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Abstract

A simple high-performance liquid chromatography/electrospray ionization mass spectrometry (HPLC/ESI-MS) method for the separation
and characterization of impurities in the synthesis of triclabendazole has been developed. The analytical separation was achieved on a reversed
phase C18 column using acetonitrile and water (60:40, v/v) as mobile solvent at a flow-rate of 1.0 mi/micCaa@8 an UV detection
at 230 nm. The on-line HPLC/ESI-MSxaminations were performed using ion trap analyzer with extraction ion chromatography (EIC)
technique in positive or negative ion modes. The semi-preparative separation was performed with a reversed-phase column using methanol
and water (75:25, v/v) as mobile solvent at a flow-rate of 4 ml/min at@%nd an UV detection at 230 nm. Thus, two impurities were
detected and identified as 5-chloro-6-(2,3,4-trichlorophenoxy)-2-methylsulf&iehzoimidazole and 5-chloro-6-(2,3-dichlorophenoxy)-
1-methyl-2-methylsulfanyl-i-benzoimidazole. Meanwhile, some intermediates of impurity-1 in multi-step synthetic reactions, were tracked.
Structural elucidation by 1D and 2D NMR and ESI-M8as discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tion of triclabendazole intermediates were largely overlooked
[11-12] the impurities profile study of triclabendazole was
Triclabendazole is a benzoimidazole anthelmintic widely not reported to the best of our knowledge. The purpose of
used for the control of fasciolosis in ruminafis. Itis highly this study, therefore, was to develop a simple method for
effective againstimmature and adult stages of mature and im-the isolation and characterization of impurities present in
matureFasciola hepaticandFasciola gigantican small and the triclabendazole bulk drug which is of great importance
large domestic ruminan{g]. It is also frequent treatments  not only for quality control but also monitoring of reactions
within the prepatent period can reduce the fluke infection to during process development of benzoimidazole anthelmintic
a negligible leve[3-8]. agents.
The analysis of triclabendazole bulk drug revealed the
presence of two impurities which were up to 0.1%. As per
the stringent regulatory requirements the impurity profile 2. Experimental
study has to be carryout for any final product to identify
and characterize all the unknown impurities that are present2.1. Samples and chemicals
at a level of >0.1949-10]. Though synthesis and separa-

The investigated samples including bulk drug triclaben-

* Corresponding author. Tel.: +86 571 87951264; fax: +86 57187951264, dazole and its intermediates produced in multi-step syn-
E-mail addresspanyuanjiang@css.zju.edu.cn (Y. Pan). thetic reactions were obtained from Jiouchou Pharm.
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G1314A variable-wavelength detector (VWD), model 7725
injector fitted with 2Qul sample loop, a PT100 column
oven and an Agilent ChemsStation for LC. The column
used was a reversed-phase C18 column (YMC-PACK ODS-
A, 150mmx 4.6 mm i.d., 5um, 120,&) at 25°C. The mo-
bile solvent was acetonitrile and water (60:40, v/v). The
flow-rate was 1.0 ml/min, and the effluent was monitored

5] at 230 nm.
0 2 4 6 8 10 12 14 16 18 min

mAU

Fig. 1. HPLC chromatogram of the triclabendazole bulk drug. For the chro-
matographic conditions, see Sectida

2.3. High-performance liquid chromatography
Inc., Hangzhou, China. Acetonitrile and methanol used (semi-preparative)
for analytical and preparative HPLC were of chromato-
graphic grade and purchased from Merck, Darmstadt, A Waters Delta 600 semi-preparative chromatography
Germany. Deionized water (18%) was obtained from  system equipped with Waters 600 controller, Waters 2996
a Milli-Q purification system, Millipore, Bedford, MA, photodiode array detector (PAD), Rheodyne Injector Model

USA. 7725i with 5.0ml loop and Millenniud? Chromatogra-
phy Manager for LC were used. The semi-preparative

2.2. High-performance liquid chromatography separation was performed with a reversed-phase column

(analytical) (Symmetn® C18, 100 mmx 7.8 mm i.d., 5um, 100A) us-

ing methanol and water (75:25, v/v) as mobile solvent at
The analytical HPLC was performed using an Agilent a flow-rate of 4 ml/min at 23C, and an UV detection at
1100 chromatography system including a G1312 BinPump, 230 nm.

