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Synthesis of Functional Metallocene Polyethylene through Masking
Free Copolymerization of Polar Monomer with Ethylene

Yidan Cheng,⊥ Wenlong Huang,⊥ Yutao Chen,⊥ Weihuan Kong, Shuai Zhang, Jiahui Huang,
Yingjie Zhang, Yang Yang,* Shangtao Chen,* and Haobing Wang*

Cite This: Macromolecules 2025, 58, 7136−7149 Read Online

*sı

ABSTRACT: Metallocene polyethylene (mPE) is a high-performance polyolefin that is renowned for its exceptional material
properties. Although polar functionalization of mPE can improve surface characteristics and expand its applications, conventional
synthesis methods face challenges due to the poisoning effect of polar monomers on metallocene catalysts. In this study, we present a
direct metallocene-catalyzed copolymerization of ethylene with oxygen- and nitrogen-containing polar monomers bypassing the need
for masking reagents. Integrated experimental and computational analyses reveal that heteroatom interactions with the metallocene
center do not deactivate the catalyst; rather, they fine-tune copolymerization behavior, influencing monomer insertion rates, catalytic
activity, and molecular weight. Using titanocene [Ti(Cp)2Cl2], we synthesized ethylene/anisyl propylene (AP) copolymers with
adjustable polar monomer incorporation (0−32 mol %). Meanwhile, a zirconocene catalyst [Zr(CpMe5)2Me2] produced high-
molecular-weight functional plastics (e.g., 4.5 mol % AP, Mn = 370 kDa). The resulting polar mPE copolymers exhibited tailored
surface and mechanical properties, highlighting their potential as advanced polyolefin-based adhesives and engineered plastic
materials.

■ INTRODUCTION

Metallocene polyethylene (mPE), synthesized via single-site
metallocene-catalyzed ethylene (co)polymerization, represents
a high-performance polyolefin with a precisely controlled
microstructure and narrow molecular weight distribution.
These structural advantages endow mPE with superior
mechanical propertiesincluding enhanced tensile strength,
puncture resistance, and optical claritydriving its widespread
adoption in packaging, healthcare, construction, and agricul-
ture. The global mPE market, valued at USD 21.82 billion in
2024, is projected to reach USD 27.35 billion by 2029.1

However, the inherent nonpolarity of mPE limits its
compatibility with polar substrates, restricting applications
requiring adhesion, barrier performance, or polymer blend-
ing.2−11

Introducing polar functionalities into mPE could address
these limitations, while unlocking new market opportunities.
Direct copolymerization of ethylene with polar monomers
using metallocene catalysts is the most efficient synthetic
route.19−51 Yet, conventional Group 4 metallocenes (e.g., Ti,
Zr) are highly susceptible to Lewis acid−base interactions with
polar groups, leading to catalyst deactivation, suppressed
comonomer incorporation, and reduced molecular weights
(Scheme 1A).12−17 To mitigate this, masking reagents such as

trialkylsilyl compounds18−28 or aluminum alkyls29−41 are often
employed (Scheme 1B). For example, Kaminsky et al.
demonstrated that a sterically hindered fluorenyl-based
zirconocene (Ph2Si(OctHFlu)(Ind)ZrCl2) outperformed bi-
sindenyl zirconocene in copolymerizing ethylene with
protected 2,7-octadienyl methyl ether, yielding ether-function-
alized mPE with residual double bonds for further
modification.29 Imuta et al. reported the copolymerization of
aluminum alkyl-protected allylalcohol with ethylene by using
dimethylsilyl-bridged metallocene (Me2Si(Flu)(Ind)ZrCl2),
leading to the formation of predominant end-site-selective
alcohol-functionalized polyethylene with high activity, high
molecular weight, and high polar monomer uptake at high
temperature.33

Alternative strategies leverage rare-earth-metal catalysts,
where polar monomer coordination enhances copolymeriza-
tion efficiency. Cui, Hou, and Marks pioneered this approach,
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Metal Synergistic Dual Activation Enables Efficient
Transesterification by Multinuclear Titanium Catalyst: Recycling and
Upcycling of Polyester Waste

