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ABSTRACT

During the process development of rupatadine fumarate (1). Two impuri-
ties (2,3) with respect to rupatadine fumarate were detected by in-house
method of simple reverse phase high-performance liquid chromatograpjy
(HPLC). Three (1-3) have been prepared by the known synthetic method.
To the best of our knowledge, compounds (1-3) stracture elucidation had
not been reported until now. The*H and *C NMR data of impurities (2,3)
and rupatadine fumarate (1) were reported in this paper for the first time.
Based on the spectral data, the structure of these compounds 1-3 were
characterized as 8-Chloro-6, 11-dihydro-11-[1-[(5-methyl-3-
pyridinyl)methyl]-4-piperidinylidene]-5Hbenzo[ 5, 6] cyclohepta [1, 2-b]
pyridinefumarate (1), 8-Chloro-11-(4-piperidinylidene)-6,11-dihydro-5H-
benzo[5,6] cyclohepta] 1,2-b] pyridine (2), 3-(Chloromethyl)-5-methyl pyri-
dine (3). The HPLC analysisand characterization of these drug and impu-
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rities were discussed.

INTRODUCTION

Rupatadinefumarate (RUPA) isanon-sedating H1-
anti histamine (second generation) and platel et-activat-
ing factor inhibitor. Chemically it is8-Chloro-6, 11-
dihydro-11-[1-[ (5-methyl-3-pyridinyl) methyl]-4-
pi peridinylidene]-5Hbenzq[ 5, 6] cyclohepta[1, 2-b]
pyridinefumarate. It was discovered and devel oped
by J. Uriachy Cia, S. A and further blockstherecep-
torsof the platel et-activating factor (PAF) accordingto
invitroandinvivo studies?. Rupatadine possessesanti-
dlergic propertiessuch astheinhibition of thedegranu-
lation of mast cellsinduced by immunol ogica and non-
immunologica stimuli, andinhibition of therelease of
cytokines, particularly of the TNFin human mast cells
and monocytes®. Rupatadine fumarate (RUPA) isa
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non-sedati ng H1-antihi stamine (second generation) and
platel et-activating factor inhibitor. Chemically itis8-
Chloro-6, 11-dihydro-11-[ 1-[ (5-methyl-3-pyridinyl)
methyl]-4-piperidinylidene]-5Hbenzo[ 5, 6] cyclohepta
[1, 2-b] pyridinefumarate. The structure of RUPAis
showninFigurel. Thedrugisnot officia reportedin
pharmacopoeia. It isoff whiteto pinkish crystalline
powder that issolublein solublein methanol and etha:
nol, very dightly solublein chloroformand insolublein
water. Rupatadinefumarate belongsto aclass of medi-
cationscaled Antialergic, Antihistaminic. It ispotent
and orally activethat was devel oped asatherapeutic
agent for thetreatment of seasona alergicrhinitisand
chronicidiopathic urticaria*®.

Thepresenceof impuritiesor itsrelated compounds
inadrug substance can haveasignificant impact onthe
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quality and safety of thedrug product. During the pro-
cessdeve opment of rupatadinefumarate, twoimpurities
wereobserved intherangeof 0.05-0.15% level along
withthemain product pesk inthe HPLC analysis. Asper
thegenerd guiddinesrecommended by ICH to qudify
thedrug substance, theamount of acceptableleve fora
know and unknown rel ated compound (impurity) should
belessthan 0.15 and 0.10% respectively, In order to
meset thestringent regulatory requirements, theimpurities
present inthedrug substancemust beidentified and char-
acterized. Hence, acomprehensvestudy wasundertaken
to synthesize and characterize thesetwo impurities of
rupatadine fumarate. The'H, *C NMR, IR and mass
datafor characterization of impurities(2,3) andrupatadine
fumarate (1) werereportedinthispaper for thefirs time.
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Figurel
EXPERIMENTAL

Samplesand chemicals

Theinvedtigated samplesof rupatadinefumarate (1)
and impurities (2,3) were synthesized after identifica
tion by in-house HPL C method. HPL C grade acetoni-
trile and acetic acid were obtained from merck,
Mumbai, india. AR grade sodumdihyrogen phosphéte,
phosphoric acid and triethylamine were obtained from
SD finechemicalslimited, Mumbai, india. Water use
for the preparati on of mobile phasewas purified using
Milliporemilli-Q plus(milford, MA, USA) purification
system. Chloroform-d and dimethyl sulfoxide-dé wre
purchased formAldrich Chemicasco., USA.

