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ABSTRACT

3,5-Dihalogeno-4-methoxy- N-methylpyridin-2(1 H)-ones have been shown to undergo single Suzuki coupling reactions in a site-selective fashion.
Monoarylations occur at the C-5 position preferentially, thus leaving the remaining C-3 halide free for further functionalization, to finally
access differentially 3,5-disubstituted 2-pyridones. This two-step strategy has been applied to the elaboration of the 3-acyl-5-aryl-4-oxy-2-
pyridone subunit that is prevalent in numerous bioactive natural products.

The 3,5-disubstituted 4-oxypyridin-2(1H)-one system is
found in several structurally and biologically interesting
alkaloids which include a small group of antibiotic fungal
metabolites featuring ap-hydroxyphenyl (or phenyl) moiety
at the C-5 position (Figure 1). These natural products have
been shown to display a wide range of biological properties,
including antifungal, antiinsecticidal, and antitumoral proper-
ties.1 From a synthetic point of view, this class of compounds
has aroused a significant amount of interest, and various
strategies have already been developed to access the central
5-aryl-2-pyridone nucleus to be further elaborated to the
natural products. The arylpyridone nucleus was generally
built up via condensation of preassembled acyclic precursors

already bearing the requisite aryl moiety.2 Occasionally, Pd-
catalyzed cross-coupling reactions have been used to install
the aryl group on precyclized intermediates, although, to the
best of our knowledge, the latter were in all cases hetero-
aromatic precursors of the desired 4-oxy-2-pyridones.3
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In connection with our ongoing program devoted to the
synthesis of structurally diversified pyridone derivatives in
a search for new drug candidates,4 we became interested in
the synthetic utility of 3,5-dihalogenated 4-alkoxy-2-pyri-
dones for the synthesis of differentially difunctionalized
2-pyridones by means of site-selective Pd-catalyzed C-C
bond forming processes (Scheme 1).5 Indeed, the probable

difference in reactivity between the C-3 and C-5 positions
was expected to allow the successive introduction of two

different substituents to the pyridone ring in a highly
convergent and flexible manner.6 We envisioned this ap-
proach being particularly useful for the rapid generation of
libraries of simplified analogues of bioactive natural 5-aryl-
2-pyridone alkaloids. We report herein our preliminary results
toward this goal.

As we began to assess our strategy, we required a method
to effect the dihalogenation ofN-alkyl-4-alkoxy-2-pyridones
I at the C-3 and C-5 positions. Although scattered dibromi-
nations of the related aromatic 2,4-dioxypyridines had been
previously reported,3c,7no general method was available from
the literature to achieve the dihalogenation of the corre-
sponding N-substituted pyridones. With this backdrop, there
was an opportunity for us to develop an effective, scalable
method for the preparation of these potentially useful 3,5-
dihalogeno-2-pyridones (II). Our initial efforts focused on
the preparation of the diiodo derivatives, and the reactivity
of N,O-dimethylpyridone1, as a model substrate, was first
investigated toward a series of iodination reagents and
reaction conditions. Although the expected iodination at the
C-3 position4a,8 was observed in the presence of various
iodonium generating systems (i.e., NIS; ICl/AcOH; or bis-
(sym-collidine)iodine(I), PF69), further iodination at the C-5
position proved to be extremely troublesome. After consider-
able effort, we found that the desired transformation could
be achieved by using superelectrophilic iodine(I) trifluoro-
acetate generated in situ from NIS and catalytic TFA.10 On
the basis of this, we devised a convenient, mild, and high-
yielding procedure for the preparation of milligram to
multigram quantities of diiodopyridone2a. Interestingly, the
method was also effective for the preparation of the di-
brominated pyridone2b by simply using NBS in lieu of NIS
(Scheme 2).

Having secured a reliable preparative method to the
dihalogenopyridones, we next focused our attention on their
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Figure 1. Some representative, naturally occurring 5-aryl-4-
oxypyridin-2(1H)-ones.

Scheme 1. Convergent Approach to Differentially
3,5-Disubstituted 4-Alkoxy-2-pyridones

Scheme 2. Dihalogenation ofN-Alkyl-4-alkoxy-2-pyridone1
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application in Pd-catalyzed cross-coupling reactions. At this
point, predictions regarding the C-3/C-5 selectivity were not
obvious. We could nevertheless hypothesize that steric factors
may intervene in the relative rates of coupling and possibly
favor cross-coupling at the less-hindered C-5 position.11 We
thus selected the reaction of2awith p-methoxyphenylboronic
acid under Suzuki-type conditions as a model system.
Pleasingly, early experiments conducted with various catalyst
systems have established the coupling reaction to proceed
essentially at C-5, giving the desired 5-aryl-2-pyridone3 as
the only monocoupled product.12 After further exploration
of the reaction parameters, we determined that the system
Pd/TPPTS/i-Pr2NH13 in aqueous MeCN was the most effec-
tive to achieve the desired coupling reaction in reasonably
good yield (72%) (Scheme 3). Small amounts (ca. 15%) of

the bis-arylated 2-pyridone (4) were also formed as a slight
excess of the boronic acid was needed to ensure complete
conversion of the diiodo compound.14

