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(54) Title: LTMC POLYMERIZATION OF UNSATURATED MONOMERS

(57) Abstract: A process for polymerizing unsaturated monomers is disclosed. The process comprises polymerizing, in the presence
of a late transition metal catalyst (LTMC), a variety of unsaturated monomers which are traditionally, some of which are exclusively,
made by free radical polymerizations. The LTMC polymerization provides the polymer with improved properties such as no free
radical residue and narrow molecular weight distribution.
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cycl opent adi enyl (Cp) ligands. Unlike the
Ziegler-Matta catal ysts which have nultiple active
sites of polynerization, netallocene catal ysts have
only "single" polynerization site, and therefore they
are cal | EIMCPORQYMERIZATIONOE WSSATURAMEBUONOMERS
non- nmet al | ocene single-site catal ysts have al so been
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and the metallocene or single-site polymerization. The Ziegler-Natta
polymerization is performed with zirconium or titanium salts, such as TiCls,
ZrCly, and VCls, as catalysts and alkyl aluminum compounds, such as trimethyl
aluminum, as cocatalysts. Metallocene catalyst was discovered by Kaminsky in
the early 1980’s (see U.S. Pat. Nos. 4,404,344 and 4,431,788). Metallocene
catalyst comprises a transition metal complex that has one or more
cyclopentadienyl (Cp) ligands. Unlike the Ziegler-Natta catalysts which have
multiple active sites of polymerization, metallocene catalysts have only “single”
polymerization site, and therefore they are called “single-site” catalysts. Many
non-metallocene single-site catalysts have also been developed over the past

decade.
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in the absence of alefins. Conpared to conventional

free r dical ol ynerization LTNC eat .
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ective alternative exil stlng ree 30
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tradi |onaIIy, some of which have been

e%&nﬁ@lné‘ QYMBSt yreri zed by free radical

pol ymeri zations. 5 SUMMARY OF THE | NVENTI ON The

pr oces Simde thbdaterd0s] aefit pojyniesiestipotatatysisAhaigncorporate late

L
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actlvator.

wHENQ & P @éerést@ega‘gs% upbke\r/:ﬁ}eaqar&%am% 5{?)8 rﬁgqul?r% %’ﬁ\go cenes or
p%é@EF icaglys®d)-thé abiec! ¢ganttonfurate akpaacslatoeothohomers into
the nmetal ‘during_the cours of the Bgé%gﬁgrl zation

pristvadefinsTiRee)d Sc £ N%cp@@ E5ANR: one of the

nmononer groups (a) through (f): (a) a vinyl nononer

sel ect %vﬂfé\/@mth@ETmlle:dh@id%rai lol’lge afcowrdindtion lﬁtalyst and thus
aromatics,_ vinyl ethers, vin ﬁ nd vi
haﬁtu%gn L(TMC §a§|bﬁ?|‘l IIHJdtﬁnggr efln re a%edc' poﬁ‘/merlzatlc}/ns No prior art

discloses the use of LTMC for making hydroxyl acrylic resins, styrene-allyl
alcohol copolymers, and many other important functional polymers. No prior act
discloses the use of LTMC for the polymerization of unsaturated monomers in

the absence of olefins.

Compared to conventional free radical polymerization, the LTMC has
great potential in tailoring of critical polymer properties: molecular weight,
crystallinity or melting point, and polydispersity. Therefore, the LTMC may
provide better product quality and production consistency. Also, the LTMC does
not require high temperature and high pressure polymerization. It avoids the
use of explosive peroxides or azo compounds. Thus, the LTMC polymerization
may provide a safer and more cost-effective alternative to the existing free

radical technology.
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06 WO 2016/ 066221 PCT/t S2004/ 040677
DEFANG HS FRARRPEFE ARG 7] "ON The process of

the invention is polynerizi ng unsat urated nononers
WI t h Ehéapr@cesanmlmdasn pn‘gtrmlnzmgt ahg saf {HeTHONOMRiegroups (a)

C(gfpﬁgpglg( ngg):% \gla IF e gﬁleelgglfé&ﬁ%%' éﬁoepudg%@Lo% of vinyl

k%@&'ﬂatlé iyl fé’th@’et va?r efsters eahd a!tntyl thabdes t(bpm weylamonomer
n@l exes have the geng

ciacbpmaDa ora B P 11BN TSI VB SiosT 4B 1 paides.

'V'd% et 8 fd10MR: t(BF aghRItExCRINGIIGH] MEorfmd sel€isted druin th
nl\/%t‘rséa prefgrably fﬁeﬁ#ls}pM l i hean ©

p@@@ sohsistinch ef Mypig)x;t@lkwmylgtqss?‘né{droxyalkyl mlv%acrylates allylic
p%%@ﬁ%g’ I%?ng'télﬂgb Fa?%’c{)ﬁlh)hb%%ols&énd at least one alkyl or aryl acrylate
or at least one alkyl or aryl me acrylate (d) a hydroxy-functional monomer
selected from the group consisting of hydroxyalkyl acrylates, hydroxyalky!
methacrylates, allylic alcohols, and alkoxylated allylic alcohols, at least one alkyl
or aryl acrylate or at least one alky! or aryl methacrylate, and at least one olefin;
(e) a hydroxy-functional monomer selected from the group consisting of
hydroxyalkyl acrylates, hydroxyalkyl methacrylates, allylic alcohols, and
alkoxylated allylic alcohols, and at least one vinyl aromatic monomer; or (f) a
hydroxy-functional monomer selected from the group consisting of hydroxyalkyl
acrylates, hydroxyalkyl methacrylates, allylic alcohols, and alkoxylated allylic

alcohols, at least one vinyl aromatic monomer, and at least one olefin.
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| rgands 1 nclude those taught by co-pendi ng Appl. Ser.

N theat947, 745, filed on Sept. 6, 2001. Preferably the
i soi ndoline |igands have the general structure: NA

NH N Breidrdl IlIsifiBetaVEdrRpibRéDRSA e general structure:
PCT/tJ82004/ 040677 When forming a late transition

metal conpl ex, the hydrogen o 9 N-H group may be
renmoved to form an ioni c bondi Bet ween the nit rogen

and the late transition netal. Optionally, the

ar omat The M R Gyslipogrd0 @tk aramisitibn Malatmebratﬂy,rtbei\mseselected

are i ndependent |, u ut ed abl N
simest 1hletgrgu%pgrl1ﬁ%tl n‘%ﬁﬁdé%a%ﬂ ﬁ@l 05? erf ﬁbgll Igiﬁ M is Ni or Fe.
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The ar $|U|te%lé LhiRj=eEe a8y ingluae fisosectanghtenyf UsePatoNog. et 14,556
rings, as_in a 2-naphthyl, 2-benzothiazolyl or 2-
bengit®use?yl group. A few exenplary isoindolines

appear bel ow

The X is a labile ligand. By “labile ligand,” we mean that the ligand is
easily displaceable during the polymerization. Preferably, L is independently
selected from the group consisting of hydrogen and halides, and n, the number

of the X ligands, is greater than or equal to 1.

Suitable isoindoline ligands include those taught by co-pending Appl. Ser.
No. 09/947,745, filed on Sept. 6, 2001. Preferably the isoindoline ligands have

the general structure:

N—A
NH

N—A
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@?ﬁno\%df foahalrm B $drlicoBRAink i KeAREsn c hidgeh hogiethe late
haV| ng t eneral structure:
transition metal Optionally, the aromatic ring hydrogen atoms of the above
structure are independently substituted. Suitable ring substitute groups include
s alkyl, aryl, aralkyl, alkylaryl, silyl, halogen, alkoxy, aryloxy, siloxy, nitro, dialkyl

amino, diaryl amino groups, and the like.

