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THE | NVENTI & 98/01480PREPARATI ON OF NOVEL HOMO- AND COPCLYMERS pSHAIS M
TRANSFER RADI CAL PCLYMERI ZATI ON BACKGROUND OF THE

I NVENTION  Field of the Invention: This invention relates to a novel
met hod for preparing new honmp- and co-polynmers by Atom Transfer Radical
Pol yreri zatippe apH THECINVBNIASONt i ons of honp- and co- polyners thereof
exhi bi ti ng narrow pol ydi spersity index. Description of the Related Art:
The formati on PREBARARION QFaNDVEQPHDYOer ANOf COPOLYMERS USaNgRITOMA t h
vinyl nononers by a radi (CRANBRBRaRANCAHasPOIMMBER YZRIAed t 0 have been

achi eved by two nethods. One is the use of an end functional polynmer which
can react with an end or &k AN pol yner; the second
method is to use a starting step- grovvn polymer as a macroinitiator and
grow the vinyl polyner fromit, or the wuse of a nonofunctional vinyl

pol ymer i nE&838e8foEBaHRVERELOD i zation with AA and BB nononers.

However, both of_ the, above .net ho have certain imtatjons. The first
met hod requi r es TRASE HREPE4EA ﬁ@gate\? ﬁ‘ﬁ a]oé’l QWi é“e\ﬁrg"ﬁia reparing

f t | h t |
must  bo. prieknhoRBz AR, cLipot el (At TEdRE Wl oa "Bl ong 1 he
pol ymer bagkbong -(ghalibh WL hdian dﬁﬁﬁbéﬂéﬂbﬂ5“5¥3HHh&J“%nd co-

polymers thereof exhibiting narrow polydispersity index.

ion _of ¢ lated

The formation of block or graft copolymers of non-vinyi
polymers with vinyl monomers by a radical mechanism, has
been reported to have been achieved by two methods. One is
the use of an end functiocnal polymer which can react with am
end or pendent groups of the second polymer; the second
method is to use a starting step-grown polymer as a
macroinitiateor and grow the vinyl polymer from it, or the
use of a monofunctiocnal vinyl polymer in a step growth
polymerization with AA and BB monomers.

Bowever, both of the above methods have certain
limitations. The first method requires that well defined
vin?l polymers with known functionalities be made. The
other method requires that functional groups must be present
at the ends cf the polymer (block) or dispersed along the
polymer backbone {graft) which can react with those on the

vinyl polymer. Also, if the vinyl polymer is ndt compatible



vinyl polyner. Also, if the vinyl polyner is not conpatible WO

98/ 01480 wo 98/01480 PCT/ US97/ 11364 poymssrii13s4

- 2- with the grow ng pol ycondensation pol ynmer the pol ynerization

Will result in inconplete formati on of a2bl ock or graft copolynmer and a
m xture of hononolynmers. 1In the second met hod, by using conventi onal

radi cal polgnerization, t he eneration of a radical, a j ther., a pendent

3 A t
group or at¥h=® STRaFRC¥LTTr BSy ?%n?ﬁﬁs%ﬁﬁ%Fi?P%¥ﬁF§y&R%e%? TiZadion

honopol yner, .., due transfer to_ nopomer or poly t.al y lead to
t he fornati%h‘bf‘t?giglFﬁkéﬁcﬁg?%éte ‘QrmatT%%s?‘a£§%+§%%r?ga |%€?can be

the formti e o '
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either in the nacr af'o group,
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t ake place a or a 0 a pendent side
group, SchegRpération of a radical at either a F%%BSHE roubebk] at a WO

98/ 01480 PCT/ US97/ 11364

- 3- chain end results notCR&IE i the synthesis of homopolymer,
due te transfer to monomer or polymer, but alsoc may lead to
the formation of crosslinked gels.

Thus, a polymerization can be initiated by
decomposition of a functional group (azo, peroxy, etc.)
either in the macroinitiator’s backbone or along a pendent
side group, Scheme 1. Further, an irreversible activation

of a functional group can take place at the pclymer chain

‘ends or attached to a pendent side group, Scheme 2.
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[err] The deconposition of functional groups in a
macr oi ni ti atwo skacsbone i s acconpli shed by copol yneri zation c1useT

: . . s $97/11364
functional nononer during the synthesis of the macroinitiator. e
functi onal nononer contains a functional2group which can deconpose. These
radicals can then initiate the polynerization of a vinyl nononer to form
a bl ock copolyner. If nore than one func&ionai group is present in the
macroinitiator, then the chain can be $®%8%—<into snmaller chains which

have radicals at beth ends. In the literature, there are sone
exanpl es of the I ncQrporatjQn of azo groups in the backbone of pol yner
chai ns. Akar g?/grj(ggrﬁﬁ$7§:$V(QT986. 15, 293 izal ol yner,
1989, 30, 722) use % difunctional cationic initiatgr with central azo

group. After the syntResis of a palyner_ Ry cationkc pQl ynerization, the
azo group can be deconposed to form pol yner chains with a radical at one

end capabla of initjiating radical polynerization. This results in the
formation of ABfﬁrbeK\beﬁBFyﬁErsf\* Udea ( u i ~NRonhwnshu,
1990, 47, 321) WD 98/ 01480

PCT/ US97/ 11364 -4-

The decomposition of functional groups in a
macroinitiator backbone iz accomplished by copolymerization
of a functional monomer during the synthesis of the
macroinitiator. The functional monomer contains a
functional group which can decompose. These radicals can
then initiate the polymerization of a vinyl monomer to form
a block copolymer. If more than one functional group is
present in the macroinitiator, then the chain can be brocken
into smaller chains which have radicals at both ends.

In the literature, there are some examples of the
incorporation of azo groups in the backbone of polymer
chains. Akar et al (Polym. Bull. 1586, 15, 293) and Hizal
et a} (Polymer, 1989, 30,722) use a difunctional cationic
initiator with a central azo group. After the synthesis of
a polymer by cationic polymerization, the azo group can be
decomposed to form polymer chains with a radical at one end
capable cf initiating radical polymerization. This results
in the formation of AB block copolymers.

Udea et al ‘Xobunshi Ronbunsnu, 1%9%0, 17,321)



di scusses the use of azodiols, as conpbnoners, in condensati on
pol yneri zatwors/oudsbow ng for the introduction of nore than

oup
per polymer chain. Deconposition of this macroinitiator in éﬁé€§§£nce

of vinyl nononer results in the formation of AB bl ock copolyners
Azodi am nes have reportedly been used (Vaslov et al. Makronol . Cheni e

1982, 183, 26y cuwisSsds CONPNGEE! of NaidBididNg-as CfRftdme o) yieri zati on of
N- car boxy anhydrides in the synt hesi s of polypeptides. Again, these

pol ynmer s ar econdmmsdt Dohi pbbyse nhzod: e dXkawiABA for biloekintyoduction
deconposition, followed by initiation of a radical pol yneri zati on.

ABA bl ock copbl pore sthaneonesazbegrosy nbéespakyney chabmcr oPeconmeeisioni ch
have azo groups at the ends of the pol ymer chain. These macroinitiators
wer e synt hesffeghby macrpénisistioninfthe pwesenppodfidyinmi chohadean acid
chl ori de functi onal %rou with the diol end groups of poly(ethylene

oxi de) (PECFeBR1pEI $RdFhEt BPFSAFbRBNSS A%%{trﬁ?aﬁawers Makr onol .

Chem Rapid Commun, 90, 11, 433 Deco azo _end_groups

resulted in eithePZ8 E@lﬁFsP enﬁEPSrtggigd EﬁP “ﬁﬁgn(%ﬁ5§°ﬁa§tdéﬁe in
o radioal - MBEROFEREN %yae 5 e B Rar R %e%*ﬁ%%ﬁﬁ'af&%‘ =ager
i de charn asBogiot PRkl zald R Oe Weaphy annviBEE] 367 REES Shor
gg%yaggs;ligg Reels of pYpatdUd30 again, these polymers are
macroinitiators which can form ABA triblocks by
decomposition, followed by initiation cf a radical
pelymerization.

ABA block copolymers have also been synthesized by ‘
macroinitiators which have azo groups at the ends of the
poclymer chain. These macroinitiators were synthesized by
the reaction of an azo compound, which had an acid chloride
functional group, with the diol end groups of poly(ethylene
ocxide) (PED) or poly(dimethylsiloxane) (PDMS) (Harabaglu,
Makromol. Chem. Rapid Commun. 1990, 11,433). Decomposition
of the azo end groups resulted in either a PEO or PDMS macro
radical. When this was done in the presence of a vinyl
monomer, ABA polymers were synthesized. However, a radical
Eomplemencary to the macroradical was also generated
resulting in the formation of homopolymer.

Macroinitiators with side chain azo groups ‘Kerber et

al., Makromol. Chem. 1973, 180,609; Nuyken et al., Polym.,



Bul | 1989, 21,23) or peroxyester (Neckers, J. Radiat. Curing 1983, 10, 19;
Qupta, J. Pof#8/01488i . Polym Chem Ed. 1982, 20, 147) groupscmese/ysad
in the synthesis of graft copolyners. These macroinitiators were

synt hesi zed by the wuse of conmononers in step-growh polynmers. These
systens al so fornmed honopol ymer upon deconposition of the peroxyester.

Anot her categ@ly 9B88RCRQYI,BiYi 6&:%&:35:99.599?6 MBERBrspogseradpatuncuirenal
group that can be activated to forma 'radical. One such exanple is

reported by Bashordo(Banf Gighra,New Peepas kait hecBm%ochnmnstw ofiss2,

Pol ymers; Elsevier Applied Sci ence Pu | i shers, London, 1985) when
trichloro pryn&H7engr@mgwpyewerasbﬁradiahedsvn:hheipreﬁegcefuf manganese
pentacarbonyl. In the presence of a nononer, block copolyners were forned.
Pol yst yrene wiphklymesishy| Jhese owdrpicuipsacwelren werer sydchesd zed blye the
presence of 9-fluorenone and a nononer, gave bl ock copol yners (Yagci,

Pol ymer Conmuge PEOEOMPROMETS ifhisteprgTOWtl BPLYSEFSLi 0FISFea SYAERA

t hr ough the reactlon of the dinmethyl amine and the triplet state of the

aromatic we@qé}%@powzt uRssoldprempogdtd oy &R ed by  using
poly(styrene co-p-N, N -di met hyl am no styrene) as the macroi niti ator
(Kinstle et HeToxXyester o Curing 1975, 2.7). Al t hough these

e Do e P Ok e aflfodly U4 macORY AT Ses "I TBHSHd Usksdd™
possess a functional group that can be activated to form a
radical. One such example is reported by Bamford (Bamford,
New Trends in the Photochemistry of Polymers; Elsevier
Applied Science Publishers, London, 1985) when trichloro
polymer end groups were irradiated in the presence of
manganese pentacarbonyl. In the presence of a monomer,
block copolymers were formed.

Polystyrene with dimethylamino end groups, when
irradiated in the presence of 9-fluorencne and a monomer,
gave block copolymers (Yagci, Polymer Commun; 1990, 31.7).
This was done by formation of a radical through the reaction
of the dimethyl amine and the triplet state of the aromatic
ketone. By analogy, graft copolymers were synthesized by
using poly(styrene-co-p-N,N’-dimethylamino styrene) as the

macroinitiator (Kinstle et al., J. Radiat. Curing 13875,

2,7) .

Although these methods have produced block and graft

copolymers, the materials that have been prepared are not
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defined. ™D PRRI8Cases, honopol ynmers of the vinyl nononerspa Rsd-Pfgd due
to transfer to nononmer during the radical polynerization or because of a
second radical formed during the deconposition of the azo or peroxy group,

Scheme 1. In the synthesis of graft copol yners, crosslinked gels can
be forned ivelérdefidhedn ofnthesgroaseay, iaybppbjwers o5 the byimphbi nati on.
The nol ecul ar wei ghts of the grafts or bl ocks that are synthesized by

t he radi cal mpobypeesi 2aei fnsmed duve nottrehiferfinedondhsn, duvingl thef the
azo (or peroxy) groups may deconpose and/or initiate polymerization
during t hadégathporymetrizaplonkour bgratise coforyALEOnBeEadieadf Sormed

i nconplete initiation, the nunber of grafts, or |ength of bl ocks cannot

be accur at eRprpradicdeedecompositiphysl ther azPsof RBEEXVoETaupet A6HEPE
prepare bl ock and raft copol yners that are well defined, and freisof

honopol yner - 18 thegPQPFHQFFSFPSr9r€§FoF9?°$YT?r§! ERPSehdmcedogelsiogso,

74,271B) first theqr] that th | | zati f a_. .difunctional
rononer vi  [FAE O FERk Mo AL B %) “HenSRGPAnS ig¥ FILeRET oo

branched stryctures. | S gﬁ@l. { - Loy Qf qﬁFj coul d be
controlled b V%F%%%A%Ag %%gl a |e\'/:é1fc%§'n(‘:"e"-'nl g eA%r[t%rr %n

ration o oner to
di functi onal (I i r.Stqa0dit P ep-
oroven syn iphackd VP el W dHARaR sifthy (Blali WIisshdcion B8

Kim Y. H J.ahAnpddem1Seside®0 HradSfbe all OSSR .add Wor KdRoxinH.
Macr onol ecul es 1992, 25, 5561)

groups may decompose and/or initiate polymerization during

the synthesis of a block or graft copolymer. Because of
incomplete initiation, the number of grafts, or length of
blocks cannot be accurately predicted.

Thus, there is a need for a method to prepare bleck and
graft copolymers that are well defined and free of
hemopolymer.

Further, Flory (Flory, P.J. J. Am. Chem. Soc., 19852,
74,2718) €irst theorized that the copolymerization of a

ifunctional monomer with AB, (see definition below) monomers
would lead to branched structures. In his proposal, the
density of branching could be controlled by varying the
relative concentration of AB, monomer to difunctional
-manomer. This proposal was first put to use in the step-
growth synthesis of polyphenylenes by Kim and Webster.
(Webster, O.W.; Xim, Y.H. J. Am. Chem. Soc., 1990 112,4532;

Webster, O0.W., Xim, Y.H., Macromolecules 2992, 25,5361).
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Subsequent | yWQ 28/04¢80 ext ended to other step-growth pol yneri zaptpsyHLsey as
aromatic (Frechet, J.MJ.; Hawker, C J.; -bee, R J. Am Chem Soc. 1991,
113,4583.) and alipharic (Hult, A ; Mainstrom E.; Johansson, M J. Polyn1
Sci. Polym Chem Ed. 1993, 31,619) esters, siloxanes (Nhthlas L. J.

Carot hers, T. Prbgeentiyomitsyas f@gﬁqﬂeml3049ﬂ8?*aﬁﬁaangﬁé§t€8uzukl M ;
Li, A ; Saegusa, T. _ Macronolecules 1992, 25,67071). Later, it was ext ended
to. cationic @ﬁéYﬁ%ﬁw%mq$Q@§'§H§Pliétﬁ6ﬁ§a5yCFK§§ﬁ§P Bt d-M-S.; Hawkeret
J.M J.; Henmi, M; Gtsov L.; Aoshima, S.; uc, M; Gubbs, R B.

Sci ence 1995, $69,; 1680) R Shbr@Wy CHE@ftéPﬁaré§9lrt1&as*§§§pte&nﬁo r adi cal

polynerlzatlon et al . (Hawker, C.J rechet, J.MJ ubbs,
RB.,; 5£%f*~A o n1 30@311§§5°m11¥ '16?géfséﬁ& byt GdynéFSR”‘et

Ga I g , RNVGE P t
oo ¥2°reaynso%l SRR L 2 0 SRy p A CoBRERR . R TRORR ! ecul os,
1996, 29,1079 If t t h
pol yacr yi oni (111RERBRy i {}repar SE Garer %ﬁ“g@%éﬁr Headd
pol yneri zat i oru‘g;})@) W Bex gl s ei}s@_#kl( Makr.oqg! @RiBusa Mgy onol .

Synp., 1986, descri bes suc ree radlcal polynerlzatlon

met hod for PANadloMRNEEculle {§92, 25/AMinal RalewsS igatioh Gftended to
acrylonitrile (AN) does not produce a polyner with well defined

structure and ¢stionic claiydgspwetisipylymeieizar fodd hey Feched ree indj cal
pol ynmeri zation nmethod is not suitable for the preparation of

(Frechet, J.M. J.; Henmi, M.; Gitsov, L.; Aoshima, S.;
Leduc, M.; Grubbs, R.B. Science 19985, 2685, 1D0B0). Shortly‘_
afterwards, it was adapted to radical polymerizations by
Hawker et al. (Hawker, C.J.; PFrechet, J.M.J.; Grubbs, R.B.,;
Dac, J., J. Am. Chem. Soc. 1995, 117, 10763) and by Gayner
et al (Gaynor, S.G.; Edelman, S.Z.; Matyjaszewski, K., ACS
PMSE Preprints 1996, 74:; Gaynor, S.G.; Edelman, S.Z.;
Matyjaszewski, K. Macromolecules, 1596, 29,1079).

Further, polymers containing polar groups, such as
polyacrylonitrile (PAN) are prepared in general by a free
radical polymerization method. W. Berger et al. (Makromol.
Chem.,” Macromol. Symp., 1986, 3, 301), describes such a free
radical polymerization method for PAN. However, the free
Eadical polymerization of acrylonitxrile (AN) does not
produce a polymer with well defined structure and narrow

polydispersity index. Further, such free radical

polymerization method is nct suitable for —he creparation of
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- 8- bwixds/oae890! yner s. Pol yacrylonitrile has al sgchggppigpared
by a pol ymeri zati on method using an anionic initiator. Such a met hod
i s described by Sogah et al (Macronol ecuBes, 1987, 20, 1473), in
general , anionic polynerization provides for control of nol ecul ar wei ght
d!stributiogégéﬁneans of the "l'iving" nature of its propagating chain

wi th nonore cfopol ¥§E§Fyrene di ene and nost non-polar acrylic
nonomers.

t he th |
groups, such asm§8ﬁyﬁﬁ Pregoh ééf% %ggﬁgFﬁrgpggg%SdeXt?ggkgrthe polar
th L, f. t
et hod. #eégiﬁﬁ?e’@?%%’e g e\#sgg?tr‘? 3?}&?’%?"01 §9§%?r8!§.yg§58é$
Poe T Lrot Rl ie MR M SIDSEN Be LT Sia0ab AR 481° Y8R, Fonder
t he process i npractica

I productlon 0

contai ni ng pel,an 4g0uPSin YaxeA3 PAN 1 elytz*aermnH %%fia@ér gogl al.
(thronolecules 1993, 26, 744) ﬁéguééégﬁﬁgid I|V|ng!P cationic

pol ymeri zat icohtdfol of SHQNRAE A theidthd MHildeatinig i Mreaned oF the
1- phenyl et hyl chloride (1-PhEtCl) and tin tetrachloride (SnC[err])
t he presénod " tredtnaren-dfititts spuapagan ioid arhaden (wi-thu [rerndrd@s) such
nmet hyl ene chloride as solvent. In addition, polynmers with a variety of
term nal furag istytene esiteme bmcbbu@smembrbwolar "dewy ki monomers.
pol yneri zati on and sone of the end

However, in the polymerization of monomers with polar

in

groups, such as acrylonitrile, the carbanion initiator
attacks the polar group thus losing part of the "living*
nature of the polymerization method. These defects have
been partly overcome by carrying out the polymerization-at
very low temperatrure; this condition, however, renders the
process impractical for commercial production of polymers
containing pelar groups, such as PAN.

Further, Higashimura et al., (Macromolecules, 1993,
26, 744) has described "living® cationic polymerization of
styrene with an initiating system based on l-phenylethyl
chlaoride (1-PhEtCl) and tin tetrachloride (SnCl,; in the
presence of tetra-n-butyl ammonium chloride (n-Bu,NCl) in
.methylene chloride as solvent. In additicn, polymers with a
variety of terminal functionalities can be obtained by
*living" cationic polymerization and some of the end
functions may be useful for initiating another

polymerizaticn to give block copoivmers. Thus,.well



functions may be useful for initiating another pol ymeri zation to give
bl ock copol 98401480Thys, wel | WD 98/ 01480 PCT/US37/11364

PCT/ US97/ 11364 _ -9- 9 defi ned bl ock copol ynmers
by the transformati on of initiating sites from"living" cationic to

ani oni c pol yneri zati on have been descri bed by Gadkari et al. (J. Appl .

Polym Sci., dwfine®obyork Sysmolyddd byl4hel Pradsiprmagticil °{J. Pol ym
Sci., A Polym Chem 1993, 31, 1709); Nemes et al. (J. Macronol. Sci.,
1991, A28, 3lipitixehngdyitestfmbm '(Macirogtolaeniastic D ERIALIG567) ;
Kitayama et al. (Polym Bull. (Berlin) 1991, 26, 513); Ruth et al.
(Polym  Prepelynegidzasionizaye beenrdessribed (RaGamAecutesitookd: 27,
4853) and Nomura et al. (Macronol ecul es 1995, 28, 86@. . The dlgﬂdVﬁntage
of these techAPRlesPPsYPhatCiheyAPRtl udelym nuFEiBus $1%Ds, 4nd-the HuHber
of nononmers that can be used with any of_ the above-d

P | h any. §3571 hed mpLgods is
limted to t h8§eal -wiidchPealmpeSEdt yrdr i BelyBy €BEFonte or ant ohi t hods.
However, none of the prior art processes results. |n ymgr_wit:h as
narrow pol ydi 568es8i & iAdexvas ﬁ§°ﬁ?iseﬁ?l" 1§ﬂ%eng?8n.3895'nEenanYis
wel | known to those skjlled iin the ar

pol yci Sper si L $5 Ao SRarperiprsss 1o8hy 2. PReS Ty KePAaRCRR L.

yIer al ns

pol ynmeric seg S_W t.ant i,ala S | e nd er hecul i ght
segnent s t YWHeEﬂHﬁUeﬁigggﬁg elﬁéﬁéggkar%%§9gh?333 Fﬁggﬂa|3ﬁgpﬁ*%h
the one hand,Qé%g{?”fggﬂf”3¢¥ﬂé¥§)ﬁ%ﬂﬁﬁ&%?eQa$ﬁ,aQMQ@93H81ecules 1994,

27, 4853) and Nomura et al. (Macromolecules 1995, 28, 86).
The disadvantage of these techniques is that they include
numerous steps, and the number of monomers that can be uged
with any of the above-described methods is limited to those
which can be polymerized by cationic or anionic methods.
However, none of the prior art processes results in a
polymer with as narrow polydispersity index as the present
invention.

It is well known to those skilled in the art of
polymers that when the polydispersity index of a polymer is
wider-the polymer contains polymeric segments with
substantial smaller and larger molecular weight segments
than the number average molecular weight of the polymer. On
the one hand, low molecular weight segments have an adverse
effect on physical properties of the polymer such as
tensile strength, elongation and flexural madulus; while

segments of very large molecular weight result in high melt



effect on 8hﬁ;ical properties of the polymer such as tensile strength,
el ongat i IXOERE 48P exural madul us; while segnents of ver pclrarsgeissd ecul ar
wei ght result in high nelt WO 98/ 01480

PCT/ US97/ 11364 10 viscosity of the

pol ymer and, thus, in inferior prccessability of the polynmer. Thus,
there is a Vikepgity aof thel pokymer tdndweldhwkef | ivedbaF IR0 r ow

pol ydi spersity index. At om Transfer Radical Polynerization (ATPP)
has been PireessdeilbyyVafigtee pblyner J. Thys ., GHene Sec.a neggh fogp a
2973; and in Macronol ecul es, 1995, 28, 7572). However, pol ar, nopnoners,

such as acr3®byme¥ivethhwedindefboed and snaxzewRRIYEHHSHRNGY SRIBX ATRP as

of now. Thus, there is a need for a nethod to, r%gare bl ock or
graft copolynersAEPFh~ﬁépﬁté§fRﬁ@ﬁcﬁéné?h%m%ﬁﬁz%ﬁl?ﬁwﬁékn ¥ has peR%ks or

grafts that .can _be tail or, nrade and that _ recise nunbey_ of grafts can
be grown frgﬁffﬁébﬁgl%Wéﬁaﬁgbﬁﬁoﬁg.(ln J- Rm'TﬂQ?%'igoﬁtsol%E%ee for a

(o O DT er B T, ERRTS EEHIRE,
onder | ndust o 3l NeARGRtD GeeONd et op sy, nd0ET Bobouhi® o need for
pol Yo SPer Loty B DO RS AGONs L0l 1 o oUpS L

need for sol vent vl Stiiilrd el IPHGRY IforAGl Welbd to BraphedPblock or

Thernopl astic elastoners 1 n the context of t
graft copolymers with well defined lengths and or number of

blocks or grafts that can be tailor made and that a precise
number of grafts can be grown from the polymer backbone.

There is also a need for a controclled polymerization
of polar monomers, such as acrylonitrile (AN} that can
produce a polymer with a narrow polydispersity index and
under industrially acceptable conditions.

Ther= is also a need for polymeric materials of
controlled architecture and narrow polydispersity index
that may cptionally contain polar groups that enhance
solvent resistance properties. There is, for ianstance, a
need for solvent resistant thermoplastic acrylate
elastomers. Thermoplastic elastomers in the context of the
present invention are block copolymers consisting of at
least two distinct polymeric segments (blocks), which are
thermodynamically incompatible and have cdifferent glass

transition temperatures 'Tg).



pr esent |nvgﬁéégpgaie bl ock copol yners consi sting of at | east two

di stinct pol egnents (bl ocks), which are t her nody n&gQirambi/11364

i nconpati bl e and have different gl ass _i{gnsition tenperatures TgQ)
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SUMVARY OF THE | NVENTI ON Accordi ngly, Applicants have di scovered a

novel nethod which produces %UMY%FS@#., otyyETION ch may be a bl ock

or a graft copolyner, and which nay optionalTy contain at | east one pol ar
functional group; tlesocdialtwer Abpltibents Bxbebiiscevassdow peludi seersit y
index (Merr]/Merr]; where Merr] is t he wei ght average nol ecul ar wei ght

and Merr] iswhilkd mpoeiderces avéapage oel eeupaiywerghiwhichunaebgoreblbbks
met hod can be carried out under conditions suitable for comrerci al

utilization. P&rehgraispgopedytmerhavaeddivhéesemnad bhatonhedy coackahnat
macroinitiators are synthesized and used in ATRP, wel | defined bl ock and
graft copol ynéeastapnse redaal fugdctional grdhps, the cspadyuemefuzbheet of
the present invention to provide a nmethod to synthesize bl ock copolyners
by t r ansf oPFREEGF R NATFHAY Podydispersanyi Andex (MM whexediMyaks

pol yneri zati on. \ It is another object of the present invention to
provi de a nov&Rem¥eisRt GAveHRgss FRlesilarowesght M@r&hn%?i‘é@%rnﬁfl}ber

"l'iving" radical_ pol ynerization and_faqr the synthesis of a well defined
bl ock or graf FV&I%@%rmlecu%Fe%%)ﬁaMMmr@n s methes san &est

one segment carried out under conditions suitable for commercial
utilization. Further, Applicants have discovered that when
certain macroinitiators are synthesized and used in ATRP,
well defined block and graft copolymers can be cbtained.

