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Abstract

Rationale

Stress testing of a drug candidate is an important step in drug discovery and
development process. The presence of degradation products in a drug affects the quality as
well as safety and efficacy of drug formulation. Hence, it is essential to develop an efficient
analytical method which could be useful for the separation, identification and characterization
of all possible degradation products of drug. Macitentan (MT) is an endothelin receptor
antagonist (ERA) drug used to treat high blood pressure in the lungs. Comprehensive stress
testing of MT drug was carried out as per ICH guidelines to understand the degradation
profile of the drug.

Methods

MT was subjected to various stress conditions such as acidic, basic, neutral
hydrolysis, oxidation, photolysis and thermal conditions; and the resulting degradation
products were investigated using LC-DAD-ESI-HRMS and MS/MS techniques. An efficient
and simple ultra-high performance liquid chromatography (UHPLC) method has been
developed on Accucore C18 (4.6x150mm, 2.6pum) column using gradient elution of 5 mM
ammonium formate and acetonitrile as mobile phases.

Results

The MT was found to degrade under acid and base hydrolysis stress conditions;
whereas it was stable under oxidation, neutral hydrolysis, thermal and photolytic conditions.
The MT formed nine DPs (DP1 to DP9) and one DP (DP10) under acidic and basic
hydrolytic conditions, respectively. All the degradation products (DP1 to DP10) were
identified and characterized by LC-MS/MS in positive ion mode with accurate mass
measurements.
Conclusions

MT was found to be labile under hydrolytic conditions. The structures of the
degradation products were characterized by appropriate mechanisms. The proposed method
can be effectively used for the characterization of MT and its degradation products.
Keywords
Macitentan, Stress conditions, LC-DAD-ESI/MS/MS, Accurate mass measurements and

Degradation products.
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Introduction

Macitentan is an endothelin receptor antagonist (ETA) that has been widely used in
the therapy of pulmonary arterial hypertension (PIAHT).> The endothelin (ET) is a twenty
one amino acid peptide that was generated from a thirty nine amino acid precursor and is one
of the most effective and long lasting vasoconstrictor.>® There are three isoforms of the
endothelin: endothelin-1 (ET-1), endothelin-2 (ET-2) and endothelin-3 (ET-3). ETs regulate
different biologic processes such as tissue remodelling, tissue repair, cellular differentiation,
smooth muscle cell proliferation and inflammation.>®

PIAHT is a serious disease affecting fifteen individuals per million annually.® It is
characterized by sustained elevation of pulmonary vascular resistance, which finally leading
to right heart failure and premature death. Clinically, PIAHT patients present with
nonspecific symptoms of decreased exercise tolerance and shortness of breath on exertion.
According to group diagnosis of PIAHT World Health Organization (WHO) is confirmed by
a mean-pulmonary arterial pressure >25 mmHg with pulmonary artery wedge pressure <15
mmHg wood units, as measured by cardiac catheterization.” The drug Macitentan {N-[5-(4-
bromophenyl)-6-[2-[(5-bromo-2 pyrimidinyl)oxy]ethoxy]-4-pyrimidinyl]-N'-
propylsulfamide}, which is the modified structure of bosentan with the aim of improving its
medicinal activity."*™

Stress testing of a drug aspirant is a decisive constituent of both drug discovery, drug
development and the regulatory approval perspective.’? International Conference on
Harmonization (ICH) and other international agencies suggested that all degradation products
formed during the forced degradation of a drug under various stress conditions should be
characterized.®'* Further, structure elucidation of degradation products and unknown
impurities is also required to help chemists modify their novel compounds to prepare drug
candidates with improved stability and determine whether impurities and degradation
products have any toxicity.>*®

