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ABSTRACT

Pramipexole dihydrochloride monohydrate is used for treatment of idio-
pathic Parkinson’s disease. During routine monitoring of the drug samples
by HPL C, two impurities of pramipexole were observed. The molecular
weights of theimpuritieswere determined by LC-MS. The structureswere
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postulated to be (6S)-(-)-2-amino-6-ethylamino-4,5,6, 7-tetrahydrobenzo
thiazol e (ethyl pramipexole) and (6S)-(-)-2,6-di-(n-propylamino)-4,5,6,7-
tetrahydrobenzothiazol e (dipropyl pramipexole). These were synthesized
subsequently, and characterized by NMR and IR. Their presence was
confirmed by spiking into pramipexole sample and carrying out HPLC
analysis. To our knowledge, ethyl pramipexole and dipropyl pramipexole

have not been reported as process impurities elsewhere.
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INTRODUCTION

Pramipexol edihydrochl oridemonohydrate, chemi-
caly known as (6S)-(-)-2-amino-6-(n-propylamino)-
45,6, 7-tetrahydrobenzothiazol e dihydrochl oride mono-
hydrate (1), atetrahydrobenzothiazole derivative, isa
dopamineD3/D2 agoni<t. Pramipexoledihydrochloride
(brand name: Mirapex®, Pharmaciaand Upjhon Co.,
USA) isused for treatment of idiopathic Parkinson’s
disease. The precise mechanism of action for
pramipexoleasadrug for Parkinson’s disease is un-
known, althoughitisbelieved to berdatedtoitsability
to stimulate dopaminereceptorsinthesriatum®*4. The
synthesis of pramipexolewasfirst disclosed in 1987
(56, Pramipexol e has al so been described for treating
schizophreniaand depression!”, asaneuroprotective

agent!®, for thetreatment of restlesslegs syndrome?,
inthetreatment of addictivedisorderd'® and in thetreat-
ment of CNS disorderg 14,

N
CH /\/H/, S
8 | />—NH20 2HCl » H,0
N

*asymmetric centre (1)

Literatureavailablewasmainly regarding determi-
nation of pramipexolein human plasmawith electro-
chemical detection, ultraviol et detection and with at-
mospheric pressure chemical ionization tandem mass
spectrometry™4. Chiral liquid chromatographic
method for the enantiomeric separation wasalso avail-
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hydrogen phosphate sol ution and 2ml of triethyl amine,
pH adjusted to 6.0 with orthophophoric acid) and 2
volumesof acetonitrile. Themohbile phase(B) cons sted
of acetonitrile. Flow ratewaskept at 1.0 ml/min and
the column & uent wasmonitored a 260nm. Pump mode
wasgradient and wasasfollows, time (min)/A (v/v):B
(viv), T,.,/200:0, T /97:3,T,/80:20, T /65:35, T,/
60:40, T45/100 0, T_./100:0.

' 55

Liquid chromatogr aphy-mass spectr oscopy
ESI mass spectrawere recorded on Perkin Elmer
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1(a) Chemical structureof pramipexole
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1(b) Chemlclastructureof I mpur|ty—l (ethyl pramipexole)
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1(c) Chemical structure of impurity-11 (dipropyl
pramipexole)

Note: Numbering is given for convenience of spectral inter-
pretation and is not as per IUPAC nomenclature

Figure 1: Chemical structure of pramipexole and
impurities
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able®. Tothebest of our knowledge, ethyl pramipexole
and dipropyl pramipexoleimpuritieswerenot citedin
literatureto date.

Duringtheanalysisof different aboratory batches
of pramipexoledihydrochloridemonohydrate, twoim-
puritieswere detected whose area percentage ranged
from 0.05% to 0.1%. A thorough study has been un-
dertaken to characterizetheseimpurities, by spectro-
scopi ¢ techniques. Inwake of regulatory requirements,
al impuritiesabove 0.05 %w/w need to beidentified,
and characterized®. Present study ded swith identifi-
cation, formation of impurities, their preparation, and
characterization.

EXPERIMENTAL

Sample, chemicalsand reagents

Pramipexole dihydrochloride monohydrate and
impuritieswere synthesized in APL Research Centre
(A Division of Aurobindo Pharmaltd., Hyderabad,
INDIA). All the reagents used for analysiswere pro-
cured from Merck (Indi@) limited. Distilled water was
prepared by using Milli-Q water purification system
(Millipore, Bedford, MA).

