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A novel Cu(II)-catalysed Sonogashira reaction
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In the presence of triphenylphosphine, a novel Cu(II)-catalysed Sonogashira reaction of aryl iodides and bromides with 
terminal alkynes has been developed, which generates the corresponding cross-coupling products in good yields.

Keywords: Sonogashira reaction, Cu(II) catalyst, aryl iodides, aryl bromides, terminal alkynes

The palladium complex catalysed coupling of terminal alkynes 
with aryl and alkenyl halides in the presence of a catalytic 
amount of CuI and an amine (the Sonogashira reaction) is 
one of the most powerful and straightforward methods for 
the formation of carbon–carbon bonds in organic synthesis.1 
This method has been widely used for the synthesis of 
natural products,2 biologically active molecules,3 nonlinear 
optical materials and molecular electronics,4 dendrimeric 
and polymeric materials,5 macrocycles with acetylene links6 
and polyalkynylated molecules.7 In general, the traditional 
palladium-catalysed reaction conditions are mild and many 
reactions can be accomplished at ambient temperature. 
However, the Sonogashira reaction often generates homo-
coupling products of terminal alkynes8 along with the main 
reaction in considerable yields owing to the addition of CuI. 
These undesirable by-products are generally not easy to separate 
from the desired products due to very similar chromatographic 
mobility.9 Furthermore, the reaction often proceeds in the 
presence of a more expensive homogeneous palladium complex 
catalyst, which makes the recovery of the metal tedious if not 
impossible, and might result in high palladium contamination 
of the products. In addition, amines, such as triethylamine and 
piperidine, required in most Sonogashira reactions, have a bad 
smell and add to the environmental burden.

A number of modifications, such as copper-free catalyst 
systems,10 amine- and copper-free systems,11 ligand-free 
systems,12 palladium powder systems,13 nickel systems,14 
environmental-friendly reaction media (including 
aqueous,10n,15 solventless,13 and ionic liquid10m,16 systems), 
phase-transfer reaction conditions and hydrogen atmosphere 
conditions,17 transition-metal free catalyst systems,18 
ligand-, copper- and amine-free system19 and a CuI/N,N-
dimethylglycine catalyst system20 have been used to solve 
one or two of the above problems, but none of them solves all 
of the problems. Therefore, the development of simpler, more 
practical, economic and efficient catalyst systems is still an 
important objective in this area.

Here we report a novel Cu(II) catalysed Sonogashira 
reaction of aryl iodides and bromides with terminal alkynes. 
The reaction generates the corresponding cross-coupling 
products in good yields (Scheme 1).

Results and discussion
In our initial screening experiments, when we searched for a 
cross-coupling protocol for the reaction of 4-iodoanisole and 

phenylacetylene, we observed that 4-iodoanisole could react 
with phenylacetylene in the presence of 10 mol% of CuSO4 and 
2 equivalents of K2CO3 in DMF at 100°C for 6 h to afford the 
desired cross-coupling product in 42% yield. Encouraged by 
this result, we continued to improve the yield by using the most 
efficient copper source and base. We were delighted that the 
desired product was obtained in 93% yield by using CuCl2 as 
catalyst and LiOH as base (entry 1, Table 1). 91%, 88%, 70%, 
and 50% yields of the desired products were generated when the 
reactions were catalysed by CuI, CuCl, CuSO4 and Cu(OAc)2, 
respectively. However, no desired cross-coupling product was 
isolated when the reaction was carried out in the absence of any 
copper salt. In the next investigation, CuCl2 was chosen as an 
effective catalyst in the Sonogashira coupling reaction for its 
high efficiency, commercial availability and stability in air.

During the course of our examination of the effect of base 
on the Sonogashira coupling reaction, LiOH was found to 
be the most effective (entry 1, Table 2). Other bases such as 
K2CO3, Na3PO4, KF and Cs2CO3, were substantially less 
effective, and piperidine and triethylamine were no longer the 
effective bases in this catalyst system (entries 2–7, Table 2).

