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BIOSYNTHESIS OF A RETROCHALCONE, ECHINATIN: A FEEDING STUDY WITH ADVANCED PRECURSORS1 

Shin-ichi Ayabe and Tsutomu Furuya* 

School of Pharmaceutical Sciences, Kitasato University, Minato-ku, Tokyo, 108 Japan 

Abstract: Feeding experiments with 14C-labeled compounds established that a dibenzoylmethane, 

licodione(3), is an obligate intermediate in the biosynthesis of a retrochalcone, echinatin(i). 

Echinatin(&)2asc, a component of the tissue culture of Glycyrrhiza echinata, has been 

proven by tracer experiments3 to be a retrochalcone, in which origins of two aromatic rings are 

reversed to normal flavonoids, i.e., the A ring of A originates from cinnamate while the B ring 

is formed via acetate-malonate pathway. Incorporation of [3H]-isoliquiritigenin(2) into L3 has 

suggested that the biosynthetic course involves the inversion of a,B-unsaturated ketone unit. 

Isolation of a new dibenzoylmethane, licodione(i)2b*c, has led us to assume that 2 may be an 

intermediate of this process. This view was strongly supported by the detection of an 

CJ-methyltransferase(LMT)4 which catalyzes the position specific 2'-G-methylation of 2 in the 

cells, but a direct proof of biosynthetic linkage between 1 and 2 has been lacking. Here we 

report a feeding study with 2 and other compounds labeled with 14C resulting in the establish- 

ment of this pathway. 

14C-Labeled compounds were synthesized from [carbonyl -14C]-resacetophenone($) which was 

prepared from resorcinol and CH314COOH in the presence of ZnC12. Acylation of [carbonyl-14C]- 

4-g-benzyl-4 by pbenzyloxybenzoyl chloride followed by a rearrangement mediated by alkali and 

hydrogenolytic deprotection gave [1-14w-j (19% yield from i), and treatment of this compound 

with HCl afforded [carbonyl- 14C]-7,41-dihidroxyflavone(5)(52% yield). Condensation of [carbo- = 

ny1-14C]-4-0-methoxymethyl-4 and pmethoxymethoxybenzaldehyde followed by acid treatment to - = 

remove the protecting group gave [carbonyl-14C]-2 (57% yield from 4). 

Labeled compounds were fed separately to suspension culture of 3weeks old G.echinata callus 

and were incubated for 2 days. Echinatin(L) was isolated and recrystallized with cold carrier 

to a constant specific activity. Table 1 shows clearly that 2 was effectively incorporated into 

& while 2 and 5 were incorporated but to less extents. Echinatin from the cells fed with 2 was 

further degraded with alkali to yield P-hydroxyacetophenone(P) and 2-methoxy-lc-hydroxybenzalde- 

hyde(2). Radioactivity was shown to exist only in 2 within an experimental error (2.7% in $i and 

104% in z of original activity of L). This indicates that the 14C label at carbonyl in 2 was 

intactly converted into the label at S-position of I. Thus, the last steps of 1 biosynthesis 

would consist of the following reactions; 2'-(J-methylation of 2 (catalyzed by LMT), reduction 

of 1-keto group to a benzyl alcohol and dehydration to yield the retrochalcone. 

A relatively low incorporation of 5 into 1 compared with that of 2 implies that 2 is the 
= 

preferred precursor of 2, and hydration of 5, if present, is a minor pathway to form licodione 

(2)S. In contrast, 1 isolated from the cells fed with 2 is considerably radioactive (see Table 
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l), suggesting that dehydration of 2 is involved in 2 biosynthesis. Metabolic role of dibenzoyl 

methanes as precursors of flavones has been repeatedly postulated', and the result presented 

here is the first in vivo demonstration of the conversion of a dibenzoylmethane into a flavone. -- 

Table 1. Incorporation of 14C-labeled compounds into echinatin and 7,4'-dihydroxyflavone 

in G.echinata cell culture - 

Precursors (Specific activity; 1.6 X 10' dpm/mM) 

[1-14C]-Licodione(3) = [Carbonyl-14C]-Iso- [Carbonyl-14C]-7,4'- 
1iquiritigeninQ Dihydroxyflavone(2) 

Compound isolated Echinatin(l) 7,4'-Dihydroxy- 
flavone(2) 

Echinatin(&) Echinatin(&) 

Specific activity 8.2 x lo6 1.6 x lo6 6.8 x 105 2.2 x 105 

(dpm/mM) 

Specific incorpo- 0.51 0.097 0.043 0.014 
ration ratio (X) 

Total incorporation 0.25 0.017 0.11 0.006 
ratio (%) 

Cinnamate 

4 q2' 
p-Coumaroyl CoA 

Malonyl CoA 

,H$$&$H~@&&< O;$ 

0 0 0 

2 3 = = 

(*: 14C label) 
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