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Allylic gallium sesquibromides prepared by reduction of
allylic bromides with gallium metal in the presence of a catalytic
amount of indium, add to terminal alkynes with the aid of a
tertiary amine to give 1,4-dienes.

Addition of allylic metal compounds to carbon-carbon triple
bonds is an important method for constructing carbon skeletons,
and employs such metals as Al, Zn, B, and In.1{3 In 1997,
Yamaguchi reported the addition of allylic gallium compounds to
alkynes, and the reaction was conducted in cyclohexane, a non-
polar solvent.4 We have recently found that allylic gallium
compounds are prepared from allylic halides and galliummetal in
THFusing indiumas amediator.5 Thus,we examined the addition
of the allylic gallium compounds to alkynes in the THF solvent,
and found that trialkylamines have an accelerating effect on the
addition.

In contrast to the reaction in cyclohexane,4 the addition of the
allylgallium compound 26 to alkyne 1 in THF did not proceed at
25 �C, and the starting alkyne 1 was recovered in 98% yield after
24 h stirring (eq 1). Upon heating at reflux, the reaction completed
in 12 h and the 1,4-diene 3 was obtained in 97% yield after acidic
workup. Such allylations of alkynes are sometimes accelerated
using alkynylmagnesium compounds. Thus, the alkyne 1 was
treated with ethylmagnesium bromide (1.0 equiv) at 50 �C for 2 h
before addition of 2, and the addition proceeded at 25 �C in 1.5 h
to give 3 in 95% yield (eq 1).

Because the formation of the alkynyl Grignard reagent 4
requires heating at 50 �C, we examined several additives to
promote the reaction under milder conditions. Addition of an
equimolar amount of a tertiary amine was found to accelerate the
reaction at 25 �C. For example, when the alkyne 1 (1.0 equiv) was
treated with a solution of allylgallium (2, 3.0 equiv)6 in THF at
25 �C for 20 h in the presence of Et3N (1.0 equiv),7 the 1,4-diene 3
was obtained in 99% yield after workup with aqueous
hydrochloric acid (1M). Addition of i-Pr2NEt (1.0 equiv) was

more effective for the allylation, and the reaction completed in 2 h
and 3 was obtained in 97% yield (eq 2). In contrast, pyridine and
DABCO did not accelerate the reaction and 88% and 95% of 1
were recovered, respectively, after 24 h stirring. In addition to
basicity, steric hindrance is an important factor for the
acceleration, as it influences the coordination of the amine to
gallium(III).

Under the conditions in eq. 2, an internal alkyne, 5-phenyl-2-
pentyne (5), did not react with the allylgallium compound, and
99%of the alkyne 5was recovered. This suggests that the addition
proceeded via deprotonation of the terminal alkyne. In order to
examine this postulate, the reaction was quenched with
deuterated hydrochloric acid, and deuterium was introduced at
both the olefinic positions with a content of over 90% (eq 3).

We assume the following mechanism for the reaction
(Scheme 1). An allylalkynylgallium species 7 is produced by
deprotonation of the terminal alkyne 6 with an amine and
metalation (upper pathway). Gallium(III)-assisted allylgallation
generates the 1,1-digallium compound 8.2b;2e;3b;8;9 Hydrolysis of
8 with DCl gives the dideuterated 1,4-diene 9. When the alkyne 6
is treated with EtMgBr, the magnesium acetylide 10 is formed
(lower pathway). Transmetalation to 11 followed by rearrange-
ment and hydrolysis affords 9.

The results of the addition of allylic gallium compounds to
terminal alkynes are shown in Table 1. 2-Substituted 1,4-dienes

Scheme 1.
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are obtained selectively in all cases. In the case of crotyl bromide,
the reaction proceeded slowly, and the carbon–carbon bond was
produced at the more substituted carbon of the crotylmetal
species, which is the same tendency as for the indium case.3b,c

Such functional groups as ether and ester groupswere not affected
during the allylation of alkynes.

Allylaluminum sesquibromide derived from allyl bromide
and aluminummetal under indium catalysis did not react with the
alkyne 1 at 25 �C.

The geminal digallium alkene 12 could be trapped with
iodine at 25 �C to give the 1,1-diiodo-1,4-alkadiene 13 in 94%
yield (eq 4).

Typical procedure for 3 (eq 2): To a solution of allylgallium
sesquibromide in THF prepared from allyl bromide (0.36 g,
3.0mmol), gallium powder (0.14 g, 2.0mmol), and indium metal
(12mg, 0.10mmol),6 were added i-Pr2NEt (0.17mL, 1.0mmol)

at 25 �C, and a solution of 1 (0.13 g, 1.0mmol) in THF (2mL),
successively. After stirring at 25 �C for 2 h, the mixture was
poured into aq. hydrochloric acid (6M, 10mL), and extracted
with hexane (3� 10mL). The organic extracts were washed with
brine, and concentrated by an evaporator. Purification by column
chromatography (hexane) gave 3 in 97% yield (0.17 g).

Dedicated to Professor Teruaki Mukaiyama on the occasion
of his 75th birthday.
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