Zuowen Shi, Hao Jiang, Can Xue, Yang Yang,* Zhaomin Hou,* and Haobing Wang*

Abstract: Developing highly efficient and selective catalysts for chemical recycling and upcycling of plastic waste is essential
for establishing a sustainable plastics economy and reducing environmental impact. Here, we report a novel tetranuclear
titanium catalyst that enables highly efficient transesterification reactions of esters and polyesters. Detailed experimental
and computational studies have revealed that a bi-titanium framework facilitates a dual activation mechanism, activating
both alcohol and ester simultaneously, thereby significantly enhancing the transesterification process. This catalyst
demonstrated exceptionally high activity in the methanolysis of poly(ethylene terephthalate) (PET) with an activity up to
1.9 × 107 gPET molTi

−1 h−1 at 0.005 mol% catalyst loading, producing polymerizable dimethyl ester and glycol monomers.
Additionally, it effectively catalyzed the re-polymerization of the recovered monomers, yielding the original polyester
with high molecular weight and thereby achieving an ideal circular economy for commodity polyesters. Furthermore,
this catalyst can also be utilized for the efficient upgrading of PET waste via transesterification with 1,4-butanediol,
polybutylene adipate, and poly(tetramethyene ether glycol), yielding engineering plastic, biodegradable polyester, and
thermoplastic elastomer, respectively.

Introduction

Plastics are the most consumed synthetic materials, valued for
their low cost, lightweight, ease of processing, and long-lasting
desirable properties.[1–6] In 2021, the world plastic production
reached 390 million metric tons.[7] However, only 8.3% of

[*] Z. Shi, H. Jiang, C. Xue, Prof. H. Wang
Advanced Institute for Soft Matter Science and Technology
(AISMST), School of Emergent Soft Matter, State Key Laboratory of
Pulp and Paper Engineering, South China University of Technology,
Guangzhou 510640, China
E-mail: haobingwang@scut.edu.cn

Prof. Y. Yang, Prof. H. Wang
Guangdong Provincial Key Laboratory of Functional and Intelligent
Hybrid Materials and Devices, Guangdong Basic Research Center of
Excellence for Energy and Information Polymer Materials, South
China University of Technology, Guangzhou 510640, China
E-mail: yyang@scau.edu.cn

Prof. Y. Yang
Key Laboratory of Advanced Materials for Facility Agriculture,
Ministry of Agriculture, College of Materials and Energy, South
China Agricultural University, Guangzhou 510630, China

Prof. Z. Hou
Advanced Catalysis Research Group, RIKEN Center for Sustainable
Resource Science, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
E-mail: houz@riken.jp

Prof. Z. Hou
Organometallic Chemistry Laboratory, RIKEN Cluster for Pioneering
Research, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

Additional supporting information can be found online in the
Supporting Information section

consumed plastics are recycled,[7] with the majority ending
up in landfills or incinerators, significantly contaminating the
environment and increasing greenhouse gas emissions.[8–11]

To address this challenge, substantial efforts have been made
over the past 20 years to develop direct recycling[12–14] and
upcycling[15–17] strategies that convert discarded plastic wastes
into virgin materials or value-added products.[18–26] Despite
these advancements, cost-effective technologies for closed-
loop chemical recycling and upcycling of plastics still face
challenges regarding energy and chemical efficiency.[27,28]

Poly(ethylene terephthalate) (PET) is the most produced
and consumed polyester plastic, with approximately 100
million metric tons produced globally from fossil resources.
PET’s high resistance to microbial degradation in the environ-
ment has contributed to significant plastic pollution, posing
serious risks to ecosystems. Currently, the reuse of discarded
PET primarily focuses on the physical recycling of food-
grade products, such as drinking bottles. However, during this
process, additives and contaminants often lead to downcycled
materials with diminished quality and utility. For many PET
products, including dyed clothing, blended fibers, and mixed
plastics, physical recycling is inefficient due to the large quan-
tities of additives present. In contrast, chemical treatments
for PET waste, such as hydrolysis,[29–32] alcoholysis,[33–38]

hydrogenation,[39] and pyrolysis,[40] can effectively degrade
PET into monomers, which can then be used to produce virgin
polymers. Among these strategies, catalytic transesterification
of PET offers a promising approach for complete recycling
and upcycling when using efficient catalysts. For example,
methanolysis of PET can yield dimethyl terephthalate (DMT)
and ethylene glycol (EG) monomers, which provide distinct
advantages for ease of separation and purification, as well

