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bl ock copabyowriyy pdymers. However, the high Tg branches of these polymers typically are

terminated in styrene groups, which contain a benzene ring. In biomedical applications,
such as in stents, these benzene containing groups can lead to increased rates of
rejection by the body and inflammation at the site of implantation. Potential leaching of
25  residual monomers left over from the polymerization process may also be responsible
for a number of adverse effects in vivo, necessitating extensive purification of the final
product. It would therefore be desirable to reduce or eliminate styrenic groups from the
exterior (branched portion) of the copolymer.
The prior art arborescent block copolymers described above contain a major part
30 of their mass in the branched core and a minor part in the endblock segments. It is
currently believed that this arrangement is necessary to achieve the desired
thermoplastic elastomeric properties.
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and optionally co-cured therewith to form new compounds with useful properties.

According to an aspect of the invention, there is provided a highly branched
arborescent block copolymer, comprising: an arborescent polymer core having more
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2011/ 127 ool GAZ0 1ArO0a13r SoNE i hbdtesdrice df avlelgs acidhalide co-initiator at a
15 temperature of from about —20°C to about —100°C to form a highly branched core;
monitoring the reaction mixture for a temperature decrease, indicating substantial
consumption of the para-methyistyrene monomer; adding an isoolefin monomer to the
reaction mixture to form endblocks on the highly branched core, thereby producing the
arborescent copolymer; and, separating the arborescent copolymer from the polar
20 solvent.
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or branched G to Cl10 alkyl. In still another enbodi nent,
halogenated polymer can also be formed by bromination of the methyl group attached

to the styrenic ring, for example using liquid bromine (Br,) with a free radical initiator.
Halogenated polymers are particularly well suited to non-biomedical applications.

10 In the present invention, a polymer or copolymer having a low glass transition
temperature (Tg) is defined to be a polymer or copolymer having a glass transition
temperature of less than about 40°C, or less than about 35°C, or less than about 30°C,
or even less than about 25°C. In another embodiment, a polymer or copolymer having
a low glass transition temperature is defined to be a polymer or copolymer having a

15  glass transition temperature less than about room temperature (i.e., about 25°C). It
should be noted that the previously stated ranges are intended to encompass any
polymers and/or copolymers that have a glass transition temperature that falls below
one of the previously stated thresholds. A low Tg monomer is any monomer that can
homopolymerize or copolymerize to form a low Tg homopolymer or copolymer.

20  Suitable low Tg monomers include isoolefins within the range of from 4 to 16 carbon
atoms, in particular isomonoolefins having 4-7 carbon atoms, such as isobutene, 2-
methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene and
mixtures thereof. A preferred low Tg isoolefin monomer comprises isobutene.
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according to the invention may comprise from 65 to 95 wt% of low Tg endblocks, from
20 65 to 90 wt% of low Tg endblocks, or from 75 to 80 wt% of low Tg endblocks.
In another embodiment, the present invention relates to end-functionalized

thermoplastic elastomeric arborescent polymers formed from at least one inimer and at
least one high Tg monomer (for example a styrenic monomer, such as para-
methylstyrene), wherein the end-functionalized portions of such polymers are made

25 from a low Tg monomer (for example, an isoolefin monomer, such as isobutene).
Preferably, the end-functionalized portions form homopolymers or copolymers having in
aggregate a number average molecular weight of greater than about 50,000 g/mol,
greater than about 75,000 g/mol, greater than about 100,000 g/mol, greater than about
150,000 g/mol, greater than about 200,000 g/mol, greater than about 250,000 g/mol, or

30 greater than about 300,000 g/mol. It is surprising that these arborescent copolymers
exhibit thermoplastic properties, given the relatively high molecular weight of the low Tg
endblocks.
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Inimers:

Initially, self-condensing monomers combine features of a monomer and an
initiator and the term “inimer” (IM) is used describe such compounds. If a small amount
of a suitable inimer is copolymerized with, for example, isobutylene, arborescent
polyisobutylenes can be synthesized. Formula (1) below details the nature of the inimer
compounds that can be used in conjunction with the present invention. In Formula (1) A
represents the polymerizable portion of the inimer compound, while B represents the
initiator portion of the inimer compound.

A———B )
R3 R1
. | e
where A is C C
\
R.
ﬁh
where B is C R.
|
Re

In Formula (1), Ry, Rz, Rs, R4, Rs and Rg are each, in one embodiment, independently
selected from hydrogen, linear or branched C; to Cy¢ alkyl, or Cs to Cg aryl. In another
embodiment, Ry, Rz, and R3 are all hydrogen. In another embodiment, R4, Rs and Re
are each independently selected from hydrogen, hydroxyl, bromine, chiorine, fluorine,
iodine, ester (-O-C(O)-R;), peroxide (-OOR7), and -O-R; (e.g., —-OCHj; or —
OCH,=CH3). With regard to R;, R; is an unsubstituted linear or branched C; to Cy
alkyl, an unsubstituted linear or branched C; to Ci alkyl, a substituted linear or
branched C1 to Cy alkyl, a substituted linear or branched C, to C+o alkyl, an aryl group
having from 2 to about 20 carbon atoms, an aryl group having from 9 to 15 carbon
atoms, a substituted aryl group having from 2 to about 20 carbon atoms, a substituted
aryl group having from 9 to 15 carbon atoms. In one embodiment, where one of Ry, Rs
and Re either a chlorine or fluorine, the remaining two of Rs;, Rs and Rg are
independently selected from an unsubstituted linear or branched C; to Cx alkyl, an
unsubstituted linear or branched C4 to Cy alkyl, a substituted linear or branched C; to



CH3 CH CH Ar 5 X wherein X corresponds to a functional organic
group fromthe series -CR12Y, where Y represents OR, C, Br, I, CN, N3 or
SCN and RYOr28pyRZwAts H and/or a Cl to Cat al kyl, and APCI&p28H&89039 C6HA or
C101-18. 10It is desirable that the ininmer is substantially pure in order
to avoi dPp@t@A4dRET y poi soning the reaction process. The ininmer is

pr ef er abiGgo alkyl, @sstbstitntedlinear oFbranched §rdadot bl oin di sothes &Mbsingter s
accordin I nyentiQn.i ' | cal applications, a higher

| evel of %B%‘rt)\ﬁ?F%}Zﬁ%ééﬁdpﬁ%?éer{r‘froggﬁ%?(f)c;rﬂ{e?(rgé e 95% or even 99% In one
enmbodi nent, 4 Greretrivodimerdppartighy 4t 3ndcBeof dnimer Coppryng dhreopyeined i ere 15

I's used as the inipner and reni n OLYRL: . Sl rene

s used abotwE v RE s RaRGr 1) ShEHfatR B b 2T BAmBBI [PERRE | o

yi el dst het clos @ pdsivon af b besssnie g wiie pastichBwie located ep efthef trecBeores 2.
position of the benzene ring. In another embodiment, portions A and B of inimer
compound (1) are joined to one another via the linkage shown below in Formula (lI):

N ]
.
——CH;C

B CH

3—n

10
where n is an integer in the range of 1 to about 12, or from 1 to about 6, or even from 1
to about 3. In another embodiment, n is equal to 1 or 2.
In another embodiment, for isobutylene polymerization B can be a tertiary ether,
tertiary chloride, tertiary methoxy group or tertiary ester. Very high molecular weight
15  arborescent PIBs can be synthesized using the process of the present invention with
inimers such as 4-(2-hydroxy-isopropyl) styrene and 4-(2-methoxy-isopropyl) styrene.
Exemplary inimers for use in conjunction with the present invention include, but
are not limited to, 4-(2-hydroxyisopropyl)styrene, 4-(2-methoxyisopropyl)styrene, 4-(1-
methoxyisopropyl)styrene, 4-(2-chloroisopropyl)styrene, 4-(2-acetoxyisopropyl)styrene,
20  2,3,5,6-tertamethyl-4-(2-hydoxy isopropyl)styrene, 3-(2-methoxyisopropyl)styrene, 4-
(epoxyisopropyl)styrene, 4,4,6-trimethyl-6-hydroxyl-1-heptene, 4,4,6-trimethyl-6-chloro-
1-heptene, 4,4,6-trimethyl-6,7-epoxy-1-heptene, 4,4,6,6,8-pentamethyl-8-hydroxyl-1-
nonene, 4,4,6,6,8-pentamethyl-8-chloro-1-nonene, 4,4,6,6,8-pentamethyi-8,9-epoxy-1-
nonene, 3,3,5-trimethyl-5-hydroxyl-1-hexene, 3,3,5-trimethyl-5-chloro-1-hexene, 3,3,5-
25 trimethyl-5-6-epoxy-1-hexene, 3,3,5,5,7-pentamethyl-7-hydroxyl-1-octene, 3,3,5,5,7-
pentamethyl-7-chloro-1-octene, or 3,3,5,5,7-pentamethyl-7,8-epoxy-1-octene. In one
embodiment, the inimer of the present invention is selected from 4-(2-
methoxyisopropyl)styrene or 4-(epoxyisopropyl)styrene.
In still another embodiment, the inimer utilized in conjunction with the present
30 invention has a formula according to one of those shown below:



20AB WD 2011/ 127562PCT/ CA2011/ 000379 P004 01242 PCT After the
reaction tenperature decreases, indicating that substantially all of the
par a- met WP BA®2i s consunmed in formati on of the hi ghPCH@EEPH/000X¥Bbut ene
is added to the systemas the |low Tg isoolef in nononmer and pol yneri zed at
t he bran®Be4Qy24R¢k s of the ininmer to yield an arborescent copol yner having

| ow Tg endbl ocks, as shown HECSE@I-B—O*—S&WX Usi ng the process
of the present invention, the structure of arborescent polynmers can be
varied within a wide range. This structural variation is illustrated by the

branchi ng i ndex. For exanple, the b Epching i ndex, nol ecul ar wei ght and
physi cal properties of arborescent gynmers according to the present

i nvention can be controlled 10 via fhe nolar ratios of ininer and nononer
added to the polynerization charge.| For exanpl e, decreasing the
concentration of ininer reldtCreITaCthe—econAgnt+atid)on of high Tg nononer in
the feed will result in |longer chains with reduced degrees of branchi ng and
a |l ower branching index. Conversely, increasing the concentration of ininmer
relative to the anmount of high ngleads to the formation of a polynmer with
a highly branched 15 structure h g shorter armlengths with a higher
branchi ng i ndex. Further alteratipn of the arborescent core can be achi eved
by the sequential addition of iniper and/or nonomer throughout the

pol ymeri zati on process. Pol(yners ac;g%gingto the present invention
preferably have a nol ecul ar I t\fh%z i range of from about 100, 000
to about 700, 000, nore ﬁ#qﬁ bly fro %gqufbgb 200, to about 500, 000,
yet nore preferably fro out 300, 000 t0 ‘about 450, 000. The pol yners
preferably have a branching index (BR) of fromO0.5 to|20, nore preferably
0.9 to 10. The polyners preferably have a narrow nol egul ar wei ght

di strigoution characterized by a pol ydi spersity index ?&ﬂhﬂ or PDI) of from
1to 4.5 nore preferably froml1l.2 to 3.5, or fromabout 1.9 to about 3.2.
The above properties 25may be present individually or in any conbination

W th one \gmg&binex corresponddtsta Puﬁ&tn&ﬁ@@%nd @rohb@rdn’ﬁ‘ﬂfé SticgalCmy, Vpﬁhéﬂeeﬁ‘ of a
pol ymer fornmed in_accordance with t present invention are possi bl e

by change’@pieﬁeﬂﬁeoahgi Brat (QNt'é&:PUS@N 20hBr sepresentp bl Feipsa 1Q)rtﬁ&t0 iafkyl,

accordancg1 Rolddeny ESEMN: ention may have reduced shear sensitivity
due to the 8Le§n§t(’r§%€t tjr(je0 %nd reduced vi scosi ty 30 conpared to |inear

pol yri€y s of eduisvéésinablecthat thd mimehis Juhsjardiedy pues &v atsley t<b|avplda,@¢tentlaﬂaw ng
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2011/ 127562PCih 6&8%15&%3&94@%@&%&)&@0@{%@@ mt(epd&ytsbprdpwagzreﬂ‘e from
5 to 400% nore preferably 9 to 375% even nore preferab %ﬂZSO to 375%
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have a pegkywt kigh Sl'd)irnohf)ﬁ\@ 0a32§,|||tpe @eéchBgun & A E’éIS\Tvef ngbbﬂ fheUBrd of aho 2.

MPa, even nore preferably fromO0.5 Any conbi nation of the 5
f or egoi ngarphrescent polmagreas: showminster A of Seheme\& ded. The above
enbodi nents of polyners according to the present I NVenis are particularly
useful inYyi omedi®al appki/oaédions. 250®rrg | es of accordi ng
i Nyg f er addl AdOpr oduce | 100 p of, fngl e
en-aq:ngl-y?e by-é -af—t—ef>300 of extraction in
1Ly
-80C
20 A B
Scheme 2



10 de-ionized water at 40 C, nore preferably less than 10 ppm even nore
preferably less than 1 ppm Cells, particularly nouse nmyobl ast cells,

i ncubat edVPrR0t1hI@736@achat e sol uti ons preferably exhi bit RCTI(@Q8t1/08079cel |
viability when cultured for 48 hours at a tenperature of at |east 37 C
mor e prefPéPa®2y2 BOT C. Surfaces of the polynmers according to the invention
pref erabl y supfier thecesiaction tanpperayee teerienaes, yndipating ibat pukstantmivathaiithen
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In yet anot her enbodi ment, suitable for non-bionedical applications, the
present invention relates to end-functionalized thernoplastic elastoneric
ar bor esceWO 2pUIRA®Rs that are reinforced with one or noPETIGA2DH/§037)her e
the one or nore fillers preferentially W) 2011/127562PCT/ CA2011/ 000379
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10Third Edition, Chapman & Hall, 1995. This publication is hereby

i ncorporated by reference for its teachings relating to cure systens.
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cal cium, zinc- tassi um 0 magnesi um.  and anmonj um sal ts. . Furthernore
b Lo an Mg RuREr ot citad T . HEHORKarY GRUBRRIAE3Ph aBodre 20
parts of griesEmehNataPilm t@RichibraE (BCILPa dseds Ak astigm®er. can be present.
It may be advantageous to further add silica nodi fg(lmng@m | anes, which give

enhan®ed physildg brardiesiedscanslysners ohtherpresentdnven N alsodsrragygasgn
conpound \ k 1 ( Farpreunfiatdef
this typza 88%(\5% s&'yc‘%%%gﬁ%\%ﬁéﬁéﬁétﬁ@?&?‘éﬁ]cefﬁgﬁg%mﬂpgg reacti '@ﬁ@f/‘f th
t he sili onosemeémioepnpndtien wilh beer e pétiatdriio afaphdiona altegpemiuremi iop) aousf

t hese nodifq.gr,s i uden.. [ | J 3t o _A(©
bi s(tri etﬁ%jxéstlgldyq% #63@? )Cibctaétr { %gﬁ F?‘gl;\te_,dqul:é@%rq%g{ ﬁ%x;% i ;];rlopr)nr 8%?/‘]“) d‘tlosgltf)ane,
or t hi opraigiubRi86°@codeter frioat bbaytl s50°¢! toratbdut! -885Cer An TBhectamodortorodndba

silicg, nodifying silane is |j he range of .from about .0.5 to.abo 15 parts
er | aharual bt St MPauSeshdolovge B B sk 4 8raipilid’ 5900 8T Shhertr Fom

about 2 tipitiglep it a hopayolF s@%nhfmgl,r RékaPR).t Fh@boghrsiaite is alldWed td torftidue

nodi fying si|lane can be used alone or in conjunction wth other substances

whi ch” serWll it tepainaed metheigddiiondal erruceophitndudn 88 Mel@NPhgr edi ents of the
final vul cani 2akioe,d HRBSHin%@%B&J&iBHR{f'a?b&%séé?ﬁpp’oﬂ}?rb&é it QoEQHIBALE ithr €
often m xed together, suitably at an elevated tenperature that can range
f r om abouhe PBEsant inveotion pecessitaiesthe luge haddiixensuah afeelgotsgn pair dorewdd one

hour d g ti i - r oyt m j |y
noqt e, MRS S0, ARG [ 0, %ab8, B Pitlupfbe DIt 8.
Banbury nExanplesof auitdddk eleotromBpaipeinders arenheteunecleapthées at mxernn efedinon r ol |

mll mxer_also provid a od 15 dispersi of e di tives-wi thin the
01 ast ormerdorfie HontHeD 0t 3 Seddy 98 2ot oo AR 80 2% el A8 W& elipiaharn

m )o(li n% ti?ﬂm@.Ddrbri/Ecgpp?siAﬁp?oécgr_ ]ftﬁmojecwetr mkwacrﬂmisnfgldrmm \Weglsr (1em8s spidages,
an the m Xl an e one. 1 n | erent a rat us, or, ex e one stage In
o nt e mapufd, B S nGniReed g8 hYLCkaR ety Rbeta Rt A SRS

vul cagi ZadndPaing&Byladaphoxine Y BurBBR Grofdn apy iRludes i it GRe MR IFIGANLRE D 619,

Vol une 4, p. 66 et seq. 20 (Conpounding) and Volunme 17, p. 666 et seq.

