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An efficient Pd(OAc)2/Dabco-catalyzed Stille cross-coupling
reaction procedure has been developed. In the presence of
Pd(OAc)2 and Dabco (triethylenediamine), various aryl
halides including aryl iodides, aryl bromides, and activated
aryl chlorides were coupled efficiently with organotin com-
pounds to afford the corresponding biaryls, alkene, and
alkynes in good to excellent yields. Furthermore, high TONs
[turnover numbers, up to 980 000 TONs for the coupling
reaction of 1-bromo-4-nitrobenzene and furan-2-yltributyltin]
for the Stille cross-coupling reaction were observed.

The palladium-catalyzed Stille cross-coupling reaction
represents one of the most important transformations in
constructing the carbon-carbon bonds in organic syn-
thesis. For this reason, a number of effective palladium
catalytic systems have been developed for the Stille cross-
coupling reaction.1-5 Generally, the combination of pal-
ladium catalysts with various phosphine ligands results
in excellent yields and high efficiency.1,2 However, most
of the phosphine ligands are air-sensitive and expensive,
which places significant limits on their synthetic applica-
tions.6 On the other hand, it is desirable to be able to
employ low catalyst loadings particularly for pharma-
ceutical and industrial application. Although many of the
reported catalytic systems are effective, few reports
employed the Stille reaction under <1 mol % loadings of
palladium catalysts2a,c,n-p,3a,e-g (normal 1-5 mol % Pd).1
Thus, the development of new and efficient phosphine-
free palladium catalytic systems remains a potentially
promising area for organic chemists.3-5 Very recently, we

found that Dabco was a highly efficient ligand for the
palladium-catalyzed Suzuki-Miyaura cross-coupling re-
action resulting in high TONs (up to 950 000 TONs for
the reaction of PhI and p-chlorophenylboronic acid) (eq
1).7,8 Thus, we expected to extend the use of this type of
ligand to other palladium-catalyzed transformations.
Here, we report a stable, inexpensive, and efficient
Pd(OAc)2/Dabco catalytic system for the Stille reactions
of aryl halides with organotin compounds.

To evaluate the efficiency of Pd(OAc)2/Dabco in the
Stille cross-coupling reaction, coupling of 4-bromoanisole
(1a) with phenyltributyltin (2a) was first tested, and the
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results are summarized in Table 1. The results showed
that Dabco was an effective ligand for the palladium-
catalyzed Stille reaction. Without any ligands, only a 48%
yield of the corresponding cross-coupled product 3 was
isolated in the presence of 3 mol % of Pd(OAc)2 and 3
equiv of KF (entry 1), whereas the yield of 3 was
increased sharply to 84% when 6 mol % of Dabco was
added (entry 2). An identical yield was obtained by even
further increasing the loadings of Dabco to 12 mol %
(entry 3). Other tertiary amines as the ligands were less
effective than Dabco (entries 2 and 4-8). A series of
solvents including dioxane, DCE (1,2-dichloroetane),
DMF, and acetone were then examined; the highest yield
was observed in dioxane (entries 2 and 9-11). Several
bases were also investigated, and KF gave the best
results (entries 2 and 12-15).

As demonstrated in Table 2, the Pd(OAc)2/Dabco
catalytic system is remarkably active and tolerant of a
range of functionalities. The results showed that coupling
of the organotin 2a with a number of aryl halides,
including aryl iodides (1b and 1c), aryl bromides (1d-
g), and activated aryl chlorides (1h and 1i), was carried
out smoothly and efficiently to afford good to excellent
yields of the corresponding coupled products 3-7 with
extremely high TONs in the presence of Pd(OAc)2, Dabco,
and base. By treatment of aryl iodides (1b and 1c),
activated aryl bromides (1d and 1e), and activated aryl
chlorides (1h) with 2a, respectively, the loadings of the
catalyst could be decreased to 0.0001 mol %, and desir-
able yields could still be obtained after prolonged heating
(entries 5, 8, 11, 13, and 20, TONs up to 960 000),
whereas for coupling of deactivated aryl bromides 1a and
1g, the results indicated that the catalytic efficiency
decreased to some extent (entries 1, 2, and 15-17). For
example, treatment of 1a with 2a afforded good yield of
the corresponding product 3 for 24 h when the catalyst
loadings were decreased to 0.001 mol % (75% yield, TONs
) 75 000, entry 1). However, further decreasing the

catalyst loadings to 0.0001 mol % led to a low yield (27%
yield, TONs ) 270 000, entry 2).

The results also indicated that the additives affected
the reaction (entries 3, 4, 6, 7, 9, 10, 15, and 16 in Table
2). Generally, Bu4NF is more effective than KF.1,2 For
the present reaction, however, the efficacy of Bu4NF and
KF depended on aryl halides. By treatment of substrates
1c and 1e-i with 2a, Pd(OAc)2, and 6 mol % of Dabco (6
mol %), respectively, Bu4NF as the additive provided
higher yields of the desired cross-coupled products than
did KF (entries 6, 7, and 12-22), whereas KF gave much
higher yields for coupling of aryl halides bearing oxygen-
contained groups 1a, 1b, and 1d, respectively (entries 2
and 12 in Table 1; entries 3, 4, 9, and 10 in Table 2). It
is noteworthy that all halides 1a, 1b, and 1d were
consumed completely, respectively, when Bu4NF was

TABLE 1. Palladium-Catalyzed Stille Coupling
Reaction of 1a with 2aa

entry ligand base solvent yield (%)b

1 0 KF dioxane 48
2 Dabco KF dioxane 84
3c Dabco KF dioxane 82
4 (i-Pr)2NEt KF dioxane 26
5 (c-hexyl)2NMe KF dioxane 36
6 TMEDA KF dioxane 14
7 HMTA KF dioxane 72
8d (-)-spartein e KF dioxane 10
9 Dabco KF DCE 15

10 Dabco KF DMF 27
11 Dabco KF acetone 57
12e Dabco Bu4NF dioxane 41
13 Dabco Cs2CO3 dioxane 6
14 Dabco K2CO3 dioxane 5
15 Dabco Et3N dioxane 20
a Unless otherwise indicated, the reaction conditions were as

follows: 1a (0.5 mmol), 2a (0.55 mmol), Pd(OAc)2 (3 mol %), ligand
(6 mol %), base (3 equiv), and solvent (5 mL) at 100 °C for 16 h.
b Isolated yield. c Dabco (12 mol %). d 26 h. e The reaction was not
clean, and some side products were observed.

