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I. INTRODUCTION

Iron is the second most abundant metal and the fourth most abundant element
found in Earth’s crust. In 1951, Kealy and Pauson made the extraordinary discovery
of ferrocene.1 Prior to that time, complexes containing transition metal–carbon
bonds were rare, and it was thought that these bonds must be unstable. The high 
thermal stability of ferrocene changed many of these ideas, and organoiron chemistry
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became the focus of numerous investigations. From the initial reports on the synthe-
sis and structure of ferrocene, there have been countless studies examining the
chemistry of organoiron complexes.1–3

The rich chemistry of ferrocene stems from the nucleophilicity of the cyclopen-
tadienyl rings, which allows for their reactions with numerous electrophiles. Within a
few years of its discovery, a number of functionalized ferrocene molecules had been pre-
pared, and in 1955, the first polymer containing ferrocene in its structure was reported
by Arimoto and Haven.4 In the years to follow, the fascinating chemistry associated with
ferrocene led to research in the synthesis of ferrocene-based polymers in which the
organometallic group exists in sidechains, the mainchain, or discrete locations within
the polymer.5–7 Ferrocene-based polymers are the most well-examined class of
organometallic polymer, and their methods of synthesis and their properties cover a
wide spectrum. These types of polymers have been shown to exhibit interesting electro-
chemical, optical, thermal, morphological, pharmacological, and magnetic properties.5,6

The displacement of one of the cyclopentadienyl rings of ferrocene by an arene
allows for the isolation of cationic η6-arene-η5-cyclopentadienyliron complexes.8

While Coffield and coworkers reported the first cyclopentadienyliron coordinated
arene in 1957 by refluxing mesitylene with cyclopentadienyliron dicarbonyl chloride,9

it was 6 years later when Nesmeyanov and coworkers prepared these complexes using
ferrocene.10,11 These cationic organoiron complexes had properties very different from
those exhibited by ferrocene. For example, the complexed benzene rings were found
to be susceptible to attack by nucleophiles, and did not show the same reactivity as did
uncomplexed benzenes. Also, while the iron centers in ferrocene undergo stable elec-
trochemical oxidation, arene cyclopentadienyliron complexes are reduced electro-
chemically.12 It is also important to note that the arene iron bond does not show the
same thermal stability, and is readily cleaved by pyrolysis, photolysis, and electrolysis.
While arene complexes of cyclopentadienyliron have been known since the 1950s, it
was not until the 1990s that polymers containing these organometallic groups in their
structures were reported.

While many studies have reported the interesting chemistry associated with the
cyclopentadienyl and benzene complexes of iron, a number of other studies have
reported the synthesis of other classes of organoiron polymers. For example, iron car-
bonyl moieties π-coordinated to dienes and cyclopentadienyl compounds have been
investigated, and each new class of polymer relates new information about organoiron
polymers and the chemistry of organoiron complexes. Polymers possessing iron–
carbon σ and π bonds or only iron–carbon σ bonds within the polymer’s backbones
are classes of polymers that have not received a great deal of attention. Polymers con-
taining iron–iron bonds within, or pendent to their backbones have also been synthe-
sized using a number of different strategies, and have exhibited interesting properties.

This chapter presents an overview of all classes of macromolecules containing
iron–carbon bonds and highlights some examples of these materials. The methods
utilized to synthesize and characterize these polymers are described and the proper-
ties of some of the organoiron-based polymers are noted. This chapter focuses on the
diversity found in the area of organoiron polymer chemistry and briefly introduces
the materials covered in the remaining chapters in this volume.

2 Overview of Organoiron Polymers
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Ferrocene-Based Polymers 3

II. FERROCENE-BASED POLYMERS

Soon after the monumental discovery and elucidation of the structure of fer-
rocene, the homo- and copolymerization of vinylferrocene was reported using a num-
ber of different catalysts.4 The solution and bulk synthesis of polyvinylferrocene (1) has
been studied in detail, as have the properties of polyvinylferrocene.13–15 While many of
these studies were undertaken in the 1960s and 1970s, the polymerization of vinylfer-
rocene continues to be an active area of research. The copolymerization of vinylfer-
rocene with styrene using a “living” radical initiator (viz., TEMPO) was also reported.16

Fe

1

n

The properties that the ferrocenyl groups introduce into polymers have been the
focus of numerous investigations. Kuramoto and coworkers have shown that copoly-
mers (2) prepared from N,N-diethylacrylamide and vinyl ferrocene had decreasing low
critical solution temperature (LCST) values with increasing ferrocene incorporation
because of their reduced solubility in aqueous solution.17 Oxidation of the ferrocene
units increased their hydrophilicity and resulted in increased LCST values for these
materials. The same observations were observed for copolymers prepared with ferro-
cenylethylacrylamide and isopropylacrylamide.18 These organoiron polymers had lower
LCST values than did poly(N-isopropylacrylamide). In both of these studies, there was
only a low incorporation of the organometallic monomer into these materials.
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4 Overview of Organoiron Polymers
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It has also been reported that polymers containing ferrocene units in the main-
chain or sidechains may possess liquid crystalline characteristics.19–23 Ferrocene-based
liquid crystalline polyesters (3) containing phosphorous groups in their backbones
have been reported by Senthil and Kannan.23
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Similarly, Neuse and coworkers have reported that the incorporation of a small
amount of a ferrocene-containing sidechain into polyaspartamide introduces antipro-
liferative properties into these materials.27–29 Polymer 5 is an example of an organo-
iron-functionalized polymer prepared from reaction of the preformed organic
polymer with 4-ferrocenylbutanoic acid.29

