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Abstract 

The development of a reversed-phase liquid chromatographic method, using a mobile phase containing a mixture 
of anion and cation ion-pairing agents and a base-deactivated octyldecylsilyl column as stationary phase, is described 
for the control of all known impurities in (Z)-chlorprothixene hydrochloride (bulk drug). Validation of the method 
showed it to be reproducible, selective for both (Z) chlorprothixene hydrochloride and its E-isomer, accurate and 
linear over the concentration range of analysis with a limit of detection of 0.3 /~g ml ~. 
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I. Introduction 

Chlorprothixene hydrochloride, 3-(2-chloro- 
thioxanthen - 9-ylidene)-N,N-dimethylpropylamine 
hydrochloride, is a thioxanthene that exists as cis 
(Z) and trans (E) isomers [1] (Fig. 1), with phar- 
macological properties similar to those of  the 
phenothiazine chlorpromazine. 

Investigations of  the structure-activity relation- 
ships of  these isomeric forms have shown that the 
cis isomer is far more potent than the trans isomer 
[2]. Consequently, formulations of the chlorproth- 
ixene • HCI contain the more active Z-isomer [3], 
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and are administered both intramuscularly and 
orally for the treatment of  psychoses. On expo- 
sure to light, this isomer is rapidly converted into 
the E-form until an equilibrium is reached [4]. In 
the presence of  air it is converted into 2-chloroth- 
ioxanthone (III), which is the major degradation 
impurity [4]. As the photochemical equilibrium 
ratio of  the Z-  to E-isomers and the batch com- 
position may differ considerably, possible changes 
should be monitored using isomer-specific quality 
control procedures. 

The method described in the European Phar- 
macopoeia (Ph. Eur.) monograph for controlling 
the concentration of  the E-isomer in the sub- 
stance is a thin-layer chromatographic method 
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where the test substance is compared with the Ph. 
Eur. CRS which contains 2% (m/m) of the E-iso- 
mer. The CRS, therefore, provides control of this 
isomer while at the same time acting as a perfor- 
mance indicator for the method. All other known 
potential impurities of chlorprothixene hydrochlo- 
ride arise from the manufacturing process, which 
has 2-chlorthioxanthone (llI) as a starting mate- 
rial. Chlorprothixene hydrochloride is formed via 
a chlorthioxanthenol intermediate (V) (Fig. 1) [5]. 
Moreover, it is this intermediate (V) that is unde- 
tected by the related substances test described in 
the Ph. Eur. monograph. 

The known manufacturing impurities are 
2-chlorothioxanthone (III), (Z)-3-(2-chloro-9H- 
thioxanthen-9-ylidene)-N-methylpropylamine(IV), 
3-(2-chloro-9H-thioxanthen-9-ol)-N,N-dimethyl- 
propylamine (V), (Z)-3-(4-chloro-9H-thioxanthen- 
9-ylidene)-N,N-dimethylpropylamine (VII) and 3- 
(9H-thioxanthen-9-ylidene)-N,N-di-methylpropy- 
lamine (Vl) (Fig. 1). 
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Fig. 1. Structural formulae of chlorprothixene hydrochloride 
(Z-isomer, !) and impurities. 

The liquid chromatographic (LC) separation of 
chlorprothixene hydrochloride and phenothiazi- 
nes, in general, uses reversed-phase columns of 
ODS-silica and mobile phases of various composi- 
tions, with and without an ion-pairing reagent 
[6,7]. The separation of impurity III and the E- 
isomer from (Z)-chlorprothixene hydrochloride in 
the bulk drug by LC has been reported [8]. 

This paper describes the development and vali- 
dation of an ion-pair, reversed-phase LC method 
for the separation not only of the Z-isomer of 
chlorprothixene from the E-isomer but from all 
its known impurities in the bulk drug. 

