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a  b  s  t  r  a  c  t

Two  impurities  were  detected  in  the  HPLC  analysis  of  crude  carbamazepine  active  pharmaceutical  ingre-
dient. One  of the impurities  of the order  of  0.5%  was  found  to  be  unknown  and  has  not been  reported
previously.  A  LC–MS  compatible  reverse  phase  isocratic  method  was  developed  and  tandem  mass  spec-
trometry was  performed  using  electrospray  ionization  source  and  ion  trap  mass  analyzer.  Isolation  of
unknown  impurity  was  performed  by semi-preparative  HPLC  followed  by  characterization  using nuclear
eywords:
arbamazepine

mpurity
C/MS/MS
MR

magnetic  resonance  spectroscopy  (NMR),  infrared  spectroscopy  (FT-IR)  and  elemental  analysis  (CHNS)
confirmed  its  structure  as tetrabenzo[b,f,b′f′]azepino[4′,5′:4,5]thieno[2,3-d]azepine-3,9-dicarboxamide.
A plausible  mechanism  for the  formation  of  this  impurity  is proposed.

© 2011 Elsevier B.V. All rights reserved.
lemental analysis

. Introduction

Carbamazepine (Fig. 1a) is a dibenzazepine derivative with
ntiepileptic and psychotropic properties. It is used to control sec-
ndarily generalised tonic–clonic seizures, partial seizures and in
ome primary generalised seizures. Carbamazepine is also used in
he treatment of trigeminal neuralgia and has been tried with vari-
ble success in glossopharyngeal neuralgia and other severe pain
yndromes associated with neurological disorders such as tabes
orsalis and multiple sclerosis [1–3].

HPLC methods for the determination of carbamazepine related
mpurities were reported in USP, Ph.Eur., BP and IP [4–7]. A GC–MS

ethod for carbamazepine kinetic and chemical assessment of the
V/H2O2 treatment has been reported [8].

Determination of unknown organic impurities is the key to the
roduction of high quality drug substances [9].  ICH guidelines indi-
ate that impurities at or above 0.1% in the drug substance require

dentification [10]. Two impurities were detected in a laboratory
ample of carbamazepine when analysed as per USP [4] method.
ne of the impurities exceeded the 0.1% identification thresh-

∗ Corresponding author. Tel.: +91 120 4362210; fax: +91 120 2580033.
E-mail address: saji thomas@jubl.com (S. Thomas).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.05.030
old, which did not correspond to any of the previously reported
impurities (Table 1) and called for structural identification. Chro-
matographic conditions mentioned in all the pharmacopoeias were
identical, except flow rate in USP method was 1.5 mL/min against
2.0 mL/min in other pharmacopoeias and was  found to be less suit-
able for LC/MS/MS analysis as well as semi-preparative isolation.
Therefore a new LC–MS compatible method was developed, in
order to get faster elution of the impurity, which was  suitable for
semi-preparative HPLC.

Combinations of spectrometric and spectroscopic techniques
were employed to analyse the impurities during and after isolation.
The structure of the unknown impurity in carbamazepine was  addi-
tionally confirmed by semi-preparative HPLC isolation followed by
its characterization by NMR, IR, MS  and EA techniques. To the best
of our knowledge this impurity has not been previously reported.

2. Experimental

2.1. Materials and reagents
Sample of carbamazepine API (Batch No. CBZ18/RD/09-crude)
and iminodibenzyl standard (Batch No. IDB-std) were obtained
from Jubilant Life Sciences Limited (Mysore, India). De-ionized
water was prepared using a Milli-Q plus water purification system

dx.doi.org/10.1016/j.jpba.2011.05.030
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:saji_thomas@jubl.com
dx.doi.org/10.1016/j.jpba.2011.05.030
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ig. 1. (a) Carbamazepine and (b) impurity-B. Numbering has been assigned only
or  NMR characterization.

rom Millipore (Bradford, PA, USA). HPLC grade methanol, acetoni-
rile and tetrahydrofuran were purchased from Merck India Limited
Mumbai, India). Chloroform-d and dimethyl sulphoxide-d6 (for
MR) were purchased from Sigma–Aldrich Corporation (St. Louis,
O,  USA). Analytical reagent grade acetic acid, formic acid and
riethylamine were purchased from Qualigens India Limited (Mum-
ai, India). Potassium bromide FT-IR grade was purchased from
erck KGaA (Darmstadt, Germany).

able 1
ist of Pharmacopoeial impurities in carbamazepine.

