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E All Registrants ACS Members w/Premium Package
E Watch the unedited recording Visit the ACS Webinars® Library
— linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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@ ACS Webinars

CLCK + WATCH - LEARN - DISCUSS

Explore the new and improved ACS Webinars® Library!
1 ] |
Familiar search, sort, and filtering gt . =3
tools have been added to help find ™ -

the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

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

A Career Planning Tool For Chemical Scientists &F Chemistryfor Life®

ChemlIDP 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.

https://chemidp.acs.org ¢
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Find a Career Consultant

o i

Academia Government Industry
bl by
W ¥
Nonprofit Independent Retirement

* 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!

www.acs.org/careerconsulting 7

ACS Bridge Program A" 4 éb‘hegsts,yfo,me®

Are you thinking of Grad School?

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!

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

Email us at bridge@acs.org
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ACS Scholar Adunoluwa Obisesan
BS, Massachusetts Institute of Technology, June 2021

(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

i GIVE TO THE

AAC L SCHOLARS

PROGRAM

Donate today at www.donate.acs.org/scholars
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Looking for a new science podcast {

to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
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Check out Tiny Matters, from the American Chemical Society.
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Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)
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Jess Wade on Wikipedia and The sticky science of why we

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

cen.acs.org/sections/stereo-chemistry-podcast.html




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

prepare an effective resume. interview
pick a graduate or post-doctoral

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how to leverage your ACS membership.

acsoncampus.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

AcS
("1

& SAvpus
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Virtual Office Hours Personal Career Consultations Linked[f}] Learning

E Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACS Advocacy <7 @Sﬂ}fww

See your influence in action!

/ o
»/:r“

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

2439+ 1739+ 49

2000

Members participated ACS Advocacy Years of Public

Letters sent to

In Act4Chemistry Workshops participants Congress

) Policy Fellows
or enrollees

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS//WWW acs Orqlpolicv 16
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ACS Technical Division ACS committee

Chemical Health & Safety [CHAS) Chemical Safety

A complete listing of ACS Safety Programs and Resources

RAMP

UP

CHEMICAL SAFETY

Resources to Support Laboratory Safety
Education and Practice

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs

ACS ACS Institute s

Chemistryfor Life® Learn. Develop. Excel, HEo=y

American Chamical Sacioty
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

Resources

Inclusivity Style Guide ACS Webinars on Diversity

Diversity, Equity, Inclusion, and Respect Inclusion**
**Adapted from definitions from the Ford Foundation Center for Social Justice:

Builds a culture of belonging by
actively inviting the contribution

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

18

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this I only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups

ersity**
The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,

national origin, tribe, caste, socio-

economic status, thinking and

communication style:
collectively and as individuals. ACS
seeks to proactively engage,

understand, and draw on a variety

of perspectives

and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity

18
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ACSPublications

g Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read. NEW & NOTEWORTHY

Follow your favourite journal or newsletter
ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that through the Email Preference Genter
addresses the world’s most important challenges.

Open Access for everyone - no matter your

m —

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Browse Content

Materials Organic- N
Science & Inc?rganic Physical

Engineering

https://pubs.acs.org 1
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emistry for Life

BECAUSE PEOPLE
LIKE YOU CREATE
GREAT CHEMISTRY

s80 Regular Members
You belong here S160  resuiar wembers & sociery
AR 540 Recent Graduates* €

Join ACS Renew Membership s80 Recent Graduatest @

555 Graduate Students

Have a Different Question? s25
Contact Membership Services

Premium Standard Basic

wn set ntroductory set of complimenta

SO Community Associate

Undergraduate Students

s80 Retired

So Emeritus

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

International: +1-614-447-3776

service@acs.org
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CONGRATULATIONS POLY MEMBERS RECEIVING

-4

ACS Award in Polymer
Chemistry

ACS Awardin

ACS Award in Applied Chromatography

Polymer Science

ACS Awardin
Colloid Chemistry

N Christopher A. Pohl
Mark W. Grinstaff

)
N
N
ACS Awardin
Pure Chemistry
JuliaA. Kalow
- Northwestern University

Kathryn C. Hach
Award for
Entrepreneurial Success

Joanna Aizenberg Karen I. Winey

CAP Chromatography

Consulting Harvard University

Boston University University of Pennsylvania

Arthur C. Cope Late
Career Scholars Award

Arthur C. Cope Mid-
Career Scholars Award

E. V. Murphree Award
in Industrial and
Engineering Chemistry
Vincent M. Rotello Javier Read de Alaniz |
QinghuangLin
University of
Massachusetts at Amherst

University of California,
Santa Barbara

Lam Research Corp.

Ronald Breslow Award for
Achievementin
Biomimetic Chemistry

Priestley Medal

CatoT. Laurencin

Philip J. Wyatt Laura L. Kiessling
University of Connecticut

Health Center

Wyatt Technology Corp. MIT

https://polyacs.org

THE ACS DIVISION OF POLYMER CHEMISTRY

BENEFITS EXCLUSIVE TO POLY MEMBERSHIP:

v' Eligibility for awards Alerts for academic, national lab, and industrial job opportunities
shared through the POLY list serve

v Networking and professional development events at local/national ACS meetings and
local POLY/PMSE chapters.
Industrial scientist support and networking through IAB (Industrial Advisory Board)
Polymer science-related conferences and workshops advertised through the POLY list serve

Online educational webinar and webshop series covering cutting-edge polymer research

Opportunity to vote for the executive committee (annually)

Recognition for membership (5th, 10th, 20th, and 30th anniversaries)

™

A N N NN

Student support — student awards, student symposia, career panels at ACS meetings,

Join us today!  swortforstudentchapters

The first year of v An excellent support group for building strong networks in the polymer community!
membership is free.

https://polyacs.org =

11
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LICK

Wednesday, May 8, 2024| 2pm-3:30pm ET Thursday, May 9, 2024| 2pm-3pm ET
How Nanoscale Materials in
Biosensors are Innovating Health
from Concept to Care

Wednesday, May 15, 2024| 2pm-3pm ET
Tools to Make Chemistry
Education Accessible for Persons
with Visual Impairments

Your Career Story:
Crafting CVs and Resumes

Co-produced with CAS, a division of the ACS Co-produced with ACS Division of Professional Relations Co-produced with ACS Careers

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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www.acs.org/acswebinars

I\
THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

24
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Better Biodegradable Vinyl Polymer Materials
by Improving Radical Ring-Opening Polymerization (rROP)

JIANIU, PhD JOSH WORCH, PhD

Associate Professor of Chemistry,

Director of Rese: rof
Boston College

Galien Paris-S:

at CNRS, Institut
-Sa iversity Paris-
Saclay/CNRS & As:

of

Assistant Professor of Chemistry,
Virginia Tech

i
e Editor, Chemistry

This ACS Webinar® is co-produced with ACS Division of Polymer Chemistry.

