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We have developed a mild and efficient protocol for the ligand-

free and heterogeneous Pd/C-catalyzed hetero Suzuki–Miyaura

coupling reaction that allows for the synthesis of both

heteroaryl–aryl and heteroaryl–heteroaryl derivatives in good

to excellent yields.

The Suzuki–Miyaura coupling reaction is one of the most useful

methods for selective C–C bond formation during the construction

of biaryl skeletons,1 which are often included as partial structures

in pharmaceuticals, natural products and functional materials.

Significant efforts have focused on the development of efficient

systems for the Suzuki–Miyaura reaction, but most developed

protocols are mainly limited to the construction of the simple non-

hetero aryl–aryl unit, and are usually difficult to apply to the

synthesis of heterocyclic biaryl derivatives. Only Buchwald,2 Fu,3

Molander,4 and Doucet/Santelli5 offered pioneering access to the

cross-coupling between heteroaryl halides and heteroaryl boronic

acids or heteroaryl trifluoroborates. However, these methods

utilized homogeneous palladium catalysts in the presence of

phosphine ligands. A ligand-free Suzuki–Miyaura coupling of

heterocycle-containing substrates catalyzed by homogeneous

palladium catalyst was recently reported,6 but the reaction required

the use of a strong base such as NaOMe, and the coupling between

heteroaryl halides and heteroaryl boronic acids is not very efficient.

Furthermore, a homogeneous catalyst could be difficult to recover

and reuse, and the residual Pd metal in the product could induce

serious problems. Several heterogeneous Pd/C-catalyzed Suzuki–

Miyaura coupling reactions of heteroaryl compounds including

ligand-free fashion were also reported,7 but they have low

availability of substrates and only a single example of hetero-

aryl–heteroaryl coupling was reported.8 We now report a

heterogeneous Pd/C-catalyzed ligand-free Suzuki–Miyaura cou-

pling reaction that is compatible with a wide range of heteroaryl

substrates.

We recently reported a Pd/C–Na3PO4–50% i-PrOH system that

worked efficiently for the Suzuki–Miyaura coupling of non-

heteroaryl substrates at room temperature,9 but the system was not

easily applicable to the coupling of heteroaryl boronic acid and

non-heteroaryl bromide, such as 4-dibenzofuranboronic acid and

4-bromonitrobenzene. After considerable exploration of the

reaction parameters, we found that the application of heat

(80 uC) was the most important variable to enhance the reaction

progress among the key factors that led to the discovery of the

present Pd/C-catalyzed hetero-Suzuki–Miyaura coupling. Most

strikingly, the reaction of 4-bromonitrobenzene with 4-dibenzofur-

anboronic acid (1.5 equiv.) in the presence of 10% Pd/C (3.5 mol%

as Pd metal) and Na3PO4?12H2O (3.5 equiv.) in 50% i-PrOH at

80 uC was completed within 1 h with 98% yield (eqn (1) and

Table 1, entry 1).
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Table 1 Suzuki–Miyaura coupling of aryl bromide with heteroaryl
boronic acida

Entry R X Ar–B(OH)2 Product
Time
(h)

Yield
(%)b

1 4-NO2 Br 1 98

2 4-NO2 Br 1 98

3 4-NO2 Br 12 72

4 4-NO2 I 1 97

5 4-Ac Br 1 96

6 4-Ac Br 2 83

7 4-OMe Br 1 98

8 2-Me Br 1 85

a Reaction conditions: aryl boronic acid (1.5 equiv.), 10% Pd/C
(3.5 mol%), Na3PO4?12H2O (3.5 equiv.). b Isolated yield.
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As shown in Table 1, a wide range of aryl bromides and

an iodide bearing an electron-withdrawing group (Table 1,

entries 1–6) and an electron-donating group (Table 1,

entries 7 and 8) clearly reacted with 4-dibenzofuranboronic

acid, 2-benzofuranboronic acid and 2-benzothiopheneboronic

acid within 1–2 h except for entry 3 (thiophene derivatives,

12 h).

