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ABSTRACT

We have discovered a Ni(II)-catalyzed Conia-ene reaction of 1,3-dicarbonyl compounds with alkynes. In the presence of Ni(acac) 2 and Yb(OTf) 3,
various acetylenic 1,3-dicarbonyl compounds underwent Conia-ene reaction to give mono- and bicyclic olefinic cyclopentanes. A mechanism
involving the enol −yne−Ni complex formation is proposed and supported by deuterium-labeling experiments.

TheR-alkylation of 1,3-dicarbonyl compounds is one of the
most common methodologies for the formation of carbon-
carbon bonds.1 Direct R-alkylation of 1,3-dicarbonyl com-
pounds without prior enolate formation represents a more
efficient approach.2-5 One example is Conia-ene reaction:
ketones undergo thermal cyclization onto alkynes to yield
cyclic R-vinylated ketones.6 However, the high temperature
required for this reaction limits its application in organic
synthesis. The use of transition-metal catalysts allows the
reaction to proceed at lower temperatures, but strong base,7

strong acid,8 or UV irradiation is still required.3 Recently,
Toste and co-workers reported an elegant gold(I)-catalyzed
Conia-ene reaction ofâ-ketoesters with alkynes under mild
and neutral conditions.5a In the presence of catalytic amounts
of (PPh3)AuCl and AgOTf, a series of alkynicâ-ketoesters
gave the cycloisomerization products in high yield. Here we
report the utilization of Ni(acac)2-Yb(OTf)3 as the catalyst
in the Conia-ene reaction of 1,3-dicarbonyl compounds with
alkynes.

Intramolecular cyclizations mediated by nickel complexes
have been extensively explored in recently years for sub-
strates such as dienes, enynes, dienynes, and bis-dienes.9 To
the best of our knowledge, nickel-catalyzed hydroalkylation
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of unactived alkynes by sp3-hybridized C-H bonds has not
been reported.10 In our initial study, we examined the
catalytic efficiency of various nickel reagents in the cycliza-
tion of â-keto ester1 (Table 1).11 To increase the enol content
of the â-keto esters, we added Lewis acid Yb(OTf)3 as a
cocatalyst.12 Treatment of1 with 20% Ni(PPh3)4 in dioxane
failed to give any reaction even at 50°C (entry 1). On the
other hand,1 was rapidly consumed by Ni(COD)2 or NiCl2-
(dppe)2, but a mixture of unidentified compounds were
produced with no desired cyclization product (entries 2 and
3). While no reaction was observed using 20% Ni(acac)2

and 50% Yb(OTf)3 at room temperature (entry 4), we
obtained desired product2 in 68% yield by raising the
reaction temperature to 50°C for 15 h (entry 5). When we
reduced the catalyst loading to 10% Ni(acac)2 and 20% Yb-
(OTf)3, a higher yield of2 (83%) was observed (entry 6).
Further reducing the catalyst loading to 5% Ni(acac)2 and
10% Yb(OTf)3 did not obviously compromise the yield,
although a longer reaction time was needed (entry 7). We
found that a similar yield of2 could be achieved even in the
absence of Yb(OTf)3; however, a much longer reaction time
was required for completion (entry 8 vs entry 6). It should
be pointed out that all our Ni(acac)2-catalyzed reactions were
carried out in open air without exclusion of oxygen from
the reaction flask.13 In contrast, when the cyclization was
conducted in argon atmosphere, i.e., Ni(acac)2 (0.1 equiv)/
Yb(OTf)3 (0.2 equiv)/Ar/dioxane/50°C/6 h, substrate1

decomposed quickly and only 20% of2 was isolated. This
observation suggests that the presence of oxygen is beneficial
to the cyclization reaction, probably because it can reoxidize
any adventitiously reduced Ni(0) species that are generated
as the reaction proceeds.

Having established the suitable reaction conditions, we
then examined this Ni(II)-catalyzed cycloisomerization on
a wide range ofε-acetylenic 1,3-dicarbonyl substrates (Table
2). Compared with the reaction of1, a longer reaction time
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(13) We also screened the effects of other solvents on this reaction. Under
the same reaction condition, the reaction conducted in THF produced2 in
poor yield (25%), whereas the reaction failed to proceed in MeCN. Although
2 was obtained in 40% yield in DCE, the conversion was relative low
compared with that in dioxane; even lower conversion (<5%) was observed
in toluene.

Table 1. Screening of the Reaction Conditionsa

entry Ni (equiv)
Yb(OTf)3

(equiv)
T

(°C)
time
(h)

yieldb

(%)

1 Ni(PPh3)4 (0.2) 0.5 50 15 c
2 Ni(COD)2 (0.1) 0.1 50 4 d
3 NiCl2(dppe)2 (0.2) 0.5 rt 4.5 d
4 Ni(acac)2 (0.2) 0.5 rt 4.5 c
5 Ni(acac)2 (0.2) 0.5 50 15 68
6 Ni(acac)2 (0.1) 0.2 50 12 83
7 Ni(acac)2 (0.05) 0.1 50 30 80
8 Ni(acac)2 (0.1) 0 50 30 77

a Reaction conditions:1 (0.33 mmol), dioxane (15 mL), air atmosphere.
b Isolated yield.c No reaction.d Complex mixture but no2 was formed.

