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Condensée, UMR CNRS-Université de Rennes 1 6626, Campus de Beaulieu,
35042 Rennes Cedex, France

Received March 8, 2002

Summary: Reaction of the bis(acetonitrile) complex 1
with HCtCPh affords the (allyl)carbene complex 3,
which results from a head-to-tail coupling of two alkynes.
The tris(acetonitrile) complex [Fe(C5Me5)(CH3CN)3][PF6]
(2) mediates highly chemo- and regioselective [2 + 2 +
2] cycloaddition reactions of CtC and CtN triple bonds,
providing access to π-arene and -pyridine complexes. The
pyridine complex 5a has been characterized by an X-ray
crystal structure.

Activation of alkynes by transition-metal complexes
has attracted considerable attention during the past few
decades, allowing the discovery of new C-C bond-
forming reactions. In this context, Ru-catalyzed reac-
tions of alkynes and related stoichiometric reactions
have been extensively developed.1 In contrast, corre-
sponding studies on related iron complexes have been
less explored and the use of iron(II) complexes contain-
ing a cyclopentadienyl-based ligand has not been re-
ported.2 This led us to investigate the chemistry of the
readily accessible iron bis(acetonitrile) and tris(aceto-
nitrile) complexes [Fe(C5Me5)(CH3CN)2(PMe3)][PF6] (1)3

and [Fe(C5Me5)(CH3CN)3][PF6] (2)3 in order to deter-
mine their potential utility in synthesis. We report that
compounds 1 and 2 are able to promote C-C bond
alkyne coupling reactions such as dimerization and
[2 + 2 + 2] cycloaddition4 reactions. The first iron(II)-
mediated cycloaddition reactions of CtC and CtN
triple bonds is presented. High chemoselectivity is

observed, depending on the nature of the alkyne. These
reactions selectively provide access to π-arene and the
hitherto unknown π-pyridine complexes of iron. The
convenient synthesis of iron sandwich complexes is very
attractive, since they constitute an important class of
molecules as organometallic “electron reservoirs” 5 and,
when these complexes are attached to dendrimers,
applications in anionic recognition were found.6

Oxidative coupling of two alkynes can be mediated
by the bis(acetonitrile) complex 1. Treatment of 1 with
phenylacetylene in CH2Cl2 affords the allylcarbene
complex 3, in which the phenyl substituents are exclu-
sively located in the 1- and 3-positions (Scheme 1). As
previously proposed for the related Ru complex,7 the
mechanism may involve a ferracyclopentadiene inter-
mediate which results from a head-to-tail coupling of
two molecules of alkynes; then PMe3 migrates to the
less hindered electrophilic carbon atom.

The presence of two labile ligands allows a dimeriza-
tion reaction to occur, whereas cycloaddition takes place
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in the case of the tris(acetonitrile) derivative 2. Complex
2 reacts with 3 equiv of HCtCR (R ) Ph, Hex) in CH2-
Cl2 (room temperature) to give the arene complexes [Fe-
(C5Me5)(1,2,4-C6H3R3)][PF6] (R ) Ph (4a), Hex (4b)) in
65% yield (Scheme 2). Despite the presence of acetoni-
trile in 2, homocyclotrimerization of terminal alkynes
occurs. NMR analyses of the crude reaction mixtures
show that compounds 4 are formed with high selectivity
(ca. 95%, based on Fe-arene protons by NMR). No
reaction occurs with the disubstituted alkynes PhCt
CPh and EtCtCEt, probably due to the steric bulk of
the C5Me5 ligand.8

In sharp contrast, by using alkynes having a hetero-
atom bonded to the propargyl position such as ethyl
propiolate and 1-(dimethylamino)-2-propyne, the reac-
tion affords π-pyridine complexes instead of arene
complexes. Treatment of 2 with HCtCR (R ) CO2Et,
CH2NMe2) in CH2Cl2 gives the π-2-Me-4,6-R2-pyridine
complex 5 (R ) CO2Et (5a), CH2NMe2 (5b)) (Scheme
2). Heterocyclotrimerization of two alkynes and one
acetonitrile occurs; the latter comes from 2. In both
cases, the coordination of the heterocycle is character-
ized in the 1H NMR spectra by an upfield shift of the
aromatic protons. In the 1H NMR spectrum (CDCl3) of
5b, the aromatic protons give rise to singlets at δ 6.00
and 5.89 in agreement with an asymmetrically 2,4,6-
trisubstituted structure. The structure of the first
π-pyridine of iron, 5a, has been confirmed by an X-ray
diffraction analysis (Figure 1).9 The Fe-(C5Me5) cen-
troid and Fe-(pyridine) centroid distances (1.688 and
1.542 Å, respectively) are very comparable to that of the
arene complex [Fe(C5Me5)(η6-C6Et5H)][PF6].8

