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ABSTRACT

A new and accurate chiral liquid chromatographic method was described
for the enantiomeric separation of ABC-3[N-(2-amino-4-chloro-6-{[ (4R)-
4-(hydroxymethyl) cyclopent-2-en-1-yl]Jamino} pyrimidin-5-yl)formamide,
(R)-isomer], akey intermediate of Abacavir in bulk drugswith an elution
time of about 15 min. The separation was achieved on immobilized amy-
lose based chiral stationary phase (Chiralpak-1A) using n-hexane: etha-
nol: 1,4-dioxane (80:15:5, v/v/v) as mobile phase. The mobile phase was
delivered at 1.0 mL min flow and the detection was monitored at 230 nm
using ultraviolet detection technique. Theresolution (R)) among the enan-
tiomerswasfound to be 2.9. The method shows 0.035ug aslimit of detec-
tion (LOD) and 0.1ug as limit of quantification (LOQ) for [N-(2-amino-4-
chloro-6-{[(4S)-4-(hydroxymethyl)cyclopent-2-en-1-yl]amino} pyrimidin-5-
yhformamide, (S)-isomer], for 10uL injectionvolume. Thevalidated method
yielded good results regarding precision, linearity and accuracy. The de-
veloped method shows excellent linearity (R?>0.999) over arangeof LOQ
to 0.3%for (S)-isomer. The percentagerecovery of (S)-isomer ranged from
96.3-103.1 in bulk drug samples of ABC-3. Robustness studies were also
carried out on the devel oped method. ABC-3 sample sol ution stability and
mobile phase stability studies were carried out and the results found to be
stable for a study period of 48 h. The proposed method was found to be
suitable and accurate for the quantitative determination of (S)-isomer in
bulk drug samplesof ABC-3. © 2008 Trade Sciencelnc. - INDIA
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Abacavir isthe enantiomer with (1S 4R) absolute
configuration onthe cyclopentanering. It isdescribed
chemically as (1S, cis)-4-[2-amino-6-(cyclopro
pylamino)-9H-purin-9-yl]-2-cycl opentene-1-methanol
isanucleoside analog that isan HIV-1 reversetran-
scriptaseinhibitor and apotent invivoandinvitroin-
hibitor of HIV-1, the causative agent of the acquired
immunodeficiency syndrome (AIDS)1*2, Itisinacat-

egory of HIVV medications called nucleosidereverse
transcriptaseinhibitors(NRTIS). ThispreventsHIV from
dteringthegenetic materiad of hedthy T-cdlls. Thispre-
ventsthecellsfrom producing new virusand decrease
theamount of virusinthebody. Abacavir issynthesized
as(1S, 4R)-isomer, sinceit ispharmacol ogicaly more
potent than (1R, 45)-isomer. Moreover (1R, 4S5)-iso-
mer of Abacavir istoxicinnatureandtheallowed limit
of (1R, 4S)-isomer (unrequiredisomer) inAbacavir bulk
drugwas0.15 % (w/w). ABC-3isakey starting mate
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ria inthe synthesisof Abacavir and aso chira in na-
ture. Thechiral nature of Abacavir isdueto the pres-
ence of chiral moiety of ABC-3inthemolecule. The
content of (1R, 4S)-isomer present in Abacavir bulk
drug mainly depends on the content of (4S)-isomer
present inABC-3. To our present knowledgeno chira
HPLC methodswerereported in theliteraturefor the
enantiomeric separation of ABC-3. Therefore, itisfelt
necessary to devel op chiral LC method for the separa:
tion and accurate quantification of unrequired enanti-
omer ((S)-isomer) of ABC-3.

Thisreport describesachiral LC method for the
enantiomeric separation of ABC-3 using an immobi-
lized amyl ose based chird stationary phase, Chiralpak-
IA. The developed HPLC method was validated for
quantification of unrequired enantiomer ((S)-isomer) in
ABC-3.

