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ABSTRACT

Substituted bipyridines were efficiently prepared by direct coupling between pyridine N-oxides and halopyridines using a palladium
catalyst. Pyridine N-oxides with electron-withdrawing substitutents gave the best yields. This method allows the convenient preparation of
2,20-, 2,30-, and 2,40-bipyridines which are useful as functionalized ligands for metal complexes or as building blocks for supramolecular
architectures.

Bipyridines constitute an important class of heterocycles
with numerous applications. Particularly, 2,20-bipyridines
have found widespread use as chelating ligands for a wide
range of different metal ions,1 and their complexes have
been employed as catalysts,2 as photosensitizers,3 in light-
emitting diodes,4 as fluorescent dyes,5 and as building
blocks for supramolecular architectures.6 Bipyridine mo-
tifs are also present in natural products with antibiotic and

cytotoxic activities.7 Due to their importance, numerous
different synthetic approaches to bipyridines have been
described.8 Among these, transition-metal-catalyzed
cross-coupling reactions between halopyridines and pyr-
idyl organometallics are the most general and flexible
ones.9 However, pyridyl organometallics usually need
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to be prepared by multistep procedures and are fre-
quently unstable.10 Methods that obviate the need for
functionalization at the site of the C�C coupling can

greatly reduce the number of synthetic steps. Recently,

an increasing numberofmethods for the direct arylation of

arenes and heteroarenes based on transition-metal-cata-

lyzed C�H activation has been developed.11 Pyridine N-

oxides have been introduced as easily available and bench-

stable substrates for cross-coupling with aryl halides.12

Coupling with pyridyl halides, however, has not been

described in this context.
Herein, we report a convenient synthesis of substituted

bipyridines based on the palladium-catalyzed direct cou-

pling between halopyridines and pyridine N-oxides, many

of which are commercially available or readily prepared in

excellent yields. The resulting bipyridine N-oxides were

efficiently reduced to the final products.
Our initial attempts to couple equimolar amounts of

2-bromopyridine and 4-alkylpyridine N-oxides under the
published conditions12a failed to give detectable amounts
of couplingproduct.Whenwe switched to ester substituted
N-oxide 1a as a starting material, we could isolate the
desired coupling product 3a in 52% yield as well as 24%
yield of terpyridine N-oxide 4a resulting from double
arylation (Table 1, entry 1). First, we examined the influ-
ence of the substrate ratio and of the leaving group
(Table 1).
As expected, the ratio of monoarylated 3a to bis-ary-

lated product 4awas dependent on the ratio ofN-oxide 1a
to 2a (entries 1, 2, 9�14). Thus, using an excess ofN-oxide
1a improved the yield of 3a to 72%, whereas a 2.5-fold
excess of bromide 2a gave terpyridine N-oxide 4a in 20%
yield, which could be increased to 34% yield by raising
the catalyst loading.13 Since employing a large excess of

Table 1. Effect of the Substrate Ratio and of the Halopyridine

entry N-oxide 1a 2 X= bipyridine 3aa terpyridine 4aa

1 1.0 mmol Br 52% 24%

2 1.5 mmol Br 60% 21%

3 1.5 mmol Cl 57% 17%

4 1.5 mmol I 14% �
5 1.5 mmol triflate 18% �
6 1.5 mmol nonaflate 39% 10%

7 1.5 mmol tosylate 5% �
8b 1.5 mmol Br 41% 10%

9 2.0 mmol Br 67% 13%

10 3.0 mmol Br 72% 10%

11 4.0 mmol Br 71% 6%

12c 1.0 mmol Br (2.5 mmol) 50% 20%

13c 1.0 mmol Br (4.0 mmol) 50% 27%

14c,d 1.0 mmol Br (2.5 mmol) 39% 34%

a Isolated yields after column chromatography based on 2 (1.0
mmol). bPivOH (0.3 mmol) added. cYield and catalyst loading based
on 1a. d 12.5 mol % Pd(OAc)2, 15 mol % PtBu3.

