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Polymers are traditionally slow to degrade
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But there Is increasing interest in degradable polymers




Traditional biodegradable polymers

Generally not possible to “turn on” degradation
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Stimuli-responsive/switchable polymers
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Stimulus

Stimulus Stimulus .

One stimulus, one response

Can we amplify the response by creating a cascade?



Self-immolative polymers
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Stable polymer backbone with end-to-end depolymerization stimulated by
removal of the end-cap ,



Advantages of self-immolative polymers
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Amplification of the stimulus

Degradation of single polymer triggered
under different conditions

End-cap removal can be triggered under
various conditions

e.g. light, enzymes, change in pH or
redox potential



Outline

Chemistry of depolymerizable
polymer backbones

Applications
Micropatterning
Imaging contrast agents
Hydrogels




Polymers can depolymerize by alternating
cyclization and elimination reactions
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131, 18327-18334. Cyclization reaction

can control the rate

Tuning the rate:
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Carbonates stronger Thiols can be stronger

electrophiles than carbamates nucleophiles
(depending on conditions)

Chen, McBride, Gillies, Macromolecules, 2012, 45, 7364-7374.



Other self-immolative backbones
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Polyglyoxylates
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Synthesis of end-capped poly(ethyl glyoxylate)
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Light selectively induces depolymerization
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Bo Fan

Diverse end-caps can be incorporated Andrew Wong
John Trant
Thomas Gungor
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Controlling molar mass
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Can also initiate from an alcohol or thiol with NEt,

Hewitt, Grubbs, ACS Macro Letters 2021, 10, 3, 370-374.
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We can make block copolymers

o light
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Shape transformations in polymer nanodiscs

Nanodiscs

- UV-trIggered self-immolation process
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Introduction of the end-cap by aroyl azide

“click” chemistry
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End-cap triggering translates to the PEtG backbone
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End-to-end depolymerizable block copolymers
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End-to-end depolymerizable block copolymers
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Polyglyoxylamides
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Outline

Chemistry of depolymerizable
polymer backbones

Applications
Micropatterning
Imaging contrast agents
Hydrogels

24



Micropatterning without chemical steps
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Contrast agents for vascular X-ray micro-CT

» Widely used to study vascular disease and
response to therapy in small animals

 Lack suitable vascular contrast agents

Needs

* Blood circulation time ~1 h

« Lanthanide (Er, Gd) ideal due to their k-edges
- allow for dual energy CT

» High concentrations (100 mg/mL of metal)

Challenges

* Toxicity (dose is > 0.5 g/kg)!

« Stability and viscosity at high concentration

26




Towards vascular contrast agents for micro-CT
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Cruje, C.; Dunmore-Buyze, J.; MacDonald, J. P.; Holdsworth, D. W ;
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Good contrast and circulation times, but long term toxicity

Can self-immolative agents help by promoting excretion after imaging?

End-cap
cleavage
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Synthesis of a self-immolative polymer chelate

Grolman, Sirianni, Dumore-Buyze, Cruje, Drangova, Gillies, Acta Biomater. 2023, 169, 530.
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Depolymerization of the polymeric chelates

Polymer
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Preliminary studies showed low molar mass polymers excreted too rapidly
Focus on high molar mass polymers (T as stable control, MMT as degradable)



In vivo imaging after tail vein injection in mice

' 30 min f .

4 weeks S

Trityl - degrades slowly, not MMT — degrades rapidly,
observed in bladder observed in bladder

Grolman, Sirianni, Dumore-Buyze, Cruje, Drangova, Gillies, Acta Biomater. 2023, 169, 530.




Self-immolative hydrogels

Release drugs
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On-off degradation and celecoxib (CXB) release
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Hydrogels using the aroyl azide end-capping

approach
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Summary
« Self-immolative polymers with diverse end-caps can be
synthesized

« Different pendent groups impart different properties and
functions

 Block copolymers can be prepared by different approaches
« Depolymerization can be used in diverse applications

Challenges/future work
* New backbones, end-caps
« Mechanical and other physical properties
 Cost considerations for different applications
 Further biological studies needed
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