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Transition metal-catalyzed enyne cycloisomerization is one of
the most important strategies for forming functionalized cyclic
structures. Lately, Au catalysid has elicited new excitement in

this active research area, and novel modes of enyne cycloisomer-

ization have been revealed. Among a range of applicable enyne

substrates, 1,5-enynes are one of the most studied and have been Entry

efficiently converted into cyclic products such as bicyclo[3.1.0]-
hexenes,cyclohexadiene$methylenecyclopentenésnd hetero-
bicycloalkene$.These reactions are often proposed to proceed with
initial formation of a cyclopropyl gold carbenoid.

Recently we showed that the alkenylgold intermediates generated
in situ from propargylic esters were significantly nucleophilic and
participated efficiently in intramolecular -€C bond formation
reactions’ We reason this €C bond formation reaction can be
generally applied to other alkyne substrates as well, and a unique
cycloisomerization strategy is envisioned. As shown in Scheme 1,

Scheme 1. General Design of Au-Catalyzed Cycloisomerization
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Au activation of the G-C triple bond can result in a migration of
the nucleophilic X group, providing the carbon cation generated is
sufficiently stabilized. Subsequent nucleophilic atfadky the
alkenylgold will then lead to cyclized products.

Our effort in implementing this novel strate§yled to the
development of an efficient synthesis of 1-carboxycyclohexa-1,4-
dienes and carboxyarenes from 5,1-enyn-4-yl carboxylates. Sig-
nificantly, this novel Au-catalyzed cycloisomerization of 1,5-enynes
does not likely undergo the often-invoked initial formation of
cyclopropyl gold carbenoid. Herein we disclose the results of this
study.

On the outset, we chose 1,5-enyinas the substrate, with acetoxy
as the migrating group (Scheme 2), with two considerations in

Scheme 2. Initial Au"-Catalyzed Reaction of 1,5-Enyne Acetate 1
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mind: (1) the phenyl group can provide further stabilization to the
carbon cation, permitting an efficient migration of the acetoxy
group, and (2) the cyclohexane ring can provide conformation
control to the allylic cation. Gratifyingly, this reaction did proceed

in high efficiency under carefully optimized reaction conditions

[i.e., 5 mol % of dichloro(pyridine-2-carboxylato)gol8)(** THF,
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Table 1. Au'-Catalyzed Cycloisomerization of 1,5-Enynes
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a2 Enynes4 were conveniently prepared by reacting enones with propar-
gylaluminate followed by acetylation or methylcarbonatibBue to the
difficulty of purification, the cyclohexadiene product was dehydrogenated
using DDQ to afford the corresponding biaryl acetate.

40°C, 1 h], and 1-acetoxycyclohexa-1,4-die2ié was isolated in
82% vyield. Other solvents, such as N, toluene, and CICH
CH.CI, were suitable as well but with diminished efficiency. The
likely mechanism of this reaction is proposed in accordance with
the general strategy (Scheme 2).

The initial scope study of this reaction with substrates derived
from arylidene-substituted cyclic ketones is shown in Tablé 1.
Enynes4 with different ring sizes were generally tolerated, as both
five- and seven-membered substrates reacted smoothly, yielding
cyclohexa-1,4-dienBaand aromatized produbb®*in good yields
(entries 1 and 2). Besides phenyl group, various other aryl groups,
including electron-rich (entry 5), electron-poor (entry 4), and
sterically demanding ones (entries 3 and 6), were compatible with
this reaction, and generally good yields of the corresponding
cyclohexadienes were isolated (entries 4 and 6). In the cases of
p-methoxyphenyl and-tolyl groups (entries 3 and 5), the reaction
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mixtures were subsequently treated with DDQ to yield biabds
and 5e for ease of purification. Interestingly, the aryl group,
important for the stabilization of the intermediate allylic cation,
can be placed on the other side of the allyl moiety. Hence, enyne
4g derived fromao-tetralone cyclized efficiently, affording func-
tionalized tetrahydrophenathrefig in 86% yield in only 15 min.

Besides acetoxy group, methoxycarboxy group can be the migrating

entity as well, giving rise to cyclohexadienyl carbon&kein fairly
good yield (entry 8). A remarkable observation from Table 1 is
the substantial variation of the reaction conditions from entry to
entry. While dichloro(pyridine-2-carboxylato)gold)(is the catalyst/

provides an efficient formation of phenolic acetates with much
flexibility in aromatic substitution pattern.

Further expanding the scope of this chemistry to substrates
derived from enals was unsuccessful with Au catalysts. However,
PtCL provided an encouraging alternative. As shown in eq 4, enyne

PtCl, (20 mol %)
H_ OAc
M Toluene, 100°C, air, 4h @)
PR 60% PR OAc

12 13

12, derived fromtrans-cinnamaldehyde, was converted into cyclo-

precatalyst of choice, the reaction temperature and solvent werehexadienel3in 60% yield. Notably, 20 mol % of Ptgivas needed,

optimized, as no single set of conditions worked well for all the
substrates. Noteworthy are the conditions used for the difficult
substrategd and4f. The slow reaction of these substrates always

led to catalyst decomposition and incomplete reaction, and increas-

ing the catalyst loading did not noticeably improve the conversion.

and the reaction was run under air, as nitrogen protection led to
significant retardation and inferior yield. The role of oxygen in this
reaction is to be further studied.

In summary, we have developed a unique Au-catalyzed 1,5-enyne
cycloisomerizatioin involving carboxy group migration and Au-

However, the catalyst system appeared to be substantially stabilizednediated C-C single bond formation. 1-Carboxycyclohexa-1,4-

by the addition of KAuCJ!®> The addition of Ca® further
improved the reaction yields.

To expand the scope of this remarkable reaction, we examined
substrates derived from linear aryl-substituted enones (eq 1). While

R
stz
S PR
VN ° A KR
OAc
: A

a—h—0 3 (5 mol % Ohe
R_OAc ! (5 mol %) )
PR toluene, 80°C, 15 min ﬂ OAc /
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enyne6awas converted into cyclohexadierain only 38% vyield
with 48% 6a remaining due to catalyst decomposition, replacing
its methyl group with a bulky isopropyl group (i.e., enyfb)
resulted in faster reaction and 71% yield. Further increasing the
steric size by using dBu group (i.e., enynesc) substantially
enhanced the desired reactivity, andwas isolated in excellent
yield. This reactivity trend of enyne8 can be rationalized with
conformational analysis of the proposed allylic cation intermediates
A andB: bulky R groups prefer conformé in order to minimize
steric interactions, leading to facileegdocyclization, while R=
Me likely leads to a predominance of conforméy resulting in
slow reaction and unsatisfactory conversion. This rationale is also
in accordance with the observation that the enyne derived from
trans-cinnamaldehyde (i.e., compourd@, R = H) did not yield
the cyclohexadiene product under the same reaction conditions.
The existence of an aryl group in the substrates, however, is not
a necessity. We envisioned that the role of the aryl group to stabilize
the allylic cation can be readily fulfilled by other electron-donating
groups. For example, treatment of enyBewith a phenoxy
substituent at the €C double bond led to efficient formation of
aromatized acetat®,'” with the expected facile elimination of
phenol (eq 2). Moreover, linear enyd®, with methoxycarboxy
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as the stabilizing group, also underwent similar tandem cycloisom-
erization and aromatization, affording aryl acethien good yield
upon ready elimination of methanol and €@q 3). This approach

dienes and carboxyarenes can be prepared with good efficiency
and with flexible substitution patterns. Further study in applying
the novel Au-catalyzed migratory cycloisomerization strategy to
other substrates is underway.
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