EXPERIMENTAL

Chemicals

Samplesof ABC-3and (S)-isomer of ABC-3were
obtai ned from Reference Standard Laboratory of United
States Pharmacopeia-India (P) Ltd, Hyderabad, In-
dia Thechemicd structuresof ABC-3, (S)-isomer of
ABC-3 and Abacavir were presented in (Figure 1).
HPL C grade n-hexane, ethanol and 1,4-dioxanewere
purchased from Merck, Darmstadt, Germany.

Equipment

The LC system used for method devel opment and
method validation wasWatersAlliance (Waters Cor-
poration, Massachusetts, USA) equipped with 2695
separation modulewith inbuilt auto injector and 22996
photo diodearray detector. The output Signa wasmoni-
tored and processed using Empower softwareon Pentium
computer (Digita equipment Co.). Photo diode array
detector was used for determining peak purity.

Thechira columnsusedin method devel opment
wereChirdcd OD-H (cdlulosetris(3,5-dimethylphenyl
carbamate) coated onto silica-gel), Chiralpak AD-H
(amylosetris(3,5-dimethyl phenyl carbamate) coated
onto silica-gel) and Chiralpak-1A (amylosetris(3,5-
dimethylphenyl carbamate) immobilized onto silica
gel)E. All are of Daice make(Daicel Chemicd Indus-
triesLtd., Japan) with 5um particlesizein (250x4.6)
mmdimengon.
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Figure1l: Sructuresand labelsof ABC-3, (S)-isomer of
ABC-3and Abacavir

Chromatographicconditions

The chromatographi c conditionswere optimized
usingaChirdpak-1A column. Themobilephasewasn-
hexane: ethanal: 1,4-dioxane (80:15:5, viviv). Theflow
rate of themobile phasewas 1.0 mL min. Thecolumn
temperaturewas maintained at 25°C and the detection
wasmonitored at awavelength of 230 nm. Theinjec-
tion volume was 10uL. Mobile phase was used as
diluent.

Prepar ation of sample solutions

Stock solutionsof ABC-3 and (S)-isomer of ABC-
3 (1000ug mL 1) were prepared individually by dis-
solving appropriate amounts of the substancesin the
diluent. Theandyte concentration of ABC-3wasfixed
at 500ug mL . Working solutionsof ABC-3 and (S)-
isomer of ABC-3wereprepared in diluent.

Method validation
Asper thelCH guidelinesthemethod wasvali
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datedintermsof following parameterg*4,
Precision
Themethod precision was checked by analyzing
six individua preparations of ABC-3 (at the analyte
concentration, i.e., 500ug mL ) spiked with 0.5% of
(S)-isomer and cdl culating the percentagerel ative stan-
dard deviation of areafor (S)-isomer.
Theintermediate precision wasevauated on adif-
ferent lot of column, on adifferent instrument, by differ-
ent analyst onthe sameinstrument, in different |abora
toriesand the%oRSD for six individua spiked prepara-
tionswas cal cul ated.

L imit of detection (L OD) and limit of quantifica-
tion (LOQ)

TheLOD and LOQ for (S)-isomer of ABC-3were
estimated at asigna-to-noiseratioof 3:1and 10:1re-
spectively by injecting aseriesof dilutesolutionsof (S)-
isomer of ABC-3. The precision of the method was
checked for (S)-isomer at LOQ by analyzing six test
solutions of (S)-isomer prepared at LOQ level and cal-
culating the percentagerel ative standard deviation of
area.

Linearity

Linearity for (S)-isomer was evaluated by deter-
mining seven working sample sol utions of (S)-isomer
of ABC-3ranging from LOQ to 200% of the permit-
ted maximum level (0.5%). (LOQ, 0.05 %, 0.125 %,
0.25 %, 0.5 %, 0.75 % and 1.0 %).

The peak areaversus concentration of (S)-isomer
of ABC-3was subjected to regression analysisto cal-
culate calibration equation and correlation coefficient.
Linearity was checked for three consecutive daysin
the same concentration range from the same stock so-
[ution. The percentagerd ative standard deviation of the
dopeand Y-intercept of the calibration curvewas cal-
culated.

