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Abstract

An enantioselective high-performance liquid chromatographic method for determination of enantiomers of mosapride citrate in bulk drugs
and pharmaceuticals using UV-vis and polarimetric detectors in series has been developed. Baseline separation with resolution >2.0 we
achieved on a column containing amylose tris-(3,5-dimethylphenylcarbamate) as stationary phase using a mobile phase consisting of
hexane:ethanol:triethylamine (80:20:0.3, v/v/v) at°@0 The detection was carried out at UV-276 nm and enantiomers were identified by
polarimetric detector. The effect of ethanol, 2-propanol, TEA, temperature and mobile phase flow rate on separation of MSP enantiomers wa
studied and the method was validated with respect to accuracy, precision, linearity and limits of detection and quantification. The linearity of the
method was studied between 6.25 ang§lml andr? was >0.9997. The recoveries were in the range 99.63-100.22%, the method was suitable not
only for process development of mosapride citrate but also for quality assurance of the individual enantiomers in bulk drugs and pharmaceutical
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction makes their resolution an important subject for both analytical
and preparative purposg6].

Enantiomers of a wide range of chiral drugs show signif- Mosapride citrate (MSP), known ag-J4-amino-5-chloro-
icant differences in terms of their bioavailability, distribution, 2-ethoxyA-[[4-(4-fluorobenz-yl)-2-morpholinyllmethyl]benz-
metabolic and excretion behavio[l]. Very often one enan- amide citrate dihydrate is a novel gastroprokinetic agent plays
tiomer represents the needed activity, while the other contributesn important role in conjunction with life-style modifications
to side effects, displays toxicity or acts as an antagdgisi. in short and long term management of gastroesophageal reflux
With the goal of developing safer and more effective drugsdisease and dyspepsiain many of the Asian couri#jet/nlike
the pure active enantiomers are the ultimate products of severtile conventional gastroprokinetic agents, it is free of dopamine
manufacturing units. Monitoring and determining enantiomericD, receptor antagonist neither stimulates colon motor activity
purity of chiral drugs and their synthetic precursors is becomingior causes adverse effects such as central nervous system
increasingly importantin pharmaceutical indugthy]. Thishas  depression and extra pyramidal syndrome in nf&l0]. It
prompted development of reliable and sensitive methods capaehaves as a selective 5-lHfleceptor agonist and enhances
ble of rendering very low quantities of an opposite enantiomerpnly the upper gastroprokinetic motor activify1,12] The
i.e. enantiomeric purity in products. Registration of racemicpharmacokinetic profiles oR-(+) and S-(—) enantiomers of
drugs often demands a full documentation of pharmacologicahosapride and its synthetic impurities remain unknown. Thus,
and pharmacokinetic profiles of individual enantiomers, whichanalytical determination of the enantiomers of mosapride and

