005/066225 A1 |00 0 0 0 0 0 O 0O

Title:
UNSATURATED MONOMVERS Abstract:

LT MC POLYMERI ZATI ON OF

A process for

pol ymeri zi ng unsaturated nononers is disclosed. The
(120 NOEBS STIOBAR APPS EGATIPON BURRISHEDADER MHE REING SOOEERATOON BREATY (PCT)

|ate transition netal
Uns Aokl ahRibciRNRB:§ Whi chg
whi ch El)_’rgarﬂ)éﬁdmlsi vely, i

catal yst (LTMO),
g traditionally,

of
some of

I FYRE G S

AE32s such as no tree

a vane"

“adhealatisrRFPUbiGtiaNDat@ar r ow rml ecul arn10veitehitional Publication Number

di 81 JilpR005021.00MMBO05/ 0662PC PCT/ US20W (D AUUS/066E25 Al
___ POLYMERI ZATI ON OF UNSATURATED MONOMERS FIELD OF THE

(51) 1o NMENTI el Z1addi@atiby €NtisP 170! Als®SDLibhatt® SMEELAZAH-RRe licated, for every

21206 at4wn,atead, 2ngocenesos. Mor e

par t i iedb@tidoysl po®@on available): AE, AG, AL, AM,

invention relates to pol yneri zat i ShAQAZ BASE: BE 8REW, BY, BZ, CA, CH, CN,

(21) Iwm@plicaﬁon Number:
PCT/US2004/040677

(22) International Filing Date: 3 December 2004 (03.12.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/748,582 30 December 2003 (30.12.2003) US
(71) Applicant: EQUISTAR CHEMICALS, LP [US/US];
One Houston Center, 1221 McKinney Street, Houston, TX

77010 (US).

(72) Inventors: LIU, Jia-Chu; 9643 Sparrow Place, Mason,
OH 45040 (US). GUO, Shao-Hua; 316 Horizon Court,
Exton, PA 19341 (US).

(74) Agents: GUO, Shao-Hua et al.; Lyondell Chemical Com-
pany, 3801 West Chester Pike, Newtown Square, PA 19073
Us).

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ,UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, S1, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: LTMC POLYMERIZATION OF UNSATURATED MONOMERS

stract: A process for polymerizing unsaturated monomers is disclosed. The process comprises polymerizing, in the presence
N(57)Abt t: Ap for polymerizing d is disclosed. The p prises polymerizing, in the p

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.



with late transition netal catalysts (LTM).
BACKGROUND OF THE | NVENTI ON 10 Chai n pol yneri zati on of

wolnsdber2as ed nononers can be divided i nto freepcT/us2004/040677

10

15

20

25

30

radi cal, ionic, and coordi nation polynerizations.

I onic polynerization includes anionic and cationic
pol yneri zati ons. Cationic polynerization is usually
initiated by the Lewis acids such as BF3.

Pol yi sobUTWMCEPBLYMEBRSZATION OF SNSAEURATEDYMONDIIERSNt
pol ymer made by the cationic polynerization. Anionic
pol ynerization 1s is usually initiated by

al kyl l'ithiunms such agEPPRYETHEMNENTION C

pol yneri zations are devoid of any termnation

reacti and t he re th s called "liv

pol o s ARYSHION Edlo oM E2gon PhEPraiiesh Miaagmessy More

artitRidriye #hd meaﬁon tr8Iafe¥oR pelyierigatRnt OMBRSatGEd dfonomers
S S (styrene-but anedi ene- st,i[rene bl ock copol yners).
2

av'@datedrmtioaﬁnﬂal AtRYsIEdLIMR)I ncl udes the

Ziegler-Natta polynerization and the netall ocene or
single-site polynerization. The Ziegler-Natta

pol yrreri zati on i SASFEBOMND @Rt HHEZINYBNTENor ti tani um
salts, such as TiCl4, Zrd 4, and VCl 4, as catalysts

and al @h'amabél%aﬁfﬁtf%ﬂW%H%g&rat%hlq{’ioﬁnéﬂs'd!a‘ﬁtlfﬂé’ Wivided into free
al um num as cocatal ysts. Metallocene catal yst was

diradiegle iasic, AndkegArdisRion polymargatiang: | {pniopolygIefization includes
(L:J;aatﬁminp @Bnd Na'ﬁonlé" pél%ﬁel?iéé‘tlo"f‘\gd chtidait, p%%ﬁﬁerlz%&ﬁ'é ﬁﬁ%ﬂﬁgtiated

nprises a transition net conpl ex _
oy ﬂme lmwne aupLSC$Lmbem &ﬁeen‘%lyl@@waBh@dHH@ﬁr lerthe kgmrhercially
yAR - C ip t L
2B PRL 17 o M DOt PABOBE Y frerzaton
orh$ ysda;liymgtlaéd bpcalllgymﬁnumatsudm as ntByjLi.aiany Iaeroeﬁmp@ymhé;ations
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P nglﬁgﬂ%igé_i?\lgfg Rasdnic ﬁ&ﬂﬁ’déruza%Zﬁé@/l@@GﬁZme creation of
Anon t t

£ ARSI GBS | SR 6 PEO RelRBb L Sligge block

Irtobb mepd)yner industry. Commnly used free radical
|n|t|ators i ncl ude peroxides, azo conpounds, and

persulfate Unli ke ionic ini

Cat ol y SOOTRAER PERTIerEeart thadisa Mo dir g FioNEs fitygization

Mingt Uhe AmstalfodeABUIOr t Binleesite e@ﬂym@ﬂzaﬁ}éﬁt enghef raggler-Natta

radi cal polynerization can readily tolerate
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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m)nlomars Thus, free radical pol ymari zations are

exc u3|vel for makin I OX I|c r.esi.n

pol yacf¥1 EEI ga'“o‘?%\fm%”z&gﬂ}%/df éﬁ’lﬁa@ @er%:?]t@nnlgﬁ@e most
ol igdly ds‘édf ANl POIFneP MAUFRYS . Cohitesnly el after 1RAEH , initiators
ol efin polynerization catalysts that . ncglhﬁl?(rate

t inghede PEPXifSEaRZ0 CRRPAHNGS: I%ﬂq pe/sulTaieek Sr'o%'BHB&'?SorS or
a%ﬁo%e{%n%a@éwé& W\ldh‘ ﬂa@ﬂﬁlé redtféted RlohGHiIBh$ €831 hs Mdisture and

been 1 nvesti ed. These |late transiti on netal
camalitytfeee (qamm) syptemst freatradisst pelygLiztionyFAN I&adiindolerate

eandivy, et(aat?@' ﬁﬁ*%} aorBti loﬂﬁﬁ’t;&? ré@cé' Eglpl%%nzatlon can

cata can I nc rpo acry ate
cmoteramamrmtuomlanoqualsgfﬂn as hy@@e(ylucabopm and\g&ino monomers.

rregdf”'a?igcab @%gﬁnéégt onPWRY %rxclugik}ﬁlyLJ%a 'fcg maklng hydroxyl

So6rdr hation cata
Stactqylcor'eslm'lél\/[bdﬁwr&d@elacidL nmleim}acnylmlcafpownms ata@d many other
atl ons. No prior art discloses the use of

L%W%?r{'f% H’ﬁe{Wﬁ@ hydroxyl acrylic resins, styrene-allyl
20 al cohol copol yners, and many other inportant
funct i @ade thellzteera®0s Nolefim |poiyrrmmnzatlcm sathlystsghatiscerperate late

oﬁ'rants n&gé@#hésg?c%lreﬁ)rﬁ IJ:%(IJ nggar g%ﬁ?tgHé g)tlnjﬂ(g L?B fﬁ%rﬁ;gands

f gt@ﬁ::]tglié(g‘:wmléﬁ)"pﬁémerz mtveglrgatédieTlhésM)Idhayanghemmetal catalysts

D i e ek BB e AR Bl RSB GEnes o

glgzt#?ggrei Y:rﬂ‘g Sthéng'll'l\t]'dJe%arTf mdrérpdrbl% éfkaadetet poovhdmers into
oduc

Do, S S Bat e B ReB A SR BB L Lo Y g

hi gh pressure polynerization. It avoids the use of

e><|OI OSiyvaer aé dwcors @h@.d@mmwweds coEmluSatloh hetdlyEtand thus
nerlzatlon prov

CGudrn A3 Bas been MY do e T g SoNAE Eatians. o prior ar
r afii G&dest BRNNGE O&YLT@CVQrleéﬁ{nQGﬁ&RBXWGHrMEZ Qa%#{sol’dﬁﬁér'n’e allyl