Ais an aryl or a heteroaryl group. When A is aryl, it preferably is phenyl-
or alkyl-substituted, such as 4-methylpheny! or 2,4 B-trimethylphenyl (2-mesityl).
When A is heteroaryl, it is preferably 2-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-

10  pyrazinyl, 2-imidazolyl, 2-thiazolyl, or 2-oxazolyl. The aryl and heteroaryl groups
can be fused to other rings, as in a 2-naphthyl, 2-benzothiazolyl or 2-

benzimidazolyl group. A few exemplary isoindolines appear below:
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sui t abl e al unoxane conpounds i ncl ude nethyl al unoxane
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t ﬁubﬁﬁwéﬂwsmcawer&ﬁa LA fNie. Suitabl e

or ganoborane activators are described in U S. Pat.

Nos. 5glfeabld bik(indite)digafds Mlilide tinabethaRitl, 168 FenSeai stalrtere:
activators al so include al um noboronates, which are
the reaction products of al kyl al um num conpounds and
or ganobor oni ¢ aci ds. These ap@p(x’/ tors are described in
U.S. Pat. Nos. 6,414,48 5\48 |4640 The late

ac

transition netal La¢ sor both are
optionally 25 supg%g) (g'ol—'\bnt 0 an ga'ﬁl c solid or
or gani ¢ pol yner support Sui t abl e supports include
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Suitable bis(imine) ligands include 2,6-pyridinecarboxaldehydebis
(imines) and 2,6-diacylpyridinebis(imines), which are taught, e.g., by U.S. Pat.
No. 5,955,555.

Suitable bis(imine) ligands also include acenaphthene bis-N,N’-(2,6-
diisopropylphenyl)imines, which are taught, e.g., by U.S. Pat. No. 6,127,497.

Suitable activators include alumoxane and alkylaluminum compounds.

Examples of suitable alumoxane compounds include methyl alumoxane (MAO),



treatnments can be used, including reaction with

or gano-al um num -nmagnesi um 8 8 AUGUST 2006 wWHAUGUST 2006
wQibs0eHRs22Nn PCT/ t JS2004/ 040677 -silicon, or -BOI/US2004/040677

conmpounds. See, for exanple, the techniques described

in US Pat. No. 6,2
oPEERSE MROJENARH S inaie il llhap i and e like.

LEVQ«*@ stméhltéB?@oéTWIalﬁﬁlhrﬁﬁﬁ ednigoRntis hﬁclad@up tnethyla!umlnum
consi St1ng of vinyl aromatics, 5 vinyl ethers, n
By rabine like

esiedng aluvmnlym qidgridge §imethwaluminum AHigo %'P@%mtfﬂe?
S'éruﬂ%]lbl d’lﬂféfxan\@!eccfn‘?b’(flfﬁd%%o hBeas tNésléVﬂhafTQféoﬁ%Hﬁled Methods
raditiona

ol ymeri zed II_)/ ree radi cal
5 pddryimer inpelification oﬁmllbeoxa@éalar9 ponpime FPY dptagos; HéS. Pat. No.

é'\é’ég\%l{oh 3%%%”6@‘3’[?% Sﬁlﬁ@atl% GPVal&}hg%e{r{ésCQﬁH”%Bﬁfe hydrogen-

aromati c nononers preferably
- CBhiafdiiy g:bmmunds sichnex edylane glycelr omat B¢ Rattodle. 6840,771

SS9 00 Bh  BAe SR B €t o

aﬁwn’ﬁﬁfeﬁélﬁmoﬁﬁylmhlquNeﬁwm k@totatcbh@lylastiﬁ ~giketones.
chli oronethyl styrene, trifluoronethyl styrene, ~ethoxym

, ethyl §g§§at§n %et o?%PeEHM&éta%fdeﬁﬁts ﬁﬁ%ﬁ I%B?@éﬂ YbfHBcleophilic

4- met h di‘iet
Cfdnﬂfn@stWeee&;ontbauhdergeaeryaﬂyenmsugtﬁafﬁuuiwhlgen@saya@ﬁ@l to boron

tetrachl orosty ene ent achl siy A
di%r BWBYYPenet X?'BBISE @WS L Lbng {)g@glﬁﬁ?ﬁ%ﬁﬁh‘%ﬂﬁ)boram,
t nitfidiior ost y kétrkis- @aehtajlmerd}}hehyl) f | uor oatetingtst yr ene anilinium
4-fluoro-3-t~ifluoragnet h I sty 9-vi nyl ant hr acene,

-tetvwﬁjpﬁrataﬂwaplaﬂybbpr?é Ialqgér’eﬂlﬁéd m xt ures t hereof .

Styrene is particularly preferred. 20 Suitable vinyl
15 et her s gupshledetivatoyd fuathktyincletlb errganobiorgresamylchedrberogpounds

and m xtures thereof anpl f i t abLe, vi

2T peran Wil Ghe, ok TIRES RYE AR SR droLg yfa)]foanoboranes
etii@lide NpstitulddYanet liubsigiey! tridlkyy | aed htalaryltﬂlﬁanyés such as
vi nyl et her exyl viny| ether et yl

V|tﬁype@mﬂwropaemwy@qﬂaﬂtrlghqwlbo&%rtrl rb?]‘FtQBB ﬁyland the like.

able Bgfaho‘)%rangeé&w!at'o?s 2rd desEmIAYINPUrD ISt Wy 5,153,157,
vinyl ether, 25 hydroxyethyl

20 ett’né@S 441 md@zqusz@et ﬁyqtah}qﬁ ﬁy’qlvaécgrﬁea(lso include alumlr}/obo}'/onates
d'v?hlct,]llfl %F@ nﬁw%t hﬁélacﬁér{]ybroducts of alkyl aluminum compounds and

organoboronic acids. These activators are described in U.S. Pat. Nos.
5,414,180 and 5,648,440.

The late transition metal complex, the activator, or both are optionally

25  supported onto an inorganic solid or organic polymer support. Suitable supports
include silica, alumina, silica-aluminas, magnesia, titania, clays, zeolites, or the

like. The supporf is preferably treated thermally, chemically, or both prior to use

to reduce the concentration of surface hydroxyl groups. Thermal treatment
consists of heating (or "calcining") the support in a dry atmosphere at elevated

30 temperature, preferably greater than about 100°C, and more preferably from
about 150°C to about 600°C, prior to use. A variety of different chemical

treatments can be used, including reaction with organo-aluminum, -magnesium,



et her, butyl am noethyl vinyl ether, benzyl vinyl

ether, tetrahydrofurfuryl vinyl ether, and the | GAEUST 2006
warmsneeebur es t hereof . Exanpl es of suitabl e vipgt/usaoydnso677

ethers are vinyl phenyl ether, vinyI tolyl ether

vinyl chl orophenyl ether  vi nyI [ chI , ,

etslisen, of fAromspRPAYNIdst Ree, fq/.%mp!%n |ﬂ' SCﬂbed in

V@eschs% '3 a9dq1 39 m xt ures thereof. 9 8 AUGUST 2006
70862%n PCT/tJ82004/ 040677 Suitable vinyl

esters _include vinyl acetate, vin b t t
i sobut'l]h%tf@ent'Qﬂ 'ﬁ?'{/‘d??’ A REIsyI foae%lva.%?ﬁz' éﬂla'ﬂjlim pres%nce of the

faey! | ,
chf W £ B TBnoke YIS LTM e oy C@?@m@w vinl Bidmatics

5 neinkloretberet atn@yl eqstﬁga viyloshpdides athe likgj n@)]d mixtures thereof.
en t
'é ﬁ lsgcgg}& S B)\Obyr ar}a"[lctﬁggvﬁﬁﬁ @yg?‘ﬂg@%@xy\lv@gb ahl%yltr;tdglonally
vpnwneblead@atfeee vadigdl p@wmwlaa@@ cap |read|Iy polymérized by the
d I
g@ﬁ(ﬁwﬁ ?Q%qu\éeﬁgé Ogﬂ(}[ Sl ?cﬂrﬁ@i&ﬁ er eof anSu?”t %I e