S. No. Name of impurity Pharmacopoeial code 

EP 

1 10,11-Dihydrocarbamazepine Impurity-A 

2 9-Methylacridine Impurity-B 

3 N-Carbamoylcarbamazepine Impurity-C 

4 Iminostilbene Impurity-D 

5 Iminodibenzyl Impurity-E 

6 5-Chlorocarbonyliminostilbene Impurity-F 

7 10-Bromocarbamazepine Impurity-G 

P, European Pharmacopoeia; BP, British Pharmacopoeia; USP, United States Pharmacopo
 Biomedical Analysis 56 (2011) 423– 428

2.2. High performance liquid chromatography

Samples were analysed on a Waters alliance 2690 separation
module equipped with 2487 UV detector (Waters Corporation, Mil-
ford, MA,  USA) using a Nucleosil cyano column (250 cm × 4.6 cm,
i.d. 5 �m particles, Macherey Nagel GmbH & Co. KG, Duren,
Germany). For chromatographic separations as per USP method
[4], tetrahydrofuran–methanol–water were mixed (3:12:85, v/v/v).
To 1000 mL  of this solution, 0.2 mL  of anhydrous formic acid and
0.5 mL  of triethylamine were added and a flow rate of 1.5 mL  per
min  was used. 0.10 g of sample was dissolved in methanol and
diluted to 50.0 mL  with the same solvent. 10.0 mL  of this solution
was diluted to 20.0 mL  with water. The injection volume was 20 �L
and the wavelength of detector was  set to 230 nm. The column was
maintained at 25 ◦C throughout the analysis.

2.3. Semi-preparative HPLC

The unknown impurity was  isolated from crude sample of
carbamazepine using a Shimadzu semi-preparative HPLC sys-
tem consisting of LC-8A binary gradient pump, a SPD-10AVP UV
detector, SIL-10AP auto sampler and FRC-10A fraction collector
(Shimadzu Corporation, Kyoto, Japan). An Inertsil ODS-3 column
(GL Sciences Inc., Tokyo, Japan) (250 cm × 1.9 cm,  particle size
10 �m)  was  used for semi-preparative isolation. A LC isocratic
method was used, consisting of a mixture of water–methanol
sample solution of 50 mg/mL  was prepared using methanol as the
diluent. The injection volume was 1 mL  and the detection was
monitored at 230 nm.  The collected fractions (between retention

Structure
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Fig. 2. (a) Chromatogram of carbamazepine in LCMS method. (b) Chromato

ime 1.4 min  and 2.0) were pooled and freeze dried under high vac-
um consisting of Virtis advantage lyophilizer (SP Scientific, New
ork, USA).

.4. Liquid chromatography–tandem mass spectrometry
LC/MS/MS)

The MS  and MS/MS  studies were performed on Thermo LCQ-
dvantage (Thermo Electron, San Jose, CA, USA) using electrospray
onization source and ion trap mass spectrometer. The source volt-
ge was maintained at 3.0 kV and the capillary temperature at
50 ◦C. Nitrogen was used as both sheath and auxiliary gas. The
ass to charge ratio was  scanned across the range of m/z 50–1000.
n)

of carbamazepine spiked with impurity-A and impurity-B in LCMS method.

MS/MS  studies were carried out by keeping normalized collision
energy at 25% and an isolation width of 1 amu. The HPLC con-
sisted of Waters alliance 2690 separation module equipped with
2487 UV detector and column oven. A C18 column (Inertsil ODS-3
250 mm × 4.6 mm,  i.d. 5 �m particles) was  used for chromato-
graphic separation. The mobile phase consisted of a mixture of
water–methanol–trifluoroacetic acid (30:70:0.05, v/v/v). The flow
rate was  maintained at 1.0 mL/min.
2.5. NMR Spectroscopy

1H and 13C NMR  spectra were recorded at 399.957 and
100.432 MHz  respectively, using a Bruker AVANCE 400 MHz



426 S. Thomas et al. / Journal of Pharmaceutical and Biomedical Analysis 56 (2011) 423– 428

CBZ_IM0092_001 #400 RT: 6.71 AV: 1 NL: 1.60E7

T: + c ESI sid=25.00  Full ms [ 50.00-1000.00]

100 200 300 400 500 600 700 800 900 1000
0

10

20

30

40

50

60

70

80

90

100 501.16

237.21
458.23523.23 758.80149.03 413.38 600.46 912.91980.89250.94

CBZ_IM0092_001 #41 RT: 0.70 AV: 1 NL: 3.52E6
T: + c ESI sid=25.00  Full ms2 501.00@25.00 [ 135.00-1000.00]

