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bstract

Six impurities in rabeprazole sodium bulk drug substance were detected by a simple isocratic high performance chromatographic method (HPLC)
hose area percentage ranged from 0.60 to 1.46%. LC-MS was performed to identify the mass of the impurities. A thorough study was undertaken

o characterize these impurities. These impurities were synthesized, subsequently characterized and were co-injected with the sample contain-
ng impurities and are found to be matching with the impurities in the sample. Based on their spectral data (IR, NMR and MS), these impurities
ere characterized as 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl] methyl]thio]-1H-benzimidazole (impurity I); 2-[[[4-(3-methoxypropoxy)-
-methyl-2-pyridinyl] methyl] sulfonyl]-1H-benzimidazole (impurity II); 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl-1-oxide] methyl]

ulfonyl]-1H-benzimidazole (impurity III); 2-[[[4-(3-methoxypropoxy)-3-methyl] pyridin-2-yl]methanesulfinyl]-1-[[4-(3-methoxypropoxy)-
-methyl]pyridin-2-ylmethyl]-1H-benzimidazole (impurity IV); 2-[[[4-methoxy-3-methyl-2-pyridinyl] methyl] sulfinyl]-1H-benzimidazole
impurity V); 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridine-1-oxide] methyl] sulfinyl]-1H-benzimidazole (impurity VI).

2006 Elsevier B.V. All rights reserved.
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. Introduction

Rabeprazole, 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyri-
inyl] methyl] sulfinyl]-1H-benzimidazole sodium salt is a pro-
on pump inhibitor and inhibits the action of H+-K+ ATPase in
arietal cells [1–4]. Preclinical studies indicated that, rabepra-
ole is 6.5 times more potent than omeprazole in inhibiting the
nzyme activity of isolated gastric vesicles [5] and is an effective
rug in the treatment of peptic ulcer [6].

During the analysis of laboratory batches of rabeprazole
odium, six impurities with area percentage ranging from 0.60 to

.46% were detected, by an isocratic reverse phase LC method.
n order to commercialize an active pharmaceutical ingredient
API), it is a mandatory requirement from regulatory author-

� DRL Pub. No: DRL-IPDO-IPM 00022.
∗ Corresponding author. Tel.: +91 40 23045439; fax: +91 40 3045438.
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ties to identify and characterize all the unknown impurities
hat are present in it at a level as low as 0.05% [7]. In this
ontext, a comprehensive study was undertaken to characterize
ll the six impurities present in the lab batches of rabepra-
ole sodium by spectroscopic and spectrometric techniques and
esults are presented in this article. The pathway for the for-
ation of these impurities is also delineated. Among these six

mpurities, while impurity III and impurity IV are hitherto not
eported, impurity V was described earlier as a process related
ne [8].

. Experimental

.1. Samples
Samples of rabeprazole sodium (Batch. No.: RAB/C082/
II/02) bulk material were obtained from Research and Devel-
pment Department, Active Pharmaceutical Ingredients-III,

mailto:mosesbabuj@drreddys.com
dx.doi.org/10.1016/j.jpba.2006.10.017
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r. Reddy’s Laboratories Ltd., Hyderabad, India. HPLC
rade acetonitrile, acetic acid, ammonium acetate, potassium
ihydrogen phosphate and potassium hydroxide were obtained
Merck, Mumbai, India) and used in the analysis. Water used
or preparing mobile phase was purified using Millipore Milli-Q
lus purification system.

.2. High performance liquid chromatography (HPLC)

An in-house LC method was developed for the analysis of
abeprazole sodium and its impurities (Agilent with empower
oftware, 1100 series, G1312A Binary pump, G1314A variable
avelength detector, Waldbronn, Germany) where a column

nertsil ODS-3V, 250 mm × 4.6 mm, 5 �m (GL Sciences Inc.,
apan) with a mobile phase consisting of 0.01 M KH2PO4, with

he pH adjusted to 6.0 with diluted potassium hydroxide and
cetonitrile in the ratio of 65:35, with a flow rate of 1.0 ml/min
nd UV detection at 280 nm was used. This LC method was able
o detect all these impurities.

