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A combination of Cu2O nanoparticles with P(o-tol)3 shows
highly catalytic activity for the Stille cross-coupling reaction.
A series of copper catalysts and ligands were evaluated, and
Cu2O nanoparticles combined with P(o-tol)3 provided the best
results. In the presence of Cu2O nanoparticles and P(o-tol)3,
a variety of aryl halides including aryl chlorides underwent
the Stille reaction with organotins smoothly in moderate to
excellent yields using inexpensive TBAB (n-Bu4NBr) as the
medium. It is noteworthy that the Cu2O/P(o-tol)3/TBAB
system can be recovered and reused at least three times
without any loss of catalytic activity among the reactions of
aryl iodides and activated aryl bromides.

The Stille cross-coupling reaction is an important transforma-
tion in organic synthesis because its products, in particular
biarys,1 play an important role as structural elements of many
natural products and biologically active compounds as well as
useful intermediates in synthetic organic chemisty.2 Among
these efficient Stille protocols, palladium combined with a ligand
(usually a phosphine ligand) is generally employed as the
catalytic system.2-4 However, the cost of these palladium
catalysts is considerably expensive. In terms of economy, the

use of cheaper metals, such as copper6-8 and nickel,9 as the
catalysts is an alternative strategy besides the recovery as well
as reuse of the expensive palladium catalysts.2 Although copper
as the cocatalyst for the palladium-catalyzed Stille cross-
couplings has been reported in many papers,4 little attention
has been attracted on the use of copper as catalyst alone for the
reaction.5-8 Moreover, many copper-mediated protocols required
stoichiometric amounts of copper.5,6 Kang and co-workers first
demonstrated that the Stille couplings catalyzed by 10 mol %
of CuI alone were conducted smoothly in moderate to high
yields with the aid of sodium chlorides.7 However, the scope
was limited to aryl iodides and vinyl iodides, and organostan-
nanes must be added slowly by a syringe pump to improve the
yields. The other copper-catalyzed Stille methods were also
focused on the activated organohalides, such as acyl chlorides,8a

ally bromides, proparyl bromides,8b and hypervalent iodine
compounds.8c Thus, the development of an effective copper
catalytic system extended the scope to aryl bromides, and aryl
chlorides is still a challenging area. Here, we report an effective
Cu2O nanoparticles/P(o-tol)3 catalytic system for cross-couplings
of aryl halides including aryl chlorides with organotins in TBAB.
Importantly, the Cu2O/P(o-tol)3/TBAB system can be recovered
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and reused at least three times without a loss of activity in the
couplings of aryl iodides and activated aryl bromides (eq 1).

The Stille cross-coupling reaction of 1-bromo-4-nitrobenzene
(1a) with tributyl(phenyl)stannane (2a) performed in ionic
liquids was conducted as a model to screen the optimized
reaction conditions, and the results are summarized in Table 1.
Initially, a set of ligands, includingN-(2-(phenylimino)eth-
ylidene)benzenamine (L1), 1,10-phenanthroline (L2), DABCO
(1,4-diaza-bicyclo[2.2.2]octane;L3), Ph3PO (L4), PPh3 (L5),
PCy3 (L6), and P(o-tol)3 (L7), were tested using CuI as the
catalyst and KF as the base (entries 1-8). The results showed
that P(o-tol)3 (L7) was the most effective ligand in terms of
yield (entry 8). Without any ligands, treatment of 1-bromo-4-
nitrobenzene (1a) with tributyl(phenyl)stannane (2a), CuI, KF‚
2H2O, and TBAB at 125-130 °C for 24 h afforded the target
product3 in rather low yields (entry 1), whereas the yield of3
was enhanced to 68% sharply when 20 mol % ofL1 was added
(entry 2). A trace amount of3 was observed using 1,10-
phenanthroline (L2) as the ligand (entry 3). DABCO (L3), the
reported effective ligand in the other copper-catalyzed cross-

