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Abstract

The diiron frame Fe2Cp2CO2 allows the coordination of a variety of carbene ligands, including heteroatom substituted (Fischer
type) and alkylidenes, in both bridging and terminal coordination modes. Synthetic strategies have been devised for obtaining
aminocarbenes and thiocarbenes, by nucleophilic addition on the corresponding bridging amino- and thio-carbyne cationic
complexes [Fe2(l-CX)(l-CO)(CO)2(Cp)2][SO3CF3] (X = SMe, NMe2, N(Me)Xyl), respectively. A more general approach to the
synthesis of diiron complexes bridged by carbenes, exploits the electrophilic character of the sulphonium complex [Fe2{l-C(CN)-
(SMe2)}(l-CO)(CO)2(Cp)2][SO3CF3] and the facile displacement of the SMe2 moiety by nucleophiles. These methods afford a large
variety of heteroatom (N, P, O, S) substituted carbene complexes and also l-alkylidenes.

Terminally bonded alkynyl methoxy carbene complexes have been obtained by the classical Fischer method, consisting in nucle-
ophilic addition at a terminal CO, to generate an acyl intermediate, followed by oxygen atom methylation. The coordination to
diiron cationic complexes makes the alkynylmethoxy carbene ligands very reactive towards the addition of nucleophiles, like amines
and carbanions. These additions are regio- and stereoselective, occurring exclusively at the alkynyl moiety.

Finally, new multidentate and functionalized bridging ligands are described. They are anchored to the diiron frame through an
aminocarbene, or an alkylidene binding end, or both. These ligands result from intramolecular couplings and rearrangements which
involve the l-aminocarbyne, the terminally bonded nitrile ligands and acetylides.
� 2005 Elsevier B.V. All rights reserved.

Keywords: Carbene; Carbyne; Diiron complexes; Bridging ligands

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5431
2. Dinuclear complexes with bridging Fischer carbene ligands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5431

2.1. Synthesis from bridging carbyne complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5431
2.2. Syntheses from l-sulphonium alkylidene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5433

3. Dinuclear complexes with terminal Fischer carbene ligands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5434
4. Dinuclear complexes bearing multidentate aminocarbene ligands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5435
5. Bridging bis-carbene complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5437
6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5438

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5438
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5438

0022-328X/$ - see front matter � 2005 Elsevier B.V. All rights reserved.

doi:10.1016/j.jorganchem.2005.07.027

q This work is a contribution for the special issue on �Transition Metal Carbene Complexes�.
* Corresponding author. Tel.: +390512093694; fax: +390512093690.
E-mail addresses: busetto@ms.fci.unibo.it (L. Busetto), zanotti@ms.fci.unibo.it (V. Zanotti).

Journal of Organometallic Chemistry 690 (2005) 5430–5440

www.elsevier.com/locate/jorganchem

mailto:busetto@ms.fci.unibo.it
mailto:zanotti@ms.fci.unibo.it


1. Introduction

Since the first tungsten(0) carbene complex reported
by Fischer and Maasböl in [1], transition metal carbene
complexes have experienced a rapid and enormous
development which has been paralleled by applications
in organic synthesis [2] and catalysis [3]. Both hetero-
atom stabilized carbenes (Fischer) and electrophilic
(Schrock) [4] carbenes are considered among the most
versatile organometallic reagents.

The overwhelming majority of carbene complexes are
mononuclear and investigations concerning di- and
polymetallic carbene complexes have been considerably
more limited [5]. However, they represent an area of
growing interest in the development of new reagents
and catalysts because of the potential advantage of
cooperative effects due to the presence of two, or more,
metal atoms [6]. An additional reason which makes
attractive the studies on dinuclear complexes derives
from the possibility of favouring further coordination
modes for the carbene ligands, which in turn, are ex-
pected to produce a considerable extension and modifi-
cation of their reactivity. As an example, Sierra has
recently reviewed [5] on the different mode, for a hetero-
atom substituted metal carbene (Fischer type carbenes)
to join a second metal atom. As shown in Chart 1, the
bond, which can be direct or mediated by an hydrocar-
bon chain, may occur through: (i) the carbene carbon
(I); (ii) the heteroatom (II); (iii) the metal atom (III).
In addition, carbenes can �bridge� two metal atoms
(IV), and Fischer carbenes may assume a further coordi-
nation mode (V) due to the heteroatom–metal interac-
tion, which is believed to contribute significantly to
their stability [7].

Bridging carbenes are usually more stable, and less
reactive compared to the corresponding terminally coor-
dinated species. Notwithstanding this, they have been
intensively investigated, and in particular complexes
bearing the bridging methylidene (l-CH2) have provided
valuable organometallic models for investigating
Fischer–Tropsch processes [8].

Herein we will briefly review our contribution in
the field of the dinuclear complexes containing

carbene ligands, both bridging and terminally
coordinated.

2. Dinuclear complexes with bridging Fischer carbene

ligands

2.1. Synthesis from bridging carbyne complexes

Several methods have been devised for the synthesis
of bridging carbenes; among them, the outstanding con-
tributions of F.G.A. Stone have to be recognized [9] for
his modular approach to the construction of clusters
with bridging carbenes and carbynes, and the fruitful
use of isolobal analogy concepts [10]. The reaction of
mononuclear carbynes with appropriate metal contain-
ing nucleophiles or metal hydrides is still a useful route
for synthesis of bridging carbene complexes [11]. Bridg-
ing carbynes are also good source of l-carbenes: a sig-
nificant example concern the bridging methylidyne
complex [Fe2(l-CH)(l-CO)(CO)2(Cp)2]

+, which has
been studied in details over more than a decade by
Casey et al. [12]. The relevant electrophilic character
of the l-CH ligand allows a large variety of nucleophilic
additions at the bridging carbon, including the remark-
able �hydrocarbation� [13] and provide access to a vari-
ety of bridging carbene complexes.

Several years ago our attention was directed to re-
lated diiron complexes characterized by the presence of
heteroatom substituted bridging carbyne ligands: the
thiocarbyne [Fe2(l-CSMe)(l-CO)(CO)2(Cp)2][SO3CF3]
(1) [14] and aminocarbyne [Fe2{l-CN(Me)R}(l-CO)-
(CO)2(Cp)2][SO3CF3] (R = Me, CH2Ph, Xyl) (2) [15].
Our aim was to find methods for generating Fischer type
bridging thio- and amino-carbene complexes and to
study their chemistry.

The thiocarbyne complex 1 undergoes addition at the
bridging carbyne carbon by a variety of nucleophilic re-
gents, including: NaBH4 [16], cyanide [17], and several
organocopper reagents [18] (Scheme 1). In all the cases,
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