Vi nyl hal i des i ncl ude by halogen substituted
et hy! eBaitable EimfiErematic enoncrmrsmmefﬁrafdé hayeng| -CR'=CH; group

10 baord deq ¥ LAY, rJo %ﬂg ;9” is FHrBgaH BF fa'@' 'Ed) C1d Qlkyl group.
ePHS} e T RE ures’ t her eof
| Ewafplenofi enmbuldasm apmmaimsmoﬁomema@rﬁyrﬁzen@-nﬁﬁihyls’fyrene p-

O| el hg§ and gf %J%Istgr?eﬁg?gcrzhl&%ﬁq% Je%gm {/rf‘ﬂﬁon%rn%{ﬂylstyrene

ers

h@thcﬂ@metﬁyﬁl‘&yrbhée a@ﬁ@b(ylmethyla;tgzﬁenEherr@dﬁoxySUretr@bl d-methoxy-3-
esters an hal i des

| "eth
dinRinMEUEN S ove. J]éﬁm%?%re&feefl ns"hrox%?w&ge’a ol g@&rl‘orostyrene

15 CX&&HI&O%@réﬂeef' Rstrachltodtyrehe! eSpéHﬂatrﬂoﬁosty@}eﬂ Obromostyrene,
a-olefins are preferred. Eth

|
1%@@\Q§tyrqnepen'P@‘h%Yref‘ehei'éﬁé’S Mot e{ﬁ'gggrgﬁ&n?rfﬁ xt GiPEYno-4-
t qﬁﬁtfci%m@fhglstﬁéﬁé | QUHURFS-B-ti RSr e @listyiréyy | eﬂmmhracene 2-

propyl ene are nos referred. The inventiqgn includ
pnmn@ﬁﬁﬂﬁmw&ﬁbIVﬁ%ﬂl%lﬁ@danhyﬁﬁﬁkﬁhWEﬁEtl%H@?nenﬁnBﬁgwum”y
&% ?8 fromthe group consisting of hydroxyal kyl
a 4 20 hydroxyal kyl nethacrylate, allylic
alcohols al koxyl ated allylic al cohol and xt
20 t her eofSuitablg wRYlagtogrs W'%N'“&'c?w'a? 5%, ‘éiﬂy afly |e?hers and

arr‘X&tJrQse H%?&Jf.yl éiﬁnples of suitable vinyl alkyl ethers are methyl vinyl ether,
ethyl vinyl ether, hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ethylhexyl
vinyl ether, methoxyethyl vinyl ether, ethoxyethyl vinyl ether, chloroethyl vinyl
ether, 1-methyl-2,2-dimethylpropyl vinyl ether, 2-ethylbutyl vinyl ether,

25 hydroxyethyl vinyl ether, dimethylaminoethyl vinyl ether, diethylaminoethy! vinyl
ether, butylaminoethyl vinyl ether, benzyl vinyl ether, tetrahydrofurfuryl vinyl
ether, and the like, and mixtures thereof. Examples of suitable vinyl aryl ethers

are vinyl phenyl ether, vinyl tolyl ether, vinyl chlorophenyl ether, vinyl-2,4-
dichloropheny! ether, vinyl naphthyl ether, vinyl anthranyl ether, the like, and

30  mixtures thereof.



Sui t abl e hydroxyal kyl acryl ates and net hacryl ate
i ncl ude hydroxyethyl acrylate and nethacryl ate,  AUGUST 2006

whyasosgeps opyl acryl ate and net hacryl ate, and PCT/US2004/040677
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hydr oxybutyl acrylate and net hacryl ate. Suitable
al l yhc al cohal s and al koxyl at ed 25 a '

el Uciable VNSl Me e 1ol Pystaia, SNUPU el GRY1 lsoatiyrate.
awh%l[ trif A %&et? eeK/f?\gP(MIeﬁ{ﬁéEe@éh@ihw{/aléﬂa@@h@hyl caproate, vinyl

oxyl ate , and propoxyl ate
nembmalcgtatal\cm ichipageiatee viaykmethoxyagafptearinyl Brtesyacetate,

ﬁ{é}{qwg@bhﬁ\g@@@t@c&@q Hate, Caityl ?édféﬂe ¥ preAyBfrate,

acr'yl at es
nmhtnlacrqybmhexylcarbmellate ke Vlrwhd hEIXZQﬁiItQ}S t\/ﬁy}eo$allcylate vinyl

ﬁ%@ﬂ IesF%%tg i t{%ﬂpclﬂ&r eﬁ%c?a}te art?d“v}f{yl le;Phthoate the like, and

acrylate

nefitaesstheteef. i so-butyl nethacryl ate, benzy]
nmet hacryl ate, cycl ohexyl nethacrylate, the like, and

m xt ur s there A 6 0 n

PCT/ t J Eﬂﬂ? 0){@&177!42(%H§s| rhl'\(ge[{ﬁtl gkgpl rg]eg%%dﬁségdsgﬁg‘%%sgthylenes

LEga@@las][ralfe mntchionvdean;drmedepvmnylweme chlorlde chlorotrifluoro
yr xy-fu i 0 noner sel ected fromthe group

c@ﬁé’ i K gﬂe ﬁ@;ﬁm@rgﬁgﬁre gcryl ates, hydroxyal kyl

nmet hacryl ates, allylic al cohols, al koxyl ated allylic

al coholrke imvetion Xridudes a Ipevaest . fotSpolva(brlelnh)ﬁdh“ olefialang a vinyl

acr | at o sgzeci?qs {fgﬁ;@% nglt ?ﬁmg@l@ X {/lﬁ ﬁ%%g{vﬁ‘\gl esters vinyl

?héﬁd@sls ekl @ikeVand Munes\/ctaeitelobn &wtablel \nnyl lﬂjlleersavmyloeﬁs& and
or polynmerizi an ol e

b apaemets Slsstosohsher o ebuorfbim nriade BUE. eyl

CORsins! iand niftulkdiherest! kylC,ah yd-alefins Mdp@f@mﬁd(yl Ethylene,

met hacryl ates, allylic alcohols, ]o .al kox

alPrgnvieneal icoens, 1-RRAMCHP X I IFXRNG HsP RS 3 fifiies thereof are
pféftlcﬁ?aﬂg'ﬁf%ﬁéu akkllencdgHprabpenaatk metirefarieal es,

I'cohol' s, al’koxyl at'ed aIIyllc alcohols and
V|nyI aromati cs are di scussed above,

pol ynefhedovesiiopfinglHdes AviREsTh qrsoo&rg?r@%pyhydroxy -functional

W Rfe cge tf?dﬁ?eﬂ% Lb’rSu;W EdHgistinge of aﬁﬁﬁo@all@bowérylates
0 about 200'C ol ynmeri zat | on
v esscyallsle mithrpryatet r@lygwew&wés t K %’é"%@iea”yﬂgralcomls and

XA & tq@?&ifnﬁ rﬂélﬁ%ydr ralf e bRAA réﬂfkypéryl methacrylate.

styréene-a rs requires

Suitable hydroxyalkyl acrylates and methacrylates include hydroxyethyl
acrylate and methacrylate, hydroxypropyl acrylate and methacrylate, and
hydroxybutyl acrylate and methacrylate. Suitable allylic alcohols and alkoxylated
allylic alcohols include allyl alcohol, methallyl alcohol, ethoxylated allyl alcohol,
ethoxylated methallyl alcohol, propoxylated ally! alcohol, and propoxylated
methallyl alcohol. Suitable alkyl or aryl acrylates and methacrylates include Cs-
Cao alkyl acrylates and methacrylates, Ce-Cao aryl acrylates and methacrylates,
the like, and mixtures thereof. Examples are n-butyl acrylate, n-butyl
methacrylate, methyl methacrylate, t-butyl methacrylate, iso-butyl methacrylate,
benzyl methacrylate, cyclohexyl methacrylate, the like, and mixtures thereof.

