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Scheme 1. Enzymic decomposition of glucosinolates. 
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Table 1. Molar percentages of glucosinolate products formed on injecting aqueous solutions containing 0.2 pmoles of ally]-, benzyl-, 
or 2-phenethyl-glucosinolate into a gas chromatograph at different column temperatures 
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Allylglucosinolate 

Nitrile Isothiocyanate 

Benzylglucosinolate 

Nitrile Isothiocyanate 

2-Phenethylglucosinolate 

Nitrile Isothiocyanate 
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glucosinolate solution at each column temperature. and 
the figures given in Table 1 are the averages of these 
measurements, rounded to whole numbers. The overall 
variation is also given within each set of data. 

It can be seen that at a CC column temperature of 200” 
all the glucosinolates examined decomposed in the 
column to give relatively large quantities of both nitrile 
and isothiocyanate: no thiocyanate nor any other 
product was formed. In these conditions cu 76 Y0 of both 
allyl- and benzyl-glucosinolates was degraded in this 
manner and ca 54 “/A of 2-phenethylglucosinolate. At lower 
column temperatures therewas less decomposition and the 
amounts of degradation products obtained increased 
roughly linearly with temperature. Below 125” no 
decomposition occurred. For all three glucosinolates the 
nitrile was produced more readily and was detected at 
column temperature as low as 125”. The facility for thermal 
degradation to theisothiocyanate seemed to vary with the 
glucosinolate, the2-phenethyl derivative beingmost labile. 

It was thought that a finer assessment of the thermal 
degradation of glucosinolates by means of a GC 
technique could be obtained using an injection-point 
heater rather than relying on in-column decomposition. 
Therefore. adopting column temperatures at which it was 

known that no glucosinolate degradation could occur 
(i.e. < 125”) the data given in Table 2 were obtained. The 
results agree quite well with the previous series in that. for 
example, all three glucosinolates decomposed to give the 
same products as before, the amounts formed increased 
roughly linearly with temperature, and the nitrile was 
formed most readily. However, rather unexpectedly the 
effective temperatures varied between the two series of 
experiments. Overall, a temperature about 100” to 125” 
greater was necessary with the injection-point heater to 
show the same level of results obtained with the GC 
column. There was no obvious reason for this but it is 
almost certain that greater reliance can be placed on the 
temperature levels determined during in-column 
glucosinolate degradation. 

It was possible that some factor other than temperature 
was responsible for glucosinolate degradation during GC, 
so experiments were carried out in which the solid 
glucosinolate was added into a small pre-heated glass 
tube. After 15min the contents were dissolved in an 
aliquot of water and injected into the GC in conditions 
where glucosinolate degradation were known not to 
occur. Again all three glucosinolates ga\c similar results. 
At tube temperatures of 125” trace amounts ofnitrile were 

Table 2. Molar percentages of glucosinolate products formed on injecting aqueous solutions containing 0.2 pmoles of ally]-. benzyl-, 
or 2-phenethyl-glucosinolate into a gas chromatograph at different injection point heater temperatures 

Injection- 
point 

heater temp. 

Allylglucosinolate Benzylglucosinolate 

Nitrile Isothiocyanate Nitrile Isothiocyanate 

2-Phenethylplucosinolate 
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formed which increased with increasing temperature to 
about 33 y0 at 175” and nearly 90 y0 at 200”. Only traces of 
isothiocyanate were detected and then only at 200”. These 
results thus broadly confirm the behaviour and trends 
observed with the GC experiments. Finally, refluxing a 
glucosinolate in water for three hours pave about 30’1 
nitrile and a trace of isothiocyanate but here, of course, the 
hydrolytic environment is a complication. 

From these results and the data contained in Tables 1 
and 2 it is clear that glucosinolates can degrade non- 
enzymically, purely thermally, to yield two of the normal 
products ofenzymic degradation. Thus from an analytical 
point of view there is a distinct possibility of inaccurate 
results due to thermal decomposition, since neither the 
column temperatures nor the injection heater tempera- 
tures nor any other aspect of the GC analysis employed 
here uere particularly extreme. Equally. there is similar 
risk of thermal degradation during extractions or work- 
up procedures prior to GC. 

One of the most intriguing results is that the thermal 
degradation of glucosinolates yields products identical 
with those obtained on enzymic degradation. Clearly this 
need not have been the case as glucosinolates react 
chemically to yield a variety of other products [ll, 121. 
The non-enzymic degradation of glucosinolates to yield 
nitriles has been described previously [5-9,131, but based 
largely on chemical reactions rather than thermal 
processes. However, MacLeod and MacLeod were 
probably the first to suggest the possibility of thermal 
degradation of glucosinolates to nitriles [7]. Previously 
isothiocyanates have only been obtained non-enzymically 
from glucosinolates by reactions involving silver nitrate. 
As long ago as 1899 Gadamer treated allylglucosinolate 
with silver nitrate and then with sodium thiosulphate, and 
isolated ally1 isothiocyanate from the reaction mixture 
[14]. This finding was later confirmed by Schmid and 
Karrer with 4-methylsulphinylbut-3-enylglucosinolate 
[15]. This degradation is not based on thermal processes, 
the silver nitrate merely simulating the enzyme to give a 
product (a silver salt), which is effectively the aglucone of 
normal enzyme action (see Scheme l), and which is thus 
obviously capable of isothiocyanate formation [16]. 

The results reported in this paper prove the thermal 
degradation of glucosinolates and could partly explain 
some previously observed variations in data regarding 
relative amounts of glucosinolate degradation products 
formed under different conditions of sample preparation. 
For example, whilst vacuum distillation of papaya 
volatiles gave benzyl cyanide and benzyl isothiocyanate in 
the ratio 1:30, steam distillation extraction reversed the 
ratio to 5:l [17]. Thus, much more nitrile was formed 
during the procedure involving a higher temperature. 
Clearly, inaccurate data might have been obtained in the 
past, since steam distillation has been employed to collect 
glucosinolate products, and frequently only the 
isothiocyanate has been subsequently assessed. Low 
results would be expected for glucosinolate content based 
on such an assay. In conclusion, in contrast to earlier 
studies it has now been shown that both nitrile and 
isothiocyanate can be obtained non-enzymically from 
glucosinolates. 

EXPERIMENTAL 

Glucosinolates were synthesized as previously described [lo] : 
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