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In the past few years iron catalysis has emerged as an
important and challenging research area for the development
of alternative, more affordable, and sustainable methods.
Besides the traditional applications of iron catalysts as Lewis
acids and for reduction/oxidation processes in organic syn-
thesis, organoiron species have been shown to be suitable
catalysts for a broad range of nonrelated transformations such
as cross-coupling reacions, allylations, and hydrogenations.[1]

Simple and stable commercially available iron compounds
such as iron(II) or (III) chlorides, [Fe(acac)3] (acac = acety-
lacetonate), and [Fe(CO)5] have been largely employed for
these purposes. However, the complexity of the reaction
mixtures makes it extremely difficult to identify the active
iron species[1i] and the reaction mechanisms, thus hampering
the rational design and modification of the catalytic systems.
In view of the rapidly growing interest in highly reactive low-
valent organoiron catalysts,[2, 3] the preparation of such well-
characterized iron compounds is essential for a better under-
standing and the further development of modern iron
catalysis. Much progress has been made in this direction,[1–3]

from which the reduction of iron(II) species,[4] typically with
alkali-metal and more recently zinc reagents, has become an
established method to generate low-valent iron catalysts.
Following the first report on cross-coupling reactions by using
in situ formed low-valent iron catalysts by Tamura and
Kochi,[5] several research groups have utilized this approach
to broaden the scope of low-valent iron catalysis (Figure 1).[2]

Although the enormous potential of low-valent iron
catalysts is already known, there is still a necessity to generate
well-defined species to obtain more mechanistic insight and
enlarge the synthetic applicability. F�rstner et al. have con-
tributed significantly in this regard, not only by the develop-
ment of a number of iron-catalyzed transformations and their
application in total synthesis[1f,g] but also by the systematic
mechanistic study of several isolable low-valent ferrate
complexes[2c,d] (for example, Scheme 1, left and middle). It
was proposed that interconnected Fe�II/Fe0, Fe0/FeII, and FeI/
FeIII redox cycles may be operative within these systems.

The research groups of Chirik and Wieghardt have joined
forces to understand the character and performance of well-
defined formal low-valent iron species with bis-
(imino)pyridine ligands (e.g. Scheme 1, right).[6] A more
complex scenario is envisioned in this case, since these
tridentate ligands can also participate actively in the reduc-
tion/oxidation steps. Consequently, the ligand might prefer-
entially take part in the redox processes while the iron atom
retains its oxidation state.

Recently, Ritter and co-workers developed an effective
new method to obtain well-defined and relatively stable low-
valent iron catalysts (Scheme 2).[7] In their approach, the well-
known two-electron reductive elimination reaction of tran-
sition metals (such as Pd, Rh, Ru, or Ni) was applied to iron
complexes for the first time. To accomplish this transforma-
tion, the carefully designed new bis(aryl)iron(II) complex 1
was prepared from inexpensive FeCl2, pyridine, and (2-[(N,N-
dimethylamino)methyl]phenyl)lithium.[8] The use of the che-
lating amino aryl ligand, which places the C donors in a
pseudo-trans conformation, was crucial to prevent reductive
elimination at this stage and allow the isolation of the stable
intermediate 1. The low-valent iron complexes 2 were
achieved in a clever manner by the subsequent addition of

Figure 1. Overview of the reaction scope of low-valent iron catalysts.

Scheme 1. Selected well-defined low-valent iron precatalysts developed
by F�rstner et al. (left, middle) and Chirik and co-workers (right).[2a–d, 6]

pdi = pyridine diimine.

[*] Dr. O. Garc�a Manche�o
Institute of Organic Chemistry, University of M�nster
Corrensstrasse 40, 48149 M�nster (Germany)
Fax: (+ 49)251-83-33202
E-mail: olga.garcia@uni-muenster.de

Highlights

2216 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2011, 50, 2216 – 2218



an exogenous iminopyridine ligand; a controlled reductive
elimination may take place after ligand rearrangement.

In analogy to the recent observations reported by Chirik,
Wieghardt, and co-workers in which the related iron(0)
species (d8 electron configuration) are avoided (e.g.
Scheme 1, right),[6] the authors suggested the formal low-
valent complex 2 to be a iron(II) species in which two radical-
anion ligands are coordinated to the iron atom. An interesting
feature of this catalyst is, therefore, the presence of two
potentially redox-active ligands bound to the iron center.
These ligands might be able to compensate the electronic
requirements of the iron center involved in the catalytic cycle
and lower the activation barriers by internal metal–ligand
charge-transfer processes.

Related catalytic systems, in which the low-valent iron
catalysts were generated in situ by reduction with magnesium
metal, were already employed efficiently in 1,4-hydrobora-
tion reactions and in the addition of a-olefins to dienes.[7b,c]

However, this approach led to nondefined active species,
from which mechanistic information could not be obtained.
One of the key advantages of employing the defined
homogeneous iron catalysts 2 is that reactions could be
followed kinetically. Consequently, Ritter et al.[7a] were able
to extend their applicability to a highly regioselective 1,4-
hydrosilylation of 1,3-dienes (Scheme 3).[9]

Kinetic studies with isolated low-valent complex 2 gave
valuable information about the iron intermediates involved in
the catalytic cycle. Thus, it was proposed that only one
chelating N,N ligand was present in the catalytically active
species. Moreover, by making use of the easy in situ
preparation of a variety of catalysts 2 from stable complex 1
through simple variation of the added exogenous iminopyr-
idine ligand, a highly selective catalyst 2 with R = CH(Me)tBu
could be prepared (Scheme 3).

In conclusion, there is no doubt of the importance of iron
catalysis in modern chemistry. However, there is also a clear
necessity to understand the catalytic mode of action of these
systems to achieve key advances in this promising research
area. In this regard, the access to well-defined true (Scheme 1,
left and middle) or formal (Scheme 1, right) low-valent iron
catalysts is significant.

As discussed in this Highlight, both the isolation and the
easy in situ generation of the active low-valent iron species,
which permits the rational fine-tuning of the electronic and
steric properties of the catalyst, makes this method especially
attractive. Although it was not confirmed whether or not the
active catalyst is a real low-valent iron species, this simple
protocol offers great potential for developing new iron
catalysts and for their use in preparative syntheses; further-
more, it offers an approach to prepare new low-valent iron
systems. Significant advances in the field of iron catalysis are
certainly expected in the next few years.

Received: November 18, 2010
Published online: February 8, 2011

[1] For selected reviews on iron-catalyzed reactions, see a) C. Bolm,
J. Legros, J. Le Paih, L. Zani, Chem. Rev. 2004, 104, 6217 – 6254;
b) A. F�rstner, R. Martin, Chem. Lett. 2005, 34, 624 – 629; c) Iron
Catalysis in Organic Chemistry: Reactions and Applications (Ed.:
B. Plietker), Wiley-VCH, Weinheim, 2008 ; d) A. Correa, O.
Garc�a Manche�o, C. Bolm, Chem. Soc. Rev. 2008, 37, 1108 –
1117; e) S. Enthaler, K. Junge, M. Beller, Angew. Chem. 2008,
120, 3363 – 3367; Angew. Chem. Int. Ed. 2008, 47, 3317 – 3321;
f) B. D. Sherry, A. F�rstner, Acc. Chem. Res. 2008, 41, 1500 – 1511;
g) A. F�rstner, Angew. Chem. 2009, 121, 1390 – 1393; Angew.
Chem. Int. Ed. 2009, 48, 1364 – 1367; h) W. M. Czaplik, M. Mayer,
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