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Questions or
Comments?

“Why am I muted?” 
Don’t worry. Everyone is 
muted except the Presenter 
and the Host. Thank you 
and enjoy the show.

Type them into the
questions box!
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linkedin.com/company/
american-chemical-society@amerchemsociety@AmericanChemicalSociety@AmerChemSociety

Let’s Get Social!
Follow the American Chemical Society on Twitter, Facebook, 
Instagram, and LinkedIn for the latest news, events, and 
connect with your colleagues across the Society.

Contact ACS Webinars® at acswebinars@acs.org

www.acs.org/acswebinars

4

Where is the Webinar Recording?

All Registrants
Watch the unedited recording 
linked in the Thank You Email 

for 24 hours.

www.acs.org/acswebinars

ACS Members w/Premium Package

Visit the ACS Webinars® Library 
to watch the edited and 

captioned recording.
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Explore the new and improved ACS Webinars® Library!

Familiar search, sort, and filtering 
tools have been added to help find 

the recording you are looking for

Accurate captions for accessibility

Visit www.acs.org/acswebinars to discover hundreds of recordings!

Improved granular topics and 
collections

Exclusive for ACS Members 
with the Premium Package

6https://chemidp.acs.org 

A Career Planning Tool For Chemical Scientists

ChemIDP is an Individual Development Plan 
designed specifically for graduate students and 
postdoctoral scholars in the chemical sciences. 
Through immersive, self-paced activities, users 
explore potential careers, determine specific skills 
needed for success, and develop plans to achieve 
professional goals. ChemIDP tracks user progress 
and input, providing tips and strategies to 
complete goals and guide career exploration.
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7www.acs.org/careerconsulting 

Career Consultant Directory

• ACS Member-exclusive program that allows you to arrange a one-on-one appointment with 
a certified ACS Career Consultant.  

• Consultants provide personalized career advice to ACS Members.

• Browse our Career Consultant roster and request your one-on-one appointment today!
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If you are a student from a group underrepresented in the chemical sciences, we 

want to empower you to get your graduate degree!

The ACS Bridge Program offers:

• A FREE common application that will highlight your achievements 

to participating Bridge Departments

• Resources to help write competitive grad school applications and 

connect you with mentors, students, and industry partners!

Are you thinking of Grad School?

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org 
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ACS Industry 
Member Programs

• ACS Industry Matters

ACS member only content with exclusive 
insights from industry leaders to help you 
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

• ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about 
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

14
Creating Your Title, Abstract, 

and Table of Contents Graphic

ACS on Campus is the American Chemical 
Society’s initiative dedicated to helping students 
advance their education and careers.

acsoncampus.acs.org
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https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning 

ACS Career Resources

American Chemical Society 16

ACS Advocacy

The impact and results of ACS member advocacy outreach and efforts by the numbers!

See your influence in action!

Get Involved Enroll in a workshop Become a Fellow Take Action

2439+
Members participated

In Act4Chemistry

1739+
ACS Advocacy 

Workshops participants 

or enrollees

49
Years of Public 

Policy Fellows

2000
Letters sent to 

Congress

https://www.acs.org/policy 
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A complete listing of ACS Safety Programs and Resources

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs  
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ACS OFFICE OF DEIR
Advancing ACS' Core Value of Diversity, Equity, 

Inclusion and Respect

Resources

https://www.acs.org/diversity 
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Have a Different Question?
Contact Membership Services

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org
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https://polyacs.org/awards/
https://polyacs.org/poly-electronic-discussion-list/
https://polyacs.org/iab/
https://polyacs.org/poly-electronic-discussion-list/
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https://polyacs.org/awards/
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Co-produced with ACS Division of Professional Relations

Tools to Make Chemistry 
Education Accessible for Persons 
with Visual Impairments

Thursday, May 9, 2024| 2pm-3pm ET

Co-produced with CAS, a division of the ACS

How Nanoscale Materials in 
Biosensors are Innovating Health 
from Concept to Care

Wednesday, May 8, 2024| 2pm-3:30pm ET

Co-produced with ACS Careers

Your Career Story: 
Crafting CVs and Resumes

Wednesday, May 15, 2024| 2pm-3pm ET
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THIS ACS WEBINAR® 

WILL BEGIN SHORTLY…

 Say hello in the 
questions window!

www.acs.org/acswebinars
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This ACS Webinar® is co-produced with ACS Division of Polymer Chemistry.