As an alternative, and a potentially enhanced site-selective
approach to the 5-aryl-2-pyridones, we next examined the
reactivity of 3-bromo-5-iodo-2-pyridone6 with the hope that
the lower capability of the C-Br bond to oxidative addition
to palladium would avoid formation of the bis-arylated side
product. Thus,6 was prepared in two high-yielding steps
from 1 as depicted in Scheme 4 and subjected to the previous

cross-coupling reaction. Gratifyingly, displacement of the
iodine atom took place selectively, affording the desired
monosubstituted product7a, exclusively, in 88% isolated
yield. Accordingly, application of this strategy to a series of
arylboronic acids furnished the corresponding 5-aryl-3-
bromo-2-pyridones as single products in good to

excellent yields (Table 1). Remarkably, both electron-rich
and electron-poor boronic acids were found to be suitable
partners in this process.

We then briefly explored the reactivity of the remaining
halogen atom at C-3 with the aim of further diversifying the
5-aryl-2-pyridones (Scheme 5). For example, Pd-catalyzed
reduction of 3-bromo-2-pyridone7a by sodium formate
provided access to the corresponding monosubstituted alkoxy-
pyridone 8, a potential precursor of naturally occurring
4-oxy-2-pyridones.2e The bromine atom acts here as a
removable blocking group that allows regioselective mono-
substitution of the pyridone at C-5.15 Pd-catalyzed C-C bond
forming processes have also been investigated. As illustrated
by the synthesis of 3-(p-chloro)-phenyl-2-pyridone9 (81%
isolated yield), Suzuki cross-coupling reactions of bromine
derivative7a with arylboronic acids proved very successful

(11) In a study toward pyridovericin, Baldwin and co-workers have
examined the Suzuki coupling of the isomeric 3,5-dibromo-2,4-dimethoxy-
pyridine withp-methoxyphenylboronic acid, which afforded a 3:1 ratio of
the C5-C3 isomers. See ref 3c.

(12) The structure of3 has been secured by X-ray analysis. See
Supporting Information.

(13) TPPTS: tris(3-sulfonatophenyl)phosphane trisodium salt.
(14) It should be noted that reaction of 3,5-dibromo-2-pyridone2b under

identical conditions proved rather sluggish and afforded inseparable mixtures
of mono- and bis-arylated adducts.

(15) It is worth mentioning that the related C-5 (or C-3) monoarylated
4-methoxy-2-pyrones have previously been prepared by Suzuki coupling
of the corresponding monohalogenated pyrones: (a) Cerezo, S.; Moreno-
Mañas, M.; Pleixats, R.Tetrahedron1998,54, 7813. (b) Marrison, L. R.;
Dickinson, J. M.; Fairlamb, I. J. S.Bioorg. Med. Chem. Lett.2003, 13,
2667.

Table 1. Suzuki Monocoupling of 3-Bromo-5-iodo-2-pyridone
6 with Various Boronic Acidsa

a Conditions: 1.4 equiv of boronic acid, 5 mol % of Pd(OAc)2, 15 mol
% of TPPTS,i-Pr2NH (2.5 equiv), MeCN/H2O (3:1), 80°C, 16 h.b Isolated
yields.

Scheme 3. Site-Selective Suzuki Coupling of2a

Scheme 4. Synthesis of 2-Pyridone6 Bearing Two
Distinguishable Halides
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with the system Pd/PPh3/K2CO3 in toluene/EtOH, thereby
opening access to unsymmetrically bis-arylated pyridones.16

On the other hand,7a did not undergo facile cross-coupling
reactions with terminal acetylenic compounds. For example,
attempts to couple7a with trimethylsilylacetylene under
classical Sonogashira conditions only afforded low yields
(<15%) of the corresponding 3-alkynyl-2-pyridone10.
However, the iodine derivative3 could alternatively be
successfully used in place of7a to furnish10 in a satisfactory
96% isolated yield.

As an additional synthetic application of this work, it was
found that trimethylsilylacetylenic compound10 could be
easily converted to the corresponding 3-acetyl-2-pyridone
11 upon concomitant desilylation and regioselective hydra-
tion of the alkyne in TFA (Scheme 6).17,18 3-Acetyl-5-aryl-
4-oxy-2-pyridones have been the focus of considerable
interest, notably as potential precursors of the more elaborate
natural 3-acyl-2-pyridones.19

In conclusion, we have developed a new, convergent
synthetic entry to 3,5-disubstituted 4-oxy-2-pyridones based

on sequential, site-selective, Pd-catalyzed cross-coupling
reactions on dihalogenated 2-pyridone scaffolds.

The chemistry described herein should find useful ap-
plications most probably in the production of simplified
analogues of natural alkaloids or, potentially, in total
synthesis. Further studies into the synthetic potential of 3,5-
dihalogenated 2-pyridones are currently underway in our
laboratories.
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Scheme 5. Diversification of 5-Aryl-3-halo-2-pyridones Scheme 6. TFA-Promoted Hydration of Alkynylpyridone10
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