25
DESIGN OF (BIO)DEGRADABLE
MATERIALS BY RADICAL-RING
OPENING COPOLYMERIZATION
Julien NICOLAS ACS Webina rS
o rore oy (ELLLTHRHEA
& julien-nicolas.cnrs.fr u n |Vers Ité @
W @julnicolas m linkedin.com/in/julnicolas PARIS-SAcLAY @@ N\ A
26
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(BIO)DEGRADABLE POLYMERS

Natural polymers Synthetic polymers
0
H
o "'}
n
A oytor
(o] " 070" \[ j
Polyaminoacids Polysaccharides Polyesters Polypeptides
(peptides, proteins) (dextran, chitosan, etc.) (PLA, PLGA, PCL, etc.) (NCAs: PBLG, PBLA, etc.)
v’ Biodegradable, biocompatible v’ Biodegradable, biocompatible (FDA-approved)
v’ Fragile and expensive v No easy access to well-defined architectures
v No easy functionalization v No easy functionalization
v’ Particles from preformed polymers v’ Particles from preformed polymers

v' Easy synthesis
« Traditional biodegradable polymers: cumbersome synthesis M v Well-defined architectures
and functionalization, formulation of preformed polymers R v' Easy functionalization
* Vinyl polymers: easy synthesis and functionalization but not Vinyl polymers V" In situ synthesis of particles
(bio)degradable v Not biodegradable

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

27

2
cKA >
R. t Vinyl s P R
/u\ ]\ ring-opem‘ng — CKA ~ \ ° ‘ ‘ ( monomer nature
. S S el
R+O0 —» 070 R\J\ 0= o >
WU o A chemuistr
LS X /
JL L Y =
o 0 l
U l lCopolymerixation
W) WRs/A~NN
ester n f
Ester group
Breaking good
* Ester bond precursor > labile group in the main chain MPDL  MDO LA
* Based on a radical polymerization mechanism smmzr::::;:
e CKA can be copolymerized with certain vinyl monomers MMNGROUPCHEM'S;R;
* Compatible with RDRP techniques Lt
* Three main CKAs are used
Agarwal, Albertson, Matyjaszewski, Hawker, Dove, O’Reilly, Guillaneuf, Niu, Jackson,
Maynard, Kikuchi, Thoniyot, Roth, Harrisson, Destarac, Johnson, Sumerlin, Gaitzsch, Pesenti, T.; Nicolas, J. ACS Macro Letters 2020, 9, 1812
Bates, Reineke, Paulusse, Gutekunst, D’Hooge, Tsarevsky, Frisch, Carter, Miyake... Delplace, V.; Nicolas, J. Nature Chem. 2015, 7, 771

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

28
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BLE POLYMETHACRYLATES

Synthesis of hydrophobic and hydrophilic copolymers

mol %

- A i E ’ fweoro  Fueor
NMrROP N o :
o 2 * :gso * P " }"T m A-OEt M 0 i 0
* 7'%'{’_05‘ ) “g:.’é" e ot / 20 | 4
OEt E
4 | 11
P(MMA-co-MPDL) Ester group H

BlocBuilder 70 25
MPDL

0 + toluene 78—1\-03
- }}ﬁ u OEt ]
7€_P\ugti ' e S ooy

BlocBuilder 2. P(OEGMA-co-MPDL) 20000 -
OEGMA MPDL

vpoL = 0.03 5 Fogema = 7
9 v OEG
o
0.
o—»)L . ?a oJLo NMrROP m)j(fﬁé T Jo-N_ o 30000
HO ?‘ 9
-2,

15000 - °

M, | g.mol'

10000 - al

5000 g

* NMP of MPDL with MMA (or OEGMA) with the SG1-based alkoxyamine 0
18+

* Good control: linear evolution of M, vs. conv.,  ~1.3-1.4 = 16l

* Tuneable insertion of ester groups (open MPDL, Fy;pp, = 4—25 mol %) & 4 o o - .' -

1.0
0.0 0.2 0.4 06 0.8 1.0

Conversion

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

29

mol %

>L fMPDL,o ) FupoL
%‘0'%0 . =§=D . J-LD NMrROP HOWT ro-i F,\,gost M o i o
Ho 7’%?{’*0& o 5 g 7<_

toluene o] OEt E
OEt N a0°c ! / ig 11
MMA P(MMA-co-MPDL) Ester group 70 i o5
BlocBuilder :
MPDL

"o = 0.03 5 Togema = 7
E % OEG
o
0. -
%_O_“}Lu . i:o OJ\O NMrROP Wﬁg [oN F\{}OE‘
HO - ?_‘ 1’1
+

+
7{"’\0‘;"5‘ d_/ e oFt B A o]
BlocBuilder ocema i Loy PIOEGMA-co-MPDL) 20 14_ j
2 - .
% wfl
]
g |
* NMP of MPDL with MMA (or OEGMA) with the SG1-based alkoxyamine = ‘t
* Good control: linear evolution of M, vs. conv.,  ~1.3-1.4 L e
* Tuneable insertion of ester groups (open MPDL, Fypp, = 4=25 mol %) " . e
* Fast and up to complete hydrolysis under accelerated conditions (KOH 5 %) ol T b
0 5 10 15 20 25

Time / h

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

30

15



31

32

5/2/2024

One of the most potent nitroxides \ f
ever developed for NMP is called .
SG1. O-N @
P-0
But where does the name SG1 727 (')
come from? A

1. Super Great nitroxide #1
2. Stargate SG-1

3. Sandra Grimaldi

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

SG1

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

Photo courtesy of Yohann Guillaneuf

16
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DEGRADABLE POLYMETHACRYLATES

Degradation under physiological conditions

37 °C,PBS, pH 7.4

P(MMA-co-MPDL) P(OEGMA-co-MPDL)

Traditional polyesters
N 15% T
[ - ey N A
= -20r *«v,_--“-----—"“‘“‘ 20% @ ® . i N Tt
s < . = ! W e
9 ao0f 8 aof “w Tl T -38% % o . =g 35%
4 9 A Sl E ! m, - PLGA
g 5 T 1 55 9% ) B
& 60 _ a8 60 _ el 4 &  -60F . @- PLA
o -0 Fypp =6% ° B Frep =4% T ° H . - POL
. \ .
= gl he Fupp =14% = gl A Fwm=11% 2% R e
- | -90 % Tl
¥ Fupp =29% =% Fuep =25% ] Tt-g -93%
100 N " ) L . 100 L . ) L . 100 " . . N "
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time / month Time / month Time / month

» 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

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

33

5
LIMITATIONS OF rROP WITH CKAs

e Unfavorable reactivity ratios - Can we increase CKA contents?