Thus, it is an other object of the present invention
to provide a method to synthesize block copolymers by
;ransformation of "living* carbocation into "living”
radical polymerization.

It is another object of the present invention to
provide a novel method for the synthesis of a
macroinitiator for "living" radical polymerization and for
the aynthesis of a well defined block or graft copolymer
where the macroinitiator constitutes at least one segment
of the block copolymer.

It is another object of the present invention to
provide a method to prepare a polymer, optionally
containing at least one polar group, such as nitrile, which

exhibits a narrow polydispersity index.



of the block copol yner. It is another object of the present
i nvent i oM@ 88701480 provi de a nethod to prepare a pol yner, opeECTIO8SVM364

containing at | east one polar group, Qé&h as nitrile. which exhibits a
narrow pol ydi spersity i ndex. WD 987701480
PCT/ US97/ 11364 -12 - It is an other

object of the presemrt spNeRkrOBp}Qcr oPrOYd ASrds Rt ViRVes€IBRSLEI ON whi ch
optionally contains at | east Oone polar group, and where the pol yner

exhibits aprpv’i@fer AV RANYAISRSRBLEYcE Be¥nich optichhlly aBathersohkect of
the present invention to provide a nmethod for the preparation of a bl ock

copol yner, leas@pidrenaldNarC GFRiubS| BAdakhkeasthengoppmfeexhlipekssagment
containing at | east one polar group, and where the bl ock copol yrer

exhi bi ts anaawoew gudl palisyrarsgicty inadex. It is another object of
the present invention to provide a nethod to synthesize a branched or
hyper branched Ihracs coutmd edjgcat o chegporepettaisientiad cal

pol ymeri zati on. It is a further object of the present invention to
provi de forprewideka onethed tExppdiey peeperapdlps giff andlock qogplolgstesr,, or
functionalized pol yol efins, such as the ones produced by Shell under

t he Kraton 9pfi#cnally compyisinigliatglleasthene polymex ddeck megment or atom
(or group) transfer radical polynerization, enconpassing the
pol yneri zat§FH-BENENG| Ay | LedForme iBPkaR Fdpundadbwhare the block

copolymer exhibits a narrow polydispersity index.

It is another object of the present invention to
provide a method to synthesize a branched or hyperbranched
macromclecule by atom or group transfer radical
polymerization.

It is a further object of the present invention to
provide for a block or graft copolymer of polysulfone,
polyester, or functicnalized polyolefins, such as the ones
produced by Shell under the Kraton name.

Accordingly, there is provided a method for atom (or
group) transfer radical polymerization, encompassing the
polgiirization of a vinyl monomer in the presence of an
initiating system, which includes: an initiator having a
radically transferrable atom or group, a transition metal

compound, and a ligand: the polymerization forms a
macroinitiator of formula ‘I):
(macromolecule) - (X}, (1)

wherein each X is a halogen atom and n is an integer of !



initiating system which includes: an initiator having a radically

transf errabl¥O8818®r group, a transition netal corrpound petisa7kizgand;
the pol ynerization fornms a macr oi ni tiyator of formula (1):

(macronol ecule)-(X)[err] (1) wherein each X is a halogen atomand n
Is.an integer of 1 WO 98/ 01480

PCT/US97/ 11364 100; this macromonomer is then ub¥d id anQirddérce of a
macr onononer i s then used in the presence of a vinyl nonomer, a transition

netal conpounthy antomothégand teand Df B ol ik dgmrghaid, mnblayrﬂargand to
exhibiting a well defined nolecular architecture. BRI EF

DESCRI PTI ON BmHE Fl@RESr graft FegpsEymeshawshib itetia @k Iib| deid reed
wei ght behavior plots for the pol ynerization of 2-ethyl hexylacryl ate by

at om t r ansf eroia@itbéar puothieeczate on. Figure 2 shows kinetic plots
arid nol ecul ar wei ght behavior for the polynerization of N-butylacrylate by
atom transfer radical polynerization. Figure 3 shows kinetic and

nol ecul ar wei ght behavior plots for the polymerization of acrylonitrile by
atom transfer radical poliEEFZRESSRIPTION OF ETHRWBIGURESWs nunber aver age

nmol ecul ar wei ght err]), dls ersit |ndex err err ) ver sus
conversion plots %ggufﬁea SBPgE &Bﬁg¥9nﬁﬁgzﬁ?}6ﬁ“ aﬂ?%ﬁ%& 8RRB1I@E ng

Br_[PEHA]_Brplots for the polymerization cf 2-ethylhexylacrylate by

atom transfer radical polymerization.

Figure 2 shows kinetic plots and molecular weight
behavior for the polymerization of N-butylacrylate by atom
transfer radical polymerization.

_ Figure 3 shows kinetic and molecular weight hehavior
plots for the polymerization of acrylonitrile by atom
transfer radical polymerization.

Figure 4 shows number average molecular weight (M.},
polydispersity index (M,/M,) versus conversion plots for the
block copolymerization of acrylonitrile using Br- (PEHA] -Br
and Br-({PBA]-Br as the initiator in diphenylether (DPE).

iigure 5 shows GPC chromatograms for PSt-Cl and PSt-b-
PSt-Cl. polymers shown in Table S5 (exp. 1-2).

Figure 6 shows GPC chromatograms for PSt-Cl and PSt-b-
PMA-Cl polymers shown in Table 5 (exp. X and 2).

Figure 7 shows GPC chromatograms for P?St-Cl and PSt-b-

PMMA-C1l polymers shown in Table S (exp. - and 4).

Figure 3 shows an ‘H-NMR spectxrum (CDCl,) of PSt-b-PMA-



and Br- [PBA]-Br as the initiator in diphenylether (DPE). Figure 5
shows GPC »r80a48gr ans for PSt-C and PSt- b- PSt - C1. pol yrrersusshaygs4i n

Table 5 (exp. 1-2). Figure 6 sho]5 GPC chromatograns for PSt-C and
PSt - b- PVA- C1 pol yners shown in Table 5 (exp. 1 and 3 ) . Fi gure
7 shows GPC chromatograns for PSt-Cl and PSt- b- PMVA- C1 pol ynmers shown
in Table 5¢i(e% olJ,m@nq, o) | qure 8 shewsy amMrh=gR o jspect rum
(CDCl[err]) of PSt-b- ‘H«L(GP )\/\529%%?%8“ i

PCT/ US97/ 11364  rigure 9 shows an ‘H-NMR spectruft tCDCX]) e@p@symiy-s [Merr]
(GPC)=6200, Merr]/Merr]= 1.120, Merr] (NWVR) =60201 Figure 9 shows

an [ err] H N¥Rvpedt raspdigEdseriM, oty PSlode, MPMyBLCE7, copol yners
[Merr](GPC)=11090, Merr]/Merr]=1.57, Merr] (NVR) =10300)

Figure 10 shpuwsMelPE10Bi00dat ograns for PSt-C and PSt- b- PMA- C1 pol yners
obt ai ned by one pot pol ynerization. Experimental conditions identical to
those in Tabl e S Rigyre 10 Ishows HRC chromatoizmgmse Sor FfdwslamrdedStH NVR
spectrum of difuncti onal pol ymet hyl si | oxane macroinitiator.

Fi gure 12 sHowAerClipolyme®ns cbuainsd thvomue Dctpcﬂqﬂém%’-'ﬂé?éilrﬁibr onononer
and the resulting copolynmer with yrene. gure 13 shows t he
Merr] and MS@Q&E@XW%@@F\Weléﬁﬂtlcaleo'-'rﬁ/eﬁfb‘?% Vbr’rm f (8981 ene
wi th difunctional pol ysi | oxane macr onononer. Figure 14 shows
the [err]H NWRRBBed! rum of pol ystyrene- b-

polydimethyl sil oxgne. 0aPhY Sh¥le"Sn il S’ VRN Eln RIFRA S et s0nal
polymethylsiloxane macroinitiator.

Figure 12 shows GPC traces of a difunctional
polysiloxane macromonomer and the resulting copolymer with
styrene.

Figure 13 shows the M, and polydispersity dependence on
conversion for ATRP of styrene with difunctional
pelysiloxane macromonomer.

Figure 14 shows the 'H-NMR spectrum of polystyrene-b-
polydimechylsiloxane-b-polystyrene block copolymer prepared
by ATRP.

Figure 15 shows GPC traces of polysulfene and
poly(styrene-b-sulfone-b-styrene) .

Figure 16 shows GPC traces of polysulfone and
poly (butyl acrylate-b-sulfone-b-butyl acrylate).

Figure 17 shows a ‘H-NMR spectrum cf poly(styrene-b-
sulfone-b-gstyrene} .

Figure 18 shows a ‘Y-NMR spectrum cf polysulfone.



by ATRP. Fi gure 15 shows GPC traces of polysul fone and

pol y(styrendY®&4pyHne- b- st yrene). Figure 16 shows EPCUSPALSs4 Of
pol ysul f one and pol y(butyl acryl ate-bysul fone-b-butyl acrylate).
Figure 17 shows a [err] H NVR spectrum of poly(styrene-b-

sul f one- b-styrene). Figure 18 shows a [er] H NVR spectrum of

pol ysul f one. Wc08k01488hows a ‘H-NMR spectyrum of poly(butyl

PCT/ US97/ 11364 . Figure 19 shows a [err]H NVMR spectrum of pol y(butyl
acryl at e- b- surFowdasehbt-gulionplatehicyl acrylate) . DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS The present invention provides for an atom
(or group) transfer radical polynerization to forma honopol yner or a
copol ymer of a nononer, o-tlonall cont ai ni ng at | east one pol ar group,
pol ymer (A). The pol yneke2s J OF THEQAREFERRED | EMBOREMENASe with the
present invention in t he presence of an initiating systemconprisin
conmponent s (i), WHQIpﬁﬁﬁfqﬁ|1PVenéé°§e§€ﬁVbéGSbépﬁmﬁntétP@rﬁpﬁ ASPURer .

I n addition, the presen n praovides for the reparation of a
macr oi ni ti at or® 6@# Y§ T ﬁFé&é°n CefEEGWpéngﬁEOPP}Y@FItﬁe a

t1at t th di th t f bl k ft
Copol yrer condt ‘f"ar% 1 Jf X initer o BT ORR 191 CERESAALRS, At LLeRSTy T et y
and at ! ea%ol(m:e ﬂ'c%é(, (HolwégrB(rA)(. )The polymerization is

accomplished in accordance with the present invention in

the presence of an initiating system comprising components
(1), (ii) and (iii), as described below, to form a polymer..

In addition, the present invention provides for the
preparation of a macroinitiator, which can be used in place
of component (i) of the initiating system, thus providing
for the formation of a block or graft copolymer consisting
of at least one block of the macroinitiating moiety and at
least cne block of polymer (A).

In addition, the present invention provides a method
to synthesize novel block or graft copolymers by
ctransformation of a controlled carkbocationic polymerization
into controlled radical polymerization.

Further, the present invention provides a method to
synthesize branched and hyperbranched macromolecules by
atom transfer radical polymerization.

Further, the present :nvention provides for the

synthesis of novel attachable macroinitiators.



In addition, the present invention provides a nethod to synt hesi ze
novel bl ocW®98/QJseXt copol yners by transformati on of a cePgierhesks
carbocationi c polynerization into caopgrol | ed radical polynerization.
Further, the present invention provides a nethod to synt hesi ze branched
and hyper branched macronvol ecul es by atom transfer radical

pol ynerization. 1n the &ﬁéﬁ@raf i RreseRlc 2panlka®nohl,ovhdesakar the
synt hesi s of novel attaéﬁa e macroinitiators. WO 98/ 01480

PCT/ US97/ 1136flacromolecul év t hef Santaxta ofolldke 1R e&itia iadplg Galliagge the term
"macronol ecul e” refers to a nolecule containing a | arge nunber of

nononer i ¢ unmtmb&A doharbR@mer Nicndrel t vt v 1Pl £ clundye tveiv@iageM err] ) of
at least 500. Further, the term "macroinitiator” refers to a

macr onol ecul mohagihgraveighst (M. Jomd iani lieaskn§08i.t eFuthbetrer the term
"macronmononer” refers to a macr onol ecul e having at | east one

pol yneri zabl ématreininiatatti reberstte 2 enagrdmnoienple Maving me neasty
(ani oni c, cationic or radical) refers to an initiating noiety that

subst anti al | pn8oéBinsatingesibet eThe ntefon' macrenercwen® refrps to a

pol ynmerization continues until substantially all_the mononer is

exhaust ed. macromopgepier haxingsal heaspoPhaepolvreridrbie oitgyrain

copol ymer of cqpol ynmeri zabl e nongners, optionally at | east .one of which
contains at PEIEiGRe SHEaregfolpiving” inipfstiBgofeiety (anicnic,

cationic or radical) refers to an initiating meoiety that
substantially does not undergo termination reacticn and
thus, polymerization continues until substantially all the .
monemer is exhausted.

Polymer (A) is a homopolymer, or a block or graft
copclymer of copolymerizable monomers, optionally at least
one of which contains at least one polar group.

(X) Momomers

In the present invention any radically polymerizable
alkene containing a polar group can serve as a monomer for
polymerization. The preferred monomers include those of the

formala (II):

R R}
N/
C=C (II)
/N
R? R*

wherein R' and R? are independently selectesd Zrom the group

consisting of H, halogen, CF,, straight or branched alkyl of



In the present invention any radically polynerizable al kene containing a

pol ar gr oupv@ 9§i0i38¢ ve as a nononer for pol yneri zati on. Thecprnsbeires
nononers i nclude those of the formul aGll): [err] wherein
Rlerr] and Rlerr] are independently selected fromthe group consi sting
of H, halogen, CF[err], straight or branched al kyl of WD 98/ 01480

PCT/ US97/ 11364to 20 &arBOnCatbns &b dPedH18} 67t Y1 fd®M lcdxbdn Catbng,
atons, nore preferably from1l1l to 4 carbon atons), aryl, a,[err]-

unsat ur at ed sbrai pbeferablenched al kenw|chrbar kaanths of 2D, «, 40 carbon

atons (preferably from2 to 6 carbon atons, nore preferably from2 to 4
carbon at omshnsarfercpdussztight edr bra&tdited)hdlioenyl ame hebkphkengf »ftd to
6 carbon atons (preferably vinyl) substituted (preferably at the a-

posi tion) w &R gsamkpbogemsofmsr dbreabrybll Hromel , t@] @redriSprratoms, more
cycloal kyl, hetercyclyl, C(=Y)Rerr], C=Y)NRerr]Rerr] and YC(=Y)Rerr],
where Y may BEeRRTablyo frpmeRetabhycaybom avehs) s &) Rywnsereraned 1 to 20
carbon atons, al koxy of from1l to 20 carbon atons, aryl oxy or

het er ocycl yl G%Faighsr oF Sranghedr plipayinadépantenf| garber atomskyl of from
1 to 20 carbon atons, .or R err] and gRL:err] may be j oi ned together to

3 b
form an al kyl @FEEgEERI Yorvidrh Supgtituted,(BsRERFaREY 2RuSbRoRmi ng a 3- to

6- menber ed rlp%%’itainc%) eirtrd a halogen {(preferably chlorine}, C,-C,

cycloalkyl, hetercyclyl, C(=Y)R%¥, C(=Y)NR‘R’ and YC(=Y)R®,
where ¥ may be NR' or O (preferably O), R* is alkyl of from
1 to 20 carbon atoms, alkoxy of from 1 to 20 carbon atoms, .
aryloxy or heterocyclyloxy, R* and R’ are independently H or
alkyl of from 1 to 20 carbon atoms, or R* and R’ may be
joined together to form an alkylene group of from 2 to 5
carbon atoms, thus forming a 3- to 6-membered ring, and R*
is H, straight or branched C,-C,, alkyl and aryl; and

R? is selected from the group consisting of H, halogen
(preferably fluorine or chlorine), C,-C¢ (preferably C,)
alkyl, COOR? (where R® ig H, an alkali metal, or a C,-Cq
alkyl. group) or aryl; or

R* and R} may be joined to form a group of the fcrmula
(CH,),. (which may be substituted with from i1 to 2n‘ halogen
atoms or C,-C, alkyl groups) or C{=0)-Y-C(=0), where n' is
from 2 o 6 (preferably 2 or 4) and Y is as defined above;
or

R* is the same as R} or R? or optionally R* is a CN
group;

3t _east Two z=Z 2}, 2?2, znd =} are I cr halogen.



is H straight or branched (Jerr]-(err] alkyl and aryl; and
Rlerr] iswel#&etde fromthe group consisting of H hal ogen pCT,ng,r,ﬁgér ably

fluorine or chlorine), Cerr]-Clerr] (pfgferably Cerr] al kyl ,
COOR[err] (where Rerr] is H an alkali netal, or a CJerr]-(err]

al kyl . group) or aryl; or R err] and Rlerr] may be joined to form
a group of the fiomr miea contextCldferdtle) presénhi eppiagabscsubshet beedswi t h
from1l to 2n" hal.ogen atoms or Cferr]-Clerr] alkyl groups) or

C(=0) - Y- C( 2@ Lkykr e mlke'rsyl" and r'ehkdmyd "6 represt spaBEya33bE -4haandecyY is as
defined above; r] is the sanme as R[err] or Rerr]
or optlonalmyafﬂ‘fféﬁ-ql]grw-@% @xcept %ﬂ)lﬁp and C, grcupsat- |east two of

Rlerr] , Rerr] and R err] are H or hal ogen. WO 98/ 01480

PCT/ US97/ 11364 Furthermore, in the present aDQﬂ}CaLlOn, “apw ' haefesSext of
the present_application, the terns "al kyl", "al kenyl" and "al kynyl" refer

to strai ght*@haR®R¥+, napaRkYkd @‘?%%@oem wleqvérr]a%%wﬁa
groups) .

in t resent a Ilcatlon refers to
phenyl , napﬁ?hypenﬁié hE}P g%%ﬁ%%ywp q#ﬂphenylenyl

pi conyl andeBEYSLBRY haEEFé?é?g%#y BREFRRSEY TR iy ace#‘y'%#ﬁ sgheny!
(prof o aol y PFBREFaPEYs P@%P%@eggiﬁ”oﬁgpﬁh@%‘)fﬂr%%r SR SRR Dyt

al kyl
of Trom 1 1920 ¢aY°He FegThced RLERCLIRY LEORLn D B3 POl BLa™ and
nore preferably

atoms (preferably from 1 to 6 carbon atoms and more
preferably methyl), alkyl of from 1 to 20 carbon atoms
{(preferably from 1 to 6 carbon atoms and more preferably

- methyl) in which each of the hydrogen atoms is
independently replaced by a halide (preferably a fluoride
or a chloride), alkenyl of from 2 to 20 carbon atoms,
alkynyl of from 1 to 20 carbon atoms, alkoxy of from 1 to 6
carbon atoms, alkylthio of from 1 to 6 carbon atoms, C,-C,
cycloaikyl, phenyl, halogen, NH,, C,-C¢-alkylamino, C,-Ce-
dialkylamiﬁo. and phenyl which may be substituted with from
1 to 5 halogen atoms and/or C,-C, alkyl groups. (This
definition of "aryl" also applies to the aryl groups in
"aryloxy" and "aralkyl.") Thus, phenyl may be substituted
from 1 to 5 times and naphthyl may be substituted from 1 to
7 times !preferably, any aryl group, if substituted, is
substituted from : to 3 times) with one of the above

substizuents. More preferably, "aryl" refers to phenyl,



met hyl) in which each of the hydrogen atons is I ndependent |y repl aced by
a halide (preV@8814%%a fluoride or a chloride), alkenyl of fPEHUSIHIIHY
carbon atons, al kynyl of from1 to 20 caghon atoms, alkoxy of from1l to 6
carbon atons, alkylthio of from1l to 6 carbon atons, Cerr]-Cerr]
cycl oal kyl, phenyl, hal ogen, NHerr], Cferr]-Cferr]-alkylam no,
Cerr]-Cerr] naphitiy kyl siamgi SUKEQRQMEd iomh Uy 13e cdwmast mitked with

from 1 to 5 halogen atons and/or Cerr]-Clerr] alkyl groups. (This
definition of fhugtinalsd epPbiase ! idigrmyll Gubsrstuted Sr'bar yil aey"s and
"aral kyl.") Thus, phenyl may be substituted fromlto 5 times and
napht hyl may beimsedsvithitadshbonidudmr seletdddreirdpradfee gaiuun caomsiaydng
group, if substituted, is substituted from1l to 3 tines) with one of
t he above efibatkylenf sirotbt etqréferetinny atoma yldlheferd tirghenyds 4
WD 98/ 01480

PCT/ US97/ 11364

-19-  napht hyfarpaengroBabanit pheryt r orast @ ieral v t' Ry LUorefrrDrto
chl orine, and phenyl substituted from1l to 3 tinmes with a substituent
sel ected fromPhenjtodBdcbAsysting of alkyl of from1l to 6 carbon atons,
al koxy of from1 to_4 gar bon atons_and phenyl. Most !E)r,eferably, "aryl ™"
refers to phenyl akB EBPyFontext of| phe RredpRexinG?E M or esent

i nvention, " pgt erocggl | % ref

i mi dazol yl, pyr 32GFYPEYFy¥asi ﬁﬁ??iatﬁpﬁﬁﬁ%ﬂé{r%' Lg{‘&ézpwéﬂ’byﬁg SRAVL,

ndolyl, i sol ngglzchgdazelvly benzobytyl iy | Sghengobutvl, Bopzalbigpy.
pyranyl, indolyl, iscindolyl, indazolyl, benzofuryl,
iscbenzofuryl, benzothienyl, iscbenzothienyl, chromenyl,
xanthenyl, purinyl, pteridinyl, quinelyl, isoquinolyl,
phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl,
phenoxathiinyl, carbazolyl, cinnolinyl, phenanthridinyl,
acridinyl, 1,10-phenanthrolinyl, phenazinyl, phenoxazinyl,
phenothiazinyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, and hydrogenated forms therecf known to those
in the art. Preferrad heterocyclyl groups iInclude pyridyl,
furyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyranyl and indeclyl, the most
preferred heterocyclyl group being pyridyl. Accordingly,
suitable vinyl heterocycles to be used as a monomer in the
present :invention include Z-vinyl pyridire, 4-vinyl
pyridine, 2-vinyl pyrrole, 2-vinyl pyrrole, 2-vinyl
oxazole, 4-vinyl oxazole, S-vinyl cxazole, Z-vinyl

~hiazole, 4-vinyl thiazole, Z-vinyl :thiazolie, 2-vinyl



xanthenylﬁ§ﬁgka%%l, pteridinyl, quinolyl, isoquinolyl, pht hal azi nyl ,

qui nazol i noxal i nyl, napht hyridi nyl, phenoxat hi i nPET/USaV/bRsD| vyl |
ci nnolinyl, phenanthridinyl, acridi nglo- 1, 10- phenant hrol i nyl, phenazi nyl,
phenoxazi nyl , phenot hi azi nyl, oxazolyl, thiazolyl, isoxazolyl,

I sot hi azol yl , ,and_hydrogenated fornms thereof known to those in the art.

Preferred hBLERBEYER) yi-HiBYipsiniRazele p\d-\hAY] PYHAZALE pWTHIRHL t hienyl ,
i m dazol yl , razol yl, razi nyl _pyrimdinyl, ridazi nyl yranyl and
ndol yl .t REERBELS * Br BBV FoBYidar bg I Y1V b P BRARE TR 1 dh1vinyl
Accordi ngly, sui.t abl_e vinxl.heterocgcles to pbe used ps1$,nnnoner in the
pr esent ingéﬁFFﬁﬁ*FncPGHénY-vFﬁ?th§¥ WHe 2V BRY I PYTHACHRSe, 2-vi nyl

l e, 3-vinyl | e,..2-Vvipyl . | e, ,4-vinyl I - vi nyl
oxezol o, 2 gy Era e M ragr e Brauniatng: ag AR By E 2 Vi nyi
WD 98/ 0148 ; . . . 136,
Y20 - VT RvERRARS . NG MOFT REGESEFES ebRA,R BYPYSOTEE TaLhfy) The
pyrazol e, Suddyly bl dAThine okl BUEAPELIZHES ndaki BHb orl 38%8201
3-vinyl isothrazoles, 2-vinyl pyrimdine, 4-vinyl py

inyl _ _ rimdine, -yinyl
pyri m di ne, (aEAMEIM W lor Y QZENGLRE SO KREES w%sbelc%n%- vi nyl
pyridine. The vi nyl” heterocycl'es nenti oned above ray Dear One or nore

(preferabl ygrbus 2)add & 'drdd dr #akiWgedl azbl@Xy edEBERS onC ¥ABO vin§iloups,

ester groups or hal ogen atons, either 6on the vinyl group or the

het er ocycl ydrflipp W dhe Wiy okriche, bue! eredesiap]l ygopugherurt her,

those vinyl heterocycles
heterocyclyl group. Further, those vinyl heterocycles
which, when unsubstituted, contain an N-H group may be
protected at that position with a conventional blocking or
protecting group, such as a C,-C¢ alkyl group, a tris-C,-C
alkylsilyl group, an acyl group of the formula RYCO (where
R is alkyl of from 1 to 20 carbon atoms, in which each of
the hydrogen atoms may be independently replaced by halide,
preferably fluoride or chloride), alkenyl of from 2 to 20
carbon atoms (preferably vinyl), alkynyl of from 2 to 10
carbon atoms (preferably acetylenyl)., phenyl which may be
subatituted with from 1 to S halogen atoms or alkyl groups
of from 1 to 4 carbon atoms, or aralkyl (aryl-substitured
alkyl, in which the aryl group is phenyl or substituted
phenyl and the alkyl group is from - to 6 carbon atoms),
etc. (This definition of "heterocyclyl" alsc applies to

the heterocyclyl groups in "heterccyclyloxy®" and

"heteroscyclic ring."!



whi ch, when_ unsubstituted, contain an N-H group nmay be protected at that
posi tion wi¥R %O 8Aventional bl ocking or protecting group, PEFAKIAE13G4
Cerr]-Cerr] alkyl group, a tris-Cerr]sg-err] al kyl silyl group, an acyl
group of the fornmula R err] CO (where Rlerr] is alkyl of from1l to 20
carbon atons, in which each of t he hydrogen atonms may be i ndependently
repl aced by hal i dépre ppetefabiyly| usre flerxed aidroonatey |, it kedsy/| (wic frowm 2
to 20 carbon atons (preferably vinyl), alkynyl of from2 to 10 car bon
atoms (prefelahbigedcedyl snyrEne phenyhlodoode mplstrerene, sedryituted with
from1l to 5 hal ogen atons or al kyl groups of from1l to 4 carbon atons,
or aral kyl (&ahgbrogbetatetedcrylantkshd nethbixhlate a2yergrofipCi<phenyl
or substituted phenyl and the al kyl group is from 1 to 6 carbon

at ons) , @le2holshi $ S@BLERREI OR - 0F - DHENePBRYEPRPXY bl 8BNYppRFEELREE,

t he heterocyclyl groups_.in "heterocyclyl oxy" and "heterocyclic ring."
WO 98/ 01480 acrylonitrile, and methacrylonitrileecT/ Uso7/ 11364

-21 - More specifically, preferred pononers include (but not

limted to) styrerf®e FRNAMSTFORRAE8LPBeAE, LERAYI CRe RPSRDABECHPe MY P at e
and methacryl ate esters of err sg[grr | ¢ ons i SO tgne,

2-(2-b Sy ) ot |a§£=e¥xﬁ 5 ko109 BRR P yelghy Bdsed on che
ma'g hacwlngﬁirﬁﬁicll . : %T@e‘:ﬂ&] er oag,gg 0. da:;a.nJ St g@NE HRO R SHeRP
may be pr et ae.l[ A St o'?ﬂ% to %08’ W %o%%% Wel gﬁ’h%?1 base%’ on “?:he

t ot al t f ; todd Qi

at eaot one SHTTELERRE et Loy SHALGRIHE Yod (AR Wl edle! N0

most preferred amount is 20 to 100 wt% based on the total

amount of monomers. This is particularly important in the
case of acrylonitrile because an amount of at least 20 wt%
assures solvent resistance properties of the resulting
polymer A.

