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Although allylic chromium reagents are useful tools for
stereoselective carbon-carbon bond formation under mild
conditions, their source has been almost limited to allylic
halides1 and pseudohalides.2 Recently, we have reported the
generation of allylic chromium compounds by addition of
alkyl radicals to 1,3-dienes and successive one-electron
reduction with chromium(II).3 However, the method could
not provide a hydrogen radical, and thus, a simple reaction
between a diene and an aldehyde was not realized. We
report here a novel access to the reagents from 1,3-dienes
and a chromium hydride equivalent generated from CrCl2,
B12 (cyanocobalamin), and water.

Addition of a metal hydride to a 1,3-diene produces an
allylic metal compound when the hydride adds to the C-1 of
the diene and the metal adds to the C-2 or C-4.4 Although
there is no direct method to provide appropriate chromium
hydride species,5 cobalt hydride species react with a 1,3-
diene in the desired fashion to give allylic cobalt com-
pounds.6,7 An organic moiety on cobalt compounds smoothly
transfers to chromium by treatment with chromium(II).8 In
addition, a cobalt hydride species of B12 can be prepared by
treatment of low-valent B12s with water.9-11 These observa-
tions prompted us to explore the novel preparation of allylic
chromium reagents from 1,3-dienes with a cobalt catalyst.

To a mixture of CrCl2 (4.0 equiv) and B12 (0.10 equiv) in
dry DMF was added a solution of 3-phenylpropanal and 2,3-
dimethyl-1,3-butadiene (2.0 equiv) in DMF. The deep green
color of the mixture gradually darkened with stirring.10

Then, the mixture was heated to 40 °C, and a DMF solution
of water (0.2 M, 1.0 equiv) was added over a period of 2 h.
After usual workup with water, homoallylic alcohol 1 was
obtained in 90% yield (eq 1).12 The coupling reaction only

proceeded with the addition of B12.13 For the reaction to go
to completion, it is important that the reactions between
organochromium reagents and carbonyl compounds are not
disturbed by the presence of 1-3 equiv of a proton source.14

However, the addition of water in one portion caused the
reaction to not go to completion, suggesting that the allylic
chromium species was protonated to some extent. When
D2O in DMF was added in one portion to the reaction
mixture, deuterium was introduced at the methyl position
with a content of 48%.15

The results obtained with several kinds of 1,3-dienes are
summarized in Table 1. The diastereoselectivity of the
reaction between the crotylchromium species and nonanal
was 72/28 (Table 1, entry 1), which is almost equal to the
ratio observed for the reaction with crotyl bromide and CrCl2
in DMF.2a This is explained by a fast equilibrium between
(E)- and (Z)-crotylchromium in the solvent.2c Therefore,
geometrically fixed allylic chromium compounds derived
from 1,3-cyclohexadiene and 3-methylene-1-cyclohexene,
respectively, produced each of the diastereomers exclusively
(entries 5 and 6). A 1,3-diene having an s-trans configura-
tion also gave the corresponding allylic chromium reagent
(entry 6). The result suggests that the hydrocobaltation step
proceeds in a 1,2-fashion.6 In the case of unsymmetrical 1,3-
dienes, the cobalt hydride added selectively to form more
stable allylic radicals after cleavage of cobalt-carbon bonds
(entries 2-8).6 Selective formation of (E)-homoallylic alcohol
by the reaction between 2-propenylidenecyclohexane and
3-phenylpropanal possibly stemmed from a six-membered
transition state of less steric demand (entry 7). The gener-
ated allylic chromium species showed aldehyde-selective
addition (entry 4) as did those obtained from allylic halides
and CrCl2.2a 2-(Benzyloxy)-1,3-butadiene can also be em-
ployed for the reaction producing stereoselectively an anti
adduct (entry 8).16
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We are tempted to assume the following mechanism for
the reaction (Scheme 1).17 Cobalt(I) species, B12s, derived
by the reduction of B12 with 2 equiv of chromium(II)

chloride,9 affords hydridocobalamin by reaction with water.10

Hydrocobaltation of the cobalt hydride species to a 1,3-diene
produces an allylcobalt(III) species.7 Homolytic cleavage of
allylcobalt(III) to an allyl radical followed by trapping with
chromium(II) gives allylchromium(III),6b,19 which adds to the
carbonyl compounds in a selective manner.2 Reduction of
cobalt(II) with chromium(II) regenerates the cobalt(I) spe-
cies.
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(17) Another possible mechanism is as follows: (1) insertion of a low-
valent cobalt to a carbon-hydrogen bond of an aldehyde; (2) hydroacyl-
ation;18 (3) successive reduction of a ketone. However, when we prepared
1-deuterio-3-phenylpropanal and used it in the reaction with 2,3-dimethyl-
1,3-butadiene, deuterium was found only at the carbon attached to a
hydroxyl group of the adduct 1. In addition, a ketone functionality remained
untouched during the reaction (Table 1, entry 4). These results argue against
the hydroacylation-reduction mechanism.
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Table 1. Reactions between 1,3-Dienes and Aldehydes Mediated by CrCl2, B12, and Watera

Scheme 1
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