couplings,10 gave only 20% yield (entry 4). We were happy to
find that among the phosphine ligands, employing P(o-tol)3 (L7)
as the ligand gave the highest yield of the desired product3
(85% yield; entries 5-8). The effect of the base was then
examined, and KF provided better results than TBAF (n-Bu4-
NF) and K2CO3 (entries 8-10). A number of other copper
catalysts were also evaluated (entries 11-13). It was a welcome
discovery that Cu2O, in particular Cu2O nanoparticles,11 showed
higher activity than either CuI or CuBr. In the presence of 10
mol % of Cu2O, 20 mol % of P(o-tol)3 (L7), and 2 equiv of
KF, a 90% yield of3 was obtained (entry 12). It is noteworthy
that nearly a quantitative yield of the target product3 was
observed using Cu2O nanoparticles as the catalyst (entry 13).
The other inexpensive ionic liquids including TBAI (n-Bu4NI),
TBAC (n-Bu4NCl), and TBABF4 (n-Bu4NBF4) as the media
were investigated under the optimized conditions, and they were
less effective than TBAB (entries 14-16). Noteworthy is that
the process is suitable for the reaction of 3 mmol of substrate
1a with 4 mmol of 2a (entry 17). A control reaction was also
performed in the presence of 10 mol % of Cu2O nanoparticles,
1 equiv of NaCl, and 1 mL of NMP at 125-130°C for 24 h on
the basis of the earlier report;7 however, a low yield was isolated
(entry 18)

Under the optimized reaction conditions, a variety of aryl
halides1a-k were coupled with organotins smoothly to afford
the corresponding products in good yields (Table 2). Moreover,
the Cu2O nanoparticles/P(o-tol)3 (L7)/TBAB system could be
recovered and reused. As demonstrated in Table 2, the coupling
of substrate1awith 2b or 2cwas carried out efficiently at 125-
130 °C for 20-24 h to offer the corresponding products4 and
5 in 89% and 94% yields, respectively, in the presence of 10
mol % of Cu2O nanoparticles, 20 mol % of P(o-tol)3 (L7), 2
equiv of KF, and 1.5 g of TBAB (entries 1 and 2). To our
delight, the Cu2O nanoparticles/L7/TBAB system could be
recovered and reused at least three times without a loss of
activity in the coupling of1a with 2c (entry 2). After initial
experimentation, the reaction mixture was extracted with
cylcohexane, and the Cu2O nanoparticles/L7/TBAB system were
then solidified (evaporated and cooled) and subjected to a second
run of the coupling by charging with the same substrates and
base (1a, 2c, and KF). The results of three runs showed that
they were almost consistent in yields and rates (run 1, 93%;
run 2, 94%; run 3, 96%). Aryl iodides1b,c and another activated
aryl bromide1d could also undergo the recoverable and reusable
process successfully (entries 3, 4, and 6). However, the catalytic
activity of the reusable system was reduced in the second run
of the coupling of the deactivated aryl bromide1gwith 2a (entry
11). In the first run, a 96% yield of the desired product7 was
isolated after 30 h from the reaction between1gand2a, whereas
the yield of 7 was decreased to 55% in the second run. The
activity was further contrasted to the Cu2O nanoparticles with
the common Cu2O (entries 11 and 12). A 96% yield of7 was
isolated from the coupling between1g and2a using the Cu2O
nanoparticles as the catalyst, while the yield of7 was reduced
to 80% employing the common Cu2O as the catalyst. Although
the catalytic activity of the Cu2O nanoparticles and P(o-tol)3
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TABLE 1. Screening the Optimized Reaction Conditions for
Copper-Catalyzed Stille Cross-Coupling Reaction of
1-Bromo-4-nitrobenzene (1a) with Tributyl(phenyl)stannane (2a)a