High-performanceliquid chromatography (HPL C)

AninhouseL C gradient method wasdevel oped for
the separaion of al possiblerdated substances (impuri-
ties) of rupatadinefumarate. SHIMADZU makeHPLC
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system equipped with 436 pumpsand UV detector was
used for better separation and quantification of impuri-
ties. The buffer solution used for the preparation of mo-
bile phasesA and B consists of 0.01M aqueous Potas-
sumdihydrogeortho phosphateanditspH wasadjusted
t0 3.0+ 0.05with diluted ortho phosphoric acid. Mobile
phaseA isbuffer only; mobile phaseB isacetonitrileonly.
Inertsl ODS-3V, 250 X 4.6 mm,5um particle size col-
umnwasused with atimegradient programmeof T/ %
B: 0/25,20/40,30/70,35/70,40/25,45/25 of 45 min. The
column oventemperaturewas 30°C and column e uent
was monitored by UV detector at 250 nm. ThisLC
method wasableto separateall the process-rel ated sub-
stanceswith good resolution.

M ass spectrometry

Theelectrospray ionization and MS-M S studies
were performed on atriple quadrupl e mass spectrom-
eter PE sciex model API 3000. Thepositiveand nega
tive electrospray M S datawas obtai ned by switching
the capillary voltage between +5000 and — 4500 V
respectively. TheM S-M Sdatawas generated with the
conllisonenergy remping from 30to 60V in nitrogen
aimosphere.

NMR specroscopy

The *H, 3C, DEPT and 2D experiments for
rupatadinefumarateand impuritiesweredoneon Varian
mercury plus400 MHz FT NMR spectrometer. The
solventsused for rupatadinefumarate, impuritieswere
in DMSO and CDCI,,. The*H chemical shift values
were reported on 6 scale in ppm, relative to TMS
(6=0.00 ppm) and in the *C NMR the chemical shift
vaueswrereportedrelativeto CDCI, (6=77.00 ppm))
asinterna standard. DEPT spectrareveaedthepres-
ence of methyl and methine groupsas positive peaks
and methylenes as negative peaks.

FT-1R spectroscopy

ThelR spectrawererecorded inthesolid state as
KBr dispersion medium using PerkinElmer 1600 series
FT-IR spectophorometer.

RESULTSAND DISCUSSIONS

Detection of impurities2and 3
A typical analytica LC chromatogram of alabora
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tory batch of rupatadine fumarate bulk drug recorded
using the LC method as described in section 2.2 is
showninFigure2a. Thetarget impuritiesunder study
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are marked as IMP-2, and IMP-3 are stereoisomers
recorded using the LC method asdescribed in section
2.2isshowninFigure2b.
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Figure2: (a) Atypical analytical L C chromatogram of alaboratory batch of rupatadinefumaratebulk drug; (b) TheLC
chromatogram of co injection of the synthetic standard impurity-2 and impurity-3 with rupatadine fumarate.

Sructural elucidation of rupatadinefumar ate (1)

Samplewasanalyzed by HPLC andits purity was
found to be 99.68%, molecular weight of rupatadine
baseis415.95. The El mass spectrum of rupatadine
gaveamolecularionat mz416 and, IR spectrum dis-
played 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 stretching, The*C NM R spectrum displayed sig-
nals dueto the presence of twenty three carbons. The
DEPT spectrum displ ayed seven negative signalsdue
to seven methylenegroupsand twelvepositivesignas
dueto the presence of twelve methinegroups (threein
thediphatic and therest inaromaticregion). The FT-

IR spectrum displ ayed acharacteristic absorption band
at 1685 cm* indicating the presence of carbonyl func-
tional group, which was supported by the appearance
of quaternary carbon signa dueto carbonyl functiona
group of fumaric acidin *C NMR spectrum. Based on
the above spectral data and molecular formula of
rupatadine could be C,,H, N.Cl. Thismolecular for-
mulamatched well with the molecul ar ion observed at
416 amuin the El massspectrum. Molecular Formula:

C,;H,,N.CI.C,H,O, Molecular Weight: 532.03.

