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PREFACE

This monograph is devoted to a relatively new branch of chemistry that has emerged in
the last two or three decades at the junction where the organometallic, coordination, and
high molecular branches of chemistry intersect. Because of the extensive efforts of
researchers from different countries, the syntheses and polymerization conversions of
organometallic monomers have been developed to the extent that it has become possible
to speak about an entirely new interdisciplinary science. It possesses all of the features
typical of an independent branch of chemistry (such as unique objects of studies) that
have found wide applications and are distinguished by specific structural properties,
powerful methods for polymerization conversions, and studies of such monomers and
sensitive techniques to investigate the structure of the appearing products, to name a few.
Finally, there exists a vast field where metal-containing polymers are used to advantage
due to the multifaceted properties of metals enriched with the polymeric nature of the
matrix. Upon polymerization, metal-containing monomers give rise to composite mate-
rials having new physicochemical and functional properties, catalytically and biologically
active macrocomplexes, etc.

Therefore it is only natural that along with general conferences and symposia dealing
with the chemistry of high molecular, coordination, and organoelement compounds, as
well as catalysis (where much attention is being paid to metal-containing monomers and
polymers), there have been a number of special international gatherings on the problems
that form the subject of this book. Also, they have been treated in detail by C.U. Pittman,
Jr., C.E. Carraher, Jr., J. Sheats, Z. Wojtczak, C.R. Simionescu, and other researchers. In
Russia the same subject has been extensively studied, primarily by V.V. Korshak and
V.A. Kabanov.

For these reasons the authors of this volume consider the generalization of numerous
experimental and theoretical works as an urgent and a timely issue. First of all, this is
associated with a need for coordinating the efforts of specialists whose interests lie in the
various fields of chemistry. Moreover, a well-planned approach to the solution of prob-
lems of synthesizing metal-containing monomers and also their polymerization and
copolymerization is capable of giving a tool for designing a macromolecule at the stage
of creating metal-containing polymer systems and programming the desired properties for
them.

Further progress in the area under discussion may well be visualized as lying on a path
of developing economically advantageous and ecologically clean processes for producing
the most important metal-containing monomers and the associated polymers. Moreover,
this field is very promising from the theoretical point of view. As a matter of fact,
polymerization conversions of metal-containing monomers provide a unique possibility
for inserting practically any metal—in all its valent states, ligand environments, and
polyhedron configurations—in the polymer chain. At present, the major theoretical
considerations concerning structure of metal-containing monomers, their polymerization,
and structure of the products are most often based on the logical analysis of experimental
data and general scientific statements. However, there is every reason to believe that in
the near future a firm research foundation will be established for this branch of chemistry.
This conviction is supported by current developments in the field of metal-containing
monomers and associated polymers.

The authors wish to express their gratitude to Mr. A.Z. Aravsky whose creative
approach to the translation of this book has made it accessible to the audience. Our thanks
are also due to our colleagues from various research establishments, who have made
many valuable suggestions and comments to improve the content of the book.



It is our hope that this volume will not be lost among the publications devoted to the
development of this interesting and promising domain of science but will attract more
attention to its problems.

A.D. Pomogailo
V.S. Savost’yanov

Chernogolovka
August 1993
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INTRODUCTION

Production of materials that combine the properties of metals and polymers has long been
a matter of interest to researchers. There are a large variety of techniques to obtain such
combinations, from preparing mixed polymer compositions with fine-powdered metals to
the introduction of metal ions into preformed macromolecules using polymer-analogous
methods.! Polycondensation of organometallic compounds is also used to advantage to
obtain such products. As this takes place, the metal ions can be found in both the main
and the side chains. Interestingly, all these materials are covered by the same broad term,
namely, “metallopolymers”.

However, this problem can be treated differently. According to the high molecular
compound chemistry, metallopolymers are expected to be preceded by metal-containing
monomers (MCMs). They can be regarded as compounds composed of a multiple bond
(bonds) with its (their) ability to open and a chemically bonded metal-containing group.
It should be noted that in the overwhelming majority of cases multiple MCM bonds are
of the vinyl type, although there are rare examples of monomers containing allyi, ethynyl,
and vinylethynyl groups.

