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ABSTRACT

Treatment of aryl and vinyl halides with 50 mol % of 100 mesh indium, 2.5 mol % of Pd −C, and 1.5 equiv of LiCl under mild conditions (DMF,
100 °C, 1−3 h) could produce coupling products efficiently in good to excellent yields in which the C sp2−Csp2 bond was formed. This reagent
worked equally well with both intermolecular and intramolecular coupling reactions, producing a variety of biaryls, 1,3-dienes, and cyclic
compounds.

The Csp2-Csp2 bond formation is one of the most useful
reactions in organic synthesis.1 Traditionally, copper-
catalyzed coupling reactions of aryl and vinyl halides have
been extensively used for the formation of biaryls and 1,3-
dienes.2 However, the use of high temperatures (neat,>200
°C), poor substrate scope, and the need to use stoichiometric
amounts of copper reagents have limited the utility of these

reactions in some cases.2 Ullmann reductive coupling reac-
tions of aryl, heteroaryl, and alkenyl halides proceeded with
copper(I) thiophene-2-carboxylate and substrates possessing
a coordinatingortho substituent at room temperature.3

Although nickel in the presence of reducing agents such as
zinc, LiH, and NaH has been applied in the Ullmann reaction,
excess use of reducing agents and additives makes functional
group tolerance narrow.4 Pd-mediated coupling reactions of
aryl and vinyl halides reported to date require inconvenient
reaction conditions to regenerate Pd(0) species, high tem-
perature, several specific ligands, and additives.5 Thus, over-
coming the harsh conditions typically required for Ullmann
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reaction and a simple and general procedure for the coupling
reactions of aryl and vinyl halides has remained elusive.
Described herein is the novel Pd-catalyzed coupling reaction
of aryl and vinyl halides mediated by indium.

The activity of several Pd complexes and In was initially
examined in coupling reactions of 4-iodoanisole (Table 1).

Of the catalytic systems screened, the best results were
obtained with 2.5 mol % of Pd-C and 50 mol % 100 mesh
indium in the presence of 1.5 equiv of LiCl in DMF (0.5
M) at 100 °C for 2.5 h under a nitrogen atmosphere,
producing 4,4′-dimethoxy-1,1′-biphenyl in quantitative yield
(98%) (entry 10). Control experiments revealed that no
coupling reaction was observed in the absence of 100 mesh
indium and Pd-C (entry 8). Although coupling reactions of
alkyl and aryl iodides in the presence of small slices of
indium (DMF, reflux, 8-15 h) produced bialkyls and
biaryls,6 treatment of 4-iodoanisole with 1 equiv of 100 mesh
indium in DMF (0.25 M) gave only anisole in 98% yield.
The use of stoichiometric amounts of indium accelerated the
coupling reaction (entry 6), and 10 mol % of indium resulted
in sluggish reaction and gave lower yields for 24 h (entry
9). One hundred mesh indium afforded better results than
InI and InCl.7 The rate of coupling reactions was decreased

and reduction product (anisole) was produced without LiCl.
DMF was the best solvent among several reaction media
(DMF, THF, PhCH3, CH3CN, THF-H2O, and DMF-H2O)
that were screened.

To demonstrate the efficiency and scope of the present
methods, we applied cat-Pd and In to a variety of aryl and
vinyl halides. Both electron-rich (entries 3-7) and electron-
deficient (entries 1-2 and 8-17) aryl halides were suitable
substrates for these reactions to provide the corresponding
biaryls in good to excellent yields; the rates and yields of
reactions were comparable except 1-naphthyl bromide (16
h, entry 2). The results are summarized in Table 2. Under

the optimized conditions, 4-iodophenol and ethyl 4-iodo-
benzoate gave coupling products in 87% and 88% yield,
respectively (entries 7 and 8). Aldehyde and keto groups are
tolerated on the aryl iodide components (entries 12 and 13).
Treatment of 4-chloro-1-iodobenzene with cat-Pd and In in
the presence of LiCl gave 4,4′-dichloro-1,1′-biaryl in 91%
yield (entry 14). Heteroatoms turned out to be compatible
with the employed reaction conditions (entries 15-17). The
coupling reaction of 3-iodopyridine afforded 3,3′-dipyridyl
in 89% yield (entry 17).

Extension of this coupling reaction to vinyl bromides has
yielded promising results (Table 3). 2-Bromo-1-octene
reacted with cat-Pd and In in the presence of LiCl to give
2,3-di-n-hexyl-1,3-butadiene in 92% yield in DMF for 2 h
(entry 1). R-Bromo- and R-chlorostyrene produced 2,3-
diphenyl-1,3-butadiene in 93% and 89% yields for 2 h,
respectively (entries 2 and 3).p-Bromo-R-bromostyrene
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Table 1. Optimization of Coupling Reactions of 4-Iodoanisolea

entry cat-Pd conversion time (h) GC yieldb (%)

1 Pd(PPh3)4 100 2.5 94
2 Pd(OAc)2 100 1 95
3 Pd2dba3CHCl3 100 1 93
4 (π-ally)2Pd2Cl2 100 1 96

5c Pd(OAc)2 100 1 96
6 Pd-C 100 1 95
7 Pd-C 87 40 31d

8e Pd-C 0 40 0
9f Pd-C 23 24 20

10g Pd-C 100 2.5 98
11g,h Pd-C 100 4 72

a Reaction performed in the presence of 2.5 mol % of Pd catalyst, 1.0
equiv of 100 mesh In, and 1.5 equiv of LiCl in DMF (0.5 M).b GC yields
were obtained on the basis of an internal standard (dodecane).c 50 mol %
of trifurylphosphine was used as ligand.d Reaction performed at 34°C.
e In was not used.f 10 mol % of In was used.g 50 mol % of In was used.
h 1 mol % of Pd/C was used.