its impurities is of great importance not only to evaluate their
pharmacokinetics but also pharmacodynamics.
* Corresponding author. Tel.: +91 40 27193193; fax: +91 40 27160387. Athorough literature search has revealed that only a few ana-
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inrats, dogs, monkeys and in healthy subj§bés-18]have been  0.45um, PTFE filter and degassed using vacuum. The analysis
well characterized. Kumar et al. have studied the application ofvas carried out under isocratic conditions using a flow rate of
LC-MS/MS for detection of a polar impurity in the bulk drugs 0.7 ml/min at 40C. Chromatograms were recorded at 276 nm
of MSP[19]. Recently, we have developed an achiral RP-HPLCusing a SPD-10AVP UV-vis detector amd(+), S-(—) enan-
method to determine the process-related impurities of MSP itiomers were identified by using a polarimetric detector (IBZ
bulk drugs and pharmaceutic40]. Three different methods Messtechnik, Germany) based on their optical rotations (optical
were reported for enantioseparation of MSP usingacid gly-  rotation range, 250; average, 10; offset, 50).
coprotein as a stationary phase. These methods include simulta-
neous determination of MSP and its metabolites in plaf@bph  2.4. Analytical procedures
Karlsson and Aspegren have studied the effects of mobile phase
pH and column temperature on the retention and explained the Solutions (5Qug/ml) of MSP and its intermediates were dis-
reversal retention behaviour of enantiomers of MSP by calcusolved in the minimum amount of methanol and diluted with the
lating the entropy and enthalpy of retention procE¥%23]  mobile phase. The solutions were adequately diluted to study the
However, the major drawbacks of these protein-based CSRxcuracy, precision, linearity and limits of detection and quan-
include low capacity, lack of ruggedness and limited understandification.
ing of the mechanism of chiral recognition. Further, these are
generally useful for analytical purposes but not applicable t@.4.1. System suitability
preparative isolations. Whereas polysaccharide based stationary The system suitability was conducted by usingus@ml of
phases are stable and rugged when compared to protein-bage process intermediates spiked to the MSP and evaluated by
materials and useful for preparative isolations. In the presernnaking five replicate injections. The system was deemed to be
investigation, we describe the enantioselective separation arsiitable for use if the tailing factor for MSP and its impurities are
determination of MSP using two different polysaccharide basetkss than or equal to 1.2 and resolution wa&s0. The quantities
CSPs, viz., cellulose tris-(3,5-dimethylphenylcarbamate) (Chiof impurities and assay of MSP enantiomers calculated from
ralcel OD-H) and amylose tris-(3,5-dimethylphenylcarbamate}heir respective peak areas. Analytical data were acquired and
(Chiralpak AD-H). Both the enantiomers were separated withprocessed with Shimadzu Class-VP 6.12 Séftware.
good resolutiongs> 2.0).
3. Results and discussions
2. Experimental
Cellulose and amylose-based stationary phases are gener-
2.1. Materials and reagents ally used in a normal-phase mode witkhexane containing
small portions of alcohol as a modifier. Chromatographic per-
All reagents were of analytical-reagent grade unless statebrmance &), retention factork), resolution Rs) and selectiv-
otherwise. HPLC-grade-hexane (Merck, India), ethanol (Spec- ity («) were reported to be very affective with small changes
trochem, Mumbai, India) triethylamine (S.D. Fine Chem,in the composition of the mobile pha§24]. 2-Propanol and
Mumbai, India) were used. Samples of mosapride citrateethanol are the most commonly used modifiers which allow
(MSP; purity 99.95%) and process intermediates, vi£)2¢  separation of most of the drug enantiomers on Chiralcel OD-
amino-4-(4-flurobenzyl)morpholine (l), 4-amino-5-chloro-2- H [cellulose tris-(3,5-dimethylphenylcarbamate)], Chiralcel OJ
ethoxybenzoicacid (ll) (kind of gift from Glenmark Pharma- [cellulose tris-(3,5-dinitrophenylcarbamate] and Chiralpak AD-

ceuticals, R&D center, Mumbai, India) were used. H [amylose tris-(3,5-dimethylphenylcarbamate)].
Fig. 1shows the chemical reaction involved in the final step
2.2. Apparatus synthesis of MSP. It could be seen frdfig. 1 that intermedi-

ate | has an asymmetric carbon, which on condensation with
The HPLC system composed of two LC-10AT VP pumps, anintermediate Il leads to the formation of a racemic product of
SPD-10AVP UV-vis detector, Rheodyne injector (7725i, Cotati, MSP (1:1;R-(+) andS-(—) enantiomers) exhibiting optical iso-
USA), aDGU-12A degasser and SCL-10A VP system controllemerism. Previously, we have developed an achiral RP-HPLC
(all from Shimadzu, Kyoto, Japan). Chiralcel OD-H, Chiral- method for the determination and identification of all process-
pak AD-H columns (25 cnx 4.6 mm i.d.; particle size am) related impurities of MSP. In continuation, now we have aimed at
was connected to guard column Chiralcel OD-H and Chiralpakievelopment of a chiral HPLC method for enantioselective sep-
AD-H (1 cmx 4.0 mm; 5um), respectively, used for separation aration and determination of MSP and its precursors not only
(Daicel Chemical Industries Ltd., Tokyo, Japan). The chromatoto monitor the chemical reaction shown kilg. 1, but also to
graphic and the integrated data were recorded using HP-Vectdetermine the enantiomeric purity of MSP in bulk drugs and

(Hewlett-Packard, Waldron, Germany) computer system. pharmaceuticals.
2.3. Chromatographic conditions 3.1. Column selectivity
The mobile phase was-hexane:ethanol: TEA (80:20:0.3, In our preliminary experiments, cellulose (Chiralcel OD-H)

viviv). Before delivering into the system it was filtered throughand amylose (Chiralpak AD-H) stationary phases were selected.
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Fig. 1. Final step of the reaction involved in the synthesis of mosapride citrate dihydrate (MSP).