Better Biodegradable Vinyl Polymer Materials 
by Improving Radical Ring-Opening Polymerization (rROP)

JULIEN NICOLAS, PhD

Director of Research at CNRS, Institut 
Galien Paris-Saclay, University Paris-

Saclay/CNRS & Associate Editor, Chemistry 
of Materials

JOSH WORCH, PhD

Assistant Professor of Chemistry,
Virginia Tech

JIA NIU, PhD

Associate Professor of Chemistry,
Boston College

DESIGN OF (BIO)DEGRADABLE 
MATERIALS BY RADICAL-RING 
OPENING COPOLYMERIZATION

Julien NICOLAS

Université Paris-Saclay, CNRS
Institut Galien Paris-Saclay
Orsay, France

julien.nicolas@universite-paris-saclay.fr

@julnicolas              linkedin.com/in/julnicolas

julien-nicolas.cnrs.fr

Associate Editor

May 2nd, 2024 
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Natural and synthetic (bio)degradable polymers(BIO)DEGRADABLE POLYMERS

Sung, Y.K., Kim, S.W. Biomater Res. 2020, 24, 12

Polysaccharides

(dextran, chitosan, etc.)

Polyesters

(PLA, PLGA, PCL, etc.)

Polypeptides

(NCAs: PBLG, PBLA, etc.)

Polyaminoacids

(peptides, proteins)

Natural polymers Synthetic polymers

✓ Biodegradable, biocompatible
✓ Fragile and expensive
✓ No easy functionalization
✓ Particles from preformed polymers

✓ Biodegradable, biocompatible (FDA-approved)
✓ No easy access to well-defined architectures
✓ No easy functionalization
✓ Particles from preformed polymers

Vinyl polymers

✓ Easy synthesis
✓ Well-defined architectures
✓ Easy functionalization
✓ In situ synthesis of particles
✓ Not biodegradable

• Traditional biodegradable polymers: cumbersome synthesis 

and functionalization, formulation of preformed polymers

• Vinyl polymers: easy synthesis and functionalization but not 

(bio)degradable

1

• Ester bond precursor → labile group in the main chain

• Based on a radical polymerization mechanism

• CKA can be copolymerized with certain vinyl monomers

• Compatible with RDRP techniques

• Three main CKAs are used

Radical ring-opening polymerization (rROP)IMPART DEGRADABILITY TO VINYL POLYMERS

Pesenti, T.; Nicolas, J. ACS Macro Letters 2020, 9, 1812

Delplace, V.; Nicolas, J. Nature Chem. 2015, 7, 771

Tardy, A.; Nicolas, J.; Gigmes, D.; Lefay, C.; Guillaneuf, Y. Chem. Rev. 2017, 117, 1319

Agarwal, Albertson, Matyjaszewski, Hawker, Dove, O’Reilly, Guillaneuf, Niu, Jackson, 
Maynard, Kikuchi, Thoniyot, Roth, Harrisson, Destarac, Johnson, Sumerlin, Gaitzsch, 

Bates, Reineke, Paulusse, Gutekunst, D’Hooge, Tsarevsky, Frisch, Carter, Miyake…

CKA

2

27
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Ester group

OEG

Synthesis of hydrophobic and hydrophilic copolymersDEGRADABLE POLYMETHACRYLATES

Delplace, V.; Guégain, E.; Harrisson, S.; Gigmes, D.; Guillaneuf, Y.; Nicolas, J. Chem. Commun. 2015, 51, 12847
Tran, J.; Guégain, E.; Ibrahim, N.; Harrisson, S.; Nicolas, J. Polym. Chem. 2016, 7, 4427

FMPDL

      0   
   4
 11
 25

fMPDL,0

0
20
40
70

mol %

rMPDL = 0.03 ; rOEGMA = 7

• NMP of MPDL with MMA (or OEGMA) with the SG1-based alkoxyamine

• Good control: linear evolution of Mn vs. conv., Ð ~1.3–1.4 

• Tuneable insertion of ester groups (open MPDL, FMPDL = 4–25 mol %)

3

Ester group

OEG

Synthesis of hydrophobic and hydrophilic copolymersDEGRADABLE POLYMETHACRYLATES

Delplace, V.; Guégain, E.; Harrisson, S.; Gigmes, D.; Guillaneuf, Y.; Nicolas, J. Chem. Commun. 2015, 51, 12847
Tran, J.; Guégain, E.; Ibrahim, N.; Harrisson, S.; Nicolas, J. Polym. Chem. 2016, 7, 4427

