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ABSTRACT

A simple and reliable head space gas chromatogmaphéthod has been developed for the
determination of residual Methyl chloride, Ethylalide and Isopropyl chloride in Ziprasidone
Hydrochloride. The proposed method is based ondlamization detection technique with DB-
624 as stationary phase. Linearity of detector oege was established up to 13.5ug/g and the
detection limit was 0.8ug/g for Methyl chloride,hfdt chloride and 0.9ug/g for Isopropyl
chloride respectively. No interference of organadvents used in the synthesis was observed.
Performance of the method was assessed by evaudtie recovery, repeatability,
reproducibility, linearity and limits of detecticend quantification. The proposed method has a
potential for application to drug substances whichy contains traces of alkyl chloride. Results
prove that the validated method was suitable faeeining the residual Methyl chloride, Ethyl
chloride and Isopropyl chloride in Ziprasidone Hgdhloride drug substance. To widen the
scope of this method, interference of 17 commamiyl@yed solvents in the synthesis has been
studied for any possible interference with Methjilodde, Ethyl chloride and Isopropyl
chloride. The potentiality of method has been &aidor various drug substances containing
possible alkyl chlorides residue present in theurgdmatrix.

Key words. Gas chromatography, Methyl chloride, Ethyl chloridisopropyl chloride,
Ziprasidone Hydrochloride.

INTRODUCTION

Ziprasidone Hydrochloride is an effective anti-gsytic drug and serotonin dopamine antagonist
that works to treat the positive, negative and eegive symptoms associated with schizophrenia
[1, 2]. Schizophrenia is a chronic illness thatuiegs lifelong treatment [3]. Therefore, it is
necessary to calculate the level of genotoxic intigsr in the drug substance, because the
potential sources are reagents or solvents [4]n@dadly, Ziprasidone Hydrochloride is 5-[2-[4-
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(1,2-benzisothiazol-3-yl) -1- piperazin -1 -yl] gth-6 -chloro- 1,3 —dihydro & —indol -2-one
Hydrochloride. The molecular formula is,#2;CIN,OS.HCI and the molecular weight is
449.42. Methyl chloride, Ethyl chloride and Isopybphloride may form at the salt formation
step, as Ziprasidone base in alcohol solvent (Methd&thanol or Isopropanol) is treated with
hydrochloric acid leading to precipitate of Zipdmne Hydrochloride. Methyl chloride, Ethyl
chloride and Isopropyl chloride are reported aginagen [5] and methyl chloride as teratogen
[6]. Therefore it is necessary that, these residogdurities should be controlled to limits
permitted by threshold of toxicological concern (T A TTC value was estimated to be
1.5ug/person/day intake of a genotoxic impurity censidered to be associated with an
acceptable risk for most pharmaceuticals as per £MHideline on the limit of genotoxic
impurities [CPMP/SWP/5199/02, EMEA/CHMP/QWP/2513216] as well as risk assessment
literature [7, 8]. Ziprasidone Hydrochloride is dahble in the market from 20mg, 40mg and
80mg strength as “GEODON” and “ZELDOX” by Pfizefhe maximum daily dose for the drug
is 160mg, based on the TTC calculation [9] the piéech value of alkyl chlorides together is

9.4u49/g.

Many analytical methods have been reported in iteeature for Ziprasidone hydrochloride

determination. HPLC determination has been repobedSingh et.al, [10] in 2007, video-

densitometry using HPTLC technique was reported0h0 by Robert Skibinski et.al, [11] and
guantification of Ziprasidone in human plasma byM&was developed in 2006 by Osama Y.
Al-Dirbashi et.al, [12]. Quantitative determinaticof alkyl chloride present in the active

pharmaceutical ingredients has been studied byERI&. et.al, [13], in 2008 and Noureddine
Yassaa et.al, [14] in 2009 has been reported far@ammental samples using GC-MS technique,
but no specific gas chromatographic methods has begorted till date, for the quantitative
determination of residual Methyl chloride, Ethyll@tide and Isopropyl chloride in Ziprasidone
Hydrochloride drug substance.