2. Experimental 

2. I. M a t e r i a l s '  

(Z)-Chlorprothixene hydrochloride (I), (E)- 
chlorprothixene hydrochloride (II), 2-chlorthiox- 
anthone (III), (Z)-3-(2-chloro-9H-thioxanthen-9- 
ylidene)-N-methylpropylamine (IV), 3-(2-chloro- 
9H-thioxanthen-9-ol)-N,N-dimethylpropylamine 
(V), (Z)-3(4-chloro-9H-thioxanthen-9-ylidene)-N, 
N-dimethylpropylamine (VII) and 3-(9H-thioxan- 
then-9-ylidene)N,N-dimethylpropylamine (VI) 
were kindly donated by H. Lundbeck (Copen- 
hagen, Denmark). 

Chlorprothixene hydrochloride CRS was pre- 
pared by European Pharmacopoeia Laboratories 
and contained 2.0% (m/m) of the E-isomer. 

Acetonitrile, methanol, potassium dihydrogen- 
phosphate (KH2PO4), sodium lauryl sulphate 
(SLS), methylene chloride and Kieselgel 60F25 a 
(0.25 mm) thin-layer chromatographic plates were 
supplied by Merck (Darmstadt, Germany). Tetra- 
n-butylammonium bromide 99% (Bu4N+Br) 
was supplied by Aldrich Chemie (Steinheim, Ger- 
many). 

2.2.  I n s t r u m e n t a t i o n  

An LC system (Spectra Physics Analytical, Fre- 
mont, CA, USA), comprising a P1000 isocratic 
pump, an AS1000 autosampler with a fixed-vol- 
ume loop injector and UV100 detector was used. 
Chromatograms were recorded on a Data Jet 
integrator (Spectra-Physics Analytical). 
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A computer-controlled system from Waters 
Chromatography (division of Millipore) was also 
employed. The Waters system comprised a Waters 
600E system controller, Waters TM717 autosam- 
pler, Waters TM996 photodiode-array detector 
and Millennium 2010 Chromatography Manager 
from Millipore. A Hewlett-Packard Deskjet 500C 
printer was used. 

A column (100 x 4 mm i.d.) packed with 3 ¢tm 
Hypersil-C~8-BDS was supplied by Shandon 
Southern Products (Cheshire, UK). A mobile 
phase consisting of water-acetonitri le-methanol 
(55:40:5, v/v/v) containing potassium dihydrogen- 
phosphate (6 g I ~), sodium lauryl sulphate (2.9 
g 1 ~) and tetra-n-butylammonium bromide (9 
g I ~) was delivered at a flow rate of 1.5 ml 
min ~. 

Thin-layer chromatography (TLC) was per- 
formed using a Desaga AS30 TLC applicator with 
a Marathon autosampler and a Desaga densito- 
meter (Desaga, Saststedt Gruppe, Heidelberg, 
Germany). The TLC plates were developed with 
n-propanol concentrated ammonia solution- 
toluene-acetone (2:2:40:60, v/v/v/v). 

2.3. Preparat ion  o f  s tandard  solut ions 

A mixture of impurities III, IV and V, VI and 
VII was prepared by dissolving 2 mg of each in 
the mobile phase and diluting to 100.0 ml (impu- 
rity stock solution). Chlorprothixene hydrochlo- 
ride CRS (10 mg) (containing 2% (m/m) of 
E-isomer) was dissolved in 10.0 ml of the mobile 
phase. A sample of chlorprothixene hydrochloride 
(20 mg) was dissolved in a small volume of mobile 
phase, to which was added 3.0 ml of the impurity 
stock solution, and diluted to 20.0 ml with the 
mobile phase. 

Quantities between 5.1 and 5.3 mg of chlor- 
prothixene hydrochloride and all six impurities, 
including the E-isomer, were dissolved together in 
the mobile phase and diluted to 50.0 ml in mobile 
phase. A portion (10.0 ml) of this solution was 
then transferred into a 20.0 ml volumetric flask 
and diluted to volume with the mobile phase. 
Injections of this mixture were made initially on 
the Waters chromatographic system, with diode- 
array detection, and spectral information for each 

analyte was obtained for the determination of 
their respective response factors. 

A solution containing chlorprothixene hy- 
drochloride (1.0 mg ml ~) and all six impurities at 
their limiting concentrations was prepared. 
Aliquots of this solution were injected ten times 
using the Spectra-Physics chromatographic sys- 
tem. Retention times and peak areas were 
recorded for each analyte and their respective 
relative standard deviations for each analyte peak 
were calculated. 

