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ABSTRACT

A simple and accurate chiral liquid chromatographic method was described
for the chiral purity of (S)-1,2,3,4-tetrahydro-1-phenylisoquinoline [ SFN-
V], akey intermediate of Solifenacininbulk drugs. Separationwasachieved
withaChirapak AD (250 mm x 4.6 mm, 10 pm) column. The ratio of n-hexane,
ethanol and triethylamine in the mobile phase were optimized to obtain the
best separation. UV detection was performed at 210 nm. The described
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method islinear over arange of LOQ—3.75 pg/mL of R-isomer. The mean
recovery of R-isomer wasfound to bein therange of 96-100%. The method

issimple, rapid, accurate, selective and precise.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Most of the pharmaceutica industriesarenow con-
centrating towardsthe study of thetherapeuti c effect of
pureenantiomersof theexisting drug molecules. A con-
trol and accurate quantification of undesired enantiomers
inActive Pharmaceutical Ingredientisessentid™ andin
thisconnection use HPL.C asmonitoring systemwill be
very useful. Solifenacin, marketed asitssuccinate salt
under thetrade name VES care, isaurinary antispas-
modic belongstotheanticholinergicclass. Itisusedin
thetreatment of overactivebladder with or without urge
incontinence. It is marketed and manufactured by
Agdlasand GlaxoSmithKline.

Solifenacinisasingle enantiomer and synthesized
as(S, R)-enantiomer, sinceit ispharmacologically

more potent than other enantiomers and diasteriomers.
SFN-IV isakey starting materia in the synthesis of
Solifenacinand aso chira innature. Thechird nature
of Solifenacinisdueto the presenceof chiral moiety
of SFN-IV aswdl asR-Quinuclidinol inthemolecule.
The content of respective R-isomer present in
Solifenacin bulk drug mainly depends on the content
of R-isomer present in SFN-IV. Till now afew ana-
lytical methods have been reported?® for the deter-
mination of Solifenacinin biological samples. To our
present knowledge no chiral HPLC methods were
reported intheliteraturefor the enantiomeic separa-
tion of SFN-1V. Therefore, theaim of thisstudy isto
develop a chiral HPLC method for the accurate
quantification of un-required isomer [ R-isomer] of
SFN-1V and validate as per the ICH guideling™.
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EXPERIMENTAL

Chemicalsand reagents

Samples of SFN-1V and R-isomer were synthe-
sized at SM S PharmaResearch Centre (Hyderabad,
India). The chemical structuresof SFN-IV, R-isomer
of SFN-1V and Solifenacin were presented in Figure
1. HPL C grade n-hexane and ethanol are obtained from
Merck (India). Analytical gradetriethylamineis pur-
chased from SD Finechemicas(India). LC gradewa:
ter wasdeionized with Milli-Q Elix and then filtered
usngMilli-Q gradient, Milliporewater purification sys-
tem (Milford, MA, USA).

SO EE)
R-isomer of SFN-IV

SFN-IV
e} H
NJLO@
N

Solifenacin

O

Figurel: Structuresof SFN-1V, R-isomer and solifenacin
Equipment

TheHPLC system consisted of quaternary gradi-
ent pump, auto sampler, column oven and avariable
wavel ength detector. Theoutput signal was monitored
and integrated using EZ-Chrom Elite Chromatography
Data Software (1200 seriesHPLC, Agilent, USA).

Prepar ation of standard solutions

Dissolved an accurately wei ghed quantity of R-iso-
mer working standard in mobile phaseto obtain asolu-
tion having known concentration of about 0.0025 mg/
mL and injected in to the system. Freshly prepared,
SFN-IV samplesolution (0.25 mg/mL) in mobile phase
wasinjected into the system. As per the approvedin-
house protocol, different dilutionswere madeto evalu-
ate specificity, precision, linearity, LOD, LOQ, accu-
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racy and robustness.
Chromatogr aphic conditions

The chromatographi c conditionswere optimized
using an amylose based chiral stationary phase
Chiralpak AD (250 mm x 4.6 mm, 10 um, Daicel
make). Themobile phasewas n-hexane: ethanol: tri-
ethyl amine (95:5:0.1v/v/v). Theflow ratewas set at
0.8 mL/min. Thedetection wascarried out at awave-
length of 210 nm. Theinjectionvolumewas10 uL. All
ca culations concerning thequantitative anadysiswere
performed with externa standardization by measure-
ment of peak areas.

RESULTSAND DISCUSSION

Method development

Theaim of thiswork isto separatethe enantiomers
of SFN-IV and accurate quantification of R-isomer.
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Figure?2: Typical chromatogram of enantiomeric separ ation
of racemic SFN-IV on (A) Chiralcel OJ-H, (B) Chiralcel OD
and (C) Chiralpak AD columns
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Theracemic mixturewas prepared by physical mixing
the equal portionsof SFN-IV and R-isomer (0.1 g of
each sample). A 0.25 mg/mL solution of racemic mix-
ture prepared in mobile phase was used during the
method devel opment. To devel op arugged and suit-
able LC method for theenantiomei c separation of SFN-
IV, different mobile phasesand stationary phaseswere
employed. Threedifferent chiral columnswere em-
ployed during method devel opment namely Chiralcel
OJ-H, Chirdce OD, and Chirdpak AD of Daicd. The
mechanism of separation in direct chiral separation
methodsistheinteraction of chiral stationary phase
(CSP) with analyte enantiomersto formashort lived,
trang ent diastreomeric complexes. Variousexperiments
were conducted, to sel ect the best stationary and mo-
bile phasethat would give optimum resol ution and se-
lectivity for theenantiomers. Theenantiomeric separa:
tion of SFN-IV on Chiralcel OJ-H, Chiracel OD and
Chirdpak AD columnsisshowninFigure?2.

