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A NEW SYNTHESIS OF DIHYDROISOCOUMARIN DERIVATIVES
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Dihydroisocoumarin derivatives including phyllodulcin
analogues were synthesized in one step by the reaction

of styrenes with o-carboxyphenylpalladium chleride.

The naturally occurring 3,4-dihydroisocoumarin derivative, (+}-
phyllodulcin (I), a sweet principle of Amacha (sweet téa) called
attention to the relationship between the structures of some 3,4-
dihydroisocoumarin and their bioclogical activities.1 Recently,
the total synthesis of (+)-phyllodulcin have been reported.2
On the other hand, we have found an addition reaction in which
the aryl group of an arylpalladium chloride and the anion part of
a protic solvent add to the double bond of olefins conjugated to
benzene ring. By the use of o-hydroxy-
phenylpalladium chloride and 2H-chromene,
this reactiorn was applied to the synthesis
of (i)—pterocarpin.3 The present paper

reports further extension of the reaction,

leading to one-step synthesis of 3,4- (1)

dihydroisocoumarin derivatives including
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phyllodulein analogues.

The reac¢tion was carried out as follows. To a solution of
lithium chloropalladite (2 mmol) in acetic acid (40 ml) or aceto-
nitrile (20 ml}, o-chloromercuriobenzoic acid (2.5 mmol) and the
styrene (IIIa-IXIIf, 3 mmol) were added, and the mixture was stir-
red for 2 to 3 hr at rooﬁ temperature. The resulted palladium
black was filtered off and the filtrate was diluted with an aque-
ous solution of sodium chloride. The mixture was extracted with
benzene which was chromatographed on a silica gel column. Elut-
ion with benzene or benzene-ethyl acetate (10:1) gave the crystal-

line product (IVa-IVd).
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The reaction of (II) with 3,4-methylenedioxystyrene {IIIa),
3,4-dimethoxystyrene (IIIb), and 3-acetoxy-4-methoxystyrene (IIIc)
afforded 3~ (3,4-methylenedioxyphenyl}-3,4-dihydroisocoumarin (IVa;
58% yield in AcOH, 47% yield in CH3CN),4 3-(3,4-dimethoxyphenyl)-
3,4-dihydroisocoumarin (IVb; 29% yield in AcOH, 50% yield in CH,CN
),5 and 3-(3-acetoxy-4-methoxyphenyl}-3,4-dihydroisocoumarin (IVc;
50% yield in AcOH, 60% yield in CH3CN)6 respectively. In addition
to the physical properties of these compounds, the structure of
IVe was further identified by the comparison to the acetylation
product of 3—(3-hydroxy—4-methoxyphenyl)-3,4—dihydroisocoumétin.l

However, the reaction of II with 4-acetoxy-3-methoxystyrene (
I11d} or styrene (IIle) gave o-{4-acetoxy-3-methoxystyryl)benzoic
acid (Va) or o-carboxystilbene (Vb), respectively. The formation
of the phenylated olefin Va or Vb is illustrated by the two step
mechanism consisting of the addition of II to the double bond of
ITId or IITe, and the elimination of hydridopalladium chloride

from the palladium complex (M) (path A), When the styrene moiety
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of .the intermediate complex M has an electron-donating group, the
carbonium ion which is produced by the SNl type cleavage of the

carbon-palladium Ubond3 may be stabilized and react with the
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neighboring carboxyl group to give the dihydroisccoumarin compound
(path B). This mechanism accounts for the high yield (83% in
AcOH) in the formation of 3-methyl-3-phenyl-3,4-dihydroisocoumarin
(IVd)8 from II and IIIf.

Application of the reaction to 3,4-dihydronaphthalene (VI) pro-
duced tetracyclic 3,4-dihydroisoéoumarin {VII; 45% vield in AcOH
)9 accompanying an acid (VIIIa; 2B%). The.stereochemistry of the

B/C ring juncture in VII is determined to be trans.lo

(VI)

m-@ (VIITa) X=(CH,),

C02H (VIIIb) X= CH2

The reaction of indene with IT gave o-{2-indenyl}benzoic acid
{VIIIb) as the main product. As this isocoumarin synthesis can
be carried out under mild conditions, it may be applicable to the
synthesis of the naturally cccurring oxygden compound containing

a variety of functional group.
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