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This study primarily aimed to establish an uncomplicated yet highly responsive HPLC technique to ef-
fectively separate and quantify process-related impurities of Lemborexant. Additionally, it aimed to ex-
plore the forced degradation behavior of lemborexant through systematic assessments by utilizing
LCMS. The chromatographic separation of drug substance, process related impurities and its degrada-
tion products (DPs) was achieved on Kinetex C18 (150x4.6 mm, 5 pm) column at that was maintained
at 35°C temperature using 10 mM ammonium formate buffer pH 4.2, acetonitrile and methanol in
65:25:10 (v/v) isocratic elution at 0.7 mL/min. Detection wavelength was selected as 265 nm. In the
proposed conditions, lemborexant is identified at 4.06 and 6.19, 9.33 min and 1.60 min respectively for
impurity 1, 2 and 3 min with acceptable system suitability and specificity. The method produces LOD at
0.009 for impurities with calibration range of 40-280 pg/mL for lemborexant and 0.04 - 0.28 ug/mL for
impurities. The remaining validation parameters were observed to fall within acceptable ranges for both
lemborexant and its impurities. The compound underwent exposure to various stress conditions (acid,
base, peroxide, thermal, and UV light) as outlined in accordance with ICH Q1A (R2) guidelines. The
degradation products formed during the stress study were detected and characterized using LCMS/MS
in ESI positive mode. This involved a thorough comparison of collision-induced dissociation mass spec-
trometry data between the degradation products and lemborexant. Consequently, potential structures for
five degradation compounds were proposed. The outcomes of supplementary validation investigations
were equally satisfactory, confirming their appropriateness for the regular quantification of lemborexant
and its related impurities in both bulk drug and pharmaceutical formulations. Furthermore, these find-
ings have the potential to shed light on the mechanism of stress-induced degradation in lemborexant.

Keywords: Lemborexant, process related impurities, HPLC method development, forced degradation
studies, degradation products identification.
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Introduction

The existence of impurities within a phar-
maceutical product can compromise its quality
and lead to adverse effects. Factors such as the
synthesis process, formulation choice, and stor-
age conditions of a pharmaceutical compound
can contribute to impurity formation [1]. To ef-
fectively identify these impurities within a drug

compound, conducting impurity profiling be-
comes crucial. High-performance liquid chro-
matography (HPLC) methods that are capable
of indicating stability play a pivotal role in
quantitatively analyzing organic impurities pre-
sent in drug substances [2]. Assessing the drug's
stability under various environmental condi-
tions over time holds significant importance. To
accomplish this, the pharmaceutical industry

AZERBAIJAN CHEMICAL JOURNAL Ne 4 2024


mailto:avrchemistry@gmail.com

28 D.A.VARSHINI et al.

has embraced the guidelines outlined by the In-
ternational Conference on Harmonization (ICH)
[3-5]. Lemborexant is a pharmaceutical com-
pound classified as a dual orexin receptor an-
tagonist [6]. It is primarily used as a medication
for the treatment of insomnia, a sleep disorder
characterized by difficulty falling asleep or
staying asleep [7]. Lemborexant acts by target-
ing and blocking the receptors for orexin, a neu-
rotransmitter that plays a key role in regulating
wakefulness and sleep [8]. By inhibiting the
activity of orexin receptors, lemborexant helps
to promote sleep and improve sleep continuity.
Lemborexant is designed to be taken orally in
tablet form and is usually administered before
bedtime. It has shown efficacy in clinical trials
for both reducing the time it takes to fall asleep
(sleep onset latency) and increasing total sleep
time. The drug's mechanism of action is distinct
from that of traditional hypnotic medications,
such as benzodiazepines, which target the GA-
BAergic system. As with any medication, lem-
borexant may have potential side effects such as
fatigue, headache, abnormal dreams and somno-
lence [9]. From review of literature, it was iden-
tified that two HPLC analytical methods report-
ed for quantification of lemborexant in formula-
tions [10, 11]. One bio-analytical LCMS meth-

