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ABSTRACT 

A highly sensitive analytical method for the simultaneous 

quantification of trace level impurities of Benzyl chloride and Benzyl 

bromide in the active pharmaceutical ingredient Entecavir has been 

developed. These genotoxic impurities have demonstrated to induce 

genetic mutation, chromosomal breaks or chromosomal rearrangement 

and have potential to cause cancer. The analysis was accomplished on 

an Inertsil poroshell C18 column (50mm x 4.6mm, 3μ) using phosphate 

buffer and acetonitrile as the organic solvent. The flow rate was set at 

1.2 mL/ minute with a total analysis time of about 6 minutes. The 

method was validated for the analytical parameters such as system 

suitability, specificity, linearity and range, accuracy, limit of detection (LOD), limit of 

quantification (LOQ), precision, and solution stability. The limit of detection and limit of 

quantification were found to be 0.05μg/mL and 0.2μg/mL respectively with respect to 

Entecavir sample concentration (2μg/mL). 
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1. INTRODUCTION  

Entecavir (Fig.1) is an antiviral drug used in the treatment of hepatitis B virus (HBV) 

infection. It is a reverse transcriptase inhibitor. It prevents the hepatitis B virus from 

multiplying in the body. Benzyl halides are the common reagents used as alkylating reagent in 

the synthesis of the Entecavir.[1-4] Most of the benzyl halides cause mutation and are 

considered to be genotoxic.[5] Genotoxic impurities have demonstrated to induce genetic 

mutation, chromosomal breaks or chromosomal rearrangement and have potential to cause 
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cancer.[6] Benzyl halide impurities in active pharmaceutical ingredients are responsible for 

deleterious action on a cell’s genetic material affecting its integrity. Therefore, exposure to 

even low levels of such impurities in final active pharmaceutical ingredient (API) may be of 

significant toxicological concern. Hence it is necessary to control these impurities to the 

lowest ppm level in the API so that the API can be considered safe to the administered.[6, 7] 

 
The potential presence of these genotoxins has attracted the attention of regulatory authorities. 

European Medicines Agency’s (EMEA) Committee for Medicinal products for Human use 

(CHMP) has published guidelines regarding limits of genotoxic impurities.[6, 7] In 2008, US 

FDA has also come up with the draft guidelines on genotoxic and carcinogenic impurities in 

drug substances and products. These guidelines describe the potential lifetime cancer risk 

associated with patient’s exposure to genotoxic and carcinogenic impurities and the ways to 

reduce them. Both the PhRMA white paper and EMEA guidelines recommend a maximum 

daily exposure target of 1.5 μg per day of genotoxic impurities in pharmaceuticals [acceptable 

Threshold of Toxicological Concern (TTC)].[6, 7] Benzyl bromide (Fig.2) and Benzyl chloride 

(Fig.3) are colorless liquids often used as alkylating reagent[1-3] for most of the pharmaceutical 

products have been notified as Potential Genotoxic Impurity (PGI). These molecules are 

highly reactive, widely used in chemical synthesis of intermediates and active pharmaceutical 

ingredients. These impurities are known carcinogens and can have an impact on product risk 

assessment if present in the final drug substance and drug product as an impurity.[6] Benzyl 

halides have been found at various hazardous waste sites of departments of defense in United 

States. They are designated as environmental contaminants causing adverse effects to public 

health and have been included in many National Priorities List (NPL) hazardous waste sites 

and federal facilities sites in the United States.[11]  

 

The present research work is focused on development of a rapid, sensitive and accurate 

method for the determination of Benzyl bromide and Benzyl chloride in Pharmaceutical 

Products. Considering the allowable limit of 1.5 μg per day of benzyl halide, the concentration 

limit (ppm) of benzyl halide varies for different Pharmaceutical products based on the daily 

dose of the drug substance (g/day).[7] The method so developed was validated with respect to 

specificity, LOD, LOQ, linearity, precision, accuracy and solution stability. All these studies 

were performed in accordance with established ICH guidelines.[8, 9] 
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Fig. 1. Structure of Entecavir 

  

 

Fig. 2. Structure of benzyl bromide 

 

 

Fig. 3. Structure of benzyl chloride 

 
2. EXPERIMENTAL 

2.1 CHEMICALS AND REAGENTS 

Entecavir (purity 99.2%) was sourced from Venus Laboratories. Benzyl bromide (A. R. 

grade) and Benzyl chloride (A. R. grade) were procured from s. d. Fine Laboratories. 