High performance liquid chromatography
(Analytical conditions)

Chromatographic separationswere performed on
high performanceliquid chromatograph, Watersadliance
2695 separations modul e equi pped with 2996 photo-
diode array detector and Empower pro datahandling
system[Waters Corporation, MILFORD, MAQ1757,
USA]. Separationswereachieved onY M C Pack C8
columnwith dimensionsof 250 mmx4.6mmi.d, 5 um
particleszemaintained at 30°C. The mobile phase (A)
cong sted of 98 volumesof buffer (10mM diammonium
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Figure?2: L C-Chromatogram of pramipexoledihydr ochloride monohydr ate sample spiked with impurities
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triple quadrupol e mass spectrometer (API 2000, PE
SCIEX) coupled with Shimadzu HPL C equipped with
SPD 10A VP UV-Vis detector and LC 10AT VP
pumps. Analyst softwarewas used for dataacquisition
and dataprocessing. Theturboion spray voltagewas
maintained at 5.5 Kv and temperaturewas set at 375°C.
Theauxiliary gasand sheath gas used was high pure
nitrogen. Zero air wasused asNebuliser gas. LC-MS
spectrawere acquired from m/z 70-700 in 0.1 amu
stepswith 2.0 sec dwell time. Asinorganic salt buffers
can not beintroduced into the LC-M Ssystem, theana
Iytical methodismodified to volatilebufferswith same
eutionprofileand LC-M Sanalyssof thecrudesample
wascarried out using Inertsil ODS 3V columnwith di-
mensions of 250mm x 4.6mm, 5.0 um particlesize.
Themobile phase consisted of 10mM ammonium ac-
etate solution, pH adjusted to 5.0 with glacial acetic
acid (A) and acetonitrile: methanol:[1:1, v/iv] (B). How
ratewas 1.0 mi/min. Pump modewasgradient and was
asfollows, time(min)/A (V/iv):B (VIv); T,,./97:3, T /
85:15, T, /70:30, T_/50:50, T /97:3, T ,/97:3.

125

NMR spectroscopy

TheH, 3C(proton decoupl ed) experimentswere
performed on aBruker 300M Hz (Avance DPX-300)
NMR spectrometer using DM SO-d, as solvent and
tetramethylsilane(TMS) asinterna standard.

| R spectroscopy

The IR spectrawererecordedinthesolid state as
KBr pellet using Perkin Elmer instrument, model-spec-
trumone.

RESULTSAND DISCUSSION

Detection and identification

Sample solutionsof pramipexoledihydrochloride
monohydrate were prepared and injected into theana:
Iytica LC using the solvent system isdescribed eaxlier.
Twoimpuritieseluted at relativeretentiontimes (RRT)
0.59 and 2.46 respectively with respect to pramipexole,
whoseretentiontimeis 13.2 minutes. A typica chro-
matogramisshowninfigure2. Thesamesampleswere
subjected to LC-M Susing conditionsasdescribedin
section 2.3 toidentify the molecular mass (m/z) of the
impurities. Them/z valuesof theimpuritiesrecordedin
positiveion mode were 198 for impurity-I eluted at

Hnalytical CHEMISTRY o

RRT-0.59, and 254 for impurity-11 eluted at RRT-2.46.

ESI mass spectrum of pramipexoleinpositiveion
mode showed amolecular ion peak at m/z 212[(MH)*]
indicating themol ecular weight of thecompound as211.
Themgor fragment ion pesk was observed at m/z 153,
reflecting 2-amino-4,5,6,7-tetrahydrobenzothiazole
moi ety with cleavage of n-propylaminechain asde-
pictedinfigure 1la Them/z valuedifference between
the pramipexolemassand itsmgjor fragment ion was
58 massunits, reflecting propylaminechain.

ESI mass spectrum of impurity-I in positiveion
mode showed amolecular ion peak at m/z 198[ (MH)*]
indicating themol ecul ar wei ght of thecompound as 197,
showed 14 mass unitslessthan pramipexole. Thema-
jor fragment ion peak was observed at m/z 153, re-
flecting 2-amino-4,5,6, 7-tetrahydrobenzothiazole moi-
ety. Them/z v uedifferencebetween theimpurity mass
anditsmajor fragment ion was44 massunits, reflecting
ethylaminechaini.e., one methylene group (14 mass
units) lessthan propylaminechain of pramipexole. From
thisdata, ethyl pramipexolestructurewasproposed for
impurity-1 asshowninfigure 1b.

ESI mass spectrum of impurity - Il in positiveion
mode showed amolecular ion peak at m/z 254[ (MH)*]
indi cating themol ecul ar wei ght of thecompound as 253,
showed 42 mass units more than pramipexole. The
ma or fragment ion peak of thisimpurity was observed
at m/z 195(Figure 1c) compared to pramipexolemgor
fragment ion peak observed at m/z 158(Figure 1a). This
42 massunitsdifferencereflect propyl chain bindingto
amino function of 2-amino-4,5,6,7-tetrahydrobenzo
thiazolemoiety. From thisdata, dipropyl pramipexole
structurewas proposed for impurity-11 asindicated in
figurelc.

