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Abstract

Two main strategies aiming at synthesizing alighptlyesters bearing pendant functional groupshvell
reported. The first one is based on the synthesidtee polymerization of lactones substituted byotes
functional groups. The direct grafting of functibgaoups onto aliphatic polyesters is the secoratesgy. Last
but not least, the association of these two sti@édg very promising in order to overcome thespective
limitations.
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1. Introduction

Biodegradable and biocompatible aliphatic polyeséee well-known biomaterials. Attachment of fuontl
groups along the chain is highly desirable to taitb@croscopic properties such as crystallinity,rbpéilicity,
biodegradation rate, bioadhesion and mechanicalepties. Besides, pendant functional groups causbd to
covalently attach molecules or probes of biologiotdrest.

Aliphatic polyesters can be synthesized eitherdlygondensation or by ring-opening polymerizatidhthe
one hand, the control imparted to polycondensasidimited. At the other hand, ring-opening polyization
(ROP) of lactones and lactides is a well-estabtigi®cess for the synthesis of aliphatic polyesiétis
predictable molecular weight, narrow molecular vistidistributions, and well-defined end-groups. Treigiew
aims at reporting recent advances in the syntleésisictionalized aliphatic polyesters synthesibgdROP.

Two main strategies allowing synthesizing aliphatityesters bearing pendent functional groups niight
distinguishe®! The first one is based on the synthesis and palyaté®n of lactones substituted by a functional
group™ It is worth pointing out that the copolymerizatiohlactones with other functionalized monomershsuc
as epoxides and carbonates is beyond the scopis aéview.

The direct grafting of functional groups onto ahpie polyesters is the second strategy.
2. Ring-Opening Polymerization of L actones Substituted by a Functional Group

In 1997, Tian et al. reported the synthesis ofgt{dpxaspiro[4.6]-9-undecanone by the Baeyer-yéli
oxidation of 1,4-dioxaspiro[4.5]dedcan-8-one. Tdyslic monomer was homopolymeriz8dind
copolymerizelf! with oxepan-2-onesCL for e-caprolactone) as shown in Scheme 1.

The functionalization of aliphatic polyesters bydhyxyl groups leads to increase in their hydrophifi Pendant
hydroxyl groups are also very useful for furthercneemolecular engineering. For instance, ROP imitldiy
pendant hydroxyl groups is a route towards comipastigpolyesters. Toward this end, the ketal grodips o
poly(eCL-co-oxepane-1,5-dione) were deprotected into ketambigh were finally reduced by sodium
borohydride into pendant hydroxyl groups (Scheme 1)
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Scheme 1. Synthesis of PCL with pendent OH groups.
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Later on, ketone-containing polyesters were sytitbdshy the more direct ROP ofL and oxepane-1,5-dione,
which was again synthesized by the Baeyer-Villigddation of cyclohexane-1,4-dione (Schemé'2).
Nevertheless, aluminum isopropoxide was not aciefit initiator because the complexation with tetoke
competes with the complexation with the ester, Wiiscthe first step of ROP. This problem was ovaredy
using tin(1V) alkoxides as initiators, which toléza the presence of ketones, for reasons whicreyedins
unclear.

