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ABSTRACT

A simple, accurate, precise, convenient and ecoranfH-NMR method for enantiomeric resolution and
quantitative determination of the two enantiomddans of Zolmitriptan utilizing (R)-(-)-methoxy phenyl acetic
acid ((R)-MPA) as a chiral solvating agent is deysdd. Optimal experimental conditions were evaldaby
studying the interaction of substrate with diffdrenncentrations of chiral solvating agents viR)-(-)-a-methoxy
phenyl acetic acid ((R)-MPA), (R)-(-Methoxye-trifluoromethyl phenyl acetic acid ((R)-MTPAR)-(-)-2,2,2-
trifluoro-1-(9-anthryl)ethanol ((S)-TFAE), and ($)-1,1-(2-naphthol) ((S)-BINOL) forH NMR spectroscopic
resolution and determination of Zolmitriptan enamtiers in bulk drugs. Effects of the nature and matie of CSA
to analyte on enantiomeric discrimination were istigated. Among different chiral selectors (R)-M$howed the
highest resolution ofH-NMR signals of Zolmitriptan enantiomers. Hydrogeonding interaction between the
analyte and CSA was the driving force for desiresbtution. A mechanism was proposed to explaiimteeactions
between ZMT enantiomers and (R)-MPA. The mole ftidR)-MPA with each of the enantiomers of analyses
determined by Job plots which were used to studyctimplex formation between (R)-MPA and analytee T
method was validated in terms of LOD, LOQ, lingaidind recovery. The method was applied succesdfully
determine the enantiomeric purity of ZMT in bullagks.
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INTRODUCTION

Zolmitriptan, (8)-4-((3-(2-(dimethylamino) ethyl)H-indol-5-yl) methyl)-oxazolidin-2-one (ZMT) (Fig.1a novel
serotonin 5-hydroxytryptamine receptor agonist tué LB and 1D subtypes used in the acute oral tesdtrof
migraine with or without aura [1, 2]. ZMT mimicke action of serotonin directly by stimulating tberotonin
receptors in the brain and relieves the pain oframgs. ZMT is marketed asS{enantiomer, since it is
pharmacologically more potent thaR){enantiomer. MoreoveRj-ZMT is toxic in nature and the allowed limit in
bulk drug is 0.15% (w/w) [1, 3].
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Fig.1 Chemical structures of (a) §)-ZMT and (b) (R)-ZMT

A literature survey reveals that a few techniquasehbeen reported for quantification of ZMT in pies [4-6].
Srinivasuet al. have reported the quantification of ZMT enantiosn@rbulk drugs and pharmaceutical formulations
by chiral liquid chromatography [7]. Zhameg al. determined the enantioseparation of ZMT on vancamlgonded
chiral stationary phase [8]. Pargy al. carried out the enantioresolution of ZMT using toyylpropyl-beta-
cyclodextrin by capillary electrophoresis [9]. ¥t al. determined the ZMT enantiomers in rat liver mionmes
[10]. Reported methods in literature for determioratof ZMT enantiomers were based on chromatograjging
expensive chiral stationary phas#3:NMR was also used for discrimination of ZMT erianters without carrying
out any quantitative measurements [11,12]. Heneeeldpment of simple and rapid methods for quanatifon of
enantiomers of ZMT is highly essential, becausentitstive NMR method not only reduces the analysige but
also cost effective. Enantiomeric purity determimratgained an importance in both the pharmaceuditichlstry and
regulatory authorities [13]. NMR spectroscopy iseoof the most common techniques used to deternfige t
enantiomeric purity of the chiral drug substanck$-18]. The current manuscript describes a sysiersaitdy on
enantiomeric discrimination of ZMT b{H-NMR spectroscopy using a variety of chiral sting agents (CSAS).
Effects of kinds of CSAs and mole ratios to anabyteenantiomeric discrimination were investigat&dnechanism
was also proposed based on interaction between ZMITCSA. The method was validated in terms of lityga
recovery, limit of detection (LOD) and limit of guidfication (LOQ).

