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Homo-coupling reaction of various alkyl, aryl, vinyl, and
allyl Grignard reagents with trifluoromethanesulfonic anhydride
provides a simple and straightforward method for the syntheses
of symmetrical carbon-carbon coupling products under mild
conditions and in moderate to good yields.

The transition metal promoted coupling reactions of organic
halides are one of the most attractive and useful synthetic
methods for formation of the carbon-carbon bond, because the
reaction proceeds under mild conditions as compared with the
classical Ullmann conditions.!  Aryl halides dimerize (homo-
coupling) readily in the presence of nickel species.
Synthetically useful yields of homo-coupling products have been
obtained using nickel species in situ generated from nickel(II)
bromide and zinc, 2 nickel(IT) complex and Zinc,3 nickel-
phosphine complex? and a solvated nickel(0) reagent.> The
homo-coupling reactions of benzyl, allyl and vinyl halides have
also been reported using Te(I) generated in situ,® CoCl(Ph3P)37’
8 and a solvated nickel(0) reagent.5

Reactions of organometallic reagents, such as organolithium
and Grignard reagents, with transition metal salts also provide
synthetic methods to the formation of the carbon-carbon bond;
Ni, 211 Cy, 1213 Ag 14 and various metals 15-17 have been used
successfully.

We wish to report a new simple and general procedure for the
homo-coupling reaction of alkyl, aryl, vinyl, and allyl
magnesium halides using trifluoromethanesulfonic anhydride
(Tfy0) (Scheme 1). To the best of our knowledge, Tf,O has
never been utilized as a homo-coupling agent of Grignard
reagents.
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R= alkyl, aryl, vinyl, allyl
Scheme 1.

Table 1 summarizes the results of the homo-coupling reaction
of alkyl, aryl, vinyl, and allyl Grignard reagents with an
equimolar amount of trifluoromethanesulfonic anhydride in
refluxing dry diethyl ether. The 'H NMR and mass spectra
were fully in agreement with the structures shown.!8:1%  This
reaction sequence seems to be applicable to the coupling of
primary and secondary alkyl Grignard reagents in moderate
yields (entries 1 - 5).  In this reaction, a stoichiometric amount
of Tf;O was necessary for the homo-coupling reaction.
After treatment of phenethylmagnesium bromide with 0.5 and
0.2 equivalent of Tf,0, the yield of 1,4-diphenylbutane
decreased to 48 and 14%, respectively (entry 3). The effect of

Table 1. Homo-Coupling Reaction of Grignard Reagents
using Trifluoromethanesulfonic Anhydride®
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& Unless otherwise mentioned, all reactions proceeded in
refluxing diethyl ether for 20 min. ° Isolated yields. ¢ The
amount of Tf,0 was 0.5 equivalents. 4 The amount of
Tf,0 was 0.2 equivalent. ¢ Reaction runs at 5 °C for 30 min.
Product was trapped with excess bromine in carbon tetra-
chloride to give 1,2,3,4-tetrabromobutane. £ In THF.
" Meso and dl.

using a low temperature was examined in the case of
cyclohexylmethylmagnesium bromide, and, when the homo-
coupling reaction was carried out at 5 °C for 30 min, 1,1'-(1,2-
ethanediyl)biscyclohexane was obtained in a yield of 75% (entry
5).
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Phenylmagnesium iodide gave biphenyl in 66% yield (entry
6). Similarly, para-substituted aryl Grignard reagent gave
coupled product in 48% yield under the same reaction conditions
(entry 7).  On the other hand, ortho-substituted aryl Grignard
reagents. gave poor yields of coupled biphenyls. Treatment of o~
naphthylmagnesium bromide gave 1,1'-binaphthyl in 82% yield
(entry 8). When vinylic magnesium bromide was used,
conjugated 1,3-diene was obtained (entry 9): vinyl magnesium
bromide gave 1,3-butadiene in 56% yield (entry 9).
Furthermore, the allylic Grignard reagent gave a coupled product.
Reaction of 2-cyclohexen-1-yl magnesium bromide with Tf,0O
gave bi-2-cyclohexen-1-yl in 85% yield as a mixture of meso and
dl (entry 10).6

As can be seen from Table 1, the reaction appears to be
successful for alkyl, aryl, vinyl, and allyl magnesium halides and
thus it has somewhat wider applicability than the comparable
method for the homo-coupling reaction with Grignard reagents
using TI(I). 20

In a typical experiment, benzylmagnesium chloride was
prepared by the reaction of benzyl chloride (940 mg, 7.4 mmol)
in dry diethyl ether (10 ml) with magnesium (187 mg, 7.7
mmol) at a refluxed temperature under nitrogen.  After 0.5 h the
resulting Grignard reagent was cooled to room temperature and a
solution of trifluoromethanesulfonic anhydride (2.08 g, 7.4
mmol) in dry diethyl ether (5 ml) was gradually added over 10
min.  The exothermic reaction took place and the reaction
mixture turned from gray to reddish brown.  After refluxing
was allowed to continue for 20 min, the reaction mixture was
cooled to room temperature, quenched with water, and extracted
with diethyl ether. The extracts were chromatographed on silica
gel to give 1,2-diphenylethane in 95% yield.

In summary, we developed a new homo-coupling reaction for
the construction of a synthetically important carbon-carbon bond.
The mild reaction conditions together with the simple
experimental procedure may be widely applicable to a variety of
Grignard reagents.  Study on the reaction mechanism of the
present homo-coupling reaction is currently under investigation.
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