In addition, stress testing can help in the selection of more stable drug substance salt
forms and drug formulations.™ It is well accepted that the drug degradation in formulations is
highly complex and often unpredictable process. The degradation products usually arise from
the ingredients used in dosage formulation and/or in the process of formulation where
temperature, humidity and light play a part. The degradation products can be generated from
hydrolysis, oxidation, adduct formation, dimerization, rearrangement and often the

combination of these processes. If toxic degradation products were formed under optimum
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natural conditions which lead to allergic reactions and have fatal consequences.”® To
accelerate drug development, various stress-testing protocols were designed to emulate the
stresses that the compound may experience during manufacturing and storage conditions.
Hence, the goal of the present study is to conduct the forced degradation study on Macitentan
as per the ICH prescribed conditions to identify the possible degradation products arising
under various stress conditions like hydrolysis, photolysis and oxidation. Estimation of
Macitentan and its metabolites in biological matrices and in formulations have been reported
in the literature.”* However, to the best of our knowledge, no attempts have been made for the
identification of degradation products of Macitentan according to ICH guidelines. Mass
spectrometry (MS) coupled with liquid chromatography technique has been widely used in
the analysis of drug degradation products.?>*® High resolution mass measurements in mass
spectra and product ion spectra enable identification and structure elucidation of drug
degradation products. High resolution mass measurements can be achieved by mass analyzers
suchas time-of-flight (ToF), Fourier transform orbital trap (FTMS-Orbitrap) and Fourier
transform ion cyclotron resonance (FTICR) mass spectrometers.?*? Hence, we have
undertaken the present study to characterize Macitentan and all its degradation products using
ultra high performance liquid chromatography (UHPLC) coupled with Qg-TOF tandem mass

spectrometer.

Experimental

Drugs and reagents

MT was isolated from the capsules purchased from the local market. The material
grinded and then further subjected to flash chromatography on a column of C18 (15-25uM
particle size, 100 A° pore size procured from Fluka, Bangalore, India) and eluted with water -
acetonitrile (20:80) to afford Macitentan (MT). The compound’s visualization was done
under UV light and by spraying with 10% sulphuric acid in methanol. The structure of the
compound was confirmed by spectroscopic techniques such as NMR, FTIR and UV (Figure
S1to Figure S4, Supporting Information); the purity of the isolated MT was found to be
>98.9 %. LC-MS grade acetonitrile (ACN) was purchased from Sigma-Aldrich (Bangalore,
India). Analytical reagent (AR) grade ammonium formate, hydrochloric acid (HCI) and
sodium-hydroxide (NaOH) were purchased from S.D. Fine Chemicals (Mumbai, India).
Analytical reagent grade Hydrogen peroxide 30% was purchased from Merck (Mumbai,
India). Deionized water (18 MQ) was obtained from a Milli-Q apparatus (Millipore, Bedford,
MA, USA).
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Instrumentation

Chromatographic separations of MT and its degraded samples were achieved on
Surveyor UHPLC system (Agilent Technologies, Germany) consisting a quaternary gradient
pump, anauto-injector and an in-line degasser. The column compartment with a 23 °C
temperature and a Diode Array Detector (DAD) was employed throughout the analysis.

Mass spectral analysis was carried out on Agilent Technologies mass spectrometer
(6545 Q-TOF LC/MS, Germany). The eluent of UHPLC was directed into mass spectrometer
through electrospray ionization (ESI) interface and operated in the positive ionization mode.
The mass spectrometer was calibrated before analysis using the manufacturer’s calibration
solution.-Parameters of the ion source were as follows: Gas temperature 280 °C, Gas flow 8
L/min, Nebulizer 30 psig, Sheath gas temperature 300 °C, Sheath gas flow 11.8 L/min, Vcap
3200 V, Nozzle voltage 1000 V, Fragmentor 80 V, Skimmer 1 60 V. Nitrogen was used as
the sheath' gas. The mass spectra were recorded over a m/z range of 50 m/z -1700 m/z.
MS/MS. experiments were carried out by collision induced dissociation (CID) mode at
EL =30 eV , which is the optimal collision energy for the best fragmentation, and ultra pure
N gas was used as collision gas. DAD, MS and MS/MS data were processed using Mass
Hunter Workstation Software (v B.07.00)

An ultra-sonicator from Power Sonic-405 (Hwashin Technology Co. Seoul, South
Korea), weighing was carried out on a Mettler Toledo (ML204, Switzerland) and pH meter
from pH tutor (Eutech Instruments, Singapore) were used to dissolve the sample and measure
the pH of the mobile phase, respectively. The hydrolytic and thermal stress degradation
studies were carried out using a high precision water bath and hot air oven equipped with
digital temperature controller to maintain the temperature within the range of +2 °C and +1
°C, respectively (Osworld scientific Pvt. Ltd. India).