Impurity V (2.0 mg) was accurately weighed 
and diluted to 20.0 ml with mobile phase. A 
portion (10.0 ml) of this solution was then further 
diluted to 100.0 ml to give a solution concentra- 
tion of 0.01 mg ml ~. An internal standard solu- 
tion was prepared by weighing accurately 2.0 mg 
of impurity VI and diluting to 20.0 ml with the 
mobile phase (i.e 0.1 ml ~). Calibration standards 
of 1.0, 2.0, 3.0, 4.0 and 5.0/~g ml ~ were prepared 
by pipetting 5.0, 10.0, 15.0 20.0, 25.0 ml, respec- 
tively, of 0.01 mg ml-~ stock solution into 50.0 ml 
volumetric flasks and then adding 2.0 ml of inter- 
nal standard solution to each before diluting to 
volume with the mobile phase. 

Sample solutions ( n = 2 )  were prepared by 
weighing 2.4 and 2.1 mg of impurity V and dilut- 
ing to 20.0 ml with mobile phase. Portions (1.5 
ml) of each solution were then pipetted into sepa- 
rate 50.0 ml volumetric flasks containing internal 
standard solution (2.0 ml), which were diluted to 
volume with the mobile phase. Each calibration 
solution was injected on to the chromatograph 
and peak-area ratios were recorded and plotted 
against the concentration of impurity V in each 
solution. Sample solutions were also analysed, 
peak areas recorded and sample concentrations 
determined from the calibration graph. The sam- 
ples were also quantified using the calibration 
graph obtained, by directly plotting the peak ar- 
eas of impurity V against concentration, disre- 
garding the peak areas of the internal standard. 

Resolution was calculated from replicate chro- 
matograms (n = 7) according to the method de- 
scribed in the European Pharmacopoeia [9]. 

The method described in the United States 
Pharmacopeia [10] was used to determine limit of 
detection (LOD) and limit of quantitation (LOQ). 
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Replicate injections (n = 6) of the mobile phase 
were made. The analysis time for each injection 
was 6 min. The average noise level for the six 
injections (i.e. the average peak area over the six 
injections) and the standard deviation of the noise 
level were calculated. The standard deviation 
value, which was in absorbance units (peak area), 
was converted into its equivalent concentration 
value using the peak area of a known concentra- 
tion of  impurity IV as a standard and multiplied 
by factors of 3 and 10 to give proposed concentra- 
tion limits of  detection and quantitation, respec- 
tively. 

These limits were then confirmed by injecting 
two samples of impurity IV, prepared at both the 
detection limit (0.3/~g ml-~) (equivalent to 0.03% 
impurity in the substance) and quantitation limit 
(0.9 /~g ml ~), in the presence of both the Z-iso- 
mer (1 mg ml J) and E-isomer (0.02 mg ml ~ of 
chlorprothixene hydrochloride. 

Impurity IV was chosen for these determina- 
tions since it eluted between the Z-  and E-iso- 
mers. Thus, the effects of peak tailing were 
considered in determining the correct limits of 
detection and quantitation. 

The developed LC method was compared with 
the TLC test for related substances described in 
the monograph for chlorprothixene hydrochloride 
of the European Pharmacopoeia, using a standard 
solution of chlorprothixene Ph. Eur. CRS in 
methylene chloride (20 mg ml l). 

3. Results and discussion 

Whilst the TLC method described in the 
adapted monograph of the European Pharmaco- 
poeia separated the Z-  and E-isomers of  chlor- 
prothixene, impurity V co-eluted with the 
Z-isomer (Fig. 2). As an alternative method, LC 
was considered as a possible means of separating 
the Z-isomer from its known six likely impurities. 

