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Abstract-A new sinapic acid ester has been isolated and characterized as l(E),2(E)-di-0-sinapoyl-/3-D- 
glucopyranoside from cotyledons of dark-grown red radish (Rnphanus satiuus) seedlings. Its structure was elucidated by 
negative ion fast atom bombardment mass spectrometry, ‘H and ‘“C NMR spectra and enzymatic determination of the 
glucose moiety. A possible biosynthetic mechanism for the formation of this new ester is discussed in which the energy- 
rich acyl glucoside 1-0-sinapoyl-/3-~-glucose acts as the acyl donor in a sinapoyl transfer to the hydroxyl group at C-2 of 
the glucose moiety of another molecule of l-O-sinapoyl+D-glucose (‘disproportionation’). 

INTRODUCTION 

Seeds and seedlings of red radish (Raphanus sativus) 
contain a variety of sinapic acid esters, which have been 
shown to be metabolically active [l-3]. The seed con- 
stituents sinapine (sinapoylcholine) and 6+inapoylgluco- 
raphenine are rapidly hydrolysed during early stages of 
seedling development. Although the fate of the metab- 
olized glucosinolate conjugate has not been elucidated, it 
was shown that the liberated choline moiety from sinapine 
is consumed in the biosynthesis of phosphatidylcholine 
[4], whereas sinapic acid is re-esterified to give l-sinapoyl- 
glucose. The latter compound is transiently accumulated 
and in later stages of development it is transacylated to 
yield sinapoylmalate. This reaction is catalysed by a l- 
sinapoylglucose: L-malate sinapoyltransferase. 

Red radish seeds contain a third major sinapic acid 
ester, the disaccharide derivative 6,3’-di-O-sinapoyl- 
sucrose, the concentration of which decreases only slightly 
during seedling development [2]. Recently, another si- 
napic acid disaccharide ester, disinapoylgentiobiose, was 
reported to occur in Sakurajima radish seedlings [5]. It 
was suggested that this conjugate together with some 
other compounds could be involved in a light-induced 
growth inhibition [6-81. 

In a previous study on the metabolism of sinapic acid 
esters in seedlings of red radish [l] it was shown that in 
dark-grown, etiolated seedlings the quantitative changes 
of the esters are altered considerably. The transacylation 
reaction from 1-sinapoylglucose to sinapoylmalate was 
markedly affected: the amount of 1 -sinapoylglucose failed 
to drop as rapidly as in light-grown seedlings and as a 
consequence sinapoylmalate was produced in smaller 
quantities. 

This paper reports the accumulation of a new sinapic 
acid ester in etiolated cotyledons of radish seedlings. We 
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describe the isolation and structure elucidation of the new 
compound and discuss its possible involvement in the 
metabolism of radish sinapic acid esters. 

RESULTS AND DlSCUSSION 

Dark-grown (etiolated) seedlings of red radish exhibit a 
considerable alteration in the metabolism of sinapic acid 
esters in the cotyledons, compared to light-grown ones. 
Figure 1 illustrates this difference by HPLC analyses of the 
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Fig. 1. HPLC separation of sinapic acid eaters from crude 
extracts of 6day-old red radish cotyledons. Peak identification: 
1 = I-sinapoylglucose; 2 = sinapoyhnalate; 3 = 6,3’-disinapoyl- 
sucrose; 4 = 1,2_disinapoylglucose. Development: linear gradient 
elution within 30 min from 20 to 507; B (1% H,PO*, 25 y; 
HOAc, 50 7; MeCN in H20) in solvent A (1% H,PO., in H20) at 
a flow-rate of 0.8ml/min. (A) Light-grown (1Chrday); 

(B) dark-grown. 
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pattern of phenolic secondary compounds, among which 
sinapic acid esters are the main constituents. In 6-day-old 
cotyledons of light-grown seedlings sinapoylmalate (peak 
2) is the predominant product of a transacylation reaction 
with 1-sinapoylglucose (Peak 1) as acyl donor [3]. In 
etiolated cotyledons this reaction appears to be markedly 
reduced, whereas another pathway, leading to l(E),2(E)- 
di-0-sinapoyl-/I-D-glucopyranoside (peak 4) is strongly 
stimulated. 