Scheme 2. Synthesis and polymerization of oxepane-1,5-dione.
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In order to prepare aliphatic polyesters with pendeydroxyl groups, 5-triethylsilyloxyoxepan-2-one
(YEt:SiOeCL for 5-triethylsilyloxy-<-caprolactone) was synthesized from cyclohexanediblin three steps as
shown in Scheme 8.” The protection of the hydroxyl group prior to Baeyer-Villiger is mandatory because
hydroxyoxepan-2-one obtained by reaction of 4-hygcgclohexanone is not stable and rearrange i@ 5-
hydroxyethyl)dihydrofuran-2(3)-one(Scheme 4¥! yEt;SiO:CL was copolymerized witbCL in order to
obtain the corresponding statistical copolyesfefsThe deprotection of the hydroxyl group turned toube
difficult even under optimized conditions, espdgifbr copolyesters with aEt;SiOeCL content higher than
50% due to the noxious transesterification reaatioan internal ester by the released hydroxyl gravhich
results in the formation of a five-membered lactBh&s a rule, the protecting group has to be stabteigh to
avoid deprotection prior to polymerization and tembe deprotected under mild conditions under which
degradation of the polyester takes place. Thesatbmditions are contradictory and it is sometimiéfgcdit to
find a good compromise. To this respect, Hedrickl eteported the synthesis and the polymerizaiion
(benzyloxy)-oxepan-2-one. The benzyloxy group wegrdtected by catalytic hydrogenolysis, which asdlte
use of acidic conditionl. Last but not least, the intramolecular rearrangeroan be avoided just by changing
the structure of the lactone, which avoids theafg@rotection/deprotection reactions. Recently esabteams
reported the synthesis of several stable lactomestisuted by hydroxyl groups such as 5-(2-
hydroxyethyl)oxepan-2-on& 4-hydroxy-4-methyltetrahydrok2pyran-2-oné 6-(hydroxymethyl)-1,4-
dioxan-2-one*? and 5-(hydroxymethyl)-1,4-dioxan-2-dt (Scheme 5). It is worth recalling that these
monomers are nothing but AB inimers, whose polyradion is a route to hyperbranched aliphatic pagrss
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Scheme 3. Synthesis and polymerization)@ft;SiQ:CL.
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Scheme 4. Baeyer-Villiger oxidation of 4-hydroxycyclohexanone
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Scheme 5. Stable lactones bearing hydroxyl groups.
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Very recently, Feijen et al. reported the synthe$i3-(2-phenylethyl)-1,4-dioxane-2,5-dione and 8thyl-6-(2-
phenylethyl)-1,4-dioxane-2,5-dione, from serineh@ue 6Y** These monomers were homopolymerized and
copolymerized with L-lactid&! andsCL™! A very similar procedure was implemented by Gethat al. to
synthesize 3-methyl-6-(2-phenylethyl)-1,4-dioxang-@ione!®!

Scheme 6. Synthesis and polymerization of 3-(2-phenylethy}dioxane-2,5-dione and 3-methyl-6-(2-
phenylethyl)-1,4-dioxane-2,5-dione.
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The synthesis of lactones substituted by protedid such as 7-oxooxepan-4-yl 5-methyl-2-pheng-1,
dioxane-5-carboxylat® was also reported (Scheme 7).

Interestingly, Vert et al. investigated the synth@sd polymerization of 3-(2,2,2',2"-tetramethyd-4i-1,3-

dioxol-5-yl)-1,4-dioxane-2,5-dione(DIPAGYL), whidk nothing but a dilactone substituted by two aciete
groups, which can be partially deprotected intdsd{§cheme 8}

Scheme 7. Synthesis of 7-oxooxepan-4-yl 5-methyl-2-phenyHig8ane-5-carboxylate.
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Scheme 8. Copolymerization of DIPAGYL with lactide.
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The synthesis and the polymerization of lactonéstsuted by amines are less common even toughhthey a
great potential for many applications. The synthes$i4-(trifluoroacetyl)-1,4-oxazepan-7-one by eethstep
process was reported by Hedrick et al. (Schem&H.deprotection of the amino group turned outeo b
complicated by the sensitivity of the aliphatic yester. NaBHwas the most efficient reagent surveyed and mild
conditions as well as short reaction times wereired to minimize degradatidi.More recently, Gerhardt et

al. reported the synthesis of benzyl [(3,6-dioxé-dioxan-2-yl)methylJcarbamate from lysine (Schebg!*®!
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Scheme 9. Synthesis and polymerization of 4-(trifluoroacety-oxazepan-7-ord.
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Scheme 10. Synthesis and polymerization of benzyl [(3,6-dibxb-dioxan-2-yl)methyl]carbamaf¥’
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The functionalization of aliphatic polyesters bylmaylic acids is another approach allowing incheggheir
hydrophilicity. Carboxylic acids being not tolerdtby aluminum and tin alkoxides, which are theiandrs for
ROP, it was again necessary to use protection/thsgiron reactions. At the one hand, Lecomte aeglorted on
the silyl-protected 7-oxooxepane-4-carboxylic g8dheme 11§ At the other hand, Hedrick et al. proposed to
protect the carboxylic as benzyl or t-butyl es@s@n alternativ€l The deprotection after polymerization was
easily carried out under non degrading conditibfeszertheless, the purification of the monomer tdroat to be
a key issue due to undesired deprotection of tHeogglic acid. Due to the presence of acidic impesi, the
homopolymerization was not easy to carry out. Peblem was tackled by using t-butyldiphenylsilyyox
protecting groups more stable than the more uspiatyidimethylsilyloxy protecting groups. The polgnization
was controlled when initiated by aluminum isoproigex It is worth noting that the polymerizationgifenyl 4-
oxooxetane-2-carboxylate (or benpymalolactonate) yields poly(benz§dmalolactonate), which can finally be
deprotected into pol¢malic acid) by catalytic hydrogenation, as recergviewed elsewher&”
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Scheme 11. Synthesis and polymerization of the silyl-protecteakooxepane-4-carboxylic acid.
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Very recently, Gerhardt et al. reported on the lsgsits of benzyl 3-(5-methyl-3,6-dioxo-1,4-dioxan-2-
yl)propanoate from glutamic acid (Scheme #9).