(Vul cani z@%rttﬁﬁybutﬂﬁvgdIbﬁm-rf@mw-arﬁ-ﬁlée yewylpyridine goe siigepreyletaylamine f or
its teachings i i cani i ot Ll
hnot her - onbagi e ahdtfet emBEARRHESAGbIBHG ! 6BRIARA Alhications, tldbiEbeht
present iinventionoielaiestacent-functionalizad ithasohoptastic eastomeric arbareseent. polyrmers

s cur ed. Pahpte lnrhited Witk B fites Wthr 8B/ e aicor HPlsLARE AFBiver <
to undergo peroxide cure w thout causi n&Mqamage to the overall arborescent

pol ymer structure. Exanples 30The foll ng exanpl es are descriptions of
met hods within the scope of the



present invention, and use of certain conpositions of the present invention
as described in detail above. The follow ng exanples fall within the scope
of , and sEORBINIB7¥Renplify, the nore generally descri be@CEENIOH/W0PGhS,
formul ati ons and processes set WD 2011/127562PCT/ CA2011/ 000379 P004 01242
PCT f ort IPogdboed? PGE such, the exanples are not neant to limt in any way

t he scopéntefact wéh the saafunatioaalizedmortions of speh priearescent pelimes-t billetsemay

i nventi Or?ncffu@e Wr?e‘?ﬁ\ro(?qwoﬁsmgb eh Ilpeqsdl scussed in detail below All

pol ynmeri zations are carri i'n an MBraun MB 150B-G | dry box. 5
Cheni cal s Exemua(rﬁnmnel‘abf(liers smtwdepsiliga sitiga, exilicatlgs; mayHemgrt asnpentoniielene,

pMeOCuntt) s synthesi |sobuty en fa sed
N thout 1pefiar SPRE it ionden SR af e AROuEE R MGl hoRB Mane Tl
99. 9%pandpavitic lexbnd| dsrindiudé:diigiai digpersbbie ﬁﬁme@rédarréwgfg dy the premprtatnon
p-tert-butyl catechol inhibitor renover colum prior

prret hyl stQf shligategauions onthe flarme hydrelvgissefisilicen h@h‘éfé* Wr'tgcﬁﬂéﬁ'gc 5\‘&%%?'@6‘? rom
cal ci um rB!I’(!STiod130001_?}‘?&e%fl;ﬁQdfto 4@5-%@? @E?%leél'hc‘éﬁffgm ardy), amd QmHIRImarpi ght

di stributions of th yners are determ ned by size exclusion

chr omat odrastie S(@Ecsyf %T i@ 4DPshamther fliras §2pfopHoNaivealso B PHgSERt BEifpixed
vaters 248 {yddatn é@gfﬁé@l&%d&%ﬁ A thdke % Mépgeé' B 250 anag*e ts@hﬁ{é%“ c

Ref ract onmet er, t1- ang 'scattering tor
W at t10vi silivates; SHICBC@T@!LENDU@ gjicate mslmaeueaeuhameitai siliqgites; spagnesiumg

i | /

o | e Silgafl 8P oAl Bt SHATRESY SBESHE sildd B &f 50 TR WG afig

]§|50 and Tgdmdry entigle diaptetédsest O A CaN; hatuualgnhoa&ast Isacmablkbelflrpbasmlw a
oW rate e a e of.t re att

Teohnor oduralle PebyTig ShEarsiast ibed s Gasy B5E arppads (Raloe BhiBis S

recovery @issshidrogihefes] AftalrtddbsyBlettay Bihb @xidd5adiciiRoXIBE THa SHER NG ome

conduct ed usi ng a_Bruker Avance 500 instrunent and deuterated chl or of orm or

THE a® t RIS @Jfaiplum oxide; metal Gashenaies. S%%@ﬁg@ﬂ%?‘“%??’)pO?@gC)ca&Wys| S
vas perf ofdiBshaie! é‘rﬁh 32|ﬂ-c°‘ daﬂ%ﬁa%@?me?alzﬂ}@ro%bfeé ereed‘t hRMiMGAN rh'y&ﬂmde and

calorineter. Sanpies of 5- n%lwere | aced 1 nto al um num sanpl e pans for
testing anagwrpi@drome gl £9B0INGAARS theseoft enper at ures 30 (Tg's) under a

hel i um at mosp 3 gﬁw\@@&‘?@gr}nm%ﬁ’ﬁﬁ{@%uﬁ% ?? @cﬁ‘ fBP@Hrﬁ;ge '8 b%n%re@&e%m n.

The reported kKen~as 2 'rean va t'ween onset ‘an
poi nt tentp;et’rmtlamps)lack furnac%amboregawbla@apnmcmlpteiemneha),h'(gaaBéd' specifig an

ﬂﬂpc\ggole%] Ogaf ﬁ)]-tr%8qo éo%“sb/SfTE&c r'as B‘A@?é’A#SH)&’H F—'EY—VI odrt(};'lgF%%rbzon blrargll and 4
Other non-mineral fillers include rubber gels, especially those based on polybutadiene,
butadiene/styrene copolymers, butadiene/acrylonitrile copolymers or polychloroprene
rubbers.

In the case where one or more fillers are utilized in conjunction with the present
25 invention, the filler can be bound, attached, captured and/or entrained by the end-
functionalized portion of the arborescent polymers of the present invention rather than

by the core portion thereof.
In yet another embodiment, again suitable for non-biomedical applications, the
present invention provides a rubber composition comprising at least one, optionally
30 halogenated, arborescent polymer, at least one filler and at least one vulcanizing agent.
In order to provide a vulcanizable rubber compound, at least one vulcanizing agent or
curing system has to be added. The present invention is not limited to any one type of
curing system. An exemplary curing system is a sulfur curing system, although a
peroxide based curing system may also be used. For sulfur based curing systems, the
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WD 2011/ 127562PCT/ CA2011/ 000379 P004 01242 PCT conpression nol ded sheets.

Sanpl es were pulled at 100 mimn to observe the stress-el ongation

rel ati onsWPR11IEREWRl e 1 (09TS23) 5Pol yneri zati on was c&ETI@@0UIV0I7A a 500
cnB round shape three neck glass reactor. The reactor was equipped with a
gl ass st iPPe4r24DRCT nounted with a crescent shaped Teflon inpeller) and a

t her moco@piaeint Pbsultue utibzast iorthevwsueng gegs® can e dnthefangke diprsaboutds3 ¢r8

hyl : 0 - lL.ani d
(measur oab80C 2 B0y PERSBY Wit pbERTBHTRAS  fter) DAk BBy Yer SBHe e
t enper at zing)oxide] caf atstBoguset. hif lpsdsent tiee ameasiuofeattinator canges drope abouir(sy .

Pol ynmeri zat.i on_wa tarted at -80C by addition of a pre-chilled m xture of
1.2 cnB ?F&Fi"ﬁﬂ%“stés%ar{% %‘P’ﬁ&gm:ycl ohexane (both neasured at room

terrpegat ur ezj. O%lgérefng?ébiéﬁtﬁ,utcfsiggfanﬁgs_w@il;d aaTdL @ils (@.g.grmmgat@)ube Simoc ce)zilze .
was observed and a mxture o c sobut yl ene asyred at. -8Q0C) . c
o et hy O EHiBHUR AL ETRRBIN 45 2: 7 Uk AR sl dbse Bhigdsulieg)

chl ori de (EEaRUKRH® BMOSFBay@h Ad).- chnCdlSo Bk akiged BaHngl dridalinBpriofRAsuHRd at
roomtenperature) was added.” Polynerization was term nated at 95 m nutes by
t he addi tGWinade aosuieBbasachenre) isdban gifactad inadwoynananner. RgerHfor gtance; he
evaporati I ri t e ; ymer
sol ution (g{r?(??%rhgegm{u?e g%riozrfq g@m‘&#ﬁ%@?eﬁaﬁﬁ?% Hfa;#%nggllz 3@1&@'?%? r ed
frit 100 ZhindeBditien,TCO2pmand& piialti 1995t ddiglipublitatipni iat erekye timgosporatesl pyl yer

pr oduct | sol d and dried.in a vacuum oven for 24 hours at 60 C. The
dried wei %{eqﬁe fsﬁﬁs FSFG'H@? rﬁg@gﬁﬁcﬁr%? r.ng'l\/bl ecul ar wei ght, PDI and
br anchi ng fremhenOMcmfizéHn@berbgmegmﬁb@ndshm’wl réiiiﬂgog@gge ﬁreséﬁltamsemticﬁnshhi on
tenperature, i.s,shown in Ta .. 25 ampl e 1525 Pol yneri zat.i.on was
Car i ed donam e gusiasy Poodist o Jurmers. Suoh dstoaios o RS, AN Bt o
was equi predieydtbiy, yultanzigs heddehtiorP QukilBlkiey, eshtiokidBnt, %@ﬁiﬁgrﬁdgeﬁﬁ‘?lﬁ?@m—

