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SUMMARY: A novel combination of living polymerization reactions has been proposed for the controlled
synthesis of poly(alkyl methacrylatgyaft-polylactones. This strategy relies upon the sequential living poly-
merization of alkyl methacrylates and aliphatic lactones, with an intermediate chemical transformation for
shifting from the first mechanism to the second one. In the first step, an alkyl methacrylate (methyl and
butyl) is copolymerized with 2-trimethylsiloxyethyl methacrylate (TMSEMA). This living anionic polymeri-
zation is initiated with diphenylhexyllithium( DPHLI) in the presence qf-igand, lithium chloride, in THF

at —78C. The trimethylsiloxy groups are then hydrolyzed with release of hydroxyl groups which are reacted
with triethylaluminum in order to form a multifunctional macroinitiator of the Al alkoxide type. The second
step consists of the ring opening polymerization (ROP) of aliphatic lacteresptolactoneg-valerolactone

and 1,4,8-trioxaspiro[4.6]-9-undecanone (TOSUO)) with the formation of novel graft copolymers. As a result
of the livingness of both the anionic and the ROP polymerization steps, the molecular weight of both the
main backbone and the grafts is predictable, the apparent polydispersity is n&kytv from 1.05 to 1.30)

and the grafting density can be controlled being dependent on the distribution of the hydroxyl groups within
the precursor backbone.

Introduction living anionic® and group transfer polymerizati®rand
The controlled synthesis and thorough characterization fving/controlled” radicaP techniques. The second strat-
macromolecules of a complex although well-definecgy is the so-called “grafting-onto” technique, that
molecular structure is nowadays an important challengequires the coupling reaction ej-functional polymers
in polymer science. The relevance of this issue has to lvdth mutually reactive groups attached onto a preformed
found in the strong dependence of the polymer propertiggolymer. The limited availability of suitable pairs of reac-
not only on the size and chemical nature of the chainsive groups and the possibly hindered and usually
but also critically on the chain topology. In addition to anunknown access of the functional groups attached to the
academic interest, new applications have emerged foriginal polymer limit the interest of this method and
polymers and copolymers of a branched structure, e.gxplain why very few well-defined branched structures
viscosity modifiers for branched homopolymers andave been prepargd. In the third strategy, referred to as
interfacial agents in emulsions, dispersions, and polymdhe “grafting-from” technique, the growth of the grafted
blends for graft copolymers. arms from the central backbone is initiated by a multi-
Scheme 1 illustrates the three main strategies corfunctional polymeric precurs6f. This method has the
monly used for the synthesis of graft copolymers. Thadvantage of a limited number of reaction steps (two) and
most popular strategy is the “macromonomer techniqudhe synthesis of well-defined graft copolymers when liv-
which is based on the copolymerization of a macromonang polymerizations are involved.
mer with vinyl or acrylic comonomets The main advan-  The purpose of this paper is to report on a new and gen-
tage of this technique is the wide variety of the availableral synthesis of well defined poly(alkyl methacrylate)-
macromonomers and comonomers. Since copolymerizgraft-polylactone copolymers by the *“grafting-from”
tion is usually initiated by free radicals, the copolymeritechnique based on two well known living mechan-
zation yield may be limited and the branched structure ismg®!t, j.e., the ligated anionic polyaddition of
poorly controlled. This situation has however beerfmeth)acrylates and the coordination-insertion ring open-
improved in the recent past by using more extensivelyng polymerization of lactones.

2 Present address: “Service des Mutex Polymees et Composites”, Universitde Mons-Hainaut, 20 Place du Parc, 7000 Mons,
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Schemel: Main strategescommonlyusedfor the synthesiof graft copolymes

Macromonomer technique:
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Grafting-from technique:

Experimental part

Materials

Methyl methacrylate(MMA), 2-trimethylsiloxyethyl meth-
acrylate (TMSEMA) and butyl methacrylate (BUMA)

