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ABSTRACT KEYWORDS
During the process development of solifenacin succinate (5). Three Solifenacin;
stereoisomeric impurities (1-3) and one n-oxideimpurity (4) with respect to Impurities,
solifenacin succinate were detected by reported method of simple reverse N-oxide:
phase high-performance liquid chromatograpjy (HPLC). Three 1-3 have Characterization and
been prepared by the known synthetic method. To the best of our synthesis.

knowledge, impurity (4) had not been isolated or synthesized as pure
substance until now. The new synthesis, characterization of impurity (4)
was discussed. The'H and *C NMR data of impurity (4) and solifenacin
succinate 5 were reported in this paper for the first time. Based on the
spectral data, the structure of these impurities (1-4) were characterized as
(3S)-1-Azabicyclo[2.2.2]octan-3-yl(1S)-1-phenyl-3,4-dihydro-1H-
isoquinoline-2-carboxylate butanedioic acid (1), (3R)-1-
Azabicyclo[2.2.2]octan-3-yl (1R)- 1-phenyl-3,4-dihydro-1H- i soquinoline-2-
carboxylate butanedioic acid 2, (35)-1-Azabicycl o[ 2.2.2] octan-3-yI (1R)-1-
phenyl-3,4-dihydro-1H- isoquinoline-2-carboxyl ate butanedioic acid 3 and
(3R)-1-Azabicyclo[2.2.2] octan-3-yl(1S)-1-phenyl-3,4-dihydro-1H-
isoquinoline-2-carboxylate N-oxide (4). The synthesis, characterization of

these impuritieswere discussed.

INTRODUCTION

Salifenacin succinate, isamuscarnic receptor an-
tagonigt, itisused in thetreatment overactive bladder
with or without urinary incontinence™. Solifenacin suc-
cinate is the succinic acid salt of (3R)-1-
azabicyclo[2.2.2]oct-3-yl-(IS)-1-phe-nyl-3,4-
dihydroisoquinoline-2(1H)-carboxylate having two
chird centersat C1 and C3. Positions, and hencefour
possiblestereoi somersdo exist. Chemica structures of
solifenacin and itsthree stereci somers, namely (SS)-
stereoi somer, (RR)-stereoisomer and (SR)-stereoi so-
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mer areshown in Figurel. Stereoisomersof racemic
drugsoften differ in pharmacokinetic behavior or phar-
macol ogical action, and among thefour stereoisomers,
the pharmacological action of (RS)-stereoisomer, that
is, solifenacin showshigh affinity and selectivity for the
M3 receptor and hence has been approved as the
drug®. Two methods are reported for the sepration of
stereoisomers in the solifenacin succinate®¥ using
chiralpak AD-H column (mobile phase comprising n-
hexane;isopropyla cohal;diethyl amine(800: 200: 1,
VIVIV); flow rate 1.0 mL/min; columntemperature 20°C;
wavel ength 220 nm) and Chiracel OD-H column (mo-
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bile phasecomprising n-hexane;isopropyld cohol :diethyl
amine(500:8:1, v/v/v); flow rate 1.0mL/min; column
temperature 40°C; wavel ength 230 nm), respectively.
Inthisarticle. Wereport synthesis of three stereoiso-
mers(Figure1)by known method®. Thenew synthesis
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(Figure 2), characterization of impurity (4) wasdis-
cussed. The'H and *C NMR dataof impurity (4) and
solifenacin succinate 5 werereported inthis paper for
thefirg time The(1-3) erecisomersdatadmost Smilar
to (5).

CH,COOH
13 CH,COOH

®)
Solifenacin succinate(5)

SS-isomer succinate(1)
RR-isomer succinate(2)

RS-isomer succinate(3)

Figurel: Synthesisof impurities(1-3)

EXPERIMENTAL

Samplesand chemicals

HPLC grade acetonitrile and acetic acid were ob-
tained frommerck, Mumbai, india. Chloroform-d and
dimethylsulfoxide-dé wre purchased form Aldrich
Chemicalsco., USA.

High-performanceliquid chromatography (HPL C)

Aninhouse LC Isogradient method was devel -
oped for the separation of all possible stereoisomers
of solifenacinsuccenate. Waters make HPL C system
equipped with 515 pump and UV detector was used
for better separation and quantification of impurities.
Used for the preparation of mobile phasewasin the
ratio of n-Hexane: Isopropyl acohol: Ethanol: Diethy-
lamine(85:7.5:7.5:0.02), particle 5 um size,Chiraipak
AD-H,250X4.6mm column was used with atime
60minisogradient program column over temperature
was 25 ° C and column eluent was monitored by UV
detector at 215nm. ThisLC method wasableto sepa-
rateall the process-related chira substanceswith good
resolution.

