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Abstract—An efficient copper-catalyzed coupling reaction based on the Buchwald’s protocol has been established for pyridin-2-ones

with aryl iodides, aryl bromides, and heterocyclic bromides.
© 2004 Elsevier Ltd. All rights reserved.

Pyridin-2-one is an important component of many
pharmacological active substances' and N-aryl substi-
tution is frequently a key structural feature. Our ability
to synthesize these N-aryl substituted pyridin-2-ones in a
diverse and efficient manner would therefore offer the
possibility to broaden the scope of SAR studies.
N-arylation of amines under the copper-catalyzed Ull-
mann reaction usually requires drastic reaction condi-
tions and produces moderate yields of the desired
products.> However, improved conditions for the
N-arylation of heterocyclic compounds have been
reported.’* Lam has also developed a copper-catalyzed
cross-coupling reaction of N-heterocyclic compounds
with aryl boronic acids to give N-aryl substituted het-
erocycles in fair to excellent yields.” Scope of this
N-arylation has been studied with different substituted
pyridin-2-ones.® Recently, Buchwald has developed an
efficient copper-catalyzed system for the amination and
amidation of aryl and heterocyclic halides.” This copper-
catalyzed system provides an opportunity to easily access
a number of N-aryl heterocyclic analogs, but the poten-
tial of this copper-catalyzed system in the synthesis of N-
aryl substituted heterocyclic system has not yet been fully
investigated. One recent example is the application to the
synthesis of a N-aryl oxazolidinone,® which is a key
structural feature of a new class of oxazolidinone
antibiotics. Herein, we report our application of the
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Buchwald copper-catalyzed system to the cross-coupling
reaction of pyridin-2-ones with aryl halides and discuss
the scope and limitation of this synthetic reaction.

Buchwald’s group has extensively investigated effects of
ligands and bases on the copper-catalyzed coupling
reaction.” We were pleased to see that N,N'-dimethyl-
ethylenediamine as the ligand and K;PO, as the base
could be conveniently used and gave very satisfactory
results in our present study. Other ligands such as 1,2-
diaminocyclohexanane were less effective although this
ligand was successful in the oxazolidinone synthesis.®
Replacement of K3;PO,4 with CsCOj; gave poorer yield of
the coupling product. The following conditions were
used throughout this study: A screw cap 2-dram vial was
charged with 1,4-dioxane (1.5mL), pyridin-2-one
(Immol), and aryl halide (1.2mmol). Cul (40mg,
0.2mmol), N,N'-dimethyethylenediamine (44L, 0.4
mmol), and K3PO, (425 mg, 2 mmol) were added. The
mixture was then flushed with nitrogen, capped and
placed in an oil bath at 110 °C, and stirred for 16-24 h.
After cooling to room temperature, the mixture was
diluted with water and extracted with ethyl acetate.
Purification over silica gel and elution with hexanes—
ethyl acetate provided the desired coupling product.'®

The coupling reaction of some representative pyridin-2-
ones and aryl iodides were summarized in Table 1.
Yields were in general very good. There were two
exceptions. While a mild electron-withdrawing sub-
stituent on the pyridin-2-one such as a carboxylic ester
in 1d posed no problem in the coupling reaction, a
strong electron-withdrawing substituent such as nitro
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Table 1. Coupling reaction of pyridin-2-ones with aryl iodides
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#5% of dechlorinated product on the part of pyridin-2-one was also detected.

group in 1h'' impeded the coupling reaction. One of the
reasons might be due to reduced nucleophilicity of the
nitrogen atom on the pyridin-2-one. The coupling
reaction also failed with substrates containing a sub-
stituent next to one of the reacting centers such as 2-
iodo-toluene 2f and 6-methyl-pyridin-2-one 1g,'> most
likely due to steric effects. In general, a number of
electron-withdrawing and donating substituents, either
on the pyridin-2-one (1¢'* and 1d) or the aryl iodide (2b,
2¢, and 2d), were well tolerated. Although 4-chloro-1-
iodo-benzene 2e provided fair to good yield in the
coupling reaction, the coupling reaction with 4-bromo-
I-iodo-benzene was problematic. The bromine atom in
the coupling product was found to be labile and would
undergo a Finkelstein type reaction with iodide in the
mixture.'* The resulting iodide would then slowly lose
the iodine to give the reduced product.