EXPERIMENTAL SECTION

Instrumentation

'H NMR spectra were recorded in CR®h Unity INOVA 500 spectrometer (Varian) at an @iimg frequency of
499.13 MHz in the deuterium lock mode. Chemicaftshivere reported in parts per million (ppm) wigspect to
tetra methyl silane (TMS) as an internal standsifdR tubes of 5 mm i.d. containing 0.6 mL of solutiwere used.
Typical operating conditions: probe temperature@5fp angle of 30°; acquisition time 2.5 sec; puwedth 13.25
psec; pulse delay 5 sec; number of scans 64; swigltip 6442.18 Hz; data point resolution 0.25 HzApoi

Reagents and Chemicals

(R)-(-)-a-methoxy phenyl acetic acidR-MPA), (R)-(+)-a-Methoxy-u-trifluoromethyl phenyl acetic acid K-
MTPA), (S)-(-)-2,2,2-trifluoro-1-(9-anthryl)ethanol $-TFAE), and §)-(-)-1,1-(2-naphthol) (§)-BINOL) (Fig.2),
deuterated chloroform (CDg;198.8 atom% D,), and hexadeuteriodimethyl sulfexfp MSO-d6, 99.9 atom% D)
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were purchased from Sigma Aldrich (Saarbricken,n@ey). §-ZMT and R)-ZMT enantiomers (Fig.1) were
obtained from a local manufacturing unit (Hyderaladia) as a gift samples.

Sample preparation
The samples were prepared by adding 2mg of ZMT teraers (1:1) to 2-20mg of CSAs in 0.6 mL CRGInd
allowed to stand for 10 min. The solutions werenttransferred to NMR tubes to record spectra.

H O H O HO, _cF, OO
o o “OH
\\ . OH
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(R)-MPA (R)-MPAA (S)-TFAE (S)-BINOL

ZMT

Fig.2 Chemical structures of CSAs and proton assignent of ZMT in ppm

Determination of enantiomeric purity of ZMT

Samples containing ZMT with 0, 33, 50, 66, 83 afid% ee were accurateplaced into NMR tubes. All the
samples were prepared by adding 1:1 mole ratioMf Znd R)-MPA) in 0.6 mL CDC}. All samples were shaken
well to ensure complete dissolution. For linearity) to 5.0 mg of Q)-ZMT content was added t&¢(ZMT to give
total concentration of 6.0 mg/0.6 mL in CRCI

RESULTS AND DISCUSSION

Selection of solvent

ZMT and all CSAs are well soluble in CDGInd DMSO-¢. Organic soluble CSAs are often more effective in
nonpolar solvents. Because, these non polar sah\aarinot effectively solvate the polar groups & @5As and
analyte which involves in the non-covalent intei@ts (viz. hydrogen bonding). As nonpolar in naf 8®Ck has
been opted as a suitable dissolving solvent insté&MSO-d.

Nature of CSAs on resolution

Enantiomers have identical physical and chemicapgrties in an achiral environment, whereas in athir
environment they behave as differelt. NMR spectroscopy is most commonly used techniquiavestigate the
chiral recognition ability of CSAs (optically ac&y and enantiomeric discrimination of chiral compds. The
association of enantiomers with CSAs results infthienation of transient diastereomers due to foromabf non-
covalent intermolecular interactions like hydrogeonding with analytes-n interaction with aromatic ring of
analyte.

The chiral discrimination ability of CSAs was intigated from 1:1 to 1:10 mole ratio of analyte aB8A in
CDCls. It was observed that N-methyl, aromatic (a-d iigp &, amide and amine protons did not overlap wither
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proton signals ifH NMR spectrum. Fig.3 shows the NMR spectra of ZMT enantiomers with CSAs at equlien
ratio. In case of Q)-MPAA, non equivalence was observed for the methgl protons around 30Hz. However,
resolved methylene protons of ZMT enantiomers warerlapped with the other proton signals of ZMT atsd
enantiomer. These differences in chemical shiftsvben enantiomers were not significant for quacdifion. In
case of §-TFAE, non-equivalence was observednethyl proton at 6.2Hz even at 10 mole ratio of C8#ile
using ©)-BINOL as a CSA, non equivalence in chemical shift ZMT enantiomers was observed even increasing
the concentration to 10 mole ratio. From the abdiscussion, R)-MPA is found to be the best CSA for
discrimination of ZMT enantiomers. Besides all CS&-MPA resolved H-a (14 Hz) and H-b (20 Hz) protafs
ZMT enantiomers with upfield chemical shift, restpesly. However, observed non equivalence in chaimsbifts
of ZMT enantiomers the methyl, methylene and metlgroton signals were overlapped with each othecé¢hey
were not considered for quantification. While, tdmaine protons of ZMT enantiomers were shifted tovmfield
with 28Hz. This could be the probes for the quatitn of ZMT enantiomers.
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Fig.3'H NMR spectra of ZMT A) with no CSA, B) (R)-MPA, C) (R)-MPAA, D) (S)-TAFE and E) (S)-BINOL at 1:1 mole ratio