Photo degradation was carried out in a photo stability chamber (Osworld OPSH-G-
16-GMP series, Osworld scientific Pvt. Ltd. India) capable of controlling the temperature and
humidity within a range of 40 + 5 °C/75% +3 % RH (relative humidity).?

Optimization of the chromatographic conditions

The chromatographic separation method was developed on Accucore C18
(4.6x150mm, 2.6 pum) (Thermo Scientific, North America) column. The method was
optimized by varying the selectivity determination factors such as pH of mobile phase, ratio
of organic solvent, flow rate. During scouting experiments, it was found that a few hydrolysis

degradation products were not resolved in formic acid and ammonium acetate buffers with
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different pH. Finally, acceptable separation was achieved using 5 mM ammonium formate in
water (A) buffer and acetonitrile (B) as organic modifier with a flow rate of 0.3 mL min™ in
gradient elution mode. The following linear gradient elution was used: (time in
min/proportion of solvent B): 0-2/20, 2-25/80, 25-30/80, 30-38/20, and 38-40/20. Column
was equilibrated with 20 column volumes of mobile phase at the initial gradient composition
prior to sample injection. The injection volume was 1ul and all the stress samples were
analysed using a DAD (200—400 nm) detector. Absorption chromatograms were extracted at
250 nm to detect the peaks of all the degradation products.

Stress degradation studies

Stress studies were carried out on 1 mg/ml solution of MT as per ICH recommended
conditions of hydrolysis, oxidation, thermal and photolysis. As the drug was sparingly
soluble in water and freely soluble in acetonitrile, all the stress samples were prepared in
H,O/ ACN (1:1 v/v). Hydrolytic stress degradation study was carried out in 1IN HCI, 1N
NaOH and water at 80 °C for 4 h, 6 h and 48 h, respectively. For oxidative stress degradation,
MT was subjected to 30 % H,0O, at room temperature for 24 h. Based on “A stress testing
benchmarking study” pharmaceutical companies typically carry out the thermal degradation
studies at >70 °C temperature. Hence in the present study, thermal degradation was carried
out in solid state by exposing pure MT in a Petri plate with a very thin layer to dry heat at 80
°C for 5 days.

A photolytic stress study was carried out in solid form at 40 °C in a photo stability
chamber, equipped with white fluorescent light source designed for emitting significant
radiation at 320 nm and a near UV fluorescent lamp with energy emission between 350 and
370 nm for providing an overall illumination of not less than 1.2 million lux hours and
irradiation density of not less than 200 W m™. The distance of Petri dish from light source is
about 10 cm. The optimized stress conditions of MT was given in supplementary Table S1
(supporting information).

Sample preparation

All the stressed sample (hydrolytic, oxidative, thermal and photolytic) solutions were
stored in dark at the same temperature to serve as control (MT). Samples were prepared by
filtering the solution through 0.22 pm filter unit prior to UHPLC-DAD-ESI-HRMS analysis.
Samples were withdrawn at different time interval and diluted with mobile phase before

injection. Both the acid and base degradation samples were neutralized with 1N NaOH and
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1IN HCI, respectively, prior to analysis. The final concentrations of 50 ppm of the samples
were prepared in acetonitrile/water (1:1 v/v) before injecting into UHPLC-DAD-ESI-HRMS.

