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All-aromatic hyperbranchegbolyesterswith hydroxy end-
groups were functionalized with aliphatic n-alkyl car
boxylic acids. The length of the n-alkyl chainaswell as
the degreeof modification were varied and the resulting,
partially amphiphilic polymerswere characterizedy dif-
ferential scanningcalorimetry (DSC). With both increas-
ing degreeof modification and increasinglength of the
alkyl chainthe glasstransitiontemperaturedecreaseslue
to reducedintermolecularhydrogenbonding. When the
alkyl chainsstartto crystallize T, of the hyperbranched
polymersincreasesagain. The mechanicalpropertiesof
the former brittle hyperbranchegolyesterwereimproved
by modificationwith C12chainsanda stablefree standing
film wasobtainedby compressiomolding. The film was
investigatedby means of dynamic mechanic analysis
(DMA) and microscopy exhibiting a low temperature
thermaltransitionand phaseseparatiorwithin the scaleof
a light microscope Furthermoremelt rheology measure-
mentswere performedon the startingpolymerandon the
C12 modified product. The complexviscosity is reduced
strongly by the modification of the aromatic hyper
branchedbolyester

Light microsopy of P1b-O-C124 at 200°C
(310 fold magnification)
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Intr oduction

The interest in hypebranched polymers expanded
strondy within thelastyeass andthe nunberof describel
structues is still growing”. Espedally hyperbrached
polyestersgainedhigh interestdueto goodavailabilty or
easysynthesis of suitabe monomers,andthe readily rea-
lized onepot polycondenation reactia®. One possible
appication of hyperbrancled polyegers is their usein
coatingsysemsdueto their low melt andsolution viscos
ities, the large nunber of functional endgoupsandthus,
the possibilty to introduceothe functionalties by end-
groupmodfication®. However, the lack of entandgement
in theseproductsresultsin a brittle material. Therebre,
the polymersneedto be modified to improvethe mechan-
ical propeties. A reduwction of the Ty and higher flexibil-

ity can be achievedby modfication of the hyperbanched
polyesterwith alkyl chans®.

The glasstransitiontempeatureof a dendriticpolymer
is not only affected by the chain-er conposition, but
alsoby the molar mas andthe maacomolecula composi-
tion¥. Here, the chainend free volume theory hasto be
modfied dueto the large number of endgroys. It canbe
understoodasa combinatio of inter- andintramolecula
effects.Differencesn T, of hyperbrachedpolymerswith
different repeatingunits but equalendgroupsiemonstate
the intramolecula effect of segmental motion, whereas
theinfluence of the T, through variationof the endgoups
can be assigmed to translatioral motion andan intermole-
cular effect*®. This intermolealar effect is strongly
depemlenton the polarity of the chan-endfunctionalties.
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The alkyl modfication of hypebranchedpolyesters
hasbeeninvestigatedfirst by Hult et al.? with analipha-
tic hyperbanchedpolyester basedon 2,2-bis(tydroxy-
methyl)propionicacid. Thevery flexible all-aliphdic sys-
tem showsa decreae of the glasstransifon temperatue
(Ty) upan modfication. The reduction of the Ty can be
descibed asa result of reducedintermolecula hydrogen
bondingsince the hydroxy functioralities werecappedby
aliphaic chains. Howeve, dueto the very flexible poly-
mer backbore the long alkyl chainstend to crystallize
andagain,anincreaseof the T, of the polyesterbackbore
is observed.

Now we presentresultson the modification of an aro-
matic hyperbrancled polyester basedon 3,5-dihydraxy
benzdc acid®. The modification was carried out with
acyl chlorides of different chain lenghs and also the
degee of modfication hasbeenvaried The goal of this
study is the improvemen of the mecanical properties
andthe investigationof the effect of the modificationon
the Tq4. Furthermore the side chain crygallization andits
influence onthe glasstransition tempeatureof the hyper
brarchedpolymersare of interest.In contrastto the stu-
dies of Hult®, we chosethe rigid all-aromatic hyper
brarched polyester which should exhibit a lower ten-
dencyto sidechan crydallization.