(Aldrich) werefirst dried over calcium hydride for 48 h at

room temperatureand distilled under reduced pressure.
Before polymerization,a 10 wt.-% AlEt; solutionin toluene
was added until a persistentyellowish green color was
observed.They were then distilled under reducedpressure
just before use. e-Caprolactone(eCL) and J-valerolactone
(6VL) (Janssenyere dried over calcium hydride for 48 h

and distilled just before use. 1,4,8-Trioxaspio[4.6]-9-unde-
canone(TOSUO)was preparedas reportedelsewher& and
dried by two azeotropicdistillations of toluenebefore use.
Triethylaluminium (Fluka) was dissolvedin dry tolueneand
the concentratiorwasmeasuredy complexometriditration

of Al with a standardsolution of ethylenediaminetetraacetic

acid. Toluene and tetrahydrofuran(THF) were dried by
refluxing over sodium/benzophenonsomplex and distilled
prior to use.Diphenylhexyllithium(DPHLI) waspreparedat
room temperatureby reacting butyllithium and diphenyl-
ethylenein toluenefor 24 h. Triphenylcarbeniuntetrafluoro-
borate (Acros), sodium borohydride (Janssen and ethanol
(Riedelde Haen)wereusedasreceived.

Generalprocedue for the anionic copolymerizatiorof alky!
methacrylates

The anioniccopolymerizationof mixturesof TMSEMA and
MMA or BUMA werecarriedoutin a previouslyflamedand

nitrogen-puged glassreactorundera nitrogen atmosphere.

LiCl (10 equivalentswith respectto the initiator) was first
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introdueed and dried underhigh vacuumat 80°C for 16 h.
THF andthe initiator weretransferrednto the glassreactor
througha rubberseptumwith a stainlesssteelcapillary anda
syringe respective}. The initiator solutionwasaddeddrop-
wiseat —78°C to LiCl containingTHF until the initiator red
color persisted.The requiredamountof initiator was then
added followed by the comonomersnixture. Copolymeriza-
tion wascarriedout for 5 h at —78°C. Thereactionmedium
wasthenaddedwith anexcesf acidic methanolandstirred
at room temperaturefor 18 h in order to deprotectthe tri-
methylsilbxy groupsinto the desiredhydroxyl functions.The
copolyme was precipitated into cold hexane,and dried
undervacuumat 60°C for 48 h.

Generalprocedue for the graft ring openingpolymerization

Therequiredamountof methacryliccopolymerwasaddedto

a previouslyflamedandnitrogen-pugedglassreactorunder
nitrogenflux. It wasdried by two azeotropicdistillations of

toluene,and then dissolvedin dry THF. This solution was
cooled down to —78°C, and 2 equivalentsof AlEt; (with

respectto the hydroxyl pendantgroups)were addedwith a
syringe and reactedat room temperaturefor 150min and
then at 50°C for extra 30 min. Finally, the selectedactone
was addedto the reaction mixture and let to polymerize
undervigorousstirring at room temperatureAfter addition
of an HCI excesswith respectto the initiator (0.1m HCI

solution) THF was partly distilled off andthe polymerwas
precipitatedinto cold heptane.The crude copolymer was
dried under vacuum at 40°C until constantweight. The
TOSUOcomonometunits werederivatizedinto ketonesand
finally into hydroxyl groups as reportedelsewher&). The
hydroxyl end groups of the polyestergrafts were reacted
with 2 equivalentsof 3-triethoxysilylpropyl isocyanatein
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dry tolueneat 50°C for 48 h, andthe final copolymerwas
precipitatedn dry heptane.

Characterization

Size exclusion chromatography(SEC) was carried out by
using a Hewlett-Packard 1090 Liquid Chromatogram
equippedwith four columns(1C°, 10°, 500and100A) anda
Hewlett-PackardL037A refractive index detector Polystyr
ene or poly(methyl methacrylate)standardswere used for
calibration, and the number(M,) and weight average(M,,)
molecular weights and the polydispersity index (M,/M,)
were calculated.Nuclear magneticresonancespectroscopy
was performedwith a Bruker AM400 spectrometemsing
deuteratedchloroform as solvent and tetramethylsilaneas
internal reference Differential scanningcalorimetry (DSC)
wascarriedoutwith a Mettler-ToledoTA8000apparatus.