26° 26 4" 474

Sructural ducidation of dedoratadine(2)

Samplewasanayzed by HPLC and its purity was
found to be 99.20%, molecular weight of ded oratadine
1S310.5. The El mass spectrum of ded oratadine gave
aprotonated molecular ionat m/z311.0and, IR spec-

e, Onganic CHEMISTRY

Au Tudian Yournal



146 Spectral characterization of rupatadine fumarate and its potential impurities

OCAIJ, 9(4) 2013

FPull Paper ==

trum displayed characteristic absorptions at 3399 &
2978,2936 cm-1 corresponding to >CH and aromatic
>CH stretching. The peaksat 1512 & 1462 cm-1in
IR spectrumisindicativeof >C=C<ringsretching, The
3C NMR spectrum displayed signalsdueto the pres-
ence of nineteen carbons. The DEPT spectrum dis-
played six negative signalsdueto six methylenegroups
and six postivesgnadsdueto the presenceof Sx methine
groupsinaromatic region. Based on the above spectral
dataand molecular formulaof dedloratadine could be
C,HN,Cl. Thismolecular formulamatched well with
themolecular ion observed at 311 amuinthe El mass

pectrum.
TABLE 1: 'H NM R assignmentsof rupatadinefumarate(1).

Position 1H  J (ppm) 13C DEPT

1
2 2H  2.65m 53.5 CH2
3 2H  225m 31.0 CH2
4 131.4
5 2H  225m 30.6 CH2
6 2H  2.35m 53.5 CH2
7 2H 352s 58.3 CH2
8 1325
9 1H 8.26s 148.3 CH
10
11 1H 8.30s 147.3 CH-
12 132.6
13 1H 752s 137.3 CH
14 139.9
15 156.8
16 - -
17 1H 8.35d 146.1 CH
18 1IH 722m 1222 CH
19 1H 7.57d 137.4 CH
20 131.6
21 2H  3.30m 29.7 CH,
22 2H  283m 295 CH;
23 137.6
24 136.7 -
25 1H 7.28d 128.8 CH
26 1H 7.08d 1255 CH
27 133.2 -
28 1H 7.18s 130.5 CH
29 3H 2.28s 17.7 CH3

Fumaric acid 2H 6.6s 134.2 2CH

166.4  2Carbonyl
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TABLE 2: 'H NM R assgnmentsof dedoratadine (2).

Position 1H J (ppm) 13C DEPT
1
2 2H 2.80m 48.0 CH,
3 2H 2.30m 326 CH,
4 132.3
5 2H 240m 324 CH,
6 2H 2.67m 48.0 CH,
7 - 139.4
8 157.4
9
10 1H 8.40d 146.5 CH
11 1H 7.13d 121.9 CH
12 1H 7.42 brd 137.2 CH
13 132.4
14 2H 3.40m 31.6 CH,
15 2H 3.05m 31.2 CH,
16 - 139.3 -
17 137.7 CH,
18 1H 7.15d 128.8 CH
19 1H 7.08m 125.9 CH
20 133.2
21 1H 7.13s 130.2 CH

TABLE 3: *H NMR assignments of 3-(Chloromethyl)-5-
methyl pyridine(3).

Position 1H (ppm) J 13C DEPT
1
2 1H 88s 139.9 CH
3 1375
4 1H 83s 138.3 CH
5 137.8
6 1H 87s 145.8 CH
7 2H 475s 40.8 CH,
8
9 3H 26s 18.4 CH;

Sructural ducidationof 3-(Chloromethyl)-5-methyl
pyridine(3)

Samplewasanayzed by HPLC and its purity was
found to be 96.48%, molecular weight of 3-
(Chloromethyl)-5-methyl pyridine (3) is141.0. TheEl
mass spectrum of 3 gave aprotonated molecular ion at
M/z 142.0 and, IR spectrum displayed characteristic
absorptionsat 3399 & 2978,2936 cm-1 correspond-
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ingto>CH and aromatic >CH dretching. The peaksat
1512 & 1462 cm-1 in IR spectrum is indicative of
>C=C<ring stretching, The *C NMR spectrum dis-
played signalsdueto the presence of seven carbons.
The DEPT spectrum displayed onenegativesignd due
to onemethylenegroup and four positivesignalsdueto
the presence of three methine groupsin aromatic re-
gionand one methyl intheaiphatic region. Based on
the above spectral data and molecular formulaof 3-
(Chloromethyl)-5-methyl pyridinecouldbe C.H,NCI.
Thismolecular formulamatched well with themolecu-
lar ion observed at 142 amu in the El mass spectrum.

CONCLUSION

Thisresearch paper describesthe structure eluci-
dation of rupatadine fumarate and processrelated im-
purities. The synthes zed impuritieswere characterized
using spectroscopic techniques. The'H, *CNMR, IR
and massdataof impurities(2,3) and rupatadinefuma:
rate (1) werereportedin literaturefor thefirst time.
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