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ABSTRACT

Impurity related to the synthesis of pharmaceuticgtedient Memantine hydrochloride bulk drug watedted
by GC and was subjected to GCMS for identificatibhe proposed impurity was prepared syntheticaily was injected
on GC for comparison of retention time with that tbE unknown impurity in Memantine. The GCMS spaotf
synthetically made impurity and that of processtesdd impurity in the Memantine hydrochloride weogirid to be the
similar. The postulated structure was unambiguoashfirmed with the help of NMR and IR analysis.sBd on GCMS,
NMR and IR data the structure of the impurity waspomsed to be 1,3-diacetamido-5,7-dimethyl Tricydecane
(Diacetamido impurity). This impurity which was eidated was not found to be previously reportedrig synthetic or

analytical literature pertaining to Memantine hychimride.
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INTRODUCTION

Memantine hydrochloride, designated as 1-amino-8intethyl- adamantane hydrochloride, belongs tenalls
group of drugs known as Tricyclic Antivirals (TAVsHnd provide good and persistent activation ofreénervous system
N-methyl-d-aspartate (NMDA) receptors, and henca ba used in the treatment of Parkinson's and Afmbgs
diseases[1].

We have screened the literatures for impuritiesctviwvere produced from different synthetic processeshave
found that this unknown impurity was not reportedany of the synthetic processes related to Memankilethods based
on GC, GCMS, NMR, IR related to impurities weredséd in the present article. However, so far thierao published
report, describing the complete characterisationhaf unknown process related impurity in Memantimgrochloride

active pharmaceutical ingredient (API).

The impurity profile of the drug substance is catifor its safety assessment and manufacturingege It is
mandatory to identify and characterize the impesitin a pharmaceutical product, if present aboeeatttepted limit of
0.10% [2]. 3’ carbon of adamantane derivative ugdes conversion to form the 1-acetamido-3,5-dinldtigyclo decane
(AC-NHDMAD) [3]. There are few methods which argogted for synthesis of AC-NHDMAD, which is an inteediate

used in the synthesis of Memantine hydrochlorideesE methods are very facile, safe and can beyeszsileable [1].
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The present communication deals with the identificeand structural elucidation of a process relamepurity which was
found in the product Memantine hydrochloride. Tpiscess is reported to give high purity productwdeer the same
does not give any detail regarding the unknown initp{l]. The present GC method is used for idécdifion of unknown

impurity in Memantine prepared by synthetic rowegi in figure 1.

EXPERIMENTAL
Materials and Reagents

Sample of the Memantine hydrochloride and its medtiate were prepared and obtained from chemisakreh
division, Ipca Laboratories Ltd. (Mumbai, India)PHC grade acetonitrile was purchased from Merckalidd. Deionised
water was prepared using MilliQ plus purificatioysem. (Millipore, Bradford) USA, Potassium bromidles purchased
from Merck KKGaA, Darmstadt Germany (FTIR Gradegutktrated Dimethyl sulphoxide (DMSO) and@ were
purchased from Merck KKGaA, Darmstadt Germany, ldidmethane, Sodium Sulphate, and Methanol washasged
from, Merck India Ltd.

Gas Chromatography

Samples were analyzed on Agilent Technology 78@8@A Auto sample equipped with flame ionisationetsor,
a HP-5 capillary column length 30 meter, interniainteter 0.320mm and film thickness Qu2purchased from Agilent
technologies USA was used for chromatographic sipar [4-7]. The integrator used is Ezchrom-ElifEhe

chromatographic parameters are as follows:

For oven temperature, the Initial temperature iRC5@&ith hold time of 5.0 minutes then temperat@éntcreased
at the rate of 10°C per minute to 280°C and at 280fs kept hold for 15 minutes. Injector temperatis kept constant at
240°C. Detector temperature is kept at constanf@8The carrier gas used is nitrogen gas. Splib rased is 20:1.
Carrier gas flow is 1.0ml/min. Injection volume dsis 1.QuL. Sample preparation is 1.0% solution, basifiedalging
4ml of 5N sodium hydroxide 1.0ml methanol and 5l0ofrdichloromethane mix and shake for 5.0min. Dhganic layer

was separated and then injected.
Mass Spectroscopy

The Mass analysis was carried out on Thermo Sfiefolaris-Q ion trap mass spectrometer with wafe
Xcalibur (USA). The mode of ionisation is Electrmmisation at 70eV and type of analysis is by Diresertion probe.