Cl Cl Cl Cl
Cl condesatlon
@[ @_ QNGQ deoxidization @_
Cl

4
cyclization
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o N methylation " "
NHLSCHQ NHU\SH
1 6

Scheme 1. Scheme for the synthesis of triclabendazole.
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Fig. 2. Structures of triclabendazole and its related impurities.
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2.4. NMR spectroscopy lytik GmbH, Germany)*H NMR spectra were recorded at a

proton frequency of 500.13 MHz with a spectral width of

1D and 2D NMR experiments were performed at 298K 1502 kHz. The acquisition time was 1.1s and relaxation
using DMSO-@ as solvent and TMS as internal standard delay 1s; 64 scans with 32K data points were used. The
on a Bruker Advance DMX 500 instrument with a 5mm  13C NMR spectra were obtained using a spectral width of
QNP probe head, and analyzed on Silicon Graphics O231 kHz; 8192 scans with 32K data points were used. The
workstations using XWINNMR version 2.1 (Bruker Ana- chemical shifts were referenced to DMSO. The one-bond
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Fig. 3. Negative ion mode HPLC/ESI-MS analyses of impurity-1. (A) TIC and ESI-MS; (B) Ei@»n891; (C) M on precursor iomvz 391; (D) MS? on

product ionm/z 376.
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Table 1

1D and 2D NMR data of impurity-1

Atom 13C NMR DEPT? HMQC § (ppm) HMBC correla- IH-'H cosy
§ (ppm) tion with correlation with

2 1648 o SCHs

3a 1480 q H-7

4 1137 CH 7.28 (1H, s)

5 1150 q H-7

6 1551 q

7 1068 CH 7.05 (1H, s)

7a 1400 q H-4

SCHs 14.0 CHs 2.66 (3H, s)

v 1560 q H-5

2 1223 q H-6

3 1320 q H-5

4 1255 q H-6

5 1288 CH 7.50 (1H, dJ=9.12Hz) H-6

6 1144 CH 6.51 (1H, dJ=9.16 Hz) H-5

@ DEPT 90 and DEPT 135 experiments.
b Quaternary carbon.

heteronuclear correlation (HMQC) spectra were obtained jection, split 1:10; injection temperature, 280; initial
using the invieags program in the Bruker software. The temperature 60C for 3min, programming 10C min~!
spectra resulted from a 2561024 data matrix with eight to a final temperature of 25 for a total run time of
scans pet; increment. The acquisition time was 0.085s. 26 min. During full-scan acquisition the mass spectra were
The long-range!H-13C correlation (HMBC) spectra were  collected over a mass range from 30 to 500amu using
obtained using the inv4gslrnd program in the Bruker soft- 70eV electron energy; detector voltage 350V, interface
ware. The spectra resulted from a 266024 data matrix  temperature 260C. MSD were tuned before each injec-
with 16 scans pet; increment. The acquisition time was tion using PFTBA (perfluorotributylamine) as tuning stan-
0.085s. dard. The used MS library was NIST2.0 with 140,000
database.

2.5. Mass spectrometry (ESI-MSGC/MS)

ESI-MS' analysis has been performed on Bruker Es-
quire 3000'US mass spectrometer equipped with an ESI in-
terface, ion trap analyzer system and acquired data in soft- S | M
ware Esquire 5.0. The ion source temperature was’250
and the source voltage was always set at 3.5kV. Nitrogen
was used as the sheath and nebulization gas set at 6tmin
and 20 psi, respectively. Helium was introduced into the
system to an estimated pressure of 806 mbar to im-
prove trapping efficiency, and also provided as the collision =
gas during the M3 experiment. For MS/MS spectra, the
mass spectrometer was tuned optimizing the specific col-
lision energy between 0.5 and 1.1V to maximize the ion 0 7.0
current of sequential MSof triclabendazole and two impu-
rities. The mass spectra were acquired with a scan rate of ®
13,000us?. )