Resultsand discussion

Polymersynthesis

The starting polymer was synthesizedfrom 3,5-bis(tri-
methylsiloxy)benzoylchloride in a melt polycondensation
accordingto the literature"® (Schemel). Two productswith
different molar masses(P1a-OH: M, = 29700g/mol and
P1b-OH: M, = 58900g/mol) were usedin this study Each
polymerwasthe starting productin one seriesof modifica-

tion reactions geitherthe variation of the chainlength of the
modificationreagenbr the variationof the degreeof modifi-
cation(DM). The molar massesndthe T, of thetwo starting
polymers P1la-OH and P1b-OH are given in Tab.1 and
Tab.2. The determinatiorof the molar masswascarriedout
with size exclusion chromatography(SEC) in tetrahydro-
furan (THF) assolventandwith a linear polystyrenecalibra-
tion. The startingpolymershadto be silylatedfor SECana-
lysis in order to avoid adsorptionand aggregationeffects.
Sincehighly branchedbolymershavea moredensestructure
comparedto the linear polystyrenethe retentiontimes will
be longerandno realistic valueswill be achievedfor molar
massesHowever the resultsfrom SECareusefulfor acom-
parisonof the startingpolymerswith the modified products.
More reliable values for molar massescould be obtained
only for lower molar massproducts(M, < 5000g/mol) using
vaporpressur@smometryor NMR analysis.

Modificationreactions

The hyperbranchegolyesterhasa large numberof phenol
endgroupgn + 1, n = numberof repeatingunits) which can
be easily functionalized®®. The functionalizationwith n-

alkyl chainswasachievedvia esterificationat low tempera-
ture with the correspondingacyl chloridein dry THF in the
presencef anequivalentamountof triethylamineto trapthe
forming hydrochloricacid (Scheme?).

The degreeof modification canbe calculatedoy *H NMR
(Fig. 1) comparingthe signalintensitiesof not fully modified
structuralunits and fully modified structuralunits (compare
Fig. 1 and Scheme3). By analyzingthe methylenegroupin
a-position it can also be distinguishedbetweenunreacted
acid andthe formed esterwhich is a control of the purity of
the product(Fig. 1). Purification of the modified polymers,
especiallywhen long-chainfatty acids have beenused,is
often difficult due to the amphiphilicity of the products.
When purification by precipitationwas not possibledue to
the formation of colloidal suspensionsgentrifugationwas
usedto isolatethe product.

Schemel.:
OTMS
1. NH, Cl, AT
2 H,0
TMSO CcoocCl
P1-OH
Scheme2:
0-CO-(CH,)_,-CH
H,C-(CH,), ,-COCl
3 2/x-2 CO
NEt,, THF, 0°C
(6]
P1-OH P1-0-Cx,

n, hb
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Fig.1. Aliphatic andaromatic(app.10timesenlaged)partitions of the*H NMR spectrumof P1b-O-C12;in THF-d.
SignalassignmencomparealsoScheme3 (LS = non-bon@ddodecaoic acid). A specificsamplewith only 93% modifi-
cationwasselectedo showthe assigmentof unmodfied units

Comparingsampleswith differentdegreeof modification,
we could not obtainconclusiveresultsthatterminalor linear
units of P1-OH exhibit differencesn reactivity. In addition,
no indications were found for a changein the degreeof
branching(DB) or pronouncedesterexchangeeactionunder
thesereactionconditions.Using 1D and2D NMR techniques
linear, terminalanddendriticunitsaswell asunreactedunc-
tionalities could be assignedand a degreeof branchingDB
of 60% was calculatedby signal integrationfor a specific
product with a degree of modification of 93% (P1b-O-
C123) whereasthe starting product had a DB of 62%.
Scheme3 andFig. 1 exhibit the different possiblerepeating
units for this special not fully modified product and the
detailsof theNMR assignment.

