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1. Introduction 

Petroleum-derived alkynes are readily available starting 

materials and building blocks for organic synthesis. Conjugated 

1,3-diynes are essential structural motifs found in many natural 

products
1
, bio-active compounds

2， and functional materials 
3
.  

Therefore, coupling of terminal alkynes to access 1,3-diynes is of 

great significance to the synthetic community. Classic methods 

for terminal alkyne coupling include Glaser
4
, Eglington 

5
, and 

Hay protocols 
6
. Significant efforts have been made to develop 

more efficient and sustainable approaches to improve the 

originally used palladium/copper bi-catalyst system for oxidative 

coupling of terminal alkynes. Single transition metal catalysts 

such as Pd
7
, Cu

8
, Ni

9
, Co

10
, and Ti

11
 have been employed in 

alkyne coupling. However, there are still challenges in this field 

such as the use of expensive and toxic palladium catalysts, 

requirement of complex ligands, external oxidants, and harsh 

reaction conditions.   

Our research group has been interested in the development of 

green and sustainable synthetic methods for useful 

transformations of alkynes
12

. Herein, we wish to report our recent 

study on the synthesis of symmetric and unsymmetric 1,3-diynes 

by Cu(OTf)2 catalyzed homo- and heterocoupling of terminal 

alkynes in the presence of DBU under ambient conditions. As a 

comparatively cheaper and easily accessible metal, Cu (I) and (II) 

salts attracted considerable attentions due to their high catalytic 

efficiency.
13

 Balaraman and Kesavan reported a homo- and 

hetero-coupling of terminal alkynes utilizing 10 mol% of 

Cu(OAc)2·H2O as the catalyst, stoichiometric amount of 

piperidine as the base, and CH2Cl2 as the sovlent.
13a

 In 

comparison, our work was able to improve the efficiency and 

sustainability of the coupling by lowering the catalyst loading of 

the Cu(II) salts to 5 mol% and using a halogen-free solvent.  

2. Results 

Initially, phenyl acetylene was chosen to serve as a model 

substrate for the study of the homocoupling of terminal alkynes 

(Table 1). We first screened several copper catalysts including 

CuBr2, CuBr, CuI, Cu(OAc)2, and Cu(OTf)2 in the presence of 1 

equiv. of a base DBU at room temperature. The reaction was 

exposed to air and acetone was employed as the solvent. To our 

delight, the desired homocoupling product was obtained in 92% 

yield when Cu(OTf)2 was used as the catalyst (entry 5).  The 

oxygen present in the air was proved to be an effective oxidant 

for this coupling reaction. Different bases were then utilized to 

further optimize the reaction yield (entry 6-8). However, Et3N 

and pyridine gave lower yields (78% and 80%) of the coupling 

product and inorganic base K2CO3 did not produce any desired 

product.  Next, we decided to investigate the solvent effect of this 

transformation. THF, 1,4-dioxane, dichloromethane, and 

acetonitrile were employed as the solvent in the presence of the 

optimal copper catalyst and base (entry 9-12). It was found that 

acetone was the best solvent among all the solvents we tested for 

this transformation.   

Table 1. Optimization of copper catalyzed homocoupling of 

phenylacetylene.
a
 

Entry Solvent Catalyst Base Isolated 
yield 

1 Acetone CuBr2 DBU 35% 

2 Acetone CuBr DBU 9% 

3 Acetone CuI DBU 10% 
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4 Acetone Cu(OAc)2 DBU trace 

5 Acetone Cu(OTf)2 DBU 92% 

6 Acetone Cu(OTf)2 Et3N 78% 

7 Acetone Cu(OTf)2 K2CO3 0% 

8 Acetone Cu(OTf)2 pyridine 80% 

9 THF Cu(OTf)2 DBU 53% 

10 1,4-
Dioxane 

Cu(OTf)2 DBU Trace 

11 CH2Cl2 Cu(OTf)2 DBU 70% 

12 CH3CN Cu(OTf)2 DBU 75% 

a 
Reaction conditions: phenylacetylene 1a (1 equiv.), catalyst (5 

mol%), base (1 equiv.), room temperature, open flask, 2-5 hours.  

 

      With the optimal reaction conditions in hands, the 

homocoupling and heterocoupling reactions of a variety of 

substrates were conducted to investigate the substrate scope and 

limitations as well as the functional group compatibility of this 

reaction (Table 2). All the reactions were conducted at room 

temperature within a short period of time (2-5 hours). First, the 

homocoupling of terminal alkynes bearing different functional 

groups was conducted using our optimal reaction conditions. 

Aromatic terminal alkynes (2a-2l) and aliphatic terminal alkynes 

(2m-2n) both resulted in good to excellent yields (63% – 92%). 

To our delight, it was observed that both electron withdrawing 

and donating groups were compatible with the reaction 

conditions. For instance, electron withdrawing groups on the 

phenyl rings such as Br (2b), Cl (2c-2e), F (2f-2h), and ester (2j) 

were tolerated well and resulted in good yields. Terminal alkyne 

substrates containing electron donating groups (2i, 2k, and 2l) 

also produced the coupling products in good yields. Substituents 

at para-position of the phenyl ring (2d and 2h) provide the 

coupling products in slightly higher yields than that of meta- (2c 

and 2g) and ortho-positions. It was also found that aliphatic 

terminal alkynes (2m-2n) resulted in lower yields in comparison 

to the aromatic alkynes.  