Results and discussion

The degradation behaviour of MT was studied by using UHPLC-DAD-ESI-HRMS
under various forced degradation conditions. The drug found to be degraded under hydrolytic
conditions.(acidic and basic), while it was found to be stable in oxidative, photolytic, thermal
and neutral hydrolytic conditions. The degradation of MT under acidic (1N HCI at 80 °C for
4 hrs) conditions yielded nine degradation products (DP1 to DP9) whereas under basic (1N
NaOH at 80 °C for 6 hrs) hydrolytic conditions the drug resulted in one degradation product
(DP10). The UHPLC-DAD chromatograms and extracted ion chromatograms (EICs) of MT
and its_stress degradation samples are shown in supplementary Figure S5 and Figure S6

(Supporting information), respectively.
LC-mass spectrum and product ion spectrum studies of MT and its

degradation products

MT and all its degradation products DP1-DP10 showed abundant [M+H]" ions in
their ESI-HR mass spectra. Suitable elemental compositions were derived from the accurate
mass measurement of [M+H]" ions of MT and its DPs. The proposed structures of all the DPs
and their mass spectral data (MS/MS) with elemental compositions are given in Figure 1 and
Table 1, respectively. With a view to elucidate the structure of DPs, the [M+H]" ion of MT at
m/z 586.9705 (C19H2:1BroNgO4S, Rt = 27.48 min) was subjected to MS/MS analysis. The
product ion spectrum thus obtained is shown in Figure S7 (i). The product ion spectrum
showed low abundant ions at m/z 466 and m/z 413 in the high-m/z ratio region that were
formed by the loss of C3H;NSO, and C;H3sN,OBr moieties from the [M+H]" ion, respectively
(Scheme 1). The [M+H]" ion coexist in different forms which allow different fragmentation
pathways. The ion at m/z 466 underwent loss of C10HgN3OBr by the bond cleavage between
‘O’ and “C’ resulted in the highly resonance stabilised structure indicative fragment ion at m/z
201 (the base peak). The product ion spectrum dominated by the formation of ion at m/z 201
which is a favourable process whereas the other ions are of low abundance. The ion at m/z
201 further produced a distonic ion (at m/z 122) by the loss of more stable Br radical.?’*® The
product ion spectrum of MT also showed low abundant fragment ions at m/z 292 and m/z

175 that were formed from the [M+H]" ion through proton transfer reaction intermediates
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(ion-neutral complexes) as depicted in Scheme 1. The elemental compositions of all the

product ions were confirmed by the accurate mass measurements (Table 1).

The DP1 showed [M+H]" ion at m/z 174.9402 (C4H4N,BrO, Rt = 4.66 min) in its
ESI-HR mass spectrum. This was lower by 412 Da when compared to that of [M+H]" ion of
MT, which indicated that the DP1 could be formed by the elimination of Ci5H17BrN4O3S
from the MT (Scheme 2) under acidic hydrolytic conditions. As per nitrogen rule the DP1
containing even number of nitrogen atoms and the obtained natural isotopic ratio (1:1)
suggested presence of one bromine atom. The product ion spectrum of DP1 at m/z 175
showed characteristic odd-electron product ions at m/z 96, m/z 68 and m/z 41 that were
formed by involving stable Br radical loss as depicted in Scheme S1, supporting information.
The other product ions at m/z 157, m/z 148 and m/z 147 were formed by the loss of H,O,
HCN, and CO, from the [M+H]" ion, respectively (see Figure S7 (ii), Scheme S1, supporting
information). The less abundant ions at m/z 148 and m/z 147 further yielded ions at m/z 105
and m/z 120 by the loss of CHNO and HCN moieties, respectively. All these data (Table 1)
were highly compatible with the proposed DP1 structure as 5-bromopyrimidin-2-ol.