ed a

Teflon inpeller) and a thernocou To the reactor were ad i rst

AmourI® of SN HSEEHE Nor FAIEASL 1G] SERIIZaISS EHES HANIACES CPIORESSN 4105,
B0 - o e Ay B b ey YKL o TR T80T 10
cnB p- metdvjdss tighibiters metal upédesatandoactivatanp suak waselietiRaiolamine.z pelyethyieae
S e
m nut es ahe pabherendustlyi dine rmbbemngids atalusedimccopaestionas amoseisy etichrdepand
20 on the intended use. Conventional amounts are, for example, from about 0.1 to about
50 phr. In one embodiment, the vulcanizable compound comprising a solution blend
further comprises in the range of about 0.1 to about 20 phr of one or more organic fatty
acids as an auxiliary product. In one embodiment, the unsaturated fatty acid has one,
two or more carbon double bonds in the molecule which can include about 10% by
25 weight or more of a conjugated diene acid having at least one conjugated carbon-
carbon double bond in its molecule. In another embodiment, the fatty acids used in
conjunction with the present invention have from about 8 to about 22 carbon atoms, or
even from about 12 to about 18 carbon atoms. Suitable examples include, but are not
limited to, stearic acid, palmitic acid and oleic acid and their calcium-, zinc-, potassium-,
30 magnesium- and ammonium salts. Furthermore up to about 40 parts of processing oil,
or even from about 5 to about 20 parts of processing oil, per hundred parts of
elastomer, can be present.
It may be advantageous to further add silica modifying silanes, which give

enhanced physical properties to silica or silicious filler containing compounds.
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WD 2011/ 127562PCT/ CA2011/ 000379 P004 01242 PCT mi xture of 36 cnB

i sobutyl ene (neasured at -80C), 15 cnB of nethyl cycl ohexane (neasured at
room t en¥POUYIEJ36210. 5 cnB nethyl chloride (measured aPCTEBCYIANPB7®. 1 cnB
di-tert-butylpyridine (nmeasured at roomtenperature) was added. After 30
m ns, a $eeondsar@unt of 0.055 cnB of pMeOCuntt ininmer was added, followed
by 0.6 c®nipandFioCthswedsesBaatactivelsylyliether finskianaity (foeresition wdb\ the

ot hanol B HER, 0 ok B RN arblon Exfiflt i afee, MeliEls

chl ori de |nd1l£dd1yb0tyCa\rehebarlenwaiS taplOtﬁ@(triemhé)&yellm‘owmietraﬁﬂfaheprble(trdathdsw

diluted sol ution. d th h ed frit.t

T 05, anghpEYiETans. ar FlcRopOn b SATE R RS fsterpToa AR ST

i sol aked sad rﬂ@d@idgeﬁlaln@ lﬁlﬂﬁﬁeuﬂaﬁg@\tﬁlﬁof'rpéb&ﬁ dﬁws %b@d’lt prﬁts peenhghdred
rams Mol ecul ar PDI d branching

wei ght of the p mer was 16.0
frequencyag o ﬁ@%ﬂ?h@f ff&ﬂba vinto; gpophAPeor even fé%'g aboyhite @BHUE%H‘BE‘F ature

is shown g P hlag! e% p?artspofstﬁgstbﬁl%?se frRE Sfis rﬁ&!nf&l@sﬂaﬁe%ﬂvﬁb LSedb@HE®rin 15
Exanpl e (09T1S27) ol ymeri zation was ‘carried out in a 500 cnB8 round

shape t hroggjunetion witaother @at@&t@mcesmcm sarve de Magdy dpusitgeestriaice shamifitys s
d f
Cher mocoup! . T8 gsciEhlsfdne fi38 SBlkanRaBR 0004 ol RSPk e Bk

met hyIIOcyczjoc’r[mmadenreé nﬁers el tagethenrsuttabipat ah eleyptedI@mpetat@@ that danl raopé or i de
(measure 0, e | pyri di ne asured at .ro

{oner ar JFE) aBA 25 Coinentpthabhis < Norerlly PR fodtnd A58S B exsibe B floyy

Pol yrer i zidi fimeas trfet r&hgeﬂom abdtR g tb)abadlcbd mnfHutel isuisRalR- adbqubted Mixiiguse of
2.4 cnB Ti C|4 and cnB et hé/raﬁycl ohexane é #anneasur ed at room

t enper at (RUERD YAG%rE‘?’d 33(9” i Ry BY BUX§/ @46, 82 i3 BangUY e M aPlifeHaRES Gise
was obseryadeqdidt mirTharsidifeMal 3hixéP CABtwoS POl eRfket %%ﬁ@\ﬂd a @e6d. 15

cnB of nethylcycl ohexane (neasured at room tenperature) an nmet hyl

chl orfidde disneisioneef te addtyesamithin. thec gRstiimarer t‘\@ueytrtmﬁnam@r@w@%e@p@d at

t b
[ oom L e RIGBRY AR Kb oph e & O UR LSRR B i ppTho Y oS Y
evapor at i roorecstagas, laptl tiedn maxinglean betdbpbmydiffemappanaas fol dxdmpe orheestage
ol ymer s | ut.i he ut ed s tered through i.um
] et o R bt Bt i b g TR el ot iproftisnbNor e e
gol ¥mer dmeegalsb Eﬁ?/d?@tuat @‘dodmbedSbedcd:eL gng E;@mammngufrrem 24 geoetr secgb I 60

rpe wei (0] nmer . r C

ond b empacnBak ang UulbRe Bopy NBR ek et RFRiizatens, oS Adpldiion i6

transi t' %ré%’ﬂﬁé@bbﬂaﬁad Sm%nbé‘ fbabitse teaching® relatmz? to compoundlng and
2011/ 127562PCT/ CA2011/ 000 79 P004 01242 PCT Exanpl e 29-2)

Pol yner i 2Z4#¢a5izaigs. carried out in a 500 cn8 round shape three neck gl ass
t Th th
reactor. 1he rlﬁ%gﬁ %h?ﬁigﬁeﬁ%tjpﬁégﬂ)wmg c%s%’her re whete Hid érrb%FesfF ;& SIPHBESG ket h @

crescent 5 shape n i1 npe couple e’ reactor were
added 0. JwesentdneEntipv=0Censifunctieoalized, mwemm‘dmhee@nme(mmwe@“nam isBOoOM

e e 8 R

p- met hyl sthingsndor( saes Wrboreatentopolyiner es aindeego p@fdvdnerduzatmmUmusﬁqu ted

at -80C chan?géjel ’E[ol tRQ o(\)/(fara‘ﬁ arbc?reg&!nt pol(g/mer s%rHcrtSreOf 1.5 cn8

Examples
30 The following examples are descriptions of methods within the scope of the

present invention, and use of certain compositions of the present invention as
described in detail above. The following examples fall within the scope of, and serve to
exemplify, the more generally described compositions, formulations and processes set
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10 TiCl4 and 5 cnB net hyl cycl ohexane (both nmeasured at room tenperature).
After 20 m nutes of polynerization, a tenperature decrease was observed and
a m xt ur eVeR208612¢¥68 | sobut yl ene (nmeasured at -80C), 15 &(R/(@{2011/000379

met hyl cycl ohexane (measured at roomtenperature), 10.5 cnB8 nethyl chloride
(rreasured’o%‘tom%@T and 0.1 cnB di-tert- butyl pyridine (nmeasured at room

t enper at u@ré) abpye. afielsuch, Hae prampleatare Rohawanbiot lenitinneivewanthesscaperitea by

t he addl nvée &,FB nmet hanol containing 1.65 grans of NaCOH After the
evapor at i on o th chl oride, nethylcycl ohexane was added to the pol yner
sol ution and Plob,/mtbrs @ceordigl tottherin\xmasiom idre preparechrswglhba disadissed #1 detell ed

HLBUE? B <o b gmeRa s Rk Crl L S R ARy P50 SRy ohR o5 ™

Mol ecdl ar wei ght PDI and 20 branching frequency of the polyner are shown
in Table Ther nopl astic properties of Peak Stress versus Peak El ongation
are repo STable 3 and illustrated in Figure 2. Exanple 5 (L038-1)

