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The palladium-mediated coupling reaction between triorga-
noindium reagents and organic electrophiles is extended to
the synthesis of heteroaromatic compounds. Both electron-
rich and electron-poor heterocycles can act as the organic
electrophile or as the organoindium derivative.

Compounds with a direct heterocycle-(hetero)cycle linkage
are of widespread interest because of their ubiquitous applica-
tions. A great variety of such structures display biological
activity. Thus, the alkaloid nicotine, the penicillin cloxacillin,
the iron-chelating ligand desferrithiocin, the benzodiazepine
bromazepam, and the angiotensin II receptor antagonist losartan
are only a few examples of natural or synthetic drugs.1 Other
compounds are also used as ligands or dyes for different
purposes.2

Different coupling procedures have been described to achieve
a direct heteroaromatic-(hetero)aromatic linkage. Thus, for
example, Stille and Suzuki couplings are useful approaches,3

although yields are highly dependent on the choice of catalyst,
ligands, solvent, and additives in the former.4 Also, other metal-

mediated couplings have been used.5 However, we have paid
attention to the palladium-catalyzed coupling reaction between
triorganoindium reagents and organic electrophiles,6 which is
an atom-efficient process characterized by its high reactivity,
efficiency, versatility, and chemoselectivity. An additional
benefit of this reaction is the apparent low toxicity associated
with indium, as opposed to tin, which is a major concern
nowadays. In regard to aromatic couplings, this reaction has
been confined to couplings in which one or both partners are
phenyl or naphthyl rings. Only a few works used a heteroaro-
matic moiety, i.e., pyridine or thiophene, as the organic
electrophile.7

Recently, a work has appeared dealing with indium-mediated
biaryl formation, in which the preparation of symmetrical biaryls
based on pyridine or thiophene is described.8 Here, we wish to
report the extension of this reaction to the one-pot cross-coupling
between electron-rich and electron-poor heteroaromatics.

First, we decided to study the influence of the catalyst and
the leaving group in the cross-coupling of heteroaromatics. As
a reaction model we selected the coupling between tris(thienyl)-
indium and a 3-substituted pyridine (Table 1). Tris(thienyl)-
indium was prepared starting from commercially available
thienyllithium by treatment with indium(III) chloride. Best
results were obtained by using a slight excess (ca. 20%) of the
electrophile, in accord with Sarandeses’ finding that triorga-
noindium reagents efficiently transfer all three ligands. Entries
1-3 of Table 1 show that the best catalyst is tetrakis-
(triphenylphosphine)palladium. Entries 3-5 indicate that the
best leaving group is iodine. The low yield obtained with triflate-
substituted pyridine is noteworthy. In this case, 2,2′-bisthienyl
2 (see Table 2), obtained by a homocoupling process, was also
obtained in 47% yield.

With the previous results in mind, we have examined the
coupling of tristhienylindium reagents with (hetero)aromatic
electrophiles, obtaining the cross-coupled products in high yield
(Table 2, entries 1-3), with the exception of 1-methyl-5-(2-
thienyl)pyrazole4 (entry 4). These results compare favorably
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with those obtained for other thiophene-thiophene5a,9 or
thiophene-pyridine couplings.4,5b,10

In a similar way, we have investigated the coupling of
trispyridylindium with some halogenated (hetero)aromatics
(Table 3). In this case, yields are somewhat lower than in the
thiophene series. The high yield in the homocoupling process
is noteworthy (entry 2).5b,8 However, yields for cross-coupling
are not so high (entries 1, 3, and 4). It is important to mention
that in our hands the best conditions for lithium-chlorine

exchange were using 2 equiv oftert-butyllithium according to
a published procedure.11 The use of butyllithium afforded
somewhat lower yields.

Finally, some couplings were conducted using two different
trispyrazolylindium reagents. In the literature, there are only a
few examples of Csp2-Csp2 coupling reactions involving pyra-
zole and either benzene, thiophene, or pyridine, with yields
ranging from 12 to 90%.12 In most of these cases, the pyrazole
moiety acts as the electrophile. When the indium derivative from
the THP-protected 4-iodopyrazole8 is used, yields are very low
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TABLE 1. Synthesis of Heterobiaryls: Effect of the Electrophile
and the Catalyst

a Isolated yield after column chromatography.

TABLE 2. Synthesis of Heterobiaryls Using Tristhienylindium

a Isolated yield after column chromatography.

TABLE 3. Synthesis of Heterobiaryls Using Trispyridylindium

a Isolated yield after column chromatography.

TABLE 4. Synthesis of Heterobiaryls Using Tris(THP-protected
pyrazol-4-yl)indium

a Isolated yield after column chromatography.
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(Table 4), probably due to the acidic nature of the hemiaminal
proton. Among the byproducts of these reactions we were not
able to detect any homodimer species, only unreacted electro-
philes and decomposition products from the pyrazole moiety
with difficult to assign NMR spectra.

On the other hand, starting from 1-methyl-5-iodopyrazole13

leads to moderate yields of cross-coupled products (Table 5).
However, similar coupling yields have been described for
reactions of 1-methylpyrazol-5-ylzinc12a,cand 1-methylpyrazol-
5-yllithium,14 pointing toward a lower reactivity of the 1-me-
thylpyrazol-5-yl organometallics when compared with the
thienyl analogues. Again, no homodimer species were detected.

In conclusion, the indium-mediated Csp2-Csp2bond formation
reaction has been extended to the cross-coupling of some
electron-rich and electron-poor heterocycles in moderate to high
yields in most cases. Further work is in progress to extend the
process to other heterocyclic systems and to study the effect
on coupling yields of electron-donating or electron-withdrawing
substituents on either the aromatic rings of the electrophile or
the organoindium reagent.15

Experimental Section

Preparation of Organolithium Compounds.11 A commercial
solution oft-BuLi in pentane (4.2 mmol, 1.7 M) was diluted with

dry THF (10 mL) and cooled to-78 °C. To the resulting solution
was slowly added the corresponding aryl iodide (2.1 mmol) in dry
THF (2 mL). The mixture was stirred for 2 h.

Preparation of Organoindium Compounds.A 50 mL round-
bottomed flask with indium(III) chloride (0.7 mmol) was dried
under a positive argon pressure with a heat gun. After cooling, dry
THF (10 mL) was added. The mixture was added to the previously
described solution of the organolithium compound at-78 °C and
stirred for 1 h, the cooling bath was removed, and the reaction
mixture was warmed to room temperature.

Procedure for the Cross-Coupling Reaction.One-third of the
previous solution of (Ar)3In (0.7 mmol) in dry THF was added to
a refluxing mixture of the electrophile (2.5 mmol) and Pd(PPh3)4

(0.06 mmol) in dry THF (10 mL). The resulting mixture was
refluxed under argon atmosphere overnight and the reaction
quenched by addition of methanol. The mixture was concentrated,
and diethyl ether (50 mL) was added. The organic phase was
washed with water, dried over anhydrous Na2SO4, filtered, and
concentrated. The residue was purified by flash column chroma-
tography.
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TABLE 5. Synthesis of Heterobiaryls Using
Tris(1-methylpyrazol-5-yl)indium

a Isolated yield after column chromatography.
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