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- 
Abstract-The glucosinolates in Stanleya pinnata have been identified. 3-Butenyl- and 2-hydroxy-3-butenyl- 
glucosinolate are the major constituents, yielding 3-butenyl isothiocyanate and 5-vinyl-2-oxazolidinethione on 
enzymatic hydrolysis. The selenium analogues of these were synthesized. In the selenium-tolerant species S. pinnata, grown 
in water-culture in high selenium concentrations (100 ppm), trace amounts of 3-butenylselenoglucosinolate were 
shown to be present. This compound could not be detected in plants raised in lower, more normal selenium 
concentrations. No selenoglucosinolate was found in Lepidium satioum (garden cress). A previous report of the 
presence of selenium in the sinigrin fraction of Armoracia lapathifolia (horseradish) could not be substantiated. 

INTRODUCTION RESULTS AND DISCUSSION 

Nearly one hundred glucosinolates with the generic for- 
mula 1 have been isolated from higher plants. Their 
natural distribution, chemical structure, biosynthesis, 
catabolism, biological significance, and economic impo- 
rtance have been repeatedly reviewed [ 1,2 and references 
therein]. The established parallelism in metabolic path- 
ways of sulphur and selenium, reflected, inter alia, in the 
occurrence in higher plants of several selenium isologues 
of sulphur amino acids [3], prompted the present search 
for selenoglucosinolates (2)* as natural products. In 1974 
Stewart et al. [S] reported that sinigrin (la), isolated from 
horseradish plants to which Na,‘%eO, had been admin- 
istered, contained selenium. On this basis the authors 
suggested that ‘selenosinigrin’ had beensynthesized in the 
plant. No other studies of the natural occurrence of 
selenoglucosinolates seem to be on record. 

Glucosinolates (1) are, as far as we know, ubiquitously 
present in members of the large family Brassicaceae. 
Among its ca 350 genera, one, the North American 
Stanleya, stands out as a collection of six to eight species, 
reputed as selenium indicators and accumulators, highly 
tolerant of selenium [7]. With this in mind we reasoned 
that Stanleya pinnata (Pursh) Britton might be a suitable 
taxon in which to look for selenoglucosinolates. Accord- 
ingly, we first established the glucosinolate pattern in 
seeds and vegetative parts of this species, collected in the 
Mojave desert in the southern part of California. 

Prior to our search for naturally occurring selenoglu- 
cosinolates, we needed information about their stability, 
chromatographic behaviour and spectroscopic proper- 
ties. Hence, two characteristic representatives of this 
previously unknown class of compounds were syn- 
thesized and the required data collected [6]. Thus pre- 
pared we set out to look for selenoglucosinolates in 
glucosinolate-producing plants raised on high-selenium 
substrates or offered 75Se in the form of sodium selenite 
or selenate. 

tAuthor to whom correspondence should be addressed. 
*The term ‘selenoglucosinolate’ is here introduced as a semi- 

systematic name for molecular species possessing the general 

structure (2). It is coined by analogy to internationally re- 

commended names such as selenocysteine, selenoglutathione etc. 
[4]. i.e. by adding the prefix ‘seleno’ to the name of a naturally 
occurring sulphur compound with an accepfed trivial name, here 

‘glucosinolate’. 

The glucosinolate fractions, isolated by ion exchange 
chromatography in the usual way, were subjected to 
persilylation and GC/CIMS analysis as previously de- 
scribed [8]. Two major (lb and lc) and three minor 
glucosinolates (Id, le and If) were unequivocally ident- 
ified. Enzymic hydrolysis, catalysed by a myrosinase 
preparation, converted the glucosinolates into a mixture 
of isothiocyanates (3b, 3d, 3e, 3f) and 5-vinyl-2- 
oxazolidinethiones (4a and/or 4b). The former were ident- 
ified by GC/MS, the latter by TLC comparison with 
authentic specimens. The optical rotation of a sample of 
4, derived from seed material, revealed its identity as a 
mixture of the (R)-(4a) and (S)-enantiomer (4b), deriving 
from 2(S)- and 2(R)-hydroxy-3-butenylglucosinolate, re- 
spectively. HPLC-analysis of the corresponding desul- 
phoglucosinolates by a standard method [9] showed that 
the 2(R)-glucosinolate predominates in the vegetative 
parts, the 2(S)-epimer in the seeds. The concomitant 
occurrence of the two diastereomers within the same 
species is not without precedent [lo]. Quantitative data 
were obtained by HPLC analysis of the genuine glucosin- 
olates [9] (Table 1). As shown in Table 1, a number of 
glucosinolates, all previously known from other sources, 
were found as trace constituents in addition to lblf. 

Assuming that selenoglucosinolates, if at all present in 
Stanleya, would be qualitatively and quantitatively simi- 
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and TMCS (3 ~1) in pyridine (50 pi), followed by heating at 120” 

for 15 min. Another part of the glucosinolate fraction (ca 150 mg) 

was dissolved in a Na-Pi buffer (pH 6.5) with 0.0025 M ascorbic 

acid. A myrosinase soln (0.8 ml) was added; the soln was stirred 

in the dark for 2 hr, extracted with Et,0 (3 ml x 2), and the 

extract cont. to 20-30 ~1 in an Ar stream. GC/EIMS analysis of 

the isothiocyanate fraction (Fig. 2) was performed on the same 

column as discussed above: He at 5 ml/min, isothermal lOO”, 
injector temp. 150”, transfer lines 200”, ion source 220”, ionizing 

potential 70 eV and sample size 1 ~1. 

