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ABSTRACT

Tris(acetylacetonato)iron(III) (Fe(acac)3) was found to be an efficient catalyst for the cross-coupling reaction between aryl Grignard reagents
and alkyl halides possessing â-hydrogens. The reaction is applicable to secondary alkyl halides as well as primary ones.

Transition-metal-catalyzed Grignard cross-coupling with
organic halides is one of the most powerful tools for
constructing a new carbon-carbon bond.1 During the past
three decades, a wide variety of transition-metal catalysts,
based mostly on nickel or palladium metal, have been
demonstrated to be effective for this useful transformation.
Surprisingly, much less attention has been paid to less
expensive iron catalysts for Grignard cross-coupling. Since
Kochi’s pioneering work,2 several reports appeared on iron-
catalyzed cross-coupling,3,4 but they are mostly concerned
with the C(sp2)-X compounds as coupling partners,5 except
one specific example where 2-bromocyclobutanone ethylene-

glycol ketal is the coupling partner.6 Considering the recent
growing interest in cross-coupling with alkyl halides,7-9 it
is important to develop an iron-based catalyst system for this
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cross-coupling reaction. Here, we wish to report a new iron-
catalyzed cross-coupling which provides a general method
of forming a carbon-carbon bond between aryl Grignard
reagents and alkyl halides.

As a first set of experiments, several reaction conditions
were examined for the iron-catalyzed reaction of 5-phenyl-
1-bromopentane (2m) withp-tolylmagnesium bromide (1a)
(2.0 equiv) (Table 1). The conditions reported to be best for

the cross-coupling of alkyl Grignard reagents with aryl4a,b

and alkenyl halides3a did not fit in well with the present
reaction of the alkyl halide. Thus, the reaction in the presence
of 5 mol % of Fe(acac)3 in THF/NMP (NMP ) N-
methylpyrrolidone) at 20°C for 0.5 h gave only 25% yield
of the cross-coupling product, 5-phenyl-1-p-tolylpentane
(3am) (entry 1). The alkyl bromide2m was converted mainly
into 5-phenyl-1-pentene (4) (25%) and 1-phenylpentane (5)
(24%). The formation of a considerable amount of 4,4′-bitolyl
(6) was also observed. The reaction in THF gave similar
results (entry 2). Use of diethyl ether as a solvent in place
of THF greatly improved the yield of the cross-coupling
product 3am (entries 3 and 4). The yield of3am was
increased to 60% and the formation of side products4 and
5 was suppressed to some extent. In refluxing ether, the yield
of 3am was 69%.

Based on the mechanism generally accepted for the cross-
coupling reactions catalyzed by transition metals including
iron, a catalytic cycle for the present cross-coupling is
illustrated in Scheme 1. Thus, the oxidative addition of alkyl
halide to a low-valent iron intermediateA,10 which is
generated by the reaction of Fe(acac)3 with the Grignard

reagent, gives alkyliron speciesB. Transmetalation of an aryl
group from magnesium to iron forming diorganoironC
followed by reductive elimination of the cross-coupling
product regeneratesA. The formation of alkene4, alkane5,
and 4,4′-bitolyl (6) as the side products gives us significant
information on the mechanism of the present cross-coupling.
Considering that 5% yield (one equivalent to Fe(acac)3) of
6 is formed at the reduction of catalyst precursor Fe(acac)3,11

the molar ratio of5 to 6 formed in the catalytic cycle is
always about 1:1 regardless of the reaction conditions (see
Table 1). The amount of4 is more than that of5 or 6. These
results can be rationalized by the disproportionation of the
alkyliron halide intermediateB giving dialkyliron D and
dihalideE, which will produce the same amount of alkene
4, alkane5, and the biaryl6. The alkene4 is also provided
by â-hydrogen elimination on the intermediatesB and C,
resulting in the formation of more4 than5 or 6.