(XI) Initiating System

The initiating system for the atom or group transfer
radical polymerization of the present invention containing
components (i), (ii) and (iii) as described belcw.

component (i}-initiator

Suitable initiators include those cf the formula (III):

RU.RI.ZRLJC -Z!

(IIT)

where:

~1

Z' is selected Zrom :zhe group consisting < CTL. Br, -,



nost preferred amount is 20 to 100 wt % based on the total
nononmers. W98M0i480particularly inportant in the case of a®cyruserirss e
because an anmobunt of at |east 20 wt% assures sol vent resistance

properties of the resulting pol yrmer 22" (I'1) Initiating System

The initiating systemfor the atomor group transfer radi cal
pol ymer i zatjzan

t Iy Qnt t i .
and (iii) as descrl%efd‘pg rboque |pn gﬂg'n{gﬁ? _In&gpa (;etrr.és,(') (i)

Sui t abl e
nitiator flth I o 11 & r 1¢
IZ' | |Is sel Z&%@%?ﬁmt Bt N8 O d‘“!@a(xozf éf( ’Oh , bo- MR\ 9%?101480

anount of

e gI‘OUp consi st ng
PCT/ US97/ 1@.&4(=51N(R“),,

va RI& 3 - defi ned
above), SR, SeRerr], Sé{lua('tthocylasnatI‘)l OI-OC( —St%gégﬁ 93[(6551-1 grar]
OP(=0) (ORI, ORree QRIS Id, -cQ Ng&ewr@@g &Qhﬁl\ﬁﬁ[ﬂﬂ wher e
Rlerr] is aryI or a straight or Br anched err]

Jerr] (preferably
Jerr] - ergdgup! kyl pesdarpr , ofheMiaid ant ¥ gﬁrn]ay HO U irfe Pres edrm tre two
Rlerr] groups may be joined to forma 5-, 6- or 7-menbered heterocyclic

ring (in acger dancermwt:hembéueewlaietraﬁomldfc "tieiger dey doddrdammee Wi tand
Rlerr] HRerr] and Rerr] are each independently selected fromthe
the definition of "heterocyclyl"™ above); and

R}, R¥ and R are each independently selected from the
group congisting of #, halogen, C;~C,, alkyl (preferably C,-
Cyo alkyl and more preferably C,-C¢ alkyl), C,-C, cycloalkyl,
C(=Y)}R®, C{=Y)NR‘R’ (where R*-R’ are as defined above}, COCl,.
OH (preferably only cne of RY¥, R¥ and RY is OH), N, C,-C,,
‘alkenyl or alkynyl (preferably C,-C; alkenyl or alkynyl, and
mbre preferably vinyl), oxiranyl, glycidyl, aryl,
heterocyclyl, aralkyl, aralkenyl (aryl-substituted alkenyl.
where aryl is as defined above, and alkenyl is vinyl which
may be substituted with one or two C,-C¢ alkyl groups and/or
halcgen atoms, preferably chlorine), C,-C, alkyl in which
from 1 to all of the hydrogen atoms (preferably 1) are
repJ.?cad with halogen (preferably fluorine or chlorine
where 1 or more hydrogen atoms are replaced, and preferably
fluorine, chlorine or bromine where 1 hydrcgen atom is
replaced) and C,-C, alkyl substituted with from > o 3
substituents /preferably 1) selected from the group
consisting of C,-C, alkoxy, aryl, heterocyclyl, C(=Y}R®

(where R* is as defined above), C(=Y)NR'R’ .where R’ and R’



group consisting of H, halogen, C[err]-Clerr] alkyl (preferably Cerr]-
Clerr] al kywoeas@i480re preferably Cerr]- C[err] al kyl), C err]pciesarliizes
cycl oal kyl , C=Y)Rerr], Y)NR[err]R[ rr] (where Rlerr]-Rerr] are as
defi ned above), COC1, OH (preferably ol one of Rlerr], Rerr] and
Rlerr] is OH), CN, (err]-Cerr] al kenyl or al kynyl (preferably

err errl.al kgn OLal k : e Vi |,
gl[im ]dlqu a\r/\%f ghéei%gr‘dgéc i{’]‘fzaf %L%y‘l ra‘-’fl}? J ?Pclk%ﬁf é{%&% rfr?%qe e
al ken a a i N Vei13 £ ol G ma
be su)l:/)st I tut egfgvl tfr}x{ang‘?’gréf\/\g g ?R%[ g?r%}al %yr(%mréogv:“bgr{n)ﬁor% hal ogeny

atons, prefecghhyogbl gki Be), rEl %rd] =4 ard Iyyal kyl in which froml to all
of the hydrogen atoms (preferably 1) are repI aced with hal ogen

(preferably fluoriiRec@e ghbeehBeiniWNSESr ] RF: S0hLe PYLLODEC AL ORBAl €

repl aced, and preferably fluorine, chlorine or brom ne where 1 hydrogen
atomis repl awpeh anda®kels] cyClealkyd| kyt suRglisubedivhtbdfsepn 1 to
3 substituents (preferably 1) selected fromthe group consi sting of

J err] - errpraupoxy salgeredetferoeye! vk, RE( =¥}R=i1d R*3, ct(s/\/rﬁnq;lR[gidsdnl S
as defined above), C (=Y)NR[err]Rerr] where Rerr] and R err]

98/ 01480 may be further substituted with an X grBCP/ bBE9défiged

-23- are as defined above), oxiranyl and glycidyl; such that no nor e
than two of Rbove. RTws, did i8] pespible Hofprbkedabkjanornbpe sexwieansone
of Rerr], Rerr] and R err] |s? In the present initiator, Xis
preferably Ca @&tagting mclecu}#?e ozh byargh oy stexl k(ycp)pgiymers

al kyl -substituted aryl| group is selected for one of Rlerr]l, Rerr] and

Rlerr], the AH8ACTXAD AXEATHR ife WherehanesgEs® tutRed 34 R aniX BReBPLas

defined substituted with from one to five C,-C¢ alkyl substituents,
each of which may independently be further substituted with
a X group {(e.g., a,a’-dibromoxylene, hexakis(a-chloro- or
a-bromomethyl) -benzene) .

Preferred initiators include l-phenylethyl chleride
and 1-phenylethyl bromide (e.g., where R? = Ph, R = CH,,
R¥ = H and X = Cl or Br), chloroform, carbon tetrachloride,
2-bromopropicnitrile, C,-C¢-alkyl esters of a 2-halo-C,-Cs-
carboxylic acid (such as 2-chlorcpropionic acid, 2-
bromopropionic acid, 2-chloroiscbutyric acid, 2-
bromoisobutyric acid, etc.) and compounds cf the formula
CeH, (CH,Y'),, where Y’ ig Cl or Bxr, x + y = 6 and y > 1.
More preferred initiators include .-phenylethyl chloride,
l-phenylethyl bromide, methyl 2-chloroprcpionate, =2thyl 2-
chloropropionate, methyl 2-bromopropicnate, sthyl 2-

cromoisobutyrate, «,o’-dichloroxyiene, x,a’-dibromoxylene



above. Thus, it is possible for the initiator to serve as a starting

mol ecul e WEP8BHSAch or star (co) pol yners. Pref erred exanpCeuss7ibes e one
of Rlerr], Rerr] and Rlerr] is phenyl,,_substituted with fromone to five
Cerr]-Cerr] alkyl substituents, eac of which may i ndependently be
further substituted with a X group (e.g., a, a' -dibronoxyl ene,

hexaki s(a-4rd Giexalis (¢ SoRdinuy) benBeR2enehe initiatol efigrred
initiators include 1-phenylethyl chloride and 1-phenyl et hyl brom de

(e.g., wheaecdf¥dE rnde with BiergdesereHigrehtrion, Rier ekempiliZadaX (Bu€l or

Br), chloroform carbon tetrachloride, 2- bronopropionitrile,
Cerr]-( enot - hitkitedst ey sawfakkyl halldde, erarkl®lydr haiide @ar boxylic acid
(such as 2-chl oropropionic acid, 2- br onopr opi oni ¢ aci d,

2-chl or oi shdlvyikyl aestler?2- Gendwaiiy,satapomatdc haldide )suand azonpounds of
the fornmul a Cerr]Herr](CHerr]Y )[err], where Y is Cl or Br, x +y =
6 and y [ewr’ idihaltbpexpleher rieehiyl thadticles, i ngthety legihwniatidd

chl ori de, 1- phenyl et h{ brom de, nethyl 2-chl oropropionate, ethyl 2-
chl or opr onibﬁa@ehairéﬂﬁw arpr mm@pt%hb& einigiptors. Hawesrax s obut yrate,
a, a' -dichloroxyl ene, a,a'-dibronoxyl ene WO 98/ 01480

PCT/ US97/ 1iBglators with a cyano group such as _haloacetepifrile or

hexaki s(a- brononet hyl ) benzene. The initiator, in accordance with the
present i nPBAPPERPIPTiEREAS AFreNOrBuELieRRive| mteaetayeamrangm P8l i de,

3 8 i P R e PR AS pfEanl”
a- hal oacrylaeﬁ%o% %%l % He %.'l%tgg;xg is HOUGYEirle as the halide part
of the initiator according to the present invention,
bromine or chlorine are preferred.
component (ii) - trangition metal compound
Any transition metal compound which can participate inm
a redox cycle with the initiator and dormant polymer chain,
but which does not form a direct carbon-metal bond with the
polymer chain, is suitable for use in the present
invention. Preferred transition metal compounds are those
of the formula M™X',, where:
M5 may be selected from the group consisting of Cul’,
Cu?*, Pe?*, Fe’*, Ru*", Ru’, Cr*, Ccx’", Mo®, Mo", Mo®', Mo’ , W,
W*, Rh®, Rh*, Co’, Co*', Re®, Re’, Ni° Ni*, Mn'", Mn', V¥,
vi*, Zn', Zn*', Au’, Au*', Ag' and Ag’;
X’ is selected Zrom the group consisting of halogen,
C,-Cyo-alkoxy, (804),,2, (PO,),,5, (HPO,),,,, (H,PO,), triflarte,

SCN 'thiccyanate), nexafluorophosphate, alkylsullonace,



initiators wwth a cyano group such as hal oacetonitrile or

hal opr opi o¥PP#PE8%re nore effective in the preparation of PEBIUSIPLIA)

wi th narrow pol ydi spersity index. In addEELon al t hough any of the

hal ogens is suitable as the halide part of the initiator according to the
present invention, brom ne or chlorine are preferred. conponent

(i) - transdlt.}%lf@&ﬁ &Sm%o% cyc ze’%@%\%rf%g%'tte' gp netal conpound

whi ch can participate In € Wt initiator and dor mant

pol ymer chaigh)yenditi P £t does 1ot Horma ‘gk%@Ct wHaHRORBtAl s pond wi th

t he polymer chain, s suitable for use 1nt

e present I nvention.
Preferred tr&é@*ﬁé@ﬂaﬁ@&éla&@ﬁP@UHQSqaéf 4*5&*%; nofodt herdrinad ac, - ¢,
Merr] X err] where: Merr] may be selected fromthe group
consi sting oilkyl egfdup (préddedivly d&ifln], oddi REGH [deRulide,
Ciferr], Cr[err], Mlerr], I\/b[err] Mo[err], Mo[err], Werr] , Werr] ,
Rhlerr], Rha:eyt]or E@Gtéi‘oar@[@fdﬂp el I’rday%@tiﬂst.l‘ﬂlutd‘di efxdm 1
l\/h[err], Mn[err], V[err] , Vlerr], Zn', Zn[err] , Au[err], Auferr],
Ag[err] and ég[ert}.mes with a hﬂ(logénsedamﬁafhﬁlpmtm Jruine s onstist i ng of
hal ogen, Cerr]-Cerr]-al koxy, (SOerr] (PJerr], (HPO err]

(H err] PJ er Elyorinef bat ehlorin&CN andi ncymnche) fotrexhf ¢haram hos ptiae e,
al kyl sul fonat e. WO 98/ 01480

PCT/ US9711138%4tal (e.g., 0 < n < 7). As componeni5(ii} aransitieate
(preferably benzenesul fonate or t ol uenesul fonate), SeRerr], CN and
Rl err] O er r petabenalider ip raquireddeAlhbengh oY JREARERFLPD| SeFRYr 18
straight or branched Cerr]-Cerr] al kyl group ( feral net h
benzoi ¢ aci d SY&LRPAE V& theaP}'lesGPtalﬁE?EFeaFyl angﬁgeﬁﬁF msbélcn

from
substituted ectl.al (but not limited to) is Cu(I). Likewise, the

a

preferred counter ion for the transition metal is chlorine
or bromine.

component (iii) - ligand

Suitable ligands for use in the present invention
include ligands having one or more nitrogen, oxygen,
phosphorus and/or sulfur atoms which can coordinate to the
transition metal through a o-bond, and ligands containing
two or more carbon atoms which can coordinate to the
transition metal through a w-bond. However, preferred N-,

O-, P- and S- containing ligands may have one of the

following formulas:

Rli_zl _R17
RLS_ZI - (RLG_ZI )-n-RJJ

where:



to 5 times with a halogen (preferably 1 to 3 tinmes with fluorine or
chlorine); vemggusgs the formal charge on the netal (e.g., f-+68&d7}h1343
[err] 7). As conponent (ii) a transition netal halide is require(}.

Al t hough any transition netal is suitatA® in the present invention, a
preferred transition metal (but not limted to) is Cu(l). Likew se, the
preferred counter oy ifhe transition nmetal s chl.ocine _,or bronne.
component (iii) - i }a:{]&é!z fd 1§ Pteé’ﬁeélgﬁp’gﬁﬁggcﬁSP aS8™i FPFhETBPRsent

i nvention I-nGls |4 gands Vi Nng . Of e y -~
phosphor us an ?’%r* garﬁslu%%at"drrsf&? i°c‘?1ﬂc<: Il p%_ rdi n%téeé{“o S{hle:’g‘>< g'ﬁ%n‘s‘i tfon
retal LI ouglh gy ok BRdd 938 o0 310009, ¢, LU0 b RARAEhon ators

whi ch can coordi'nate to the transtti‘on ne err[-bond.
Hovever, preferi@gsht c(-y) R’ Brnaadd (Sy) £ONLAING | izgangds @y Jhavgs one of
t he fol | ow ng formul as: ' ot T 'r%[erra]lz'
-Rlerr] are as defined above; o err] - Z - (Rerr]-Z° )[err] -Rerr]
wher e: WO 98/ 01480

PCT/ US97/ 11364 R¥ and R can be joined to form-Z6zaturated, Rlerr] and
Rlerr] are independently selected fromthe group consi sting of H,

Clerr]-( errursddybirared|or hedmrmoyd e rdmdr Gsedelscided aboval ifpr the
substituted with Cferr]-Clerr] al koxy, (err]-Clerr] dialkylam no,
C(=Y)R err], Ufet®RbeyclW brgfdoupd YC(=Y)R[err], where Y, Rerr], Rerr],

Rlerr] and R err]

Z' is 0, S, NRY or PRY, where RY ig selected from the

same group as R! and RY,

each R! is independently a divalent group selected
from the group consisting of C,-C, alkylene (alkanediyl) and
C,-C, alkenylene where the covalent bonds toc each Z' are at
vicinal positions (e.g., in a 1,2-arrangement) or at f-
positions (e.g., in a 1,3-arrangement), and from C,-C,
cycloalkanediyl, C,-C, cycloalkenediyl, arenediyl and
heterocyclylene where the covalent bonds to each Z are at
vicinal positions; and

m is from 1 to 6.

I addition to the above ligands, each of R*-2' and
RY-Z' can form a ring with the R'® group to which the Z' is
bound to form a linked or fused heterocyclic ring system
{such a3 is described above for “"heterocyclyl"!).
Alternatively, when R} and/or RY are heterocyclyl, Z' can
be a covalent bond (which may be single or double:, CH, or a

4- D T-mempered ring fused =2 R'® and/oxr RY, inp addition TO



are as defined above; or Rlerr] and Rerr] can be joined to form
a saturatedWO 9844484t urated or heterocyclic ring as descri bedrabwserfiass t he
"het erocycl yl " group; Z is 0, $7NR[err] or PRlerr], where Rerr]
is selected fromthe same group as R[err] and Rlerr], each
Rlerr] is independently a dival ent group selected from the group

consi sting ofth€ eeflindtaiors alikkherpolal kapedt vyl ) eassiplary G ehg] s¢heems

al kenyl ene where the coval ent bonds to each Z' are at vi ci nal positions
(e.g., in a Ec2 aheamgessnt) ldgaad [fecltlide bippesEthensbieygrslen a, 10-

1, 3-arrangenent), and from Cerr]-Clerr] cycl oal kanediyl, Cerr]-Cerr]
cycl oal kenedipfenagvensdi yrie ared cryptheter acyrbyhenehwher etthe wbeakedt bonds
to each Z are at vi ci nal positions: and mis from1l to 6.

In addition ti® t8Ré’ alRVeckhgahss, beadh Cof-alRkerty].- 22 and Rlerr] -Z' can
forma ring with the Rlerr] group to which the Z' is bound to forma

linked or fused heﬁféqld-%ﬁ,s g apler dibgands @sgc FYaddigeddesiviasd vatsove
for "het erocyci?yl Al ternativel y, when err] and/ or Rlerr] are
het er ocycl yl clbaﬁpntambﬂlboﬁ PR 1Borrdre( vhioth 2mépché FORgite ey

doubl e), CH mber ed f t, d/
RE) grr]e ) in ([ier rc{k?. O?Ft% carbcrw} g@%ﬁe %rge mor:.len% useqml%eR[c%rnr a:.azlxr}.ngor

PCT/ US97/ 11364 27- t he def t
above for 7' ."O¥&VPE(D H‘h‘bkes%eer@m?‘d’rmt%é“%%ent eI i galngl i Inglnﬁdgl ven

bipyridine, bipyrrglgs sndidlea ol SIAMNO! Mundh G A Grdb oW ether
invention are CO (carbon monoxide), porphyrins and
porphycenes, the latter two of which may be substituted
with from 1 to 6 (preferably from 1 to 4) halogen atoms, C,-
C¢ alkyl groups, C,-C.-alkoxy groups, C,-Cs alkoxycarbonyl.
aryl groups, heterocyclyl groups, and C,-C¢ alkyl groups
further substituted with from 1 to 3 halogens.

Further ligands suitable for use in the present
invention include compounds of the formula R¥R¥C(C(=Y)R®),,
where Y and R® are as defined above, and each of R*® and R¥
is independently selected from the group consisting cf H,
halogen, C,-C,, alkyl, aryl and heterocyclyl, and R*® and R*
may be joined to form a C,-C, cycloalkyl ring cr a
hydrogenated (i.e., reduced, non-aromatic or partially or
fully saturated) aromatic or heterocyclic ring !congistent
with the definitions of "aryl" and "heteroccyclyl" above),
any of which ‘except for H and halogen) may be £further

substizutad with - o 3 and

")

referably - zo 3 C.-C¢ aikyl



Is PRl err], Rlerr] can also be (Jerr]-err]-al koxy. I ncl uded as
sui t abl e WOP&®&4B0are pyri di ne derivatives which contain Payaisst/ugsss in
the 2 or 2 and 6 position such as a-ggrbonyl containing noiety, an imne
cont ai ni ng noi ety or a thioketone containing noiety. Al so

I ncluded as suitable ligands in the present I nvention are CO (carbon
monoxi de) ,gpaugEhy r € aatikoxpogphymendml cgen laaictrer aned'caf azhyilch nmay be
substituted with from1l to 6 (preferably from1 to 4) hal ogen atons,
Clerr]- ©fewrd. al Ryefepaobys, Geraf] * and Rt kisi\H groupsiedieivd - (err]
al koxycar bonyl , aryl groups, heterocyclyl groups, and Clerr]-Clerr] alkyl
gr oups f%$¥h§$ substituted with from1l to 3 hal ogens. Furt her

| i gands suitable for use_in the present i nvention include conpounds of
the formla R[e???F$éP“T€X€$L§§¢§%w¥ﬂﬁaids\Mﬂﬂi¥°$-a@@qﬂﬁﬁiﬂuﬁﬁwa as defined
above, and eac and R err IS |ndependently sel ected fron1the
group consFEFYhn]@nﬁflRFF“ ﬁﬁﬁog’é?PY Iﬁqf’]ané[x‘@rr] oaﬂlkﬁ whigh Sy b
-t s hon S, e 1 0 5 S s e
Pf’ﬂgaiﬁgﬁt;%? R ites 1&@# SFPLBaE or caryPRvRREAV R PEPBycl yi ¢
ubst | { ut od e ey <o AiRhobREPLRRT BRLRYSE) ulun el DAY o
Ygg?8/03f3%5§5t Eﬁﬁ'd(ﬁ?Qﬁjcgﬁ E8x§h6F8u%%meﬁa?%g%%ea§%ﬁ%§§né%o? aryl
groups.  Prgferafly 2t e lRLd I candkfhetrbups Ee®fy18nkedaticsd and
propylene glycol, both of which may be substituted one cr
two times on the oxygen atoms with a C,-C, alkyl group;
diglyme, triglyme, tetraglyme, etc.
- Suitable carbon-based ligands include arenes (as
described above for the "aryl" group) and the
éyclopentadienyl ligand. Preferred carbon-based ligands
include benzene (which may be substituted with £rom one <o
six C,-C, alkyl groups, e.g., methyl) and cyclopentadienyl
(which may be substituted with from cne to five methyl
groups, or which may be linked through an ethylene or
propylene chain to a second cyclopentadienyl ligand).
Where the cyclopentadienyl ligand is used, it may not be
necessary to include a counteranion ‘X’) in the =ransition
metal compound.
Preferred Ligands include unsupstituted anad

substituted pyridines and cipyridines ‘where the



char ge. W gﬁgg'tional suitabl e ligands include, for exanple

et hyl enedi am M propyl enedi am ne, both of which may be RIkiE$37taiead
fromone to four tines on the amino nitro@n atomwth a (Jerr]-Cerr]

al kyl group or a carboxynet hyl group; am noet hanol and am nopropanol ,
both of which may he _ substituted fromone to three tinmes_on the oxygen
and/or  nitr ST AICR P TAERREr 30 RipYrdicies pRrIpRS AeSFERee]| yeol
and propyl en | yeol . both of which may be substijtuted one or two tines
on the oxygenagF%W% ‘th%§téf8FFf5f§e}r]aﬁﬁkﬁml@¥bh%: (RAPHIZmeER 1 gl yne,
tetragl yne, etC.. 5_ohena ,%ﬁLgaQIe car bon-based_| i gands incl ude arenes (as
described above Yo TRED A1 §r oBPTPARER heSTYP e3RED pERtAdFBntaa1 i gand.

Preferred carbon-based |igands __ ipclude benzene (which may be sybstituted
with from one ¥&*" éga?rg?%Pfﬁ-CferEIcaPVQFEgr6ﬁﬁsélEfaQ?nnéFh§P7*éﬁd

| opent adi eny| j bstjtuted with £ Lo fi thyl
o oupe. o whi RIS BE PRy SERFBlioh SRecTRSE cRE=GFC2=apF bgREReoERal Nt o

a second cycl dignd dy ; ; 3 | ope i eny Lgand is
used, it may not é? neggggafglpg’iﬁgggégdgggo%égeggngégg‘(X'%x%#ggﬁg
transition detalecor (b r | Lgands i ngl : 34
unsubstituted and c su stitutgﬁ B?Fié?ﬁgggaag )bkgsr?dfnegkbgﬁﬁg%gefhg
WO 98/01480 p-alkyl substituted derivative of the BGR/UBSpWEi304e or a

-29 - substituted pyridines and bipyridines are as described above
for "heterocyslyiKdxy oo tiddde detRharile) ber thR 2PRlebibyridine.

The mole ratio of the components (i}, (ii) and (iii)
of the initiating system may range from 1/0.01/0.02 to
1/4/12; the preferred range however is 1/0.1/0.2 to 1/2/s6.

In accordance with the present invention, the
components (i), (ii) and (iii) of the initiating system are
introduced to a reactor, the reactor is subsequently
degassed under vacuum and charged with an inert gas, such
as argon. No particular order in the addition of the above
components of the initiating system is required. A monomer
and, optiocnally, a solvent :»s then added uo the reactor
through a rubber septum.

