
C−H Activation and Palladium Migration
within Biaryls under Heck Reaction
Conditions
Gunter Karig, Maria-Teresa Moon, Nopporn Thasana,† and Timothy Gallagher*

School of Chemistry, UniVersity of Bristol, Bristol BS8 1TS U.K.

t.gallagher@bristol.ac.uk

Received June 26, 2002

ABSTRACT

Biaryl bromides such as 1 (RdNO2, H, OMe) undergo the Heck reaction to give both the expected products 3 (“retention”) as well as “crossover”
products 4 derived from a migration of Pd and net transfer of reactivity from one aryl ring to the other. Under the conditions used, crossover
is increasingly favored when electron-deficient arenes are involved. Crossover products derived from transfer onto the pyridine ring have also
been observed.

We recently described the synthesis of substituted pyridines
based on the ability of, e.g., 3-bromopyridine to undergo
lithiation/transmetalation (Li to Zn), and chemoselective
Pd(0)-mediated Negishi coupling.1

The resulting adducts1 then undergo useful synthetic
reactions involving the bromo moiety (Scheme 1). While

4-aryl-3-bromopyridines1 function well in Suzuki couplings,
their use in the Heck reaction led to unexpected results, which
are the focus of this communication.

The Heck reaction2,3 involving 1a was carried out using
ethyl acrylate as the alkene component and although the

overall yield was reasonable, three products were isolated
(Scheme 2).4 4-(4-Nitrophenyl)pyridine (2a), the product of
C-Br reduction, was obtained in 10% yield as well as the
expected (“retention”) Heck adduct3a (in 53% yield). In
addition, we observed another Heck product4a (17% yield),
which results from a transfer of reactivity (migration of
palladium) within the biaryl scaffold from the pyridine ring
to the adjacentortho position of the 4-nitrophenyl compo-
nent.5 The formation of “crossover” products, such as4a,
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Scheme 1. Functionalization of Bromopyridines
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associated with biaryl derivatives has not been described
previously, although in a more general sense, processes
involving C-H activation6 are known to be associated with
Heck reaction conditions.7

Heck adducts3a and4a were formed in a 3:1 ratio, and
this raises a number of issues. First, what structural and/or
electronic factors determine the proportion of crossover
product generated? Second, can the migration pathway be
controlled and either suppressed or promoted? Although a
detailed mechanistic interpretation remains to be elucidated,
some of these questions have been addressed.

To examine the scope of this process, we have synthesized
a number of other biaryls, including the 4-aryl-3-bromopy-
ridines 1b and 1c (analogous to1a). In addition, 2- and
4-bromopyridyl variants5 and 10a/b have been prepared,
together with the series of simple substituted biaryl substrates
12a-c. These latter substrates incorporate ano-bromo moiety
but lack a heteroaryl component. The propensity of these
biaryl substrates to undergo Pd migration and to generate

crossover products in the Heck reaction has been examined
(Schemes 2 and 3).

It is clear that the crossover process, while the minor
pathway, is nevertheless general for 4-aryl-3-bromopyridines
(Scheme 2). Both1b and1c gave mixtures of retention and
crossover Heck products3b/c and4b/c, respectively. How-
ever, the proportion of crossover product increases as the
electron-withdrawing ability of the 4-aryl substitutent is
enhanced: R) NO2 > H > OMe. Accordingly, the
4-nitrophenyl derivative1a gave a 3:1 ratio (in favor of the
retention Heck product3a), whereas1b and1cgave 7:1 and
10:1 ratios of3b and4b, and3c and4c, respectively.8

With 3-(4-nitrophenyl)-2-bromopyridine5 (see Scheme 3),
neither retention nor crossover products6 or 7a were
observed, but the reduced 2-alkyl product8 was obtained in
9% yield. Reduction to give 3-(4-nitrophenyl)pyridine (9)
was the major pathway (29%), and a significant amount of
5 (59%) was recovered under the conditions used.9 Impor-
tantly, the formation of both Heck adducts6 and7 has been
achieved in a process that utilizes the crossover mechanism
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and use of CsOAc or EtNi-Pr2 under our conditions gave no crossover
product.
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(7) de Meijere, A.; Bräse, S.J. Organomet. Chem.1999,576, 88-110.
Larock, R. C.J. Organomet. Chem.1999, 576, 111-124. Cámpora, J.;
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(8) Intervention of the crossover pathway is not simply a function of
the alkene component, and reaction of1a with styrene led to the
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Scheme 2. Retention and Crossover Heck Adducts from
4-Aryl-3-bromopyridinesa

a Reagents and conditions: (a) H2CdCHCO2Et (3 equiv),
Pd(OAc)2 (0.1 equiv), (o-Tol)3P (0.2 equiv), NEt3 (5 equiv), MeCN,
125 °C (sealed tube), 20 h.