Effect of Substrate to CSA mole ratios

The effect of varying substrate to CSA mole ratiotbe discrimination of enantiomeric signals wasl&td. The
downfield chemical shift of amide proton is chaeaidtic of hydrogen bonding interactions. Whilegdo thern-n
interactions upfiled chemical shifts in aromatiotons were observed. Upon increasing the concaniraf (R)-
MPA, H-a, H-b protons of ZMT are overlapped duerto interactions between the aromatic rings of ZMT &Rd
MPA, whereas amide proton shifted to different atgen down field. However, even increasing in antcation of
CSA to 10 mole ratios, the amine proton was nothmshifted and was found to be relatively statig@#a). The
effect of R)-MPA concentration on ZMT enantiomers is shownFig.4b. The optimised performance for the
determination of enantiomeric purity was accomgdsht 1:1 mole ratio of ZMT withR}-MPA in CDCk.
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Fig.4 Effect of (R)-MPA concentration on ZMT enantiomers discrimination in 0.6 mL of CDCk at 298 K. (a)*H NMR spectra of
racemic-ZMT with (R)-MPA in 1:0 to 1:10 mole ratio and (b) chemical sift verses R)-MPA concentration

Stoichiometry of (R)-MPA-ZMT complex

An attempt was perform

ed to gain better understandif the stoichiometry of diastereomeric complerrfed

between R)-MPA and ZMT enantiomers. The stoichiometry of {(ReMPA and ZMT complex was determined by
using the Job plot method [19]. The total conceitnaof the R)-MPA and analyte was kept constant at 10 mM in
CDCl;, whereas the molar fraction of the analyte {{GI[G])} was varied continuously. The Job plots fibre

complexation of R)-MPA

with the R)-ZMT and §)-ZMT in CDCl; are shown in Fig.5. Maxima was observed

when the molar ratio was 1:1 (X = 0.5), which ired&s that R)-MPA and ZMT enantiomers forms instantaneous

1:1 complex.
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Fig.5 Job’s plots of R)-ZMT and (S)-ZMT with ( R)-MPA [X=molar fraction of ZMT, A&=Chemical shift change in amine proton of

Conformational studies

ZMT] ( ) with pure (R)-ZMT, ( m) with pure (S)-ZMT

To confirm the interactions between the ZMT enanties andRR)-MPA (i) solvent titrations and (ii) effect of MPA
concentration on H-bonding were investigated.
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Fig.6 Solvent dependence of amine and amide protoas 298 K. (a)'H NMR spectra of ZMT at varying concentrations of DMSO-ds in
0.6mL of CDCl; and (b) chemical shift verses DMSO-gtoncentration

NMR solvent titrations

Solvent titrations were performed to know the dffefcsolvent on the chemical shift variations alsbanvestigated
the nature of hydrogen bonding between substraleG8A The H-bonding usually results in deshielding of the
signal. The extent of signal shifting towards ddietd indicates the strength of hydrogen bondin@, [21]. Initially

2 mg of ZMT was dissolved in the 0.6 mL of CRClollowed by gradual increase of its polarity bydéion of
DMSO-g; at increment of 2uL each up to 45QiL (Fig.6a). As the concentration of DMSQ-thcreases, the
chemical shift value of amide and amine protonsevahifted to downfield with change in chemical s ppm)
2.61 and 2.45 ppm respectively. In fact, chemib#tsof all other protons remain intact. Fig.6lmels the variation

in chemical shift of amide and amine proton againstbMSO-d. Thus, it indicated that amide and amine protons
might be involved in the inter-molecular H-bonding.

(R)-MPA concentrations on H-bonding

The effect of R)-MPA concentration on chemical shift variationashide and amine protons was investigated. From
Fig 4b, as the concentration ®){MPA increased from 1 mole to 10 mole ratios, @in@ide proton shifted towards
the down field from 5.01ppm to 6.97ppm, whereas dh@ne proton shifted to down field from 8.03ppm to
8.21ppm. The overall change in chemical shift inir@mproton was 0.18ppm, whereas in amide protomais
1.96ppm (Fig.4b). This revealed that the amidegm®tinvolved in the inter-molecular hydrogen boggdiwhich
might be with the carboxylic group oR-MPA. The mechanism was proposed based on theagtiens between
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ZMT enantiomers andR}-MPA (Fig.7). Hence amide groups present in ZMayphn important role for chiral
recognition with CSA.In addition, §-enantiomer of ZMT appeared at lower field thanresponding R)-
enantiomer in presence dR)(MPA indicates the strong binding dR)¢enantiomer with CSA tharS[-enantiomer
(Fig.4a).

