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A highly effective decarboxylative cross-coupling reaction
of cinnamic acid with aryl iodide catalyzed by the com-
bination of palladium chloride and CyJohnPhos in the
presence of Ag2CO3 as an additive is described. The desired
carbon-carbon bond formation proceeds efficiently with
good functional-group tolerance.

Recently, the decarboxylative cross-coupling reaction has at-
tracted much attention since it opens a new avenue for carbon-
carbon formation. As highlighted by Baudoin,1 this method
has several advantages over the conventional transition metal-
catalyzed cross-coupling reactions and the direct arylation
through C–H activation, concerning the regioselectivity as well as
atom and step economy issues. Nilsson reported the first example
of transition-metal mediated decarboxylative biaryl coupling,2

and breakthrough was achieved by Myers,3 Goossen,4 and
others5,6 in the development of Pd-catalyzed decarboxylative cross-
coupling reactions. For instance, Myers reported a versatile de-
carboxylative Heck-type reaction between arenecarboxylic acids
and olefins under palladium catalysis.3 Goossen and co-workers
have described the efficient preparation of biaryls or ketones
via a Pd-catalyzed decarboxylative coupling of arenecarboxylic
acids and aryl halides.4 The group of Forgione and Bilodeau
reported Pd-catalyzed arylation of heteroaromatic carboxylic
acids.5d Becht and co-workers presented Pd-catalyzed couplings
of arenecarboxylic acids with aryl iodides or diaryliodonium
triflates.6a,d As part of a continuing effort in our laboratory
on C–C bond formation,7 we became interested in developing
a novel and efficient method via transition metal catalyzed
decarboxylative coupling of carboxylic acids with aryl halides.
Although decarboxylative coupling of arenecarboxylic acids has
been described recently,3–6 there is only one report4b of decar-
boxylative coupling of vinyl carboxylic acids (one substrate).
However, the reaction procedure was tedious and the reaction was
performed at 170 ◦C. Herein, we disclose our recent efforts on the
synthesis of 1,2-diaryl olefins via a decarboxylative cross-coupling
reaction of cinnamic acid with aryl iodides.

To verify our hypothesis of decarboxylative coupling of cin-
namic acid, a set of experiments was carried out using cinnamic
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acid 1a and 4-methoxyphenyl iodide 2a as model substrates. This
preliminary survey, carried out in the presence of a palladium
catalyst, allowed us to evaluate and optimize the most efficient
catalytic system (Table 1). Gratifyingly, in an initial experiment, we
observed the formation of the desired product 3a in 10% yield when
the reaction was catalyzed by PdCl2 (10 mol%) in the presence of
Ag2CO3 as an additive in DMA (Table 1, entry 1). No reaction
occurred without this additive (Table 1, entry 2). Different ligands
were then screened in the reaction. The yield could be increased
to 36% when (R)-BINAP was utilized as a ligand in the catalytic
system (Table 1, entry 3). A better result was generated when PPh3

was added as a replacement (50% yield, Table 1, entry 4). The
addition of 1,10-phenanthroline or bipyridine in the reaction gave
rise to product 3a in 20% or 38% yield, respectively (Table 1, entries
5 and 6). N-Heterocyclic carbene8 ligands were also effective,
leading to the final product in moderate yield (Table 1, entries
7 and 8). Similar results were observed when the reaction was
performed in the presence of P(C6F5)3, Ph3As, PCy3, or XPhos
(Table 1, entries 9, 13, 16, and 17). Only a trace amount of
product 3a was detected when other phosphine ligands such as P(2-
furanyl)3, P(o-Tol)3, P(1-Nap)3, and DPPF were screened (Table 1,
entries 10–12, 14). To our delight, we found that the yield could be
dramatically improved when ligand CyJohnPhos9 was utilized in
the reaction (77% yield, Table 1, entry 15). Further investigation
revealed that DMA was the best choice of solvent (Table 1,
entries 18 and 19). Inferior results were displayed when other
palladium catalysts were used in the reaction (Table 1, entries
20–24). The Ag2CO3 additive was also replaced by other salts and
no better results were generated (Table 1, entries 25–28). Decreas-
ing the reaction temperature or reducing the amount of catalyst
produced the product 3a in moderate yield (Table 1, entries 29
and 30).