Scheme 3. Heck Reactions of 2- and 4-Bromopyridines and
Other Biaryl Derivativesa

a Reagents and conditions: (a) H2CdCHCO2Et (3 equiv),
Pd(OAc)2 (0.1 equiv), (o-Tol)3P (0.2 equiv), NEt3 (5 equiv), MeCN,
125 °C (sealed tube), 20 h.
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(see below). The 4-bromopyridines10a and10b both gave
the retention products11aand11b, but no crossover (to give
7a/7b) was observed.

On the basis of the results shown in Schemes 2 and 3, the
crossover pathway is favored for 3-bromopyridines rather
than the 2- or 4-bromo isomers, although it should also be
appreciated that Heck reactions of 2-bromopyridines do
represent an unusual case.10 A selection of simpler biaryls
12a-c has also been examined under our standard Heck
reaction conditions. No crossover was observed for Heck
reactions involving12aand12b, and the retention products
13a and13b were isolated in 73% and 86% yield, respec-
tively. Starting with 12c, we obtained an 8:1 mixture of
retention and crossover products13c and 14c in 65% and
8% yields, respectively.

In terms of the mechanism associated with the formation
of crossover product, the initial oxidative addition of1 to
give 15 may be followed by C-H insertion leading (via a
Pd(IV) species R2Pd(X)H) to palladacycle16 as a possible
intermediate (Scheme 4). Both retention and crossover

products may arise from16 serving as a vehicle for
equilibration of15 to the isomeric aryl Pd(II) intermediate
17.11

Two further sets of experiments have been carried out to
shed more light on the mechanism of palladium migration.
First, we have examined the alternative crossover pathway
from the 4-aryl residueinto pyridyl moiety using the isomeric
bromoarene18. This provides a complementary entry to, for
example, palladacycle16 (via 17) and serves to probe the
role of a common intermediate (Scheme 5).

To this end, 3-bromo-4-(4-pyridyl)arenes18a-c (isomeric
with 1a-c) were subjected to the Heck reaction, and in each
case4a-c (which here is the retention product) predomi-
nated. Nevertheless, the crossover process leading to3a-c
was also observed, and in all three cases we obtained
approximately the same proportions (2-3:1) of retention
4a-cand crossover3a-cproductsregardlessof the nature
of the 4-substitutent on the phenyl ring. Again, it would
appear that migration of Pd is favored when taking place
into an electron-deficient pyridine ring, which is now a
feature common to the three substrates18a-c shown in
Scheme 5. We have carried out a similar experiment using
19, the regioisomer of the 2-bromopyridine5. Here7a, which
corresponds to the retention product, was the major adduct
(50% yield), and we also isolated the crossover Heck product
6 in 25% yield. The 2-alkyl adduct8 (8%) and reduced9
(13%) were also characterized. It is worth noting that6 was
not observed starting from5 (see Scheme 3), and the
crossover mechanism provides access to a Heck product that
is unavailable via the conventional process. This observation
is also interesting from a mechanistic stance and will be
studied further.

These results shown in Scheme 5 do not exclude participa-
tion of a palladacycle as a common intermediate arising from
both 1 and 18, and the possibility that palladacycle16
provides a direct pathway to the Heck products should also
be considered.12 However, these datasthe ratio of retention

(9) Heck reactions of 2-bromopyridines are reported to be problematic.10

The formation of the 2-alkyl, as opposed to 2-alkenyl adducts, may results
from direct protonation of the initial carbopalladation product (which is a
Pd enolate) that may, in turn, be stabilized by the adjacent pyridyl nitrogen
lone pair. We have also observed this pathway for Heck reactions of other
3-aryl-2-bromopyridines with ethyl acrylate (ref 1 and Moon, M.-T.,
unpublished results). These Heck processes are also inefficient with
significant amounts of both starting material and the product of simple C-Br
reduction being observed.

