
 A B S T R A C T S





O R A L   C O N T R I B U T I O N S



 
 

CLICK CHEMISTRY FOR POLYETHYLENE CHEMISTRY  
RÉMI BRIQUEL, JÉRÔME MAZZOLINI, FRANCK D’AGOSTO, CHRISTOPHE BOISSON, ROGER SPITZ 

Université de Lyon, Univ. Lyon 1, CPE Lyon, CNRS UMR 5265 Laboratoire de Chimie Catalyse 
Polymères et Procédés (C2P2), LCPP team  

Bat 308F, 43 Bd du 11 novembre 1918, F-69616 Villeurbanne (France)-dagosto@lcpp.cpe.fr 
www.lcpp-cpe.com  

 
Polyolefins are the largest volume thermoplastics manufactured in the world and new polymer 

materials based on these polymers could strongly impact our life. The excellent combination of 
chemical and physical properties of polyolefins along with low cost makes this class of polymer very 
attractive.  Despite their great success, there are some inherent shortfalls in polyolefins materials that 
prevent their wider usage in many areas. New applications of polyolefins would require higher level of 
properties that would make these materials more reactive, adhesive, dyeable or more generally 
compatible towards other materials particularly polar ones. Incorporating functional group into 
polyolefins has been the focus of many studies however, the challenge remains to reach chemistries 
that are selective and quantitative and that allow the introduction of versatile functional groups.  

The incorporation of functional groups at the end of polyolefin chains offers an opportunity to 
prepare polyolefin building blocks. The latter can be used to construct polymer architectures based on 
polyolefin with many desirable properties.1 For that purpose, the reactivity of carbon-metal bond 
formed during a catalytic olefin polymerization process is particularly appealing. The possibility of 
taking advantage of this reactivity has indeed been enhanced by the discovery of original features in 
specific catalytic systems such as chain shuttling events of the forming chains between the active 

metal and a second metal 
center.2 Making the most of 
this particular concept of chain 
shuttling, we prepared 

dipolyethylenylmagnesium 
compounds (PE-Mg-PE) by 
ethylene polymerization using 
a Nd-based catalyst in 
combination with n-

butyloctylmagnesium 
(BOMg).3 

 
 

We prepared narrowly distributed (PDI<1.2) short alkyl chains to crystalline PE (up to 5000 g.mol-1) 
using this catalytic system, and wish to report here on the implementation of very simple strategies for 
their end functionalization.. We indeed synthesized polyethylenes bearing halogen end group that can 
quantitatively be turned into azides (scheme 1) openning the way for further modification or 
incorporation into more complex architectures via Click Chemistries.4 Cycloadditions with alkyne 
containing molecules were then evaluated in order to synthesize grafting agents, macromonomers or 
macrocontrol agents for controlled radical polymerization based on PE.  
 
1T.C. Chung, Prog. Polym. Sci. 2002, 27, 39-85. b) A. Berkefeld, S. Mecking, Angew. Chem. Int. Engl. Ed. 
2008, 47, 2538-2542. c) R. Godoy Lopez, F. D'Agosto, C. Boisson, Prog. Polym. Sci. 2007, 32, 419-454.  
2a) G.J.P. Britovsek, S.A. Cohen, V.C. Gibson, P.J. Maddox, M. Van Meurs, Angew. Chem., Int. Ed. 2002, 41, 
489-491. b) V.C. Gibson, Science 2006, 312, 703-704. c) D.J. Arriola, E.M. Carnahan, P.D. Hustad, R.L. 
Kuhlman, T.T. Wenzel, Science 2006, 312, 714-719. e) W. Zhang, L. Sita, J. Am. Chem. Soc. 2007, 130, 442-
443. W. Zhang, J. Wei, L. Sita Macromolecules 2008, 41, 7829-7833. 
3J.F. Pelletier, A. Mortreux, X. Olonde, K. Bujadoux, Angew. Chem. Int. Ed. Engl. 1996, 35, 1854-1856. 
4R. Briquel, J. Mazzolini, T. Lebris, O. Boyron, F. Delolme, F. Boisson, C. Boisson, F. D'Agosto, R. Spitz 
Angew. Chem. Engl. Int. Ed. 2008, 47, 9311-9313 
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Abstract 
 