MATERIALSAND METHODS

Chemicals and Reagents

Methanol, Tetrahydrofuran, Benzene, Isopropyl abtoBimethylsulfoxide (DMSO), Ethanol,
Acetonitrile, 2-Methyl pentane, 3-Methyl pentand;exane, Methyl cyclopentane Ethyl acetate,
Cyclohexane, Toluene, 1,4-Dioxan, Methyl isobutgtdne, andh-Butanol procured from Fluka
Ltd., Reference standard of Ethyl chloride (1000mpig" in Methanol), Methyl chloride (200 pg
mL™ in in Methanol) was purchased from Supelco Anelltinc., (Belleforte, USA). Isopropyl
chloride obtained from Sigma Aldrich. Co., USA. | Akagents used were of analytical GC
reagent grade. HPLC water was obtained from Merakited., Mumbai. Sample under
investigation was obtained by the Aurobindo Phakitda Hyderabad, India.

I nstrumental

Gas chromatographic systems of two different makes Agilent 6890N GC with Gerstel
Multipurpose sampler and HPCHEM station softwarthviAID and Shimadzu 2010GC system
with FID, with combipal auto sampler with GC sotutiand Waters Empower software’s was
used. For the separation of alkyl chlorides, hightp helium was used as carrier gas and purge
gas was Nitrogen. The separation was performed B#62! 60m long, 0.53mm I.D. and 3um
film thickness capillary column. The carrier gaswil was adjusted at 41.4 kPa using pressure
mode and the sample was introduced with split rat The capillary injector temperature set at
180°C and FID-detector set at 260°C. The colummaesnperature was 35°Cfor 10 minute,
further the temperature ramp set at 30°C/min tairat220°C, and then hold for 9 minutes, the
chromatograph stop time was set to 25 minutes.hEa€l space model AOC5000 was used with
2.5 ml-HS syringe and the sample volume set at 1.0rhe sample in sealed head space vials
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was incubated at 60°C for 20 minutes using autoptamand the agitation speed set at 500rpm
for 10 seconds switch over on/off time. The syringmperature set at 70°C and the injection
speed was 1mL/second with 500 milliseconds for ppldelay and the syringe flushed time set
at 5 minutes with optimum head space run time tsé® aninutes, detailed in Table-1.

Table 1. Gas chromatography conditions

Components Parameters Requirement
Injector volume 1ml
Syringe 2.5 mlHS
Incubation temperature 60°C
Incubation time 20 min
Agitation speed 10 seconds
Autosampler - - .
Syringe flushing 5 min
Syringe temperature 70°C
Fill speed 1mL/sec
Pull up delay 500 m sec
Inject speed 1 mL/sec
Injector temperature 180°C
Carrier gas Helium
) Gas flow 41.4 kPa (Constant flow)
Injector — :
Injection mode Split 1:2
Liner Split Glass
Stop time 25 min

DB-624 [60m x 0.53 x 3um)
Cyanopropylphenyl 6% and Dimethylpolysiloxane copoér 94%

22Q°C |
Column Oven temperature program 35°C 30°C/'/V omin
10 min

Run time 25 min

Injection delay 15 min

Type FID
Detector yp

Temperature 260°C

Diluent solution

Accurately measured and transferred 2.0 mL of Math&nto a 100 ml clean, dry volumetric
flask containing about 25 mL of Dimethylsulfoxidmixed and make up to volume with
Dimethylsulfoxide.

Standard solution A

Accurately weighed and transferred about 0.0226Igapropyl chloride into a 50 mL clean, dry
volumetric flask containing about 25 mL of Dimetsiyffoxide, mixed and make up to volume
with Dimethylsulfoxide.

Standard solution B

Accurately measured and transferred 1.0 ml of Etybride reference standard into a 5 mL
clean, dry volumetric flask containing about 2 nflDamethylsulfoxide, mixed and make up to
volume withDimethylsulfoxide.
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Standard stock solution

Accurately measured and transferred 1.1 mL of Metiljoride reference standards into a 50
mL clean, dry volumetric flask containing about 88  of Dimethylsulfoxide, further the
resulting solution was added with 1.1mL of Staddaolution B and 0.5 mL of Standard
solution Aand make up to volume witbimethylsulfoxide.

Standard solution
Transferred accurately 0.2 mL of the Standard ssmiltionto the headspace vial containing
0.125 mL of water and 0.675 mL of Dimethylsulfoxidealed the vial immediately.

Sample solution

Accurately weighed and transferred about 0.1 caafde to the headspace vial containing 0.125
mL of water and 0.675 mL of Dimethylsulfoxide. Fet 0.20 mL of diluent solution was added
and sealed the vial immediately.

