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Abstract: Phenyl- and thienylpyridines were prepared by Pd(0)-
catalyzed cross-coupling of 3-pyridylmagnesium chlorides with io-
dobenzene or iodothiophene at room temperature. Starting from
bromo and chloro azines and diazines, the Ni(0)-catalyzed reaction
proved more suitable to allow the synthesis of pyridylpyridines, py-
ridylquinolines and pyridyldiazines.
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Interest in azine (for example, pyridine, quinoline) and di-
azine natural products and pharmaceuticals,1 as well as
building blocks for various applications (such as material
science and supramolecular chemistry)2 has resulted in
extensive efforts on synthetic methods.3 Among the meth-
ods developed, the use of organometallics play an impor-
tant role since such species can be either trapped with
electrophiles (with metals such as lithium and magne-
sium) or involved in transition metal-catalyzed cross-cou-
pling reactions (with metals such as magnesium,4,5 zinc,4,6

boron4,7 and tin4,7c,d,8). As far as the reactivity of �-defi-
cient heteroaromatic Grignard reagents in cross-coupling
reactions is concerned, a survey of the literature revealed
that few results have been reported.9 Because of our inter-
est in the synthesis of azine-containing natural
products1b,7d and in the light of our knowledge of azine or-
ganometallics,1b,10 we undertook the study of this reaction.

Recently, our laboratory developed an efficient access to
pyridylmagnesium chlorides avoiding the use of lithio-
pyridines: bromine-magnesium exchange of bromopyr-
idines could be effected using commercial iso-
propylmagnesium chloride (i-PrMgCl) in tetrahydrofuran
at room temperature. Pyridylmagnesium chlorides thus
obtained showed a good reactivity towards a large range
of electrophiles.11 We here describe the behavior of such
pyridine Grignard reagents in catalyzed cross-coupling
reaction with aromatic and heteroaromatic halides.

First of all, 3-pyridylmagnesium chlorides 1a–c were pre-
pared from the corresponding 3-bromopyridines and in-
volved in the cross-coupling reaction with iodobenzene in

a ‘one-pot’ procedure.12 The reaction occurred at room
temperature, in the presence of a catalytic amount of tet-
rakis(triphenylphosphine) palladium(0) [Pd(PPh3)4],

13 af-
fording compounds 2a–c in medium to good yields
(Table 1).12

Starting from 3-pyridylmagnesium chloride, Pd(0)-cata-
lyzed reaction with 2-iodothiophene was also performed
under the same conditions, allowing the synthesis of thie-
nylpyridine 3.14

The study was then extended to �-deficient heteroaromat-
ic halides. Since iodo derivatives are not commercially
available, we turned to bromides and chlorides. Cross-
coupling between pyridine Grignard 1a and 2-bromopyri-
dine could only be observed at THF reflux15 when catalyt-
ic amounts of bis(dibenzylideneacetone) palladium(0)
(Pd(dba)2) and 1,1�-bis(diphenylphosphino)ferrocene (dp-
pf) were used16 (Scheme).

In order to cross-couple quinolines and diazines, which
are more prone to nucleophilic addition than pyridines due
to their lower LUMO levels, we tried to find a more effi-
cient catalyst. A survey of the literature5 reveals that nick-
el, which is harder than palladium, is particularly efficient
with bromides and chlorides, which are harder than io-
dides.17 For this purpose, reactions between 1a and 2,6-
and 2,5-dibromopyridines were investigated under nickel

Table 1 Cross-Coupling Reactions of 1a–c with Iodobenzene

Entry Pyridylmagnesium chloride Product, Yield(%)a

1 1a: R = R� = H 2a, 60b

2 1b: R = Br, R� = H 2b, 52

3 1c: R = Br, R� = F 2c, 58

a Isolated yields based on PhI.
b 61% using Pd(PPh3)4 5mol %.
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catalysis. It was found that by using catalytic amounts of
nickel(II) acetylacetonate [Ni(acac)2] and diphenylphos-
phinoethane (dppe) in THF at room temperature, coupled
products 5a,b could be obtained, a complete regioselec-
tivity at C2 being observed in the case of 2,5-dibromopy-
ridine (entries 1 and 2). The coupling conditions were
extended to the use of commercially available 2-chloro-
quinoline, 2-chloropyrimidine and 2-chloropyrazine to
give the corresponding 3-pyridyl azines and diazines in
good yields (entries 3 and 5) (Table 2).18

In conclusion, our methodology allowed cross-coupling
reactions of 3-pyridylmagnesium chlorides catalyzed by
palladium or nickel, starting from iodo, bromo, or chloro
aromatics or heteroaromatics. Starting from 3-bromopy-
ridines afforded, in a ‘one-pot’ procedure, pyridines, quin-
olines and diazines substituted by a pyridyl group. Our
method is interesting since the other aryl organometallic
substrates (with metals such as zinc, boron and tin) are
usually prepared via their corresponding lithio deriva-
tives, usually at low temperatures.4
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Scheme

Table 2 Cross-Coupling Reactions of 1a with Haloazines and
Halodiazines

Entry Halo Substrate Product Yield(%)a

1

5a

34b

2

5b

61

3

5c

76

4

5d

69

5

5e

69

a Isolated yields based on the halo substrate.
b 0% using Pd(dba)2 5mol.% and dppf 5mol%.
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