Anin house LC Isogradient method was devel-

oped for the separation of N-oxide impurity and
solifenacin succenate. SHIMADZU makeHPLC sys-
tem equipped with 436 pump and UV detector was
used for better separation and quantification of impuri-
ties. Used for the preparation of mobile phasewasin
the buffer (1.36 gm of potassium dihydrogen ortho-
phosphate in 1000ml water containing 1.0 ml of tri-
ethylamine), particle5 um size,kromasil 100-
5C,,250X4.6mm columnwas used with atime 30min
isogradient program.column over temperature was 30
¢ C and column eluent was monitored by UV detector
at 210nm. This LC method was able to separate N-
oxideand solifenacinwith good resol ution.

M ass spectrometry

Theelectrospray ionization and MS-M S studies
were performed on atriple quadruple mass spectrom-
eter PE sciex model API 3000.

NM Rspecr oscopy

The H, BC, DEPT and 2D experiments for
solifenacin succinate, impurity 1-4 weredoneon Varian
mercury plus400 MHz FT NMR spectrometer. The
solvents used for solifenacin succinate, impurity-1-4
werein CDCI...
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FT-IR spectroscopy

The IR spectrawererecordedinthesolid state as
KBr dispers on medium using PerkinElmer 1600 series
FT-IR spectophorometer.

Synthesisof impurities

General procedure for synthesis of solifenacin
succinateand threester eoisomericimpurities

Salifenacin succinate (5) and other sterecisomers
(1-3) were synthesized (Figure 1) by known proce-
dure®.

Preparation of (3R)-1-azabicyclo[2.2.2] oct-3-yI-
(1S)-1-phenyl-3,4-dihydroi soquinoline-2(1H)-car-
boxylate-N-oxide4 (solifenacin-N-oxide)(Figure 2)

A mixtureof solifenacin succinate (20 g), sodium
tungstate (0.2g) and methanesulfonicacid (0.2ml) in40
ml of acetic acid was stirred at RT for 15minand 5.0

CH,COOH
CH,COOH 40% H,0,
\"/ \@
MeSO3H
‘ Acetic acid

®)

gramsof 45% hydrogen peroxidewasaddedtoitfor 1
hr. Thereaction mixturewas heated to 80°C and main-
tained at 80-85°C for 20 hrs. Thereaction mixturewas
cooled to 25°C and diluted with water (200ml) and
methylenedichloride (200ml). Thediluted reactionmass
was adjusted to pH 5.8 (range 5.5-6.0) with solid so-
dium carbonate (40 gr). The aqueousand organiclay-
erswereseparated. The organiclayer waswashed with
water. Theorganiclayer wasdistilled off under reduced
pressure to provide aresidue. The residue was dis-
solvedin40ml of ethyl acetate. Theethyl acetatelayer
washeated to 60°C. Theethyl acetatelayer wastreated
with activated carbon, stirred at 60°C for 15 min and
filtered through hyflow bed. The solvent wasdistilled
off under reduced pressureto providearesidue (10g,
HPLC purity 96.2%). Theresidue wason cooling to
affordlow meting solid.

Impurity-4  Solifenacin N-oxide

Figure2: Synthesisof impurity-4 solifenacin N-oxid

RESULTSAND DISCUSSIONS

Detection of impurities1, 2, 3,and 4

A typical analytica LC chromatogram of alabora
tory batch of solifenacin succinate (5) bulk drug re-
corded using the LC method as described in section
2.2isshowninFigure 3a. Thetarget impuritiesunder
study are marked as IMP-1, IMP-2, and IMP-3 are
stereoisomers recorded using the LC method as de-
scribed in section 2.2 isshownin Figure 3b. N-oxide
(IMP-4)recorded using the LC method asdescribed in
section 2.2isshownin Figure 3c.

