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ABSTRACT

A rapid isocratic chiral HPLC method has been developed for the separa-
tion of R-Naproxcinod from S- Naproxcinod. Good resolution viz. Rs> 3
between R- and S- forms of Naproxcinod was achieved with Chiralcel OD-H
(250 x 4.6 mm) column using n-hexane, 2-propanol, acetic acid intheratio of
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90:10:0.5 (v/v/v) asmobile phase at ambient temperature. Flow rate was kept
as 1.0 mL min*and the elution was monitored at 230 nm. This method is
capableto detect and quantitate R- Naproxcinod to thelevelsof 0.14 ugmL2,

© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Separation of enantiomers has become very im-
portant in analytical chemistry, particularly inthe
pharmaceutical and biological fields, because some
enantiomers of racemic drugs haverelatively dif-
ferent pharmacokinetic propertiesand diverse phar-
macological or toxicological effectd*. Thisisone
of the most vital reasons why the regulatory au-
thoritiesinsist more on stringent investigation for
evaluating the saf ety and the eff ectiveness of drugs
containing chiral centers. Enantiomeric separations
have acquired importancein all the stages of drug
development and the commercialization process.
Therefore, the devel opment of new methodsfor ef-
ficient chiral separations mainly based on HPLC,
capillary electrophoresis (CE) or gas chromatog-
raphy (GC) ismorethan necessary. Among the chro-
matographic methods so far developed, HPLC
methods based on chiral stationary phases are

widely employed for the assays of drug isomersin
pharmaceutical preparations and biological flu-
ids®>®l. Here, we describe arobust HPLC method
for separating Naproxcinod enantiomers. The
method has been validated as per International
Conference of Harmonization!”® and can be used
for regular analysisin quality control laboratories
of bulk drug manufacturing units.

Naproxcinod isaderivative of Naproxenwith a
similar anti-inflammatory activity, but |lessgastrointes-
tinal toxicity. It isthefirst of anew classof analgesic
and anti-inflammatory drugs known as cyclo-oxyge-
nase-(COX)-inhibiting nitric oxide donators
(CINODs) under development with NicOx in severa
countries. Naproxcinodisin phaselll clinica devel-
opment inthe USfor thetreatment of osteoarthritis.
The improved gastrointestinal tolerability of
Naproxcinod appearsto be duetoitsrelease of nitric
oxide (NO) and the consequent mai ntenance of tissue
perfusion and i ntegrity!.
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EXPERIMENTAL

Chemicals

HPL C grade n-hexane and 2-propanol were pro-
cured fromMerck, India. Acetic acid purchased from
Standard reagents, India. S and R- isomers of
Naproxcinod were obtained from process devel opment
laboratory of Dr. Reddy’s Laboratories Ltd, IPDO,
Hyderabad, Indiaand thechemica dructuresweregiven
inFigure 1. Thestructuresof potentia impuritiesi.e. de-
rivatives chlorongproxcinod enantiomersweregivenin
Figure2.

S-Naproxcinod:
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4-(nitroxy) butyl-(2S)-2-(6-methoxy-2-naphthyl) propanoate

R-Naproxcinod:
CHj3

0]
\/\/\ONOZ
H3C« 0]
(@)

4-(nitroxy) butyl-(2R)-2-(6-methoxy-2-naphthyl) propanoate
Figurel: S and R-formsof Naproxcinod with chemical names

S-chloro Naproxcinod
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2(S)- (6-Methoxy-naphthalen-2-yl)-propionic acid-4-
chloro-butyl ester

R-chloro Naproxcinod

Hs
O\/\/\CI
H3C\O OO O

2(R)- (6-Methoxy-naphthalen-2-yl)-propionic acid-4-
chloro-butyl ester

Figure2: S-and R- formsof Naproxcinod potential impurities
i.e. chlor onapr oxcinod enantiomer swith chemical names

Chromatogr aphicconditions

Waters make HPLC (Alliance 2690 Model, Wa-
tersCorporation, Milford, USA) equipped withan auto
sampler and 2996-photodiode array detector wasused
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for theanalysis. The datawasrecorded using Waters
Empower software. The separationsand quantification
were performed on Chirad cal-OD-H column (250x 4.6
mm, Make: Diacd Chemicd IndugtriesLtd. Japan) with
themobile phase containing n-hexane, 2-propanol and
aceticacidintheratio of 90: 10: 0.5 (v/v/v) at ambient
temperature. Flow ratewaskept at 1.0 mL min? and
thedutionwasmonitored at 230 nm.