10



relatively high tenperature (from about 800C to ab
150'C is preferred). High polynerization terrper%tﬁgﬁe%ST 2006

wo emdoéa23 ow nol ecul ar wei ght resins whi ch ar ePCT/US2004/040677
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suitable for high solids or Iow VOC (vol atile organic

conmpound) coatings. 20 The nmer t
per f or hieglinventen %cluggp @twreﬁes %UPP%%&IF'%E%\%EYW%P”““'C and a

S Hwﬁr@?\é fua HoNE: Vm@ﬁd?’ﬁé%é@:t&f‘ frbfhethBQj rMGE 'E:énélé?ur@eoﬂﬁdﬁexyalkyl

tyrene- al y al cohol

i acnytaties, dnyummalbyu yhethacrletesn p&Ylisr étleahelsd aﬂfeéﬁa@é allylic
al I| @l cahg! nﬂ%uYégerfhéFe%fS| 0w Ma8Rd H ?o %kOFSa@|lb¥s and
2Pieshgf o e

fanctions sol vent to co
pmdqthtaﬂrylamsl ahlyllcvwmhqlas rajtmplagad awiylalqom@suamdu ynygzmromatics
made .from hydr oxyal kyl acryl ate and al kyl acryi ate,
tﬂ@aﬁﬁ?Wﬁf %?On is preferably performed in
sol ution wherein the solvent is used as a chain
t r ansf The imgetion tatsol iooledes Reprpessgnfor patymesigingrarneleght a vinyl

S S0 B0 AR oS48 s corsn

e per orne
sef hyaissialkpr adglatssnt ingdougalkyl ocesthadeyjséesli rajlytih @teehols,

BTG fechabi R0 RCa Ry R MBS, sTRink AR fygiBvaliy

albeRibs GntURdthacAl4tes, M@llé@]ﬁkﬁ%&lmxylated allylic alcohols, and
PCT/tJSZOO4/ 040677 COB is made, In the
s ¥yl mrematics ez eissussy %?%V%I cohol is initially charged

into the reactor, and styrene is gradually fed into
the feafﬁéoFol?Hfdrllzgtldme)f pel ymesntizat isopref€rabhgradatted at a

? %g;%tgjia{%?w%dmﬂwmrg%@ggsoi@g%ta& ROK cg;hébbb(? trh rbé)%ﬁerlzatlon

' 'ﬂé{rﬁBéﬂa@lﬂe' Véﬁéédéépéridmgoehmrﬁolvmég by btehmaﬁe OocEers egmple,
the invention. Particul arl i nte

i meaking ngiﬂ}xbjkypryb%(%m&b Of STyreRe- [Iﬁ Icor}'n%‘l: 8¥§'H§f% requires a
C‘?QpreW hfb‘ﬁq{aﬁfgﬁét'atﬁr‘érkﬁ'bh%ut BOT t&eémutabbm isOfrefeield).  High

acryl ates “or or acryl methacryl ate and
omqlwmmizlayomtﬁmpeaat@r@gt lead)to @wemql,e%rywp@ht resins which are

¢ %ﬂgeflg%rshlpﬁlsSIfdsg?r\éb\QX)O@ gfo?eftllé%‘ahbé%hﬁ)ouﬂﬂﬂcd@ltlﬁgé

aronma 0 copol yners he pol yners
made by the invention differ fromth ol
by t he Theawlyragrizadien pan hepeifermedin %&%('0'9 hi“"y, or any other

st'thHFIE s, &%énﬂ oA B ¥m8|%tto°r9@h@d€ resyl ifstahce, when a

freera ’ca t|a ors or agnents fromthe

i ratyreag-atlyl alcohol copolymer is made a bulk polymerization is preferred
because allyl alcohol polymerizes slowly and the excess allyl alcohol functions
as a solvent to control the polymerization. When a hydroxyl acrylic resin is
made from an hydroxyalkyl acrylate and alkyl acrylate, the polymerization is
preferably performed in solution wherein the solvent is used as a chain transfer
agent to lower the polymer molecular weight and to control the polymerization

rate.

The polymerization can be performed in a batch, semi-batch, or
continuous process depending on the monomers used and the polymers made.

For instance, a semi-batch process is preferred when a styrene-allyl alcohol

11



deconposition. Polyners made by free radical
pol yneri zation are thermally, chemcally, or 8 AUGUST 2006

webmboedbeni cal |y i nstabl e because of the resipuEUS2004/040677
initiator or 15 initiator fragnments. Thus, the
polymers of the invention are expected to

i rpopolyeeriharadet | Indhe seavbatc iioas: gl @@éqﬁh@gp initially charged
][ ?@t‘&sifﬂere]?@a(ftgpeaﬁd“éﬁﬂ%é’qs adraguaifc lfébdfFﬁtoafHe' ?eé?ﬁornﬁgﬁng the

ihvention. Exanples of
uacdymermatlonl ghevgradual edditipe ofratyeerie emsUres a@@wwﬁ%ﬂbutlon of

oi e HAEER gk ARord e bR SBA0CC > of act amor s,

seal ant s, and the Iikes. One advantage of the
5 i nventiToe inventiomtinelhdes the/| lynes deadsetyethe airpenssngt the

: ﬁ@"%‘fﬁ?ﬁnﬁﬁﬁ%@@ erg?tg{?y ;Ea)é%é élhglﬂ éfhygm cu?rgﬂ}d Rins (i.e.,
mmo?btgéneamcbogmlfisiadewxyiAMnghnnadiltnsmnqrmrsi elkyl Foaryl acrylates or
Ihgf’zlfyixg,r E}Hymeghe} &gcf?% é‘nnﬁ ti\orn'aggv \?Tﬁ{\ecucfrﬁ’%ﬂc\%gi aﬁgin-acwlic

di cdpblymners 0 blefifbiny? Segtar bowmlymeltsc V:1p:0 vmyl giomatic-allylic alcohol

0 PPN TR it rede iy e neuity”ffer 3 e spymers

| N¥8Hé bPhe freesadiski ;idlyt?ﬁierlzﬁtloﬁ hrethat the/\pél!/mem@fgme Irevention do
many variations that ar irit o

i MAENEPYAIN é%dg%og@e r@dtc\é\LtnalL%’qoh% ongag@egtsAU@m}S-ithe initiator

2008 omi¥s#BH6/ PBRERs M@ZWWe@%@EEI pEXAMk&on are thermally,
Copol yreri zation"of Ethylene, n-Buty Acr%l at e,

AI ¢hemisalyo mr opfentgiche @i ynnstqah;lgnkeeqa}ise of the re5|dual |n|t|ator or
’l TIEEO‘?(fI%gP%ﬂ&ayl *rﬁhé‘%é WAL iohen CRRBAIRA é‘ﬂéde%@ted to have

I'vat or I"'ex Preparation A 10
rom'pdo\kﬂdtihermall wmleqluarpﬁbebptwqhﬁwahrw%g@? i nI et and
an internal fritted-glass filter is charged with

pht hal 'ﬁHGedﬁn\/e%u% Se0 %%Ilfhe@"@lltl):le@nﬁwadét Mrln méeb@tymewcbf the
Q. Trimet hyl ani | |ner$5 41 g,

eqnyermm Examples of the useful articles WhICh can be made from the polymers

of the invention include films, sheets, containers, pipes, fibers, coatings,

20 adhesives, elastomers, sealants, and the likes. One advantage of the invention

is that the LTMC provide better tailoring than the free radical polymerization in

controlling the polymer properties such as density, molecular weight, and

molecular weight distribution.  For instance, the LTMC polymerization can

provide hydroxyl acrylic resins with narrow molecular weight distribution. The

25 narrow molecular weight distribution results in lower VOC or higher solids

coatings.

