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The Pd nanoparticles immobilized on natural diatomite were
achieved by a simple procedure. The catalysts are highly
active for Heck and Suzuki reactions and can be recovered
and reused many times. The catalytic process was also
investigated.

Palladium catalysts are often used for versatile transformation
in organic synthesis.1 Many palladium complexes have been
used as homogeneous systems in these reactions, but most of
them are expensive and air-sensitive. These homogeneous
systems always exhibit better activity and selectivity than
heterogeneous ones,2,3 while heterogeneous catalysts have many
advantages over their homogeneous counterparts in industrial
processes, such as recycling and lower cost. In view of these
advantages, many polymer-supported4 and inorganic solid-
supported (e.g., carbon, metal oxides, sol-gel, clays, and

zeolites) palladium catalysts5 have been reported.6 Diatomite,
which is a type of widespread natural porous material, provides
a suitable support. Herein, we report a new supported catalyst,
in which Pd nanoparticles are immobilized on diatomite, and
its application for Heck and Suzuki coupling reactions.

The synthesis of the diatomite-supported Pd nanoparticles was
carried out using a slight modification of the procedure
previously reported for the synthesis of silver nanoparticles on
silica spheres (Scheme 1).7 Specifically, 200 mg of diatomite
was added to 10 mL of water, together with 1 mmol of SnCl2‚
2H2O and 3 mmol of CF3COOH. After the mixture was stirred
for 1 h, 200 mg of PVP (poly(vinylpyrrolidone)) and 100 mL
of H2PdCl4 (2 mM) were added. Then, the supported Pd
nanoparticles were achieved by refluxing the above mixture.
The transmission electron microscope (TEM) image clearly
shows that the Pd nanoparticles were formed with a size in the
range of 20-100 nm.8 The X-ray powder diffraction (XRD)
pattern of the diatomite-supported Pd catalyst is consistent with
the metallic Pd data in the literature,9 and no Pd2+ was detected,
which suggests that the H2PdCl4 is completely converted into
the metal. X-ray photoelectron spectroscopy (XPS) analyses
showed that 3.66 wt % of Pd was found in the diatomite-
supported Pd nanoparticles catalyst.

The diatomite-supported Pd prepared above was first used
in Heck coupling reactions, which is a versatile method for
carbon-carbon bond formation in organic synthesis. The
coupling of iodobenzene with methyl acrylate was initially
studied as a model reaction. The reaction conditions were
systematically optimized, and the results are presented in Table
1. It was found that the best system for the reaction was NMP
(1-methylpyrrolidin-2-one) in combination with triethylamine,
which delivered a 96% isolated yield of the product1 within
25 min when 0.1 mol % of diatomite-supported Pd was used
(Table 1, entry 5). The catalyst loading could be decreased even
further, to 0.01 or 0.001 mol %, when 1.5 or 15 h were required
to complete the reaction, respectively (entries 9 and 10; TON
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) 9.6 × 104 within 15 h in entry 10). With these results in
hand, several examples of diatomite-supported palladium-
catalyzed Heck coupling of aryl halides with olefins were then
tested, and the results are summarized in Table 2. Iodobenzene
can react with various alkenes, including acrylate, acrylic acid,
styrene, or its derivatives, and gave the corresponding products
1-7 with good yields (Table 2, entries 1-7). Besides, these
conditions allow for the coupling of both electron-rich and
electron-deficient aryl iodides (Table 2, entries 8-16). Notably,
the reaction occurred exclusively to aryl iodides in the presence
of aryl chloride or aryl bromide as for 1-chloro-4-iodobenzene
or 1-bromo-4-iodobenzene (Table 2, entries 9 and 10). Namely,
complete chemoselectivities were achieved for the Heck reac-
tions in these cases. Active aryl bromides can undergo the
coupling reactions catalyzed by either 0.1 or 1 mol % of Pd to
yield similar results with corresponding reaction times (entries
17 and 18). When bromobenzene was used as reactant, 3 mol
% of Pd catalysts was required to achieve a similar yield (entry
19).