Polymers containing sidechain and mainchain ferrocenyl moieties have also
been reported to possess nonlinear optical (NLO) properties.24–26 By incorporating
5 mol% of the organometallic monomer into the polymethacrylate (4), it was possi-
ble to generate NLO properties.26
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The redox stability of the ferrocenyl group has led to the incorporation of this
organoiron unit into a number of different classes of macromolecules.30–32 An
amperometric glucose sensing electrode has been prepared utilizing a polymethyl-
siloxane with ferrocene groups in its sidechain.30 Peptides functionalized with fer-
rocene units interact with each other through hydrogen bonds resulting in
supramolecular assemblies.31 Schrock and Wrighton have reported the synthesis of
polynorbornenes with ferrocenyl moieties pendent to the norbornene unit (6).32

The synthesis of metallocenes functionalized with alkyne groups has been
reported using a molybdenum catalyst to produce polyacetylenes with ferrocene
groups in their sidechains (7).33,34 The living polymerization reactions produced
head-to-tail polymers with trans double bonds. The living polyacetylene could be
surface grafted to a norbornene-functionalized silica support and used in anion
exchange chromatography following oxidation of the iron centers.34
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6 Overview of Organoiron Polymers
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Allcock and coworkers have reported the ring-opening polymerization of
cyclic phosphazenes functionalized with ferrocenyl groups.35,36 The polymers were
attached to the metallocenes by the phosphorous atoms to either one or both of the
cyclopentadienyl rings (8).36

Polycondensation reactions have produced mainchain ferrocene polymers since
1961, and since that time, there have countless studies outlining the preparation of
this class of material.37 The functional groups and reaction conditions utilized to pre-
pare these materials are varied, as are the properties of the resulting materials. In the
1970s, Pittman and coworkers reported the synthesis of a thermally stable, high
molecular weight polymer (9) via polycondensation of disilanols with bis-dimethy-
laminodimethylsilylferrocene.38
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Polyamides and polyureas (10) have also been synthesized by polycondensa-
tion reactions of 1,1�-bis(β-aminoethyl)ferrocene with diisocyanates or diacid chlo-
rides, respectively.39

The polymerization of 1,2,3-substituted ferrocenes containing one iodo and
one acetlyene group using Sonogashira coupling resulted in the production of poly-
mers with functionalized sidechains (11).40 The reaction of 1,1�-diiodoferrocene
with diethynyl monomers has also been used in the production of polymetallocenes
with semiconducting properties (12).41
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High molecular weight face-to-face polymetallocenes (17) have been prepared
by Rosenblum and coworkers.46 These polyferrocenes were found to be electrically
conducting on doping with I2.

8 Overview of Organoiron Polymers
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Mainchain ferrocene-based polymers have also been synthesized by poly-
addition reactions.42 For example, the reaction of 1,1�-dimercaptoferrocene with 
1,4-butandiyl dimethacrylate resulted in the isolation of polymer 13.
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A polyferrocenylsilane (14) has been prepared via the reaction of the dilithium
salt of dicyclopentadienyldimethylsilane with ferrous chloride.43 Polyferrocenylene
substituted with hexyl groups (15) has been reported by reaction of the dihexylful-
valene dianion with [FeCl2(THF)2].

44 The hexyl groups attached to the cyclopenta-
dienyl rings resulted in an enhanced solubility of these materials, and
electrochemical studies showed that the iron centers were interacting. Southard and
Curtis have used a similar strategy to prepare soluble conjugated polymetallocenes
(16) by reaction of an isomeric mixture of bis(alkylcyclopentadienide arenes) with
ferrous iodide.45
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The ring-opening metathesis polymerization of ferrocenophanes containing
bridging vinyl groups has also been reported.47–49 The incorporation of alkyl groups
pendent to their backbones increased the solubility of these polymers (18). An
enhancement of solubility could also be achieved by copolymerization reactions.
Some of these polymers exhibited electrical conductivity.

Rauchfuss and coworkers have reported the ring-opening polymerization of
[3]trithiaferrocenes and [3]triselenaferrocenes with PBu3.

50,51 The ring-opening-
induced desulfurization and deselenization reactions resulted in the formation of
high molecular weight polymers. The polyferrocenylene persulfides (19) can be
reductively decomposed with LiBHEt3 and regenerated on oxidation. The thermal
and anionic ROP of [1]thia- and [1]selenaferrocenophanes has also been reported by
Manners.52 The presence of two reversible oxidation processes in the cyclic voltam-
mograms of the polyferrocenyl sulfides indicates that these polymers possess strong
metal–metal interactions.
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Thermal ring-opening polymerization of [2]ferrocenophanes has also been
reported by Manners and coworkers (20).53,54 Oxidation of the polyferrocenylethyl-
ene with tetracyanoethylene resulted in antiferromagnetic interactions.53

Unsymmetric [2]ferrocenophanes (R�S, P) have also been synthesized and ring-
opened; however, a ferrocenophane containing a C–Si bridge was resistant to ther-
mal, anionic, and transition-metal-catalyzed ROP.54 The [2]carbathioferrocenophane
could also be polymerized in the presence of cationic initiators.