O reka” 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 PCLor 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

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

34
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Copolymerization between CKA and maleimides (Ml)

INCREASING THE CKA CONTENT

1.0 [}
Conventional or ~ , =0.2; rypp, = 0.02 ;
o4 *u RAFT Polymerization o o o éé Newl 7 “weoL /
o _ = alt 0.8 /
I / (wBN) o £ o
R 2 06 G -
R R é 0095
Degradation ’

o—.{’ lo g 04 i
—> Y Sstyrene-like % M 2 02 ,I

radical “ ’ 20

o8 ok

0 02 04 0.6 08 1.0
NEtMI Feed Ratio
= t=0min
t=5min o
t=10 mil - N o
" P(NEtMI-alt-MPDL)- b Ps P("E"V" alt-MPDL) o TN AL an Jl-s-H»
ps
\/\)((-.JL 53,;—;:15 st
12 13 14 15 16 17 18 9
Retention Time (min)
* Alternating P(NEtMI-al/t-MPDL) copolymers => F¢n ~0.5 E
* Conventional and RAFT polymerization (block copolymers) Retanin Tim ()

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

35

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

Fove = 1.61 ; Fyyoo = 0.73

J\ l/ Free-radical 0 . .
izati o fupoo = 0.

e, b copolymerization o /\/\_\r),
U © fupoo=0.55
P(CKA-co-VE) j A fupo, =041
MDO Functional R Com
vinyl ether @ fupo,e=0.

(VE)
R = Me, E{CI, Bu, EG Me

0.0
* Nearly ideal copolymerization > F, ~0.9 (PCL-like copolymers) 00 0z 04 08 0810

0 T "'—-%iw»\rr
» O

Overall molar conversion

PEG 2000
l PEG 750

10? 10° 104 10° 10¢ 10 100 1000
log M dy/nm

* Facile functionalization from functional VE derivatives

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

36
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Quasi-ideal copolymerization
e BT T Sv e
O T
e v Hop

BVE CEVE TEGVE

IMPROVING THE HYDROLYTIC DEGRADATION

)

* Free-radical copolymerization between VE derivatives and MTC

* Fyre ~90 mol % (polyester-like copolymers)

5/2/2024

Using more hydrophilic CKAs

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

Alternating copolymerization

DJLQ \N FRP, RAFT De_a?,o

1O 0 o
o

MTC NEMI

* Alternating MTC/NEtMI copolymers

« Faster hydrolytic degradations under physiological conditions

)

0B i‘; 0 37 °C, PBS, pH 7.4
_ 20 o St )
& £
40 -40 o
] = 8 =
3 60 R s 60 S
= g0lo pmpocosve) “a ® s]o pMoocorecve) o
4 P(MTC-co-BVE) o PMTC-coTEGVE) @
0 2 4 & 8 10 12 0 2 4 & 8B 10 12
t (month) t (month)
o "":::_'j_"'_':' ””” e 37°C, PBS, pH 7.4
2 B
ﬁ a2
5 40
z 60
&y

8040 P(BMDO-co-NEtMI)
- P(MTC-co-NEtMI)
Ill 2 4 6 8 10 12
t (month)

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

37

[+]
:\ DEAB
o 0 o > N
u * xCI 70°C,8h % ‘\oa;
=
C3 (30% VE), C2 (20% VE), €1 (10% VE)  © >
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IMPROVING THE HYDROLYTIC DEGRADATION

Using more hydrophilic vinyl monomers

e c3 o c2 A C1 -0 C3 -@- c2 A C1
© T o T2 <7 0 T2
0 D
e "R
20 ] g 2 20 {5 Lipases, 37°C
40 o @ 40
g
50 - . Te g 601
3 8
40 1 37°C, PBS, pH 7.4 = 80
FPEFETI I ey,
-100 T T T T T -100 T T T T T T T
2 4 6 8 10 12 0 6 12 18 24 30 36 42 48
Time / month Time/h

* 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

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

Using more hydrophilic vinyl monomers

— P9 (Fono=0)

- P10 (F, =0017)
B PO(Fyeo=0) it

& P10 (Fgyp0=0017) i'
@ P (Fyupo=0027) g
- ru(F,m-oM)

— PH (Fig0 = 0027)
— P12 (P = 0088)
— P13 (Foupo =0093)
— P14 (Fgp0=0.102)
b P14 (Foyp0=0.102) — P15 (Fgpp * 0113)
- nr(F_m-nm) — P16 (Fyp =0.126)
— P17 (Figu = 0.128)
AR AR AE A A A
Time (h) Retention volume (mL)

t\? COO-R L M, =6.1-13.5 kg/mol; = 1.2-1.4
MPOL BMOO MO eq0 LY )
\E “ TO\Q \[W W . !

e P13 (P * 0.083)
— P (Fi = 0.102)

— P18 (Fp = 0.113)

AAm Cospa P(AAm-co-CKA)
T' i

0 »‘\
- 0., 8-S+,
N”z annydrou:‘ DMSO HOJ\/N?\‘(‘j\ T SR )n T Cratas
07 "NH;

— P16 (Fpp* 0.126)
—PAT (Fpuy * 0.128)

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

‘Normakized transmittance (%)
s ¥ 8 8 38 §

8 P15 e 0113 '
* Successful RAFT-mediated synthesis with MPDL/BMDO TRREAERReGEEw
* High conversions, low dispersities, tunable Fypp; smpo
* Sharp and tunable UCST transitions (T, gyipo = 23-55°C) P ey (AP o
* No thermosensitivity with P(AAm-co-MDO) copolymers T X "y A z a®
.t o1 Ae .E “ -
* Hydrolytic degradation in PBS (up to -75% M,) 1 Ppagntinm, by y gwl A

« Faster hydrolytic degradation than PLA and even PLGA!

""EMJL_,__UN\L__ kiomann
Fimoo
LG =0

Bossion, A.; Zhu, C.; Guerassimoff, L.; Mougin, J.; Nicolas, J. Nature Commun. 2022, 13, 2873 SASMATATSGA I BA LA AN RS NN LS 2N 1A 1A 000
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IMPROVING THE HYDROLYTIC DEGRADATION

Using more hydrophilic vinyl monomers

© — P9 (oo =0)

— P10 (Fou0 =0017)
— P11 (Figoo = 0.027)
— P12 (Fgy = 0.068)
— P13 (Fu = 0.083)
— P14 (Fy0 = 0.102)
— P15 (Fgpo = 0.113)
— P16 (Fyp =0.126)
— P17 (Fyupo =0.128)

1
‘@ P9 (Fypo=0) -

& P10(Foap0=0017) 30
@ P (Fayuoo = 0.027) F o,
& P13 (Fupo=0090)

e P (Faup0=0102) i

P17 (Fapp0 = 0.128)

CDSPA
AAmM wj\/»?(‘ T‘ - P(AAM-co-CKA)
s
b -
oj\m‘ JL no)o‘\/ﬁ\f "\‘r°\n-)“ See, :“.”
o ) lnhydmul DMSO NC o 1)
70°C 07 "NH; 0 2 4 6 8 10 12 14 16 18 12 13 14 15 16 17 18 19
Time (h) Retention volume (mL)

