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Replacement of palladium by cheaper and more available copper 
in various cross-coupling reactions is one of the main trends in 
modern catalysis. At present, many reactions of C–C or C–hetero-
atom bonds formation, catalyzed by palladium complexes, can be 
carried out in the presence of salts, complexes or copper nano-
particles.1–7 For example, one of the most important reactions 
of C–C bond formation, the cross-coupling of aryl halides with 
terminal alkynes (the Sonogashira reaction), was usually performed 
simultaneously in the presence of palladium and copper com-
pounds.8,9 However, in recent decades, a fairly large number of 
examples of such reaction comprise only copper catalysis.1–7,10–11 
As a rule, in those cases various toxic organic solvents were 
employed, whereas the use of water, an affordable and environ-
mentally friendly solvent, was rare12–15 despite its active usage in 
palladium-catalyzed reactions.16–18

Also, considerable interest in using water as a reaction medium 
is caused by the fact that water can significantly accelerate organic 
reactions carried out under ‘on water’ conditions. This phenomenon 
was systematically studied by the Sharpless group on the example 
of the Diels–Alder reactions, the Claisen rearrangements, and 
some others.19 Later the acceleration was observed in the reac-
tions catalyzed by transition metals, which opened the way for 
the development of new efficient transition metal-based catalytic 
systems.20,21

Recently, in the context of our work on organic-inorganic 
hybrid materials22 for catalysis we obtained a series of mono- 
and diphosphorylated 1,10-phenanthrolines and their copper 
com plexes.23,24 For the purpose to immobilize copper complexes 

with 2-, 3- and 4-diethoxyphosphoryl-1,10-phenanthrolines 
(2-Pphen, 3-Pphen and 4-Pphen, respectively) on TiO2 and to 
prepare heterogeneous catalysts, we evaluated their activity in 
the Sonogashira reaction. Their catalytic activity in the coupling 
of 4-iodoanisole with phenylacetylene in toluene was relatively 
low and comparable to that of the copper complex with unsub-
stituted phen.25 Here we investigated activity of Pphens in the 
Cu-catalyzed Sonogashira reaction carried out in water and showed 
that the use of water as a solvent significantly accelerates the 
reaction of various aryl iodides with terminal alkynes.

We chose the coupling of phenylacetylene 1a with 4-iodoanisole 
2a as a model reaction to determine the optimal reaction condi-
tions. First, we tested the catalytic system CuSO4·5H2O/3-Pphen 
(10 mol%) as a precatalyst because of its solubility in water with 
K2CO3 as a base at 100 °C for 3 h. The target product 3a was 
obtained in 44% yield (Scheme 1, Table 1, entry 1). Addition 
of PEG-400 (20 mol%) allowed us to increase the yield up to 
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Table 1 Optimization of conditions for the model reaction between phenyl-
acetylene 1a and 4-iodoanisole 2a.a

Entry Catalyst Ligand Solvent Base t/h
NMR yield 
of 3a (%)