The solvent also plays an important role in this reaction. 
The reaction conducted in DMF was most effective (entry 1,  
Table 3) and the use of DMSO and H2O as solvents led to 
slower reactions (entries 5 and 7, Table 3). Poor yields of 
the cross-coupling products were observed while reactions 
were performed in dioxane and ethanol, respectively 
(entries 2 and 4, Table 3) and only trace amounts of desired 
products were isolated when the reactions were carried out in 
dichloromethane and acetonitrile (entries 3 and 6, Table 3).

To survey the generality of this Sonogashira-type reaction, 
we next investigated the reaction using a variety of aryl 
iodides and bromides, with a wide range of terminal alkynes 
as substrates under the standard reaction conditions. The 
results are shown in Table 4. Electron-neutral, electron-rich 
and electron-poor aryl iodides reacted with aromatic terminal 
alkynes very well to generate the corresponding cross-
coupling products in excellent yields (entries 1–5, Table 4).  
An aliphatic terminal alkyne was also reacted with iodobenzene 
to form the cross-coupling product in good yield (entry 5, 
Table 4). Regardless of their electronic characters, the aromatic 
terminal alkynes component coupled smoothly with aryl 
iodides to produce the desired products in excellent yields. 
Activated aryl bromides reacted with phenylacetylene and  
4-ethynyltoluene to generate the corresponding products in 
good to excellent yields (entries 6–10, Table 4). For an electron-
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Table 1  Effect of copper source on the Sonogashira reactiona

Entry	 Copper salt/amount	 Yields/%b

1	 CuCl2 (10% mol)	 93
2	 CuCl (10% mol)	 88
3	 CuI (10% mol)	 91
4	 Cu(OAc)2 (10% mol)	 50
5	 CuSO4 (10% mol)	 70
aPhenylacetylene (1.00 mmol), 4-iodoanisole (1.00 mmol), Cu salt (0.10 mmol), PPh3 (0.30 mmol), LiOH (2.00 mmol) in DMF (4 ml) 
at 100°C for 6 h. bIsolated yields.

+ IH MeO OMe
Cu salt -PPh3
LiOH, DMF

Table 2  Effect of base on the Sonogashira reactiona

Entry	 Base	 Yields/%b

1	 LiOH	 93
2	 K2CO3	 75
3	 KF	 60
4	 Na3PO4	 70
5	 Cs2CO3	 50
6	 Et3N	 17
7	 Piperidine	 12
aPhenylacetylene (1.00 mmol), 4-iodoanisole (1.00 mmol), CuCl2 (0.10 mmol), PPh3 (0.30 mmol), base (2.00 mmol) in DMF (4 ml) 
at 100°C for 6 h. bIsolated yields.

+ IH MeO OMe
CuCl2-PPh3
Base, DMF

Table 3  Effect of solvent on the Sonogashira reactiona

Entry	 Solvent/Temp./°C	 Yields/%b

1	 DMF/100	 93
2	 Dioxane/75	 10
3	 CH2Cl2/40	 trace
4	 C2H5OH/80	 12
5	 H2O/100	 83
6	 CH3CN/80	 trace
7	 DMSO/100	 87
aPhenylacetylene (1.00 mmol), 4-iodoanisole (1.00 mmol), CuCl2 (0.10 mmol), PPh3 (0.30 mmol), LiOH (2.00 mmol) in solvent  
(4 ml) at the temperature indicated in Table 3 for 6 h. bIsolated yields.

