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Scheme 1. Pd-catalyzed Mizoroki-Heck reaction

Palladium-catalyzed carbon-carbon bond forming reactions 
have been studied for decades. The most common type of this 
reaction is the coupling of aryl halides or pseudohalides with 
organometal reagents or alkene derivatives.1 Generally, these 
reactions are classified by the metal reagent, such as Mg, Sn, 
B and Si, which is bonded to the carbon of the aryl group, and 
these reactions are named for Kumada,2 Stille,3 Suzuki4 and 
Hiyama5 reactions. And the Mizoroki-Heck reaction corres-
ponds to the coupling of aryl halides and olefin derivatives.6 
Since Mizoroki and Heck’s original work, numerous improve-
ments and modifications have been reported for the catalytic 
system. However, most catalytic systems have focused on the 
development of suitable ligand systems that take into consi-
deration the steric and electronic effects. Among them, sterically 
bulky phosphines,7 phosphites8 and pincer type9 and carbene 
type10 ligand systems have been developed and applied to pro-
duce various substituted olefins. However, the employment of 
ligands is less desirable in fine chemical processes because they 
hamper the isolation and purification steps. To address these 
problems, ligand-free palladium catalytic systems have been 
examined by a number of research groups. For example, phase 
transfer agents,11 aqueous systems12 and nanoparticles13 have 
all been considered. Among these systems, palladium-nano-
particle is one of most intensively studied methods. Recently, 
we prepared palladium-decorated carbon nanotubes (Pd-CNTs) 
by depositing Pd2(dba)3 on thiolated multiwall carbon nanotube 
surfaces.14 The Pd-CNTs effectively promoted the hydrodehalo-
genation of aryl halides to form an 85 - 99% of the correspond-
ing arenes. The Pd-CNTs exhibited a higher activity than that 
of the reference systems such as Pd2(dba)3 and the Pd2(dba)3/ 
CNT mixtures. These results indicated that the CNTs signi-
ficantly influenced the catalytic activities of CNT-supported 
metal catalysts for carbon coupling reactions.

Several reports have used CNT-supported Pd nanoparticles 
as the catalyst in the Mizoroki-Heck reaction.15 However, they 
have some drawbacks such as high catalytic loading and exhi-
bited only one or two examples in the coupling reaction. To the 
best of knowledge, the coupling of a variety of aryl halides has 
never been exhibited in the Pd-CNT catalyzed Mizoroki-Heck 
reaction. In this study, Pd(dba)2-CNT was synthesized from 
Pd(dba)2 based on the previous results, and the Pd(dba)2-CNT 
was applied to a variety of aryl halides in the Mizoroki-Heck 
reaction.

In order to expand the scope of Pd(dba)2-CNT to the palla-
dium-catalyzed coupling reaction such as the Mizoroki-Heck 
reaction, the Pd(dba)2-CNT nanocomposites were synthesized 
by depositing Pd(dba)2 onto the thiolated multiwall carbon nano-
tube surfaces, using the method that was described in ref 14. 
Pd(dba)2 was prepared according to the previous method,16 
and NaSH was used to produce the thiol groups on the CNT 
surfaces. The thiolation was confirmed using the XPS spectrum 
in the sulfur 2p region. The relative surface atomic ratio was 
estimated from the corresponding XPS peak areas, corrected 
with the tabulated sensitivity factors. The estimated value of the 
S content is about 2.7 atomic %. The XPS data also confirmed 
the presence of Pd in the nanocomposites. The Pd content is 
estimated to be about 2.0 atomic %.

First, the Mizoroki-Heck coupling reaction of 4-iodotoluene 
and n-butyl acrylate was carried out using Pd(dba)2-CNT and 
Pd2(dba)3-CNT with K3PO4 as the base and DMF as the solvent. 
When 0.2 mol % palladium catalyst was loaded, Pd(dba)2-CNT 
catalyst afforded the desired product with 98% yield, and Pd2 

(dba)3-CNT catalyst exhibited 96% yield (Scheme 1). These 
dibenzylideneacetone (dba) coordinated palladium complexes 
are the most common palladium(0) source in the coupling 
reactions. It has been reported that Pd2(dba)3 showed higher 
catalytic activity than Pd(dba)2 under the ligand free condition,17 
suggesting that increasing the global concentration of dba de-
creased the catalytic activity. However, different reactivities 
were not observed between Pd(dba)2-CNT and Pd2(dba)3-CNT 
in the Mizoroki-Heck reaction, and this catalyst exhibited good 
activities under the ligand-free catalytic system. Therefore, dba 
did not crucially affect catalytic activity in the CNT supported 
palladium catalyst system.