Sincetwo different startingmaterialshavebeenused,the
resultsof the two series— variationof the chainlengthof the
modificationreagentndvariationof the degreeof modifica-
tion — are shownin separataables.The chainlength of the
n-alkyl chainshasbeenvaried betweenC2 andC18 (x = 2

.,18;Tab.1).

This serieswasdirectedto reacha degreeof modification
of 100%.But in somecasesa muchlower valuewasreached
(~60%) even though identical reaction conditions were
used.The achieveddegreeof modification cannotbe corre-
latedto the molar massof the startingpolymerandalsonot
to differencesin reactivity of the usedacyl chloride. Since
thereis no cleartrend in theseresults,we assumethat the
differencesn theachievedDM aretheresultof severalover
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Tab.1. Modification resultsof P1a-OH; dependencen the chainlength

Polymer Modification DM in % Contentof ~ M,(SEQ" M, (SEQ Ty° To?
reagent acyl gl’OUpg) g/mo] g/mo| °C °C
in wt.-%

Pla-OH - - - 29700 45700 220 -
P1a-O-C2¢ C;H;COCI 96 24 33100 61700 162 -
P1a-O-C4; C;H,COCI 61 24 18600 70900 155 -
P1a-O-C6yo CsHuCOCI 80 37 13700 49900 53 -
P1a-O-C&; C;H1sCOCI 81 43 50500 105000 85 -

P1a-0-C12; CuH23COCI 100 58 48200 109000 —48") -
+34

Pla-0O-C14, C13H/,COCI 62 49 29200 73900 90 <=30Y

P1la-O-C16s C1sH3:COCI 98 63 47300 121000 61 -6

P1a-0O-C18; C17H3sCOCI 56 525 49000 127000 119 -1

3  Relaive weightof acyl groupsin the polymer, calculatedrom the degreeof modification.
®  Molar massesleteminedby SECin THF, linear polystyrenestandardsyaluescanonly be usedfor comparsonof the samples.

9 DSCmeasurementfieatingrate20 K/min, 2ndheating.
9 T,from DMA measuremgt, E” maximum(compareFig. 6).

® Melting endothem too closeto the beginningof the DSC measuremen{—60°C) to allow realistic evaluation.

Tab.2. Modification resultsof P1b-OH; dependencen the degreeof modification

Polymer Modification DM in % Contentof  M,(SEQ" M, (SEC) T, Ty
reagent acylgroup® g/mol g/mol °C oC
in wt.-%

P1b-OH - - 58900 84800 218 -
P1b-O-C12¢ CuH2COCI 16 18 28500 65300 160 -
P1b-O-C12, CuH23COCI 52 41 24800 55400 86 -
P1b-O-C12y, CyH»sCOCI 99 57 34400 81500 -50" -

+52
P1b-O-Cl6; CisH3,COCI 11 16 17200 33100 180 -
P1b-O-C16; C1sH3:COCI 43 43 16500 45500 109 -1
P1b-O-Cl6; CisH3,COCI 81 59 20600 37600 69 -8

3  Relaive weightof acyl groupsin the polymer, calculatedrom the degreeof modification.
®  Molar massesleteminedby SECin THF, linear polystyrenestandardsyaluescanonly be usedfor comparsonof the samples.

9 DSCmeasurementsieatingrate20 K/min, 2ndheating.

9 Fromlow temperaure DSC measuement;measuremergtartedat —100°C.

lapping effects like changein the solubility of the polymer
andthe accessibilityof the functionalitiesaswell asdifferent
reactivitiesof thereagents.

The variation of the degreeof modification was studied
only with the C12 and the C16 acyl chloride and leadsto
results,which arelistedin Tab.2. In thesereactionsthe DM
couldbewell controlledby thestoichiometryof thereagents.

