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ABSTRACT

An isocratic chiral stationary phase high-perforneanliquid chromatographic (CSP-HPLC) method hasnbee
developed and validated for the quantitation ofié®)mer in Alogliptin Benzoate. Separation was aechd with a
Lux cellulose 2 (250x4.6mm, 5um) column. The raficethanol and diethyl amine in the mobile phaseewe
optimized to obtain the best separation. UV dedectvas performed at 230 nm. The described methiatear over

a range of LOQ — 1.5 pg/mL of (S)-isomer. The meaovery of (S)-isomer was found to be in the raofje
100-102%. The method is simple, rapid, accuratéectee and precise, useful in the quality contadl bulk
manufacturing.
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INTRODUCTION

Alogliptin is an orally administered anti-diabeticug in the DPP-4 inhibitor class. Molecular Foren@ gH,;NsO,
and IUPAC name 2-({6-[(3R)-3-aminopiperidin-1-yl}Bethyl-2,4-dioxo-3,4- dihydropyrimidin-1(2H)- yl}athyl)
benzonitrile.

Separation of enantiomers has become very impairtaamalytical chemistry, especially in the pharmatcal and
biological fields, because some stereoisomersadmic drugs have quite different pharmacokinetapprties and
different pharmacological or toxicological effedfis2]. This is one of the most vital reasons whg tiegulatory
authorities insist more on stringent investigationevaluating the safety and the effectivenesdrafs containing
chiral centers. Most of the pharmaceutical indestare now concentrating towards the study ofthieeapeutic
effect of pure enantiomers of the existing drugenales. Enantiomeric separations have acquiredriampee in all
the stages of drug development and the commeriaiz process. A control and accurate quantificatod
undesired enantiomers in Active Pharmaceutical ddignt is essential [3], therefore, the developranhew
methods for efficient chiral separations mainly dshson HPLC, capillary electrophoresis (CE) or gas
chromatography (GC) is more than necessary. Amdwegchromatographic methods so far developed, HPLC
methods based on chiral stationary phases are yvaaployed for the assays of drug isomers in phaeuécal
preparations and biological fluids.

To the best of our knowledge no chiral HPLC mettoreported in the literature for the enantiomegparation of
alogliptin isomers. Therefore, the aim of thisdstus to develop a chiral HPLC method for the deteation of
enantiomeric purity by accurate quantification ofrequired (S)-isomer of alogliptin and validatepes the ICH
guideline [4].
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MATERIALS AND METHODS

Chemicals and reagents

Samples of alogliptin benzoate and (S)-isomer (E)gwere synthesized at Dissymmetrix laboratorydétabad,
India. HPLC grade ethanol is obtained from Bramptntario L6T 3Y4 (Canada). Analytical grade dié¢thgnine
(DEA) is purchased from Merck (India). LC grade &ratvas deionized with Milli-Q Elix and then filteteusing
Milli-Q gradient, Millipore water purification syste (USA).

Equipment

The HPLC system consisted of quaternary gradienigpuauto sampler, column oven and a variable wagtthe
detector. The output signal was monitored and mateg using EZ-Chrom Elite Chromatography Data V@i
(1200 series HPLC, Agilent, USA).

Preparation of standard solutions

Dissolved an accurately weighed quantity of (S)xieo working standard in minimum quantity of ethaaotl made
up with mobile phase to obtain a solution havingwn concentration of about 0.001 mg/mL and injedtetb the
system. Dissolved an accurately weighed quantigiagliptin benzoate sample in minimum quantityetifanol and
made up with mobile phase to obtain a solution fgkinown concentration of about 0.2 mg/mL and igddn to
the system.

Chromatographic conditions

A Lux Cellulose-2 chiral stationary phase anahftmaumn (250 mm x 4.6 mm, 5um packing) (Phenomdndia
Pvt Ltd) was used. A mixture of ethanol and DEAte ratio of 100:0.5 (v/v) was used as mobile phéseas
filtered through a 0.45um-nylon membrane using dipdite vacuum filtration system. The mobile phasasw
pumped through the column at a flow rate of 1.0 mib/Mhe sample injection volume was 20uL. The detewas
set to a wavelength of 230 nm.

