QUANTITATIVE DETERMINATION OF MECHLORETHAMINE BY REACTION WITH POTASSIUM CAROATE
Blazheyevskiy M.Ye., Kryskiv O.S., Moroz V.P.

National University of Pharmacy

01602, Kharkiv, Grigorii Skovoroda st., 53; Blazejowski@ukr.net
Mustargen® (Mechlorethamine HCl), an antineoplastic nitrogen mustard also known as HN2 hydrochloride, is a nitrogen analog of sulfur mustard. Mechlorethamine hydrochloride is designated chemically as 2-chloro-N-(2-chloroethyl)-N-methylethanamine hydrochloride. Trituration of Mustargen (Mechlorethamine HCl for injection) is a sterile, light yellow brown crystalline powder for injection by the intravenous or intracavitary routes after dissolution. Each vial of Mustargen contains 10 mg of mechlorethamine hydrochloride triturated with sodium chloride q. s. 100 mg. When dissolved with 10 mL sterile water for Injection or 0.9% sodium chloride injection, the resulting solution has a pH of 3-5 at a concentration of 1 mg mechlorethamine HCl per mL [1].
Given the toxicity of cytotoxic Mustargen to humans, the development of reliable analytical methods to analyze these compounds became necessary. There are few analytical methods reported for mechlorethamine, perhaps because its high chemical reactivity makes it difficult to trap the compound as a derivative without unwanted degradation. Mechlorethamine has been assayed colorimetrically by reaction with nitrobenzyl pyridine [2], but this reagent is neither sensitive nor selective, and it reacts with mechlorethamine degradation products. Cummings et al., developed an HPLC method for the analysis of mechlorethamine in plasma [3] and mechlorethamine in ointment preparations [4]. With this method, mechlorethamine is treated with diethyldithiocarbamic acid to form the disubstituted derivative, which is analyzed by HPLC using a UV detector. The method for the analysis of mechlorethamine in topical pharmaceutical formulations by derivatization with benzenethiol and analysis by normal phase silica gel HPLC was described. This method offers an improvement in sensitivity, recovery, precision, and analysis time [5]. The use of different analytical methods to analyze cytotoxic agents in pharmaceutical formulations and biological and environmental samples, was discussed [6]. A simple PMR spectroscopic method was developed for the quantitative determination of mechlorethamine hydrochloride for injection in commercial unit doses [7].
The British Pharmacopoeia and The International Pharmacopoeia, for the quantitative determination of Chlormethine Hydrochloride recommends the use of the method of back titration of chloride ions obtained in the previous stage of the analysis by alkaline hydrolysis of the drug (boiling with an ethanolic solution of potassium hydroxide for 2 hours) according to Volhard: an excess of AgNO3 is added, and then its residue is titrated with NH4SCN in the presence of iron (III) ammonium sulfate as an indicator [8, 9]. Each ml of 0.1M silver nitrate VS is equivalent to 6.418 mg of C5H11Cl2N, HCl. As can be seen, the accepted methods for the quantification of Chlormethine Hydrochloride are either non-specific or time-consuming and, in many cases, require the use of expensive equipment. Previously, one of the authors proposed a sufficiently selective and sensitive, as well as easy-to-perform method for the quantitative determination of tertiary aliphatic amines, based on the reaction of quantitative N-oxidation of these compounds with an excess of peroxyacid in an aqueous medium, followed by the determination of the unreacted amount of the oxidant by means of iodometric titration [10]. An attempt to apply this method directly to the determination of Chlormethine Hydrochloride did not give positive results due to the partial hydrolysis of the analyte with the formation of non-reactive intermediates. Therefore, we decided to subject Chlormethine to complete alkaline hydrolysis before analysis. This led to positive results. Potassium hydrogen peroxomonosulfate (potassium caroate, КНSO5) in the form of Oxonе (2KHSO5·K2SO4·KHSO4) was used as an analytical reagent. It was established that the hydrolysis of Chlormethine Hydrochloride in the medium of 1 M potassium hydroxide solution is completed completely after 30-35 min at 80°C; when Methyl bis-(2-hydroxyethyl)amine [CH3N(CH2CH2OH)2] interacts with potassium caroate, 1 mol of potassium caroate is consumed per 1 mol of Chlormethine Hydrochloride, the oxidation is completed in 10 min with the formation of N-oxide of CH3N(CH2CH2OH)2. It is shown that the quantitative oxidation of CH3N(CH2CH2OH)2 with potassium caroate is completed after only 10 min (pH 8,5). These data are the basis of the newly developed method of iodometric determination of nitrogen mustards using potassium caroate as an analytical reagent. The chemistry of transient reactions can be represented by equations:
CH3N(CH2CH2Cl)2 + 2OH− → CH3N(CH2CH2OH)2 + 2Cl−

CH3N(CH2CH2OH)2 + КНSO5 → –О–N+(CH3)(CH2CH2OH)2 + КНSO4
2I– + H+ + НSO5– → I2 + H+ + SO42−+H2O
I2 + 2Na2S2O3 = 2NaI + Na2S4O6
The results of the quantitative determination of Chlormethine Hydrochloride are given in the table. They testify to the possibility of quantitative determination of chlormethine hydrochloride by this method with a fairly high reproducibility (RSD ≤ 0.4 %). LOQ = 0,01 mg.

Table. Results of the determination of Chlormethine Hydrochloride in bulk drug by the iodometric method by reaction with potassium caroate (n = 5; Р = 0.95)
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	Chlormethine Hydrochloride
	10,02

15,27

19,35
	10,03±0,05
15,30±0,05

19,36±0,06
	0,4

0,3

0,3
	+0.1
+0,2
+0.05


When determining the content of API in Mustargen® (Mechlorethamine HCl for injection), the RSD was 1.2% (δ = +0,3%). The obtained results of the analysis indicate that the developed method allows to quantitatively determine the content of chlormethine hydrochloride in bulk and in injection form. RSD ≤1,2 %; │δ│< tα×RSD/√n, which indicates the absence of systematic error; here, 
δ= ( [image: image3.png]


− µ)100 %/µ and µ – quantification data, given in the Certificate of Quality).
Therefore, the developed method allows for the analysis of the API both in bulk and in solution for injections in the presence of sodium chloride.
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