The growing amphiphilicity and the lowering of the den-
sity by the introductionof long alkyl chainswill changethe
hydrodynamicvolume of the product. Therefore the results
of the SEC measurementgor unmodified and modified
polyesterscannot be comparedaccurately Unfortunately
other methodslike vapor pressureosmometry analytical
ultracentrifuge,or light scatteringcould not be appliedsuc-
cessfullyfor theseproductsdue to the strongdifferencesin
polarity and solubility of the polymers.In somecasedower
molar massvalues comparedto the starting product have

beenobservedby SEC after the modification, which indi-

catesthat certain polymer degradatiorhas occurredduring
the reaction.Due to the presenceof triethylamine,a baseto

trap the formedhydrochloricacid, waterhadto be excluded
completely during the modification reaction in order to

avoid the hydrolysis of the polyesterbackbone We found
that the hyperbranchegolyesterP1-OH is able to take up
12.5wt.-% waterjust from air moisture.The presencef the
water and triethylamineleadsto significant degradationof

the polymer backboneat room temperaturen a few hours,

however with no changein the degreeof branchingasveri-

fied by NMR analysis Although all polymershadbeenwell

driedbeforeuse,somesamplesnay havecontaineda certain
amountof water which causedthe degradationNeverthe-
less, in all casesthe molar massof the productsis high
enoughto neglectthe influenceof differentmolarmasse®n
thethermalproperties.
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Fig.2. T,in dependencen the chan length andthe degreeof
modification

Thermalproperties

It is known for hyperbraachedpolyegersthat the transi-
tion from the polar hydroxy function to non-polar alipha-
tic endgroupgieldsin astrongdecreasef the T, becaise
the intermolecula interaction of the polymer molecules
arereduca?*1>%, By modfication with fatty acids,the
polar hydrogenbondinginteractionsarereplaed by non-
pola hydrophobic interadions. Furthermore with
increasimy chan lengthandanincreasig degee of mod
ification, partial crygallization of the alkyl side chainsis
expeced.

In our studywe haveto be carefulto conpareonly pro-
ducts with neaty equal degee of modfication for the
discusion of the themal properties.The compariso of
P1a-OH with the productmodified with C2 (DM = 96%)
andC12 (DM = 100% showsthat the alkyl modfication
decreaseshe T, with increasig chainlength. But extend
ing the chan lengthto C16 (DM = 98%) reslts in two
effects: first, the side chans crystalize, secad, the T
risesagaincomparedto Pla-C12.

The sameeffect canbe obseved for the sampleswith
60% modification: C4, C14, C18 (Tab.1). Going from
C4to C12 (compare sanple P1b-O-C12;, from series2,
Tab.2) a deceasein the Ty can be observel whereador
C14 and C18 crystalization occuss and agan the glass
transiion tempeature incresses.In the caseof C14 the
melting endoherm coud not be recorded completdy in
thetemperatue range of the DSC experment.

A plot of the T4 versusthe chainlength (Fig. 2) indi-
catesthata higher DM yieldsin a stronger decreasef the
Ty with a minimum at C12. For betterunderstading the
Cl2samplefrom seies2 (Tab.2) with 52% modfication
hasbeenincludedin Fig. 2.

The alkyl modfication of hypeibranchedpolyesters
hasalso beeninvestigatedby Hult et al.® with a hyper
brarchedpolyesterbasedon 2,2-bis(hydoxymethy)pro-
pionic acid. The very flexible all-aliphaic systemshows
similar resultsin the deceaseof the Ty but a more pro-

Schene 4:
OAc OAc
AT
- @
AcO COOH 0 co
n, hb
P2-OAc
240
e CI2
200 - —o—Cl16
160
2
E 1201
80 ]
\\\'T:j\ﬂ.
40
0 20 40 60 80 100

degree of modification in %

Fig. 3. Ty of P1-O-C12and P1-O-C16in dependenc®n the
degeeof modification

nownced tencency to side chain crystalization. This
hyperbrancled polyesterhasits T, minimum at a modfi-

cation with C6 chains,whereaghe rigid aromdic hyper-
branchedpolyeger hasits minimum at C12 This state
mert is alsovalid when not only the chan lengthbut also
the wt.-% of acyl grougs in the modfied polyestersare
taken into consiceration(compareTab. 1 and?2).

