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ABSTRACT

Ortho-substituted benzoic acids efficiently undergo precisely ordered ortho-olefination/decarboxylation upon treatment with styrenes in the
presence of a rhodium catalyst and silver salt oxidant to afford the corresponding meta-substituted stilbene derivatives. The selective syntheses
of 1,3- and 1,4-distyrylbenzenes have also been realized through the reactions of simple benzoic acid and phthalic acid, respectively, with
styrene under similar conditions.

Since stilbene and distyrylbenzene structures are found in
various natural products1 and organic materials,2 the devel-
opment of methods for their effective construction has
attracted considerable attention in organic synthesis. The
conventional syntheses of such derivatives through transition-
metal-catalyzed cross-coupling and Mizoroki-Heck reactions
or Wittig-type reactions usually need complicated multisteps
forming halogen- and phosphorus-containing byproducts.

On the other hand, direct olefination reactions on aromatic
rings involving regioselective C-H bond cleavage have been
developed to provide more simple synthetic routes for
vinylarene derivatives.3 As early examples, we reported that
2-phenylphenols (Scheme 1, YH ) 2-HOC6H4),

4 N-(aryl-

sulfonyl)-2-phenylanilines (YH ) 2-(ArSO2NH)C6H4),
5 and

benzoic acids (YH ) CO2H)5 undergo regioselective olefi-
nation at the ortho-position of YH upon treatment with an
alkene such as acrylate ester and an appropriate oxidant under
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palladium/copper catalysis. In each case, subsequent nucleo-
philic cyclization takes place to afford the corresponding
heterocyclic product. Later, acetanilides,6 benzylamines,7

phenylacetic acids,8 1-phenylprazoles,9 and 2-phenyletha-
nols10 have also been shown to undergo direct ortho-
olefination under palladium or rhodium catalysis.

Recently, Yu and co-workers reported the novel palladium-
catalyzed meta-olefination of arenes possessing an electron-
withdrawing group (Scheme 2).11 In this case, however,

considerable amounts of para-olefinated byproduct are also
formed.

In the course of our further study of the direct olefination
of benzoic acids,12 we unexpectedly observed that meta-
methoxystilbenes were exclusively produced upon treatment
of 2-methoxybenzoic acids with styrene under rhodium
catalysis, accompanied by decarboxylation13-15 (Scheme 3).

Note that methoxy-substituted stilbenes are of considerable
interest due to their unique biological16 and photophysical
and -chemical properties.17 The procedure was also found
to be applicable to the syntheses of 1,3- and 1,4-distyryl-
benzenes as well as a range of meta-substituted stilbenes.
Expectedly, some distyrylbenzenes obtained have been found
to show solid-state fluorescence. These new findings are
described herein.
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In an initial attempt, the reaction of 2,4-dimethoxybenzoic
acid (1a) with styrene (2a) (2 equiv) was conducted under
different conditions (Table S1 in the Supporting Information).
Although [Cp*RhCl2]2 (1 mol %) and AgOAc (2-3 equiv)
were found to be suitable choices for the catalyst and oxidant,
respectively, the yield of 3,5-dimethoxystilbene (3a) was
moderate (∼50%).

The reaction appears to proceed via (i) the regioselective
olefination at the 6-position of 2-methoxybenzoic acids under
rhodium catalysis (Scheme 4, step 1) and (ii) the subsequent

decarboxylation of resulting 2-methoxy-6-styrylbenzoic acids
(step 2).

It was revealed that a relatively high temperature (160 °C)
was needed for not step 1 but step 2. Thus, the olefination
of 1a with 2a proceeded smoothly even at 100 °C to produce
the corresponding 2-stilbenecarboxylic acid, which was
subsequently methyl-esterified for quantification (Scheme 5).

To our delight, the stepwise heating, at 120 °C for 8 h
(olefination) and then at 160 °C for 4 h (decarboxylation),
significantly increased the yield of 3a. It was further
improved by the addition of K2CO3 and AgOAc15 at the
second step up to 85% (Table 1, entry 1). Under similar
conditions, 2-methoxy- (1b), 2-acetylamino- (1c), 2-fluoro-
(1d), and 2-phenyl- (1e) benzoic acids also underwent
decarboxylative olefination to afford the corresponding meta-
substituted stilbenes 3b-e (entries 2-5). 2-Styrylnaphthalene
(3f) could be synthesized effectively from 1-naphthoic acid
(1f) and 2a (entry 6). Substituted styrenes 2b-d also reacted
with 1a to give substituted stilbenes 3g-i (entries 7-9). It
should be noted that the thus obtained 3,5,4′-trimethoxystil-
bene (3g), an analog of naturally occurring resveratrol,18 is
of particular interest for its biological activities including
anticancer properties.16

Unsubstituted benzoic acid (1g) also underwent the present
decarboxylative olefination upon treatment with 2a under the
stepwise heating conditions (Scheme 6). In this case, double
olefination took place at the 2- and 6-positions to form 1,3-
distyrylbenzene (5)19 selectively. As in the reaction of 1a
(Scheme 5), the intermediary formation of 2,6-distyrylben-

Scheme 4

Scheme 5

Table 1. Reaction of Benzoic and Naphthoic Acids 1 with
Styrenes 2a

a Reaction conditions: (1) 1 (0.5 mmol), 2 (1 mmol), [(Cp*RhCl2)2]
(0.005 mmol), AgOAc (1-1.5 mmol), DMAc (2.5 mL) at 120 °C under
N2 for 8 h; (2) With the addition of AgOAc (1 mmol) and K2CO3 (1 mmol)
at 160 °C under N2 for 4 h. b GC yield based on the amount of 1 used.
Value in parentheses indicates yield after isolation.
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zoic acid was confirmed and quantitated after esterifiaction
to the methyl ester (6) (Scheme 6).

Interestingly, a 1,4-distyrylbenzene derivative, which is
of importance in organic materials field,20 could be obtained
through the reaction of phthalic acid (1h) with 2a (Scheme
7). Thus, treatment of 1h with 2a in the presence of
[Cp*RhCl2]2 and Cu(OAc)2·H2O, as a catalyst and an oxidant,
respectively, in DMF at 100 °C for 10 h followed by methyl
esterification resulted in the selective formation of methyl
2,5-distyrylbenzoate (7).

Some obtained distyrylbenzenes showed solid-state fluo-
rescence as described above. Notably, 6 exhibited a relatively
strong emission compared to a typical emitter, anthracene,

by a factor of 2.2 (λemis ) 413 nm, Figure S1 in the
Supporting Information).

In summary, we have succeeded in preparing a series of
meta-substituted stilbenes as well as 1,3- and 1,4-distyryl-
benzene derivatives from readily available benzoic acids and
styrenes through precisely ordered ortho-olefination/decar-
boxylaion under rhodium catalysis. In these reactions, the
carboxyl function acts as a unique, removable directing
group. Work is underway toward further development of
relevant reactions around the key functional group.
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