In the last two decades, biodegradable polymers have assumed increasing importance for applications 
in biomedical and pharmaceutical fields.1 Among all of them, aliphatic polyesters, such as 
poly(glycolide), poly(lactide), and poly(ε-caprolactone) have a leading position as their hydrolytic 
and/or enzymatic degradation products are ultimately metabolized in most cases. However, the lack of 
functional groups on these polyesters is a main drawback to a large range of applications. 
Actually, the introduction of pendent functional groups along these polyester chains is highly desirable 
to tailor and modulate physico-chemical properties, such as hydrophilicity, biodegradation rate, 
bioadhesion, crystallinity and biological activity. The synthesis of new functionalized polyesters has 
been one of the most interesting topics in polymer chemistry for many years.2 

With the emergence of new techniques such as controlled radical polymerization or click chemistry 
reaction, aliphatic polyesters containing halogen substituent are of particular interest due to the 
derivatization of the halogen into a large variety of functional groups or polymers.3 We have recently 
reported the synthesis of a new iodinated lactone, α-iodo-ε-caprolactone and the polymerization of this 
new functional caprolactone by ring opening polymerization.4  
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These iodinated poly(ε-caprolactone)s open the way to new functional polyesters by straightforward 
transformation of the iodide group.5 
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This contribution aims at reporting the synthesis of functionalized poly(ε-caprolactone) by click 
chemistry reaction using iodinated polyesters as polymeric substrate to obtain new macromolecular 
prodrugs. 

                                                 
1 M. Vert, J. Feijen, A. C. Albertsson, G. Scott, E. Chiellieni, “Biodegradable Polymers and Plastics”, Royal 
Society of Chemistry, London 1992. 
2 Ph. Lecomte, R. Riva, S. Schneits, J. Rieger, K. V. Butsele, C. Jérôme, R. Jérôme, Macromol. Symp. 2006, 240, 
157. 
3 Ph. Lecomte, R. Riva, C. Jérôme, R. Jérôme, Macromol. Rapid Commun. 2008, 29, 982. 
4 S. El Habnouni, V. Darcos, J. Coudane, Macromol. Rapid Commun. 2009, 30, 165. 
5 S. El Habnouni, V. Darcos, J. Coudane, submitted. 
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Abstract

During the last decades a number of new conductive polymers have emerged. Poly(3,4-
ethylenedioxythiophene) (PEDOT) is one of the best conductive polymers available today. It has good
long time stability in ambient and aqueous conditions and high electrical conductivity.1 Combination
of the good properties of PEDOT with new functional groups could permit the preparation of
interesting new materials. Different strategies have been used for introduction of functional groups to
the conductive polymer backbone. Recently, a click method for functionalization of PEDOT was
developed. A new azide functional monomer was prepared and polymerized through an
electrochemical2 oxidative method on platinum as well as a chemically oxidative3 method that could
be performed on different substrates. This enabled the preparation of an azide functional conductive
polymer (PEDOT-N3) that could be functionalized through the copper catalyzed cycloaddition of
alkynes and azides (CuAAC). The advantage of this system is that the conductive polymer can be
prepared on non-conductive substrates, which eventually would facilitate simple preparation of
microfluidic devices.
Based on this approach the possibility of combining the modularity of click chemistry with sensor
applications was investigated. Through the high chemoselectivity of the CuAAC it would be possible
to attach diverse molecules to the conductive polymer. The effort in this area was focused on
controlling the reaction of species spatially in order to potentially construct sensor arrays on electrodes
and on conversion of the response towards an analyte into an electronical signal. Through
electrochemical reduction of the catalyst it was found to be possible to prepare a localized reacted
sample on a pair of interdigitated electrodes. Reaction optimization with a fluorescein and a
rhodamine alkyne was applied to illustrate the concept. In parallel samples with 12-crown-4 ethers
attached to the PEDOT as a potential ion selective sensor were analyzed using cyclic voltametric
measurements in a small electrochemical cell. The response towards different alkali ions were
investigated with different electrolytes containing lithium, sodium or potassium.

