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Gold Catalysis: Observation of a Two-Fold Intermolecular Hydroarylation of
Unactivated C–C Triple Bonds
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The cationic binuclear catalyst [(Mes3PAu)2Cl]BF4 enables
the reaction of 2-methyl- or 2-pentylfuran with phenylacetyl-
ene, 1-pentyne or 1-heptyne to yield the products of a two-
fold hydroarylation of the alkyne.

Introduction

In the field of gold catalysis[1] several examples of hy-
droarylation have been reported. After initial reports on the
hydroarylation of allenyl ketones and α,β-unsaturated
ketones by electron-rich furans[2] and related arenes,[3] sub-
sequent work of Arcadi on the hydroarylation of indoles[4]

and 7-azaindoles,[5] of Reetz on the hydroarylation of phen-
ylacetylenes and propiolates,[6] of He on the hydroarylation
of propiolates and α,β-unsaturated ketones,[7] and domino
sequences of hydrorarylation and cycloisomerization from
our group[8] investigated that aspect of gold catalysis. All
these intermolecular reactions were performed with acti-
vated alkynes, only in a few intramolecular cases unactivated
alkynes have so far been reported to undergo hydroaryl-
ation.[2,9] Until today the intermolecular gold-catalyzed hy-
droarylation of unactivated alkynes has not been investi-
gated.[10] Our starting point was the intermolecular reaction
of furans with alkynes. Recently we have reported that
phenylacetylene 1a and 2,5-disubstituted furan 2 delivers

Scheme 1. Intermolecular reaction of 2,5-disubstituted furans with
activated alkynes.
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both the product of the intermolecular phenol synthesis 3
and the product of the intermolecular hydroarylation 4[9c]

(Scheme 1). Here we report our observations when using 2-
monosubstituted furans.

Results and Discussion

This investigation bases on the Schmidbaur–Bayler[11]

salt [(Mes3PAu)2Cl]BF4 (5) as the catalyst, which proved to
be superior for the intermolecular reactions described in our
previous investigation.[9c] The first explorative reactions
were conducted with 2-substituted furans 6; in order to
change only one parameter at a time, again the activated
alkyne 1a was used as reaction partner. Unlike 2, 6 can
react with electrophiles at the more reactive 5-position of
the furan ring, thus we hoped to get a more effective hy-
droarylation. Indeed, with a 1:1 stoichiometry of the reac-
tants, a hydroarylation was observed – but even after long
reaction times only 10–20% of 8, the product of a twofold
addition, was obtained. Having previously experienced the
sensitivity of both furans and vinylfurans in reactions with
such long reaction times, this was not surprising.[2,3a,8,9c]

The reaction with 2.5 mol-% of catalyst 5 with 1a and two
equivalents of 2-methylfuran (6a) or 2-pentylfuran (6b) af-
ter a reaction time of seven days at 50 °C delivered signifi-
cant better yields of products 8a or 8b (Table 1, entries 1
and 2). We could not detect or isolate the intermediate 7,
presumably like in related twofold reactions of furans with
carbonyl compounds,[12] the second addition is faster than
the first one, which allows only the formation of a small
stationary concentration of 7 (Scheme 2).

Then we switched to the unactivated alkynes 1b and 1c,
and even with the latter a hydroarylation was observed. The
reaction of 1b with 6a gave 8c (entry 3), 1b and 6b yielded
8d (entry 4), 1c and 6a gave 8e (entry 5), 1c and 6b delivered
8f (entry 6). The reactions were still slow and not unexpec-
tedly slightly lower yields were obtained compared with the
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Table 1. Two-fold hydroarylation of alkynes 1 with furans 6 with
2.5 mol-% of catalyst 5.

