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First total synthesis of four natural prenylated flavonoids
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Abstract

A facile approach for the first total synthesis of prenylated flavonoids, (�)-abyssinone-VI-4-O-methyl ether 1, (�)-abyssinone-

IV-40-O-methyl ether 2, (�)-abyssinone-V-40-O-methyl ether 3 and (�)-sigmoidin E 4 has been described. The key intermediate

4-hydroxy-3,5-di-(3-methylbut-2-enyl)benzaldehyde 6 was also first synthesized that features regioselective prenylation of

4-hydroxybenzaldehyde and crystallizing with petroleum ether from the reaction mixture by freeze-out effect.
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Natural flavanoids exist widely in the plant kingdom and exhibit many important biological and pharmacological

activities such as antibacterial [1,2], antifungal [3], antitumor [4] and hypotensive [5].

Compounds 1–4 (Fig. 1) were all isolated from the genus Erythrina, compound 1 and 2 from the root bark of

Erythrina mildbraedii [6], compound 3 from Erythrina abyssinica [7] and Erythrina burttii [8] and compound 4 from

Erythrina sigmoidea [9]. The genus Erythrina of the family Leguminosae comprises over 110 species of trees and

shrubs that are widely distributed in tropical and subtropical regions, and representative species have been used in

indigenous medicine [10]. As far as we know, the total synthesis of compounds 1–4 has not been reported yet. The

research on the total synthesis of compounds 1–4 does not only have theoretical importance, but have the potential

medical prospect.

In continuation of our ongoing program on the studies of flavanoids [11–13], we report herein a facile synthetic

approach (Scheme 1) for the synthesis of compounds 1–4.

The key step was the introduction the prenyl group to 4-hydroxybenzaldehyde 5 for the synthesis of 4-hydroxy-3,5-

di-(3-methylbut-2-enyl)benzaldehyde 6. The reactions of C-alkylation of phenols commonly suffer from poor yield

and low selectivity. An efficient synthetic method is still in lack.

The reaction of prenylation on 4-hydroxybenzaldehyde has been reported and gave a mixture of prenylated

compounds according to Robert M. Moriarty’s report [14], but the synthesis of 4-hydroxy-3,5-di-(3-methylbut-2-

enyl)benzaldehyde 6 has not been reported. Several methods for the prenylation on the 4-hydroxybenzaldehyde 5 were

tried with unsatisfactory results. The 4-hydroxy-3,5-di-(3-methylbut-2-enyl)benzaldehyde 6 was obtained in a
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Scheme 1. Conditions and reagents: (a) isoprenyl bromide, KOH, H2O; (b) dimethyl sulfate, anhydrous K2CO3, acetone, reflux; (c) KOH–H2O–

EtOH, N2; (d) EtOH, NaOAc, reflux; (e) MeOH, HCl, reflux; (f) DDQ, benzene, reflux; (g) anhydrous K2CO3, acetone, MOMCl, reflux.
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Fig. 1. The structure of compounds 1–4.
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relatively high yield (10.4%) by treatment of 4-hydroxybenzaldehyde 5 with isoprenyl bromide (4 equiv.) and

potassium hydroxide (4 equiv.) in water. It is worthy to note that 4-hydroxy-3,5-di-(3-methylbut-2-enyl)-

benzaldehyde 6 could not be separated from the mixture by direct silica gel column chromatography because of

having the same polarity with an another product. It was get by a two-step sequence: (1) the mixture was separated

from the reaction residue by Si gel column chromatography eluting with petroleum ether-EtOAc (10:1); (2) pure

product 6 was obtained by crystallizing with petroleum ether at 0 8C for 24 h in 10.4% yield based on unrecovered

starting material as a white solid.

In summary, we have synthesized (�)-abyssinone-VI-4-O-methyl ether 1, (�)-abyssinone-IV-40-O-methyl ether 2,

(�)-abyssinone-V-40-O-methyl ether 3 and (�)-sigmoidin E 4 for the first time [15]. 4-Hydroxy-3,5-di-(3-methylbut-

2-enyl)benzaldehyde was also synthesized for the first time, which would be a useful intermediate for synthesis of

diprenylated flavonoids.
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