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Summary. A variety of 1,3-diyne compounds are prepared in a solvent-free reaction on KF/alumina in
the presence of catalytic amounts of Cu(OAc), - HO with up to 96% yields at room temperature.
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Introduction

The Glaser reaction, first reported in 1869 [1] involves self-coupling of terminal
alkynes promoted by cupric salts. The resulting diacetylenes are important building
blocks in the synthesis of natural products [2], monomers, polymers, fundamental
host molecules [3], and supramolecular materials useful in electronic and optical
industries [4].

Traditionally, the classical oxidative dimerization is carried out in organic
solvents such as methanol, acetone, pyridine, cyclohexylamine, and toluene.
Recent procedures, however, focused on more environmentally friendly methods
applying supercritical fluids [5], water [6], and ionic liquids [7] to minimize using
of organic solvents. Efforts to completely eliminate the need for organic solvents
by carrying out the reaction on the surface of solid-supports have also been docu-
mented [8]. The active surface of some solid-supports including montmorillonite,
silica gel, clayfen, and alumina has been confirmed as a practical alternative to
organic solvents. The milder conditions, increased selectivity, decreased side reac-
tions, and eco-friendly conditions make this modern procedure more and more
attractive. Among others, alumina seems to be a particularly useful reagent, as it
can be modified in a variety of ways which enhance its application [9]. For exam-
ple KF/alumina developed by Ando et al. [10] has found a broad application in
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organic reactions [11], such as elimination [12], addition [13], condensation [14],
and epoxidation [15]. Kabalka et al. have used this system for the homocoupling of
terminal acetylenes in a solvent-free reaction, enhanced by microwave irradiation
[8]. They have reported that the best reaction conditions for the Glaser reaction
using KF/alumina were found to be CuCl, (3.7eq) and KF/alumina (40% by
weight, 0.6 g) for one mmol terminal alkyne under microwave irradiation for
8 minutes. Although this method benefits from the solvent-free conditions, the use
of excess Cu catalyst for only good to moderate yields (up to 75%) suggests a
need for further improvement.

We have previously reported that this method can be modified by using of
catalytic amounts of a copper halide and alumina under microwave irradiation with
moderate yields [16]. We now wish to report that high to excellent yields can be
obtained, if the terminal acetylenes are treated on KF/alumina, in the presence of
Cu(OAc), - H>O and morpholine at room temperature (Scheme 1).

Results and Discussions

A variety of terminal alkynes including aliphatic and aromatic acetylenes, propar-
gylamines, and ethers were successfully coupled. The results are summarized in
Table 1.

All of the known products exhibit physical and spectral characteristics in
accord with literature values. The high yields show that this method is an efficient
approach to 1,3-diynes. For example, the treatment of phenylacetylene (1a) in
the presence of 0.2 eq Cu(OAc), - H,O on KF/alumina afforded the corresponding
1,4-diphenyl-1,3-butadiyne in 96% yield, obviously more than that reported by
Kabalka (75%) [8] under microwave irradiation and Glaser (40%) [1] by the
classical method in organic solvents. The more recent methods using ionic liquids
are hardly more efficient [7].

To assay the effect of any contributor in the reaction, we have chosen the
homoalkynylation reaction of phenylacetylene. The results are summarized in
Table 2. In the absence of morpholine and Cu-catalyst no reaction occurred on
KF/alumina (Entry 1). Addition of morpholine to KF/alumina raised the yield
of the reaction to 17% (Entry 2). Without morpholine but in the presence of
Cu-catalyst the yield is better (27%, Entry 3), but not high enough. As it is shown
in Table 2, the presence of KF/alumina seems to be necessary (Entry 4). The
best result was obtained by using KF/alumina, morpholine, and Cu(OAc), - H,O
together (Entry 5). These results were confirmed with the homocoupling reaction
of methyl-phenylprop-2-ynylamine (1b) and 4-(prop-2-ynyl)morpholine (1d)
(Table 2, Entries 6-11). Avoiding microwave irradiation and performing of these
reactions just at room temperature makes this method more attractive and practical.
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Table 1. Oxidative homocoupling of terminal acetylenic compounds on KF/alumina at room tem-

perature
Entry Substrate No. Product No. Ref. Yield/%
gz
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Table 2. The effects of reaction contributors
Entry Alkyne KF/Alumina Morpholine Cu(OAc), - H,O Yield/%
(1.0 mmol) 1g (1.2 mmol) (0.2 mmol)
1 la + - — 0
2 la + + — 17
3 1la + - + 27
4 1la — + + 64
5 la + + + 96
6 1b + — — 0
7 1b — + + 45
8 1b + + + 92
9 1d + — — 0
10 1d — + + 43
11 1d + + + 90
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In addition of mild conditions, the time of the reaction is short enough for pre-
parative purposes.