Lemborexant

e

Impurity 2

od reported for quantification of lemborexant in
biological samples and reported the pharmaco-
kinetic profile in single [12] or simultaneously
with three metabolites of lemborexant [13]. One
UPLC-MS/MS method reported for quantifica-
tion of lemborexant in plasma samples [14].
The extensive review of literature indicates the
absence of any HPLC or LCMS-based stability
assessment method validated in accordance
with the ICH Q2(R1) guideline [3-5] for the
evaluation of lemborexant and its impurities. In
light of this gap, the present study aims to ex-
plore the degradation characteristics of lembo-
rexant, identify its degradation products, and
assess the stability of the lemborexant molecule
under diverse stress conditions. This method
also focused to resolve the process related im-
purities of lemborexant. The complete synthetic
pathway for lemborexant involves several reac-
tions such as substitutions, hydrolysis, amina-
tion, condensation, isomerization, protecttion
and deprotection reactions [15]. During this
synthetic process various chemical transfor-
mations and reactions take place. These proce-
ses can sometimes lead to the formation of un-
intended impurities. Based on the availability,
the impurity 1, 2, and 3 were selected in the
study.

Impurity 1

Impurity 3

Fig. 1. Molecular structure of lemborexant and impurities.
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Experimental procedure

Reagents and chemicals

The lemborexant active pharmaceutical
ingredient, with a potency of 98.25%, was ac-
quired from Lundbeck India Private Limited in
Bengaluru, Karnataka, India. The process relat-
ed impurities 1, 2, and 3 of lemborexant were
also obtained from the same source. The
Dayvigo® brand tablet formulation, containing
10 mg of lemborexant, was purchased from a
local pharmacy. Milli-Q® water, 0.2 p nylon
membrane filters, as well as HPLC grade ace-
tonitrile and methanol solvents, were sourced
from Merck chemicals in Mumbai. LR grade
reagents including sodium acetate, formic acid,
hydrogen peroxide, sodium hydroxide (NaOH),
and hydrochloric acid (HCI) used in this study
were procured from Fisher scientific, Mumbai.

Instrumentation

The process of method development and
validation was executed using an HPLC system
(1100 series), consisting of a G1311 A model
quaternary pump, G1329A model temperature-
variable auto-sampler featuring an injection ca-
pacity of 0.1-1500 uL, and a G1314 A model
ultraviolet (UV) detector. Chromatographic in-
tegrations were conducted using Agilent Chem-
Station software. Stress degradation compound
assessment via LCMS was performed on a tri-
ple quadrupole LCMS instrument (Waters, Ja-
pan) operated with MassLynx software.

Preparation of solutions

Lemborexant and impurity solutions

Exactly 25 mg of pure lemborexant drug
and its impurities were weighed and placed into
a 25 mL flask already containing 15 mL of the
diluent (pure methanol). Subsequently, an ultra-
sonic bath sonicator was employed to dissolve
the measured analytes within the solvent, fol-
lowed by filtering the solution through a 0.2 pm
filter. The solution volume within the flask was
then adjusted using the same solvent to attain
separate solutions of lemborexant and its impu-
rities, each with a strength of 1000 pg/mL. Ap-
propriate dilutions were prepared from this
stock solution where ever required.

Formulation solution

The Dayvigo® pharmaceutical formula-
tion, containing 10 mg of lemborexant, was
employed to create the formulation solution.
One tablet of the formulation contains 10 mg of
lemborexant. To prepare the solution, one tablet
was accurately weighed and placed into a 10
mL volumetric flask, which was initially filled
halfway with methanol. Sonication was applied
to ensure complete dissolution of the analytes
from the formulation into the solvent. The
flask's volume was then adjusted to the mark
using the same diluent, followed by filtration
through 0.2 pm membrane filters to obtain a
1000 pg/mL sample solution. From this solu-
tion, the desired formulation concentration was
subsequently prepared as needed.

Method development

The method development process initiat-
ed with the determination of an appropriate
wavelength for the UV detector to detect lem-
borexant and its impurities. A UV-visible spec-
trophotometer was utilized to identify the wave-
lengths for both lemborexant and its impurities.
To achieve this, a standard solution containing
lemborexant and its impurities at a concentra-
tion of 10 pg/mL was individually scanned
across the range of 400 to 200 nm. By overlay-
ing the UV absorption spectra of lemborexant
and its impurities, a wavelength with iso-
absorption was confirmed, deemed suitable for
precise detection of both lemborexant and im-
purities. Multiple stationary phase configura-
tions from different manufacturers were exam-
ined to optimize the resolution of lemborexant
and its impurities. Through systematic experi-
mentation encompassing various solvent combi-
nations, pH ranges, and flow rates, the composi-
tion of the mobile phase was refined. The condi-
tions that effectively separated lemborexant and
its impurities were selected and carried forward
for subsequent validation procedures.