Resultsand discussion

Synthesisof graft copolymes by the “grafting-from”
technique requiresthe preliminary synthess of (co)poly-
merscontaininginitiator sitesfor the graft formation, pro-
tectedor not andrandomlydistributedalongthe chan. In
this study (Scheme2), hydroxyl groups have been
attachel alonga methacylic backboneby living anionic
copolymeization of 2-trimethylsiloxyethyl methacylate
(TMSEMA) with methyl metacrylate(MMA) . The tri-
methylsloxy groups of the TMSEMA unitsarevery con-
venientprecursorof the desiredhydroxyl groups dueto
their stabiity towardsanionsat low temperatureandtheir
propensityto hydrolysis under acidic conditions.Tab.1
lists the copolymehacrylates that have been prepaed
with molecula weight, polydispesity, and 2-hydo-
xyethyl methacylate (HEMA) content. This OH content
hasbeencalcdated by *H NMR from the relative inten-
sity of the methylene protons of HEMA at 4.11 and
3.84ppm and the methyl esterof MMA at 3.60 ppm.
Thereis agoad agreemenwith the expectedvaluesbased
onthetheoreticaTMSEMA comonaner content.Corsis-
tently with the useof LiCl asaligandfor the active spe-
cies,the polydispesity is very narow. The copolymetha-
crylate chainsprepare in THF contan ca. 80% syndo-
tactic triads. It is worth pointing out that the TMSEMA
and thus the HEMA contents have been delibemately
maintainedow in orderto preparegraft copolymerswith
a low branching density The expeimental datareported
in Tab.1 corfirm that the ligated anionic copolymeiza-
tion of atleastthe MMA/TMS EMA pair allowsto control
the molecular weight of the copolymerbackbor by the
monomerto initiator moleratio andto predictthegrafting
densityby the TMSEMA contentof the comonomerfeed
How the graftsaredistributedalongthe polymethacryate
backboneremans, however a pending question since
the reactivity ratios characteistic of the anionic copoly-
merizaton of the MMA/TMSEMA and BUMA/
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Tab.1. Anionic copolymeization of mixtures of TMSEMA
andMMA (BUMA) initiated by diphenylhexyllithiumin THF at
—78°C in thepresewe of 10 equivalentof LiCI?

Code Alkyl frmsema®” Frema® Micad Mose® Mu/M,
metharylate
la MMA 0.08 0.08 20000 20000 1.01
1b MMA 0.04 0.03 60000 61000 1.04
1c MMA 0.04 0.03 30000 28000 1.02
1d BUMA 0.08 0.07 15000 11000 1.01

&

Copolymeizationwascomplge within 5 h.

Mole fractionin thecomonome feed.

Mole fractionin the copolyme measiredby *H NMR.
Theoeetical number averag@ moleailar weight = £ comono-
mermass/molenitiator.

Expeimental number averagemolecular weight measured
by SEC(PMMA standards).

g ez

&

TMSEMA pairs are unknownin the scientfic literature
andtheir very time consuming determnation was out of
the scope of this study. It is however reasonald to
asumethat thesereactivity ratiosare not equa to unity,
so that a composiion drift of the copolymer formed
might take place and resultin a heterogneousdistribu-
tion of the hydroxyl groupsand ultimately of the grafts.
The bestway to limit this possibleheterogneity is to
keepthe copolymerizatonyield low enough

The secondstepof the grafting readion is the conver
sion of the HEMA containing polymethacryate into a
multifunctional macronitiator for the ROP of lactones.
The hydroxyl groupshavethus beenreactel with a two-
fold molar excessof AlEt; (with resgect to Al) using
dilute soluions (ca. 2+ 10 M hydroxyl and 4- 103 m
AlEts). Undertheseconditions, the reactionis driven to
conpletion, aggreation of the formed diethylaluminum
monoalkodes?® and formation of monoalkykluminium
dialkoxides® areminimized Tab.2 lists the main expei-
mertal conditionsandthe molecubr chamcterigics of the
synhesized graft copolymes. This strategy has been
extended to severalmethacylic monomers(MMA and
BUMA) and lactanes (¢CL, VL, and TOSUQ. The
copolymerizaton yield is usualy high, and the copoly-
mer composiion is in good agreenent with values
expectedfrom the initial OH/lactonemoale ratios. M, of
the graft copolymes has been calculted accoding to

Eq. (1):