                                                  
1 Groenendaal, B. L.; Jonas, F.; Freitag, D.; Pielartzik, H.; Reynolds, J. R. Adv.Mater. 2000, 12, 481-494.
2 Bu, H.; Götz, G.; Reinold, E.; Vogt, A.; Schmid, S.; Blanco, R.; Segura, J.; Bäuerle, P. Chem. Commun. 2008,
1320–1322.
3 Daugaard, A.; Hansen, T.; Larsen, N.; Hvilsted, S. Macromolecules 2008, 41, 4321-4327.
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Abstract 
 

Since its introduction in 2001 by Sharpless et al., the concept of click chemistry has been a wide 
source of inspiration for the design of multifunctional polymer materials. The most studied and 
reliable click reaction so far is the copper(I)-catalyzed Huisgen 1,3-dipolar cycloaddition (CuAAC) of 
an azide (R-N3) and an alkyne (R-C≡CH). This synthetic pathway has been extensively applied to the 
different fields of polymer chemistry and materials science for the synthesis and functionalization of a 
wide range of advanced macromolecular architectures.1,2 
In our group, we developed a step growth polymerization strategy based on the CuAAC polyaddition 
of a library of tailor-made α-azide-ω-alkyne low molar mass monomers. The (co)polymerization of 
these monomers afforded high molecular weight (co)polymers with tunable structures and properties.3 
Also, we have shown that the CuAAC of a library of α-azide-ω-alkyne low molar mass monomers 
performed in high dilution conditions resulted in the quantitative formation of well-defined unimer 
macrocycles. Recently, we also developed an iterative synthetic strategy for the synthesis of 
molecularly defined macrocycles ranging from unimer to octamer derivatives and functional related 
materials. The combination of the monomer chemical nature and the properties of the multiple 1,4-
triazole rings afforded macrocycles with original properties that could be interesting for a large 
number of fields from catalysis to complexation and original macromolecular architectures. 
 
 

Scheme 1. Molecularly defined α-azide-ω-alkyne oligomers and macrocyclic derivatives 
obtained by iterative click chemistry synthetic strategies. 

                                                 
1 Meldal M., Tornoe C.W. Chem. Rev. 2008, 108, 2952. 
2 Binder W.H., Sachsenhofer R. Macromol. Rapid Commun. 2008, 29, 952. 
3 Binauld S., Damiron D., Hamaide T., Pascault J.-P., Fleury E., Drockenmuller E. Chem. Commun. 2008, 35, 
4138. 
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Abstract 
 

The optical and electrical properties of π-conjugated oligomers and polymers depend strongly on the 

nature and composition of monomers. Despite the immense potential in controlling and fine tuning the 

properties of organic electronic materials through monomer composition and sequence, only little is 

done along these lines.
1
 Here we report on a bio-inspired approach of using (close to) sequence 

independent synthesis of π-conjugated functional amino acids, 1 and 2 and protected aldehyde aryl 

phosphonic esters 3. 
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The using repeated reaction – deprotection – reaction cycles with full control over the monomer 

sequence we were able to produce and optimize electronic materials for different applications such as 

OLEDs and transistors.
2
 

 

 

 

 

 

 

                                                 
1. a) Frederik C. Krebs, Mikkel Jørgensen, Macromolecules, 35, 10233-10237, 2002. b) Mikkel Jørgensen, 

Frederik C. Krebs, J. Org. Chem., 70, 6004-6017, 2005. c) Ole Hagemann, Mikkel Jørgensen, Frederik C. Krebs, 

J. Org. Chem., 71, 5546-5559, 2006. 

2. a) Nir Tessler, Oded Globerman, Noam Rappaport, Yevgeni Preezant, Yohai Roichman, Olga Solomesch, 

