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We report here a new example of cyclic cotrimerization. The
reaction ofR,â-enones1 (1 equiv) and alkynes2 (2 equiv)
proceeded smoothly in the presence of a nickel-organoalumi-
num catalyst system to give the corresponding cyclic adducts
(reaction A in eq 1). Moreover, regioselective cotrimerization
was observed in the reaction with 1-alkyne.

We recently reported the nickel-catalyzed tandem reaction
of 1, 2, chlorotrimethylsilane (TMSCl), and organotin or
organozinc to provide the corresponding coupling products
(reaction B in eq 1).1 During this research, we found that the
reaction of trimethylaluminum (Me3Al) with 2-cyclopenten-1-
one (1a), 1-hexyne (2a), and TMSCl in the presence of a
nickel-triphenylphosphine (PPh3) catalyst in THF at room
temperature gave an unexpected cyclic cotrimerization adduct
(n ) 0, R ) Bu, R′ ) H; isomer mixture) derived from one
molecule of1aand two molecules of2a in a total yield of 48%
(reaction A). To the best of our knowledge, there is no example
of the cotrimerization of enone1 with alkyne2.2 Therefore,
we started to investigate the nickel-catalyzed (5 mol %) reaction
of 1awith a stoichiometric amount of2a (i.e., 2 equiv vs1a)
in the presence of Me3Al to determine the optimum conditions
for obtaining the adducts in high yield. A palladium complex
such as Pd(acac)2 did not catalyze the reaction. TMSCl was
not required for cotrimerization. The amount of Me3Al could
be reduced to 40 mol %. When phenol (ca. 3 equiv vs Me3Al)
was added to the reaction system, the yield of the adduct
increased to 86%.3 Other enones and alkynes could also be
applied to this cotrimerization.4

The most notable feature is that the regioselective cotrimer-
ization occurred in the reaction with 1-alkynes. Since the
regiochemistry of the adducts was equivocal by spectroscopic
analyses, it was determined after aromatization. When the
adducts derived from the reaction of1a with 2a were treated
with DBU under open air, three kinds of regioisomers (i.e.,3a,
4a, and 5a or 6a) were produced on the basis of1H NMR
spectral data (total yield 87%) (eq 2). One of the minor products

(14% selectivity) was considered to be 4,7-dibutyl-1-indanone
(4a) on the basis of the coupling constant (J) 8.1 Hz) between
two aromatic protons. The major isomer (82% selectivity) was
determined to be 5,7-dibutyl-1-indanone (3a) on the basis of
spectral analyses of product7 derived from further chemical
transformation of the aromatic compound mixture.5
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(4) While the reaction of methyl vinyl ketone with2b also gave the
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Table 1. Nickel-Aluminum-Catalyzed Cotrimerization of1 and2a

entry 1 2 total yield of3-6,b% ratio,c 3:4:(5 or 6)

1 1a 2a a, 71 82:14:4
2 1a 2b b, 62
3d 1a 2c c, 42 3c, >98%
4d 1a 2d d, 81 92:<2:6
5d 1a 2e e, 45e 4e, 89%
6d 1a 2f f, 33 4f, >98%
7 1b 2a g, 83 91:7:<2
8f 1b 2g h, 50 89:9:<2
9 1c 2a i, 70 85:0:15

aUnless stated otherwise, all reactions were caried out with Ni(acac)2

(0.05 mmol), PPh3 (0.1 mmol), Me3Al (1.0 M in hexane, 0.4 mL),
phenol (1.1 mmol), enone (1 mmol), alkyne (2.05 mmol), and THF (5
mL) at room temperature for 2 h under N2 and followed by treatment
with DBU (2 mmol) overnight under open air.b Isolated yield.cRatio
based on1H NMR. d The reaction was carried out with Ni(acac)2 (0.1
mmol), PPh3 (0.2 mmol), Me3Al (0.8 mmol), and phenol (2.0 mmol).
eAromatization was performed with 0.2 M NaOH in methanol instead
of DBU. f Gaseous2g (ca. 25 mmol) was used.
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The results of regioselective cotrimerization of a variety of
combinations of1a-c and2a-g are summarized in Table 1.6

The reaction of1a with propargyl silyl ether2c gave3c as a
sole product (entry 3). When silyl ether2dwas treated instead
of 2c, the regioselectivity of3d decreased to 92% (entry 4).
The six- and seven-membered enones1b and1c also reacted
to provide3g (from the reaction with2a, 91% selectivity),3h
(from the reaction with2g, 89% selectivity), and3i (from the
reaction with2a, 85% selectivity) as the major products (entries
7-9). The products4e (89% selectivity) and4f (>98%
selectivity) were synthesized from the reaction of1awith tert-
butylacetylene (2e) and (trimethylsilyl)acetylene (2f), respec-
tively (entries 5 and 6).
Plausible mechanisms are shown in Scheme 1. The alumi-

num catalyst functions as a Lewis acid and activates enone1.7
The reaction of nickelacyclopentene9,1c,8which was generated
from a Ni(0) species, one molecule of alkyne2, and a1-alumi-
num complex, with another molecule of2 may produce inter-
mediate10 followed by reductive elimination. Alternatively,
a pathway which involves the generation of nickelacyclopen-
tadiene11 has also been suggested.9,10 Regioselection is due

to steric and/or electronic characteristics of1 and 2 in the
production of intermediate9 or 11.9c,11
In summary, we have described the novel regioselective cyclic

cotrimerization of enones1 and 1-alkynes2 by a nickel-
aluminum catalyst system. More detailed studies on the scope
of this reaction are in progress.
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