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ABSTRACT

The electrophilic C-H palladation and Heck-type alkenylation of the tetrahydro[1,2-a]pyrimidine scaffold leads to exclusive formation of the
C(7) adducts, and this palladium-catalyzed process is applicable to a broad range of alkenyl components. Mechanistic studies suggest that
palladation is selective for C(7), and there was no evidence for C(9) metalation; the latter corresponds to the pathway observed previously
with N-methylpyridone.

Bicyclic pyridones 1 belong to a class of pharmacologically
active heterocycles that have attracted attention initially as
potential analgesics and anti-inflammatory agents.1 More
recently, both Bayer AG2 and Amgen Inc.3 have disclosed
bicyclic pyridones analogous to 1 to be useful in the
prophylaxis and treatment of diseases mediated via TNF-R,
IL-1�, IL-6, and/or IL-8.

We have recently described two novel approaches to the
synthesis of the [5,6], [6,6], and [7,6] bicyclic pyridones
1a-c, respectively, which encompass versatile methods for
achieving aryl substitution within the pyridone ring of these
heterocyclic scaffolds (Figure 1).4

A key objective of our studies in this area was to define
flexible methods for the further substitution and functional-
ization of these bicyclic scaffolds, and while Suzuki arylation
was achieved, alkenylation (via a Heck or analogous process)
was more attractive given the significantly increased range

of functionality that Heck products offer. The advantages
of the Heck reaction lie in the use of a catalytic process to
introduce easily manipulated functionality (e.g., CdC, esters)
and low molecular weight units, but as with other Pd-
mediated couplings, this reaction usually also necessitates
participation of a haloarene (i.e., halopyridone) component.
Direct metalation (palladation) of C-H bonds5 associated
with (often but not exclusively) electron-rich arenes offers
a very effective alternative to halide-based Heck alkenylation
that has attracted widespread interest.6-8 Itahara’s work in
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Figure 1. Target bicyclic pyridone scaffolds.
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the 1980s is particularly relevant here.7 For example,
alkenylation (using ethyl acrylate) of N-toluenesulfonyl
indole at C(3) was achieved using palladium(II) acetate (10
mol %) in combination with an excess of copper(II) acetate
as the reoxidant (to regenerate Pd(II) after the alkenylation
step). More recently, Gaunt8 has reported that regiocontrol
(C(2) vs C(3)) in the oxidative Heck alkenylation of indole
itself using butyl acrylate is solvent dependent; a switch from
C(3) (as observed by Itahara) to C(2) substitution was
achieved by changing the reaction medium from DMF/
DMSO to dioxane/acetic acid.

The application of this C-H activation variant of the Heck
reaction to pyridones is, however, less straightforward.
Itahara applied direct C-H palladation and Heck alkenylation
to N-methyl-2-pyridone, and (using acrylates) the C(5)
adducts were the exclusive products (see below).7 However,
this chemistry reported use of stoichiometric amounts of
palladium(II) and failed for other (useful) alkenyl substrates,
such as styrene and methyl vinyl ketone. More recently, one
example of an oxidative Heck alkenylation (using catalytic
Pd(II)) of a dihydro-4-pyridone using methyl acrylate has
been described.9

Building on Itahara’s initial studies with N-methyl-2-
pyridone, we have sought to develop an efficient and
economical method for C-H palladation and functionaliza-
tion of bicyclic pyridones 1. Using N-benzylated tetrahy-
dropyrido[1,2-a]pyrimidine 2a as a representative substrate,
reaction with tert-butyl acrylate, a variety of alkenylation
conditions were examined (Scheme 1 and Table 1).