RESULTS AND DISCUSSION

Method Development

To achieve separation between enantiomers of Adtiglibenzoate, chiral stationary phases (CSPs)agung
cellulose and amylose derivatives were evaluateth vguitable mobile phase compositions. The chiral
discrimination of enantiomers occurs when they biith the stationary phase forming transient digsimeric
complexes. The most important interactions betwberanalyte and the CSP are hydrogen bonding, edigiole
interactions, and pi—pi interactions, together witle rigid structure (Cellulose-based CSP) or hélstructure
(Amylose-based CSP) of the chiral polymer boundht® support. Various combinations of n-hexane: &anol
and n-hexane: ethanol was used as the mobile jhase initial efforts in the normal-phase sepamatiThese trials
were made initially in the absence of DEA and thgradding DEA to the mobile phase. Attempts to sseathe
enantiomers on cellulose carbamate derivertizednaoes in normal-phase proved futile. Even with tlee wf
Amylose ester derivertized columns the enantioroetsd not be separated.

The enantiomers could be separated only on Ce#utasbamate derivertized CSP (Lux Cellulose 2, 260emgth,
4.6 mm internal diameter andu® particle size) with mobile phase comprising Etilamnd DEA orn-hexane,
ethanol and DEA. Various experiments were condydigdelect the best combination of stationary arabile
phase that could give optimum resolution and seiéctfor the enantiomers. No separation was aahieon Lux
Amylose 2, Daicel Chiralpak AD 3 columns. Very gasparation was achieved on Lux Cellulose 2 witlolgion
of 4.55. In the case of CSPs with carbamate dévest binding of solute to the CSPs is achievedugh the
interactions between the solutes and the polaracaake groups on CSPs. Solutes can bind to theroatbagroups
on the CSPs forming transient diastereomers thrdugiiogen bonding using the CO and NH groups asd al
through dipole—dipole interaction using the CO mpidlogliptin benzoate has NH and CO (carbonyljdtional
groups and these could well be contributing to itlteractions with the carbamate groups on CSP,ltiegun
separation. The aromatic ring on the solute coutdige additional stabilizing effect to the solusP complex as
reported by Wainer et al. The use of ethanol in ilrophase provided better selectivity and resotuttban
2-propanol. A comparison of the System suitabitégults obtained using ethanol and 2-propanol lgléadicate
ethanol is the solvent of choice. The addition &ADup to 0.1% (by volume) to the mobile phase ttesuin
improved peak shapes, better resolution and shattertimes. The effect of ethanol concentration, ADE
concentration, temperature and flow rate on regoluRS), retention timetg) and selectivity ¢) were examined
and the most optimum conditions were found to Ineohile phase consisting of ethanol: diethyl amib@0(0:0.5,
viviv) at flow rate of 1.0 mL/min with the columnaimtained at ambient temperature. The method J#didavas
carried out on the same. The enantiomeric separafialogliptin benzoate on Chiralpak AD-3, Amyledand Lux
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cellulose 2 columns is shown in Fig. 2.

Table 1: Accuracy results for (S)-isomer.

(S)-isomer Mean
spike level | Added (ug) (n=3)| Recovered (ug) % Recovo%ecover %RSD | 95% Confidence interval
(%, m/m) y
25.10 100.2
0.25 25.06 25.05 100.0 100 0.20 100+£0.2
25.16 100.4
51.21 102.2
0.50 50.12 51.05 101.9 102 0.15 102+0.2
51.14 102.0
75.85 100.9
0.75 75.18 75.94 101.0 101 0.21 101 £0.2
76.18 101.3

Table 2: Precision results for (S)-isomer.

Repeatability
Mean of (S)-isomer content (¥%ym) (n=6) 0.153
Standard deviation (SD) 0.005
%RSD 3.4
Intermediate Precision
Analyst-1/Day-1
Mean of (S)-isomer content (%y/m) (n=6) 0.152
Standard deviation (SD) 0.004
%RSD 2.7
Analyst-2
Mean of (S)-isomer content (%y/m) (n=6) 0.148
Standard deviation (SD) 0.004
%RSD 2.8
Overall %RSD(n=12) 2.8
Day-2
Mean of (S)-isomer content (%y/m) (n=6) 0.152
Standard deviation (SD) 0.004
%RSD 2.7
Overall %RSD(n=12) 2.6

Quantification of (S)-isomer
Known concentration of standard solution (0.001nig/mas used for the quantification of (S)-isomeriagliptin
benzoate sample (0.2 mg/mL). Not more than 0:/50%of (S)-isomer is found in alogliptin benzoate.

Method Validation

Specificity

Alogliptin benzoate and (S)-isomer were injectegpasately to confirm the retention times. Systentaduiiity

solution was then injected. (S)-isomer and aloglipenzoate peaks are eluted at 11.55 minutes 2@ inutes
respectively (relative retention 0.75). The redolutbetween the peaks was found to be 4.55. Themsyry for
(S)-isomer and alogliptin peaks are 1.1 and 1.aetbvely.