I\Wn = I\Wn,macro"' (Vvlact/Wma) : Mn,macro (1)
where M, macro iS the malecularweight of the macranitia-
tor (determinedoy SEC)andW.. andW,, arethe weight
compositiors in lactone and methacylate, respectivéy.
The avermge numbe of branche per chain (Ny,) is sup-
posel to be the averagenumbe of hydroxyl groups per
chan. It is calculged asthe prodict of the numberaver
agedegreeof polymerizaion (DP,) of the polymethacryt
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Scheme2: Application of the “grafting-fr

om” techngue to the synthesisof poly(methyl

methacylate)-graft-poly(s-caprolatone)copolymers
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Tab.2. Molecularcharaterizationof polymethacrylategraft-polylactonecopolymes®
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Code Macro- Lactone Polym Yield flac Fiac® MO Myse®  MW/M, Np:" Min? My grai”
initi ator time
wt.-%
h
2a la eCL 15 85 0.30 0.20 25000 20000 1.08 24.3 1300 400
2b la eCL 15 85 0.46 0.30 29000 24000 1.1 24.3 1300 700
2¢c la ¢CL 17 90 0.60 0.52 44000 38000 1.26 24.3 1300 2000
2d la eCL 15 90 0.72 0.66 64000 50000 1.19 24.3 1300 3100
2¢) la eCL 16 98 0.78 0.80 111000 90000 1.17 24.3 1300 6400
2f 1b eCL 15 85 0.47 0.33 94000 88000 1.05 19.8 3000 1700
29’ 1b eCL 24 98 0.47 0.47 122000 108000 1.08 19.8 3000 3100
2h) 1b eCL 16 99 0.72 0.71 232000 216000 1.09 19.8 3000 8700
2i 1b oVL 16 85 0.80 0.55 135000 88000 1.05 19.8 3000 3700
2j 1b eCL/TOSUQ 24 50 0.62 0.3 97000 80000 1.05 19.8 3000 1700
2k 1b eCL/TOSUQ 39 75 0.80 0.58 164000 180000 1.09 19.8 3000 4200
21 1c eCL 18 80 0.72 0.54 65000 60000 1.30 9.2 3000 4100
2m 1c eCL 21 85 0.87 0.74 118000 133000 1.14 9.2 3000 9700
2n) 1d eCL 20 95 0.49 0.44 18000 21000 1.13 7.7 2000 1400
2p? 1d eCL 20 98 0.60 0.60 27000 32000 1.17 7.7 2000 2700
2q 1d eCL 40 95 0.77 0.72 35000 45000 1.22 7.7 2000 4600
2rd 1d eCL 16 97 0.83 0.80 48000 52000 1.16 7.7 2000 7200
29 1d eCL 21 98 0.91 0.91 114000 114000 1.10 7.7 2000 18000

Synthesisin THF at 25°C with anAl alkoxideconcentratiorof 2 - 10 mol I,

Lactonemolefractionin thecomonomefeed.

Lactonemolefractionin the copolymermeasiredby *H NMR.

Cf. Eq.(1).
M, determinel by SEC(polysyrenestandads).
N, = averagenumberof branche per molecule.

Mn.bg = NUMberaveragemolecubr weightbetweenthe nearesgrafting points.

Mn.grat = NUMberaverag molecularweightof graftedpolylactonechains.

The polymerizationmixture turnedinto a gel.
eCL/TOSUOmoleratio=0.8/0.2.
Graft compositioneCL/TOSUO= 0.16/0.86(mol/mol).
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atebackbor (determnedby SEC)andthe mole fraction
of HEMA in the graft copolymer (determired by H
NMR), Eq. (2):
Nor = DPy * Frema (2)
The averagemolecdar weight betweenthe neaest
grafting points has been calculatedas the ratio of the
numberavemrge molecubr weight of the maaoinitiator
(determired by SEC)to the averagenumbe of branches
perchain,Eq. (3):
I\Wn,bg = I\Wn,macroler (3)
Finally, the numberaveragemolecdar weight of the
polylactone grafts (M, 4ar) is the avemge molecula

weight betweenthe neaest gréfting sites multiplied by
the weight fraction of lactone in the graft copolymer

Eq(4):

Mn,graft = Mn,bg ° Flact ° MVVIact/(Flact ° Mvvlact

+ (1= Fiac)) * MW 4)
where Fot is the mole fraction of lactonein the graft
copolymer(calculaed by *H NMR) and MWia;and MW,
are the molecula weightsfor the lactone and the meth-
acrylaterepeatingunits, respectiely. Fig. 1 comparesthe
SEC chromatogramsfor the maaoinitiator 1b and the
final graft copolymer 2g. The molecular weight of the
macroinifator is shifted toward higher values in close
agreemehwith the theoreticalvalue. Very importanly,
no traceof unreated macronitiator is observedandthe
apparentmolecubr weight distribution (M,/M, = 1.08)is
very narrow for a graft copolymer The MWD of the graft
copolymes tendshowe\er to broadcenwith the numbe of