Incorporation studies with “Se-selenite. From a one-year-old 
plant of S. pinnata 16 leaves were excised at the base of the 

petioles and immediately transferred to four conical tubes, each 

containing an aq. soln of Na,‘?jeO, (4 ml, 1.4 x lO”Bq, 25 pg of 

selenium) and a two-fold strength of nutrient soln (1 ml), adjust- 
ed to pH 6.5. After 36 hr, the solns had been totally absorbed and 

half-normal strength of nutrient solns (4 ml) were added. At the 

end of 72 hr, the healthy looking leaves were removed from the 

solns and freeze-dried (2.9 g dry wt). The glucosinolate fraction 

was isolated and the major part subjected to myrosinase hy- 

drolysis in the dark as described above, followed by extraction 

with CH,Cl, (5 ml), H,O (5 ml) and 0.1 M KOH (5 ml x 2). The 
combined aq, extracts were neutralized with 1 M HCl and 

extracted with CH,Cl, (5 ml x 2); the extract was washed with 

H,O, dried, evapd to dryness (2 mg) (total activity 7200 cpm) and 

subjected to descending PC (C,H,-heptane-H,O, 9: 2:9, upper 

layer) in the dark. PC analysis of synthetic specimens of (k)-5- 
vinyl-2-oxazolidinethione (4) and (&)-5-vinyl-2-oxazolidi- 
neselone (7) under the same conditions showed them to possess 

R/-values of 0.44 and 0.30, respectively. The PC was ex- 

posed to an X-ray film for one week but showed no significant 

incorporation in this area. Furthermore, synthetic 7 (30 mg) 

was added to the 2 mg-residue and three consecutive recrystalliz- 

ations from Et,0 were performed giving 23 mg (360 cpm), 20 mg 

(228 cpm), and 12 mg (168 cpm) of 7, to be compared with a 

background of 150 cpm. The CH,Cl,-extract from the enzymic 

hydrolysis was washed with H,O, dried and treated with NH,- 

saturated MeOH in the dark for 1 hr. Evapn afforded a thiourea 
fraction (8 mg) with a total activity of 2.2 x 1O’cpm. Upon 

ascending PC(H,O-saturated CHCI,) and radioautography, no 

detectable activity was noted in the area of synthetic N-3- 

butenylselenourea (R,0.50) but rather in an unknown con- 

stituent with a considerably higher R/-value. Radioautography 

of a PC (n-BuOH-pyridine-H,O, 6:4:3) of the glucosinolate 

fraction before enzymatic hydrolysis showed weak activities in 

two spots with R/-values slightly lower than those of lb and lc, 

ruling out their identities as the corresponding selenoglucosinol- 

ates, inasmuch as it was shown that in the same solvent system, 

methyl- and benzyl-glucosinolate possess R/-values indistin- 

guishable from those of the corresponding, synthetic selenium 

isologues. 

Seeds of Lepidium sativum were germinated on wet filter paper, 

transferred to l/S-fold strength of nutrient soln, and after 7 days, 
kept in full-strength soln for an additional 14 days. 12 leaves were 

excised from the plants and immediately divided between 3 

conical flasks, each containing an aq. soln of Na,75Se0, (4 ml) 

(9.9 x lO’Ba/ml) and a two-fold strength of nutrient soln (1 ml) 

adjusted to pH 6.5. After 72 hr the yellow leaves had absorbed 
half of the soln (a total of ca 1.5 x 106Bq). The leaves were freeze- 

dried (dry wt 2.8 g) and the glucosinolate fraction was isolated as 

described above. PC and radioautography showed no increase 
over the background activity at the expected site of benzylseleno- 

glucosinolate. Likewise, enzymatic hydrolysis, followed by con- 

version of the isothiocyanate(s) into the corresponding 

thiourea(s) with piperidine showed no increase in activity over 
the background at the site of synthetic N-benzyl-l- 

piperidinecarboselenoamide [6]. 

Incorporation studies with Na,75Se0, in horseradish. The 

procedure of Steward et al. [S] was strictly followed. 6 leaves 

from l-month-old horseradish plants were transferred to normal 

strength nutrient soln (17.5 ml), containing 35 ppm of selenium 

as Na,SeO,, to which an aq soln (2.5 ml) of Na,‘?SeO, (3.7 

x 106Bq) was added, so that the total concentration of selenium 

was at 31 ppm. The soln was absorbed within 18 hr and addit- 
ional nutrient soln with inactive Na,SeO, was added. After 

48 hr, the healthy-looking leaves were freeze-dried (dry wt 1.4 g) 

and extracted with hot 90% MeOH: the glucosinolate fraction 

was isolated by passing the extract, first through an Amberlite 

IR-120 ion exchange resin (H+ form), and then through a 

Dowex-2 x 8 column (Cl --form) which was then rinsed with 

H,O, until Cl--free, and the glucosinolate fraction expelled from 

the column with 0.1 M potassium salicylate. The fractions 

containing la were located by PC analysis, acidified to pH with 

0.5 M H,SO,, extracted with Et,0 to remove salicylic acid, 

neutralized with 0.1 M KOH, and lyophilized. Extraction of the 

residue with hot MeOH, evapn, and renewed extraction with 

boiling 90% EtOH, gave, after evapn, a yellow syrup (16 mg) 

which was chromatographed on 4 strips of Whatman no. 3 paper 

in n-PrOH-EtOAc-H,O (7: 1: 1). The strips were cut into sec- 

tions, these were placed in vials and scanned. The sections, 
covering an RI-range of 0.28-047, inside which la and, un- 

doubtedly, also its selenium isologue resided, did not exhibit 

activity higher than that of the neighbouring sections (i.e 

1500-2400 cpm). The sections, corresponding to R,-values of 

O&0.15, showed considerably higher activity (14-50 x lo3 cpm). 

The product(s) responsible are likely to be SeO:- and/or SeO:-. 
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