Furthermore, the diatomite-supported Pd catalyst can also be
applied to the Suzuki reaction, another very important meth-
odology for the generation of carbon-carbon bonds, especially
applied to the synthesis of biaryls. As listed in Table 3, the
conditions tolerated the presence of a wide variety of functional
groups, afforded excellent yields of corresponding products18-
24 within 1 h starting from either aryl iodides or aryl bromides
(Table 3, entry 1-10). Moreover, activated chloride can also
give the coupling product with moderate yield in the presence
of tetrabutylammonium bromide (TBAB) (Table 3, entry 11).

The feasibility of recycling the diatomite-supported Pd was
also examined. In Table 4, we presented the experimental results
on the recycling of the supported Pd on a model reaction of
iodobenzene with methyl acrylate. After each round, the
supported catalyst was recovered by simple centrifugation and
used directly for the next round of the reaction without further
manipulation. The diatomite-supported Pd exhibited only a
marginal loss in activity and required a bit longer time to achieve

similar results after the fourth cycle. Even after the sixth round,
the supported Pd had a good catalytic activity for this reaction.
For large-scale processes, however, it is reasonable to believe
that the catalyst can be easily recovered by filtration.

The mechanism of catalytic processes utilizing a heteroge-
neous palladium source has frequently been disputed in the
literature recently.10 It was proposed that dissolution of pal-
ladium species from the surface of the solid support or Pd
clusters led to the formation of the active species in solution,
and the palladium was redeposited onto the support or Pd
clusters after the reaction was finished.5h,11 The slight loss of
catalyst activity after cycles in this case may be due to the loss
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SCHEME 1. Preparation of Diatomite-Supported Palladium
Nanoparticles

TABLE 1. Optimization of Base and Solvent for Heck Reaction of
Iodobenzene with Methyl Acrylatea

entry base solvent
Pd

(mol %) time
yield
(%)b

1 Et3N DMF 0.1 40 min 95
2 Et3N toluene 0.1 2 h 30
3 Et3N CH3CN 0.1 2 h 53
4 Et3N EtOH 0.1 2 h trace
5 Et3N NMPc 0.1 25 min 96
6 Et3N NMP/H2O (1/1) 0.1 50 min 89
7 NaOAc NMP 0.1 5 h 49
8 K2CO3 NMP 0.1 3 h 38
9 Et3N NMP 0.01 1.5 h 96

10 Et3N NMP 0.001 15 h 96

a Reaction conditions: iodobenzene (1 mmol), methyl acrylate (2 mmol),
base (2 mmol), diatomite-supported Pd (0.1 mol %), and 3 mL of solvent
at 120°C. b Isolated yield.c 1-Methylpyrrolidin-2-one.

TABLE 2. Heck Reaction of Aryl Halides with Olefinsa

a Reaction conditions: ArX (1 mmol), alkene (2 mmol), Et3N (3 mmol),
diatomite-supported Pd (0.1 mol %), and 3 mL of NMP.b Diatomite-
supported Pd (1 mol %) was used.c Diatomite-supported Pd (3 mol %)
was used.d Isolated yield.
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of palladium from the support during the reaction. To confirm
this assumption, several experiments were then performed. On
one hand, with a model reaction of iodobenzene and methyl
acrylate, the solid in the reaction mixtures was separated from
the hot solutions by filtration after the reaction was completed.
The filtrate was then used for the next round, affording
conversion of 95% within 40 min, and the Pd content in the
filtrate was 8.48 ppm based on elemental analysis of ICP-AES.
On the other hand, the supported Pd freshly prepared was placed
in NMP at 120°C for 30 min, and only 2.67 ppm of Pd was
detected from the filtrate. This suggested that the oxidation
addition of the aryl iodide to the surface Pd0 converted Pd0 into
Pd2+, resulting in the leaching of a certain amount of palladium
particles into the solution. The experimental results showed that

the leaching of palladium was necessary for this sustaining
catalytic activity, and the diatomite-supported palladium pro-
vided the source of palladium in the process. Although the
catalytic process involved a homogeneous catalysis, the diatomite-
supported palladium, like a catalytic reservoir, is in a different
phase from that of reactants and products. This catalytic system
has the advantages of both homogeneous and heterogeneous
catalysis to some extent. Therefore, it is easy for the catalyst to
be reused, and this catalyst has a potential application in
industrial scale.