The ESI-HR mass spectrum of DP2 showed [M+H]" ion at m/z 236.9413 (Rt = 9.55
min) with an elemental composition of CgH;BrCIN,O. It suggested that the DP2 could be
formed due to the nucleophilic substitution on the oxygen linked carbon with chloride ion
(Scheme 2,). The [M+H]" ion (m/z 237) of the DP2 displayed isotopic ratio of 3:4:1 that
suggested the presence of one bromine and one chlorine atoms. The product ion spectrum of
DP2 showed the complementary product ions at m/z 175 and m/z 63 that were generated by
the loss of C,H3Cl and C4H3N,OBr moieties via formation of ion-neutral complex prior to
dissociation from the [M+H]" ion, respectively (see Figure S7(iii), supporting information).
lon-neutral complexes which often yield complementary product ions with a sum of m/z
equal to that of precursor ion with a shift of +1 m/z in the positive mode. In addition, the
observed structure indicative product ions at m/z 157, m/z 147 and m/z 120 were found to be
similar to DP1 (see Scheme S2, supporting information). On the basis of characteristic
fragment ions and proposed fragmentation pattern with accurate mass data (Table 1), the DP2
was identified as 5-bromo-2-(2-chloroethoxy) pyrimidine.

The DP3 showed [M+H]" ion at m/z 265.9930 (Rt = 11.12 min, C1oHgBrNzO) in its
ESI-MS mass spectrum. The isotopic pattern of the [M+H]" ion (ratio of 1:1) and the nitrogen
rule suggested the presence of one bromine atom and odd number of nitrogen atoms. The

product ion spectrum of DP3 (see Figure S7 (vi), supporting information) showed primary
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losses of HCN and Br' radical from the [M+H]" ion resulted in the ions at m/z 239 and m/z
187, respectively. Further, the fragment ions at m/z 239 and m/z 187 produced ions at m/z 222
and m/z 160 by the loss of NH; and HCN, respectively, as described in Scheme S3
(supporting information). Based on the proposed fragmentation with accurate mass data
(Table 1) the DP3 was characterized as 6-amino-5-(4-bromophenyl) pyrimidin-4-ol. A
probable mechanism for the formation of DP3 is illustrated in Scheme 2.

The DP4 was eluted at Rt = 13.23 min and the ESI-HRMS spectrum showed [M+H]"
fon at m/z 292.0077 with an elemental composition of C3,H;1BrN3O. Based on the obtained
isotopic distribution of [M+H]" ion and nitrogen rule the DP4 might contain one bromine
atom and odd number of nitrogen atoms. This could be formed due to stepwise elimination of
C3H;NSO; and C4H3ON,Br groups from the MT as shown in Scheme 2. In the MS/MS
analysis (see Figure S7 (v), supporting information), the product ions at m/z 265 and m/z 213
(odd-electron ion) were formed by the loss of HCN and Br radical, respectively, from the
[M+H]" ion. The fragment ion at m/z 186 was yielded by the expulsion of HCN group from
the ion at m/z 213. Further, the product ions at m/z 239 and m/z 222 were yielded by the
sequential elimination of C,H, and NH3 moieties from the ion at m/z 265. On the basis of
characteristic fragment ions and proposed fragmentation pattern with accurate mass data (see
Scheme S4, supporting information and Table 1), the DP4 was identified as 5-(4-
bromaphenyl)-6-(vinyloxy) pyrimidin-4-amine.

DP5 (Rt = 14.94 min) was formed as a minor degradation product under acidic stress
conditions, and its ESI-HRMS spectrum showed an [M+H]® ion at m/z 310.0182
(C12H13BrN30O,), which was lower by 277 Da when compared to the MT. This could be
formed by the elimination of C3H;NSO, and 5-bromopyrimidine groups from the MT during
acidic. hydrolysis conditions as depicted in Scheme 2. The product ion spectrum showed
fragment ions at m/z 292 and m/z 266 that were formed by the loss of H,O and C,H,O
moieties,.respectively, from the ion at m/z 310 (see Figure S7(vi) and Scheme S5, supporting
information). The ion at m/z 266 was formed through ion-neutral complex formation. The
other characteristic ions at m/z 239 and m/z 222 were formed by the sequential expulsions of
HCN and NH3; molecules, respectively, from the ion at m/z 266 through ring opening process
as shown in Scheme S5 (supporting information). Based on all these data (Table 1), DP5 was

