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lmp~oved gas chromatoguaphic method for the quantitative determination 
of secondary amines zs sulphonamides famed by reaction with benzene- 
sulphonyl chloride 
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(Rtzc&d November 26tI& 1979) 

It has been shown that nitrosamin es cm be formed in viva from ingested amines 
and nitrite’*‘. Moreover, the same tumours are produced in experimental animals that 
are fed amine plus nitrite .and in those fed the corresponding nitrosami&+. Conse- 
quently, it is c&ear that a thorough knowledge of the occurreuce of nitrosatable amines 
in the human environment is desirable. 

Previous assays developed for these amines have involved colorimetri&6 and 
polarographic procedures’. Gas chromatography (Cc) has more recently been used 
for this pu.rp~se**~ and has several advantages over other procedures, including high 
specifity and sensitivity. 

We have previousIy reported I0 the preparation and G&2 separation of the 
sufphonamides of aliphatic secondary amines. The derivatkation procedure used was 
based largely on the conditions developed for the derivatization of dinitrophenyl 
amine”. Satisfactory derivatization of all of the amines studied was obtained- How- 
ever, during an investigation of the applicability of the method to other aliphatic and 
C~C!~C secondary amines, it was discovered that diisopropylnmine was not derivatized, 
probaZ *v owing to steric hindrance. 

W7e now report an improved method utilizing the same d&vat&&ion reagent 
(benzeuesu!phonyl chloride), w*hich results in almost complete derivatization of all of 
the amines studied. 

Chemicals 
Ail standard compounds were obtained at the highest purity available from 

commercial sources and used without flier purification. The following amines were 
obtained as the hydrochlcride salts from Tokyo Kasei (Tokyo, Japan): dimethyl- 
amine, diethylamine, diisopropylamine, di-n-propylamine, diisobutylamine and di- 
n-but&mine_ The hydrochloride salts of pyrrolidine and morpholine were prepared 
from the free base (W&o, Osaka, Japan), Benzenesulphonyl chloride (BSC) was 
obtained from Tokyo Kasei. All other reagents were of reagent grade. 
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Stock solutions of each amine were pzpared in 0.1 iW hydr&&xic acid at a 
concentration of 20 &ml of the !Zxe base_ A I-ml volume df amine solution was 
pippetcd into a 30-ml screw-capped test-tube cuntaidng 4ml of 10 M sodium 
hydroxide solution, followed by 02 ml of BSC. The test-tube was capped and shaken 
vigorously for 30 set and allowed to stand for 30 min at room temperature %+tb 
occasional shaking. After adding 5 ml of 10 M sod& hydroxide solution, the tube 
was immersed in a water-bath at 80” for 30 min. The extraction and quantitatiozx 
procedures were performed as described previouslyxo, except that diethyl ether was 
replaced by RI-hexane. 

Chromatography 
A Sbimadzu (Kyoto, Japan) Model 4BM gas chromatograph equipped with a 

flame phatametic detector (FPD) was used. Glass columns, either 3 m or 1 m in 
length and of 3 mm I.D., were packed with 3% 6X-l or 3.5% SE-30, respectively, 
on acid-washed and DMCS-&eated Chromosorb W (60-80 mesh). The cbromato- 
graphic conditions for the OV-I column were a temperature pro,mme f&m 200” 
to 240” at C/m& injector temperature 250” and detector temperature 260°, and 
those for SE-30 column were a temperature programme from 140” to 200)” at S”/min, 
injector temperature 250” and detector temperature 260°. The carrier gas (nitrogen) 
ffow-rate was 40 ml/inin in both instances, 

RESULTS AND DISCUSSION 

The GC characteristics of the derivatives of the amines studied on 3 % OV-1 
and 3.5 y0 SE-30 are shown in Table 1. 

Although neither stationary phase was able to separate all of the amine 
derivatives, those not s~pzated an one stationary phase could be separated on the 
other. Thus, morpholine and diisobutylamine had identical retention times on 3 ok 

TABLE I 

CHROMATOGRAPHIC RETENTION DATA FOR SULPKONAMIDES DERIVED FROM 
SECONDARY AMINES 

tR = retmtion time (min); kXe1. rR = relative retention time (diisopropylmGne = 1.0). 

Amine co&JnJs 

3.5% SE-30 - 3% 0y-I” 

tee R.d ta fa Rel. tR 

Dimethykanine 2.83 052 2.42 0.62 
Diethylainine 4.20 0.78 3.20 0.82 
Diisapmpylamine 5.41 1-m 3.91 1.00 
Di-rr-pmpylarnine 6-18 1.14 4.38 1.I2 
pyrrOWillC 6.18 1.14 4.74 1.21 
Morpholinc 7.10 1.31 5-20 133 
Dikoiitylamine 7.68 1.42 5.20 133 
Di-a-btltyknh 9.23. 1.71 6.41 1.64 

l Alrn x 3mmI.D.gIasscolumnw;isusedwithanitro~flow-rateof40ml/min. 
^‘A3mx3mnLD_gksscolumnwas~witha~o~flow_rateof40ml/min, 
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0V-1, bat we& well separated on 3.5 % SE-SO; pyrrolidine and di-n-p~opykanine bad 
ideatic& razntion times on 3.5 *A SE-30 but they dBerexI on 3 oA OV-1. FR ~IZ&DICJ=S 
where the identity of a peak was ambiguous, the use of two different coIumns might 
lead to an une~~&~& identi&ation. 

In order w evalu@z a der+i2a~oiI reaction for use in analysis, it is necessary 
&J investigate t&e rate of reaction and the yieId. 

-- For optimization of the conditions for derivatization, the nature of the all&i 
and its comzentration and the sea&ion time. were investigated. Of the various 2lb.lis 

ex2mined, sodium hydroxide was the most suitable. Weaker alkalis such as sodium 
hydrogen carbonate did not effect sulphonamide formation. 

Table IL. shows the effect of the concentration of sodium hydroxide and 
action time on the yield of sulphonamides, Comparison with synthesiscd and 
puri&d reference compounds showed that the derivatization of all of the amines 
studied, except diisopropyla.miIZe, were complete at any concentration of sodium 
hydroxide withiri 10 min. Almost complete derivatization of diisopropyiamine was 
achieved using 10 M sodium hydroxide for 30 min, and tbis reaction time was uss 
in subsequent routine analysis. At lower sodium hydroxide co~cc~tsatio~s, sdphon- 

amide formation from cliisopropylamine was incomplete. 
The procz&re developed appeared to be the best compromise between the 

most rapid derivatiation and optimal yield. The variabiiity of the extent of the 
detivatization reaction was less thml * 3%. 

The reproducibility of the chroma?o_gnphic system with ul FPD after derivati- 
zation was investigated by repeated analyses of eitch amine solution (20 ,~g/mI)_ The 
peak heights of each amine showed good reproducibiJ.ity with a co&cient of variation 
of 2%3.4% (n = 5). 

By use of lo-log graph paper, the linearity of the peak heights as a function 
of the amounts of dimethyiamine, diethylamine, diisopropylamine, di-n-propylamine, 
pyrrolidine, morpholine, diisobutytie and di-n-butyhrnine were investigated over 
the ranges 0-5-10, O.!MO, LO-15, 1.2-15, l&IS, 2-o-40, 1.0-15 and IS-20ng, 
tespectiveiy. The conelation coef&ie~ts varied from 0.9947 to 0.9992. 

We conclude tit the proposed method is suitable for the quantitative deter- 
mination of secondary 2snines. Fusther work on the identi&ation and quantitatioa 
of seco=iary amines in various foods is in progress. 
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