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Twenty-two kinds of pyranyl-substituted cinnamates
were synthesized by the reaction of 4-hydroxy-6-(2-
phenylethyl)-2 H-pyran-2-one or 4-hydroxy-6-methyl-
2 H-pyran-2-one (HMP) with a variety of substituted
cinnamic acids, and their antifungal and plant growth
inhibitory activities were investigated. Among the com-
pounds prepared, 6-methyl-2-o0x0-2 H-pyran-4-yl 3-(4-
isopropylphenyl)propenoate (H5) showed the strongest
antifungal activity against Rhizoctonia solani and
Sclerotium dellfinii, and 6-methyl-2-oxo-2 H-pyran-4-yl
3-(2-methylphenyl)propenoate (H2) had the highest
plant growth inhibitory activity toward Brassica rapa.

Key words: cinnamate; pyran; 7,8-dihydro-5,6-
dehydrokawain; antifungal activity; plant
growth inhibition

7,8-Dihydro-5,6-dehydrokawain (DDK), i.e., 4-
methoxy-6-(2-phenylethyl)-2 H-pyran-2-one, which
was isolated from the rhizomes of Alpinia speciosa
K. Schum., has been found to have an antiulcer effect
and antiplatelet action."? Fujita ef al. have reported
that the DDK derivatives substituted at the phenyl
ring inhibited the hypocotyl growth in lettuce see-
dlings.” Organophosphorus esters derived from
DDK have been reported to show insecticidal and an-
tifungal activities.” On the other hand, cinnamic acid
derivatives have been studied for their antioxidative
and antibacterial activities.>® In our previous paper,
many of the cinnamates with the components of es-
sential oil in A. speciosa showed antifungal activity
against plant pathogenic fungi.’'® Since DDK deriva-
tives with a cinnamoyl group have not previously
been reported, we describe the synthesis of such
derivatives and their biological activity, and explain
the relationship between the activity and substituents
on the aromatic ring of the cinnamoyl moiety.

The structures of twenty-two kinds of pyranyl-sub-
stituted cinnamates are shown in Fig. 1. Substituted
cinnamic acids were prepared by using the Claisen
condensation reaction from substituted benzalde-
hydes and malonic acid.!™"® Compounds D1-D11
were prepared from the reaction of these substituted

cinnamic acids and 4-hydroxy-6-(2-phenylethyl)-2 H-
pyran-2-one, which had been obtained by the hydrol-
ysis of DDK with conc. HCL.® Compounds H1-H11
were prepared by using 4-hydroxy-6-methyl-2 H-
pyran-2-one (HMP), which has the partial skeleton
of DDK. The subsequent procedure for the synthesis
of compound D5 is typical. To a dichloromethane so-
lution (20ml) of 4-isopropylcinnamoyl chloride,
which had been obtained from the reaction of thionyl
chloride (20 ml) and 4-isopropyl cinnamic acid (2
mmol, 0.38 g), triethylamine (2 mmol, 0.20 g) and
4-hydroxy-6-(2-phenylethyl)-2 H-pyran-2-one 1.4
mmol, 0.3 g) were added. After stirring for 6 h at
room temperature, the solution was evaporated in
vacuo. The resulting residue was purified by prepara-
tive TLC (Kieselgel 60 PF,s4, 20X20cm, 2.0 mm
layer thickness, Merck) to yield 0.18 g (25.0%) of 6-
(2-phenylethyl)-2-oxo0-2 H-pyran-4-yl 3-(4-isopropyl-
phenyl)propenoate (D5) as an oil.!¥Y

The antifungal activities of the pyranyl-substituted
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D7: R=m-Cl H7: R=m-Cl
D§: R=p-Cl HS: R=p-Cl
D9: R=0-F H9: R=0-F
D10:  R=m-F H10: R=m-F
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Fig. 1. Structures of DDK, HMP and the Pyranyl-substituted
Cinnamates.
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Fig. 2. Antifungal Activity of the Pyranyl-substituted Cinna-
mates.

Refer to Fig. 1 for the structural data. The fungus was cul-
tured in potato dextrose agar (PDA, 1.5% agar) for four days at
27°C and then used for testing. The antifungal activity was
measured according to Taira ef al.'” and is expressed as the per-
centage inhibition. The assays were performed in triplicate, the
test concentration being 100 ppm. The antifungal activity is
shown as the growth inhibition (%) against a fungus compared
to that of the control. ® R. solani, O S. dellfinii.
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Fig. 3. Plant Growth Inhibitory Activity of the Pyranyl-substit-
uted Cinnamates.

Refer to Fig. 1 for the structural data. Brassica rapa seeds
were used to test the plant growth inhibition. Ten grains of seed
were sown on filter paper in a Petri dish containing a test com-
pound and 5ml of a 0.3% aqueous solution of agricultural
spreader (Approach BI). They were kept for three days at 27°C
in the dark, and the lengths of the radicle and hypocotyl were
measured. The plant growth inhibitory activity (%) is expressed
in comparison with that of the control. Each experiment was
conducted three times. W radicle, © hypocotyl.

cinnamates against R. solani and S. dellfinii are
shown in Fig. 2. DDK had relatively high antifungal
activity against both fungi, but cinnamoyl derivative
D1 showed lower activity than that of DDK. Com-
pounds D2, D3 and DS, having a methyl or an
isopropyl group on the aromatic ring of the cin-
namoyl moiety, had higher activity than D1 against
R. solani. By introducing a chlorine atom into the
aromatic ring (D6-D8), the antifungal activity
against R. solani was slightly increased compared
with that of the unsubstituted derivative (D1). When
a fluorine atom was introduced, the resulting

compounds (D9-D11) showed weak activity. The
antifungal activity of the HMP derivatives was sig-
nificantly stronger than that of HMP against R. sola-
ni. Compound HS5, with an isopropyl group at the 4-
position of the aromatic ring, showed the highest
antifungal activity against both fungi among the pre-
pared derivatives. The introduction of a chlorine or a
fluorine atom into the cinnamoyl moiety (H6-H11)
slightly enhanced the activity against S. dellfinii com-
pared with that of the unsubstituted derivative (H1);
however, their activity against R. solani was almost
the same. Comparing the derivatives with the same
substituents in the cinnamoyl moiety, it seems that
the HMP derivatives showed higher antifungal activi-
ty than the DDK derivatives against R. solani.

The plant growth inhibitory activity of the com-
pounds toward B. rapa is shown in Fig. 3. DDK did
not have any significant effect on radicle or hypocotyl
growth, while most of the cinnamate derivatives in-
hibited the growth of the radicle. When treated with
D2 and D7, the radicle growth was inhibited by more
than 60% compared with that of the control. HMP
had no inhibitory effect on the growth of either the
radicle or hypocotyl at 100 ppm; however, the HMP
derivatives with a substituted cinnamoyl group
showed some growth inhibitory activity. Among the
compounds prepared, 6-methyl-2-oxo0-2 A-pyran-4-yl
3-(2-methylphenyl)propenoate (H2) showed the
highest plant growth inhibitory activity in the B. rapa
seedling test.

It is noteworthy that the 4-isopropyl derivatives
(D5 and H5) showed relatively high antifungal activi-
ty against R. solani and S. dellfinii, but did not cause
any significant injury to B. rapa seedlings.
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