characterized as 2-((6-amino-5-(4-bromophenyl) pyrimidin-4-yl)oxy)ethan-1-ol.
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The DP6 was eluted at Rt = 15.74 min and the ESI-HRMS spectrum showed [M+H]"
ion at m/z 387.0137 with an elemental composition of Cy3H16BrN4O3S (Table 1). Based on
the mass difference between DP6 and MT (200 Da) and obtained elemental composition, it
was assumed that the DP6 was formed by the loss of 5-bromo-2-(vinyloxy)pyrimidine from
MT during the acid hydrolysis, as shown in Scheme 2. The product ion spectrum of the
[M+H]" ion of DP6 showed complementary fragment ions at m/z 328 and m/z 60 that were
yielded by the loss of C3HgN and CioHsN3O3SBr moieties via formation of ion-neutral
complex prior to dissociation from the [M+H]" ion, respectively (Scheme S6, supporting
information). The formation of other characteristic odd-electron fragment ions at, m/z 249
and m/z 185 were formed by the sequential elimination of Br radical and SO, from the ion at
m/z 328 (see Figure S5(vii), supporting information) as described in Scheme S6, supporting
information. The other fragment ion at m/z 266 was found to be similar to that of obtained in
DP5. All these data were in good agreement with the proposed DP6 structure as N-[5-(4-
Bromophenyl)-6-hydroxy-4-pyrimidinyl]-N’ -propylsulfamide.

The ESI-HRMS spectrum displayed an [M+H]" ion at m/z 327.9851 (Rt = 16.97 min,
C12H12BrCIN3O) (Table 1) for DP7. This compound could be formed due to the nucleophilic
substitution on DP5 with CI" anion to yield DP7, as depicted in Scheme 2. The isotopic
distribution of [M+H]" ion (3:4:1) indicated the presence of one bromine and one chlorine
atoms. The product ion spectrum of DP7 showed ion at m/z 292 that was produced by the loss
of . HCI .moiety from the [M+H] ion (see Figure S7(viii), Scheme S7, supporting
information). The formation of product ions at m/z 266 and 239 were similar to that of DP5.
The other odd-electron fragment ion at m/z 249 and m/z 187 were yielded by the sequential
loss of Br radical and C,HsClI group from the [M+H]" ion. Based on these data the DP7 was
characterised as 5-(4-bromophenyl)-6-(2-chloroethoxy) pyrimidin-4-amine.

The acidic degradation product DP8 was eluted at Rt = 21.92 min and its ESI-HRMS
showed [M+H]" ion at m/z 449.0050 (C15H19BrCIN4O3S). The [M+H]" ion of DP8 was
shifted by -138 Da when compared to the [M+H]" ion of MT, which suggested that 5-
bromopyrimidin-2-ol was eliminated from MT to form DP8 as depicted in Scheme 2. The
isotopic ratio of [M+H]" suggested the presence of one bromine and one chlorine atoms. The
product ion spectrum of DP8 showed product ions at m/z 390, m/z 328 and m/z 60 that were
generated by the loss of C3HgN, C3H;NSO, and C12HgBrCIN3;O3 moieties through the
formation of ion-neutral complex prior to dissociation from the [M+H]" ion, respectively

(Scheme 3) (see Figure S7 (ix), supporting information). The observed complementary
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product ions at m/z 390 and m/z 60 provided structural information of DP8. The product ions
at m/z 328 and m/z 292 were similar to that of DP7. In addition, an odd-electron product ion
at m/z 311 was formed by the loss of Br radical, from the product ion at m/z 390 as depicted
in Scheme 3. Based on the proposed fragmentation pattern, supported by the elemental
compositions, (Table 1) DP8 was characterized as N-[5-(4-Bromophenyl)-6-[2-
chloroethoxy]-4-pyrimidinyl]-N’ -propylsulfamide.