Based onthe proposed structures, theseimpurities
were synthesized, spectrally characterized by NMR,
mass, IR data, and also confirmed by HPLC analysis
viaspiking theseimpuritiesinto pramipexolesample.

Preparation of impurities

The proposed impuritieswere prepared and con-
firmed spectrdly viaNMR, massand IR data. The com-
parativeH and 2C NM R spectra dataof pramipaxole,
impurity - | and impurity - 1l isgivenin TABLE 1 and
FT-IR spectral datafor thesameisgivenin TABLE 2.
The spectral dataof pramipaxole, impurity - | andim-
purity - 11 wererecordedin free baseformfor spectral
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TABLE 1: Comparative!H and *C NM R assignmentsfor pramipexoleand itsimpurities
Spectral data of pramipexole and impurities as free base wer e consider ed for spectral comparison

ACAIJ, 7(7) June 2008 Hemant Kumar Sharma et al.

Pramipexole . Impurity | . Impurity 11
Position® "H(ppm) c 'H (ppm) : a1 a3

multiplicity  (ppm) multiplicity (ppm) Fosition” "H (ppm) multiplicity ~C (ppm)
1 0.87 (t, 3H) 128 1.0L (t, 3H) 163 1, 1a  084-090 (2 6H) 123 12.7
2 140 (sextet, 2H)  24.0 : - 2,2a 1'37’1;153)(233"“’ 229, 24.0
3 274(ssonedup, 2H) 496 257 (asoneauipie, 2H) 417 3%, diiggﬁﬂiig? sy 469,496
4 1.49 (m, 1H) : 1.48 (m, 1H) - 4 1.48 (m, 1H) :
5 2.78 (m, 1H) 54.7 2.80 (m, 1H) 54.6 5 2.75 (m, 1H) 54.7
6  151&189(2m,2H) 301 147& 189(2m,2H) 30.1 6 1528 190(2m, 2H) 301
7 2408 253(2m,2H) 305 241& 270(2m,2H) 304 8 2448 271(2m 2H) 305
8  218&235(2m,2H) 257 221&235(2m,2H) 257 7 2208&242(2m 2H) 259
9 6.59 (brs, 2H) i 6.60 (s, 2H) - 9 7.23(t, 1H) i
10 : 114.0 ) 1140 10 ) 113.1
11 : 145.3 : 1453 11 : 145.1
12 : 166.7 : 1667 12 : 167.1

s, singlet; m, multiplet; t, triplet; g, quartet; brs, broad singlet, 2 Refer structural formula for numbering (Figure 1)
TABLE 2: FT-IR spectral datafor Pramipexoleand itsimpurities
Spectral data of pramipexole and impurities as free base wer e consider ed for spectral comparison

S.no. Compound IR (KBr) absor ption bands, v (Cm™)
1 Pramipexole 3293, 3093(br) NH stretch
2957, 2922(m) CH3& CH, stretch
1643(m) NH bending
(primary)
1593(m) C=N stretch
1538(s) NH bending (secondary)
1466(m) CH, bending
1451, 1364(m) CHs symmetric& asymmetric bending
1121(s) C-N stretch
2. Impurity- | 3242(br) NH stretch
2965, 2918(m) CH3& CH; stretch
1652(m) NH bending
(primary)
1588(m) C=N dtretch
1537(s) NH bending (secondary)
1468(m) CH, bending
1447, 1373(m) CHs symmetric& asymmetric bending
1118(s) C-N stretch
3. Impurity — |1 3200(br) NH stretch
2956, 2931(m) CH3& CH; stretch
1588(s) C=N stretch
1538(brs) NH bending (secondary)
1475(m) CH, bending
1455, 1365(m) CH; symmetric& asymmetric bending
1112(s) C-N stretch

s, strong; m, medium; br, broad; brs, broad and strong.

propionamido-4,5,6,7-tetrahydrobenzothiazole (1V,
Figure 3) wasreduced with sodium borohydratein the
presence of BF, etherate to yield pramipexol e base.
The schemefor the synthesisof pramipaxoleisshown
if figure3.[a] ;*: -93.8°, C =1 in methanol.

