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ABSTRACT

During the process development of aripiprazole (1) in our lab, one un-
known impurity was detected in HPL C analysis at levelsranging from 0.05
to 2.0%. The unknown impurities have not been reported previoudly in
the preparation of aripiprazole asabulk drug synthesis. Thisimpurity was
isolated, synthesized and characterized as 7-(4(4-(2,3-dichlorophenyl) piper
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azin-1-yl)butoxy)quinolin-2(1H)-one, by *H NMR, IR and mass spectral

data. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Aripiprazole (1) isarecently devel oped anti-psy-
chotic drug used for thetreatment of Schizophrenia®.
Aripiprazoleanditsderivativesexhibit astrong activity
for influencing the neuro transmission of dopaminere-
ceptorg?. Furthermore, aripiprazoleis metabolized by
different biotransformati on path ways34.

Theanaysisof aripiprazole (1) bulk drug reveded
thepresenceof dehydrogenated impurity (2), whichwas
up to 2.0%. As per the stringent regulatory require-
mentstheimpurity profile study hasto becarry out for
any final product to identify and characterize theun-
known impurity that are present at alevel of lessthan
0.1%. Thispaper describestheidentification, isolation
and characterization and synthesisof theunknownim-
purity present in aripiprazole. Isolation and character-
ization of thisnew impurity have not been reported till
dateto the best of our knowledge.

Ao

N Aripiprazole (1)

EXPERIMENTAL

Samples

Theinvestigated sampleswereobtained fromR&D
laboratory of Inogent laboratories Pvt Ltd., A GVK
Bio Company, 28A, IDA, Nacharam, Hyderabad-500
076, AndhraPradesh, India. Theimpurity-(2) wassyn-
thesized from the samelaboratory.

High-performanceliquid chromatography

A WatersModd Alliance 2695-separation module
equipped with 2996 photo diode array detector with
Em- power pro datahandling system. Theanaysiswas
carried out on Inertsil ODS C18, 250mm long, 4.6mm
i.d., and 5-m particle diameter column. Mobile phase
A was phosphate buffer (pH 3.0+0.05) and acetoni-
trileintheratio of 80:20[buffer (pH 6.0)], prepared by
dissolving 2.72g of KH,PO, in 1000 ml of water, pH
adjusted to 3.0+0.05 with dilute ortho phosphoric acid.
Mobile phase B was acetonitrile and methanol inthe
ratio of 8:2 (v/v). UV detection was at 215 nm and
flow ratewaskept a 1.0 ml/min. Dataacquisitiontime
was 45 min. Pump mode was gradient. and the pro-
gramwasasfollows, 0-5 min.: 90% A;10% B, 5-30
min.: 85%A, 15% B; 30-40 min.: 85%A, 15% B; 30-
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40 min.: 35%A, 65% B;40-45 min.: 35% A, 65% B;
45-50 min.: 90%A; 10%B.

NMR spectroscopy

The!H, ¥CNMR (proton decoupl ed) spectrawere
recorded on Varian 400MHz spectrometer using
DMSO-d,, CDCl, as solvent and tetramethyl silane
(TMYS) asinterna standard.

M ass spectrometry

Mass spectrawererecorded on Agilent triple qua-
drupol e mass spectrometer equipped with turboion
spray interfaceat 375°C.

LC-MS/MSanalysiswascarried out usngAgilent
triple quadrupol e mass spectrometer coupled with a
6310L C trap HPL C equipped with SPD 10A VPUV-
visabledetector and LC 10AT VPpumps. Analyst soft-
warewas used for dataacquisition and data process-
ing. Theturboion spray voltagewasmaintained a 5.5
kVand temperaturewas set at 375°C. High pure nitro-
gengaswasused asauxiliary gasand curtain gas. Zero
air was used as nebulizergas. LC-MS spectra were
acquired fromm/z 100to0 1000in 0.1 amu stepswith
2.0dwdll time. Aripiprazolesamplewas subjected to
LC-MSMSandysis. Theanaysiswascarried out us-
ing Zorbax SB, C18, 50mmx4.6mm columnwith 1.8
m particle diameter with mobile phase consisting of a
mixtureof TFA inwater 0.05% asA and 0.05% TFA
in acetonitrileas B. Flow rate was 1.0 ml/min. New
impurity wasdetected inlaboratory batch sample. The
masses of detected peakswereidentical tothevalues
of the known compounds. Additionally, oneimpurity
corresponding to mass of 445.0 wasalso observedin
sampleof Aripiprazole.

FT-IR spectroscopy

FT-IR spectra were recorded as KBr pellet on
NICOLET 380 FT-IR Instrument model thermo el ec-
tron corporation-spectrum one.

RESULTSAND DISCUSSION

Anisocratic reverse phased solvent system was
used theisolation of impurity. All fractions of impurity
wasisolated, concentrated and extracted with chloro-
form, theisolated solid obtained from the concentrated
fractionswas used to generate spectral data. The de-
tailsof theel ucidation of structure of thisimpurity are
presented asfollowing sections

Hnalytical CHEMISTRY o

Detection of impurities

A typical LC-chromatogram of aripiprazole bulk
drug wasrecorded using the LC-method. Thetarget
impurity wasmarked asimpurity and retentiontimeand
structureareshownin TABLE 1.