Accuracy

TheABC-3 bulk sample showed the presence of
0.05% of (S)-isomer. Standard addition and recovery
experimentswere conducted to determine accuracy of
the present method for the quantification of (S)-isomer
inbulk drugssamples.

Therecovery studieswere carried out intriplicate
at 0.4%, 0.5% and 0.6% of theABC-3 target analyte
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concentration. The percentagerecovery of (S)-isomer
of ABC-3in bulk drugs sampleswas calcul ated.

Robustness

To determine the robustness of the developed
method, experimentd conditionsweredeliberately al-
tered and the resol ution among ABC-3 enantiomerswas
checked. To study the effect of flow rate ontheresolu-
tion, 0.1 unitsof flow changed from 1.0 mL min™. The
effect of column temperature on resol utionwas studied
at 23°C and 27°C instead of 25°C. In the all above
varied conditions, the components of the mobile phase
werehed congtant asthat of initid. Theeffect of change
in percent ethanol and 1,4-dioxane on resol ution was
studied by varying from -1%to +1%.

Solution stability and mobile phase stability

The solution gtability of ABC-3, its(S)-isomer was
carried out by leaving both unspiked and spiked sample
solutionsintightly capped volumetric flask a room tem-
perature on alaboratory bench for 48 h. Content of
(S)-isomer wasdetermined for every 6 hinterval and
compared with freshly prepared solution at each time
point.

Mobile phasestability wasa so carried out for 48 h
by injecting thefreshly prepared sample solutionsfor
every 6 hinterval. Content of (S)-isomer of ABC-3
was checked in the test solutions. Mobile phase pre-
pared was kept constant during the study period.

RESULTSAND DISCUSSION

M ethod development and optimization

Theam of thiswork isto separate the enantiomers
of ABC-3 and accurate quantification of (S)-isomer.
Themixtureof ABC-3, its(S)-isomer were used dur-
ing the method devel opment. To developarugged and
suitable LC method for the enantiomeric separation of
ABC-3, different mobile phasesand stationary phases
wereemployed. Thepreliminary tridlswerecarried on
polysaccharidetype chiral columnsnamely Chiralcel
OD-H and Chirapak AD-H of Daicel make. Poor sepa-
ration was observed on Chiralcel OD-H whileusing
then-hexane: isopropyl acohol (85:15, v/v) asmobile
phase. Thereisanindication of separation on Chirdpak
AD-H column with broad peak shape using above
mobile phase. Replacement of isopropyl acohol by
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TABLE 1: System suitability report
Retention UsP USP

Name time(t,) Resolution Tailing Thlz(t);:(t;\ffl
in min (Rg) factor (T) P
ABC-3 9.3 - 1.08 10720
(9)-ABC-3 10.6 2.9 1.09 8536
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Figure2: Typical chromatogram of blank, racemic mix-
ture, ABC-3 sample, ABC-3 samplespiked with (S)-iso-
mer at 0.5% level

ethanol in the mobile phase has improved the peak
shape of enantiomersof ABC-3. Withthemobilephase
system contai ning n-hexane: ethanol (85:15, v/v) the
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resol ution between the enantiomerswas about 1.4 and
the pesk tailing was about 1.6. Dueto limited solvent
compatibility in coated type polysaccharide columnswe
gave up further optimization on Chiralpak AD-H col-
umn. Thenwetried withimmobilized typechiral sta-
tionary phase (CSP) Chiralpak-1A using the above
mobile phaseand noticed the same sel ectivity. Dueto
universa solvent compatibility of Chirapak-1A wetried
tointroduce solventsliketetrahydrofuran and 1,4-di-
oxanein mobilephase. Enantioselectivity isdrastically
reduced with theintroduction of 5% tetrahydrofuran
where asefficient separation was noticed with thein-
troduction of 5% 1,4-dioxane. Finadly thebest separa-
tion was achieved with the mobile phase consists of n-
hexane: ethanol: 1,4-dioxane: (80:15:5, v/v/v). Inthe
optimized method thetypical retentiontimesof ABC-3
and its (S)-isomer were about 9.3 and 10.6 min, re-
spectively (Figure2). Theresolution betweenthe enan-
tiomers(R)) wasabout 2.9 and the pesk tailing for enan-
tiomer peakswerefound to beabout 1.1. The system
suitability test results of the chiral LC method on
Chirapak-1A columnarepresented in TABLE 1. Due
to the better chromatographic results obtained on the
Chirapak-1A columnand dueto better columnlife, the
method validation wascarried out on thiscolumn.
The chira stationary phase (CSP) present in
Chirdpak-IA columnisamylosetris(3,5-dimethyl phenyl
carbamate) immobilized ontosilicagd. Theseparation
of enantiomerson Chiral pak-IA column could bedue
to theinteraction between the sol ute enantiomersand
polar carbamate group (-HN-C=0) onthe CSP. The
carbamate group on CSP caninteract with soluteenan-
tiomersthrough hydrogen bonding using the C=0 and
NH groupswhich are present in both CSPand ABC-
3. Inaddition, thedipole-dipol einteractions can occur
between the C=0O group on the CSP and the C=0
group ontheABC-3 might have helped for separation.

