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Abstract-A new glycoside of 3-nitropropanol, 3-nitro-1-propyl+D-laminaribioside, has been isolated from the aerial 
portions of Astragalus miser var. serotinus. Its structure was established by spectroscopic studies which compared 
closely related glucosides of 3-nitropropanol. 

INTRODUCTION RESULTS AND DISCUSSION 

The genus Astragalus is known to produce glucose esters 
of 3-nitropropionic acid and the /I-D-ghtcoside of 3- 
nitropropanol, miserotoxin (1) Cl]. In recent communi- 
cations we reported on the isolation of gentitoxin, 3- 
nitro-1-propyl$-D-gentiobioside (2) [2], and 3-nitro-l- 
propyl-fl-D-allolactoside (3) [3] from A. miser Doug]. var. 
serotinus Gray (Barneby) also known as timber milk- 
vetch. These disaccharides were minor constituents of 
timber milkvetch occurring as < 0.1% of the herbage dry 
matter in contrast to miserotoxin, the major nitropropyl 
glycoside which can account for > 5% of the dry matter 
[S]. In this communication we report the isolation and 
structural determination of a fourth glycoside of 3- 
nitropropanol, 3-nitro-I-propyl-fi-D-laminaribioside (4), 
which we have isolated from the same source. The 
susceptibility of these glycosides to enzymatic hydrolysis 
is also discussed. 

Chromatographic fractionation of an ethanol extract 
of A. miser var. serotinus resulted in the isolation of the 
new substance as an amorphous solid, homogeneous ‘on 
TLC and HPLC analysis, which gave the typical colour 
reactions of C-nitro alkyl compounds [5]. As with 
the other nitropropyl disaccharides (2, 3), 4 was also 
isolated as a minor component of A. miser and we 
estimate that it constitutes ~0.1% of the herbage dry 
matter. In a behaviour similar to 1 and 2, 4 was readily 
hydrolysed in the presence of almond emulsin (EC 
3.2.1.21, Sigma No. G-451 1), a B-glucopyranosidase, to 
yield glucose and 3-nitroptopanol, which were identified 
by specific TLC systems [S, 61. 

Based on its chromatographic behaviour we surmised 
that the new substance was a disaccharide, i.e. a glucosyl- 
miserotoxin and for further structural information we 
resorted to NMR spectroscopy. The ‘H NMR spectra of 
the glycoside at 200 or 400 MHz, including ‘H-COSY 
spectra, were not particularly helpful, although reson- 
ances for the 3-nitropropyl fragment could be observed, 
and the magnitudes of the vicinal spin-spin couplings 
seen in two low-field (anomeric) proton signals were 
consistent with the presence of two sugars, both being 
fi-D-ghtcopyranosides (Table 1). However, 50.3 MHz 
13CNMR spectra of our compound were very informa- 
tive, and enabled us to deduce its structure. Thus in 
broad-band spectra, 13 signals were observed, two of 
which corresponded in intensity to coincident reson- 
ances, i.e. 15 carbons were present in accord with our 
deduction that the substance was a monoglucopyranosyl- 
ated miserotoxin. DEPT spectra established the numbers 
of attached protons per carbon, and comparison of the 
data with that reported for miserotoxin (1) enabled us to 
identify the resonances due to the aglycone and glycosidic 
units (Table 2). As both the enzymatic cleavage and the 
‘HNMR evidence had indicated that the linkage be- 
tween the sugars was /I, and we had previously isolated as 
a different compound the 1,6-linked gentiobioside isomer 
(2) [2], we knew that the new glycoside had to have 1,2-, 
1,3- or 1,4- linkages, i.e. be a sophoroside, laminaribio- 
side, or cellobioside. Comparison of the r3CNMR spec- 

RIO--+ 

1 R’= H,R’= H 

2 R’= @-D-G~,LXW, R’ = H 

3 RI= @-D-G&c~osc,R~= H 

4 R’ = H. R’ = Lc D-Glucose 

5 

tAuthor to whom correspondence should be addressed. 

2369 



2370 M. H. BENN and W. MAJAK 

Table 1. ‘H NMR data for lamin- 
aritoxin (4) 

H s 

Table 2. Comparison of “CNMR spcc- 

tra for miserotoxin (I), laminaritoxin (4) 

and methyl p-o-laminaribioside (5) 
-__ 

1 4.54 (8) 

2 3.53 (8, 9) 

3 ca 3.78 

4 ca 3.58 

5 co 3.58 

6A 3.96 (12, 2) 

68 c‘a 3.78 

1’ 4.81 (8) 

2’ 3.39 (8, 9.5) 

3’ ca 3.58 
4 ca 3.58 

5’ co 3.58 
6’A 3.96 (12, 2) 

6’B co 3.78 

1”A 4.07 (10.5, 6.5) 

1 “B 3.84 (10.5, 6.5) 
2” 2.34 (6.5) 

3” 4.74 (6.5) 

At 400 MHz. Solvent D,O. Shifts 

are in ppm from internal DSS, 
coupling constants are in parenth- 

I* 4* 5t 
l--_-.-l_l_ 

C 
- 

1 

2 

3 

4 

5 

6 

1’ 

2’ 

3’ 

4’ 

5’ 

6 

1” 
7” 

3” 
- 

The solvent was D,O. Shifts are relative 

to internal TSP-d,. 

