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A validated chiral L C method for enantiomeric separ ation of inter mediate
of lopinavir by using cellulose based chiral stationary phase
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ABSTRACT

A rapidisocratic chiral LC method has been devel oped for the separation of
2R-(1-Tetrahydro pyrimid-2-onyl)-3-methyl butanoic acid (R-THPA) from
2S-(1-Tetrahydro pyrimid-2-onyl)-3-methyl butanoic acid. (S- THPA). Good
resolution with R > 3 was obtained using cellulose based chiral stationary
phase, chiralcel OD-H column (250 x 4.6 mm, 5um particle size) and n-hex-
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ane, ethanol and trifluoroacetic acid (900:100:2, v/v) asthe mobile phase at
ambient temperature. Flow rate was kept at 1.2 mL min? and elution was
monitored by UV detection at 210 nm. This method allowed for the detec-
tion and quantification of R-THPA of levelsat 0.5 and 1.5ug mL respec-
tively. The method was validated following | CH guidelines.
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INTRODUCTION

2R-(1-Tetrahydro pyrimid-2-onyl)-3-methyl bu-
tanoicacid. (S- THPA) (Figurel) isaintermediatefor
Lopinavir (Figure2). Lopinavir® isantiretroviral drugs
acting asinhibitorsof humanimmunodeficiency virus
(HIV) protease, aclassof drugsthat hasmarkedly im-
proved morbidity and mortality of HIV infected pa-
tients¥. Within the highly active antiretrovira therapy
(HAART) they are used in afixed combination (33 mg
ritonavir + 133 mg 4opinavir®) caled Kaletra® with
ritonavir added to boost lopinavir® by inhibition of cy-
tochrome P450 (CY P) CYP3A isozymesand active
transport by P-glycoprotein?®, EventhoughHAART
has markedly improved the clinical outcomeof HIV-

infected patients, virological treatment failureoften oc-
cursadready within thefirst year of therapy*9.
Separation of enantiomershasbecomevery impor-
tantinanaytica chemistry, particularly inthe pharma-
ceutical and biologicd fidds, reflectingthefact that dif-
ferent enanti osdl ective properties canimpact on phar-
macokineticsand result inavariety of different phar-
macological or toxicological effectd®?. Asaconse-
quence, regulatory authoritiesingst on stringent investi-
gationswhen evauating the safety and the effectiveness
of chira drugs. Thisplacesasignificant importanceon
theapplication of enantiomeric separationstoal stages
of drug development and the commercidization pro-
cess. Thedevelopment of new methodsfor efficient
chird separationsaremainly based onhigh performance
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Figurel: STHPA: 2S5 (1-Tetrahydro pyrimid-2-onyl)-3-me-
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Figure2: Lopinavir: (25, 3S,59)-2-(2, 6-Dimethyl phenoxy
acetyl)amino-3-hydr oxy-5-[2S-(1-tetr ahydr o-pyrimid-2-onyl)-
3-methyl butanoyl] amino-1, 6-diphenylhexane

liquid chromatography (LC), capillary eectrophoresis
(CE) or gaschromatography (GC). A large number of
commonly employed L C methods arebased ontheuse
of chiral stationary phases(CSPs) .

As per therequirement of variousregulatory au-
thorities, chiral method devel opment for thisvital in-
termediate, THPA isvery essentia. To the best of our
knowledge achira LC method has not yet been re-
ported any literaturefor the separation of THPA enan-
tiomers. Inthisstudy, asimpleand efficient chiral LC
method was devel oped and validated as per the ICH
guidelinego,

EXPERIMENTAL

Chemicalsand reagents

HPL C grade n-hexaneand ethanol were purchased
from Merck (India) and trifluoroaceticacid (TFA), was
procured from Fuka(India). THPA enantiomerswere
obtai ned from the process devel opment |aboratory of
Dr.Reddy’s Laboratories, IPDO, Hyderabad, India.

I nstrumentation and chromatogr aphic conditions

Theresolution of the enantiomerswas performed
on Waters HPLC system, Alliance 2690 separation
modul e cons sting quaternary HPLC pump, equi pped
with an auto sampler and 2487 Dual channel absor-
bance detector (Waters Corporation, Milford, USA).
The column used for the analytical separation wasthe
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cdlulosetris(3,5-dimethyl phenyl carbamate) coated on
Sum silica-gel particles known as Chiralcel OD-H (250
X 4.6 mm, 5 um) procured from Diacel Chemical In-
dustries (Japan).

Themobilephasecong sted of n-hexane, ethanol and
Trifluoroaceticacid (900:100:2, v/v). Theflow ratewas
1.2mL min?, thesampleinjection volumewas 15 uL.

The appropriate wavel ength for the detection of
enantiomerswas determined by wavel ength scanning
over therange of 200-400nm using Waters 2996 pho-
todiode array detector and the chromatograms were
monitored by UV detection at awavelength of 210nm.

