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Nickel serves as a versatile catalyst for a variety of oligomer-
ization, co-oligomerization, and polymerization reactions of 1,3-
butadiene, which proceed viaη1,η3-allylalkylnickel(II) III as a key
intermediate (Scheme 1).1 Most co-oligomerizations have been
limited to the combinations of butadiene and alkenes and/or alkynes.
Only a limited number of papers have appeared on the stoichio-
metric2,3 and catalytic co-oligomerization4 of aldehydes and ketones
via III .

In the past decade, the carbon-carbon bond formation reactions
between dienes and aldehydes or ketones in the presence of a nickel
catalyst and alkylation or reducing reagents (M-X: e.g., BEt3,5

ZnEt2,6 BMe3,7 ZnMe2,8 Al- i-Bu2(acac),9 Et3SiH)10 have been
developed, where both the oxidative cyclization of a diene-nickel-
(0) complexI across a carbonyl compound and transmetalation of
X from M to Ni work as key steps to form an oxanickellacycleIV
as an intermediate.11,12 In a very rare example, a process involving
a bis-diene-nickel(0) complexII has been invoked.8d

Here we report a useful variation of the pathways, CdN in place
of CdO, that might proceed throughI and II as the key
intermediates; a nickel(0) catalyst promotes the five-component
connection reaction of Me2Zn, alkynes, 1,3-butadiene, aldehydes,
and amines, selectively furnishing dienylamines1 or trienylamines
2 in good yields (eq 1).13 Interestingly, the reaction course is strictly
affected by the kinds of amines; aromatic amines guide the reaction
throughI and provide1, while aliphatic amines provide2 through
II , both with high selectivity.

The reaction shows wide flexibility regarding aldehydes: with
p-anisidine (AN), aromatic aldehydes bearing either electron-
donating or electron-withdrawing groups at either the ortho- or para-
position, as well as furyl aldehyde, all worked similarly well and
yielded1 in good to excellent yields (runs 1-7, Table 1). Aliphatic
aldehydes also participated nicely in the reaction and furnished1h
and 1i in good yields (runs 8 and 9). In sharp contrast to these,
when benzylamine (BN) was used in place of AN, no1 was

produced at all; instead,2, containing two molecules of 1,3-
butadiene, was obtained in an excellent yield (run 10). On the other
hand, aliphatic aldehydes-aliphatic amine imines provided intrac-
table mixtures of products (e.g., run 11).

In view of precedents that, under similar catalytic conditions,
dienes react with imines to furnish homoallylamines313a,band also
alkynes react with imines to provide allylic amines4,14 both in
good yields, the selective formation of either1 or 2, without
contamination with neither3 nor 4, is rather surprising, especially
taking into consideration the fact that the formation of1 and2 is
associated with an unfavorable entropy factor.

The reaction can be undertaken in one flask with great ease (run
1, Table 1): a mixture of benzaldehyde (1 mmol) andp-anisidine
(2 mmol, AN) in dry THF was stirred at 30°C overnight under
N2. Into this mixture, without removal of the water produced, were
added Ni(acac)2 (0.1 mmol), 1,3-butadiene (4 mmol), 3-hexyne (4
mmol), and Me2Zn (3.6 mmol, 1M hexane) at 30°C. The reaction
was complete within 3 h and provided1a in 91% isolated yield
after usual workup and purification by column chromatography over
silica gel.
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Scheme 1. Reactive Intermediates I-III for the Nickel-Catalyzed
Reactions with 1,3-Butadiene

Table 1. Ni-Catalyzed Multicomponent Connection Reaction of
Me2Zn, Alkyne, 1,3-Butadiene, Aldehydes, and Aminesa

run aldehyde amineb time (h) % yield of 1 or 2

1 Ph AN 3 91 (1a)
2 p-MeC6H4 AN 6 96 (1b)
3 o-MeOC6H4 AN 2 88 (1c)
4 p-MeOC6H4 AN 1 78 (1d)
5 o-ClC6H4 AN 1 91 (1e)
6 p-ClC6H4 AN 2 97 (1f)
7 2-furyl AN 2 98 (1g)
8 n-pentyl AN 1 87 (1h)
9 i-Pr AN 1 84 (1i)
10 Ph BN 3 94 (2a)
11 n-pentyl BN 3 -c

a Reaction conditions: an aldehyde (1 mmol) and an amine (2 mmol) in
THF (2 mL) at 30°C overnight, and then Ni(acac)2 (0.1 mmol) in THF (3
mL), 3-hexyne (4 mmol), 1,3-butadiene (4 mmol), Me2Zn (3.6 mmol) at
30 °C for the period of time indicated.b AN (PMP-NH2), p-anisidine; BN
(Bn-NH2), benzylamine.c Intractable mixture of products.
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The compatibility of the present reaction with water, generated
during an aldimine formation from an aldehyde and an amine,
encouraged us to examine the reaction with lactols (eq 2).
2-Hydroxy-1-oxacyclohexane-AN imine provided5a in 86% yield
(30 °C, 2 h). To our pleasant surprise, unlike imines formed from
aliphatic aldehydes and aliphatic amines (cf., run 11, Table 1),
2-hydroxy-1-oxacyclohexane-n-hexylamine imine reacted cleanly
and furnished6a in 87% isolated yield (30°C, 3 h).15

Unsymmetrical alkynes, despite the large steric or electronic bias
of the substituents, did show almost no regioselectivity (Figure 1).
The reaction of 1-phenyl-1-butyne and benzaldehyde-AN imine
provided a mixture of regioisomers1j and 1j′ in a ratio of 2:1.
1-Trimethylsilyl-1-propyne provided a mixture of1k and1k′ in a
ratio of 2:1. The poor regioselectivity holds for the reaction with
aliphatic aldehydes:5b/5b′ ) 2:1 and5c/5c′ ) 3:1 for reactions
with 2-hydroxy-1-oxacyclohexane-AN imine.

The contrasting reactivity between aromatic amines (giving1
or 5) and aliphatic amines (yielding2 or 6) might be rationalized
invoking I and II , respectively. Reactive AN imines would react
with a diene-nickel(0) complexI in the presence of Me2Zn through
a transition stateVI and form an intermediateVIII (Scheme 2).
On the other hand, for less reactive aliphatic amine imines,I might
not be reactive enough; hence, more reactive, less populated bis-
butadiene-nickel(0) complexII would participate in the reaction
through a transition stateVII .8d Cis-insertion of an alkyne to the
Ni-allyl bond of VIII or IX at the distal position, followed by
reductive elimination of Ni(0) from a vinyl(methyl)nickel(II)
species, thus formed, would lead to1 or 2, respectively. The
similarity of steric and electronic environments of NiII-C-allyl and
NiII-Me moieties inVIII and IX might prevent the regioselective
incorporation of unsymmetrical alkynes.16
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Figure 1. Reaction of AN imines with unsymmetrical alkynes.

Scheme 2. Selective Single (VI) or Double Incorporation (VII) of
1,3-Butadiene for Aromatic or Aliphatic Amines Imines,
Respectively
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