The preferred polymerization temperature to prepare
polymer (A) with narrow polydispersity index, in accordance
with the present Iinvention, is O?C Lo 180°C; it is
preferred to use a reaction temperature below the poiling
point of the polar zroup containing monomer, wneres i narrow

Dolydispersizy index s achieved and a .oss of the zolar



1, 10-phenanthroline, porphyrin, cryptands such as Klerr], crown ethers

such as 18YQP¥NAEE  and nitrogen or sul fur anal ogs of crdunusmasa. The
nost preferred |igands are subst i t ut®d- bi pyri di ne, bipyridine and
(Rlerr]Oferr]P. Exanpl es of such ligands (but not limted to) are
2,2 - blpyrldlne p-al kyl substituted derivative of the 2,2'-bipyridine
or a p-& I?év’&/ %ﬂh&@%@r\e\mwwlmmméﬂz 2' - bi pyri di ne. The
nole ratio of thg? onents (i), (ii) and (iii) of the initiating
system may rangett% e.f-?eé“'of/cdf@? rigation RRY2Det RENPEEFBRr &8 £BBge however

is 1/0.1/0.2 to 1/ n.accordance with the present invention,

t he np%’r?eerﬂ‘se 9 ,5q3¥92%nd b(qll“i") SOLYPRE IRALLPRY i- ng%§§)’§t’§m'af"§en
LQEL‘J&“SﬁS L T AR ne s e SReRt Sad Bt %@ggéﬁeﬁa“éﬁﬁr or der
oquired. AR Y B EE R G v eReTeal Senre SERBR a088 R o tho
temper at ur S TSP DS IRER LT Be sungrir ikt s i p?cschr%rqxn e

pon &x, in
accordance p C ;Icgm it is
preferred t% jgl g{]?eé%f | %ﬁ&?g%o%r%%re ébﬁ{bo éqnqe%[ 5, ( r#gaqL p“%Trén of t he
pol ar groupng@PbahBhbad YBNEERES, M@é@oﬁifﬁqumeMMﬁ%ﬂéy i ndex
is achieved and a | oss of the po ar WO 98/ 01480

PCT/ US97/ 11df#rures of such solvents, and superd®itical HLPeLON! fdbdR
monomer is mnimzed.

as CO,, C,-C, alkanes in which any H may be replaced with F,

etc.). The present polymerization may also be conducted in

accordance with known suspension, emulsion and
precipitation polymerization processes.

Suitable ethers include compounds of the formula
R*¥OR¥, in which each of R¥® and R¥® is independently an
alkyl group of from 1 to 6 carbon atoms which may be
further substituted with a C,-C,-alkoxy group. Preferably,
when one of R%* and R?» is methyl, the other of R?*?* and R® is
alkyl of £rom 4 to 6 carbon atoms or C,-C,-alkoxyethyl.
Examples include diethyl ether, ethyl propyl ether,
dipropyl ether, methyl t-butyl ether, di-t-butyl ether,
glyme (dimethoxyethane), diglyme (diethylene glycol
dimethyl ether}), etc.

Suitable cyclic ethers include THF and dioxane.
Suitable aromatic hydrocarbon solvents include cenzene,

toluene, >-xylene, m-xylene, p-xylene and any isomer oI



The present‘ﬁglynerization may be conducted in the absence of sol vent
("bul k" pol yWE?BPHEPon). However, when a solvent is used, REWEINTA1364
sol vents include ethers, cyclic ethers,_ g kyl esters, aryl esters,
Cerr]-Cerr] alkanes, (Jerr]-Cerr] cycl oal kanes whi ch may be
substituted with from1l to 3 (Jerr]-Cerr] al kyl groups, aromatic
hydrocar bon saliventre dfalicgmeated: chydrecarbancableehtdpgaveteditrile,

di met hyl formam de, _ mixtures of such solvents, and supercritical solvents
(such as COhydricca@benr [sclivereck ahkande CH.Qh ch &mdildriwrdeshaas acet
with F etc.). The present polynerization may al so be conducted in
accordance wi thenaengn SSuspansited feom 4 op &ndimepgr @dichi £arcgine and/or

pol ymeri zation processes. Sui t abl e ethers include compounds of the
fornul a R eth R r |althoughi omeesdioudd RbsMzE A RS Selected

I ndependent|y an al kyl group of from1l to 6 carbon atons which may be
further substihakaegenates hxgraadrhgresdlvantdsd) @R L &S &F R when
one of Rlerr] and Rerr] is nethyl, the other of Rerr] and Rlerr] is

al kyl of fromRieiaremHirhtdHs AT SBT3 2n koxyet hyl . Exanpl es
I ncl ude di ethyl ether, ethyl propyl. ether, di propyl. et her, t hyl

t-butyl ether, di- tz-\b%ﬁyfeé? h%‘?’;p%leglé}?ﬁe YRE RR ‘i’rﬁfheﬁf, Bff (&)

(di et hyl ene gl ygol di net hyl _et her etc. ' cyclic ethers
i ncl ude THF an‘é‘gdﬁigﬁaﬂ’é‘.‘sen@ %‘bﬁ’g%:r%d Mt‘?%e%y%?%c%%%%wé%?vent s incl ude
benzene, tol uene, o-xylen I - XY, L.S

"0 o8/ o1ag0  Peqiifements:fe ML&Y HiVe Lo é&&fn%#leﬁéi%: (am
-31-

defined in: Polymer Handbook, third edition, J. Brandxrup
and E.H. Immergut, Editors, II/81); be able to dissolve the
initiating system; and must not form a complex with the
initiating system. Examples cf solivents suitable for the
present invention (but not limited to) are: diphenylether,
diaryl ether,. dimethoxybenzene, propylene carbonate, and
ethylene carbonate. Especially useful solvents in
accordance with the present invention are propylene
carbonate and ethylene carbonate which result in pelymer

(A} exhibiting narrow polydispersitcy index.

IXII) - Use of Macroinitiator for AIRP
{(a) In situ Generation of a Macroinitiator
(L) Transformation of "Living®" Carbocaticnic to
"living® Radical Polymerizatiocn
A further cbject of the present invention is tT
synthesize a block copolymer ty combining a "living”

carbocationic polymerizaticn with a *living" radical



m xture of isonmers of cunene. Suitable hal ogenated hydr ocar bon sol vents
i ncl ude ovpesmpis®@|[err], 1,2-dichloroethane and benzene sBOBUSYULIAEH from 1
to 6 tinmes with fluorine and/or chl orine, although one should ensure that
t he sel ected hal ogenat ed hydrocarbon sol vent(s) does not act as an
initiator under the reaction conditions. A solvent suitable for the
prepar at i opclymedidmiidnd) "Liv@hgirheaBrgaeat pbhyRatt oar fBAE ABRGE bben

fol |l owi ng requirenents: it must have |low chain transfer constant (as
defined i n.de2aniberd Wamihgslaszlehiskd edhtk8RicJpoByradiHAtionand E H.

| mergut, Editors, 11/81); be able to dissolve the initiating system
and nust ndMedmrmsn cEypirhesiid kindhepplicAtbibaki; nBasyst eekkxanplias .of
solvents suitable for the present invention (but not |limted to) are:

di phenyl et gy Yorkli a¥336 ket héthus diansalceopbacrere capr opy lsyme heailzedat e, and
et hyl ene carbonate. Especially useful solvents in accordance with the
present i nanta ohliyindt op3therationdiar ethod ahdvénigy lket@xrdmiadnat e whi ch
result in polymner (A) exhibiting narrow pol ydi spersity index.

111 ) - UsEE@HP MaSWeind$iatkrldgsn Amgup, which subsequesinly Garert® i on of
a Macroinitiator _ (I') Transformation of "Living Carbocationic
to "1 viRed RBJRBaPEFRTYHER imadTiRitiator in 3 THVHERG' AKAROBDI t he

present invention is to .synt hesi ze a bl ock copaol ynmer_by conbining a "
Piving'  STEUPLGTARREAFCTAGHSAL POLYTORiZaR AR a SGHATR3 1Ak cal

exemplifies the procedure (not limited to the particular
examples) for the synthesis of poly(styrene-b-styrene},
poly(styrene-b-methylacrylate) and poly(styrene-b-
methylmethacrylate) copolymers. In addition, as
exemplified in Scheme 3(b), a variety of ABA block

copolymers with polyisobutene (PIB) mid block can be

prepared.



WD 98/ 01480 PCT/ US97/ 11364

- 32- pol ywersgaasbon. "Living" cationic polynerizations hav®QF&&7/11364
descri bed by Matyjaszewski (Cationic Pglsyneri zations, Mechani sm

Synt hesi s and Applications; Marcel Dekkéer, Inc., New York, 1996). Thus, a
macr onononer can be synt hesized by a "living" carbocationic nethod,

havi ng a teé'égaﬂ (Hr oup, such as a hal ogen group, which subsequently can
be used as an ef3f ective nmacroinitiator in a "living" atom or group
transfer radical polynerization. Schene 3(a) e) lifi t he
(not limted to the particular exanpl es) for the gynt j
pol y(styrene-b-styrene), pehy(styrene-b-net hyl acfyl ate
pol y(styrene-b- )@t hyl met hadg yl atg) gepgolymers. |n addi

cedure

exenplified in Sghene 3 (b), jayari ety of ABA bl oc cQpol ynmegs with
pol yi sobut ene (PNRni d bl oc N be&;ci/-upf epar ee’ L
PCT/ US97/ 1 1364-mexcx schene 3(=): (1] rse-ci
CuCl/dmipy O O O O
{nl Y CelsCH /100 C
st
1 -
Pt-p=pat-Cl

(I} = 1‘ Cutl/deipy
1 celscEa/t ©
Y
PEL-b=PA=Cl

‘ CuCl/dipy

{33 o m ﬂ.a Cel3CH /100 C
3




[err] WO 98/ 01480 PCT/ US97/ 11364

-34 - WRAMRWSS () [err] WO 98/ 01480 ,
PCT/ US97/ 11364 - 35. PO T8 e
of macroinitiator by polyesterification -34- 1) In situ
pol ycondensati on of a nonofuncti onal acid and acid
hal i de cont ai ni ng ga® eafet \(8Y ed hal ogen at om An
exanple is the polyesterification of a diol (1.0 nol) with a diacid
(0.95 nol) in the presenice of 2- br onopr opi oni c acid or chloroacetic
acid (0.05 nol) to produce a pol yester having a degree of polynerization
(DP) =20 anda-raf ogen end group. (b) Polynmer Modification to
Generate a initiator
' ==\ TR a X [ <
==V AP
e
B sma ©
Dioseysmaacx




Anot her object of the present invention is to synt hesi ze a novel bl ock

copol ymer uwbngiogqgoovel at om or group transfer radical p@cunessraaisson
initiator. Thus, according to the present invention, a conpound
of fornmula (1V): Y[erti- Rlerr]-Rerr] "- (Xerr]) [err]
(1v) IS reacted with a macronononer that is functionalized with a
group C. The functional group C nust be able to react wth Y[err] to

f bl e bond, gnd he fun | d
e L L

macr onononer transfornms the npbnoner into a macroinitiator for ATRP.

Thi's macroinitiator is{ypeddqhéﬂlu Déyy@% %sgklogfthS hBhbieahi-Rg S)ust em

to polynerize a 98/

PCT/ US97/11364 cid and acid nal 18 conchliihgMIR0NRI: VA ddie
presence a transition metal® nmpoun nmponent (i1)), and a |igand

(conmponent (iii)) to forma pa g&égﬂcggaxﬂyner In formula (IV), Xerr] is
a hal ogen (preferentlally chlorlne or bromne), nis an integer of 1

to 100, prefeggnékahpyeoislth® yedwirificaminh fafal idiedl (1. @rmwlp such
as (but not limted to) hydroxyl, carboxyl amne, -SiHor -C(=0-X

where X i's a hatRO&NAiaBier (3.8 molselgoies predaride of @ consisting of
al kyl, aryl and aral kyl group, as defined above, and Rlerr]' is a

C[err] C err] bebitpbropightpacid or chidisadeovid aweidotd fa8 ndilke) prepar ati on
of a bl ock copol ynmer can best be understood in the schene 4 bel ow
produce a polyester having a degree of polymerization

(DP) =20 and a-halogen end group.

(b) Polymer Modification to Generate a Macroinitiator

Another object of the present invention is to
synthesize a novel block copolymer using a novel atom or
group transfer radical polymerization imitiator.

Thus, according to the present invention, a compcund
of formula (IV):

Y,-R,-R," - (Xy), {(IV)
is reacted with a macromonomer that is functionalized with
a group C. The functional group C must be able to react
with ¥, to form a stable bond and thus the functional group
X, is now added to the macrzcmonomexr. The addition of the
group X, to the macromonomer -ransfcrms the moncmer into a
macroinitiator “or ATRP. This macroinitiater is used as

component (i) of zthe initiating system o polymérize a



Schenme 4 [err] Suitabl e macroinitiators are

macr ononoNBs/ALdHt ai ni ng at | east one functionality sectussy{ibed not
limted to) hydroxyl, carboxyl, viggl, amne or thiol. Preferred
nononers are acrylic and nethacrylic acid esters having from1l to
about 20 carbon atons in the al cohol noiety, styrene, vinyl

substi t ut edvityl enenoset higs:ite aldaderfdeyr @@ ransi wow imeg aSu ksirvicuined
styrene such as p-al kyl styrene; such WO 98/ 01480

PCT/ US97/ 1186dmconent (ii)), and a ligand (compcdient (inmndnercs fumm a
commercially available or can be easily prepared by known esterification
processes. Pietkreegolymesteis fommwldbutIVN) achylist @ hedhgenacryl ate, nethy
met hacryl ate, isobornyl nethacrylate and 2-ethyl hexyl acryl ate;
preferred stpreRPECRbAGARYsChieringrenciremimehy|n 1s Ay rigesger m hy |
styrene, p-tert-butyl styrene, p-acetoxy styrene and ri ng- hal ogenat ed
styrene. to lOOThErﬁéﬁFéﬂFhQIEXe%I 110 (bt B &sh@ny ifwncsd ongl

met hods of synt hesi s _of | tifunctional polynmers which can be used in
the synt hesBEOYP BREEK 28ndPYFaPPtcbdBRFRRr 8O) NRYCTGERbr dSHERCW +h t he

rpesent invent.ion. , )
P amine, -SiH or -C(=0)-X, where X is a halogen. R, is

selected from the group consisting of alkyl, aryl and
aralkyl group, as defined above, and R, is a C,-Cy-alkyl
group.

This novel method for the preparation of a block
copolymer can best be understocod in the scheme 4 below:

Schema 4

el g 23 -
- ATRP o
Palymer A Palymer 8

Saitable macroinitiators are macromonomers containing
at least one functionality such as (but not limited to)
hydroxyl, carboxyl, vinyl, amine or thiol. Preferred
monomers are acrylic and methacrylic acid esters having
from 1 o about 20 carbon atoms in the alcohel moiety,
styrene, vinyl substituted styrene, such as a-alkyl styrene

or ring substituted styrsne such as o-alkyl styrene; such



1) Esterification of hydroxy and phenoxy end groups

wi th hal o a®iQP8s{dkstde. An Exanpl e in accordance w th thi sobie6l3&
pol ysul f one prepared with an excess of_Bi sphenol A, esterified with
excess of 2-bronopropionyl bromde to proVYﬁb a pol yner wth two
br onopr opi onyl end groups. 2) | ncor poration of benzyl

chloride end giRéRiers are commerciall Q¥aff£gf?i%?t%£ﬁ Qé0§§§§l A
pol ynmer containing two unsaturated entl groups at bot ends, %xenpllfled

by a divinyl teeBadEEdy knopel ¥dbaet ByLsi! gxage, . isragagted with
H SiMe[err]- © 'ghOCH[g}#fP%% %%tgﬁé %%ésé§%2$§7£§; catalggtsaf ed

3)-  Pol ydi netdutexid aane -HRVD) 160041 3t0i Nge 1 Hacrylate, meth
groups at the termnal or as ﬁengaﬁ? un?fs tﬁy cxyia me Y%s react ed

W th p-chl or onmgdhdctpirans (iRobornyl ME-88L0448Pe and 2-ethylhexyl
PCT/ US97/ 11364 -38 -

G MeSt) in thagnemwe peffdrred alysbnt® monomers are styreﬁb?'&’-:ﬁ)@@ﬁ_w th
term nal or pendant benzyl chl ori de groups. he

resulting pol Y4B Fr 3 n : _ K _
(nacronDIecule)-(f%ggr??rﬂgaﬂere %F%%FT Pstsrﬁanég% aRdTRTTS gnafﬁfgagf of
from 1 to 100.styrdHe! Sieniddl arlocatiat kO skreflalis, the resulting

hal ogenat ed macronol ecul e can” subsequently b used as conmponent (i) of
the initiating systmmefoslldeidy B@mlii®y (bull azePob¥mimplonRa)l y

containing at | east one polar
methods of synthesis of multifunctional polymers which can
be used in the synthesis of block and graft copolymers in
accordance with the rpesent invention.
1) Esterification of hydroxy and phenoxy end
groups with halo acid halide.
An Exagble in accordance with this object is polysulfone
prepared with an excess of Bisphenol A, esterified with
excess of 2-bromopropionyl bromide to provide a polymer
with two bromopropionyl end groups.
2) Incorporation of benzyl chloride end groups
by hydrosilation process.
A polyﬁer containing two unsaturated end groups at both
ends, exemplified by a divinyl terminated
- polydimethylsiloxane (PDMS), is reacted with H-SiMe,-
PhOCH,-Cl in the presence of Pt catalyst.
3) Polydimethylsiloxane ‘PDMS) containing Si-H
groups at :the rerminal =or as pendant units

is reacted with g-chlorcmethvistyrene (p-



group; the result of the polynerization with the above- di scussed

macr oi ni twab®oiaely be an ABA bl ock copol ynmer with t he endriusgnkssdei ng a
vi nyl polyner and the m ddl e bl ock bed ng any pol yner. Exanpl es
of novel block or graft copol yners produced by macroinitiators in
accordance with the present invention i nclude (but are not limted to)
bl ock copol yners cont ai1Mer@ )a il ek pPeeskycef ofoPyschvabper pol yester,
pol ysul fone or pol yani de, or ethyl ene/butyl ene copol yner such as the
ones produced by Shell unQQmﬂmh@DNBaMdmhnaagmlnal or pendant: nengyérr]
Monoaners and their Use in ATRP AB[err] nononer is deflned as

a hybrid nol ecul e cont ai nicigioride giopmsr.i zabl e doubl e bond (B[err]) and an
atomor group (A whi ch can be cl eaved honDIytlpaIIy and
reversibly. Th D830IYBYy polymer can be presented by:

PCT/ US97/ 11364 -39 - At om Tr ansf er

Radi cal Pol yrmeri zat i ofMRaTRMReledulas- tals  the controlled radi ca
polynerlzatlon of (neth)acr lic esters, (meth)acr Snltrlle dlen%s and
styreni c nmofRPERsXr 1t Qg aRchndPs 2P0 LBECFEEOFn LAPRPL £P RO

requi red that t he he basic structure of, B-R-F mhere Bis the
polynerlzabPEEGSEEPglﬁng %FFWS Lafe of Yani BEHacHt® FHiht+9% nd Fis a

yer reversi BRyoReRaRNay  rRaderaRe G “% sor P af e o &
the B groupcgﬁgoggnt (i) of the initiating system for the preparation
of a polymer optionally containing at least one polar
group; the result of the polymerization with the above-
discussed macroinitiator may be an ABA block copolymer with
the end blocks being a vinyl polymer and the middle block
being any polymer.

Examples of novel block or graft copolymers produced
by macroinitiators in accordance with the present inventicn
include (but are not limited to) block copolymers
containing a block moiety of polysiloxane, polyester,
polysulfone or polyamide, or ethylene/butylene copolymer

such as the ones produced by Shell under the Kraton name.
II. AB, Monomers and their Use in ATIRP
AB, monomer is defined as a hybrid molecule containing

polymerizable double bond ‘B,} and an atom or group (A)

which can be cleaved homoiytically and reversibly.



met hacrylic, acrylic, or styrenic in nature. The F group could be a
benzyl i ¢ hal W@gs0R8hal opr opi onate, etc. The versatility of trarassapprisach

i s enhanced by the w de variety of R gr yps that can be inserted between
t he doubl e bond and the functional groﬁg. Acrylic AB[err]

nononers can be synthesized by the reaction of , for exanple (but not
limted to), 2-hydiexyetfVhsfer a&Idale vdraxyet hwrgmt ralatg i th
an acid hal i de, either 25-%er om)pro%ilon’y J')%‘rég:m9 ?962{ B(rom)i S(I;%J]f%% yl

bromi de, or cphereaf | : s ' Vider 10l 8 5 group
bromi de. or chhoroahekyl1el! pdfiR] polymers S HOBH Vidderp| RaxA0S.

at stage of nononer, polymér or both. G oup A becones

group A wheprkt itﬁegﬁm@a}l&{i&'n hep dded Sl dhprShad MGk ofs, @
macr onononer. Thus, the fol

_ , the OW ng possibilities can occur dependi ng on
the relative reaet pij thdtforrsArAbedREed?SnARTRP, it is deqd8S@d PHaen of
Reactivity of A-group WO 98/ 01480

PCT/ US97/ 11364hey have the basic structure of -BHR«F, where B(i$ the

Honopol yneri zati on 1) Reactivity of group A in nonomer is

simlar polymerizablet dovkhet bondy Rfigrampsrgénandspédcen gheup,

pol ymer . Exanpl es include (but are not limted to) ATRP of p-

chl or oret hyl stapdeiFe is2a( Zubcanopadpgooopyrentyinisgyhahalogen atom which
can be homolytically, yet reversibly, cleaved by reaction
with copper(l) salts. For example, the B group can be
methacrylic, acrylic, or styrenic in nature. The F group
could be a benzylic halide, 2-halopropionate, etc. The
versatility of this approach is enhanced by the wide
variety of R groups that can be inserted between the double
bond and the functional group.

Acrylic AR, monomers can be synthesized by the reaction
of, for example (but not limited to}, 2-hydroxyethyl
acrylate or 2-hydroxyethyl methacrylate with an acid
halide, either 2-bromopropionyl bremide, 2-bromoisobutyryl
bromide, or chloroacetyl chloride.

The homolytic cleavage of group A can occur at the
stage of monomer, polymer or both. Group A becomes group
A' when it is pendent or A" when it is at the chain end of
a macromonomer. Thus, the follcwing possibilities can
occur depending on the relative resactivities of A, A’ and

25 A™:

a) Descripticn of Reactivity of A-group



etc., whic

h result in a hyperbranched structure with cluster ("grape
bunch") s¥©Q8oLAse. 2) Reactivity of A >> AbctmssAizbut
reactivity A~A") Exanpl es include (but are not limted
to) ATRP of p- chlorosulfonylstyreﬁéP'vinyI chl oroacetate, etc., which
result in a linear "condensation" polynmer with pendant A" gr oups.

3) Reactivity 9f Agzmha: 9 .. Exanples include (but are not
limted to) freé anfggéggl2§%€¥§%%¥#§ation (FRP) of p-chloromethyl styrene,
2-(2- DT OMOPY OPT QNOXYReEEDY s 872 A fouflf - 2n WHdhdreSl tsddl Bhr

| i near conventional free ra |car poly W't h pendant A groups.

WD 98/ 01480 Lo reactivity of groups A’ Plrld USO07/: 1364 )

-41- 4) Reactivity of A << A" < A" Exanpl es i ncl ude
(but are not limted to) AERPmet, chl oroacryl ates, chloroacrylonitrile,
etc., which result in a nearly perfect dendritic structure (no cluster
due to | ack of termnal B[err] bonds).

Examples include (but are not limited to) ATRP of p-
chloromethylstyrene, 2-(2-bromopropionoxy)ethyl acrylate,
etc., which result in a hyperbranched structure with

cluster ("grape bunch") structure.

2) Reactivity of A >> A’ (no A" but reactivity.

AmA")
Examples include (but are not limited to) ATRP of p-
chlcrosulfonylstyrene, vinyl chloroacetate, etc., which

result in a linear “condensation" pelymer with pendant A"

groups.

3) Reactivity of A = A'; no A"

Examples include (but are not limited to) £free radical
polymerization (FRP) of p-chloromethylstyrene, 2-(2-
bromopropionoxy) ethyl acrylate, etc., which result In a

iinear conventional Zree radical polymer with pendant A’

STYoups.



Pol ymers 1-4 above are reacted with styrene, (meth)acryl ate, or

acrylonitri] e, etc to yield block and graft copolyners by the process
of the pres@ﬁl 03¢8%¢t i on. The pol ydi spersity of the resul eE™ySTORBEs4y MET
is: Merr]/Merr]=1.1 to 3.0. -41- (ii) Sinmultaneous

copol yneri zation of AB[err] nmononer with conventional vinyl nononer

1). Reactivity of group A in nnnoner is simlar to
reactivity of groups A N At i pol ymer.
Exanpl es i ncl ude (but are not %1Téb€¥ Sfﬁ}ﬁﬁz <A

styrene/ p-chl or onet hyl styrene, butyI acryl ate/ 2- (2-
br onmopr opi onoxy) et hyl acrylate, etc. The resulting polyners have

branched struckxaepbekbhigbugter ($u9rape echiniced =&fracturgs branch
density depends on conmononer ratio. 2) Reactivity of A

>> A" (no A" buhloeeattyliyes, chlorcacrvlonitrildy Adtc., whih98661480in
PCT/ US97/ 11364 -42- Exanpl es include
(but are not | ameedlyopeAIRBrofiendrpetbl stosotiivayl(styckasreri dyk to
chl oroacetate, with styrene, etc. , which result in macrontnoners with
vi nyl acet alet¥Acf, tkravichédBstwaredsir es possibly with p-
chl or osul f onyl styrene.
Polymers 1-4 abocve are reacted with styrene,
(meth) acrylate, or acrylonitrile, etc. to yield block and
graft copoclymers by the process of the present invention.
The polydispersity of the resulting copolymer is: M, /M,=1.1

to 3.0.

(11) Simultaneocus copolymerization of AB, meoncmer with
-2 conventional vinyl moncmer
1) Reactivity of group A in monomer is similar
to reactivity of groups A’ and A" in the

polymer.

Examples include (but are not limited to) ATRP of

styrene/p-chloromethylstyrene, butyl acrylate/2-(2-

bromopropicnexy)ethyl acrylate, etc. The resulting polymers
" have branched structure with cluster ("grape bunch")

structure; branch density depends on comonomer ratio.