The following examples merely illustrate the invention. Those skilled in

the art will recognize many variations that are within the spirit of the invention

and scope of the claims.

30
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iron(ll) chloride (2.54 g, 20.0 mvol ) are added to
flask, and the m xture is |l o stirred under nitro&ébi'*}(gfwz()%

wo esmsnsaeperature for 1 h. The yel | ow m xture per/osmhediosr?
to reflux (770C) for 10 h, and is then stirred at room
tenperature for 32 h. A 0 precipitate fornms. The
reaction mxture is concew&oéﬁy stripping out the
et hyl acetate under a stream of nitrogen. Cold diethyl
et @%E)o( yRf&riz&idreof Etdﬂ@ﬁle troBliyEAE§Ritsl ud AlptVbheprapakydte with

is stirred to vvash es] The glass 15 filter is
i mersed in the anéf hﬂggﬁe%lmﬁo OIRHER®r enpved at

reduced pressure thC@Hﬂ)ﬁéxtJiﬁl V186 Achedtof i | ter. The
solids are dried under vacuumfor 2 h to give a brown
povvder Pol yrrerl zation The pol yrrerl zation is

5 peeatalveidomplexPreparalionyy  (Advant age’ Series 20 3400
Process Chenistry Workstation, made by Argonaut
TeChnOlﬁOQ'O@S‘T\L'IﬁQna-gOffdﬂﬁ ﬁmkeamppe@nmai @S nigiogbt inlet and an
pressure reactor _tubes eac
P arpEral T Slgee S B craraett Wb i 254 g 20.0 mmol) and
C%ﬁ;ﬂ%%tatéf heo Rdeayare- Trﬁm@tr@rraemmel 6.4 @I 40/@ nhmzﬂ bay eq.) and
manual mani pul ati'ons and an inert atno

n.lf%l@eehlomde (424 39foawmgy) %rgniqgeélrto E, ag[xsa%gwe mixture is
Coétm%ﬁkﬁld%ﬁhﬁ‘rogen Bf R fefp ér@tw@foahtﬁ eTh& felRhb@ne is heated

consunpt | on in each reactor tube as a function of the

r daceflen (T7°6 fora1p dagnadrs thasestimey al joons teRegrgite ipr 2 h. A
t

UK BEENGEN S T ehdith miper aBRekale 62 <TRbing ou
Met@e(éthxasamiatelumama streaneofsaitragemn) Gold rliethiesther (30 mL) is
cat t
sof otﬂ)tﬁg‘ﬁsé&i! %td gtpgtmdétﬁrefog %rﬁ/gnw tgea s@?ﬁg_ﬁ%due. The glass
15 I Effigt Gsrnmrﬁer%@d fre ﬂr@shqumlqohasehwbithy’d ‘daae remov@Dalpedyceathpressure

n ek Baans bz obhy Bt CcRe: Wik afb il 2 W ave o

t espe@hadowderand pressure readings for about 1 h with
contl nuous feeding of ethylene. The ethyl ene
Igsurrptl on is about 0.02 g. After polynerization,
haolymerzal) nononers are renoved by vacuum vyi el ding
O 4 g of polynmer. The polynmer has Mv. 5650; M. 3220;
and MvTMe pblydterization is performed in an Endeavor (Advantage”” Series

20 3400 Process Chemistry Workstation, made by Argonaut Technologies, Inc.).
The Endeavor contains eight pressure reactor tubes each with individual
temperature, pressure, stirring, and injection controls. The Endeavor is placed
in a glove box for manual manipulations and an inert atmosphere of nitrogen. A
pre-programmed computer monitors and collects data on pressure, temperature,

25  ethylene consumption in each reactor tube as a function of the reaction time.

A reactor tube (10 mL) is charged with n-butyl acrylate (2 mL), allyl
monopropoxylate (2 mL), tri-isobuty! aluminum (0.1 mL, 1.0 M hexane solution),
MAO (0.08 mL, 1.0 M toluene solution), and the catalyst complex (0.2 mL, 1.0
mg/ml toluene solution). The reactor tube is then sealed. The reactor is

30 pressured with ethylene to 400 psig and heated to 100°C. The polymerization
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5 EXAMPLE2 Copol yneri zation of Ethyl ene, n-Butyl

Acryl ate, and Hydroxyethyl Acrylate with Iron(l I8)AUGUST 2006
wd.2®@5B66262- Mesi tyl i mi no)i soi ndol i ne Conpl ex aneciVes2004/040677

Activator 10 The general procedure of Exanpl e 1 is

foll owed. A reactor tu

St heee EPRIBRTeNJ0d (IbeRkS | TRAargs dob q8Ukh h with
t réorfﬂﬁ@@dt’é Yéedn@ﬁ Bf”em%'érﬂeo Thgteth)ue@e Moh@%ﬁ?’ﬁ%n is about 0.02 g.

solution), MAO (O 1.0 Mtol uene ion), and
h‘éfthgchrpgmza@@nﬁhg)un(qgcteq-,qgonqmgrwprfpmpg%gy,é{acuum yielding

506 thor oy THe fﬁfyrﬁér Hééh\ﬂwy?eséd“kﬁh seabeshd Wiavin: 1.75.

reac |s pressu with et ene to 400 psig 15 and

5 heated to 1000C. The pol yneri zation continues at these
tenperature and pressure ' for about 1 h with
conti nuous feeding of et hyg)g'ﬂgpng‘%e et hyl ene

consunption is about 0.2 g. After nmeri zati on,
(it oCt GopolyresBian iy SheuE By AGaIa Oy YEraIREY

2.2 g of po EFgﬂl} of
n- Butyl Acr y eé z&vﬁﬁq)r Mpﬁlsg%r opotl}fﬁgt ég@mﬁdoﬁﬁe
lron(ll) 1,3- Bis(2- U@mrﬂ@t amd Napi/stivaigol i ne Conpl ex
and Mao Activator The general procedure of Exanple |

oS follgye acgenébr‘alr&?géd%{ %‘F*E?FKT%% i follb\ﬁlegh@rrgﬂor‘"ﬂubg (10 mL)

n- but yl ylate nmonopr opoxyl ate (2
t rischacgeet with naBity lagriate ? @U- )1hydroxyetiny! Rriviatase mL), tri-isobutyl

so 0} d
Ly e 5 B3 gy P50 L1 oW
sod;olmmm)) and ltiee catalyst ommplebe(OQsmLhérO S\gémle’@]ueﬁh@olutlon) The
react ontents are heated to 1 O :
pore;?ﬁg’nr t@%‘? IS tﬁegéﬁ?leﬂue eJEatiar & ?gg%ngg heStPYgRR fr 00 psig
15 f oinddheaked o MOOAS .t eThe polyyeizhtt@at tatinutb et theseaemnperature and
LS SR Sy W sk 9 S e
PCthieRe04bR4Rfption BXAMRIUE40.2 .  After polymerization, unreacted

monomers are removed by vacuum, yielding 2.2 g of polymer.