Until very recently the literature contained no MCM classification of its own: MCMs
were treated either as part of conventional monomers—based on the type of the appearing
chain, nature of the multiple bond, types of substituents, etc.—or as belonging to orga-
nometallic compounds. Due to the fact that MCM:s represent a special type of organoelement
compounds, it is believed that their classification primarily should include the type of
bond between the metal and the organic part of the molecule.>? According to this prin-
ciple, MCMs can be divided into the following major classes: covalent (I), ionic (II),
donor-acceptor (III), chelate (IV), and ©t (V) types:

CH,=CH CH,=CH CH,=CH CH,=CH CH, =CH
[ [ [ |
Y IM'X, L CR
| V / N\
MX, MX, Y L
Ny
MXn—l MX,
0] (I am Iv) V)

where M is the metal; n is its valence; X, Y, and Z are the corresponding functional groups.

Moreover, along with monometallic single-atom complexes, MCMs can include
heterometallic and cluster-type compounds for which the chemistry is at the early stage
of development.

Covalent-type MCMs are responsible for a relatively small fraction. Primarily this
pertains to true organometallic “metal-carbon” bond monomers, and a somewhat larger
group incorporates “metal-oxygen” MCMs. Ionic-type monomers belong to the most
widely spread group typical of both nontransition and transition metals. Donor-acceptor-
type monomers, when the n-electrons of the multiple bond do not take part in complexing
reactions, do not essentially differ from conventional (nV-type) complexes. They are most
characteristic of transition metal halides. Chelate-type monomers represent a combined
group of MCMs. They appear as a result of a covalent (ionic)- and nV-bonding. It was
not until the last decade or so that researchers began studying these MCMs. While the
functional groups in heteroatoms of the MCM ligands that give rise to donor-acceptor-
type monomers provide lone electron pairs to form coordination bonds, in the event of -
type MCMs a wt-electron system is involved in their formation. T-MCMs are characteristic



exclusively of transition metals, predominantly of groups VIA, VIIA, and VIII of the
Periodic Table.

Among the MCMs mentioned above, the greatest attention has been paid to n-type
monomers. The syntheses, structure, polymerization, and copolymerization of these
monomers (metallocene, cyclopentadienyl, styrene, and others) have been reviewed in
excellent publications by U.S. authors.*” For this reason as well as for consideration of
space, this book does not describe these monomers.

The limited volume of this book also has prevented the authors from discussing
polymerization conversions of “potential” MCMs with multiple bonds. The authors
restrict themselves to MCMs with known polymerization properties. In addition, the same
reason is responsible for the fact that the authors do not provide specific techniques
suitable for performing polymerization conversions even with respect to the most important
representatives of this class of monomers, as has been done in the enlarged Russian
edition of the book.?

The order of presenting the material follows the above classification with respect to
both MCMs and associated polymers. Within each class the material is presented in
accordance with the position of a given metal in the Periodic Table.

It was our intent to give a well-balanced account of different viewpoints of the
problems under discussion. Nevertheless, it is understood that in some cases the authors
give preference to the opinions that reflect their own position as researchers.



Chapter 1

Production and Polymerization
Conversions of Covalent-Type MCMs

Covalent-type metal containing monomers (MCMs) can include both true organometallic
monomers containing an M—C bond and some of the M—O monomers. Knowledge
about this class of compounds is rather limited. However, in the last few years the
situation in this field has changed; this fact is corroborated by the appearance of new
original works concerning both the synthesis and the polymerization conversions of these
MCMs.

. SYNTHESIS OF COVALENT-TYPE MCMs

It should be noted that monomers incorporating M—C and M—O bonds differ greatly in
a large number of properties and the ways they can be synthesized, specifically the
syntheses of true organometallic monomers.

A. SYNTHESIS OF TRUE ORGANOMETALLIC
MONOMERS

These MCMs contain vinyl, allyl, styrene, and other groups directly associated with a
metal. Extensive studies of their syntheses and properties date back to the development
of preparative productions of organomagnesium compounds containing the correspond-
ing radical (primarily a vinyl one, Normant’s reagent).®-' The most convenient way for
producing this reagent is via a reaction of vinyl halide with magnesium tetrahydrofuran
(THF). The vinylmagnesium halides resulting from this reaction are interesting not by
themselves but rather as intermediates used to synthesize unsaturated derivatives of some
other metals.