Scheme 12. Synthesis and polymerization of benzyl 3-(5-medlfddioxo-1,4-dioxan-2-yl)propanoate.
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Much attention has been paid on the synthesislofjba-containing aliphatic polyesters because #leden
function can be used for further chemical transtfans such as elimination and quaternization ieasf”
Detrembleur et al. reported the synthesis of 5-lomxapan-2-oneyBreCL for y-bromo<€-caprolactone)
synthesized by a three-step strategy shown in SeH@%" The homopolymerization gBreCL and its
copolymerization witlkCL was under control when aluminum isopropoxidesisd as an initiator.
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Scheme 13. Synthesis and polymerization of benzyl 3-(5-medlBAdioxo-1,4-dioxan-2-yl) propanoate.
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Later on, a more direct strategy was implementetdnpir et al. who reported the synthesis of 3-adaepan-
2-one (CleCL for a-chloro€-caprolactone) in only one step by the Baeyer-y§fitioxidation of 2-
chlorocyclohexanone (Scheme 141t is worth noting that the Baeyer-Villiger reamtiis not 100% selective
as witnessed by the formation of 7-chlorooxepam&-as a minor isomer. It is mandatory to carefidiyjove 7-
chlorooxepan-2-one prior to polymerization becahgeisomer inhibits the polymerization by a medsan
shown in Scheme 15. A slight drawbacks@fleCL compared tgBreCL is its lower thermal stability at room
temperature andCleCL needs to be stored at -20°C. The polymerizaticthis monomer was not under control
when initiated by aluminum alkoxides for reasonsclitiemain unclear. Nevertheless, this polymernizatf
aCleCL can be successfully initiated by tin(IV) alkog#? and by alcohols in the presence of tin oct&ate.
More recently, the same approach was used by Waalgte synthesize 3-bromoooxepan-2-one but thenthl
stability of this monomer was not mentiorf&¥.

Scheme 14. Synthesis and polymerizationadleCL andaBreCL.
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Scheme 15. Inhibition mechanism of ROP in the presence of [éroloxepan-2-one.
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The synthesis of unsaturated aliphatic polyestehighly desirable because they can be crossliakddalso the
double bond can be converted into other functidiesli for instance by dihydroxilation and epoxidati
reactiond?® %!

Mecerreyes et al. proposed the synthesize of p{gren-1-yl)oxepan-2-one by the Baeyer-Villigeraadion of
2-(prop-2-en-1-yl)cyclohexanone but this reacticaswot very efficient because epoxidation of thebdebond
could not be avoided, which limits the yield (Scteeh)?*®!

Scheme 16. Synthesis of 7-(prop-2-en-1-yl)oxepan-2-one.
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Lactones functionalized with an endocyclic doutded) were obtained by the elimination reaction@feCL.*"!

Nevertheless, this reaction was again not selebteause a mixture of 6,7-dihydrooxepin{2fsne and of
6,7-dihydrooxepin-2(8B)-one was obtained (Scheme 17). The two isomers sggarated by chromatography.
Interestingly, 6,7-dihydrooxepin-2(3-is an unusual monomer, which can be polymerizetiio distinct
mechanism. At the one hand, the ROP can be indtiayealuminum alkoxide’$”’ At the other hand, the
polymerization can also be carried out by a ringropg metathesis mechanism. Indeed, 6,7-dihydraoxep
2(3H?2;/]vas successfully mediated by the Schrock's csttadyen though the control of the polymerizaticasw
poor:

Scheme 17. Synthesis of 7-(prop-2-en-1-y|)oxepan-2-0ne.
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After these first reports, more selective synthese® reported. Lou et al. reported the selectivehesis of
6,7-dihydrooxepin-2(8)-one by a strategy based on the elimination @len®xide shown in Scheme #3.

