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Indium-mediated organometallic reactions have elicited con-
siderable interest recently,1 especially with the discovery that many
of the indium-mediated reactions can be carried out in aqueous
media.2 In particular, the reaction of carbonyl compounds with
allyl bromide and indium in water3 (Scheme 1) has been examined
extensively because of its synthetic advantages4 as well as its
potential as an environmentally benign chemical process.5 The
reaction shows good regioselectivity,6 diastereoselectivity,6,7 and
long-range stereoselection through chelation control.8 Because the
reaction can be carried out in aqueous media, it has been par-
ticularly useful in the synthesis of carbohydrates and their ana-
logues without the need for the protection-deprotection protocol
common in conventional carbohydrate chemistry.9

Despite the extensive interest, little is known about the nature
of the allylindium intermediate. Because organoindum compounds
are known to be hydrolyzed by water,10 it has been proposed that
the aqueous indium-mediated allylation reaction proceeds on the
metal surface4 without the involvement of a discrete allylindium
intermediate.11 More recently, it is accepted that an allylindium
intermediate is involved on the basis of the observation of
Whitesides et al.12 Reaction of allylmagnesium bromide and
indium trichloride in ether generated the presumed allylindium
dichloride (1, X ) Cl) which reacted with carbohydrates in
ethanol/water (10/1) to give the corresponding homoallylic
alcohols. On the other hand, it has been reported that allyl halides
reacted with indium in organic solvents to give the structurally
not well-defined allylindium sesquihalides (2).13 Most investiga-

tors have used the sesquihalide formulation to describe the
allylindium intermediate in the indium-mediated allylation reac-
tions in organic solvents.1,14 It has not been established whether
allyl bromide reacts with indium in water to give the allylindium
dibromide (1, X ) Br) or diallylindium bromide (3) or indeed
allylindium sesquibromide (2, X ) Br) which can be considered
as an aggregate of1 and3.

We have now found that when allyl bromide reacted with
indium in D2O and the reaction was followed by1H NMR, the
allylic proton signal of the bromide at 4.0 ppm quickly declined
in intensity, and a new signal at 1.7 ppm (d,J ) 8 Hz) appeared.
The new signal reached a maximum in about 20-30 min and
then slowly declined in intensity to disappear completely over-
night. The mixture was left with unreacted allylic bromide and a
new product which was identified as allyl alcohol.15 We attributed
the signal at 1.7 ppm to an allylindium intermediate. When the
reaction mixture was quenched with benzaldehyde at a time when
the signal at 1.7 ppm was maximal, the product homoallylic
alcohol4 was obtained in 99% yield. These experiments prove
that a discrete allylindium intermediate is formed in the reaction
of allyl bromide with indium in water. Furthermore, this allylin-
dium species cannot have the sesquibromide structure2 because
that would necessitate the presence of two sets of allylic signals.13

We then tried to see if the allylindium intermediate could have
either structure1 or 3. Reactions of allylmagnesium bromide with
indium tribromide in various proportions in ether, followed by
efforts to isolate the products in vacuo did not lead to any pure,
isolable allylindium compound. Extraction of the presumed
allylindium bromides from the reaction mixture (after the removal
of most of the ether solvent) into CDCl3 and examination of the
1H NMR showed the presence of allylic signals at bothδ 1.7
and 2.15 in varying ratios. This led us to question the structural
assignment for2 (X ) Br), the allylindium species from the
reaction of allyl bromide and indium in DMF. When allyl bromide
and indium were reacted at room temperature in DMF for 5 min,
and the mixture was examined by1H NMR, two sets of allylic
signals atδ 1.7 and 2.15 were observed at a ratio of about 1:2,
consistent with those reported in the literature.13 However, when
the mixture was left overnight, the signal at 1.7 was greatly
reduced, and the signal at 2.15 was enhanced. Quenching of the
reaction mixture after 5 min of reaction into D2O and examination
of the products by1H NMR showed the signal at 1.7 ppm only.
This suggests that, in the reaction of allyl bromide with indium
in DMF, at least two allylindium compounds were formed, one
of which is the same as the compound formed in aqueous media.

