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Carbometalation of unsaturated compounds is one of the most
important procedures in organometallic chemistry from both
theoretical and practical standpoints.1 A variety of unsaturated
substrates such as alkenes and alkynes have hitherto been
employed; however, allenes and their derivatives have received
relatively little attention.2 We have recently demonstrated that
allylic indium sesquihalides react, stereoselectively but not
regioselectively, with terminal alkynols to give allylindation
products.3 In this reaction, it was shown that the presence of a
neighboring hydroxyl group is essential for smooth allylindation;
the hydroxyl group, without formation of the indium alkoxide,
coordinates to indium and facilitates the allylation of alkynols.
In order to examine the generality of this acceleration and
selectivity control based on the hydroxyl chelation, we have
undertaken allylindation of several hydroxyl-containing alkenes
and alkynes and found that allylindation of allenols with allylic
indium sesquihalides proceeds, unlike the alkynol cases, with
excellent regio- and stereoselectivity to give (E)-2,6-heptadien-
1-ol derivatives in high yields.
The allylindation of allenols was conducted in DMF at about

140°C for 4 h (Scheme 1).4 Results are summarized in Table
1. Allylindium sesquiiodide allylated selectively the terminal
carbon of 2,3-butadien-1-ol yielding 2,6-heptadien-1-ol quan-
titatively (entry 1). The stereochemistry of the double bond
was determined to beE, by the IR spectrum and comparison
with an authentic sample,5 implying that the indium reagent
added from the face of allenesynto the hydroxymethyl group.
No other regio- and stereoisomers were detected in the reaction
mixture. Withγ-substituted allylic indium sesquibromides, the
coupling occurred selectively at theγ-carbon (entries 2-4).
Substituents at the C4-carbon of allenol showed no significant

effects on the reaction (entries 5 and 6), though a combination
of the γ,γ-disubstituted allylindium reagent with the 4,4-
disubstituted allenol gave a considerably lower yield owing to
severe steric repulsion (entry 7). With these substituted allenols,
the diastereoselectivity was unfortunately only modest. The
reaction of 4-methyl-2,3-pentadien-1-ol and cinnamylindium
(entry 8) gave two isomeric products, of which the homoallyl
alcohol was confirmed to be derived from the initially produced
allylic alcohol via a [3.3]-sigmatropic rearrangement under the
reaction conditions. Substituents on the C1-carbon, on the other
hand, significantly affected the reaction. Secondary allenols
showed diminished reactivity (entries 9 and 10), and the tertiary
allenol did not react at all owing to the steric crowding around
the hydroxyl group (entry 11). In sharp contrast to the smooth
reactions of 2,3-butadien-1-ol, 3,4-pentadien-1-ol did not give
any allylindation products under similar reaction conditions
(entry 12). The importance of a neighboring hydroxyl group
for smooth allylindation was also demonstrated by the fact that
the protection of the hydroxyl group of 2,3-butadien-1-ol as a
methoxy or benzoxy group completely inhibited the allylindation
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Scheme 1

Table 1. Allylindation of Allenolsa

a All reactions were done with allenol (1 mmol) and allylindium
sesquihalide (0.5 mmol) in DMF (3 mL) at 140°C for 4 h. b Isolated
yield. Unless otherwise noted, numbers in parentheses refer to
diastereomeric ratio.cGlc yield. dRatio of the products.
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(entry 13).6 When tributylindium was used in place of allylic
indium reagents, no carbometalation occurred.
The high regio- and stereoselectivity observed in this allenol

allylation as well as the marked acceleration by a neighboring
hydroxyl group can be best interpreted in terms of a hydroxyl-
chelated bicyclic transition state (Scheme 2). The hydroxyl
group is considered to coordinate to the indium atom forming
a chelated five-membered ring; this extrudes the allylicγ-ter-
minus to allenol C4-carbon, consequently forming a bicyclic
transition state. High regio- and stereoselectivity are realized
through this transition state, and the resulting vinylindium
compound could be spontaneously protonated by the hydroxyl
proton to furnish the (E)-allylic alcohol indium salt. It is
interesting to compare the high regioselectivity of the present
allylindation of allenols with that of the previously reported
alkynols.1 The latter generally gave mixtures of two isomeric
dienols arising from both “intra-” and “intermolecular” allylin-
dation, whereas allylindation of allenols proceeds exclusively
in the intramolecular fashion to afford high regioselectivity. The
low reactivity of 3,4-pentadien-1-ol (entry 12) could be ex-
plained in terms of a hydroxyl-chelated six-membered ring in
the transition state, which must be energetically less favorable

compared with the corresponding five-membered ring.7 With
respect to the low diastereoselectivities in entries 5 and 6, it is
possible that the indium-containing chairlike arrangement might
be distorted owing to the large atomic radius of indium metal;
accordingly, the energy difference is small between the two
transition states, in which the R3 group of allenol adopts an
equatorial or axial position.8 Similarly, the low diastereose-
lectivities in entries 9 and 10 suggest that the stereochemical
course is little affected by the configuration of the substituent
(R1 or R2) on the allenol C1-carbon. Attempts to improve the
diastereoselectivity, by changing the solvent and reaction
temperature, were unsuccessful.
In summary, allylindation of allenols by allylic indium

sesquihalides has been found to proceed with high regio- and
stereoselectivity via a hydroxyl-chelated bicyclic transition state.
It has also been demonstrated that allenols are useful in organic
synthesis in combination with the unique nature of allylic indium
reagents.
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