Scheme 18. Synthesis of 6,7-dihydrooxepin-2(5H)-one.
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Emrick et al. reported on the synthesis of 3-(p2egn-1-yl)tetrahydro-B-pyran-2-one by reaction of
tetrahydro-21-pyran-2-one&VL for 8-valerolactone) and LDA into the corresponding atefollowed by
reaction with 3-bromoprop-1-ene (Scheme 19). Wasth nothing that the yield of this reaction degethe size
of the lactone, as shown by the lowest yield olet@ifor the allylation 0CL even under optimized conditions.
3-(prop-2-en-1-yl)tetrahydro¥2-pyran-2-one was homopolymerized and copolymenizital cCL by ethanol

the presence of Sn(OBH” In another work, Emrick et al. reported on thetkgsis of 7-oxaspiro[4.5]dec-2-en-
6-one by a strategy based on ring closing metatf@ssshown in Scheme 58

Scheme 19. Synthesis and polymerization of 3-(prop-2-en-leythydro-2H-pyran-2-one.
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Scheme 20. Synthesis of 7-oxaspiro[4. 5]dec—2—en—6—one
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Interestingly, the synthesis and the polymerizatib8-(prop-2-en-1-yl)-1,4-dioxane-2,5-dione, whismothing
but an allyl-substituted glycolide, was reportedHBnnink et al. (Scheme 28§

Scheme 21. Synthesis and polymerization of 3- (prop -2-en- ﬂy&)—dioxane -2,5-dione.
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7-oxooxepan-4-yl prop-2-enoate is the first reppegample of a difunctional monomer polymerizabjeveo
different controlled processes: ROP and atom teanrsflical polymerization (ATRP¥ This monomer was
synthesized by a three-step strategy shown in Sel@and was homo- and copolymerized wiEh by ring-
opening by using aluminum isopropoxide as an itatisLater on, a two-step backbiting reaction waseyved
during this polymerization, which results in therf@tion of 2-(5-oxotetrahydrofuran-2-yl)ethyl pr@penoate
by the mechanism shown in Schemée*3a\evertheless, the extent of this side reactidess important as long
as the temperature is low and the reaction is siwpapidly after complete monomer conversion. Titérd)
force of this side reaction is the very favoraldenfation of a five-membered ring. In order to owene this
issue, the acrylic functionality was introducedaimother position. Toward this end, Li et al. systhed 1-(2-
oxooxepan-3-yl)ethyl prop-2-enoate by a three-ptegess shown in Scheme 241t is worth noting that all
these lactones substituted by acrylic groups arstable owing to noxious radical reactions. THas®nes
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have to be stored in the presence of a radicakscger at -20°C.

Scheme 22. Synthesis and polymerization of 7-oxooxepan-4-gp - enoaté32]
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Scheme 23. Two-step backbiting reaction in the polymerizatafry-oxooxepan-4-yl prop-2-enoate initiated by
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Scheme 24. Synthesis of 1-(2-oxooxepan-3-yl)ethyl prop-Z-mﬁﬂ
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3. Direct grafting of Functional Groupsonto Aliphatic Polyesters

The synthesis of lactones substituted by functignalips requires too often a multi-step synthesiseaexpense
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of the final yield, which can be quite low. In orde tackle these drawbacks, the grafting of fuorei groups
onto preformed polyester chains is a very appeapmoach because a wide range of functional groapde
attached from a single precursor and the syntliésisbstituted monomers is no more required, whichhuge
advantage. Besides, the functionalization of aliigha@olyesters by alcohols and carboxylic acideasy efficient
without using protection and deprotection reactioesause functionalization takes place after potizagon. A
representative example was reported by Vert &ai®*¥who metallated PCL by LDA with formation of a
poly(enolate), which was then reacted with seveledtrophiles for further functionalization. (Scheb). The
implementation of this strategy is however limitgdunavoidable chain degradation in competitiorhwettain
metallation. It is difficult to reach functionalizen efficiencies higher than 30%, which can baratation for
several applications.