Polyferrocenylphosphines have been synthesized by the ring-opening poly-
merization of [1]ferrocenophanes.55–57 These polymers can be further reacted with
elemental sulfur to produce the corresponding polyferrocenylphosphine sulfides
(21).55 Borane adducts of polyferrocenylphosphines have been isolated via thermal
ROP of the functionalized ferrocenophane, or by addition of the borane to the pre-
formed polyferrocenylphosphine.56 Manganese and tungsten complexes have also
been reacted with a [1]ferrocenophane bearing a bridging phosphine ligand.57

[1]Ferrocenophanes containing boron bridges have been found to possess large ring
tilts, and have been ring-opened thermally to produce the corresponding polymers
(22).58 [1]Germaferrocenophanes undergo facile ROP to yield high molecular
weight poly(ferrocenyl germanes) (23) thermally and with transition metal cata-
lysts.59,60 The ROP of ferrocenophanes with tin bridges has also been described by
the research groups of Manners and Pannell.61,62 High molecular weight tin poly-
mers (24) have been produced by thermal ring-opening polymerization, or at room
temperature in solution. It was reported that the ring opening of tin- and germanium-
bridged [1]ferrocenophanes is facilitated by the addition of amines.61
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Since the first report on the ring-opening polymerization of [1]silaferroceno-
phanes in 1992, there have been many developments in this area of research.63–65

Polymerization of [1]silaferrocenophanes has now been achieved thermally, anioni-
cally and with transition metal catalysts. The solid-state polymerization of 
Fe(η-C5H4)2SiMeR (R�Me, Ph) has also been accomplished using a 60C γ-ray
source.66 It was determined that irradiation of the unsymmetric ferrocenophane
(R�Ph) resulted in a stereoregular polymer.

A number of copolymers have been prepared by anionic polymerization
of silicon-bridged [1]ferrocenophanes.67–69 For example, the copolymerization
of dimethylsilaferrocenophane with living polystyrene produced a polymer to
which 12-crown-4 and [Me2SiO]3 was added. The living polymer ends of the
resulting triblock copolymer were subsequently coupled with Me2SiCl2 to pro-
duce polymer 25.67

Copolymerization reactions with ferrocenophanes using transition metal cata-
lysts have also been accomplished.70,71 The self-assembly of block copolymers has
been examined, and polymers with dimethylsiloxane or ethyleneoxide blocks have
been found to be soluble in aqueous solution.72,73 These ferrocene-based polymers
have been found to self-assemble in solution, and their morphologies have been
investigated.70–73 A number of water-soluble anionic (26)74 and cationic (27)75 poly-
electrolytes have also been produced by sidechain functionalization.
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Tang and coworkers have reported that pyrolyzed hyperbranched polyferro-
cenylsilanes have greater ceramic yields than their linear polymeric counterparts.76

Manners has reported that thermally crosslinked polyferrocenylsilanes (28) pos-
sessed greater thermal stability than their linear analogs.77 The swelling properties
of these crosslinked polymers were examined, and the solubility parameter of the
corresponding linear homopolymer was determined. The pyrolysis of linear,
hyperbranched, and crosslinked polyferrocenylsilanes has resulted in the produc-
tion of ceramics that possess magnetic properties.76–78

12 Overview of Organoiron Polymers
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The synthesis and properties of star polymers and dendrimers functionalized
with ferrocene units has attracted a great deal of attention. The synthesis of high-gen-
eration dendrimers functionalized with chiral ferrocenyl units in their structures has
been reported.79 The chiroptical properties of this class of dendrimer was dependent
on the number of ferrocenyl groups and their chemical environment, but not on their
position within the dendrimer. Deschenaux has reported the synthesis of liquid crys-
talline ferrocene-based polymers prossessing an enantiotropic smectic A phase.80

Ferrocene-functionalized cyclic siloxane (29) and silsesquioxane branched polymers
have also been reported.81 A hyperbranched polymer with a cubic silsesquioxane core
was used to mediate the electrocatalytic oxidation of ascorbic acid.

The guest-host relationship of dendrimers containing 4, 6, and 8 ferrocene
groups with cyclodextrins has been examined by Cuadrado and coworkers.82 It was
found that the low-generation dendrimers formed reversible complexes with 
β-cyclodextrin, while the dendrimer with 16 peripheral ferrocene groups underwent
incomplete complexation reactions. The synthesis of a dendrimer containing nine 

Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 12



Polymers Containing Cyclopentadienyliron–Complexed Arenes 13

Fe

Si
Me Me

Si

Fe

Si
MeMe

Me

Si
Me

OO
Si Si

O O
Si

Me Me

Fe

Si
Me Me

Si

Fe

Si
Me

Me

Me

Me

FeSi
Me

Me
Si

FeSi
Me

Me

Me

Fe Si
Me

Me
Si

Fe Si
Me

Me

Me

29

peripheral organoiron groups (30) was prepared by reaction of an amine-functional-
ized dendrimer with the acid chlorides of ferrocene.83 These polymers were utilized
as supramolecular redox sensors for the recognition of small inorganic anions.
Ferrocenylsililation reactions were also used by Astruc and coworkers to prepare
dendrimers with up to 243 ferrocenyl units at the periphery.84