Table 2. Influence of Substitution of the Pyridine N-Oxide

a 1.0mmol 2a and 2.0mmol 1were used. Isolated yields after column
chromatography were based on 2a. b 2,30-Bipyridine N-oxide. c N-(2-
Pyridyl)-2-pyridone. dN-(4-tert-Butylpyridine-2-yl)-2-pyridone.
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one reagent is obviously undesirable, we used 1.5 or
2.0 equiv of N-oxide for further experiments. While
2-chloropyridine was only slightly less reactive than 2a

(entry 3), the yield dropped markedly with 2-iodopyridine
or pyridylsulfonates as substrates (entries 4�7). For
the related arylation of azaindole N-oxides, Fagnou
reported that the addition of pivalic acid led to increased
yields.12f In the present reaction, however, the addition of
0.3 equiv of pivalic acid decreased the yield of 3a to 41%
(entry 8).
We next explored the substrate scope with regard

to pyridine N-oxide (Table 2). Pyridine N-oxides with
electron-withdrawing substituents in the 4-position gave

moderate to good yields of bipyridine N-oxide products
(entries 1�5). While unsubstituted pyridine N-oxide
gave only a 23% yield of 2,20-bipyridine N-oxide 3f,
remarkably a 12% yield of 2,30-bipyridine N-oxide, where
the C�H-arylation had taken place in the 3-position of
the starting pyridine N-oxide, was isolated (entry 6).
Additionally, an 11% yield of N-(2-pyridyl)-2-pyridone
was obtained.14 With 3-fluoropyridine N-oxide, coupling
took place selectively in the 2-position, which is activated
by both the fluoro-substituent and the N-oxide (entry 8).
Such preferential reaction at the most polarized C�H
bond has been previously observed in similar arylation
reactions.12i

The influence of the substitution pattern of the bromo-
pyridine on the arylation of N-oxide 1a is exemplified by
the results in Table 3. While in the 6-position of the
bromopyridine an electron-donating or -withdrawing
group was each well tolerated (entries 1�3), a more
pronounced influence of the substituent’s electronic prop-
erties was observed for 5-substituted bromopyridines.
While with a methyl or methoxy substituent good yields
were achieved (entries 4, 5), a trifluoromethyl group led to
a low yield of coupling product (entry 6).
Our results are consistent with previous reports that

pyridine N-oxides bearing electron-withdrawing substi-
tuents are significantly more reactive in the direct
arylation reaction than N-oxides with electron-donating
substituents.12a This has been explained in terms of a con-
certed metalation�deprotonation (CMD) mechanism for
the C�H activation step.12h,i So far the influence of the aryl
halide on the reactivity has not been evaluated in detail. The
present work shows that electron-poor aryl halides, such
asbromopyridines, significantlydecrease the reactivity,prob-
ably by slowing down the rate-limiting metalation of the
N-oxide.

Table 3. Influence of Substitution of the 2-Bromopyridine

a 1.0mmol 2 and 2.0mmol 1awere used. Isolated yields after column
chromatography were based on 2. b 2-Chloro-4-methoxypyridine was
used instead of the bromopyridine.

Scheme 1. Direct Arylation with 3-Bromopyridinesa

a 1.0 mmol 5 and 2.0 mmol 1 were used. Isolated yields after column
chromatography were based on 5.
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To extend the scope of the reaction further, we also
investigated the arylation of pyridineN-oxides with 3-bro-
mopyridines (Scheme 1) and 4-bromo- or 4-chloropyri-
dines (Scheme 2). The reactivity followed the same
general trends observed for the 2-bromopyridines, and the
coupling products were isolated inmoderate to good yields.

The final deoxygenation of the bipyridine N-oxides to
the desired bipyridines is a well-precedented high yielding
transformation and can be achieved by several different
convenient methods.12e,15 In most cases reduction with
hydrogen or sodium borohydride using palladium on
charcoal as a catalyst gave very good to near quantitative
yields (Table 4). Under these conditions the nitro group of
3b was reduced to an amino function (entry 2). In the
case of 3c a competing reduction of the nitrile to an
aminomethyl group could be completely prevented
using phosphorus trichloride as a reducing agent (entry
3).15a Likewise, we employed phosphorus trichloride in the
reductionof3e to prevent possible dehalogenation (entry 5).

In conclusion,we describe the palladium-catalyzeddirect
coupling between pyridine N-oxides and halopyridines as
the key step of an efficient and versatile preparation of
substituted bipyridines from readily available starting ma-
terials. This method significantly reduces the number of
steps in comparison to conventional synthetic approaches.
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Scheme 2. Direct Arylation with 4-Halopyridinesa

a 1.0 mmol 8 and 2.0 mmol 1 were used. Isolated yields after column
chromatography were based on 8.

Table 4. Deoxygenation of Bipyridine N-Oxides

a Isolated yields. b Starting material 3b R = NO2.
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