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A range of biaryl compounds (aryl-aryl, aryl-heteroaryl, and heteroaryl-heteroaryl) can be efficiently
prepared by a palladium-catalyzed cross-coupling reaction betweenortho-substituted triarylindium reagents
and aryl halides. The triarylindium reagents are prepared by directedortho-lithiation and transmetallation
to indium from the corresponding benzene derivatives using various directed metallation groups (DMGs).
The reaction proceeds smoothly in high yields and short reaction times with high atom economy (the
three aryl groups attached to indium are efficiently transferred).

Introduction

Transition metal-catalyzed cross-coupling reactions provide
a unique methodology for carbon-carbon bond formation
between unsaturated carbon bonds.1 A representative example
of the power of this methodology is the synthesis of biaryls by
the reaction of aryl organometallics with aryl or heteroaryl
halides.2 Generally, these cross-coupling reactions are performed
using organoboron3 or organozinc reagents,4 although other

organometallics have also found some important applications.5

The resulting biaryl products are often essential building blocks
in the synthesis of pharmaceuticals, agrochemicals, and new
organic materials.6

Over the last few years, our group has been interested in the
development of new applications of indium organometallics in
organic synthesis.7 As part of this research program, we
discovered the palladium-catalyzed cross-coupling reaction of
triorganoindium compounds (R3In) with organic halides.7b-h In
this reaction, R3In showed interesting features such as high
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reactivity, efficiency, versatility, and chemoselectivity, where
all three organic groups attached to the metal were efficiently
transferred to the electrophile. In addition, a wide variety of
carbon groups (sp3, sp2, and sp) can be transferred from the
metal. The required organoindium reagents are usually prepared
by transmetallation from the corresponding magnesium or
lithium organometallics obtained from organic halides. In this
article, we wish to report the palladium-catalyzed aryl-aryl
cross-coupling reaction ofortho-substituted arylindium reagents,

which are prepared by directedortho-metallation (DoM) of aryl
and heteroaryl derivatives, with aryl and heteroaryl halides
(Scheme 1).

Results and Discussion

During the past decade, the directedortho-metallation cross-
coupling nexus has been shown as an efficient protocol for the
synthesis of biaryl compounds.8 This methodology has been
exploited with the main organometals used in cross-coupling
reactions, but the utility of organoindium remains unexplored.
For the application of this methodology to indium organome-
tallics, we started from benzene derivatives furnished with
various directed metallation groups (DMGs). As electrophiles,
we chose common aryl and heteroaryl halides.

The first candidate for theortho-metallation-transmetallation
sequence was anisole (methoxybenzene,1, Table 1). Theortho-
metallation of anisole (1.2 equiv) withs-BuLi (1.2 equiv) and
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TABLE 1. Palladium-Catalyzed Cross-Coupling Reaction ofortho-Oxygenated Triarylindium Organometallics with Aryl and Heteroaryl
Electrophilesa

a Reactions were performed using 0.4 equiv of R3In and 1 equiv of Ar′-X. b Isolated yield.c In parentheses, yields with4b (X ) OTf) as electrophile.
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TMEDA (1.2 equiv), followed by transmetallation to indium
by the addition of InCl3 (0.4 equiv), and reaction with
4-iodotoluene (3, 1 equiv), in the presence of Pd(PPh3)2Cl2 (4%)
as catalyst, afforded theortho-substituted biaryl product10a in
58% yield after 4 h. Optimizing the reaction conditions, we
observed that the use of other palladium catalysts such as Pd-
(PPh3)4 gave similar yields, but interestingly, the reaction in
the presence of Pd(dppf)Cl2 (4%) improved the yield up to 96%
in just 1 h (Table 1, entry 1). In this process, the high efficiency
of the transmetallation step together with the relatively mild
reaction conditions (THF, reflux), short reaction times, and high
atom economy are noteworthy since the three methoxyphenyl
groups attached to the indium were transferred.

After this encouraging result, the previous optimized reaction
conditions were applied to other organic electrophiles. To our
delight, we observed that tri-(2-methoxyphenyl)indium reacted
chemoselectively with 4-bromoacetophenone (4a), providing the
ortho-substituted biphenyl11a in 88% yield within 1 h (Table
1, entry 3). A similar yield was obtained using aryl triflate4b
as electrophile (85%).

One of the most important challenges in the aryl-aryl cross-
coupling reaction is the use of heteroaryls either as nucleophiles
or as electrophiles. For this reason, we studied the reactivity of
tri-(2-methoxyphenyl)indium with electron-deficient aromatic
heterocycles such as halopyridines or haloquinolines. Thus, the
cross-coupling reaction of tri-(2-methoxyphenyl)indium with
2-bromo-5-nitropyridine (5), 3-bromopyridine (6), and 3-bro-
moquinoline (7) gave the corresponding cross-coupling products
12a (78%), 13a (81%), and14a (91%), respectively, in good
yields (Table 1, entries 5, 7, and 9). In addition, the cross-
coupling reaction of the same triorganoindium reagent with
electron-rich heterocyclic halides, such as 2-bromothiophene (8)
or 2-bromothiazole (9), also provided the aryl-heteroaryl

coupling compounds15aand16a in good yields, 74 and 86%,
respectively (Table 1, entries 11 and 13). Remarkably, the results
obtained in the synthesis of heterobiaryls improved the previ-
ously reported synthesis using other organometalics.9 This set
of results demonstrates the important synthetic utility of indium
reagents and their high efficiency in the directedortho-
metallation-transmetallation-cross-coupling nexus.

