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ABSTRACT

A novel and general copper/silver catalytic system has been developed for the Conia-ene intramolecular reaction of linear â-alkynic â-ketoesters.
In the presence of (CuOTf) 2‚C6H6 and AgSbF 6 (or AgOAc), a variety of the linear â-alkynic â-ketoesters selectively underwent the Conia-ene
intramolecular reaction in moderate to good yields.

The intramolecular ene reaction of unsaturated ketones and
aldehydes, namely, the Conia-ene reaction, is an important
method for the formation of carbon-carbon bonds.1-7 There

are two common transformations, one involving thermal
cyclization2 and the other transition-metal-catalyzed cycliza-
tion (eq 1).3-7 However, the application of the former in
organic synthesis is limited because of the requirement of
high temperature. Although the latter transformation could
be conducted smoothly at lower temperature, additives such
as strong base,3 strong acid,4 and photochemical activation
(often UV irradiation) are often needed.5 Balme and co-
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workers, for example, have reported that the Conia-ene
reactions of R-alkynic â-ketoesters could be conducted
smoothly in moderate to excellent yields using CuI as the
catalyst. However, a strong base,tert-BuOK, was necessary
to improve the reaction. Consequently, much recent attention
has focused on the development of mild and neutral
conditions for the Conia-ene reaction.6 Toste, for instance,
reported a mild and efficient (PPh3)AuCl/AgOTf-catalyzed
Conia-ene intramolecular reaction ofR-alkynic â-ketoesters
in good yields.6a Recently, Yang also developed a mild and
effective protocol for the Conia-ene reactions ofR-alkynic
â-ketoesters using the Ni(acac)2/Yb(OTf)3 catalytic system.6d

Unfortunately, almost all of these catalytic protocols are
focused on the reactions ofR-alkynic â-ketoesters, and a
linearâ-alkynic â-ketoester was only employed as substrate
in the [Au(N(SO2CF3)2(triethynyphosphine)]-catalyzed Co-
nia-ene reaction to afford anexo-product in quantitative
yield.6c Thus, the development of an inexpensive and general
catalytic system for the Conia-ene reactions of the linear
â-alkynic â-ketoesters under neutral conditions is still
interesting (eq 2). Herein, we wish to report a Cu(I)/Ag
catalytic system for the Conia-ene reactions of the linear
â-alkynic â-ketoesters in moderate to good yields.3g,h

As listed in Table 1, methyl 7-(4-methoxyphenyl)-3-
oxohept-6-ynoate (1a), a linearâ-alkynic â-ketoester, was
chosen as a model substrate to screen the optimal reaction
conditions.8 No reaction was observed using CuI, CuI/tert-
BuOK (Balme’s conditions3g), or CuI/AgOTf catalytic system
(entries 1-3). To our delight, anendo-product2a was
isolated in a 8% yield using (CuOTf)2‚C6H6 as the catalyst
(entry 4). Interestingly, AgOAc also provided the target
product2a in a 24% yield (entry 5). These prompted us to
examine the Cu/Ag cocatalysts’ effect on the reaction. In
the presence of (CuOTf)2‚C6H6, a number of silver salts,
including AgOTf, AgOAc, AgSbF6, AgBF4, AgNO3, Ag2O,
and Ag2CO3, were first tested. The results indicated that
AgOAc, AgSbF6, or AgBF4 gave the better results.6 A 67%
yield of 2a was achieved from the reaction of substrate1a
catalyzed by (CuOTf)2‚C6H6 combined with AgOAc (entry
6). Identical results were also obtained using (CuOTf)2‚C6H6/
AgBF4 cocatalysts (entry 7). Surprisingly, the Conia-ene
cyclization/decarboxylation sequence occurred in the reaction
substrate1a with (CuOTf)2‚C6H6 and AgOTf to afford a
decarboxylatedendo-product3aalone in a 26% yield (entry
8).9 Interestingly, AgSbF6 combined with (CuOTf)2‚C6H6

provided a 92% total yield involving a 61% yield of2a and

a 31% yield of3a (entry 9). Although in the presence of
(CuOTf)2‚C6H6 and AgSbF6 the product2acould be obtained
alone at 50°C, the yield was reduced to some extent even
with prolonging the time (entry 10). Finally, attempts to
enhance the yield of the decarboxylated product3a by
increasing the temperature were successful, and the product
3awas obtained exclusively in a 57% yield at 155°C (entry
11).9