Blank solution
Taken 0.125 ml of water, 0.675 ml of Dimethylsulfdex and 0.2 ml of diluent solution into the
headspace vial and sealed the vial immediately.

RESULTSAND DISCUSSION

Method development and optimization summary

Preliminary experiments were carried out based hen retention of Methyl chloride, Ethyl
chloride and Isopropyl chloride, which were disagssn many Agilent gas chromatographic
applications [15]. By using non polar stationaragh [16] like DB-1, DB-5, DB VRX and mid
polar stationary phase [17-18ke DB-624 and Rtx-624 capillary column, elutiori alkyl
chloride including other solvents used in the sgsih was investigated using different
composition of hydrogen and nitrogen gases. Tharaéipn was achieved on DB-624 column
(containing 6% Cyanopropylphenyl and 94% Dimethigpiboxane copolymer) of 60 m length,
0.53 mm internal diameter and film thickness of 3witlh Helium as carrier gas. In the diluent
composition Methanol and DMSO was used, slight tesponse and some base line disturbance
for alkyl chlorides was observed. Therefore, ahgligmount of water was added during the
sample preparation. The peak shape and respomesiadial Methyl chloride, Ethyl chloride and
Isopropyl chloride were improved. Finally, satigtag result was achieved in reasonable time
with flow of Helium gas set to constant pressuraleno

Validation of the method

In order to judge the suitability of method fortelenining the Methyl chloride, Ethyl chloride
and Isopropyl chloride traces in Ziprasidone Hytifodde drug substance, the method was
validated as per the ICH guidelifi®9], for specificity, limit of detection, limit o§uantification,
linearity, accuracy, precision and robustness.

Specificity

To assess the ability of the method, individualiBohs were prepared with known amount of
Methyl chloride, Ethyl chloride and Isopropyl chide with respect to Ziprasidone hydrochloride
drug substance concentration and injected in tagdsechromatograph and the chromatograms
were recorded. The sample solution was prepargetiathe methodology and injected into the
chromatograph (Control sample). The drug substaimvs no peaks either due to Methyl
chloride, Ethyl chloride and Isopropyl chloridethre sample solution. So it reveals that the drug
substance highly pure and free from alkyl chloricessdue under investigation.
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Therefore the sample solution was spiked with knawrount of Methyl chloride, Ethyl chloride
and Isopropyl chloride reference standard at talgetl, and injected into the chromatograph
(Spiked sample). The relative retention time fortihg chloride, Methanol, Ethyl chloride,
Isopropyl chloride and Dimethylsulfoxide was foun@2, 0.28, 0.32, 0.43 and 1.00 respectively.
The resolution between Methyl chloride and methamwak found to be 11.1 and between
Methanol and Ethyl chloride was found to be 1.5§pesetively. No interference of blank was
observed corresponding to Methyl chloride, Ethytbade and Isopropyl chloride peaks and the
analyte peaks were well resolved. Further the GZAWidy was conducted to confirm that the
injected alkyl chlorides peaks are homogenous amel. p
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Figure 1. Representative chromatogram obtained from (a).Blank, (b).Standard, (c) Spiked sample, and
(d). Spiked sample with additional solventsincluding standard.

To broaden the scope of the method, series of lpessommercially employed solvents which
may be used during the synthesis was preparedidudily and injected to chromatograph at
known concentration level. Methanol, Ethanol, lsgyl alcohol, Acetonitrile, 3-Methyl
pentane, 2-Methyl pentane;Hexane, Methyl cyclopentane, Ethyl acetate, Teuladfuran,
Cyclohexane, Benzens;Butanol, 1,4-Dioxan, Methyl isobutyl ketone, Tehe and, Dimethyl
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sulfoxide are the probable solvents and
individual chromatogram.

theirentadn time was confirmed by respective

Each of the above individual solvents was spiketh wilethyl chloride, Ethyl chloride and
Isopropyl chloride reference standard at about @ {evels to the sample solution (Spiked
sample with additional solvents). The resolutiotwaen Methyl chloride and methanol was
found to be 10.6 and between Methanol and Ethydrakg¢ was found to be 1.63 respectively.
There is no co-eluting peak due to additional saiwewith alkyl chlorides peaks under
investigation. Therefore a system suitability erge has been established from the specificity
experiment that, the resolution between Methyl sgioand methanol should not be less than 5.0
and between Methanol and Ethyl chloride should betless than 1.5. From the above
experiment, Figure 1 shows the chromatogram oldafren blank, Standard, Spiked sample
with standard at LOQ level, and Spiked sample additional solvents including standard.