The present iron-catalyzed cross-coupling was applicable
to octyl chloride, iodide, and tosylate under the same
conditions as described above (in refluxing ether for 0.5 h),
although the yields are lower than that for octyl bromide
(2n) (entries 1-4 in Table 2). The cross-coupling of aryl
Grignard reagents substituted with methoxy (1b) and fluoro
(1c) with 2n proceeded as well without troubles (entries 5
and 6). Introduction of methyl groups onto the ortho positions
of the phenyl Grignard reagents resulted in somewhat lower
yield of the cross-coupling products3dn and3en (entries 7
and 8). It is noteworthy that secondary alkyl bromides are
good coupling partners as well as the primary alkyl bromides
in this iron-catalyzed reaction. Acyclic and cyclic secondary
alkyl bromides2p and 2q gave the corresponding cross-
coupling products in around 70% yield on reaction with the
Grignard reagent1a (entries 10 and 11). Although the yield
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and references therein.

(11) On addition of an excess amount ofp-tolylmagnesium bromide (1a)
to Fe(acac)3 in the absence of alkyl bromides in ether, the formation of
4,4′-bitolyl (6) in an amount equivalent to Fe(acac)3 was observed.

Table 1. Distribution of Products in the Reaction of1a with
2m

product (mmol)

entry solvent 2m 3am 4a 5 6b

1 THF/NMP 0.15 0.25 0.25 0.24 0.26
2 THF 0 0.27 0.37 0.20 0.25
3 Et2O 0 0.60 0.19 0.12 0.12
4c Et2O 0 0.69 0.18 0.09 0.08

a A mixture of olefinic isomers in which4 is the major component.b The
amount (0.05 mmol) of6 formed at the reduction of Fe(acac)3 is subtracted
from the total amount of6 after the catalytic reaction (see ref 11).c The
reaction was carried out in refluxing Et2O.

Scheme 1. Plausible Mechanism for the Aryl-Alkyl Coupling
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is still not satisfactory, it is comparable to that obtained in
the reaction with secondary alkyl bromides catalyzed by

nickel complexes reported recently.8i,k Unfortunately, tertiary
alkyl bromide did not give the cross-coupling product (entry
12).

During our studies on the cross-coupling, it was found
that aryl triflates are not reactive toward iron-catalyzed cross-
coupling under the present reaction conditions. It is rather
surprising because Fürstner recently reported4a,b the cross-
coupling of aryl triflates with the alkyl Grignard reagents
by use of the same Fe(acac)3 as a catalyst precursor. Taking
advantage of this finding, a chemoselective cross-coupling
was realized for the substrate7 which possesses both aryl
triflate and alkyl bromide moieties (Scheme 2). Thus, the

reaction of7 with p-tolylmagnesium bromide (1a) catalyzed
by Fe(acac)3 in refluxing ether gave 69% yield of the cross-
coupling product at the alkyl bromide, leaving the triflate
group intact. The triflate8 was subjected to the iron-catalyzed
cross-coupling with butylmagnesium bromide according to
Fürstner’s procedures4a,bto give a high yield of the butylated
product9.

In summary, we have demonstrated that the cross-coupling
between aryl Grignard reagents with primary and secondary
alkyl bromides possessingâ-hydrogens is efficiently cata-
lyzed by Fe(acac)3 in refluxing diethyl ether. The choice of
the solvent is very important in this reaction, the reaction in
THF or THF/NMP causing undesired side reactions.
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Table 2. Iron-Catalyzed Coupling of Arylmagnesium Bromide
(1) with Alkyl Halide (2)a

a The reaction was carried out with ArMgBr (1.04 mmol), RX (0.52
mmol), and Fe(acac)3 (0.026 mmol) in refluxing ether for 0.5 h. Alkyl
halides were completely consumed in all entries.b Isolated yield.c Major
side products are 1-octene and octane.d No cross-coupling product was
detected by GC-MS analysis of the crude material.

Scheme 2. Iron-Catalyzed Chemoselective Cross-Coupling
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