Pol ymer i zat i oQ-(pafiehdky- |s@grdwt) 'sgr@n@(@ rﬁ@fﬁokwﬁdﬂ s&igpe! hiMeoceasistgligss 25

reactor. The reactor was | ass stirrer ro mounted with a

crescent Syﬁﬁ\@éﬁeqLeWh'&ﬁl'SPWéleﬂéra}"'da[ﬁ@lthﬁ' Q%ﬂ%@&@eé Withgut Wé‘“ﬁéﬂ%f&at'%r e

dded O. 60

Femper at L) 2 TR MR R EE sy PRy PNa s R g mgiath isoom
p- metlfyl sqaps%@rouglwupé@t hutylcataehokinpiditat eragver ol iprigata osag@mandtoar t ed
t -80C 4.4 n8
ﬁet hyl cyc %tﬂglg%(%&{ég@lﬁgtﬁg@gﬂagd“ ddr'%“é%b?e@fir gt(ag?éq % %gger Ifr%n m nﬂfn?ascof

pol yneri zgtride, a tenperature decrease was observed and a m xture of 72 cnB
i sobutyl ene (nmeasured at -80C) and 90 cnB nethyl chloride (nmeasured at
-95C) was added. Pol ynerization was term nated at 85 m nutes by the

addi ti on st Metiedds net hanol containing 1.65 grans of NaOH After the
evaporat| on of _ WD 2011/ 127562PCT/ CA2011/ 000379 PO04 01242 PCT met hy

chl ori®de, net H-yb"le ?‘QIE‘&H@XMQ%%”%GH&%PLH"H veig bQISP'M'Og%IOUt“i‘%rP%YH?Prﬁ h"ée

dil uted sphefiney W%az@'éx%@éi%ﬂ &Fﬁrﬁé&%@ra%hyggEQW thé‘%?‘ét@ﬂ Jornblfstst& d RIS

Ti 02, and precipitated directly Into ace product was

i sol at ed &fdHALCegump, & V%aiar@n%ﬁielﬁ)uabﬁbzﬂruaom sDeiecteo E(:WWBI &ptiledr Depi ght |
?E:ar ?rggl gé@?@%’ﬁgtﬂé;ﬁ%g%ﬁet%aw%tfgémgﬁg‘ géa@%ﬂ r;(r&%l on (%eé[e?tgbor ted
i n Tabl e 8Wyadt Vibtassamasaathater, Bi Wyate QELS quasi-elastic light scatterlng instrument, a
20 717plus autosampler and 6 Styragel® columns (HR1/2, HR1, HR3, HR4, HR5 and H6).
The Rl detector and the columns are thermostated at 35°C and THF freshly distilled
from CaH; is used as the mobile phase at a flow rate of 1 mL/min. The results are
analyzed using ASTRA software (Wyatt Technology). Molecular weight calculation is
carried out using 100% mass recovery as well as 0.108 cm®/g dn/dc value.
25 'H NMR measurements are conducted using a Bruker Avance 500 instrument
and deuterated chloroform or THF as the solvent.
Differential Scanning Calorimetry (DSC) analysis was performed using a TA
Instruments 2910 differential scanning calorimeter. Samples of 5-15 mg were placed
into aluminum sample pans for testing and analyzed for glass transition temperatures
30 (Tg's) under a helium atmosphere between -140 °C and 200 °C with a heating rate of
30 °C/min. The reported Tgs were taken as the mean value between the onset and end
point temperatures.
Tensiometry measurements were obtained using an Alpha Technologies T2000
tensiometer. Dumbbells with widths of 25 mm and 4 mm were diecut from
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Example 6 (LO37-1) Polynerization was carried out in a 500 cnB round shape
three neck glass reactor. The 10 reactor was equi pped with a glass stirrer
rod (nourVeOROWI2A56a crescent shaped Teflon inpeller) an®8Ca/GABHNMILHOPl e. To
the reactor were added 0.100 cnB of pMeOCuntt, 160 cnB net hyl cycl ohexane
(measur ed0ea 01RGOPET enperature), 70 cnB nethyl chloride (nmeasured at -80C
and 10 ceempressian msidade skeqtsre aSamples avereopitiedeat 0QumANn RoPsASYe 488 i on
was star ) on of a pre-chilled m xture of 1.5 cnB 15

T1Cl 4 an%ﬂgsg%nﬁe&rpﬁé;cﬂ It'@'xane (both nmeasured at room tenperature).
After 20 m nutes of polynerization, a tenperature decrease was observed and
a m xtur f 54 Lspbutyl ene (nmeasured at -80C) and 90 cnB net hyl

chl ori de%é%‘m =95C) was added. Pol ynerization was term nated at 85
rr:c nut Gshby th@omimb'rtzbtm; afaslOarcied cfmtlhgancsoman? a?]mmghépéﬁh@eamkoglazaag
Aterteevao tion of met oride, 20 met C exane was added to
e pol y TRRCIGbI 5P SRAGIALWEREURPED it 81 Ao TRk OF HOURET P 8L R E o urm

si ntered shbpéd W@flé@ﬂﬂi@leﬂ_ é}% a %Mrﬁéb@%bl@' tTatiAe réhdiecivbie dddcd @668 ent of The
pol ymer product was isolgte dried in a vacuum oven for 24 hours at 60

C. Mol ecaMgOGuMGht 135pMm anathmlrcme*ﬂﬁwgef@r&ﬁérﬁsiyabfoqrméerﬂm@ﬁ#e A%CHhown

are ropor Ty ag S e Sn el 3PER0 AT 0 o AR Ry (fpastita &t AT on
2011/10275362PErRI@AR 0 20d 0003 PN°POBMetydstZreReT ( maawed avbreanl EmpeRtie). (Mw)

on 7oL U PO SRR A 57 MIB68 ) LPSRAELER, cPITEkS 10

TiCls and 5 cm® methylcyclohexane (both measured at room temperature). After 20

minutes of polymerization, a temperature decrease was observed and a mixture of 36
cm? isobutylene (measured at -80°C), 15 cm® of methylcyclohexane (measured at room

15  temperature), 10.5 cm® methyl chloride (measured at —-95°C) and 0.1 cm® di-tert-
butylpyridine (measured at room temperature) was added. Polymerization was
terminated at 95 minutes by the addition of 10 cm® methanol containing 1.65 grams of
NaOH. After the evaporation of methyl chloride, methylcyclohexane was added to the
polymer solution and the diluted solution was filtered through a medium sintered frit to

20 remove TiO,, and precipitated directly into acetone. The polymer product was isolated
and dried in a vacuum oven for 24 hours at 60 °C. The dried weight of the polymer was
17.0 grams. Molecular weight, PDI and branching frequency of the polymer are shown
in Table 1. Glass transition temperature is shown in Table 2.

25 Example 2 (09TS25)

Polymerization was carried out in a 500 cm® round shape three neck glass
reactor. The reactor was equipped with a glass stirrer rod (mounted with a crescent
shaped Teflon impeller) and a thermocouple. To the reactor were added a first amount
of 0.055 cm® of pMeOCumSt inimer, 135 cm® methylcyclohexane (measured at room

30 temperature), 90 cm® methyl chloride (measured at —80°C), 0.3 cm?® di-tert-butylpyridine
(measured at room temperature) and 10 cm® p-methylstyrene (measured at room
temperature). Polymerization was started at —80°C by addition of a pre-chilled mixture
of 0.6 cm® TiCl, and 2.5 cm® methylcyclohexane (both measured at room temperature).
After 20 minutes of polymerization, a temperature decrease was observed and a

17
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mixture of 36 cm® isobutylene (measured at -80°C), 15 cm® of methylcyclohexane
(measured at room temperature), 10.5 cm® methyl chloride (measured at —95°C) and
0.1 cm?® di-tert-butylpyridine (measured at room temperature) was added. After 30 mins,
a second amount of 0.055 cm® of pMeOCumSt inimer was added, followed by 0.6 cm®
of TiClsand 2.5 cm® of methylcyclohexane (pre-chilled). Polymerization was terminated
at 95 minutes by the addition of 10 cm® methanol containing 1.65 grams of NaOH. After
the evaporation of methyl chloride, methylcyclohexane was added to the polymer
solution and the diluted solution was filtered through a medium sintered frit to remove
TiO,, and precipitated directly into acetone. The polymer product was isolated and
dried in a vacuum oven for 24 hours at 60 °C. The dried weight of the polymer was
16.0 grams. Molecular weight, PDI and branching frequency of the polymer are shown
in Table 1. Glass transition temperature is shown in Table 2. A SEC trace for the
polymer is shown in Figure 1.