Method Validation

Method validation studies were conduct-
ed to assess the suitability of the proposed
method, following ICH guidelines [3-5] and
considering methods previously reported in lit-
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erature [16-24]. The detection limit (LOD) and
quantification limit (LOQ) were determined us-
ing a signal-to-noise ratio approach with specifi-
cations of 3:1 and 10:1 (s:n), respectively. LOD
and LOQ provide insights into method sensitivi-
ty and lower results indicating higher sensitivity
that was confirmed through sequential analysis
of the lowest impurity concentrations.

For preparing calibration curve standard
dilutions of lemborexant and its impurities,
LOQ of impurities was taken into account. The
lowest impurity concentration established the
minimum calibration curve concentration, while
lemborexant concentration considered its 0.1%
impurity content. The solutions were evaluated in
the proposed method, and a calibration curve was
constructed plotting area (y-axis) against concen-
tration (x-axis) through least squares regression.

Precision was evaluated to determine the
repetition and reproducibility of results in the
proposed method. Lemborexant solution con-
taining 0.1% impurities was assessed on the
same day (n=6), two alternate days (n=3), and
by two different analysts (n=3) to ascertain in-
traday, interday precision, and ruggedness, re-
spectively. Robustness was tested by introduc-
ing slight deviations intentionally, evaluating
the solution's response to varied conditions with
permissible changes of <2%.

Method accuracy was assessed by adding
pre-analysed samples at different levels (LOQ,
50%, 100%, and 150%) within the linearity
range. Recovery percentages and % RSD for
each level were tabulated, meticulously ana-
lysed for accurate method assessment.

Stress degradation studies were conduct-
ed to evaluate the specificity and stability-
indicating capacity of the optimized method.
Placebo and lemborexant tablet powders were
subjected to acid, base, and peroxide degrada-
tion (5 mL each of 1N HCI, 1N NaOH, and 3%
hydrogen peroxide). Similarly, UV and thermal
degradation studies were performed at 103.959
Wh/m? energy and 80°C for 24 hours. Stress-
exposed samples were neutralized and prepared
for analysis, and chromatograms were carefully
observed for degradation products. Chromato-
graphic response was compared with the cali-

bration curve for % stability evaluation. Degra-
dation compounds generated during stress ex-
posure were identified and characterized
through LCMS/MS analysis. UV-detected elu-
ents were directed to a mass detector for mass
spectral characterization, ensuring 40% eluents
entered the mass detector using a splitter.

The proposed analytical HPLC method
was investigated to identify and quantify lembo-
rexant impurities in injection formulations. Sam-
ple solutions from Dayvigo® tablets were pre-
pared and evaluated directly, spiked with known
impurity concentrations. Chromatograms and re-
sponses observed in these assessments were used
to evaluate the method's applicability.

Results and Discussions

Due to the absence of any documented
analytical approach in the literature for quanti-
fying the process related impurities of lembo-
rexant, the primary objective of this study was
to develop a straightforward HPLC technique.
The method optimization was conducted using
various column configurations, including octa-
decylsilane (ODS), phenyl-hexyl, cyano, and
amino columns, to achieve the optimal resolu-
tion of analytes. The mobile phase composition
with a suitable pH range was optimized by test-
ing different solvent compositions, including
various buffer strengths. As hydrophilic ioniza-
ble functional groups were present in both lem-
borexant and its impurities, pH buffer-
containing mobile phases with different pH
ranges were explored for effective resolution.

Effective separation of lemborexant and
its impurities was achieved using a Kinetex C18
(150x4.6 mm, 5 pm) column, maintained at a
temperature of 35°C. The optimized chromato-
graphic conditions consisted of a mobile phase
composed of 10 mM ammonium formate buffer
(pH 4.2), acetonitrile, and methanol in a
65:25:10 (v/v) ratio. Isocratic elution was per-
formed at a flow rate of 0.7 mL/min. Detection
was carried out at a wavelength of 265 nm, cho-
sen based on significantly high detector re-
sponse compared to other wavelengths for all
analytes.