The ESI-HR mass spectrum of acidic degradation product DP9 showed [M+H]" ion at
m/z 465.9516 (Rt = 23.82 min) with an elemental composition of C16H14Br,NsO, (Table 1).
DP9 could be formed due to the elimination of C3H;NSO, moiety from the MT (Scheme 2).
The natural isotopic pattern of [M+H]" ion (1:2:1) suggested the presence of two bromine
atoms in DP9. The product ion spectrum of the [M+H]" ion showed structure indicative
product ions at m/z 292 and m/z 175 by the loss of C4H3BrN,O and C1,H10BrNz;O groups via
ion-neutral complex prior to dissociation from the ion at m/z 466, respectively (see Figure
S7(x), supporting information). Further, the ion at m/z 175 showed loss of H,O resulting in
the ion-at m/z 157 which was similar to that of DP1 (see Scheme S8, supporting information).
Based on all these data, DP9 was characterized as 5-(4-bromophenyl)-6-(2-((5-
bromopyrimidin-2-yl)oxy)ethoxy)pyrimidin-4-amine.

The alkaline hydrolyzed compound, DP10 showed [M+H]" ion at m/z 431.0380
(C45H2004N4SBr, Rt = 19.98 min). This [M+H]" ion was lighter by 156 Da than that of the
MT (m/z 587). This product could be formed by the elimination of 5-bromopyrimidine from
the MT through C-O bond cleavage of MT to form alcohol under basic hydrolytic conditions
asdepicted-in Scheme S9 (supporting information). Based on the isotopic distribution of
[M+H]" ion and nitrogen rule the DP10 might contain one bromine atom and even number of
nitrogen atoms. In the ESI-MS/MS analysis, the product ion spectrum of m/z 431 (see Figure
S2(xi), supporting information) showed structure indicative complementary product ions at
m/z 372 and m/z 60 that were formed by the loss of C3HgN and C;,H10BrN3O4S moieties,
respectively, from the [M+H]" ion through ion-neutral complex. An odd-electron product ion
at m/z 293 was produced by the loss of Br- radical from the ion at m/z 372. In addition, the
observed other characteristic fragment ion at m/z 387 formed by the loss C,H,O group from
the [M+H]" ion, which is same as [M+H]" ion of DP6 and all the product ions of DP6 were
also observed for DP10 (Scheme 4). On the basis of above data (Table 1) the DP10 was
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characterized as  N-[5-(4-Bromophenyl)-6-[2-hydroxyethoxy]-4-pyrimidinyl]-N-propyl
sulfamide.
Conclusions

In this report, the degradation of MT under various stress conditions was carried out
as per the ICH guidelines. The drug was found to be labile under acidic and basic hydrolytic
conditions, whereas it was found to be stable in thermal, photolytic and neutral hydrolytic
conditions. In the acidic hydrolytic condition the MT formed nine DPs (DP1 to DP9)
whereas in the basic hydrolytic conditions the MT formed only one DP (DP10). All these
DPs were characterized by LC-DAD-ESI-HRMS and MS/MS analysis. A complete
degradation pathway of the drug was established in various stress conditions. The proposed
method can be effectively used to carry out structural characterization of MT and its
degradation products.
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Table 1. Elemental composition of precursor and product ions of MT and its degradation

products.
MT and its DPs. Elemental composition Theoretical Experimental Mass error
(Retention time m/z m/z (4 ppm)
in min.)

MT(27.48) C1oH21BraNgO4S” 586.9706 586.9705 0.25
C16H14Br2N502+ 465.9509 465.9508 0.16
C15H18BrN;O3S™ 413.0278 413.0279 -0.25
C12H118I'N30+ 292.0080 292.0089 -3.14
CsHeBrN,O" 200.9658 200.9659 -0.67
C4H4BrN,O" 174.9502 174.9500 1
CsHeN,O™ 122.0475 122.0471 2.64

DP1(4.66) C4H4BrN,O* 174.9502 174.9402 -0.03
C4H2BIrNy" 156.9396 156.9395 0.38
C3H3BrNO* 147.9393 147.9397 -2.75
C3H4BrNy" 146.9552 146.9552 -0.15
C3H3BrN* 119.9443 119.9438 4.22
C,H.Br* 104.9334 104.9334 0.42
C4H4N,O™ 96.0318 96.0315 2.76
CaH4Ny" 68.0369 68.0367 3.85
CoH3N™ 41.0260 41.0258 1.8