Angew. Chem. Int. Ed. 2025, e202505024 (1 of 11) © 2025 Wiley-VCH GmbH
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Is the Triggering of PD-L1 Dimerization a Potential Mechanism
for Food-Derived Small Molecules in Cancer Immunotherapy?
A Study by Molecular Dynamics

Xiaoyan Wu , Na Wang, Jianhuai Liang , Bingfeng Wang , Yulong Jin , Boping Liu * and Yang Yang *

Key Laboratory for Bio-Based Materials and Energy of Ministry of Education, College of Materials and Energy,
South China Agricultural University, Guangzhou 510630, China
* Correspondence: boping@scau.edu.cn (B.L.); yyang@scau.edu.cn (Y.Y.)

Abstract: Using small molecules to inhibit the PD-1/PD-L1 pathway is an important approach
in cancer immunotherapy. Natural compounds such as capsaicin, zucapsaicin, 6-gingerol and
curcumin have been proposed to have anticancer immunologic functions by downregulating the
PD-L1 expression. PD-L1 dimerization promoted by small molecules was recently reported to be
a potential mechanism to inhibit the PD-1/PD-L1 pathway. To clarify the molecular mechanism of
such compounds on PD-L1 dimerization, molecular docking and molecular dynamics simulations
were performed. The results evidenced that these compounds could inhibit PD-1/PD-L1 interactions
by directly targeting PD-L1 dimerization. Binding free energy calculations showed that capsaicin,
zucapsaicin, 6-gingerol and curcumin have strong binding ability with the PD-L1 dimer, where the
affinities of them follow the trend of zucapsaicin > capsaicin > 6-gingerol ≈ curcumin. Analysis by
residue energy decomposition, contact numbers and nonbonded interactions revealed that these
compounds have a tight interaction with the C-sheet, F-sheet and G-sheet fragments of the PD-L1
dimer, which were also involved in the interactions with PD-1. Moreover, non-polar interactions
between these compounds and the key residues Ile54, Tyr56, Met115 and Ala121 play a key role
in stabilizing the protein–ligand complexes in solution, in which the 4′-hydroxy-3′-methoxyphenyl
group and the carbonyl group of zucapsaicin, capsaicin, 6-ginger and curcumin were significant for
the complexation of small molecules with the PD-L1 dimer. The conformational variations of these
complexes were further analyzed by free energy landscape (FEL) and principal component analysis
(PCA) and showed that these small molecules could make the structure of dimers more stable. This
work provides a mechanism insight for food-derived small molecules blocking the PD-1/PD-L1
pathway via directly targeting the PD-L1 dimerization and offers theoretical guidance to discover
more effective small molecular drugs in cancer immunotherapy.

Keywords: PD-1/PD-L1 pathway; food-derived molecules; inhibitor drugs; molecular docking;
molecular dynamics simulation

1. Introduction

Programmed cell death-1 (PD-1) [1–3], as an immune checkpoint protein expressing on
the surface of activated T cells, plays a fatal role in cancer immunotherapy when interacted
with programmed cell death ligand-1 (PD-L1) [4]. Cancer cells release PD-L1, which binds
to PD-1 and leads to the immune escape of cancer cells [5]. Blocking the immune checkpoint
with inhibitor drugs is the most encouraging strategy with significant advantages over
conventional chemotherapy [6]. Compared with the monoclonal antibodies (mAbs) that
have been widely applied in clinical trials, the small molecular drugs are starting to attract
attention by the characteristic of higher stability, better tumor penetration and fewer side
effects [7]. The pioneering work was made by the Bristol Myers Squibb (BMS) company,
who synthesized a series of small molecules (BMS-8, BMS-200, BMS-202, etc.) and found