(b) Poly(MMA-g-CL) (a) Poly(MMA-co-HEMA)
Mn = 108000 Mn = 61000
Mw/Mn =108 Mw /Mn=1.04

Elution time (min)

Fig.1. Compaison of the SEC tracesfor the poly(MMA-co-
HEMA) macroinitiator 1b (a) and the final polyMMA-graft-
polyCL copolymer2g (b)
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Scheme3: Cyclic trimer formedby diethylduminium alkoxide
speges

www PCLL X’»," c“‘X
X O AlEt,
% o pCLawen
EiAl o—rcL

X O——:A‘;E‘t‘z
wwww PCL X ""X where X stands for €CL and/or THF
brancheer chain (a comparson of the copolymes pre-
pared from macronitiatorsla andl1b is givenin Tab.2).
Fig. 2 compaesthe'H NMR spectraof the macroinitiator
1b andthe graft copolymer 2d. The proton signalschar
acteistic of the MMA units (resonancesat 3.60, 1.81,
1.02, and 0.85 ppm) and the ¢CL units (resonaces at
4.06, 2.29, 1.62, and 1.38 ppm) are cleaty observed
Furthermore,the downfield shift of the methylene pro-
tons of the HEMA units in the copolymehacrylae from
411 and 3.84 ppm (Hs and He, upper spectrun to
4.27 ppmin the graft copolymer (Hy + ¢, lower spectrum)
is evidencefor the alcolol esteification andthusfor the
efficiency of the grafting reaction.As a rule, the agree
mert is good betweenthe lactone mole fraction in the
final copolymes (*H NMR analysis) andthe molar com-
postion of the comonomerfeedcorreced for the copoly
merization yield (seeyield and Fp; in Tab.2). The mole
fraction of €CL in the copolymers has beencalcdated
from therelative intensities of the signalsat 3.60 ppm for
MMA andat4.06 ppmfor the eCL units.

Usually, when the eCL conversdn is high (>95%) the
readion medum turnsinto a gel (Tab.2), which howeve
disappearsassoonasafew dropsof a0.1M HCI soluion
areadded.This observaibn is consstentwith the coordi
native aggregtion of the diethylalumnium alkoxides
respnsiblefor the eCL polymerization. As long as the
monomeris avaiable, it is known to coordnateonto the
Al atom of the active speciesNeverthelessin the spect
fic caseof diethylaluminum monoalkoxdes the active
speceshavebeenreportedto form cyclic trimersin THF
andto remainassociatd all alongthe eCL polymeriza-
tion®®, that proceedshrough the fast reversibledissocia
tion of thesemonomer(and THF) solvatedtrimers. These
obsevationshave beenreportedfor the eCL homaoly-
merization. In this study, the polyesterchainsaregrowing
from a comma backbone,which might petturb the asso-
ciation of the growing Al alkoxides into trimers connect
ing all the copolymer chairs in a threedimensimal net-
work. Whenmost eCL is consumegthis situation starts
to domimate.

A seriesof graft copolymes havebeenprepare from
the sane macroinitator, while changingthe lactonecom-
postion. It may be noted that a graft copolymerwith a
very high CL content(copolymer 2s in Tab.2, Fi =
0.91) looks like a multistarlike polycaprobctone.The
useof macroinitatorsof differentHEMA contentleadsto
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Fig.2. 400MHz *H NMR spectrafor the poly(MMA-co-HEMA) macroinitigor 1a
(upperspectrum)and the final polyMMA.- graft-polyCL copolyme 2d (lower spee

trum)

graft copolymes with a large rangeof weight composi
tion, grafting densty andrelative molecubr weightof the
polymeric backbone and the grafts. Fig. 3 compars the
DSCtrace(first scan)for the copolymes 2a, 2b, 2c, 2d,
and 2e prepaed from the same PMMA backbone but
with anincreasingPCL content.The melting endotterm
of the PCL comporentis obsevedfor cortentsexceeling
30 mad-% (FcL). However, the glasstransitiontempen-
ture(s)of the graft copolymerare not deteced evenafter
thefastcooling of the meltin the seond scan.The solid-
statemorphobgy of thesePMMA-graft-PCL copolymers
is under current investigdion by more sensitve techni-

gues such as dielectric spectoscopyand it will be the
topic of aforthcomng publicaion.