For isolation and structure elucidation the crude 
methanol-extracts from etiolated cotyledons of red radish 
were pre-fractionated on polyamide (perlon) columns. 
The 60 “/ aqueous methanol-fractions, containing 1,2- 
disinapoylglucose together with 6,3’-disinapoylsucrose, 
were chromatographed on microcrystalline cellulose in 
BAW. The separated 1,2&inapoylglucose was eluted 
and rechromatographed on a polyamide column. The 
compound was obtained in a 95% pure form after 
successive column chromatography on LiChroprep RP-8 
(gravity flow) and Sephadex LH-20. It exhibited similar 
UV-spectroscopic properties as the sinapic acid esters, 
described previously in radish [l, 51. Addition of aqueous 
sodium hydroxide gave the expected strong bathochromic 
shift of AZ” from 323 to 393 nm. The alkaline hydro- 
lytic products showed chromatographic identity with 
sinapic acid and glucose [ 11. 

Both the ‘H and “C spectra of 1 show a doubling of the 
signals associated with the aromatic moiety, the intensity 
of which indicate the presence of two aromatic residues 
per sugar residue. The identity and the assignment of the 
13C signals of the aglycone follows from the known 
spectrum of 3,5dimethoxy-4-hydroxycinnamic acid 
(trans-sinapic acid) [9]. The six remaining signals have 
shifts characteristic of a hexose. The molecular ion 
(CzsH~Qi4 - H)) at m/z 591 d and the fragmentation 
pattern in the negative ion FAB mass spectrum of 1 
confirms the ratio of two sinapic acid residues per hexose 
residue. A disubstituted hexose is indicated by the absence 
of any ions associated with a directly bonded disinapoyl 
moiety which thus excludes the molecule with the 
sequence glucose-sinapic acid-sinapic acid. 

The couplings observed for the signals of H- 1’ and H-2 
of the hexose moiety of 1 and of H-l’, H-2, H-3’ and H-4 
of its peracetyl derivative (2) indicate that a B-sinapoyl 
residue is present at C-l’ and that the sugar moiety is 
glucose. The position of the attachment of the second 
sinapoyl residue at C-2’ is indicated by the low field shift of 
H-2’ in 1. An alternative substitution pattern is excluded 
by the shifts after acetylation. The signals of H-3’ and H-4 
show characteristic downfield shifts (1.6-1.8 ppm) upon 
acetylation, while H-2’ is essentially unaffected. Hence the 
second sinapoyl residue is attached at C-2’. 
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Fig. 2. Tentative scheme for the metabolism of sinapic acid 
esters during development of red radish. (1) Sinapine esterase; 
(2) UDP-glucose: sinapic acid glucosyltransferase; (3) l-sina- 
poylglucose: L-malate sinapoyhransferase; (4) hypothetical: ‘l- 

I R=H 2 R=Ac sinapoylglucose: I-sinapoylglucose sinapoyltransferase’. 

Quantitative enzymatic glucose determination (UV- 
method) through conversion of hydrolytically liberated 
glucose to gluconate&phosphate by the aid of hexo- 
kinase and glucoseB-phosphate dehydrogenase gave a 
molar ratio of sinapic acid:glucose of 1.9:1 and sub- 
stantiated the results discussed above. 

Detailed quantitative HPLC analyses gave an indi- 
cation of the possible metabolic source of this new 
compound. Whereas in light-grown seedlings the meta- 
bolic fate of 1-sinapoylglucose is a transacylation reaction 
leading to sinapoylmalate, in dark-grown seedlings a 
considerable portion of it is channelled into a ‘dis- 
proportionation’ reaction leading to the 1,2_disinapoyl- 
glucose. The accumulation kinetics of the two products, 
followed over a period of 8 days (determination of 24 hr 
intervals), suggest that the two pathways are stoichio- 
metrically correlated to each other (data not shown). 
Table 1 shows a representative quantitative ratio of the 
compounds in question in extracts of light- and dark- 
grown 8-day-old seedlings. Figure 2 depicts a tentative 
scheme of this metabolism, which starts by degradation of 
the seed constituent sinapine and leads via l-sinapoyl- 
glucose to sinapoylmalate and 1,2disinapoylglucose. 

Table 1. Amount (nmol/pair of cotyledons)* of sinapic 
acid esters, formed in cotyledons of light- and dark-grown 

I-day-old red radish seedlings 

Light- Dark- 
Compound grown grown 

1-Sinapoylglucose 2 25 
Sinapoylmalate 110 51 
1,2-Disinapoylglucose 7 22 
Sum of bound sinapic acid 126 120 

*Mean of six determinations. 
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