D\? COO-R M, = 6.1-13.5 kg/mol; © = 1.2-1.4
MPOL BMOO MDO
\g, “ \EO\Q \Eﬂ\/\/

P B & P9 (Faypo=0)
£ 20 @ P10 (Fayp0=0017)
40 o P11 (Fauoo=0027)
% o~ P12 (Fgypo = 0.068)
* Analogy with P(AAm-co-Sty) > non-degradable UCST copolymer T w0 g zxx:g?:::
* Successful RAFT-mediated synthesis with MPDL/BMDO 12 n:nw:y-) s 6 7
* High conversions, low dispersities, tunable Fypp, svpo
* Sharp and tunable UCST transitions (T, gyipo = 23-55°C) o ==zTe
* No thermosensitivity with P(AAm-co-MDO) copolymers £ a0 T
0] Saa - PGA
* Hydrolytic degradation in PBS (up to -75% M, 0] A
« Faster hydrolytic degradation than PLA and even PLGA! T gl pBS
100 1 2 ] L] 6 7
Time (days)

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

O ca
Macro-CTA [ :l:‘ter:acrylic Degradable, solvophobic block
\p \/M i S8

rROPISA CKA 0 CDSPA, AIBN “°W N CMas

Solvophilic o R i NC 0o S
block In situ toluene, 70 °C
self-assembly "o j\)i PLMA-CTA
1

LMA

0
:g:o OJLO fuporo = 0-0.7
T21s d
heptane, 90 °C + \—b
rROPISA

BzMA

MPDL

o)
533".

PLMA-b-P(BzMA-co-MPDL)

o S
L) 0. M ~C1aHas
HOW{O )i\J(.j.r OS S

 Synthesis of core-degradable nanoparticles
* rROPISA in heptane to prevent early degradation of CKAs
e PLMA as the solvophilic block and P(BzMA-co-CKA) as the solvophobic one
e PISAin heptane (CKA highly sensitive to protic solvents)
Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612

41
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rROPISA IN A NON-POLAR SOLVENT

f
PLMA 5 and DP, ;s = 150

Dy
A~ 0.~
)
40000 — ’ii; ;t;T n '
25000 | © oL .
10 T 30000 {2 eore=02 . g °
E A fuporo=04 ey 0 f
5 001y foe=0s g :

g = 20000 ¢ fMPDI.‘ﬂ=a-7',n‘°°V .
s - fuppLo=0 = 15000 | PR F.mL=UDLL )
g . = 10000 4 < Vo M
H -3 fuppLo= 0.2 ‘,F v
S _ 1-
8 - fuppLo= 0.4 5000 o e _

- fyppLo= 0.8 0 ':’.g hei

" fweot0= 07 y BT B

0.0 B sy B °Fag 14 = Fupo = 0.25
0 2 4 6 8101214 16 18 20 22 24 - v%v° ° e
Time/h T T T T 1
00 02 04 06 08 10 Fupo = 0.37
Conversion

80 75 7.0 65 60 55 50 45 40 3.5 3.0 25 20 1.5 1.0 05 0.0
* Rather high monomer conversions (75-90%) 5/ ppm
* The higher fpp, o, the lower the monomer conversion
* Linear evolution of M, vs. conversion with rather low dispersities
* Tunable MPDL insertion monitored by 'H NMR

Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612
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rROPISA IN A NON-POLAR SOLVEN

PLMA 3 and DP, g,y = 150

© FypoL=0.06
A FupoL=0.25

O FupoL=0.14

@ FupoL=0.37
250

200 {7

150 { -

D, /nm

%
¢
ré

15 WY U]
Time / day ‘a ® & } - “
- . . » M
55" s .
« Stable particles with narrow PSD ; -~ A ' . 3 i l]ﬁ
* The higher fyjpp o the higher D, Toiige WOP ) v k
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Furor =037

5
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o, 70m

Colloidal properties and degradation
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@ FupoL=0 ©  FupoL = 0.06
O FupoL =014 A~ Fypp, = 0.25
40000
L3
30000 %
T 20000
'E 10000 Ao
o 8000
= 6000
= 4000 ]9 o
2000 {a o
o 4 . : , .
o 5 10 15 20 25 30
Time / min
31% FwpoL =019 Fypp, =0 11%
water water
uptake @ 9 uptake
14% 1.6%
weight weight
loss loss

10

112 .13

* Up to complete copolymer degradation (KOH 5%)

* MPDL-containing film: brittle, many cracks

Guégain, E.; Zhu, C.; Giovanardi, E.; Nicolas, J. Macromolecules 2019, 52, 3612
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rROPISA IN DMF AND TRANSFER TO WATER Synthetic strategy

PEG-based

solvophilic block Solvophobic block

Ester group

A

Hydrolytic degradation
rROPISA )
Q cxa / ) (
PEG-based
Methacryli
Macro-CTA \ 's‘;‘r“"y L J

O

Dialysis

Cytocompatibility

* Aqueous suspensions of degradable CKA-containing nanoparticles

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875
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rROPISA IN DMF AND TRANSFER TO WATER Synthetic strategy

POEGMA-CDSPA JL

LMA

i s, oo LS
HO N CiHs AT
s o)

o POEGMA-b-P(LMA-co-CKA)

OEGMA L~ O ‘_),S S,
Hi R Y CiaHas
o
~% U)I\MT m s
o %\0 0
o 1;&
]

* Aqueous suspensions of degradable CKA-containing nanoparticles

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

45

14
Synthesis and macromolecular characterization

rROPISA IN DMF AND TRANSFER TO WATER

8 MPO (Fupo, = 0) MP3 (Fyupp, = 0.09)
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¥ 1o ool ©on o | Uw
149 . somi@8 ” b|
A T N i
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Conversion / % e h a
* Aqueous suspensions of degradable CKA-containing nanoparticles o u
X i . szgrozas MP3 (Fyeo, = 0.09) 5
* High conversions, good control, tunable F,,,, and degradation o AN
b s h a
MP4 (Fypo, = 0.20) Ut! M u
B S, Y.

15 30 45 60 80 70 60 50 40 30 20 10 00
Time / min Chemical shift/ ppm

eyt

o
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Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875
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rROPISA IN DMF AND TRANSFER TO WATER

POEGMA-CDSPA

o
S. 8.
HO' N CiMas
NC " s
o

o CDSPA

5. s,
POEGMA-b-P(LMA-co-CKA)

o
T2

]

OEGMA

fo

* Aqueous suspensions of degradable CKA-containing nanoparticles

* High conversions, good control, tunable Fy,., and degradation

* Successful transfer to water, stable and narrowly dispersed nanoparticles
* Colloidal characteristics maintained D, ;e ~ D,

z,water

Zhu, C.; Denis, S.; Nicolas, J. Chem. Mater. 2022, 34, 1875
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rROPISA IN DMF AND TRANSFER TO WATER

| MPO (Fupp, =0)

© MP1 (Fypp, = 0.03)
® MP2 (Fypo, =0.07)
© WP3 (Fypo, = 0.08)
& MP4 (Fypn, = 0.20)

M, loss [ %

@ M1 (Fupo=0.08)
@ M2 (Fupo=010)
© M3 (Fupo=0.43)
& W4 (Fupo=0.15)