Under the proposed conditions, lembo-
rexant and its impurities exhibited symmetrical
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peak shapes in the chromatogram. The differen-
tiation between adjacent peaks exceeded a value
of 2, indicating clear separation. Identification
of components within the reference solution
involved analysing standard solutions individu-
ally and correlating their retention times with
established standards. The determined retention
times were 4.06 minutes for lemborexant, 6.19
minutes for impurity 1, 9.33 minutes for impuri-
ty 2, and 1.60 minutes for impurity 3. Regard-
ing column efficiency, the tailing factor for both
lemborexant and its associated impurities fell
below the acceptable threshold, while theoreti-
cal plates and resolution values surpassed the
acceptable limit. Detailed outcomes are docu-
mented in Table 1. Chromatograms presented in
Figure 2 illustrated the placebo, standard lem-
borexant solution spiked with impurities, and
the impurity separation and detection pattern.
These chromatograms confirmed the method's
specificity in effectively isolating and identify-
ing process-related impurities of lemborexant.

The system suitability data illustrates the
system's suitability, with a tailing factor below
1.5, a resolution surpassing 2.5 between adja-
cent eluting analyte peaks, and theoretical plates
for all analyte peaks exceeding 2500. This out-
come underscores the method's robust selectivi-
ty. Sensitivity assessment was conducted using a
signal-to-noise (s/n) approach, with results ex-
pressed as the detection limit (LOD) and quanti-
fication limit (LOQ). The calculated LOD was
determined as 0.007 pg/mL, while the LOQ for
both impurity A and impurity B was found to be
0.025 pg/mL. These findings highlight the
method's heightened sensitivity, making it par-
ticularly suitable for impurity quantification.

To construct the calibration curve for im-
purities, the LOQ concentration of 0.025 pg/mL
was selected as the starting point. A lemborexant
standard solution containing 0.1% of each impu-
rity was prepared, establishing a precise calibra-
tion curve across the concentration range of 40—
280 pg/mL for lemborexant and 0.04-0.28
ug/mL for the investigated impurities. The cali-
bration curve displayed a robust linear correla-
tion, evidenced by notably high correlation co-

efficients for both impurities and standard lem-
borexant.

The obtained peak area values exhibited a
relative standard deviation (%RSD) below the
set threshold in various precision studies, in-
cluding intraday and interday precision, preci-
sion at the LOQ, and ruggedness assessments,
for both lemborexant and the two impurities.
These results underscore the method's com-
mendable precision.

To evaluate accuracy, recovery studies
were performed by spiking concentrations of
50%, 100%, and 150% of the target levels—
equating to 80 pg/mL for lemborexant and 0.08
pug/mL for impurities 1, 2, and 3. % Recovery
was calculated for the standard and all impuri-
ties in each analysis, with %RSD values deter-
mined for each spiked level. Across lembo-
rexant and the studied impurities, the achieved
% recovery fell within the acceptable range of
98-102%, confirming the method's accuracy.
Moreover, %RSD values at each spiked level
remained below 2%, aligning with the acceptable
limit and further affirming the method's accura-
cy. The summarized validation outcomes for the
proposed method are presented in Table 1.

Minor deviations in the proposed method
conditions did not result in any significant
changes in the chromatographic response or
system suitability. Resolutions between consec-
utive analytes consistently exceeded 2.0, and
tailing factors for all analytes remained within
acceptable limits. The variability in lembo-
rexant and impurity estimation remained below
the acceptable threshold of 2, confirming the
method's robustness. Comprehensive results of
the robustness study conducted within the de-
veloped method are provided in Table 2.

Forced degradation studies performed to
evaluate the effectiveness of the method for
resolution of degradation compounds and the
study was conducted in acid, base, peroxide,
thermal and UV light degradation conditions.

There is no considerable degradation was
noticed in thermal degradation conditions with %
assay of 97.97. Among the degradation condi-
tions, high % degradation was noticed in acid de-
gradation study with a % degradation of 8.41 %.
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Fig. 2. Chromatograms observed in specificity and system suitability study.