*At 50.3 MHz. 

PA1 22.6 MHz. 

“.bAssignments may be interchanged. 

105.0 104.8” 105.3 

75.7 76.2 76.0 

78.7” x7.2 x7.4 

72.3 70.9 70.8 
77.4” 78.8 78.4b 

63.5 63.5 63.4 

105.6” 105.51 

75.6 75.3 

7x.3 7x. I 
72.4 72.2 

78.3 78.1 b 
63.5 63.4 

69.4 69.6 59.8 

29.6 29.6 

75.3 75.3 

eses, in Hz. 

tra reported for /I-D-sophorose, /3-D-laminaribiose and /?- 
D-cellobiose [7] with that of our glycoside suggested that 
it was the laminaribioside (in particular the downfield 
resonance of the glucopyranosylated carbon at 686.7 was 
similar to that reported for /I-D-laminaribiose, but neither 
of the other possibilities). Further comparison with the 
13C NMR spectrum of methyl P-D-laminaribiose (5) 
(kindly provided by Professor K. Takeo) revealed ex- 
cellent agreement in the signals for the resonances due to 
the disaccharide components (Table 2). Thus we ident- 
ified the new glycoside as 3-nitropropyl-p-D-laminaribio- 
side (4) and have named it laminaritoxin. 

The discovery of this compound extends the iist of 
laminaribiosides isolated from plants, recent examples of 
which include some saponins [S, 91. As it has been 
established that transglucosylation of glucosides can 
produce laminaribiosides, as for example from cycasin 
[lo] we considered the possi%lity that 4 is a product of 
such a ‘reverse em&in’ type reaction. However we have 
not detected B-glucosidase activity in A. miser var. seroti- 
nus. Tests for the enzyme proved to be negative when (i) 
frozen plant material was autolysed at room temperature 
and an increase in the level of the aglycone was not 
detected; (ii) buffered extracts of A. miser were incubated 
with amygdalin and the formation of hydrogen cyanide 
was not detected and (iii) buffered extracts were incubated 
with exogenous miserotoxin and there was no detectable 
increase in the amount of nitropropanol which is usually 
present in trace amounts. Thus we conclude that the new 
glycoside is a natural constituent and not an artefact of 
the extraction procedure. 

As the aglycone, 3-nitropropanol, has been detected in 
hydrolysates from ca 50 additional species of Astragalus 

[l l] it is possible that these species may also contain the 
nitropropyl disaccharides, possibly at higher concen- 
trations. In contrast to 1, 2 and 4, compound 3 resisted 
hydrolysis by B-glucosidase but it was readily hydrolysed 
in the presence of &galactosidase (EC 3.2.1.23, Sigma No. 
G-6512) [3]. Using the synthetic substrates n-nitrophenyl 
B-D-galactopyranoside (Sigma No. N- 1127) and p-nitro- 
phenyl-fi-D-glucopyranoside (Sigma No. 7006), we have 
shown that rumen microorganisms of cattle contain 
much higher levels of P-glucosidase, than of B-galac- 
tosidase’(Majak, W., unpublished results). For example, 
when the animal diet consisted of orchard-grass (Dactylis 
glomerata) hay (a feed which is devoid of P-glucosidase 
activity), the substrate for fl-glucosidase (2 mM) was 
hydrolysed at 16.6pg/ml/min but the substrate for /?- 
galactosidase was hydrolysed at a much slower rate, 
0.54 pg/ml/min. Similarly, when the bovine rumen fluid 
was obtained from an animal fed fresh alfalfa (Me&-ago 
s&a) the substrate for /I-glucosidase hydrolysed at 
53.0 pg/ml/min but the /I-galactosidase substrate was 
hydrolysed at 2.78 &ml/min. As the release of the agly- 
cone is essential for toxicity to occur [12], these results 
indicate that 1, 2 and 4 would be much more toxic to 
cattle than 3. 

EXPERIMENTAL 

For general methods, except for those described below, see 
previous papers [2, 33. The EtOH-extract [2] of fresh-frozen 
plant material was further fractionated on a coconut charcoal 
column and the fraction eluted with SC-a% EtOH (20 I) was 
subjected to centrifugally accelerated TLC (Chromatotron) as 
described previously [Z]. Fractions (100 ml) were eluted with 
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EtOH in CHCI, (1:4-3:2) and those containing 3545% EtOH 
yielded the new glycoside as shown by Avicel TLC (R, = 0.37 as 
compared to R,=0.46 for miserotoxin, n-BuOH-EtOH-H,O, 
4: 1: 5 [S]). Final purification of the glycoside was achieved after 
two sequential developments on prep. HPLC utilizing 3% aq. 
MeOH as the isocratic mobile phase [Z]. The retention times for 
miserotoxin and the new glycoside were 16 and 32 min respect- 
ively. Evaporation of the final HPLC fraction in uacuo yielded 
the glycoside as a colourless glass. 

‘H and 13CNMR: experimental conditions are given in 
Tables 1 and 2. 
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