The versatilty of the new grafting route reported in
this paperhasbeenillustratedby substituthg BUMA for
MMA and eCL for 8VL and TOSUQ Theseexamples
are not restricive. A specialmention shouldbe madeto
the polyMMA-graft-poly(CL-co-TOSUQO)copolymes 2j
and2k. Same of ushavepreviausly reported? that ethyl-
eneketal pendamgroupsof poly(CL-co-TOSUQ copoly
merscould becompletdy deacealizedwith theformation
of ketane pendanfgroups.Theseketonegroupshawe also
beenquanttatively andsdectively reducednto hydroxyl
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Fig.3. DSCcurvesfor the polyMMA-graft-polyCL copolymes 2a, 2b, 2¢, 2d, and2e (first scan,20°C/min)

groupswithout scissionof the polyesterbackbor. These
experimenal condifons havebeensucceskllly usedfor
the treatment of the polyMMA-graft-poly(CL-co-
TOSUO) copolymer2k (Scteme4). Indeed the'H NMR
analysisof the original graft copolymes has confirmed
the observatn of the signalscharacteistic of the MMA
units (reonancesat 3.60,1.81,1.02, and 0.85 ppm), the
€CL units (resonanceat 4.06, 2.29, 1.62,and 1.38 ppm)
andthe TOSUOunits (reonancest4.18,3.94,2.38,and
2.0 ppm). Upon deacetdkation, the acetalprotons of the
TOSUOunits at 3.94ppm completdy disappear whereas
the other sigrals are shifted to lower fields (new rese
nancesat 2.61, 2.76, 2.81, and 4.35 ppm). The ketone
pendantgroupsare also conmpletely reducedto hydroxyl
pendantgroups by sodium borohydride in a dichloro-
methanegthanol mixture at 25°C. The previous signals
for the ketoneeontainingunits areindeedshiftedbackto
higherfields, which resultsin sonme overlaging with sig-
nals of the PCL protons.The molecula weight distribu-
tion remainsnarrow (M,/M, < 1.10), which is in favor of
the absenceof chain scission Expededly, the chemical
modification of the TOSUGOcontainirg graftsis responsi
ble for chargesin the polymersdvent interaction and
particularl in the elution volumeandapparentnolecukbr
weight of the derivatized graft copolymers.Ketone and
hydroxyl groupsattacted to the grafts can servefor the
anchoringof moleculesof interestsuchasdrugs,nortlin-

ear optical chromoplores, liquid crystals, etc. Further
more, the well known interfacial activity of graft copoly
mersin polyme blendscould be usedfor improving the
interfacial adhesion by reaction of one phasewith the
readive sitesof the grafts.

An addtional benefit of this grafting route hasto be
foundin the hydroxyl end-caping of the polyestergrafts.
These functional groups can be used for labeing the
copolymer with chronophores (UV and fluoresence}®
or they can be derivaized into, e.g., cartoxylic acids,
aromatic amines, and triethoxyslane group$**"1®, For
instance, the copolymer 2d has been reactedwith 3-
triethoxysilylpropyl isocyanate as detaled elsewtere”.
Fig. 4 shows the 'H NMR spectum of the triethaxysilane
cortaining copolymer, which confirms the converson of
the PCL hydroxyl end groupsinto triethaxysilane ones
(reonancesat 3.83, 3.17,1.24, and0.64 ppm). From the
relative intensity of thosesignalswith respet to the sig-
nal at 4.27 ppm for the methykene (e + d) units, a 93%
yield was found for this conversbn. The potential of
thesemacromoéculesas templaesin the production of
organicinorgaric hybrids by the sol-gel processis cur
rertly investigaed.

In additionto the synthess of the novel conb-like graft
copolymers reportedin this study the structure of the
polymethacrjate macroinitatorscanbe designedn such
a way that differentmacromdecular architectirescanbe
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Schemed: Chemicalmodification of PMMA-graft-polyestercopolymersthat containTOSUO
unitsin the polyestergrafts.

e o £
CH HCH }—vw
z—i ) Ti 5 P 0
[ I |
O—CHj, O—CHZ—CHz—O4[—C—-(CHz)s—O}—EC—(CHZ)Z'(—{C\—O(CHz)z_O‘}H
n m
l

copolymer 2k (M, app = 180,000; M/M,=1.1) CHz CH;

(CgHs)3CBF,
CH,Cly, 25°C, 0.5 h
e o £
CH;— HCHr }"N
T, 1,
I f D
0O—CH; o—CHz—CHZ—O{—C—%CHz)s—Oﬂ—iEC—(CHz)z—&(CHz)z—o}H
n m

M app = 170,000; M,/M,;= 1.1

NaBH,
CH,Cl,, 25°C, 0.5 h

e o £
CHz— HCHQ_ ]—V‘N
iR i1
R SN .