+ IH MeO OMe
CuCl2-PPh3
LiOH-Solvent

Table 4  Cu(II) Catalysed Sonogashira reactiona

Entry	 Organic halide	 Terminal alkyne	 Yields/% b

	 1	 p-CH3OC6H4I	 C6H5C∫CH	 93
	 2	 C6H5I	 C6H5C∫CH	 99
	 3	 p-O2NC6H4I	 C6H5C∫CH	 91
	 4	 p-CH3COC6H4I	 p-CH3C6H4C∫CH	 90
	 5	 C6H5I	 n-C8H17C∫CH	 78
	 6	 2-Bromopyridine	 C6H5C∫CH	 75
	 7	 p-CH3COC6H4Br	 C6H5C∫CH	 92
	 8	 p-O2NC6H4Br	 C6H5C∫CH	 89
	 9	 p-CH3COC6H4Br	 p-CH3C6H4C∫CH	 87
	10	 p-CNC6H4Br	 C6H5C∫CH	 86
	11	 p-CH3OC6H4Br	 C6H5C∫CH	 33
aTerminal alkyne (1.00 mmol), organic halide (1.00 mmol), CuCl2 (0.10 mmol), PPh3 (0.30 mmol), LiOH (2.00 mmol) in DMF (4 ml) 
at 100°C for 6 h. bIsolated yields.
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rich aryl bromide, a relatively lower yield was obtained under 
the present reaction conditions (entry 11, Table 4).

Conclusion
In conclusion, we have developed a novel Cu(II)-catalysed 
Sonogashira reaction in the presence of PPh3. The method 
has the advantages of an efficient catalyst system, simple 
operation and high yields.

Experimental
Physical measurements and materials
Melting points were recorded on a WRS-2B melting point apparatus 
and are uncorrected. All 1H and 13C NMR spectra were recorded 
at 300 or 250 MHz, and 75 or 62.5 MHz respectively by a Bruker 
NMR spectrometer using CDCl3 as solvent. Chemical shifts are given 
as δ values with reference to tetramethylsilane (TMS) as internal 
standard. The reagents were received from a commercial supplier 
without purification prior to use. Products were purified by flash 
column chromatography.

General procedure for Sonogashira reaction
Under a nitrogen atmosphere, an oven-dried round-bottomed flask was 
charged with a terminal alkyne (1.0 mmol), aryl halide (1.00 mmol), 
LiOH (2.00 mmol), CuCl2 (0.10 mmol), PPh3 (0.30 mmol), and DMF 
(4 ml). The reaction mixture was placed in an oil bath at 100°C for 
6 h. After cooling to the room temperature, Et2O (25 ml) was added. 
The organic layer was successively washed with water (10 ml) and 
brine (10 ml) and dried over Na2SO4. The solution was filtered, 
concentrated, and the residue was purified by flash chromatography 
on silica gel to give the desired cross-coupling product.

(4-Methoxyphenyl)phenylacetylene: M.p. 59–60°C (lit.21 57–61°C);  
1H NMR (CDCl3, 300 MHz) δ: 7.53–7.46 (m, 4H), 7.37–7.30 (m, 
3H), 6.87 (dd, J = 8.7, 2.1 Hz, 2H), 3.82 (s, 3H); 13C NMR (CDCl3, 
75 MHz) δ: 159.5, 133.0, 131.4, 128.3, 127.9, 123.5, 115.3, 113.9, 
89.3, 88.0, 55.3.

Diphenylacetylene: M.p. 60–61°C (lit.22 60–62°C); 1H NMR 
(CDCl3, 250 MHz) δ: 7.54–7.50 (m, 4H), 7.32–7.28 (m, 6H); 13C NMR  
(CDCl3, 62.5 MHz) δ: 131.6, 128.3, 128.2, 123.3, 89.4.

1-Phenyl-1-decyne: Oil.23 1H NMR (CDCl3, 250 MHz) δ: 7.40–
7.36 (m, 2H), 7.28–7.22 (m, 3H), 2.38 (t, J = 7.0 Hz, 2H), 1.64–1.53 
(m, 2H), 1.45–1.28 (m, 10 H), 0.88 (t, J = 6.5 Hz, 3H); 13C NMR 
(CDCl3, 62.5 MHz) δ: 131.5, 128.1, 127.3, 124.2, 90.3, 80.6, 31.9, 
29.2, 29.1, 28.9, 28.8, 22.7, 19.4, 14.1.

