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While transition metal catalyzed cross-couplings have been Table 1. Regioselective Direct Arylation of Pyridine N-Oxides?

successfully employed with a wide range of halides and organo- entry  N-oxide aryl halide product yield®
metallics! some substrate classes still pose significant challenges B
This is the case with 2-pyridyl organometallics, whose frequent 1 | P /©/ 91
instability and difficult synthesis severely limits their application. +N _
R . L. . O~ 1a O
For example, while the coupling of 2-halopyridines with aryl
boronic acids is well precedentédhe inherent instability of § :: ggc
2-pyridyl boronic acid makes successful cross-couplings with this 4 1a 769
nucleophile raré. Given the importance of 2-arylpyridines in 5 1a 0' 45°
materialé and medicinal chemistythe development of a readily MeO
available, bench-stable replacement for 2-pyridyl organometallics 6 1a © 970
in cross-coupling reactions would find significant use in the ; :: ggd
preparation of this class of molecule
In recent years, direct arylation has emerged as an attractive O
alternative to typical cross-coupling reactidnis. direct arylation, Br +N/
one of the preactivated cross-coupling partners (typically the 9 1a O 88
organometallic species) is replaced by an unfunctionalized arene.
Consistent with an electrophilic aromatic substitutioneAS
pathway, electron-rich heterocyclic arenes have been featured 10 1a (j/\ 87
prominently in recent developmentsVhile some simple arenes
can now be use®? direct arylation reactions witht-electron-
defici_ent heteroarenes, such as py_ric_iine, rc_emain a challengin_@ogoal. 1 1a /©/ 80
Herein we report the use of pyriding-oxides as commercially MeO
available (or easily prepared)jnexpensive, bench-stable replace-
ments for problematic 2-metallapyridines. Direct arylation reactions
of pyridine N-oxides occur in excellent yield with complete 12 1a ©/ +N 74
selectivity for the 2-position with a wide range of aryl bromides MeO,C COMe
2
(eq 1). AN
13 1a /©/ 76
N FaC
| _ Xy A commercially available, 3
N~ ™M | _J inexpessive, bench-stable
_ ®N synthon for 2-pyridyl MeO
M = B(OR)3, SnRg, etc.. O  organometallics in cross- 14 = | 80
unstable and incompatible © couping reactions A J[\Ld
in most cross-coupling -
reactions O
O,N
1) Pd(OAc),, P'Bus-HBF, R y “ 3

Lﬁ chos, PhMe, 110°C E\ 15 Mg 78

= (M

N X

2) Pd/C, HCOONH, | IR
MeOH, rt

a Conditions: aryl halide (1 equiv), pyriding-oxide (4 equiv), KCOs
. . . o . (2 equiv), Pd(OAQ) (0.05 equiv), and Buz—HBF, (0.15 equiv) in toluene
Reaction development was carried out with pyriditexide and (0.3 M) at 110°C overnight.? Isolated yields® With 3 equiv ofla. 9 With

4-bromotoluene. From these studies, palladium acetate in combina-2 equiv of1a ®With 1 equiv ofla

tion with tri-tert-butylphosphine (added to the reaction mixture as

the commercially available and air-stable HBsalt) emerged as ~ (OAC),, 15 mol % of PBus*HBF,, 2 equiv of KCO; in toluene at
the optimal metatligand combination. Potassium carbonate was 110°C), 2-tolylpyridineN-oxide is obtained in 91% isolated yield
deemed the optimal base, and toluene the optimal sol¥erite exclusively as one regioisomer (Table 1, entry3l\Vhile 4 equiv
reactions are run under quite concentrated conditions (0.3 M), with of the N-oxide are not required, under the present conditions, a
2—4 equiv of pyridine N-oxide. Under these conditions (4- decrease to 1 equiv leads to diminished yields (entrie8)2
bromotoluene, 24 equiv of pyridineN-oxide, 5 mol % of Pd- Importantly, when 1 equiv ofais employed, greater than 95% of
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Table 2. Deoxygenation of 2-Arylpyridine N-Oxides?

Pd/C, HCOONH,

MeOH, rt
R R yield (%) R R yield (%)
H 4-CHg 95 4-OMe  4-CH 84
H 3-OMe 87 H 4-CQCH3 87

aConditions: pyridineN-oxide (1 equiv), Pd/C (0.1 equiv), HCOONH
(10 equiv), MeOH (0.2 M), room temperature.

the unreactedN-oxide can be recovered by silica gel chromatog-
raphy, demonstrating that oxide decomposition is not occurring.
lllustrative examples of the reaction scope are included in Table
1. (Caution: PyridinéN-oxides have been shown to exothermically
decompose at very high temperatitélncontrolled heating of the
reaction media should be avoided.) A variety of substitution types

and positions can be employed in these transformations. Both

electron-rich (entries 68 and 11) and electron-poor (entries 12
and 13) aryl bromides are compatible, as are more sterically
encumberedrtho-substituted arenes (entries 9 and ®(jhe effect

of substitution on the pyridin&l-oxide has also been examined.
The presence of both electron-donating and -withdrawing groups
is tolerated, as exemplified by the successful coupling of both
4-methoxy and 4-nitropyridindN-oxide (entries 14 and 15). In
contrast to reactions performed with many types of organometallics,

these reactions are completely insensitive to the presence of water

reduced to the free pyridine via palladium-catalyzed hydrogenolysis.
Preliminary mechanistic probes indicate that a\lSmechanism

is not operative. Given the ready availability and low cost associated
with the use of pyridineN-oxides, these reactions should find
significant use in the preparation of these types of molecules and
provide a useful alternative to the problematic use of 2-pyridyl
organometallics in cross-coupling reactions.
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