In summary, it is apparently inportant to exgl ore

usaicajfol wmiym@fs eRd Masy| qﬁh@rlmsftﬁehfuaﬁt'qrﬁépfeﬂ @sf%r'é{? QHOF act
cﬂ@é@&% i ﬁ%uy v @ef‘éptlfer ?gyh'eﬁﬂiﬂdny@f urz@fRaetl Mbhéhers in

have been exc i zed free radical
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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‘ alsﬁﬂﬂCF

tr?;si ti gn malt al catalyst (LTMC). The LTMC conprises

a oup 10 | ate transi net C d

act i vangummarygif i EB?ﬁfP'éé&' 'm%aﬂgéé’ m@egﬁ?rgg%ﬁg&“ﬂc for the

V‘@PI?EeﬁQ&‘MH oF tRe Qrﬂﬁﬁlr&eéOmﬁﬁémbrsamhlchaha{/@a&tenotﬂ@dltlonally
meri zati on-stab i gand whi ch remains bound

themﬁethfI witioh i hgve h@e@@)u%@UﬁVeWhep%‘MWﬁé@ Z8Y | E;ﬁe radical

n%&gﬁ]%ffzatyh% process includes polynerizing one of the
mer groups (a) through (f): (a) a vinyl nononer
sel ected fromthe group consisting of vinyl 15

aromat | s, Vinyl ey OTHESNIERTIGD viny

hal i des; (b) a vinyl nononer selecte omthe group
consi sting of vinyl ethers, vinyl esters, and vinyl

hal i defhe progess  dfedke @M@nttﬂnefqomprl@@§ golymerizing Minsaturated
hydr Q n r f I

AR R BT B S h el Lo, Tre
e Ve Wm@tleas aaBrtqapu 831 0 éate dmrsélon an@tahpmwkaﬁtr@oﬁn activator.

(lic Iqoho S

aﬁyy F%'i“@ O%ermg?n %(?rﬁ Bne aﬂrﬁ{% gﬂéei £Gr8i/b-10 metal and
mélt fn@éTdtt ﬁdr%aat @olyﬁﬁ)rlzatldry@tablmyhg‘adeWhmhaﬂemmmmlbeldnd to the metal
sel ecte rom-t conpsi sting of hydroxyal kyl
abradico kPt doRrer AR h SR es. al 1yl (¢

al cohol s, and al koxyl ated allylic alcohols at | east

one al Wé protess ymclladzasybalymeozlngt ohe aaft tr@nmcmonw gioups (a)

mtlé]og Baz%ﬂag\tqlgyl rﬁglﬂq{ﬁt@r scglg?tggf)@cgnf he Lél%Hg c,(o%)smﬂng of vinyl

C%&h§ﬁ¢§1 Wil therBy dingk yefeky | arat vinyhhabdeshydy axylaylkmonomer
methacqqylates al | I|c | co al.ko

apnaRboRuRarosng BRG0 S1ERG: VY St vyt haices,
£ o n&[LIea@f oh& ) oléfin; NP RoMyeTbX2 ﬁl‘hbﬁmﬁl mBMmon@ET saledted tfen the

roup consisting of h xyal k
h;gmqamycansaytmm@f ﬁwém@kﬁswﬂﬁ?/ iy @e{%ﬁev ates, allylic
| 268 é”HkA Idtéd 8@!16%%!3 %hd'a@@éést QRne a\rkyﬂ)bt/\gryl acrylate

romati ¢ nonone | east one ol efin.

2]@r1&)t5|§366|62a6 aﬂwwou ) mponstTaOGS: BRTA fmit@@ésmowi gagnomer
ele%?ed WW fhg\lgroup consisting of hydroxyalkyl acrylates, hydroxyalkyl
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.



The process of the invention is polynerizing
unsaturated nononers with a late transition netal
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transition netal conplex and an activator. Suitable

LTMC i ncl ude_t hose_ known t t I red late
transition nBEIAl %%‘Eﬁmcﬁg%éwﬁﬁ@ ructure:

LM X)" The Mis a Goup 8-10 late transition netal.

Pr ef ergid rocbggaOMHesme@itbﬁhgﬂolyfﬂeunmghmsgmnaatpd monomers with

o et el oSt DVCT s ORe SRIPESL G F10 ate

' ﬁaﬁs@éﬂ ER] | icoAHpI SNard aﬁ|a@t|\}dtcslﬂrlshltalBle LTMC include those known
neri zation-stable ligand,” we nean that the

Ilrg’fiiﬁ@ﬁrerral ns bound to the metal during the course of
the polynerization process. Preferably, the L is an

i soi ndplléfﬁ?ecpllét@!réﬁélﬁﬂrﬂﬂ)etal Shthplaké£havd thgapasraksacture:
i nclude those taught by U S. Pat. Nos. 5,714,556 is

and 6, 620, 759. The Xis a IabL}YﬁXi igand. By "labile
ligand," we nean that the lig easily

di spl aceabl e during the polynerization. Preferably, L

i's i ndepemeR GyoupS&hedétedrahsmnm Malgrmaierahﬂmsthsi\/l isgelected

of hydrogen and hali

| figarine, 9To4p Goiasi B0 S CEr o éngh e Nfos® BRtg50u0 tnd g N or Fe.

|w3@gggfé,gg|yl ingangsFencl ude those taught by co-pendi ng
No. 09/947,745, filed on Sept. 6, 2001.

Etr ?Litr %g!g{ |$\|2,?Qol|lﬁ:|$e|m§d clgrl%-%]%bk,ll% g ggg\églgmerlgat%% N§LAL ligand,”
PQ&Q MS2AAAAOHREHANYemalR Fourd @ thatraetal dosihd trencomsalof the
l'ex, the hydrogen of

the N-H group, nmay be remmved
t @ orarization Brmcés%oﬁiﬁf?@m%ef‘ﬁée'ﬁ aﬂH%""ﬁ‘?'Q“PSé’é??'SzS'HH%he
late transition netal. Optionally, the aromatic ring

hy dr ogeqitaHie Tsligdinds kescaipeee tisdseuatigiiteoyald 5. Pat. Nos. 5,714,556
[ ndependent I y substituted. Suitable ring substitute

greed 62 vy

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



5 al kyl, aryl, aral kyl, alkylaryl, silyl, hal ogen,
al koxy, aryloxy, siloxy, nitro, dialkyl amno, diary)

wamiosoe@eoups, and the like. Ais an aryl or apCT/US2004/040677
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heteroaryl group. Wien Ais aryl, it pr eferably is
phenyl - or al kyl -substitut ed such th I{)E]enm Fli
oWrzen4f06mtr\9| %réqtﬁﬁwa\@ﬁ@ﬁwm%ﬂ RBPEYH ?"e RIPTAC group
a5 2k ko%dt td ﬁ)nﬁﬁrﬁrﬁ %rﬁ@'bﬁn@in%ﬂéhﬂé’én the ﬁmfoggh dindyihe late
4 pyrim razin I m da

2trah$|’a<zro|ngatal oppjgoa,ad Z@mgﬂaromﬁfgz gpgmygmeﬁezftgma?g,Fhe above
grsﬁg%a qﬁ@qng efnﬁéﬁﬂhélﬁ)os‘?ﬁd? d. 'S'uﬂ&’@e g duBsfitute groups include

enzo I azol - benzi m dazol yl
galkyp. arﬁ aealkyb xalkpart, ysilyls dmrah:@@m ﬂU;‘QX}ap?jhé'QW lfé'PESW nitso\ngjalkyl

2016/ 06 11677 NH NH NH NH 6 WO
26%’?%@%2@@“@@)9%%0%%8%%7 Sui t abl e bi s(| m ne)

I i gands i nclude those taught by U S. Pat

5, 866, A68an anyltoabl heterosp gfawp) WheaAds arvich Bfféerlaﬁb(éé phenyl-

haV' W&Aﬁ%lﬂoé ﬁﬁe%ﬁ glﬁtaa L M% Tp%enﬁ &R 334 B%rlm\eﬂ‘ﬁﬁp%eﬁyl‘l@ mesityl).

eac nd€pendent
hWiﬁéﬁ:w iByheteroasylibis tis pmfedablmgfuyodﬂr awyrlmlwlaﬁtpympldmyl 2-

eSSl e ey e

arcanhydr fead byl @feerotings, oas uibs i Qutaendthyydﬂmmmlaanb'l or 2-
t esaraponh ftivedu kY fendy A REingp SBRGH e