The probe temperature was programmed at 100°C@@0330°C 10 minutes hold. Emission current wa2s@mv.
NMR

The'H, °C, DEPT Measurement were recorded on Bruker Advai@e MHz NMR spectrometer (Fallanden,
Switzerland) instrument at 300K. The exchangeahitops were identified by D experiment. ThéH and**C chemical

shift value also reported @nscale in ppm relative to DMSO (2.49ppm) and (3pmMprespectively.
IR Spectroscopy

IR Spectroscopy of isolated impurities was repbrom solid state potassium bromide powder reflextass

Spectrum One-FTIR spectrometer. (Perkin- Elmer-Bsheeld-UK)

Formation and Isolation of Unknown Impurity

Impact Factor (JCC): 2.9545 Index Copernicus Value (ICV): 3.0



Structure Determination of Impurity in Memantine Hy drochloride by Analytical Techniques 77

Synthesis of Memantine is shown in the figure Irirdureaction of 1, 3-dimethyl adamantane (DMAD)1to
acetamido 3, 5-dimethyl tricyclodecane (AC-NHDMAID) the presence of acetonitrile and Sulphuric ablliCOCH;
group gets attached to 3° carbon to form AC-NHDMARut there is also a simultaneous reaction in wAHCOCH;
gets attached to DMAD which is having two 3° carpthus giving rise to unknown impurity [8]. Durirthis reaction
some portion of sample is withdrawn with clean ang pipette and quenched in chilled deionised wateseparating
funnel. The separating funnel is shaken for 2-3ut@rand then small amount of dichloromethane igddd it, emulsion
is formed in between water and dichloromethaner|aged this emulsion contains the process relatgthawn impurity.
The emulsion layer is collected, filtered and restallized by methanol. This re-crystallized prodaontains unknown

impurity.
3. RESULTS AND DISCUSSIONS

Detection of Impurity by GC

Sample was analyzed by GC method described inose2tP refer figure 2a. The analysis revealed tiesgnce
of two marked impurities at the retention time abbf132min, 24.55mins and Memantine peak at abéutmin. Impurity
at 14.32 min was 1-hydroxy-3,5-dimethyl adamant@nr®H impurity) refer figure 2b and the unknown imnipy was at
retention time 24.55min Thus this impurity was #&et using section 2.6 and was injected for GCtypueifer figure 2c
and further analyzed by GCMS, NMR and IR for stnoetelucidation.

Structural Elucidation of Impurity by GCMS

Mass spectra obtained by subjecting the peak ohawmk impurity, using conditions described abovevet
molecular ion peak at m/z 278 (refer figure 3) Tteoretical expected peak for unknown impurity 78 Da for molecular
formula GgHo3N,O,. The sample containing unknown impurity was sulgi@d¢o GCMS for study. MS study of impurity
showed intense peaks of molecular | on at m/z vali& base peak of m/z value 235 and daughterabnyz 263, 235
220,207,176,164 (refer figure 3a). The molecularpeak is in accordance with the nitrogen rule aioimg even number
of nitrogen in the molecule i.e. having two nitraggoms [9]. Before characterisation of unknownunity, it is important
to understand fragmentation of unknown impuritgetail. The unknown impurity peak of m/z 278 ondimg CHCO (-
43 Da), gives peak at m/z 235 for molecular formtyzgi,3N,O " When CH (-15 Da) group is lost from 278 a peak of m/z
of 263 is obtained for gH23N,O,. After loosing —NH from 235 peak it shows m/z 220221 which is nothing but 1-
acetamido 3,5-dimethy adamantane. l-acetamido iln8tldyl adamantane of 221m/z on loosing —-NHCQ#37Da)
group gives peak at 164m/z. This concludes theepres of 1,3-dimethyl adamantane. The plausiblenfeagation of

unknown impurity is shown in figure 4. The GC okaown impurity
Structural Conformation of Impurity by NMR and IR