Prepar ation of solutions

A stock solutionsof both theenantiomersof THPA
wereprepared at 2000 ug mL by dissolving appropri-
ateamount inthemobile phaseasdiluent.

RESULTSAND DISCUSSION

Optimization of thechr omatographic conditions

In order to get optimum resolution and selectivity
for thetwo enantiomersof THPA various experiments
were conducted by using various CSPscontaining cel-
luloseand amyl ase derivatives. Enantiomeric separa-
tionisknownto be achieved by theformation transient
diastereomeric complexes, mostly based on hydrogen
bonding, dipole-dipoleand n-w interactions!2.

Various proportionsof n-hexane/ 2-propanol and
n-hexane/ ethanol were used asorganic modifiersin
our initia effortsto achieve normal-phase separation.
But, it was found that addition of the Trifluoroacetic
acid led to the gaussian peak. Attempts to separate
enantiomerson an amylase carbamate derivatized CSP
column (Chiralpak AD-H) and cellulose ester
derivatized columns(Chiralcel OJand Chiralcel OB)
were not successful. Further trialsweremade on Cel-
|ul ose carbamate derivatized column (Chiracd OD-H)
using n- hexane, ethanol, and trifluoroaceticacid inthe
ratio of 900:100:2 (v/v) asmobile phasewith flow rate
of 1.2mL min1. Hence, thechiral separationwasop-
timized usingisocratic conditionsasthese offersmore
rapid analysis attributabl e to the presence of column
re-equilibration steps. Thetypica retentiontimesof R-
THPA and S THPA wereabout 6.2 and 9.7 min (Fig-

ure3), respectively.
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Figure 3: Typical LC chromatogram of system suitability
solution

Limit of detection and quantification

Thelowest LOD and the LOQ were determined
based on signal-to-noiseratiosusing ana ytical responses
of 3and 10timesthebackground noise, respectivelyi3,
TheLOD and the LOQ for R-THPA were calculated
tobe0.5and 1.5 pg mL*?, respectively.

Linearity

Under the optimized working conditions, plotted
standard calibration curvefor R-THPA waslinear over
the concentration range of 1.5 pg mL* (LOQ) t0 9.0
ug mL2 Theresultsof the statisticad anaysisof theex-
perimental data, such as slope, theintercept and the
correlation efficient obtained by theleast squarestreat-
ment of the results were 5100135, 322 and 0.9991,
respectively. Thestandard calibration curvewaslinear
withthelinear regression equation
y = 322 + 5100135x
Precision

Therepeatability (intra-day) and theintermediate
precision (inter-day) of the method was eval uated by

TABLE 1: Resultsof intermediate precision

(%]
o] c g < < c b
5 2 Bzt BT =8E
w8 g i Xobk x_HK S22
= 3 S 80 § B
a > S5 5 X g
. a. Agilent 1100
1 Different series PDA 0.4 0.8 3.4
b. Waters 2487
system VWD 0.8 0.7 35
2 Different Column-1 0.4 0.8 34
column  Column-2 0.7 0.8 3.3
3 Different Analyst-1 0.4 0.8 34
analyst  Analyst-2 0.6 0.6 35
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the determination of peak areapercentage RSD of R-
THPA for six replicateinjections of spiked sample at
thelevelsof 1.5 pg mL* (LOQ) and 6 pg mL™. The
intermedi ate precis on (Ruggedness) of themethod was
evauaed by different anadyst us ng different columnand
different instrument inthe samelaboratory. Theresults
weresummarizedintheTABLE 1.

Accuracy

Accuracy of the method was demonstrated at the
four different concentration levelsintriplicate. Theandy-
siswascarried out at the concentrationlevelsof 1.5 ug
mL*(LOQ), 6ug mL*and 9 ug mL™. The percentage
recoverieswerein between 98 and 104.

Robustness

The Robustnessof the method wasstudied by vary-
ing number of method parameter. Theexperimenta con-
ditionsweredeiberately varied in order to determine
theimpact on resol ution of enanatiomers. Theflow rate
on resolution was studied by varying theflow rate by
+0.2 mL min™. Thetemperature effect was studiesby
varying+5°C. In addition, the percentage of ethanol in
themobilephasewasvaried +5%. No significant change
observed inthe resol ution of enantiomers, resultswere
showninthe TABLE 2, illustrating the robustness of
the devel oped method.

TABLE 2: Resultsof robustnessstudy

Par ameter Variation USP resolution (Rs)
Flow rate 1.0 mL min™ 37
1.4mL min* 33
Temperature 22 °C 34
32°C 3.7
Organicratio 90 mL Ethanol 3.3
100 mL Ethanadl 34
110 mL Ethanadl 3.1

CONCLUSION

Anisocratic enantiosel ective HPL C method that
enablessenstivedeterminationof R-THPAINS- THPA
was devel oped. The method wasfound to besimple,
sensitive, precise, accurate and robust. Hence, this
method can be used in quality control laboratoriesfor
theroutineandysis.
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