Q
p
i

ig. 1. (a) HPLC chromatogram of rabeprazole sodium laboratory sample. (b) HP
mpurities.
Biomedical Analysis 43 (2007) 1262–1269 1263

.3. Liquid chromatography-mass spectrometry (LC-MS)

Mass spectrometry compatible chromatographic method was
eveloped for the analysis of rabeprazole sodium and its impu-
ities, where a column Inertsil ODS-3V 250 mm × 4.6 mm,
.0 �m particle size (GL Sciences Inc., Japan) with a mobile
hase consisting of 0.01 M ammonium acetate (pH 6.0) adjusted
ith dilute acetic acid and acetonitrile in the ratio of 65:35, with
flow rate of 1.0 ml/min, UV detection at 280 nm was used. This
C method was able to detect all the impurities. The mass spec-

ra of impurities were recorded on AB-4000 Q-trap LC-MS/MS
ass spectrometer.

.4. Mass spectrometry
The LC-MS Analysis has been performed on AB-4000
-trap LC-MS/MS mass spectrometer [9]. The analysis was
erformed in positive ionization mode with Turbo Ion Spray
nterface with the following conditions. Ion source voltage

LC chromatogram of rabeprazole sodium laboratory sample spiked with six
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Fig. 2. Atom numbering used for NMR assignments.
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Table 1
Melting range, FT-IR and mass spectral data of rabeprazole sodium and impurities I, II, III, IV, V and VI

S. no. Compound Melting point (◦C) IRa MS

1 Impurity I 116–118 3435 (Moisture O H stretching), 3049 (Aromatic C H
stretching), 2888 (Aliphatic C H stretching), 1585
(Aromatic C C, C N stretching), 1463, 1439
(Aliphatic C H bending), 1303, 1010 (C O
stretching), 1263 (C N stretching), 746 (Aromatic
C H bending)

+ve ES-MS:344 (M+H)+, 687
(2M+H)+

−ve ES-MS: 342 (M−H)−, 378.1
(M+Cl)−

2 Impurity II 138–142 3435 (Moisture O H stretching), 3063 (Aromatic C H
stretching), 2933 (Aliphatic C H stretching), 1585
(Aromatic C C, C N stretching), 1461, 1443
(Aliphatic C H bending), 1339, 1046 (C O
stretching), 1301 (C N stretching), 1132 (S O
stretching), 756 (Aromatic C H bending)

+ve ES-MS: 376 (M+H)+, 398.1
(M+Na)+

−ve ES-MS: 373.9 (M−H)−

3 Impurity III 170–174 3435 (Moisture O H stretching), 3058 (Aromatic C H
stretching), 2927 (Aliphatic C H stretching), 1616
(Aromatic C C, C N stretching), 1455, 1442
(Aliphatic C H bending), 1323, 1094 (C O
stretching), 1301 (C N stretching), 1135 (S O
stretching), 747 (Aromatic C H bending)

+ve ES-MS: 391.9 (M+H)+, 783.8
(2M+H)+, 414.3 (M+Na)+, 805.8
(2M+Na)+, 430.9 (M+K)+

−ve ES-MS: 390.2 (M−H)−

4 Impurity IV Liquid 3273 (Moisture O H stretching), 2953 (Aromatic C H
stretching), 2923 (Aliphatic C H stretching), 1578
(Aromatic C C, C N stretching,) 1458, 1377
(Aliphatic C H bending), 1291, 1019, (C O
stretching), 1244 (C N stretching), 1123 (S O
stretching), 743 (Aromatic C H bending)

+ve ES-MS:553.6 (M+H)+

5 Impurity V 162–166 3045 (Aromatic C H stretching), 2967 (Aliphatic C H
stretching), 1588 (Aromatic C C, C N stretching,
1482, 1441 (Aliphatic C H bending), 1297, 1043
(C O stretching), 1267 (C N stretching), 1080 (S O
stretching), 741 (Aromatic C H bending)

+veES-MS:302.2 (M+H)+, 603.3
(2M+H)+, 1206.5 (4M+H)+, 324
(M+Na)+, 625.4 (2M+Na)+

