogram (X1 C) of m/z 429.2398 using 20mDa X1 C window

sponding m/z based on their mass accuracy in
TOFMSand MS/MS. TOFM Sdatawas used to gen-
erate the elemental formula using formula finding
option in PeakView® software. Thiswas al so recon-
firmed from the high resol ution productsion spectra
by selecting all the elemental formula for the frag-
ments and the mass accuracy. Themolecular peak of
m/z 429.2398 fragmented in collision cell (Q2) pro-
duced twelve major fragments. The molecular for-
mula, error (ppm and mDa) and ring to double bond
information (RDB) information of the major prod-
uctsof m/z 429.2398 using the PeakView® software
presented in (TABLE 1). TOF MS/M S spectrum of
m/z 429.2398 shows the accurate masses and reso-
lution of all the fragments. The m/z 84.0804,
152.0617, 180.0806, 190.0650, 195.1491,

TABLE 1: Product ionsof Irbesartan (m/z 429.2390) with
their molecular formula, error and RDB

m/z of M olecular Error
No. Fragments Formula ppm mDa RDB
1 84.0804 CsHoN* -42 -04 20
2 152.0617 CgHiN,O©  -26 -04 95
3 180.0806 CiHigNO*  -0.8 -0.2 10.0
4 190.0650 CuHgN,O" -07 -01 120
5 195.1491 CuHpN,O"  -05 -01 40
6 205.0761  CyHi7N,O° 03 01 120
7 206.0837  CyHpN, O™ -0.7 -01 115
8 207.0910 CyHpN, O -31 -0.6 11.0
9 235.0975 CyHuN,  -1.3  -03 115
10  386.2230 CxsHxN:O" 08 03 140
11 401.2339 CxsHxoN,OF 08 03 140
12 429.2390 CxsHaoNeO" -16 -0.7 150

Hnalytical CHEMISTRY o

205.0761, 206.0837, 207.0910, 235.0975, 386.2230
and 401.2339 are the products obtained from TOF
MS/M S scan of m/z 429.2390.

Characterization of degradation products

The major degradation products under all
stressed condition were characterized using high
resol ution mass spectraand their accurate mass prod-
uct ion data at chromatography scale. The datawas
processed using Analyst TF¥1.5 and PeakView® soft-
wareto predict the structures of productsand corre-
lateif any structural similaritieswith the parent drug
exist.

Acid hydrolysis

The irbesartan was found to be stable in acid
hydrolysis conditions after 90 min hydrolysis. Ex-
act massof al theacid hydrolysis degradation prod-
ucts along with their UV and MS retention times,
molecular formula, RDB, error (for TOFMS and
TOFMS/MS) and mgjor fragment ion were obtained
(TABLE 2). HPLC UV spectra of acid hydrolysis
products were also recorded (Figure 5a). The m/z
338.3420 eluting at 9.91 min in TOFMS was the
major degradation product (>1.5e>cps intensity)
found in the 90 min degradation sample. PeakView®
software calculated the accurate formula as
C,,H,NO* for m/z 338.3420. Sahu et al, 2010 re-
ported m/z 252.1276 is the mgjor hydrolysis prod-
uct, which was not found in this study™.

Acid photolysis
The UV spectrum of 48h acid photolysissample
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TABLE 2: TOF M Sdatafor acid hydrolysisdegradation productsalong with their molecular for mula, RBD, error and major