Next, the catalytic activity of Pd(dba)2-CNT was investigated 
for the coupling of 4-iodotoluene and n-butyl acrylate, and 
compared to other palladium catalytic systems, such as Pd(dba)2 
and the mixture of CNT and Pd(dba)2. As shown in Figure 1, 
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Figure 1. Palladium-catalyzed Mizoroki-Heck reactions using a variety
of palladium sources.

Table 1. The Mizoroki-Heck coupling of aryl iodides and alkenes 
using Pd(dba)2-CNTa

Pd(dba)2-CNT
+Ar I R R

Ar

 R = CO2
nBu, Ph

K3PO4, DMF

Entry ArI Rb Yield (%)

1 I CO2
nBu 95

2 Ph 90

3

Me

I CO2
nBu 85

4 Ph 93

5

Me

I CO2
nBu 95

6 Ph 90

7
I

MeO
CO2

nBu 88

8 I

OMe

CO2
nBu 72

9 Ph 91

10 I CO2
nBu 95

11 Ph 85

12 I

Me

O

CO2
nBu 49

13 Ph 23

14
IMeO

Ph 86

aReaction condition: ArI (3.0 mmol), olefin (3.3 mmol), Pd(dba)2-CNT 
(30 mg, ~0.2 mol %), K3PO4 (4.5 mmol) was reacted in DMF for 12 h. 
bReaction temperature 50 oC for n-butyl acrylate, 70 oC for styrene. cIsolated
yields, and all compounds are characterized by comparing the 1H NMR 
and 13C NMR spectra with authentic samples or literature data.

Pd(dba)2-CNT afforded the desired coupled product with a yield 
of 98% after 12 h. However, the other palladium catalytic sys-
tems resulted in very product yields.

Having successfully demonstrated the catalytic activity of 
Pd(dba)2-CNT in the Mizoroiki-Heck reaction, we then applied 
this catalytic system to a variety of aryl iodides. The following 
reaction condition was used: 1 eq. of aryl iodide, 1.2 eq. of n-bu-
tyl acrylate or styrene, 2 eq. of K3PO4 and catalytic amount of 
Pd(dba)2-CNT (0.2 mol % Pd) were reacted in DMF for 12 h. 
The results are summarized in Table 1. Most of the aryl iodides 
that were tested produced the corresponding desired coupled 
product with high yields, whereas the coupling of 2-iodotoluene 
with n-butyl acrylate showed a slightly lower yield than other 
reactions. Unfortunately, 4-iodo acetophenone afforded unsatis-
factory yields of the desired product (49% and 23%, respec-
tively). However, meta-iodoanilsole was coupled with n-butyl 
acrylate to give the desired product with 84% yield.

This study attempted to expand the scope of the substrates to 
aryl bromides for the Mizoroki-Heck reactions (Table 2). The 
neutral and electron donating substituted aryl bromides showed 
moderate to low yields (entries 1-4). Especially, the sterically 
demanding substrate such as bromomesitylene was coupled 
with n-butyl acrylate to produce a yield of 11% (entry 4). How-
ever, the coupling of ortho-substituted 2-bromobiphenyl with 
both n-butyl acrylate and styrene showed good yields. The 
meta-substituted aryl bromides afforded good yields except for 
m-bromoanilsole, which contains an electron donating group. 
(entries 7-10). Both 1- and 2-bromonaphthalene showed good 
yields. The coupling of n-butyl acrylate with methyl 4-bromo-
benzoate and 4-bromobenzaldehyde produced yields of 68 
and 61%, respectively (entries 14 and 15). We found that aryl 
bromides having an electron withdrawing group produced 
higher yields than the aryl bromides that contained an electron 
donating group, which is the general reaction trend in the cou-
pling reaction of aryl halides. The hetroaromatic bromides such 
as 3-bromopyridine and 2-bromothiophene showed good yields. 
However, 2-bromo pyridine produced a low yield of the desired 
product when coupled with n-butyl acrylate (entries 16-18).