LOD and LOQ

For determining the limit of detection (LOD) andhit of quantification (LOQ) values of each
residual alkyl chlorides the standard solutionaagiéted level injected in to the chromatographic
system, the LOD and LOQ values predicted from tigmad to noise (S/N) ratio data. The
LOD/LOQ values were predicted by [3.3 x Concentraf Standard /(S/N)] for LOD and [10 x
Concentration of Standard /(S/N)] for LOQ. The siolus of Methyl chloride, Ethyl chloride and
Isopropyl chloride for LOD and LOQ evaluation wenmepared at predicted concentration levels
and précised by analyzing six times, detailed inl@ 2.

Table 2. Evaluation of LOD and LOQ, Linearity data

Components Methyl ChlorideEthyl Chloride | Isopropyl Chloride
Concentration (ug/g) 8.8 8.8 9.1
SIN ratio 35.0 36.8 32.2
Limit of detection (png/g) 0.83 0.79 0.93
Limit of quantification (pg/g) 2.51 2.39 2.83
Limit of detection precision (%RSD) 12.9 13.4 10.9
Limit of quantification precision(%RSD} 2.4 3.2 2.7

Slope 1105.1 1623.5 5112.7
STEY X 146.0 116.1 886.4
Correlation Co-efficient 0.9996 0.9999 0.9993
RSQ(A 0.9992 0.9998 0.9986
#Average of n=6 determinations
Linearity

The linearity of the method was determined by priegaa series of solutions by using Methyl
chloride, Ethyl chloride and Isopropyl chloridecaincentration levels from LOQ level to 150%
of the target level (9ug/g) using GC-FID detectesponse. The concentration studied ranges
between 2.40ug/g to 13.49ug/g for Methyl chloride85ug/g to 13.37ug/g for Ethyl chloride
and 2.53ug/g to 13.59ug/g for Isopropyl chloridspextively. The statistical parameters slope,
intercept, residual standard on deviation respams& correlation co-efficient values were
calculated in Table 1. The area and concentratiere weated by least square linear regression
analysis plot [Area count in terms of Intensity (Jrat Y-axis Vs Concentration (ug/g) at X-axis]
as shown in Figure 2.
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Figure 2. Regression plot for Methyl chloride and Ethyl chloride, 1sopropyl chloride
Precision
The precision was the study of the method usingatgbility and reproducibility (ruggedness).
The method performance was evaluated with replicggextions of the standard and sample
solutions. Standard solution was analyzed six tifioeschecking the performance of the gas
chromatography system under the chromatographiditons on the day tested (System

precision), the %RSD was found to be 3.0, 2.6 aBdf@ Methyl chloride, Ethyl chloride and
Isopropyl chloride respectively.

Repeatability was intra-day variation (method ps®ei) and inter-day variation (ruggedness).
The repeatability of the method was studied byyamad) six sample solutions separately by the
addition of residual alkyl chlorides at known contation levels was found to be 8.1ug/g,
8.6ug/g and 8.3pg/g and %RSD values were 2.7& 3 for Methyl chloride, Ethyl chloride
and Isopropyl chloride respectively.

The degree of reproducibility is known as ruggednedbtained by the analysis of the same
sample concentration (which is used in the methredigion) under a variety of conditions using
different series of column, with different user different day by using new standard also found
to be 8.7ug/g, 8.5ug/g and 8.6ug/g and %RSD vauedl.5, 3.4 & 3.2 for Methyl chloride,
Ethyl chloride and Isopropyl chloride respectively.