In summary, we presented a new supported catalyst, in which
the Pd nanoparticles were immobilized on widespread natural
diatomite by a simple procedure which was confirmed by TEM
and XRD analyses. The catalyst shows high activity for Heck
and Suzuki reactions, and excellent TONs were achieved (TONs
up to 9.6× 104 for the reaction of iodobenzene and methyl
acrylate within 15 h) and can be recovered easily and reused
many times. This novel supported catalyst is air-stable, and all
the reactions can be conducted in air. All these virtues indicate
that the diatomite-supported catalyst has a potential application.
The studies also reveal that the palladium leaching into the
solution during the reaction provides the catalytic site. Further
study of the scope of its application is in progress in our
laboratory.

Experimental Section

Typical Procedure for the Preparation of Diatomite-Sup-
ported Pd Nanoparticles: 200 mg of diatomite was added to 10
mL of water, together with 10 mmol of SnCl2‚2H2O and 30 mmol
of CF3COOH. After the mixture was stirred for 1 h, 100 mL of
H2PdCl4 (2 mM) and 200 mg of PVP (poly(vinylpyrrolidone)) was
added. After the mixture was heated at 110°C for 2 h, it was cooled
to room temperature and filtrated. The catalyst was then obtained
by drying the solid under vacuum at 50°C for 12 h.

General Procedure for the Heck Reaction Catalyzed by
Diatomite-Supported Pd: In a 10 mL glass flask were placed
aryl halide (1 mmol), alkene (2 mmol), Et3N (2 mmol), and
diatomite-supported Pd (3 mg, 0.1 mol %) in 3 mL of NMP at 120
°C for the appropriate time. The reaction was monitored by TLC,
and after completion of the reaction, the mixture was extracted with
ethyl acetate three times. The combined organic extracts were dried
using anhydrous Na2SO4 and evaporated under reduced pressure,
and the mixture was then purified by column chromatography over
silica gel to afford product with high purity.

General Procedure for the Suzuki Reaction Catalyzed by
Diatomite-Supported Pd: In a 10 mL glass flask were placed
aryl halide (1 mmol), boronic acid (1.2 mmol), Na2CO3 (2 mmol),
and diatomite-supported Pd (3 mg, 0.1 mol %) in DME-H2O (1.5
mL/1.5 mL) at 110°C for the appropriate time. The reaction was
monitored by TLC, and after completion of the reaction, the mixture
was extracted with ethyl acetate three times. The combined organic
extracts were dried over anhydrous Na2SO4 and evaporated under
reduced pressure, and the mixture was then purified by column
chromatography over silica gel to afford product with high purity.
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TABLE 3. Suzuki Reaction of Aryl Halides with Boronic Acida

a Reaction conditions: halide (1 mmol), boronic acid (1.2 mmol), Na2CO3

(2 mmol), diatomite-supported Pd (0.1 mol %), and DME/H2O (1/1).
b TBAB (0.5 mmol) was used.c Isolated yield.

TABLE 4. Recycling of Diatomite-Supported Pd for the Heck
Reaction of Iodobenzene with Methyl Acrylate

entry catalyst
time
(min)

isolated
yield (%)

1 first cycle 20 96
2 second cycle 20 95
3 third cycle 20 97
4 fourth cycle 20 95
5 fifth cycle 40 96
6 sixth cycle 70 95
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