Int. J. Mol. Sci. 2023, 24, 1413. https://doi.org/10.3390/ijms24021413 https://www.mdpi.com/journal/ijms
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Making Polyisoprene Self-Healable through Microstructure
Regulation by Rare-Earth Catalysts

Haobing Wang+, Yang Yang+, Masayoshi Nishiura, You-lee Hong, Yusuke Nishiyama,
Yuji Higaki, and Zhaomin Hou*

Abstract: The creation of self-healing polymers from

commodity olefins is of great interest and importance

but has remained a challenge to date. We report here

for the first time the synthesis of self-healing polymers

by catalyst-controlled polymerization of a simple

commodity diene, isoprene. We found that polyiso-

prenes having an appropriate mixture (ca. 70/30) of 3,4-

and cis-1,4-microstructures synthesized by using a half-

sandwich scandium catalyst could act as excellent self-

healing elastomers without any external intervention.

The unprecedented self-healability could be ascribed to

nanoscale heterogeneities formed by microphase sepa-

ration of the relatively hard 3,4-segments from a

flexible cis-1,4-segment matrix. The hydrogenated poly-

isoprenes (without C=C bonds) with the analogous

microstructures also exhibited excellent mechanical

and self-healing properties, further demonstrating that

even simple polyolefins can be made self-healable if

the microstructures are appropriately regulated.

Polyolefins are ubiquitous in modern society, ranging from

food packaging and clothing to automobiles and electronic

and medical devices.[1] Making polyolefins self-healable

would improve the lifetime, safety, and environmental

impact of materials used in many applications. An ultimate

goal is to create tough and autonomous self-healing

polymers which can spontaneously repair upon mechanical

damage in highly variable real-world environments without

external intervention from easily available commodity

olefins. However, despite great interest and extensive

studies in this area, the synthesis of practically useful self-

healing polymers from simple commodity olefins has

remained a challenge to date.[2] Most of self-healing

polymers reported previously in the literature relied on

reversible chemical interactions such as Diels–Alder reac-

tion, hydrogen bonding, ion-pair formation, and metal-

ligand interaction.[3] Such chemical interaction-based self-

healing polymers usually required sophisticated molecular

design and tedious multistep synthesis, and often needed

the input of external energy or stimulus such as heat, light

or pressure to achieve a significant repair after mechanical

damage. Moreover, the chemical interactions (such as

hydrogen bonding, ion-pair interaction, and metal-ligand

interaction) employed for the self-healing mechanism could

be broken under some chemical circumstances (such as

acidic or alkaline conditions), which may therefore deteri-

orate the self-healing property. Self-healing polymers

based on physical interactions such as van der Waals

interaction or microphase separation are less sensitive to

chemical influences and may function under various

chemical environments.[4] However, the physical-interac-

tion-based self-healing polymers remained much less ex-

tensively explored. Their synthesis mainly relied on the

controlled copolymerization of two or more carefully

designed functional monomers.[4] The synthesis of a self-

healable polymer from only one easily available commodity

olefin has remained unknown to date.

As part of our research program on the copolymeriza-

tion of polar and non-polar olefins by organo rare-earth

catalysts,[4c,e, 5] we recently found that the sequence-con-

trolled copolymerization of ethylene and methoxyaryl-

substituted propylenes by a sterically demanding half-

sandwich scandium catalyst could afford unique multiblock

copolymers containing relatively long ethylene-alt-meth-

oxyarylpropylene segments and short ethylene-ethylene

blocks.[4c,e] Such sequence-controlled copolymers exhibited+

Angewandte
Chemie
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Terpolymerization of Ethylene and Two Different Methoxyaryl-
Substituted Propylenes by Scandium Catalyst Makes Tough and Fast
Self-Healing Elastomers
Yang Yang, Haobing Wang, Lin Huang, Masayoshi Nishiura, Yuji Higaki, and Zhaomin Hou*

This work is dedicated to Professor Christian Bruneau for his outstanding contribution to catalysis.