With this promising result in hand, to demonstrate the general-
ity of this method, we investigated the scope of this decarboxylative
coupling reaction under the optimized reaction conditions [PdCl2

(10 mol%), CyJohnPhos (20 mol%), Ag2CO3 (3.0 equiv), DMA,
150 ◦C], and the results are shown in Table 2. From Table 2, it
was found that all reactions proceeded smoothly to afford the
desired product 3 in moderate to good yields. Additionally, the
reaction of cinnamic acid with aryl iodide was found to tolerate
a range of different groups with different electronic demands
on the aromatic rings involving electron-donating and electron-
withdrawing groups. For instance, cinnamic acid 1a reacted with
phenyl iodide 2b leading to (E)-1,2-diphenylethene 3b in 78% yield
(Table 2, entry 2). When 4-fluorophenyl iodide 2c was employed
in the reaction, the corresponding product 3c was generated in
73% yield (Table 2, entry 3). Reaction of cinnamic acid 1a with
3-methoxyphenyl iodide 2d gave rise to olefin 3d in 67% yield

This journal is © The Royal Society of Chemistry 2009 Org. Biomol. Chem., 2009, 7, 863–865 | 863

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

T
or

on
to

 o
n 

01
 S

ep
te

m
be

r 
20

12
Pu

bl
is

he
d 

on
 1

4 
Ja

nu
ar

y 
20

09
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
82

18
70

F
View Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/b821870f
http://pubs.rsc.org/en/journals/journal/OB
http://pubs.rsc.org/en/journals/journal/OB?issueid=OB007005


Table 1 Screening conditions for decarboxylative cross-coupling reaction of cinnamic acid 1a with 4-methoxyphenyl iodide 2a.a

Entry [Pd] ligand additive solvent yield (%)b

1 PdCl2 — Ag2CO3 DMA 10
2 PdCl2 — — DMA NR
3 PdCl2 (R)-BINAP Ag2CO3 DMA 36
4 PdCl2 PPh3 Ag2CO3 DMA 50
5 PdCl2 1,10-phenanthroline Ag2CO3 DMA 20
6 PdCl2 bipyridine Ag2CO3 DMA 38
7 PdCl2 IPr·HCl Ag2CO3 DMA 41
8 PdCl2 IMes·HCl Ag2CO3 DMA 49
9 PdCl2 P(C6F5)3 Ag2CO3 DMA 34

10 PdCl2 P(2-furanyl)3 Ag2CO3 DMA trace
11 PdCl2 P(o-Tol)3 Ag2CO3 DMA trace
12 PdCl2 P(1-Nap)3 Ag2CO3 DMA trace
13 PdCl2 Ph3As Ag2CO3 DMA 36
14 PdCl2 DPPF Ag2CO3 DMA trace
15 PdCl2 CyJohnPhos Ag2CO3 DMA 77
16 PdCl2 PCy3 Ag2CO3 DMA 36
17 PdCl2 XPhos Ag2CO3 DMA 49
18 PdCl2 CyJohnPhos Ag2CO3 DMF 60
19 PdCl2 CyJohnPhos Ag2CO3 mesitylene trace
20 Pd(OCOCF3)2 CyJohnPhos Ag2CO3 DMA 40
21 Pd(OAc)2 CyJohnPhos Ag2CO3 DMA 44
22 PdCl2(PhCN)2 CyJohnPhos Ag2CO3 DMA 46
23 PdCl2(PPh3)2 CyJohnPhos Ag2CO3 DMA 43
24 PdCl2(dppf)2 CyJohnPhos Ag2CO3 DMA 50
25 PdCl2 CyJohnPhos Cu(OAc)2 DMA trace
26 PdCl2 CyJohnPhos CuCl2 DMA trace
27 PdCl2 CyJohnPhos AgOAc DMA 20
28 PdCl2 CyJohnPhos Cs2CO3 DMA 31
29c PdCl2 CyJohnPhos Ag2CO3 DMA 49
30d PdCl2 CyJohnPhos Ag2CO3 DMA 55

a Reaction conditions: cinnamic acid 1a (0.3 mmol), 4-methoxyphenyl iodide 2a (0.36 mmol, 1.2 equiv), palladium catalyst (10 mol%), ligand (20 mol%),
additive (3.0 equiv), solvent (2.0 mL), 150 ◦C. b Isolated yield based on cinnamic acid 1a. c The reaction was carried out at 110 ◦C. d In the presence of
PdCl2 (5 mol%) and A (10 mol%).