Gas chromatography/mass selective detector (GC/MSD)
analyses were performed on a ThermoQuest Trace 2000
GC-MSD using a 30 nx 0.32 mm i.d. HP-5MS fused-silica
capillary column (95% dimethyl-5% diphenyl polysilox- ppm
ane) with a 0.2um coating thickness with helium as the ppm 75 70 65 60
carrier gas at a constant flow rate of 1mlmin The
operating conditions for the analyses were: manual in- Fig. 4. 'H-'H COSY spectrum of impurity-1.

6.0
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2.6. Synthesis of triclabendazole

Scheme 1shows the sequence leading to triclaben-
dazole [11,12] Cross coupling reaction of 2-nitro-4,5-
dichloroaniline 2) and 2,3-dichlorophenol 3} afforded
the key intermediate 4-chloro-5-(2,3-dichlorophenoxy)-2-
nitroaniline @), which was reduced with Fe to give
phenyldiamine %). Reaction with carbon disulfide and
methyliodine gives the desired product triclabenda-
zole.

3. Results and discussion
3.1. Detection of impurities 1 and 2

The triclabendazole bulk drug was first analyzed
by analytical HPLC. As shown inFig. 1, the con-

tents of impurity-1 at retention time of 13.82min and
impurity-2 at retention time of 15.62min were up to

NH,

0.1% based HPLC peak area percentage. The structures
of these impurities and triclabendazole are shown in
Fig. 2

3.2. Isolation of impurities by semi-preparative HPLC

For the isolation of the impurity-1 and impurity-2, the
semi-preparative HPLC has been performed under the con-
dition described in SectioR.3. All the fractions of impuri-
ties isolated were evaporated to dryness and used to generate
spectra data.

3.3. Structural elucidation

3.3.1. Structure elucidation of impurity-1 and its
intermediates

On-line high-performance liquid chromatography/
electrospray ionization mass spectrometry (HPLC/ESI-MS)
chromatography in negative ion mod€id. 3A and B)
displayed that the impurity-1 at the retention time of

OH cl cl cl
O,N cl STEPA
+ ——— (I (0] NO.
cl condesation
Cl
Cl NH,

cl
2 7 8 M.W.=2366
cl cl cl
STEP2
0 NH,
deoxidization
NH;
9 MW.=336
_ STEP3 @
cycllzatlon
10M.W. =378
cl cl cl
STEP4
— ClI 0 N
methylatian \
N SCHs

Impurity -1 M.W. =302

Scheme 2. Scheme for the synthesis of the intermediates of impurity-1.
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Fig. 5. Negative ion mode HPLC/ESI-MS analyses of intermedile (A) TIC and ESI-MS; (B) EIC ofmvz 377; (C) M on precursor ion
mz377.

13.820 min has five deprotonated isotope distribution ions fragment ions atwz 340 and 197 Kig. 3D). The fragment

at miz 391, 393, 395, 397 and 399 which are close in ion atnm/z 197 was attributed to 6-chloro-2-mercaptd-3
agreement with the calculated ratio of 81:108:54:12:1 benzoimidazol-5-ol. The productionm@iz340 is due to lose
indicating that the impurity-1 has four chlorine atoms. After of HCI from the precursor ion atVz 376 [13]. These M8
scanning the fragment afvz 391 with collision-induced fragment ions were close in agreement with the structure of
dissociation (CID), the product ion spectrum showed the impurity-1.

characteristic fragment ions ah/z 376, 212, and 197 1D and 2D NMR data Table 1 revealed that the
(Fig. 3C). The MS at m/z 376 showed two characteristic  impurity-1 has similar structure with trclabendazofdd
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Fig. 8. GC/EI-MS analyses of starting impurity

