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pol ymenzing, in thepresence of a late transition
nmetal catalyst (LTMC), a variety, of unsaturated
nmononers which are traditionally, sone of which are
excl usively, nade by free radical polynerizations.
The LTMOLTCYPELYMERIZATIONOFA$SSANERPTEDTRHONDVERS

I mproved properties such as no tree radical residue
and narrow nol ecul ar wei ght distribution. 8 AUGJST
2006 WD 2005/ 066225 1RCH GISFPAINANGTION LTMC

POLYMERI ZATI ON OF UNSATURATED MONOMERS FI ELD OF THE

| NVENTI 5 The invention relates t ol rization of
unsat ur; Fé’&i"%ﬂ%ﬁ%?%s Reroymeyigafion 8?58?%;?3" monomers. More

| DRI, Hed aveptio® reates " paigiieffatn oM&R¢athRESH monomers
nononers wWith late transition nmetal catalysts (LTMC).

BAdikdraUrstionRetal saiEEts INTME)-Chai n pol yneri zati on of
unsat urated nononers can be divided into free
radi cal, ionic, and coordination Em yneri zations.

| oni ¢ pol yrer i zaBASIKGROUNROF Hilk BWVENAIRN cat i oni ¢

pol yneri zations. Cationic polynerization is usually

i ni ti aicedin PolymBRzA:RW & @EafiFafbGhomsm&sXan be divided into free
Pol yi sobut yl ene rubber is the comrercially inportant
poRyinel ianielcansy ceardingtien eRlvengsBRtjans: i loaia BRlyMaRFaifIncincludes
ST BT SAE BURHSAR LY Ol A aton s usaly ntited
pdlyytiner Lewis iasits sunheasi@Fai dPafisabutylere ribkeari igrihe commercially
r ) C S M NGA i o
 SPEh8 e At Bl nd B REbdEforlat o pogpztor
t s ubmlly iwtated by atkyllithiemesptiaas ndBudli. abteopanongupdiyrasrizations
but anedi ene- st yr.ene bl copol ymer

SBS tyr - ; k 1 g i
SERAPREAT, 81 JBTTRENTS ZeFaiy it dey FE hE™Eted tving
Z!p@%nﬁriz_blﬁibrt.a fumiwdimimwmam_tibhﬁham}\lgdﬂmem @eation of
singl e-site polynerization. iegler-Natta

RS HERAE  BRSPEa, st SBon (3Y EogH-AHeGEne g Plock
Sa&obslynewph as TiCl4, Zrd 4, and VG4, as catalysts

and al kyl "al um num conpounds, such as trinethyl

o R R i Ao S 8881 B merizaton
Uahd RBE. mM¥sliocénd04r 34thginsited, dalimédsition Vet glne0caB§ler-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.



catal yst conprises a transition netal conplex th%t 4}%2“2006
one or nore cyclopentadienyl (Cp) ligands. Unli &
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sites of poI ymari zation, netall ocene catal ysts have
only and therefare the

ar e ca?‘lﬂgﬁg the ﬁgﬁlél {r@ér?;t‘alggaﬁ; ggesr‘admﬂg;olggenzé]non is e most

NQRddPtidebopene Emgnmleﬁwsdas&ycat;ahwdrﬂy heue faéeseadJ@nmtlators
devel oped over t ast decade. 1

2 I35 BRI dBRUEZD GAMPRBEYS: %H@rsyﬁ%te% ;@ fH'ke Sfic inffators or
p%h%%ét@ﬁtda@él%ts W fe%qlré ﬁ‘éstﬁ@tle?d renhbfisghd @ﬁch 8s tnlitﬁ‘sture and

used in the polyner industry aéiy
usmpurity feeer Eﬁﬂctj@lm svﬁematfréfasradlcabpgla@eﬁéa’fm RS reaghly tolerate

COMROURLSyng aﬁ’ﬁbd?ﬁg”' f\/ﬁb&ﬁ URhAME #H&DirgqibA %)bl?ltn@ﬁ%tﬁfn can

coordlnatlon catal ysts req ire restric
c doidrate mtueu@hn@mmm’s stigh as dwydroxyi, ﬁ@r@pkylyaﬂid a@ino monomers.