Optimized chromatographiccondition

Better basalineresol ution achieved on Chiral pak
AD column, using amobile phase system containing n-
hexane: ethanal: triethyl amine(95:5:0.1, viviv). Inthe
present method the sel ectivity wasfound to be more
than 1.1 with aresol ution grester than 3.0 between SFN-
IV and R-isomer.

Validation of themethod

The LC method devel oped has been extensively
validated for the quantitation of R-isomer in SFN-IV
using thefollowing parameters. Standard solutionwas
used for the purpose of quantification of R-isomerin
SEN-1V.

Specificity

SFN-1V and R-isomer wereinjected separately to
confirmtheretentiontimes. System suitability solution
was then injected. SFN-IV and R-isomer peaks are
eluted at 6.9 and 7.8 minutesrespectively (relativere-
tention 1.13). Theresolution between the peakswas
foundto be 3.2. Theasymmetry wasfoundto be 1.2
for both R-isomer and SFN-IV peaks.

Precision
Repeetability was demondrated by anayzing SFN-
IV sample6 times. Intermediate precision was demon-
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strated by analyzing same sample of SFN-1V by two
different anadystsontwo different days. Intra-day varia
tionsof R-isomer content in SFN-1V areexpressedin
termsof %RSD v ues. Theva uesca culated werefound
tobel.2for repeatability, 1.5and 1.1% for intermedi-
ateprecision. Repeatability and intermediate precison
resultsareshownin TABLE 1.

TABLE 1: Precision resultsfor R-isomer

Repeatability

Mean of R-isomer content (%, m/m) (n=6) 0.424
Standard deviation (SD) 0.0049
%RSD 12

Intermediate Precision
Analyst-1/Day-1
Mean of R-isomer content (%, m/m) (n=6) 0.424
Standard deviation (SD) 0.0049
%RSD 12
Analyst-2
Mean of R-isomer content (%, m/m) (n=6) 0.427
Standard deviation (SD) 0.0062
%RSD 15
Overal %RSD (n=12) 13
Day-2
Mean of R-isomer content (%, m/m) (n=6) 0.421
Standard deviation (SD) 0.0045
%RSD 11
Overall %RSD (n=12) 12

L imit of detection and limit of quantification

Thelimit of detection and limit of quantificationfor
R-isomer was cal culated from thelinearity datausing
residual standard deviation of theresponseand slope
of thecalibration curve. A typical S/N ratio of 2-3and
9-10aregeneraly consdered to be acceptablefor LOD
and LOQ respectively. LOD and LOQ vauesarefound
to be0.0160pug/mL and 0.0485ug/mL respectively.

Linearity

Standard solutions at ten different concentration
levelsranging from 0.125, 0.250, 0.500, 0.750, 1.000,
1.250, 1.875, 2.500, 3.125 and 3.750ug /mL were
prepared (0.05 — 1.5% of analyte concentration of
0.25mg/mL). Each samplesolutionwasinjectedintrip-

licate. The mean responses recorded were plotted
againgt concentration. Thecorre ation coefficient for R-
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isomer wasfound to be 0.9999, which indicated good
linearity. The calibration equation for R-isomer was
foundto bey =86123x — 1347.

Accuracy

SFN-1V samplewas spiked with R-isomer at 0.5,
1.0and 1.5% of analyte concentration of 0.25mg/mL.
Each spiked solutionwasprepared intriplicateand in-
jected. The mean recoveries, recovery percentageand
%RSD were calculated. The mean recoveries of R-
isomer at each spike sol ution with 95% confidenceleve
are found to be 95.9+0.42%, 100.0+0.31% and
98.6+0.57% respectively. The acceptance criteria for
recovery at eachlevel isbetween 80 and 120% as per
in-housevadidetion protocol . Accuracy resultsareshown
inTABLE 2.

TABLE 2: Accuracy resultsfor R-isomer

S';”'(sgln:; A((:g)ed Reczovered % Mean % RSD
(%, m/m) (n=3) ng) Recovery Recovery
60.33 95.8
0.5 62.95 60.60 96.3 95.9 0.4
60.14 95.5
126.22 100.3
1.0 1259 125.56 99.7 100.0 0.3
126.02 100.1
186.95 99.0
15 188.85 185.20 98.1 98.6 05
186.71 98.9

Robustness

In order to demonstrate the robustness of the
method, system suitability parameterswereverified by
making deliberate changesin the chromatographic con-
ditions, viz. changeinflow rateby + 0.1 mL/ min and
changein theratio of mobile phase (+ 30% relative).
The method was demonstrated to be robust over an
acceptableworking range of itsHPL C operationd pa
rameters.

CONCLUSION

The present paper describesthe development of a
new chird HPLC method for thedetermination of chira
purity of SFN-1V akey intermediatefor Solifenacin
and itsvalidation. The method wasfound to be selec-
tive, sengtive, preciseand accuratefor the quantitation
of R-isomer. Thismethod can be used for theroutine
andysisinpharmaceutica quaity control.
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