© BM1 (Faupo = 0.06)
204 © BM2 (Faupo=0.15) N
© BM3 (Faupo = 0.19) + * 7
z 404 " !IM(F;.,:III‘H) o 7 14 2 28
§ Time / day
T B0 @ e
= 1
haafl
T S —
o 7 14 2 28
Time / day

accelerated conditions

High cell viabilities up to 0.5 mg.mL?* 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
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Hydrolytic degradation of the nanoparticles (MPDL, BMDO and MDO) under

5/2/2024
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Colloidal properties after transfer to water
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Degradation and cytocompatibility
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Synthetic strategy using NMP

AQUEOUS rROPISA USING A THION

YO o
O o =0 -

g d
0
Roth et al. Chem. Commun. 2019, 55, 55 O + g il e co-=5 O \4/> |/
Gutekunst et al. JACS 2019, 141, 1446 '8 e 5 1 o 1 %o
— nBA o?~om 670 O ,,'0 %
V \/\/b\
o - a4
HO AT S o) K;£0, NaOH PAA-b-P(nBA-co-DOT)
A< 0T
s T \ O
Aqueous o >
5
oy * = = e LY L
R Wl Q + & oo @ -}Ko' %
O Macroinitiator WV a e W

poT PAA-b-P(S-co-DOT)

* CKAs rapidly degrade in water
¢ Use of DOT (thionolactone) —> thioester group upon rROP
¢ PAA-SG1 as macroinitiator, chain-extended by nBA (or Sty) + DOT

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

fooro=1mol %

4 DOT @ nBA & Foor 100000 »

i g T
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* More favorable reactivity ratios than with CKAs (ryor = 0.003; ry,, = 0.424) et

d 8 clll|b|la
« Variation of Fygy (1-3 Mol %), DP, pus (20-40), DP, 55 (200-600) CM\MQL JUJU
’ ’ ht L 1]

TR
/80 75 70
A (Foorp = 0.011) |
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
Chemical shift (ppm)

Lages, M.; Gil, N.; Galanopoulo, P.; Mougin, J.; Lefay, C.; Guillaneuf, Y.; Lansalot, M.; D'Agosto, F.; Nicolas, J. Macromolecules 2022, 55, 9790
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AQUEOUS rROPISA USING A THIONOLACTONE
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Colloidal properties
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AQUEOUS 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
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Synthesis, characterization and degradation

TBD = triazabicyclodecene

N _>=o fooro=1mol % fooro=1mol %
Q - 1.0 . Al - 10 Al
o 3 - 3 —
+ o N O +> ( AT —— Dry extract + THD ERY Dy edrect -
B s 3 e
o .)J:-(IW d 4 B o - NPs+TBD & o - ==+ NP+ lsopropylamine
¢S o " ° o 3 Cwmeos F
n 0%~oH 070 O A *o & oa £ oa
[+ o s 0.0 et 0.0
0., 60 PAA-b-P(nBA-co-DO' 0 12 14 % 10 12 14 18
n /']"< g Ha0, K,‘ﬁ,o E&NaOH B Retention volume (mL) Retention volume (mL)
(o] H
e W fooro =2 mol % DP, pnpa = 200
PAA-SG1 3 — H —
s —— Dry extsct + TBD E —— Dryedract + THD
= Dry mdract + ' Dry extract +
y Iscpropylaming 3 Isoprapytamine.
- == NPs+TBD E — == NPs+TBD
g 2 4
10 12 " 16 10 12 1% 16
Retention volume (mL) Retention volume (mL)

More favorable reactivity ratios than with CKAs (rpq; = 0.003; r,, = 0.424)

Variation of Fyor (1-3 mol %), DP,, ppp (20-40), DP,, 5,54 (200—-600)

Stable suspensions of nanoparticles/latexes, narrow PSD

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

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

P(l-co-DOT)
© TN o O ¥

A«ﬂ_'&/\\r\s"

N RAFL

EXTENDING THE RANGE OF VINYL MONOMERS

Copolymerization of DOT with isoprene

N 3 N
B Py =100 % D,y = 215 ¥ DR, =435
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o= 3 10 0.04= . [
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=13 3 2
=12 B T ° 0.4
11 *ga S -
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Conversion of isoprene (%)

roor =4.28;1,=0.14

0.0+
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* P(I-co-DOT) nanoparticles by nanoprecipitation
« Successful degradation of the NPs by bleach, GSH and cysteine

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

19
CONCLUSIONS

* Impart degradability to vinyl polymers * Alternating copolymers with maleimides

* Use of CKA as precursors of ester bonds in the backbone  Functional polyester-like copolymers with vinyl ethers

* Applied to the synthesis of degradable poly(meth)acrylates  Rapidly degradable polyacrylamides with UCST properties
and polystyenics * All-water formulation of degradable nanoparticles

* Degradation under accelerated & physiological conditions * Degradable Pl under biological conditions

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

* 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

27
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Plastics Accumulation: Solution from Nature
L]
Feedstock Monomer precursors Monamers Polymers. Application
/w N 9 =
[ ", Q —
| e . .
| j NI j:b“/ — APt —
Starch a Pl_i
Swaet corn Lactide Disposable cup, cutlery
~ i PG SN T .
I H S -
A f‘ Hy o, o g Q o PES
W 0o o L Sucdnic acid
. o 9 .0 +diol 1.8 )
Sugi crose HO}UQLU* — (UWU’\{ Packaging
.
FDCA PEF
HO g o a OH
HO' HO [
\ "0H
“{f o Microbial synthesis “J\)L}F
Witchgr - (N V.
Switchgrass .
e ) - ot - . \
Agricuitual on [ N Cellukese nanocomposite W
waste . 3 v
Callulose — Hydrogets Flexible substrates

Bioplastics: from carbohydrate biomass

Petroleum plastics: non-degradable
Can we directly use carbohydrates as building blocks for polymers?

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

Unique Reactivities of Carbohydrates

Glycosyl Linkage

57

Anomeric Effect

Anomeric Effect

Amylose (part of starch)

d o oH oH
e : : o

oA "% oH HO™ 1o o HO T 1o ’
’ HOo;—| b HO | ol Ho | nH
a(1,4)-glycosidic linkage

B-Glucose b(1,4)-glycosidic linkage
Cellulose

a-Glucose

Radical 1,2-Rearrangement

OAc
OAc OAc
AIBN, A, n-BuzSnH [ Aco O
AcO e 3 AcO O
AcO e} AcO
),O
6 OAc

Me

AcO

(1) Glycoscience: Chemistry and Chemical Biology, 2 ed.; Fraser-Reid, B. O. et l. Springer-Verlag, 2008. (2) Giese, B. et al. Angew. Chem. Int. Ed. 1987, 26, 233-234
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=< I Cyclic Ketene Acetals (CKA), reported by Bailey, W. J. and coworkers in 1982

(8]
R/\-/%O\} — R\i} — R§}+R\)OLO/\. A. ldeal propagation

{

)
R“'k\%u%()

o] [\ B. Undesired ring-retaining propagation
g . 7

For reviews on CKA polymerizations, see: (a) Agarwal, S. Polym. Chem. 2010, 1, 953. (b) Guilaneuf, Y. et al. Chem. Rev. 2017, 117, 1319. 59

59

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

[0}

R '/\\\_/YLOMG Fast

Me

R '/\\\/b\(g’& Slow

CKA is less reactive than other vinyl monomers

Result: tapered sequence

traditional monomer degradable unit from CKA

cooMe o N0 (tBuO)
Y + }\ R >
Me o) 140 °C Buchard and coworkers,
A 2023
MMA non-ring opening CKA  ring opening CKA
MMA : CKA =50 : 50 (67.0%) (21.1%) (11.9%)
() Buchard, A. et al. ACS Macro Lett. 2023, 12, 1443-1449. 60
For reviews on CKA polymerizations, see: (b) Agarwal, S. Polym. Chem. 2010, 1, 953. (c) Guillaneuf, Y. et al. Chem. Rev. 2017, 117, 1319.