Sructural dudcidation of solifenacin succinateand
impurity N-oxide

Sructural eudcidation of solifenacin succinate (5)
Samplewasanayzed by HPLC and its purity was
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found to be 99.68%, molecular weight of solifenacin
baseis 362.48. The El mass spectrum of solifenacin
gave aprotonated molecular ion at m/z 364 and, IR
spectrum displayed characteristic absorptions at
3398.89 & 2982.02,2934.06 cm-1 corresponding to
>CH and aromatic >CH stretching. The peaks at
1509.95 & 1452.92 cm-1in IR spectrumisindicative
of >C=C<ring gretching,The®*C NMR spectrum dis-
played signalsdueto the presence of twenty three car-
bons. The DEPT spectrum displayed seven negative
signa sdueto seven methylene groupsand twelve posi-
tivesgna sdueto the presence of twel vemethinegroups
(threeinthealiphatic and therest in aromatic region).
TheFT-IR spectrum displayed acharacteristic absorp-
tion band at 1685 cm* indi cating the presence of car-
bonyl functional group, which was supported by the
appearance of quaternary carbon signal dueto carbo-
nyl functional group in *C NMR spectrum. Based on
theabove spectral data(TABLE 1) and molecular for-
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mulaof solifenacin could be C,,H, N2O,. Thismo-
lecular formulamatched well with themolecular ion
observed at 364amu inthe El mass spectrum. Molecu-
lar Formula: C,,H,.N.O,.C,H.O,Molecular Weight:
480.55.

TABLE 1:'H NMR assignmentsof solifenacin succinate5

Poition Multiplicity ppm Bc DEPT
4 28.3 CH
5 26.2 CH2
o 5H 1722m %5 G
Succinic acid 4H 255 brs 29.7,29.7 CH2,CH2
2 58.5 CH2
13 44.3 CH2
14 26.8 CH2
6 10H 2.8-3.6, m 54.3 CH2
7 54.3 CH2
3 1H 40ord 983 CH
17 H  s152bs ¥ CH
10 154.1
Aromatic
12 1426
18 134.3
19 128.9 CH
20 126.1 CH
o1 127.2 CH
9H 7.13-742,m 127.9 CH
22
3 141.6
Y 128.2 CH
o5 128.8 CH
26 125.5 CH
57 128.8 CH
128.2 CH
Succinic acid
> COOH 2H 11.0, m
Succinic acid 177.7
2 COOH 177.7

Sructural eudcidation of solifenacin N-oxide (4)

Samplewasanalyzed by HPLC andits purity was
found to be 96.48%, molecular weight of solifenacin
N-oxideis378.46. The El massspectrum of solifenacin
gaveaprotonated molecularionat n/z379.3and, IR
spectrum displayed characteristic absorptionsat 3399
& 2978,2936 cm-1 corresponding to >CH and aro-
matic >CH gtretching. Thepeaksat 1512 & 1462 cm-
1 in IR spectrum is indicative of >C=C< ring
gretching, The *C NMR spectrum displayed signd sdue
to the presence of twenty three carbons. The DEPT
gpectrum displayed seven negativesigna sdueto seven
methylenegroupsand twelvepositivesigndsduetothe
presenceof twelvemethinegroups(threeinthediphetic
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andtherest inaromatic region). The FT-IR spectrum
displayed acharacteristic absorption band at 1685 cm
!indi cating the presence of carbonyl functiona group,
which was supported by the appearance of quaternary
carbon signal dueto carbonyl functional groupin*C
NMR spectrum. Based on the above spectral data
(TABLE 2) and molecular formulaof solifenacin could
be C.H,N.O,. Thismolecular formulamatched well
with the molecular ion observed at 379amuintheEl
mass spectrum.

TABLE 2: *H NM R assignmentsof solifenacin N-oxide4

Poition ~ Multiplicity ppm 3C  DEPT
18 28.2 CH
17 26.3 CH2
19 oH 1622m 563 cH2
14 58.6 CH2
2 44.6 CH2
3 26.6 CH2
16 10H 2.7-3.6, m 545 CH2
20 545 CH2
13 1H 4.1, brd 68.4 CH
6 1H 5.1-5.2, brs 547 CH
11 154.8

Aromatic
4 141.2
5 134.5
7 128.7 CH
8 126.2 CH
9 127.3 CH
10 9H 7.2-745 m 127.9 CH
21 141.6
22 128.2 CH
23 128.8 CH
24 125.5 CH
25 128.8 CH
26 128.2 CH
CONCLUSION

Thisresearch paper describesthe synthesis, and
structure el ucidation of processrelated impuritiesin
solifenacin succinate. Theimpuritieswere separated by
reverse phasechromatographic technique. Thesynthe-
sizedimpuritieswere characterized using spectroscopic
techniques. Tothe best of our knowledge, impurity (4)
had not been isolated or synthesi zed as pure substance
until now. Thenew synthesis, characteri zation of impu-
rity (4) was discussed. The'H and *C NMR data of
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impurity 4 and solifenacin succinate (5) werereported

inthispaper for thefirst time.
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