Table 2. Ni(acac)2-Catalyzed Conia-Ene Reaction of Various
1,3-Dicarbonyl Compounds with Alkynesa

a Reaction conditions: Yb(OTf)3 (0.2 equiv), Ni(acac)2 (0.1 equiv), 0.03
M substrate in dioxane, 50°C, air atmosphere.b 3 and4, R ) Me, R′ )
tBu; 5 and6, R ) iPr, R′ ) Me; 7 and8, R ) Me, R′ ) allyl; 9 and10,
R ) CH2CH2CHdCH2, R′ ) Me; 11 and12, R )Ph, R′) Et. c Isolated
yield. d Yb(OTf)3 (0.5 equiv) and Ni(acac)2 (0.2 equiv) were used.
e Yb(OTf)3 (0.067 equiv) and Ni(acac)2 (0.1 equiv) were used.
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was needed when the size of substituents increased either
on the ester or the ketone moiety (substrates3 and5; entries
1 and 2). For substrates7 and 9, which contain olefinic
groups, the cyclizations were completely chemoselective, and
the olefinic groups did not participate in the reaction (entries
3 and 4).â-Ketoester11, in which the presence of a phenyl
group might cause 1,3-allylic strain for its enol form, was
also cyclized successfully in 73% yield (entry 5). Besides
â-ketoesters, the Ni(II)-catalyzed cyclization is also ap-
plicable for 1,3-diketones: the cyclizaiton of13 provided
diketone14 in 71% yield (entry 6). Interestingly, even the
cyclization of â-ketoamide15 was achieved in moderate
yield (69%) (entry 7). However, the correspondingN,N-
dimethyl substitutedâ-keto amide failed to react due to
severe 1,3-allylic strain.5a

The Ni(II)-catalyzed cyclization reactions are applicable
to the preparation of bicyclic compounds. While bicyclo-
[3.2.1]octanone18 was obtained in moderate yield from the
cyclization ofâ-ketoester17 under the standard conditions
(entry 8),cis-fused 6,5-bicyclic compound20 was synthe-
sized from cyclohexanone19 in good yield (entry 9).
Similarly, ene reaction of cyclopentanone21 affordedcis-
fused 5,5-bicyclic keto22 in 88% yield (entry 10). The
synthetic utility of this reaction is further demonstrated by
the preparation of bicyclic ring systems containing hetero-
cyclic units. For example, the cyclization of lactone23
providedcis-fused 5,5-heterocyclic compound24 in 86%
yield (entry 11), and the procedure was also employed in
the construction of a bicyclic lactam26 (entry 12).

It is surprising that, as described above (Table 1, entries
4 and 5), longer reaction time and lower yield were obtained
when the amount of Yb(OTf)3 increased. To determine the
role that Yb(OTf)3 plays in the reaction, we repeated the
cyclization of 1 under the same reaction condition but
increased the loading of Yb(OTf)3 to 1 equiv. After 19 h,
only half of 1 was consumed and2 was isolated in only
20% yield (eq 1). In contrast, when 0.067 equiv of Yb(OTf)3

was used, the reaction time was shortened dramatically to 6
h while the yield remained good. The 3:2 ratio of Ni(acac)2

and Yb(OTf)3 indicates the more active catalyst may be the
in situ formed Ni(OTf)2 in the reaction system. Indeed, the
reaction can be catalyzed by Ni(OTf)2

14 with a higher
reaction rate but slightly lower yield. The excess amount of
Yb(OTf)3 may decrease the reaction rate by competing
complexation with the carbonyl groups of substrates.

To further probe the mechanism of our Ni(II)-catalyzed
Conia-ene reactions, we synthesized deuteratedâ-ketoesters

27 and 29.5a Cyclization of 27 gave product28, in which
the deuterium predominately (77%:1%) anti/syn) locates
anti to the â-ketoesters group (eq 2). In contrast, the Ni-
(acac)2-catalyzed cyclization of29afforded cyclopentanone
30 selectively (22%:5%) syn/anti), with deuteriumsyn to
the â-ketoester moiety (eq 3).

These deuterium labeling results are in contrast with those
obtained by Toste et al. in the Au(I)-catalyzed Conia-ene
reactions,15 suggesting that a completely different mechanism
might be involved in our Ni(II)-catalyzed reactions. A
plausible mechanism is depicted in Scheme 1, which involves

the formation of the enol-yne-Ni complexA. The insertion
of Ni enolate to the alkyne generates a Ni(II) vinyl species
B and then protonation of the C-Ni bond to give the
cyclization product28.

In conclusion, we have developed a new Ni(II)-catalyzed
Conia-ene reaction of 1,3-dicarbonyl compounds with alkynes.
This represents the first example of nickel-catalyzed hy-
droalkylation of unactivated alkynes by sp3 hybridized C-H
bonds. The simple catalyst system provides various mono-
and bicyclic olefinic cyclopentanes in a highly regioselective
manner. A mechanism involving the enol-yne-Ni complex
formation is proposed and supported by deuterium labeling
experiments. The neutral and mild reaction condition should
make the Conia-ene reaction a valuable method to synthesize
quaternary carbon centers.16

(14) Ni(OTf)2 was prepared according to the literature procedure:
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Scheme 1. Proposed Mechanism for the Ni(II)-Catalyzed
Conia-Ene Reaction
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