Acetonitrile (spectroscopic grade) was obtained from Fisher-Scientific. Sodium hydrogen 

phosphate monohydrate (A.R. grade) was procured from Merck and Water (spectroscopic 

grade) was used as received from Rankem. 
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2.2 INSTRUMENTATION 

The analysis was performed on Agilent 1260 High Performance Liquid Chromatography 

(HPLC) system with an auto sampler and binary solvent system interfaced to an Agilent DAD 

detector and Chemstation Software. The detection was carried out at 210 nm using an Inertsil 

Poroshell C18 column (50mm x 3.5mm, 2.7μ). 

 
2.3 CHROMATOGRAPHIC CONDITION 

The HPLC method was developed with mobile phase consisting of Solution A (0.01M 

Sodium hydrogen phosphate) and Solvent B (Acetonitrile) as 55:45 v/v mixture, which was 

pumped at a flow rate of 1.2 mL/min. The temperature of the column was maintained at 25°C 

and the wavelength selected was 210 nm. The injection volume was 10 μl. Water: acetonitrile 

(1:1) v/v was used as diluent. 

 
2.4 PREPARATION OF STANDARD AND ENTECAVIR SAMPLE 

STANDARD PREPARATION 

Standard solution contained 2μg/mL of Benzyl bromide as well as Benzyl chloride and was 

prepared in diluent.  

 
SAMPLE PREPARATION 

Sample Solution was prepared by dissolving 2 mg of entecavir per mL of diluent.  

 

3. RESULT AND DISCUSSION 

3.1. METHOD DEVELOPEMENT 

Selection of the HPLC column has played a critical role in achieving the separation of Benzyl 

bromide, Benzyl chloride and Entecavir. Method development was initiated by using water 

and acetonitrile (1:1 v/v) at a flow rate of 1.0 mL/min. The column used was prontosil C18, 

150 mm in length having internal diameter 4.6 mm and 5 μm particle sized Stationary 

phase.[8] The peak shapes of Benzyl bromide and Benzyl chloride were not appreciable. To get 

optimum resolution and improved peak shape various mobile phases and columns were tried. 

Finally phosphate buffer and poroshell RP-18 column were selected. 

 

Typical chromatogram of standard Benzyl chloride and Benzyl bromide, Entecavir sample 

and Entecavir with spiked impurities (Benzyl bromide and Benzyl chloride) is shown in (Fig. 

4, Fig. 5 and Fig. 6) respectively. System suitability data is as shown in Table 1. 
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Fig. 4 Standard chromatogram of Benzyl chloride and Benzyl bromide 

 

 

Fig. 5 Sample chromatogram of Entecavir 

 

 

Fig. 6 Standard spike chromatogram of Entecavir 
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 Table 1 System Suitability data 

Parameter Limit Benzyl Chloride Benzyl Bromide 

Theoretical plate 2000 4980 5427 

Symmetry 0.8-2.0 1.1 1.2 

Resolution NLT 1.5 - 2.5 

NLT: Not less than.  

 

3.2 VALIDATION OF METHOD 

3.2.1. SPECIFICITY 

Specificity is the ability to assess unequivocally the analyte in the presence of component 

which may be expected to be present. Typically these might include impurities, degradants, 

matrix etc.[9] The retention times of Benzyl bromide and Benzyl chloride in the standard 

solution were compared with the ones in the sample solution. Moreover, the diluent was 

injected to see whether there were any interferences at the retention time of Benzyl bromide 

and Benzyl chloride. 

 

3.2.2. LINEARITY 

The linearity of an analytical procedure is its ability (within a given range) to obtain test 

results which are directly proportional to the concentration (amount) of analyte in the 

sample.[9] Linearity of the method was checked by determining mean responses for each 

impurity at different dilutions. Hence solutions of each impurity ranging from of 0.2 ppm to 

10.0 ppm were prepared. Each solution was injected three times. The mean responses for 

Benzyl bromide and Benzyl chloride were plotted against Concentration. The Correlation 

Coefficient was found to be 0.999, which indicates good linearity (Table 2).  