Preperation of solutions

1 mg each of R-Naproxcinod (99.00% pure) and
S Naproxcinod (99.50% pure) weredissolvedin 10
mL mobilephaseto get individua concentrationsof 100
ug mLtinthemixture. Thissolution wasused for the
enantiomeric separation.

RESULTSAND DISCUSSION

M ethod devel opment

To achieve separation between the Naproxcinod
enantiomers, different chiral stationary phases (CSPs)
were eval uated with suitable mobile phase composi-
tions. Thechiral discrimination of enantiomersoccurs
when they bind with the stationary phaseforming tran-
Sent diastereomeric complexes. Themost important in-
teractions between the analyte and the CSPs are hy-
drogen bonding, dipole-dipoleinteractions, and n—n
interactions, together withtherigid structure (cellulose-
based CSP) or hdlical structure (amylase-based CSP)
of thechira polymer bound to the support.

Asnaproxcinod isthederivative of ngproxen, ini-
tia experimentswere conducted adopting the ngproxen
USP chromatographic conditions. Naproxen USP
chromatographic conditions comprises of mobile
phase, amixture of n-hexane:ethanol:aceticacidinthe
ratio of 80:20:0.5 (v/v/v) by using a column (s,s)-
whelk-01] 3s,49)-4-(3,5-dinitro benzamido)-1,2,3,4-
tetrahydro phenanthrene] with aflow rateof 1.0 mL
min? and the chromatogram monitored at 254 nm. In
these conditions the R and S enantiomers of
Naproxcinod were separated. However, it was ob-
served that R-chloronaproxcinod (Figure 2), one of
the potential impurities, el uted together with the R-
Naproxcinod. Triaswith different mobile phase com-
positionsdid not improvethe separation between the
R-enantiomers. For example, with the mobile phase
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composition of n-hexane:ethanol:aceticacidinthera
tio of 90:10:0.5 (v/v/v), therewasno desired separa-
tion. On the other hand, the retention times of the
Naproxcinod and chloronaproxcinod enantiomers
were enormously increased. Further, trialswere car-
ried out with various chiral columns and different
amountsof 2-propanol asmodifier to achievethe de-
sired separation of all the four enantiomers. Chiral
columns such as Chiralpak-AD-H, Chiralpak-1A
(amylose based) and chiralcel-OD-H (cellulose-

—— Fyll Peper

based) were evaluated. A good resolution of all the
enantiomerswas achieved by using chiralcel-OD-H
column with the mobile phase of amixture of n-hex-
ane:2-propanol :acetic acid intheratio of 90:10:0.5
(viviv) at 1.0 mL min? flow rate with the elution
monitored at 230 nm (Figure 3). Theretention times
of Rand Senantiomers of naproxcinod were 9.5 and
10.8 min, respectively, while the enantiomers of
chloronaproxcinod eluted at 6.0 and 7.0 min

respectively.

Resolution chromatogram of all enantiomers

All enantiomer spiked refer encechromatogram

Figure3

L imit of detection and quantification

Thelimit of detection (LOD) representsthe con-
centration of analytethat wouldyieldaS/N (signal to
noise) ratio between 2to 3. LOD for R-Naproxcinod
wasfoundto be0.04 ugmL-. Thelimit of quantifica:
tion (LOQ) representsthe concentration of andytethat
wouldyield aS/N ratio between 9.5t010.4. LOQ for
R-Naproxcinod wasfound as0.14 ugmL ™.
Linearity

Thecdlibration curvewas drawn between the peak
areas of R-Naproxcinod versusitsconcentrationinthe
rangeof 0.14t0 2.25 ngmL-* of R-Naproxcinod. The
dope, intercept and corrd ation coefficient derived from
linear leastsquareregression analysisand found to be
161.37, 17.267 and 0.9999, respectively revealsthat
an excellent corre ation existed between the peak area
and concentration of the R-Naproxcinod.