All of the Mizoroki-Heck reactions exhibited good yields 
even though they were carried out in air atmosphere. Therefore, 
the Pd(dba)2-CNT catalytic system effectively promoted the 
carbon coupling reactions at low Pd content (~0.2 mol %) in 
the absence of any ligands, and the system was stable toward air 
and moisture. Figure 2 shows a typical TEM image of Pd-CNT 
nanocomposites. The Pd(dba)2 precursors are anchored to the 
surface of the CNTs due to their interaction with the free elec-
tron pairs of the S atoms. The aggregation of anchored Pd(dba)2 
leads to the formation of nanosized Pd(dba)2 clusters, which 
denoted as Pd nanoparticles in this study. As shown in Figure 2, 
the Pd nanoparticles were highly dispersed on the CNTs, pre-
venting from the formation of low reactive palladium black,18 
which may be attributed to good catalytic activity of the nano-
particles in the Mizoroki-Heck reactions.

In conclusion, CNT-supported palladium nanoparticles syn-
thesized from Pd(dba)2 and the functionalized CNT. We em-
ployed Pd(dba)2-CNT as catalyst in the Mizoroki-Heck re-
actions. Aryl iodides and bromides were successfully coupled 
with olefins, such as n-butyl acrylate and styrene under ligand 
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Table 2. The Mizoroki-Heck coupling of aryl bromides and alkenes 
using Pd(dba)2-CNTa

Pd(dba)2-CNT
+Ar I R R

Ar

 R = CO2
nBu, Ph

K3PO4, DMF

Entry ArBr R Yield(%)b

1 Br CO2
nBu 35

2 Ph 75

3
Br

tBu
CO2

nBu 21

4 Br
Me

MeMe

CO2
nBu 11

5 Br

Ph

CO2
nBu 56

6 Ph 65

7 Br

Cl

CO2
nBu 60

8 Ph 82

9
Br

OMe

CO2
nBu 25

10
Br

CN

CO2
nBu 67

11 Br CO2
nBu 64

12 Ph 95

13
Br

CO2
nBu 65

14
Br

Me

O

CO2
nBu 60

15
Br

H

O

CO2
nBu 52

16
N

Br
CO2

nBu 72

17
N Br

CO2
nBu 38

18
S Br CO2

nBu 64

aReaction condition: ArI (3.0 mmol), olefin (3.3 mmol), Pd(dba)2-CNT 
(30 mg, ~0.2 mol %), K3PO4 (4.5 mmol) was reacted in DMF for 12 h at 
140 oC. bIsolated yields, and all compounds are characterized by comparing
the 1H NMR and 13C NMR spectra with authentic samples or literature data.

Figure 2. TEM images of the CNT-Pd nanocomposite at low mag-
nification (a) and at high magnification (b).

free conditions. To the best of knowledge, this report is the first 
application of Pd(dba)2-CNT to a variety of aryl halides, and 
good reactivities were exhibited.

General Experimental

Pd(dba)2-CNT (30 mg, Pd base – 0.2 mol %) and 4-iodo-
toluene (654.1 mg, 3.0 mmol) and n-butyl acrylate (423.0 mg, 
3.3 mmol) were combined with K3PO4 (955.2 mg, 4.5 mmol) 
in a small round-bottomed flask. Dimethylformamide (DMF, 
15. 0 mL) was added and the flask was sealed with a septum. 
The resulting mixture was placed in an oil bath at 50 oC for 12 h. 
The reaction mixture was poured into 30 mL of 5% aqueous 
LiCl and extracted with (3 × 20 mL) Et2O. The combined ether 
extracts were washed with brine (60 mL), dried over MgSO4, 
and filtered. The solvent was removed under vacuum, and the 
resulting crude product was purified by flash chromatography 
on the silica gel. The product was eluted with 5% ethyl acetate 
in hexane.
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