TABLE1
S.no. Retentiontime Compound Nature
1. 14.14 Impurity (2) Process related
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I solation of impurity by preparativeHPLC

A water preparativeliquid chromatograph equipped
with PDA detector (Waters Corporation, MILFORD,
MAO1 757, USA) was used. Gemini C18 (100mm
longx30mmi.d.) preparative column packed with5m
particlesizewasemployedfor isolationof impurity. The
mobile phase consisted of (A) 0.1M ammonium ac-
etate solution and (B) acetonitrile. Flow rate was kept
at 40 ml/min and detection was carried out at 254 nm.
Originof impurity

Thequaternary spiroammoniumsdt (a) reactswith
7-hydroxy-4,5-dihydrocarbostyryl (b) givesaripiprazole
(SCHEME 1). But under basic conditionsat hightem-
peraturesthisspiro quaternary ammonium salt may be
act as a phase transfer catalyst and the product
aripiprazoleundergoes dehydrogenation and thisyields
totheimpurity(>®,

Thisimpurity was isolated detected in gradient
HPLC method. The sameenriched from mother liquor
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SCHEME 1. Synthetic schemeof aripiprazole
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TABLE 2: ComparativeH, **C (proton decoupled) and DEPT NM R assgnmentsfor Aripiprazoleand impurity 7-(4-(4-(2,3-

dichlor ophenyl)piper azin-1yl)butoxy) quinolin-2(1H)-one

Position  1H, & (ppm)Multiplicity  Aripiprazole 13C, 8 (ppm) DEPT 1H, § (ppm) multiplicity Impurity 13C, §(ppm) DEPT
1 10.0 (br, 1H) - - 11.8 (br, 1H) - -
2 - 170.1 - - 162.3 -
3 2.4 (t, 2H) 29.3 CH2 6.8 (d, 1H) 1215 CH
4 2.7 (t, 2H) 26.3 CH2 7.7 (d, 1H) 139.5 CH
5 - 128.3 - - 110.7 -
6 7.2(d, 1H) 128.5 CH 7.5(d, 1H) 127.2 CH
7 6.5(d, 1H) 109.9 CH 7.2(d, 1H) 109.9 CH
8 - 157.7 - - 159.7 -
9 7.3(s, 1H) 106.2 CH 7.15 (d, 1H) 117.4 CH
10 - 136.6 - - 137.4 -
11 4.3(t, 2H) 68.4 CH2 4.2(t, 2H) 68.4 CH2
12 1.7(m, 2H) 27.3 CH2 1.9(m, 2H) 27.3 CH2
13 1.5(m, 2H 24.6 CH2 1.7(m, 2H) 24.6 CH2
14 3.9(t, 2H) 54.1 CH2 2.5(t, 2H) 54.1 CH2
15 2.9(Brad, 2H) 48.8 CH2 3.1(Brad, 2H) 48.8 CH2
16 2.9(Brad, 2H) 48.8 CH2 3.1(Brad, 2H) 48.8 CH2
17 2.4(Brad, 2H) 49.3 CH2 2.7(Brad, 2H) 49.3 CH2
18 2.4(Brad, 2H) 49.3 CH2 2.7(Brad, 2H) 49.3 CH2
19 - 150.0 - - 150.0 -
20 6.4(d, 1H) 117.6 CH 6.5(d, 1H 117.6 CH
21 7.15 (t, 1H) 129.1 CH 6.8 (t, 1H) 129.1 CH
22 7.05(d, 1H) 123.9 CH 6.9(d, 1H) 123.9 CH
23 - 133.3 - - 133.3 -
24 - 127.2 127.2

s, singlet; d, doublet; dd, doublet of a doublet; m, multiplet
and wascharacterized asimpurity by using of *H-NMR,
IR, Mass spectral data.

Structural elucidation of impurity: 7-(4-(4-(2,3-
dichlorophenyl)piperazin-1-yl)butoxy) quinolin-
2(1H)-one

Themolecular ion peak at m/z;446.17 [(MH)+] in
positiveion mode by LC-M S analysisindicated amo-
lecular weight of 445.2,whichis2 amulessthanthat of
aipiprazole(1). Beinglesspolar than aripiprazole, it was
suggested that theloss of two hydrogens happened to
themolecule. To confirm theretention time, pureimpu-
rity was co-injected with aripiprazole crudesamplein
HPLC. It was observed that the retention time was
matching with theretention time of impurity. IR spec-
trum of theisolated impurity exhibitslower vaueof car-
bonyl charactereristic absorption band (1659cn™) than
thearipiprazolecarbonyl (1678cm™) dueto doublebond
stretching. In*H NMR spectrum, atriplet at 2.49 ppm
and another triplet at 2.76 correspondsto CH,-CH, in
2,3 dihydro-2 (1H)-quinononeof aripiprazol wasdis-
appeared and an additional two doubl et were observed
at aromatic region at 6.87 ppmand 7.72 ppmand In
BC NMR spectrum, signal at 29.3 ppm and 26.3 ppm
correspondsto CH,-CH,, carbon adjacent to theketo
group in 2,3-dihydro-2(1H)-quinonone was disap-
peared and theadditional sgnal wasobserved at 121.6

ppm and 139.5 ppm confirmed as CH=CH carbon by
DEPT experiment. The structure of theisolated new
impurity was & so confirmed by thefollowing spectra
data. IR (KBr, cm?) 3375 (NH), 1659 (C=0),'H
NMR, ¥*C NMR and DEPT datafor aripiprazole and
impurity aregiveninTABLE 2.
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