(10) Bozell, J. J.; Vogt, C. E.; Gozum, J.J. Org. Chem.1991, 56, 2584-
2587. Basu, B.; Frejd, T.Acta Chem. Scand.1996,50, 316-322.
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has been reported recently: Roy, A. H.; Hartwig, J. F.J. Am. Chem. Soc.
2001, 123, 1232-1233. The possibility of a Pd-mediated aryl halide
exchange occurring between, e.g.,1 and18, though not detected, cannot
be discounted at this time, and the lack of strongly donating ligands may
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(12) Jones has shown that palladacycles corresponding to16, which are
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of a weak acid, such asp-cresol, to achieve protonolysis of the palladacycle
to give species analogous to15 and 17. Satoh, T.; Jones, W. D.
Organometallics2001,20, 2916-2919. Edelbach, B. L.; Lachicotte, R. J.;
Jones, W. D.J. Am. Chem. Soc.1998,120, 2843-2853. See also: Catellani,
M.; Cugini, F.; Bocelli, G.J. Organomet. Chem.1999,584, 63-67.

Scheme 4

Scheme 5. Heck Reactions Involving Crossover from the
Phenyl Residue into the Pyridine Moietya

a Reagents and conditions: (a) H2CdCHCO2Et (3 equiv),
Pd(OAc)2 (0.1 equiv), (o-Tol)3P (0.2 equiv), NEt3 (5 equiv), MeCN,
125 °C (sealed tube), 20 h.
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vs. crossover adducts as a function of the origin of the bromo
moiety in one or other of the aryl ringsssuggest that
alternative and competing pathways are operating. These
pathways may be direct Heck reaction of the initial oxidative
addition product15 (or 17 if starting from18) vs formation
of palladacycle16 and subsequent equilibration, with the
rates of these competing processes being determined by the
characteristics of the intermediates involved.

The results obtained with18b and 18c (as compared to
1b and1c) point toward the importance of an electrophilic
C-H (pyridyl H(3)) favoring formation of a palladacycle
intermediate via oxidative addition.13,14 With 1a/18a, both
C-H bonds on each of the aryl units involved are electron-
deficient and similarly activated. As a result, comparable
ratios of retention to crossover products are obtained regard-
less of the original position of the halogen component.
Substrate19 provides H(2) and H(4) of the pyridyl unit as
competing sites for crossover, and insertion into H(2) is
favored.15,16

A corollary to an oxidative addition pathway for pallada-
cycle formation would be the requirement for a nucleophilic
palladium center in going from15 (or 17) to16. This may,
in turn, explain why no crossover is observed for 4-bro-
mopyridines10a/bwhere initial oxidative addition into the
C-Br bond would lead to a 4-palladated pyridine intermedi-
ate. The nucleophilic characteristics of this intermediate
would be expected to be lowered in comparison to the
corresponding 3-palladated intermediates15 (from 1) or 17
(from 18) thus disfavoring Pd migration.

We have also carried out Heck reactions of1a, limiting
the amount of ethyl acrylate used. With 3 equiv of ethyl
acrylate, a 3:1 ratio of retention3a to crossover4a is
observed, but with 0.25 equiv of ethyl acrylate, equal
amounts of3aand4awere obtained. This may be interpreted
as favoring palladacycle formation (and equilibration) at the
expense of the direct and intermolecular reaction of15 with
ethyl acrylate, thereby allowing the crossover pathway to
compete more effectively.

In summary, the Heck reaction ofo-bromo biaryls can
lead to a transfer of reactivity from one aryl unit to the other,
and an ability to control the extent of crossover would have
important synthetic and mechanistic implications for this
most famous of palladium-mediated reactions. The migration
of Pd and formation of crossover products during Heck
reactions of a range of other biaryl substrates has also been
observed by Larock and co-workers.17 Further work is,
however, needed to define the synthetic potential of this
migration process, and key to this will be gaining a more
extensive understanding of the mechanisms involved.
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(16) Larock, R. C.; Tian, Q. P.J. Org. Chem.2001,66, 7372-7379.

(17) Larock, R. C.; Campo, M. A. Submitted for publication. These
authors observe different trends to those described here, and it is important
to appreciate that other conditions for the Heck reaction have been used.
The significance of these experimental factors will hopefully emerge in
the future.

3118 Org. Lett., Vol. 4, No. 18, 2002