FMPDL
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 25

fMPDL,0

0
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70

mol %

rMPDL = 0.03 ; rOEGMA = 7

• NMP of MPDL with MMA (or OEGMA) with the SG1-based alkoxyamine

• Good control: linear evolution of Mn vs. conv., Ð ~1.3–1.4 

• Tuneable insertion of ester groups (open MPDL, FMPDL = 4–25 mol %)

• Fast and up to complete hydrolysis under accelerated conditions (KOH 5 %)

3
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1. Super Great nitroxide #1

2. Stargate SG-1

3. Sandra Grimaldi

4. N-tert-butyl-N-[1-diethylphosphono-(2,2-dimethylpropyl)]

One of the most potent nitroxides
ever developed for NMP is called

SG1. 

But where does the name SG1 
come from?

Photo courtesy of Yohann Guillaneuf

SG1
N-tert-butyl-N-[1-diethylphosphono-(2,2-

dimethylpropyl)]

31
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P(OEGMA-co-MPDL) 

-38 %

-55 %

-72 %

-15 %

-20 %

P(MMA-co-MPDL) Traditional polyesters

-93 %

-35 %

-90 %

• Copolymers hydrolytically degrade in physiological conditions

• Faster and tunable hydrolytic degradation with hydrophilic copolymers

• Degradation of P(MMA-co-MPDL) ~ PCL 

• Degradation of PCL ≤ P(OEGMA-co-MPDL) ≤ PLA

Degradation under physiological conditions

37 °C, PBS, pH 7.4

DEGRADABLE POLYMETHACRYLATES

Guégain, E.; Michel, J.-P.; Boissenot, T.; Nicolas, J. Macromolecules 2018, 51, 724

4

LIMITATIONS OF rROP WITH CKAs

Pesenti, T.; Nicolas, J. ACS Macro Letters 2020, 9, 1812

• Unfavorable reactivity ratios → Can we increase CKA contents?

o rCKA ~ 0; r(meth)acrylate ~ 4-10

• Slow hydrolytic degradations of CKA-containing copolymers → Can we improve the degradation?

o ~Several months in water/PBS     

o Like PCL or PLA

• Hydrophobic CKAs → Can we use more hydrophilic CKAs?

o MDO, BMDO, MPDL     

o New CKAs are very difficult to synthesize

• Poor hydrolytic stability of CKAs → How to obtain aqueous suspensions of degradable particles?

o Polymerization in aqueous dispersed media (emulsion, PISA) is challenging

• Rather limited range of degradable vinyl polymers → Can we extend the range of vinyl monomers?

o Mainly (meth)acrylates, styrenics and vinyl acetates

5
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Copolymerization between CKA and maleimides (MI)INCREASING THE CKA CONTENT

Hill, M. R.; Guégain, E.; Tran, J.; Figg, C. A.; Turner, A. C.; Nicolas, J., Sumerlin, B. S. ACS Macro Lett. 2017, 6, 1071

• Alternating P(NEtMI-alt-MPDL) copolymers → FCKA ~0.5

• Conventional and RAFT polymerization (block copolymers)

rNEtMI = 0.2 ; rMPDL = 0.02

P(NEtMI-alt-MPDL)-b-PS
P(NEtMI-alt-MPDL)

PS

6

Copolymerization between CKA and vinyl ethers (VE)INCREASING THE CKA CONTENT

Tardy, A.; Honoré, J.-C.; Tran, J.; Siri, D.; Delplace, V.; Bataille, I.; Letourneur, D.; […] Lefay, C.; Gigmes, D.; Nicolas, J.; Guillaneuf, Y. Angew. Chem., Int. Ed. 2017, 56, 16515

rBVE = 1.61 ; rMDO = 0.73

• Nearly ideal copolymerization → FCKA ~0.9 (PCL-like copolymers)

• Facile functionalization from functional VE derivatives

PEG 2000

PEG 750

7
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Using more hydrophilic CKAsIMPROVING THE HYDROLYTIC DEGRADATION

Pesenti, T.; Gillon, E.; Ishii, S.; Messaoudi, S.; Guillaneuf, Y.; Imberty, A.; Nicolas, J. Biomacromolecules 2023, 24, 991

• Free-radical copolymerization between VE derivatives and MTC 

• FMTC ~90 mol % (polyester-like copolymers)

• Faster hydrolytic degradations under physiological conditions (PBS, pH 7.4, 37°C for hydrophobic copolymers)

