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ABSTRACT

A new simple isocratic chiral liquid chromatographmethod was developed for the enantiomeric pofity, 2, 3, 4-
tetrahydro-1-naphthoic acid (THNA), a key startiregv material for the synthesis of Palonosetron Hi@al drug
substanceThe chromatographic separation was achieved ondltet OD-H, 250 mnX 4.6 mm, 5 um column using
a mobile phase system consisting of n-hexane, apgprlcohol and trifluoroacetic acid in the ratiaf 948:50:2
(v/viv). The mobile phase was pumped through column atidherite of 0.8 mL mifh Addition of trifluoroacetic
acid in the mobile phase enhanced chromatograpfiiciency and resolution between the isomers. Tgsolution
between the isomers was found to be more than.tiifeedeveloped method was subsequently validaiggraved
to be an accurate, specific and precise. The erpamtally established limit of detection and quéacdtion for (R)-
enantiomer were found to be 0.4046pg™neind 0.8186ug mL* respectively and for (S)-THNA were found to be
0.5916ug mtt and 0.9860ug mL* respectively for 20 pl injection volumes. The petage recoveries of (R)-
enantiomer were ranged from 98 to 102. The stabdit sample in analytical solution was checkeddbout 36
hours at room temperature and was found to be stétn about 36 hours. The proposed method was foorrize
suitable and accurate for the quantitative detemtion of (R)-enantiomer of THNA in (S)-THNA.

Keywords: 1, 2, 3, 4-tetrahydro-1-naphthoic acid (THNA), @hiPurity, Normal Phase, Development, Validation.

INTRODUCTION

1, 2, 3, 4-tetrahydro-1-naphthoic acid (THNA) iskay raw material in the synthesis of Palonosetraal.H
Palonosetron Hydrochloride Is an Effective and S¢ion to Prevent Chemotherapy-induced Nausea/antiting
in Children [1] and also Palonosetron triggers 5zH@ceptor internalization and causes prolongedbitibn of
receptor function [2].

Enantiomeric purity of chiral drug candidates lhesome very important particularly in the pharmaical and
biological fields, because few enantiomers of racetnugs have relatively different pharmacokingtioperties and
diverse pharmacological or toxicological effett.

Enantiomeric separations have acquired importamedl stages of drug development and commerciaizgirocess.
Therefore, the development of new methods for ieffic chiral separations mainly based on HPLC, tapil
electrophoresis (CE) or gas chromatography (GCinige than necessary. The chromatographic separafion
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enantiomers using high-performance liquid chromatpllyy (HPLC) with chiral stationary phases (CSBsyne of

the most useful and popular techniques for enauntitypanalysis in pharmaceutical preparations antbgical fluids
[7-9]

The thorough literature survey revealed that ndnth® most recognized pharmacopoeias or any josiimaludes
this compound under investigation for the detertdmachiral purity. However few articles are retaut for the
determination of Palonosetron using LC-M8%'? and enantioseparation using micellar electrokineti
chromatography™®. The chiral purity of THNA (figure — 1a), a keywamaterial used in the synthesis of
Palonosetron (Figure - 1b) is very important totominthe chiral purity of final Active Pharmaceuicingredient.
Hence it is desirable to develop a liquid chromedphic method for the determination of chiral puigf THNA,
which serves a reliable, sensitive and accurate.

HCI

@) (b)
Figure 1: (a) (S)-1, 2, 3, 4-tetrahydro-1-naphthoiacid (THNA) (b) Palonosetron HCI from

MATERIALS AND METHODS

2.1. Chemicals

1, 2, 3, 4-tetrahydro-1-naphthoic acid (THAN) wardi standards and its respective (R)-enantiomersg \kiexdly
supplied by Research and Development departmehVadkhardt Limited, Aurangabad, India, and the cloani
structure is shown indure-1 HPLC grade n-hexane, isopropyl alcohol and ispgralcohol were purchased from
Merck Ltd, India. Laboratory reagent grade trifloacetic acid was purchased from Merck Ltd, India.

2.2. Equipment

A Waters 2695 separation module (USA) coupled tmauiolet detectorequipped with an auto injector and
thermostated column oven compartment was utilipedrfethod development and validation. Empower sarféwvas
used for data acquisition and system suitabilitgudations.

2.3. Solution preparation

2.3.1. Preparation of system suitability solution

A solution containing a mixture of 10pug miof R-THNA and 1000ug mt of S-THNA was prepared in n-hexane
and ethanol in the ratio of 95:5 (v/v).

2.3.3. Preparation of standard solution
A solution containing 10pg mtof R-THNA impurity standard was prepared in n-hexand ethanol in the ratio of
95:5 (V/v).

2.3.4. Preparation of sample solution
A solution containing 1000pug mi_of S-THNA sample was prepared in n-hexane andnethia the ratio of 95:5
(VIv).

