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ABSTRACT

An efficient palladium-catalyzed cross-coupling of indium homoenolate with aryl halide is described. The reactions proceeded efficiently in
DMA at 100 °C to afford the desired products of �-aryl ketones in moderate to good yields. Various important functional groups including
COR, COOR, CHO, CN, OH, and NO2 can be well tolerated in the protocol.

Transition-metal-catalyzed cross-coupling of organometallic
reagents with various electrophiles constitutes one of the most
important methods for the construction of the C-C bond.1

Among the various organometallic reagents developed,
organoindium reagents, because of their wide compatibility
with various functional groups such as hydroxyl, carbonyl,
and even water,2-8 have emerged as an important alternative
to other reactive organometallic species such as organomag-
nesium and organozinc reagents. The first cross-coupling of
an organoindium reagent with an aryl halide was pioneered
by Sarandeses employing a triorganoindium reagent (R3In,

prepared via transmetalation of RLi or RMgX with InCl3)
in THF.9,10 Recently, Knochel,2,3 Minehan,4 Chupak,5 and
Yamamoto6 have reported efficient methods for the direct
syntheses of benzyl and/or aryl indium reagents from
organohalides and their applications in palladium-catalyzed
cross-coupling with aryl halides.

More recently, our group8 has reported an efficient method
for the synthesis of water-tolerant, ketone-type indium
homoenolate11-13 via oxidative addition of an indium(I)
reagent to enone in aqueous media, and the synthetic utility
of the indium homoenolate was demonstrated by the
synthesis of a 1,4-dicarbonyl compound via palladium-
catalyzed coupling with acid chloride in THF. In continuation
of our further efforts in developing the synthetic utility of
the indium homoenolate in organic synthesis, we aimed at
achieving the transition-metal-catalyzed cross-coupling of the
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indium homoenolate with an aryl halide. However, owing
to the low reactivity of the indium homoenolate, our attempt
to carry out the palladium-catalyzed coupling of the indium
homoenolate with an aryl halide in THF failed. The reaction

proceeded sluggishly under the above conditions to furnish
the desired product in <5% yield. In order to circumvent
the problem, a more comprehensive study was carried out.
Herein, we report an efficient palladium-catalyzed cross-
coupling of the indium homoenolate with various aryl halides
in DMA. The reactions proceeded efficiently at 100 °C to
afford the desired products of �-aryl ketones in moderate to
good yields with wide functionality compatibility.14

Initially, various organic solvents were screened in order
to optimize the reaction conditions for the palladium-
catalyzed coupling of indium homoenolate 1a with 4-io-
doacetophenone (2a). As shown in Table 1, the coupling
reaction utilizing PdCl2(PPh3)2 (5 mol %) as a catalyst
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Table 2. Screening of Palladium Catalystsa

entry catalyst yield (%)b

1 PdCl2(PPh3)2 (5 mol %) 93
2 Pd(OAc)2 (5 mol %), Me-Phos (10 mol %) 73
3 Pd(dppf)Cl2 (5 mol %) 76
4 Pd2(dba)3 (2.5 mol %), PPh3 (10 mol %) 70
5 Pd(PhCN)2Cl2 (5 mol %), PPh3 (10 mol %) 76
6 Pd(PPh3)4 (5 mol %) 81
a Unless otherwise noted, the reactions were carried out at 100 °C for

24 h using indium homoenolate 1a (0.3 mmol), aryl iodide 2a (0.5 mmol),
Pd cat. (0.025 mmol), phosphine ligand (0.05 mmol), LiCl (1 mmol), and
DMA (3 mL). b Isolated yield based on aryl iodide 2a as limiting reagent.

Table 1. Screening of Organic Solventsa

entry solvent yield (%)b

1 THFc <5
2 1,4-dioxane <5
3 toluene <5
4 n-PrOHc <5
5 CH3NO2 0
6 H2O <10
7 NMP 85
8 DMSO 87
9 DMF 78
10 DMA 93

a Unless otherwise noted, the reactions were carried out at 100 °C for
24 h using indium homoenolate 1a (0.3 mmol), aryl iodide 2a (0.5 mmol),
PdCl2(PPh3)2 (0.025 mmol), LiCl (1 mmol), and solvent (3 mL). b Isolated
yield based on aryl iodide 2a as limiting reagent. c Under refluxing
conditions.
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proceeded sluggishly in commonly used organic solvents
such as THF, 1,4-dioxane, toluene, n-propanol, nitromethane,
and water (Table 1, entries 1-6). In sharp contrast, the cross-
coupling was dramatically enhanced by employing polar
organic solvent such as NMP, DMSO, DMF, and DMA
(Table 1, entries 7-10). Optimal results were obtained when

DMA was employed as the reaction solvent, affording the
desired product 3a in 93% yield (Table 1, entry 10).

