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Direct introduction of a carbon side chain on an aromatic ring
under mild conditions has been a challenging problem. Transition
metals participate in a variety of reactions for this purpose through
so-called C-H bond activation.1 Pyridine derivatives constitute an
important class of aromatic compounds because of their potent
biological activities. For the synthesis of substituted pyridines,
halopyridines are often used as the key starting materials.2 Direct
transformation of a pyridine core is more desirable, although the
examples have been limited.3 In this report, we describe a novel
alkenylation reaction of pyridines which occurs in a regio- and
stereoselective manner through mediation of ruthenium.4

Cationic ruthenium vinylidene complex1a (Cp ) η5-cyclopen-
tadienyl) was heated in pyridine (20 equiv)5 at 125°C for 24 h.
The cooled reaction mixture was filtered through a pad of florisil.
Chromatographic isolation of the filtrate afforded 1-phenyl-2-
pyridylethene 2a in 85% yield. The E isomer was formed
exclusively.

In contrast, ruthenium complex1b having a bidentate ligand dppe
instead of the monodentate PPh3 failed to react with pyridine. It is
likely that dissociation of a phosphine ligand providing a coordina-
tion site for pyridine is an important step. No certain intemediate
was observed when a stoichiometric reaction of1a with pyridine
was carried out in an NMR tube. Neutral alkynyl complex3, which
is possibly generated from1a by deprotonation,6 failed to react
with pyridine either.

While vinylpyridine 2a formally results from insertion of the
vinylidene group of1a into theR C-H bond of pyridine, the precise
mechanism of this transformation is unclear. Our working hypoth-
esis, which is similar to the one we proposed for the alkene-alkyne
coupling reaction,7 is shown in Scheme 1. Initially, pyridine
coordinates to ruthenium by displacement of one of the phosphine
ligands of the vinylidene complex1a. Then, [2 + 2] heterocy-
cloaddition occurs to form four-membered ruthenacyclic complex
4. Deprotonation of theâ-hydrogen8 affords neutralπ-azaallyl
complex5. Protonolysis furnishes2a. As for theE-selectivity, we
independently prepared 1-phenyl-2-pyridylethene, havingZ geom-
etry 6 by a literature procedure,9 and heated it in pyridine at 125
°C in the presence of CpRu(PPh3)2Cl and NaPF6.10 After 24 h,
complete isomerization of6 to the E isomer2a was observed.11

Therefore, it is also conceivable that theZ isomer 6 is initially
formed either selectively or nonselectively and then isomerizes to
2a, a thermodynamically more stable stereoisomer, under the
reaction conditions.

Other ruthenium vinylidene complexes1c-h also underwent an
analogous reaction with pyridine to afford alkenylated pyridines
2c-h in moderate to good yields.E isomers were obtained
selectively except the case of trisubstituted alkene2h. Disubstituted
vinylidene complexes1g and1h, with which the rearrangement to
an η1 alkynyl or η2 alkyne complex is difficult, did react in an
analogous way, being supportive that the vinylidene complex
directly reacts with pyridine. On the other hand, ruthenium complex
1i having a bulky tertiary butyl group failed to react with pyridine,
probably due to steric conditions.

Apart from its precise mechanism, the reaction described above
is of great synthetic interest since an alkenyl group is directly

Scheme 1. Possible Mechanistic Scheme for the Formation of 2a

Published on Web 03/29/2003

4720 9 J. AM. CHEM. SOC. 2003 , 125, 4720-4721 10.1021/ja029829z CCC: $25.00 © 2003 American Chemical Society



introduced on pyridine in a regio- and stereoselective way. With
the knowledge that vinylidene complexes are readily generated from
1-alkyne or from (alkyn-1-yl)trimethylsilane,12 we next attempted
the reaction of pyridine with these alkyne substrates in the presence
of catalytic amount of1a. Although simple 1-alkynes underwent
self-dimerization rather than the desired alkenylation reaction,
(alkyn-1-yl)trimethylsilanes were converted into alkenylpyridine
derivatives under catalytic conditions. Thus, treatment of (2-
phenylethyn-1-yl)trimethylsilane7awith pyridine (20 equiv) in the
presence of1a (0.20 equiv) at 150°C for 7 h stereoselectively
afforded2a in 82% yield. Complex1a initially alkenylates pyridine,
and the product2a is liberated from5 by protonolysis, as depicted
in Scheme 1. The resulting cationic ruthenium species then reacts
with 7a to regenerate1a, completing the catalytic cycle. This
process was accompanied by protiodesilylation13 due to the presence
of water in the reaction medium.

More conveniently, CpRu(PPh3)2Cl (20 mol %) and NaPF6 (22
mol %) could be used as the source of cationic ruthenium species.10

Thus, pyridine was alkenylated by (alkyn-1-yl)trimethylsilanes
7a-d to afford 2-alkenylpyridines in good yield (Table 1).14 Both
aromatic and aliphatic alkynes could be employed.

The reactions with substituted pyridines were also examined
(Table 2). Although 2-methylpyridine failed to react with7a
probably due to steric reasons (entry 1), 3-methyl- and 4-meth-
ylpyridines were alkenylated with7a (entries 2 and 3). In the case
of 3-methylpyridine, the 6-position on the less hindered side was
regioselectively alkenylated.

In conclusion, we have developed thedirectalkenylation reaction
of pyridines.15 The ruthenium vinylidene intermediate, which
originates from (alkyn-1-yl)trimethylsilane, regio- and stereoselec-
tively inserts the vinylidene group into theR C-H bond of a
pyridine core. Application to other heterocyclic systems is the
subject of further investigation.
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