Thereduwction of the Ty is causedoy redwced hydrogen
bonding capabiity. Therebre, theintermolecula interac-
tion is lower andthemohility is increasedWhenthealkyl
chansarelong enoughtheycan aggegateandcrydallize.
Thiscrydallizationcausesnintramolecula phasesepara-
tion andtherefore the effect of the T, reduction is dimin-
ished. Theoveralleffectis anincreasean the T, compaed
to fully amaphousmodfied samplesacconpaniedby the
appeaanceof ameltingendothemin theDSC.

The C2 modfication of P1-OH (P1a-O-C2) leadsto
aglasstransition tempenture(162°C) whichis very simi-
lar to that observel for a polymer obtainedby melt poly-
condensationof 3,5-hbis(acetoy)benzot acid (P2-OAc)
(Schene 4) with a T, = 155°CW.

The differen@ of 7 K in the glasstransifon tempea-
ture between P1a-O-C2 and P2-OAc can be explainal
asan effect of a smalldifferen in the degiee of modfi-
caion (96% and 100%). Differenes in the degreeof
branching (62% for Pla-O-C2s compaed to 50% for
P2-OAc™Y asdeternined by NMR) shouldnot influence
the TyasFrechetet al. haveshown'?,
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Fig.4. T, of P1-O-C12 and P1-O-C16 in dependenc®n the
weight percentof acyl groupsin the polymers(calaulatedfrom
thedegreeof modification)

The increaseof DM leadsto a similar effect than
enlaging the chain lengh (2): an increasiny degreeof
modfication causesa reducton of the Tyin the C12 and
C16 modified sampleswith the glasstransition tempea-
ture stepbeconing very weakfor high sidechaincrygal-
lization. The depemlenceof the T, on the degiee of mod
ification (Fig. 3) is similar for both, C12 and C16-mali-
fication. However whenthe Ty is plotted versus the wt.-
% agyl groupsin the polymersa linear dependene for
the C12 and the C16 samplescan be observed(Fig. 4)
with a lower slope for C16 (y = 218.8— 2.52x) comparel
to C12 (y = 216.2 — 2.9x) in the linear regressionAn
explanationfor this unexpectedeffect might be that the
higher tencency to side chain crystalization of the C16
modfied productsleadsto a weakereffect of the acyl
contenton the Ty of the sampleslt shauld be mertioned
alsothat a partial modfication leadsto anincreasechet-
erogeneity in the polymers: not only chainsof different
chainlengthandisomerswith different branchingdistri-
bution but also moleculeswith differen@sin the degee
of modfication haveto be consicered.This behaviorhas
beenstudiedrecentlyin detail by FroeHing et al.*® for
partially modified poly(propyleneimine) dendrimers.

The sampleseaty 100% modfied with C12 (P1a-O-
C12,40 andP1b-O-C12,) showbesidethe expectedT,no
melt transition but an undefinel low tempeature transi-
tion at about—50°C which wasdetectedonly in low tem-
peraure DSC or DMA experimens. Two glasstransition
tempeaturescan be observedfor phaseseparatedblock
copolyners but had not beenexpeced for thesehighly
irreguar, globular structures.In addtion, glasstransition
tempeatures measuredby DSC were found at +34°C
(P1a-0-C12,) and+52°C (P1b-O-C12y), respectiely,
andtherefoe arenotidertical for thes two sampéseven
thowgh the degreeof modification is very similar. The
reasorfor this might bethe differencedn the molar mas
of the two staring polymers P1a-OH (M, = 297009/