Example 3 (09TS27)

Polymerization was carried out in a 500 cm® round shape three neck glass

reactor. The reactor was equipped with a glass stirrer rod (mounted with a crescent
shaped Teflon impeller) and a thermocouple. To the reactor were added 0.21 cm?® of
pMeOCumSt, 135 cm® methylcyclohexane (measured at room temperature), 90 cm?®
methyl chloride (measured at —80°C), 0.3 cm® di-tert-butylpyridine (measured at room
temperature) and 10 cm® p-methylstyrene (measured at room temperature).
Polymerization was started at —-80°C by addition of a pre-chilled mixture of 2.4 cm®
TiCly and 7.5 cm® methylcyclohexane (both measured at room temperature). After 30
minutes of polymerization, a temperature decrease was observed and a mixture of 36
cm® isobutylene (measured at -80°C), 15 cm? of methylcyclohexane (measured at room
temperature), 10.5 c¢cm® methyl chloride (measured at —95°C) and 0.1 cm® di-tert-
butylpyridine (measured at room temperature) was added. Polymerization was
terminated at 95 minutes by the addition of 10 cm® methanol containing 1.65 grams of
NaOH. After the evaporation of methyl chloride, methylcyclohexane was added to the
polymer solution and the diluted solution is filtered through a medium sintered frit to
remove TiO,, and precipitated directly into acetone. The polymer product was isolated
and dried in a vacuum oven for 24 hours at 60 °C. The dried weight of the polymer was
18.0 grams. Molecular weight, PDI and branching frequency of the polymer are shown
in Table 1. Glass transition temperature is shown in Table 2.
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-60.90 1?(9ac§gr STﬁg ?Ja%%gr waé3 Jqu%p%& Wlﬁ’l a glass stirrer rod (mounted with a crescent

5 shaped Teflon impeller) and a thermocouple. To the reactor were added 0.100 cm® of

pMeOCumSt, 160 cm® methylcyclohexane (measured at room temperature), 70 cm?®

methyl chloride (measured at ~80°C), 0.3 cm?® di-tert-butylpyridine (measured at room
temperature) and 10 cm® p-methylstyrene (measured at room temperature).

Polymerization was started at —-80°C by addition of a pre-chilled mixture of 1.5 cm®

10 TiCly and 5 cm® methylcyclohexane (both measured at room temperature). After 20
minutes of polymerization, a temperature decrease was observed and a mixture of 36

cm? isobutylene (measured at -80°C), 15 cm® of methylcyclohexane (measured at room

temperature), 10.5 cm® methyl chloride (measured at —95°C) and 0.1 cm® di-tert-
butylpyridine (measured at room temperature) was added. Polymerization was

15  terminated at 85 minutes by the addition of 10 cm® methanol containing 1.65 grams of

NaOH. After the evaporation of methyl chloride, methylcyclohexane was added to the

polymer solution and the diluted solution was filtered through a medium sintered frit to

remove TiO,, and precipitated directly into acetone. The polymer product was isolated

and dried in a vacuum oven for 24 hours at 60 °C. Molecular weight, PDI and

20  branching frequency of the polymer are shown in Table 1. Thermoplastic properties of
Peak Stress versus Peak Elongation are reported in Table 3 and illustrated in Figure 2.

Example 5 (L038-1)

Polymerization was carried out in a 500 ¢cm® round shape three neck glass

25 reactor. The reactor was equipped with a glass stirrer rod (mounted with a crescent
shaped Teflon impeller) and a thermocouple. To the reactor were added 0.100 cm?® of
pMeOCumSt, 160 cm® methylcyclohexane (measured at room temperature), 70 cm®
methyl chloride (measured at —-80°C and 10 cm® p-methylstyrene (measured at room
temperature). Polymerization was started at —-80°C by addition of a pre-chilled mixture

30 of 1.5 cm® TiCly and 5 cm® methylcyclohexane (both measured at room temperature).
After 20 minutes of polymerization, a temperature decrease was observed and a
mixture of 72 cm® isobutylene (measured at -80°C) and 90 cm® methyl chloride
(measured at -95°C) was added. Polymerization was terminated at 85 minutes by the

addition of 10 cm® methanol containing 1.65 grams of NaOH. After the evaporation of
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5 shown in Table 1. Thermoplastic properties of Peak Stress versus Peak Elongation

are reported in Table 3 and illustrated in Figure 2.

Example 6 (LO37-1)

Polymerization was carried out in a 500 cm® round shape three neck glass reactor. The

10 reactor was equipped with a glass stirrer rod (mounted with a crescent shaped Teflon
impeller) and a thermocouple. To the reactor were added 0.100 cm® of pMeOCumSt,
160 cm® methylcyclohexane (measured at room temperature), 70 cm® methyl chloride
(measured at —80°C and 10 cm® p-methylstyrene (measured at room temperature).
Polymerization was started at —80°C by addition of a pre-chilled mixture of 1.5 cm?®
15 TiCly and 5 cm?® methylcyclohexane (both measured at room temperature). After 20
minutes of polymerization, a temperature decrease was observed and a mixture of 54
cm® isobutylene (measured at -80°C) and 90 cm® methyl chloride (measured at —95°C)
was added. Polymerization was terminated at 85 minutes by the addition of 10 cm®
methanol containing 1.65 grams of NaOH. After the evaporation of methyl chloride,
20 methylcyclohexane was added to the polymer solution and the diluted solution was
filtered through a medium sintered frit to remove TiO,, and precipitated directly into
acetone. The polymer product was isolated and dried in a vacuum oven for 24 hours at
60 °C. Molecular weight, PDI and branching frequency of the polymer are shown in
Table 1. Thermoplastic properties of Peak Stress versus Peak Elongation are reported
25 in Table 3 and illustrated in Figure 2.
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in branching. For all of the foregoing Examples 1-6, BR =

[Mn/Mn(theo)] —=1. PDI =

Mw/Mn; therefore, to convert from Mw to Mn, divide Mw by PDI.

All of these arborescent polymers have acceptable molecular weight and PDI

values within the expected range.

Table 2: Glass Transition Temperature for Polymers of the Invention

Example | T4 (°C) | T4’ (°C)
1 (09TS23) | -62.01 | 119.48
2 (09TS25) | -60.90 | 120.87
3 (09TS27) | -61.69 | 118.62

DSC analysis of Examples 1-3 showed that each material exhibited two distinct

glass transition temperatures, which confirms a biphasic composition. The SEC trace

of Figure 1 confirms that the polymer of Example 2 has two distinct peaks, which

means that the polymer has a bimodal molecular weight distribution indicative of an

arborescent structure. Furthermore, by looking at the relative amount of each peak, it

can be seen that the endblocks have a high molecular weight.
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Gowmh to Material Surface Cell Count Initial Final
Example 7: Leaching

Four 250 mg samples of material according to the invention were placed in vials

(4 dram), to which 5 mL of deionized water or colorless bufter solutions (pH 5, 7.38, or

9) were added. The vials were placed in a 40 °C incubator oven for approximately 300

15  hours. The material was removed from the solution and 1 mL of hexane was used to
extract material leachants from the aqueous phase. The liquid-liquid extraction using
hexane was performed a total of three times on the aqueous phase, following which the
hexane was dried using magnesium sulfate. The solution was analyzed by gas
chromatography mass spectrometry using a HP 6890 GC system and a HP5973 mass

20 selector device equipped with an Agilent column with DB-624 stationary phase (125-
1334, 30 m x 0.535 mm x 3.00 um). There was no evidence of any leachant

substances, other than those already present in the hexane.

Example 8: Cell Toxicity

25 Toxicity of the materials of Examples 2 and 5 to C2C12 mouse myoblast cells
was assessed. The materials of Examples 2 and 5 were surface sterilized with ethanol
and UV, then incubated in cell growth media at 40°C for 24 hours, following which the
media was passed through a sterilization filter to remove any biological contaminants
greater than 450 nm in size. The filtered media was dispensed into a 96 well plate,
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80% or greater in all cases, showing that there was no apparent toxicity due to leaching
10 from the material. The results for Example 5 are shown in Figure 3; Example 2
displayed similar results.

Example 9: Cell Adhesion and Growth

Cell proliferation tests were performed to determine the ability of materials

15 according to the invention to support cell growth on their surface. The test measured

the number of C2C12 mouse myoblast cells adhered to the material surface. Ethanol

and UV sterilized 2.5 cm disks of material according to Example 2 were seeded with a

500pL solution of culture media containing C2C12 cells; cell concentration was

determined by hemocytometer counting. The cell covered disks were placed in a bio-

20  cabinet for 20 minutes then an additional 3.5 mL of growth media was added to the

material. Following 24 h incubation, the surface of each disk was gently rinsed with cell

media to remove non-adhered cells. A trypsin wash was used to detach the cells from

the surface of the material then the extracted cells were counted under a microscope

on a hemocytometer, followed by concentration extrapolation. The growth on the

25 material was compared to growth on a glass microscope slide, which was used as a
control. The results are reported in Table 4 and Figure 4.