Polar modifiers such as ethanol and 2-propanol in different comAs amylose stationary phase has shown good enantioselectivity,

binations withn-hexane were studied. The enantioselectivityit was selected for further optimization studies.

and resolution data obtained are recordedable 1 It could

be seen from the data that the enantioselectivity and resolutions, Effect of organic modifier

were better on amylose-based stationary phase when compared

to the cellulose-based stationary phase. The chiral recognition The effects of ethanol and 2-propanol on retention factor,

mechanism on polysaccharide based CSPs is still unclear at thgantioselectivity and resolution of MSP enantiomers were stud-

molecular level. However, it has been known to some extent thatq i the range of 10-30% (v/v) and the results are presented in

the chiral resolutions were achieved through different hydrorape 1 The retention timesg) and retention factorg) of MSP

gen bondinggr—m, dipole—dipole induced interactions on thesejncrease with decreasing percentage of ethanol in the mobile

stat?onary phasef24-26] The better resolution on amylose phase, whilex was not affected and decreas&iyjwas observed.

statl_onary phase may be due to the_ more n_umber _Of POSSThe same variations of retentions were observed when 2-

ble interactions (viz., hydrogen bondings-m, dipole-dipole  ropanolwas used. These results are consistent with the decreas-

induced interactions) between the analytes and stationary pha§ﬁg ability of the solvent to displace the solute from the CSP,
due to decrease of the solvent polaf®y]. When the mobile

Table 1 phase modifier was replaced by 2-propakaicreased less than

Resolution of MSP enantiomers on cellulose tris-(3,5-dimethylphenylcarba40%, the variation in enantioselectivity was insignificant and

mate) and amylose tris-(3,5-dimethylphenylcarbamate) stationary phases usitlie resolution slightly decreased, baseline resolution was not

polar organic modifiers obtained. But in case of ethanol baseline resolutiy®(1.50)
Cellulose stationary phase was obtained for MSP. The observed changes in retention and
P stereoselectivity were more likely due to the steric difference
2 Rs [o4 . . .
_ between the two molecules of solvent which may result in quite
Mobile phase different chiral surface on the chiral stationary phisg28]
n-Hexane:ethanol (v/v)
95:5 2.87 0.23 1.05
90:10 3.10 0.20 1.04 3.3. Effect of triethylamine (TEA)
80:20 6.60 0.55 1.04
80:10:18 3.39 0.49 1.05

To improve the peak shapes and the resolution, a basic addi-
n-Hexane:2-propanol (v/v) tive such as triethylamine was added to the mobile phase (
90:10 13.50 053 1.08 hexane:ethanol 80:20, v/v). TEA reduces non-specific hydrogen

80:20 7.21 0.62 1.07 o ) . .

70-30 282 026 106 bonding interactions with the amylose stationary phase, reduces

60:40 1.72 0.00 1.03 retention and increases efficiency by competing for these sites

_ with the free amine on MSP. The effect of percent of TEA was
Amylose stationary phase . . . . . .

n-Hexane:ethanol (v/v) studied and it could be seen frofig. 2 that on increasing its

90:10 12.73 1.32 1.07 concentration peaks became sharp and also the enantioresolu-

85:15 5.32 1.42 1.08 tion increased. At 0.3% of TEA, the highe&t1.58,« 1.10 was

ggf;g g-gg 1-;‘3 i-gg observed. As per ICH guidelingg value of 2.0 is preferable

7595 512 P 110 for quantification of enantiomerf29]. In order to improve it

further, the effects of temperature and flow rate were studied. In

n-Hexane:2-propanol (V) certain cases, the flow rate appears to have quite an important

90:10 16.76 0.83 1.04 infl lution. On | ina the fl t Ut

8020 6.95 0.44 103 influence on resolution. On increasing the flow rate, resolutions

75:95 305 0.15 1.01 were decreased due to decreased interactions between the ana-

70:30 1.88 0.00 1.00 lyte and CSH30]. In the present study, the effect of the flow rate
Flow rate 1.0 ml/min¢ separation factok; retention factor of-(—)-MSP;Rs: on enamloresolutlon of MSP was studied fro_m 1.0t00.5mli/min,
resolution. resolution valuesKs) were calculated according to US Pharma-

2 p-Hexane:ethanol:2-propanol. copoeia (Eq(1)) and recorded iffable 2 It could be seen from
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Table 2
Effect of flow rate on resolution of MSP usimghexane:ethanol: TEA (80:20:0.3, v/v/v) as mobile phase
Flow rate (ml/min) Amylose stationary phase

k1 k2 Atr > Wh Rs o
0.50 6.66 7.24 1.75 1.63 215 1.08
0.60 5.36 5.83 1.43 1.39 2.10 1.08
0.70 4.40 4.81 1.23 1.16 212 1.09
0.80 3.85 4.24 1.02 1.12 1.82 1.10
1.00 2.86 3.17 0.92 1.14 1.60 1.10

Flow rate variation study at 4. Arr = (fr(S) — 1r(R)); ZWb = (Wp(S) + Wp(R)).