In a new step forward, taking advantage of the different
groups that can be used in the directedortho-metallation, we
extended our methodology to other substituted arenes. For this
purpose, we tried theO-aryl carbamate functionality, which can
act not only as DMG but also as a leaving group in nickel-
catalyzed cross-coupling reactions with Grignard reagents.10

Under the previous experimental conditions, theortho-metal-
lation and transmetallation sequence with theO-arylcarbamate
2 also proceeded cleanly, and the palladium-catalyzed cross-
coupling reactions with all the electrophiles tested before gave
the corresponding aryl-aryl and aryl-heteroaryl coupling
products in good to excellent yields (70-99%, Table 1, entries
2, 4, 6, 8, 10, 12, and 14).

As a directing metallation group, we also employed the fluoro
group in benzene derivatives. The regioselective metallation of
1-fluoro-4-methoxybenzene (17a) under Schlosser’s condi-
tions,11 in the ortho-position to the fluorine atom,12 followed
by transmetallation to indium, and palladium-catalyzed cross-
coupling with the aryl halides3 and4aand triflate4b, afforded
the corresponding fluorobiaryls18 and 19 in excellent yields
(87-94%, Table 2, entries 1-3). In addition, the regioselective
metallation of 1-fluoro-2-methoxybenzene (17b), in theortho-
position to the fluorine atom,12 under the same conditions as
before, followed by transmetallation to indium and palladium-
catalyzed cross-coupling with aryl iodide3, aryl bromide4a,
or aryl triflate4b, afforded the corresponding fluorobiaryls20
and21 in high yields (88-96%, Table 2, entries 4-6).

The excellent results obtained in the cross-coupling reactions
of ortho-substituted arylindium organometallics with aryl and
heteroaryl electrophiles led us to extend the scope of these
reactions by studying their reactivity with nonaromatic elec-
trophiles such as vinyl triflates, which are useful electrophiles
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Supporting Information.

TABLE 2. Palladium-Catalyzed Cross-Coupling Reaction of
ortho-Fluorinated Triarylindium Organometallics with Aryl
Electrophilesa

a Reactions were performed using 0.4 equiv of R3In and 1 equiv of
Ar′-X. PMDTA: N,N,N′,N′,N′′-pentamethyldiethylenetriamine.b Isolated
yield.
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in cross-coupling reactions.13 As a representative example of
this type of compound, we chose vinyl triflate22. As shown in
Scheme 2, the palladium-catalyzed cross-coupling reaction of
the ortho-substituted organoindium reagents derived from
anisole (1), carbamate2, and fluorides17aand17b, with vinyl
triflate 22 (0.4 equiv), afforded the corresponding coupling
products in high yields (86-99%) and short reaction times (2-4
h). These results show the ability of arylindium reagents to
couple with alkenyl triflates, providing new attractive com-
pounds for organic synthesis.

Although the use of heteroaryl compounds as electrophiles
in cross-coupling reactions is quite common, the examples using
heteroaryls as nucleophiles is more limited. To fill this gap, we
investigated the reactivity of heteroarylindium reagents gener-
ated by DoM in cross-coupling reactions. For this purpose, we
chose the indole and pyridinyl rings, important motifs in
medicinal chemistry.14

The synthesis of 2-arylindoles had been traditionally per-
formed by de novo construction of the indole nucleus,15 despite

that the cross-coupling reaction may constitute an efficient way
to prepare such compounds.16,17 Unfortunately, the Stille
coupling using 2-indolylstannanes proceeds with moderate
yields,16 and the Suzuki coupling with 2-indolylboronic acids
takes place with someN-deprotection.17 In our case, theN-Boc-
protected indole24 was efficiently and regioselectively meta-
lated at the C-2 position withn-BuLi and transmetallated with
InCl3 (0.4 equiv), and the palladium-catalyzed cross-coupling
reaction with 4-iodotoluene (3) afforded the 2-arylindole25 in
80% yield (Table 3, entry 1). This methodology was successfully
extended to other aryl and heteroaryl halides. Thus, the reaction
with acetophenones4aor 4b afforded the cross-coupling product
26 in 76% yield (Table 3, entries 2 and 3). Additionally, the
cross-coupling reaction using heteroaromatic electrophiles (py-
ridines 5 and 6, quinoline 7, thiophene8, and thiazole9)
provided an interesting set of 2-heteroarylindoles (27-31) in
good yield (70-93%, Table 3, entries 4-8).