60
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oJ\o CKA1  20-80% ring opening ratio Ring strain:
/ =

6.2 kcal/mol 6.2 kcal/mol

U CKA2 100% ring opening ratio

Why reactivities are so different? Our hypothesis: carbohydrate-fused ring to break conjugation

Weaker conjugation increases reactivity OR twisted 5 member ring
R O
strong O~ weak CI)?O ‘LJ’ .
i O) 0 weak conjugation

Q
O,
O
(B (K R
higher reactivity

Geometry determined

(@) 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, 5054.‘;-50452.61

61
o . o
Monomer Synthesis and Homopolymerization
Phe 33% HBr in ACOH Phe cio AMS o
o HBr in Ac AgClOy4, DIPEA, 4A MS, (o)
AcO O ———— > A o > Ao
AcO R rt,1h AcO A toluene, rt, 1h o) L
C! C!
OAc . )/,
Acs-Glucose, 59 Glucose CKA -
52 USD/kg No column chromatography ! 4.0 g obtained, 94% yield Na-Chuan Jiang
S oot 13C NMR of homopolymer:
RESE
—s
AIBN AcO 0 = "53
AcO ] 3 A (Ne
O |

AcO 5 CgHe, 80°C, 24 h o
)/,O
w ': 17‘1.0 17‘0.5 17‘0.0 16‘9.5 15‘9.0 e

P(Glu-CKA), 60% vyield fLeem e <1%

Glu-CKA, 2 g
Mp, maLs = 21.0 kDa, D = 1.58

Jiang, N.-C., Zhou, Z., Niu, J. J. Am. Chem. Soc. 2024, 146, 5056-5062. 175 170 165 160 155 150 145 140 135 130 125 120 62
f1 (ppm)
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Proposed Reaction Mechanism
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OAc AcO
lo) AcOs -0,
. AOﬁ — "%
— O

S o) Pathway A
j’ (favored)
R S-n
v
OAc S(
0 Acoﬁ _______ AcO e
PR | AcON =\, T - AcO 0 Pathway B
(of

(less favored)

Pathway C
(less favored)

Vil 63
Jiang, N.-C., Zhov, Z., Niy, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.
63
L] L] L3 L3
Structural Confirmation via Degradation
J=8.2Hz
AcO OAc O
¥o)
v TFA, CH,Cl, AcO 0 Yo
o AcO +
0 f,30 h ML
c
\)] =6.5Hz
n
P(GIu-CKA) s .
Mo, maLs = 21.0 kDa, D = 1.58
93% yield, 3:4=90: 10
R 5
AcO Q. x©
ACO ‘O xd @
AcO oA
o)]/(/‘d.
r
Jiang, N.-C., Zhou, Z., Niy, J. J. Am. Chem. Soc. 2024, 146, 5056-5062. 64
64
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What If We Change the Sugar?
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AcO
AcO

Mannose CKA
81% yield from Acs-Mannose

AcO OAc
(o]
AcO
o

/yo
Galactose CKA
90% yield from Acs-Galactose

AcO
AcO F 0 AcO
AIBNY CAcz)ﬁ_%&/O o R AcO AcO O
—_—> \i —> AcO QO 0 + AcO
AcO
. © 0
o
P(Man-CKA) 3 4
My, maLs = 16.7 kDa, B = 1.63 78 % yiold, 3: 4 =21 : 79
0 OAc o
AIBN 0 TEA Aco OAc
—> AcO — H 0. o
o AcO +
H, Ho
n J=6.5Hz
P(Gal-CKA) 5 6

M, maLs = 11.8 kDa, D = 1.38

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

98 % yield, 5: 6 =80 : 20

65
L] . o
Stereoselectivity of Monosaccharide CKAs
OAc B S
OAc OAc O’> 3
AcO O ”
AcO 0 AcO O . 0
AcO g top addtion
AcO —_— AcO —_— AcO
0l ol < 05,0 > | aco o)
R./\/O/y j’ j/ AcO
R R lo)
10.0 Il (-12.8) Favored
/ ED) bottom  — -
addtion TSIV (E,=+6.5)
Man-CKA Gal-CKA
OAC B O OAc 1t
AcO
Pol AcO ¥
Acoﬁ AcO o} ACO o}
AcO o AcO O 5 AcO S AcO
AcO
R\/&O /)60 05{/) o]
) A )G
I (-8.3) 0 Aco) OA°
AcO 0 o TSV (E,=+938
AcO O (Ea )
— = AcO
TS VI (E; = +8.9) (o)
T TSV (E.=+83) .,
66
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Conversion
o
'S
/

5/2/2024

(0]

Me

MMA

CKA

Entry 1. CKA: MMA =1 :1

* CKA
MMA

00{ #

100 150 200 250 300
Time (min)

0 50

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

67

68

Conversion

+ VLOMe

Copolymerization w/ Vinyl Monomers

AIBN
-—
CeDs.80 °C

67

OAc
(0] Ph

AcO
N

AcO 5 ) < Ovo

=

CKA Mi

Entry 1. CKA: MMA =1 :1

1.0
* CKA

081« mMA

0.6 5
o

0.4 :
o
o

0.2 3/’——/—

00{ &

100 150 200 250 300
Time (min)
Jiang, N.-C., Zhov, Z., Niy, J. J. Am. Chem. Soc. 2024, 146, 5056-5062.