Janos Veres, Shay Tal, Elena Gershman, Michal Adler, Vadim Zolotarev, Vladimir Gorelik and Yoav Eichen, 

"Conjugated Polymer Electronics- Engineering Materials and Devices" in "Conjugated Polymers: Processing and 

Applications", T.A. Skotheim and J. Reynolds Eds., 7-1 – 7-42, 2006. b) O. Solomeshch, Y.J. Yu, V. Medvedev, 

A. Razin, B. Blumer-Ganon, Y. Eichen, J.I. Jin, N. Tessler, Synthetic Metals,  157, 841-845, 2007.  

OC 5



 
 

AZIDE-ALKYNE CYCLOADDITION-ASSISTED 
DESIGN OF SUPER AND GIANT AMPHIPHILES 

GUILLAUME DELAITTRE, A.J. (TON) DIRKS, SANDER S. VAN BERKEL, MARCO FELICI, LINDA 
HENDRIKS, IRENE C. REYNHOUT,  NIKOS S. HATZAKIS, ALAN E. ROWAN, MARTIN C. 
FEITERS, FLORIS P.J.T. RUTJES, JEROEN J.L.M. CORNELISSEN, ROELAND J.M. NOLTE 

Institute for Molecules and Materials – Radboud University Nijmegen – Toernooiveld 1, 6525ED 
Nijmegen (The Netherlands) – g.delaittre@science.ru.nl 

 
Abstract 

 
The copper-catalyzed azide-alkyne cycloaddition (CuAAc) was designated as the click chemistry’s 
“cream of the crop” by Sharpless et al. in their seminal review in 2001.1 In our team, we employed this 
technique owing to its mild conditions and its high efficiency. The first feature is essential when 
proteins are involved and the later one is very important when working with large molecules like 
polymers since the coupling of bulky components is sterically unfavored and the separation of 
products from starting materials can be difficult. A few years ago our team introduced the concept of 
giant amphiphiles to describe molecules that consist of a protein as a hydrophilic head and a polymer 
as a hydrophobic tail. We initially used strong non-covalent interactions to couple a biotinylated 
polystyrene with biotinylated ferritin via a streptavidin-based bridge. Later on, we used the click thiol-
ene reaction to attach a maleimide-capped polystyrene to a lipase. Finally a polystyrene bearing an 
enzyme cofactor was successfully used to create horseradish peroxidase-based giant amphiphiles 
(HRP-PS). In this presentation, we will present our use of synthetic strategies involving CuAAc in the 
design of super and giant amphiphiles and introduced our recent interests in the incorporation of non-
natural clickable amino acids in viral capsid-constituting proteins. 
So far, our basic platform has been azido-capped polystyrenes (PS-N3). For its synthesis, atom transfer 
radical polymerization was demonstrated to be the most suitable polymerization technique since the 
halogenated polymer chain extremity can be easily turned into an azide by nucleophilic substitution. 
PS-N3 was reacted with different alkyne-functionalized bio-related entities such as β-cyclodextrin 
(βCD),2 a short peptide,3 bovine serum albumin (BSA)3 or a zinc-containing protoporphyrin IX,4 the 
latter being a cofactor used for further reconstitution with two different apo-enzymes (myoglobin and 
horseradish peroxidase – HRP). In every case, we observe the formation of micelles, vesicles or more 
complex self-assembled structures in water. The PS-βCD-based vesicles were finally decorated with 
enzymes through complexation of an adamantyl-modified HRP. 
We also demonstrated that the coupling between the polymer and a protein by CuAAc can be 
monitored using a fluorogenic method5 previously introduced by Wang and co-workers.6 
Finally our team also explored a copper-free click reaction between azides and oxanorbonadienes.7 
This tandem [3+2] cycloaddition-retro-Diels-Alder ligation proved to be efficient at 25°C and much 
quicker than with alkyne analogues in the same conditions. Thanks to this method oxanorbonadiene-
functionalized poly(ethylene glycol) was successfully conjugated to a RGD-containing peptide. 