(CR6 N-C-R6 15 R 5 is hydrocarbyl or substituted
hydrocarbyl, and R6 is hydrogen, hydrocarbyl or

W(Snlh»s/()dsdznﬂ ed hydrocarbyl, or R6 and R6 taken tpPgBUS®N4/040677
forma ring. RO is hydrocarbyl or substituted

hydrocarbyl, and R8 hydr ogen, substituted [
hydr ocar byl or hyd byl, or RO and ' \N J
together forma pin ach R7 is ¢ndependently
hydr ogen, rtut ed hydrocar byl or bcaxfyl , or
two of R 7 Bn together form a Yis 2 or

I i gands i ncl? Ne=
i @ debis (i m nes)%and @
2 6 di acyl pyri di nebi nes), which are taught)-¢.g.,
by U S Pat. No. 5/955,555. 25 Suitable bis(imne)
I i gands al so i nclude acenapht hene bis-N N - 2 6-

di i sopropyl phenyl )i myhes, which are taught
U S. Pat. No. 6,127,497 Suitable acti de
al unoxane and al Ia num conpounds. / Exaﬁp

sui tabl e aluhg e conpounds i nc methy| alunoxane
(MAO), 7 @ 38622n PCT/ US2004/ 40677 pol yneric
MAO ( PMAO) ; alunoxane, d||$00utyP\aIungane and

the Iike. Exanpl S ui tabl e alkyla
conmpounds i ncl ude t¥{ et Ryl al um num dleth num
chloride, trimethyla f num triisobutyl un1 and

the like. Suitable al unoxane conpounds also |nclude
those that are nodified. Methods 5 for the

nodi fi cati on of al unoxaanes are known. For ance,
U S. Pat. No. 4,% 40]lt eaches t he nndlfugat on of
al unoxanes with agtiv dr ogen- cont ai ny ngxeonpounds

such as et e gl ycol. U S Pat ~Ne, 6 340,771
t eaches nod ng MAO wi t h sugar ke Nisweet " MAO,
Al so, U. S 3 ‘ 5,543,377 tea fodi f

al unoxanes wi th ketoalqhols and (3-di kefongs:
Sui t abl e actlvatoré\ﬁi;§ i nclude acid salts\th
cont ai n non-nucl eophi ani ons. These co

general ly consist of bulky |igands attached to boron

or alum num Exanples include lithium
t et raki s( pent af | uor ophenyl ) bor at e,



lithiumtetrakis-(pentafluorophenyl) alum nate,
anilinium tetraki s(pentafl uorophenyl)borate, and the

wo 2dosneck2s Sui t abl e activators further include pCT/US2004/040677
or ganobor anes, which are conpounds of boron and one

or nore al kyl, ary or aral k g t.abl
organdﬁdﬁ@ﬁb§m3@ﬁﬁﬁhd@a§@%§9ﬂ¥9?e@mﬁgdﬁﬁﬁgt lf&tedat No.
tEi an e hirkfude those having the general
t??g%géhtafﬁ%%%%gﬁ sgfm@%rgr@%%trlphenylborane J 9
t struaturect yl bor ane, and the like. Suitable
or ganoborane activators are described in U S. Pat.
Nos. 5,153,157, 20 5,198,401, and 5,241, 025. Suitable
activators al so include al nobor offates, which are
the reaction products of alk aIu nun1conpounds and
or ganoboroni c aci ds. These 3%ﬂi rs are described in
U.S. Pat. Nos. 5,414,180 amd 5, 64 \440. The | ate

s transition netal conpleiﬁ—rHe aCtIVﬂP9R1 or both are
optionally 25 supported onto an inorganic solid or
organi ¢ pol ynmer support. Suitable supports include

Sivhefsin  R'uah®#aR*siale ceachl imdepasdemtyg igsiesariyil t ani sybstituted

clays, zeolites, or_the [|ike.. he su r

phedrecatyl t%ea?@% Bhe?rﬁafelaé? 'BREM ﬁﬁ@ ﬁydlrc?% Sl phydrocarbyl,

p%h@étlt&t@d Uﬁﬁiroéé?byreéwcaé artte Réomemttbgéthern aod hydrdcadsylene or
her treatment consists of

dr oxy gwou S
10 hédbﬂﬁ‘glfe@ d"Q?QFQY"-‘rﬂerit@ ™M A&Qupport in a dry
at nosphere at elevated 30 tenperature, preferably

gr eat egyid1sie bdfimite)1198kds iaolddethasetaingrtablggnérabatructure:
about 150C to about 600C, prior to use. A variety of

different chem cal treatnents can be used, including

reaction with organo-al um nupgRr%yagnesi um 8 WO
2016/ 06622n PCT/ USZOO4:éﬁO40f ik crqﬁn or -boron

conmpounds. See, for (?gg\i t he n| sgles descri bed
in US. Pat. No. 621 1. The | nv ti'on includes a
process for polyner|2|ng, in the presence of the

15 ccﬁﬁ? @yplr:%g Xeld ﬁ%m%ﬁp%cﬁhy(f tggéjrbfgl %Fﬁtﬁhq Qen hydr?carbyl or

eBE futedl Hydirobaﬂb?/deér Rﬁhawd IRPetamndtogleﬂtemrfesnt aemrm)f R®
Sur pri si

myawoarw?t B RBsBRET y YORAE 2Rd Ty | r BTl cavbst'tufed

tﬁﬁbk H?dro@é‘r'byk’@r Ready IR? tﬁl@érvmgéthée@orbyahhg Each R’ is
0 résence of anly ol e{ 8 anF 7
mdependently hydrogen substituted hydrocarbyl or hydrocarbyl, or two of R

20 taken together form a ring; nis 2 or 3.

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.

25
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),



Sui tabl e vinyl aromatic nmonomers preferably have a
-CR =CH2 group 1io0 connected to an aromatic group. R

wo soobgétregen or a G to Cio al kyl group. Exanpberusf004/040677
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sui tabl e vinyl aromati c m)nomars are styrene,

a- met hyl st yren Ist butyl s

Crprare P AR:, i B THnRe Chy AL AidoRane. SRE the tice.

eiEQﬁPﬁél@%t by kakaie néﬂkyléiﬁﬁﬁrﬁ?ﬁry %Hbduﬁﬂy rie€léde  triethylaluminum,
rene, et ongIB met hyl st

ddreéwh@w@wméﬁ@”d@htrm%i ShERIm i APV by, andthe like.
t @uft % £ ‘Hﬁﬁéf)(&?‘l‘%ecorﬁ&% Jris ISy ReiLYE 8%se that are modified. Methods

|'or ostyrene ronostyrene, dibronostyrene,
|cﬁcafo’eheyimedépaﬁdmof GUIYPXANES areulfrlour@r oEpyiRsiance, US. Pat. No.

3{9@@40 3te%crhe | H%r%cﬁ ﬂé’%tlﬁbybﬁ%mméanes with agtive I){drogen—

| Lot one vi nyl ant hrace
2conﬂahmhgm:ph1qdmahé$1€s,uch h@ Ieuth@&naagtycnh xt -85 Rate Neof6,340,771

ne is.parti rI e ta

28 i BRG] P bl S RIS up B0 AL o Y ket o
alECB43f137X7t tebEised rlnedﬁyﬂﬁg albxaixpheswibth keﬁoatcabd)le amdrﬁfdjlketones
al kyl ethers are nethyl vinyl ether, ethyl vinyl

CthEr SN SRR o gt 4 Bl BB Senucieopnitc

Vi nyl vinyl
Vidﬂ\}dnset'ﬁ‘r@’se hpunds Igyéhenallwyd)nsasttmrbullwhlgend;@aﬁwhed to boron

Vi ny et her, net h th

> Oét H FTBrﬂHrW % lgghg’lrclu%lﬁ i y{ggrrggﬁ ﬁen‘(éfﬁ% pq}teﬂglpt?orate,
d'llffﬁtﬁtﬂ)" ?m n@@ttdwd pén_taﬂuo&iphlenyl) di et hydlamimedet hyl  anilinium
vin et her mn % et her, benzyl