 

Table 2 Linearity data 

Peak Name Slope Y intercept 
Correlation 

Coefficient 

Benzyl chloride 26.15 -0.13 0.999 

Benzyl bromide 25.23 -1.22 0.999 

 
3.2.3. ACCURACY 

The accuracy of an analytical procedure expresses the closeness of agreement between the 

value which is accepted either as a conventional true value or an accepted reference value and 

value found.[9] Entecavir sample solutions of 2 mg/mL were spiked with Benzyl bromide and 

Benzyl chloride at different concentration i.e. 0.2μg/mL, 0.5μg/mL, 1.0μg/mL and 1.5μg/mL. 

Each solution was injected in duplicate. The recovery percentage was calculated. Results of 
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recovery are shown in Table 3 and Table 4 for Benzyl chloride and Benzyl bromide 

respectively. % Recovery for solutions of all concentrations was found between 90 to 110.  

 

Table 3 Accuracy results (Benzyl chloride) 

Amount added (μg/mL) Amount obtained (μg/mL) Recovery (%) 

0.204 0.192 94.12 

0.509 0.497 97.64 

1.019 1.017 99.80 

1.528 1.525 99.80 

 

Table 4 Accuracy results (Benzyl bromide) 

Amount added (μg/mL) Amount obtained (μg/mL) Recovery (%) 

0.211 0.201 95.26 

0.528 0.521 98.67 

1.055 1.029 97.54 

1.583 1.592 100.57 

 

3.2.4. LIMIT OF DETECTION (LOD) 

The Detection limit of an individual analytical procedure is the lowest amount of analyte in a 

sample which can be detected but not necessarily quantitated as an exact value.[9] A signal to 

noise (S/N) ratio between 3 to 10 is generally considered to be acceptable for estimating the 

detection limit. S/N ratios of the individual peaks were determined at different concentrations 

to estimate LOD. Based on S/N ratio data obtained, the LOD estimated for both the impurities 

is 0.05μg/mL. The results are shown in the Table 5. 

 

3.2.5. LIMIT OF QUANTIFICATION (LOQ)  

The quantitation limit of an individual analytical procedure is the lowest amount of analyte in 

a sample which can be quantitatively determined with suitable precision and accuracy.[9]  S/N 

ratio of more than 10 is generally considered to be acceptable for estimating the limit of 

quantification, however the S/N ratio obtained in present study were more than 25 for both the 

impurities. The LOQ is calculated is 0.2μg/ml for Benzyl chloride as well as Benzyl bromide. 

The results are listed Table 5. 

 

Table 5: LOD and LOQ data 

Parameters 
Conc 

(μg/mL) 

S/N ratio 

Benzyl chloride Benzyl bromide 

LOD 0.05 8 6 

LOQ 0.20 30 26 
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3.2.6. PRECISION 

The precision of an analytical procedure expresses the closeness of agreement (degree of 

scatter) between a series of measurement obtained from multiple sampling of the same 

homogeneous sample under the prescribed condition.[9] The system for Benzyl chloride and 

Benzyl bromide impurity was checked for repeatability.[10] In order to determine System 

precision, the sample was prepared by spiking Entecavir with the Benzyl chloride(0.05%) and 

Benzyl bromide  (0.05%) hence making the total impurity concentration of 0.10% of target 

analyte concentration[7] and injected six times. The %RSD (Relative Standard Deviation) so 

found out was less than 5.0% indicating good system precision.  

 

To determine the Method Precision, six independent solutions of Entacavir were prepared by 

spiking with the impurities as mentioned for system precision. Each solution was injected 

once. The variation in the results for the Benzyl chloride and Benzyl bromide are expressed in 

terms of % RSD. The values calculated are found to be below 5.0%, indicating satisfactory 

Method Precision. 

 
3.2.7. SOLUTION STABILITY 

A solution of Entecavir containing impurities was prepared and stored at ambient temperature. 

This solution was injected at intervals of 0, 4, 8 and 12 hr. Areas of Benzyl bromide and 

Benzyl chloride were nearly identical to that obtained at 0 h and absence of additional peaks 

indicate good solution stability. 

 

4. CONCLUSION 

This study describes a trace-level method for simultaneous determination of Benzyl chloride 

and Benzyl bromide which are potential genotoxic impurities in bulk drug. The analytical 

method described in present study is cost effective, simple, accurate, linear and precise 

convenient quality control tool for simultaneous determination of these impurities in 

Entecavir. The advantage of this method lies in its improved sensitivity, shorter run-time and 

simple sample preparation technique. The method is validated as per requirements of ICH 

guidelines.  
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