Table 3. Accuracy experimental data

Components Methyl Chloride Ethyl chloride Isopropkloride
Target Level (%) 25 50, 100 150 2% 50 100 150 25 |5D00 | 150
Spike Conc. (ug/d) 237 | 45| 89| 133254 | 45/ 9.1 | 135/2.61| 44| 89| 13.2
Determined Conc.(ug/§) 246 | 4.2| 8.0/ 12.71256| 4.4/ 89| 13.3/252| 43 | 85| 13.0
%RSD" 19 ] 24| 19| 40 20 1811)| 26| 18| 06 16 1.3
Percent Recovery 103.8/ 93.3|89.9| 95.5|100.8/97.8/97.8| 98.5| 96.6| 97.7| 95.5]| 98.5
Average % Recovery 95.6 98.7 97.1

P Average of n=3 determinations

Accuracy

The accuracy of the method was evaluated by regoggperiment using standard addition
technique. The recoveries were determined by spikire respective residual solvent at three
different levels ranging from 50% to 150% (with pest to 9ug/g) into Ziprasidone
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hydrochloride drug substance. The samples wereapedpas per the methodology, analyzed in
triplicate and percentage recoveries were calallafehe average recovery values were
summarized in Table 3.

Robustness

To assess the robustness of the method, experihtemditions were deliberately altered. The
study was carried out with respect to flow ratenafbile phase + 10% and initial temperature of
the column oven 35°C+ 2°C and ramp temperature B0tC+ 2°C. The system suitability
results met the acceptance criteria at each adehlberately varied conditions. There is no much
variation in the RRT’s of alkyl chlorides obtainatldifferent deliberately varied conditions from
the developed methodology. Hence the test methiaubisst for all varied conditions.

Potential application of the method

The potential application of the method has beaemuoted for the drug substances containing
possible alkyl chloride moiety in their drug matriMost of the selected drug substance has
shown no alkyl chloride residue during the analysien though precipitation step uses
hydrochloric acid treatment for their respectiveofiolic drug base. The absence of alkyl
chloride residue in the drug confirms the completecipitation step, leads to no un-reacted
alcoholic moiety in the drug matrix. Therefore, tmethod has been applied to various drug
substances based on the precipitation treatmerititBieed slight modification for sampling
preparation to obtain accuracy result with suitafeking level of alkyl chloride. Table 4,
describes the experimental result for respectiveg diuubstances confirm the potentiality of the
method.

Table4. Recovery result for the variable drug substance showing

Alkyl chloride Amount Added | Amount Found | %Recovery %RSD|+ 95%ClI
Drug determined (ng/g) (1g/g) c c d

Risperidone Isopropyl chloride 2.87 2.75 95.8 01 .10

Alfuzosin Hydrochloride Ethyl chloride 2.98 2.89 .97 2.5 6.2
Methyl chloride 0.75 0.76 101.3 1.5 3.8
Valganciclovir Hydrochloride |Ethyl chloride 0.75 0.74 98.7 0.8 1.9
Isopropyl chloride 0.75 0.77 102.7 1.6 4.¢
Methyl chloride 2.99 291 97.3 1.8 5.0
Fluoxetine Hydrochloride Ethyl chloride 2.98 2.96 99.3 3.0 4.1
Isopropyl chloride 2.99 2.92 97.7 14 0.8

°n=3, determination® Cl: stands for Confidence interval
Table 5. Sample preparation optimization summary
Drug Sample preparation technique
Risperidone Sample 0.4g diluted to 5.0mL DMSO 8itig/g spiking level

Sample 0.25g, 0.25mL DMSO, 0.25mL Water &0.5mL|
(2% MeOH in DMSO) with 3pg/g spiking level
Sample 0.25g, 0.25mL DMSO, 0.25mL Water &0.5mL|
(0.4% MeOH in DMSO) with 0.75ug/g spiking level
Sample 0.25g, 0.25mL DMSO, 0.25mL Water &0.5mL|
(4% MeOH in DMSO) with 3pg/g spiking level

Alfuzosin Hydrochloride

Valganciclovir Hydrochloride

Fluoxetine Hydrochloride

The Accuracy of all these alkyl chlorides was fouadbe in between the predefined acceptance
criterion of 96.0-103% and the data is given Tablshowing the potentiality of the method.
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The sample preparation was optimized and the sugnalso describes in Table 5 with definite
spiking level of alkyl chlorides based on the cidtions.

CONCLUSION

The developed gas chromatographic method has taateaeliable and economical result for
the simultaneous determination of Methyl chloriighyl chloride and Isopropyl chloride residue
present in the Ziprasidone Hydrochloride. The rssoil various validation parameters confirmed
that the method is specific, robust, linear, pee@ad accurate. The method has been applied to
various drug substances containing possible alkybride moiety in the drug matrix. The
experimental data shows that the method has pateapplication for the quantitative
determination of alkyl chloride moiety presentlie idrug substances.
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