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Abstract—Enzymatic desulfation of stable glucoraphenin affords desulfoglucoraphenin, which unexpectedly undergoes further

transformations into cyclic nitrone-type derivatives.
© 2007 Elsevier Ltd. All rights reserved.

All plants of the Brassicale order contain glucosinolates
(GLs) 1, thiosaccharidic secondary metabolites which
display a remarkable structural homogeneity: a hydro-
philic B-p-glucopyrano framework bearing an O-sul-
fated anomeric (Z)-thiohydroximate moiety connected
to a fairly hydrophobic aglycon side chain.

In the over 120 known GLs, the aglycon chain is the sole
structural variant, in which diversified aliphatic, arylali-
phatic or heterocyclic arrangements can be found.! It is
also noteworthy that more than one-third of the known
aliphatic aglycons contain an additional terminal thio-
function.? Among these thio-functionalised GLs, gluco-
raphanin (GRA, 4-methylsulfinylbutyl GL)—present in
broccoli—is one of the most popular: its enzymatic
hydrolysis produces sulforaphane (4-methylsulfinylbutyl
isothiocyanate) which has been shown to exert chemo-
preventive effects against some cancers.> In other
respects, glucoraphasatin (GRH, 4-methylsulfanyl-
3-butenyl GL) and glucoraphenin (GRE, 4-methylsulfi-
nyl-3-butenyl GL) (Scheme 2) have attracted much
attention in recent years as bio-relevant redox couple
in some neutraceutical applications.*

Analysis of GLs in Brassicaceae vegetables is currently
based on their enzymatic O-desulfation and HPLC of
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desulfoglucosinolates 2 (DS-GLs) according to the EU
official method 1SO-9167-1 (Scheme 1).>-° This method
was applied in combination with NMR spectrometry’
to evaluate the purity of GRE extracted from Raphanus
sativus seeds according to Ref. 4. The desulfoglucora-
phenin (DS-GRE) produced through standard desulf-
ation of GRE showed some abnormality: whereas
GRE displays a stability similar to that of most GLs,
its desulfated derivative is not stable and undergoes
progressive degradation in water to produce three more
polar major compounds P1-P3, as evidenced by chro-
matographic study (Fig. 1). From diode array UV apex
spectra obtained for peaks Pl and P2-P3, the .
measured—257 and 259 nm, respectively—were indica-
tive of a dramatic functional transformation of
DS-GRE, for which A, was 226 nm.
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Scheme 1. Glucosinolates (GLs) and desulfoglucosinolates (DS-GLs).
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Scheme 2. Vinylthiofunctionalised glucosinolates.
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Figure 1. C-18 reversed phase HPLC analysis® of the mixture obtained
through partial degradation of DS-GRE in water.

Careful preparation and isolation of pure DS-GRE was
therefore effected according to a protocol previously de-
scribed for DS-GRH** using freeze-drying recovery and
DS-GRE was characterised by NMR spectrometry—
both in deuterium oxide’ and in DMSO-d.!0!!
Compound Pl was isolated by C-18 reversed phase
preparative chromatography (HR 16/10 column and
Pharmacia FPLC equipment) after the total transforma-
tion of DS-GRE (water, 40 °C, 24 h). To preclude con-
comitant formation of Pl, compounds P2-P3 were
prepared from DS-GRE in modified conditions (metha-
nol, 40°C, 24 h).!?

Low and high resolution mass spectrometry analyses'3
of the degradation products led to the following
informations:

— P1 is a mixture of diastereoisomers C;;H;7;NO-S.
— P2-P3 is a mixture of diastereoisomers C;,H,;NO,S,
isomeric to DS-GRE.

The NMR study' of the latter mixture did not show
notable changes in the p-gluco moiety but in contrast
revealed a dramatic modification of the aglycon part,

in which positions C-7, C-9, C-10 and C-11 are espe-
cially involved. The missing NMR tags of the vinyl sys-
tem of DS—-GRE were indicative of a likely ring closure,
based on a concerted equivalent of the Michael addition
reaction, analogous to the 1,3-azaprotio cyclotransfer
pathway previously investigated by Grigg and
colleagues. '

Physical data supported our hypothesis correctly. Car-
bon-NMR showed a ca. 11 ppm shielding of C-7, while
a strong bathochromic effect (A, from 226 to 259 nm)
was observed, in agreement with the transformation of
the thiohydroximate into a thioimidate N-oxide—a
seldom encountered nitrone-type function.!® Other
NMR features for sites C-9, C-10 and C-11 were rele-
vant to the structure established for P2-P3 (Scheme 3).

To our knowledge, the above transformation is unprec-
edented: outside of the field of glucosinolates indeed, the
thiohydroximate group remains a moderately consid-
ered and poorly studied function!” and therefore its
oxime-like nucleophilic behaviour noted in the above
transformation called for confirmation. We thus decided
to extend the reaction to another glucosinolate in which
the sulfoxide group would be replaced by a more power-
ful EWG. Although mentioned in the literature,' the
vinyl sulfone counterpart of GRE (‘oxido-GRE’) was
not isolated, but only detected in radish (R. sativus) in
the form of the derived isothiocyanate.!® Thus, oxido-
GRE had to be synthesised by MCPBA oxidation of
natural GRE (Scheme 4).!° Submitting in turn this sul-
fone to the standard desulfation conditions (sulfatase,
pH 5.6 acetate buffer, 30 °C, 24 h)° resulted in progres-
sive transformation of the transient DS-GL into com-
pound P4, showing only peak in the chromatogram
with A =260 nm (UV apex spectra), consistent with
a thioimidate N-oxide structure (Scheme 4).!¢ Com-
pound P4 was isolated by C-18 reversed phase prepara-
tive chromatography (HR 16/10 column and Pharmacia
FPLC equipment)!? and NMR data were relevant
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Scheme 4. mCPBA oxidation to oxido-GRE and desulfation—spontaneous cyclisation to P4.
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to a cyclic thioimidate N-oxide bearing a sulfone
appendage.?®

In the case of both GRE and oxido-GRE, it could thus
be demonstrated that through enzymatic removal of the
deactivating sulfate group, the nucleophilic character of
the thiohydroximate nitrogen was released and cyclisa-
tion involving the EWG-activated end of the aglycon
was allowed, resulting in a thioimidate N-oxide.

Structural identification of fraction P1 led to unexpected
results: when compared to DS-GRE and P2-P3, the
molecular formula C;;H{7NO,S was indicative of a
formal loss of methanethiol but the UV spectrum
(Amax = 257 nm) remained consistent with a thioimidate
N-oxide structure.!® NMR spectra! again did not show
notable changes in the p-gluco moiety but revealed func-
tional modification at positions C-10 and C-11: finally,
all physical data led to assign to P1 the structure of an
aldehyde in its hydrated form (Scheme 3). Considering
that no such compound could ever be detected during
the sulfatase-induced transformation of oxido-GRE, it
may be hypothesized that aldehyde P1 could result from
an in situ Pummerer-type rearrangement of sulfoxides
P2-P3: this however remains to be investigated.

In summary, we have disclosed a new and unique chem-
ical transformation of GRE during the enzymatic
desulfation process:?> as exemplified by the case of
oxido-GRE, such intramolecular cyclisation could likely
be extended to other GLs bearing a well-suited EWG in
the aglycon chain. More generally, the above results
open future prospects for investigating the ambident
nucleophilic character of thioxydroximates, as compared
with oximes and other hydroximino functional groups:
this study is currently under way in our laboratory.
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