Entry 1 R1 6 R2 8 Yield (%)

1 1a Ph 6a Me 8a 53
2 1a Ph 6b n-C5H11 8b 58
3 1b n-C3H7 6a Me 8c 39
4 1b n-C3H7 6b n-C5H11 8d 47
5 1c n-C5H11 6a Me 8e 42
6 1c n-C5H11 6b n-C5H11 8f 44

Scheme 2.

activated alkyne; in addition the formation of oligo- and
polymeric material was observed. All reactions followed the
usual Markovnikov regioselectivity known for gold-cata-
lyzed nucleophilic additions to alkynes.[13] The MS data
clearly support the 2:1 assembly of the two starting materi-
als in the product. The NMR and IR spectra show no al-
kyne signals and in the NMR spectra no alkene but a new
methyl signal and a quaternary alkyl carbon signal is vis-
ible. The 1H NMR are in accordance with the assumption
of 2,5-disubstituted furan rings, the typical resonances of
the protons at the 5-position of the furan ring have disap-
peared. Peaks for the other groups are unchanged.

Control experiments (at 50 °C) with the Lewis acid
BF3·Et2O (1 mol-%) and the Brønsted acid HOTs (1 mol-
%) as possible catalysts[3a,12] gave only black tary residues.
The sensitive furan ring decomposes under the acidic condi-
tions. At lower temperatures and with smaller amounts of
catalyst no siginificant reaction can be detected.

Conclusions

The formation of the 2:1 products 8 documents the abil-
ity of catalyst 5 to also hydroarylate unactivated alkynes in
intermolecular gold-catalyzed reactions. Although the over-
all yields under these reaction conditions and with this cata-
lyst are not very good, the yield corresponds to up to 76%
for each hydroarylation step of the twofold hydroarylation.
This is a promising basis for future investigations.

Experimental Section
Synthesis of 8a: To a mixture of 2-methylfuran (205 mg, 2.50 mmol)
and phenylacetylene (128 mg, 1.25 mmol) the catalyst 5 (40 mg,
31 µmol, 2.5 mol-%) was added. The reaction mixture was stirred
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for 7 d at 50 °C. Then the residue was purified by flash chromatog-
raphy on silica gel (petroleum ether ether) to yield 8a (176 mg,
53%) as a yellow oil. Rf (petroleum ether/ethyl acetate/dichloro-
methane, 6:1:0.5) = 0.56. IR (film): ν̃ = 2985, 2921, 2358, 2339,
2038, 1555, 1446, 1218, 1021, 781, 698 cm–1. 1H NMR (500 MHz,
CDCl3): δ = 1.90 (d, J = 1.0 Hz, 3 H), 2.19 (s, 6 H), 5.79 (d, J =
3.0 Hz, 2 H), 5.82 (dq, J = 3.0 Hz, 1.0 Hz, 2 H), 7.02 (m, 2 H),
7.15 (m, 1 H), 7.20 (m, 2 H). 13C NMR (126 MHz, CDCl3): δ =
13.7 (q, 2C), 25.9 (q), 46.2 (s), 105.8 (d, 2C), 107.7 (d, 2C), 126.5
(d), 127.1 (d, 2C), 128.0 (d, 2C), 145.7 (s), 151.3 (s, 2C), 156.7 (s,
2C). MS (EI): m/z (%): 266 (40) [M+], 251 (100), 189 (30), 165 (10),
84 (15), 43 (30). HRMS (70 eV): C18H18O2: calcd. 266.1307; found:
266.1307.

