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Introduction

The title compound1 [and its higher order congeners
Fe2(CO)9 and Fe3(CO)12] exhibits several features which
have made it particularly attractive as a reagent in organic
synthesis. These features include: (i) the nucleophilic at-
tack at one of the CO ligands to generate iron carbony-
lates;2 (ii) carbonyl insertion reactions; and (iii) its ability
to undergo under thermal or photochemical conditions an
in situ dissociative loss of one or more CO ligand and sub-
sequent complexation of the coordinatively unsaturated
iron to an organic substrate. Pattern (i) has proven useful
mainly due to the reducing properties of iron carbonylates
(Abstract A). Pattern (ii) now allows the efficient prepara-
tion of cyclohexenones (Abstract B), �-, �- or �-lactones
and lactams (Abstract C) and also cyclopentadienones
(Abstract D), compounds which have all proven useful in
total synthesis. Finally and most importantly, reactions of

type (iii) include the isomerisation of olefins with either a
stoichiometric or catalytic amount of Fe(CO)5,

3 the use of
tricarbonyl iron group for the stabilization of highly labile
molecules, the use of tricarbonyl(�4-1,3-diene)iron
complexes4 to protect, under a number of reaction condi-
tions, (e.g. hydrogenation, acylation, hydroboration, cy-
cloaddition, epoxydation, osmylation and Michael
addition) a 1,3-diene unit (Abstract E), the use of the tri-
carbonyl iron moiety to control the stereoselectivity of re-
actions on a neighboring functional group (Abstract E),
and mainly, the well known reactivity of the correspond-
ing �5-dienyl salt (Abstract F). It should be noted here
that, though the tricarbonyliron complexes are easy to pre-
pare on a large scale, are stable and easily handled in clas-
sical laboratory conditions, the title reagent Fe(CO)5 is
highly toxic and volatile, and therefore great care must be
taken in its handling and storage conditions.

Abstracts

(A) Fe(CO)5 and a catalytic amount of sodium borohydride react
with cycloheptatrienes in protic solvents to yield the correspond-
ing tricarbonyl(�4-1,3-diene)iron complexes in a one-pot proce-
dure, which has been found to be particularly efficient for the
synthesis of the useful tricarbonyl(cycloheptadiene)iron com-
plex and, after oxydative removal of the iron moiety, of the cy-
cloheptadiene itself.5

(B) 5-Alkyl cyclohexenones of high enantiomeric purity can be
obtained in good yields by ultraviolet irradiation of enantiomer-
ically pure alkenyl cyclopropanes in the presence of Fe(CO)5.
Given the many strategies for the preparation of enantiomerical-
ly pure alkenyl cyclopropanes that are available, this promises to
be a versatile method for the construction of cyclohexane deriv-
atives.6
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(C) On irradiation in the presence of Fe(CO)5, vinyl epoxydes
are readily transformed into (�-allyl)tricarbonyliron lactone
complexes, which can be further transformed into the corre-
sponding lactam complexes. Oxidative decomplexation of these
iron complexes subsequently affords �- or �-lactones and lac-
tams. This method is of considerable value for natural product
synthesis due to the number of methods available for the prepa-
ration of optically active epoxides.7

(D) The iron-mediated [2+2+1] cycloaddition of diynes provides
a broad scope of carbo- and heterobicyclic cyclopentadienones
complexes which can be easily decomplexed and further manip-
ulated for transformation in biologically active natural and non-
natural products.8

(E) The reactivity of the tricarbonyl(tropone)iron complex is a
good example of both the protecting and stereodirecting proper-
ties of the tricarbonyl(�4-1,3-diene)iron moiety. Indeed, this
complex can undergo stereoselective Diels–Alder cycloaddi-
tions and 1,2 or 1,4 nucleophilic additions.9 Various other reac-
tions can be achieved stereoselectively on the uncomplexed
double bond.10 The same stereoselectivity is observed on nucleo-
philic addition to acyclic precursors bearing a C=X (X = O, N)
double bond adjacent to the tricarbonyl(�4-1,3-diene)iron unit.11

The (�-allyl)tricarbonyliron lactone complexes presented in Ab-
stract C are also excellent stereodirecting groups.12

(F) Upon treatment with the trityl cation, tricarbonyl(�4-di-
ene)iron complexes undergo hydride abstraction to give the cor-
responding �5-dienyl complex, which react with nucleophiles to
yield regio- and stereoselectively the 5-anti-substituted �4-diene
complex. It is the cyclohexadiene derivatives which have led to
the largest number of applications (recent work includes the syn-
thesis of carbazole alkaloids13 and carbo- and heterospirocyclic
frameworks),14 but the cycloheptadiene derivatives also have
proven to be very useful.5,15
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