Scheme 25. Chemical derivatization of PCL by an anionic route.
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4. Ring-Opening Polymerization of Suitably Substituted eCL s Followed by Derivatization of the
Substituent

In order to tackle the problems inherent to theasuliscussed earlier, it appears that a combmafithese two
strategies into a two-step process might be a baternative (Scheme 28) Thus,eCL substituted by a
suitable functional group is first polymerized,léoled by the derivatization of the substituent inémious
functional groups. A wide range of aliphatic polges could accordingly be made available from glsin
precursor.

Scheme 26. ROP of substitutedCL followed by its chemical derivatization into imars functional aliphatic
polyesters.
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For this strategy to be successful, the followinteda should be satisfied: (1) The synthesishef $ubstituted
monomer should be as direct as possible and tie sf@uld be high (2) this monomer should complthwi
controlled (co)polymerization, (3) the envisionestidatization reactions should be carried out unndital
conditions in order to (i) avoid chain degradati(i,avoid protection/deprotection of the functsoto be
incorporated, (iii) favour quantitative reactioreevat high content of functional groups.
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Scheme 27. Grafting of PEO onto PCL according to Emrick ef?l
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An example of this strategy was reported by Emeickl. who implemented an esterification reactibn o
carboxylic acid-terminated PEO and a copolyestached by pendant hydroxyl groups (Schemé®2/7yhis
process could be easily extended to other fundiimateons just by changing the structure of thebcawylic acid.
The main limitation of this approach relies on tedi synthesis of aliphatic polyesters bearing petnaiaohols,
as pointed out in "Polyelectrolyte Stars and Cyiicel Brushes Made by ATRP: New Building Blocks in
Nanotechnology".

Mayes et al. reported the grafting of aminooxy-teated PEO onto the ketone groups of paBi(-co-oxepane-
1,2-dione) (Scheme 28! The synthesis of the starting polyester is digscshown in Scheme 2. Nowadays,
these functionalizations have been extended todzjmz&® and to other aminooxy small molectf&é$? It is
also worth noting that the coupling of amines juative animation was investigated by Wooley ebat.the
efficiency turned out to be not sufficiéfit One important issue is the low solubility of cogesters with a high
content of oxepane-1,2-dione in many organic sdg/emhich might limit the extent of functionalizati.

Scheme 28. Grafting of PEO onto PCL according to Mayes et al.
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Recently, thiols were added onto pendant acrylataps of PCL! For example, thiol end-capped PEO was
added onto the pendant acrylic groups of PCL (cargéacrylic units = 18 mol%) in the presence pffigine
(THF, room temperature, 300 h [pyridine]/[thiollgfglate] = 15/10/1). The poly(CL-g-EO) graft copoigr was
formed as result of 65% conversion of the acryfitsu These experimental conditions were extendebe
addition of mercaptoacetic acid, the acrylic cosi@r being 71% after 75 h. Interestingly, no degtimeh was
observed and no cumbersome protection/deprotexaxation was needed. Nevertheless, the Michaelioeas
not quantitative and there is a risk of cross-ligkthrough the residual acrylic groups.
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Scheme 29. Derivatization of pendent acrylic unsaturationsREL by Michael addition.
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In a similar approach, thiols were grafted onto R@tached with pendant epoxid&s>” Nevertheless, the
synthesis of aliphatic polyesters bearing pendpaxiees is quite complicated because a two-stepoagh is
needed; the synthesis of unsaturated aliphaticegtays being the first step and the epoxidatiatooble bonds
being the second step.

The synthesis ai-chlorinated PCL is straightforward (Scheme 14) elnidrides activated by a carbonyl group
are well suited to react by atom transfer radicaiion (ATRA). Several alkenes substituted by vas
functional groups were grafted onto PCL by ATRA fagedd by CuBr/MgTREN (Scheme 30f° No protection
was needed and no chain degradation was observBE®yMoreover, ATRA ofi-methoxy,w-acrylate-PEO
(M,, (PEO = 750) onto polyCleCL-co<CL) (M, = 17,500 ; 4&CleCL units) yielded a graft copolymer, with
nine PEO graft§®! However, 18 chlorinated units per chain were bysteduction during ATRA. The situation
got worse when but-3-enoic acid was used becaugaeduction was observed. Interestingly, no pai@asi
reduction of the chlorides occurred by using HMTERStead of METREN as a ligand but the activity of the
catalyst was decreased. ATRA took place with a matdeyield of 32% after 24 h. Increase of the terapee
(85°C instead of 65°C) allows reaching completetegshains were then degraded simultaneously. The
stoichiometric amount of the copper catalyst withpect to activated chlorides, which is neededTiRA,
contaminates the final polyester, which may be oeptable depending on the end-use of the polymer.