It is easy to understand the NMR spectra of unknampurity forming during synthesis of Memantine
hydrochloride. The complete assignment given bekwased on the proton NMR and IR done after switheg the
unknown impurity. Proton NMR spectral data showest thinglet at 0.79 due to 6H indicates presence of 2G#toup
which are shielded in nature and attached to cavdooh has no proton GHC[8][9]. The NMR singlet at 1.8 due to —
CH,- group which is adjacent to —C- which is havingpmoton i.e. tertiary carbon atom. The multipletla49 to 1.58 due

to 8H indicates presence of 4-GHgroup of adamantane ring which are having theeselmemical environment.
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NMR singlet at 1.78 is due to 6H indicates presence of 2Qjoup attached to —C-atom which is having no
proton figure 5. It is slightly shielded than ab@®@H; group. They are slightly desheilded because theglaser to —NH
group. A proton at 2.08 due to 2H gives singlet gives -GHyroup of adamantane. The most desheilded 2H giveege
at 6.296 and indicates presence of 2H directly attached-KiH group. Chemical shift values/ppm) for C-13,
Chemical shift valuedppm) for 1H is also discussed in table 1. C-13c8peshowed prominently carbonyl grouping at
169.2 ppm, remaining values are discussed refardig. DO experiment shows that unknown impurity structoetains
two exchangeable protons. DEPT data shows the mress#f CH, CH and CH groups in structure of unknown impurity

refer figure 6.

IR band at 3304 cm-1 indicates presence of —NHcstireg of amine, or amide. IR peak at 1648cm-1datis
>C:O >C:O
presence of group attached to -NH. Stretching frequency at 1648cm-1 indicates strelegtron
withdrawing effect refer figure 8 [9, 10, 11]. Catering the above GC, NMR IR data it was concludleat above
impurity molecule contains two NHCOGHjroups. During the synthesis of Memantine hydrogtie, an intermediate
AC-NHDMAD is formed and simultaneously formation ofiknown impurity also takes place. Thus IR dataficms

acetamido functional group in this unknown impurity
CONCLUSIONS

The present investigation revealed a major proedaged impurity while analyzing Memantine hydrawfde by
the GC method. GCMS provided the molecular fornimtarmation and structural information of this imfiy. NMR and
IR spectroscopic analysis confirmed the structwsel®-diacetamido 5,7-dimethyl tricyclodecane. Tresent study
therefore clearly indicates that intermediate 1iAnedo 3,5 dimethyl adamantane on acetamidatioesgivse to this
impurity. Elucidation of the structure of such agess related impurity can certainly be effective dontrol during

manufacturing in pharmaceutical development protessmply with the regulatory norms for impurigvels.
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APPENDICES
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Diacetamido Impurity

Table 1: Structure and Interpretation of 1, 3-Diacéamido-5, 7-Dimethyl
Tricyclo Decane (Diacetamido Impurity) by NMR

Position Chemical Shift Value | Assignment for™H (Multiplicity *, | Chemical Shift Value | Multiplicity
(8/ppm) for *H Number of Protons) (8/ppm) for °C J Hz
1 1.73 (s,6H) 24.1 S(12-15)
2 0.83 (s,6H) 29.9 S(12-15)
3 - - 33.0
4 1.04 (s,2H) 43.6 S(12-15)
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5 1.45-1.57 (m,8H) 46.7 S(0-1)(12-15
6 1.99 (s,2H) 49.9
7 - - 53.5
8 - - 169.2
9 7.37 (s,:2H) -

#m- multiplet, s-singlet.
NHCOCH,
1) Acetonitrile
2) H,SO,
—_—————
3) Dichloromethane
ACNHDMAD

1,3-dimethyladamantane 1-acetamido 3,5-dimethyl tricyclodecane

DMAD

1) PEG-400
2) Solid NaOH

3) Dichloromethane
NH, . HCI
NH,

1) Isopropylalcohol
———

2) HCI

Memantine hydrochloride .
Memantine free base

Figure 1: Synthetic Process of Memantine Hydrochlade
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Figure 2a: A Typical GC Chromatogram of unknown Impurity in Memantine
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Figure 2b: A Typical GC Chromatogram of 1-OH DMAD I mpurity for Confirmation of
Unknown Impurity in Memantine GC Method
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Figure 2C: GC Chromatogram for Diacetamido impurity Prepared Synthetically
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Figure 3: GCMS TIC and Spectra Found in Memantine Hydrochloride Containing
Impurity at Retention Time about 24min
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Figure 3a: GCMS Spectra for Diacetamido Impurity
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Figure 4: Plausible Fragmentation Pattern in GCMS
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Figure 5: Proton NMR for Diacetamido Impurity

Figure 7: IR Spectra of Diacetamido Impurity
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