150 200 250 300 350 400 450 500
0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

R
el

at
iv

e 
A

bu
nd

an
ce

458.06

440.85
501.06

413.37 483.91

515.73383.76307.10208.63

B and

s
5
r
1

fl
d
r
s

2

d
t
d
a
p

2

a
s
b
s
d
o
s

3

3

[
T

m/z

Fig. 3. (a) MS  spectrum of impurity-

pectrometer (Bruker, Fallanden, Switzerland) equipped with a
 mm BBO probe and a z-gradient shim system. The 1H spectra were
ecorded with 1 s pulse repetition time using 30◦ flip angle, while
3C spectra were recorded with power gated decoupling using 30◦

ip angle with repetition time of 2 s. Samples were dissolved in
imethyl sulphoxide-d6. The 1H and 13C chemical shift values were
eported on the ı scale in ppm relative to DMSO-d6 (2.50 ppm). All
pectra were recorded with sample spinning.

.6. FT-IR spectroscopy

The IR spectrum was recorded in the solid state as KBr powder
ispersion using Nicolet FT-IR model AVTAR 370 (Thermo Elec-
ron Scientific Instruments, Madison, WI,  USA) with a DTGBS KBR
etector. Data were collected between 400 and 4000 cm−1, with

 resolution of 4.0 cm−1. A total of 16 scans were obtained and
rocessed using the OMNIC software version 6.0.

.7. Elemental analysis

Elemental analysis (C, H, N, S) was carried out using an elemental
nalyzer model Vario EL III with TCD detector (Elementar Analysen-
ysteme GmbH, Hanau, Germany). Samples were weighed in a tin
oat, to which tungsten oxide was added and neatly packed. The
ample in tin boat was loaded in an auto sampler tray and was
ropped into the combustion tube automatically at a temperature
f 1200 ◦C. Complete combustion of sample was ensured with a
pecial oxygen jet injection.

. Results and discussion

.1. Detection of impurities by HPLC
Carbamazepine API sample prepared by a known synthetic route
11–13] was analysed using HPLC method as described in USP [4].
he analysis revealed the presence of two impurities ranging from
m/z

 (b) MS/MS spectrum of impurity-B.

0.01% to 0.5% (by area normalization method) which were marked
as Imp-A (RT 67.8 min) and Imp-B (RT 95.9 min) respectively.

3.2. Identification of impurities by LC/MS/MS

To further investigate impurities A and B, a new mass spec-
trometry compatible HPLC method was developed, as described
in Section 2.4.  Use of high organic content and different column
chemistry in the chromatographic conditions drastically reduced
the retention time of carbamazepine and impurities in the newly
developed LCMS method. Mass spectral data showed protonated
molecular ion peaks at m/z 237, m/z 196 and m/z  501 for carba-
mazepine, impurity-A and impurity-B respectively. On the basis of
RRT and mass spectral data, impurity-A having molecular ion peak
at m/z 196 was identified as iminodibenzyl. The mass spectral data
obtained for impurity-B at RT 95.8 min  did not match with any of
the known impurities. Based on the HPLC and LC/MS spectral data,
impurity-B was  inferred to be unknown. The typical chromatogram
of carbamazepine sample highlighting the retention time of these
impurities is shown in Fig. 2a. Isolated impurity-B and impurity-A
standards were spiked in carbamazepine sample and further con-
firmed the retention time of these impurities (Fig. 2b).

3.3. Structural elucidation of impurity-B

The full scan spectra of impurity-B showed its protonated
molecular ion at m/z 501. The MS2 analysis of impurity-B showed
daughter ion peak at m/z 458 and other prominent peaks at
m/z 484, m/z 441 and m/z 413 (Fig. 3a and b). The product
ions at m/z 484 and 458 can be attributed to neutral losses
of ammonia (17 amu) and iminomethanone (HN C O, 43 amu)
respectively. The formation of product ions at m/z 441 and m/z
413 can be rationalized by considering the fragmentation pat-
tern as depicted in Fig. 4a. Loss of similar neutral moieties both

from carbamazepine and impurity-B indicated the presence of
same functional groups in both molecules. Based on LC/MS/MS
analysis this impurity was  suspected to be the dimer impurity of
carbamazepine and the most plausible structure for this impurity
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Fig. 4. (a) Plausible scheme for fragmentation of impurity-B. (b) Sy

an be assigned as tetrabenzo[b,f,b′f′]azepino[4′,5′:4,5]thieno[2,3-
]azepine-3,9-dicarboxamide (Fig. 1b). The proposed mass frag-
entation pattern was further supported by previously reported

alues [14].
CHNS data obtained for the unknown impurity showed nitrogen

1.23%, carbon 72.04%, sulphur 6.46% and hydrogen 4.06% against
heoretical values of nitrogen 11.19%, carbon 71.98%, sulphur 6.41%
nd hydrogen 4.03%. CHNS data confirmed the proposed structure

ased on LC/MS/MS data.

