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ABSTRACT

Iron-catalyzed homo-coupling of aryl Grignard reagents was successfully developed. A variety of aryl Grignard reagents were efficiently converte d
into the corresponding symmetrical biaryls in the presence of 1 −5 mol % FeCl 3 and a stoichiometric amount of 1,2-dichloroethane.

Oxidative homo-coupling of aryl-metal reagents is one of
the most efficient synthetic methods for the construction of
a symmetrical biaryl backbone.1 A wide variety of transition
metal halides such as TiCl4,2 TlCl,3 VO(OEt)Cl2,4 FeCl3,5

CoCl2,6 and CuCl27 have been used as oxidants in stoichio-
metric amounts, and catalytic use of the metals in combina-
tion with reoxidants such as molecular oxygen and dibromo-
alkanes has been also examined.8-10 Recent research interests
in oxidative homo-coupling have been limited to palladium-

or copper-catalyzed reactions of organoboron,8 silicon,9 and
tin10 reagents. In the course of our studies on the iron-
catalyzed cross-coupling reaction between aryl Grignard
reagents and alkyl halides possessingâ-hydrogens, we found
that homo-coupling of arylmagnesium reagents took place
as a main side reaction, where iron is a catalyst and alkyl
halides act as stoichiometric reoxidants (Scheme 1).11 Homo-

coupling as a side reaction has also been observed in the
literature dealing with iron-catalyzed cross-coupling reac-
tions.12 However, there have been no reports on the selective
homo-coupling of organometallics by iron catalysis. Herein
we report an efficient and practical reaction system for the
iron-catalyzed oxidative homo-coupling of Grignard reagents.
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Scheme 1. Homo-Coupling of Grignard Reagents as a Side
Reaction in Iron-Catalyzed Cross-Coupling
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Several reaction conditions were examined for the iron-
catalyzed oxidative homo-coupling of 4-methylphenylmag-
nesium bromide (1a) (Table 1). It was found that inexpensive

1,2-dichloroethane (2a) is an excellent oxidant for the homo-
coupling, giving 4,4′-dimethylbiphenyl (3a) in high yields.
Thus, in the presence of 5 mol % FeCl3 and 1.2 equiv of2a,
the homo-coupling of the Grignard reagent1awas complete
in 1 h, in refluxing diethyl ether (entry 1), in THF at room
temperature (entry 2), or in benzene at 40°C (entry 3), to
afford a quantitative yield of the biaryl3a. Use of 1,2-
dibromoethane (2b) also gave homo-coupling product3a
without formation of cross-coupling products, although the
yield of 3awas slightly lower (entry 5). The present oxidative
homo-coupling with 1,2-dichloroethane (2a) can be readily
scaled up to the reaction of 15.0 mmol of the Grignard
reagent1a using 1 mol % of the FeCl3 catalyst, which gave
99% yield (1.35 g) of biaryl3awithout any byproducts (entry
6).

Table 2 summarizes the results obtained for the oxidative
homo-coupling of other aryl Grignard reagents. Introduction
of methyl groups at the ortho-positions of the aryl Grignard
reagents resulted in somewhat lower yields of the homo-
coupling products (entries 1-3). 4-Methoxy- and 2-methoxy-
phenylmagnesium bromide can be efficiently converted into
the corresponding biaryls3d and 3e, respectively, under
similar conditions (entries 4 and 5). It is noteworthy that
the present reaction system is tolerant of aryl chloride
functionality (entry 6). Although sterically demanding sub-

strates1g and1h required higher reaction temperature and/
or longer reaction time, they gave the corresponding biaryls
3g and3h in moderate to good yields (entries 7 and 8).

A proposed mechanism for the present iron-catalyzed
homo-coupling is shown in Scheme 2. Oxidative addition
of 1,2-dichloroethane to a low-valent iron complexA,13

generated by the reaction of FeCl3 with Grignard reagent,
forms an alkyl iron intermediateB. â-Halogen elimination
giving ethylene14 and dihaloiron speciesC,15 followed by
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Table 1. Iron-Catalyzed Homo-Coupling of
4-Methylphenylmagnesium Bromide (1a)a

entry solvent temp (°C) oxidant yield (%)

1 Et2O reflux ClCH2CH2Cl (2a) 100
2 THF rt 2a 96
3 benzene 40 2a 99
4 THF 0 2a 83
5 THF 0 BrCH2CH2Br (2b) 75
6b Et2O reflux 2a 99

a Reactions were carried out with 0.52 mmol of1a. b With 15.0 mmol
of 1a in the presence of 1 mol % FeCl3 for 9 h. Biaryl 3a was isolated by
vacuum sublimation.

Table 2. Iron-Catalyzed Oxidative Homo-Coupling of
Grignard Reagentsa

a Unless otherwise noted, the reactions were carried out using aryl
Grignard reagents (0.52 mmol), 1,2-dichloroethane (0.62 mmol), and FeCl3
(0.026 mmol) in refluxing Et2O (3 mL). b Isolated yield after column
chromatography.c In THF at room temperature.d In benzene at 60°C.
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transmetalation of the aryl group from magnesium to iron,
affords a diaryliron intermediateD. Reductive elimination
of the homo-coupling product regenerates catalytically active
speciesA.

Combination of the heteroatom-directed ortho-metalation
technique16 and the present homo-coupling provides a new
one-pot route to 2,2′-disubstituted biaryls (Scheme 3). For
example, methoxymethyl-protected phenol4 was treated with
n-BuLi to generate the ortho-lithiated phenol derivative.17

Metal exchange with anhydrous magnesium bromide fol-
lowed by subjection to the present homo-coupling reaction
gave the corresponding biaryl5 in 71% isolated yield.
Transformation of the aryllithium to the corresponding
arylmagnesium reagent is essential for the homo-coupling.
Reaction of the aryllithium reagent under the same conditions
resulted in only 13% yield of the biaryl.18 The ortho-
metalation and homo-coupling sequence was also successful

for phenyloxazoline6, which gave the corresponding biaryl
7 in 63% yield.

In summary, we have developed a new and practical
reaction system for oxidative homo-coupling of Grignard
reagents using FeCl3 as a catalyst precursor and 1,2-
dichloroethane as a reoxidant. This reaction system is
applicable to the homo-coupling of various aryl Grignard
reagents and is readily amenable to a large-scale synthesis
of biaryl compounds.
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Scheme 2. Mechanism for Iron-Catalyzed Homo-Coupling Scheme 3. Homo-Coupling Reaction Utilizing Directed
Ortho-Metalation
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