NMR spectrum indicated the impurity-1 has four aromatic

protons: two single proton signals&f.28 and 7.05 and two
duple signals as 7.50 and 6.511H-'H COSY spectrum

By means of GC/MS analyses, the impurity in crude
material of step 1 was detected and confirmed. GC analy-
sis showed the crude material 2,3-dichloropher®ldon-

(Fig. 4) clearly showed the cross-peaks between the two tained 0.46% content of impurityy. GC/MS ig. 8

duple proton signals a8 7.50 and 6.51ppm indicating

and data matching confirmed the structure7oés 2,3,4-

only two protons are closely related, which hints that there trichlorophenol.

are two possible structures, such as 5-chloro-6-(2,3,4-tri-

chloro-phenoxy)-2-methylsulfanylH-benzoimidazole and
5-chloro-6-(2,3,6-trichloro-phenoxy)-2-methylsulfany-l

Thus, formation of impurity-1 was rationalized by the
presence of 2,3,4-trichlorophend) that a similarity of 2,3-
dichlorophenol 8), which is the starting compound in the

benzoimidazole. However, HMQC spectrum of impurity-1 synthesis of triclabendazole. It is condensed with 2-nitro-4,5-

shows that the proton &t 7.50 ppm is directly correlated

dichloroaniline R) to give8, then reduced t8, following cy-

to the resonance &t128.8 ppm and the proton at 6.51 ppm clized to givel0, and yielded the impurity-1 by methylation
is directly correlated to the resonance at 114.4 ppm, which in the last step.
indicate that impurity-1 has a 2,3,4-trichloro-phenoxy

derivate not a 2,3,6-trichloro-phenoxy substitutifitv].
HMBC data {Table J also provide enough information to
support the structure. Therefore, all data including ESPMS

3.3.2. Structure elucidation of impurity-2
HPLC/ESI-MS chromatogram and spectra using the pos-

1D and 2D NMR data suggest that the impurity-1 is itive ion mode were showed the impurity-2 at the retention

5-chloro-6-(2,3,4-trichlorophenoxy)-2-methylsulfany-1
benzoimidazole.

time of 15.616 min has a characteristic protonated isotope
pattern atn/z373, 375, 377, 379Hg. 9), indicating the pres-

According to the reaction sequence of triclabendazole ence of three chlorine atoms in the molecule. The measured

(Scheme }, it is presumable that impurity-1 possibly pro-
ducedin same reaction mechanisSolieme 2 Then we used

molecular weight is 14 mass units greater than triclabenda-
zole, this can be attributed to the methyl incorporation in

on-line HPLC/ESI-MS with the EIC techniques to track the triclabendazole. The methyl substitution on group NH was
corresponding by-products in every synthesis steps. Com-further confirmed from the singlet signals8.34 (3H, CH)
bined with the TIC and EIC technique in HPLC/ESI-MS, we and the absence of singlet&a12.86 (1H, NH) in'H NMR

detected the compountD (m/z, 377, 379, 381, 383, 385)
(Fig. 5A and B), compoun® (nvz, 335, 337, 339, 341, 343)
(Fig. 6A and B), and compound 81{z, 365, 367, 369, 371,
373) Fig. 7A and B). The M$ spectra of compound8
(Fig. 7C), 9 (Fig. 6C) and 10 (Fig. 5C) are also close in
agreements with their structures.

spectrum. It is produced in the last synthesis procedure of
Scheme 1

These data confirmed the molecular formular of
impurity-2 as GsH11CIsN2OS corresponding its struc-
ture as 5-chloro-6-(2,3-dichlorophenoxy)-1-methyl-2-
methylsulfanyl-H-benzoimidazoleKig. 2).
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4. Conclusions characterization of synthetic impurities of triclabendazole.
TIC, EIC and M3 were successively applied to study the
A simple and efficient on-line reversed-phase HPLC/ structures of the traced impurities. The method also detected
ESI-MS method has been developed for the separation andand confirmed some intermediates of impurity-1.
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