III. POLYMERS CONTAINING
CYCLOPENTADIENYLIRON–COMPLEXED
ARENES

We have reported the synthesis of polymethacrylates (31) and polystyrenes
with cationic cyclopentadienyliron moieties coordinated to their sidechains using
AIBN.85,86 Photolysis of these organoiron polymethacrylates allowed for the isola-
tion of the corresponding organic polymethacrylates. The weight-average molecular
weights (Mw) of these organic polymers ranged from 48,000 to 68,000.
Electrochemical studies of the metallated polymethacrylates showed reductions of
the iron centers occurring between E1/2��1.1 and �1.3 V.
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The ring-opening metathesis polymerization of norbornene monomers func-
tionalized with arene complexes of cyclopentadienyliron has been reported using
Grubbs’ catalyst.87 These polymerization reactions proceeded rapidly to produce the
corresponding polynorbornenes (32 and 33). It was found that the incorporation of
bulkier aromatic groups in the sidechains of these materials increased their glass
transition temperatures and thermal stability.

The synthesis of cyclopentadienyliron-coordinated polyaromatic ethers and
thioethers has been achieved by reaction of dichlorobenzene complexes with various
oxygen and sulfur dinucleophiles.88 These polymers exhibited good solubility in polar
organic solvents such as acetone, acetonitrile, DMF, and DMSO. Photolysis of these
polymers allowed for the isolation of the corresponding organic polymers; however, the
solubilities of these polymers were much lower than those of their metallated ana-
logues. Thermogravimetric analysis of the organoiron polymers indicated that the
metallic moieties were cleaved from the polymers at approximately 200°C, while
degradation of the polymer backbones occurred around 500°C. By designing diiron
complexes containing terminal chloroarenes, polymers with alternating ether– thioether
or amine–thioether spacers were also synthesized.88 Differential scanning calorimetry
(DSC) showed that the organic polyethers had the highest glass transition temperatures
and polymers with thioether bridges had the lowest. Cyclic voltammetric studies of the
cyclopentadienyliron-coordinated polyethers and thioethers (34–36) showed that these
polymers underwent reversible reduction processes. Polymers containing CpFe� and
Cp*Ru� moieties pendent to their backbones have also been synthesized.89

The synthesis of polyaromatic ethers (37) and thioethers containing azoben-
zene dyes in their sidechains has been achieved.90 These polymers were prepared by
reaction of cyclopentadienyliron-complexed azobenzene monomers with various
dinucleophiles. These organoiron polymers were bright orange or red, and could be
bleached by irradiating the polymer in a solution containing hydrogen peroxide.
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The synthesis of polymers containing cyclopentadienyliron moieties 
within and pendent to their backbones (38) was reported by Abd-El-Aziz and
coworkers.91 The cationic cyclopentadienyliron moieties were pendent to the poly-
mer backbones, while the neutral ferrocene units were incorporated into the poly-
mer backbones. The cationic iron centers underwent reversible reduction processes,
while the neutral iron centers underwent reversible oxidation processes. The
cationic cyclopentadienyliron moieties were cleaved from the polymer backbones
by photolysis; however, the ferrocene units in the polymer backbones were not
degraded.

16 Overview of Organoiron Polymers
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The design of polyether/imines coordinated to cyclopentadienyliron moi-
eties (39) has been achieved via the reaction of a dialdehyde complex of cyclopen-
tadienyliron with a number of aliphatic and aromatic diamines.92 The
polycondensation reactions resulted in the isolation of the polyether/imines in
good yields.

Nishihara has reported the complexation of poly(hexyl phenylene) with
cyclopentadienyliron, where approximately 1 in every 1.6 aromatic rings was coord-
inated to the metallic moiety.93 Spectroelectrochemical analysis of this organoiron
polymer (40) suggested that a network was formed between the aromatic rings of
neighboring polymer chains following reduction of the cationic iron centers to the
neutral radicals.
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Abd-El-Aziz and coworkers have reported the synthesis of star-shaped polyaro-
matic ethers containing up to 15 cyclopentadienyliron cations pendent to aromatic
rings.97 Polymer 42 is an example of a water-soluble hexa-metallic star complex. Elec-
trochemical studies showed that reduction processes for the inner and outer iron com-
plexes could be distinguished for the hexa- and nonametallic stars.

18 Overview of Organoiron Polymers
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Star polymers and dendrimers have been synthesized by Astruc using
cyclopentadienyliron-mediated peralkylation, benzylation, and allylation reactions
of cationic tri-, tetra-, and hexa-methylbenzene cyclopentadienyliron com-
plexes.94–96 These star and dendritic polymers contained cationic cyclopentadienyl-
iron moieties at the core and/or the periphery. The cathodic reduction of nitrates and
nitrites to ammonia has been achieved using a water-soluble dendrimer containing
six cationic cyclopentadienyliron moieties as a redox catalyst.94 The octametallic star
(41) was prepared by deprotonation of permethylated iron complexes.96
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IV. POLYMERS CONTAINING IRON CARBONYL
COMPLEXES

Polymers containing metal–carbon σ and π bonds were reported by Mapolie and
coworkers.98 Homo- and copolymerization reactions of organoiron monomers con-
taining olefins with AIBN yielded the corresponding organometallic polymers (43).
Bifunctional hydroxyl monomers functionalized with iron complexes were subjected
to polycondensation with terephthaloyl chloride to produce low molecular weight
polyesters (44).99

