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ABSTRACT

A new type of palladium-catalyzed redox reaction is described, forming enones from 2-(2-bromobenzyl)-ketones with an overall loss of HBr.
The scope and limitations of the reaction are demonstrated by a series of cyclic and acyclic substrates. The mechanism most probably
involves the formation of an intramolecular arylpalladium enolate and is related to the oxidation of silyl enol ethers with palladium acetate.

Palladium has found widespread use in modern organic
synthesis because of the important carbon-carbon bond
forming reactions catalyzed by Pd(0) complexes, as well as
the unique oxidative properties of Pd(II) salts.1 The reaction
of a silyl enol ether with palladium acetate developed by
Ito2 is one of the most convenient methods of formingR,â-
unsaturated ketones.3 However, stoichiometric quantities of
the reagent are usually required. A catalytic variant of this
reaction using Pd(0) and diallycarbonate via aπ-allyl
palladium enolate4 has not found widespread application.

In the course of our program to develop a new synthetic
strategy toward the molecular skeleton of theLycopodium
alkaloid huperzine A,5 we planned an intramolecular Heck
cyclization of aryl bromide1 as a key step (Scheme 1).

However, the reaction of1 with a catalytic amount of the
Herrmann-Beller palladacycle36 resulted in the unexpected
formation of dienone2 as the main product.

To test the generality of this yet unprecedented overall
dehydrobromination reaction, we prepared cyclic and acyclic
2-(2-bromobenzyl)-ketones as model compounds. In the
course of the following palladium-catalyzed reactions, the
conditions were optimized. A catalyst load of 5 mol %
proved to give the best yields. Other bases, such as NaOAc
or KOAc, and alternative solvent systems (omitting water
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and/or acetonitrile) resulted in less satisfactory results. In
addition, the temperature also proved to be critical. To
maintain a reflux temperature of at least 130°C, the
proportions of both water and acetonitrile were kept fairly
low. The results for the reaction of the cyclopentanone and
cyclohexanone derivatives4a-c with Pd(0) are summarized
in Table 1. Indeed, all substrates gave the corresponding

enones, although the reaction of 2-(2-bromobenzyl)-cyclo-
hexanone (4b) additionally gave a range of unidentified
byproducts. Blocking C4 of the cyclohexanone with a cyclic
ketal (4c) resulted in better yields of the corresponding enone
6c. In this particular case, the fully conjugated enone5cwas
also formed to a considerable extent. The position and
geometry of the double bond in structures5 and 6 were
unambiguously assigned by NOE experiments.7 These results
are particularly interesting, as substrates4aand4b have been
reported to give a palladium-catalyzed intramolecularR-
arylation using PdCl2(Ph3P)2 and CsCO3 in THF.8

Subjecting the acyclic bromoketone7 to the same reaction
conditions resulted in the formation of the dimeric structures
10and11as inseparable diastereomeric mixtures. We assume
that the expected enones8 and 9 are initially formed but
undergo additional palladium-catalyzed reactions with the
oxidative addition complex of7 and a Pd(0) species. In
particular, this complex could insert into the highly reactive
double bond of enone8 via a Heck reaction to form10,
whereas11might be formed by an intermolecularR-arylation8b

of the fully conjugated enone9 (Scheme 2). Performing the
reaction under high dilution did not avoid the dimerization.

To elucidate the mechanism of the redox reaction, we
performed control experiments with 2-(4-bromobenzyl)-
ketone12and 2-(3-bromobenzyl)-ketone13 (Table 2). None

of these reactions resulted in the formation of the corre-
sponding enones. After extended reaction times (72 h), the
dehalogenated aryl ketone14a was isolated as the main
product in both cases (entries 1 and 3). The nature of the
reducing agent became clear when we used deuterated DMF
as part of the solvent mixture (entry 2), resulting in the
formation of aryl deuteride14b. We concluded that DMF is
slowly hydrolyzed under the basic, aqueous conditions and
the formate thus formed acts as the active hydrogen donor.9

The aryl homocoupling products15 and16 were also found
in both control experiments.10

(7) The aromaticorthoprotons of5 showed NOE contacts to the olefinic
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Table 1. Synthesis of Cyclic Enonesa

compound n R product(s) (yield)

4a 1 H 6a (72%)
4b 2 H 6b (57%)
4c 2 -O(CH2)2O- 5c (23%), 6c (73%)

a (a) Reagents and conditions: 5 mol %3, 2 equiv ofn-Bu4NOAc, DMF/
CH3CN/H2O ) 5/1/1, 130°C, 16 h

Scheme 2a

a (a) Same reaction conditions as in Table 1.

Table 2. Control Experiments with 2-(4-bromobenzyl)-ketone
12 and 2-(3-Bromobenzyl)-ketone13

entry bromide methoda product(s) (yield)

1 12 A 14a (66%), 15 (8%)
2 12 B 14b (60%)b

3 13 A 14a (55%), 16 (30%)

a Method A: 5 mol %3, 2 equiv ofn-Bu4NOAc, DMF/CH3CN/H2O )
5/1/1, 130°C, 72 h. Method B: 5 mol %3, 2 equiv ofn-Bu4NOAc, d7-
DMF/CH3CN/H2O ) 5/1/1, 130°C, 72 h.b Only main product isolated.
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The failure to apply the palladium-catalyzed reaction
intermolecularly using cyclohexanone and 2 equiv of bromo-
benzene additionally confirmed the proposed mechanism
given in Scheme 3. Thus, the first step would involve an
oxidative addition of the aryl bromine of ketoneA to a Pd(0)

species. Subsequent deprotonation would furnish enolateB,
which could displace the bromine at palladium in a nucleo-
philic manner to give an oxo-π-allyl palladium complex.11

This palladium enolate can be formulated using the tauto-
meric structuresC, D, andE. The redox step would then
form the palladium-containing enoneF. Depending on the
substitution pattern of the ketone, a benzylic proton can also
undergo the elimination. Finally, reductive elimination leads
to the enoneG.

In summary, we have discovered a new type of a
palladium-catalyzed redox reaction. Elucidation of the mech-
anism revealed that the reaction proceeds intramolecularly
and forms enones from 2-(2-bromobenzyl)-ketones with an
overall loss of HBr. Further studies are underway to apply
the reaction in a more general manner.
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