• Alternating MTC/NEtMI copolymers

• Faster hydrolytic degradations under physiological conditions

R  =

37 °C, PBS, pH 7.4

37 °C, PBS, pH 7.4

8

Using more hydrophilic vinyl monomersIMPROVING THE HYDROLYTIC DEGRADATION

Tran, J.; Pesenti, T.; Cressonier, J.; Lefay, C.; Gigmes, D.; Guillaneuf, Y.; Nicolas, J. Biomacromolecules 2019, 20, 305

• Enhanced hydrolytic degradation with TEGVE

• Significant enzymatic degradation

• Hydrolytic degradation similar to PCL (C1-C3) and PLA (T1-T2)

• No acute cytotoxicity on 2 healthy cell lines

HUVEC J774.A1

C3 (30% VE), C2 (20% VE), C1 (10% VE)

T1 (20% VE), T2 (25% VE)

37 °C, PBS, pH 7.4

Lipases, 37°C

9
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Using more hydrophilic vinyl monomersIMPROVING THE HYDROLYTIC DEGRADATION

Bossion, A.; Zhu, C.; Guerassimoff, L.; Mougin, J.; Nicolas, J. Nature Commun. 2022, 13, 2873

10

U
C

ST

• Analogy with P(AAm-co-Sty) → non-degradable UCST copolymer

• Successful RAFT-mediated synthesis with MPDL/BMDO

• High conversions, low dispersities, tunable FMPDL/BMDO

• Sharp and tunable UCST transitions (Tcp, BMDO = 23–55°C)

• No thermosensitivity with P(AAm-co-MDO) copolymers

• Hydrolytic degradation in PBS (up to -75% Mn)

• Faster hydrolytic degradation than PLA and even PLGA!

Mn = 6.1–13.5 kg/mol; Đ = 1.2–1.4 

Using more hydrophilic vinyl monomersIMPROVING THE HYDROLYTIC DEGRADATION

Bossion, A.; Zhu, C.; Guerassimoff, L.; Mougin, J.; Nicolas, J. Nature Commun. 2022, 13, 2873

10

• Analogy with P(AAm-co-Sty) → non-degradable UCST copolymer

• Successful RAFT-mediated synthesis with MPDL/BMDO

• High conversions, low dispersities, tunable FMPDL/BMDO

• Sharp and tunable UCST transitions (Tcp, BMDO = 23–55°C)

• No thermosensitivity with P(AAm-co-MDO) copolymers

• Hydrolytic degradation in PBS (up to -75% Mn)

• Faster hydrolytic degradation than PLA and even PLGA!

PBS

PBS

Mn = 6.1–13.5 kg/mol; Đ = 1.2–1.4 

39
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• Synthesis of core-degradable nanoparticles

• rROPISA in heptane to prevent early degradation of CKAs

• PLMA as the solvophilic block and P(BzMA-co-CKA) as the solvophobic one

• PISA in heptane (CKA highly sensitive to protic solvents)

Radical ring-opening polymerization-induced self-assembly (rROPISA)

Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612

DEGRADABLE PARTICLES IN SITU
11

• Rather high monomer conversions (75–90%)

• The higher fMPDL,0, the lower the monomer conversion

• Linear evolution of Mn vs. conversion with rather low dispersities

• Tunable MPDL insertion monitored by 1H NMR

Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612

Synthesis and macromolecular characterizationrROPISA IN A NON-POLAR SOLVENT

PLMA18 and DPn,BzMA = 150

12

41
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• Up to complete copolymer degradation (KOH 5%) 

• MPDL-containing film: brittle, many cracks

• Stable particles with narrow PSD

• The higher fMPDL,0, the higher Dz

11% 
water 
uptake 

1.6% 
weight 

loss 

31% 
water 
uptake 

14% 
weight 

loss 

(after 3 days)

Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612

Colloidal properties and degradation

PLMA18 and DPn,BzMA = 150

rROPISA IN A NON-POLAR SOLVENT
13

• Aqueous suspensions of degradable CKA-containing nanoparticles

Synthetic strategyrROPISA IN DMF AND TRANSFER TO WATER

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875

14
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• Aqueous suspensions of degradable CKA-containing nanoparticles

Synthetic strategyrROPISA IN DMF AND TRANSFER TO WATER

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875

14

• Aqueous suspensions of degradable CKA-containing nanoparticles

• High conversions, good control, tunable FMPDL and degradation

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875

Synthesis and macromolecular characterizationrROPISA IN DMF AND TRANSFER TO WATER
14
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• Aqueous suspensions of degradable CKA-containing nanoparticles