2.4. Chromatographic conditions

The chromatographic conditions were optimized ugihigal stationary phase Chiralcel OD-H, 250 mn#.6 mm,
5um, (Daicel). The mobile phase consisting of namex ethanol and trifluoro acetic acid in the ratid?48:50:2
(viviv) was pumped through the column at the flaaterof 0.8 ml mift. The column oven compartment was
maintained at 30°C and the detection was carri¢cioa wavelength of 265 nm. The injection volurmes\20pl.
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RESULTS AND DISCUSSION

3.1. Optimization of chromatographic conditions

The aim of the work is to separate the enantionfmrghe accurate quantification of (R)-enantiom&rsolution
containing 1 mg mt of (S)-THNA and 0.01 mg nitof R-isomer prepared in mobile phase was usedenrtathod
development. To develop a rugged and suitable L@aodefor the separation of enantiomers, differenbite phases
and stationary phases were employed. To achievehitoenatographic separation various chiral colutikes Chiral
AGP, YMC Chiral NEA (S), Chiralcel OD-RH, ChiralcéDD-H and Chiralpak AD-H were used. Various
experiments were conducted, to select the besbrstay and mobile phases that would give optimusolgion and
selectivity for the enantiomers. But satisfactogparation was not found in all above experimentseré is an
indication of separation on Chiralcel OD-H colurrsing a mobile phase consisting of n-hexane, ethantle ratio
of 950:50 (v/v) but the peak shapes were founddrral poor resolution. Introduction of trifluoro#iceacid in the
mobile phase improved the chromatographic effiogfeaad resolution between the enantiomers. A satisfg
separation was achieved on Chiralcel OD-H colureadiution between enantiomers was found greater3hasing
the mobile phase system n-hexane, ethanol, tridlmetic acid in the ratio of 948:50:2 (v/v/v) (Figur 2). Due to the
better chromatographic results obtained on theaBigr OD-H column, the method validation was catreeit on the
same column. In the optimized method, the typieténmtion times of (S)-THNA and its (R)-enantiomesresfound
about 7.6 min and 8.8 min, respectively. Hence itdry easy to check the chiral purity at starstage of synthesis.
The typical chromatogram of (S)-THNA spiked with R-Isomers is shown in figure — 2. The systermrability test
results of the chiral LC method are presente@idhle 1

0.050
0.0404 ’
0.030- z
A
0.020 g
; Z
] =
0.0107] 5
] ©
L -
0.000+ v —— ,,A&
T 1 i I [l [ ‘ ] T T | ] 1 i | 1 1 T I 1 1l T J ] ] 1 | ] T L} | T T 1 | 1 L} 1
2.00 4.00 6.00 8.00 10.00 12.00 14,00 16.00 18,00 20.00

Minutes

Figure 2: Typical HPLC chromatograms of chiral purity of S-THAN spiked with R-THAN

3.2. Method validation

The optimized chiral purity method for S-THNA waalidated according to ICH guidelines [14], with pest to
specificity, accuracy, precision (repeatability antermediate precision), linearity, range and sihass. System
suitability parameters were also assessed.

3.2.1.System suitability test

The system suitability test was performed accortiingSP 30 [15] and BP 2007 [16] indications. Theerved RSD
values at 1% level of analyte concentration weré within the usually accepted values2@6). Theoretical plates
(N), USP tailing factor () and USP resolution (Rbetween S-THNA and R-isomer were also determirfdu:
results obtained were all within acceptable linfitable-1).

Table 1: System suitability parameters

Analyte Tailling factor Efitiency Resolution RSD
(n=6) (T? (plates m-1} (RY* (%)
R-THNA 1.07 14423 4.12 0.64

a calculated according to the USP.
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3.2.2. Specificity

Thespecificity of the method was checked by injectitank solution and sample solution. There was terference

from blank at the retention time of analyte pegtedficity was also checked by exposing the samplder stressed
conditions like heat (50°C) for 12 hrs, light (Inllion lux) for 22 hrs, humidity (40°C/75%RH) fof days. The

results are tabulated in table 2.

Table 2: Results of stress study

Condition Conditions Time Temggere (°C) %Degradation
Thermal - 12Hrs 50°C 4.19
Photolytic 250 watt h/f 22Hrs - 1.56
Humidity 40°C/75% RH 8 days - 1.01

The peak purity indices for the analytes in stréssemple and spiked sample were determined with BE&Actor
under optimized chromatographic conditions foundéobetter (purity angle < purity threshold) indicg that no
additional peaks were co-eluting with the analyed evidencing the ability of the method to assesxjuivocally
the analyte of interest in the presence of potemtigrference. The typical HPLC chromatograms tEssed
conditions are represented in Figure — 3.
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Figure 3: Typical HPLC chromatograms of stressed saples (a) Sample exposed to thermal, (b) Sample
exposed to humiditylight and (c) Sample exposed twumidity.