Martin and Hanks have reported the oxidative polymerization of dicarbonyl
(η5-cyclopentadienyl)(η1-pyrrolyl)iron(II).100,101 The resulting polymer (45)
yielded an azaferrocene polymer (46) on refluxing. The electrical conductivities
of polymers 45 and 46 were found to be 7 � 10�3 and 1.5 � 10�4 S/cm,
respectively.
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In 1973, the homo- and copolymerization of π-(2,4-hexa-dienyl acrylate)tri-
carbonyliron with styrene, methyl acrylate, acrylonitrile, and vinyl acetate was
reported by Pittman and coworkers.102,103 It was reported that these polymers (47)
could be protonated to produce the π-allyliron derivatives.103 Nakamura and
coworkers have also reported the synthesis and electrochemical properties of poly-
mers containing dienes coordinated to iron tricarbonyl moieties in the polymer
sidechains.104

UV irradiation of polymers containing silole units in their backbones 
in the presence of iron pentacarbonyl resulted in the coordination of iron 
tricarbonyl units to one of every two silole rings in the polymer backbone.105

On doping, these organoiron polymers (48) become electrically conducting 
and their UV absorption bands are red shifted relative to the uncoordinated 
polymers.
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V. IRON POLYYNES

Since the late 1970s, poly(metal acetylide)s have been examined for group 9 and
10 transition metals. Lewis and coworkers have also demonstrated that group 8 metals,
including iron, can form σ bonds with alkynes via reaction of an iron-chelating phos-
phine dichloro complex with bis-trimethylstannylalkynes to form high molecular
weight polymers in the presence of a catalytic amount of CuI.106,107 The weight-aver-
age molecular weight of polymer 49 was determined to be 173,000 by GPC.
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VI. POLYMERS WITH IRON-IRON BONDS

In the early 1990s, Tyler and coworkers described the synthesis of oligomeric
urethanes and ether urethanes containing photodegradable iron–iron bonds in their
backbones.109–112 The solid-state photochemical degradation of low molecular
weight polyurethanes such as 51 was also examined in the presence of light and
oxygen.

Vinyl monomers were also homo- and copolymerized in the presence of AIBN
to produce polymers (52) with Fe�Fe bonds in their backbones.

Oligomeric complexes containing iron acetylide units in units in their struc-
tures (50) were also examined by Lo Sterzo and coworkers.108
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Cuadrado and coworkers have reported the synthesis of polysiloxanes with
Fe�Fe bonds using two different methodologies.113 Polymers with the metal–metal
bonds within their backbones (53) were synthesized by polycondensation reactions
of disilanols with a dinuclear iron–iron bonded complex, while reaction of a poly-
siloxane with Fe(CO)5 resulted in polymer 54. Polymer 54 possessed good thermal
stability and poor solubility, which indicates that crosslinking between polymer
chains may have occurred. Molecular weight analysis of polymers prepared by poly-
condensation reactions shows that these polymers have degrees of polymerization
between 5 and 10.

VII. OUTLOOK

The history of organoiron polymers can be traced to the 1950s, and much of
the fundamental knowledge we possess of these materials, and organometallic poly-
mers in general, stems from work done in and prior to the 1970s. However, there
have been significant advances in organoiron polymers since the early 1990s. Within
this time, we have seen a huge variety of organoiron polymers emerge. The discov-
ery that the ring opening of ferrocenophanes produces high molecular weight 
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polymers, and that these polymers possess a wide range of properties, has changed
the perceptions of organometallic polymers. Many of the difficulties that early
researchers in this area had in producing well-defined, high molecular weight poly-
mers have since been overcome. New classes of polymers containing organoiron
groups continue to emerge, leading to new properties and applications.

This chapter was intended to briefly introduce the types of organoiron poly-
mers that have been developed since the early 1950s. Subsequent chapters in this
volume will detail some of the advances that have taken place in recent years. The
synthesis and properties of ferrocene-based polymers and polymers containing arene
complexes of cyclopentadienyliron will be described. The properties and applica-
tions of some of these materials will be described, and the reader will hopefully gain
an appreciation of organoiron polymers.

VIII. REFERENCES

1. T. J. Kealy, P. L. Pauson, Nature 168, 1039 (1951).

2. G. Wilkinson, M. Rosenblum, H. C. Whiting, R. B. Woodward, J. Am. Chem. Soc. 74, 2125
(1952).

3. R. B. Woodward, M. Rosenblum, H. C. Whiting, J. Am. Chem. Soc. 74, 3458 (1952).

4. F. S. Arimoto, A. C. Haven, Jr., J. Am. Chem. Soc. 77, 6295 (1955).

5. P. Nguyen, P. Gomez-Elipe, I. Manners, Chem. Rev. 99, 1515 (1999).

6. A. S. Abd-El-Aziz, “Metal-Containing Polymers,” in Encyclopedia of Polymer Science and
Technology, 3rd ed., J. I. Kroschwitz, ed., Wiley, New York, in Press.

7. C. U. Pittman, Jr., C. E. Carraher, Jr., M. Zeldin, J. E. Sheats, B. M. Culbertson, eds., Metal-
Containing Polymeric Materials, Plenum Press, New York, 1996.