−ve ES-MS:300.3 (M−H)−

6 Impurity VI 158–164 3429 (Moisture O H stretching), 3035 (Aromatic C H
stretching), 2984 (Aliphatic C H stretching), 1567
(Aromatic C C, C N stretching), 1459, 1428
(Aliphatic C H bending), 1404, 1098 (C O
stretching), 1265 (C N stretching), 1059 (S O
stretching), 742 (Aromatic C H bending)

+ve ES-MS:376.2 (M+H)+, 398
(M+Na)+, 1148.7 (3M+Na)+, 414.2
(M+K)+

7 Rabeprazole sodium 163–168 3441 (Moisture O H stretching), 3047 (Aromatic C H
stretching), 2926 (Aliphatic C H stretching), 1584
(Aromatic C C, C N stretching, 1465, 1369 (Aliphatic
C H bending), 1299, 1011 (C O stretching), 1269
(C N stretching), 1094 (S O stretching), 747
(Aromatic C H bending)

+ve ES-MS:360.5 (M+H)+, 720.3
(2M+H)+, 1079.2 (3M+H)+, 1438.7
(4M+H)+, 382.8 (M+Na)+, 741.8
(2M+Na)+, 1101.2 (3M+Na)+, 1460.1
(4M+Na)+, 398.5 (M+K)+

−ve ES-MS: 358.5 (M−H)−, 395

.
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a KBr—impurities I, II, III, IV, VI and rabeprazole sodium; neat—impurity IV

500 V, declustering potential 80 V, entrance potential 10 V,
ith the nebuliser gas as nitrogen at 30 psi. Whereas the
egative ionization was performed by switching the polarity of
he ion source voltage to −4500 V.
.5. NMR spectroscopy

The 1H, 13C, DEPT and 2D experiments for rabeprazole
odium, impurities IV and VI were done at 400 MHz and

i
t
s
a

(M+Cl)−, 718 (2M−H)−

00 MHz on Varian Mercury plus 400 MHz FT NMR Spec-
rometer and similar experiments for impurities I, II, III and

were performed on Gemini-2000 (200 MHz) in DMSO-d6.
he solvent used for rabeprazole sodium, impurity IV was
MSO-d6 and CDCl3 was used for impurity VI. The 1H chem-
cal shift values were reported on the δ scale in ppm, relative
o TMS (δ = 0.00 ppm) and in the 13C NMR the chemical
hift values were reported relative to CDCl3 (δ = 77.00 ppm)
nd DMSO-d6 (δ = 39.50 ppm) as internal standards, respec-
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ively. DEPT spectra revealed the presence of methyl and
ethine groups as positive peaks and methylenes as negative

eaks.

.6. Melting point determination

Melting points of all the impurities were determined in a
olmon digital melting point apparatus Model no. MP96.

.7. FT-IR spectroscopy

The IR spectra were recorded in the solid state as KBr
ispersion medium using Perkin-Elmer Spectrum One FT IR
pectrophotometer.

.8. Synthesis of impurities

Impurity I, 2-[[4-(3-methoxypropoxy)-3-methyl-2-pyridi-
yl] methyl] thio]-1H-benzimidazole is the precursor of rabepra-
ole. mCPBA oxidation of I results in rabeprazole. Impurity
I, 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl] methyl]
ulfonyl]-1H-benzimidazole is a sulphone and it was prepared
rom the peracid-mediated oxidation of rabeprazole, further
xidation of sulphone II with mCPBA yielded the corresponding
-oxide, 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl-1-
xide] methyl] sulfinyl]-1H-benzimidazole, impurity III. In the
ynthesis of impurity I, 2-[[4-(3-methoxypropoxy)-3-methyl]
yridin-2-yl]methanethio]-1-[[4-(3-methoxypropoxy)-3-meth-
l]pyridin-2-ylmethyl]-1H-benzimidazole was the byproduct.
CPBA oxidation of 2-[[[4-(3-methoxypropoxy)-3-methyl]

yridin-2-yl]methanethio]-1-[[4-(3-methoxypropoxy)-3-meth-
l]pyridin-2-ylmethyl]-1H-benzimidazole gave as sulphoxide,
mpurity IV. Impurity V was prepared by the oxidation of
-methoxy rabeprazole sulfide, impurity VI, which is N-oxide
f rabeprazole, was prepared by the oxidation of rabeprazole
sing mCPBA.

