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Technical Notes

Highly Efficient Palladium-Catalyzed Coupling of Acetylene Gas with Aryl
lodides in Aqueous Medium

Chao-Jun Li,* Dong-Li Chen, and Christopher W. Costello
Department of Chemistry, Tulane University, New Orleans, Louisiana 70118

Abstract: During our investigation of organic reactions in aqueous
A mixture of acetonitrile and water was found to be a highly medial! we became interested in the results reported by
efficient medium for the palladium-catalyzed bis-coupling of Kund®’ and were intrigued by the observed moisture-
acetylene gas with aryl iodides. Both water-soluble and sensitivity of the acetylene reaction. We found that, instead
-insoluble catalysts are effective. All couplings proceed in ~ Of water impeding the reaction, the coupling of acetylene
excellent yields at room temperature. gas with aryl halides is highly efficient at room temperature

in a mixture of acetonitrile and water (eq 1), contrary to the

. ) ) ] earlier report. The conditions are generally milder and the
The coupling of aryl and vinyl halides with acetylene and

acetylene derivatives is among the most important reactions | [Pd]/Et;N

in organic synth.eses. These reaqtlons include the couplng @— + H——==—H CHONM,O, R T.

of aryl halides with copper(l) acetylides, the Castro reaction,

as well as the palladium-catalyzed reactions of aryl halides 1 2

with (trialkylstannyl)acetylene, the Stille reactidnyith

(trimethylsilyl)acetylené, with alkynylzinc? and with ter- N 2\

minal alkynes P a - N M
Recently, CasalnuovoGenet! and Beletskayareported X

that the coupling of terminal acetylenes with aryl halides 3

could proceed in aqueous media. However, the use of

acetylene gas for aqueous coupling has not been reportedields are better than previously reported results in organic

and it usually requires the use of an amine as the solvent.solvents. A variety of aromatic halides are coupled to give

On the other hand, Kun@wery recently reported that the the corresponding bis(aryl)acetylenes (Table 1). Both a

bis-coup”ng of acety|ene gas with ary| halides in dimeth- water-soluble palladium Catalyst [Ca.talyst B, generated in situ

ylformamide at 60°C was highly moisture-sensitive. The from palladium acetate and 3,3',3"-phosphinidynetris(ben-

presence of 5% of water completely derailed the process ofZenesulfonic acid) trisodi'um §alt] and Water—?nsoluble catalyst

the reaction, in which no product was obtained. Alternative (Catalyst A, generated in situ from palladium acetate and

approaches toward the coupling of an acetylene unit with {fiPhénylphosphine) can be used for the reaction. In the

two aryl halides use triethylamine as solvent for the coupling former case, the reaction had virtually the same result when

reaction, or use the Stille coupling with bis(tributylstannyl)- water was the OT"V solvent (_Compafe eniries 2 and 4). Even
RN X though the reaction was carried out in the presence of cuprous
acetylene in dioxift® Synthetically, the use of acetylene gas

is the most economical way of delivering an acetylene unit lodide as a cocatalyst, the reaction proceeded equally well
. y 9 y without this cocatalyst (catalyst C, entry 3).
to organic substrates.

Both aromatic and heterocyclic iodides (entry 9) are
highly effective for this reaction, and comparable yields are
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Table 1. Coupling of acetylene gas with aryl halide3

entry substrate catalyst  product yield (%)
1 Phi A Ph—===—~Fh 90

2 Phl B Ph—=—=—PFh D0

3 Phi Cc Ph—==—Ph &

4 Phl B Ph—=—Ph o018

5 PhBr A Ph—==—=—~Fh 0

7 Q_ A QQ 91

N
H

6 Q_
O
O

|

NO,

|

—@—I A HO O = Q OH 790

9 [/1‘ A / — { \ &
s

10

1

aCatalyst A: Pd(OAGYPPh/Cul. Catalyst B: Pd(OAgJTPPTS/Cul. Catalyst C: Pd(OA#PPh. Yields are referred to isolated ones after column chromatography.
Notes on yield: (a) in water alone; (b) on standing, fast decompsoition of the compound was observed after purification.

8), can be used directly without (the usual) protection. A binaphthol derivative was coupled to give bis(binaphthol)
Substrates without substituents and with electron-donatingsimilarly (entry 11). The present study provides a simple
and electron-withdrawing groups gave comparable yields of and useful method for the coupling of aryl halides with
the coupled products. Such a result is also different from acetylene gas.

the reaction in dimethylformamide, where the effect of In order to demonstrate the potential of the present method
substituents on the reaction is much more dramatic. Thefor practical applications, the coupling of iodobenzene with
changing of the position of substitution (entry 6 vs entry 7) acetylene gas was carried out at a 51 g scale under the same
did not seem to have an effect on the outcome of the reaction.reaction conditions. In this case, only 0.05 mol % of
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palladium and cuprous iodide catalysts was used, which is (255 mg, 3 mmol) in acetonitrile. The nitrogen inlet was
100 times less than the small-scale reaction. The reactionswitched to an acetylene balloon. After a brief purging of
was stopped after 10 h at room temperature. Gas chroma-the flask with acetylene, the reaction mixture was sealed and
tography analysis indicated 72% of the desired product. After stirred overnight with the balloon on. Then, the reaction
workup, the diphenylacetylene was isolated in 59% vyield mixture was extracted with ether (820 mL), washed with
through vacuum distillation. In principle, the yield of the water and brine, dried over magnesium sulfate, and concen-
product can be further increased by slightly increasing the trated. Column chromatography on silica gel (eluent:
amount of the catalysts being used. hexane/EtOAec= 20:1) gave diphenylacetylene (80 mg, yield
General Experimental Procedure. A mixture of 90%).
Pd(OAc} (5.6 mg, 0.025 mmol), triphenylphosphine (13.1
mg, 0.05 mmol), and cuprous iodide (9.5 mg, 0.05 mmol) Received for review November 14, 1996.
in acetonitrile/water (3:1) was stirred at room temperature
for 20 min under nitrogen. To the mixture was added a
solution of iodobenzene (204 mg, 1 mmol) and triethylamine  © Abstract published imdvance ACS Abstractdune 15, 1997.
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