Table 2. Substrate scope of homocoupling of terminal alkynes 

 

Table 3. Substrate scope of heterocoupling of terminal alkynes 

 

After observing excellent yields in the homocoupling 

reactions of a variety of terminal alkyne substrates, the reaction 

conditions were applied to the heterocoupling reaction of several 

terminal alkynes. As shown in Table 3, unsymmetric 1,3-diynes 

were synthesized in 68-86% percent yields. Phenylacetylene was 

cross-coupled with several other aromatic terminal alkynes 

bearing both electron-withdrawing and electron-donating groups 

in good yields (3ai, 3aj, 3ab, and 3ak). Good yield was also 

achieved in the coupling of an aromatic substrate containing an 

electron withdrawing group to an aromatic substrate containing 

an electron donating group (3id). Additionally, the 

heterocoupling of an aromatic terminal alkyne and an aliphatic 

terminal alkyne (3ln) was tested and a lower yield (68%) was 

observed, as expected.  

4. Conclusion 

       In summary, we have developed an efficient homo- and 

heterocoupling of terminal aromatic and aliphatic alkynes under 

open-air conditions. Readily available and inexpensive copper 

(II) salt Cu(OTf)2 was found to smoothly catalyze the coupling 

reaction in the presence of an organic base DBU. Symmetric and 

unsymmetric 1,3-diynes with a wide substrate scope were 

prepared in good to excellent yields and within a short reaction 

time. Mild conditions, easy accessibility of the catalyst, and 

excellent functional group compatibility make this method an 

attractive protocol for the synthesis of complex 1,3-diynes.  

Acknowledgments 

Acknowledgment is made to the Donors of the American 

Chemical Society Petroleum Research Fund for support (or 

partial support) of this research. The authors also would like to 

thank the Research Release Time awards of William Paterson 



  

 3 
University and the Center for Research, College of Science and 

Health, William Paterson University of New Jersey. 

Supplementary Material 

Supplementary material that may be helpful in the review 

process should be prepared and provided as a separate electronic 

file. That file can then be transformed into PDF format and 

submitted along with the manuscript and graphic files to the 

appropriate editorial office. 

 
Click here to remove instruction text...

 

 

References and notes 



  

Tetrahedron 4 

 Mild reaction conditions 

 Open to air 

 Excellent functional group 

compatibility 

 Good to excellent yields 

 

                                                 
 [

1
]   (a)  Lerch, M. L.; Harper, M. K.; Faulkner, D. J.  J. Nat. 

Prod. 2003, 66, 667-670. (b) Kanokmedhakul, S.; 

Kanokmedhakul, K.; Kantikeaw, I.; Phonkerd, N. J. Nat. 

Prod. 2006, 69, 68-72. (c) S. Kanokmedhakul, K. 

Kanokmedhakul, I. Kantikeaw and N. Phonkerd, J. Nat. Prod., 

2006, 69, 68–72. (d) Kanokmedhakul, S.; Kanokmedhakul, 
K.;  Lekphrom, R. J. Nat. Prod., 2007, 70, 1536–1538; (e) 

Panthama, N.; Kanokmedhakul,S. Kanokmedhakul, K.  J. 

Nat. Prod., 2010, 73, 1366–1369. 

[
2
] (a) Hansen, L.; Boll, P. M. Phytochemistry 1986, 25, 285-

293. (b) Kim, Y. S.; Jin, S. H.; Kim, S. L.; Hahn, D. R. Arch. 

Pharm. Res. 1989, 12, 207-213. (c) Matsunaga, H.; Katano, 

M.; Yamamoto, H.; Fujito, H.; Mori, M.; Tukata, K. Chem. 

Pharm. Bull. 1990, 38, 3480-3482. 

[
3
]  (a) Ladika, M.;  Fisk, T. E.; Wu W. S. W.; Jons, S. D.  J. 

Am. Chem. Soc., 1994, 116, 12093–12094; (b) Eisler, S.; 

Slepkov, A. D.; Elliott, E.; Luu, T.; McDonald, R.;  

Hegmann, F. A.; Tykwinski, R. R. J. Am. Chem. Soc., 2005, 

127, 2666–2676; (c) Luu, T.;  Elliott, E.; Slepkov, A. D.;  

Eisler, S.; McDonald, R.; Hegmann F. A.; Tykwinski, R. R.  

Org. Lett., 2005, 7, 51–54. 

[
4
]   (a) Glaser, C. Ber. Dtsch. Chem. Ges. 1869, 2, 422-424. 

(b) Glaser, C. Ann. Chem. Pharm. 1870, 154, 137-171. 