2) Reactivity of A >> A’ ‘no A” but resactivity

AwA' )



3) Reactivity of A= A"; no A" Exanmpl es include (but are not limted
to) free radical pol yneri zati on (FRP) of p-chloronethyl styrene, 2-(2-
br onopr oY@ AE#§Et hyl acrylate, etc., with e.g., styrene, pcrushi/ches esult
in a linear conventional free radical (ER. polymer with a few pendant

A" groups 4) Reactivity of A<< A" < A" Exanpl es

I ncl ude (but are not |limted to) ATRP of chl or oacryl at es,

chl oroacrylExdngid €, iR€IVdON{HUd |&e not (MBiIYAT A8 AtATRStEY s, etc., with
e.g., styrene which result substantially in nearly perfect dendritic
structure p-cXhoresubfetyiseyiand AcKkipfl telbredcdfars | vordsgtyddhe a4 t wo
| ayer shape due to differences in reactivity of chl oroactyl ates and
styrene; spartaneebiscst aeshlkeidl mekromcnaopod ywerh vinyl (iii)
Consecutive copol yneri zation WD 98/ 01480

PCT/ US97/ 118edtate (VAc) , branched structures pdSsibly with p- 1)
Reactivity gf groug A in nononer is simlar to
reactivity eRlgFeapsfpnyiagyrenen the pol ymer .

3) Reactivity of A = A’; no A"

Examples include (but are not limited to) free radical
polymerization (FRP) of p-chloromethylstyrene, 2-(2-
bromopropionoxy)ethyl acrylate, etc., with e.g., styrene,
which result in a linear conventional free radical (FR)

polymer with a few pendant A’ groups
4) Reactivity of A << A’ < A"

Examples include (but are not limited to) ATRP of
chlorcaczylates, chlorcacrylonitrile, acrylonitrile,

(meth) acrylate esters, etc., with e.g., styrene which
result substantially in nearly perfect dendritic structure
(no cluster due to lack of terminal B, bonds) with a two
-layer shape due to differences in reactivity of
chloroacrylates and styrene: spontaneous star like block

copolymer

(iid) Consecutive copolymerization



Represent ati ve exanpl es include (but are not limted to) ATRP of

p- chl or onet hyl st yrene, 2-(2-bronopropi onoxy) et hyl acrylate, etc.,

fol |l owed by ®0OM88M800r butyl acrylate. The result is a subspetivsed/igsq
hyper branched core with cluster ("grape_pynch") structure, star-like
second | ayer which can be soft (low Tg segnent) or soft followed by hard
(high TQg) segnent. Another possibility is a free radical (FR)

copol yneri zation of p-chlgr omrdad=styirene s BELMRSE) W Mencmest WenEr@llar
butyl acryl at e/ 2- (2- br onopr opi onoxy) ethyl = acrfylate and then grafting

fromthe backbone to get a graid reaéggyyg#ngg.:rcugs A’ and A" i) :the
Reactivity of A>> A (no A" but reactivity - ) A=A" )
Exanpl es include (but are not gdiymiead. to) ATRP of vinyl chl oroacet ate
with styrene, etc. This results in the formati on of a macronononer of
pol ystyrene with a vinyl acetate end group. Another possibility is a
free radi cal copol ynerization of VC Ac with VAc and then grafting
from t he Regktrsantative aM@AMS/<Od48(clude (but are not limited to)
PCT/ US97/ 11364 -44- 3

Reactivity ofAMﬂﬁswqfrmr¢hlorom¢khy¢$t¥renestme(thﬁpmqngpdongxy)ethyl

pol yneri zati on (FRP) of p-
acrylate, etc., followed by styrene or butyl acrylate. The
result is a substantially hyperbranched core with cluster
(*grape bunch") structure, star-like second layer which can
be soft (low Tg segment) or sof: followed by hard (high Tg)
segment. Another possibility is a free radical (FR}
copolymerization of p-chlercmethylstyrene (pClMesSt) with
styrene or butylacrylate/2-(2-bromopropicnoxy) ethyl
acrylate and then grafting from the backbone to get a graft

copolymer.

2) Reactivity of A >> A’ (no A” but reactivity

A-A" )

Examples include (but are not limited to) ATRP of vinyl
chlorocacetate with styrene, etc. This results in the
-formation of a macromonomer of polystyrene with a vinyl
acetate end group. Another cossibility is a free radical
copolymerization cf VClAc with VAc and then grafting Zrom

the backbone.



chl oronet hyl styrene, 2-(2-bronoropi onoxy)ethyl acryl ate, etc, with e.g.,
butyl acrylate. The result is a linear free radical polyner with a few
pendant AWQPERIAE0 Subsequent pol yneri zation of the seconscrsenBEBsOY
ATRP results in the formation of a cogdlgraft copol yner.
4) Reactivity of A << A < A" Exampl e i nclude (but are not limted
to) ATRP of chl oroacryl ates, chloroacrylonitrile, etc., initiated by an
initiator such as suldfonylReclicaride, oc€hho=omal;onat &' and optionally
addi ti onal nononmer such as styrene. The result is a nearly perfect
dentritic structure (no cluster due to | ack of term nal B[err] bonds)
wth a two | ayer shape due to differences in reactivity of
chl or oacr y|Exeap lawd axteyrdire.free Saddcal ajamerdizastian | (RS blcdcip-
copol ynmers can be grown. Some exanpl es of polyneric architecture
obt ai ned byEha oromegIdIwART Y eIt 0rF | (2 -FTeOCEFaRE ORaXY  tefa Y ésumtlatevent i on
fol | ow (b) Hyperbranched Pal yners In this object of the
present i Rfht iYGHER - B[ HUYYL 2cTHDIEEA e T IR Wtesidhtded BiEd0r nul a V
WD 98/ 01480 . , PCT/ US97/ 11364
-45 - ﬁQQq]radlcal polymer with a few pendant A’ groups.

Subsequent polymerization of the second monomer by ATRP

results in the formation of a comb/graft copolymer.
4) Reactivity of A << A’ < A"

Example include (but are not limited to) ATRP of
chloroacrylates, chloroacrylonitrile, etc., initiated by an
initiator such as sulfonyl chloride, chloromalonate, and
optionally additiocnal monomer such as styrene. The result
is a nearly perfect dentritic structure (no cluster due to
lack of terminal B, bonds) with a two layer shape due to
differences in reactivity of chlorvacrylates and styrene.
Several layers of star like block copolymers can be grown.
Some examples of polymeric architecture obtained by a

polymerization in accordance with the present invention

follow:
{(b) BEyperbranched Polymersa

In this object of the present :inventicn the AB,

molecule can be presented by Zcrmula V



wherein Rerr] ,Rerr], and R err] are as previously described and R err]
S an organi c spacer group and A is selected fromthe group

consi sting WO IBPEEL] ' - X and X, where X is a hal ogen (preferal#grussrahnieari ne
or bromne), and Rlerr]"' is selected fromgtshe group consi sting of
straight or branched alkyl of from1l to 20 carbon atons (preferably from
1 to 6 carbon atons, nore preferably from1l to 4 carbon atons),
a,[err]-unsaturated straight or branchegd al kényl or al kynyl of 2 to 10
car bon atons (preferably from2 to 6 caybon/atons, nore preferably
from2 to 4 carbon atons), a,[err]-unsaturated straight or (V)branched

al kenyl of 2 to 6 carbon atons (preferably/vinyl) substituted
(preferably at the a-position) with a hal®gen R,*-A(preferably chlorine),
Cerr]-Cerr] cycloal kyl, benzyl, hetercyclyl, Y)R[err]
C(=Y)NR[err]Rerr] and YC( Y)R[err] c(=Y) - Y-R[err] =Y)-R err]
where Y may behemednr R o¥*.0 angr &f evzeblas QD)I'EVR[C@SA]Y |d§5£‘1€-943d and (ﬂ‘z f’r%m 1
to 20 carbon atons, alkoxy of from1 to 20 carbo tons,  aryl O)F(lé

het er ocycl yl oR%), CREBRAF éﬁéCRFeEF-'Puﬁr and A lﬁnééééﬁ&éﬁt %?OF’! GPaaEF?
from1l to 20 carbon atons,_ or and

b t th
to forman al E?Péﬁé%ﬁ"&uﬁfofgz" L'y afnfdorﬁ'z whe s aRéderr] %‘9,{ h@e%ﬁ%ﬁ@' o
o, T B e e i G AT i
L%?Egggflgg%?c%sqr iRy Ofot’I zfac:l:.rg %r branc\ggcl_g%.%ﬁS%f (Eaﬁ[n}arlr ]t'o (zvaﬁi ch
may be substitybed M hdd OB Jefdk ANy BIRPEN o 6 carbon atoms, more

preferably from 1 to 4 carbon atoms), «,jZ-unsaturated

straight or branched alkenyl cr alkynyl of 2 to 10 carbon
atoms (preferably from 2 to 6 carbon atoms, more preferably
from 2 to 4 carbon atoms), «,f-unsaturated straight or
branched alkenyl cf 2 to 6 carbon atoms (preferably vinyl)
substituted (preferably at the a-position) with a halogen
(preferably chlorine), C,-C, cyclecalkyl, benzyl,
hetercyclyl, Cl=Y}RS, C(=Y)NR'R’ and YC(=Y)R®, C({=Y)-Y-R*-
C(=Y)-R' wnere Y may be NR® or O (preferably O}, R® is alkyl
of £from 1 to 20 carbon atoms, alkoxy of from 1 to 20 ca‘rbon
atoms, arylexy or heterocyclyloxy, R® and R’ are
independently H or alkyl of from 1 to 20 carbon atoms, or R
-and R’ may be joined together zo form an alkylene group of
from Z to 5 carbon atoms, thus forming a 3- to 6-membered

ring, and R® is H, straight =r branched C,-C,, alkyl or aryl;
and

and R’ may be -oined =5 form a group of the Zormulia



atons or (err]-Cerr] alkyl groups) or C(=0-Y-C(=0, where n' is from
2 to 6 (preferably 3 or 4) and Y is as defined above. Preferred
nonomer swblvapi4sot |inmted to) are p- chl or onet hyl st yrreareugoOviBs4

met hyl - a- chl oroacryl ate and 2- (2- bronopr opi onoxy) ethyl acryl ate.

The met hod, in accordance with the pre§§ t invention, for making a
hyper branched nolecule is illustrated below in schene 5: WO

98/01480  (cy,),. (which may be substituced @H/e¥S¥ckl364o 20’ halogen
-47 - ScheRre's Tert
atoms or C,-C, alkyl croups) or C(=0)-7-C{=0), where n’ is
from 2 to 6 {preferably 3 or &) and ¥ is as defined above.
Preferraed monomers (but not limited to) are p-
chloromethylstyrene (CMS), methyl-a-chlorcacrylate and 2-
(2-bromopropicnoxy) ethyl acfyla:e.
The method, in accordance with the present invention,
for making a hyperbranched molecule is illustrated below in

scheme 5:



where R represents an al kyl or any ester, and X is a functional group
(preferentially a hal ogen). In schene 5, the activation-deactivation
process is wosshoisn in the first step and is assuned to occurpé.}}ﬁ%@&t
t he pol ynerization. Activation occurs prior to addition of a nononer
unit and deactivation after nononer addr#iVoen. Subseauent to the
activation of a nononer a second nononer i s added. The resulting diner
can then be activated at either site and add an additional nononer. As
WO 98/ 01480 Scheme 5 PCT/ US97/ 11364
-48 - t he new nononer is added, formng a triner, another
functional site is added to the grow ng macronol ecul e. Each functi onal
group can be activated by Cu(l) and add addi ti onal nononer units. By
repetition of this process, a hyper branched pol yner is obtained. It
shoul d be noted that each nmer onol oetul e has one doubl e bond and nX
gr oups, where n equall € YheiMper b1 mpeatted units. Due to the
presence of the double bond in the nacroholoecule, t he macr onol oecul e
can be incorporated into another macronol oecule, simlar to a step
growt h pol yneri zati on. 1‘,I,il;],.schemaﬁ.’l_-, a nplecule is advanced froma
trimer to an octaner by additromof any cosbi gation of five repeat
units, i.e., five mononers, a qimer or a trimer-etc.

2 i O
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’ﬂ\ » .
R ﬂ.\"’qﬂ
s’ COR R
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X } 4
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where R represents an alkyl or any ester, and X is a
functicnal group (preferentially a halogen).

In scheme 5, the activation-deactivation process is
shown in the first step and is assumed to occur chroughout
the polymerization. Aczivation occurs prior to addition of
a monomer unit and deactivaticn after monomer additicn.

Subsequent o the activatiocn of a monomer a second
monomer s added. The resulting dimer can then be

activated at either site and add an additional monomer. A3



I f a hyperbranched polyner is dissolved in a conventi onal nononer, and
then activated with Cu(l), a | i near chain of the second nononer can

grow of f W{®98/01480 hyper branched nacronol ecul e. Wen t he hyp;&?&ggﬁngg4
macronol ecule is a nmulti-arned initiator,_gde resulting copo

yimer is a
mul ti-armed star copol yner. (c) Branched Pol yner. When
a mononer of formula (I1V) is polynerized with a conventional vinyl
mononer such W% sigW enenonére densddysof sorm: 4 he brapched;polyoer can be
attenuat ed by changing the amount of branchi ng nononer used.

Scheme 5, shofneteonadi aigeoishadfet o the SOGOLYIBRLZAERO OfuBD. AB,
mononmer with a conventional vinyl WO 98/ 0148

PCT/ US97/ 1136#ach functional grcup can be ac-iddced by CHVDPNERd add
Schene 6 " [err]
additional monomer unics. By re

)

ecition of this process, a
hyperbranched polymer is obtained. It should be noted that
each macromoloecule has one double bond and nx groups,

where n equals the number of repeated units. Due to the
presence of the double bond in -he macromoloecule, the

macromoloecule can be incorporated intoc ancther
macromcloecule, similar to a step growth polymerization.
In scheme 1, a molecule is advanced from a trimer to an
octamer by addition of any combination of five repeat
units, i.e., five monomers, a dimer or a trimer etec.

If a hyperbranched polymer is dissclved in a
conventional monomer, and then activated with Cu(I}, a

linear chain of the second moncmer can grow cff the

hyperbranched macromclecule. When the hyperbranched

macromolecule is a multi-armed initiator, the resulting
copolymer is a multi-armed star copolymer.

(¢) Branched Polymers

When a monomer of formula (IV) is polymerized with a
conventional vinyl monomer such as styrene, the density of
the branched polymer can be attenuated by changing the
amount of branching monomer used.

Scheme 5, shows =he chain growth, for a

copolymerZzation cf an AB, moncmer with a conventional Tinyl



where R is a nononer and X is a functional group (preferentially

hal ogen); nis an integer of 1 to 1, 000, 000. Initiation,
that is theveokousbi on of a halide functional group and mmkiUsd7amisaf a
nononer, is fast. Fast initiation resylts in the formation of polyner
chain (propagation) with vinyl end grodbs whi ch can be

i ncorporated into other polyner chains (branching). The - rate of chain
i ncorporation depends upon the rlerr] and r[err] -val ues for the
respective nnnoner and the pol ymerizabl e chai n-end functionality on
the macronononmer (Bi&k&he; § (reactivity ratios, "r", are defined in:

Pol ymer Handbook, third edition, J. Brandrup and E. H | mergur,
Editors, Chapter 11/153) If r[err] is about equal tor[err], then
the Blerr] WO 98/ 01480 WRR

PCT/ US97/ 11364 SR mommemen— B0 - codlmmend is

i ncorporated into other chains throughouf“ﬁhé reassion. |f*addition of
the B[err] end-group by the prg| ng radical is not favored, then the
chai ns are not i ncor porated int anot her until late in the

pol ynmeri zation or even not at all. Aof) Miltd - Arm Pol yners

An acrylic hyperbranched pol yner of fheatypE‘UUtaV/-d ‘a'n Ry
honopol yneri zati on of 2-(2- bronDproplonoxy) et hyl acrylate, has n

hal ogen atons per macronol ecul e, :

where R’ is a monomer and X is a functional group
(preferentially halogen); n is an integer of 1 to
1,000,000.

Initiation, that is the activation of a halide
functional group and addition of a moncmer, is fast. Fast
initiation results in the formaticn of polymer chain
(propagation) with vinyl end groups which can be
incorporated into other polymer chains (branching). The
rate of chain incorporation depends upon the 1, and @,
values for the respective monomer and the polymerizable
chain-end functionality on the macromonomer I(B.);
(reaczivity ratios, "r", are defined in: Polymer Handbook,
third edition, 5. Brandrup and E.H. Immergut, Editers,

Chapter I2/153). If -, is abour =2qual o r,, then e 3,



bei ng equal to the nunber of repeat units. The hal ogen atons are all

al pha to a carbonyl group as a consequence of ei ther the propagation of
a radi cal V¥eP¥e8q he acrylic doubl e bond followed by deagtrhisat/iQRs OF
from nmononer ends whi ch were unchanged, (t he hal ogen at om was not

honol ytically abstracted, followed by propagation). As t hese hal ogen
atons are all alpha to a carbonyl group, they are good initiating sites

for ATRP. Afthzipuenfli ¢cat ioncrroratéd hyperdrnscehedapos yorrodghascusgd as a
macroinitiator for the ATRP of butyl acrylate. ([err]) Conb
Pol yners reactiogopolfneddiatonnchf tRe (B mmiryraym dnoxyhe et hyl

acrylate (2-BPEA) (0.5 nol% with butyi acrylate using a conventi onal
radi cal initParpRrIsaensasagirgal is nomnzObvsresdbutheonthei tbaflAEBRke, not
resulted in the synthesis of a high nol ecul ar weight, linear acrylic
nmononer (M e~FFCEPOrateg]sn3gooneVeBpPEReN enrfl=12:6) 12 The copol yners have
pendent brom ne . WD 98/ 01480

PCT/ US97/ 113§@lymerlzatlon or even not at allgp]- functional groups, an

estimated average of 8 _per chain, whi ch are capable of initiating a
pol yneri zation und@ AMtL - ASRgPELymers Use of the |inear butyl

Tot byl et hacryl af®) TR (WBEFORRREGH BPLVORG Rl Jrher SYPS ORSAMNE 7
pol y( st yr oner” CEFE SRR TACSRR e 47 BBt meP R TGS ul ¢/ ng
polymers are gof HlASHURN Gajogen atoms per macromolecule, with n
being equal to the number of repeat units. The halogen
atoms are all alpha to a carbonyl group as a consequence of
either the propagation of a radical across the acrylic
double bond followed by deactivation or from monomer ends
which were unchanged (the halogen atom was not
homolytically abstracted, followed by propagation). As
these halogen atoms are all alpha to a carbonyl group, they
are good initiating sites for ATRP. After purification,
the hyperbranched polymer A was used as a macroinitiator
for the ATRP of butyl acrylate.
(e) Comb Polymers
Copolymerization of 2-(2-bromopropionoxy) ethyl
. acrylate (2-BPEA) (0.5 mol%) with butyl acrylate using a
convent:ional radical initiatoer such as 2,2'-
azobisisobutyroni::ile 'AIBN), resulted in the synthesis of
a high molecular weight, linear acrylic monomer ‘M, =
215,2300; M/M. = ..5).

The ccpolymers have cendent Zromine



materi al s. Schene 7 [err] WD 98/ 01480

PCT/ US97/ 11364 TYPI CAL POLYMERI ZATI ON PROCEDURE
PurificatiBR%611488agents: The mononers used in the f ol | BAERGSENAGH| eS
wer e passed through alumnumtrioxide to -sifenove any inhibitors. The
sol vents and nononers were degassed by bubbling with argon.

a, a' - D brono-p-xyl ene and 2,2"-bipyridine were recrystallized from
benzene and fumehupezalrgrpursivehyesCoppeedbavardg=and 8opeer chbhlori de
were purified by stirring in gl aci al acetic acid, washed ~ with ethanol
and then driedwhich are CmeabieopfcCinirshrriMinanprlyoAyéEsEdAnwasder ATRP
det er m ned usi_.ng. a SHI MADZU GC- 14A _chromat ograph with a DB-WAX, 30m
col um; with TERREITARTSNt ePF&I °§t ZRGar-dneatepupeineaEydate/2-BPEA

chr omat ogr aphy éGPC)__msasurerrents were carried out usi ng . Phenogel

col unms (100 ASCEBOETAL PPnéafacglardy iakofefpas she ATRF of styrene (or

methyl methacrylate) led to the formaticn of comb polymers,
Scheme 7. These comb polymers have a poly(butyl acrylate)
backbone and poly(styrene) (or poly(methyl methacrylate))

grafts. The resulting polymers are good elastomeric

materials.
Scheme 7
Poly(butyl acryials
] Copper () Br / dNBigy P\
{en-cilem - e
O A
OBu 2
}O Poly(styrene) ot Poly(methyl methacrylata)



with a 410 differential refractometer, using DV (acrylonitrile,
50[err]C) or THF (35[err]C) as an eluent. The nunber aver age

nmol ecul arWwQepgh8owas al so obtained by [err] H NMR, usi ng-raus9R 13z
BRUKER NMR spectroneter. The nol ecukar- wei ght was al so determ ned by
Matri x Assisted Laser Desorption lonization-Time of Flight (MALDI -TOF)
WD 98/ 01480 PCT/ US97/ 11364

Havi ng generally described this invention, a further under st andi ng can
be obtai ned by ref er ent¥f Ak TAUAMERIZADIAN iIRRGOBIMARS whi ch are provi ded
herein for purposes | of illTustration only and are not intended to be
limting unl essPerhEioRrsior et Reagents: The monomers used FXANEREES
Exanple 1  Polynerization of acrylonitrile with a,a'-dibrono-o-

xyl ene/ CuBr / tRbt PYLiA $HFTBULS strlemassed through 2003yl Wn 595kd0idertonol )
of a,a'-dibronn;p-xglene&.;,;9.2174g§é1.5lgx10[err]. mol , of CuBr, and
0.7112g (4.557X10BefPY ~="nBt§°%F - 2, The piyFeRk headd /PPRORBFSreefs) were
added to a eg@HEN Kgflgag 1Thevre&(}:}tion flask was tightly sealed with

a rubber sep urrfsﬁséa Lot HROLTT VAL TR TE Y- cHArgetPHPERMO-Parybane andnl

of sol vent d. 10, : 9.ol) _of acrylonitrile were then . introduced
vi a Syringeég'Thengby%g%%S%OHSrMBT%CE%§FTEﬂ¥6% rToRi BREAGTE: ABR,

di”EthylfOr”ﬁgkgﬁe,pEQB¥E%@§v8§§poneégpegngrg%ggéeggd copper chloride
wers purified by stirring in glacial acetic acid, washed
with ethanol and then dried.

Reaction Contreol: Monomer conversion was determined
using a SHIMADZU GC-14A chromatograph with a DB-WAX, 30m
columm; with THF as an intermal standard. Gel permeation
chromatography (GPC) measurements were carried out using
Phenogel columns (100 A, 1000 A, linear, guard) in series
with a 410 differential refractometer, using DMF
(acrylonitrile, 50°C) or THF (35°C) as an eluent. The
number average molecular weight was also cbtained by ‘H-
NMR, using a 300 MHz SRUKER NMR speccrometer. The
molecular weight was also determined by Matrix Assisted

Laser Desorption Ionization-Time of Flight (MALDI-TOF).



carbonate as reaction solvents. The reaction m xture was I mmersed in an
oil bath heated at 45C, 55[err]C or 100[err]C Sanpl es for kinetic
measur enenwe K¢t aken after a specific reaction tine frporuserreaction
m xture and diluted with THF. After _kknetic nmeasurenent, polyners from
ki netic sanples were precipitated by pouring into nethanol then dri ed.
These pol ynmers were used for GPC neasurenent. WO 98/ 01480

PCT/ US97/ 11364  Havinthe:dRsi 115, e 0} R idalonsvaie orleserieshdn Tabl e
1. Tabl e 1. Pol'ymeri zation of acrylonitrile using a,a'

- di br ono- o- xiflcH G % 22an be cbtained # PEfghdtcaAsAncartidiating
systemin several solvents. Entry Sol vent Tenp. ( (M/]
Time/ h Conwspeddfra JexanpMervlidf eird provided herein Ior purpcses[aefr
(% (GPO) 1* di phenyl et her 100 380 24 26
22000 1.32 illusxraticinenhyldind nare dect Udended8e be4limiting 5
---------- 3* propyl ene carbonate |00 380 24 81
17200 1.74 unlegs otherwise specified. 100 380 24 69

13900 2.18 5* et hyl ene carbonate |00 380 7 71
53100 1.71 6* " EXAMPLE§S 200 8 87

40400 1.54 7* " 45 380 9 71

45100 1 34 Example 1 " 100 380 23 69

61900 Br/2 ' - Bi i pe: 1/ 2/,6 D =_1/2/4) ,

o (2112/6). tﬂ»gzgpg pREVORRLtERde itk Bl Pppbraal S Dl
Polynerlzatlﬁﬁ Fé e =i AT3ouS &Nfﬁfgprop|0|tr|Ie/CUBr/dNblpy

1]
]C

i n ethyl ene carbonate 0. 114g (7 995x10[err] nol) of CuBr and
0.3746g (2.398x1Q[ er.r 2 VAR TS hyl ene
carbonate were 9 28813(? t(g ggs%ﬁenl m‘%)a “rr?’g reactlon?qgg?ﬂker\;\g}as tightly

0.2174g (1.519x10°® mol, of CuBr, and 0.7112g (4.557x10"?
mol) of 2,2’ -bipyridine (1/2/6 mol ratio) were added to a
SCHENLX flask. The reaction flask was tightly sealed with
a rubber septum, degassed under vacuum, and charged with
argoen. 10 mL of solvent and 10 mL (0.1519 mol) of
acrylonitrile were then introduced via syringe. The
reactions were carried out in diphenylether,
dimethylformamide, propylene carbonate, and ethylene
carbonate as reacticn solvents. The reaction mixture was
immersed in an cil bath heated at 45°C, §5°C oxr 100°C.
Samples for kinetic measurements were taken after a
specific reaction time from the reaction mixture and
diluted with THF. After kinetic measurement, polymers from
kinetic samples were precipitated by pouring into methanol

then dried. These polymers were used Zor GPC measurement.



sealed with a rubber septum degassed under vacuum and charged with
argon. 10 nL (0.1519 nol) of acrylonitrile and 0. 1415 nL
(1.599x10Y@P%9148fpl ) of 2-chloropropionitrile were then permtuseriuced Vi a
syringe. The reaction mxture was inmegged in an oil bath heated at
A47[err]C or 64[err]C. Sanples for kinetic measurenents were taken after
a specific reaction tinme from the reaction mxture and diluted with
THF. After Thienekisulss afezelyeweitzacfohgmes el Femddibeld crnsagples were
precipitated by pouring into nethanol, then dried. These pol yners
wer e used for GPC neasurenent. The pol yneri zation of

acryl oni triT™eedsi ng ZUMTORENP OpiRERrirrictie/ BBl g. - - #brone-o-xylenCpRr/ 3.8 ne