Vit k'%?ﬁ'étﬁflu‘?réf’?é?@@f’@? %‘ﬁtp?l'@nw et her, axd t he

i ke, and m xtures thereof. Exanples of suitable vinyl

aryl etSthﬂéﬁe ailileatwsnwhhehmﬁwbeeirgm‘rqbovaneysl whihydre compounds

g.tq? %{omrb@rpfgﬁm? rglég{?g aﬁ\yr ﬁ{/ﬁt%%ﬁwmq%%sn eéwts{ﬂl%ﬂganoboranes

anﬁaud’é"yéutﬁhhu@éd arle Uriskpstitated  trdfkyim aﬁdthaSryllthﬂamﬁ‘ sugh as
WO 2016/ 06622n PCT/ US2004/ O40%ﬁ‘ﬂﬂ ui.t abl.e, vin

egiﬂ@(pgnﬁaﬂ@@rgg@er\\,yl)bgrarﬁcgflm@y Hay g,qt&lpgra , ﬁ?‘ld the like.
dsélﬁﬁbr@ Bganobé{r'aﬂlé' (ftﬁ/!aﬁ?é hYd @664, in MiS)Ybat. Nos. 5,153,157,
ie ac

vinyl val erate, vinyl caproate, vinyl
cha, ﬂ)@&)é@‘ét andked, 241 @25 dbuitakle @g’@\@t@fﬁealsq,m%de aluminoboronates,

gﬁ&ﬁ@%y% ?]te re%kf‘(%ﬂ gf“btd%%aco?t A1 aMfrﬂNm compounds and

Vi n et oacet at e, Vi ny | act at e,
vi arghndbopbreayhdias.yr dthese Sactivatprs carel dpesipedairbdk Pl dtd; Nos.

vw%ﬁ%gg@ ‘i?’%d'g\i#‘ﬁ%//l f:lt:rg%:llh?g?obe\rglzgglte, and vi nyl

napht hoate, the |ike, and
The late transition metal complex, the activator, or both are optionally

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
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,



m xtures thereof. Suitable vinyl halides include by
hal ogen substituted ethyl enes. Exanples are vinyl

webhoswéades vinyl fluoride, vinylidene chlori depcT/us2004/040677
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chlorotrifluoro io ethylene, the like, and m xtures
thereof. The invention includes a p

pelilicagr Przrh'?@thﬁO'@P@‘FmCiﬁ aﬁéeaf%%mp%rg ﬁeéih?‘?é'leécd(eéar'bed in
fb%nﬁé}eNgr@?m’h 71__SI sting of vinyl ethers, vinyl
a

esters ides, the |ike, and m'xtures

t her eof . Sw table vinyl ethers, vin est d
iy e s BN asagsLIa BONEETE b B 10F raseace of the

& @iagl tﬁBh&ﬁer Er%ﬂéétbﬁ fromn %eef;fd‘u-‘b conBRrting dof an?s aromatics,

tEereOf efins are preferred. Et

h
pvingly | edners, 1\Amwt @ﬁ@rs 1vipgnthedides, 1 hreikhe, and d%tXEH@S thereof.
E?erns)ﬁg . € et REhGOTha! Bes@ik Ichﬁloﬁ?hﬁrsor\ﬁﬁl%ﬁrﬁﬁé traditionally

propyl ene are nost preferred
| pulgnteriaed lbmcfraejmucaal pobueerization, ¢eol herseadily mplynerized by the

b aRe RSpnsd B ARG TR oL o onyal Ky

net hacryl ate, allylic alcohols, aI koxyl ated al |l yl i
al cohoSsifaliadinyiatomatic moraress, prafiakli haveyp dRﬁ@kﬂp group

|

PSR B AR Pt O, RLIPEIHR or AL G akt arou.
h)Ed(émp%&t dswsl&utaalerwrmeleor?amb menbaersy it Byreng de-onatbylstyyane, p-
ac e an
e
a'e‘ﬂmhﬁéﬂﬁﬂktﬁ’én@ | a{ctetme:mymymnencmmm@sﬂy;anem dehethoxy-3-

vy, e, e R ghERaS s ghirostyrens

alyeiHostym@, Pr @é’cﬁé@:ﬁlo@éﬁy‘renget hpémtabhladoetyme Smrbmbb’grene
al kyl or "ary [ acryl ates and msi hacr yI %glcl ude

Czidbram@ﬂyrq@r y| I96@YEAE. ndtRESHPIG: es Fry | € Sromo-4-
a‘iﬁﬁ’do‘?‘éﬁéth?l%ﬂlr@ﬁé h@Q‘rLﬁélr@Bﬂﬁfluorérh@thlylslSﬁﬁene-?lnQ \myXéruIﬁr%Sene 2-

les are n-b acr3{ ate, n- butr¥
rremﬂyzlnap}ﬂtl‘@d@e n‘éler“hke n@{nﬁamlyp@se hqregfutyﬁtyre e is partlcularly

gg}tr%% Iate i so-butyl methacrylate, benzyl
cryl ate, cycl ohexyl nethacrylate, the like, and

m xtures thereof. 10 WO 2016/ _O6622n PCT/ US2004/ 040
The |n@@lﬂablgnvmﬁceﬁb)é@s"’&'Lﬂeoé"&lsaﬁ%r H%ﬁm%w 780G © 3“”5 and

Cu[r Gg%dfc %%@es oy dUigatie (/MVICélknyréﬁ%erér@F@m%Ehyl vinyl ether,

consi stihg of hydroxyal kyl
ao&twlamr% etﬁeydmywnwwthareton%vwlaﬁtb@r dgrylyinye ether ethylhexyl
alv(lzr(\)yrl]oeltﬁér, e%ﬁweﬁ{y?@m?/‘ Ie¥14e'r, ethoxyethyl vinyl ether, chloroethyl vinyl
ether, 1-methyl-2,2-dimethylpropyl vinyl ether, 2-ethylbutyl vinyl ether,
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

mixtures thereof.



al cohol s, and m xtures thereof. Suitable hydroxyal kyl
acrylates and s nethacrylates, allylic al cohols,

wa@bdoswyd2at ed al lylic al cohols, and vinyl aromepdT/ES2004/€40677
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di scussed above. The invention al so includes a process
for polynerizing an olefin, a vin

A L B RS B
C\ﬂﬁilatzlﬁﬁ%?ﬁﬂflaégtatay Wn?P(M@tHWéce@é%éy l/lﬁ?le\?aleﬂéyéi r @y addpydate, vmyl

f‘é}ﬂ 'cohol s, 10 al koxyl at ed
athlytqacetalltezotmlgilc gacpﬁta(tpuy@yl metoxyacetaigi vigy| kutoxyacetate,

o{/lﬁ{}li %egﬁé’%ﬁ%y ah A;Y | ace?%c%ée ﬁngln thamRED Wy)ibfﬁh%ﬁylbutyrate

[ kKox lic al cohol s,
viinyll aayolmhbx;dsarbowlaie,scude bbromate Theinyl SalICy|ate vinyl

Cgiﬂé{%ebéa%tlﬁpgln%tg%ghlb%%%ﬂ%aqgh%ﬁd {?/Lg ﬁé&k}’[héfa e I|ke and

grature " w raneo out
Oﬁai)_ttgreahnemoe_ooc. The pol ynerization is tenperat ure
varies dependlng on the polyners to be nade. For

exanp g“'gﬁq ﬁ?lcg%aqipgéylin QF Iﬁﬁ&;éﬁs Qbstituted  ethylenes.

styren copoly requrres a
r ekadnbples areh mgw thelonid, avinyl e‘lt(ohdenwmbkiﬂﬂneSdﬂDIﬁdﬁ,a@ﬁ@m’iriﬂuoro

150C is referr ymsri zation tenperatures
| edyIanG: Cfﬁ\%&“eaéhedﬁ? resins which are

sui tabl e for h| gh solids or |ow VOC (volatile organic
corr]Poumrié nmtnonngmluom é’tpeocmsb)fmepolzmerlung canolgén and a vinyl
per f or nme

sTHSNPGIeS sre(gqcﬁ%& ragbfi]%wrtﬁgg &Rn%’la@“‘g{)x wﬁgl &H rsow'\?f esc}ers vinyl

Fﬂéhdléb“t%ﬂiﬁe avtbemmurestmeme aBLhtylbIea\hnyjrtcbhereoployiyaﬁers and
i s made

zat [ f
Sy el SR EhER | B EE L Eeab GG, cvee
altaingl dhenfita@s th@ﬁeo‘-! SO|O§&D15 t-olefinat arel ptefered. Ethylene,
pol ymeri zati on. When a hydroxyl acrylic re

micepYiansn TabHtARRlr bRYMPRG! TREKSIAt wOHRES o m'ﬂgrﬁ;f’( gigof are
tg‘r‘é la\ﬂ L2ARY ORtHyTonclirRf Sropkie BRS hesmEidnad.