Abstract: The terpolymerization of a non-polar olefin (such as
ethylene) and two different polar functional olefins in a con-
trolled fashion is of great interest and importance but has
hardly been explored to date. We report for the first time the
terpolymerization of ethylene (E) and two different methox-
yaryl-substituted propylenes (AR1P= hexylanisyl propylene;
AR2P=methoxynaphthyl propylene or methoxypyrenyl pro-
pylene) by a half-sandwich scandium catalyst. The terpolyme-
rization took place in a sequence-controlled fashion, affording
unique multi-block copolymers composed of two different
ethylene-alt-methoxyarylpropylene sequences E-alt-AR1P
(soft segments) and E-alt-AR2P (hard segments) and relatively
short ethylene–ethylene (EE) blocks (crystalline segments).
The terpolymers exhibited excellent elasticity and unprece-
dented self-healing as a result of microphase separation of
nanodomains of the crystalline EE segments and the hard
amorphous E-alt-AR2P segments from a very flexible E-alt-
AR1P matrix, demonstrating unique synergy of the three
different components.

Introduction

The copolymerization of non-polar olefins such as ethyl-
ene with heteroatom-functionalized poplar olefins is, in
principle, the most efficient and practical route for the
synthesis of functionalized polyolefins. To create copolymers
that can exhibit novel and improved beneficial properties,
copolymerizing the different monomers in a controlled man-
ner is highly important. However, despite great interest and
extensive studies in this area, the synthesis of copolymers of

non-polar and poplar olefins in a controlled fashion remains
a challenging task because of the distinct difference in
reactivity between these two classes of olefin monomers.[1–4]

In particular, the terpolymerization of a non-polar olefin and
two different polar olefins in a controllable way has rarely
been reported previously.[2r,s] In this context, search for
efficient and selective catalysts is obviously of great interest
and importance.

We have recently found that half-sandwich rare-earth
catalysts can serve as a unique platform for various chemical
transformations,[5] including the copolymerization of ethylene
and heteroatom (such as O, N and S)-functionalized
a-olefins.[4] In particular, the copolymerization of ethylene
and anisyl-substituted propylenes by a sterically demanding
scandium catalyst afforded nanoscale multiblock copolymers
composed of relatively long ethylene-alt-anisylpropylene
sequences and short ethylene–ethylene sequences.[4d] Such
sequence-controlled ethylene-anisylpropylene copolymers
exhibited excellent elasticity and remarkable self-healing
because of microphase separation of nanodomains of the
crystalline ethylene–ethylene segments from a flexible ethyl-
ene-alt-anisylpropylene matrix, standing in sharp contrast to
the self-healing polymers based on reversible chemical
interactions such as hydrogen bonding and ion pair inter-
actions reported in the literature.[6,7] Moreover, the anisyl
substituents in the copolymers showed significant influences
on the mechanical and self-healing properties. For example,
the copolymer containing hexyl-substituted anisyl units
behaved like a stress softening material with fast self-healing
speed but low tensile strength. In contrast, the analogous
copolymer having methoxynaphthyl units behaved as a flex-
ible plastic with high tensile strength without showing self-
healing at room temperature.[4d] These findings raised an
intriguing question whether a terpolymer of ethylene and two
different methoxyaryl-functionalized propylenes such as
hexylanisylpropylene and methoxynaphthylpropylene would
show unique synergistic effects on the mechanical and self-
healing properties, which thus prompted us to examine the
terpolymerization of ethylene with two different functional
olefins.