.=1/2/6 mol ratio) Was'alSe carried ot FHotRe o B 98/ 01480
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Polymerization of acrylonitrile with 2-
chloropreopicnitrile/CuBr/dNbipy in ethylena carbonate

0.124g (7.995x10"* mol) of CuBr and 0.3746g (2.398x107°
mpl) of 2,2'-bipyridine, and 25g cf ethylene carbonate were
added to a schenlk £flask. The reaction flagk was tightly
gsealed with a rubber septum, degassed under vacuum, and
charged with argoa. 10 mL (9.1519 mol) of acrylonitrile and
0.1415 mL (1.599x10"’ mol) of 2-chloropropionitrile were then
introduced via syringe. The reaction mixture was immersed
in an ¢il bath heated at 47°C or 64°C. Samples for kinetic
measurements were taken after a specific reaction time from
the reaction mixture and diluted with THF. After kinetic
measurement, polymers from kinetic samples were precipitated
by pouring into methancl, then drisd. These polymers were
used £or GPC measurement. The pelymerization of
acrylonitrile using 2-chloropropicnitrile/CuBr/2,2'-

oipyridine . =i1/2/6 mol ratio) was also carried out .2 the



Pol ymerization of acrylonitrile with 2-

br omopr opi oni tri I e/ CuBr/ dNbi py in ethylene carbonate WO 98/ 01480

PCT/ US97/ 1Y§b%/014 The pol ynerizations using acr JEBRISPT 11364 2-
bronopropionitrile (=95 and 190 nol ratio);zand 2-

bronopropionitrile/ CuBr/2,2" -bipyridine(= 1/1/3 1/0.5/ 1.5, and
2/0.1/0.3 nol ratio) were carried out in ethylene carbonate in simlar
procedure to exam®l erzcedibe. pol ydi spersities and the nol ecul ar

wei ghts of polyners at several reaction times were described in Table

3. Tabl e 3. The resRokyneEi zRki gpLPhe ACENL OBMET ke dastmgbed in

2- bronopropionitrile/ CuBr/2,2" - bi pyridine as an
initiating sy%abae 2n et hyI ene carbonate at 64[err]C entry
[1]/CuBr/2.2 [MI/]1] t enp. tinme conv. Merr]

Merr] Merr] I\/[err]/lv[err] no. " -bipyridine
([err]C) (h) 3 (/? n h.l) opio (“E/acxlm(;)z 5 -

5 73 T24%800 :m: 1o an ﬁx@:‘::‘;;‘:tﬁ;;“zzéuﬁﬂin‘:”é.‘; o i1/ 3
95 44 10 84 35300 060 4230 1.24

53 91 — T ——— e e ——
5 81 | EmacpiiouERs | e g s 1o e o Mo |
1/0.5/1.5 O BY e 20900 T\ S9T0 | iy
asso” 1l d lwesly [ e [ TGS s |1
94 11900 [ 11 620 1/2/5 /] () ! N ”' ‘,_ o __ I Mkl -oo- -
5 11 TWEEEacs L FPacer 1 55() 1. 05 14

1/0.1/0.3 95 44 10 32 113300 2610
1590 .04, _ 23

38 15600 BXATRES 3 1930 1.04

5 91 rofpllizacif0or aorffilierilgbeiin 2 15

1/0.5/1.5 propicfétrile/CuBf/dNbipy %n ethyldlld08arbobit

4760 1.12 23

97 14200 6510 4870 1.10

5 23 13600 2560 1130 1.04

1/0.1/0.3, - 64 | O 32 15600 3000

1630 1.04 16 23

49 18100 3900 2460 1.04

5 77 47000 7710 1.09

1/0.5/1.5 190 64 9 81 47100

2140 1.14 17 23

88 54100 ---- 8870 1.12

5 26 20200 --- 2640 1.05

1/0.1/0.3 190 64 9 33 25200 ---

3310 1.04 18 23

41 31600 ---- 4860 1.05



(1) represents the initiator WD 98/ 01480
PCT/ US97/ 11364

-57 - Exanpl e 4
Pol yrrer i 280198431480 acrylonitrile with 2- chl oropropionitri|BtTUS7/1d¥MEI py in
et hyl ene carbonat e The pol yneri_zgtions using (acrylonitrile)/(2-
chl oropropionitrile)/CuBr/2,2" -bipyridine(=1/0.5/1.5 nol rati o) were
carried out in ethylene carbonate at 64C in simlar procedure to exanple
2. The pol ydi spahsl tdc2smaid z = - 104 1 :equlairpMeinghtid lef/ 2pol yner s at
several reaction tines are described in Table 4. Tabl e 4.
Pol yneri zat ingiemeip et ydrinidirlid el 468 ngh2- o3 aaadlprop iani tarid é/-CuCl/ 2. 2' -

bi pyridine as an initiating systemin ethylene carbonate at 64[err]C
entry [1] GuBrorogidniftils i twdr/2, 2 compyridinaf=¥4y/3, 1M é'r/rl]-Sf
Merr] Merr]/Merr] no. , 20 - (h) (9 (GPO)
( NVR) (calang 2/0.1/0.3 mdl pyztddhevers carried out in ethylene g 71
3110 1550 1.21 19 1/0.5/1.5 95 9 89

3610

A4eRFbonape in spmilarggrocedure to_examplagyo EH80 1. 21
[1] represents_the initiator

; Exanmpl e 5 . F’re ration of AEB-A
bl ock copol yp@iydispersitpgs  apri P&t BPéeﬁﬁiﬁﬁgwﬁlﬁa §(§?y?8>1¥7‘3530 one
d hal hai n-end f ti it “living"
cationi c pol REFF3L TEACERCD: FBkE Verh HeRREAtRrond faptp 3. V!N

err

Table 3.

Polymerizaticn of acrylezitrile using 2-bromopropicaitrile/CuRr/2,2° -
bipyridine as an initiating system in ethylens caxbonats ac 64°C

entry [T} /CuBrs2.2 | (M1/(X}
no. ' -bipyridine (*C! {h)
s T3 312800 5580 :;:g :g
L3 44 10 84 38300 6060 4 .
H Han 23 91 17100 €450 45%0 1.34
s (P 28400 s::g :::: tg;
.5/1. 4 10 1] 29600 591 .
s 108738 ’* ‘ a3 94 31800 €200 4750 1.12
s 11 11600 ziog ggz t.gz
) .1/0. a“ 10 32 13300 | 261 .
B 1/0.3/0.3 ’ 23 s 18§00 3030 1930 1.04
s [1% 28400 5820 :::: }.3
.S/1. 10 1 30400 €120 .
. 2/0.8/1.5 ’” o 23 97 34200 €310 4870 1.10
s 23 13600 2860 tﬂg t.g:
.1/0. o a2 15600 1080 .
ié 20-1/0.3 s o §; 49 18100 3900 2460 1.04
5 ™ 47000 e :‘ﬁg 1.::
47100 “e-- .
1/0.5/1.5 180 64 s 81 47100 — 1140 14
1/0.1/0.3

represents the 1nitlater



initiating systemin the presence of n-Bu[err]NCL at - 15[err]Cin

net hyl ene chloride in a schenlk flask under dry nitrogen. The results
are summar i"@8808rabl e 5. After 30 nminutes, t he pol yner iPxavissm/ives
term nated by addi ng prechilled W0 88/ 01480

PCT/ US97/ 11364 ) - 58- met hanol . The
polynmers were purified by repeated di ssolution-precipitation in

di chl or onet hane/ net hanol , and dri ed under vacuum The macroinitiators
t hus synt hesi zed have a narrow pol ydi spersity index ( Merr]/Merr] =

1.17); end geERapple analysis by [err]H NVR showed that polystyrene contain
t he CHerr]CH (Ph)-Cl term nal group (broad signal at about 4.4 ppm.
The pol yst yr eodymacicrtibnabér abaylagibal bgewiehakn- end functionality
was used as abimcrprpptieatdrile/GnBaydNbipytianatkyleadi cakbpalymeri zati on

usi ng styrene, nethyl acrylate or nethyl nethacrylate as nononers. Table
5 sunmari zes representative polynerization results for cationic

pol ymeri zati on of T&ey PedemeExgatiprsandiag . zhoyegoassdd eATRR -of styrene
(St) (exp. 2), nmethyl acrylate (MA) (exp. 3) and nethyl nethacrylate
(MVB) (exp. SRlOropnemicsisdidel CUBE/Rndl oPAPYFALNnedaly Oty lerfeicd

(PSt-dA) and .catal yzed by .CuCl/ 4, 4" - (1-butyl pentyl)-2,2"- bi pyri di ne
(dNbi py) . TatE&y| yege ﬁ@s%%% ot &Pné&hﬁye%ﬁ%:ieor?t d4*q idA ng"
cationic tosﬁdfﬁ£¥3955%¥&§¥e cJ“QﬁQ%%TeZQF'O%ne polydispersities and

the molecular weights of polymers at several reaction times

are desgcribed in Table 4.

Table 4.

Polymerization of acrylonitrile using 2-chloropropiontitrile/CuCl/2,2°'-
bipyridine as an initiating system in echylena carbonate at 64°C,

Example S
Preparation of A-B-A block copoclymer

Macroinitiators having a poly(styrene) backbone and a
halogen chain-end functionality were prepared by "living*
cationic polymerization of styrene with 1-PhEtCl/SnCl,
initiating system in the presence of a-8u/NCl at -15°C in
methylene chloride in a schenlk flask under dry nitrogen.
The results are summarized in Table 5. After 30 minutes,

zhe polymerization was zerminaced by adding prechilled

o d e -



Exp Monormer Initiating system Tenp [err]C Merr]
Merr] M [err] WO 98/ 01480

PCT/ US97 MO ¥ 480 [1IPhEt C1]./[SnC1,)./(nBu, NCl), = 1/5/2PCTHjSsr/mi3ed,

sol vent, conversion = 98% Exp. 2 (St). g3 mol /L. [PSt-Cl]. = 0.1
mol /1, [PSt-dI./[CuCl]./(dNbipy]. = 1/1/2. (err]Herr]CH solvent.
conversion = 98.5% Exp.3 [MA][err] = 4. mol /L. [PSt-Cl][err] = 0.1
mol /L. [ R@tcHaHoY [ U4 , gd Xibiy lwere Bkl 2::i &J ety |Himsadddl, sol vent,
conversion = 99.5% Exp. 4 (St). =8 ~ nol/L. [PSt-Cl]. = 0.1 nol /L.
[ PSt - C1] [ erdilddaCuct {drerpdé ¢ bt pydon =id/d Ehl &defigd it res fadthasol yveand
conversion = 97.5%. The experinental values for the nunber
aver age Gl st ubmdie nevgtrgurt M eThd )maagreeivdddet dechbeosehthasivedue of
Merr] (Merr]) which were cal cul ated using expression (1):

Merr],th hgyerz]|faffevrpslvai spatroiyyernddx x (MMMer e] 2x1Fonvensi gmoupl)

3
/2
76
-],_l.'

where (Merr] is the formula weight of the nononer, which ~  assunes that
each pol ynmel&ons &f nBY oife Wl cd@veshdihat @ulystyxpmoupr o Giehe
chromat ograns of starting PSt-G and PSt-b- PSt-Cl, PSt-b-PMA-C and

PSt - b- PMVA SEICGHY VrerseErinal gxquristhrnadl sigmhuestBRYt 4he PBBLti on

Mnected ThGi PRLYRYYFRRS PRETEROLEAABPACPSFSody BRIORRY FPAGH SRS | on
functionality was used as a macroinitiator in an atom
transfer radical polymerizaticn using styrene, methyl
acrylate or methyl methacrylate as monomers. Table S
summarizes representative polymerization results for
caticnic polymerization of styrene (exp. 1), and a
homogeneous ATRP of styrene (St) (exp. 2), methyl acrylate
(MA) (exp. 3) and methyl methacrylate (MMA) (exp. &),
initiated with the macroinitiator poly(styrene)-Cl (PSt-Cl)
and catalyzed by CuCl/4,4’-(l-butylpentyl}-2,2’-
bipyridine (dNbipy) .

Table 5: Results cbtained by transformaxion of “living® cagionic to "living® radical
polymsarization

Bxp MoBomexr Initiacing syacem Tesp °C Mex Kem ™
L CR,aCH (PH) 1-PhBEC1SNCl,/nBUNC] -15 2080 2100 1
2 8,«CH (Ph) PSL-Cl/CuCl/didipy 100 5100 508¢C
z CR,aCH (COMe) PSE-Cl/CuCl/dNbipy .00 6200 §330

) CH,=CCH, {(COMa | FSE-Cl/QuCl/dibipy 100 10100 110%0 :

Conaitions: :=xp. & (Stl, = L mol/L, (1-PhEECl], = 5 x 13* mol/L,



of the polyner sanple during isolation. The GPC measur enent s showed

that the nq+ %g)ar wei ght distribution of the bl ock copolyners were
substanti al § At¥Bdal " and narrow. No signal attributed tRCBUSA7I135G
macroinitiator was det ect ed. -53-The structure of the block

copol yners was anal yzed by [err] H NMR spectroscopy. Figures 8 and 9
illustrate 300 MHz [err] H NVR spectra of PSt-b-PMA-CL and
PSt - b- PMVA- Ol *E6H0] - ITaT-g o/ (rauaicll, =\A(5/Q8FERE4 8F vent. sonversion = 38%: Bxp. 2 stl, = 3

PCT/ US97/ 11364+/5, [pse-ci), = ¢.1 mel/L, [PSt-cll./[cucll,/(avpib@, = 1/1/2. Elgunwindret, aver age

mol ecul ar wei Ghte- ;M €75k sk, dgf er@h Ned RY,oNMVR pse.c1 SPEELT@1 DY i ntegration of
the aromatic @EQEBU§QPL fhe. ~macroinitiator and nethoxy group from PVA
and PMVA, agrees * 'OVEry T REM - Wit t Wb e *HETEr ATNER By P’ PFrhk et fcity
of PMVA aséd 8 CH erry ~&igniks g scuty i YA oBiQg 0 /¢ 42m) i 32 Uveand

(m) = 9% cenversaon «IsA.@@. sSchenl k flask under nitrogen, the "living" PSt-Cl
macroi niti ator obtained by cationic polynerization was deacti vated by
addi ng nethyl acrylate at -15[err]C. After rai sing the tenperature, to
room tenperature, EhPpepXPeriBerfallzatyes foxckheanumbsrervebrger enoved
under vacuum A_sol ution of Cud -dNbi py in toluene was added to the
PSt-C productfeleculpy| FE B hy Muhe ) c8GFREIYARBURREOFNRRERGECASr YRANE &fd

t he t enperat yre s . .ncreased tq 100[err] C. Experimental condi tions
dentical to FholtshniBitigas f&glcé‘gé 6—8&1}.5“19 eXPTREFEPsdd) ¢ The GPC

traces of macroinitiator and

Mo, th = (A(M),/[initiator},) x (M)}, x conversion (1}

where (M,), is the formula weight of the monomer, which
assumes that each polymer contains cne halogen chain- end
group. The GPC chromatograms of starting PSt-Cl and PSt-b-
PSt-Cl, PSt-b~-PMA-Cl and PSt-b-PMMA-C]l copolymers are
illustrated in Figures 5-7. The reaction mixture of the
block copolymer synthesis was diluted with THF and injected
directly into the GPC in order to avoid any fractionation
of the polymer sample during isciation. The GPC
measurements showed that the molecular weight distribution
of the block copolymers were substantially unimodal and

narrow. No signal attributed to starting macroinitiator

was detected,
The structure of the block copolymers was analyzed by
‘H-NMR spectroscopy. Figures 8 and 2 illustrate 300 MHz “H-

NMR spectra of PSt-b-PMA-T1 and PSt-b-PMMA-Cl copolymers.



copol ymer PSt-b-PMA-Cl1 confirmthe successful one pot transformation as

shown in Figure 10. Exanpl e 6 Synt hesi s of hyperbranched

Pol yst yr enwo 98/01480 The honopol yneri zati on of chl or omet hygcstsyransss( CVB)
was carried out in bulk with 1 nole% CuCl,.~and 3 nole %

2,2 -bipyridyl. After 5 hours at 110[err]o t he conversion,
determ ned by [err] H NVR, was 64% The reaction m xture was

preci pi tated On, n f, M PECeaTH:
prect pi t ated 114 ondiRbSANALLPLLD Ged P WSIHOMILPECMBIRined EYONIR

-61- per f osa@er QN EPe: ROLYPRY i SRIDE el thidiea 0Dt eord @bndebPhine Was
found to be: err] =149 Merr]/Merr]=1.4. The nol ecul ar wei ght as

det er mi ned byméefbliﬂ;NNR:MSaﬁ@uﬂd:i&@x@egM@gﬁ rﬁnﬂ:ﬁ 6@\@. Wi & NPMMA ¢ Osgre8@9NdS
to a degree of polynerization (DP) equal . Exanpl e 7

Synt hesi s of stay wepdl yireh those deca'hms'msqmwlesm.wa"shdenmﬁsitﬁt?doﬁy
di ssol ving the hyper branched pol ystyrene (DP = 11.6) prepared in

Exanpl e 6FMMA batph acr gHats=iBY)s vaAoongmii t=h SAKC1 Gl dNol Py, adien
heating to 120[err]C. After three hours, the conversion of the BA was

98% wi th M er dpm: £53%400; N[err]/N[err] = 2.6. It should be not ed
that this nolecular weight is a | ow estimate of the
. In a schenlk flask under nitrogen, the "living" PSt-Cl
macroinitiator obtained by cationic polymerization was
deactivated by adding methyl acrylate at -15°C. After
raising the tasmperature, to room temperature, CH,Cl,, Lewis

acid and ester were removed under vacuum. A solution of

CuCl-dNbipy in toluene was added to the PSt-Cl product,
followed by the required amount of methyl acrylate and the
temperature was increased to 100°C. Experimental
conditions identical to those summarized in Table 5 (exp.
3) were used. The GPC traces of macroinitiator and
copolymer PSt-b-PMA-Cl confirm the successiul cne pot

ctranaformation as shown in Figure 10.

Example 6
Synthesias of hyperbranched Polystyreane
The homopolymerization of chloromethyl styrene (CMS)
was carrisd out in bulk with I mole¥% CuCl, and 2 mole¥
-bipyri dyl After 5 hours at 110 °C the conversiocn,
determined by ‘H-NMR, was 64%. The reaction mixture was

precipitated into methanol/brine ZIor purification. SEC was



actual nol ecul ar wei ght of the polyner due to the star-1ike
the polyner. The hydrodynam c vol une of star, or
smal | er t h&YO8¥Bk8SHf | i near pol yners

This difference results

nat ure of
branched, polyners is
with a simlar nol e®GrarSIneI3ght .
in the star pglyynmer having | onger retention

times in a size excl usi on chromat ography (SEC) columm, thereby giving
an apparent, |ower nolecul ar weight. By assum ng that a butyl
acryl ate chaizerfomreamnchirome polymas hsdniod iamd site mol el dy parigranched
styrene, one can estimate the size of the butyl acrylate chainsby

di viding M ersds foung16Q, 490)Mpidtioe aygrage nuriier mscfla‘mni@trl oreadls g @@ps
(11.6).

The obtained result was a m ni hum average of Merr]

98/ 01480 determined by 'H-NMR was Zound tc be PR€IT@@97W&&364 13 200
per arm Exanpl e 8 SyntheS|s of 2-(2- bronnproplonoxy% ethyl acrylate

( 2- BPEA) COrrosBEEAS LRdar dagyen, 04 BolymebhzaEion biBibprEit bny?
bromde (36.45 m, 348 mml) in 50 M of CHerr]Cl[err], was added

drop-wise to &s®trring solution of 2-hydroxyet hyl acrylate (40.0 m,
348 mmol ) and pyridine (31.0 m, 383 mmol) in 250 m of CHerr]Cl[err].
The reaction was cooled in an ice bath. During the addition, a white

precipitate fg&ﬂed %p¥r|d|ne - HBr ) After conplete additibn of the acid
brom de (one 83} the reaction was stirred at roomtenperature for

t hree hours. Eghghgg ] @é:s giw%%P%R%mﬁg ltered and the

This synthesis was demonstrated by dissolving the
hyperbranched colystyrene (DP = 11.6) prepared in Example
6, in butyl acrylate (BA), along with CuCl and dNbipy, then
heating to 120°C. After three hours, the conversion of the
BA was 98% with M, = 153,400; M,/M, = 2.6. It should be
noted that this molecular weight is a low estimate of the
actual molecular weight of the polymer due to the star-like
nature of the polymer. The hydrondynamic volume of star, or
branched, polymers is smaller than that of linear polymers
with a similar molecular weight. This difference results
in the star polymer having longer retention times in a size
exclusion chromatography (SEC) column, thereby giving an
apparent, lower molecular weight.

By assuming that a butyl acrylate chain is grown from
each function site on the hyperbranched styrene, one <an
estimate the size of the butyl acrylate chainsby dividing M.
(153, 400) by the average number of functional groups

{11.5). The obtained result was 3 minimum average =f M, =



CH err]Cd perr[ evaporated. Additional precipitate and a yellow oil wer e
obt ai ned. The precipitate was filtered and washed with CHerr]CdJ[err].
The oi | %P8/ MO%rr] Cl[err] wash were conbined and washerBcwushrmaser (50

m three tines), then dried over MySOl egt] and treated with decol ori zing
carbon. The CHerr]d[err] was evaporated to give a yellow oil.

Distillation of the oil at 80[err]C/10[err] nmmHg gave a colorless oil.
Yield 39. 33 .C9P/pexr ax300 MHz [err]H NVR (CDCl[err]) [err]: 6 .43 (d, 1H;
6.14 (dd, 1H); 5 89 (d, 1H) ; 4, 39 (m 5 H); 1. 82 (d, 3H

Exampl e 9 8poI ymeri zation of 2- (2-bronopropi onoxy) ethyl acrylate
(2- BPEA) : Examnle To a 10 mM round bottom fl ask, copper (I) brom de
WD 98/ 01480 PCT/ US97/ 11364
- 63- S(mbee%ﬂgs #@wérmmc(my)bmyde ¥FYAahe (R-BPEA) mol ),
4,4 -di-t-butyl - d| pa/rl dyI (272.4 ng,. 0. 99 mml ) and a magnetic
stirring bar we% dsve 3T \ﬁassc’l"m iR 40 RFPIPREAHGEe pt um

The conte ts of th were t | ace er. v cuum and back-filled
with ar gorPromiqg hf%%e ‘?‘?n‘%? 3 S‘T“i‘cfll e d'glgd%g IPE'ﬂaf‘Saé deg, 30.9
0o SRR A T L IS, el 0
Lerr ] NVR {880 6030 - 3TBeSEF! 158 pymﬂxt EN R U R ) THF2§‘5'd

ml of CH,Cl,. The reaction was cooled in an ice bath.

During the additicn, a white precipitate formed (pyridine -

HBr). After complete additicn df the acid bromide (one

hour), the reaction was stirred at room temperature for

three hours. This precipitate was then filtered and the

.C,H,Clz evaporated. Additional precipitate and a yellow oil

were obtained. The precipitate was filtered and washed

with CH,Cl,. The oil and CH,Cl, wash were combined and

washed with water (50 ml three times), then dried over MgSO,

and treated with decolorizing carbcn. The CH,Cl, was

evaporated to give a yellow oil. Distillaticn of the oil

at 80°C/10”7 mmHg gave a colorless oil. Yieid 39.3g (45%).

300 MHz ‘H NMR (CDCl,) &6: 5.43 (d, 1H); 6.14 (dd, 1H}); 5.88

(d, 1H); 4,39 (m, S H); 1.82 (d, 2H).

Example 9

Homopolymerization of 2-(2-bromopropionoxy) ethyl acrylate
(2-BPEA) :

To a 20 ml rcund kottzm flask, zcpper 'I) brcmide



met hanol /brine (three tines). The polynmer was obtained as a viscous

solid and was dried under vacuum at room tenperature for two days. The
results are¥BP&8ES0ed in Tabl e 10 bel ow Exanpl e 1PCT/USIMLIsH- ar m
Star Pol y(butyl acrylate): Honmopolymer of 2-BPEA (DP = 78) (1.0 g,
0.51 mmol (4 mmol Br)), copper-(1) bronfde (29.1 ng, 0.2 nmol), 4,4 -

di (1-butyl pentyl)-2,2"-dipyridyl (163.2 ng, 0.4 mmol), and a magnetic
stirring bar wane sadged ot a q,é@ m < ¢ (Bett g fl.as e of lpask was
sealed with a rubbe?ggeptunl ) bgg%nteggs 0 r?ﬁg f%a?kmégre S?aced

under vacuum gl ) @QOK—dfletL%r 1LI2 @rrggri WeIgA. tiomes)s o, st lglsechmnd
degassed butyl acrylate (30.0m, 2009. was added Vi a a syringe.

The contents ahd hﬁrfalgﬁ\fe}t.\/&ers&:..d:lrs.%@l \b%(i' b:)ére adde® 981 48Q sk was
PCT/ US97/ 11364 - 64- stirring at room

tenperature. seigdd asichas AlAGed deprath. THd ddemls BOGheard s rred
for 17 hours. Conversion was determned by [err]H NVR (79% The

reaction nm xt wexre\ashen mlissnd verdidm vEdoaNdrd edr {8 Ekd Mith argon

met hanol / bri ne (three tines). The pol yner was obtained as a viscous
fluid and weshwhe edimesder \Ecituihlad rammindengreyed - BHERK {SM0 ml ,dBfs.9
Merr] = 111,000 and Merr] / Merr] = 2.6 for multi arm butyl acryl ate

star polyner. mmol) was then added via a syringe. The flask was heated
in an cil bath at 100°C, and stirred for 3.5 hours.
Conversion was determined by ‘H NMR (88.6 %). The reaction
mixture was cdissolved in THF and precipitated into
mathanol/brine (three times). The polymer was obtained as
a viscous solid and was dried under wvacuum at room

temperature for two days. The results are presented in

Table 10 below:

Example 10
Multi-arm Star Poly(butyl aczylate):
Homopolymer of 2-BPEA (DP = 78) (1.0 g, 0.51 mmol (4
mmol Brl), copper- (I} bromide (29.1 mg, 0.2 mmol), 4,4'-
di{l-butylpentyl)-2,2’-dipyridyl (163.2 mg, 0.4 mmol), and
a magnetic stirring bar were added to a S0 ml round bottom
" £lask. The {lask was sealed with a rubber septum. The
contents of the flask were placed under -racuum and
pack-£filled with argon {three zimes). Distilled and
degassed butyl acrylate ¢30.0ml, 209.3 mmol) was added via

a syringe. The ccntents cof the flask were dissolved by



Examm e 11 Butyl Acryl ate/ 2- BPEA Random Copol yner To a 250 m
round bottomflask with a magnetic stirring bar, butyl acrylate (30.0
m, 209 nWE19§/01480BPEA (170 uL, 1.05 nmol), AIBN (34.3 mt0s?2Q936810! )
and benzene 100. 0 m) were added. The flask was sealed with a. rubber
septum and the flask placed in a 60[err]C oil bath. After 3 hours the
reaction m xture becane viscous; at which point It was quenched by

br eci pi t ati ofs 4-pL@g Bt hagsh/ Pehge-ALhrEe rhe lhES) waheolssd tingpol yrrer
or

was dried under vacuum at roomtenperature one day. Yield 75%

Merr] = 215:009ach atMebet/ MigKrktid-€q sor 17EXGWPEe 1@onver£oby(Butyl
Acryl ate-g- Met hyl Met hacryl ate): 59 of pol y(butyl

acryl at e- cowds BEEAR R =di S§ohyead® n(79%) . 1o} G Lfc idnmeiBexhenzane ' DVB)
at 35[err]Cin a stoppered WO 98/ 01480

PCT/ US9711186ds<ived in THF and precipitated into-f@brhanclgbpdnbottom

flask. Separately, in a 5 m round bottom flask, copper (I) bromde (12.3
mg, 0.085 mibh¥eecappes(l.l) Thebproliyter( ¥a8 bhralnB88asmal yisands £luid

4,4' -di (1- butyl pentyl) - 2,2 -dipyridyl (75.7 ng, 0.19 nmol) were

di ssol ved i and washy@riggt hadey yacuiMVAr 8ot memp2samnwe) fomdewooxygen
free conditions. 1.8 ml of this MVA sol ution was then

days. M, = 111,000 and M, / M, = 2.6 for multi arm butyl

acrylate star polymer.