Table 1. Summary results noticed in method validation

Parameter - Results - -
Lemborexant | Impurity 1 | Impurity 2 Impurity 3
System suitability®
tg (Min) 4.06 6.19 9.33 1.60
RRT - 1.52 2.30 0.39
RRF - 0.096 0.069 0.058
Rs 8.79 8.01 11.53 —
As 0.93 0.95 0.94 1.07
N 5813 6509 7818 9746
Linearity
Range in pg/mL 40-280 0.04-0.28 0.04-0.28 0.04-0.28
Slope 6301.6 596659 532129 470933
Intercept 2990.9 793.49 68.014 -147.16
r’ 0.9997 0.9994 0.9999 0.9996
Precision®™
Intraday 0.43 0.30 0.45 0.39
Interday (day 1) 0.16 0.29 0.53 0.29
Interday (day 2) 0.72 0.39 0.31 0.34
LOQ level
Accuracy at 50 % level®
Amount added (ug/mL) 120 0.12 0.12 0.12
Recovered (pug/mL) 119.84 0.12 0.12 0.12
% Recovery 99.87 99.66 99.98 100.00
% RSD 0.44 0.37 0.14 0.15
Accuracy at 100 % level®
Amount added (ug/mL) 160 0.16 0.16 0.16
Recovered (pug/mL) 158.67 0.16 0.16 0.16
% Recovery 99.17 99.74 99.87 99.84
% RSD 0.76 0.53 0.28 0.33
Accuracy at 150 % level®
Amount added (ug/mL) 200 0.20 0.20 0.20
Recovered (pg/mL) 198.74 0.20 0.20 0.20
% Recovery 99.37 99.76 99.80 99.86
% RSD
Sensitivity
LOD (ng/mL) - 0.007 0.007 0.007
LOQ (ng/mL) - 0.025 0.025 0.025
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The chromatogram observed in this study
(figure 4A) show well resolved DPs at tg of
6.16 min and 11.26 min and were named as DP
3 and DP 5 respectively. The chromatogram
identified in base degradation study (figure 4B)
clearly resolve two degradation products at tg of
1.94 min and 4.96 min and were designated as
DP 1 and DP 2 respectively with a % degrada-
tion of 6.99 %. The peak corresponds to impuri-
ty 2 at tg of 9.33 min was also noticed in base
degradation chromatogram. The % assay of
lemborexant in peroxide degradation was calcu-
lated to be 6.25 % with mass balance of 99.13
%. The chromatogram clearly resolves two DPs
at tg of 4.96 min and 8.22 min and these impuri-
ties were marked as DP 2 and DP 4 respective-

Table 2. Results observed in robustness study
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ly. The PDA detector's assessment of peak puri-
ty validated the purity and uniformity of the
lemborexant peak across all stressed samples
analyzed. The mass balance for the stressed
samples ranged from 98.93% to 99.71%. These
consistent peak purity test results reiterated the
homogeneity and purity of the lemborexant
peak within the examined stress samples. The
lemborexant assay displayed minimal variation
even in the presence of impurities, and the peak
purity outcomes of the stress samples further
affirm the specificity and capability of the de-
veloped method to indicate stability. Detailed
information is provided in Table 3, while Figure
3 visually depicts representative chromatograms
observed during the forced degradation study.

S Changed Parameter Results observed

No condition Lemborexant Impurity 1 Impurity 2 Impurity 3

% change 0.24 0.24 0.23 0.37

1 MP 1 tr 4.01 6.18 9.32 1.65

N 5807 6473 7848 9777

% change 0.08 1.36 0.23 0.13

2 MP 2 tr 4.09 6.15 9.36 1.62

N 5828 6573 7843 9803

% change 1.65 0.25 0.62 1.75

3 pH 1 tr 4.03 6.12 9.37 1.67

N 5754 6443 7573 9623

% change 2.54 1.69 1.15 0.75

4 pH 2 tr 4.01 6.16 9.32 1.63

N 5780 6474 7946 9693

% change 1.44 -0.63 0.48 0.03

5 WL 1 tr 4.05 6.18 9.35 1.69

N 5845 6531 7844 9803

% change 0.83 0.25 0.75 0.78

6 WL 2 tr 4.03 6.17 9.39 1.64

N 5789 6474 7132 9684

MP (mobile phase) 1: 60:20:20 (v/v); MP 2: 65:30:5 (v/v); pH 1: 4.0; pH 2: 4.4; WL (wavelength) 1: 260 nm; WL 2:

270 nm; *average results (n=3)

Table 3. Forced degradation results of lemborexant

N % degradation” of % assay” of % Mass balance®
Condition . . Remark
lemborexant lemborexant (assay + total impurities