With the standard reaction conditions in hand, a variety
of linear â-arylacetylenicâ-ketoesters were surveyed to
investigate scope (Table 2). The results demonstrated that
only endo-products were observed, but the yield and
selectivity were affected by the structures ofâ-ketoesters.
Substrates1b-d bearing electron-rich or electron-neutral aryl
groups at the terminal of alkyne, for instance, were treated
with (CuOTf)2‚C6H6 and AgSbF6 smoothly to afford the
correspondingendo-products in good total yields (entries
1-4). However, substrate1e having an electron-deficient
group at the terminal of alkyne gave a low yield together
with another byproduct (entry 5).10 Subsequently, the groups
of ester were tested under the standard conditions, and
methyl, ethyl, or isopropyl was tolerated well (entry 9 in
Table 1 and entries 6 and 8 in Table 2). Isopropyl ester (1g),
for instance, was treated with (CuOTf)2‚C6H6 and AgSbF6
smoothly at 95°C in a 69% total yield. Interestingly, the
reactions of the hindered 4-substituted 3-ketoesters1h and

(8) For detailed experimental data, see Table S1 in Supporting Informa-
tion.

(9) The decarboxylated products are readily observed in the presence of
transition-metal catalyst under higher reaction temperature conditions; see:
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Yamamoto, A. InActiVation of UnreactiVe Bonds and Organic Synthesis;
Murai, S., Ed.; Springer: Berlin, Germany, 1999; pp 161-192.

(10) See eq S1 in Supporting Information.

Table 1. Screening Conditions for the Conia-Ene Reactiona

isolated
yield (%)

entry [Cu] [Ag] 2a 3a

1 CuI - trace trace
2b CuI - trace trace
3 CuI AgOTf <5 trace
4 (CuOTf)2‚C6H6 - 8 trace
5 - AgOAc 24 trace
6 (CuOTf)2‚C6H6 AgOAc 67 trace
7 (CuOTf)2‚C6H6 AgBF4 62 trace
8 (CuOTf)2‚C6H6 AgOTf trace 26
9 (CuOTf)2‚C6H6 AgSbF6 61 31

10c (CuOTf)2‚C6H6 AgSbF6 56 0
11d (CuOTf)2‚C6H6 AgSbF6 trace 57

a Reaction conditions:1a (0.2 mmol), [Cu] (10 mol %) and [Ag] (10
mol %) at 95°C in CH2ClCH2Cl (DCE; 5 mL) under argon atmosphere
for 23 h. b tert-BuOK (15 mol %) in THF (5 mL) at 30°C for 4 h then
95 °C for 24 h.c At 50 °C for 46 h.d At 155 °C for 46 h.
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1i selectively afforded the desired products2h and 2i
exclusively in moderate yields (entries 10-12). We were
happy to find that 3-arylacetylenic 1,3-diketos1j-l were also
suitable substrates under the standard conditions (entries 13-
15). Note that the decarboxylated products3 can still be
obtained alone in moderate yields at 155°C (entries 3, 7,
and 9). Unfortunately, no target product was observed from
the reaction of methyl 7-(4-methoxyphenyl)-2-methyl-3-
oxohept-6-ynoate, a substrate bearing a methyl group at the
R-position.

The reactions of terminal alkynes1m-q or a middle
alkylalkyne1r were conducted under the standard conditions,
and the results are summarized in Scheme 1. In the presence
of (CuOTf)2‚C6H6 and silver salt (AgSbF6 or AgOAc), a
number of terminal alkynes1m-q underwent the Conia-
ene cyclizations successfully to selectively generate the
correspondingexo-products4m-q alone in 33-53% yields.
Interestingly, alkyne1r, a substrate bearing a methyl group
at the terminal of alkyne, gave a mixture of theendo-product
4q andexo-product4r in 22 and 21% yields, respectively.

