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Abstract: A simple, versatile new approach to four-
membered ring to six-membered ring products has
been developed by zinc-catalyzed intramolecular
Conia-ene reactions of 1,3-dicarbonyl compounds
with alkynes. This new route allows a wide range of
dicarbonyl compounds, including the classically
challenging 1,3-diesters and N,N’-disubstituted 1,3-
keto amides, to be used for the Conia-ene reaction
with inexpensive zinc chloride (ZnCl2) under neat
conditions.
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The Conia-ene cyclization of an alkyne with an eno-
lizable carbonyl group is a fundamental method in or-
ganic synthesis for carbon-carbon bond formation.[1–7]

However, major limitations in its application to or-
ganic synthesis are the reaction conditions, such as

high temperature (>260 8C),[1] strong base, strong
acid or photochemical activation (often UV irradia-
tion).[2,3] Recently, a few new catalytic systems, includ-
ing Au/Ag,[4] Ni ACHTUNGTRENNUNG(acac)2/Yb ACHTUNGTRENNUNG(OTf)3,

[5] In ACHTUNGTRENNUNG(NTf2)3,
[6] and

(CuOTf)2·C6H6/Ag,[7] were developed for the Conia-
ene reaction under mild and neutral conditions. De-
spite the great advantages of these methods, certain
limitations are still presented: (i) less reactive nucleo-
philes, such as 1,3-diesters[3,7b] and N,N’-disubstituted
3-ketoamides,[4a,5] are unsatisfactory substrates under
these conditions; (ii) construction of a four-membered
ring remains an unexplored area; (iii) These new cata-
lytic systems are highly expensive,[8] and the used sol-
vents are harmful in view of the environment. To
overcome these drawbacks, herein we report a gener-
al and inexpensive Zn-catalyzed Conia-ene protocol
capable of converting acetylenic 1,3-dicarbonyl com-
pounds, including the classically challenging sub-
strates, to four-membered ring to six-membered ring
products under neat conditions.[9,10]

The key step for the Conia-ene reaction is the enol-
ized a-position of the carbonyl group (Scheme 1). The
current Conia-ene reactions of alkynylated malonates

Scheme 1. The reported Lewis acid-mediated mechanism.
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approach uses an excess stoichiometric amount of
strong Ti,[3a] Zn (an example)[3a] and Sn[3b] Lewis acids
with the aid of bases. Although this method is com-
patible with alkynylated malonates in good yields, the
high metal loadings, resulting in toxic by-products,
hardly make this an attractive procedure. By compari-
son with these results and Ley�s results,[3,9] we envi-
sioned that a new catalytic access to cyclization of
1,3-diesters using Zn may be feasible. To verify this,
our initial investigation began with the reaction of di-
methyl 2-(pent-4-ynyl)malonate (1a) using various Zn
salts (Table 1, entries 1–5). As expected, treatment of
substrate 1a with Zn salts at 100 8C afforded the

target product 2a in moderate to good yields, and the
active order is ZnCl2, Zn ACHTUNGTRENNUNG(OTf)2>ZnBr2>ZnI2 in
terms of yields. Other Lewis acids, including FeCl3,
AlCl3 and SnCl4, are less effective (entries 6–8). A
good yield is still achieved at a loading of 5 mol% of
ZnCl2 (entry 9). The reaction at room temperature
gave 36% yield in 24 h (entry 10). It is noteworthy
that under neat conditions the pure product 2a can be
obtained directly in 96% yield after 9 h by washing
with water, extracting with diethyl ether and evapo-
rating under vacuum without column chromatography
(the purity is over 98% determined by GC-MS analy-
sis using nitrobenzene as the internal standard;
entry 11).

A variety of challenging substrates, including alkyn-ACHTUNGTRENNUNGylated malonates 1b–1h and amides 1i–1j, were subse-
quently examined under the optimized neat condi-
tions (Table 2). We found that a number of ester

groups, such as methyl, allyl, isopropyl, ethyl, or
benzyl groups, were tolerated well but the tert-butyl
group was inconsistent (entries 1–9). While good
yields were obtained from methyl, allyl, isopropyl or
ethyl esters, both benzyl and tert-butyl esters provided
moderate yields (entries 1–6). Moreover, decarboxyla-
tion of tert-butyl ester 1e took place to afford methyl
2-methylcyclopent-1-enecarboxylate (2e) in 60% yield
(entry 4). Iodo-substituted internal alkyne 1g, for in-
stance, was converted to the target product (E)-2g in
91% yield (entry 6).[11] Interestingly, 2-(but-3-ynyl)-
malonate 1h could be cyclized to the corresponding
four-membered ring product 2h in moderate yield
(entry 7). It was pleasing to observe that N,N’-disub-
stituted amides 1i and 1j were suitable substrates
under the optimized neat conditions, although sub-
strate 1i required higher loadings of ZnCl2, resulting
in satisfactory yield (entries 8 and 9). Keto amide 1j,
an inert substrate in the earlier reports,[4a,5] was highly
active with ZnCl2 in 98% yield (entry 9).