TABLE 2. Stille Coupling Reactions of Aryl Halides (1)
with 2a Catalyzed by the Pd(OAc)2/Dabco Catalytic
Systema

a Unless otherwise indicated, the reaction conditions were as
follows: 1 (0.5 mmol), 2a (0.55 mmol), Pd(OAc)2/Dabco (1:2),
additive (3 equiv), and dioxane (5 mL) at 100 °C. b Isolated yield.
c The reaction was not clean, and some side products were
observed. d No reaction was observed.
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used as the additive (entry 12 in Table 1; entries 3 and
9 in Table 2).9 For the coupling reactions of another aryl
halide bearing an oxygen-contained group 1i with 2a,
however, good yield was observed in the presence of
Bu4NF (81%, entry 21). Unactivated aryl chlorides 1j and
1k were found to be unreactive under the present
reaction conditions (entries 22 and 23).

The scope of the Pd(OAc)2/Dabco catalytic system was
further extended to the coupling reactions of aryl bro-
mides 1e and 1f with other organotin reagents including
furan-2-yltributyltin (2b), thiophen-2-yltributyltin (2c),
vinyltributyltin (2d), and 2-phenylethynyltributyltin (2e),
respectively, and the results are summarized in Table 3.
In the presence of 3 mol % of Pd(OAc)2, 6 mol % of Dabco,
and 3 equiv of Bu4NF, activated aryl bromide 1e coupled
efficiently with 2b-e, respectively, to afford the corre-
sponding desired products 8-11 in quantitative yields

(entries 1, 4, 6, and 9). For coupling of aryl bromide 1f
with 2b and 2e, respectively, excellent yields were also
obtained (entries 10 and 11). The results also demon-
strated that aryl bromide 1e was a suitable substrate at
the loading of 0.0001 mol % of Pd (entries 3, 5, and 8).
For example, 98% yield of 8 was still isolated after 40 h
when coupling of 1e with 2b was carried out in the
presence of 0.0001 mol % of Pd, 0.0002 mol % of Dabco,
and 3 equiv of Bu4NF (TONs ) 980 000, entry 3).

In summary, we have developed an efficient Pd(OAc)2/
Dabco-ctalyzed Stille cross-coupling protocol for synthe-
sizing various biaryls, alkene, and alkynes in good to
excellent yields (maximum TONs up to 980 000 for the
Stille cross-coupling reaction of 1-bromo-4-nitrobenzene
and furan-2-yltributyltin). We also found that the efficacy
of Bu4NF and KF depended on aryl halides. Currently,
further efforts to extend the application of these ligands
and this protocol in organic synthesis are underway in
our laboratory.

Experimental Section

(1) Typical Experimental Procedure for the Palladium-
Catalyzed Stille Cross-Coupling Reaction. A mixture of aryl
halide 1 (0.5 mmol), organotin 2 (0.55 mmol), Pd(OAc)2 (3 mol
%), Dabco (6 mol %), the indicated base (3 equiv), and dioxane
(5 mL) was added to a sealed tube. The mixture was then stirred
at 100 °C for the desired time until complete consumption of
starting material as judged by TLC. After the mixture was
filtered and evaporated, the residue was purified by flash column
chromatography (hexane or hexane/ethyl acetate) to afford 3-13.

(2) Typical Experimental Procedure for 0.0001 mol %
of Pd and 0.0002 mol % of Dabco-Catalyzed Stille Cross-
Coupling Reaction of 1-Bromo-4-nitrobenzene (1e) and
Furan-2-yltributyltin (2b) (Entry 3 in Table 3). First,
Pd(OAc)2 (4.5 mg, 0.02 mmol) was dissolved in 200 mL of
dioxane, and Dabco (4.5 mg, 0.04 mmol) was also dissolved in
another 200 mL of dioxane. Next, 5 µL of Pd(OAc)2 dioxane
solution and 5 µL of Dabco dioxane solution were added to a
mixture of 1-bromo-4-nitrobenzene (1e) (0.5 mmol), furan-2-
yltributyltin (2b) (0.55 mmol), Bu4NF (3 equiv), and dioxane (5
mL) in a sealed tube, respectively (by syringe). The mixture was
stirred at 100 °C for 40 h as determined by TLC. After the
mixture was filtered and evaporated, the residue was purified
by flash column chromatography (hexane) to afford 98% yield
of 8 (TONs: 980 000).
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(9) The reaction was not clean, and some side products were
observed. Structures of the side products could not be determined by
1H NMR and 13C NMR spectra.

TABLE 3. Palladium-Catalyzed Stille Coupling
Reactions of Aryl Bromides (1) with 2b-e Using Dabco
as the Liganda

a Unless otherwise indicated, the reaction conditions were as
follows: 1 (0.5 mmol), 2 (0.55 mmol), Pd(OAc)2/Dabco (1:2), Bu4NF
(3 equiv), and dioxane (5 mL) at 100 °C. b Isolated yield.
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