fragments
. Exact Mass .
tg (Min) for Molecular  Error in ppm _
Sir degradation F(or\[g;;a Major Fragmentslon (MS/MS)
Conditions yy MS products MS MSMS
705 745  387.1924 Cﬂkzzf(')\;zos 2.7 21  331.1286, 275.0652, 231.0739, 175.0143, 147.1149, 129.0696
755 4012346  CusHxN,O" (14) 3.0 22  207.0912, 195.1483, 180.0797
756  451.221 szkézfgs@ 16 22 4232147, 408.2039, 394.2012, 207.0914,
759  467.1934 025'?2135)'802 23 0.8  439.1896, 424.1746, 262.9191, 207.0903,
P 763 473.2047 Czﬂzfg“@ 0 30 4451965, 4082040, 239.1126, 2080943, 879876
o )
g 764 4891765  CxHyxOy' (12) 2.4 1.7  408.2029, 103.9611
> - 235.1690, 217.1960, 179.1054, 147.1153, 133.1009, 119.0864, 115.0537
I + ] ] Y y 1 i} ]
5 761 794 2351686 CsHx0"(5) 55 40 1050675, 91.0545, 79.0530, 57.0695
Q -
< 888  437.1862  CisHxzOu' (00) 29  369.1996, 301.2116, 226.9491, 158.9628, 90.9751
984  637.3038 Cstf‘;'\(‘)‘;OB 0.9 42  581.2416,525.1786, 469.1149, 393.0857, 337.0236, 141.0689, 83.0482
9.88  360.3236 Clg'?iz(';;3o3 31 45  292.8971, 224.9062
991 3383420 CxHuNO' (2.0) 0.8 46  321.3144, 303.3033, 296.3290, 282.2787, 268.2626, 226.2136, 83.0849
1025 1045  413.2663 sz?fg'\g)OZ 0 24 3011412 1890150, 1710053, 1231145
I's TIC TIC
(@ Acid Hydrolysis © Base Hydrolysis
= , .,
(@ uv ) uv
o
- TIC ' - TIC
(b) Photo acid Hydrolysis : @ Photo base Hydrolysis
e ;
(b) uv (d) w UV

Figure5: Showingthetotal ion chromatogram and UV spectraof different stressed condition samples(a) Acid hydrolysis(b)

Basehydrolysis(c) Photo acid hydrolysis(d) Photo basehydrolysis

is given in (Figure 5b). The magjor peak euting at
8.49 min (Figure 6a), was identified as m/z
427.2251. High resol ution data showed theisotopic
pattern for thismajor peak of m/z 427.2551 (Figure
6b). The acid photolysis product was identified as
2-butyl-3-(tetrazole[1,5-f] phenanthridin-6-
ylmethyl)-1,3-diazaspiro[ 4,4] non-1-en-4-one. For-
mula calculator option in PeakView® software cal-
culated C__.H_,N_O* formulabased on TOF MS and

25 276

MS/MS accuracy. Major degradation product, m/z

427.2251, is 2 amu less than the parent drug. The
formulahastwo hydrogen atomslessthan the parent
compound which indicates the presence of an addi-
tional double bond or ring formation on the degra-
dation product structure. The m/z 399.2189,
316.1451, 288.1500, 233.0822, 205.0764,
204.0680, 178.0649, 151.0539, 127.0536, 84.0797,
77.0376 weretheaccurate fragmentsof m/z 427.2251
(Figure 6¢). Major product ion m/z 205.0764 and
84.0797 from m/z 427.2251 were common with
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Figure6: M ajor acid photolysisdegradation product showing (a) extracted ion chromatogramat RT 8.49 (b) high resolution
datafor basehydrolysism/z 427.2251 (c) product ion spectra (TOFM SM S) of m/z 427.2251
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Figure7: Possblefragmentation pathway for major basehydrolysisproduct of Irbesartan (m/z447.2503) with their accurate
massesand structure
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TABLE 3: TOF M Sdatafor acid photolysisdegradation productsalongwith their molecular formula, RBD, error and major