Finally, we also studied the preparation of pyridinylindium
reagents, byo-lithiation and transmetallation to indium, and their
utility as nucleophiles in cross-coupling reactions. The examples
using the pyridinyl nucleus as substrate for DoM are rare18 since
the method of choice for the metallation is the halogen-metal
exchange reactions.19 In our case, the treatment of 2-methoxy-
pyridine (32, Table 4) with LDA at 0 °C,18 followed by
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TABLE 3. Palladium-Catalyzed Cross-Coupling Reaction of
Tri-( N-Boc-2-indolyl)indium with Aryl and Heteroaryl Electrophiles a

a Reactions were performed using 0.4 equiv of R3In and 1 equiv of
Ar-X. b Isolated yield.

TABLE 4. Palladium-Catalyzed Cross-Coupling Reaction of
Tri-(2-Methoxy-3-pyridinyl)indium with Aryl and Heteroaryl
Electrophilesa

a Reactions were performed using 0.4 equiv of R3In and 1 equiv of
Ar-X. b Isolated yield.
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transmetallation to indium and a palladium-catalyzed cross-
coupling reaction with 4-iodotoluene (3), afforded 2-methoxy-
3-tolylpyridine (33, Table 4, entry 1) in 67% yield. In addition,
the reactions using 4-bromoacetophenone (4a), 3-bromopyridine
(6), and 3-bromoquinoline (7) as electrophiles afforded the
corresponding heterobiaryls34-36 in good yield (65-73%,
Table 4, entries 2-4). Remarkably, these results improve the
metallation-transmetallation-cross-coupling sequence previ-
ously reported in the preparation of the analogous boronic esters
from 2-methoxypyridine.18 In conclusion, the examples shown
with the pyridinylindium and indoylindium reagents demonstrate
the ability of indium organometallics to transfer heterocyclic
aromatic groups in palladium-catalyzed cross-coupling reactions.

Conclusion

In summary, this work establishes that arylindium reagents
can be efficiently prepared from substituted arenes and het-
eroarenes byortho-metallation and transmetallation to indium.
The palladium-catalyzed aryl-aryl cross-coupling reaction of
the preformed arylindium reagents with aryl and heteroaryl
halides provides an interesting body ofortho-substituted biaryl
compounds (aryl-aryl, aryl-heteroaryl, and heteroaryl-het-
eroaryl) in good yields. The reaction proceeded under relatively
mild conditions, with short reaction times and high atom
efficiency since the three organic groups attached to the metal
were transferred to the electrophile. Therefore, the results
obtained can be successfully compared with those obtained using
the most usual organometallics in cross-coupling reactions and
confirm indium organometallics as an important tool for the
synthesis of biaryl and heterobiaryl compounds.

Experimental Section20

Triorganoindium Reagents.The triarylindium compounds were
prepared, by treatment of the corresponding aryllithium species (3
equiv, ∼0.5 M in dry THF) with a solution of InCl3 (1.1 equiv,
∼0.05 M in dry THF) at-78°C and warming to room temperature.

The aryllithium reagents were prepared, according literature
procedures, as follows: organolithium reagents derived from anisole
(1)21 andp-tolyl diethylcarbamate (2)22 were prepared by dropwise
addition ofs-butyllithium (1.0 equiv, 1.4 M in cyclohexane) to a
solution of1 or 2 (1.0 equiv,∼0.5 M in dry THF) andN,N,N′,N′-
tetramethylethylenediamine (1.0 equiv) at-78 °C and stirring for
2 h. Theo-lithiation of 4- and 2-fluoroanisole (17aand17b)11 was
performed by treatment of a solution of17a or 17b (1.0 equiv,
∼0.5 M in dry THF) with n-butyllithium (1.0 equiv, 2.5 M in
hexanes) at-78 °C, followed by the addition ofN,N,N′,N′,N′′-
pentamethyldiethylenetriamine (1.0 equiv) and stirring for 2 h. The
N-(t-butoxycarbonyl)indole (24) was lithiated16a by the dropwise
addition of a solution ofn-butyllithium (1.0 equiv, 2.5 M in
hexanes) to a solution of24 (1.0 equiv,∼0.5 M in dry THF) at
-78 °C and stirring for 2 h at thesame temperature. Lithiation of
2-methoxypyridine (32)18b was performed by slow addition of a
solution of32 (1.0 equiv, 1.7 M in dry THF) to a solution of LDA
(1 equiv, 1.3 M in dry THF) at 0°C and stirring for 1 h at the
same temperature.

General Procedure for the Palladium-Catalyzed Cross-
Coupling Reaction ofortho-Substituted Tri[(hetero)aryl]indium
Organometallics with Aryl and Heteroaryl Electrophiles. To a
solution of Pd(dppf)Cl2 (33 mg, 0.04 mmol) and the electrophile
(1 mmol) in dry THF (4 mL), a solution of R3In (0.4 mmol,∼0.04
M in dry THF) was slowly added. The resulting mixture was
refluxed until the starting material was consumed (1-4 h, TLC
monitoring). The reaction was quenched by the addition of a few
drops of MeOH, the mixture was concentrated in vacuo, and Et2O
(25 mL) was added. The organic phase was washed with saturated
aq NH4Cl (15 mL), dried, filtered, and concentrated in vacuo. The
residue was purified by flash chromatography to afford, after
concentration and high vacuum-drying, the corresponding biaryl
products.
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