8. A. S. Abd-El-Aziz, Coord. Chem. Rev. 233–234, 177 (2002).

9. T. H. Coffield, V. Sandel, R. D. Closson, J. Am. Chem. Soc. 79, 5826 (1957).

10. A. N. Nesmeyanov, N. A. Vol’kenau, I. N. Bolesova, Dokl. Akad. Nauk SSSR 149, 615 (1963).

11. A. N. Nesmeyanov, N. A. Vol’kenau, I. N. Bolesova, Tetrahedron Lett. 25, 1725 (1963).

12. D. Astruc, Electron Transfer and Radical Processes in Transition-Metal Chemistry, VCH
Publishers, New York, 1995.

13. C. U. Pittman, Jr., P. Grube, J. Polym. Sci., A1 9, 3175 (1971).

14. D. O. Cowan, J. Park, C. U. Pittman Jr., Y. Sasaki, T. K. Mukherjee, N. A. Diamond, J. Am.
Chem. Soc. 94, 5110 (1972).

15. C. U. Pittman Jr., B. Surynarayanan, J. Am. Chem. Soc. 96, 7916 (1974).

16. M. Baumert, J. Frohlich, M. Stieger, H. Frey, R. Mulhaupt, H. Plenio, Macromol. Rapid
Commun. 20, 203 (1999).

17. N. Kuramoto, Y. Shishido, K. Nagai, J. Polym. Sci., Part A, Polym. Chem. 35, 1967 (1997).

18. Y. Yang, Z. Xie, C. Wu, Macromolecules 35, 3426 (2002).

19. R. Deschenaux, F. Turpin, D. Guillon, Macromolecules 30, 3759 (1997).

20. R. Deschenaux, I. Jauslin, U. Scholten, F. Turpin, D. Guillon, B. Heinrich, Macromolecules
31, 5647 (1998).

21. G. Wilbert, A. Wiesemann, R. Zentel, Macromol. Chem. Phys. 196, 3771 (1995).

22. A. Wiesemann, R. Zentel, G. Lieser, Acta Polym. 46, 25 (1995).

23. S. Senthil, P. Kannan, J. Appl. Polym. Sci. 85, 831 (2002).

24 Overview of Organoiron Polymers

Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 24



24. M. E. Wright, M. S. Sigman, Macromolecules 25, 6055 (1992).

25. M. E. Wright, B. B. Cochran, E. G. Toplikar, H. S. Lackritz, J. T. Kerney, Inorganic and
Organometallic Polymers II, P. Wisian-Neilson, H. R. Allcock, K. J. Wynne, eds., ACS Symp.
Series Vol. 572, American Chemical Society, Washington, DC, 1994.

26. M. E. Wright, E. G. Toplikar, Macromolecules 27, 3016 (1994).

27. E. W. Neuse, M. C. Meirim, D. D. N’’Da, G. Caldwell, J. Inorg. Organomet. Polym. 9, 221 (1999).

28. B. Schechter, G. Caldwell, E. W. Neuse, J. Inorg. Organomet. Polym. 10, 177 (2000).

29. G. Caldwell, M. C. Meirim, E. W. Neuse, K. Beloussow, W.-C. Shen, J. Inorg. Organomet.
Polym. 10, 93 (2000).

30. C. M. Casado, M. Moran, J. Losada, I. Cuadrado, Inorg. Chem. 34, 1668 (1995).

31. P. Saweczko, G. D. Enright, H.-B. Kraatz, Inorg. Chem. 40, 4409 (2001).

32. D. Albagli, G. Bazan, M. S. Wrighton, R. R. Schrock, J. Am. Chem. Soc. 114, 4150 (1992).

33. M. Buchmeiser, R. R. Schrock, Macromolecules 28, 6642 (1995).

34. K. Eder, E. Reichel, H. Scottenberger, C. G. Huber, M. R. Buchmeiser, Macromolecules 34,
4334 (2001).

35. I. Manners, G. H. Riding, J. A. Dodge, H. R. Allcock, J. Am. Chem. Soc. 111, 3067 (1989).

36. H. R. Allcock, G. H. Riding, K. D. Lavin, Macromolecules 20, 6 (1987).

37. F. W. Knobloch, W. H. Rauscher, J. Polym. Sci. 54, 651 (1961).

38. W. J. Patterson, S. P. McManus, C. U. Pittman, Jr., J. Polym. Sci., Polym. Chem. 12, 837 (1974).

39. K. Gonzalves, L. Zhan-ru, M. D. Rausch, J. Am. Chem. Soc. 106, 3862 (1984).

40. H. Plenio, J. Hermann, J. Leukel, Eur. J. Inorg. Chem. 12, 2063 (1998).

41. T. Morikita, T. Mauyama, T. Yamamoto, K. Kubota, M. Katada, Inorg. Chim. Acta 269, 310
(1998).

42. O. Nuyken, T. Pohlmann, M. Herberhold, Macromol. Chem. Phys. 197, 3343 (1996).

43. J. Park, Y. Seo, S. Cho, D. Whang, K. Kim, T. Chang, J. Organomet. Chem. 489, 23 (1995).

44. T. Hirao, M. Kurashina, K. Aramaki, H. Nishihara, J. Chem. Soc., Dalton Trans. 2929 (1996).

45. G. E. Southard, M. D. Curtis, Synthesis 9, 1177 (2002).

46. R. D. A. Hudson, B. M. Foxman, M. Rosenblum, Organometallics 18, 4098 (1999).

47. M. A. Buretea, T. D. Tilley, Organometallics 16, 1507 (1997).

48. C. E. Stanton, T. R. Lee, H. R. Grubbs, N. S. Lewis, J. K. Pudelski, M. R. Callstrom, 
M. S. Erickson, M. L. McLaughlin, Macromolecules 28, 8713 (1995).