20 EXAMPLE 3

Copolymerization of n-Butyl Acrylate and Allyl Monopropoxylate with Iron(ll) 1,3-
Bis(2-Mesitylimino)isoindoline Complex and Mao Activator

The general procedure of Example 1 is followed. A reactor tube (10 mL)

is charged with n-butyl acrylate (2 mL), allyl monopropoxylate (2 mL), tri-isobutyl

25 aluminum (0.1 mL, 1.0 M hexane solution), MAO (0.08 mL, 1.0 M toluene
solution), and the catalyst complex (0.2 mL, 1.0 mg/ml toluene solution). The
reactor tube is then sealed. The reactor contents are heated to 100°C.  The
polymerization continues at this temperature reading for about 1 h. After
polymerization, the unreacted monomers are removed by vacuum, yielding 2.1 g

30  of polymer.

14



Copol yneri zati on of n-Butyl Acrylate and Hydroxyeth
acrylate with Iron(ll) 1,3- % L}eUST2006

w®Bk@bBedyksi t yl i mi no)i soi ndol i ne Conpl ex and MaBCT/US2004/040677
Activator The general procedure of Exanple 1 is

foll owed. A reactor tube ( is charged with
n-butyl acrylate (2 niL), rﬁ}&"\ﬂ?;gt“hy acrylate (2 nmQ
tri-isobutyl aluminum (0.1 nL, 1.0 M hexane
solodpbRimerizén ¢ith-BBtynAcrylkle bhd of um?ethylddn;ttat@nmth edve{l1) 1,3-

the catalyst co
sol ution).B ) '?%MnF'QE{HQ?S'SPWH@“r?esCP"ﬁ'g%X%‘QI'@ tr‘l\@"‘or

reactor contents are heated to 100'C. The
pol ynermeagemalomotedwesf Eb(atnbieﬂ iefgewsd uAeeaufzadﬁubg (1o mL)

5 roRGRBREC N Peo) aeisge YRty o oielhgonaie § R, Fisobuty

poéIMmﬁ{um RMIVF%LLE& 0 Gapmexamer saafidron MXo Bblng ene, 1.0 M toluene
Styrene, and Al Monopr op oxgate with 1ron( II

1 sszltsm),zawé;&hq Wtawﬁh@emelema |mhe1@owsrr@'xt0mewtlon) The
ACrte'atét%’r 3ubeT|'%ethGﬁ REERY. pfr%cﬁe%fo@ c%ﬁteﬁl‘sagffé' Kedted S0 100°C.  The

foll A reactor tube (10 m-) is charged with
stmlm@rl;agiomyont@ue%at@m@er@p@g%r@tr@agmg r about 1 h. After

trisi )

o LR FERE R TR obRly o S0P wedng 34
t hef pdyraéryst conplex (0.2 ni, 1.0 nglm tol uene
solution). The 20 reactor tube is then seal ed. The
reactor is pressured with ethylene to 400 psig and
heated to 1000C. The pol yrBXAMBLEd&N conti nues at these
terrperature and pressure readi ngs for about | h with

%Jeﬁnog)?ﬁgﬁéa%%ﬂ I‘Blie@%t %Wrgﬁee fatny}lﬁlgoﬁéﬁéér?gg%yilagﬁ _witthhlgon(ll)

15 unr eacted,3 Em(mmsﬁylmmo)Immoede Bpmpaeuamd Mab ativaigr
0.23 g of polyner. 25 EXAMPLE6 Copol ynerization of

St te. M
S i B RPN £ N kbl e 0
Acii visdrged Thith geiyrenal (2p i e dillyle monoBscpopylatel (2 sml), tri-isobutyl

;%)L&m@d 2(A aLCt tube 8@% %)38@(?2(6@) grﬁ_d V\btl\lﬂ toluene

t r $olirtsam) U iyd thelcﬁalyst complex (0.2 mL, 1.0 mg/ml toluene solution). The

20 reactor tube is then sealed. The reactor is pressured with ethylene to 400 psig

and heated to 100°C. The polymerization continues at these temperature and

pressure readings for about 1 h with continuous feeding of ethylene. The

ethylene consumption is about 0.01 g. After polymerization, the unreacted
monomers are removed by vacuum, yielding 0.23 g of polymer.

25
EXAMPLE 6

Copolymerization of Styrene and Allyl Monopropoxylate with Iron(ll) 1,3-Bis(2-
Mesitylimino)isoindoline Complex and Mao Activator

The general procedure of Example 1 is followed. A reactor tube (10 mL)

30 is charged with styrene (2 mL), allyl monopropoxylate (2 mL), fri-isobutyl

15



8 AUGUST 2006 WO 2016/ 06622n PMUS2004/ 040677 al
(0.1 L, 1.0 M hexane sol ution), MAO (0.08 nL, 1%&%@”006

wo edos@er2s sol ution), and the catal yst (0.2 ni, pdr/0s2004/040677

15

20

25

30

ng/m t ol uene soI ution). The reactor tube is then

| d T t ent h 1000C. T
D CRYREIT 51 oM Lo M B le S aEr) o H 4D e Meealid i toluene
f%mmhl)lt add lthe %b%t f0.pahy M0 m@tmpmuetnbesdﬂmtroﬁe@ctﬁﬁb reactor

nononersS are renoved by vacuum vyielding 0

of
poﬂU9%l§ therasgaled. 7 B’c\%dﬁ%tehc@atqr% %% hﬁaltﬁﬂé e1oo° The
| rion %rﬂe 'Z%'BW @drﬁma\%j oft ﬂh}Q terfp é@ﬂf?@ﬁ%ﬁ@lﬁ?zﬁl f@)?eab@utt h1 h After

Bi s(2-pyrid |mno)|50|ndo
an@blumerlzaﬂpnmawnrmw Wﬂomeéqaanealerr@wed\b.‘l(yecmm yleldmg 01g
ro om flask equi pped with a nitrogen inlet and

Mbdor??ﬂ%#nal fritted-glass filter is charged with
pht halimde (2.94 g, 20.0 mol) and 15 ethyl acetate
(50 mMQ 2-Am nopyridine (3.77 g, 40.0 mmol, 2.1 eq.)
and iron(ll) chloride (2. 34 aupgR0 mMml) are added to
the flask, and the m xture I's stirred under nitrogen
roomte erature for | _h. The mxture is stirred at
room tenp eréFIOGQf)EWylwieemﬁ%@ Agryigie @ad Allyl

recipit 3
0 8 50 b %ﬁﬁp%ﬁ?ﬁﬂwﬁ B SRy ST R e et
1 h. 20 Pol yreri zat i 6anplax sl Mﬁ@'/i\fzta/ﬁt%n procedure of

Exanple | is followed, but the above prepared

c tp of 1S used The ethyl ene consunption is

0. 15 g of polyner is collected. 25 30

16 8 AUGUST 2006 WD 2016/ 06622n PMJS2004/ 040677

A 100-mL round-bottom flask equipped with a nitrogen inlet and an

internal fritted-glass filter is charged with phthalimide (2.94 g, 20.0 mmol) and
ethyl acetate (50 mL). 2-Aminopyridine (3.77 g, 40.0 mmol, 2.1 eq.) and iron(ll)
chloride (2.54 g, 20.0 mmol) are added to the flask, and the mixture is stirred
under nitrogen at room temperature for 1 h. The mixture is stirred at room
temperature for 120 h, yielding a white precipitate. After washing with cold

diethyl ether (3 X 20 mL), the white solids are dried under vacuum for 1 h.

