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Syntheses and Structure-Activity Relationship of Lignans to Develop Novel Pesticides

Abstract

Lignans, which are formed by two or three phenylpropanoid (C6-C3) units, are biosynthesized by many
plants containing dietary plants. Since many styles of binding of phenylpropanoid units and oxidation are
possible in the biosynthesis, we can find many structures and stereoisomers in the natural lignans. The
different biological activities of sterecisomers of many chemical compounds have been known. Because the
isolations of lignan stereoisomers from natural plants are difficult, each stereoisomer of lignans should be
synthesized to start the biological experiments. The stereoselective or convergent syntheses of lignans
enabled us to estimate the biological activity. As for the anti-phytopathogenic fungal activity, all
stereoisomers of dihydroguaiaretic acid (DGA), which is a butane type lignan, showed activity against
Alternaria alternata Japanese pear pathotype (ECsq = 52-72 pM). On the other hand, one of the
stereoisomers of 8,8'-tetrahydrofuran lignan exhibited highest activity (ECs, = 89 pM). The enantiomeric
specificity was observed in B-benzyl-a-benzylidene-y-butyrolactone lignan (ECso = 0.6 uM). In the effect on
plant growth, two stereocisomers among eight sterecisomers of tri-substituted tetrahydrofuran lignan inhibited
the growth of roots of Italian Ryegrass (50% from control at 1 mM). In the case of coumarin lignan bearing
phenylpropanoid unit at 3-position, the R-form showed higher activity than S-form. The enantiospecific
growth inhibitory activity against roots of Italian Ryegrass was clarified (ICsg = 74 uM) in pyran type
8,7'-neolignan. Furofuran lignans, (-)- and (+)-sesamin, were effective against both shoots and roots of
lettuce, showing the growth inhibition against shoots (50% from control at 1 mM) and promotion against
roots (50% from control at 1 mM). In the experiments using insect cells, one of the stereoisomers of
arctigenin, which is a y-butyrolactone lignan, showed highest cytotoxicity (Sf9 cells: 1Csq = 6.7 pM,
NIAS-AeAl2 cells: ICsy = 0.73 uM). The larvicidal activity against Culex pipiens was found in all
stereoisomers of butane type lignan, DGA (LCs, = 3.5-6.1 x 10°> M). The syntheses of lignan derivatives
bearing effective stereochemistry were also performed to design the compounds showing the higher activity.
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