The NMR  spectral data of carbamazepine and impurity-B were
ompared. The 1H NMR  spectrum of carbamazepine showed a sin-
let at 5.21 ppm which corresponds to two exchangeable amide
Carbamaze pine

ic scheme of carbamazepine showing the formation of impurity-B.

protons and another singlet at 6.91 ppm, which corresponds to the
two protons at 8 positions. However, impurity-B showed a singlet at
5.95 ppm, which corresponds to four exchangeable amide protons.
These indicate two magnetically equivalent carboxamide groups
in impurity-B. It was  also observed that the singlet at 6.91 ppm in
carbamazepine spectrum was absent in the impurity-B spectrum,
which indicates that there are no protons present at the 8 position.
Furthermore the signals at 157.45 ppm in carbamazepine and at

156.31 in impurity-B, characteristic of carbonyl carbon in 13C NMR
spectrum confirm the presence of C O group in both structures.

Proton NMR  of carbamazepine showed a multiplet ranging
7.28–7.45 for eight protons (two sets of four symmetrically
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ubstituted protons) viz. 4, 5, 6, 7 along with a broad singlet for
wo amide protons (ı 5.23) exchangeable with D2O. 13C NMR  data
re as follows: 157.46 (1), 139.68 (2), 129.12 (3), 130.16 (4), 128.46
5), 134.69 (6), 127.40 (7), 139.68 (8).

Proton NMR  of impurity-B showed a multiplet ranging
.28–7.48 for sixteen protons (two sets of eight symmetrically sub-
tituted protons each side to the thiophene linkage) viz. 4, 5, 6, 7, 4′,
′, 6′, 7′ along with a broad signal for four amide protons at ı 5.96
xchangeable with D2O. 13C NMR  data are as follows: 156.31 (1),
42.12 (2), 129.14 (3), 127.03 (4), 133.43 (5), 128.31 (6), 130.10 (7),
35.93 (8), 137.69 (9), 142.12 (2′), 129.55 (3′), 127.03 (4′), 133.43
5′), 128.72 (6′), 130.91 (7′). The proposed NMR  assignments were
urther supported by previously reported values [15,16].

FT-IR spectrum of carbamazepine displayed characteristic
bsorptions at 3465 cm−1, 3340 cm−1 (NH stretching), 1677 cm−1

amide, C O stretching), 1605 cm−1, 1594 cm−1 (aromatic, C C
tretching). The impurity-B spectrum displayed characteristic
bsorptions at 3481 cm−1, 3398 cm−1 (NH stretching), 1664 cm−1

amide, C O stretching), 656 cm−1 (C–S stretching), 1586 cm−1,
575 cm−1 (aromatic, C C stretching). 1H NMR, 13C NMR  and FT-IR
pectral data confirm the proposed structure for impurity-B.

.4. Formation of impurity

During the synthesis of carbamazepine, iminodibenzyl is acety-
ated to get acetyl iminodibenzyl, which on further reaction with
xcess sulphur at 350 ◦C gives intermediate IIa. Intermediate IIa
n hydrolysis yields intermediate IIb which undergoes carboxima-
ation in presence of sodium cyanate and monochloro acetic acid

eading to the formation of impurity-B. The schematic diagram of
ormation of impurity is depicted in Fig. 4b.

. Conclusion

LC–MS studies were performed to get molecular weight, estab-
ish its mass fragmentation profile and identify an unknown
mpurity in carbamazepine active pharmaceutical ingredient.

nknown impurity was isolated using semi-preparative HPLC.
tudies were carried out using NMR, FT-IR and CHNS ana-
yzer to further confirm the proposed structure and the

olecular formula of unknown impurity could be deduced as

[

[
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C30H20N4O2S and the corresponding structure was character-
ized as tetrabenzo[b,f,b′f′]azepino[4′,5′:4,5]thieno[2,3-d]azepine-
3,9-dicarboxamide.
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