Herein, we report the terpolymerization of ethylene (E)
with two different sets of methoxyaryl-functionalized propy-
lenesAR1P andAR2P (AR1P= hexylanisyl propylene (AHexP);
AR2P=methoxynaphthyl propylene (ANaphP) or methoxypyr-
enyl propylene (APyrP)) by a half-sandwich scandium catalyst.
The combination of AHexP and ANaphP and that of AHexP and
APyrP together with ethylene were chosen because AHexP
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ABSTRACT: Self-healing materials are of fundamental interest and
practical importance. Herein we report the synthesis of a new class of
self-healing materials, formed by the copolymerization of ethylene
and anisyl-substituted propylenes using a sterically demanding half-
sandwich scandium catalyst. The copolymerization proceeded in a
controlled fashion, affording unique multi-block copolymers
composed of relatively long alternating ethylene-alt-anisylpropylene
sequences and short ethylene−ethylene units. By controlling the
molecular weight and varying the anisyl substituents, a series of
copolymers that show a wide range of glass-transition temperatures
(Tg) and mechanical properties have been obtained. The copolymers
with Tg below room temperature showed high elastic modulus, high
toughness, and remarkable self-healability, being able to autono-
mously self-heal upon mechanical damage not only in a dry
environment but also in water and aqueous acid and alkaline solutions, while those with Tg around or above room
temperature exhibited excellent shape-memory property. The unique mechanical properties may be ascribed to the phase
separation of the crystalline ethylene−ethylene nanodomains from the ethylene-alt-anisylpropylene matrix.

■ INTRODUCTION

Materials capable of self-healing upon damage have received
tremendous attention over the past decades.1−3 Most of the
self-healing materials reported to date have mainly relied on
sophisticated designs and incorporation of chemical mecha-
nisms into polymer networks, such as irreversible or reversible
covalent bond formation,4−7 hydrogen bonding,7−12 metal−
ligand interaction,13,14 ionic interaction,15 and donor−acceptor
π−π stacking interaction.16 To achieve significant repair, the
input of an external energy or stimulus such as heat,4,5,16

light,14 pressure,8 or solvent15 is usually required, although a
few polymer materials were reported to show autonomous self-
healability with low toughness.6,9−13,15,17 The introduction of
phase-separated morphologies may also facilitate damage
repair,3,10,17 but self-healing materials based on such physical
mechanisms remained scarce. In consideration of practical
applications, it is highly important to develop tough,
autonomous self-healing materials that can be produced in
commercially relevant quantities and function in highly
variable, real-world situations, including acidic and basic
aqueous environments.
Ethylene is the most widely used olefin monomer in the

chemical industry. The copolymerization of ethylene with

polar functional olefins has received much recent attention, as
such copolymerization can, in principle, serve as an atom-
efficient and practical route for the synthesis of functionalized
polyolefins that may show improved beneficial properties.18−21

However, the copolymerization of ethylene and polar func-
tional olefins often suffers from a trade-off between copolymer
molecular weight and polar-monomer incorporation because of
the distinct difference in reactivity between these two types of
olefin monomers.21−36 Despite extensive studies and recent
advances in this area, it is still difficult to synthesize
functionalized polyolefins having both high molecular weight
and high polar-monomer content in a controllable fashion.
This has severely limited the exploration of well-defined,
functionalized polyolefins with potential for a wide range of
practical applications. An ethylene-based autonomous self-
healing polymer has remained unknown to date.37

We have recently found that heteroatoms (such as oxygen
and sulfur) can serve as an efficient promoter for the
copolymerization of functional α-olefins with ethylene in the
presence of a rare-earth metal catalyst via a heteroatom-
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plasticity and elasticity of these polymers offered excellent
flexibility in shape manipulations. P8 can be stretched and
deformed at 50 °C. The deformed shape can be fixed upon
cooling to room temperature (see Figure 5a,b). Remarkably,

when the fixed sample was returned to its deformed
temperature (50 °C), a full shape-recovery was observed
(see Figure 5c,d). The thermal mechanical analysis revealed
that P8 possesses excellent dual-shape memory property with
shape fixity (Rf) and shape recovery (Rr) as high as 99.5% and
99.1%, respectively, at the deformation and recovery temper-
ature of 50 °C (Figure 5e). Similarly, the methoxynaphthyl-
substituted copolymer P11 showed good shape deformation
and recovery performance at 80 °C (Figure S126).