Acidic 8.41 91.59 99.37 DP 3 and 5 were noticed
Basic 6.99 93.01 99.13 DP 1 and 2 were noticed
Peroxide 6.25 93.75 99.12 DP 2 and 4 were noticed
Thermal 2.03 97.97 99.69 No degradation was identified
UV light 2.08 97.92 99.08 DP 1 was noticed

*average of three replicate experiments

AZERBAIJAN CHEMICAL JOURNAL Ne 4 2024



34

961.004

[mAU] [mAL]

408

761804

Lemborexant
1

5626804

363404

961.00 4

761.80 5

56260 4

383.40 4

D.A.VARSHINI et al.

4.06

Lemborexant
1

& &
T T
16420 Py 3 16420 _ 3
O - L2 o2 ] =2
= O«
AN N Y
c - T 1 T
- — e — T —— 1800 e R RARREmaE s ]
000 160 320 480 640 EDD 96D 1120 1280 1440 1[5010 000 160 320 480 640 8O0 960 1120 1280 1440 1[5._010
min| min
el £ c ™ 218
gv Ev D
o 3]
2 o
761804 2 761,20 2
G B
- -
562604 56260 4
363404 36340
%\ o
’j_-m g\
16420 Ty 16420 4 £z B
o Lot S im
o [a)::] - EM
EQ-.E ol o
A A\ A
e L Cr
} 800 940

L e e S e
8.00 960 1120 1280 1440  16.00
[min]

T T
0.00 1.60 1120 1280 1440 16.00
[min]

Fig. 3. Forced degradation chromatograms of lemborexant. A) Acidic stress study chromatogram of lemborexant visualizing
DP 3 and 5; B) Basic stress study chromatogram of lemborexant visualizing DP 1 and 2; C) Peroxide degradation chromato-
gram of lemborexant visualizing DP 4 and 4 D) UV Light degradation chromatogram of lemborexant visualizing DP 1

Characterization of DPs by LCMS/MS:

The degradation products (DPs) resulting
from the stress-induced impact on pure lembo-
rexant drug were subjected to characterization
using LCMS/MS analysis. The LC conditions
optimized during the study were applied with-
out modification, while the mass operating con-
ditions were refined to ensure the production of
maximum detection for each mass fragment
while minimizing noise. The mass detector op-
erated 3500 V of capillary voltage, 55 V of
fragmentor voltage and 60 V of skimmer volt-
age, 5.5 L/H flow of drying (nitrogen) gas at
370°C and 35 Psi of nebulizer gas. The same
experiment condition was monitored throughout
the analysis with average 20-30 scans were
conducted. The preliminary test confirms that
the positive ion mode was suitable for optimum
and maximum detection of all DPs.

The ESI MS spectrum of DP 1 depicted
in Figure 9A, identified at tR of 1.94 minutes,
exhibits a prominent parent ion at m/z 317
(m+1), suggesting a plausible molecular formu-
la of CisH17FN4O,. Additionally, the spectrum
displays less abundant product ions at m/z 113
(m+1) with a molecular formula of CsHsFN..
Based on the observed fragmentation pattern,
the compound is recognized as 2-{[(2,4-
dimethylpyrimidin-5-yl)oxy]methyl}-N-(5-
fluoropyridin-2-yl)cyclopropanecarboxamide,
characterized by a molecular formula of
Ci6H17FN4O, and a molecular mass of 316
g/mol. The proposed mass fragmentation pat-
tern of DP 1 is illustrated in Figure 4.

The mass fragmentation spectra of DP 2
(Figure 9B) reveal a dominant parent ion at m/z
303 (m+1) when observed under positive ioni-
zation mode. Additionally, the spectrum dis-
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plays fragment ions at m/z 149 (m+1) resulting
from the loss of C;H1oN20O,. Through accurate
mass measurements, the elemental composi-
tions of the molecular ion of DP-2 and all its
fragmented ions have been verified. Based on
the data obtained, DP 2 has been definitively
identified as [2-{[(2,4-dimethylpyrimidin-5-
yl)oxy]methyl}-2-(3-fluorophenyl) cyclopropyl]-
methanol, possessing a molecular formula of
C17H19FN2O,. The proposed mass fragmenta-
tion pattern of DP 1 is depicted in Figure 5.