To elucidate the structure of this allylindium species, we turned
to other methods for the preparation of organoindium compounds.
It has been reported that organoindium compounds can be
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prepared by means of heating organomercury compounds with
indium metal through a transmetalation reaction.16,17 However,
following the procedure of heating a mixture of neat diallyl-
mercury (5)18 with indium metal powder at 110°C, the reaction
gave mainly polymeric materials. Lowering the reaction temper-
ature, or heating the mixture in DMF or other organic solvents
did not lead to any change in5. On the other hand, mixing5
with indium powder in D2O led to release of heat and complete
destruction of5 without characterizable new product remaining
in the D2O solution. We therefore followed the reaction of5 and
indium in a solvent mixture of DMF/D2O (6/1) at 0°C by 1H
NMR and found that the allylic signal due to5 (at 1.9 ppm) slowly
declined and a new signal at 1.7 ppm appeared which over time
also disappeared.19 The same transient allylindium species has
been formed, and since no bromide was involved in the trans-
metalation reaction, the allylindium species cannot be1 or 2 or
3. That the same allylindium species was formed in water was
also demonstrated by its reaction with carbonyl compounds.
Diallylmercury was unreactive toward acetophenone (6) in
aqueous media.20 However, addition of indium to a mixture of5
and6 in aqueous media gave a quantitative yield of the allylation
product7 (Table 1).

There remains the question of what, if not1, 2 or 3, is the
structure of the transient allylindium species in water? Since it is
not bromide-containing, possible structures would be triallylin-
dium (8) or allylindium(I) (9). Efforts to prepare pure8 or 9 by

reacting excess allylmagnesium bromide with indium trihalides
or indium(I) iodide in ether were not successful. Transmetalation
using diallylmercury with indium halides was therefore examined.
Reaction of5 with indium(I) iodide in D2O gave, in 15 min, the
allylic signal at 1.7 ppm which slowly disappeared overnight.21

On the other hand, reaction of5 with indium tribromide in D2O
did not give the signal at 1.7 ppm.22 We conclude, therefore, that
the transient,1H NMR observable allylindium species in aqueous
media is allylindium(I) (9).23,24

These results are summarized in Scheme 2. Allylindium(I) can
be generated in aqueous media via three different pathways from
(a) allyl bromide and indium, (b) diallylmercury and indium, and

(c) diallylmercury and indium(I) iodide. The following experi-
ments further support the conclusion that the same allylindium
species is formed from the three different routes. 2-Methylcy-
clohexanone (10) was allylated under the three different conditions
to give the additon product alcohols11. The ratios of the two
diastereomeric alcohols in11 were the same (84:16 in favor of
the trans isomer) in all three cases (Table 1). It has been suggested
that the diastereomeric ratio in this reaction is sensitive to the
structure of the allylmetal species.1d

The formation of indium(I) instead of indium(III) compound
from the reactions of indium metal is consistent with the fact
that indium has a relatively low first ionization potential but
relatively high second or third ionization potentials.3,25 Further-
more, even though we have not ruled out a parallel process
involving the metal surface mediated allyl radical anions,11 the
indium metal surface is not essential for the aqueous Barbier
reaction since the same allylindium(I) can be generated as well
by pathway c without the intervention of metallic indium.
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Table 1. Allylation Reactions of Carbonyl Compounds by
Transmetalation Reaction in Aqueous Media

a All reactions were performed in pure water (3 mL) at rt overnight
with carbonyl compound (0.5 mmol) and the other reagents in the
indicated quantities.b The yields were determined by1H NMR. c The
ratio between 11a and 11b was determined from13C NMR, and their
relative configurations were determined from NOE.
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