Complexes [Fe(C5Me5)(arene)]+ are accessible from
the bromo precursor [Fe(C5Me5)(CO)2(Br)] under drastic
reaction conditions, the presence of AlCl3 being re-
quired.5a We found that complex 2 is inert toward
ligand-exchange reactions involving hexamethylbenzene
and 2,6-dimethylpyridine. Therefore, the above ap-
proach constitutes an alternative method to prepare
mixed-sandwich iron(II) derivatives under mild condi-
tions.

By using CH3CN as solvent instead of CH2Cl2, no
reaction occurs except with ethyl propiolate. The coor-
dinating solvent acetonitrile inhibits alkyne complex-
ation, but the presence of a better ligand such as a
carbonyl group in HCtCCO2Et allows the reaction to
proceed. Remarkably, the reaction of 2 in the presence
of HCtCCO2Et (CH3CN) leads to the formation of the
free pyridine derivative [2-Me-3,6-(CO2Et)2-C5H2N] (6)
in 73% yield vs 2 (Scheme 3). However, we were not
able to idenfy any organometallic products from the
reaction mixture. The nature of the solvent has a
dramatic effect on the reaction product, and it is
noteworthy that a different regioisomer of the pyridine
ring is formed. The aromatic protons of 6 appear in the
1H NMR spectrum (CDCl3) as low-field doublets at δ
8.30 and 8.00.

The above results show that the formation of pyri-
dines, as complexes or not, is controlled by the presence
of a heteroatom. As suggested by the dimerization
reaction, we assume that a metallacyclopentadiene
intermediate, resulting from coupling of the two coor-
dinated alkyne molecules, is initially formed.10 However,
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Scheme 2

Figure 1. ORTEP drawing of 5a. Selected bond distances
(Å) and angles (deg): Fe-(C5Me5) centroid ) 1.688, Fe-
(pyridine ring) centroid ) 1.542, Fe-C(pyridine ring) )
2.082 (range 2.044(3)-2.109(3)), Fe-N ) 2.069(3), N-C(11)
) 1.368(4), N-C(15) ) 1.374(4); N-C(11)-C(17) ) 114.8-
(3), C(12)-C(11)-C(17) ) 122.1(3), C(14)-C(15)-C(16) )
122.5(3), C(16)-C(15)-N ) 116.6(3), C(14)-C(13)-C(20)
) 118.1(3), C(12)-C(13)-C(20) ) 123.1(3).

Scheme 3
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coordination of the CtC bond of the third molecule of
alkyne could be inhibited by the presence of the het-
eroatom. Only a molecule of acetonitrile could interact
and then insert into the Fe-C bond to afford the
observed product.

The formation of the π-pyridine complexes 5 (CH2-
Cl2) is deduced to arise from an initial head-to-tail
oxidative coupling step, whereas that of the iron-free
pyridine 6 (CH3CN) results from a tail-to-tail coupling,
showing the crucial role of the solvent. For the π-arene
complexes 4, the regiochemistry of the metallacycload-

dition should be similar to that of 5 and 3, since all these
reactions are performed in CH2Cl2.

In conclusion, we developed alkyne coupling reactions
at an iron(II) center including highly chemo- and
regioselective [2 + 2 + 2] cycloadditions, the formation
of pyridine derivatives being heteroatom-assisted. These
results show that labile complexes of iron, 1 and 2, are
promising candidates for other C-C bond-forming reac-
tions, and this clearly opens up new prospectives for the
development of iron chemistry.

Supporting Information Available: This material is
available free of charge via the Internet at http://pubs.acs.org.
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