The scope of the reactions using a range of heteroaryl

bromides and non-heteroaryl boronic acids is summarized in

Table 2. The reactions of 2-bromopyridine with a series of

electron-neutral to electron-rich phenylboronic acids formed the

desired heterobiaryl products with . 94% yields (Table 2,

entries 1–4). The coupling with 4-chloroboronic acid was

incomplete even after 24 h (Table 2, entry 5) while the use of

i-PrOH in place of 50% i-PrOH as the solvent dramatically

improved the reaction progress and provided the product in 95%

yield (Table 2, entry 6). In contrast to 2-bromopyridine, 3- and

4-bromopyridine and 5-bromopyrimidine reacted in low to

moderate yields (Table 2, entries 7, 9 and 11) because of the

incomplete reaction. Remarkably, in the case of 2-bromopyridine,

the coordination of the nitrogen lone pair of 2-bromopyridine to

the Pd metal facilitated the approach of Pd to the adjacent C–Br

Table 2 Suzuki–Miyaura coupling of heteroaryl bromide with
arylboronic acida

Entry Ar–Br Ar–B(OH)2 Product Time (h) Yield (%)b

1 24 94

2 5 97

3 5 97

4 5 96

5 24 42

6c 24 95

7 6 27

8c 6 98

9d 24 58

10c,d 3 97

11 6 79

12c 1 98

a Reaction conditions: arylboronic acid (1.5 equiv.), 10% Pd/C
(3.5 mol%), Na3PO4?12H2O (3.5 equiv.). b Isolated yield. c i-PrOH
was used as the solvent. d 4-Bromopyridine hydrogen chloride was
used as a substrate and 4.5 equiv. of Na3PO4?12H2O were added to
buffer the hydrogen chloride.

Table 3 Suzuki–Miyaura coupling of heteroaryl bromide with
heteroaryl boronic acida

Entry Ar–Br Ar–B(OH)2 Product
Time
(h)

Yield
(%)b

1 0.5 100

2 12 75

3 24 91

4 3 95

5 24 94

6 24 70

a Reaction conditions: aryl boronic acid (1.5 equiv.), 10% Pd/C
(1.0 mol%), Na3PO4?12H2O (1.0 equiv.). b Isolated yield.
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bond at the ortho-position, and the subsequent oxidative

addition of the Pd to the aryl bromide easily took place. This

coordination effect cannot be expected in the case of the other

heteroaryl bromides listed in Table 2. Interestingly, the use of

i-PrOH instead of 50% i-PrOH as the solvent for the coupling

reactions led to excellent results and the desired products

were obtained in nearly quantitative yields (Table 2, entries 8, 10

and 12).

The Suzuki–Miyaura coupling reaction encompassed the

coupling between the heteroaryl boronic acids and heteroaryl

bromides. 3-Bromoquinoline, 5-bromopyrimidine, 2-bromo-5-

methylthiophene and 5-bromoindole possessing the non-

protected NH group on the indole ring smoothly reacted with

heteroaryl boronic acids under Pd/C–Na3PO4–i-PrOH–80 uC
conditions (Table 3). It is noteworthy that the present protocol

is applicable to sulfur containing heterocycles as substrates

(Table 3, entries 3 and 5 and also Table 1, entry 3), a reaction

which has previously been plagued by several limitations involving

protodeboronation2a,10 and catalyst poisoning of the sulfur

atom.11

We have developed a mild and efficient protocol for the ligand-

free and heterogeneous Pd/C-catalyzed hetero Suzuki–

Miyaura coupling reaction. To the best of our knowledge,

this methodology is the first to be reported which has

widespread application for the synthesis of various heterobiaryl

compounds using a heterogeneous catalyst under ligand-free

conditions. We anticipate that this approach will offer an

alternative synthetic strategy for the practical construction of

heterobiaryl compounds.

We thank the N. E. Chemcat Corporation for the gift of the

10% Pd/C.
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