Precision

Theinter-day precision waseva uated by calcul at-
ingthereative standard deviation (RSD%) of six repli-
catedeterminationsby injecting six freshly prepared so-
|uti ons contai ning R-Naproxcinod at two concentration
levelsviz. 0.14, and 2.25 pug mL* onthesameday and
the RSD% valueswerefoundto be 1.85and 0.63 re-
spectively. For intra-day precision, the sampleat the
abovetwo concentrations|levelswasinjected on six

different daysand the RSD% va ueswerefound to be
2.9 and 3.79 respectively. Thelow % RSD vauescon-
firm thegood precision of thedevel oped method.

Accuracy and specificity

The accuracy of the method was determined by
spiking R-Naproxcinod to S-Naproxcinod at 0.75,
1.125,1.5and 2.25 ug mL* levelswith three batches
of S-Naproxcinod. Each determination was carried
threetimes. The specificity defined astheability of the
method to measurethe anal yte accurately and specifi-
cdlyinthepresenceof componentspresentinthesample
matrix. Therecovery studiesof R-Naproxcinod were
performed with above concentrations of R-
Naproxcinod with three different batches of S-
Naproxcinod by adding a sufficient amount of R-
Naproxcinod to aconstant amount of S-Naproxcinod
sample. The prepared solutionswerefiltered andin-
jectedintothe HPLC system. Each determination was
carried out threetimes and the percent recovery of R-
Naproxcinod wasintherange of 90-110 %. In addi-
tion, the peak puritiesof both theformswere studied
by using PDA detector and found to be homogeneous
with no detectableimpuritiesembedded in them.

Robustness
Therobustnessof ananalytica procedureisamea
sure of itscapacity to remain unaffected by small, but
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deliberate, variationsin method parametersand pro-
videsanindication of itsrdiability during normal usage.
Inthevaried chromatographic conditionsviz. flow rate
and column temperature, the resol ution between the
peaksof S and Rformsof Naproxcinod wasfoundto
be 3.0illustrating the robustness of the method.

Ruggedness

The ruggedness of amethod was defined as de-
greeof reproducibility of resultsobtained by analysisof
the same sampleunder avariety of normal test condi-
tionssuch asdifferent labs, analysts, instrumentsand
chemicasof different lots. The standard addition and
recovery experimentsof R-Naproxcinod carried out in
mobile phasethe abovethree concentrationlevel stested
in Laboratory A were again carried out at L aboratory
B using adifferentinstrument by adifferent analyst. The
data obtained from Laboratory B waswell in agree-
ment with the results obtained in Laboratory A, thus
proving the ruggedness of the method.

Sability in solution

Standard solutions of (R)-Naproxcinod and (S)-
Naproxcinod were prepared in the mobile phase at
and yte concentration. Each stlandard solutionwasana-
lyzedimmediatdly after preparation and dividedintotwo
parts. One part was stored at 2-8 °C in arefrigerator
and the other at bench topintightly capped volumetric
flasks. The stored solutions of each isomer werere-
analyzed after 24 h. No changein either the chemical
or enantiomeric purity was observed. Theareaobtained
for eachisomer after 24 h did not show any significant
change compared withtheareaof initid analyss. This
indicatesthat both isomerswere stablein themobile
phasefor at least 24 hwhen stored either at 2-8 °C or
at bench top.

CONCLUSION

A rapidisocratic chird HPLC method was devel -
oped for the enantiomeric separation R-Naproxcinod
from S- Naproxcinod. Thelimit of quantitationis0.14
ug mLt. Thismethod has an added advantagethat it
not only separates the enantiomers of Naproxcinod,
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but also separates its most potential derivative
Chloronaproxcinod enantiomers. Themethodisvali-
dated as per ICH guidelines and found to be linear,
precise, accurate, specific, roboust and rugged for the
determination of R- Ngproxcinod in puresamplesof S
Naproxcinod. Hence, the method can be used for the
routine determination of impurities present in S
Naproxcinod inquality control laboratories.
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