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The [(E,E,E)-1,6,11-tris(p-toluenesulfonyl)-1,6,11-
triazacyclopentadeca-3,8,13-triene]Pd(0) complex in the

hydroarylation of alkynes in ionic liquids.
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Abstract—The hydroarylation of alkynes can be successfully conducted in 1-butyl-3-methylimidazolium tetrafluoroborate
([bmim]BF4) in the presence of the [(E,E,E)-1,6,11-tris(p-toluenesulfonyl)-1,6,11-triazacyclopentadeca-3,8,13-triene]Pd(0) complex.
The catalytic ionic solution can be recycled for reuse in subsequent reaction runs. The procedure has been applied to the
preparation of 3-arylquinolines through a domino hydroarylation/cyclization process. © 2002 Elsevier Science Ltd. All rights
reserved.

The employment of room temperature ionic liquids in
synthesis is emerging as an attractive alternative to that
of classical molecular organic solvents. Some of their
properties (no detectable vapor pressure, possible recy-
cling, easy separation from the products, thermal
robustness) make them promising candidates for the
development of environmentally friendly synthetic
methodologies. To date, a variety of reactions have
been successfully carried out in these solvents,1 and
many of them describe the utilization of palladium
catalysis,2 thus establishing the feasibility of homo-
geneous palladium-catalyzed reactions in ionic liquids.

Our palladium-catalyzed hydroarylation and
hydrovinylation reaction represents a useful tool for
organic synthesis. The reaction has been examined with
�,�-unsaturated carbonyl compounds,3 norbornene
derivatives,4 and alkynes.5 Sequential hydroarylation
(hydrovinylation)/cyclization processes have been devel-
oped into new approaches to functionalized
butenolides,6 quinolines7 and chromenes.8 Intramolecu-
lar versions of the reactions have also been described.9

Here we wish to report that the palladium-catalyzed
hydroarylation of alkynes can be conducted in 1-butyl-
3-methylimidazolium tetrafluoroborate ([bmim]BF4),10

a room temperature ionic liquid reported to be virtually
insoluble in alkanes and diethyl ether but to dissolve
many organic and organometallic compounds, in the
presence of the [(E,E,E)-1,6,11-tris(p-toluenesulfonyl)-
1,6,11-triazacyclopentadeca-3,8,13-triene]Pd(0) com-
plex11 (Scheme 1); the catalyst/ionic liquid system can
be successfully reused in subsequent reaction runs.12,13

Initial attempts were made subjecting p-iodoanisole to
diphenylacetylene in the presence of triethylamine, for-

Scheme 1.
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mic acid and classical Pd(0) donors such as Pd(PPh3)4

or Pd2(dba)3 at 80°C for 8 h. With Pd(PPh3)4 the
desired hydroarylation derivative was isolated only in
41% yield. Employing Pd2(dba)3 increased the yield up
to 82%, but a significant drop was observed on the first
recharge (59% yield). Switching to [(E,E,E)-1,6,11-
tris(p-toluenesulfonyl)-1,6,11-triazacyclopentadeca-3,8,
13-triene]Pd(0) produced the corresponding hydroaryla-
tion product in 89% yield (comparable to the 92% yield
obtained with the same catalyst system in DMF) and,
what is more, allowed an extensive recycling of the
ionic catalyst solution (vide infra). Keeping all the other
parameters the same but substituting 1-butyl-3-
methylimidazolium hexafluorophosphate ([bmim]PF6)
for [bmim]BF4 produced the hydroarylation product in
41% yield, and the yield on the first recharge was only
25%. Therefore, [bmim]BF4 was used as the solvent
when the procedure was extended to include other aryl
iodides. The unoptimized yields and stereoselectivity
were usually satisfactory (Table 1).

The extension of the procedure to develop a domino
hydroarylation/cyclization process was also investigated
and the formation of substituted quinolines from 3,3-
die-1-phenyl-1-propyne 5 and aryl iodides was chosen

as the model reaction. The reaction (Scheme 2) pro-
ceeds in a straightforward fashion, producing quinoline
derivatives in good overall yield and satisfactory
regioselectivity. The new carbon–carbon bond is
formed preferentially at the carbon bearing the acetal
group and 3-arylquinolines 6 were isolated as the main
products (Table 2).