Next, various palladium catalysts were employed to
investigate their efficiency in the cross-coupling reactions.
As shown in Table 2, all the palladium catalysts screened in
the reactions could efficiently catalyze the cross-coupling to
furnish the desired product 3a in good to excellent yields.
Among them, the use of PdCl2(PPh3)2 (5 mol %) as the
catalyst afforded the product 3a with an excellent yield of
93% (Table 2, entry 1). Thus, the following cross-coupling
reactions were chosen to be carried out at 100 °C for 24 h
using PdCl2(PPh3)2 as the catalyst, LiCl as an additive, and
DMA as the solvent.

With the optimized reaction conditions in hand, we
continued our task on the exploration of the reaction substrate
scope. As shown in Table 3, the cross-coupling of indium
homoenolate with various aryl halides proceeded efficiently
under optimized conditions to furnish the �-aryl ketones in
moderate to good yields. A range of important functional
groups which were sensitive to organomagnesium and/or
organozinc reagents can be well tolerated in the cross-
coupling reactions. For instance, functional groups including
COR, NO2, CN, COOR, and CHO were compatible to the
reaction conditions. Especially noteworthy, the reactions
using substrates 2e and 2k bearing a free hydroxyl group
occurred smoothly without any protection, generating the
cross-coupling products 3e and 3k in acceptable yields of
62 and 60%, respectively (Table 3, entries 5 and 11). In
addition, heterocyclic halides such as 2g, 2h, and 2l can be
employed in the reactions as well (Table 3, entries 7, 8, and
12). Furthermore, less reactive aryl chloride 2n was also
proven as a good candidate for the coupling reaction leading
to the expected product 3j in 60% yield (Table 3, entry 14).

Next, we turned our attention to the cross-coupling of aryl
iodide 2a with a range of indium homoenolates. As shown
in Table 4, both aliphatic substituted indium homoenolates
(entries 1 and 2) and aromatic substituted indium homoeno-

Table 3. Substrate Scope Studya

a The reactions were carried out at 100 °C for 24 h using indium
homoenolate 1a (0.3 mmol), ArX 2 (0.5 mmol), PdCl2(PPh3)2 (0.025 mmol),
LiCl (1 mmol), and DMA (3 mL). b Isolated yield based on ArX 2 as limiting
reagent.

Table 4. Substrate Scope Studya

entry R R’ product 3 yield (%)b

1 Et H 3a 93
2 n-pentyl H 3m 77
3 Ph H 3n 82
4 4-ClC6H4 H 3o 85
5 2-thienyl H 3p 70
6 Ph Me 3q 69

a The reactions were carried out at 100 °C for 24 h using indium
homoenolate 1 (0.3 mmol), ArI 2a (0.5 mmol), PdCl2(PPh3)2 (0.025 mmol),
LiCl (1 mmol), and DMA (3 mL). b Isolated yield based on ArI 2a as
limiting reagent.
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lates (entries 3-5) worked well in our protocol, leading to
good isolated yields of the corresponding products. Ad-
ditionally, an indium homoenolate possessing a methyl group
at R-position to the carbonyl group also can be effectively
converted to give the desired product 3q in 69% yield (Table
4, entry 6).

In summary, an efficient palladium-catalyzed cross-
coupling of indium homoenolates with various aryl halides
in DMA was described. The reactions proceeded efficiently
to afford the desired products of �-aryl ketones in moderate
to good yields. Various functional groups including COR,

COOR, CHO, CN, OH, and NO2 can be well tolerated in
the protocol which renders the method synthetically useful
in organic synthesis. Further studies pertaining to the
synthetic utility of the indium homoenolate in organic
synthesis are currently underway.
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