■ CONCLUSION
By using a sterically demanding half-sandwich scandium
catalyst such as 2, we have achieved for the first time the
controlled copolymerization of ethylene and anisyl-function-
alized propylenes. The copolymerization has led to the
formation of unique multi-block copolymers composed of
relatively long amorphous ethylene-alt-anisylpropylene sequen-
ces and short crystalline ethylene−ethylene segments. In
contrast to the homopolymers, which are semi-crystalline
plastics, the copolymer products showed high elasticity with
significant dependence on the molecular weight. The larger
molecular-weight copolymers exhibited higher tensile strength
and higher toughness, as demonstrated by P1−P5. Significant
influences of the anisyl substituents on the mechanical
properties have also been observed. By modifying the anisyl
moiety with different substituents, a series of copolymers
showing mechanical properties ranging from soft viscoelastic
materials (such as P7) to tough elastomers (such as P6 and
P9) and flexible and rigid plastics (such as P8, P10, and P11)
have been obtained. In addition to high toughness, the
copolymers with Tg lower than room temperature (such as
P2−P6 and P9) exhibited exceptional self-healing properties,
with the ability to autonomously self-heal from mechanical
damage not only in a dry environment but also in water and
aqueous acid and alkaline solutions without the need for any
external energy or stimulus. The copolymers with Tg around or
higher than room temperature (such as P8 and P11) exhibited
excellent shape-memory property with Rf and Rr approaching
to 100% due to their thermally distinct plasticity and elasticity.
The unique self-healing and shape-memory properties of these

copolymers can be ascribed to the phase separation of the
crystalline nanodomains of the ethylene−ethylene segments
that may serve as the physical cross-linking points in a flexible
ethylene-alt-anisylpropylene matrix. The unique and highly
tunable properties including high elastic modulus, high
toughness, exceptional self-healability, and excellent shape-
memory along with the ease of synthesis from readily available
staring materials may enable this series of brand-new
copolymers to find a wide range of practical applications in
the future. Moreover, this work may also help design further
new catalysts and new functional olefin monomers for the
synthesis of a variety of desired functional materials by
copolymerization with ethylene or other commodity olefin
monomers.
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a b s t r a c t

Transition-metal-catalyzed CAH bond activation has attracted substantial interest in recent years as an
efficient, step-economic, and environmentally benign pathway for the synthesis of functional polymers.
The polymerization reaction may proceed through CAH/CAX cross-coupling, oxidative CAH/CAH cou-
pling, and CAH addition to unsaturated CAC bonds. CAH activation may also serve as a chain transfer
reaction for olefin polymerization and polymer post-functionalization. This review summarizes recent
advances in this area.

� 2018 Elsevier B.V. All rights reserved.
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JP WO2018/168940 A1 2018.9.20

(57)【要約】
　非極性オレフィンの重合体（例えば、非極性オレフィ
ンと極性オレフィンとの共重合体）の新規な製造方法を
提供することを課題とする。本発明は、１）スカンジウ
ム（Ｓｃ）又はイットリウム（Ｙ）である中心金属Ｍ、
該中心金属に結合したシクロペンタジエニル誘導体を含
む配位子Ｃｐ*、モノアニオン配位子Ｑ１ 及びＱ２ 、並
びに、０～３の整数であるＷ個の中性ルイス塩基Ｌを含
む、一般式（Ｉ）で表されるメタロセン錯体、及び、２
）非配位性アニオンとカチオンからなるイオン性化合物
、を含む重合触媒組成物を触媒として、極性オレフィン
モノマーを重合させる重合工程を含む、極性オレフィン
重合体又は共重合体の製造方法を提供する。
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JP WO2019/177110 A1 2019.9.19

(57)【要約】
種々の用途に有用な新規なオレフィン系成形品を提供することを課題とする。
少なくとも１種の一般式（Ｉ）で表される極性オレフィンモノマーの構造単位を含む重合
体を含む、オレフィン系成形品が提供される。ＣＨ２ ＝ＣＨ－Ｒ２ －Ｚ（Ｒ１ ）ｎ ・・・
（Ｉ）（式中、Ｚは窒素、酸素、リン、硫黄、及び、セレンからなる群から選ばれるヘテ
ロ原子であり、Ｒ１ は置換又は無置換の炭素数１～３０のヒドロカルビル基であり、ｎは
Ｚの原子種に応じた１又は２の整数であり、Ｒ２ は置換又は無置換の炭素数２～２０のヒ
ドロカルビレン基である。）
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