
Journal of Chromatography, 283 (1984) 412416 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

CHROM. 16,248 

Note 

High-performance liquid chromatography analysis of 2-chloroethyl 
ethylsulfide and its decomposition by-products by derivatization 

P. C. BOSSLE*, J. J. MARTIN, E. W. SARVER and H. Z. SOMMER 

Analytical Branch, Research Division, Chemical Systems Laboratory, Aberdeen Proving Ground, MD ~?I010 
(U.S.A.) 

(Received August 31st, 1983) 

The ability to detect, separate and quantitate trace amounts of sulfur mustards 
and their decomposition by-products in aqueous solution is of relevance and poten- 
tial use in environmental studies as well as in general analytical methodology. 

Sulfur mustards currently are analyzed by calorimetry using 4-(p-nitrobenzyl- 
pyridine (I)’ according to the following reaction: 

I COLOR COMPLEX 

This is a general test and gives positive results for practically all alkylating agents 
and false positives for some acylating agents. In addition, this test cannot be used 
for the decomposition by-products. 

Gas chromatography (GC) has also been employedZ. However, water samples 
cannot be analyzed directly by GC but must undergo a lengthy extraction and work- 
up procedure before analysis can be performed. 

The sulfur mustards and their by-products do not absorb or fluoresce in the 
ultraviolet (UV) or visible spectral range. Thus, they are not amenable by themselves 
to high-performance liquid chromatography (HPLC) analysis using a UV or flu- 
orescent detector. 

The arenesulfonylsulfilimines were discovered shortly after World War I by 
Mann and Pope3. It was shown then that bis-(2-chloroethyl)suhide (mustard gas) (II) 
was swiftly converted in aqueous solution to crystalline .and innocuous S-bis-(2-chlo- 
roethyl)-N-tolylsulfonylsulfilimine (III) by treatment with sodium toluenesulfochlor- 
amide (chloramine-T) (IV) according to the following reaction: 

CH3 - WCH,CH,,$ = N - 

II I” 111 

0021-9673/84/$03.00 0 1984 Elsevier Science Publishers B.V. 



NOTES 413 

Since then, the reaction of alkylsulfides with salts of various N-chloroarene- 
sulfonylsulfonamides, e.g., chloroamine-B or -T, has been widely used as a facile 
means of preparing crystalline and innocuous derivatives of alkyl sulfides for char- 
acterization purposes. 

This paper describes a precolumn enhancement reaction technique for the re- 
versed-phase HPLC analysis of 2-chloroethyl ethylsulfide (V), a sulfur mustard type 

CH3 CHPJ s wJ CHZ Cl CH3 CH2 S CH2 CH2 OH CH3 CH2 S CH = CH3 

” VI VII 

compound, and its major decomposition by-products, ethyl 2-hydroxyethylsulfide 
(VI), and ethyl vinylsulfide (VII). These compounds were derivatized with sodium 
benzenesulfochloramide (chloramine-B) (VIII), which contains a strong UV chro- 
mophore, on a microscale in aqueous alcohol to form novel UV absorbing phenyl- 
sulfonylsulfilimines separately and in a combined mixture as indicated in the follow- 
ing equation: 

WHERE R = CICH2CH2- =v -1x 

= HOCH2CH2- = VI -X 

= CHZ=CH- = VII-X, 

Compounds IX, X, and XI were separated by reversed-phase HPLC and quan- 
titated by UV detector response. 

MATERIALS* 

Instrumentation 
High-performance liquid chromatography HPLC analyses were carried out 

using a Waters Assoc. high pressure liquid chromatograph consisting of two Model 
6000A pumps, a U6K injector, a Model 440 UV detector, a 730A data module, and 
a 720A systems controller. Separation was carried out using a Waters Assoc. Ra- 
dial-PAK Cl8 (10 pm) column. 

Chemicals 
Water used for HPLC was distilled and deionized (IO-14 megohm cm). Ace- 

tonitrile and methanol were HPLC grade (Burdick & jackson, Muskegon, MI, 
U.S.A.). Compounds V and VII were obtained from Fairfield (Blythewood, SC, 
U.S.A.). Compound VI was obtained from Aldrich (Milwaukee, WI, U.S.A.). Com- 
pound VIII was obtained from Eastman Kodak (Rochester, NY, U.S.A.), and pu- 
rified. All chemicals used gave analytical data consistent with their chemical structure. 

l The use of trade names in this document does not constitute an official endorsement or approval 
of the use of such commercial hardware or software. 
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METHODS 

Preparation of the IX, X and XI standards for HPLC 
Quantities of each of the three sulfilimines were prepared for use as standards 

to determine optimum chromatographic conditions and effectiveness of analytical 
derivatization. The sulfide (1 .O mole) and VIII (1.1 mole) were stirred together in 10 
ml of 30% cold methanol for 1 h. A white crystalline precipitate appeared almost 
immediately in all cases. The precipitate was filtered off, washed with a small amount 
of water, dried, and washed with ether. The precipitate was then recrystallized from 
ethanol. Spectral data were in agreement with the assigned structures. 