Example 11
Butyl Acrylate/2-BPEA Random Copolymer

To a 25¢ ml round bottom flask with a magnetic
stirring bar, butyl acrylate (30.0 mi, 209 mmol), 2-BPEA
(170 ulL, 1.05 mmol), AIBN (34.3 mg, 0.209 mmol) and benzene
100.0 ml) wexre added. The flask was sealed with a. rubber
septum and the flask placed in a 60°C oil bath. After 3
hours the rezaction mixture became viscous; at which point
it was quenched by precipitation into methanol/brine (three

times). The resulting polymer was dried under vacuum at
room temperature for one day. Yield 75%, M, = 215,000;

M/M,. = 1.6.

Example 12
Poly (Butyl Acrylate-g-Methyl Mathacrylate):

8g of poly(butyl acrylate-co-2-BPEA) was dissolved in

(V)]

.9 g of Zimethcxvbenzene ‘DMB) at 35°C in a stoppered



added to a DVB solution at 85[err]C. The reaction was heated for 18 hours
at 85[err]C while stirring. The reaction m xture was di ssolved in THF and
preci pi t at 8P PHP48het hanol (two  tinmes). The white, tacky s8CTASREEI3E4 ed
under vacuum at roomtenperature. The @@ﬁults are presented in Table 11
bel ow. ABLE 10 Resul t s of
t he Honopol yneri zati on of 2- BPEA by At om Transfer Radica
Pol ynmeri zat ireund botc&Sanplesk Ti NBeddPac0pV.id % [Broid rodd@risdttom
N[err]/N[err] Merr] DP[ err] DB[ err] DB[err] A
89flask, 4¢6PPerRIB biSmbEdd (I8.34dgp 04283 mmol), Eopper?2BID
95 8,300 2.0 25.380 101 47.5 43.8 a) As determ ned by
300 MHz [errbremie (1.8 mg, D)028 metlr miaedl dys GREL Versusybaenoyl) Hi near
pol y(MVA) st andards. c) Degree of polynerization; as determ ned by
620 MHz [err}kﬁNWﬂipyrlﬂYl (78) 7Degr e@. b dmahkhveye adipselivetieinby a =
conversi on/ 2. e) Degree of branching: as determ ned by 620 MHz
[err]H NVR methyl\\wegbrerydete (MMA) (3.0 ml, 28 mon under oxygen
PCT/U897/113? _ )
TABLE 11 ree conditiong, i i.BoPdl gHekBisf M’Bﬁt §P1RE¥-9FaY’éS then

Mo Ant _of Gaft Copol | 9
St;?gﬁ; 47gh§56 to a,DMB s Ngi&:Lcn ggrgs §1%;hg reagtkﬂﬁ agsygg;tégg /6

11% le, 1 perran d Acrylic_ Pol rs with Narrow

Pol ydi sper of PG 18" hours GLBSICRRTSE SRALEiRaTT KBl Tedihichnintiphrs:
was dissolved in TBF and precipitated into methanol (two
times). The white, tacky solid was dried under vacuum at
room temperature. The results are presented in Table 11

below.

TABLE 10

Results of the Homopolymerization of 2-BPEA by
m _Tra di P erizati

Sample | Time (h) | Comv. (%¥)® | MP MJ/M2 | MS pp* DB* DB

A 3.5 89 4,600 2.8 13,570 78 44 .5 | 42.3

B 23.0 95 8,300 2.0 25,380 101 47.5 | 43.8

a) As determined by 300 MHz ‘H NMR.

b) As determined by GPC versus narrow, linear poly(MMA) standards.
c) Degree of polymexrization: as determined by 620 MHz ‘H NMR.

d} Degree of branching as predicted by o = conversion/2.

e) Degree of brancning: as determined by 620 MHz 'H NMR.



chl oroacrylate (1.0g, 6.6 mml) was added to a tube cont ai ni ng benzyl

chlorlde 5.75 n, 0.05 mmol), Cu(l)Cl (4.95 ng, 0.05 mmol ), and

4,4 - (“& QBRPYBhent yl ) - 22" - di pyridyl (40.8 ng, O0.10Pawnispr1iBhe
reactlon t ube was seal ed and then hegged to 110[err]C. After 3 hours
the green reaction m xture was viscous and was di ssol ved in THF.
This solution was then precipitated into MeOH brine (3 - tinmes).

Table 9 Sanpl e [M/ [I] tHBw® (h) Conversion Merr]
Merr]/Merr] S-12-25 132 3.0 58 2190

1. 15 S-12- 39A 20Grafs Copglgmers of tvl Ac 1.24
S-12-41 66 4.5 90 1850 1.13 S-12-43
271 9.0 95 1950 1. 15 MD 98/01480

PCT/U897/11{?3#“""‘“""""""‘“= Eaieeea
Pol yreri zat or?rictﬁomlxlrlane Mni ti ht Mg/ Yoy

macroinitiago
di functi ona

.Aﬁnnotu@naﬁ* CppbyngUxémQTs)

p’(ﬁ%q%xkﬁeﬁn&rﬁ) ﬁﬁ_!gn ptstyrene I ni &&tat ed \t/)mytt]he

0 .
Cud / dNbi py 0 2t h Qr
di ssol ved Vi , . 2 , L b 4
preci pitate, aIthough the catalyst systentmas not honngeneous The

pol ymeri zati on was st opped after 480 m n, because the reaction m xture
becane Very'§x%¢g§§§ . The final conversion of styrene nononer was 70%
GPC traces 0 di Tunctional polysil oxane

Hyperbranched Acrylic Polymers with Narrow Polydisperaity
Under oxygen free conditions (argen), methyl-a-
chloroacrylate (1.0g, 6.6 mmol) was added to a tube
containing benzyl chloride (5.75 mL, 0.05 mmel), Cu(I)Cl
(4.95 mg, 0.05 mmol), and 4,4’'-di-(l-butylpentyl)-2,2’'-
dipyridyl (40.8 mg, 0.10 mmol). The reaction tube was
sealed and then heated to 110°C. After 3 hours the green
reaction mixture was viscous and was dissolved in THF.

This solution was then precipitated into MeOH/brine (3

times) .
Table ¢
Sample M1 /(1] Time (h) | Conversion | M, M, /M
5-12-285 132 3.0 SB 2190 1.18
S-12-39%A | 20 1.5 93 2260 1.24
S-12-41 13 4.5 90 1850 1.13
§-12-43 271 9.0 1) 19580 1.185
A TSR




macroinitiator and the sanple at 480 mn are shown in Figure 12. The

peak of pr C | ymer was al ways nononodal during the reaction, and
shifted toqﬁﬁﬁﬁﬁfag nmol ecul ar wei ght. The nacroinitiator haRCHPEF7 364
9800, Merr]/Merr] = 2.40, and the poLyner produced after 480 nmin has,
after reprecipitation in MeCH, Merr] = 28300, and Merr]/Merr] =
1.52. The plot of Merr] and pol ydi spersity dependence on
conversi on i nExaimplmolyneri zation is shown in Figure 13. A | i near

i ncrease of nunber average nol ecul ar weight, Merr], ver sus nonomner

conver si ons w&elomesrizntickhef styymie) dindpdasieldy byedidasedtiwnall t he
progress of Polymilowarne micrniditidtmas the reaction was well controlled
and the pol ystyrene bl ocks have | ow pol ydi spersity. [ err] H NVR
spectrum of the fi mRelyrexicatofn pof \Winerendnitiated by the

di met hyl si | oxane-b-styrene) copolyner is shown in Figure WO 98/ 01480
PCT/ US97/ 1136481ifunctional polysiloxane macroinimg@tor was|sganztigdevmdl s

that the polymer consists cf polystyrene and pol ydi net hyl si | oxane. The
mol ar ratio of¥it%reHel {SNPipY oraedkiyssi i ahenihistis aF dB80°C.  Theanpl e

15 Pol ymeri zati on. of butyl,acrfla e initjiated by difunctional
pol ysi | oxane TRCrOtRTtIAERF dissolved weli ip|4Rg Seheent and the

pol Y(styr e b L SELIN! 301 0500, cor SRLERELaLe! DLASICEORSLIEL S e
copol ymer was system was not homogenecus. The polymerization was stopped
after 480 min, because the reaction mixture became very
viscous. The final conversion of styrene monomer was 70%.
GPC traces of the difuncticnal polysiloxane
macroinitiator and the sample at 480 min are shown in
Ficure 12. The peak of produced polymer was always
monomodal during the reaction, and shifted to higher
molecular weight. The macroinitiator has M, = 9800, M/M, =
2.40, and the polymer produced after 480 min has, after
reprecipitation in MeOH, M, = 28300, and M,/M, = 1.52.
The plot of M, and polydispersity dependence on
conversion in this polymerization is shown in Figure 13. A
linear increase of number average molecular weight, M,
versus monomer conversions was observed. The
'polydispersity decreased with the progress of
polymerization. It shows the reaction was well controlled
and the polystyrene blocks have low polydispersity.
*H-NMR spectrum of the final product of poly(styrene-b-

dimethylsiloxane-b-styrene) copoliymer is shown in Figure



prepared. The pol ynerization of butyl acrylate initiated by the

di functional pol ydi nethyl sil oxane nmacroinitiator was carried out with
CuCl / dNbi pYy0i%8/01488- di met hoxybenzene at 100C. The pol ynmerACTI%3M 1364 s
stopped at 1020 m n because of high viggcosity. The produced pol yner
after 1020 m n has Merr] = 24000, and Merr]/Merr] = 1.58. The final
product after reprecipitation from MeOH was viscous solid with Merr]

= 36500, M errltMevedilstHaB2the polymerxanplistls cf polymirmexid ati on
of 2-(4'-chloronethyl -benzyl) et hyl di net hyl - silane to

vi nyl di net hyl sef ypoledimeahelsblghan®| ecTiharnclar ra@igRs styrenes to

pol ydi nmet hyl si | oxane A m xture of vinyldinethylsilyl
terminated dimepbvydihexaApesihdxawas (Mh84. 30, 000-40,000; 10.00 g) 2-(4' -
chl or onet hyl benzyl ) et hyl di net hyl si |l ane (0.20 g), Pt[((CH err]=CH
Me[err]Si)[err]O[err] conplex xylene solution (2.0x10[err] nmmol)

WO 98/ 01480 PCT/ US97/ 11364
- 69- and B3aFBA8 5.0 nl) was stirred at 70C for 3 hours.

Corr] VR PRdYRBTSaabhon ob Byt acxVakaolPELAFE FH ARGHPESLFERDYC

excess initiaPBrysiloxage macroinitiasgry nerizati on of styrene initiated by

hi gh-mol ecular- gl gt A YRl | P18 1RG22 Yimechylsiloxane-b-
styrene) triblock copolymers, the poly(butyl acrylate-b-
dimethylsiloxane-b-butyl acrylate) triblock copolymer was
prepared. The polymerization of butyl acrylate initiated
by the difunctional polydimethylsiloxane macroinitiator was
carried out with CuCl/dNbipy in 1,4-dimethoxybenzene at
100°C. The polymerization was stopped at 1020 min because
of high viscosity. The produced polymer after 1020 min has
M, = 24000, and M,/M, = 1.58. The final product after
reprecipitation from MeOH, was viscous solid with M, =

36500, M,/M, = 1.32.

Example 16

Hydrosilation of 2-(4’-chloromethyl-benzyl)ethyldimethyl-
silane to vinyldimethylsilyl terminated high-molecular-
waight polydimethylsiloxane

A mixture of vinyldimerthylsilyl terminated
polydimethylsiloxane (Mn = 20,000-40,000; 20.00 g), 2-(4'-
chloromethylbenzyl)ethyidimethylsilane 10.20 g),

-

2t ({ (CH.=CH)Me,Si}.0), compliex xvliene soluticn 2.0x107° mmol!



The pol ynerization was carried out in a previously dried flask equi pped
with a magnetic stirring bar under Ar. The prepared

hi gh- nol ecuV&28{#484ht pol ysi | oxane macroi nitiator (2.0 g),PErrGas7/10854043
g), dwoipy (0.36 g) and anisole (1.33 npy.were put into the flask, and

t hen the flask was degassed three tinmes. Styrene (2.0 m) was
transferred to the flask by nmeans of rubber septum and syringe/capillary

techni que. Therdi kenzensasssbi mi¢dwak sctilrselert] GouadebrAs. ndliesconversion
of the polynerization was determ ned by gas chromat ogr aphy (GC)

measur ement obisappaapizede efCthen viinylugeoudf ter Behpulystinexhaat wag was
st opped, when the conversion of styrene was 47% The reaction m xture

was purified bpafdamedotbysAErIMALl eThd Fesactisol mierure waad
reprecipitation into MeOH from THF. the final polyner was anal yzed by
[err] H NVR t o refpowctizdit atesl in M@l ydinemiolhyl skkcesandnicdseshl.ock has

M err] =40, 000 and the pol ystyrene side block has Merr] = 9,200. THF
sol ution of the pol ymer was casted on a gl ass and the sol vent was

WO 98/ 01480 PCT/ US97/ 11364
- 70- evap@ameds|i6Wy to give an el astomeric material . Exanpl e

18 Synt hesi s .of Pol ysul f one Pol ysul f one was synt hesi zed in the

fol | owi ng manf@iymerizarion ofe SEYHERey indduie asb thyo Adghrme Maqutar -
Dean- St ar k weight polysiloxane macroinitiator

The polymerization was carried out in a previously
dried flask equipped with a magnetic stirring bar under Ar.
The prepared high-molecular-weicht polysiloxane
macroinitiator (2.0 g), CuCl (0.043 g), dNbipy (0.36 g) and
aniscle (1.33 ml) were put into the flask, and then the
flask was degassed three times. Styrene (2.0 ml) was
transferred to the flask by means of rubber septum and
syringe/capillary technigque. The mixture was stirred at
130°C under Ar. The conversion of the polymerization was
determined by gas chromatography (GC) measurement of
gampled reaction mixture. After 6 hours the heating was
stopped, when the conversion of styrene was 47%. The
reaction mixture was purified by means of short Al,0, column
-and reprecipitation into MeOH from THF. the £inal polymer
was analyzed by “H-NMR to show that the
poly(dimechylsiloxane) core block has M, =40,000 and the
polystyrene side block has M, = 9,200. THF solucion of the

Dolvmer was casted cn a glass and the solvent was



condenser, thernoneter, and magnetic stir bar, bisphenol A (5.36 g,

23.5 nnngz 4 4 -difluorosul fone (5.00 g, 19.9 nmol ), potassium
carbonat &9884148Y " 58 8 mml), N, N - di met hyl acet am dectasempsand
toluene (40 mM) were added. The DeansgStark apparatus was filled with 20
m of toluene. The reaction was heated to 140[err]C for 4 hto
dehydrate the reaction. The tenperature was then increased to 170[err]C

overni ght. d@gobeackHoBIRWX{ UL WaSe CORI| TadOotiérBRdnaterECi pitated into
MeOH wat er (50:50). The resultiifg pol ymer was dissolved in THF and
reprecipitated into MeOH brine (2 tinmes). Mass 7.53 g; Yield: 79%

Merr] = 4,300, Merr] /Merr] = 1.3. Exanpl e 19 Synt hesi s of
br onopr opi oByxk=eid aapped pol ysul fone 5.0 g of polysul fone was
dissolved in 50 m of dry THF . To this stirring solution, pyridine
(0.5 m, 5.8gnthesimmelf) Palgsilfeaeopr opi onyl bromide 0.62 m, 5 .88 nmol)
were added. A precipitate forned. After stirring at rt for 1h, the

solution was pr@&slyisdifete iwaso synubeksareld/ wat she followleIo8kdnsso
PCT/ US97/ 11364 50 :50) m xture.

The pol yner TRag rlepiaak piGGireld acmnge bottom @é§;%5#ﬁEhHﬁ P#;@‘HKGHWbrine.

WMh = 4,600; Merr]/Merr] = 1.3. Exanpl e 20 . Synt hesi s of

Pol y( st yr enETRARNTHe-igZRGRYTer, and magnetic stir bar, bisphenol A
(§.36 g, 23.5 mmol), 4,4’-difluorosulfone (5.00 g, 19.9
mmel), potassium carbonate (8.13 g, 58.8 mmol), N, N’-
dimethylacetamide (60 ml) and toluene (40 ml) were added.
The Dean-Stark zapparatus was filled with 20 ml of teocluene.
The reaction was heated to 140°C for 4 h to dehydrate the
reaction. The temperature was then increased to 170°C
overnight. The reaction mixture was cooled to rt and
precipitated into MeOH/water (50:50). The resulting

polymer was dissclved in THF and reprecipitated into

MeOH/brine (2 times). Mass 7.53 g; Yield: 79%; M, = 4,300,
MJ/M, = 1.3,

Example 19
Synthesis of bromopropionyl emnd capped pelysulfone

5.0 g of polysulfone was dissolved in S0 ml of dry
THF. 7o this stirring sclution, pyridine ‘0.5 ml, .88
mmol) and Z-bremcpropionyl bromide '0.62 mi, .88 mmol)
were added. A precipitace Zormed. After stirring at rt

Ior _h, the solution was crecipitated iznto a methanol/water



1.0 g of the br onopr opi onyl end capped pol ysul f one (0.25 mmol, 0.5 nmol

of Br), R’ESBS/Q%)SO brom de (36.1 ng, 0.25 mmol ), dNbipy (202.4 ng, 0.5
mol ), and di met hoxybenzene were charged to a 10 RCTUSGHLI3BOGt t om
fl ask with a magnetic stir bar. The f+B5k was sealed with a r ubber
septum and then degassed with argon (vacuum backfill). Degassed and

dei nhi bited st gen@ (2.6 mmol ) was then added to the reaction
flask. The Faact i 8‘r"rx\7rd§eheair€8 FelymererapCreprecindbprsedcehyessi on as

determ ned by _[err] H.N s . 67% The polyner was purlfled b
precipitation® rr8ﬁ1fHE¥R mBtRaM8PH/RE3Be. 2. U8 g, 46696 M éﬁekdl Bl-err]

by GPC was 9,100, Merr]/Merr] =1.1. Merr] by [err]H NVR was

10, 700, wt h 62% styrene by wei ght. Exanpl e 21 Synt hesi s of
pol y(but yl F*, ulfone butyl acryl at e) 1.0 g of the
br onopr opi onyl” en capped pol ysul f one (0.25 mol, 0.5 mmol of Br),

o (3 atagely e bar et SRR 0 55 T

and 1.0 g o ene "were round botton1

25?85480 with a qagnel icE %Hé’HQ%&DprB?OBb&S%n@%%ﬁ%@%?lgfgkﬁnlﬁcne rubber
septum and t hen .¢egasead W.tsh nﬂfog.o%f Brﬁévﬁﬁ% bagkt Egolngggg%t%gifﬁgld

dei nhi bi ted butyl acrylate (3 was then a
reaction flask..ZBhémol), dNbipy (202 4 mg, 0.5 mmol), and 1.0 of

dimethoxybenzene were charged to a 10 ml round bottom flask
with a magnetic stir bar. The flask was sealed with a
rubber geptum and then degassed with argon
(vacuum/backfill) . Degassed and deinhibited styrene (2.6
g, 25 mmol) was then added to the reaction flagk. The
reaction was heated to 110°C for 6 hours. Conversion as
determined by 'H NMR was 67%. The polymer was purified by
precipitation from THF into methancl. Mass: 2.35 g, 66%
vield, M, by GPC was 9,100, M,/M, = 1.1. M, by *H NMR was

10,700, with 62% styrene by weight.

Example 21

Synthesis of poly(butyl acrylate-b-sulfona-butylacrylate)
1.0 g of the bromopropionyl end capped polysulfone

(0.25 mmol, 0.5 mmol of 3r), copper {1) bromide (36.1 mg,

0.25 mmol), dNbipy {(202.4 mg, 9.5 mmol), and 1.0 g of

dimethoxybenzene were chargad to a 10 ml round bottom £lask

with a magnetic stir bar. The Zlask was sealed.with a



reaction was heated to 110[err]C for 6 hours. Conversion as determ ned

by [err] 95% The polymer was purified by precipitation from
THF intouﬁ@lml . Mass: 2.85 g, 68% yield, Merr] by B %11364 800,
Merr]/Merr] = 1.2, Merr] by [err]H NVR3mas 15,300, with 74% styrene
by wei ght. Exanpl e 22 Synthesis of Polyester from Adi pic Acid
and 1, 6- Hexapedi g a_three neck round bottomflask with a
Dean- St ar k b %a%?pﬁFFrﬁagn Pﬁ?e?e%ﬁﬁﬁ%gt g@t?ﬁ %?lr bar, 1, 6-

h di ol d nmol

e
T {

N o L

T

19 ST G S gt fonR 8 ey CERIELLL R o

dei nhi bited apde9a49a tyfr S t rred
until all SO|Id§ wergge%ys Md?@on%%d9%ﬁﬁ éﬂggr redzédﬁﬁiloﬁﬁh g % '*E
This Splrelii®nl s drl Fieht med ihe ot hecpahwest enakel: UQ“@SS@J U%b@”

by cannul a under argon. The reaction was stirred at 110C

hours. The wdadid,oM,nbyt GPe was LBesocpoug, and 2, M, w)%/zmwaa
PCT/ US97/ 11364 73- precipitated into

met hanol / bri n& ,G3Q, nredh .7 styriehd by, wenguteI d 86% GPC. Merr] =
5,950, Merr]/Merr] =1.3. [err]H NVR showed 81%

Example 22

Synthesis of Polyester from Adipic Acid and 1,6-Hexansdiol

To a three neck round bottem flask with a Dean-Stark
trap, nitrogen inlet and a magnetic stir bar, 1,6-
hexanediol (5.0 g, 42.3 mmel), adipic acid (4.81 g, 32.9
mmol) , 2-bromopropionic acid (1.44 g, 9.4 mmol) and toluesne
(100 ml) were added. The reacticn was heated to reflux
overnight. A sample was taken for GPC analysis, M, = 2,100,
M,/M, = 1.5.

To a flask, under an argon atmosphere, containing
coppex (I} bromide, (1.36.7 mg, 0.94 mmol) and dNbipy (767.0
mg, 1.88 mmol), 53.8 ml of deinhibited and degassed styrene

. wag added. This mixture was stirred until all solids were
dissolved and a dark red solution had Zormed. This
solution was transferred to the polyestaer/toluene soclution
by cannula under argon. The reaction was stirred at 110°C

for .5 hourse. The reaczizn mixture was zhen cooled and



styrene by wei ght. Exanpl e 23 Preparation of Macronononer from

Hydr osi | yl Iy ed Pol y( di met hyl si | oxane) To a

di functi ona‘l;6 %?‘%&l |yl term nated pol y(di net hyl si | oxane)%g&f% ),

vi nyl benzyl chloride (3.29 m, 2.31 x7B6[err] nol; mp-mxture) and
benzene was added Pt((CH[err] Cl-i)NE[err]Si)[err]qerr]) xyl ene sol ution

(0.32 m, 3.08 x re roomtenperature under air._[rh
m xture was Pr'St???%ﬂLgt'gﬁ'@ T Fhinﬁl/‘l?paq't‘%ft‘t“l‘?es r eadf‘ﬁﬁ rﬁ%(tﬁr%

was anal yzed b sh W ng. no. .remaining hydr 0s IE}% rou The
product was |‘§¥J?a$eél;5y r ec1 i ati o i BT g Rdﬁgf’%ﬁadaf\l‘/{"err]

= 4400 and Merr] I\/%eé ;L. 25. Exanpl e 24 PoI ymeri zati on of
Styrene wi th $RERECr 68V ni Fi‘gf‘Br A mxture of the

pol y(di net hyl si | oxane) macroinitiator (2.00 g), styrene (6.00 m, 5.24
x 10[err] nol), Cud (0 068 g, 6.90 X 10[err] nol) and dNbi py (0.56 g,
1.38 x 10[err] gglé%_ stirred at 130[err] C under Ar. The m xture was
cool ed down 90 m n, and diluted with THF. The sol ution was

passed thfougm u;%[.-%aalnomw@mnﬁ Bedgedyhna-iichicea

give white prg ate was cordglne and dried in
vacuo. The pro flOOO, Merr]/Merr] = 1.15. WO
9573/401480 To a mixture of difuncticnal hiperod$IYAlt3ehinaced

poly (dimethylsiloxane) (20.00 g;), vinylbenzyl chloride
(3.29 ml, 2.31 x 10°? mol; m,p-mixture) and benzene was
added Pt({{CH,=CH)Me,Si),0,) xylene solution (0.32 ml, 3.08 X
10" mol) at room temperature under air. The mixture was
stirred at 50°C for 1 h. A part of the reaction mixture
was analyzed by 'H-NMR showing no remaining hydrosilyl
group. The product was isolated by reprecipitation in MeCH.

The product had M, = 4400 and M,/M, = 1.25.