: f ereln t he sol vent |s used as a chain

rans er agent to |ower the ner | ight .
and t o Teerifyaition HBClHees, Aefos 3 porlﬁf‘n%'z('a'%nu@ahy%*ygﬁmmnal
p%éﬁ%ﬁérz Aol e %rﬁetkﬁerdrgﬁﬂe%hsﬂst@gb@f Chydroxyalkyl acrylates

or SO conti nuous process depen

miwdreyslkyls sethantylaiee allylic rakeadiola dalkoxydated n@{yggcéco@ls and
SFASHAR EhrBiSHE bR LR By orevaeirde
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



copolymer is made. In the sem -batch process, ally)
al cohol is initially charged into the reactor, and

webooseer23 s gradual ly fed into the reactor durp@gusines040677
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pol ymeri zati on. The gradual addition of styrene
ensures an even distribution of the OH functi
gr oupsThe Bvgntiereinsbidesms, PresRgsnior §°Wﬁ@r'FW9é1Y'f‘Wr1ar°mat'° and a

L
hﬂd"y@*@d dydgdxyalkylegnet gaqrylat_es a&s&1§0|a)k%uo§ C@Pﬁgf(ylg@d allylic
h?x%oﬁfﬂéyl LHECHLQ0As ne%ﬁf%'gfrs S"ﬁlltgbflle 3{yd?6>b§/|alk9lcré(ér9ita%% and

or acry acryl ates, ironal I'y vi nyl
arrmmdoryiabe,s allgici aiecamlgllalimxykatqﬁoﬂwlﬂéraécowlsefand \inylygromatics
est er co (/% and vinyl aromatic-allylic al cohol
he pol yners nade by the invention
dlffer fromthe polymers made by the free radical
poI ymeThe atvention mlsohincludes apupsensr for eplyesizingvasheledn. a vinyl

f@‘g not CO tah){c{rﬂgﬁfuﬂ?@na! 51%%0 %ﬁj's&%lcte'drﬂc;rh %é;gr%uﬁé:onsmtmg
rrade hlwrdxyalkylr aaia:rgzlatespolhydr@xydmh crne’@aeryta’q@e maallygyc alcohols,

RS A SRS NS RBb LS S8 FERIPE Aroma

T%@ﬁﬂaté@ QnohgrRIcRy|ates t Alfylic mleholso nallaoxglatah atiyliedaltohols, and
have npr oved therrral chemi cal, and phot o-cheni cal
réQYE@ré’ﬁl%'CS?ﬁ% ISENRSREIBRVRI so i ncl udes articles made

fromthe polymers of the invention. Exanples of the
usef ul TRet belyaeribtionh dfatheben\rmdenfrsorprefaeamoqumusted at a

of the inventio nclud heet s,

o PEESTA BN theiAag Of 2 b8 gt 2% 3}?8% merization
S g&hBBlatureaatidshepdrieniy ofMBeasbipneagt b thde. For example,
invention is that the LTMC provi ﬁi@r?tfett r tailori

{ Hewking dyrirceal AEAIE &S oI0) SOFPRSRIG AITGNol GBROVBIRYS fghuires @
t *?aaﬁ%uy i t@ﬁ@%%t&ﬂee(ﬁoﬁwdbuaso@&saﬁwt 150Pcewraferred High

I ecul ar wei ght distribution,
i m@ﬂ)&mﬂi’@atl@lhetemthGﬁylﬁﬁ?|t9a|l°NVoﬁ“&%W|arpW8\9ﬂ"Hées'ns which are

h%gl[tgﬁ(lélf? ﬁ%ls%d e S\J?)Ieﬁl?e" Br‘é\é’nﬁ[&oﬂﬁiﬂuﬂﬂ ¥&itians.

narrow nol ecul ar \NEIg
di stribution results in | ower VCC or %her

coat i ngée priengrizationcaybe parfpineed 'ﬁé}uéh Ol qt'PUssﬁ'i”Qf & @Ry other
[ h I

n;%}ﬁ%lgﬁ‘lﬂgpg o@e@fetnﬁgftg clérfgwe'wﬁktﬂ%&l@n% t%gﬁes \mdrdlbt rfggqtﬁﬂgﬁ@e when a
i rsigehé-alyl alcdhslc opolyinen ise madgi rés buio pelymerization 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



WO 2016/ 06622n EXAMPLE 1 PCT/ US2004/ 040677
Copol yneri zati on of Ethylene, n-Butyl Acrylate, and

wabdoghedebnopr opoxyl ate with Iron(ll) PCT/US2004/040677
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1, 3-Bi s(2-Mesitylimno)isoindoline Conpl ex and I\/ao
Actlvator 5 Catal yst Conplex Preparation A1l
r SoralypSr ivmadeasik tg sepeatcii RTACESH a{'sf'@é@ﬁwi ﬁ"l I@tilal&heharged

aqn FH rgz%t?zr%ﬁé %@yrg%éﬁénirghﬁﬁly ke (Fr'ilerﬂfed it during the

pht ethyl acetate (60
mpolyreriga@ormr |Tdnetg1rgdl¢ah|aplduﬁen 06 sm[erga enRIres pRsiven gistribution of

e T el By <ftioihe REVEre P O 0 Sirted

under nitrogen at roomtenperature for 1 h. The yell ow
m xt ur @hes intveatienl includesfthexpqlymeys mardel dyh theariogess of the

Lgﬁn%@,obr rﬁ;ﬂ—{ w&%&%%ﬁ%% |f18lﬁd§%yﬁrox‘9i alyRMsins (i.e.,

on m xtur
Cc ayopelytmens exdbnipyisst myidppiyhiynotinnal trmncwmfyl a&abpaaell @etidates or

2 i °36 Fepu " el latetn 4 Blhaly UG alqffatBs), pRin-acyic
Waﬁpotyh%ré eslaﬂmaunyTh@t@d aspolyrberfs| |drex viny! iamomatesllylin alcohol
ase, enmoved

t he | he
or0elyerS  hTBE GioiS Treds it el FIRMER Altel GG 3 ptymers
drih gk vpdies fréé&d@ﬁﬁalfwyrﬂerhtatl@w {1 that the pslpwerspeftbieinvention do

e aGoR A DATGT A o1 SEICRL G 45 aptpebie on' thE! iitator
G’@é@oﬁ*ﬁo\éltl\ﬁﬁr KBb@hieps mdwdiy %eNa@@@prlyM@éWrﬂQrséﬁhermally,

I nc. The Endeavor contains ei ght pressure rea
eé%ifﬁ@’ initiator or

t m@m@aﬂyh QK mmptpﬁasmim@Ummst@féﬁp%%wﬁ? eof
Stlhﬁlﬁg)'?grag N %g% gtﬂ? %%Wé?é of tﬁé‘%vgﬁ‘ﬂﬁﬁé(@rekp‘écted to have

l'ace ‘ove manual mani pul ati ons and
i nmﬂromdrﬂ)sm@r ehasicali andpleefo-chemjitab Iesiggneamed
conmputer nmonitors and coll ects data on pressure,

tenper agdr ?weglﬁor?ti% %o‘é@nﬁﬂlﬁl&%' RiadENfr8ACthe PBHRIs of the

t ube as uncti on he reaction tinme. A reactor

t Iuufmer(tm rﬂmmmes:nfathg ewefw ariclgs Mgh Caéb*?%/mﬁé fiom Hhe)polymers

al by p t t t |
(gfllthnq_qﬁ\j@gloﬁﬂ yg%eﬁlsr)gf %prge't% Eb?\ﬁé@%@ %lgeé lf'lmerrs’suW}oatlngs

t chdieseves pélasioomers, saazﬁarltéaanddh@lllly@ @om@ldéante@e zf Hn_e lnventlon

S e'ﬁltgél@(h?hleﬁ\?éaoc{?\g e bg Hé %r]g)rmng'n%n 8 ratd%g?pb@mteﬁ%]tlon 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

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.
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30 pressured with ethylene to 400 psig and heated to

100C. The polynerization 13 WD 21)1)51066225
wes62151114/ 11411677 continues at these tenperBEUS2084/040677

