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Abstract—Solid-phase cross metathesis of supported styrenyl ether with styrene derivatives afforded stilbenoids in high yields with
complete (E)-selectivity, and this approach could be readily applied for a facile synthesis of a biologically important natural
product, resveratrol. © 2002 Elsevier Science Ltd. All rights reserved.

Stilbenoids have been found in a number of plant
species and they are of interest in many cases from a
pharmacological point of view.1 In particular, some
hydroxy substituted (E)-moieties such as resveratrol or
piceatannol display certain biological activities includ-
ing anti-inflammatory, platelet antiaggregation, heart
protection, herpes simplex virus inhibition, and anticar-
cinogenic effects.2

Although the stilbenoids have been accessed through
some conventional synthetic methods such as Wittig
reactions3 and Pd-catalyzed Heck or Negishi cross-cou-
plings,4 the syntheses in many cases suffer from low
selectivities for the forming double bonds. Therefore, a
more general, convenient, and selective preparative
method would be highly desirable for the synthesis of
stilbeneoid derivatives with desired stereochemistry.
During the course of our studies on the synthetic
application of olefin metathesis,5 we have established a
facile and highly stereoselective synthetic route to
hydroxy substituted (E)-stilbenoids on the basis of a
solid-phase cross metathesis, which is described herein.

Although ring-closing olefin metathesis has attracted
widespread attention as a versatile tool for C�C bond
formation,6 cross metathesis has been much less utilized
compared to RCM largely due to inherent difficulties of
controlling selectivities. Minimization of unproductive
self-coupled alkenes and subsequent maximization of a
crossed-product is a crucial issue to be optimized in this
chemistry as well as stereocontrol of the newly gener-
ated double bonds (Scheme 1).

As can be seen in Table 1, when one styrene moiety was
allowed to react under standard metathesis conditions
with a recently developed Ru-carbene catalyst
(Im)Cl2PCy3RuCHPh (1),7 corresponding symmetric
stilbene derivatives were produced in excellent yields
with almost complete control of the double bond (E/Z
>99:1).

Electronic variation within the olefinic substrates has
little influence on the stereoselectivity as can be seen in
entries 1–5. When two different styrenes were allowed
to couple by the Ru catalyst 1, however, no preferential
formation of any one type of stilbene was obviously
observed, and instead all three kinds of stilbenes were

Scheme 1.
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Table 1. Solution-phase cross metathesis of various styrene derivatives

YEntry % Yield (A:B:C)aX

H 981 H
ClCl 952

CF33 CF3 91
OAc4 OAc 98

OMeOMe 945
Cl 88 (1:1.1:1.2)6 H
OMeH 95 (1:1.5:0.82)7

OMe8 OAc 77 (1:1.4:1.5)
Cl9 OAc 91 (1:0.9:1.3)

a Refer to isolated yields in entries 1–5, and total yields and ratio of A:B:C were determined by 1H NMR based on an internal standard (anisole)
in entries 6–9.

generated with a rather statistical ratio as an insepara-
ble mixture (entries 6–9).8 Poor selectivity for the
product distribution was not improved by any changes
of electronic properties on substrates in cross metathe-
sis between two different styrenyl compounds demon-
strating that this approach is not suitable for obtaining
unsymmetrical stilbenes with practical purposes.9

Results of the above solution-phase cross metathesis
reactions led us to search an alternative approach; a
solid-phase counterpart. Apparent advantages of the

solid-phase metathesis approach can be expected being
inhibition of self coupling of supported substrate as
well as ease of product separation from reaction mix-
tures despite the fact that reaction rate becomes gener-
ally lower when compared to that of homogeneous
metathesis.10 Among several solid supports we exam-
ined, Merrifield resin turned out to be the most suitable
support for anchoring vinylphenol moiety to provide
highest yields.11 As shown in Table 2, 4-vinylphenol
was attached to Merrifield resin (0.9 mmol/g) in DMF
under standard conditions12 affording supported

Table 2. Solid-phase approach for cross metathesis of styrenesa

XEntry Isolated yield (%)b

1 H 71
H 632c

4-Cl2 81
3 4-CF3 68
4 4-OAc 72
5 4-Me 61
6 4-OMe 68

547 3,4-(OCH2OCH3)2

8 613,4-(OAc)2

a In all metathesis reactions, 10 equiv. of styrenes to the bound styrenyl ether were used except entry 2.
b Refer to isolated yields (over three steps) of stilbenoids after cleavage of the resin.
c In this case, 4 equiv. of styrene was employed under otherwise identical conditions.
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styrenyl ether in 0.75–0.85 mmol/g (83–94% yield based
on the initial loading of the resin), which was deter-
mined after cleaving the resin. The bound aryl olefin
(0.4 g, 0.75–0.85 mmol/g) was next allowed to couple
by a Ru carbene (1, 20 mol%) with various styrene
derivatives (10 equiv.) in benzene (4 mL) at 80°C for
10–12 h.13 After the reaction, reaction mixture was
filtered and washed with hot benzene and DMF several
times. From the filtrate only homo-coupled stilbenes of
the added styrenes were isolated with complete (E)-
selectivity, and no unreacted styrenes were recovered.
Upon cleavage of the filtered resin bound stilbenoids
with 20% trifluoroacetic acid in dichloromethane,
desired stilbene derivatives were isolated with high
purity (>95%). Although some examples of ‘intra-site’
olefin metathesis on solid support have been recently
reported in both cross and ring-closing reactions,14 no
detectable amounts of the homo-coupled products onto
solid-phase were produced in our protocol.15 Overall
yields for the transformations were generally high (54–
81% in three steps) and those were not decreased with
electronic variations on the styrenyl substrates.16 The
amounts of introduced styrenes could be reduced to 3–4
equiv. with only slight decrease of isolated yield (com-
pare entries 1 and 2). It should be noted that, like in the
homogeneous metathesis reaction, stereoselectivity of
the generated double bond in this solid-phase approach
was excellent in all cases resulting in almost exclusive
formation of (E)-stilbenoids (E/Z >99:1). Not only
terminal styrenes but also internal styrenyl olefins
turned out to be a suitable substrate class.17

For example, reaction of the bound styrenyl ether with
trans-�-methylstyrene under the same conditions
afforded (E)-4-hydroxylstilbene in 59% yield after
cleavage. In addition to mono-substituted styrenes, di-
substituted styrenes could also be employed as a cou-
pling partner as exemplified in entries 7 and 8. Reaction
of the supported styrenyl ether with 3,4-diace-
toxystyrene afforded (E)-3,4-diacetoxy-4�-hydroxystil-
bene,18 a protected form of resveratrol, in 61% overall
yield after cleaving the resin demonstrating that the
present method is highly efficient and selective for the
synthesis of any stilbenoid derivatives (entry 8).

In conclusion, it has been shown that solid-phase cross
metathesis of styrenyl ether with substituted styrenes by
a ruthenium carbene catalyst is a short and efficient
approach for the preparation of hydroxy stilbenoids
with complete stereocontrol for generating (E)-double
bond. Utility of the present method was amply demon-
strated in the synthesis of a biologically active stil-
benoid, resveratrol.
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