49. R. W. Heo, F. B. Somoza, T. R. Lee, J. Am. Chem. Soc. 120, 1621 (1998).

50. D. L. Compton, T. B. Rauchfuss, Organometallics 13, 4367 (1994).

51. D. L. Compton, P. F. Brandt, T. B. Rauchfuss, D. F. Rosenbaum, C. F. Zukoski, Chem. Mater.
7, 2342 (1995).

52. R. Rulkens, D. P. Gates, D. Balaishis, J. K. Pudelski, D. F. McIntosh, A. J. Lough, I. Manners,
J. Am. Chem. Soc. 119, 10976 (1997).

53. J. M. Nelson, P. Nguyen, R. Petersen, H. Rengel, P. M. Macdonald, A. J. Lough, I. Manners,
N. P. Raju, J. E. Greedan, S. Barlow, D. O’Hare, Chem. Eur. J. 3, 573 (1997).

54. R. Resendes, J. M. Nelson, A. Fischer, F. Jakle, A. Bartole, A. J. Lough, I. Manners, J. Am.
Chem. Soc. 123, 2116 (2001).

55. C. H. Honeyman, D. A. Foucher, F. Y. Dahmen, R. Rulkens, A. J. Lough, I. Manners,
Organometallics 14, 5503 (1995).

56. C. E. B. Evans, A. J. Lough, H. Grondey, I. Manners, New J. Chem. 24, 447 (2000).

57. T. Mizuta, M. Onishi, K. Miyoshi, Organometallics 19, 5005 (2000).

58. A. Berenbaum, H. Braunschweig, R. Dirk, U. Englert, J. C. Green, F. Jakle, A. J. Lough, 
I. Manners, J. Am. Chem. Soc. 122, 5765 (2000).

References 25

Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 25



59. T. J. Peckham, J. A. Massey, M. Edwards, I. Manners, D. A. Foucher, Macromolecules 29,
2396 (1996).

60. R. N. Kapoor, G. M. Crawford, J. Mahmoud, V. V. Dementiev, M. T. Nguyen, A. F. Diaz,
K. H. Pannell, Organometallics 14, 4944 (1995).

61. F. Jakle, R. Rulkens, G. Zech, J. A. Massey, I. Manners, J. Am. Chem. Soc. 122, 4231 (2000).

62. H. K. Sharma, F. Cervantes-Lee, J. S. Mahmoud, K. H. Pannell, Organometallics 18, 399 (1999).

63. D. A. Foucher, B. Z. Tang, I. Manners, J. Am. Chem. Soc. 114, 6246 (1992).

64. I. Manners, Can. J. Chem. 76, 371 (1998).

65. I. Manners, Chem. Commun. 857 (1999).

66. J. Rasburn, D. A. Foucher, W. F. Reynolds, I. Manners, G. J. Vancso, Chem. Commun. 843 (1998).

67. Y. Ni, R. Rulkens, I. Manners, J. Am. Chem. Soc. 118, 4102 (1996).

68. J. Massey, K. N. Power, I. Manners, M. A. Winnik, J. Am. Chem. Soc. 120, 9533 (1998).

69. R. G. H. Lammertink, M. A. Hempenius, G. J. Vancso, K. Shin, M. H. Rafailovich, J. Sokolov,
Macromolecules 34, 942 (2000).

70. K. N. Power-Billard, I. Manners, Macromol. Rapid Commun. 23, 607 (2002).

71. J. A. Massey, K. Temple, L. Cao, Y. Rharbi, J. Raez, M. A. Winnik, I. Manners, J. Am. Chem.
Soc. 122, 11577 (2000).

72. X. -S. Wang, M. A. Winnik, I. Manners, Macromol. Rapid Commun. 23, 210 (2002).

73. R. Resendes, J. A. Massey, K. Temple, L. Cao, K. N. Power-Billard, M. A. Winnik, I. Manners,
Chem. Eur. J. 7, 2414 (2001).

74. M. A. Hempenius, G. J. Vancso, Macromolecules 35, 2445 (2002).

75. Z. Wang, A. Lough, I. Manners, Macromolecules 35, 7669 (2002).

76. Q. Sun, J. W. Y. Lam, K. Xu, H. Xu, J. A. K. Cha, P .C. L. Wong, G. Wen, X. Zhang, X. Jing, 
F. Wang, B. Z. Tang, Chem. Mater. 12, 2617 (2000).

77. K. Kulbaba, M. J. MacLachlan, C.E.B. Evans, I. Manners, Macromol. Chem. Phys. 202, 1768
(2001).

78. J. Galloro, M. Ginzburg, H. Miguez, S. M. Yang, N. Coombs, A. Safa-Sefat, J.E. Greedan, 
I. Manners, G.A. Ozin, Adv. Funct. Mater. 12, 382 (2002).

79. C. -O. Turrin, J. Chiffre, D. de Montauzon, G. Balavoine, E. Manoury, A. -M. Caminade, 
J. -P. Majoral, Organometallics 21, 1891 (2002).