The stability of drugs in analytical solution wasecked by preparing sample solution as per methddrgected at
regular time intervals in the proposed method ahrdemperature. Verified the formation of additiopaaks and
found that no additional peaks were formed till [Rfurs indicating that the sample solution is stdbleabout 36
hours at room temperature.

3.2.3.Method precision and ruggedness

Method reproducibility was determined by measurigeatability and intermediate precision of peaaarounts of
each enantiomer. In order to determine the rep#iggabf the method, replicate injection (n=6) of solution
containing 1 mg mL of S-THNA spiked with (R)-enamtier (1%) was carried out. The intermediate prenisias
also evaluated on two different days by performsingsuccessive injections each day. The resultdadmalated in
table 3.
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3.2.4.Linearity and range

The nominal concentration of S-THNA in test solatiwas 1 mg mt. Taking into account that typical impurity
tolerance levels is 1 % for R-isomer and responsetion was determined by preparing standard swiubf R-
isomer at different concentration levels rangingnfrlower limit of quantification to 150 % of imptyitolerance
level and that identification of impurities beloewer level of quantification were not consideredbtd necessary
unless the potential impurities are expected tarhesually potent to toxic.

The plots of area under the curve (AUC) of the peedponses of the analytes against their correspgnd
concentrations, they fitted straight lines respogdio equations. The y-intercepts were close to zeth their
confidence intervals containing the origin. The retation coefficients (r) were exceeds 0.98, theeptance
threshold suggested for linearity of procedures tfoe determination of impurity content in bulk dr{igy7].
Furthermore the plot of residuals exhibited rangmtierns with the residuals passing the normatiligion test (p
< 0.05), all of which evidenced that the methodiriear in the tested range. The regression stistie shown in
table 3.

Table — 3: Validation results of precision, Regressn statistics, LOD and LOQ

Validation parameters Results
Repeatibility (n=6, %RSD)
Retention time (S)-enantiomer 0.67
Retention time (R)-enantiomer 0.87
Peak area (R)-enantiomer 1.33
% w/w of (R)-enantiomer 2.34
Intermediate Precision (n=12, %RSD)
Retention time (S)-enantiomer 0.56
Retention time (R)-enantiomer 0.46
Peak area (S)-enantiomer 0.97
% wi/w of (S)-enantiomer 291
Regression statistics (R-enantiomer)
Calibration range (png/mL) 0.8092 ug mt* to
t-stat 15.1725
P-value 801.99
95% confidence interval (Lower) 1.68E-44
95% confidence interval (Upper) 2990.17
Correlation coefficient 3005.82
LOD-LOQ 0.99999
Limit of detection (ug/mL) (R-THAN)
Limit of quantification (ug/mL) (R-THAN) 0.4046
Limit of detection (ug/mL) (S-THAN) 0.8186
Limit of quantification (ng/mL) (S-THAN) 0.5916
0.9860

3.2.5.Determination of limit of quantification and detection (LOQ and LOD)

The linearity performed above, used for the deteation of limit of quantification and detection. $dual standard
deviation 6) method was applied and were predicted the LOQL&IM values using following formula (a), (b) and
established the precision at these predicted leVéks results are tabulated in table-3

LOQ=1®/S (a)
LOD=3.3%/S (b)
Wherec = Residual standard deviation of response, S peSd the calibration curve

3.2.6.Accuracy

Accuracy was evaluated by the determination of d®aisr in solution prepared by standard addition oektfThe
experiment was carried out by adding known amofifR-ssomer corresponding to three concentratiorlewf 40
%, 100 % and 150 % of the impurity tolerance leémesample solution. The samples were preparedptlicate at
each level. The quantification of added analyten¢tght/weight) was carried out by using an extestahdard of S-
isomer prepared at the analytical concentratiore €kperimental results revealed that approximate 985 %
recoveries were obtained for R-isomer in drug sarist. Therefore, based on the recovery data (Taddethe
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estimation of R-isomer that are prescribed in thjzort has been demonstrated to be accurate famdat purpose
and is adequate for routine analysis.

Table — 4: Recovery Data

Spike Amount added* Amount recovered* Mean Recovery* RSD*
Level (ng/mL) (ng/mL) (%) (%)
40 4.238 186 98.77 3.46
100 9.865 10.046 101.83 2.36
150 15.026 14.898 99.15 2.88
n=3
CONCLUSION

A simple, rapid and accurate normal phase chiralni€thod was described for the enantiomeric sepearatf S-
THNA a starting material of Palonosetron HCI. Thethod was validated showing satisfactory data fbthe

method validation parameters tested. The developettiod is stability indicating and can be usedHerquantitative
determination of chiral impurity ((R)-enantiomem)$-THNA.
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