. Results and discussion

.1. Detection of impurities I, II, III, IV, V and VI

A typical analytical LC chromatogram of a laboratory batch
f rabeprazole sodium bulk drug was recorded using the LC
ethod as described in Section 2.2. The target impurities under

tudy are marked as impurity I (retention time (RT): 32.24,
olecular weight (MW): 343), impurity II (RT: 14.08, MW:

75), impurity III (RT: 6.20, MW: 391), impurity IV (RT: 62.14,
W: 552), impurity V (RT: 7.38, MW: 301), impurity VI (RT:

.60, MW: 375). The LC-MS compatible method is described in
ection 2.3 which is used to detect all the impurities Fig. 1. The

tructures of these impurities and rabeprazole sodium are shown
n Fig. 2. Impurities III, V, and VI are polar and impurities I, II
nd IV are non-polar, respectively, with respect to rabeprazole
odium.
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Table 3
1H and 13C NMR assignments for rabeprazole sodium and impurities IV, V and VI

Positiona Impurity IV Impurity V Impurity VI

1H ppm/J 13C DEPT 1H ppm/J 13C DEPT 1H ppm/J 13C DEPT

1 NH 13.6/b – – NH # – –
2 – – 150.72 – – – 154.39 – – – 153.93 –
4 1H 7.79/m 120.10 CH 1H 7.63/m 116.15 CH 1H 7.69/m 116.32 CH
5 1H 7.31/m 122.81 CH 1H 7.29/m 123.19 CH 1H 7.33/m 123.40 CH
6 1H 7.31/m 123.99 CH 1H 7.29/m 123.19 CH 1H 7.33/m 123.40 CH
7 1H 7.79/m 111.20 CH 1H 7.63/m 116.15 CH 1H 7.69/m 116.32 CH
8 – – 141.84 – – – 138.50 – – – 139.23 –
9 – – 136.25 – – – 138.50 – – – 139.23 –

11, 11′ Ha 4.98/d, 13.6 56.58 CH2 Ha 4.80/d, 13.6 60.19 CH2 Ha 4.97/d, 12.6 54.23 CH2

5.81/q (17.2) 45.95
Hb 4.67/d, 13.6 – – Hb 4.70/d, 13.8 – – Hb 5.21/d, 12.8 – –

12, 12′ – – 154.19 – – – 149.99 – – – 141.47 –
153.27

14, 14′ 1H 8.22/d, 6.0 148.06 CH 1H 8.23/d, 5.6 148.16 CH 1H 8.21/d, 7.0 137.35 CH
8.03/d, 5.6 147.79

15, 15′ 1H 6.90/d, 5.6 106.30 CH 1H 6.96/d, 5.6 105.82 CH 1H 6.75/d, 7.2 107.44 CH
6.94/d (5.6)

16, 16′ – – 162.89 – – – 163.59 – – – 156.23 –
162.70

17, 17′ – – 121.85 – – – 121.76 – – – 126.91 –
19, 19′ 2H 4.07/m 65.14 CH2 3H 3.85/s 55.74 CH3 2H 4.08/t, 6.2 65.89 CH2

20, 20′ 2H 1.98/m 28.78 CH2 3H 2.13/s 10.68 CH3 2H 2.06/p, 6 28.96 CH2

21, 21′ 2H 3.47/m 68.39 CH2 – – – – 2H 3.51/t, 6 68.38 CH2

22, 22′ 3H 3.30/s 57.94 CH3 – – – – 3H 3.33/s 58.58 CH3

3.17/s 48.67

2

let; q,

3
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m
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[
1
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c
i

n
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3, 23′ 3H 2.27/s 10.45 CH3 – –
9.47

a Refer structural formula (Fig. 2) for numbering: s, singlet; d, doublet; t, trip

.2. Structural elucidation of rabeprazole sodium and its
mpurities

The +ve ES-MS spectrum of the impurity showed peaks at
/z 344, and 687 corresponding to the adduct ions (M+H)+ and