fragments
tg (MiN)  Exact Massfor Error in ppm
St degradation = MOIFCU:;BB Major Fragmentsion (MS/MS)
resed yy Ms products ormula(RDB)  vs mMgMs
Conditions
439.1921, 207.0914, 206.0836, 205.0763, 192.0767,
7.58 467.1960 CusHo3NgO," (19.0) 3.3 34 180.0804, 178.0668, 152.0612, 150.0486, 134.9987,
84.0803
7.58 473.2029 CoHsNgO57(17.0)  -2.1 3.8 445.1965, 408.2045, 239.1133, 87.9879
+ 401.2340, 386.2231, 235.0978, 207.0913, 195.1494,
736 758 429.2404 CasHaoN6O ™ (18.0) 1.5 1.6 180.0807, 167.1542, 153.0695, 151.0540, 84.0807
8.49 449.2064 CuHN,05" (14.0)  -0.7 0.8 421.2006, 205.0754, 178.0647, 151.0530
2]
4 8.50 465.2183 CocHaNeO,' (200) 4.7 0.0 432.0862, 344.0178, 31315;%;132317, 260.9477, 180.0447,
g 399.2189, 316.1451, 288.1500, 233.0822, 205.0764,
5 8.27 849 427.2251 CysHNgO' (16.0) 1.7 2.0 204.0680, 178.0649, 151.0539, 127.0536, 84.0797,
2 77.0376
< 8.84 437.1862 CisH301,'(00)  -02 1.4 369.1998, 301.2110, 90.9758
+ 312.3262, 286.3105, 286.3105, 257.2420, 150.0111,
9.57 330.3373 CoH4NO,"(0.0) 04 0.9 106.0854, 88,0753
958 465.2183 CiHaNOW' (5.0 21 39 432.0891, 344.0163, 3;2:.927%35, 265.0354, 158.9642,
N 303.3044, 268.2639, 226.2169, 191.1790, 135.1159,
9.96 338.3422 C,HuNO™ (2.0) 11 2.8 97.1004, 83.0849
10.23 1041 413.2653 C,iHaN,O6" (5.0) 4.1 0.9 301.1415, 171.1170, 140.9590, 162.9366, 71.0862
irbesartan. (TABLE 4). Product ion spectra of m/z 447.2503

Resolutions(Full Width at Haf Height) of 427.2251
inTOFM Sand MSM Smodewerefound to be 36852
and 36670, respectively at chromatographic runusing
Triple TOF™ instrument. Accuratemass, cd culated for-
mula, error and MS/M S of all the degradation prod-
ucts for 48h acid photolysis sample were aso ob-
tained (TABLE 3). Fragmentation pathway for ma-
jor acid hydrolysis product (m/z 427.2251) was de-
rived using software tool in PeakView® software.

Basehydrolysis

The mgjor base hydrolysis product eluting at 6.7
min was showing accurate m/z 447.2503 whichisad-
dition of +18 Dato the parent drug (m/z 429.2398).
TheUV spectrum of 2h basehydrolysssampleisgiven
in (Figure 5c). A spectrum was processed using
PeakView® softwareto generatethe accurateformula
based on TOFM S and MS/MS accuracy. Formula
finder option suggested C,.H, N, O, (m/z 447.2503)
asthemost probable formulabased on TOFM Sand
MS/M S accuracy. Similar results were published by
Sahu et a, 20109, UV and M Sretention times, most
probable molecular formula, massaccuracy, and frag-
mentation ion of each degradation products formed
during the base hydrolysis of irbesartan was obtained

exhibits m/z 419.2437, 363.1927, 291.1486,
252.1242, 235.0978, 207.0915, 196.1330,
190.0645, 180.0803, 168.1379, 153.0692,
140.0482, 85.0643, 84.0805 asits fragments using
collision energy (CE) +35v and =15V collision en-
ergy spread (CES). The fragments of m/z 447.2503
having m/z 235.0978, 207.0915, 190.0645, 180.0803
and 84.0805 wereidentical to fragmentsof Irbesartan
(m/z 429.2398). Fragment of 447.2503 having m/z
235.0978 indicatesthe presence of tetrazolering at-
tached to biphenyl. Another characteristic fragment
of 447.2503 having m/z 196.1330 (C H,,NO,") was
1 Dahigher than theirbesartan fragment having m/z
195.1941(C,H,,N,O") which indicates the struc-
tural difference in the region of 2-butyl-1,3-
diazaspiro [4,4] non-1-en-4-one part of Irbesartan(*?.
Fragmentation pathway for major base hydrolysis
product (m/z 447.2503) was givenin Figure 7.