DP2(9.55) CsH7BrCIN,O" 236.9425 236.9413 4.9
C4H4BrN,O" 174.9502 174.9498 1.79
C4H,BrN," 156.9396 156.9392 2.38
C,H3BrN* 119.9443 119.9422 1.53
C,H.CI" 62.9996 62.9993 4.72

DP3(11.12) C10HoBrN;O" 265.9924 265.9930 -2.27
CoHgBrN,O" 238.9815 238.9819 -1.68
CoHsBrNO* 221.9549 221.9552 -1.45
C1oHgNzO™ 187.0740 187.0746 -3.12
CoHgN,O™ 160.0631 160.0630 0.65

DP4(13.23) C12H11BrNzO" 292.0080 292.0077 -1.15
C11H10BrN,O" 264.9971 264.9974 -1.18
CoHgBrN,O" 238.9815 238.9807 3.03
CoHsBrNO* 221.9549 221.9544 2.39
C1oH11N3O™ 213.0897 213.0895 0.9
C11H10N,O™ 186.0788 186.0786 0.94
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DP5(14.94) C12H13BrNzO," 310.0186 310.0182 1.13

C12H11BrN3;O* 292.0080 292.0074 191
C10H9BrN;O* 265.9924 265.9922 0.45
CoHgBrN,O" 238.9815 238.9821 -2.7
CgHsBrNO” 221.9549 221.9544 2.31
DP6(15.74) C13H16BrN4O5S* 387.0121 387.0137 -4.24
C1oH7BrNz05S* 327.9386 327.9393 -2.16
C10H9BrN;O* 265.9924 265.9931 -2.65
C1oH7N305S™ 249.0203 249.0210 -3.13
C1oH7N30™ 185.0584 185.0578 3.23
C3HoN* 60.0808 60.0809 -1.46
DP7(16.77) C12H1:BrCIN;O* 327.9847 327.9851 -1.3
C12H11BrN3;O" 292.0080 292.0091 -3.63
C1oH9BrNz;O* 265.9924 265.9924 0.93
C12H12CIN3O™ 249.0663 249.0670 -2.58
CoHgBrN,O" 238.9815 238.9816 -0.6
C1oH9N;O™ 187.0740 187.0736 1.96
DP8(21.92) C15H10BrCIN4O3S” 449.0044 449.0050 -1.17
C12H10BrCIN;O3S” 389.9309 389.9310 -0.08
C12H1:BrCIN;O* 327.9847 327.9846 0.36
C12H10CIN;O38™ 311.0126 311.0128 -0.8
C12H11BrN;O* 292.0080 292.0077 0.91
C3HoN* 60.0808 60.0806 3.31
DP9(23.82) C1sH14BroNs0," 465.9509 465.9516 -1.86
C12H11BrN;O" 292.0080 292.0080 -0.44
C4H4BrN,O" 174.9502 174.9507 -2.96
C4H,BrN,* 156.9396 156.9393 1.54
DP10(19.98) C15H20BrN4O,S” 431.0383 431.0380 0.69
C13ngBrN4O3S+ 387.0121 387.0120 0.38
C1oH11BrN30,S” 371.9648 371.9639 2.52
C10H7BrNz05S* 327.9386 327.9381 15
C1oH11N30,S™ 293.0465 293.0453 4.08
C1o0H9BrN;O* 265.9924 265.9919 1.64
C10H7N305S™ 249.0208 249.0199 1.52
C1oH7N;O™ 185.0584 185.0592 -4.56
C3HyoN* 60.0808 60.0806 2.74
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Figure 1. Chemical structures of MT and its degradation products.
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Scheme 1. Proposed fragmentation pathway for protonated MT.
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Scheme 4. Proposed fragmentation pathway for protonated DP10.
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