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ABSTRACT

This comprehensive review surveys recent research trends in the addition polymerization of function-
alized norbornenes for the macromolecular design of high performance materials in terms of catalyst
activity, monomer reactivity, modifications and potential applications of addition polynorbornenes bear-
ing functional groups. The structure of addition polynorbornene backbones is responsible for their high
thermal resistance and chemical stability. In order to impart desired properties to the polymers, vari-
ous functional side groups can be incorporated into the monomer units by the Ti-, Ni-, or Pd-catalyzed
polymerization of norbornenes, which are available via cycloaddition reactions or norbornadiene-2,5
modifications. Based on the use of different substituents in the norbornene monomer units and different
polymer compositions, the addition polynorbornenes have been successfully developed for the prepa-
ration of pervaporation, gas-separation, and proton-conducting membranes, sensors, catalyst supports,
and for applications as photoresist, electrooptical, and dielectric materials etc.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Norbornene (bicyclo[2.2.1]heptene-2) and its derivatives are of
considerable current interest as reactive cyclic olefin monomers
due to an opportunity of synthesizing very different norbornenes
and their ability to participate in various polymerization reac-
tions for the macromolecular design of new polymers with desired
properties. Functionalized norbornenes can be easily obtained
by cycloaddition reactions or norbornadiene-2,5 modifications
(Fig. 1). The most convenient and simple method of their synthesis
is a[4m+21r]-cycloaddition (Diels—Alder) reaction (Fig. 1a) [1,2]. As
a rule, it affords a mixture of exo and endo isomers with the pre-
dominance of the latter, which is less reactive in polymerizations
[3,4]. Other ways of norbornene synthesis like catalytic [2m+21T]-
[5-8] or thermal [20+20+21]-cycloaddition reaction [9-11] and
norbornadiene-2,5 modifications [12,13] are less commonly used
(Fig. 1b-d). However, some of them are stereo- and regioselective
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Fig. 1. Norbornenes synthesis methods.
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Fig. 2. Polymerization of norbornenes.

[10,14-16]. For instance, the [20+20+21]-cycloaddition reaction of
quadricyclane with alkenes/alkynes results in more preferable exo
isomers (Fig. 1¢)[10,17-19], and this approach has become actively
applied [20-23].

The polymerization of norbornenes can be performed via three
ways depending on the catalyst to form polymers with different
main chain structures and, hence, versatile properties (Fig. 2). Usu-
ally, an exo isomer is consumed in polymerization much more
rapidly than its endo analogue [24]. Ring-opening metathesis
polymerization (ROMP) is the best-known pathway to convert nor-
bornenes into polymers (Fig. 2a) [25,26]. Highly active and tolerant
catalysts were developed for the ROMP of norbornene derivatives
[27-30] in order to obtain polymers with controlled topology and
desired microstructure and composition. Thus, the metathesis of
norbornenes is applicable to the polymer synthesis of commercial
products (Norsorex®, Telene®, Zeonex" (hydrogenated metathesis
polymer), etc.) [31,32].

The radical, cationic, or anionic polymerization of norbornene
derivatives is scantily known (Fig. 2b). In most cases, low-
molecular-weight polymers or oligomers are formed under these
conditions [33-40], and only few examples were published where
high-molecular-weight polymers were obtained [41-44].

Another way to convert norbornenes is addition polymeriza-
tion (AP) (Fig. 2c), which is occasionally referred to as vinyl or
vinyl/addition polymerization. Here, we will use the term «addition
polymerization». This route leads to a saturated structure of main
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