?nddpress]lcﬂe readi ngs for about 1 h with continuous

eedi ng of ethylene. The consunption i s about

0.02 g. After polyneri zawﬁl&ﬁé unreggt ed nononers

are renmoved by vacuum vyielding 0.4 g of polymer. The

po@bwgﬁznﬁéaﬂéﬁ ofﬁ@tﬁ@enéﬁh BO&LAcryRits] v/ Al Mbnd&oprylate with

Copol yner Buty
Acryl ate, ang J b)zlﬁé Rﬁfcﬁ‘W'l‘%‘PQ?W'@q?P 'Fgon(l 1)

1, 3- Bi s(2- Mesi tyI I M eipkeX dHdol1bo Actestet ex and Mao
Activator io The general procedure of Exanple 1 is

foll owed. A reactor tube (10 nL) is charged with

5 n-@M@M&%" Fiepaya , hydroxyethyl acrylate (2 nL),
tri-isobutyl aluminum (0.1 nL, 1.0 M hexane
sol uti W)moM%D rbonalaomhm fladk Bhtippedneith @ohitogen)inlearehd an

Srstia Ay eere@es UG cihararih it R (et Sriag.0 mmol) and

r eé%ﬁ;f/l%eta%e ge@mair ed 4va TAmetHydr@ine (5m14@04m§|ngnbs 2acndq ) and
heated YIEr | zation con %@S at

t éfﬁﬁ‘élﬂ)a@rdﬁa@%lf?dm S ggé)u'f“@‘ql)e%r&l df@r £ ﬂnqﬁ% mlf(ture is
Cqﬂltrr’eﬁqmd%r Eﬁ:%@gﬁ%t ijon?féMde%‘t%re fore h. eTII?é’_l/&Rﬁv mixture is heated

consunption 1I's out O. After polynerization,
urtoeatitoe 776D fiom®e &, ané i$ glifrasy at, ot igmperaiuie gy 32 h. A

2, %o@n%rg@?'t%ﬁg‘%rmgoTw&@;%mﬁgllé’ %ﬁééﬁ%’cé&f‘b@‘stnppmg out

ate and nopr opoxyl ate wt
| rtha(dthyl acéiateBunr(eZ avstreaml¢frmltroyerso|<h<dd|dlﬁtéyloghhpré&O mL) is

and‘*‘%%otgﬁﬁ% %&.? gpg?‘,ﬂgﬁfﬂé( T"ét%ﬁ%%ias@ﬁh@f@%@u@ I'he glass

15 n fmet)d lrr&neérxsbanretl'(emqmd)phaabj \yhlcmim‘zb\pnm@mmydscha’reredgced_pressure

bti'{ Wﬁ@a(l 3|It ﬂhLe sélld@ %etcme%i Lﬁng ngL‘iﬂ'ﬁ g%r)z h_to 0give a

tl‘lﬁoﬁ/ﬂt el conplex (0.2 L, 1.0 ng/m toluene
sol uti on) The reactor tube is then sealed. The

react or contents are heated to 100C. The

p EfizallANon continues at this tenperature reading

for about 1 h. After polynerization, the unreacted
nonomerEheapelymeniastioh sy pedonneay iryiael Bhdepver 1Advantage™ 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

13



30 of polyner. 14 WD 2016/ 06622n PCT/ US211114/ 11411677

EXAMPLE 4 Copol ynerization of n-Butyl Acrylate and
wolyasosgeet hyl acrylate with Iron(ll) 1, 3- PCT/US2004/040677

Bi s(2-Mesitylimno)isoindoline Conplex and Mao

Activator Th eneral procedyre of IS .

fGandnuee ok Pese emPeEBLS, S0 ssews BalRgs Jek ARouh 1 h with

n-Qiinlo@s "fé/écﬁﬁgE of %tH"ﬂéne thﬂéOé‘tMﬂbHé/ |coﬂ§urrﬁb’€r>dr€ is( dbdikt) 0.02 g.

tri-1sobutyl alum num (0 .0 M hexane sol ution),
Ma(@tqrcqu)gnhﬂ_zatl% e LpTaseies meapmerw regRyeq R vacuum, yielding

StodhRAE ePhe(Riimdthasivil: SBEATIMH: B8N e SRWAIhON) 5,

The ct'or tube is then seal ed. 'The reactor contents
5are heat ed to 100C. The polynerization continues at

this tenperature reading f@(ﬁ PEL | h. After io

pol yneri zati on, the unreacte rmnomers are rermved by

vacuum vyi el di ng

Copol yw@qubrmarﬁatrﬁn cr_fgﬁ'ﬁpvlene n- é iyt éerylatere@d/tﬂyowxyethyl

Monopr opoxy @

1, 3-Bi s(2 rfy%t r%tnrltrlg;\'ﬁgc;l :lﬁgoﬁ rflﬁﬂees&“rrr%lpce)&soarhdc? I[R/Iao
Activator The gener alCompeeand MaofAdtxatepl e | is
foll owed. A reactor tube (10 m-) is charged with

1o STYT en 9§p€ral &h&@dur@?@@%%f@% I@Fdﬁof\{gd Mk reactor tube (10 mL)

tri-i SO [ 'um num exane

sorrs mhacge)q wrtmab(utyl @grytate (2 nil)Mhydspxyetieyl asoiaie i(dn)L), Hingobutyl
e
sty ®, 350! St feer sadidny D GRS 1o M toluene

r eemmtwn )i anqbrtl%sarﬂabrdt mmple&t 032 mhe 1t00mg0ol fosieme smidtion). The

heat e rrerl zatio S

t oRpeRatihe Roan el T TeRAR! IodeF ety ME B RN E foo psig
15 Cofid nYAed tb @edf@y The @blwrlalzatronTb@wtrneehyat #reee temperature and

consunption (s aou 0,01 After poly rrzat the
PTESRATE S F RHE T BT FoD indeRis. RO ol Giiyipne The

0. 2By@nef cBﬁét)rﬁﬁron 25 SANVPOER 6. COWtarn@bler@rnz@ttbrpf unreacted
Styrene and Ally] Mnop rolE@x)%%'ate W th Iron

1, BORPRIELS an@sremoyﬁrt RY M8y 8ing e SORPP (e&nd Mao

Activator The general procedure of Exanple 1 is

foll owed. A reactor tube (10 nL
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



30 is charged with styrene (2 nL), allyl
nmonopr opoxylate (2 nlL), tri-isobutyl 15 WO 2016/ 06622n

wes62151114/ 11411677 al umi num (0.1 ni, 1.0 MAOBESI064/040677

20

25

30

solution), MAO (0.08 nL, 1.0 Mtoluene solution), and
the catalyst (0.2 nm, 1.0 n. tol uene solution). The
reactor tube is then seanggAM'?h%“reactor contents are
heat ed to 100C. The polynerization continues at this

PbRMErRatiehel MBufyPAcgRes bnd Hydrolétey! derylate with lron(lly 1,3-

poI yneri zation unreact e NONer s d by
vacuum i %‘ﬁ& MSS'E?T‘@)'SB'P%W%WP'WM@ ;Ct‘va?
Copol yreri zati on of Ethylene, n-Butyl Acrylate and

Allyl 1'@16\@@@ oprozaduné ef Extiple 0 fdilpwed. A reactor tube (10 mL)

B carastl Wl BN DA AT Lanr ST POl T oRtisobuty

1 Askireay IPIG%LV\MO M Restah@IgdlutidH) eMAan doaB nilnteo Nal toluene
fritted- gI ass filter is charaed W|th pht hal j mi de

scmthy )theaﬁ@tal_ygt EIRPIEX 4€ 2t @{_e1(ﬂ5mg{m})toluene soﬁuztlon) The
ﬁ?@%é tﬂ@n (s%aléa gThe“FéaQtdf“EBhten% grreel‘i’ee)teé“ﬂgmo% The

onII) lorid .0 Mol ) are added t
t hr@OWma&I@thanéOfttWéeﬁin attﬁblrSe tergp@mture egadipgdir ahqut obéfh After

roo n?ﬁﬂ@hiaqgﬂe HRLUHr d‘t&gg% Eme@&re?eﬁwto%gv\%ﬁ/taé&urﬁ,rﬁgldﬁ‘fg 344

terrpera ure I'ng a
pr@‘cqubymate After washing vvlth cold diethyl ether (3
X 20 nmL), the white solids are dried under vacuum for
1 h. 20 Polynerization The pol ynerization procedure of
Exanple 1 is foll owed, butEXAMPBEdve prepared
catal yst conplex is used. The ethyl ene consunption is

o e BBt M LSRR Ao

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 styrene (2 mL), allyl monopropoxylate (2 mL), tri-isobutyl
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 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.

