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Radical Polymerization
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Broad monomer scope, various processes,
large-scale industrialization

Limitations: No control over molecular weight/topology,
broad molecular weight distribution, etc.

Solution?



Controlled Radical Polymerization

C-X — C + X
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Reversible Deactivation Radical Polymerization
Controlled Radical Polymerization, “Living” Radical Polymerization

Limitation 1: termination Limitation 2: carbon-based




Introducing heteroatom radicals

By introducing heteroatom radicals,
how to regulate the reactivity of carbon radicals?

how to introduce heteroatom in polymer main chain?

heteroatom radicals
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2. Boryl radical mediated CRP



Organoboron and Oxygen Co-initiation

Oxygen is Radical Scavenger in Radical Polymerization
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C. Boyer, Chem. Soc. Rev., 2018, 47, 4357-4387; Zesheng An, Angew. Chem. Int. Ed. 2017, 56, 13852-13856.



Organoboron and Oxygen Co-initiation

Self-oxidation of alkylborane
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=5 Ete + ~ EtOO e
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X. Pan* et al., Angew. Chem. Int. Ed., 2018, 57, 9430. Macromolecules, 2020, 53, 3700; 2021, 54, 6000.



Organoboron and Oxygen Co-initiation

Entry  Solvent EtsB Time Conversion M th Mh,sec Ml M

1 DMSO 2.0 15 mins >95% 33000 29200 1.15
2 DMSO 2.0 60 mins - nitregen atmosphere -

3 DMF 2.0 15 mins 87% 30200 28000 1.20
4 MeCN 2.0 15 mins 1% 24700 23200 1.18
5 DMSO 0.5 15 mins 10% 3800 2000 1.12
6 DMSO 1.0 15 mins 7% 26700 19000 1.14
7 DMSO 4.0 15 mins >98% 34000 20400 1.66

Reaction conditions: [MA],:[CTA-1],:[Et;B], = 400:1:x, [MA], = 8 M, Et;B solution injected
at once, ambient temperature and atmosphere

X. Pan* et al., Angew. Chem. Int. Ed., 2018, 57, 9430. Macromolecules, 2020, 53, 3700; 2021, 54, 6000.



Organoboron and Oxygen Co-initiation
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X. Pan* et al., Angew. Chem. Int. Ed., 2018, 57, 9430.
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Organoboron and Oxygen Co-initiation
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X. Pan* et al., Angew. Chem. Int. Ed., 2018, 57, 9430. Macromolecules, 2020, 53, 3700; 2021, 54, 6000.
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Organoboron and Oxygen Co-initiation

Removal of chain end and aqueous conditions

a Mechanism
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X. Pan* et al., Chinese J. Polym. Sci. 2020, 38, 1178-1184.



Organoboron and Oxygen Co-initiation

Towards UHMW

R Cl)R
I
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tuned autoxidation rate

>1 radical formed only ONE radical formed
limited radical structure various radical structure
rapid autoxidation primary, secondary, benzylic..

electronic property...

X. Pan* et al., Cell Rep. Phy. Sci. 2020, 1, 100073. (Highlighted by Prof. Boyer in Chem, 2020, 6, 1203)



Organoboron and Oxygen Co-initiation

Model Polymerization by Borane Radical Initiator
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X. Pan* et al., Cell Rep. Phy. Sci. 2020, 1, 100073. (Highlighted by Prof. Boyer in Chem, 2020, 6, 1203) 15



UHMW polymers

Organoboron and Oxygen Co-initiation
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Organoboron and Oxygen Co-initiation

UHMW polymers
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Organoboron and Oxygen Co-initiation

Proposed mechanism
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Organoboron and Oxygen Co-initiation

Deoxygenation by glove
box, N; bubbling and

freeze-pump-thaw

:

Conventional CRP

Inhibition

Transforming 0, into "0, by photocatalyst
(e.g. ZnTPP/DMSO, Ir(ppy):/DMSO, EY/TEA)

SARA ATRP _
AGRET ATRP Enzymatic CRP
@ @ @

PET RAFT

Consuming O, by inherent system

(e.g. ascorbic acid, elemental Cu)

Direct initiation by the reaction

between O, and alkylborane

Converting O, into non-radical species

(production of H,0, by GOx and O,)

Tolerance

.

O,-initiated CRP

Our works

Initiation

Controlled radical polymerization: from oxygen inhibition and tolerance to oxygen initiation.
Chinese J. Polym. Sci. 2021, 39, 1084-1092. (invited, Feature Article, Special Topic: Reversible
Deactivation Radical Polymerization)
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Outline

3. Silyl radical involved RP
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Radical Hydrosilylation Polymerization

A) Hydrosilylation of alkene

R [Pt] [Fe] [CO] [Ni] catalyst R . - extensive studies toward electron-rich alkene
&»-SH + - - <D-Si—
R | or Lewis acid catalyst R

poor selectivity to electron-deficient alkene

B) Hydrosilylation polymerization

most studies limited to the electron-rich diene

R R [Pt] and rare earth metal catalyst | —'—n
: | " ~ R R _._‘ J
2 a B(CgxF5), catalyst R R

only a single example and limited to the electron-rich diene

POSSIBILITY?:
Hydrosilylation polymerization via radical mechanism

Si-H -> Si radical by photoredox and HAT catalysis

Seewon Joung, Jeung Kim, Sukbok Chang, Craig Hawker 21



Radical Hydrosilylation Polymerization
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J. Am. Chem. Soc., 2021, 143, 19167. (Highlighted by Benjamin List, Synfacts, 2022, 18, 0078)
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Radical Hydrosilylation Polymerization
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Radical Hydrosilylation Polymerization

................................................................................................................................

+ A) Hydrosilylation polymerization of electron-rich diene
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J. Am. Chem. Soc., 2021, 143, 19167. (Highlighted by Benjamin List, Synfacts, 2022, 18, 0078)



Radical Hydrosilylation Polymerization

................................................................................................................................

+ B) Hydrosilylation polymerization of electron-deficient diene

radical
Vi polymerization
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J. Am. Chem. Soc., 2021, 143, 19167. (Highlighted by Benjamin List, Synfacts, 2022, 18, 0078)



Radical Hydrosilylation Polymerization

i
e 8 Si “Ia o - i "’
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J. Am. Chem. Soc., 2021, 143, 19167. (Highlighted by Benjamin List, Synfacts, 2022, 18, 0078)
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Radical Hydrosilylation Post-Modification
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X. Pan* et al., Chin. J. Chem. 2023, 41, 2275.
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Heteroatom radical

regulation
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