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An efficient synthesis of 2-bromohomoallylic alcohols was carried out via an indium-mediated Barbier-
type 2-bromoallylation of aldehydes in moderate yields. The reaction was performed at low temperature
(�20 �C) in aqueous DMF in order to minimize decomposition of 2-bromoallylindium reagent to allene.
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2-Bromoallylation of carbonyl compounds to 2-bromohomoally-
lic alcohols has been the subject of current interest.1–5 2-Bromoho-
moallylic alcohols have been used for the synthesis of various
important substances including 2-methyleneoxetanes,1c homo-
propargylic alcohols,1e 2-methyleneazetidines,1f and a-methy-
lene-c-butyrolactones.1a,3a,c However, 2-bromoallylation of
carbonyl compounds is rather limited in contrast to the allylation.
2-Bromoallylation of aldehydes with 2,3-dibromopropene could
be effectively achieved using Sn/HBr.2a Besides 2-bromoallyltin re-
agent 2-bromoallylboranes can also be used.3

Although allylindium reagent has received much attention in
recent years,6,7 an indium-mediated 2-bromoallylation of alde-
hydes has not been developed.4 Many research groups examined
the reaction; however, they failed completely or obtained the de-
sired product in very low yield.8 Li and co-workers used
2-chloro-3-bromopropene instead of 2,3-dibromopropene in their
indium-mediated 2-chloroallylation.4a Loh et al. carried out an in-
dium-mediated 2-bromocrotylation in saturated aqueous NH4Cl
solution in the presence of La(OTf)3 under sonication.4b

During our studies on the indium-mediated allylations,7 we also
found that indium-mediated 2-bromoallylation of 4-chlorobenzal-
dehyde (1a) with 2,3-dibromopropene afforded the product 2a in
low yield (33%) in the presence of indium in aqueous DMF at room
temperature (3 h). We hypothesized that the unfavorable results
might be due to the decomposition of 2-bromoallylindium reagent
to allene, as shown in Scheme 1. Zinc-mediated dehalogenation of
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2,3-dihalopropene is a well-known method of allene.9 The decom-
position of 2-bromoallylindium reagent has also been observed by
Minehan and co-workers in their attempted reaction of D-glyceral-
dehyde acetonide and 2,3-dibromopropene in aqueous DMF.8a

Actually, when we ran the reaction in aqueous DMF at room temper-
ature, we observed an exothermic reaction and gas evolution as
Minehan and co-workers have reported. Thus, we examined the
reaction of 4-chlorobenzaldehyde and 2,3-dibromopropene at low
temperature (�20 �C). To our delight, the desired product 2a was
obtained in 71% yield in short time (3 h).10 However, trace amounts
of 4-chlorobenzaldehyde remained even though excess amounts of
2,3-dibromopropene (3.0 equiv) and indium (2.0 equiv) were em-
ployed. The results clearly state that 2-bromoallylindium reagent
reacted with 1a in part and destroyed in part, even at low tempera-
ture. Although we did not observe a gas evolution apparently at this
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Table 1
In-mediated Barbier-type-2-bromoallylation of aldehydesa

R-CHO

2,3-dibromopropene (3.0 equiv)
In powder (2.0 equiv)
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OH Br
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MeOOC 2j (57)

BrOH

a Isolated yield (%).

Table 2
Competetive decomposition and reaction of 2-bromoallylindium reagenta

Entry Conditionsb 2ac (%)

1 (i) 2,3-Dibromopropene, indium, aqueous DMF, �20 �C, 3 h <5
(ii) Then add 1a, �20 �C (3 h), 20 �C (12 h)

2 1a, 2,3-dibromopropene, indium, aqueous THF, �20 �C, 3 h <5
3 (i) 2,3-Dibromopropene, indium, aqueous THF, �20 �C, 3 h 47

(ii) Then add 1a, 20 �C, 12 h
4 (i) 2,3-Dibromopropene, indium, aqueous THF, �20 �C, 3 h 18

(ii) Then add 1a, 20 �C, 12 h

a Compound 1a was used as a model substrate.
b 2,3-Dibromopropene (3.0 equiv) and indium (2.0 equiv) were used.
c Isolated yield.
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temperature, 2-bromoallylindium reagent must be destroyed
slowly (vide infra).

Encouraged by the above results we examined an indium-med-
iated 2-bromoallylation of various aldehydes 1a–j, and the results
are summarized in Table 1. We used 2,3-dibromopropene
(3.0 equiv) and indium (2.0 equiv) throughout all the entries
although starting materials remained in appreciable amounts in
some cases. As shown in Table 1, the yields of products (2a–e, g,
i, and j) were moderate to good (55–85%). However, the yields of
products (2f and h) were relatively low with p-anisaldehyde (1f)
and p-phenylbenzaldehyde (1h). The reaction of 5-methylfurfural
produced intractable complex mixtures and unfortunately we
failed to isolate the desired product in an appreciable amount.

In order to get more insights we ran the reaction of 1a under
various conditions, and the results are summarized in Table 2.
Firstly, we examined a decomposition of 2-bromoallylindium re-
agent in aqueous DMF at �20 �C. 2,3-Dibromopropene was added
to a mixture of indium in aqueous DMF at �20 �C and let the reac-
tion mixture for 3 h at this temperature, and then 1a was added
and the reaction progress was monitored (entry 1). However, de-
sired product 2a was produced in trace amount (<5%) even after
15 h. The result stated that 2-bromoallylindium reagent was de-
stroyed almost completely within 3 h at �20 �C in aqueous DMF.
When we used aqueous THF instead of aqueous DMF as a reaction
medium at �20 �C, 2a was formed in trace amount (<5%), as shown
in entry 2. The result stated that the reaction of 2-bromoallylindi-
um reagent and 1a was not effective in aqueous THF at �20 �C. But,
decomposition of 2-bromoallylindium reagent at �20 �C was
found to be negligible based on the experiment in entry 3. Actually,
a moderate yield of 2a (47%) was isolated at 20 �C when we added
1a to a pre-generated 2-bromoallylindium reagent at �20 �C after
3 h. However, most of 2-bromoallylindium reagent was destroyed
at 20 �C within 3 h even in aqueous THF, as can be seen in entry 4;
however, decomposition rate of 2-bromoallylindium reagent is
slower in aqueous THF than in aqueous DMF.

Very recently, Koszinowski reported a brilliant study on the het-
erolytic dissociation of allylindium reagent.11 As shown in Scheme
2, an allylindium reagent In2R3X3 undergoes heterolytic dissocia-
tion to yield ions such as InRþ2 and InRX�3 , and the extent of disso-
ciation is greater in DMF than in THF. According to the report, the
reactivity of allylindium reagent toward an aldehyde is great in
DMF due to high concentration of nucleophilic allylindate anions,
InRX�3 . Based on the study of Koszinowski11 and our own observa-
tions, the successful results of 2-bromoallylation in aqueous DMF
could be understood as follows. 2-Bromoallylation of aldehyde is
faster in aqueous DMF than in aqueous THF although a decompo-
sition of 2-bromoallylindium reagent to allene is also faster in
aqueous DMF.12

In summary, an indium-mediated 2-bromoallylation of alde-
hydes was carried out successfully to produce the corresponding
2-bromohomoallylic alcohols in moderate yields. The reaction
was carried out at low temperature (�20 �C) in aqueous DMF in or-
der to minimize the decomposition of 2-bromoallylindium reagent
to allene.
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