One of the main tasks of this research effort was to
develop an efficient procedure for recycling the catalyst/
ionic liquid system. Therefore, we investigated the num-
ber of times that we could reuse the ionic catalytic
solution by employing the reaction of diphenylacetylene
with p-iodoanisole and ethyl p-iodobenzoate, models of
electron-donating and electron-withdrawing aryl
iodides. As shown in Table 3, the solution containing
the catalytically active palladium species can be used at
least six times with essentially no loss of activity with
p-iodoanisole and only a modest decrease in activity
with ethyl p-iodobenzoate.

Scheme 2.

Table 1. The hydroarylation of diphenylacetylene in
[bmim]BF4 in the presence of [(E,E,E)-1,6,11-tris(p-toluene-
sulfonyl)-1,6,11-triazacyclopentadeca-3,8,13-triene]Pd(0)a

Aryl iodide 2 3 yield%bEntry E :ZcReaction
time (h)

1 p-MeO-C6H4-I 8 89d 94:6
95:560 59d2 m-MeOC6H4-I

p-F-C6H4-I 4803 45 �99:1
p-MeCO-C6H4-I 244 �99:136

91:977245 p-EtOOC-C6H4-I
246 p-EtOOC-C6H4-I 91:969d

m-EtOOC-C6H4-I 487 70 94:6
88:128 79 352-NO2-4-Me-C6H3-I

a Unless otherwise stated, reactions were carried out at 80°C using the
following molar ratios: 1:2:Et3N:HCOOH:[Pd]=1:2:2:1.5:0.02.

b Yields refer to single runs and are given for isolated products. All
products had satisfactory elemental analyses, and their spectra were
consistent with the postulated structures.

c Calculated by NMR analysis.
d 1:2:Et3N:HCOOH:[Pd]=1:1.5:2:1.5:0.02.

Table 3. Recycling studies for the reaction of Scheme 1

Yield% (with ethylYield% (withNumber of
p-iodoanisole)cycles p-iodobenzoate)

1st 7789
892nd 83

3rd 85 72
72744th

705th 69
86 586th

Table 2. Synthesis of 3-arylquinolines in the presence of [(E,E,E)-1,6,11-tris(p-toluenesulfonyl)-1,6,11-triazacyclopentadeca-
3,8,13-triene]Pd(0)a

Reaction time (d)Entry Yield% of 6bAryl iodide 2 Yield% of 7b 6/7

86:149561 6p-MeO-C6H4-I
p-Me-C6H4-I 3 67 12 85:152

13673p-F-C6H4-I3 84:16
34 79:212174p-EtOOC-C6H4-I

a Reactions were carried out at 60°C using the following molar ratios: 1:2:Et3N:HCOOH:[Pd]=1:2.4:3:2:0.025.
b Yields refer to single runs and are given for isolated products. All products had satisfactory elemental analyses, and their spectra were consistent

with the postulated structures.



S. Cacchi et al. / Tetrahedron Letters 43 (2002) 5537–5540 5539

In summary, we have demonstrated that the [(E,E,E)-
1,6,11 - tris(p - toluenesulfonyl) - 1,6,11 - triazacyclopenta-
deca-3,8,13-triene]Pd(0) complex can be successfully
employed for the hydroarylation of alkynes in 1-butyl-
3-methylimidazolium tetrafluoroborate ([bmim]BF4)
and that the palladium-containing catalytically active
species, ‘‘immobilized’’ in the ionic liquid, can be reused
for subsequent runs with little loss in activity.
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mann, W. A. Chem. Eur. J. 2000, 6, 1017–1025; (h)
Reetz, M. T.; Westermann, E. Angew. Chem., Int. Ed.
Engl. 2000, 39, 165–168; (i) Howarth, J.; Dallas, A.
Molecules 2000, 5, 851–855; (j) Xu, L.; Chen, W.; Xiao, J.
Organometallics 2000, 19, 1123–1127; (k) Calò, V.; Nacci,
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