Basephotolysis

TheUV spectraof base photolysisproductswere
showing the similar degradation pattern than hydroly-
sis (Figure 5d). The mgor peak identified was of
m/z 447.2520 eluting at 6.95 min (Figure 8a). High
resolution data showed the isotopic pattern for this
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TABLE 4: TOF M Sdatafor basehydrolysisdegradation productsalongwith their molecular formula, RBD, error and major

fragments
tgr (min) Exact Mass for Error in ppm
Stressed RV TV ; Molecular Formula—— ™" .
Conditions |y degradation (RDB) MS Major Fragmentsion (MS/MS)
products MSMS
475 487 2741052  CyiHipN,Op' (10.0) 18 25 246.0998
6.35 6.51 336.1816 CiH»NsO" (12.0) -09 28 252.1236,235.0973,207.0913,180.0802, 153.0691
+ 441.2256, 426.2149, 412.2116, 383.1727, 207.0909,
6.93 469.2325 CxHasNLOg" (12.0)  -3.0 23 180.0801, 84.0792
+ 402.2168, 308.1752, 291.1485, 235.0858, 224.1179,
694 4192434 CuHuNiO, (130) 08 21 576915 197 0801, 194.0955, 180.0808, 84.0804
n 419.2437, 363.1927, 291.1486, 252.1242, 235.0978,
4 6.72 6.96 447.2503 CsHz:NgO,™ (1400 0.7 13 207.0915, 196.1330, 190.0645, 180.0803, 168.1379,
S 153.0692, 140.0482, 85.0643, 84.0805
4 457.1998, 442.1875, 428.1853, 426.2165, 399.1466,
T 6.97 485.2047 CusHasNgO3 * (18.0) 33 2.7 383.1695, 329.1167, 280.9974, 222.9674, 176.9589,
g 149.0182
7.35 7.49 415.2111 CoHz06" (10.0) -0.3 46 207.0905, 133.0632, 119.0851, 117.0690, 91.0527
423.2152, 408.2039, 394.2016, 386.2229, 229.0731,
7.58 7.58 451.2196 CpH»7NgO5" (14.0) -30 36 207.0906, 206.0833, 180.0802, 178.0658, 207.0906,
180.0802, 152.0609, 127.054, 84.0799
+ 302.2151, 303.3045, 296.3301, 268.2625, 254.2472,
9.96 338.3679 Cz2HuNO™ (2.0) 22 300 121.1005, 97.1002, 69.0695, 57.0695, 55.0538
1041 413.2661 CH3sNgO," (10.0) 06 2.1 301.1402, 208.9478, 189.0138, 171.0055
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Figure8: Major basehydrolysisdegradation product showing (a) extracted ion chromatogram at RT 6.96 (b) high resolution
datafor basehydrolysism/z 447.2506 (c) product ion spectra (TOFM SM S) of m/z 449.2506

major peak of m/z 447.2520 (Figure 8b). The acid
photolysis product was identified as 1-(1-2-(1H-
tetrazol-5-yl)biphenyl-4-yl)methylamino)
pentylideneamino)cycl opentane carboxylic acid. The
fragment ions of m/z 447.2520 were similar as de-
scribed in base hydrolysis section (Figure 8c). There
were several other degradation products of base
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(C,H,NO,"), 491.2154 (C,H,N,O,"), 401.2328
(C,H,N,0%), 310.3106 (C,H,NO"), 338.3421
(C,H,NO *) and 321.3151 (C,H, O"). They did
not exhibit any characteristic product ion similar to
product ions of m/z 429.2398 and 447.2520 (TABLE
5). Mg or degradation product m/z 447.2520 showed
resolution (FWHH) 35390 and 35213 in TOFMS

and TOF MS/M S mode, respectively.
Prediction of degradation pathway

Fragmentation option in Peakview® software
predicts the possible fragments based on the struc-

—— Fuyl] Paper

ture of molecules. The software contains a simple
fragment ion predictor that can generate the frag-
ments, likely to be formed, by breaking bonds and
adding or removing hydrogen atoms. Irbesartan struc-
turewasintroduced into the softwarealong with their
accurate TOF MS/MS spectral®!l. Fragmentation
option predicted the possible fragments structure of
the molecule and cal culated the formula. The mgjor
base hydrolysis product (m/z 447.2520) structureand
fragments were predicted. Possible fragmentation
pattern pathways of Irbesartan (m/z 429.2390) with
their accurate masses are given (Figure 9).