To elucidate the mechanism of the present protocol, some
controlled reactions were conducted as shown in Scheme 2.
1-Phenylpropyne (6) was hydrated readily by (CuOTf)2‚C6H6

and AgSbF6 to afford propiophenone (7) in a 50% yield,
which was determined by GC-MS analysis. The results
implied that the present protocol may proceed via the alkyne

hydration followed by Knovenagel condensation process.11

To verify it, substrate1c was first hydrated to give methyl

3,7-dioxo-7-p-tolylheptanoate (8) in the presence of PdCl2-
(MeCN)2.12 Subsequently, the compound8 was treated with
(CuOTf)2‚C6H6 and AgSbF6 at 95°C for 24 h; however, no
target products2c and 3c were observed by GC-MS
analysis. On the other hand, a hydrated decarboxylated
product5e, not the decarboxylated cyclization products3e,
was isolated from the reaction of alkyne1e(entry 5 in Table
2). All the results demonstrated that there was competition
between the Conia-ene cyclization reaction and the hydration
reaction.

Thus, another working mechanism as outlined in Scheme
3 was proposed on the basis of the previously reported
mechanism.1-7 During the Conia-ene reaction ofR-alkynic
â-ketoesters, two mechanisms were proposed: (1) nucleo-
philic attack on a M-alkyne complex by the enol form of
the ketoester, and (2) a M-enolate formation by directly
complexing it with theâ-ketoester, followed by acis-
carbonmetalation of the alkyne.6 The present results sug-
gested that intermediateA may be generated by the complex
of one metal with alkyne and another metal withâ-ketoester,

(11) (a) Chang, H.-K.; Datta, S.; Das, A.; Odedra, A.; Liu, R.-S.Angew.
Chem., Int. Ed.2007,46, 4744. (b) Chang, H.-K.; Liao, Y.-C.; Liu, R.-S.
J. Org. Chem.2007,72, 8139.

(12) Imi, K.; Imai, K.; Utimoto, K.Tetrahedron Lett.1987,28, 3127.

Table 2. Cu/Ag-Cocatalyzed Conia-Ene Reactiona

a Reaction conditions:1 (0.2 mmol), (CuOTf)2‚C6H6 (10 mol %),
AgSbF6 (10 mol %), at 95°C in DCE (5 mL) under argon atmosphere.
b Isolated yield.c At 155 °C. d See eq S1 in Supporting Information. A
byproduct5e was isolated in 30% yield.e AgOAc (10 mol %) instead of
AgSbF6.

Scheme 1. The Conia-Ene Cyclizations of Substrates1m-r

Scheme 2. Some Controlled Reactions
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which is similar to the mechanism proposed by Toste.6 The
intramolecular attack of the M-enolate on the M-alkyne
complex then occurred to form intermediatesB and C,
followed by a protonation/isomerization sequence to give the
correspondingendo- orexo-products. The present results
showed that the selectivity towardendo- or exo-products
depended on the substitutes at the terminal of alkynes. On
the basis of the previous and present results,1-7 we deduced
that the endo-products were obtained exclusively from
γ-arylacetylenicâ-ketoesters due to the properties, such as
steric hindrance, of the aryl group at the terminal alkyne.

In summary, we have developed a novel copper/silver-
cocatalyzed Conia-ene intramolecular reaction of the linear

â-alkynic â-ketoesters. In the presence of (CuOTf)2‚C6H6

and AgSbF6 (or AgOAc), a variety of the linearâ-alkynic
â-ketoesters selectively underwent the Conia-ene intramo-
lecular reaction in moderate to good yields. Work to probe
the detailed mechanism and apply the reaction in organic
synthesis is currently underway.
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Scheme 3. A Working Mechanism
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