Fig. 5. Light microscopyof P1b-O-C12y at 200°C (310 fold
magnification)

mol) andP1b-OH (M, = 58900g/mol) which might have
an influence on the observe “phaseseparatia” andthe
natue of the domainsrepresenteddy the two therma
trarsitions. This unuswal phasebehavor, andthe fact that
stable, free standing slightly elagic films could be pre-
paral only from thes samplesencouragé us to further
study the dynamic mechaical and the melt viscosity
propertiesfor the completdy C12modfied samples

Phasebehavior dynamic-nechanicalproperties,and
meltrheology

The appeaance of two therma trarsitions for Pla-O-

C12 and P1b-O-C12, leadsto the questionwhether
there is atwo-phasesystemlt is possiblethatthosetran-
sitions belong to alkyl-rich and aromaitc-rich domainsg
respectively. Light microscoly studes showeda phase
separationduring the heatng of P1b-O-C124. A lamellar

phaseappeas at 90-93°C and a “droplike” phaseat
108-110°C (Fig. 5) which is stableup to 200°C; how-

ever, these “phase transiion tempeatures” cannot be
relaied to any therma transiton observedby DSC or

DMA. One should note that the observel phasesepara-
tion is on a scalemuch larger thanthe size of individual

hyperbrancled macromoleules. The complex behavior
obsrvedin the light microscopycannotbe explainal up

to now.

Becausethe unmodified hyperbanchedpolyeger P1-
OH is avery brittle materal dueto the absece of entan-
glements, the formation of a free-stawling fil m failed. By
modfication of this polymerwith alkyl chainsthe hydro-
phaoic interadion was enharced which resultedin less
brittle andmorewaxy products The formaton of a free-
starding film wasachievedoy compiessionmolding only
of fully modified P1a-O-C12 Dynamic mechanical ana-
lysis (DMA) on afilm of P1a-O-C12 (Fig. 6) showsa
trarsition at about —48°C (E” maximum) At tempera-
tures higherthan30°C no resultscould be obtaned since
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Fig.7. Comgdex viscosty of P1b-OH at 280°C (o) andPla-
C124,at110°C (o) in dependenceon thefrequency

the resmancefrequencylimit of this DMA methal was
reachel. The evaluatim of the storage(E’) andthe loss
modulus (E”) showsthat the stiffnessof this film is very
weak (E’ < 1000 MPa). The reasonfor this is certainly
that the ability of the molecules to entangleis reducel
comparedto linearpolymers.

Furthermore melt rheology was investigatedto obtain
information on the dynamic-mectanical behavor of the
melts. Espedally the compaison of the startingpolymer
P1b-OH with the completdy modfied polymerP1aO-
C12, two samplesof similar molar mas (M, = 58900
and 48200 g/mol, resp.),was of interest. Sincethe rhea
logy is strongly dependat on the tempeature,we com-
pared those sweeps, which were measureds0K above
the correspondingglass transiton tempeatures:280°C
for P1b-OH and110°C for P1a-O-C12. In Fig. 7 and8
the complex viscosity #*, the storagemodulus G’, and
the loss modulusG” of P1b-OH and P1a-O-C12q, are
conpared.

The measuremats indicate that the modfication with
C12 chainscausesa strongdecieasein the complexvis-
cosity. The conplex viscosity at 1 rad/sis 20000 Pa- s
for P1b-OH at 280°C and only 2800 Pa- s for P1a-O-
C12 at 110°C. While the modified material showsa

7 10° 5
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5 —
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typical behavor for a viscousmelt with a plateauat low
frequencies, the unmodified material shovs a higher
depemenceof complexviscosty on frequency. Therela-
tion between the elasic melt viscosity part (G') andthe
viscousmelt viscositypart (G”) of this viscoelastt mate-
rial is alsochangedafter modification. The P1b-OH melt
shaws elastc andviscouspropetiesin the sane quantty.
After modification with alkyl chains both moduli are
redwcedandtheviscows behavor beconesdominan.