Synthesis of 8b: To a mixture of 2-pentylfuran (300 mg, 2.17 mmol)
and phenylacetylene (110 mg, 1.08 mmol) the catalyst 5 (35 mg,
27 mmol, 2.5 mol-%) was added. This reaction mixture was stirred
for 7 d at 50 °C. Then the mixture was purified by flash chromatog-
raphy on silica gel (petroleum ether) to give 8b (239 mg, 58%) as a
yellow oil. Rf (petroleum ether) = 0.86. IR (film): ν̃ = 2954, 2927,
2858, 1685, 1600, 1554, 1494, 1461, 1376, 1175, 1014, 961, 780,
696 cm–1. 1H NMR (300 MHz, CDCl3): δ = 0.80 (m, 6 H), 1.22
(m, 8 H), 1.52 (m, 4 H), 1.90 (s, 3 H), 2.49 (t, J = 7.5 Hz, 4 H),
5.78 (d, J = 3.1 Hz, 2 H), 5.81 (dm, J = 3.1 Hz, 2 H), 7.08 (m, 2
H), 7.22 (m, 1 H), 7.28 (m, 2 H). 13C NMR (75.5 MHz, CDCl3): δ
= 14.0 (q, 2C), 22.4 (t, 2C), 25.8 (q), 27.8 (t, 2C), 28.0 (t, 2C), 31.3
(t, 2C), 46.3 (s), 104.9 (d, 2C), 107.3 (d, 2C), 126.3 (d), 127.1 (d,
2C), 128.3 (d, 2C), 145.9 (s), 155.7 (s, 2C), 156.5 (s, 2C). MS (EI):
m/z (%): 378 (7) [M+], 363 (100), 187 (12). HRMS (70 eV):
C26H34O2: calcd. 378.2559; found: 378.2554.

Synthesis of 8c: To a mixture of 2-methylfuran (102 mg, 1.24 mmol)
and 1-pentyne (42.2 mg, 620 µmol) catalyst 5 was added (20 mg,
16 µmol, 2.5 mol-%). The reaction mixture was stirred for 7 d at
50 °C. Then the mixture was purified by flash chromatography on
silica gel (petroleum ether/diethyl ether/dichloromethane, 20:0.5:1)
to provide 8c (56.2 mg, 39%) as a yellow oil. Rf (petroleum ether/
ethyl acetate, 5:1) = 0.62. IR (film): ν̃ = 2957, 2360, 1558, 1452,
1378, 1220, 1110, 1021, 941, 780, 631 cm–1. 1H NMR (300 MHz,
CDCl3): δ = 0.81 (t, J = 7.2 Hz, 3 H), 1.11 (m, 2 H), 1.47 (s, 3 H),
1.86 (m, 2 H), 2.26 (d, J = 1.0 Hz, 6 H), 5.77 (dq, J = 3.0 Hz, J =
1.0 Hz, 2 H), 5.80 (d, J = 3.0 Hz, 2 H). 13C NMR (75.5 MHz,
CDCl3): δ = 13.6 (q), 14.5 (q, 2C), 17.7 (t), 23.0 (q), 40.9 (s), 41.4
(t), 105.2 (d, 2C), 105.6 (d, 2C), 150.4 (s, 2C), 158.0 (s, 2C). MS
(EI): m/z (%): 232 (15) [M+], 190 (15), 189 (100), 84 (10), 43 (10).
HRMS (70 eV): C15H20O2: calcd. 232.1463; found 232.1464.

Synthesis of 8d: To a mixture of 2-methylfuran (205 mg, 2.50 mmol)
and 1-heptyne (120 mg, 1.25 mmol) catalyst 5 (40 mg, 31 µmol,
2.5 mol-%) was added. The reaction mixture was stirred for 7 d at
50 °C. Then the mixture was purified by flash chromatography on
silica gel (petroleum ether/diethyl ether/dichloromethane, 5:1:0.5)
to deliver 8d (153 mg, 47%) as a yellow oil. Rf (petroleum ether/
ethyl acetate/dichloromethane 5:1:0.5) = 0.71. IR (film): ν̃ = 2924,
2861, 1611, 1557, 1220, 1020, 850, 645 cm–1. 1H NMR (300 MHz,
CDCl3): δ = 0.88 (t, J = 6.8 Hz, 3 H), 1.28 (m, 6 H), 1.57 (s, 3 H),
1.97 (m, 2 H), 2.27 (d, J = 1.0 Hz, 6 H), 5.86 (dq, J = 3.0 Hz,
1.0 Hz, 2 H), 5.90 (d, J = 3.0 Hz, 2 H). 13C NMR (75.5 MHz,
CDCl3): δ = 13.6 (q, 2C), 14.0 (q), 22.5 (t), 23.0 (q), 24.0 (t), 32.2
(t), 39.0 (t), 40.9 (s), 105.2 (d, 2C), 105.7 (d, 2C), 150.4 (s, 2C),
158.6 (s, 2C). MS (EI): m/z (%): 260 (10) [M+], 190 (20), 189 (100),
84 (10), 43 (10). HRMS (70 eV): C17H24O2: calcd. 260.1776; found
260.1777.