Optimal conditions proved to be palladium(II) acetate (5
mol %) and copper(II) acetate (200 mol %) in DMF for 10 h
at 90 °C (entry 3, Table 1), which gave the C(7)-substituted
adduct 3a in 93% yield. The impact of an acidic solvent
was also examined (entries 4-6, Table 1), but this only
resulted in slower and less efficient reactions; no change in
regiochemistry or product distribution was observed. Inter-

estingly, none of the isomeric C(9) adduct 4 was observed
under any of the conditions examined; this isomer corre-
sponds to the regioisomer observed by Itahara with N-methyl-
2-pyridone.7

The scope of this process (in terms of the range of
compatible alkenes) has been explored, and a series of C(7)
alkenylated adducts (3b-e, Figure 2) have been prepared
using ethyl acrylate, methyl vinyl ketone, styrene, and
2-cyclohenylethene, respectively. These reactions proceed in
good yield under essentially the same conditions as described
for 3a, and this is particularly noteworthy in the case of 3e,
which involves a simple alkyl-substituted alkene, which are
traditionally regarded as poor substrates for Heck reactions.

Interestingly, 2-vinylpyridine failed to give the expected
Heck adduct 3f, and based on Narahashi and Shimizu’s
earlier work, it is likely that palladation is followed by
formation of a stable chelate 5 (involving the pyridine lone
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Scheme 1. Oxidative Heck Alkenylation of Bicycle 2a

Table 1. Optimization of Oxidative Alkenylation of 2a

entrya solvent Pd(OAc)2 (x mol %) time (h) 3ab (%)

1 DMF 0 6 0
2 DMF 10 2 92
3 DMF 5 10 93
4 AcOH 20 10 35
5 dioxane/AcOH 10 10 45
6 DMSO/AcOH 10 10 51
a No evidence was observed for formation of the C(9) adduct 4 under

any of these conditions. b Isolated yield.

Figure 2. Alkenylation products derived from 2a.
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pair and the adjacent π-bond) that retard this process (Scheme
2).10 The corresponding 4-subsituted pyridine did, however,
give the expected Heck adduct 3g in 86% isolated yield.

Mechanistic options11 associated with this process have
also been studied. As pointed out above, increasing the
acidity of the solvent system (which has been associated with
the interconversion of σ-Pd intermediates) had no impact
on the distribution of regioisomers (entries 4-6, Table 1).
In our hands, the C(9) adduct was never detected, although
electrophilic halogenation of 2a (and 2b) does produce both
the C(7) and C(9) regioisomers.12

The initial interaction of Pd(II) with 2a was examined by 1H
NMR (in DMSO-d6). Using 20 mol % of Pd(OAc)2, the
resulting spectrum showed formation of approximately 16% of
the C(7) σ-Pd species 6 (with the remainder being unreacted
2a) (Scheme 3). With 1 equiv of Pd(OAc)2 (and after 4 h), a
10:1 ratio of 6 to 2a was observed (see the Supporting
Information for details of assignments and copies of relevant
spectra). We obtained no evidence for the formation or
intermediacy of the C(9)-palladated adduct 7, although these
experiments cannot exclude involvement of this species.13

Nevertheless, if formed, 7 would need to be unstable with
respect to protiodemetalation in order to account for the high

yields of the C(7) alkenylation products (i.e., 3) that we have
observed. Further support for a lack of involvement of a C(9)-
palladated species comes from a failure of the N-allylated variant
8 (prepared from 2b) to undergo an internal (5-exo) Heck
reaction14 (via 9) under these oxidative conditions (Scheme 4).

In summary, the oxidative Heck reaction which likely
involves initial and highly regioselective electrophilic pal-
ladation (given the electron-rich nature of 2a), provides a
robust, efficient and economical method for the functional-
ization of bicyclic pyridone scaffolds, as represented by
N-benzyltetrahydropyrido[1,2-a]pyrimidine 2a. The inter-
mediate σ-Pd species 6 has been characterized by 1H NMR
and regeneration of the key electrophilic Pd(II) reagent is
readily achieved using Cu(II) as oxidant.
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Scheme 2. Oxidative Alkenylation: 2- vs 4-Vinylpyridine Scheme 3. Palladation Pathway Observed by 1H NMR

Scheme 4. Failed Attempt To Trap a C(9)-Palladated Species
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