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The palladium-catalyzed Heck reaction of olefins witharyl and
Vinyl halides and sulfonates has been developed into a method of
broad scope that has found application throughout organic chemistry
and related disciplines.1 In contrast, there have been only isolated
reports of corresponding couplings ofalkyl electrophiles, in
particular, unactivated substrates that bearâ hydrogens.2-4 It is
worth noting that metals other than palladium can catalyze certain
Heck-like reactions of alkyl halides with olefins; in these examples,
the carbon-carbon bond-forming step generally involves a radical,
rather than a metal-mediated, process.5-7

An expansion in the scope of palladium-catalyzed Heck couplings
to include alkylations, in addition to arylations and vinylations,
would significantly enhance the utility of this powerful transforma-
tion. Upon examination of the mechanism of the Heck reaction, it
becomes clear that a key challenge in developing an “alkyl-Heck”
coupling is to control the rate ofâ-hydride elimination relative to
insertion (Figure 1). For the classic Heck reaction of an aryl or
vinyl electrophile (R) aryl, vinyl), the situation is comparatively
straightforward: facileâ-hydride elimination is generally desirable.
SinceA is not prone toâ-hydride elimination, ifB proceeds faster
to C than toD, efficient Heck arylation can be achieved.8

In the case of an alkyl-Heck reaction (Figure 1, R) alkyl), if
â-hydride elimination is extremely facile, thenA may not proceed
to B. Thus, for a successful alkyl-Heck coupling, alkylpalladium
speciesA andB should have opposite reactivity profiles:A should
be prone to insert, rather thanâ-hydride eliminate, andB should
prefer toâ-hydride eliminate, instead of inserting.

Because dictating this pattern of reactivity is likely to be a diffi-
cult challenge, we decided to pursue a more viable initial objective,
namely, the development of an intramolecular alkyl-Heck reaction.
Such a process relies uponA undergoingintramolecular insertion
of a pendant olefin more rapidly thanâ-hydride elimination, and
thenB undergoingâ-hydride elimination faster thanintermolecular
insertion. In this report, we establish that a palladium/N-heterocyclic
carbene catalyst displays the desired reactivity profile, furnishing
an effective method for achieving alkyl-Heck reactions (eq 1).

On the basis of earlier studies of palladium-catalyzedcross-
couplingsof unactivated primary alkyl electrophiles,9 we focused
our catalyst-development efforts on the use of carbene and trialkyl-
phosphine ligands (e.g., Table 1, entries 1-5). In comparison with
the best ligand that we have discovered to date for the alkyl-Heck
reaction (SIMes; entry 1), other carbenes (entries 2 and 3)10 as well
as phosphines (entries 4 and 5) are less effective. The choice of
palladium complex is important: as observed with certain cross-

couplings ofaryl electrophiles, the MeO-dba adduct provides a
superior result to dba (entry 6).11,12 In the absence of SIMes or
Pd2(MeO-dba)3, there is essentially no reaction (entries 7 and 8),13

and the other Brønsted bases and solvents that we have examined
furnish a less efficient process (e.g., entries 9 and 10).14

With our optimized method, we can generate an array of five-
membered rings via palladium-catalyzed intramolecular alkyl-Heck
reactions ofâ-hydrogen-containing, unactivated alkyl bromides
(Table 2). Cyclizations of a variety of substrates in which there is
an aromatic group in the homoallylic position proceed smoothly
with comparable efficiency (entries 1-4). A heteroaromatic sub-
stituent is also tolerated (entry 5). Of course, the method is
applicable to compounds that bear groups other than aromatic rings
(entries 6-8). A substrate that is more hindered with respect to
oxidative addition undergoes alkyl-Heck cyclization in fairly good
yield (entry 8), although the reaction is less facile. Finally, indane
derivatives can be accessed through this procedure (entry 9).15

We were pleased to determine that Pd/SIMes catalyzes not only
alkyl-Heck reactions of unactivated,â-hydrogen-containing alkyl

Figure 1. Outline of the catalytic cycle for the Heck reaction.

Table 1. An Alkyl-Heck Reaction of an Unactivated Electrophile:
Influence of Reaction Parameters

entry variation from the “standard” conditions yield of Aa yield of Ba

1 none 80 6
2 IMes‚HBF4, instead of SIMes‚HBF4 13 5
3 SIPr‚HBF4, instead of SIMes‚HBF4 27 20
4 P(t-Bu)2Me, instead of SIMes‚HBF4/KOt-Bu 43 52
5 PCy3, instead of SIMes‚HBF4/KOt-Bu 53 23
6 Pd2(dba)3, instead of Pd2(MeO-dba)3 44 50
7 no SIMes‚HBF4 <2 2
8 no Pd2(MeO-dba)3 <2 <2
9 K3PO4, instead of Cs2CO3 37 8
10 NMP, instead of CH3CN 46 15

a Determined through analysis by GC (average of two experiments).
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bromides, but also of the corresponding chlorides (Table 3). Perhaps
not surprisingly, a higher reaction temperature is necessary.16

As indicated above, there have been previous reports of alkyl-
Heck-like processes catalyzed by metals other than palladium. In
these examples, it has generally been postulated that the carbon-
carbon bond-forming step involves a radical, not an alkylmetal,
intermediate,5-7 which renders these processes mechanistically
distinct from a true alkyl-Heck reaction. To determine if Pd/SIMes-
catalyzed cyclizations also follow a radical pathway, we examined
the reaction of the deuterium-labeled substrate illustrated in eq 2.
In the presence of Pd/SIMes, a single diastereomer is produced,
the stereochemistry of which is consistent with an SN2 mechanism
for oxidative addition.17 Thus, our palladium-catalyzed alkyl-Heck
reactions appear to proceed via a pathway distinct from related,
radical-mediated transformations catalyzed by other metals.

In summary, we have developed a method for achieving
palladium-catalyzed intramolecular Heck reactions of unactivated,
â-hydrogen-containing alkyl bromides and chlorides. The data from

a stereochemical investigation are consistent with carbon-carbon
bond formation via an alkylpalladium, rather than a radical,
intermediate. Additional synthetic and mechanistic studies of this
and related processes are underway.
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Table 2. Alkyl-Heck Reactions of Unactivated Alkyl Bromides

a Isolated yield (average of two experiments).b Base used: K3PO4. Purity
of product: 95%. The value in parentheses is the yield according to GC
analysis (the product is slightly volatile).

Table 3. Alkyl-Heck Reactions of Unactivated Alkyl Chlorides

a Isolated yield (average of two experiments).
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