(4-Nitrophenyl)phenylacetylene: M.p. 121–122°C (lit.24 120–
121°C); 1H NMR (CDCl3, 250 MHz) δ: 8.19 (m, J* = 8.8 Hz, 2H), 
7.64 (m, J* = 8.8 Hz, 2H), 7.56–7.52 (m, 2H), 7.39–7.37 (m, 3H); 
13C NMR (CDCl3, 62.5 MHz) δ: 146.9, 132.2, 131.8, 130.2, 129.2, 
128.5, 123.6, 122.0, 94.7, 87.5.

(4-Acetylphenyl)phenylacetylene: M.p. 95–96°C (lit.25 94–96°C); 
1H NMR (CDCl3, 250 MHz) δ: 7.91 (m, J* = 8.4 Hz, 2H), 7.58  
(m, J* = 8.4 Hz, 2H), 7.54–7.52 (m, 2H), 7.36–7.33 (m, 3H), 2.57 
(s, 3H); 13C NMR (CDCl3, 62.5 MHz) δ: 197.1, 136.1, 131.7, 131.6, 
128.7, 128.4, 128.2, 128.1, 122.6, 92.6, 88.6, 26.5.

2-(2-Phenylethynyl)pyridine: Oil.26 1H NMR (CDCl3, 300 MHz)  
δ: 8.60 (dd, J = 5.1 Hz, J = 0.9 Hz, 1H), 7.68–7.59 (m, 3H), 7.51 (dd,  
J = 8.1 Hz, J = 0.9 Hz, 1H), 7.37–7.33 (m, 3H), 7.23–7.19 (m, 1H); 
13C NMR (CDCl3, 75 MHz) δ: 149.9, 143.2, 136.0, 131.9, 128.8, 
128.2, 127.0, 122.6, 122.0, 89.1, 88.4.

(4-Cyanophenyl)phenylacetylene: M.p. 109–110°C (lit.27 108.5–
109.5°C); 1H NMR (CDCl3, 300 MHz) δ: 7.65–7.59 (m, 4H), 7.56–
7.53 (m, 2H), 7.40–7.37 (m, 3H); 13C NMR (CDCl3, 75 MHz) δ: 132.0 
(2C), 131.8, 129.1, 128.5, 128.2, 122.2, 118.5, 111.4, 93.7, 87.7.

(4-Acetylphenyl)-p-tolylacetylene: M.p. 124–126°C (lit.28 124–
126°C); 1H NMR (CDCl3, 300 MHz) δ: 7.99 (m, J* = 6.0 Hz, 2H), 
7.68 (m, J* = 6.0 Hz, 2H), 7.49 (m, J* = 6.0 Hz, 2H), 7.27 (m,  
J* = 6.0 Hz, 2H), 2.35 (s, 3H); 2.60 (s, 3H); 13C NMR (CDCl3, 75 
MHz) δ: 197.2, 139.1, 135.9, 131.7, 131.6, 129.1, 128.4, 128.1, 
119.5, 93.1, 88.1, 26.4, 21.5.

For the unresolved AA’XX’ 1H NMR systems above J* = J23 + J25

We gratefully acknowledge financial support by the National 
Natural Science Foundation of China (No. 20372024), the 
Excellent Scientist Foundation of Anhui Province, China 
(No. 04046080), the Scientific Research Foundation for 
the Returned Overseas Chinese Scholars, State Education 
Ministry, China (No. 2002247), the Excellent Young Teachers 

Program of MOE, China (No. 2024), and the Key Project of 
Science and Technology of State Education Ministry, China 
(No. 0204069).

Received 7 February 2006; accepted 29 March 2006 
Paper 06/3779

References
	 1	 (a) K. Sonogashira, Y. Tohda and N. Hagihara, Tetrahedron Lett. 

