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Electrophilic transition metal complexes or halides MXn

catalyze the cyclizations ofR,ω-enynes.1 Thus, Pd(II),2 Ru(II),3

and Rh(I)4 complexes catalyze the cycloisomerization of enynes
under mild conditions.5 However, palladacyclopentadienes were
found to catalyze a novel transformation that yields rearranged
metathesis-type products.6 Certain electrophilic Ru(II) complexes
as well as Pt(II) derivatives also catalyze this process.7,8

We have recently reported a new cyclization that proceeds by
the intramolecular reaction of allylsilanes and allylstannanes with
alkynes to afford dienes.9 This reaction was proposed to take place
by coordination of the metal to the alkyne, followed by the anti
attack of the allyl nucleophile. We conceived that simple enynes
could react analogously by the anti-attack of the alkene onto the
(η2-alkyne)metal complexI . It was expected that the transient
carbocationII resulting from this in the cyclization would be
trapped by the nucleophile R′OH to giveIII . Here we report the
realization of this concept by using PtCl2 as the catalyst.

The best results on the cyclization of enynes were obtained by
using PtCl2 as the catalyst, which is also a catalyst for the
formation of metathesis-type products from enynes.7c,e Thus,
heating1 with PtCl2 (5 mol %) in MeOH led to2 in high yield
(Table 1, entry 1).10 The cyclization is not a proton-catalyzed
process since no reaction took place in the presence of HCl, HI,
or p-TsOH in MeOH.11 Reaction of1 in EtOH led to3 (entry 2),

while reaction in aqueous acetone afforded alcohol4 (entry 3).
Malonate5 reacted in MeOH, allyl alcohol, or water to give ethers
6 and7 and alcohol8 (entries 4-6), respectively. Cycloisomer-
ization product9 was also obtained as a minor product in the
reactions of entries 4 and 6.12

Cyclization in MeOH or water also proceeds with propargyl
prenyl ether (10) to give 11 and 12 (entries 7 and 8). Use of
acetic acid as the solvent led to acetate13 (entry 9). Reaction of
14 and 15 in MeOH shows that the reaction tolerates steric
hindrance at the propargylic position (entries 10 and 11).
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Disubstituted alkenes also undergo cyclization reaction. Thus,
18 (5:1 trans/cis) reacted with MeOH to give19 as a 5:1 mixture
of stereoisomers, along with rearranged derivative20 as a minor
product (entry 12). In contrast, cyclization of the analogous
malonate21 (5:1 trans/cis) proceeded with lower stereoselectivity
to give22 as a 1.5:1 mixture of stereoisomers (entry 13). On the
other hand,23 gave exclusively24 and25, respectively (entries
14 and 15). In this last reaction, rearranged26 was obtained as a
minor product. Malonate27 gave28 and 29 as single isomers
(entries 16 and 17). Interestingly, cis derivative30 reacted with
MeOH to give 31, the stereoisomer of2413 (entry 18). The
cyclization of32 in MeOH afforded33 as a single isomer (entry
19), which is in accord with an anti addition of the alkyne and
nucleophile across the double bond.

Substrate34 reacts with MeOH in a 6-endo-trig process to give
35 as a result of the attack of the nucleophile on the more
substituted carbon of the double bond. None of the alternative

5-exo-trig product36 was formed in this reaction (entry 20).
Enynes with monosubstituted alkenes do not react with PtCl2.

The cyclization of5 in methanol-d4 led stereoselectively to
6-d4.14 This result is similar to that found in the cyclization of
allylsilanes and allylstannanes with alkynes,9 which indicates that
the metal coordinates as shown inI .15 The overall result
corresponds to a trans-attack of the alkene to the (η2-alkyne)-
platinum complexI (M ) PtCl2) or a slipped (η1-alkyne)platinum
species16 to form homoallyl cationII .17,18 Indeed, the metal-
stabilized homoallyl-methylcyclopropyl-cyclobutyl cation may
be the common intermediate in this new reaction as well as the
metathesis-type cyclization.19,20 However, the stereoselective
cyclizations of18, 21, 23, 27, and30 point to a concerted trans
formation of the C-C and C-O bonds.

In contrast with current methodologies for the synthesis of
carbocycles based on the intramolecular attack of silyl enol ethers
to alkynes promoted by Pd(OAc)2 or HgCl2,21 this cyclization
reaction proceeds with a maximum atom-economy by the
simultaneous formation of a C-C and a C-O bond from enynes.
Additionally, in most cases the reaction proceeds with high
stereoselectivity. Further synthetic applications as well as mecha-
nistic studies on this new alkyne-initiated cyclization are under-
way.
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Table 1. PtCl2-Catalyzed Cyclization of Enynesa

entry enyne nucleophile time (h) product yield (%)

1 1 MeOH 14 2 88
2 1 EtOH 15 3 86
3 1 H2O 16 4 70
4 5 MeOH 17 6 65b

5 5 AllOH 17 7 57
6 5 H2O 17 8 57c

7 10 MeOH 14 11 59 (76)d

8 10 H2O 15 12 73 (94)d

9 10 AcOHe 16 13 55
10 14 MeOH 15 16 64
11 15 MeOH 13 17f 68
12 18 MeOH 17 19g 66h

13 21 MeOH 16 22i 59
14 23 MeOH 16 24 77
15 23 H2O 34 25 74j

16 27 MeOH 72 28 60
17 27 H2O 120 29 86
18 30 MeOH 48 31 72
19 32 MeOH 17 33 67
20 34 MeOH 20 35 80k

a Unless otherwise stated, all reactions were carried out under reflux
with 5 mol % catalyst. Reactions with water were carried out in aqueous
acetone at 40°C. b Cycle9 was also obtained (10%).c 10 mol % PtCl2.
9 was also obtained(17%). d Based on converted starting enyne.
e Reaction at 70°C. f 1.5:1 stereoisomeric mixture.g 5:1 stereoisomeric
mixture. h 20 was also obtained (17%).i 1.5:1 stereoisomeric mixture.
j 26 was also obtained (11%).k 37 was also obtained (14%).
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