The ESI-MS spectrum of DP 3 (present-
ed in Figure 10C), observed at a retention time

N 100 % cH'

CH,

of 6.16 minutes, displays a parent ion at m/z
316 (m+1) alongside a prominent fragment ion
at m/z 149 (m+1). The parent ion's molecular
formula is identified as C17H18FN3O,, and this
corresponds to the fragment ion with a molecu-
lar formula of CyoHgF (resulting from the loss
of C;HgN30,). Further analysis reveals that the
compound is characterized as 2-{[(2,6-
dimethylidene-1,2,5,6-tetrahydropyrimidin-5-
yl)oxy]methyl}-2-(3 fluorophenyl) cyclopropane
carboximidic acid. The structural details of this
compound, as well as its associated fragmenta-
tion mechanism, are illustrated in Figure 6.
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Fig. 4. Mass fragmentation pattern of DP 1.
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Fig. 5. Mass fragmentation pattern of DP 2.
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Fig. 6. Mass fragmentation pattern of DP 3.

The ESI-MS spectrum, observed at a re-
tention time of 8.22 minutes (Figure 9D), exhib-
its a parent ion at m/z 355, corresponding to the
[M+H]" of DP 4, which forms under peroxide
stress conditions. Within the spectrum, there are
abundant product ions at m/z 149 (m+1). The
integrity of DP 4's molecular structure is vali-
dated through both peak purity testing and CID
studies. The collection of these product ions, in
conjunction with the parent ion, serves to affirm
that DP 4 is indeed 2-({[(LE)-1-aminobut-1-en-
2-yl]oxy}methyl)-2-(3-fluorophenyl)-N-(pyridin-
2-yl)cyclopropanecarboxa—mide, having a mo-
lecular formula of CyoH2,FN3O,. A representa-
tion of its structure, alongside the fragmentation
mechanism is presented in Figure 7. The ESI
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MS spectrum of DP 5 (Figure 9E) displayed
notable product ions at m/z 305 [M+H]". A sig-
nificant product ion at m/z 125 possibly resulted
from the loss of C13H13FO from m/z 305. The
elemental compositions of the molecular ion of
DP 5 and all its fragmented ions were con-
firmed through precise mass measurements.
The studies confirms that DP 5 was derived as a
DP of DP 3 formed in study. Based on these
analyses, DP 5 was identified as 4-[(2,6-
dimethylidene-1,2,5,6-tetrahydropyri—-midin-5-
yhoxy]-3-(3-fluorophe—nyl)-2-methyl-butan -1-
ol with a molecular mass of 304 g/mol and a
chemical formula of Ci7H»1FN,O,. Figure 8
present its molecular structure and fragmenta-
tion mechanism.
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Fig. 7. Mass fragmentation pattern of DP 4.
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Fig. 10. Formulation analysis chromatogram of lemborexant. Chromatogram noticed for formulation solution
spiked with impurities (A) and with no impurities spiked (B).

The established HPLC method was effec-
tively employed for quantifying process related
impurities of lemborexant within a pharmaceu-
tical formulation. The formulation sample un-
derwent direct analysis to evaluate the impurity
content within it. Furthermore, a formulation
sample spiked with impurities was examined to
assess the method's ability to separate and quan-
tify impurities within the formulation. The
chromatogram obtained from the impurity-
spiked formulation solution (illustrated in Fig-
ure 10) distinctly displayed peaks correspond-
ing to the investigated impurities. In contrast,
the chromatogram from the un-spiked formula-
tion solution exhibited no peaks associated with
the studied impurities. This observation indi-
cates that the impurity level in the sample was
below the detection limit, confirming that it re-
mained within acceptable limits. This reinforces
the successful applicability of the proposed
method for precise quantification of process-
related impurities in lemborexant.