Polymerization

The polymerization procedure of Example 1 is followed, but the above
prepared catalyst complex is used. The ethylene consumption is 0.01 g, and

0.15 g of polymer is collected.

16



EXAMPLE8 Copol yneri zati on of Ethyl ene, n-Butyl
Acryl ate, and Allyl Monopropoxylate with |ron(l I8)AUGUST 2006

wdBr@biosdzee) Conpl ex and MAO Acti vat or Cat al yStPCT/US2004/040677
Preparation 5 An iron(l1) bis(imne) conpl ex i's

prepared accordi ng Exanpl Pat . .

6, 562, 973. A 100-nL round%a{fﬁ“?%hgﬁl ask equi pped wth a
nitrogen inlet and an internal fritted-glass filter

i s copd yﬁﬁﬁ‘|zm|dri‘lof25tﬁyléh@0r$-B)a’tyﬂ3)9‘bWtél eand2AlIROManoprbRoRylate with

nmol ) and et hyl ta

2, 4,6-Trimet h;JTO&‘ﬁlg '%(En'(‘é %Qma X RIHMARNBPIVAT 3 0. )

is added to the stirred solution. 10 Iron(ll) chloride
(lcHalyvet Pleparationol ) is added to the flask, and the

mxture 1Is stirred under nitrogen at roomtenperature

for 42 ctl ture i s t

Sstri ppiAI;hJIan ) gﬁ? s n?Pé%)f 'S RI§HE e(ipﬁgcogé'kg E%g 1 of U.S.
dihr%thwlo 686217 3( 3_01 (DU_)nLi muad@)ﬁdorﬂdlatsh@qp?&eduﬁ aamlorogen inlet
the m xture is 0 was t J esl e. e a
LA BlerairGetoRe dier 1 nargeq mike? sfifap PRdhERZ 00 o
remyedmbp ahd re@rﬁwcefé,@td@é €(5§WﬁE) t lr peghinidieylamties 1a62 g, 26.0

filter. The conpl'ex solids are dried wunder vacuum for
1 WMobe- (Bred isaft‘qd&‘?' to R SHERY $RWYPat i on procedure of
Exarrpl e 1is followed, but the above prepared
10 cat al YSForngHHI&?del 555?3d12 Thenslf Rydoeee t@ﬂ%ﬂuﬁkt Bad thesmixture
0.01 g an mer is coll ehct
P B AN oN AT oga0 Rt Tas TRHPeIRLIAG, oad I HeRRCBory grixture i
17¢ &]céHEa"a{éEE l%pgﬁmp\P@ 39t1§6IQ§rﬁ3%d@ﬂé&d@%@lop@s%@Gﬁold diethyl

process conprising pol ymeri zi ng

t h@thpf &xnde |$)fadged3t@ljlpe gesidue, AndaihecHigire s éﬁﬂegﬁo wash the
( s%{eoﬁ'h? QR s Giitef 136 oL Tn &%QMBQ Srset HRUAY thdn Femoved

mononer selected fromth group consi st ng
15 ofatvradjak:ed Pregsonmthrosgh heynteetah ditter, Rhenwm@l@%e%c%lds e dried

vi n|¥c!er Vg(IDUlﬂ’ﬁ§OIIPﬁ.r eof ;

Polymerization

The polymerization procedure of Example 1 is followed, but the above

prepared catalyst complex is used. The ethylene consumption is 0.01 g and

20 0.17 g of polymer is collected. The polymer has Mw: 6000; and Mn: 2170; and
Mw/Mn: 2.76.

17



(b) a vinyl nononer selected fromthe group consi_st
of vinyl ethers, vinyl esters, and vinyl hali deéAdcﬂ‘%Tm%

w@tookeets one ol ef | n;, (c) a hydr oxy- f unct i onal PODUSIVBL/040677

10

15

20

25

30

sel ected fromthe group consisting of hydroxyalkyl

H{i)\% hydroxyal kyl methacrylates, allylic to
SHA'Y: and al koxyl ated allylic al cohol s, and at
Ieast one al kyl or aryl acrylate or at | east one

alkyl oY pedoglss rminhmrsmg pblgme(iding airhyror prasehoeaifi @r@doup 8-10

PG5t 258 A SEUROT 0B B PRy o RLORAR? I dpeuoh (0

al l'yl'i qa) al ﬁofﬁlﬁklsmcﬁfcbﬂwew é’élé&tb@tﬁi&natrieylgrdupalconhg’llrﬁg of vinyl
at | east one al

ar ar 15 | at
Kyt or ar grOTRIRaRRY eSS, I SaeTs. caghpal BEderRor

(e) a hydr oxyrdw Hﬁnbﬁfé@lsel%‘l%@rfﬁfm 8 @ﬁbﬁ@oﬁéé?ﬁﬁgt &¥esinyl ethers,
group consi sti ng roxyal acr

hydr oxyal klenM'eQEl’li%fér @zmt}e/\wé%' haélﬂﬁ:lainé atiﬂaébﬂ%@ glefigng
al koxylaf ed m}JdYénxg/Cfuﬁétfb‘Pl??bﬁnoﬁ‘]%g sBleclega®dmans ng)Lm’!:onSIstmg

20 arondti c dr oxy-functi onal
monomer sel o€t bydrbxyat hacryladrip @Mﬁ@%&é@'mg mefhacrylates, allylic

hydr oxyal kyl, oﬁﬁ{ﬂé' glkomgtreﬁlxa){l l’ué%'c?ﬁ'a]&l g a?{ Egﬁs%ne alkyl or

allylic al &g
at | east onerWiam;yIate ar aﬂaastconemlkydrer arvameéthacrylaigst one

ol efin. N E

compl o9has & WETGuRLAGTT| fooblfe keSS o dfaue cqpeistng

:s a OIGrouio Bf 1Bydrat<y§dlkylLabrsllamqoolhydmyalhyll onetbaalates, allylic
i gand sel ec rom inines);

is alabile f‘ﬁoggﬁdan%ﬁ oﬁyl?%%gq’"ggﬁ 8".‘)3"?@5 tol?as d{?a?%(l or aryl

1. 30 3. Theciylneesat Rastom akyl ovwylehethbciyitarand at least one

I soi ndol | ne Ie\h%and havi ng the general structure: 18 8
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(e)  a hydroxy-functional monomer selected from the group consisting
of hydroxyalkyl acrylates, hydroxyalkyl methacrylates, allylic
alcohols, and alkoxylated allylic alcohols, and at least one vinyl
aromatic monomer; or

(f)  a hydroxy-functional monomer selected from the group consisting
of hydroxyalkyl acrylates, hydroxyalkyl methacrylates, allylic
alcohols, and alkoxylated allylic alcohols, at least one vinyl

aromatic monomer, and at least one olefin.
2. The process of claim 1 wherein the complex has the general structure:
LM(X)n

wherein M is a Group 8-10 metal; L is a polymerization-stable ligand selected
from isoindolines or bis(imines); X is a labile ligand; and n is greater than or

equal to 1.