We were curious about effect of substituents on the rate
of the coupling reaction and used a simple competition
experiment to evaluate these effects on the aryl iodide

(Scheme 1). An equimolar mixture of pyridin-2-one 1a,
aryl iodides 2¢, 2a, and 2d was reacted under the present
conditions and gave pyridin-2-ones 4, 5, and 6 in a ratio
of 1:1.4:4.7. This result demonstrated that an aryl iodide
with an electon-withdrawing substitutent reacted more
readily than a neutral substituent, which was in turn
slightly more reactive than an aryl iodide with an elec-
tron-donating substituent.

Since aryl bromides are more readily commercially
available, we then tested the coupling reaction with aryl
bromides. This copper-catalyzed coupling reaction of
pyridin-2-one was equally successful with aryl bromides
(Table 2). Excellent yields of coupling products could
also be obtained.

The use of bromide in the copper-catalyzed coupling
reaction is particular suitable for heterocyclic substrates
since the corresponding iodides are not always accessi-
ble. Some of the coupling reactions of pyridin-2-one 1a
with heterocyclic bromides were summarized in Table 3.
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Scheme 1.

The coupling reaction gave excellent yields with 2-
bromothiophene and 3-bromothiophene, but poorer
yields with nitrogen-containing heterocycles such as 2-
bromothiazole, 5-bromoindole, 8-bromoquinoline, and
3-bromopyridine.!” Coordination of the nitrogen atom
with the copper catalyst from these nitrogen-containing
heterocycles might impede the catalytic process.

Table 2. Coupling reaction with aryl bromides

Br 20 mol% Cul, | \—X
N o 40 mol% Ligand, _—
g | N, 2equiv.KpPO; I
7 Z 1,4-Dioxane, 110 °C |
1a 22h Pz
1 mmol 1,2 mmol
X 4-Me 4-OMe 4-CO,Et
% Yield of N-aryl pyridin-2-ones 88 82 91

To test whether this coupling reaction could be scaled
up to gram quantity, we have carried out the coupling
reaction of pyridin-2-one 1a and 3-iodoanisole 2b on a
10 mmol scale (Scheme 2).'® The coupling product 7 was
obtained in 75% vyield, which was comparable to the
1 mmol scale reaction (84% yield, Table 1).

In conclusion, we have explored the copper-catalyzed
coupling reaction of pyridin-2-ones with aromatic
halides based on Buchwald’s protocol. This reaction has
the potential to scale up to a preparative scale. It gave
excellent yields with representative substituted pyridin-
2-ones and aryl halides containing either electron-
donating or  electron-withdrawing  substituents.
Nonnitrogen containing heterocyclic bromides such
thiophene were well tolerated. However, a strong
electron-withdrawing substitutent such as a nitro group
at the 5-position of the pyridin-2-one 1h and a sub-
stituent next to the reactive centers on the pyridin-2-one
1g or the aryl halide 2f impeded the coupling reaction.

Table 3. Coupling reaction with heterocyclic bromides
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Scheme 2.
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Ukita has also observed poorer reaction with 3-bromo-
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To a 50mL round-bottomed flask was added pyridin-2-
one la (0.95g, 10mmol), 3-iodoanisole 2b (2.81g,
12 mmol), Cul (0.4 g, 2mmol), and 1,4-dioxane (15mL).
The mixture was stirred for 5-10 min to dissolve 1a and 2b.
N,N'-dimethylethylenediamine (0.44 mL, 4mmol) was
added, followed by K;PO, (4.25 g, 20 mmol). The mixture
was flushed with N,, equipped with a reflux condenser,
and heated on a 110 °C bath for 7 h. After cooling to room
temperature, the mixture was diluted with H,O, extracted
with EtOAc (3x). The EtOAc extracts were combined,
washed with brine, dried (MgSQO,), and concentrated.
Chromatography over silics gel and elution with hexanes—
EtOAc (1:1), followed by 100 % of EtOAc gave 1.5 g (75%)
of the coupling product 7. '"H NMR (acetone-ds) & 7.52
(IH, d, J = 6.8Hz), 7.44 (1H, dt, J = 8.8, 1.9Hz), 7.39
(1H, t, J =8.0Hz), 6.99-6.94 (m, 3H), 6.43 (1H, d,
J =9.2Hz), 6.25 (1H, t, J = 6.7Hz), 3.83 (s, 3H); MS
(+ESI) m/z 202 (MH™).
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