a Reaction conditions:1a (0.3 mmol),2a (0.4 mmol), copper (10 mol
%), ligand (20 mol %), and KF‚2H2O (2 equiv) in ionic liquid (1.5 g) at
125-130 °C for 24 h.b Isolated yield.c TBAF (2 equiv) instead of KF.
d K2CO3 (2 equiv) instead of KF.e Common Cu2O (10 mol %).f Cu2O
nanoparticles (10 mol %) as the catalyst.g 1a (3 mmol),2a (4 mmol), and
Cu2O nanoparticles (10 mol %) in ionic liquid (5 g).h Cu2O nanoparticles
(10 mol %) and NaCl (1 equiv) in NMP (1 mL).
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(L7) system was decreased to some extent for the couplings of
aryl chlorides, high yields were still achieved after prolonged
reaction times (entries 14-17). For example, the bulky chloride
1k bearing two methyl groups reacted with2a for 72 h to give
the target product13 in a 92% yield under the optimized reaction
conditions (entry 17). Unfortunately, a low yield of the desired
coupled product7 was observed in the coupling of the
deactivated chloride1l with 2a after 72 h under the same
conditions (entry 18).

In summary, an efficient and reusable copper-catalyzed Stille
coupling protocol has been developed. The reaction showed

excellent substituents on the aromatic rings tolerance. Note-
worthy is that the Cu2O nanoparticles/P(o-tol)3/TBAB system
displays exceptionally activity and extended the scope to a
variety of aryl halides including less active aryl chlorides.
Moreover, the Cu2O/P(o-tol)3/TBAB system can be recovered
and reused at least three times without a loss of activity in the
couplings of aryl iodides and activated aryl bromides. In
addition, the present copper system is considerably inexpensive
and readily available, which emerged as an attractive alternative
to palladium catalysts for the Stille cross-coupling reaction.
Given these advantages, efforts to extend the application of these
catalytic system in organic synthesis are underway in our
laboratory.

Experimental Section

Typical Experimental Procedure for the Copper-Catalyzed
Stille Cross-Coupling Reaction in TBAB.A mixture of aryl halide
1 (0.3 mmol), organotin2 (0.4 mmol), Cu2O (nanoparticles; 10
mol %), P(o-tol)3 (L7; 6 mol %), KF‚2H2O (2 equiv), and TBAB
(1.5 g) was stirred at 125-130 °C for the desired time until the
complete consumption of the starting material as monitored by TLC.
After the reaction was finished, diethyl ether was poured into the
mixture. The mixture was then washed with water, extracted with
diethyl ether, dried by anhydrous Na2SO4, and evaporated under
vacuum. The residue was purified by flash column chromatography
(hexane or hexane/ethyl acetate) to afford the desired coupled
product.

Typical Experimental Procedure for the Reused Copper-
Catalyzed Stille Cross-Coupling Reaction in TBAB.A mixture
of aryl halide 1 (0.3 mmol), organotin2 (0.4 mmol), Cu2O
(nanoparticles; 10 mol %), P(o-tol)3 (L7; 6 mol %), KF‚2H2O (2
equiv), and TBAB (1.5 g) was stirred at 125-130°C for the desired
time until the complete consumption of the starting material as
monitored by TLC. After the reaction was finished, the mixture
was extracted with cyclohexane (5 mL× 6) and evaporated under
vacuum. The residue was purified by flash column chromatography
(hexane or hexane/ethyl acetate) to afford the desired coupled
product. After initial experimentation, the residue Cu2O nanopar-
ticles/P(o-tol)3/TBAB system was then solidified (evaporated in
vacuo and cooled) and subjected to a second run of the Stille
reaction by charging with the same substrates (aryl halide, organotin,
and KF‚2H2O).
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TABLE 2. Cu2O Nanoparticles-Catalyzed Stille Cross-Couplings
of Aryl Halides (1) with Organotins (2) in TBAB a

a Reaction conditions:1 (0.3 mmol),2 (0.4 mmol), Cu2O nanoparticles
(10 mol %), P(o-tol)3 (L7, 20 mol %), and KF‚2H2O (2 equiv) in TBAB
(1.5 g) at 125-130°C. bIsolated yield.cCommon Cu2O (10 mol %) instead
of Cu2O nanoparticles.
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