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)

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

15



Copol yneri zati on of Ethylene, n-Butyl Acrylate, and

Al Iyl Monopropoxylate with Iron(ll) Bis(imne)
weanphesz2and MAO Acti vator Catal yst Preparati orcBHUS004/040677

[ ron(l I) bi s(i m ne) conpl ex i s prepared according

Ex U.S., Pat. No. 6,562, 9 0-niL

o (Brh Filaak0 duiorea Serd. WA dgd T 6t0 Mfgluene
ansd| o, néﬂ\d fitkd bbt‘éﬁ]{sgg@iﬁsmf_l htoemgyrm reinwn@egblwmbw The reactor
2, 6-di acetyl pyridine (2.00 and et

ac@bat I8 (@o peagled.> hhe. r?ﬁ@’fﬁ*étqwtem |ar%é1e@ée%io 10(95@ o The
rmg lﬂa'ﬁoﬁqcantlhﬁe@daqeﬁné @erﬁB@raﬁIréﬁ%ﬁQméofoUtéMt 11@1 After
ron oride (1.55 g, )

511 mkmeazamOﬂh@eman@ mogomerer ar@orem@@ bMtha%g“@rM%lﬂmg 019
ro (ﬁﬁﬂaerature for 42 h. The reaction mxture is
concentrated by stripping out solvents under reduced
pressure. Cold diethyl ether (30 nL) is added to the
residue, and the mxture is' stirred to wash the
residue. The glass filter g rsed in the liquid
phase, which is then rennvedA%gug reduced pressure
through the internal filter. The conplex solids are

dried undeForpheugiEation o Efyleng) S)TEMW' &Y I3A anpdenlly!
poI ymer i gm ut
t he abovmhbg%gar e%gslg{hg @i{lﬁﬁég@%@ﬂngﬁb@gb ! ind
et hyl ene consunpt i onCogpExENMARIACYaPr17 g of
poI yner |s col l ected. The polymer has Mv 6000; and
fioMW Mn: 2.76. 17 WD 2016/ 06622n
11677 We claim 1. A process

conpr|S|n pol ymeri zing, in the presence of a P
8-10 rfet BIO-mbniouBd-boHEMa faslc GOVIRPEH , Wighe @ftrqgﬁe inlet and an

MOREYRAI ﬁ;t@&’ Pas%&fﬂteF Y avged With &ﬁ%alﬁ‘m&é r(2|94r@%”@rmmol) and

sel ect ed %r oup consistin vin
f

15 o el dastato(bhIL) e CrAMBOPYTDS (547 6 40.04mtNok &y Ea.) and iron(i)
ha!:ﬂlgr?oSe &fgﬁ Of20 d P‘}ncﬁ) ¥ ené{Jg JPROIRM k! §Ad 8k Hl)@t[]’rnet Restirred

group co SIS ers Vi ny | "esters
VI mydlerhatrogmrs ,at ammm aterripeaaiureofm hef The ntigiura is stired at room

ORI 55 P30, SRR SELECH AT, B0, JaBilp win ol

WE&IIB&@/[ yﬂh@t €sX 28lnhiy) the white solids are dried under vacuum for 1 h.

20 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.

25

30
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to al cohols, and al koxylated allylic alcohols, and at
| east one al kyl or aryl acrylate or at |east one

wabdogbeaes aryl nethacryl ate; (d) a hydroxy-f uneti/osmba/040677

10

15

20

nonomer sel ected fromthe group consisting of

hydr oxyal kyl acryl at es, ﬁﬁ&\ a% met hacryl at es,
allylic alcohols, and al 3? At allylic al cohols,

at | east one al kyl or aryl 15 acrylate or at |east one

al lodpoimerizitiorst Fxaglené ai-sutyandryate |a$\aIS¢IImean0|®dopbxy1ate with
(e) a hydroxy- fun t1 onal no "éfL teg ?mthe

group consi st |'Wg§‘(” &'S(Hwa? oap |a %% gy

hydr oxyal kyl nethacrylates, allylic alcohols, and

al kapsaPepandtiopl i ¢ al cohol s, and at | east one vinyl
20 aromatic nononer; or (f) a hydroxy-functional

hygggi;%]s&éle(ﬁhgd fr orep t he %; R [ﬁ%%nﬁsd ?é‘lt"ﬁ%@? ‘?%fxa{neole 1 of U.S.

al pytl Ne. 6362076| 1wmwo&ndabbabmmaak|exqu|ppeamubraohmpgen inlet

o i an e e 2Bt s SRl ARt BRI B 0 o
CO@Q%M%M‘%’(P@W%@@E 8(50 uﬁLyr @, 4, BMMSthyibsiied n3 BRi g, 26.0
a Goup 8 nerlzatlon stabl e

met al
| | EY 28 é@i)@dadq‘erdd%th%@i'rfﬁpﬁqln@ or bis(inines); X
is alabile ligand; and n is greater than or equal to

1. so Jyon{inecHrsrReqd 550, ©.2hmal) eheidet o the Sasknand the mixture
i soi ndoline |i g%and havi ng t he EFgener al % rl(llli?Ct ure;

VIOS Z0TeF 0BEi2D AltIDge 36399 EMpEIAuIg for (2 el\pe,acf'on ixture is

Vm@cfn%bﬂtr@tleanﬁkl @tnp% r% bﬁﬁs&@@i’ﬁs Qindét fréglicRat pRE¥lireo! rCold diethyl
het er oar roup process of claim 3 wherein

anether (34 el d%mdd@@uto él'rl@/lresﬂléﬁjp@d theempie ds stiged dp awaﬁh the
c 6?’@."%&1@%' Phé gfad f@e E I%mé#@%wm'e I‘aﬁtdeﬁr%%}’{/vh%%'%n removed

process o erein the Mis Fe and S
a dt, ddoiced pressure through the internal filter. The complex sohds 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
0.17 g of polymer is collected. The polymer has Mw: 6000; and Mn: 2170; and
Mw/Mn: 2.76.
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mesi tylimno)isoindoline or a
1, 3-bis(2-pyridylimno)isoindoline. 7. The process of
w@ babsnsek2svherein the activator is sel ected fropat/082004/040677
group consisting of al kyl al unoxanes, al kyl al um num
c 0 nds al um nobor onat es, organoboranes, ionic
bot'&t M- and i onic al um nates. 10 8. A pol ymer nmade by
t he process of claiml1l. 9. An article conprising the
pol.ymerA @foc:ésaicmn&:rlsik@ pdlypiedriag s invthec prasenpe i fes Group 8-10

CORHIRLSo R 2Rt Foiat4EiEr o0d oyt By aharoBnAn) B

sel ect gg) franvinyhendioiep saiesestirag tle kyslpoxypasisiig of vinyl
acryl at es, hydroxyal kyl met hacryl ates,

5 al cohol s, aREPrARUESXYPYESREs WY F Eteéﬁ @Gﬂdﬂ"ﬁ’%%ﬁdqség%rteo‘c

one al ky| Of iy hoﬂ@ﬁﬁ@r@él@ct@ﬁ fRdm tHee@dlip @BRsigtlingydf viriyl ethers,
aryl nethacrylate, optl ong r‘@¥da vinyl aromatic

nononer , anMIHYb?ﬁt(?rén%fl‘q yin a9 agd(gt &ashong glefithe
procesgqof %\l %QHH@%rngl heﬁleméglre@?@d foahe %ﬂ%p consisting

nononer i s rom t group consi sti ng
hydr oxyet hy |of abyq,rpmaékyl hﬁmyk&i%ﬂpr @Wnoxmjkyic mygtheeylates, allylic

1o Nydroxyet hyl lcgﬁglga?ﬁqla%g{/%@ddﬁl WQIEQIP(M& ARt Qtlaigtééétl SHefalkyl or

hydr oxybuty acrylra rox met’hacr
al 'yl al cohaty| anwtdh@brgﬂleaﬁtcnmhdlkyl pr @Wbmtmcedateal ly)

| cohol d -
o ooosdiby & B GHE el ot S8RRlsd i iprayn sonsisting
or aryl acr yfahgdroxikyl hacglated, dydmxydlkytetrhetbagryktas, allylic

acrylate, nasebge Aot AKOpERcvE alflfhcd At dleg o anv

15 2- et hyl heXV'ac t@@eé}/le@‘t‘sﬁonelélkyllbr%@ﬂ&h@tﬁéaﬂﬁate and at least one
PCT/ US2004/ 04 677 met hyl acryl ate, nethyl
met hacryl at &€ putyl acryl ate, t-butyl methacryl ate,

i so- bytyl %Cﬁybdr@lyefunbtﬁﬁrabmo)ﬁbn@t%%@fe\d b9, the group consisting
I so- bornyl acrx ate, and iso-borny met hacr
¥

The process %f NKAraxYAlkD RRIaEEH merq%wkﬂxyn%/’fbﬁ%&yla&% allylic
mononer is %'Ic!o)‘nhls %nMWy%@@d%\l?kFal@Bk%lé hgndlakYéast one vinyl

acrylate or nethacrylate I's n-bu acrylate or n-
20 butyl et ha@rqmamcemomqmern@é process of claim 10

wher ei n 4 he vj %%ﬂ[g@d#%%ﬂ{@?rsele%tﬁ?e{%ttﬁg r&ﬁp?%nastmg

t he gro& con yrene
p7net hyl stwfehedroayalkyj acrytadesy| hydsoxgalkyl methacrylates allylic

alcohols, and alkoxylated allylic alcohols, at least one vinyl

aromatic monomer, and at least one olefin.
25 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.