Table 2 on decreasing the flow rate from 1.0 to 0.5 ml/min thethat the analytes have small adsorption on a molecular level as
resolutions were increased significantly and readte®.12 at  temperature increases. Therefore, a faster migration through the
0.7 ml/min. This is due to the differential increase in the reten-column. This process was described by the van't Hoff equation
tion of the enantiomersg(S) — rr(R)) were more as compared as: Ink=—(AH°/RT) +(AS°/R) +In¢. This equation predicts
to the peak widths at the baswy(S) + Wp(R)). These changes that a plot of Ink versus 17 will be a straight line with a slope of
could be clearly seen from the data recordedable 2 —(AH°/R) and an intercept ofAS°/R) +In¢. The Ing is inde-
2(tr(S) — tr(R)) pendent of the 'Femperature_. In th_e present study, van't H_of_'f plots
= m (1) have shown a linear behaviour with the regression coeffiefent
o o is 0.9897 and enthalpyNAH®), entropy (AAS°) values were
whererr(S), rr(R) andWp(S), Wp(R) are retention times (in min) calculated AAH® —0.22kJmot?, AAS® 0.046 JK 1 mol1,
and base peak widths (in min) sfandR enantiomers of MSP,  regpectively. It could be seen that the enthalpy value is more than
respectively. the entropy, so that the enantioresolution of MSP enantiomers
was enthalpy driven process.
3.4. Effect of temperature Finally, the optimum conditions, vizz-hexane:ethanol: TEA
(80:20:0.3, v/viv) at flow rate of 0.7 ml/min and column temper-
The influence of column temperature on enantioselectivgytyre maintained at 4@, were selected for the enantioselec-
retention was studied. The logarithm of retention factok)In  tive determination of MSP. The eluents were monitored using
was plotted versus inverted temperature in Kelvin. The van'yy—vis detector and the enantiomers were identified by polari-
Hoff plot is shown inFig. 3 Straight lines were obtained for metric detector which was connected in series. This arrangement
the both the enantiomers of MSP in the temperature range ¢fas made it possible to separate and detect the process key inter-
298-313K. Karlsson et al., have reported the revers&+0f)  mediates, viz., | and Il of MSP and enantioresolution of | with
andS$-(—) enantiomers were with respect to the column tem-p =211 using the proposed method. The system suitability
perature and pH of the mobile phase on chiral-AGP columiesylts are recorded ifable 3 Synthetic mixtures and process
[21-23] This was not observed on polysaccharide based amysamples were analyzed under the identical conditions. A typi-
lose stationary phase in the present investigation. The retentiqiy) chromatogram of a synthetic mixture containingus@mi
of both the enantiomers expressed by,ldecreased as the col- of R-(+) andS-(—) isomers spiked with 1@g/ml each of I and
umn temperature increaseflig. 3. In Fig. 3 the fact that the | js shown inFig. 4 Optical rotations were measured on-line

increase in retention factor)(with decreasing temperatures ysing polarimetric detector to identify tie(+) ands-(—) enan-
was linear with negativé H° reflected an enthalpically driven

separation process. These results could be attributed to the fact

s =

1.8 7 A R-(+) MSP
e
o g §-(-) MSP
——2
) 17
4T - 1.6 ——Rs
1.65
34 T 15 =
= 1.6
A
<2+ T4 1551
1551
|+ +13
1.45 T T 1
0 , ; : , 12 0.0031 0.0032 0.0033 0.0034
0.05 0.1 0.2 0.3 0.4 /T (K)
% TEA

Fig. 3. Effect of column temperature on enantioselective retention of MSP enan-
Fig. 2. Effect of TEA on retention and resolution of MSP enantiomers.  tiomers.
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Table 3 3.5.3. Linearity

Retention data The linearity of peak area versus concentration was studied
Component 1R k Rs T from 6.25 to 5Qug/ml for eachR-(+) and S-(—) enantiomer.
R-(+)-MSP 16.01 435 105 The dat.a were subjected to statistical anallysis. using a linear-
$-(—)-MSP 17.50 4.78 212 100 regression least-squares method. The calibration curves were
R-(+)1 7.02 1.36 117 foundtobelineay=62,198 +47,427 and =62,91G + 43,367

S-(=) 1 7.65 1.53 211 112 with correlation coefficientsrf) 0.9993, 0.999%-(+) and -

I 11.98 2.83 6.70 115 (-), respectively. The limits of detection (LOD) and quantifi-

