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a b s t r a c t

Substituted ethynyl heterocycles and heteroarylbutenynes are synthesized efficiently in good yields via a
copper-free, cross-coupling reaction.

� 2013 Elsevier Ltd. All rights reserved.

The elaboration of novel eco-friendly methods in synthetic
organic chemistry has gained significant attention. Procedures
using heterogeneous conditions for transition metal catalyzed
cross-coupling reactions under ‘green chemistry’ protocols are of
interest.1 In fact, palladium on charcoal is a very popular catalyst
for the formation of C–C bonds in Suzuki–Miyaura, Heck, and Sono-
gashira reactions. Recently, Lipshutz and co-workers reported the
synthesis of a new active palladium on charcoal species and its
use as a catalyst for Sonogashira couplings.2a The Pham-Huu
group2b has published microwave-promoted alkynylation reac-
tions of aryl bromides with palladium-loaded multi-walled carbon
nanotubes.

Motivated by the importance of developing direct and facile
methods for the synthesis of substituted ethynyl heterocycles
using commercially available, eco-friendly, and inexpensive re-
agents, we examined the copper-free cross-coupling reaction of
terminal alkynes with hetaryl halides.

In the first step of our investigation, we performed preliminary
optimization of the reaction conditions. Ethanol was chosen as the
solvent due to its being more eco-friendly in comparison to other
alcohols (isopropanol, propanol, and methanol). In our experi-
ments we used regular ethanol (not dried) containing up to 4%
water. The main purpose of the study was to use a heterogeneous
palladium catalyst and a cheap phosphine ligand at the lowest, but
optimal concentration. N-Benzyl-3-iodopyrazole (1) and phenyl-
acetylene were chosen as model compounds for the optimization.3

According to our experimental data, the use of only 1% of palla-
dium on charcoal and 2% of triphenylphosphine in the presence
of three equivalents of potassium carbonate led to the formation
of the desired product, N-benzyl-3-(phenylethynyl)pyrazole (8)3a

in almost quantitative yield (98%). Utilization of a lower amount
of catalyst reduced the total yield of 8. After completion of the
reaction in ethanol, the solution was filtered through a short pad
of silica gel to remove the catalyst and then evaporated. It should
be noted that according to GC–MS, no triphenylphosphine or its
phosphorane was present in solution. The absence of unabsorbed
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Scheme 1. Cross-coupling of terminal alkynes with 2-iodothiophene.
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Table 1
Copper-free cross-coupling of terminal alkynes with hetaryl halides
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Conditions: hetaryl halide (1.0 mmol), terminal acetylene (1.2 mmol), K2CO3 (4.0 mmol), PPh3 (0.02 mmol), 10% palladium on charcoal (0.01 mmol) in EtOH (10 ml).

Figure 1. ORTEP representation of the structure of compound 26.
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