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The combination of gold and silver salts catalyzed the addition of active methylenes to dienes, triene, and cyclic enol ethers with high
regioselectivity. The catalysis provides a synthetically useful method for functionalized carbocycles and heterocycles through a highly atom-
economical carbon —carbon bond formation.

Carbon—carbon bond formation is the essence of organicthan styrenes, which could have wide synthetic applications.
synthesis. A fundamental method for forming a carbon A large class of synthetically important compounds is
carbon bond is via nucleophilic substituti®®n the other carbocycles and heterocycleshere has been sustained
hand, recent emphasis in green chemfdtias called for the  effort in developing efficient methods in synthesizing and
development of innovative chemical reactions based on functionalizing cyclic compounds. Herein, we wish to report
“atom-economy’® such as an overall addition reaction. In that cyclic alkenes and dienfasdergo highly regioselective
an effort to develop such reactions, we recently discovered addition with active methylenes efficiently (Scheme 1). The
a highly efficient addition of active methylenes to styrene method generates highly useful synthetic intermediates for
derivatives catalyzed by the combination of AsEAgOTF.* various applications.

This reaction provided an efficient and catalytic alternative  Initial studies were conducted using dibenzoylmethane and
to the commonly used stoichiometric alkylation of 1,3- 1,3-cyclooctadiene as a prototype reaction (Table 1). The
dicarbonyl compoundsThe efficiency of the catalysis led combination of AuGE and AgOTP in CH,Cl, provided

us to explore the scope of such additions of alkenes otherproductl as a single isomer in good yield (Table 1, entry
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Table 1. Addition of Dibenzoylmethane to Cyclooctadiene
Catalyzed by Gold and Silver

O O

O O

PP O . _ ph Ph
Ph Ph solvent

entry? catalyst® solvent yield¢ (%)

1 AuCls/AgOTf CH.Cly 61
2 (PPh3)AuCl/AgOTf CHyCly trace
3 AuCls/AgOTf DCE<4 38
4 AuCls/AgOTf MeCN¢ 25
5 AuCly/AgOTf MeNOo?¢ 55
6 AuCly/AgOTf dioxane? 26

aReactions were performed in dry dichloromethahlkenes were
added by syringe pump.Isolated yield.9 The position of the double bonds
was confirmed by COSY-NMRE Reactions were run at €. f The ratio
of the two diastereoisomers was determinedHyNMR.

1). The position of the double bond was confirmed by X-ray
crystallography analysis (see Figure 1). The use of {§PPh
AuCl (entry 2) instead of AuGlas the catalyst led to a very
low conversion. There is no increase in yield when the
reaction was conducted under refluxing temperature with
various solvents (entries-®). The use of a more coordinat-
ing solvent decreased the yield dramatically (entry 4). Thus,
the use of AuGand AgOTf in CHCI, at room temperature
was found to be the most efficient and was used as the
standard conditions.

Figure 1. ORTEP diagram ofl showing atoms related by
crystallographically imposed reflection symmetry for the plane
defined by C(2), C(3), and C(13). Important bond distances include
C(3)—C(10) 1.493(5); C(16yC(11) 1.387(8); C(11yC(12) 1.476

(8); C(12)-C(13) 1.5337) A. Hydrogen atoms have been ommitted
for clarity, and 45% probability ellipsoids are shown.

Subsequently, various cyclic dienes and cyclic enol ethers
were reacted with dibenzoylmethane (entry8) and 1-ben-
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Table 2. Gold-Catalyzed Reaction of Cyclic Alkenes with
p-Diketoné
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aReactions were performed in dry dichloromethahalkenes were
added by syringe pump.Isolated yield.d The position of the double bonds
was confirmed by COSY-NMRe Reactions were run at €. f The ratio
of the two diastereoisomers was determinedHyNMR.

zoylacetone (entry -910) under the standard conditions
(Table 2). It is noteworthy to mention that the addition to a
triene (entry 2) is also selective to generate a diene product.
The reaction must be carried out under low temperature in
some cases in order to prevent polymerization or dimerization
of the diene (Table 2, entries 3 and 4). The use of cyclic

(7) During the preparation of this manuscript, Hartwig and co-workers
reported a similar reaction of dienes with palladium. See: Leitner, A.; Larsen,
J.; Steffens. C.; Hartwig, J. B. Org. Chem2004,69, 7552.
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alkenes bearing a heteroattr(irable 2, entries 58) is also
selective. However, addition of dibenzoylmethane to an  gcheme 2. Tentative Mechanism for the Addition Reaction.
ether-substituted DHP (Table 2, entries 6 and 7) led to a N
significant amount of bis-alkylation products. The use of X@)

simple cyclic and acyclic alkenes led to very low conversions
while acyclic conjugated dienes led to a complicated mixture /L\
that is still under investigation. The use of sterically hindered AU

dienes or less activated methylene (such as 2,4-pentadione [Au] x
and cyclic diketones) also led to low conversions under the R1)§L

present conditions.
A tentative mechanism for the addition is proposed in
Scheme 2. The coordination of electron-rich alkenes with

[Au]

/\
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