2M+H)+. Further the −ve ES-MS spectrum showed peaks at
/z 342 and 378.1 corresponding to (M−H)− and (M+Cl)−.
he ES-MS-MS spectrum displayed daughter ions at m/z 102.2,
19.4, 149.3, 159.4 and 226.1 in which 226.1 is the dom-
nant fragment. The adduct ions confirm the molecular ion
f the impurity I to be m/z 343. The DEPT spectra dis-
layed four negative signals due to four methylene groups
nd five positive peaks due to the presence of two methyl
roups and the rest are due to the methine groups (all in
romatic). IR spectrum displayed characteristic absorptions
t 1585 corresponding to C C, C N stretching which was
upported by the appearance of quaternary carbon signal
haracteristic of a C N group in 13C NMR spectrum. The
eaks at 1303 and 1010 cm−1 in the IR spectrum are indica-
ive of ether functionality. Based on the above spectral data

he molecular formula of impurity I could be C18H21N3O2S
nd the corresponding structure was characterized as 2-
[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl] methyl]thio]-
H-benzimidazole.

u
p

u

– – 3H 2.24/s 12.01 CH3

quartet; m, multiple; b, broad. 11′–23′ applicable for impurity IV.

The spectral data of rabeprazole is compared with those of
mpurities I to VI. It is interesting to note that impurities I, II,
II and VI have same skeletal system as evident by the number
f NMR signals. The mass spectra of the impurities I and II dis-
layed molecular ion at m/z 343 and 375, which is 16 amu less
nd 16 amu more than that of rabeprazole (m/z 359), respectively.
he chemical shift of methylene carbon adjacent to sulphur
ppeared at 36 and 60 ppm for impurities I and II, respectively.
hus the impurities I and II structure can be explained in terms
f removal and addition of oxygen on sulphur, respectively.

Though the molecular ion for both impurities II and VI is
ame, the diagnostic change in the aromatic protons in pyridine
oiety in both the cases indicates the formation of respective
-oxide impurities of rabeprazole.
On comparison of impurity II with impurity III, the chemi-

al shift change in the aromatic protons in the pyridine moiety
ndicates that impurity III is an N-oxide of impurity II.

The spectral data of impurity IV have several additional reso-
ances both in the aliphatic and aromatic region. The molecular
on at m/z 552 can be attributed to the N-alkylated prod-

ct of rabeprazole and 2-chloromethyl-3-methyl-4-(3-methoxy
ropoxy) pyridine moieties.

It is also interesting to note that impurity V displayed molec-
lar ion at m/z 301 with 58 amu less than that rabeprazole. In
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Fig. 3. Forma

he NMR data three methylenes were missing in which one of
hem was oxygen attached methylene, Thus impurity V structure
xplains the absence of alkyl ether moiety.

The spectral data used for elucidation of the impurities from
to VI, are tabulated (Figs. 1 and 2, Tables 1–3).
.3. Formation of impurities

One of the intermediate used in the synthesis of rabeprazole
s impurity I. Rabeprazole on further oxidation yields impurities

c
c
m
m

f impurities.

I and VI. Impurity II on further oxidation yields impurity III.
ue to the presence of 2-chloromethyl-3-methyl-4-methoxy
yridine hydrochloride, 2-[[[4-methoxy-3-methyl-2-pyridinyl]
ethyl] thio]-1H-benzimidazole is formed which undergoes

xidation to give impurity V. Due to the condensation of
abeprazole chloro compound (a key starting material, 2-

hloromethyl-3-methyl-4-(3-methoxypropoxy) pyridine hydro-
hloride) with impurity I, 2-[[[4-(3-methoxypropoxy)-3-
ethyl]pyridin-2-yl]methylthio]-1-[[4-(3-methoxypropoxy)-3-
ethyl]pyridin-2-yl methyl]-1H-benzimidazole is formed
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G.M. Reddy et al. / Journal of Pharmaceutic

hich undergoes oxidation to impurity IV. The schematic
iagram for the formation of impurities I, II, III, IV, V and VI
re shown in Fig. 3.
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