Preparation of impurity- 1 (ethyl pramipexole)
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comparisons.
Prepar ation of pramipexole

(6S)-(-)-2,6-Diamino-4,5,6, 7-tetrahydrobenzo
thiazole (111, Figure 3), wasreacted with propionic an-
hydride and theisolated product (6S)-(-)-2-amino-6-
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Figure3: Schemefor thesynthesisand for mation of pramipexoleand impurities

(6S)-(-)-2,6-Diamino-4,5,6,7-tetrahydrobenzo
thiazole (111, Figure 3), was reacted with acetic anhy-
dride and theisolated product 6-acetamido-2-amino-
4,5,6,7-tetrahydrobenzothiazole (11, Figure 3) wasre-
duced toyield impurity I. Thechromatographic purity
of theprepared impurity was 99.5% determined by in-
jectingintotheandytical LC usngthesolvent syssemis
described earlier 3.3. In the *H NMR spectrum of
pramipexole, thesextet at 1.40 ppmassignedto CH, at
2-positionisabsent inimpurity-l. InN-CH,-CH_, the
CH, adjacent to nitrogenwasdightly shifted upfieldto
2.57 ppm, when compared to pramipexole. Thetriplet
at 1.01 ppm clearly establishesthe N-CH,-CH_ group
in the molecule. In the *C NMR spectrum of
pramipexole, thesignd at 24.0 ppmassignedto CH, at
2-position wasabsent inimpurity-1. Thesignal at 16.3
ppmisassignabletoN-CH,-CH,_ andthesignal at 41.7
ppmisassignableto N-CH_-CH, reflecting slight shift
of 6 -va uesto up field when compared to pramipexole.
[a] ,?: -94.0°, C=1 in methanol. The above spectral
data conflrms the impurity as (6S)-(-)-2-amino-6-
ethylamino-4,5,6,7-tetrahydrobenzothiazole (ethyl
pramipexole) with molecular formulaC,H, N Sand
molecular weight 197.

Preparation of impurity - I (dipropyl pramipexole)
(6S)-(-)-2,6-Diamino-4,5,6,7-tetrahydrobenzo
Hnalytical CHEMISTRY o

thiazole(l11, Figure 3), wasreacted with propionic an-
hydride and the isolated product (6S)-(-)-2,6-
dipropionamido-4,5,6,7-tetrahydrobenzothiazol eV,
Figure 3) wasreduced to yield impurity |1. Thechro-
matographic purity of the prepared impurity was 99.5%
determined by injectingintotheandytica LC usingthe
solvent systemisdscribed earlier. Inthe™H NMR spec-
trum of pramipexole, thesinglet at 6.59 ppm assigned
to-NH, at 9-positionisshifted downfield to 7.23 ppm
inimpurity-11 with atriplet, indicating-NH- at 9-posi-
tion. Alsothetwotripletsat 0.84-0.90 ppminthisim-
purity compared to single triplet at 0.87 ppm in
pramipexole; two sexletsat 1.37-1.55 ppminthisim-
purity compared to single quartet at 1.40 ppm in
pramipexole; andtwo distorted tripletsat 2.50 and 3.09
ppminthisimpurity comparedtosnglemultiplet &t 2.74
ppm in pramipexole clearly indicatesthe presence of
two n-propyl groupsinthemolecule.[a] ,*: -84.5°,
C =1inmethanol. Theabove spectral dataconfirms
the impurity as (6S)-(-)-2,6-di-(n-propylamino)-
45,6, 7-tetrahydrobenzothiazole (dipropyl pramipexole)
with molecular formula C ;H,,N.S and molecular
weight 253.

Formation of impurities
1. Formation of impurity-I
Sodium borohydrate reduction of 6-acetamido-2-
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amino-4,5,6, 7-tetrahydrobenzothiazol ein the presence
of BF, etherate (11, Figure 3) present in (65)-(-)-2,6-
diamino-4,5,6,7-tetrahydrobenzothiazole (I11, Figure
3), resultsin ethyl pramipexole. Theother mechanism
isthepresenceof acetic anhydride asimpurity in propi-
onic anhydride, duringthereactionfrom (6S)-(-)-2,6-
diamino-4,5,6,7-tetrahydrobenzothiazole (111, Figure 3)
to (6S)-(-)-2-amino-6-propionamido-4,5,6,7-
tetrahydrobenzothiazole (1V, Figure 3), givesthe cor-
responding 6-acetamido-2-amino-4,5,6,7-tetrahydro
benzothiazol (11, Figure 3), which after reduction re-
sultsinethyl pramipexole (Impurity - ) (1b, Figure 1).

2. Formation of impurity-l1

The acylation of both amino groupsin (6S)-(-)-
2,6-diamino-4,5,6, 7-tetrahydrobenzothiazole (111, Fig-
ure 3) resultsin (6S)-(-)-2,6-dipropionamido-4,5,6,7-
tetrahydrobenzothiazole (V, Figure 3), which after So-
dium borohydrate reduction in the presence of BF,
etherateresultsindipropyl pramipexole (Impurity -11)
(1c, Figurel).

CONCLUSION

Two process impurities found in Pramipexole
dihydrochloride monohydrate bulk drug samplesdur-
ing regular monitoring by HPLC wereidentified by
LCMS. Theseimpuritieswereidentified, prepared, and
characterized by spectroscopic techniquesviz., IR,
NMR, and MS.
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