Table 2. Coupling Reactions of Aryl Halides

entry aryl halides product time (h) yielda (%)

1 1-I-Naph (1-Naph)2 2.5 87 (96)
2 1-Br-Naph (1-Naph)2 16 90 (97)b

3 4-n-Bu-Ph-I (4-n-Bu-Ph)2 2.5 85 (95)
4 4-MeO-Ph-I (4-n-MeO-Ph)2 2.5 91 (98)
5 3-MeO-Ph-I (3-n-MeO-Ph)2 2.5 86 (94)
6 2-MeO-Ph-I (2-n-MeO-Ph)2 3 81 (84)c

7 4-HO-Ph-I (4-n-HO-Ph)2 2.5 87 (97)
8 4-Et2OC-Ph-I (4-Et2OC-Ph)2 2 88 (95)
9 3-Et2OC-Ph-I (3-Et2OC-Ph)2 2.5 86 (95)

10 4-F3C-Ph-I (4-CF3-Ph)2 2 92 (94)
11 2-F3C-Ph-I (2-CF3-Ph)2 2.5 85 (93)
12 4-OHC-Ph-I (4-OHC-Ph)2 3 87 (95)d

13 4-Ac-Ph-I (4-Ac-Ph)2 2.5 88 (95)
14 4-Cl-Ph-I (4-Cl-Ph)2 2 91 (98)
15 2-I-C4H3S (2-I-C4H3S)2 1.5 92 (97)
16 2-I-Py (2-I-Py)2 1.5 86 (96)
17 3-I-Py (3-I-Py)2 3 89 (95)

a Isolated yield. The numbers of parentheses indicate NMR yields
obtained on the basis of an internal standard (dodecane).b 2.5 mol % of
(π-allyl)2Pd2Cl2 and 1 equiv of In were used.c 5 mol % of (π-allyl)2Pd2Cl2
was used. Anisole was detected in 16% yield in GC.d 5 mol % of Pd-C
was used. Benzaldehyde was detected in 5% yield in GC.
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selectively afforded 2,3-di(p-bromophenyl)-1,3-butadiene,
which is the coupling product of vinyl halide, in 88% yield
under the present conditions (entry 9). This result implies
that vinyl bromide is more reactive than aryl bromide in
coupling reactions.trans-â-Bromostyrene producedtrans,-
trans-1,4-diphenyl-1,3-butadiene in 91% yield (entry 11).
2-Iodo-2-cyclohexen-1-one was treated with cat-Pd, In, and
LiCl to give the desired product in 85% yield (entry 14).

Intramolecular vinyl and aryl coupling reactions proceeded
smoothly to produce five to seven-membered rings in good
yields under the present conditions (Table 4). Intramolecular
coupling reaction of vinyl bromide produced 1,3-diene in
69% yield (entry 1). 2-Bromoallylo-iodobenzyl ether in
which aryl iodide and vinyl bromide were tethered was
cyclized to give the desired product in 91% yield (entry 2).
Symmetrical seven-membered-ring biaryl was obtained in
77% yield using cat-Pd, In, and LiCl in DMF (0.05 M) for
3 h at 100 °C (entry 3).

Although the mechanism of the coupling reactions has not
been established, we believe that this transformation most
likely proceeded via a direct electron transfer from indium
to palladium(II) which completed the catalytic cycle (Scheme
1). In addition, potential for single electron transfer to
generate radical or arylindium species can be considered.

In conclusion, we have demonstrated that treatment of aryl
and vinyl halides with 50 mol % of 100 mesh indium, 2.5
mol % of Pd-C, and 1.5 equiv of LiCl under mild conditions

(DMF, 100 °C, 1-3 h) could produce coupling products
efficiently in good to excellent yields in which Csp2-Csp2

bond was formed. This reagent worked equally well with
both intermolecular and intramolecular coupling reactions,
producing a variety of biaryls, 1,3-dienes, and cyclic
compounds.
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Table 3. Coupling Reactions of Vinyl Halides

a Isolated yield.b R-Chlorostyrene was used.c Reduction product was
isolated in 3% yield.d Ratio of trans,transand trans,cisproduct) 1.2:1.
Reaction time: 12 h.e Ratio ofcis,cisandcis,transproduct) 1.7:1. Reaction
time: 6 h.

Table 4. Intramolecular Vinyl and Aryl Coupling Reactions

a Isolated yield. Reaction performed in the presence of 2.5 mol % of
Pd-C, 50 mol % In and 1.5 equiv of LiCl in DMF (0.5 M) at 100°C.
b 0.05 M in DMF.

Scheme 1. Proposed Catalytic Cycle
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