Ty: tailing factor; s retention time. cation (LOQ) represent the concentration of the analyte that

would yield signal-to-noise ratio of 3 for LOD and 10 for LOQ,

respectively. LOD and LOQ were determined by measuring the

magnitude of analytical background by injecting blank sam-

S-)MsP ples (mobile phase) and calculating the signal-to-noise ratio
1004 [1oo for each isomer by injecting series of solutions until the S/N

% ratio 3 for LOD and 10 for LOQ. The results were found to be
504 Ls0 0.12p.g/ml (LOD), 0.25ug/ml (LOQ) for R-(+) and 0.G.g/ml

150 R-(+) MSP F150

(LOD), 0.76pg/ml (LOQ) for S-(—).

R-H) 1 8.1 I
0 0

. . . . . . . 3.6. Applications
00 25 50 75 100 125 150 175 200

Retention time (min.) .
3.6.1. Process monitoring

Fig. 4. Typical chromatogram of a synthetic mixture of MSP |¢&0ml) con- This method was applied to monitor the progress of the final
taining process intermediates I (19/ml) and Il (10ug/ml). step reaction in the process development of MSP. The reaction
mixtures were collected at different time intervals and the per-
tiomers Fig. 5. The method has been validated with respecicent of enantiomers formed were determined. The samples were
to the precision, accuracy, linearity and limits of detection ancanalyzed for 24 h and percent of each enantiomer is recorded in

quantification. Table 4 These results show that the method finds application in
determination of enantiomeric excess not only during the asym-
3.5. Validation metric but also racemic synthesis of MSP from intermediate I.
The levels ofR-(+) andS-(—) enantiomers of MSP as well as |
3.5.1. Precision could be monitored.

The precision of the method was analyzed by six ) injec-
tions of 25u.g/ml solution of each enantiomer and the R.S.D. (%)3.6.2. Analysis of bulk drugs and formulations
of retention time and peak areas was calculated. The range of Further, it was used for determination of enantiomers of MSP
R.S.D. (%) was from 0.15 to 0.50, respectively. in bulk drugs and pharmaceuticals, different tablet formulations
containing mosapride citrate (equivalent to 2.5 and 5.0 mg of
3.5.2. Accuracy the active ingredient) were analyzed for determination of enan-
The recoveries a-(+) ands-(—) enantiomers were assessedtiomeric ratio by the proposed method. The two engr}tiomers
by spiking the each of the enantiomer at five different leveldVere very well separated under the developed conditions and
ranging 12.5-37.fg/ml. The recovery range and R.S.D. (%) there was no interference from the excipients in determining

for each enantiomer was 98-99.6 and 0.29—1.20%, respectiveff€ ratio of enantiomers=(g. 6). Three batches of bulk drugs
and four pharmaceutical formulations were analyzed and the

impurities were not detected. The results are record@dlte 5

and the total recoveries were found to be between 99.20 and
99.60%. From these results, it could be seen that the developed
method is quite simple, rapid and reliable for determination of
enantiomeric ratio and the assay of MSP in tablet formulations.

+) |

Table 4
Results of analysis of reaction mixtures collected during process development
of MSP

S. no. Reaction time (h) %MSP  R-(+) (%) S-(—) (%)

) 1 1 5 5.76 2.90 2.86
0 >4 6 8 10 12 14 16 18 20 2 10 12.62 6.32 6.31
Min. 3 15 42.80 21.37 21.42

4 20 65.50 32.76 32.80
5 24 90.60 45.46 45.13

Fig. 5. Typical HPLC chromatogram &-(+) andS-(—) enantiomers of MSP
using on-line polarimetric detector.
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Table 5
Results of analysis in bulk drugs and pharmaceutical formulations
Bulk drug/formulation Claimed value (mg) R-(+)-MSP S-(—)-MSP

Found (mg} Assay (%) Found (m@) Assay (%)
GPL/3000/1002 52 25.792 49.60 25.844 49.70
GPL/3000/1003 50 24.85 49.70 24.90 49.80
GPL/3000/1005 50 24.87 49.75 24.92 49.85
Brand-I 25 1.241 49.65 1.244 49.75
Brand-II 25 1.243 49.75 1.246 49.85
Brand-IlI 5.0 2.490 49.80 2.485 49.70
Brand-1V 5.0 2.475 49.50 2.485 49.70

Claimed value is taken value in case of bulk drugs.
a Average of three determinations= 3).

80 80 grant of a senior research fellowship (IICT Communication
R-(+) MSP ' No. 050306).

S-(-) MSP
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