
Degraded cyanogenic glucosides from Sambucus nigra

Marina DellaGreca,a Antonio Fiorentino,b Pietro Monaco,a,* Lucio Previteraa and
Ana M. Simonetc

aDipartimento di Chimica Organica e Biologica, UniversitaÁ Federico II, Via Mezzocannone 16, I-80134 Napoli, Italy
bDipartimento di Scienze della Vita, II UniversitaÁ di Napoli, Via Vivaldi 43, I-81100 Caserta, Italy

cDepartamento deQuõÂmicaOrgaÂnica, Facultad deCiencias, Universidad deCaÂdiz, Apdo. 40 11510PuertoReal, CaÂdiz, Spain

Received 4 April 2000; accepted 14 June 2000

Abstract

Three unusual cyanohydrins, which might be formed by oxidative cleavage of cyanogenins, have been
isolated from Sambucus nigra. The structures of the compounds have been de®ned on the basis of
spectroscopic features and by chemical degradation. Unlike cyanogenins the title compounds do not have
phytotoxic e�ects and might be involved in the detoxi®cation process of the plant. # 2000 Elsevier Science
Ltd. All rights reserved.
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In a study of the detrimental e�ects on crops of Sambucus nigra, a weed found in Southern
Italy, we have recently reported1 the presence of cyanogenic glycosides in the aqueous fraction of
the methanolic extract of the plant, sambunigrin (1) and prunasin (2) being the most abundant.
In pursuing the chemical investigation of this plant we have isolated, from the EtOAc fraction

of the same extract, three cyanohydrins 3±5, which could be involved in the detoxi®cation process
of the plant.
Compound 32 ([�]D +15) has a molecular peak at m/z 353 in the EI mass spectrum and its

elemental analysis agrees with the molecular formula C16H19NO8. The IR spectrum shows
hydroxyl stretches at 3619 and 3508 cm^1 and a carbonyl stretch at 1747 cm^1. According to the
molecular formula, in the 13C NMR spectrum there are 14 carbon signals present, two of them
integrating for two carbons in an inverse-gated experiment. 1H and 13C NMR spectral data
obtained by COSY, HMQC and HMBC (Table 1) in CDCl3 allow de®nition of a rough structure.
Beside the heterocorrelations with the nitrile and the aromatic carbons, the H-2 proton at � 5.90
gives a cross peak with the acetal carbon at � 100.1. To this carbon the H-20 proton at � 4.60 and
the H-50 proton at � 4.69 are also correlated. The ®rst proton gives a further cross peak with the
C-30 carbon while the latter has correlations with both the C-40 and the C-60 carbons. Finally, the
acetal proton at � 5.32 has connectivities with the C-2, C-20, C-30 and C-50 carbons.
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Table 1
1H and 13C NMR spectral data of compound 3
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When the 1H NMR spectrum of 3 is registered in CD3OD the H-2 proton signal is found at �
6.02 and this value is consistent with the presence of the (S) mandelonitrile moiety as found in
sambunigrin (1).
Cyanide 3 has been converted into the two diastereomeric MTPA diesters: the diester derived

by treatment with (S)-(+)-MTPA-Cl shows in the 1H NMR spectrum in CDCl3 the H-10 doublet
at � 5.49 while the derivative from (R)-(^)-MTPA-Cl shows the same proton at � 5.46. According
to Mosher,3 these data indicate the S-con®guration at C-20. TFA hydrolysis of 3 followed by
NaBH4 reduction gives the racemic methyl ester of glyceric acid. In this way the R-con®guration
is determined at C-50. These results support the possibility that 3 might derive from sambunigrin
(1) by oxidative cleavage of the C-30±C-40 bond of the glucose moiety and, following such a
hypothesis, the R-con®guration at C-10 has been assumed.
Compound 44 ([�]D ^21) isolated in small amounts along with 3, has an identical EI mass

spectrum, IR and 13C NMR spectra while showing the H-2 and H-10 protons up®eld shifted at �
5.72 and 5.05, respectively, in the 1H NMR spectrum. Furthermore, the H-2 proton resonates at �
5.90 in the spectrum taken in CD3OD. The small di�erences in 3 and 4 have already been
observed in the comparison to the NMR data of sambunigrin (1) and prunasin (2) and it can be
postulated that 4 might derive from prunasin by oxidative cleavage of the C-30±C-40 bond.
Also compound 55 ([�]D^3) has a molecular formula of C16H19NO8 according to the EI mass

spectrum and 13C NMR data. While the 13C NMR spectrum is rather similar to that of 3, the 1H
NMR spectrum shows the H-2 proton at � 6.02, the H-10 and H-20 doublets at � 5.25 and 4.38,
respectively, the H-50 double doublet at � 4.52 and the H-60 double doublets at � 3.89 and 4.06.
The chemical shift of H-2 in CD3OD accords with the presence of S-mandelonitrile as the aglycone.
The con®gurations at C-20 and C-50 were de®ned as has already been reported for 3.

Compound 5 was treated with S- and R-MTPA-Cl. In the 1H NMR spectrum of the diester from
S-(+)-MTPA-Cl the H-10 proton resonates at � 5.62 whilst that of the R-(^)-MTPA derivative is at
� 5.66, consistent with R-con®guration at C-20. Tri¯uoroacetic acid hydrolysis and NaBH4

reduction a�ords the methyl ester of R glyceric acid proving the R-con®guration assigned to both
the C-20 and C-50 carbons. Di�erently from glucosides sambunigrin and prunasin, (S)-O-b-d-
mannopyranosylmandelonitrile is not a metabolite of S. nigra so that it is likely that 5 is formed
from 3 by epimerization at C-20.
Compounds 3±5, as well as sambunigrin (1) and prunasin (2), have been assayed for their

phytotoxicity using the germination inhibition of Raphanus sativum L. and Lactuca sativa L.6 as a
test. The assays show that sambunigrin and prunasin cause strong inhibition while at the same
concentrations compounds 3±5 have a slight stimulant e�ect.
Studies7 on the species Sorghum bicolor and Linum usitatissimum have shown that the phyto-

toxicity of the cyanogenins is due to the release of HCN by action of glycosidase and hydroxy-
nitrile lyase. Autotoxic e�ects are avoided by separating substrates on subcellular levels from
enzymes. When a sample of 1 is added to an aqueous extract of S. nigra, the formation of benz-
aldehyde proves that the plant has the enzymes able to release HCN.8 According to the previous
toxicity assays, when 3 is added to the same extract, no trace of benzaldehyde is detected. Such
data suggest that 3±5 are not substrates for the enzymes and it is possible that they could be
involved in a catabolic pathway that the plant uses for its detoxi®cation.
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presence of benzaldehyde was detected by UV and TLC comparison with an authentic sample.
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