Table 4: Cell Adhesion and Growth to Material Surface

Cell Count

Initial | Final | Normalized Growth | Growth %
Control | 6250 | 15208 243 143
09TS25 | 6250 | 10417 1.67 67

30
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WO 2011/ 127562PCT/ CA2011/ 000379 P004 01242 PCT CLAIMS 1. A highly branched
ar borescent bl ock copol yner, conprising: a. an arborescent polyner core
havi ng noWwe 20Hai37¥RAe br anchi ng point, the arborescent p8C¥MaN20UE07Aavi ng a
hi gh gl ass-transition tenperature (Tg) of greater than 40 C, and, b.

br anches Pao4 @ehzelCT o t he arborescent polyner core termnated in polyner
endbl ock segmiinwas datermined thatvedly gufwth és yiableaan 40e Gurfacerioé Exapwley der A f

laim1, . ' | i_bj t i t i
o opor ¢ MEEESE I R PRI o Btk EXGH R AR e o 67 SR Tidasured,
I e?st I65 Wbtil%;taﬁdhhwclkha&?gmmh 6as§4igr¢thipnqumalr3‘Vof Tbgﬁé (%%erir?ﬂsr&sls GidSinqtrﬂe
t \ t t . .
mopol yrothaihdiatendl s (bt Bibe B ReomPRE e bR e BaRRtE Cryi enic

nmonongrs. 6. The copol ymer of claim5, wherein the styrenic nononers
conprise para- nethylstyrene. 7.The copolymer of claim1, wherein the
endbl ock segnéWhauabnipk irsited deietes the GasavBES of therpiesedippVoman e uselilm 7,

T vmer et VA S RICTELS, SIS, OB, BICare1nEope) Yimoddarc o m
nmononer s.applications (e.g., use in stents), tire applications (e.g. use in innerliners), food-related
packaging applications, pharmaceutical closures and in various sealant applications.
10 Although the invention has been described in detail with particular reference to
certain embodiments detailed herein, other embodiments can achieve the same results.
Variations and modifications of the present invention will be obvious to those skilled in
the art and the present invention is intended to cover in the appended claims all such
modifications and equivalents.
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10. The copol yner of claim9, wherein the conjugated di ene nononers conprise
i soprene. 11. The copolynmer of claim1l, wherein the core has a branching

f requencyWoOf20§1¥18M63bout 0.5 to about 30. 12. The copol ymBETEIA2611400379
wherein the core has a branching frequency of fromabout 0.9 to about 10.
WO 2011/ R®#96242€ETCA2011/ 000379 P004 01242 PCT 13. The copol yner of claim
1, wher eEbAMD ny of the pol ymer |eaches |ess than 100 ppm of any single

| eachabl e conpound when anal yzed by GC-MsS after 300 hours of extraction in
5 nmL of de-ionized water at 40 C. 14. The copolyner of claim1l, wherein a
surface df th& highlybrenched arhpegscentdiloagapemmaigCBPISIiF owt h. 15. A coating

for a medical, devia%eargkgécgﬁ[d%ﬁﬂ%?pggﬂe% Biofd Q{th{t&% afé?,@hmglcgﬁﬁnlrg,r the

copol ymer of <cClaim 1. unctional zed arborescent poly
conpri sing the rearborescgnt polymeraforahaviegst highaglassHransitendeaperaast (Tohe

par a- net hyl styrene_non erei.n,the endfunctionalized arborescent
pol ymer has been e%@-@%ﬁ?%%l |b235d’vm'th greater than about 65 wei ght

plercent end bﬂ).OCkSt)rd@cEHeé%itabh@mcﬁtHefcm‘b@@l syere potym ez wood ;ewmﬁnﬁ’n@d/irggplﬂnebw
glass transition te rature (Ig) o ss_than 40 C. 1A The en
functionalized ar ﬁ@gﬁgﬁ@gﬁ@f‘%‘” a@wa‘il'qﬁhf?%s,s &ﬁ@rd'gi ﬁz‘t he nol ecul ar
wei ght (M) of the end blogcks is at | east 50,000 g/ nol . . .
end- f uncti onairh%eﬁp%lyﬁ@)?reé’ie‘ﬁ?'”bo\’beFreé'? tg?af:?ﬁq%,n (/\/r’leéﬁh%’ﬁﬁ ﬁ%gmgwaﬁtécast
one inimer cogpeiditbriddtogerties.mul a as shown bel ow. AB(1) where Ais R |
I R,

3. The copolymer of claim 1, wherein the copolymer comprises at least 65 wt%

endblock segments.

4. The copolymer of claim 1, wherein the molecular weight (Mn) of the end blocks
is at least 50,000 g/mol.

5. The copolymer of claim 1, wherein the arborescent core comprises styrenic
monomers.

6. The copolymer of claim 5, wherein the styrenic monomers comprise para-
methylstyrene.

7. The copolymer of claim 1, wherein the endblock segments comprise isoolefin
monomers.

8. The copolymer of claim 7, wherein the isoolefin monomers comprise isobutene.

9. The copolymer of claim 7, wherein the endblock segments further comprise

conjugated diene monomers.

10. The copolymer of claim 9, wherein the conjugated diene monomers comprise
isoprene.

11.  The copolymer of claim 1, wherein the core has a branching frequency of from
about 0.5 to about 30.

12.  The copolymer of claim 1, wherein the core has a branching frequency of from
about 0.9 to about 10.
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CC R where Bis R4l CR5 1 R6 where R1, R2, R3, R4, R5 and R6 are
each independently selected from hydrogen, |inear or branched 01 to 010
al kyl , orwQ201162082aryl , or where Rl, R2, and R3 are al PCR{a206G&q03789r WO
2011/ 127562PCT/ CA2011/ 000379 P004 01242 PCT

P004 01242 PCT

13.  The copolymer of claim 1, wherein 250 mg of the polymer leaches less than 100
ppm of any single leachable compound when analyzed by GC-MS after 300
hours of extraction in 5 mL of de-ionized water at 40 °C.

14.  The copolymer of claim 1, wherein a surface of the polymer is capable of
supporting cell growth.

15. A coating for a medical device or a medical device made from the arborescent

copolymer of claim 1.

16.  An end-functionalized arborescent polymer comprising the reaction product of at
least one inimer and at least one para-methylstyrene monomer, wherein the end-
functionalized arborescent polymer has been end-functionalized with greater
than about 65 weight percent end blocks derived from a homopolymer or
copolymer having a low glass transition temperature (Tg) of less than 40 °C.

17.  The end functionalized arborescent polymer of claim 16, wherein the molecular
weight (Mn) of the end blocks is at least 50,000 g/mol.

18.  The end-functionalized arborescent polymer of claim 16, wherein the at least one
inimer compound has a formula as shown below:

A B )
R, R,
. | -
where A is C—C\
R
ﬁh
where B is C Rs
|
R

where Ry, Ry, Rs, R4, Rs and Rg are each independently selected from hydrogen,
linear or branched C, to Cq alkyl, or Cs to Cg aryl, or

where Ry, Ry, and Rs are all hydrogen, or
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where R4, R5 and R6 are each independently sel ected from hydrogen,

hydr oxyl, brom ne, chlorine, fluorine, iodine, ester (-0-C(0)-R7), peroxide
(-00R7), WAQRL11/1375%627, where R7 is an unsubstituted |ineBETEA2BNIARITRd C to
020 al kyl, an unsubstituted |inear or branched G to 010 al kyl, a
substituted |inear or branched C to 020 al kyl, a substituted |linear or

br anchedpéds ciuc@mTal kyl, an aryl group having from2 to about 20 carbon
atoms, an ar ywhereoR)y FiaaionBe Breoeadh indefiéndemtlp seleatednfsom daydudgeni hydrewylar y|

group having from 2 aboyt 20 carbon_at ons, _@,S Lt yt gr oup
havi ng from 98NS C&f‘&ﬁ“ﬂSnMﬁ”B‘ﬁs',og&e’ fHEr g@&é%fﬁﬁa#g%'dgxdééggggg 931 t her
a chlorine orofRyowhe® RaNd dMensebaiteddineap cofbrBdchdebCantd B alkgl, an

i ndependently sel ected from an unﬁ%ﬁn ranched C1 C20

tituted |
al kyl , an unswkdbsttytedjineangsprage G dh Lo eV 8%‘é‘ﬁaﬂéﬁeﬁw%Ofs*afsgfﬁi‘?%t ed
l'inear or bragched, ClaidyP aotgg%ﬁg#%% ;!”@%@raﬁ'%éﬁéd at,ad ¢y, & abnapeded CL

to Co al kyl, or where any , d R6 can together forman
epoxi de, and haning diea Ri 9gaeYyraflpaibant 3PS A8 ArYlsIBUPHREVIng HOBY 8g8n!° an