 
 
 

                                                 
1 H.C. Kolb, M.G. Finn, K.B. Sharpless Angew. Chem. Int. Ed. 2001, 40, 2004. 
2 M. Felici, M. Marzá-Pérez, N.S. Hatzakis, R.J.M. Nolte, M.C. Feiters, Chem. Eur. J. 2008, 14, 9914. 
3 A.J. Dirks, S.S. van Berkel, N.S. Hatzakis, J.A. Opsteen, F.L. van Delft, J.J.L.M. Cornelissen, A.E. Rowan, 
J.C.M. van Hest, F.P.J.T. Rutjes, R.J.M. Nolte Chem. Commun. 2005, 4172. 
4 I.C. Reynhout, J.J.L.M. Cornelissen, R.J.M. Nolte J. Am. Chem. Soc. 2007, 129, 2327. 
5 A.J. Dirks, J.J.L.M. Cornelissen, R.J.M. Nolte submitted 
6 K. Sivakumar, F. Xie, B. M. Cash, S. Long, N. H. Barnhill and Q. Wang, Org. Lett. 2004, 6, 4603-4606. 
7 S.S. van Berkel, A.J. Dirks, M.F. Debets, F.L. van Delft, J.J.L.M. Cornelissen, R.J.M. Nolte, F.P.J.T. Rutjes 
ChemBioChem 2007, 8, 1504. 
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Microbial contamination and colonization of biomaterials and medical devices, ranging from
contact lenses to catheters to medical implants, is a wide-spread problem and potential risk for
sustained infection. The interface between biomaterials and tissue is particularly critical and
biomaterial-centered infection adversely affects the quality of life of many patients and cause major
health care costs. In this context, the development and use of efficient antimicrobial surfaces have
attracted rapidly increasing interest in academia, industry and clinics.
Our research work focuses on the development of novel dual-functional (biopassive and bioactive)
biocompatible surface coatings as model systems for testing their functionality towards the
prevention of device-related infections. The polyelectrolyte co-polymer brush composed of poly(2-
methyl-2-oxazoline) chains grafted to poly(Llysine) backbone (PLL-PMOXA)1,2 serves as a non-
fouling (biopassive) protective layer on the surface. When hydrated, it prevents the non-specific
adsorption of biologically active species. Further, introduction of bioactive antimicrobial peptide
into the biopassive copolymer brush provides dual functionality of the coating with the aim of
increasing its antimicrobial efficiency and reducing the extent of dead bacteria fouling. We will
utilize click chemistry as the conjugation reaction between PMOXA and the peptide.
PMOXA is obtained through living cationic polymerization of 2-methyl-2- oxazoline. This
synthetic approach enables the incorporation of various functional groups at defined positions
along the polymer chain, either specifically at the termini (by means of initiator and terminator) or
within the main chain (by means of functional monomers). For conjugation purpose, we equip the
PMOXA with an acetylene group at α-terminus by initiating the living cationic polymerization
with an acetylene-functional initiator. Termination with carboxy-functional piperidine derivatives
gives the carboxyl function to the PMOXA for grafting reaction with the PLL, which serves as the
anchor to negatively charged surfaces at neutral pH. We are currently striving to conjugate the
azide-functionalized antimicrobial peptide to the acetylene-functionalized PLL-PMOXA brush
grafted on the surface by means of surface-click chemistry approach.

References
1. Konradi, R.; Pidhatika, B.; Muhlebach, A.; Textor, M., Poly-2-methyl-2-oxazoline: A Peptide-

like Polymer for Protein-Repellent Surfaces. Langmuir 2008, 24, (3), 613- 616.
2. Pidhatika, B.; Moeller, J.; Vogel, V.; Konradi, R., Nonfouling Surface Coatings Based on

Poly(2-methyl-2-oxazoline). CHIMIA International Journal for Chemistry 2008, 62, 264-269.