As shown in Scheme 2, the Zn-catalyzed reaction
also accommodates a wide range of acetylenic 1,3-
keto esters, keto amides and diketones to construct
the corresponding four-membered ring to six-mem-
bered ring products. Significantly, both internal and

Table 1. Screening reaction conditions.[a]

Entry Lewis
acid

Solvent T
[oC]

Time
[h]

Yield
[%]

1 ZnI2 toluene 100 24 70
2 ZnI2 ClCH2CH2Cl 100 24 75
3 ZnBr2 ClCH2CH2Cl 100 24 80
4 ZnCl2 ClCH2CH2Cl 100 24 86
5 Zn ACHTUNGTRENNUNG(OTf)2 ClCH2CH2Cl 100 24 85
6 FeCl3 ClCH2CH2Cl 100 24 trace
7 AlCl3 ClCH2CH2Cl 100 24 trace
8 SnCl4 ClCH2CH2Cl 100 24 25
9[b] ZnCl2 ClCH2CH2Cl 100 24 70
10 ZnCl2 ClCH2CH2Cl 25 24 36
11 ZnCl2 – 100 9 96

[a] Reaction conditions: 1a (0.3 mmol), Lewis acid (10
mol%) and solvent (2 mL).

[b] ZnCl2 (5 mol%) was added.

Scheme 2. ZnCl2-catalyzed Conia-ene reactions of keto
esters, keto amides and diketones.
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terminal alkynes are perfectly tolerated. Both ethyl 2-
acetylhept-6-ynoate and ethyl 2-acetyl-7-phenylhept-
6-ynoate, for instance, were treated with ZnCl2

smoothly to afford the corresponding products 2l and
2r in quantitative yields. Excellent yields were ob-
tained from the reaction of 1,3-keto amides, two solid
substrates, using ZnCl2 catalyst and CH2ClCH2Cl sol-
vent. To our delight, the same conditions also were
compatible with both ethyl 2-acetyloct-7-ynoate and
2-(but-3-ynyl)-1,3-diphenylpropane-1,3-dione, provid-
ing a six-membered ring product 2s and a four-mem-
bered ring product 2v, respectively.

To elucidate the mechanism, two deuterated keto
esters 4 and 5 were reacted under the neat conditions
(Scheme 3). Cyclization of both 4 and 5 gave the anti-
deuterated product 6 (the deuterium contents in prod-
uct 6 are about 40%; 4 to 6 : anti/syn=12:1; 5 to 6 :
anti/syn=8:1) as the major product.

Consequently, a possible mechanism was proposed
as outlined in Scheme 4 on the basis of the present re-
sults and the reported mechanism.[1–7,10] Complexation
of substrate with ZnCl2 readily occurs to give inter-
mediates A and B, followed by cyclization to afford
the corresponding intermediates C and D, respective-
ly.[3] Finally, the target products are obtained from
protonation of intermediates C and D, respectively.
The selectivity toward intermediate C or intermediate
D may depend on the properties, including the steric
effect, of the R group. Studies on the detailed mecha-
nism are in progress.

In summary, a simple, versatile new approach to
the synthesis of four-membered ring to six-membered
ring products has been developed. This new route
allows a wide range of alkynylated dicarbonyl com-
pounds, including the classically challenging 1,3-di-ACHTUNGTRENNUNGesters and N,N’-disubstituted amides, for the Conia-

Table 2. ZnCl2-catalyzed reactions of challenging substrates.[a]

Entry Substrate 1 Product 2 Time [h] Yield [%]

1 R= Bn (1b) R=Bn (2b) 15 55
2 R= allyl (1c) R=allyl (2c) 9 91
3 R= i-Pr (1d) R= i-Pr (2d) 8 92

4 (1e) (2e) 10 60

5 (1f) (2f) 9 86

6 (1g) (2g) 9 91

7 (1h) (2h) 18 46

8[b] (1i) (2i) 30 62

9 (1j) (2j) 9 98

[a] Reaction conditions: 1 (0.3 mmol) and ZnCl2 (10 mol%) at 100 8C.
[b] ZnCl2 (40 mol%).

Scheme 3. The deuterated keto ester experiments.
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ene reaction with a catalytic amount of inexpensive
ZnCl2 catalyst under neat conditions. Importantly, we
provide the first example of the construction of four-
membered rings by the Conia-ene reaction. Work to
understand the mechanism and extend the scope of
both the reaction and products in the preparation of
biologically active compounds is currently underway.

Experimental Section

Typical Experimental Procedure for Zn-Catalyzed
Conia-ene Reaction:

A mixture of substrate 1 (0.3 mmol) and ZnCl2 (10 mol%)
under neat or DCE (2 mL) conditions was added in turn
into a 25-mL glass sealed tube, the mixture was stirred
under an argon atmosphere at 100 8C for the desired time
until complete consumption of the starting material as moni-
tored by TLC and GC-MS analysis. Then the mixture was
diluted with diethyl ether, washed with saturated NaCl, and
evaporated under vacuum. The residue was purified by flash
column chromatography (hexane/ethyl acetate) to afford the
pure product 2.

Dimethyl 2-methylenecyclopentane-1,1-dicarboxylate
(2a):[3a] Colorless oil; 1H NMR (500 MHz, CDCl3): d= 5.30
(t, J= 2.5 Hz, 1 H), 5.27 (t, J=2.0 Hz, 1 H), 3.75 (s, 3 H),
2.48–2.44 (m, 2 H), 2.35 (d, J= 7.0 Hz, 2 H), 1.78–1.70 (m,
2 H); 13C NMR (125 MHz, CDCl3): d=171.2, 148.2, 112.0,
63.5, 52.7, 36.3, 33.7, 24.1; IR (KBr): n= 1730 cm�1; LR-MS
(EI, 70 eV): m/z (%)=198 (M+, 4), 138 (M+�COOMe,
100).
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