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Miyaura-Suzuki Cross Coupling Reactions: The Role of Pd/CaCO3 as
Catalyst Reservoir
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Abstracts: Miyaura-Suzuki reaction was carried out in water-ethanol solutions by using Pd/CaCO3 as catalyst.
Very good yields were obtained using different bases, phosphates or carbonates. The catalyst was recycled up
to seven times without any loss of activity. To evidence the presence of Pd(II) in solution as the true catalyst,
the solids were removed by decantation and the reaction products were extracted with hexane. The water-
ethanol solution was recycled and kept catalytic activity.
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INTRODUCTION miserable yields obtained with NaOAc and KOAc indicated
the necessity of addition of stronger bases to the reaction
media [8i,13b,14].

Palladium-catalyzed cross-coupling reactions [1] are
among the most prominent processes in organic synthesis.
Originally conceived independently by Mizoroki [2] and
Heck [3], followed by Stille [4], Negishi [5], Sonogashira
[6] and Suzuki [7], among others, these reactions are still
under investigation by several groups interested in more
environmentally compatible processes and/or in opening the
scope of these reactions [8].

Table 1. Effect of Different Bases in the Pd/CaCO3
Catalyzed Suzuki Reaction

Entry Base T (ºC) Yield (%)

1 Na3PO4 80 90

Miyaura-Suzuki reactions [7], in particular, are very
attractive due to the stability of the precursors, boronic
acids, and facility of work up. However, as, in general,
unfriendly phosphines are used, there is a continuous need to
improve these processes [9].

2 Na2CO3 80 87

3 K2CO3 80 100

4 NaOAc 80 20

5 KOAc 80 14
The search of new processes, of course, involves the use

of well known heterogeneous catalysts, as Pd/C [10] and
other systems [9]. To avoid the use of flammable,
hazardous, and/or non-renewable solvents, the use of ionic
liquids, fluorous solvents, supercritical fluids, and PEGs has
been extensively reported in organic synthesis, in particular
in Pd catalyzed C-C and C-N bond formation [11]. Water,
however, remains unique. Whenever possible its use
represents always one of the most economical and
environmentally viable options [12].

Using K2CO3 or Na3PO4 as base other substrates (Table
2) were successfully tested with yields between 96 and 100%
with K2CO3 and 85 and 90% with Na3PO4, despite the
presence of electron donors or electron acceptor groups in the
aryl halide moiety.

To go further, the catalyst was recycled, using
phenylboronic acid and iodobenzene, at the same conditions,
with K2CO3, by decanting the solution. The reaction yield
was kept at 100% up to seven times.

RESULTS AND DISCUSSION
Once, previously, Andrews et al. [15a] extensively

studied the leaching effect on Pd containing perovskite
catalyst, that is, that the true catalyst would be a soluble
Pd(0)/Pd(II) species, also supported by Ji, Jain and Davis
[15b], who reported that the leached soluble Pd(0)/Pd(II)
from Pd supported catalysts would act as the true catalyst,
and by Dupont’s group [15c], who reported that Pd
nanoparticles stabilized with ionic liquids would serve as a
catalyst reservoir, we decided to investigate if Pd/CaCO3
would also act as a catalyst reservoir. Therefore, we tested
the effect of Pd/CaCO3 free water/ethanol solution after
reaction.

In the present paper our results concerning the use of
aqueous systems combined to the rarely used Pd/CaCO3
catalyst [11a,13] in the Miyaura-Suzuki reaction are
disclosed.

Our initial investigation started with the cross-coupling
of phenylboronic acid and iodobenzene as a model system.
The reaction was carried out in the presence of 1% (molar to
Pd) Pd/CaCO3 in 40% aqueous ethanolic solution at 80oC.
Several bases were tested (Table 1) and using K2CO3,
Na3PO4 and Na2CO3, very high yields were obtained. The

To do that, after finishing a reaction, the solid catalyst
was separated from the reaction medium by decantation. The
reaction products contained in the water/ethanolic solution
were then extracted with hexane. The remaining
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Table 2. Pd/CO3 Catalyzed C-C Coupling of Different Substrates with Phenylboronic Acida

Entry Aryl halides Producta Yield (%)

1 Iodobenzene Phenylbenzene 100

2 Bromobenzene Phenylbenzene 99

3 p-Iodoanisole p-Phenylanisole 98

4 p-Bromoacetophenone p-Phenylacetophenone 96

5 Iodobenzene Phenylbenzene 90

6 Bromobenzene Phenylbenzene 88

7 p-Iodoanisole p-Phenylanisole 85

8 p-bromoacetophenone p-Phenylacetophenone 89

aK2CO3 was used as base in entries 1-4 and Na3PO4 in entries 5-8
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Scheme 1.

water/ethanolic solution was then charged with
phenylboronic acid and iodobenzene and after 12 hours at
80ºC, the reaction product, phenylbenzene, was obtained in
100% yield.
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