[
5
]   (a) Eglinton, G.; Galbraith, A. R.;  J. Chem. Soc. 1959, 

889-896. (b) Eglinton, G.; Galbraith, A. R.; Chem. Ind. 1956, 

737-738 

[
6
]   (a) Hay, A. J. Org. Chem. 1960, 70, 4393-4396. (b) Hay, 

A. J. Org. Chem. 1962, 27, 3320-3321. 

[
7
]   (a)  Perrone, S.; Bona, F.; Troisi, L.Tetrahedron 2011, 67, 

7386-7391. (b) Atobe, S.;  Sonoda, M.; Suzuki, Y.; 

Yamamoto, T.; Masuno, H.;  Shinohara, H.;  Ogawa, A. Res. 

Chem. Intermed. 2013, 39, 359-370. 

[
8
]  (a) Wasserscheid, P.; Keim, W. Angew. Chem. Int. Ed. 

2000, 39, 3772-3789. (b)  Kamata, K.; Yamaguchi, S.; Kotani, 

M.; Yamaguchi, K.;  Mizuno, N. Angew. Chem. Int. Ed. 2008, 

47, 2407-2410. (c) Wang, D.; Li, J.;  Li, N.; Gao, T.;  Hou, 

S.; Chen, B. Green Chem. 2010, 42, 15-18. (d) Yin, K.; Li, 
C.;  Li, J.;  Jia, X.  Green Chem. 2011, 13, 591-593. (e) Jia, 
X.; Yin, K.; Li, C.; Li, J.;  Bian, H.  Green Chem. 2011, 13, 

2175-2178. (f) He, Y.; Cai, C. Catal. Sci. Technol. 2012, 2, 

1126-1129. (g) Kusuda, A.; Xu, X.-H.; Wang, X.; Tokunaga, 

E.; Shibata, N. Green Chem. 2011, 13, 843-846. (h) Zheng, 

Q.; Hua, R.; Wan, Y. Appl. Organometal. Chem. 2010, 24, 

314-316. (i) Li, H.; Yang, M.  Zhang, X.  Yan, L.; Li, J.; Qi, 

Y. New. J. Chem. 2013, 37, 1343-1349. (j) Adimurthy, S.; 

Malakar, C. C.;  Beifuss, U.; J. Org. Chem. 2009, 74, 5648-

5651. (k) Cheng, G. Zhang, H.  Cui, X.  RSC Adv. 2014, 4, 

1849-1852.  

[
9
]  (a) Cheng, T.-P.; Liao, B.-S.; Liu, Y.-H.; Peng, S.-M.;  

Liu, S.-T. Dalton Trans. 2012, 41, 3468-3473. (b) Crowley, 

J.; Goldup, S. M.; Gowans, N. D.; Leigh, D. A.; Ronaldson, 

                                                                                     
V. E.;  Slawin, A. M. Z. J. Am. Chem. Soc. 2010, 132, 6243-

6248. 

[
10

]  (a) Krafft, M. E.; Hirosawa, C.; Dalal, N.; Ramsey, C.;  

Steigman, A. Tetrahedron Lett. 2001, 42, 7733-7736. (b) Hilt, 

G.; Hengst, C.; Arndt, M. Synthesis. 2009, 395-398. 

[
11

]  Bharathi, P.  Periasamy, M.  Organometallics 2000, 19, 

5511-5513. 

[
12

] (a) Domena, J.; Chong, C. Johnson, Q. R.  Chauhan, B. 

P. S.; Xing. Y. Molecules, 2018, 23, 1879 (b). Xing, Y.; 

Zhang, M.; Ciccarelli, S.; Lee, J.; Catano. B. Eur. J. Org. 

Chem. 2017, 4, 781-785 (c). Catano, B.; Lee, J.; Kim, C.; 

Farrell, D.; Petersen, J. L.; Xing. Y. Tetrahedron Lett, 2015, 

56, 4124-4127. 

[
13

] (a) Balaraman, K.; Kesavan, V. Synthesis, 2010, 20, 3461-

3466. (b) Wan, J-P.; Cao, S.; Jing, Y. Appl. Organometal. 

Chem. 2014, 28, 631-634. (c) Hoshi, M.; Okimoto, M.; 

Nakamura, S.; Takahashi, S. Synthesis, 2011, 23, 3839-3847. 

(d) Balamurugan, R.; Naveen, N.; Manojveer, S.; Nama, M. 

V. Aust. J. Chem. 2011, 64, 567-575. (e) Zhu, Y.; Shi, Y. Org. 

Biomol. Chem. 2013, 11, 7451-7454. (f) Zhang, L-J.; Wang, 

Y-H.; Liu, J.; Xu, M-C.; Zhang, X-M. RSC Adv. 2016, 6, 

28653-28657. (g) Devarajan, N.; Karthik, M.; Suresh, P. Org. 

Biomol. Chem. 2017, 15, 9191- 9199. (h) Su, L.; Dong, J.; 

Liu, L.; Sun, M.; Qiu, R.; Zhou, Y.; Yin, S-F. J. Am. Chem. 

Soc. 2016, 138, 12348-12351. (i) Yan, S.; Pan, S.; Osako, T.; 

Uozumi, Y. Synlett. 2016, 27, 1232-1236 