• High conversions, good control, tunable FMPDL and degradation

• Successful transfer to water, stable and narrowly dispersed nanoparticles

• Colloidal characteristics maintained Dz,DMF ~ Dz,water

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875

Colloidal properties after transfer to waterrROPISA IN DMF AND TRANSFER TO WATER
14

• Hydrolytic degradation of the nanoparticles (MPDL, BMDO and MDO) under 

accelerated conditions

• High cell viabilities up to 0.5 mg.mL-1 on NIH/3T3, HUVEC and J774.A1 cells

• No cellular morphological changes on the three cell lines used

• Excellent cytocompatibility

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875

Degradation and cytocompatibilityrROPISA IN DMF AND TRANSFER TO WATER
15
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• CKAs rapidly degrade in water

• Use of DOT (thionolactone) → thioester group upon rROP

• PAA-SG1 as macroinitiator, chain-extended by nBA (or Sty) + DOT

Roth et al. Chem. Commun. 2019, 55, 55
Gutekunst et al. JACS 2019, 141, 1446

Synthetic strategy using NMPAQUEOUS rROPISA USING A THIONOLACTONE

Lages, M.; Gil, N.; Galanopoulo, P.; Mougin, J.; Lefay, C.; Guillaneuf, Y.; Lansalot, M.; D'Agosto, F.; Nicolas, J. Macromolecules 2022, 55, 9790

16

fDOT,0 = 1 mol %

• More favorable reactivity ratios than with CKAs (rDOT = 0.003; rMA = 0.424)

• Variation of FDOT (1–3 mol %), DPn,PAA (20–40), DPn,PnBA (200–600)

Synthesis and characterizationAQUEOUS rROPISA USING A THIONOLACTONE

Lages, M.; Gil, N.; Galanopoulo, P.; Mougin, J.; Lefay, C.; Guillaneuf, Y.; Lansalot, M.; D'Agosto, F.; Nicolas, J. Macromolecules 2022, 55, 9790

17
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• More favorable reactivity ratios than with CKAs (rDOT = 0.003; rMA = 0.424)

• Variation of FDOT (1–3 mol %), DPn,PAA (20–40), DPn,PnBA (200–600)

• Stable suspensions of nanoparticles/latexes, narrow PSD

Colloidal propertiesAQUEOUS rROPISA USING A THIONOLACTONE

Lages, M.; Gil, N.; Galanopoulo, P.; Mougin, J.; Lefay, C.; Guillaneuf, Y.; Lansalot, M.; D'Agosto, F.; Nicolas, J. Macromolecules 2022, 55, 9790

17

• More favorable reactivity ratios than with CKAs (rDOT = 0.003; rMA = 0.424)

• Variation of FDOT (1–3 mol %), DPn,PAA (20–40), DPn,PnBA (200–600)

• Stable suspensions of nanoparticles/latexes, narrow PSD

• Significant degradation of the dry extracts and of the latexes by TBD and isopropylamine

fDOT,0 = 1 mol % fDOT,0 = 1 mol %

fDOT,0 = 2 mol % DPn,PnBA = 200

TBD = triazabicyclodecene

Synthesis, characterization and degradationAQUEOUS rROPISA USING A THIONOLACTONE

Lages, M.; Gil, N.; Galanopoulo, P.; Mougin, J.; Lefay, C.; Guillaneuf, Y.; Lansalot, M.; D'Agosto, F.; Nicolas, J. Macromolecules 2022, 55, 9790

17
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EXTENDING THE RANGE OF VINYL MONOMERS Copolymerization of DOT with isoprene

Lages, M.; Pesenti, T.; Zhu, C.; Le, D.; Mougin, J.; Guillaneuf, Y.; Nicolas, J. Chem. Sci. 2023, 14, 3311

• P(I-co-DOT) by FRP, NMP and RAFT

• P(I-co-DOT) nanoparticles by nanoprecipitation

• Successful degradation of the NPs by bleach, GSH and cysteine

fDOT,0 = 2 mol %

rDOT = 4.28 ; rI = 0.14

18

CONCLUSIONS

• Impart degradability to vinyl polymers

• Use of CKA as precursors of ester bonds in the backbone

• Applied to the synthesis of degradable poly(meth)acrylates

and polystyenics

• Degradation under accelerated & physiological conditions

RADICAL RING-OPENING POLYMERIZATION (rROP)

• In situ synthesis of degradable nanoparticles

• rROPISA in a non-polar solvent

• rROPISA in DMF and transfer to water

• Direct aqueous rROPISA with a thionolactone

• Degradation of the nanoparticles

RADICAL RING-OPENING POLYMERIZATION-INDUCED
SELF-ASSEMBLY (rROPISA)

19

• Alternating copolymers with maleimides

• Functional polyester-like copolymers with vinyl ethers

• Rapidly degradable polyacrylamides with UCST properties

• All-water formulation of degradable nanoparticles

• Degradable PI under biological conditions

NEW COPOLYMERIZATION SYSTEMS FOR rROP

53
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Plastics Accumulation: Solution from Nature

Petroleum plastics: non-degradable

Image source: USA Today; Williams C. K. et al. Nature 2016, 540, 354-362.