r cLion sz’azjﬁc%gidohfrﬁéar BafiGl GRd e9<8llu¥ﬂ§§ll i f%f fBking hydroxyl

||y flre and T npur |
I ra@qmbaréélr)s, polpmcrylmdiacial, @lefiny-aenylic atdpolymsas, andl arady e other
#Sctjon I nonmers such as hydroxyl, carboxyl. and
ﬁ‘?ﬂ%?' Thus, free radical poI yneri zations
are exclusively used f or maki ng hydroxyl acrylic
resins ,Smnxel thadatgl 1990acoldfin obbrfnemlza’mrybatalysfnsribaiylmrgorate late

i @8}>§ﬂély 54, A &eL PG LI apF LG &Bfml! fyands

i r(@ﬂ"b)@(irﬁh@sj")ah&ve beanpivestiyatackt é?hsse( m@dmnatldary metalngatalysts
ni ckel

and bu ne I|
"E EtiGare of Mie renhecp e Ui B s kA R, pgiocenes or
t rAaggkt icathlyEes, athe catMCy&drs mdohﬁ\@)& akel aérylam epbewhomers into
because, unli ke the earl itiQ gg% é
r Relygielinse mes 4:S. et ﬁoégf% %aﬁ’VQE ﬁ LTMC can
i ncorporate al kyl acrylate conononers into

gog%m ¢idvitsrer, 38E LIPVS lﬁﬁﬁin&'\c%ﬁéﬁd toﬁa&é@g%ﬁndamd catalyst, and thus
5,555, However, the LTMC is considered to
o v BTN as epa imig o QT BGHpOB RIS RacNo prior art

befLrbddy ﬁféj u%@ & ET'M@ fal %faﬁﬂgpﬁ&rdfw|a¥d}1)ﬂic0f&msl\kstyrene -allyl

prior art di scl oses the use o
nyaledb) bopalyyere; and siany. otagrjmpqean) 1uprtiong! TR$BRE. No prior act

cﬁ@éléﬁ?sr the doﬁmﬂ\\AC%Pﬁ{(tja. béTFﬁlelEéﬂonfést'aﬁﬂéﬂed monomers in
Y 'S

ol yrners. prior act cfoses the use of LTMC for
t hbe @bbgneEr dfdefinsn of unsat urated nononers in

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.



the absence of alefins. Conpared to conventi onal
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vve: gtd1_t, 25 crystallinity or nelting point, and
pol ydi spersity. Therefore, the LTMC rovi de e
pr oduch SRNAYy thaPRATS c'mp8ﬁta%1iﬁ’s‘?>§r6?%ﬁg§/‘? UAF %E‘ﬁi/lhe{or the

L Mgm@ﬂ%'tionn%? th€ WHshRirited hmbeomeraiwe Aade Wegh traditionally,
pressure polynerization. It avoids the use

oi d I of
esphesiafe Withxingue Seenz xelpialindRolYTRlZed ¢ RE fepvdadical
pgb&m%?ikﬁdspn may provide a safer and nore
cost-eftective alternative to the existing free 3o
radi cal technology. 2 8 AUGUST 2006 WD 2016/ 06622n

PCT/ t JS2004/ 04067 7| i t
SUMWFVT?EW/ NGRBRr ently

i mportant to explore e use o for the
pol ynmeri zation of the unsaturated nonomers which have
been tTheli piasass | §f the oifgeRfonwRoRIPIIEaS ePRNEISNZING  unsaturated

excl usivel.y,. RO . Z b adi

RIS oAU AR AR ey, (o) T
PILTMES sombriséee ai Groentd-od laferansities melel aempiexmgd an activator.
unsaturated rnmnomers i

¢ Eerr Pl e RS Tvs poyBpd e R faieie f it 10 metal and
aaf:‘.n@a!? cﬁwellqiolyateeizamcanst'ablieoligamelt ahicbomrgpiains andnadrio the metal
activator. |lo By, "comlex, . we ne t he conpounds

widHERT Mqrg%oﬁth@p&%ﬂ@gl_z%o%t‘togpg%nd at Ingast one

pol yneri zati on-stabl e |igand which remains bound to

the nefak pdcessdndlitesc polyserizingt biee pafl thee morgmesngroups (a)

T i ncl ud i Zi . .
TONGHGR (G dop (o) ORI BGROprD AT G, ARy Rrsuhg'or viny
ser&Rbis, fViyN dthersgvmyp estens i aid ngybhalidesy | (b) B5vinyl monomer
aromatics, vinyl ethers, vi

iaelegiast Tom)tha SIaURAOT RN BT U e oV PG g vy halides.