0 50

AcO -
AcO Y OAc o i
AIBN (0]
= . XTF
CgDg.80 °C [ =
(o) - n
O m
Entry 2. CKA:MI=1:1
1.0+ )
- Ml .
A
0.8 . CKA_ s N 4.
.
0.6 .
H
0.4+ H
0.2-
004 =
0 5 10 15 20
Time (min)

68
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Copolymerization w/ Vinyl Monomers

OAc AcO T .
AcO \ OAc |
AcO 0 g q AIBN 0N 0
AcO + o= N_o + Y]\OMe B —— Lf Me
C}/o o7 Me C4Ds.80 °C _l;b
(o] - n L 0730 Jg
CKA Mi MMA l\l/le
O —Im
Entry 1. CKA: MMA =1 :1 Entry 2. CKA:MI=1:1 Entry 3. CKA:MI: MMA=1:2:5
1.0 1.0 0.8 CKA
« CKA LM L s o7l °
0.8 = MMA 0.8+ * CKA A A . e LM
P . 0.64 = MMA

506 506 L ¢ g 051
4] [ * ® 0.4
[
2041 déo 4 : % 0.3
o [=] o
[¢] ¢] O 0.2

0.2+ / 0.2 0.1

0.0{ # 00 0.0

0 50 100 150 200 250 300 0 5 10 15 20 0 10 20 30 40 50 60
Time (min)

Time (min) Time (min)

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

69
i dation of th I
Basic Degradation of the Copolymers
OAc E’h ,
AcO! O + omNeo *+ ﬁ’R AIBN .
AcO
o) T R CeHe.80 °C
CKA /y mi Vinyl Monomer
x eq yeq zeq
Vinyl X:y:z m:n:q .

Entry Copolymer Monomer (feeding ratio) (ratio in copolymer) Yield Mn (kDa) b
1 coP1 MMA 1:2:5 1:31:93 71% 70.3 2.34
2 coP2 MA 1:3:10 1:3.3:10.7 92% 74.7 3.17
3 coP3 DMA 1:3:10 1:43:126 90% 55.1 2.73
SEC Trace of coP1 Degradation SEC Trace of coP2 Degradation SEC Trace of coP3 Degradation

M,=70.3kDa After degradation: M,=74.7kDa After degradation: coP5 After degradation:
=234 M, =9.2 kDa p=317 M, = 6.7 kDa M, = 55.1 kDa M, =11.3 kDa
coP1 D=484 coP4 =280 D=273 D=766
30 32 34 36 38 40 42 44 28 30 32 34 36 38 40 42 44 46 30 32 34 36 3B 40 42 44
Time Time (min) Time (min) 70
70
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Challenges to Traditional Cyclic Monomers

Explored cyclic monomers Emerging thionolactone monomers
S0
vinyl cycloalkane (VCA) spiro-ortho-carbonate (SOC) spiro-ortho-ester (SOE) vinyl oxirane (VO) O Q

Ry
z o0 o_o
Vv X O " . .
n [o o) o] o Dibenzooxepane-5-thione (DOT)
cyclic vinyl acetal (CVA) cyclic a-oxyacrylate (CaOA) cyclic vinyl ether (CVE)  cyclic ketene acetal (CKA) r ~ 2/ 0. R-S
R
o_ R 0 | J\ —_—
e o 0" o
o R 0o N\

0.0 R-S_ o
o0 OO
Roth, P. J. et al. Chem. Commun. 2019, 55, 55-58.

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

cyclic vinyl sulfone (CVS) sulfide cyclic methacrylate (SCM) cyclic allylic sulfide (CAS) opening driven by
aromatization (AR)

= %0 R7)J\(° AJ\ fi_ R . $ Spo e s o pn ® O\f
o O ot O -
9

Ry Ry

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.

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

71

71
L3 L3 L3 L3 L3
Allylic Sulfone: Providing Driving Force to rROP
O\\S,,O R 0. .0
~ —_— + ReN
RTUASCA == " Sar
“The only way for the system to evolve is by extrusion of
0. O 0. 0 sulfur dioxide to give alkyl radical R*.”
R NUMS:R' >~ R T -\S’“\LR' —> SO, + R * Energetically favored
A e
| AN e
i * Limited by side reaction
v “This scheme is still flawed, because the product can also serve
RWR' as substrate for radical additions.”
ACtiVating Quiclet-Sire, B. and Zard, S. J. Am. Chem. Soc. 1996, 118, 1209-1210.
vinyl e
Oy O 5,
0.0 ¢
S\(&O
Stabilizing | e Provi e
. rovi rvin
Me C-radical o - ovides d 9
: force for rROP
. . .
Blocking radical Hanchu Huang  Wengi Wang Zefeng Zhou Brayan Rondon Side reaction is
re-attack blocked
. . . Huang, H.;...Niy, J. J. Am. Chem. Soc. 2018, 140, 10402-10406.
the “ring-opening trigger” Wang, W.;.... Niv, J. Angew. Chem. Int. Ed. 2022, €202113302. 72
72
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Cyclic Allylic Sulfones: Cascade-Triggered rROP
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° RSN SR
o M o s
0 fac-Ir(ppy); o I m
g NN -
Ph” Sk R o 7S
o solvent | o
0 A =450 nm Ph
o} -S04 .
04 . 12500 15
On Off
L o] . -
03 mm . ol i P
B . . T .
Eo 4 g.,._ . % ] o 1"
E o = E] -
=] » - = oad - . 41
£ o z o i - = ™~ . *
.
02] .’i soo0 et “w ¢ 1.4
oo o ol o
250 . 10
v m  me | w0 T e a0 e se sm e w % 4« % A
Time (min} Time (min) Conversion (%)
o Ph
o Lo
i o .
o’ o
f d
s
" ™ "o W ome o T v
2 @ 5 28 o 85 o 828 R
< & g @ =1 ~ @ ] ~ w0 =1 3
3 s 28 =38 2 8 @
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0

Chemical Shift ;ppm,,

73

Mechanistic Investigation

Light-mediated polymerization

Deviation from 1%-order kinetics

Living polymerization

73

1. Enthalpically and entropically favored radical cascade

; resembles

i
00
INEN A
Ph (£° oo
R

-S04

i 3 / \
! | .
059 5o 00 /
P, 7\ _ASS > 0.00 —>
n OS] Pa N, ST
Ph b V9

2. Reversible inhibition by SO,

/ 0 I o H
o i b i o
oY) CTA1 POy © >,,, i P © i CTA1 o
0 m faclr(ppy)s o Cl PR i fac-Ir(ppy)s
P stg DMF : 'L'(O . . o. : DMF Ph" s
o) A =450 nm H 1 S H A =450 nm 0.

/kr( - S0, | o FS 0 ; )\r
o %

o o s
0.
HOWO/\H\/ Preden
m O 'n
Ph

P-1:m=5
P-2:m=1

oo

74

Wang, W.;... Niy, J. Angew. Chem. Int. Ed. 2022, €202113302.