Scheme 30. Derivatization of thex-chloride pendant groups of PCL by ATRA.
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5. Conclusions

Nowadays, the synthesis of aliphatic polyestersibggendant functional groups remains challengirtge
synthesis and the RGF a wide range of functional lactones have beponted. Nevertheless, a multi-step
synthesis of the monomer is often required andjtbieal yield might be low. The direct functionaliia of
aliphatic polyesters is a very direct approach.eé\heless, many reactions used until now are natifative or
are performed under conditions which are not mildugih to prevent degradation from occurring. thiss
highly desirable to implement more efficient reant and copper mediated azide-alkyne cycloaddititmch is
nothing but the most widely used "click" reacti@yery promising.



Published in: New smart materials via metal medlatecromolecular engineering (2009), pp. 343-360.
Status : Postprint (Author’s version)

Acknowledgement

The authors are much indebted to the Belgian Sei€uadicy for financial support in the frame of the
Interuniversity Attraction Poles Program (PAI 6/2Functional Supramolecular Systems. Ph.L. is &Reh
Associate by the Belgian "National Fund for ScignfResearch" (FNRS).

References

[1]  Ph. Lecomte, R. Riva, S. Schmeits, J. BigH. Van Butsele, C. Jéréme, R. JéroMacromol. Symp40, 157-165 (2006).
[2] X. Lou, C. Detrembleur, R. JérdnmMacromol. Rapid Commug@4, 161-172 (2003).

[3] D. Tian, Ph. Dubois, Ch. Grandfils, R. J&&Macromolecule80, 406-409(1997).

[4] D. Tian, Ph. Dubois, R. Jéroméacromolecule80, 2575-2581 (1997).

[5] J.-P. Latere, Ph. Lecomte, Ph. Dubois,&Rohe Macromolecule85, 7857- 7859 (2002).

[6] F. Stassin, O. Halleux, Ph. Dubois, C. Betbleur, Ph. Lecomte, R. JérorMacromol. Sympl53, 27-39 (2000).

[7] S. Gautier, V. d'Aloia, O. Halleux, M. MazzPh. Lecomte, R. Jérémk Biomater. Sci. Polym. Edd4, 63-85 (2003).

[8] C.G.Pitt, P. Ingram, R. W. HendrdnPolym. Sci.: Part A: Polym. Che@b, 955-966 (1987).

[9] M. Trollsas, V. Y. Lee, D. Mercerreyes, [Bwenhielm, M. Mdller, R. D. Miller, J. L. Hedricklacromolecule83, 4619-4627
(2000).

[10] M. Liu, N. Vladimirov, J. M. J. Fréchdtlacromolecule82, 6881-6884 (1999).

[11] F. Tasaka, Y. Ohya, T. OucMacromol. Rapid Commu@2, 820-824 (2001).

[12] X.-h. Yu, J. Feng, R.-x. Zhubjacromolecule88, 3244-6247 (2005).

[13] P. G. Parzuchowski, M. Grabowska, M. Tryzs&iyG. Rokicki,Macromoleculeg9, 7181-7186 (2006).

[14] M. Leemhuis, C. F. van Nostrum, J. A. W. fier, Z.Y. Zhong, M. R. ten Breteler, P. JjKtra, J. Feijen, W. E. Hennink,
Macromolecule89, 3500-3508 (2006).

[15] C. A. M. Loontjens, T. Vermonden, M. LeemfuM. J. van Steenbergen, C. F. van Nostrum, \WMdanink,MacromoleculeglO,
7208-7216 (2007).

[16] W. W. Gerhardt, D. E. Noga, K. |. Hardcas#e J. Garcia, D. M. Collard, M. Weckjacromolecule§, 1735-1742 (2006).
[17] K. Marcincinova Benabdillah, J. Coudane,Bbustta, R. Engel, M. VeriMacromolecule82, 8774 (1999).

[18] Ph. Lecomte, V. D'aloia, M. Mazza, O. Hakle®. Gautier, C. Detrembleur, R. Jérdelym. Preprints, Am. Chem. Sdd,(2),
1534-1535 (2000).