80. R. Deschenaux, E. Serrano, A.-M. Levelut, Chem. Commun. 1577 (1997).

81. C. M. Casado, I. Cuadrado, M. Moran, B. Alonso, M. Barranco, J. Losada, Appl.
Organometal. Chem. 13, 245 (1999).

82. R. Castro, I. Cuadrado, B. Alonso, C. M. Casado, M. Moran, A. E. Kaifer, J. Am. Chem. Soc.,
119, 5760 (1997).

83. C. Valerio, J.-L. Fillaut, J. Ruiz, J. Guittard, J.-C. Blais, D. Astruc, J. Am. Chem. Soc. 119, 2588
(1997).

84. S. Nlate, J. Ruiz, V. Sartor, R. Navarro, J.-C. Blais, D. Astruc, Chem. Eur. J. 6, 2544 (2000).

85. A. S. Abd-El-Aziz, E. K. Todd, G. Z. Ma, J. DiMartino, J. Inorg. Organomet. Polym. 10, 265
(2000).

86. A. S. Abd-El-Aziz, E. K. Todd, Polym. Mater. Sci. Eng. 86(1), 103 (2002).

87. A. S. Abd-El-Aziz, L. J. May, J. A., R. M. Okasha, J. Polym. Sci. Part A, Polym. Chem. 39,
2716 (2001).

88. A. S. Abd-El-Aziz, E. K. Todd, G. Z. Ma, J. Polym. Sci. Part A, Polym. Chem. 39, 1216 (2001).

89. C. R. de Denus, L. M. Hoffa, E. K. Todd, A. S. Abd-El-Aziz, J. Inorg. Organomet. Polym. 10,
189 (2000).

90. A. S. Abd-El-Aziz, T. H. Afifi. W. R. Budakowski, K. J. Friesen, E. K. Todd, Macromolecules
35, 8929 (2002).

26 Overview of Organoiron Polymers

Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 26



91. A. S. Abd-El-Aziz, E. K. Todd, R. M. Okasha, T. E. Wood, Macromol. Rapid Commun. 23,
743 (2002).

92. A. S. Abd-El-Aziz, T. H. Afifi, E. K. Todd, G. Z. Ma, Polym. Prepr. (Am. Chem. Soc., Div.
Polym. Chem.) 42(2), 450 (2001).

93. H. Funaki, K. Aramaki, H. Nishihara, Synth. Met. 74, 59 (1995).

94. S. Rigaut, M. -H. Delville, D. Astruc, J. Am. Chem. Soc. 119, 11132 (1997).

95. J. -L. Fillaut and D. Astruc, New J. Chem. 20, 945 (1996).

96. C. Valério, F. Moulines, J. Ruiz, J.-C. Blais, D. Astruc, J. Org. Chem. 65, 1996 (2000).

97. A. S. Abd-El-Aziz, E. K. Todd and T. H. Afifi, Macromol. Rapid Commun. 23, 113 (2002).

98. S. F. Mapolie, J. R. Moss, G. S. Smith, J. Inorg. Organomet. Polym. 7, 233 (1997).

99. S. F. Mapolie, I. J. Mavunkal, J. R. Moss, G. S. Smith, Appl. Organomet. Chem. 16, 307
(2002).

100. K. Martin, M. Dotson, M. Litterer, T. W. Hanks, C. Veas, Synth. Met. 78, 161 (1996).

101. K. F. Martin, T. W. Hanks, Organometallics 16, 4857 (1997).

102. C. U. Pittman, Jr., O. E. Ayers, S. P. McManus, J. Macromol. Sci.-Chem. A7(8), 1563 (1973).

103. C. U. Pittman, Jr., Macromolecules 7, 396 (1974).

104. H. Yasuda, I. Noda, S. Miyanaga, A. Nakamura, Macromolecules 17, 2453 (1984).

105. J. Ohshita, T. Hamaguchi, E. Toyoda, A. Kunai, K. Komaguchi, M. Shiotani, M. Ishikawa, 
A. Naka, Organometallics 18, 1717 (1999).

106. B. F. G. Johnson, A. K. Kakkar, M. S. Khan, J. Lewis, J. Organomet. Chem. 409, C12 (1991).

107. Z. Atherton, C. W. Faulkner, S. L. Ingham, A. K. Kakkar, M. S. Khan, J. Lewis, N. J. Long, 
P. R. Raithby, J. Organomet. Chem. 462, 265 (1993).

108. A. Buttinelli, E. Viola, E. Antonelli, C. Lo Sterzo, Organometallics 17, 2574 (1998).

109. S. C. Tenhaeff, D. R. Tyler, Organometallics 10, 1116 (1991).

110. S. C. Tenhaeff, D. R. Tyler, Organometallics 10, 473 (1991).

111. D. R. Tyler, J. J. Wolcott, G. W. Nieckarz, S. C. Tenhaeff, in Inorganic and Organometallic
Polymers II, P. Wisian-Neilson, H. R. Allcock, K. J. Wynne, eds., ACS Symp. Series Vol. 572,
American Chemical Society, Washington, DC, 1994; Chap. 36, pp. 481–496.

112. S. C. Tenhaeff, D. R. Tyler, Organometallics 11, 1466 (1992).

113. M. Moran, M. C. Pascual, I. Cuadrado, J. Losada, Organometallics 12, 811 (1993).

References 27

Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 27



Vol-2-Abdulaziz-Ch01.qxd  8/27/2003  11:12 AM  Page 28


