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Coordination Polymerization of & ,w—Diolefin: the Regulation of
Polymer Microstructure by Catalyst

Yong Li Xiao-Yan Wang* Yong Tang

(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032, China)

Abstract In the past decades, the polyolefin industry has been booming, and the synthesis of polyolefin with unique struc-
ture and property has been the constant pursuit of polymer chemists. Until now, scientists have been able to synthesize vari-
ous polyolefins by regulating monomer structure, catalyst central metal, ligand structure and polymerization conditions.
Among the various polyolefins, those with aliphatic rings in the main chain have been widely concerned because of their
excellent thermal stability and transparency. The coordination polymerization of a,w-diolefin is a very efficient approach to
obtain polymers containing aliphatic rings in backbone. This method has some advantages, such as easy availability and
modification of monomers, and the effective regulation of polymer microstructure by catalysts. Polymers with pendant dou-
ble bonds or aliphatic rings or crosslinked gel can be obtained according to the different double bond that inserts into the
intermediate generating after the first insertion reaction. According to the relative orientation of two branched chains in the
ring, the polymers are divided into cis and frans isomers. By the relative configuration of the rings, there are isotactic and
syndiotactic structures. Due to the 1,2-insertion or 2,1-insertion of the first insertion reaction between the catalyst and the
monomer, the resultant polymers contain ring units with monomethylene or dimethylene. Under the catalyzation of complex-
es with different absolute configurations, chiral polymers with the same optical rotation and opposite direction can be ob-
tained. The microstructure of these polymers should have a significant influence on their aggregation state, thermodynamics
and mechanical properties, which can be finely regulated by changing the central metal and ligand structure of the catalyst.
This review focuses on the microstructure of polymers of a,w-diolefins, and emphatically introduces how to regulate the
polymer structure by varying the catalyst structure. Besides, the possible development direction of this field is predicted, so as
to promote the rapid development of structure-performance relationship and practical application of these polymers.
Keywords a,w-diolefin; coordination polymerization; catalyst; microstructure; cyclopolymer
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Figure 6 Zirconium metallocene catalysts used by Waymouth et al.
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Figure 13 Homopolymerization of 1,5-hexadiene by Fujita catalyst
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Table 1 The polymerization of 1,7-octandiene by Nomura group's cata-

lysts®

Cat. OD/ Yield/ M,/ M,/

Run (umol) hexane/mL mg Act! X10* M,
1 1(0.3) 15.0/— 160 1.6 76.3 1.86
2 1(0.3) 15.0/— 160 1.6 66.4 1.89
3 1(0.1) 15.0/— 120 3.6 81.1 1.63
4 1(0.1) 10.0/5.0 104 3.1 61.2 1.66
5 1(1.0) 7.5/7.5 227 6.8 37.8 2.00
6 1(0.1) 7.5/7.5 66.4 2.0 46.5 1.69
7 1(1.0) 5.0/10.0 79 2.4 17.4 1.89
8 2(0.1) 15.0/— 39.0 1.2 65.1 1.70
9 2 (0.1) 15.0/— 39.0 1.2 65.6 1.76

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: catalyst in toluene (1.0 mL), MAO 2.0 (runs 3, 4, 6, 8,
9), 3.0 (runs 1, 2), 5.0 (runs 5, 7) mmol, 20 min (runs 3, 4, 6, 8, 30 min) at
25 C.*%10° g polymer/(molr;*h).
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Figure 17 The mechanism of producing cyclopolymers dominated by
cis-configuration
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ents
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Figure 19 Homopolymerization of substituted 1,6-heptadiene catalyzed
by palladium complexes
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Figure 20 Effect of steric hindrance of substituents in ligand on poly-
mer structure
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Figure 21 The mechanism for the regulation of polymer structure by
steric hindrance of ligand
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Figure 23 Mechanism of regulating polymer configuration by switching
central metal
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Figure 24 Effect of catalyst symmetry on the stereoscopic regularity of
polymers
R?
YU ™
o ©o O//s\,o/ “DMSO

/ * /\/O\/\ o

/\O/\O/\
st s S S G Rive G
o g O 0" g O

0”0 o CH,CH(0)CO™ YO
cis-lll trans-1ll I I

cis-lll trans-lll cis-ll trans-1l

major
‘\W\/\ﬂ“\/\/\W\/\/\»\\/xwx
0._0 o_o 0._0 0._0 0.0

cis-lll trans-ll cis-ll trans-1l 1

major

B 25 BERERALAC AWML 205 S 1,6-BR IR AT R
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Figure 26 Copolymerization of 1,6-heptadiene with ethylene and sty-
rene catalyzed by half-sandwich scandium alkyl complexes
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