1975, 16, 4467; For selected reviews on Sonogashira reaction, see:  
(b) K. Sonogashira, In Comprehensive Organic Synthesis, B.M. Trost 
and I. Fleming, Eds.; Pergamon Press: Oxford, 1991, Vol. 3, Chapter 
2.4, pp 521-549; (c) K. Sonogashira, In Metal-Catalysed Cross-Coupling 
Reactions, F. Diederich and P.J. Stang, Eds.; Wiley-VCH: Weinheim, 
1998, pp 203-229; (d) K. Sonogashira, In Handbook of Organopalladium 
Chemistry for Organic Synthesis, E. Negishi and A. Meijere, Eds.; Wiley-
VCH: New York, 2002.

	 2	 (a) I. Paterson, R.D.M. Davies and R. Marquez, Angew. Chem. Int. Ed. 
2001, 40, 603; (b) M. Toyota, C. Komori and M. Ihara, J. Org. Chem. 
2000, 65, 7110; (c) K.C. Nicolaou and W.-M. Dai, Angew. Chem. Int. Ed. 
1991, 30, 1387.

	 3	 (a) N.D.P. Cosford, L. Tehrani, J. Roppe, E. Schweiger, N.D. Smith,  
J. Anderson, L. Bristow, J. Brodkin, X. Jiang, I. McDonald, S. Rao,  
M. Washburn and M.A. Varney, J. Med. Chem. 2003, 46, 204;  
(b) M. Kort, V. Correa, A.R.P.M. Valentijin, G.A. Marel, B.V.L. Potter, 
C.W. Taylor and J.H. Boom, J. Med. Chem. 2000, 43, 3295.

	 4	 (a) H.S. Nalwa and S. Miyata, Nonlinear Optics of Organic Molecules 
and Polymers, CRC Press, Boca Raton, FL, 1997; (b) O. Mongin,  
L. Porres, L. Moreaux, J. Merta and M. Blanchard-Desce, Org. Lett. 2002, 
4, 719; (c) L. Brunsveld, E.W. Meijer, R.B. Prince and J.S. Moore, J. Am. 
Chem. Soc. 2001, 123, 7978.

	 5	 (a) G. Wegner and K. Müllen, Electronic Materials–the Oligomer 
Approach, Wiley-VCH, Weinheim, 1998; (b) J. Li, A. Ambroise, S.I. Yang, 
J.R. Diers, J. Seth, C.R. Wack, D.F. Bocian, D. Holten and J.S. Lindsey,  
J. Am. Chem. Soc., 1999, 121, 8927; (c) R.W. Wagner, J. Seth, S.I. Yang, 
D. Kim, D.F. Bocian, D. Holten and J.S. Lindsey, J. Org. Chem., 1998, 
63, 5042.

	 6	 (a) S. Höger, S. Rosselli, A.-D. Ramminger and V. Enkelmann, Org. Lett., 
2002, 4, 4269; (b) C.-J. Li, W.T. Slaven IV, V.T. John and S. Banerjee, 
Chem. Commun., 1997, 1569.

	 7	 (a) Y. Tobe, N. Utsumi, A. Nagano and K. Naemura, Angew. Chem. 
Int. Ed., 1998, 37, 1285; (b) K. Onitsuka, M. Fujimoto, N. Ohshiro and  
S. Takahashi, Angew. Chem. Int. Ed., 1999, 38, 689.

	 8	 (a) A.S. Hay, J. Org. Chem., 1962, 27, 3320; (b) For a review of acetylenic 
coupling, see: P. Siemsen, R.C. Livingston and F. Diederich, Angew. 
Chem., Int. Ed., 2000, 39, 2632.

	 9	 (a) U. Ziener and A. Godt, J. Org. Chem., 1997, 62, 6137; (b) H. Kukula, 
S. Veit and A. Godt, Eur. J. Org. Chem., 1999, 277.