Conclusion

A hydroxy-terminged all-aromatic hyperbranchedpoly-
eder basel on 3,5-dihydoxyberroic acyl was modfied
with n-alkyl acyl chloridesof differentchainlength The
degeeof modification wasvaried from 11 to 100%.DSC
meauremets exhibited a complex thermd behavor. The
Ty is redwed with increasing length of the alkyl chan.
However with the appeaanceof side chain crygalliza-
tion, the T, increases agan with further increasingchan
lengh. The reduction of the Ty can be descibed as an
effect of a redwed endgoup polarity; the crystallization
of the side chains results in an intramolealar phase
separationand thus the glass transition of the polyester
backlone is lessinfluenced by the endgrop modfica-
tion. The increaseof the degee of modification yields a
pronounce decreae of the T,y and for long alkyl chain
modfication anincreaseof the sidechai crygallization.
The former brittle aromdic hyperbrancled polyester
could be transformel by C12-alkyl modfication to a
materal, which forms stable, freestading films. DSC,
DMA, and microscoly studies on P1la-O-C12y and
P1b-0O-C124 exhibit a phaseseparatio andthe appear
anceof two thermad transitiontempeaturesbut no crys-
tallization. The phaseseparatia which can be observel
on the scaleof a light microscopehas not beenunder-
stoal conpletely becaise the branchedpolymer back-
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bone does not allow long range phase separatio. It
should be understod as formaion of alkyl-rich and
polyestefrich phasesThe melt rheology of the polymers
was also investigated.The modification of the aromdic
hyperbanchedpolyesterwith dodecanyl acyl chloride
yields in a strong reduction of the complex viscosty
which opens up applicatbns of this material as a blerd
componentor melt viscositymodfier.

Experimental part

The monomer3,5-bis(trimethylsiloxy)benzoythloride was
preparedasdescribedn ref.”:® Triethylamine stearoylchlor
ide, lauroyl chloride, hexanoylchloride, buturyl chorideand
acetylchloridewereobtainedfrom Fluka.Myristoyl chloride
andoctanoylchloridewerepurchasedrom Merck, palmitoyl
chloride was purchasedrom Aldrich. All chemicalswere
usedasobtained.Detailson the synthesiof P2-OAc canbe
foundin ref®

Polycondensatioof 3,5-bis(trimethylsiloxy)benzoghloride
(P1b-OH)"®)

3,5-bis(trimethylsiloxy)benzoykchloride (20.5g, 65 mmol)

and 1 mol-% ammoniumchloride (93 mg) were placedin a

flask equippedwith a mechanicalstirrer, a gasinlet andan

outlet. The polycondensatiomwasdonein two stepsFirstthe

reactionmixture wasstirredin a nitrogenstreamfor 30 min

at170°C. In a secondstepvacuumwasapplied(stirring was
not possibleany longer) and the reactionproceededor 5 h

without stirring reachinga final vacuumof 0.020mbar The
crude productwas twice dissolvedin THF and precipitated
into water After filtration, the productwasdried over phos-
phorpentoxide.Yield: 8.79 (97%).

IR (KBr): 3420 (m, br, O—H), 3087 (w, C—H), 1743 (s,
C=0), 1599 (s, C=C), 1448(s), 1288 (s, O—H), 1189(s),
1132(s,C—0OH), 857cnt? (m, C—H).

H NMR (DMSO-ds): § = 10.36 (br, H"*, 0.35 H), 9.74
(br, Hteminal 0,56 H), 8.06 (m, Hdenditc 0,57 H), 7.82 (m, H,
0.31H), 7.47 (m, H, 0.75H), 7.00(m, H, 1.02H), 6.52(m,
Hterminal, 034H)

BCNMR (DMSO-g): 6 = 165.1, 164.4, 163.7, 159.6,
159.2,152.6-152.1,131.3-130.8,122.0,114.9,108.7.

DB = 62% (from *H NMR, compareef?).

The polycondensatioof P1a-OHproceededimilarly.