 1b CuSO4·5H2O 3-Pphen H2O K2CO3  3 44

 2 CuSO4·5H2O 3-Pphen H2O K2CO3  3 68

 3 CuSO4·5H2O 3-Pphen H2O K3PO4  3 35

 4 CuSO4·5H2O 3-Pphen H2O KOAc  3  6

 5 CuSO4·5H2O 3-Pphen H2O KOH  3 18

 6 CuI 3-Pphen H2O K2CO3  1 99

 7 CuI 3-Pphen toluene K2CO3 48 60

 8 CuI 3-Pphen – K2CO3 48 12

 9 CuI 3-Pphen 1,4-dioxane K2CO3 24 66

10 CuI 3-Pphen EtOH K2CO3 24 45

11 CuI phen H2O K2CO3  3 traces

12 CuI 2-Pphen H2O K2CO3  3 34

13 CuI 4-Pphen H2O K2CO3  3 80

14c CuI 3-Pphen H2O K2CO3  3 96

a Reaction conditions: copper salt (0.025 mmol, 10 mol%), ligand (0.025 mmol, 
10 mol%), PhCºCH (33 ml, 0.3 mmol), 4-MeOC6H4I (58.5 mg, 0.25 mmol), 
base (0.5 mmol), PEG-400 (20 mg, 20 mol%) in solvent (1 ml) at 100 °C. 
b In the absence of PEG-400. c With 5 mol% CuI/Pphen.
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68% (entry 2). Among several bases in the reaction performed  
using CuSO4·5H2O/3-Pphen (10 mol%) in the presence of 
PEG-400 (20 mol%) (entries 3–5), K2CO3 was found to be most 
effective, whereas CuI/3-Pphen system showed higher catalytic 
activity, and in this case the reaction was completed in 1 h (entry 6). 
Mean time, only a trace of product 3a was obtained with unsub-
stituted phenanthroline (entry 11) in contrast to the previously 
published results.14 Isomeric diethoxyphosphoryl-1,10-phenan-
throlines, 2-Pphen and 4-Pphen, were less effective ligands than 
3-Pphen (entries 12, 13). It is important to note that CuI/3-Pphen 
has significantly improved catalytic activity under ‘on water’ 
condi tions in comparison with the reaction in organic solvents 
(entries 7, 9, 10) or under neat conditions (entry 8). The use of 
smaller amounts of CuI and 3-Pphen (5 mol%) required prolonged 
time, but also provided a high yield of the product (entry 14). 
Thus, the optimized reaction conditions involve CuI (5 mol%), 
3-Pphen (5 mol%), and K2CO3 (2 equiv.) in water at 100 °C.

To examine the scope and limitations for the the found catalytic 
system, a variety of aryl iodides and terminal alkynes were tested 
under the optimized conditions† (see Scheme 1). Electron-rich, 

electron-neutral and electron-deficient aryl iodides 2a–g reacted 
with phenylacetylene 1a to afford the corresponding diaryl-
acetylenes 3a–g in excellent yields. ortho-Substituted aryl iodide, 
1-iodo-2-nitrobenzene 2h, reacted with 1a to give the desired 
product 3h in 91% yield. Excellent yields of products 3i–m 
were achieved for other alkynes 1b–f and 4-iodoanisole 2a. 
Unfortunately, aryl bromides were essentially unreactive (9% of 
product was obtained from 4-bromoanisole). 

This work was supported by the Russian Foundation for Basic 
Research (grant no. 16-33-60207).
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† All reactions were carried out under argon atmosphere. All halides and 
alkynes were purchased from Aldrich and Alfa. Copper(i) iodide (98%) was 
purchased from Alfa. NMR spectra were measured in CDCl3 on a Bruker 
Avance-400 spectrometer with TMS as an internal standard. Diethoxy-
phosphoryl-1,10-phenanthrolines were obtained according to the published 
method.23

 General procedure of cross-coupling of aryliodides with alkynes. An 
8 ml glass vial was charged with the alkyne (0.3 mmol), aryl iodide 
(0.25 mmol), K2CO3 (79 mg, 0.5 mmol), CuI (2.4 mg, 5 mol%), 3-Pphen 
(3.9 mg, 5 mol%), PEG-400 (20 mg, 20 mol%) and water (1 ml) under 
argon. The vial was closed with a Teflon cap and the heterogeneous 
reaction mixture was stirred at 100 °C for 3 or 6 h (see Scheme 1). After 
cooling, the mixture was extracted with EtOAc, the extract was dried over 
MgSO4. After evaporation, the residue was purified by flash chromato-
graphy on silica gel with light petroleum as the eluent. 1H and 13C NMR 
spectroscopic data of products were consistent with those described 
previously.13
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Scheme 1 Reagents and conditions: i, CuI (2.4 mg, 5 mol%), 3-Pphen 
(3.9 mg, 5 mol%), ArI (0.25 mmol), alkyne (0.3 mmol), PEG-400 (20 mg, 
20 mol%), H2O (1 ml), 100 °C, 3 h (or 6 h for 2b,c). Yields after chromato-
graphic isolation.