	10	 (a) N.E. Leadbeater and B.J. Tominack, Tetrahedron Lett., 2003, 44, 
8653; (b) A. Soheili, J. Albaneze-Walker, J.A. Murry, P.G. Dormer and 
D.L. Hughes, Org. Lett., 2003, 5, 4191; (c) K. Heuzé, D. Méry, D. Gauss 
and D. Astruc, Chem. Commun., 2003, 2274; (d) L. Djakovitch and  
P. Rollet, Tetrahedron Lett., 2004, 45, 1367.

	11	 (a) J. Cheng, Y. Sun, F. Wang, M. Guo, J.-H. Xu, Y. Pan and Z. Zhang,  
J. Org. Chem., 2004, 69, 5428; (b) A. Mori, J. Kawashima, T. Shimada, 
M. Suguro, K. Hirabayashi and Y. Nishihara, Org. Lett., 2000, 2, 2935;  
(c) D. Gelman and S.L. Buchwald, Angew. Chem. Int. Ed., 2003, 42, 5993.

	12	 B.M. Choudary, S. Madhi, N.S. Chowdari, M.L. Kantam and B. Sreedhar, 
J. Am. Chem. Soc., 2002, 124, 14127.

	13	 G.W. Kabalka, L. Wang, V. Namboodiri and R.M. Pagni, Tetrahedron 
Lett., 2000, 41, 5151.

	14	 (a) I.P. Beletskaya, G.V. Latyshev, A.V. Tsvetkov and N.V. Lukashev, 
Tetrahedron Lett., 2003, 44, 5011; (b) L. Wang, P. Li and Y. Zhang, Chem. 
Commun., 2004, 514.

	15	 (a) D.T. Bong and M.R. Ghadiri, Org. Lett., 2001, 3, 2509;  
(b) A.L. Casalnuovo and J.C. Caladrese, J. Am. Chem. Soc., 1990, 112, 4324;  
(c) H. Dibowski and F.P. Schmidtchen, Tetrahedron Lett., 1998, 39, 525.

	16	 S.B. Park and H. Alper, Chem. Commun., 2004, 1306.
	17	 (a) A. Elangovan, Y.-H. Wang and T-I. Ho, Org. Lett., 2003, 5, 1841;  

(b) H.-F. Chow, C.-W. Wan, K.-H. Low and Y.-Y. Yeung, J. Org. Chem., 
2001, 66, 1910; (c) S. Thorand and N. Krause, J. Org. Chem., 1998, 61, 
8551.

	18	 N.E. Leadbeater, M. Marco and B.J. Tominack, Org. Lett., 2003, 5, 3919.
	19	 (a) S. Urgaonkar and J.G. Verkade, J. Org. Chem., 2004, 69, 5752;  

(b) G. Zhang, Synlett, 2005, 619; (c) P. Li, L. Wang and H. Li, Tetrahedron, 
2005, 61, 8633.

	20	 D. Ma and F. Liu, Chem. Commun., 2004, 1934.
	21	 J.M. Huggins and R.G. Bergman, J. Am. Chem. Soc., 1981, 103, 3002.
	22	 L.A. Carpino and H.-W. Chen, J. Am. Chem. Soc., 1979, 101, 390.
	23	 H. Sato, N. Isono, I. Miyoshi and M. Mori, Tetrahedron, 1996, 52, 8143.
	24	 D.H. Hunter and D.J. Cram, J. Am. Chem. Soc., 1966, 88, 5765.
	25	 A. Arcadi, S. Cacchi, G. Fabrizi, F. Marinelli and P. Pace, Eur. J. Org. 

Chem., 1999, 12, 3305.
	26	 T. Agawa and S.I. Miller, J. Am. Chem. Soc., 1961, 83, 449.
	27	 K. Yoshida and T. Fueno, J. Org. Chem., 1973, 38, 1045.
	28	 A.V. Vasilev and A.P. Rudenko, Russ. J. Org. Chem., 1997, 33, 1555.