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

general structure:

18



10 15. The process of claim 10 wherein the a-olefin is
sel ected fromthe group consisting of ethylene,

wer@pybare, 1-butene, 1-pentene, 1-hexene, andpCT/US2004/040677

10

15

20

25

1-octene. 16. The process of claim 10 wherein the late
transition netal conplex conprises Fe and a
1,3-bis(2-nesitylimno)isoindoline or a 1, 3-bis(2-
pyri dylim no)isoindoline |ingaad, and wherein the
activator is an alkyl al ungxane. 1s 17. A polynmer made
by the process of cl 0. 18 An article conprising
the pol yner of clain 1°N A process which conpri ses
pol ynmeri zing, in the Yfesefce of a G oup 8- 10 netal
conpl ex and an activator, at—tAast one vinyl ester and
at wheragt Aand ACarel the samyg ef difierepDargbor Meeropryb gexpsof
cIain119 wherein the vinyl ester is vinyl acetate and
I I
br hcess orPrer iy EERRs A o PE kR TR BT sl
pol ynmer_of claim21. 23. A process which conprises
pody nerihg prgcessrofiatimp} weérﬁtreA@ndaﬁ @“%ISIIS”‘BCE” pstefeary! groups.
metal conplex and an activator, a hydroxy-functiona

NDHONMErTHRE hRsde8s 6fr @lmnﬁ@v@fewﬁ $en® $ iFe0afd L is a 1,3-bis(2-
hydr oxyal kyI acryl ates, droxyal kyl net hacryl at es,

al Mepitydimpne)igongiol Q@Sg'P@TOWQ)!UDI@PB%@WmSI cohol s,
and al koxyl ated allylic al cohols, at |east one vinyl

arpmat i ThepideE®y of clamd 10\Dhér@ﬁﬁih|eYa<ﬂK/aﬂo€@éel@d&t@d @dnd €he group
a-olefin. 24. The process of claim 23 wherein the

Vi ‘PﬂﬂS'Sﬁﬂgrﬂtﬁ”@ﬂ rﬁHﬁBWé?r“eP‘sa V'?F@Hﬁuma?%nﬁ%’é’ds aluminoboronates,
hy&rggﬁabérgnéé 'I&ﬂé‘bo&‘?&oﬁﬁa idrifc 818hf¢dggl from the group

consi sting of al Tyl alcohol, nethallyl alcohol,

al koxyl ated al I y) al cohol and aI koxyl ated met haI |yl

al 8oholA pQﬁmeAWMPeﬁﬁQf@sﬁ)‘? EIRE" Ar ocess of claim

23. 26. An article conprising the polyner of claim25.

219 | NTERNATiLIeNAIm srisifgCGhe IBERERT lontiamsal  Appl i cati on No
PCT/ US2004/ 040677 A. CLASSI FI CATI ON OF SUBJECT MATTER

10. A process which comprises polymerizing, in the presence 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
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
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
acrylate, n-butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate,

19



| PC 7 CO8F210/00 C081 212/ 00 CO8F214/00 CO08F216/00
CO08F218/ 00 CO8F220/ 00 According to International
wadosns6263 assi fication (1 PC) or to both nati onedT/US2004/040677
classification and | PC B. FI ELDS SEARCHED M ni mum

document af ji rche l,asstfj j V.St follo :
oy TENRL eE P08, FERME R ARG RS KB P g e, iso-
senutghegbrgateer isbHay mmudthaonyldiec uisestoatyil oactyaté heind iso-bornyl
ext ent th%t such docunents are Included in the fields
seAeEREE ®Pect r oni ¢ data base consulted during the

i nternational search (nane of data base and, where

%;as.t i EHAJ‘JG %m@ass bf blﬁl'[rhﬁrﬁoméinEﬁ’@hy%ﬁoayMQﬁoﬁ‘dﬂEmeBﬁer is allyl
ta, .. DOCU RED B ELEV,
5 CaTHBPPPEIYAR ITH BF ASEARTITE ChATISRIReaS oA L freyigte or n-

apphiopheiiaesyit€. t he rel evant passagesRel evant to claim
No. EUS 6 844 402 B1 (LIU JIA-CHU ET AL) 1-26 18
Japnuyary_2005 (2005-01-18) .t he ol e docunent XTI AN,.

U B Riec SN@EF'F‘%\‘F llﬁamegﬂrﬁﬁa,vw AT ARNaeTgE selected
Catrgintbit Yro@y cAswting of MBéhd, oAREMHyREOrene, p-methyl styrene, and p-
Copol yrre;gi zdzﬁi on: AQCaE{P?-onary Talye"t?MACR%VQE)C/:UL}l,ES , P
34@&%}/',5‘(%5@- 7663 CODEN: MAMOBX; | SSN: 0024- 9297,

2001, XP002325084 the whol e docunment XUS 2003/171209

10 Al 16 WANGR KbPdcBds BF Lhim . 1@, Wherdih therd-erbRns 88183ted from the group
(2003-09-11) 19-22 paragraphs " 0010!, "~0036! - "0038!
- - cansisting of EtWiﬁﬂ%EF%%!J‘ﬁeﬁlb§te<§‘?e11pie§teé‘§1 il hexpe, and 1-octene.
continuation of box C. Patent famly nenbers are

| i s6ed THe PoEss oFREMNAH0 CRAGER RS 146 Ghbhglbn metal complex
docunents: "T' later docunent published after the

| nBRPPERaSonEE ANFi Ry detRSE@MEYbiREIRISaBAPHISigOot ha  1.3-bis(2-
9 ﬁgﬁ{o@limﬁo%Sinfefjn_iﬂéWuﬁga;ﬂaLarvmWﬁ&eirﬁhe %ti@eftorpiﬁita‘hrélltzw aflikane.

not in‘conflict wth the application b
considered to be of particular relevance cited to

15 under stARAIYDGE MadeRy thedrerashebFinidler | yi ng t he
invention E earlier docunent but published on or

af tgr theattidiecssmprishitpihe pSlyréia@farith 10f particul ar
rel evance ; the clainmed invention

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



filing date cannot be consi dered novel or cannot be
considered to 'L' docunent which mayt hrow doubts on

wW@R0S06e2Ys cl ai m(s) or involve an | nventive st epCmos04/040677
t he docunent is taken alone which is cited to

esta I,sh_t | (Nelg! of, ,anot her

FAES b AR el 1 S R i egiRate Fohomer,
Clémopﬁbr@nyatbest@me@@b dlefason (as specified) cannot
be considered to Involve an Inventive step vvhen the O

extihbr csneisEg o0l ae 28 oMl WG reroal Spramee s styrene
ot aed tisu ohddagfunctibhe rmomener isesdlsctes adm clasrigraat tomsisting of

5 put <Hesr roe el RBS Tl SikeayfRloe abf | 9 Charech glioniated

Inmbh@ugrg[coﬁoater than the priority date clained '&
ocurrent menber of the sane patent famly Dat e of the

ac I etion he interpatio searchDat e of
‘é#l ngA‘B Fﬁéfﬁﬁ?ﬁgoryﬁé?ipmﬁsggg' ESEport 19 Apri |

200502/ 05/ 2005 Nane and mailing address of the

| SAAuUt hat atield cinfipriséry the polyemn oPalkben5CF f i ce, P. B.
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- Form PCT/ 1 SN21o (second sheet) (January 2004)
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