Generalprocedue for the modificationreaction

All modification reactionswere carried out in a nitrogen
atmosphereo avoid hydrolysisof the acyl chloride.P1-OH
(1.36g, 10mmol OH groups)was dissolvedin 30ml dry
THF; the solutionwascooledto 0°C. Thenthe acyl chloride
(20.5mmol) and triethylamine (10 mmol) were added.The
mixture was stirred for 1 h at 0°C and for additional2 h at
roomtemperatureThe suspensionvasfiltered andthe poly-
mer solutionwas precipitatediwice in water Isolationof the
productwascarriedout either by filtration or by centrifuga-
tion. The productwasdriedin vacuumover P,Os.

Characterizationfor P1b-O-C12; (M, = 34000g/mol;
NMR compareFig. 1 andSchemes):

IR (KBr): 3448 (br, m, OH), 3095 (w, C—H), 2923 (s,
C—H), 2853 (m, C—H), 1750 (s, C=0), 1596 (m, C=C),
1447 (m, C—H), 1376 (w, C—H), 1130 (s), 813 (w, C—H),
722cnrt (w, C—H).

IH NMR (THF-c): 6 = 9.08 (OHXx), 8.95 (OHy), 8.10
(3d), 8.03(3l), 7.88(5l), 7.80(3t), 7.71(1d), 7.48 (11, 3x,
5x), 7.43and7.38(3y, 5y), 7.25(1t), 7.04(1x), 6.82(1y),
2.57 (k, CHy), 1.70 (j,CH,), 1.40 (i,CH,), 1.28 (b—h, 7x
CH,), 0.86(a, CHs)

3C NMR (THF-dg): 0 = 171.44(CO—O-alkyl), 163.40+
163.38 (CO—0OPh), 152.51 + 152.39 + 152.31 (O—C,),
132.15+ 131.92+ 131.70(Cy,), 122-121 (severalsignals,
CHa,), 34.39t0 23.37(10XCH), 14.30(CHs).

DM = 93%(calculatecby *H NMR).

Measuements

The sampleswere analyzedby NMR using a Bruker ARX
300 (spectrometeroperating at 300.13MHz for H and
75.47MHz for *3C) and a Bruker DRX 500 (spectrometer
operatingat 500.13MHz for H and 125.77MHz for °C).
CDCl;, DMSO-ds and THF-ds wereusedassolventlock and
internalstandard FT-IR measurementwere performedon a
Bruker, IFS 5. A Perkin EImer DSC 7 (heatingrate 20K/
min; temperaturerange usually —60°C to +230°C or to
250°C; in selected cases measurementsvere started at
—100°C) was usedfor the DSC analysisand SEC measure-
mentswere carried out using a Waters Liquid Chromato-
graph with refraction index and UV detector (columns:
Waters Ultrastyragel (pore size 10°, 10%, 10° A); solvent
THF; polystyrenecalibration;the startingpolymerwassily-
lated with N-methylN-(tert-butyldimethylsilyl)trifluoroacet-
amide to avoid adsorptionon the columns).For the DMA
measurementa DuPontInstrumentDMA983 wasusedand
rectangularsampleg8.4 mmx 5.1 mmx 1.0mm) were ana-
lyzed in bendingmode, at resonanceFor thesesamplesa
film waspreparedrom P1a-O-C124, by compressiomnold-
ing at 120°C (8 bar); after45 min the samplewasquenched.

Melt rheologywas investigatedusinga ARES rheometer
(Rheometrics) with plate-plate-geometryin oscillation
mode.Frequencysweepsvereperformedat 110°C for Pla-
0O-C124, and280°C for P1b-OH underN, atmosphereThe
frequencyrangewasbetweer0.1to 100rad/sanda strainof
3% was usedwhich is in the linear viscoelasticrange of
thesematerials.P1a-O-C12,, wasinvestigatedasfilm (pre-
parationseeDMA), P1b-OH aspowder
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