Example 24
Polymerization of Styrene with the Macroinitiator

A mixture of the poly(dimechylsiloxane) macroinitiator
(2.00 g), styrene (6.00 ml, 5.24 x 10°® moil), CuCl (0.068 g,
§.30 x 10" mol) and dNbipy (0.56 g, 1.38 x 107! mol) was
.scirred at 130°C under Ar. The mixture was cooled down
after 90 min, and diluted with THF. The sclution was
passed through a short Al,0, columm and poured into MeCH to
give white precipitate. The precipitate was combined and

dried ia vacuo. The product nad M, = 11000, M,/M, = 1.15.



The GPC traces were always nononodal during the pol yneri zati on.

Covi ousl yg, . py us nodifications and variations of t he Ere§ent

i nvention' are possi ble in light of the above teachings.P T/USTHR of or e
to be understood that within the scopet -of the appended cl ains, the

i nvention may be practiced otherw se than as specifically described
her ei n. WO 98/ 01480 .

PCT/ US97/ 11882 GPC traces werz always moncmedal during|RW&HE CLAI MS

1. A process of .atomor group transfer radical polynerization,
conpri si ng PREYSEERERHFON- pol yneri zing one or nore radically

pol yneri zabl e nngﬁners in the resence,gf a §¥sten1 oggrlsing: a
macroi nitiator cORVAPHERY: alUMEASESoRRALR4FREEPDS APRNEPEFABFER Bhp,

a transition.nmetal -co i.ch repeat edl. arti ci, es eversi bl e
t t Q t al h g t d|%1E tig t bl
tre

l. wh -
redox cycle ﬁFtﬁ?Fﬁ?ngg&S§FﬁfﬁPEt8F aRGF8r e le/m _ﬁtoﬁokgﬁgFEEHﬁin end,
end"Une T e Gt 1oy gh Cle A0 o, QLOMEE SOLICRC gt 10

one or nore ;. or °S-Co coordin

o- bond or asgbgllgzgtfte%&ﬁhgpﬁ_ 1Sl 191 4 t'alt:,he Q&v%%ighc%ﬁf:’“ﬂ ng conpound

whi ch can coor ond 'to the Transition ne to forma
(co) pol ymer practiced otherwise than as specifically described herein.



2. The process of claim1, wherein at |east one of said one or nore

radi cal ly po abl e nononers is present when polyneriza

initiated §H%¥§5L+€ast one of said one or nore radically pok§ﬁ@P?QHBPb
nononers i s added periodically or sequentially to the process.

The process of claim1l, wherein the polyn®§izing step WO 98/01480
PCT/ US97/ 11364 76 is performed in bulk

nmononer, in solution, in suspension or emulsion, or in the gas phase.
4. The process of claim1l1l, wherein the netal conplex is a copper salt.

5. The pro%$s§Hgf§§%?yg;l, wherein said one or nore radically
pol yneri za S a nenber selected fromthe group consisting of
monomers of forpula (11): [err] wherein R err] and R err] are

i ndependent |y sélect e® PEORESHe O AHP™ BhF=MUthgomsfehaiasdieral CFerr]
straight or branched alkyl of 1 to 20 carbon atons, aryl,

[err], [errbeuysatricatednst rca:ingnh‘ttsdmgartmEMCépsaldfenyl or al kynyl of 2 to 10
carbon atons, [err],[err]-unsaturated straight or branched al kenyl of 2 to

6 carbon atons pé??ﬁ%&ﬁ%ﬁ%@ thho@'Q@E%Q%%dfgéffg'ﬂgfyﬂérféggféﬂ$a%omers

het er ocycl yl ,

i the presence of a system comprising:

a macroinitiator containing at least one radically
transferable group,

a transition metal-complex which repeatedly participates
in a reversible redox cycle with the macroinitiator and/or the
dormant polymer chain end, and the free radical formed at the
one or more growing polymer chain ends,

one or more N-, O-, P-, or S-containing ligands which
coordirates in a o-bond or a n-bond to the transition metal,
or any C-containing compound which can coordinate in a n-bond
to the transition metal,

to form a (co)polymer.

2. The process of claim 1, wherein at least one of said
orne or more radically polymerizable monomers is present when
polymerization is initiated and at least one of said one or
more radically polymerizable monomers is added périodically or
sequentially to the process.

3. The process of claim 1, wherein the polymerizing step

0 0y mm



( Y(R[err] C(=Y)NR[err]Rerr] and YC(=Y)Rerr], where Y may be NR err] or
0, Rerr] al kyl of from1l to 20 carbon atons, al koxy of to 20
car bon aWé’r%gm%ﬁ”yl oxy or heterocyclyloxy, Rerr] and R[er?ﬁcjféﬁ%%%“

i ndependently H or alkyl of from1l to 20 carbon atons, or R6 and R err]
may be joined together to forman al kylsne group of from 2 to 5 carbon

atons, thus formng a 3- to 6-nenbered ring, and WO 98/ 01480
PCT/ U397is'|-gf§&ﬂformed in bulk monomer, in solution,’dn BuependisrHorstrai ght
or branched Cferr]-Cerr] alkyl and aryl; and Rlerr] is selected from

the gro nsisting o hal.ageR. C[err] Clerr] alkyl, COOR err]; where
R err] :J%T?f a(lfﬁal allr'lmet‘%-x g%%ﬁ’xa err] Clerr] alkyl group or aryl; or
Rlerr] and R err] _may be | 0|nedtoforma roup of the fornula (CH[err]
whi ch may be ‘sUbsTP?uPéBCﬁFFhOfFr Sh2d™ & 2T aRR By dihe Mckifed somElery [L] err]
al kyl groups or C(=O0-Y-C(=0), where n' is from 2 to 6 and Y is as defined
above; & copperRgeit] is the sane as R err] or Rlerr] or optionally R err]
is a CN group; at least two of Rlerr], Rerr], and Rlerr] are H or

hal ogen. 5. TRe PPBCREACEFS Ahid al, mhlqem«%{ &4} $2rth EC R Ui at or
conprises units derived froma second radically polynerizabl'e nonomer

o ot hy | Y1 S ST SRR GRS ARERE 1] AT AR RIS

pol ynmeri zabl e nononers is a rrerrber selected fromthe group consisting of
styrene,gxduy| cenhdpsing of monomers of formula (II):

R: R
N/
C=C (11)
/ 0\
R? R*

wherein R! and R? are independently selected from the group
consisting of H, halogen, CF,, straight or branched alkyl of 1
to 20 carbon atoms, aryl, o, B-unsaturated straight or branched
alkenyl or alkynyl of 2 to 10 carbon atoms, «,p-unsaturated
straight or branched alkenyl of 2 to 6 carbon atoms
substituted with a halogen, C,-C; cycloalkyl, heterocyclyl,
C(=YYR®, C{=Y}NR®R’ and YC(=Y)R®, where Y may be NR® or O, R® is
alkyl of from 1 to 20 carbon atoms, alkoxy of from 1 to 20
carbon atoms, aryloxy or heterocyclyloxy, R® and R’ are
independently H or alkyl of from 1 to 20 carbon atoms, or RS
and R’ may be joined together to form an alkylene group of from

2 To 5 carbon atoms, thus forming a 3- to 6-membered ring, and

A



acrylates, methacrylates and acrylonitrile and wherein said radically

pplynerizabb&)ﬁﬂﬁggFr and sai d second radically polynprizablgFgﬁgggﬁgﬁpre

different. The process of claiml, wherein said one

radi cal ly pol yneri zabl e nononers are added prior to initating the

pol ymeri zati on. WD 98/ 01480 77

PCT/ US97/ 11364 78 8. The process of

claim 1, wr eisnisaist oyt ot ilmtached Qr-eparerkPy Hedyaeyl Zi agaone or
nore vinyl nononers in the presence of a polynerlzatlon system

conpri si ng: z (9 SHddidd aERSmh@Yé r@reu QbngPLE: £adL fah' yhalogenénd

transferabl e atons or groups, anS|t|on t onpoin

(i) ali abl e tdi nate h S d transitj nef al conpound
to ther ebygtfao?"m a%&&ro ﬁ%g at'y e’é?%he”f%kmﬂ% aikall metal, a C,-C,

(macronol ecule)-(X)[err] wherein each Xis aradically transferable at om
or group aralky- igrawpi aregeylofot to 100, and wherein the nunber average
nol ecul ar wei ght of said macroinitiator is between 500 to 100, 000.

9. A process fog: mRid 19 AalCBEPGLYRG t%o"ﬂérz‘rris'an%xtcﬂﬁ) A e HormiA
pol ynmeri zing an AB[err] nononer of fornula (V)
(CH,) .. which may be substituted with from 1 to 2n' halogen
atoms or C,-C, alkyl groups or C(=0)-Y-C(=0), where n' is from
2 tc 6 and Y is as defined above; or

R* is the same as R' or R? or optionally R* is a CN group;

at least two of R!, R? and R® are H or halogen.

6. The process of claim 1, wherein said macroinitiator
comprises units derived from a second radically polymerizable
monomer selected from the group éonsisting of styrene, «-
methylstyrene, p-methylstyrene and isobutene; and wherein said
one or more radically polymerizable monomers is a member
selected from the group consisting of styrene, vinyl ethers,
acry.aces, methacrylates and acrylonitrile and wherein said
radically polymerizable monomer and said second radically
polymerizable monomer are different.

7. The process of claim 1, wherein said one or more

radically polymerizable monomers are added prior to initating

the polymerization.
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[err] in the presence of a catal yst system conprising:

98/ 01480
79 WOARM1480¢  ansi tion netal conpound and (||)§§E$£%%ﬁ§9%ble to

coordinate with said transition netal conpound to thereby initiate
pol ynmeri zation of said nononer and foffgra branched polyner; wherein
Rlerr] and R err] are independently selected fromthe group consisting of

H, hal ogen, €F[ermte Srciadd of dranshed wheréin Geid|magtkyhitiator
[err],[err]-unsaturated straight or branched Cerr]- C[err] al kenyl or

AL, L R 5 A0 PR R 1 ot

C=Y)Rerr], C(=Y) Rlerr] and YC(=Y)R err], Mwm‘{mybeNmmr]m
0, R[erPFeF§nq3}9@]a(3 YTe 5} 53F 101 S¥FTETY FPTPTRF KRy, aryl oxy or

het erocycl yl oxy, R err] and R err] are independently H or alkyl of from1l
to 20 carbon (dbors; imrt Riteer |hantnd ene [ormayobe radieallipget her to forma
Cerr]-Cerr] alkylene group, thus formng a 3- to 6-nmenbered ring, and

R err] kgaﬁsfe&tar@jegtgt@[ﬁsbé@@gg‘gpge_rr]_-C[err] al kyl or aryl; and
Rlerr] is selected fromthe group consisting of H halogen, ({err]-Cerr]

thzl’group, rr]aéygﬁéﬁéﬁggéi $3E$¥r$$m§§§@# o?@énlc ggages[g;gtpcgﬁgrk is
selected fromthe
(iii) a ligand, able to coordinate with said transition
metal compound;
to thereby form a macroinitiator of the formula:
(macromolecule) - {(X),
wherein each X is a radically transferable atom or group and n
is an integer of 1 to 100, and wherein the number average
molecular weight of said macroinitiator is between 500 to
100,000.
S. A process for making a (co)pelymer, comprising the

steps of:

(a) polymerizing an AB, monomer of formula (V):

R} R3
\ /
C=C (V)
/ \
R2? R4-A

in the presence of a catalyst system, comprising:

UL



gr oup consisting of Rerr]-X and X, where X is a halogen, and Rerr]" is

sel ected f group consisting of straight or branched
56) 0450 | WO Bakoifo AT Uso SR Hisse

80 (err]-Cerr] alkyl, a, [err]-unsaturated straight or branched
Cerr]-Cerr] alkenyl or alkynyl, [err],T%rr]-unsaturated straight or
branched Cerr]-Cerr].alkenyl, dderr]-Cerr] cycloalkyl, heterocyclyl,

C(=Y)R err], C &) NR erehRieirh ardaYCeoMpBuedr knd
C(=Y)-Y-Rerr]-C(=Y)-Rerr] where Y nmay be NRerr] or 0, Rerr] is alkyl of

from 1 to 20 carbpnaat 90gEnaakkexytef cbbemihate 29 chakham %tx%%ltl%n\” oxy
or heterocyclyl oxy, R[err] and R err] are independently H or alkyl of from

1 to 20 carbon atons Rlerr] and Rlerr] may be joined together to form
an al kyl ed& gt Oﬂﬁb??gn12 to 5 carbon atons, thus forming a 3- to
6-menbered ring, and R err] is H  straight or branched (err]-Cerr] alkyl
and aryl; and to thegrpkyrinandaRpepplymeyibetjicined teifomonemgrowmdof the
formula (CHerr] or C(=0-Y-C(=0, where n' is from2 to 6 and Y is as

defined abmyen @ansrafPhé@npblywmer; (b) using said branched polyner as a
macroinitiator for atomtransfer radical polynerization of a second

radical 1y Ralfierez ahl e AIgoet , ;;:*I?eender%(ig Bie e i PR

wherei n sal d secon radicalTy po riza nononer IS a secon
different AB[err]. nongner of _formula The process of claim
9, wherei FRFFsiay ph)H, fHP@ﬁE?n¢oﬁﬁsqs%%r%ﬁ®%¢yﬁ%rb%%ﬁ?%ﬁdo€r§ébd AB2
nonomer with a second radically polynerizabl e nononer.

alkyl, o,f-unsaturated straight or branched C,-C,, alkenyl or

alkynyl, o,B-unsaturated straight or branched C,-C¢ alkenyl
substituted with a halogen, C,-C; cycloalkyl, hetercyclyl,
C(=Y)R®>, C{=Y)NR®R’ and YC(=Y)}R®, where Y may be NR® or O, R® is
C,-Cyo-alkyl, C,-C,, alkoxy, aryloxy or heterocyclyloxy, Rf and
R’ are independently H or alkyl of from 1 to 20 carben atoms,
or R® and R’ may be ioined together to form a C,-C; alkylene
group, thus forming a 2- to 6-membered ring, and R? is H,
straight or branched C,-C,, alkyl or aryl; and

R} is selected from the group consisting of H, halogen,
C,-C; alkyl, COOR?, where R’ is H, an alkali metal, or a C,-C
alkyi group, or aryl; and

R,* is an organic spacer group and A is selected from the
group consisting of R,*'-X and X, where X is a halogen, and R,*'

is selected from the group consisting of straight or branched

AR 0



WD 98/ 01480 PCT/ US97/ 11364

81 12. The process of claim9, wherein said AB[err] f step
(a) has ¥OPEPUPty that is different fromthe polarity ofpgggﬁg%gﬁg4or nor e
radi cal |y pol yneri zabl e nononers of step (b). 13. The process of
claim9, wherein said AB2 nononer is 8@élected fromthe group consisting of
p- chl oronet hyl styrene, nethyl-a-chloroacrylate, 2-(2-bronopropi onoxy)

et hyl acgyCat alkyp-chl,@r-asidafromatest ywens ghtd nyd erd-oriost et atte, alkenyl

chl oroacrylonitrile, 2-(2-bronopropionoxy)ethyl nethacryl ate,

2-(2- br guoi g6 r,ylaow)ﬂgytj_uf@éé@cétﬂ‘ﬂ Andr Z5f2Achea ¢ -Cq alkenyl,
| Oxy % 5

br onoi sobut yr Yet'hyl acryl ate. e process of c¢rarm

Bt om oFs o e TAL 2 kbl 3 FERCES bar ERCF ROy St RG] S8 EC EBbBly mer

formed in step (b) is a multi-arnmed star copol yner. 15. The process
of cl ai A(EY) -WhR°elCi=¥ai-&° ABenonbnvayi be KR! ayorfet R ist wildyd arfd fsaind
second radically polynerizable nononer is butyl acrylate. 16. A

nul ti -anned toalcLRH YARind| ePBieey, byt t it 0Ce§S20 a8atbahNBEoing, cl @i m 15.
17. The process of claim9, wherein said AB2 nononer is

2211 AR DML SRR e oo SRRy & o
alkyl of from 1 to 20 carbon atoms, or R® and R’ may be joined
together to form an alkylene group of from 2 to 5 carbon
atcms, thus forming a 3- to 6-membered ring, and R® is H,
straight or branched C,-C,, alkyl and aryl; and

R* and R’ may be joined to form a group of the formula
(CH,), or C(=0)-Y-C(=0}, where n' is from 2 to 6 and Y is as
defined above; and, optionally,

{b) using said branched polymer as a macrecinitiater feor
atom transfer radical polymerization of a second radically
polymerizable monomer.

10. The process of claim 9, wherein said second
radically polymerizable monomer is a second and different AB,
monoﬁer of formula (V).

11. The process of claim 9, wherein said step {(a)
further comprises copolymerization of said AB, monomer with a

second radically polymerizable monomer.

UL



WD 98/ 01480 PCT/ US97/1 1364

82 18. A nmulti-armed star copol yner prepared by the pr

clai med in WO ¥ 19. The process of claim 1, Mergfﬁ[saggﬁiss4
macroinitiator is formed by pol yneri zing or copol ynerizing a vinyl
nmononmer and an AB2 nonomer in the presengg of a radical initiating
system to thereby forma nmacroinitiator of the formula:

(macronol ecul e) 14 X) [ehé] probesi breaghix bs aheadipakby d n@jshenakbke atom
or group and n is an integer of 1 to 100 and is distributed along the

COROLY IR BALKPONS) nas o BH1aT0EYPEAGES 0L BRI AN fitrity of

macroinitia 'S a cop 3l butyl acry rate an

bronDproplonoxy) et hyl acry Iatg Hi The process of claiml, mhe{%ln

the macroi &} Atere ‘PE Prepare 159%& PReVIZFAgea-Fi H&?Poﬁ’uﬁérré’ri E;Fe&’
"l'iving" carbocationic process using an alkyl halide initiator and a
Lew s acid catalyst tDherprbdesa pbl gdwime 9i, nwheatdn watikd B¢ monomereis

term nal halide groups. 22. The process of claim 21, wherein said

vinyl nONONE{; edSed eff&&\eéhér §bLpe cBn84YBt§aBS b%t PNEhAbremeieRa s t%’rene,
met hyl st yrene, p-nethyl styrene, |sobutylene and vinyl ethers. The

process of cIa|n11 wpereln th macr Qi at or WO 98/ 01480
PCT/ US97/ 1 s -c 1oroacry ate, 2- 2 romopropionoxy} ethyl acrylate,

p-chlorosulfonyl styrene, vinyl chloroacetate,
chloroacrylonitrile, 2-(2-bromopropionoxy)ethyl methacrylate,
2- (2-bromoisobutyryloxy)ethyl methacrylate and 2-(2-
bromoisobutyryloxy) ethyl acrylate.

14. The process of claim 9, wherein said branched
polymer having one or more radically transferable atoms or
groups is a multi-functional intiator and wherein the
copolymer formed in step (b) is a multi-armed star copolymer.

15. The process of claim 14, wherein said AB, monomer 1is
chloromethyl styrene and said second radically polymerizable
monomer is butyl acrylate.

16. A multi-armed star copolymer prepared by the process
as cl;imed in claim 15.

17. The process of claim 9, wherein said AB2 monomer is
2- (2-bromopropionoxy)ethyl acrylate and said second radically

polymerizable monomer is butyl acrylate.
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is prepared by a process conprising: reacting a conpound of formnula

V) : Y[err] -Rerr] -Rerr]' -(Xerr])n 1fh a
g)olvilmar U B PLeBR reacti[ﬁg ]therR[evvi t]h t(lj[for]mth(e [mac]rz)i nFFﬁ)é’g%)-’r”}%J

wherein X err] is aradically transferable atomor group, n is an integer
of 1 to 100, Y[err] is a functional grogp, R3 is selected fromthe group
consisting of alkyl, aryl and aral kyl group, and Rerr]' is a

Clerr]-Cerr]ialkyln gfiQe-armed sthr Hdinaees oépotad My haherstdssai d
pol ymer capable of reacting with the conpound of formula (1V) is a

pol ydi met hyl si_l. ne.. . . The process of claim1, wherein said
macr oi ni tra gral%g gLr‘ép?z%raelgI bzigl ‘pol ycondensat i on. 26. The process of
claim1l, wherein said macroinitiator is a polysjloxane having one or nore
radi cal |y trah$fer abife PIICSHH Aind M i mieTdbonga1d stacrerbiliakpect ed
fromthe group consisting of styrene and butyl acrylate. 27. A

pol y( st yiené&olrmeidmethdcdivimeareiriy sty raore) ]l pheackz ingpol yieyl monomez8. A
pol y(butyl acryl ate-b-di nmet hyl sil oxane-b-butyl acrylate) bl ock copol yner.

WO 98/ 01488 zn aB2 mon r in the pre £ §31é$E71&%§§4 j
84 29. <=wlThe ppoceogse ofmcl al mp23,sev\?1ceer eoi n a'salfd pol ymer c%%};t% e of

reactlngsygggme %%n%ﬁg¥éé¥ 5&¥H“Q*%§é£91ﬁf%f%tor of the formula:

(macromolecule) - (X),
wherein each X is a radically transferable atcocm or group and n
is an integer of 1 to 100 and is distributed along the
copolymer backbone.

20. The process of claim 19, wherein the macroinitiator
is a copolymer of butyl acrylate and 2-(2-
bromopropionoxy)ethyl acrylate.

21. The process of claim 1, wherein the macroinitiator
is prepared by polymerizing a vinyl monomer by a “living”
carbocationic process using an alkyl halide initiator and a
Lewis acid catalyst to provide a polymeric initiator with one
or more terminal halide groups.

22. The process of claim 21, wherein said vinyl monomer
is selected from the group consisting of styrene, o-
methylstyrene, p-methylstyrene, isobutylene and vinyl ethers.

23. The process of claim 1, wherein the macroinitiator

R 0O W0



hydr oxy end-capped pol ysul f one. 30. A

pol y(styreng-b-sul f one-b-styrene) bl ock copol yner. 31. ((but yl
acrylate-b-gﬁ?ggﬁé&b-butyl acrylate) block copol yner. Eé?Rghéng&
process of claim1, wherein said macroinitiator is a polyester prepared by
pol ycondensation of a nonomer m xture of &, 6-hexanediol, adipic acid and

2- bronmopropionic acid. 33. A poly(styrene-b-pol yester-b-styrene)

bl ock copadygnerepared b§4a Phrecepsecesspafisdihgi:m 1, wherein said
macroinitiator 1is prepared by anionic polynerization. 35. A process
of atom or grouprég@9§£§r réghﬁébndpgky¥%&h6§%'QQv conpr|5|ng the steps of:
pol yneri zi ng one or radi cal ynerizabl e mononers containing a
pol ar group in the presenc Sy m conprising an initiator
containing at |east one ragréérﬁy ‘??énsferabléIaioup, a transition

met al - conpl ex which repeatedly participates WD 98/ 01480

PCT/ US97/ 1864h a polymer capable of reacting 8Feriewishr éverfsidm ehreedox
cycle with the initiator and/or the dormant polynmer chain end, and the
free radi cahad@s RO 2hebpe one or nore grow ng pol yner chain ends,

one or more N-, O, P-, or S-containing |igands which

wherein X; is a radically transferable atom or group, n is
an integer of 1 to 100, Y, is a functional group, R, is
selected from the group consisting of alkyl, aryl and aralkyl
group, and R;' is a C,-Cy-alkyl group.

24. The process of claim 23, wherein said polymer
capable of reacting with the compound of formula (IV) is a
polydimethylsiloxane.

25. The process of claim 1, wherein said macroinitiator
is prepared by polycondensation.

26. The process of claim 1, wherein said macroinitiator
is a polysiloxane having one or more radically transferable
groups and said vinyl monomer is a member selected from the
group consisting of styrene and butyl acrylate.

‘27. A poly(styrene-b-dimethylsiloxane-b-styrene) block
copolymer.

28. A poly(butyl acrylate-b-dimethylsiloxane-b-butyl

acrylate) block copolymer.
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coordinates in a o-bond or a n-bond to the transition netal, or any
C-containing conpound whi ch can coordinate in a n-bond tqQ the transition
netal, WO orm a (co)pol yner. 36. The process P& P4 S5,
wherein said one or nore radically polynerizable nononmers containing a
polar group is selected fromthe grouggconsisting of acrylonitrile and

met hacrylonitrile. 37. A polyacrylonitrile prepared by the process of
claim 36. 23, %e%ﬁ@&aggtbac&yh@mw,lemlé&—@@ax_r@éiaypbh?“@&ocessof
cl ai m 36. 39. The process of claim35, wherein the polynerization

further conpr.ses radi | y. pal | 2N sel d. _fromthe
group céﬁ%ﬁ%@k%g“%?r%ggyfg%egléﬁdxgg?héggbﬁaggsggﬁbu‘%hgﬁgﬁnthg radi cal |y

pol yrmeri zabl e nonomer containing a polar group is selected fromthe group
consi st iMMATTIXAce YR 0P EPERePOANE AEPRSCr yl onitri | e.

30. A poly(styrene-b-sulfone-b-styrene) block copolymer.

31. A poly{butyl acrylate-b-sulfone-b-butyl acrylate)
block copolymer.

32. The process of claim 1, wherein said macroinitiator
is a polyester prepared by polycondensation of a monomer
mixture of 1,6-hexanedicl, adipic acid and 2-bromopropionic
acid.

33. A poly(styrene-b-polyester-b-styrene) block
copolymer.

34. The process of claim 1, wherein said macroinitiator
is prepared by anionic polymerization.

35. A process of atom or group transfer radical
polymerization, comprising the steps of:

poiymerizing one or more radically polymerizable monomers
containing a polar group in the presence of a system
compgising:

an initiator containing at least one radically

transferable group,

a transition metal-complex which repeatedly participates

W
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in a reversible redox cycle with the initiator and/or the

dormarnc polymer chain end, and the free radical formed at the

one or more growing polymer chain ends,

one or more N-, O-, P-, or S-containing ligands which
coordinates in a o-bond or a n-bond to the transition metal,
or any C-containing compound which can coordinate in a n-bond
to the “ransition metal,

to form a (co)polymer.

36. The process of claim 35, wherein said one or more
radically polymerizable monomers containing a polar group is
selected from the group consisting of acrylonitrile and
methacrylonitrile.

37. A polyacrylonitrile prepared by the process of claim
36.

38. A polymethacrylonitrile prepared by the process of
claim 36.

39. The process of claim 35, wherein the polymerization
further comprises a radically polymerizable monomexr selected
from the group consisting of acrylates and methacrylates and
wherein the radically polymerizable monomer containing a polar
group is selected from the group consisting of acrylonitrile

and methacrylonitrile.
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