Validation resultsof themethod
Precision

The %RSD for the areaof (S)-isomer of ABC-3
under precision study and also inintermediate preci-
sion study waswith in 3.0 and 3.5 respectively con-
firming the good precision of the method.

Limit of detection and limit of quantification
TheLOD and LOQ for (S)-isomer were 0.035ug
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TABLE 2: Recovery resultsof (S)-isomer in bulk drug sample
Added (ng) (n=3) Recovered (ug) % Recovery % R.S.D

2.0 1.92 96.3 0.7
25 251 100.7 0.3
3.0 3.09 103.1 0.6
n, Number of determinations
TABLE 3: Resultsof robustnessstudy
Resolution
. between
S.no Parameter Variation ABC-3 and
(S)-isomer
(a) At 23°C 2.8
1 Temperature ) At 2700 29
(@At 0.9 mL min* 3.1
2 Fowrae \ni11mL mint 29
(a) At-1% 2.8
0,
3 Wekthanol At 1106 30
. (a) At-1% 28
0, -
4 %]l,4-dioxane (b) At +1% 29
and 0.1ug respectively. Theprecision at LOQ concen-
tration wasbelow 5.0 % RSD.

Linearity

Good linearity (correlation coefficient R>0.999)
was observed for (S)-isomer over the concentration
ranges tested, with the linear regression equation
y=204x+19. Linearity was checked over thesame con-
centration rangesfor three consecutive days. The per-
centagerelative standard deviation of thesopeand Y-
intercept of the calibration curvesfor (S-isomer were
3.7 and 5.4 respectively. Theresults show that an ex-
cellent correl ation existed between the peak areaand
concentration.

Accuracy

Therecovery studieswere carried out intriplicate
at 0.4%, 0.5% and 0.6% of theABC-3 target analyte
concentration. The percentagerecovery of (S-isomer
in bulk drug sampleswasranged from 96.3to 103.1
(TABLE?2).

Robustness

Indl thedeliberate varied chromatographic condi-
tions carried out (flow rate, column temperature and
mobile phase composition), theresol ution between the
ABC-3 enantiomerswasgreater than 2.8 illustrating
the robustness of themethod (TABLE 3).

Solution stability and mobile phasestability
No significant changeswere observed inthe (S)-

isomer content of ABC-3 sample during solution sta-
bility and mobile phase stability experimentswhen per-
formed using the devel oped method. Thesolution sta-
bility and mobile phase stability experimentsdatacon-
firmsthat sample solutionsand mobil e phase used dur-
ing the study were stableup to 48 h.

CONCLUSIONS

A new and accurate norma phasechird LC method
was described for the determination of (S)-isomer in
ABC-3, akey intermediate of Abacavir. Chiralpak-1A
wasfoundto be sdlectivefor theenantiomersof ABC-
3. Themethod wasvalidated showing satisfactory data
for all the method validation parameterstested. The
devel oped method can be used for the quantitative de-
termination of chird impurity ((S)-isomer) inbulk ma-
terids.
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