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Dendrimer Synthesis: Divergent Approach

Reactive groups increases exponentially after each generation.

Incomplete reaction at chain terminal lead to imperfections or failure sequences in the next generation.

Large excess of reagents required in latter stages.

Mixture of inseparable multi-generation dendrimers.
Tomalia, D. A, et al. Polym. J. 1985, 17, 117. 

Tomalia, D. A, et al. Macromolecules 1986, 19, 2466. 



Dendrimer Synthesis: Convergent Approach

Hawker, C. J.; Frechet, J. M. J. J. Am. Chem. Soc. 1990, 112, 7638.



Dendrimer Synthesis: Summary

Divergent Approach

Convergent Approach

Chem. Rev. 2001, 101, 123819-123868. Progress in Polymer Science. 2013, 63–235.



Dendrimer Chemistry: Properties and Applications

Chem Comm. 2000, 1701.

Light Harvest and Emitting Self-Assembly

Chem. Mater. 1998, 10, 286. JACS.1995, 117, 4417.

Guest Host Chemistry Biomedical Applications

J Pharm Bioallied Sci. 2014, 6, 139.

• Dendrimers demonstrate significantly increased solubility 

compared to linear polymers. 

• Dendrimers can self-assemble into macromolecules. 

• Dendrimers exhibit a distinct “interior” that is sterically 

encapsulated within the dendrimer.

• The resulting “dendritic box” allows encapsulation of small 

molecules and enable drug or gene delivery.



Dendrimer Chemistry: Drug Delivery

J Pharm Bioallied Sci. 2014, 6, 139–150



Dendrimer Chemistry: Drug Delivery

J Pharm Bioallied Sci. 2014, 6, 139–150



Radical Polymerization

Poor control over molecular weight & polydispersity

Initiation Initiators: AIBN, ROOR, etc

Propagation

Termination

combination, disproportionation, chain transfer 

Traditional Radical Polymerization “Living” Radical Polymerization

Discovery of nitroxide radical (TEMPO) as the 

mediating/control agent: 

• Does not terminate with itself. 

• Does not initiate monomers. 

• Only undergo reversible termination of the 

propagating chain end.

• Minimizes overall propagating radical concentration.

• Minimizes undesired radical reactivity.

Good control over molecular weight & polydispersity

Require precise initiator and nitroxide ratio



“Living” Radical Polymerization – Alkoxyamine as Unimolecular Initiator

Universal Alkoxyamine for “Living” Free Radical Polymerization

Hawker, C.J. et al. J. Am. Chem. Soc., 1999, 121, 3904.

Hawker, C.J. J. Am. Chem. Soc., 1994, 116, 11185.



“Living” Radical Polymerization – Alkoxyamine Initiator Synthesis and Application

Hawker et al. Science 2005, 308, 236.Progress in Polymer Science 2013, 38, 63.



Living Polymerization by Light – Ir(III) Photoredox Catalyst

Fors, B.; Hawker, C. Angew. Chem., Int. Ed. 2012, 51, 8850.



Living Polymerization by Light – Applications

Poelma, J. E.; Fors, B. P.; Meyers, G. F.; Kramer, J. W.; Hawker, C. J. 

Angew. Chem., Int. Ed. 2013, 52, 6844−6848.



Living Polymerization by Light – Organic Photo Catalyst

Treat, N. J.; Sprafke, H.; Kramer, J. W.; Clark, P. G.; Barton, B. E.; Read de 

Alaniz, J.; Fors, B. P.; Hawker, C. J. Metal-Free Atom Transfer Radical 

Polymerization. J. Am. Chem. Soc. 2014, 136, 16096− 16101.



lmax = 602 nm

lmax = 630 nm

lmax = 589 nmlmax = 559 nm

lmax = 540 nm

lmax = 575 nm

Different amines leads to ~90 nm change 



Click Chemistry in Polymerization

Wu, P.; Feldman, A. K.; Nugent, A. K.; Hawker, C. J.; Scheel, A.; Voit, B.; Pyun, J.; Frechet, J. 

M.; Sharpless, K. B.; Fokin, V. V. Angew. Chem., Int. Ed. 2004, 43, 3928.



Click Chemistry in Polymerization – Applications in Cancer Diagnosis

“An excellent illustration of the impact of this concept is my recent collaborative 

studies with clinicians led by Professor Pamela Woodard at WashU Medical 

School on the preparation of multi-functional and multi-valent nanoparticles for the 

diagnosis and treatment of cardiovascular disease. In 2015, after a ten-year 

odyssey, human clinical trials on self-assembled nanoparticles based on Click 

chemistry and LFRP began at Washington University Medical School in St. Louis. 

This rare achievement of translating a highly functional polymer molecule from the 

laboratory to the clinic demonstrates the enormous potential of orthogonal and 

efficient chemical reactions in biomaterials synthesis.” – Craig Hawker

Pharmaceutical Research., 2016, 33, 2400.                      ACS Nano., 2011, 52, 738.

J. Nucl. Med., 2014, 55, 629.                                             J Nucl Med., 2011, 52, 1956.

Cu(64) as the

radioactive tracer
cancer binding 

protein



Industrial Success - Olaplex

Pressly; E.D., Hawker; C.J. United States Patent 9,872,821. 

Pressly; E.D., Hawker; C.J. United States Patent 9,498,419. Pressly; Eric D., Hawker; Craig J. United States Patent 9,144,537.

https://cen.acs.org/policy/intellectual-property/Olaplex-wins-91-million-suit/97/web/2019/08