Linearity

Standard solutions at ten different concentratmrels ranging from 0.05, 0.10, 0.20, 0.30, 0.48000.75, 1.00,
1.25 and 1.50ug/mL were prepared (0.025 — 0.75%nafyte concentration of 0.2 mg/mL). Each samplatiem

was injected in triplicate. The mean responsesrdexl were plotted against concentration. The tiros

coefficient for (S)-isomer was found to be 0.9998ich indicated good linearity. The calibration atjan for

(S)-isomer was found to hye= 10671& + 1302.

Accuracy

Alogliptin benzoate sample was spiked with (S)-isorat 0.25, 0.50 and 0.75% of analyte concentratiof.2
mg/mL. Each spiked solution was prepared in trgibcand injected. The mean recoveries, recoveryeptge
and %RSD were calculated. The mean recoveries)asg@®er at each spike solution with 95% confideimterval
are found to be 100+0.2%, 102+0.2% and 101+0.2%ews/ely. Accuracy results are shown in Table he T
acceptance criteria for recovery at each levebateeen 80 and 120% as per in-house validatioropoat
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Fig. 1 Structural formula for Alogliptin benzoate (R) and (S)-isomer
H2N,

N I

Alogliptin Benzoate (R)_isomer

H,oN

Alogliptin benzoate (S)_ isomer

Precision

Repeatability was demonstrated by injecting sixiviial spiked test preparations of alogliptin beate

(0.2mg/mL). Intermediate precision was demonstratednalyzing same preparations of alogliptin betedy two

different analysts on two different days. Intra-dariations of (S)-isomer content in alogliptin keate are ex-
pressed in terms of %RSD values. The values caéalilaere found to be 3.4% for repeatability, 2.8% a.7% for

intermediate precision. Repeatability and interradprecision results are shown in Table 2.

Limit of Detection and Limit of Quantification

The limit of detection and limit of quantificatioorf(S)-isomer was calculated from the linearityadasing residual
standard deviation of the response and slope ofcdibration curve. A typical S/N ratio of 2-3 a®d10 are
generally considered to be acceptable for LOD afLrespectively. LOD and LOQ values are found to be
0.0106pg/mL and 0.0354pg/mL respectively.

Robustness

In order to demonstrate the robustness of the rdetttromatographic conditions were deliberatelgreli and the
resolution was checked between (S)-isomer andiptogpeaks. To study the effect of variation afvl rate on the
resolution, 0.1 units of flow were changed from Q@ min® (i.e. 0.9 and 1.1 mL mit). The effect of column
temperature on resolution was studied at 20 arf€ 3Bstead of 2%C. In all the above varied conditions, the
composition of the mobile phase was held constathase of the initial condition.

In all the deliberate varied chromatographic cdodg carried out (flow rate and temperature) thsolgion
between (S)-isomer and alogliptin was greater ghanillustrating the good robustness of the method
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Fig. 2: Typical chromatograms of enantiomeric sepaation of racemic alogliptin on Lux Amylose 2, Chirdpak AD 3, Lux Cellulose 2

columns; mobile phase composed of ethanol: DEA (1@05, v/v); flow rate 1.0 mL/min; UV-230 nm

Column: Chiral Amylose-2
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Batch Analysis

The (S)-isomer content in three different batch @as of alogliptin benzoate was determined and daionbe less
than 0.5%m/m  Other related substances were evaluated byesseyphase HPLC method, known and unknown
impurities (any other impurity) are less than 0.186@ total impurities are less than 1.0% (excludi@lisomer
content by chiral stationary phase HPLC).

Stability in solution

Standard solutions of (S)- Alogliptin Benzoate gR)- Alogliptin Benzoate were prepared in the mehphase at
analyte concentration. Each standard solution wedyaed immediately after preparation (Fig. 4a &)dand
divided into two parts. One part was stored at &8n a refrigerator and the other at bench topghtly capped
volumetric flasks. The stored solutions of eachmepwere reanalyzed after 24 h. No change in ettiechemical
or enantiomeric purity was observed. The area obthfor each isomer after 24 h did not show anpifiggnt
change compared with the area of initial analyBfss indicates that both isomers were stable inntiobile phase
for at least 24 h when stored either at 268r at bench top.

CONCLUSION

A chiral HPLC method for the separation of AloglipBenzoate enantiomers was developed and validateel
chiral separation was achieved in cellulose caramierivertized column (Lux Cellulose-2). This nmeathis simple,
accurate and has provided good linearity, precisiog reproducibility. The results of analysis otéai with this
HPLC method and a validated CE method are compardhle practical applicability of this method wastéed by
analyzing various batches of the bulk drug and fdations of Alogliptin Benzoate.
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