TABLES: TOF M Sdatafor basephotolysisdegradation productsalong with their molecular for mula, RBD, error and major

fragments
Stressed t (m|n) Exact Mass for Error in ppm
Conditions - degradation MOI&[Z:%E;)rmUIa— Major Fragmentsion (MS/MS)
MS products MS MSMS
4.95 312.062 CisHigN3Os™ (13.0) 1.6 2.2 250.0815, 114.9606, 103.9620
6.57 412.0932 CrHuN:Os™ (19) 1.0 05 331.1200, 267.0912, 231.0492, 119.9348,
97.0994
6.58 396.1198 CxHuN;O," (19.0) -1.4 1.6 368.1126, 315.1453, 103.9613, 101.0596
N 252.1238, 235.0976, 207.0916, 180.0805,
6.59 336.1824 CioH»Ns0" (12.0) 1.2 1.0 1530694, 115.0537 85,0639
6.60 380.1463 CoHiN-Os™ (14.0)  -07 6.1 352.1398, 315.1%6378,9321.0397, 146.0546,
6.61 374.1388 CoHaNO,* (150)  -16 11 346.1316, 268.951);1, 025%'0910' 180.0803,
N 315.1475, 301.1426, 207.0915, 190.0649,
6.63 358.1638 CooHNOs™ (10.0)  -2.5 49 180.0810, 178,0750, 152.0605
. 426.2151, 408.2056, 351.1442, 333.1117,
6.92 491.2154 CoyHxNgO," (16.0) -1.8 2.8 2571235, 240.0752, 146.0547
419.2442, 291.1489, 252.1244, 235.0980,
N 224.1182, 207.0917, 196.1332, 190.0650,
a 6.73 695 447.2520 CosHaNeO," (14.0) 1.1 0.7 180.0805, 178.0775, 168.1382, 84.0807,
= 67.0539
S 402.2175, 335.1866, 308.1756, 291.1491,
a 6.95 419.2458 CasHaN,O," (13.0) 0.1 1.2 235.0866, 224.1181, 207.0912, 192.0805,
o 165.0690, 84.0802
o 441.2259, 426.2150, 423.2153, 413.2201,
412.2118, 408.2050, 383.1725, 370.1636,
6.96 469.2328 CaH3sN,O6™ (12.0)  -1.9 2.1 256.0826, 246.0990, 235.1412, 229.0731,
217.1319, 207.0915, 206.0825, 190.0652,
180.0811, 168.1379,
7.37 7.53 401.2328 CysHpN,O (14.0) 05 4.0 207.0913, 180.0786, 153.0665
7.53 473.2038 CyHxN,O; (12) 15 2.7 408.2031, 239.1107, 87.9880
+ 423.2151, 408.2034, 394.2011, 229.0740,
.57 451.2232 CaHzNgOs" (14.0) 21 2.2 217.1308, 207.0923, 180.0810, 152.0627
N 293.2847, 275.2722, 219.2120, 177.1621,
9.09 310.3106 CaoHaNO™ (2.0) 0.5 3.7 139.1112, 139.1112, 97.1004, 69.0703
321.3162, 303.3050, 296.2979, 282.2789,
N 268.2639, 240.2328, 212.2025, 191.1790,
9.90 338.3421 C22HuNO™ (2.0) 1.9 3.5 163.1474, 149.1321, 135.1156, 121.1010,
95.0854, 83.0853, 81.0694, 79.0537
9.04 3913151 CooHuO" (3.0) 03 24 272.9669, 221.2240, 149.0209, 123.1171,

81.0687
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Figure9: Possiblefragmentation prediction of | rbesartan (m/z 429.2390) with their accur ate massesand structureusing
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CONCLUSIONS

In this study, generic IDA method was devel-
oped using high resolution systems to identify and
confirm the Irbesartan degradation productsin acidic
and basic stressed conditions. The m/z 338.3420,
427.2251 and 447.2506 were maor degradation
products produced and identified in acid hydroly-
sis, acid photolysis and base hydrolysis stress con-
dition, respectively. Theirbesartan was found stable
in acid hydrolysis conditions. Generic information
dependent acquisition (IDA) method with unique
dynamic background subtraction (DBS) shown the
capabilities to identify and provide high number of
relevant MS/MS to the real degradation product
masses at fast chromatography run. This generic

method will help to identify and confirm the low
level degradation product in complex sampleswhile
mai ntai ning the sensitivity, resolution and mass ac-
curacy (in sub ppm level) in TOFMS and MS/MS
mode at fast L C scale, whichisimperativein impu-
rity profiling work.
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