Unsaturated organomagnesium compounds are rather unstable and sensitive to
atmospheric oxygen, moisture, etc. Arylvinyl Mg(II)-containing species are more stable.!!
One of the best studied representatives of these MCMs, p- and m-vinylbenzenemagnesium
halides:

=CH =CH
© @» CH,MgCl
CH,MgCl

were obtained through the interaction of magnesium with vinylbenzyl chioride in ether.

Among vinyl derivatives the greatest recognition for polymerization conversions has
been gained, perhaps by metal compounds of Group IV of the Periodic Table. Vinyl
compounds of Ge(IV) are synthesized by reacting the Normant reagent with alkyl- and
arylgermanium in THF:!012

R,_,GeCl, +nCH, = CHMgX — (CH, = CH), GeRy_, +nMgXCl.
Vinyl derivatives of tin are obtained in the same way.!” This metal is specific in that in

this case the synthesis can be conducted, along with halides and with organotin oxides:'?

3



(C4Hy),Sn08n(C4Hy ), +2CH, = CHMgCl -
—2(C4Hy),SnCH = CH, + MgO + MgCl, .

Halogen-containing vinyl derivatives of tin have been conveniently synthesized via a
redistribution reaction involving vinyl compounds of this metal and Sn(IV) tetrachlo-
ride.” In addition, this gives rise to such individual products as (CH,=CH),SnCl and
(CH,=CH),SnCl,.

OH
; | CH,=C
L (CH,)COCI
(CH3)3SnCl ——= (CHa)sSnLi XHO, 5 — (I: —H 2 3 CH, = C(CH,)
|
Sn(CH,3), Cco

l
OCH,Sn(CH,),

Also, mention should be made of a recently synthesized new group of organotin
monomers, namely, 1-(trimethylstannyl) alkyl acrylates:'

Vinyl TI(III) derivatives have been effectively synthesized using the Normant re-
agent:!6

CH, =CHMgX + TIX3 > TI(CH=CH, ), X

where X = Cl or Br.
The resulting products can then be used for producing the corresponding Hg(II) and
Sn(IV) derivatives:

Hg
—— (CH, = CH),Hg + TIX
(CH, = CH),TIX —

_50%2 (CH, = CH),SnX, + TIX

Divinylmercury is in turn a good vinylating agent for the synthesis of the correspond-
ing AI(III) derivatives.!”
Normant’s reagent also can be applied to the synthesis of vinyl Pb(IV) derivatives:!8

4CH, = CHMgX +2PbY, — Pb(CH = CH, ), +2Pb+4MgXY,

where X = Cl or Br, and Y = Cl, I, or CH,COO.

Among covalent-type MCMs there is a very interesting group of organometallic
styrene derivatives based on germanium, mercury, tin, and lead. Their synthesis has been
well studied elsewhere:!%-2!

CH,=CH
CH, = CH CIPb(CeHs)s
- CH,=CH
Pb(C¢Hs);
BrHg(C¢Hs)
MgCl



o-Methylstyrene derivatives can be produced using both organolithium synthesis;*

C(CH;) = CH, C(CH,;) =CH, C(CH,) = CH,

|
© (C,Hs);SnCl
+Li —— - -
Li

or the Normant reagent:?>

Br Sn(C2H5)3

CH3MgI A1203, 325°C
p-BrC¢H4COCH; ——— = p-BrC¢H4C(CH;3),OH ———>
(C;H5),0

Mg, (CoHs)3SnCl

——— = p-BrC¢H,C(CH3)== CH, C(CH3)=CH,

Sn(C,Hs);

Similar methods are used to prepare styrene derivatives of other metals.

Among transition metal-containing acetylene derivatives that are few in number one
can mention only bis(1,3-pentadiinyl)mercury** H,C—C=C—C=C—Hg—C=C—
C=C—CH, since the polymerization properties of other representatives of these
compounds have not been studied.

Concerning transition metal-containing organic compounds, the corresponding vinyl
derivatives are usually very unstable, which complicates their application to polymeriza-
tion processes. At the same time, it has been possible to obtain the following stable Pd(II)
and Pt(Il) compounds:?

CH,=CH

X

and
CH, =CH

(C,Hg),P — l|’t— P(C,H;),
Cl
where X = Cl, Br, CN, or C,H..