Addition to the mobile phase of  an ion-pairing 
reagent, which is protonated and carries the same 
charge as the analyte, is known to improve the 
chromatography and to reduce peak tailing. Pre- 
liminary studies had shown that the inclusion of 
either a cationic or anionic ion-pairing reagent in 

the mobile phase failed to separate all the impuri- 
ties from chlorprothixene. For  example, the effect 
of adding the cationic ion-pairing reagent tetra-n- 
butylammonium bromide ( B u 4 N + B r )  at various 
concentrations was examined. Increasing concen- 
trations of Bu4N+Br resulted in shorter reten- 
tion times for all analytes, with the exception of 
impurity I | l ,  which is the only non-basic analyte. 
However, because the inclusion of both cationic 
and anionic ion-pairing reagents in the same mo- 
bile phase had previously provided the successful 
separation of atenolol from a complex mixture of 
related substances [11], this stratagem was consid- 
ered to be potentially effective for the separation 
of chlorprothixene from its impurities. A ternary 
mobile phase composition of water acetonitrile- 
methanol (55:40:5, v/v/v) containing SLS (2.9 g 
l- l ) ,  Bu4N+Br (9 g 1 l) and K H 2 P O  4 (6 g 1 t) 
adequately separated all the impurities and (Z)- 
chlorprothixene with an analysis time of approxi- 
mately 20 rain (Fig. 3). The concentrations of 
impurities in the chromatogram shown corre- 
spond to the maximum limited concentrations 
(2.0% of the E-isomer and 0.3% of  each of the 
other impurities). Unfortunately, there is no single 
wavelength at which all substances exhibited a 
similar detector response. However, a detection 
wavelength of 254 nm was selected since good 
uniformity of response was observed for all but 
one substance, impurity Ill. At 254 nm, impurity 
Ill  has a response factor three to four times 
greater than that for (Z)-chlorprothixene. All 
other substances give response factors between 
62% and 105% of the value for the Z-isomer and 
could be considered sufficiently similar for the 
purposes of the limit test for the drug substance. 

There was very little variation in retention time 
between replicate injections (n = 10) of a solution 
containing all the analytes, with a maximum re- 
peatability standard deviation (RSD) of 1.4%. 
Peak-area repeatabilities were less than 2% at the 
2% limit for the E-isomer and less than 5% for the 
other impurities at a level of 0.3°/,7. 

Linearity was confirmed as satisfactory when 
using an internal standard (y = 0 .143x-5 .29  x 
10 3; r 2 =  0.999), where y is the peak-area ratio 
of V to VI using impurity V since it exhibits the 
lowest response factor, and without an internal 
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Fig. 2. Densitometric scan of a thin-layer chromatogram of a 
solution of (Z)-chlorprothixene (1) and its impurities (see Fig. 
1 for structures of analytes). R F values. IV, 0.27: VII, 0.37; VI, 
0.40; II, 0.45; I and V, 0.53; III, 0.73. 

s tandard (y = 4.17 x 1 0 4 x -  986.8; r 2 = 0.997). 
For  this reason, it was also chosen as a critical 
impurity for the determinat ion o f  recovery. The 
amount  o f  impuri ty V in 'spiked'  samples was 
calculated using the regression equat ion for each 
calibration graph. Recoveries obtained using both 
the external and internal s tandard methods  at the 
concentra t ion limit o f  the impuri ty were 101.4% 
and 101.1%, respectively, for one sample and 
107.9% for the second sample using both tech- 
niques. Hence there is no advantage  in using an 
internal s tandard  procedure.  

Impur i ty  IV was chosen to estimate the limits 
o f  detection and quant i ta t ion because it eluted 
between the Z -  and E-isomers o f  chlorprothixene 
(Fig. 3) and as such could be influenced by the 
peak tailing effect o f  the first-eluting isomer (Z)  
and its separation from the E-isomer.  Response 
factor  data  also showed that impurity IV has a 
lower response than the other impurities apart  
from V. The limits o f  detection (0 .3 / lg  ml ~) and 
quant i ta t ion (0.9 /~g m l  1) were also determined 
for this impuri ty because its chromatograph ic  
properties could influence these parameters  con- 
siderably. (Z)-chlorprothixene hydrochlor ide (1 

mg ml 1) and its E- isomer  (0.02 mg ml J) were 
also included in the sample to confirm that the 
estimated limits o f  detection and quant i ta t ion are 
accurate for any sample o f  the drug substance 
with the max imum tolerated content  o f  the E-iso- 
mer. 