Synthesis of 8e: To a mixture of 2-pentylfuran (300 mg, 2.17 mmol)
and 1-pentyne (73.6 mg, 1.08 mmol) catalyst 5 (35 mg, 27 µmol,
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2.5 mol-%) was added. The reaction mixture was stirred for 7 d at
50 °C. Then the mixture was purified by flash chromatography on
silica gel (petroleum ether) to yield 8e (156 mg, 42%) as a yellow
oil. Rf (petroleum ether) = 0.34. IR (film): ν̃ = 2956, 2929, 2860,
1556, 1465, 1378, 1220, 1175, 1111, 1015, 780, 629 cm–1. 1H NMR
(250 MHz, CDCl3): δ = 0.90 (m, 9 H), 1.20 (m, 2 H), 1.34 (m, 8
H), 1.56 (s, 3 H), 1.61 (m, 4 H), 1.95 (m, 2 H), 2.58 (t, J = 7.6 Hz,
4 H), 5.86 (d, J = 3.0 Hz, 2 H), 5.89 (d, J = 3.0 Hz, 2 H). 13C
NMR (75.5 MHz, CDCl3): δ = 14.0 (q, 2C), 14.5 (q), 17.8 (t), 22.4
(t, 2C), 23.1 (q), 27.7 (t, 2C), 27.8 (t, 2C), 31.3 (t, 2C), 41.1 (s),
41.7 (t), 104.7 (d, 2C), 104.9 (d, 2C), 154.9 (s, 2C), 157.8 (s, 2C).
MS (EI): m/z (%): 344 (10) [M+], 301 (100), 187 (10), 84 (10), 28
(10). HRMS (70 eV): C23H36O2: calcd. 344.2715; found: 344.2715.

Synthesis of 8f: To a mixture of 2-pentylfuran (300 mg, 2.17 mmol)
and 1-heptyne (104 mg, 1.08 mmol) catalyst 5 (35 mg, 27 µmol,
2.5 mol-%) was added. This reaction mixture was stirred for 7 d at
50 °C. Then the mixture was purified by flash chromatography on
silica gel (petroleum ether) to yield 6 (177, 44%) as a yellow oil. Rf

(petroleum ether) = 0.48. IR (film): ν̃ = 2987, 2959, 1557, 1465,
1378, 1112, 1016, 947, 779, 629, 582 cm–1. 1H NMR (300 MHz,
CDCl3): δ = 0.91 (m, 9 H), 1.30 (m, 12 H), 1.56 (s, 3 H), 1.61 (m,
6 H), 1.96 (m, 2 H), 2.58 (t, J = 7.6 Hz, 4 H), 5.86 (d, J = 3.0 Hz,
2 H), 5.88 (d, J = 3.0 Hz, 2 H). 13C NMR (75.5 MHz, CDCl3): δ
= 14.0 (q, 2C), 22.4 (q), 23.1 (t), 24.1 (t), 26.4 (q), 27.7 (t, 2C), 27.8
(t, 2C), 28.0 (t, 2C), 31.3 (t, 2C), 32.3 (t), 39.2 (t), 41.1 (s), 104.7
(d, 2C), 105.0 (d, 2C), 154.9 (s, 2C), 157.8 (s, 2C). MS (EI): m/z
(%): 372 (5) [M+], 316 (20), 301 (100), 187 (10), 43 (10), 18 (10).
HRMS (70 eV): C25H40O2: calcd. 372.3028; found: 372.3028.
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