O—CHj O—CHZ——CHz—O——C—(CHz)s—Oi;EC—(CHz)z—CH—(CHZ)Z—O}H
L m

M app= 130,000; M, /M= 1.1

b

b
CH, , CH
_[_(3: ] a |
Hy—C: CH,;
£ (Hx 2_(?f|yo““' - g

—4.2784
—4.,1845
——4.0804
—3.8303
—36213
~——3.1798
——2.327¢
—1.8341
~—-1.4021
—1.2452-
—1.0362
-—0.8778
——0.6468

<t
"s]
z
i &
0-Ciy ? |
H, d
b |
?
=0
(':H1 .
?I‘h i ) g+i1 It

f
g
CH, [h m
i
J

p
I
[ ata b_Hl,-
d+e I I
U bU VI L

K tlc—CI Ly—CHy—CHy—CHy—CH;—0—C—NH—CHy—CHy—CHy—Si(OCH,CH;);
f g h i j 1 m n o p

T T T T T T T T T T T

T
24 2.0 1.6 1.2 0.8 0.4

(ppm}
Fig.4. 400MHz *H NMR spectrumof the polyMMA-graft-polyCL copolyme 2d, after modification of the hydraxyl end

groups by reactionwith 3-triethakysilylpropyl isocyanate(at 50°C in toluenein the presere of DABCO (1,4-diazabi-
cyclo[2.2.2]o¢ane)for 48 h
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Schemeb: Synttetic pathwayto “palm-tree shaped”copoly-
mers.

CH: H
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OH OH

polyMMA -block-poly(MMA-co-HEMA)

4. AIEts, THF

5. e-Caprolactone
6. H;0*

W

polyMMA-graft-polyCL

madeavailable.As an exanple, a polyMMA- block-poly-
(MMA- co-HEMA) copolymer has been synthegzed by
the sequetial anionic polymerization of MMA and a
mixture of MMA and TMSEMA. This copolymer has
beenusedas discussedn this paper for promotirg the
ring opening polymerization of eCL (Schemeb). Fig.5
compars the SEC tracesfor the PMMA first block, the
polyMMA- block-poly(MMA-co-HEMA) maaoinitiator

andtheresultig PMMA-graft-PCL copolymer. The shift
of eachelution curve toward smalker volumes confirms
thatthe reactionof eachintermediatecompoundis close
to completionand leadsto a PMMA-graft-PCL copoly-

mer of a palm-+ree like architectre with a significantly

increasegolydispersitycompaedto the macronitiator.

In conclusia, well-defined poly(alkyl methacrylag)-
graft-polylactonecopolymes of a wide rangeof conpo-
sition and molecubr weight and of different molecula
architectires (comb-like, palm-treelike structures)have
beensucceshillly synthesized The key for the success
hasto befoundin the coupling of two living polymeriza-
tions, i. e., the ligated anionic polymerization of meth-
acrylates and the coordnation-irsertion ring opening
polymerization of aliphaticlactonesThesenowvel copoly
mershavethe uniquefeatureof being reactve, sinceeach

D. MecerreyesP. Dubds, R. Jadme,J. L. Hediick
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Fig.5. Compaison of the SEC tracesfor (a) the first poly-
MMA block (M, sec = 3300, M./M,, = 1.06); (b) the polyMMA-
block-poly(MMA-co-HEMA) macroinitidor (M, sec = 6000,
My/M, = 1.06, Fyema = 0.10); and (c) the final palm-treelike
graft copolyme polyMMA-graft-PCL (M, sec = 29000, M,/
M, = .35,Fc. =0.85)

polyestergraft is end-caped by a hydroxyl end group
which canbe eadly deiivatized into other organic func-
tionalities, such as triethoxysilanes. They can thus be
usedas suchor as intermediatesfor the designof more
conmplex macromdecularsystens.
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