Bioplastics: from carbohydrate biomass

Can we directly use carbohydrates as building blocks for polymers?

58

Unique Reactivities of Carbohydrates

Anomeric Effect

Radical 1,2-Rearrangement

Glycosyl Linkage

(1) Glycoscience: Chemistry and Chemical Biology, 2nd ed.; Fraser-Reid, B. O. et al. Springer-Verlag, 2008. (2) Giese, B. et al. Angew. Chem. Int. Ed. 1987, 26, 233-234

O

O
HO

OH

HO HO

H
n

O

O
HO

OH

HO HO
H

n
H

H

a(1,4)-glycosidic linkage
Amylose (part of starch)

b(1,4)-glycosidic linkage
Cellulose
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Limitations of CKA: 1. Incomplete Ring Opening

Cyclic Ketene Acetals (CKA), reported by Bailey, W. J. and coworkers in 1982 

A. Ideal propagation

B. Undesired ring-retaining propagation

For reviews on CKA polymerizations, see: (a) Agarwal, S. Polym. Chem. 2010, 1, 953. (b) Guilaneuf, Y. et al. Chem. Rev. 2017, 117, 1319. 

60

Limitations of CKA: 2. Low Reactivity w/ Vinyl Monomers

CKA is less reactive than other vinyl monomers

Result: tapered sequence

Buchard and coworkers, 

2023

(a) Buchard, A. et al. ACS Macro Lett. 2023, 12, 1443−1449.

For reviews on CKA polymerizations, see: (b) Agarwal, S. Polym. Chem. 2010, 1, 953. (c) Guillaneuf, Y. et al. Chem. Rev. 2017, 117, 1319. 
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Monomer Design Inspired by Carbohydrate Chemistry

Why reactivities are so different?

Weaker conjugation increases reactivity

Our hypothesis: carbohydrate-fused ring to break conjugation

(a) Taskinen, E.; Pentikainen, M.-L. Tetrahedron 1978, 34, 2365-2370. (b) Guillaneuf, Y. et al. Chem. Rev. 2017, 117, 1319; (c) Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

62

Monomer Synthesis and Homopolymerization

13C NMR of  homopolymer:

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

No column chromatography ! Na-Chuan Jiang
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Proposed Reaction Mechanism

Pathway A
(favored)

Pathway B
(less favored)

Pathway C
(less favored)

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

64

Structural Confirmation via Degradation

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

63
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What If We Change the Sugar?

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

66

Stereoselectivity of Monosaccharide CKAs

65
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Copolymerization w/ Vinyl Monomers

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

68

Copolymerization w/ Vinyl Monomers

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

67
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Copolymerization w/ Vinyl Monomers

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

70

Basic Degradation of the Copolymers

69
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Challenges to Traditional Cyclic Monomers

Guillaneuf, Y. et al. Chem. Rev. 2017, 117, 1319−1406.

Explored cyclic monomers Emerging thionolactone monomers

Dibenzooxepane-5-thione (DOT)

Roth, P. J. et al. Chem. Commun. 2019, 55, 55-58.

Gutekunst W. R. et al. J. Am. Chem. Soc. 2019, 141, 1446-1451.

S

O

OS

R

OS
OSR

OSR

O

R1

S R2

OS Ph

O

OS

Roth, P. J. et al. Macromolecules 2023, 56, 9787-9795.

Guillaneuf Y. et al. J. Am. Chem. Soc. 2023, 145, 27437-27449.

Johnson, J. A. et al. J. Am. Chem. Soc. 2024, 146, 9142-9154. 

72

Allylic Sulfone: Providing Driving Force to rROP

“The only way for the system to evolve is by extrusion of 

sulfur dioxide to give alkyl radical R•.”

O O

S

Me

O

O

O O

Blocking radical 
re-attack

Stabilizing 
C-radical

Activating 
vinyl

the "ring-opening trigger"

Huang, H.;…Niu, J. J. Am. Chem. Soc. 2018, 140, 10402-10406.