In summary, we have reported here a facile modified method of the Glaser
reaction for the preparation of 1,3-diynes from terminal acetylenes in a solvent-free
reaction at room temperature, with up to quantitative yields.

Experimental

KF/alumina was prepared as previously described [23]. Mps were determined on a hot stage or
oil bath apparatus. 'H and 3C NMR spectra were recorded on a Bruker 80 MHz in CDCl; using
TMS as internal standard. All known products were characterized by comparison of their melting
points or NMR spectra with those in literature. The GC was performed with a Varian CP-3800
instrument.

General Procedure for Oxidative Homocoupling of Terminal Acetylenic

Compounds on KF /Alumina at Room Temperature

A mixture of 1 mmol acetylenic compound, 1.2 mmol morpholine, and 0.2mmol copper acetate
monohydrate were ground with 1g KF/alumina in a mortar. The mixture was transferred to a
25cm’ flask and stirred for 3 h. The progress of reaction was monitored by TLC and GC. Then the
mixture was extracted with ethyl acetate. Evaporation of the solvent gave the crude product, which was
purified by flash column chromatography (silica gel; eluent: petroleum ether).

References

[1] Glaser C (1869) Ber Dtsch Chem Ges 2: 422
[2] (a) Kumar A, Rhodes RA, Spychala J, Wilson WD, Boykin DW (1995) Eur J Med Chem Chim
Ther 30: 99; (b) Kim YS, Jin SH, Kim SL, Hahn DR (1989) Arch Pharm Res 12: 207
[3] (a)Lindsell WE, Murray C, Preston PN, Woodman TAJ (2000) Tetrahedron 56: 1233; (b) Hay AS
(1960) J Org Chem 25: 1275; (c) Neenan TX, Whitesides GM (1988) J Org Chem 53: 2489
[4] De Meijere A, Kozhushkov S, Haumann T, Boese R, Puls C, Cooney MJ, Scott LT (1995) Chem
Eur J 1: 124
[5] LiJ, Jiang H (1999) Chem Commun 23: 2369
[6] Li PH, Yan JC, Wang M, Wang L (2004) Chinese Journal of Chemistry 22: 219
[7] Yadav JS, Reddy BVS, Bhaskar Reddy K, Uma Gayathri K, Prasad AR (2003) Tetrahedron Lett
44: 6493
[8] Kabalka GW, Wang L, Pagni RM (2001) Syn Lett 1: 108
[9] Kabalka GW, Pagni RM (1997) Tetrahedron 53: 7999
[10] Yamawaki J, Ando T (1979) Chem Lett 755
[11] Blass BE (2002) Tetrahedron 58: 9301
[12] Yamawaki J, Kawate T, Ando T, Hanafusa T (1983) Bull Chem Soc JPN 56: 1885
[13] (a) Clark JH, Cork DG, Robertson MS (1983) Chem Lett 1145; (b) Hu QS, Hu CM (1997) Chin
Chem Lett 8: 665
[14] (a) Zhang XH, Gao DB, Guo M, Yan SZ (1998) Chin Chem Lett 9: 521; (b) Nakano Y, Shi WY,
Nishii Y, Igarashi M (1999) J Heterocycl Chem 36: 33
[15] (a)Fraile JIM, Garcia JI, Matoral JA, Figueras F (1996) Tetrahedron Lett 37: 5995; (b) Yadav VK,
Kapoor KK (1996) Tetrahedron 52: 3659
[16] Sharifi A, Mirzaei M, Naimi-Jamal MR (2002) J Chem Res (S) 12: 628
[17] Coates GW, Dunn AR, Henling LM, Dougherty DA, Grubbs RH (1997) Angew Chem Int Ed
Engl 36: 248



Modified Glaser Reaction 217

[18] Sen BK, Majumdar KC (1983) J Indian Chem Soc 60: 409

[19] Zanina AS, Khabibulina GN, Legkoderya V'V, Kotlyarevskii IL (1972) J Org Chem USSR (Engl.
Transl.) 8: 1556

[20] Hennion GF, Price L (1962) J Org Chem 27: 1587

[21] Toda F, Tokumaru Y (1990) Chem Lett 6: 987

[22] Wegner G (1969) Naturforsch B Anorg Chem Org Chem Biochem Biophys Biol 24: 824

[23] Paquette LA (1995) Encyclopedia of Reagents for Organic Synthesis; John Wiley & Sons:
Chichester, Vol 6, p 4223