(Table 2, entry 4), while reaction of acetyl- or trifluoromethyl-
substituted aryl iodide 2e or 2f afforded olefin 3e or 3f in 60%
or 50% yield, respectively (Table 2, entries 5 and 6). Methyl
2-iodobenzoate 2h was also a good substrate in the reaction
of cinnamic acid 1a, and the product 3h was isolated in 56%
yield (Table 2, entry 8). With respect to other cinnamic acids,
as expected both electron-rich and electron-poor acrylic acids are
suitable partners in this process, and the desired products were
isolated in good yields. Thus, 4-nitrocinnamic acid 1b reacted
with 4-methoxyphenyl iodide 2a, leading to the formation of
compound 3i in 86% yield (Table 2, entry 9). A similar result
was obtained when 3-nitrocinnamic acid 1c was utilized as a
replacement (80% yield, Table 2, entry 10). Chloro-, cyano-, or
fluoro-substituted cinnamic acid also worked well in the reaction

with 4-methoxyphenyl iodide 2a (Table 2, entries 11–14). Reaction
of (E)-3-(furan-2-yl)propenoic acid 1g with 4-methoxyphenyl
iodide 2a proceeded smoothly to give the desired product 3o in
55% yield (Table 2, entry 15). Good isolated yields were observed
for reactions of 4-methylcinnamic acid 1h with various aryl iodides
(Table 2, entries 16–19). Besides aryl iodides, we also tested the
reactions of aryl bromides. However, no reaction occurred under
the standard conditions shown in Table 2.

In conclusion, we have described a highly effective decar-
boxylative cross-coupling reaction of cinnamic acid with aryl
iodide catalyzed by the combination of palladium chloride and
CyJohnPhos in the presence of Ag2CO3 as additive. The desired
carbon-carbon bond formation proceeds efficiently with good
functional-group tolerance.
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Table 2 Palladium-catalyzed decarboxylative cross-coupling reaction of
cinnamic acid 1 with aryl iodide 2.10

Entry R Ar product yield (%)a

1 C6H5 1a 4-MeOC6H4 2a 3a 77
2 C6H5 1a C6H5 2b 3b 78
3 C6H5 1a 4-FC6H4 2c 3c 73
4 C6H5 1a 3-MeOC6H4 2d 3d 67
5 C6H5 1a 4-AcC6H4 2e 3e 60
6 C6H5 1a 3-CF3C6H4 2f 3f 50
7 C6H5 1a 4-MeC6H4 2g 3g 62
8 C6H5 1a 2-MeO2CC6H4 2h 3h 56
9 4-NO2C6H4 1b 4-MeOC6H4 2a 3i 86

10 3-NO2C6H4 1c 4-MeOC6H4 2a 3j 80
11 4-ClC6H4 1d 4-MeOC6H4 2a 3k 65
12 4-CNC6H4 1e 4-MeOC6H4 2a 3l 55
13 4-FC6H4 1f 4-MeOC6H4 2a 3m 60
14 4-FC6H4 1f 4-MeC6H4 2g 3n 71
15 2-Furanyl 1g 4-MeOC6H4 2a 3o 55
16 4-MeC6H4 1h 4-MeOC6H4 2a 3p 65
17 4-MeC6H4 1h C6H5 2b 3g 82
18 4-MeC6H4 1h 4-FC6H4 2c 3n 71
19 4-MeC6H4 1h 2-MeO2CC6H4 2h 3q 60

a Isolated yield based on cinnamic acid 1.
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