(S) (R)

HN / X ~NH

(S)-ZMT with (R)-MPA (R)-ZMT with (R)-MPA

Fig.7 Proposed intermolecular hydrogen bonding beteen enantiomers of §)-ZMT and (R)-ZMT with ( R)-MPA

Validation

The developed method was validated with respedpeificity, linearity, recovery, limit of quantifation (LOQ)
and limit of detection (LOD)There was no interference of amine proton signa@r dlie R)-MPA. The results
revealed that the developed method was specifie mispective enantiomeric signals. The method vedisated
from 0% to 100% enantiomeric excess (ee) in thegiree of R)-ZMT (Fig.8).
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Fig. 8'"H NMR spectra for various enantiomeric purities ofZMT in the presence of R)-MPA

A linear graph was obtained when recovery valueswerrelated to the concentration 8-ZMT and ®)-ZMT.
The relationship between the found values and #teai values were found to be linear from 1.061@0 mg in
CDCl;. The linear equation and values for §-ZMT and R)-ZMT were y = 0.9897x + 0.036, y = 0.975x + 0.1074
0.9993 and 0.9991, respectively (Fig. 9).
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Fig.9 Linearity of (S)-ZMT and (R)-ZMT enantiomers

LOD and LOQ were determined as the concentraticdh wisignal-to-noise (S/N) ratio of 3 and 10, retpely
(Table 1). The amount oR{-ZMT in presence of)-ZMT of bulk drug-l and Il at different concentias were
evaluated and its RSDs were also calculated. Tlm&D recovery values fof5|-ZMT enantiomer was 97-103%
of added antipode (Table 2).
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Table 1 Linearity, LOD and LOQ of (S)-ZMT and (R)-ZMT enantiomers

) ) e LOD? LoQ®
Analyte  Linear range (mg/0.6mL)  Correlation cod#fitt (n=6) (mgl0.6mL)  (mg/0.6mL)
(9-ZMT 1.0-6.0 0.9993 0.06 0.15
(R-ZMT 1.0-6.0 0.9991 0.05 0.14

3LOD is limit of detection at 3:1 signal-to-noisetica
PLOQ is limit of quantification at 10:1 signal-to-ise ratio.

Table 2 Recovery of §)-ZMT and (R)-ZMT enantiomers in synthetic mixture-I and Il by *H NMR.

(9-ZMT Amount of ©)- % Recover§of % RSD (R-ZMT Amount of R)- % Recover§of % RSD
(mg) ZMT found (mg} (9-ZMT (n=5) (mg) ZMT found (mg§ (R-ZMT (n=5)

Synthetic

mixture-|
5.00 4.96 99.2 0.22 1.00 1.03 103 0.24
4.00 3.97 99.3 0.26 2.00 2.02 101 0.31
3.00 3.06 102 0.32 3.00 3.05 101.7 0.41
2.00 1.97 98.5 0.34 4.00 4.04 101 0.28
1.00 1.02 102 0.25 5.00 4.95 99 0.24

Synthetic

mixture-Il
5.00 4.94 98.8 0.24 1.00 1.03 103 0.21
4.00 4.02 100.5 0.20 2.00 1.96 98 0.35
3.0C 3.0¢ 102.7 0.3¢ 3.0C 3.0¢€ 102 0.4¢
2.00 1.95 97.5 0.28 4.00 3.98 99.5 0.32
1.00 1.03 103 0.32 5.00 5.05 101 0.36

*The amount of (S)-ZMT found(mg) was calculated friygn * mg taker [Ag + Ar)]

®The amount of (R)-ZMT found(mg) was calculated frsgy * mg taker [A + Ag)]

“The recovery of ZMT was calculated from: (amounhtbx 100)/amount added
n=no. of replicates.

CONCLUSION

A simple and rapid quantitativéi-NMR spectroscopic method was developed. The efimsheric complexation
between Zolmitriptan andRj-MPA and enantiomeric discrimination of Zolmitrgpt were investigated. Out of four
chiral solvating agentsR{-MPA has effectively resolved the signals at equlanratio. The enantiomeric excess of
Zolmitriptan was also determined at different comcations. The proposed method could be an alternative
technique to chiral HPLC for quantification of etiameric purity of Zolmitriptan. The suggested natproved to

be advantageous with regard to i) easy performahcgiality testing within a short time, ii) easy dbtain CSAs
from commercial sources and finds applicationsualigy control of Zolmitriptan and its formulations
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