* Complete ring opening

* Propagating like an acrylate radical

o [¢]
p“j*oﬁ ). Pnj*oj D
Ph +S0, Ph
-Ln/o -s0, o\\%)\n/o
[ o o
Propagating radical Propagation is inhibited
74
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=N Ney -
* Both ring-closing and ring-opening steps are energetically favored [=] o }.";j_;...‘g@—gq
e par "
* Enhanced driving force | L
I

* More complex main-chain structure

° OYN\/\/\/\O)H'

T T T
180 180 140

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

60 40 20
Chemical shift (ppm)

75
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L3 L3 L3
Copolymerization w/ Vinyl Monomers Made Easy
o] |
j\\)LO o CcTA1 ° 050
fac-Ir(ppy); (,\}
(o] 3 0.
o + X —— > HO O
Ph” “Szg \)LO/ DMF | 4 5
)\n,o A =450 nm Ph n-x
o
20
Kinetics: M, and D vs. conv.: B(t)/B(0)
0.0 0.4 0.6 0.8 1.0
28 50 025 1.0 L L L
=1 . - --- BSL fitting to Eq 2
* MA 5 0 BSL fitting to Eq 3
20 u itting to Eq
e a0 . 4020 0.8
%—1.&- ’::;z’ E 30} -— H0.15 5 0.6 :i'
g o 2 . F, 4 fay
£ 1.0 P TR -a Jo.10 Z 044 w“:
E -0 = L 5 N
L o N
4 o
08 . 10} . * o e o005 0.24 \-:;
ey 2,
O.O-E H H 4 H g ; nau’ 02 04 06 08 100‘00 o0 T T T -
Time (h} Conversion 0.0 D:(t)H(o)DB .8 1.0
*  First-order ki for both s
Reactivity ratios: 7y = 1.07 and rys = 0.94
* Copolymer d identical
76
Wang, W.;... Niu, J. Angew. Chem. Int. Ed. 2022, €202113302. Beckingham, B. S.; Sanoja, G. E., Lynd, N. A. Macromolecules 2015, 48, 6922-6930.
76
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Organocatalyst Eosin Y Reduced Cost of Reaction

o
”"JH/S\H/S\/
s

5 Y L s
j\\* o, 92 N s <SHRSE = o '
o -S0, VN, NG 1 Br. Br |
0 o Eosin Y om),) (j:}} L H Irs H H H
o + - - . NN co s” s H H H H
P 5—0/\\? VLok =450 nm HOW‘) I . : I : : :
/Hr" DMF P ; @ H : OH o OH |
[} H H H H
o 0 | |
1 H 20
Kinetics: M, and D vs. conv.: BA(t)/tBA(0)
0.0 0 0.4 0.6 1.0
16 2.0 L L L 1 A L
2.44 1.0
L .- = - BSL fitting to Eq 2
tBA L. 12} {18 LN ~  BSL fitting to Eq 3
20+ .2 L 084 n,
27 -
—_ ¥ \‘
—1.6 2 = . 4
£ £ g’ - " § 06+ b
£ L] Ia] = -
1.2+ o [4 N
= = @
= ~ 6} 414 > 0.4 LY
£ = .- £ N
0.8+ > - 3 .
3 . 412 0.2
0.4+ e’ . . r, =1.04 N
* * ¢ r =096 b ~
0.0 0 . . . . 1.0 0od ® .-
0 1 2 3 4 H 0.0 0.2 04 0.6 08 1.0 A B o o o o
Time (h) Conversion . - ‘i(l)”(ﬂ) ! ’ ’
Wang, W.; Rondon, B.; and Niv, J. Macromolecules 2023, 56, 2052-2061. 77

&

Favorable Reactivity w/ Various Feed Ratios and Monomers

o
o | A Vinyl random copolymers
j\\)'\o ° cTA1 o ° 050, o Yt)o 7N Y POy
o fac-r(ppy)s o PN Ph”S; 5
Ph” 8% /? * VLO/ DMF | o(’\); MS o (o] N
)\ro A =450 nm Ph nx x - >
0 S Copolymerization
1 : X
o Q: degradable building block
x =0.25-20
VLR
J< : Degradation
1.4 F1.4 R=¥Xo" ¥o< ¥g o
1.2 1.2 A NS }“N/\ Qo ® o
' ’ ! L Lo 9 # w
r1.0 i i --------------- é ------- i ___________ L1.0r 0 M, (SEC)
! --i}--i- ----------- -i- ----- i----; ----- B No. B fi Conv. (g/mol) b 1 g Fyq
1 tBuA 009  85% 39000 129 104 096 0.09
0.8 0.8 2 BnA 009 89% 22100 138 084 119 0.08
3 DMA 009 75% 16100 121 103 097 0.1
0.6 0.6 4 DEA 009 79% 20100 114 089 1.16 0.7
T T T T 5 NAM 009  82% 20900 134 094 107 0.09
0.0 0.2 04 06 0.8 1.0
f 78
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cTa1 o o ©; s
fac-Ir(ppy)
\)L ——— > o OMO sJks’\
ow | 45

A=450 nm Ph' nx X

1 : X
x =0.25 - 20
.
e T nable b
. . tunable
% —F,=0.50 9 Y
213°% copolymer
T . —F,=0.67 composition
-248°C X
-260°C
r

T T T T
-40 20 0 20 40 60
Temperature ( C)

Wang, W.;... Niu, J. Angew. Chem.
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° OxR. g 0y RPh
o Py NaOMe |
HO 0(/\), s g”N —————> MeO. OMe
I 4 MeOH/THF
o o o

Ph’ n-x x X

Copolymerization w/ Methacrylate & Styrene

—F°=040 --- F"™"=0.10 (degr.)
——F™™'=0.08 --- F,"™'=0.08 (degr.)
M,=16.4k M,=73k M,=13k
p=152 P=198 H=133 e
. * Degradability
g 3 optimized by
random sequence

30 35 40 45
Retention Time (min)

Int. Ed. 2022, €202113302. 79

F,=0.16
S.

™

SOM
_ Eosny
P" T Jaonm
DMF

OWOW\/\/O\H)\)M 57NN
Ph’ ©°

F, =0.01-0.25

£,° = 0.09-0.50 Y©
JK/X |
0y 0
-S04 [} [} s
=450 nm NC I ° n
Ph’

DMF

St(t)/St(0) MMA (t)/MMA(0)
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 08 10
104 — BSL fitting to Eq 2 104 - BSL fitting to Eq 2
N —  BSL fitting to Eq 3 e —~_ BSLfitting to Eq 3
~ ~
~
E \ i ~ ~
0.8 X ~ N 08 a n
c ~ e »
o N c ~
0.6 N ~ . 506+ » ¥
] ~ ~ 4 ~ \
> [ L L]
£0.4+ " L8 *s Z0.44 ~
8 ~ ~ ] ~ \
-~ - o [ 9 [}
0.2 LA 0.2+ ~ \
r,=3.02 o -..\' r, =018 S
004 r,=0.35 g 0.0 Fype= 5-81 .
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1(t)11(0) 1(t)/1(0)
Wang, W.; Rondon, B.; and Niu, J. Macromolecules 2023, 56, 2052-2061. 80
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J Future Direction: Mechanism-Guided Structure Optimization

(e}
O
%o
Ph” ~S=
)\n/o
, O
4 )
(0] (6]
X O
Ph” YS= Ph” ~S=
20 AN
R
(o] (o]
81
81
I o
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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Toll Free in the US: 1-800-333-9511
International: +1-614-447-3776
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@ ACS Webinars

CUCK + WATCH » LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~#——— are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
Zi ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register* for upcoming webinars.

= [
|
[LIVE ]

*Requires FREE ACS ID
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@ ACS Webinars

CLCK + WATCH - LEARN - DISCUSS

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org

Mike  Rusasell Enck
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