S-Ethyl-S-chloroethyl-N-phenysulfonylsu~iimine (IX). The recrystallized 
product was obtained by the general procedure outlined above: yield 89%; m.p. 
109-110°C. (Found: C, 42.9; H, 5.1; Cl, 12.8; N, 5.1; and S, 22.9. Calc. for 
C10H14C1NS202: C, 42.9; H, 5.0; Cl, 12.7; N, 5.0; and S, 22.9.) 

S-Ethyl-S-t-hydroxyethyl-N-phenylsulfonylsu~iimine (X) . The recrystallized 
product was obtained by the general procedure outlined above except that water 
alone was used as the reaction solvent and diethyl ether: chloroform was used for 
recrystallization. The yield was 83%; m.p. 75-76.5”C. (Found C, 45.8; H, 5.8; N, 5.6; 
and S, 24.5. Calc. for C10H15NS203: C, 45.9; H, 5.8; N, 5.4; and S, 24.5.) 

S-Ethyl-S-vinyl-N-phenylsuEfonylsuljilimine (XI). The recrystallized product 
was obtained by the general procedure outlined above: yield, 82%; m.p. 86.5-88°C. 
(Found C, 49.1; H, 5.2; N, 6.0; and S, 26.5. Calc. for C1eHi3NS202: C, 49.3; H, 5.4; 
N, 5.8: and S, 26.4.) 

Chromatographic procedure 
Analytical separations were performed under the following conditions: sample 

size, 20 ,ul; flow-rate, 1.5 ml/min; column temperature, ambient; mobile phase, 
acetonitrile-water (30:70); UV detector, 254 mn. 

Standard solutions of IX, X and XI were injected onto the column and their 
retention times determined. Calibration curves conforming to Beer’s law were ob- 
tained by injecting known concentrations (1.0, 2.0, 4.0, 10.0 and 20.0 pg/ml) of the 
sulfides as sulfilimine derivatives onto the column in triplicate and measuring the 
resulting peak areas. 

Analytical derivatization 
To one equivalent of each of the sulfides in one ml of methanol is added two 

equivalents of VIII. The mixture was heated with stirring at 60°C for 1 h. After 
cooling, 20-~1 samples were introduced onto the column through a continuous-flow 
loop injector. Peak areas were measured and computed with an on-line integrator 
(data module). 

In this way, concentrations of V, VI and VII were prepared individually and 
in combined mixtures at 1 .O, 2.0, 4.0, 10.0 and 20.0 pg/ml for detection as the sulfil- 
imines species. 

RESULTS AND DISCUSSION 

From the literature4, arenesulfonylsulfilimines show a strong absorption peak 
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TABLE I 

UV SPECTRA OF IX, X AND XI IN ACETONITRILE 

Compound I., (nm) Log El 1.2 inm) Log E2 IL3 (nm) Log Es Log -es4 

IX 224 3.9 265 2.7 272 2.6 2.7 
X 225 3.9 265 2.7 212 2.6 2.7 

XI 226 4.0 264 2.8 212 2.7 2.9 

around 230 nm (log E 4S5.0) and a weak absorption peak in the area of 270 nm 
(log E 3.0-4.5). As seen in Table I, compounds IX, X and XI show strong absorption 
peaks at 224-226 nm as well as a weak absorption at 272 nm. Another weak peak 
also was observed for all three compounds at 265 nm. Also in Table I, the log E 
values at 254 nm for IX, X and XI are shown. 

The qualitative capability for this technique is illustrated in Fig. 1 in which the 
complete separation of IX, X, and XI is achieved in 1.5 min. Retention times of IX, 
X and XI were 11 .OO, 3.32 and 6.72 min, respectively. Excess chloramine-B reagent 
is unretained on the column and does not interfere with the analysis. 

Quantitation also was readily achieved by reversed-phase HPLC. The reactions 
were reproducible and detector response was linear for V, VI, and VII in concentra- 
tions of l&20.0 fig/ml. The overall efficiency of the derivatization reaction for the 
three sulfides was 85-99’76 by comparison with standardized materials. The detection 
limits for V, VI and VII were 10, 12 and 21 ng, respectively. The limits of detection 

Fig. 1. Chromatogram of the separation of VIII, IX, X and XI. 
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are based on the method described by Hubaux and Vos5 using a 95% confidence 
level with 01 and b being equal to 5% (i.e., one out of 20 data may fall outside two 
standard deviations of the fitted curve). 
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