There was good  agreement between the values 
o f  the content  o f  the E-isomer  in two batches o f  
raw material using the T L C  method  described in 
the Ph. Eur. m o n o g r a p h  and quantified with a 
Desaga CD60 densitometer and those obtained by 
the LC method.  The concentrat ions o f  E-isomer 
in the substance analysed on two different occa- 
sions by T L C  and LC were 0.21% and 0.22%, and 
0.23% and 0.21%. 

During the study, it became apparent  that  the 
preparat ion o f  the mobile phase was critical for 
ensuring the consistent separation o f  all analytes. 
A slight variation in the composi t ion o f  the too- 

A254 

III 

6 5 lb 1J5 
rain 

Fig. 3. Liquid chromatogram of a solution of (Z)-chlorproth- 
ixene containing the E-isomer (2.0%, m/m) and impurities 
(each 0.30%, m/m). Retention times (min): V, 4.97; VI, 6.14; I, 
8.66; IV, 10.9; II, 11.6; VII, 12.5; Ill, 13.5. Mobile phase: 
water acetonitrile methanol (55:40:5, v/v/v) containing SLS 
(2.9 g 1 ~), BuaN+Br (9 g 1 I) and KH2PO 4 (6 g 1 I). 
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bile phase caused the impurities III and VII to 
co-elute. Moreover, variations in retention times 
were observed using mobile phases prepared on 
different days. On no occasion, however, did this 
affect the separation of the principal peak and the 
E-isomer from all other impurities. That the sepa- 
ration of analytes is sensitive to small changes in 
mobile phase composition highlights the impor- 
tance of including a performance requirement in 
the test of  the monograph which would enable the 
analyst to discern whether or not complete sepa- 
ration of  all potential impurities is likely to be 
achieved. This would ideally be carried out using 
a reference solution containing the impurities of  
interest. However, as reference standards of the 
chlorprothixene impurities are not readily avail- 
able, the resolution requirement between the E- 
and Z-isomers is considered to be satisfactory. 

Acknowledgements 

The authors thank Mme. Sandra Kssis and 
Mrs. N Savage for preparaing the text. 

References 

[1] J.D. Dunitz, H. Eser and P. Strickler, Helv. Chim. Acta, 
47 (1964) 1897 1902. 

[2] S.J. Enna, J.P. Bennett, D.R. Burt, I. Creese, D. U'P- 
richard, D.A. Greenberg and S.H. Snyder, Nature (Lon- 
don), 267 (1977) 184. 

[3] J.E.F. Reynolds (Ed.), Martindale, The Extra Pharmaco- 
poeia, 30th edn., Pharmaceutical Press, London, 1993 p. 
581. 

[4] A. Li Wan Po and W.J. Irwin, J. Pharm. Pharmacol., 32 
(1980) 25-29.  

[5] B.C. Rudy and B.Z. Senkowski, in K. Florey (Ed.), 
Analytical Profiles of Drug Substances, Vol. 2, Academic 
Press, New York, 1973, pp. 63 84. 

[6] G. Misztal, Chem. Anal. (Warsaw), 36 (1991) 493 497 
(Anal. Abstr., AAN5502G00043 9301). 

[7] J.E. Kountourellis and C.K. Markopoulou,  J. Liq. Chro- 
matogr., 14 (1991) 2969 2977. 

[8] A. Li Wan Po and W.J. Irwin, J. Pharm. Pharmacol., 31 
(1979) 512 516. 

[9] Liquid Chromatography (V.6.20.4), European Pharmaco- 
poeia, 2nd edn., Maisonneuve, St. Ruffine. 

[10] The United States Pharmacopeia, 23rd Revision: The 
National Formulary, 18th edn., United States Pharma- 
copeial Convention, Rockville, MD, 1995, p. 357. 

[11] A. Holbrook, A.M. Krstulovic, J.H. McB. Miller and J. 
Rysaluk, Pharmeuropa, 3 (1991) 218 225. 