unsubstituted,.] : i htpdnestomisnear
or branched OCA@QR%RR%I{%@%%& %mbg’#gr?dﬁcq(?%mnﬂoz%gﬁg?g??escen? pol ymer
conposi ti on obr akabstitutdd anhgraiprhagying rem 1o 1dear®rodtoms Aer conpound (1)

are joined to one another via a benzene ring. 20. The end-functionalized
arbor escent pohgreeone ofrBasRs and Rafare leithen d ghlofine rasifiwopiae.tanshidie ACEENIT of

i ni mer conpoupd e_jorned to t Vi | i | ow
in Formula (I P"y‘? gth“la%s é_qghe%lﬂ%@?ﬁd%@l&&@%@%dﬁ%@}ﬁ %@%@%@ﬂg‘\e@gép ?1 to
about 12. POf@ér{éhadzéga"bmgﬁ%Jkle,m emstbétjmtdld mkiozecbrwhgdrcastﬁe@{o ol yarer
conposition of claim?20, rei is, equal to 1 or 2. . The

end- f unct i onaPHBLLEH BB?%’S‘H%&?”%@B%’E‘P cgﬁo agﬁyLi%al%{bsﬁwgerdilfr}ga{ REP@need o
one isool efi ncqegpopaRyihgs a fornula as shown bel ow CH3 H2CCRO(I11) where
RO is ClL to &4 alkyl group such as nethyl, ethyl or propyl. 24. The

end- f unct i onalyjrapdady RS SREM; aPal R ERIN te§ethbriofh ki epthRICCRAd tHeereniining nor e
end-functionalized portions of the gol ynmer are derived fromone or re
honopol ymer s &% 9rogB uthisieaseis eitiraica BYEropamncan eibsbivieddingsr QEE@HFh?fggyner

of claim 17, wher.ehiyt he, nifliedicar 8P drdreRied CRRALIFARyPOr Li ons of 't he

pol ymer are derived Tromone or nore copolyners of an isoolefin and a
conj ugat &g di §A8: erfPruntfthahiach LHUTESUMR HoR AL ARWBRRRANG BGinY T8B! whlerdih ai m
25, V\hergﬁh tﬁ@gi %rﬁogﬁug % conpri ses @oggtene and the conjugated di ene
conpri ses i sopodioas A and B of inimer compound (l) are joined to one another via a benzene
ring.
20. The end-functionalized arborescent polymer composition of claim 18, wherein
portions A and B of inimer compound (1) are joined to one another via the linkage

shown below in Formula (11):

[ ]

o
CH;—C (1)
CH,

L —I'n

where n is an integer in the range of 1 to about 12.

21.  The end-functionalized arborescent polymer composition of claim 20, wherein n

is an integer in the range of 1 to about 6.
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27. The end-functionalized arborescent polynmer of claim17, where the

i ni mer conpoundi ssel ect edf ron¥- ( 2- hydr oxyi sopr opyl ) styrene, 4-( 2-

met hoxyi sWER28PYI2YSRyr ene, 4- ( 1- met hoxyi sopropyl ) st yr ene PCAA[A2011/000379

chl or oi sopropyl ) styrene, 4-(2-acetoxyisopropyl)styrene,

2,3, 5, 6- PEY4 A 11 - 4-c§_2- hydoxy i sopropyl)styrene,. , .

3- (2- et R8xyi Sopeppyundiopal g,aréore%ﬁm;)(ﬁl rGRAOsLiop ol aim 20, wherein n
4,4,6-trinmet hbé]éqgjhhﬁbdf gyl -1-heptene, 4,4,6-trimethyl-6- chloro-1-heptene,
4,4,6-trinmethyl-6, 7- epoxy- 1- heptene, 4, 4,6, 6, 8-pent anet hyl- 8-

hydr oxyl-3-no AurttiBnRiZée NPRERM thé ot IBsbofe
pent anmet ;123%;’1 8‘?5@ggg®®|ﬁﬂg}§g%@g@%rﬁ¥§ryﬁfeefE;glégn ﬁ?/'dr'ggsl -1- hexenec,) 3,3, 5-

tri met hy1- 5- clsoolein tomprenehagalomula persbewn belog: epoxy- 1- hexene, 3,3,5,5, 7-
pent anet hyl- 7- hydr oxyl- 1- octene, 3,3,5,5, 7-pentanet hyl-7-chl oro- 1- oct ene,

or 3,3,5, 5,7-pentanethyl-7, 8-epoxy-1-octene. 28. The end-functionalized
arborescent polyner of claim 17, where the ininer

conpoundi ssel ect edf ron¥- ( 2- et hoxyi@b‘%ropyl ) styreneor 4-

(epoxyi sopropyl )styrene. P004 01249 BCT 29.The end-functionalized

ar bor escent pol yner of cl ai ME7—wHerein send{llhuncti onal i zed
arborescent polynmer further conprises at |east one filler. 30.A process for

produci ng a hiyphy/ REIASCRRCL, ALY SRFER, LRGNy MR OIHOR NO: 2.

copolynerizing a re on m Xt onpri sing st one ininer and at

| east _one,par qnel i) SLASEASoAATBEc ArhéICH G &7, SNER! therohd er

presence of a Lew's aci de co-Initiator at a tenperature of from about
-20C t o about mareGDdtfonétmnalizechpostipys of drecpelsimeviaee dprivatbiipmoenengr fMese

e R R e
onoTer L {0y boBEL ARt b el A AR R B 15 obaached

ar borescent copsrkyererfuhctionatizel pottians 96 ltive polymat afdelefivert #sm orie of aiare 30,

wherein the process further copprises purifying the arborescent copol yner
fol | owi ng sep&PBEVER'S PfAN iSpde F‘Uéﬁtcogwgﬁgeétfpgﬁz | evel suitable for

i ntroduct f th ol to the h body withgut exhibit] pt
of rej ectdfon. B AHEIBRIRTAIC AT BRI BONRS i dhith o ppBeRL i, FREIN.

conpri ses purichiiphiges RBbLTRHERNARe Bohj8yAkd Afenatcohfprisbs ROYeamer ity prior to
copol yneri zing with the paranethyl styrene nononer.

27. The end-functionalized arborescent polymer of claim 17, where the inimer
compound is selected from  4-(2-hydroxyisopropyi)styrene, 4-(2-
methoxyisopropyl)styrene, 4-(1-methoxyisopropyl)styrene, 4-(2-
chloroisopropyl)styrene, 4-(2-acetoxyisopropyl)styrene, 2,3,5,6-tertamethyl-4-(2-
hydoxy isopropyl)styrene, 3-(2-methoxyisopropyl)styrene, 4-
(epoxyisopropyl)styrene, 4,4,6-trimethyl-6-hydroxyl-1-heptene, 4,4,6-trimethyl-6-
chloro-1-heptene, 4,4,6-trimethyl-6,7-epoxy-1-heptene, 4,4,6,6,8-pentamethyl-8-
hydroxyl-1-nonene, 4,4,6,6,8-pentamethyl-8-chloro-1-nonene, 4,4,6,6,8-
pentamethyl-8,9-epoxy-1-nonene, 3,3,5-trimethyl-5-hydroxyl-1-hexene, 3,3,5-
trimethyl-5-chloro-1-hexene,  3,3,5-trimethyl-5-6-epoxy-1-hexene,  3,3,5,5,7-
pentamethyl-7-hydroxyl-1-octene, 3,3,5,5,7-pentamethyl-7-chloro-1-octene, or
3,3,5,5,7-pentamethyl-7,8-epoxy-1-octene.

28. The end-functionalized arborescent polymer of claim 17, where the inimer
compound is selected from 4-(2-methoxyisopropyl)styrene or  4-
(epoxyisopropyl)styrene.
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29.

30.

31.

32.

The end-functionalized arborescent polymer of claim 17, wherein the end-
functionalized arborescent polymer further comprises at least one filler.

A process for producing a highly branched arborescent copolymer comprising:

a. copolymerizing a reaction mixture comprising at least one inimer and at
least one para-methylstyrene monomer in an inert polar solvent in the
presence of a Lewis acid halide co-initiator at a temperature of from about
—20°C to about —100°C to form a highly branched core;

b. monitoring the reaction mixture for a temperature decrease, indicating
substantial consumption of the para-methylstyrene monomer;

C. adding an isoolefin monomer to the reaction mixture to form endblocks on
the highly branched core, thereby producing the arborescent copolymer;
and,

d. separating the arborescent copolymer from the polar solvent.

The process of claim 30, wherein the process further comprises purifying the
arborescent copolymer following separation from the solvent to a purity level
suitable for introduction of the copolymer to the human body without exhibiting
symptoms of rejection.

The process of claim 30, wherein the process further comprises purifying the
inimer to a level of at least 99% purity prior to copolymerizing with the para-
methylstyrene monomer.
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