Conclusion

Forced degradation studies, following the
stipulated conditions outlined by the ICH, were
conducted on lemborexant. The drug displayed
remarkable stability under thermal and UV light
degradation conditions, while revealing suscep-
tibility to degradation in acidic, basic, and per-
oxide environments. The thermal and UV light
degradation conditions did not lead to signifi-

cant degradation. Throughout various stress
conditions, a total of six degradation products
(DPs) emerged. Among these, DP 1 was con-
sistently identified in both basic and UV light
conditions and DP 2 was consistently identified
in both base and peroxide. Utilizing LCMS/MS
analysis, the characterization of these five dis-
tinct DPs, formed during the forced degrada-
tion, was effectively achieved, specifically in
the ESI positive mode. The mechanisms and
pathways underlying the formation of each DP
of lemborexant were outlined and discussed.
The outcomes of this study hold significant po-
tential in the identification of process-related
impurities and potential degradation products,
even at trace levels, in bulk drugs. This analyti-
cal method stands as a valuable tool for quality
control sample assessment, serving regular and
stability studies of lemborexant and its associat-
ed process-related impurities.
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PROSESLO OLAQOLI LEMBOREKSANT QARISIQLARINI QiYMOTLONDIRMOK VO LCMS/MS iLO
STRESDON QAYNAQLANAN PARCALANMA MOHSULLARINI ASKAR ETMOK UCUN ETIiBARLI
HPLC METODUNUN OPTIMALLASDIRILMASI

D.A.Varshini, M.R.Madhavi, K.Mallesvari, U.V.Lakshmi, R.A.Venkateshvara

Bu todgiqat ilk novbada proseslo alagali lemboreksant garisiglariin samarsli ayrilmasi vo komiyyatca tayin edilmosi
ticiin sado, lakin yiiksok hassas HPLC metodunun inkisafina yonosldilmisdir. Bundan slavs, tadqigatin magsadi LCMS
istifado edarok sistematik giymatlondirmalor yolu ila lemboreksantin mocburi deqradasiyasinin tobiotini 6yranmok idi.
Darman maddasinin, prosesla slagali qarisiglar vo onun pargalanma mohsullarinin (DPs) xromatoqrafik ayrilmasi
Kinetex C18 siitununda (150 x 4,6 mm, 5 mikron) aparildi, 350 mm ammonium pH 10, asetonitril vo metanol format
tamponu 6,2:25:10 nishatinds istifado edorok 35 doraco temperaturda saxlamildi. (v/v) 0,7 ml/daq siiratlo izokratik elii-
syon. agkarlama dalga uzunlugu 265 nm olaraq segildi. Toklif olunan sortlordo lemboreksant, sistem tigiin magbul
uygunlugu vo spesifikliyi ilo 4.06 vo 6.19, 9.33 dog vo 1.60 dog, miivafiq olaraq 1, 2 vo 3 daq olan qarisiglar igiin
miioyyon edilir. Metod, garisiglar tigiin 0.009 LOD doayarini, lemboreksant tigiin 40-280 mkg/ml kalibrloms araligini vo
qarigiglar tigiin 0.04 - 0.28 mkg/ml sldo etmays imkan verir. Qalan dogrulama parametrlorinin ham lemboreksant, ham
do qarigiqlart iigiin icazo verilon doyarlor daxilinds oldugu mioyyon edilmisdir. Qarisiq, ICH qla (R2) tolimatlarinda
gostorildiyi kimi mixtalif stres faktorlarina (tursular, qolavilar, peroksidlar, istilik tasirlori vo ultrabonévsayi radiasiya)
moruz qalmigdir. Stress todgiqatindan yaranan ¢iiriima mohsullart miisbat ESI rejiminds LCMS/MS ilo askar edilmis va
xarakterizo edilmigdir. Bunun ii¢iin pargcalanma mohsullart ilo lemboreksant arasinda togqusma noticasinds yaranan
dissosiasiya kiitlo spektrometriyast molumatlarinin hartarafli miiqayisasi aparilmigdir. Noticads, parcalanmaya maruz
galan bes birlogma ti¢lin miimkiin strukturlar toklif edildi. Dogrulama ilo bagh olave tadgiqatlarin naticalori eyni
doracodo gonastboxs idi vo bu, hom adi dorman, hom do aczaciliq kompozisiyalarinda lemboreksant va olagsli
qarigiglarin miintozom komiyyat tayin edilmasine uygunlugunu tesdigloadi. Bundan slavs, bu malumatlar potensial olar-
aq lemboreksantin stresdon gaynaglanan degradasiya mexanizmins isiq sala bilar.

Agar sézlor: lemboreksant, proseslo alagali garisiglar, HPLC metodunun inkisafi, macburi par¢alanma tadqgiqatlar,
par¢alanma Mahsullarinin identifikasiyast.
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