3. The process of claim 2 wherein L is an isoindoline ligand having the

general structure:

18



NANH NA wherein A and A are the sanme or
different aryl or heteroaryl groups. 4. The procgé%U%L}STzo%
waebmsnsa2svherein A and A' are identical aryl grOUPS2005040677
The process of claim3 wherein A and A are identical
het eroaryl groups. 5 6. The process of claim2 wherein
the Mis Fe and L is a 1, 3-bis(2-
nmesitylimno)isoi ndol i ne omn-aa
1, 3-bi s(2-pyridylimnq)isojndoline. 7. The process of
claiml wherein the ator is selected fromthe
group consisting of | X al' unoxanes, al kyl al um num
compounds, al um nobor® 8, Organoboranes, ionic
borates, and ionic al um nat\es-A'10 8. A pol yner nade by
t hehgreca and df arg thieraame ordiffgeenbany| o1 keteroapt Dgiung. t he
pol ynmer of claim8. 10. A process which conprises
PO} y mer iz [ Nt <
LR SR e f S
selected from the group conS| sting of hydroxyal kyl
achy| at’ &g pPrRgeRsONyAIRYG WhHEeHRO @f 4 ase idgnfigal |h§teigaryl groups.
al cohol s, and al koxylated allylic al cohols, at |east

s ong al kifle PFocky | ofaglaih &t vHaeint thel RRS Fenanal kys r1 ,3-bis(2-
aryl methacryl ate, opti onall@%{pa vi nyl aromatic

nomsﬁlﬁﬂlml@m@omlstm%ﬁw (1\3-Ris YI'@lylékaIPBfch"th“ff The
process of claim 10 wherein the hydroxy-functiona
NDPONBITHeS proe8s<$ 6t Bidinh MONhérBR BieCAtRivaRn s §éléd5t@d Gfom the group
hydr oxy ethyl acryl ate, hydroxypropyl 20 aM at
hy@nr@i@yég 1| allgh apexaAngee al kM@M&Wr%WOW% akimjneRasonates,
hyﬁ@@m@éﬁ 5. @&{.abeﬁa@es Brd iy Bukiategt hacryl at e,
met hal Tyl aIcohoI propoxyl ated ally]
al cohol , and ethoxylated al | aIcohoI 12. The
10 prdcesd BPIYRIERMAEPWIAE PETGES t° Fa{- one of the al kyl
or aryl acrylate, or the alkyl or aryl nethacrylate,

| sgsel exi gdicler mprizthgdhe pelyewhf slaimg. of n-butyl 25
acrylate, n-butyl nmethacrylate, 2-ethylhexyl acrylate,

2- %.hy[,&]%)r%/cesgev&hrl]c gmgﬁsees po ymgrlz'?‘ng, mThe preb:sence of a Group 8-
10 metal complex and an activator, a hydroxy-functional monomer selected from
the group consisting of hydroxyalkyl acrylates, hydroxyalkyl methacrylates, allylic

15 alcohols, and alkoxylated allylic alcohols, at least one alkyl or aryl acrylate or at
least one alkyl or aryl methacrylate, optionally a vinyl aromatic monomer, and

optionally a Cy.1g a-olefin.

11.  The process of claim 10 wherein the hydroxy-functional monomer is
selected from the group consisting of hydroxyethyl acrylate, hydroxypropyl

20 acrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, hydroxybutyl
acrylate, hydroxybutyl methacrylate, allyl alcohol, methallyl alcohol, propoxylated
allyl alcohol, and ethoxylated allyl alcohol.

12. The process of claim 10 wherein at least one of the alkyl or aryl acrylate,
or the alkyl or aryl methacrylate, is selected from the group consisting of n-butyl
25  acrylate, n-butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate,

19



WO 2005/ 066225 PCTI US2004/ 040677 net hyl acryl ate,
nmet hyl nethacrylate, t-butyl acrylate, t-butyl 8 AUGUST 2006

worziobaenyd at e, i so- butyl acrylate, iso-butyl pCT/US2004/040677
nmet hacryl ate, iso-bornyl acryl ate and i so-bornyl

met h The S n_th

ny o) S ikie: DR HBAHERaRS Bl oY BBt Bob e, o

anputyheacnyliie morhutyit enatiiaorgateacisyibateyl i acnylaiet \ind  iso-bornyl
[ﬁll ate or n- butyl nethacrylate. 14. The process of

cl Wethett #fier ei n the vinyl aromatic rmononer is

sel ected fromthe group consisting of styrene,

u 18Et Mte ptdﬁeemef clpitme Diwtersih the hgdroapdurztiohalbubydmer is allyl

rene. io The process of claim 10 wherej he
5 o BoBPPiRRP/IEE At B ARG ACOHEE 6F SN RURE ST pE bR ate or n-
et Bﬂ(tyﬁﬂ@tha@fwmw ene, 1-butene, 1-pentene, 1-hexene,
and oct ene 16. The process of claim10 V\,her e| n the

| a nsi tion tal es Fe and

23001 T hiicREs BT iBiny D MRerdio i TPy SGats rider s setected
pyfrbﬁkythé Gro\D ESridhpg!df l?s@yréheg @Dﬂeth@rn&yf@ﬂ@f pimethiiestyrene, and p-
activator is an al kyl alunbxane. 15 17. A pol yner

matleuty\styeBepr ocess” of claim 10. 18, An article
conprising the polyner of claim10. 19. A process

10 Whitgh Cﬂ@gf&@?;s B kMR rMioziviérein' thetd 6leBh 65 eBleetedf frem the group
Group nmetal conplex and an activator, at |eas

on%oﬂﬁ'ﬁ’W]IE Oéﬁ"é/ﬂer@nﬂr%y'qnéaﬁﬁu@ﬁ‘@ tPenipneg] BEEENG. a”§o1 -octene.
20. The process of claim 19 wherein the vinyl ester is

VI mal ?r@céﬁ%dof Reaim- 10I\ﬁrﬁ¢reml fﬁwé%tléﬂé' ﬁa@sltl&i métal complex
e t he process of

An
arwraprése@on%@. %nflg @ hd %@ﬁg?n@feswm&%smnéqlmezsor A8 1,3-bis(2-

Bﬁﬁ%ﬁm\’mj )ieBinBORRY liga®a, &m:l Mﬁ@r%lrmzﬂhﬁ%ctlw’tort BnPAIRS 8fifoxane.
- 25 10 metal conplex and an activator,

h ydr oxy- functl onal nononer sel ected from the group
15 COil'Igl stARE yﬂﬁrﬁ@&ﬁ%@éﬁltglel&/q’ceééloypléfr@§ hydr oxyal kyl
nmet hacryl ates, allylic 20 8 AUGUST 2006
18.  An article comprising the polymer of claim 10.

19. A process which comprises polymerizing, in the presence of a Group 8-
10 metal complex and an activator, at least one vinyl ester and at least one Cg.4o

a-olefin.

20 20. The process of claim 19 wherein the vinyl ester is vinyl acetate and the a-
olefin is ethylene.

21. A polymer made by the process of claim 19.
22.  An article comprising the polymer of claim 21.

23. A process which comprises polymerizing, in the presence of a Group 8-
25 10 metal complex and an activator, a hydroxy-functional monomer selected from

the group consisting of hydroxyalkyl acrylates, hydroxyalkyl methacrylates, allylic

20
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al koxyl ated allylic al cohols, at |east one vinyl 8 AUGUST 2006
w@rmsmé62es nononer, and optionally at | east onBCRuSmM04/040677

a-olefin. 24. The process of claim 23 wherein the

vinyl, aromag i | S_,styren and t he .

nyareage ralit ek Ehylsca Sondis it el one i aremgicmpnomer,
cofrsd spionallpki lebstedrieyt, @basidfr., net hal [yl al cohol ,

al koxyl ated al |l y[ al cohol, and al koxyl ated nethallyl

al cohol. 25, A e by the.process. of claim
SR e roghel Bt YA RIIErRY PRORLAMRRImoGpdefe styrene
25and #e hydroxy-functional monomer is selected from the group consisting of

5 allyl alcohol, methallyl alcohol, alkoxylated allyl alcohol, and alkoxylated

methallyl alcohol.
25. A polymer made by the process of claim 23.

26.  An article comprising the polymer of claim 25.
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