[19] O. Coulembier, P. Degée, J. L. Hedrick, BbbBis,Prog. Polym. Sci31, 723-747 (2006).

[20] C. Detrembleur, M. Mazza, O. Halleux, Plecbmte, D. Mecerreyes, J. L. Hedrick, R. Jérdvecromolecule83, 7751-7760
(2000).

[21] C. Detrembleur, M. Mazza, O. Halleux, Plecbmte, D. Mecerreyes, J. L. Hedrick, R. Jérvacromolecule83, 14-18 (2000).
[22] S. Lenoir, R. Riva, X. Lou, CDetrembleur, R. Jéréme, Ph. Lecoritacromolecule87, 4055-4061 (2004).

[23] R.-S. Lee, Y.-T. Huand, Polym. Sci.: Part A: Polym. Che#d6, 4320-4331 (2008).

[24] G. Wang, Y. Shi, Z. Fu, W. Yang, Q. HualYgZhang,Polymer46, 10601- 10606 (2005).

[25] M. L. Leemhuis, N. Akeroyd, J. A. W. Kruigg, C. F. van Nostrum, W. E. Henniriyr. Polym. J44, 308-317 (2008).

[26] D. Mecerreyes, R. D. Miller, J. L. HedridRh. Detrembleur, R. Jérdbme]. Polym. Sci., Polym. Cher38, 870-875 (2000).

[27] X. Lou, C. Detrembleur, Ph. Lecomte, R. #e(J. Polym. Sci.: Part A: PolynChem 40, 2286-2297 (2002).



Published in: New smart materials via metal medlatecromolecular engineering (2009), pp. 343-360.
Status : Postprint (Author’s version)

[28] X. Lou, C. Detrembleur, Ph. Lecomte, R. d#éede-polymers34, 1-12 (2002).

[29] X. Lou, C. Detrembleur, Ph. Lecomte, R. #éedMacromolecule84, 5806- 5811(2001).

[30] B. Parrish, Quansah J. K. T. EmridkPolym. Sci.: Part A: Polym. Cher0, 1983-1990 (2002).
[31] B. Parrish, T. Emrickylacromolecule87, 5863-5865 (2004).

[32] D. Mecerreyes, J. Humes, R. D. Miller, J. Hedrick, Ph. Lecomte, Ch. Detrembleur, R. Jérdvteeromol. Rapid. Commug1,
779-784 (2000).

[33] X. Lou, C. Detrembleur, Ph. Lecomte, R. #éedMacromol. Rapid Commu23, 126-129 (2002).
[34] H.Li, R. Jérdbme, Ph. Lecomfeplymer47, 8406-8413 (2006).

[35] S. Ponsart, J. Coudane, M. V&ipmacromolecules, 275-281 (2000).

[36] B. Saulnier, S. Ponsart, J. Coudane, H.&sarr M. VertMacromol. Biosci4, 232-237 (2004).
[37] M.-H. Huang, J. Coudane , S. Li, M. Verd, Polym. Sci., Polym. Che#d8, 4196-4205 (2005).
[38] B. Nottelet, J. Coudane, M. VeBiomaterials27, 4948-4954 (2006).

[39] I. Taniguchi, A. M. Mayes, E. W. L. Chan, G. Griffith, Macromolecule88, 216-219 (2005).
[40] E. L. Prime, J. J. Cooper-White, G. G. QiAast. J. Chenb9, 534-538 (2006).

[41] B. A. Van Horn, R. K. Iha, K. L. Wooleyacromolecule41, 1618-1626 (2008).

[42] B. A. Van Horn, K. L. WooleySoft Matter3, 1032-1040 (2007)

[43] B. A.Van Horn, K. L. WooleyiMlacromoleculeglO, 1480-1488 (2007).

[44] J. Rieger, K. Van Butsele, P. Lecomte, Ctr@mbleur, R. Jéréme, C. Jéror@em. Commur274-276 (2005).
[45] R.Riva, S. Lenoir, R. Jérdbme, Ph. LecorR@lymer46, 8511-8518 (2005).

[46] R. Riva, J. Rieger, R. Jérdbme, Ph. Lecotht€olym. Sci.: Part A: Polym. Ched#, 6015-6024 (2006).