Wang, W.;… Niu, J. Angew. Chem. Int. Ed. 2022, e202113302. 

S
Ar

O O

R
R + S

Ar

O O

Quiclet-Sire, B. and Zard, S. J. Am. Chem. Soc. 1996, 118, 1209-1210. 

“This scheme is still flawed, because the product can also serve 

as substrate for radical additions.”

the “ring-opening trigger”

• Energetically favored

• Limited by side reaction

• Provides driving 

force for rROP

• Side reaction is 

blocked
Wenqi WangHanchu Huang Zefeng Zhou Brayan Rondon

S
R'

O O

R
R + S

R'

O O
SO2 + R'

R'R
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Cyclic Allylic Sulfones: Cascade-Triggered rROP

On Off

• Light-mediated polymerization

• Deviation from 1st-order kinetics

• Living polymerization

74

Mechanistic Investigation

resembles

1. Enthalpically and entropically favored radical cascade

2. Reversible inhibition by SO2

• Complete ring opening

• Propagating like an acrylate radical

Wang, W.;… Niu, J. Angew. Chem. Int. Ed. 2022, e202113302. 
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Radical Ring-Closing/Ring-Opening Cascade Polymerization

• Both ring-closing and ring-opening steps are energetically favored

• Enhanced driving force

• More complex main-chain structure

Huang, H.;… Niu, J. J. Am. Chem. Soc. 2019, 141, 12493-12497. 

76

Copolymerization w/ Vinyl Monomers Made Easy

• First-order kinetics for both comonomers

• Copolymer composition remained identical. 

1            :            20

Reactivity ratios: 𝒓𝟏 = 1.07 and 𝒓𝐌𝐀 = 0.94

Kinetics: Mn and Ð vs. conv.:

Wang, W.;… Niu, J. Angew. Chem. Int. Ed. 2022, e202113302. Beckingham, B. S.; Sanoja, G. E., Lynd, N. A. Macromolecules 2015, 48, 6922-6930.
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Organocatalyst Eosin Y Reduced Cost of Reaction

Wang, W.; Rondon, B.; and Niu, J. Macromolecules 2023, 56, 2052-2061.

Kinetics: Mn and Ð vs. conv.:

$7/g$1532/g1            :            20

78

Favorable Reactivity w/ Various Feed Ratios and Monomers

RESEARCH ARTICLE    

5 

 

 
Figure 3. Photocontrolled rROCCP of macrocyclic allylic sulfone and various acrylates and acrylamides generates nearly ideal random copolymers. A) Kinetic plots 

of ln([M]0/[M]t) versus reaction time of both comonomers. B) Plots of Mn and incorporation of 1 (F1) as a function of total conversion. C) The plot of total conversion 
with respect to [1(t)]/[1(0)] or [B(t)]/[B(0)] is fitted to Eq 2 and Eq 3 of the BSL model independently to derive the reactivity ratios. D) The reactivity ratios of 1 and 

MA in the photocontrolled rROCCP remained close to unity in a broad range of monomer feed compositions. The error bars indicate the 95% confidence interval of 
the reactivity ratios. 
 

were 4.6 °C and 13 °C (Figure 4D), respectively, which agree well 

with the DSC analyses. Furthermore, the onset of the terminal 

region for P-(1-co-MA) was 31.5 °C while the value for PMA was 

41.2 °C. Similar to the effect on Tg, incorporation of 5% of 1 only 

resulted in minimal impacts on the mechanical properties of the 

polymer; the G’ at the onset of the rubbery plateau was ~0.4 MPa 

for PMA and 0.3 MPa for P-(1-co-MA). Compared to PMA, the 

slightly larger tan(δ) peaks for P-(1-co-MA) during the glass 

transition and during the transition to the terminal region indicate 

slightly higher viscous responses to deformation. 

Our studies have shown that while the PET-RAFT 

homopolymerization and copolymerization (Figure S1 & S24-32) 

involving macrocyclic allylic sulfones deviated from first-order 

kinetics, the polymerization remained well-controlled. This 

phenomenon was in stark contrast to traditional controlled 

polymerization in which deviation of first-order kinetics is usually 

a sign of loss of control, suggesting an unusual kinetic behavior 

that warranted further investigation. Furthermore, the near-unity 

reactivity ratios of the comonomers during the photocontrolled 

rROCCP at lower temperatures also differ from some 

conventional radical copolymerization systems, in which 

comonomer reactivity ratios move further away from unity when 

temperature decreases.33 We suspected that the in situ generated 

SO2 in radical cascade process affected the reaction kinetics and 

comonomer reactivities in the copolymerization (Figure 5A).64-66 

To investigate this hypothesis, Density Functional Theory 

(DFT) calculations were carried out using the M06-2X/6-

311++G(d,p)//B3LYP/6-31G(d) method in conjunction with the 

Solvation Model based on Density (SMD) simulating the effect 

from DMF to compute a plausible potential energy surface of the 

cascade process in the polymerization of macrocyclic allylic 

sulfones (Figure 5B).67 Our calculation showed that the a-

scission/SO2 extrusion step (G2 to G3) has a low energy barrier of 

5.9 kcal/mol, and that this transformation is exergonic by 2.8 

kcal/mol. The low activation energy and relatively small change in 

Gibbs free energy indicates that this step is likely reversible. The 

DFT calculations also suggest that G3, with the lowest energy in 

the whole cascade process, exists at a high enough concentration 

during steady-state conditions, making it a plausible intermediate 

for chain propagation (Figure S33). Compared to chain 

propagation (G3-TS4-G4, with an energy barrier of 20.7 kcal/mol), 

two alternative reaction pathways of G3 with lower energy barriers 

are the reversible addition by the CTA (G3-TS5-G5, with an energy 

barrier of 12.0 kcal/mol) or SO2 (G3-TS3-G2, with an energy barrier 

of 8.7 kcal/mol). While the former serves as the reversible 

deactivation of the chain propagation to achieve controlled 

polymerization, the latter is a reverse reaction of the a-

scission/SO2 extrusion step and regenerates the sulfonyl radical 

G2. Because of a high energy barrier of 19.7 kcal/mol and being 

endergonic by 9.8 kcal/mol, chain propagation of G2 by the 

monomer (G2-TS6-G6) is prohibited thermodynamically and 

kinetically. These results indicate that excess SO2 in the reaction 

could indeed recombine with the propagating alkyl radical to 

regenerate the sulfonyl radical and inhibit chain propagation. 

To provide further evidence of the presence and 

accumulation of sulfonyl radical over the course of reaction, we 

employed electron paramagnetic resonance (EPR) to monitor the 

evolution of radical species in the reaction in situ (Figure 5C). In 

the early stage (initial two hours) of the reaction, the EPR 

spectrum only consisted of signals corresponding to the alkyl 

A B

C D

f1
0 = 0.05

r1 = 1.07 ± 0.03

rB = 0.94 ± 0.02

x 

No. B 𝒇𝟏
𝟎 Conv.

Mn
(SEC) 

(g/mol)
Đ 𝒓𝟏 𝒓𝑩 𝑭𝟏 

1 tBuA 0.09 85% 39000 1.29 1.04 0.96 0.09

2 BnA 0.09 89% 22100 1.38 0.84 1.19 0.08

3 DMA 0.09 75% 16100 1.21 1.03 0.97 0.11

4 DEA 0.09 79% 20100 1.14 0.89 1.16 0.07

5 NAM 0.09 82% 20900 1.34 0.94 1.07 0.09

1          :       x

x = 0.25 – 20 
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Random Sequence Improved Degradability of Copolymer

Mn = 7.3 k

Ð = 1.98

Mn = 1.3 k

Ð = 1.33

Mn = 16.4 k

Ð = 1.52

Mn = 19.2 k

Ð = 1.27

1          :       x

x = 0.25 – 20 

• Tg tunable by 

copolymer 

composition

• Degradability 

optimized by 

random sequence

Wang, W.;… Niu, J. Angew. Chem. Int. Ed. 2022, e202113302. 

80

Copolymerization w/ Methacrylate & Styrene

f1
0 = 0.09-0.50 F1 = 0.01-0.25f1

0 = 0.09 F1 = 0.16

Wang, W.; Rondon, B.; and Niu, J. Macromolecules 2023, 56, 2052-2061.
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Future Direction: Mechanism-Guided Structure Optimization

O
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SPh
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X

O

SPh

Y

O

O
O

O

O

SPh

O

O

O
O

R
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Conclusion

➢ Fusing CKA with a carbohydrate substrate enhanced reactivity in rROP.

➢ Adding maleimides improved CKA incorporation in copolymerization.

➢ Radical cascade reactions can be used to provide additional driving force for rROP.

➢ Cyclic allylic sulfones exhibited enhanced reactivities in homopolymerization and copolymerization.
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