ﬁgaﬁ%l:jétg a8t %l;\evdlé‘ﬁyﬂ; (8} Behgroyi-lnbticsl ensnonaerdsalectyd from the
h)&ﬂ@@(ﬁbﬂﬂggﬁg g}]ngﬁ‘ﬁ%@;ﬁﬁf&g@g{e@?@&?@%Mh@ew@pgmes, allylic
ﬁe%[ﬂidar@ﬁéy lrégltdé{!lf%ﬁt%(lﬁ@)ligﬂlcoﬂﬁs}’ LAkl &g ledty dhexanall ky bryl acrylate
or at least one alkyl or aryl methacrylate; (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.



al cohol s, and al koxyl ated allylic al cohols, and
| east one al kyl or aryl acrylate 20 or at | east %ﬁ%JGUSTzOOS
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nononmer selected fromthe group consisting of

hydr oxyal kyl acr I ate h | at es,
allylic al coREI @‘ Eﬁ@%ﬁ;ﬁé&ﬁihﬁ%@qéghol s, at

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

al kyI Pie protksdTBt thrCihvérion,is pbwmrzrlngasisammaatedlmcﬁnomers with

(e) a hydroxy-functional cted .from

g s tonsoa i s U I RIG EPGPLECe oo &-10 late
?{' ﬂi?@h‘r'@(él cBRipNacaNd ah %%trva%ﬂ. y$uiabhd COMA! iBclugdadhose known
a at ed aIIyIrc al cohol s, and at |east one vinyl
arrdhataﬁc mononer; or (f) a hydr oxy-functional nononer

sel ected fromt he group consi sting of hydroxyal kyl

acryl allbr%?err&}/ RO NioN merd B@\ﬁFl)ék@é Bsve thklgehkeral structure:

al coho and al koxyl ated allyli al cohol s, at | east

one vinyl aromatic nononer, gg/&g | east one ol efin.

30 3 8 AUGUST 2006 WD 2016/ 0 R PCT/t 352004/ 040677
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of

the i nygaM iera Geoupos yOMtezrangrtrumsrmtalr étrei&raiﬁyrdheM;is selected

with a late tra srtr

L' 66raspie BeP e BRI IEC L . Mo GRLTEIoBY- i e N o Fe.

cmlts?éféygm athed@tié Fat or . Suitable LTMC include those
known 5 in fhe art Preferred late transition netal

conpl exes have era tructure:, "
is a dfaeb'%amw%ﬁr a ?%ﬁ f ‘@ﬁnﬂe?é(l po%&%f%?t%l QSbI%ﬂ igand,
MyleSmeahaphethef Ii ﬁutrbmagrsobmrr@omsrrhstmegr dﬁrrrfujr ihd:oouraerabf the
Fe. Mre &refera the Mis Ni

prp@fymiga N PIPSCHR- | Igreﬁe_rablyht@ell_ s @%gsomdolme or brs?rmrne
poI ymeri zation-stable |igand. By

" pol yrremt@cﬂélLorgEﬁ Hakl® htlaaadthdse taagmeanUihaatt Nes. 5,714,556
i gand remai ns und to the netal during the course of

t 1r8d §R2Q/ARY-i zati on process. Preferably, the L is an
i soindoline or bis(imne). Suitable L Iigands al so

i ncl qu’hbb@ﬁ?ﬁatlab@?hgé}w UBS.“|aBié Jighieds” we, Mmedn 36& theSigand is

and 6, 620, 759.
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



The X is a labile ligand. By "labile |igand,”
that the ligand is easily displaceable during tl‘?éo‘

w@ologowzezati on. Preferably, L is independent|BCT/us2004/040677
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sel ected fromthe group consisting of hydrogen and

hal i des, and n, the nunber of the I gands,
GhereoTTINgR dite SR Iio gndtal Spmeler A1 ST habTEH aroup

' S qmp@éldtm iRpkr a$@|rth lat
TGS il Iohssn iatigBonimigaripesniing el orably the °
i gansitien imesall | Gafierallyadike afmafg”eﬁég dvdegdeq cqigms: Om& above

N@H%%ﬁ% 4! %%)éﬁ#;ﬁ%g@&fﬂg%{% ﬁ%llgéggt@ﬁ@{brugﬁtsltﬂe groups include

metkal, arxdnpfadiwl alnéanymlmlg@alogﬁnx AKOXY, HINYP¥ p%llomxymts@ dialkyl

renoved,. t I.0 I ng between the nitrogen

aﬁ@'?%@'qr@ta@%w}gg% ot %@1“%3[%% Optionally, the

aromatic ring hydrogen atomns of the above struct

are i ndépandeyitorp haigroar grase. EBhen AdB &Nt lﬁ@referably |s phenyl-

subs [4f6) U I I itvl
fkgt %bst@tﬁc{; %ﬁcl’ﬁ grﬁ él @%th?/ éf}\ehil or Z'J‘!i % tnm@ﬂ@lwﬁéhyl (2-mesityl).

nl\Nlﬁéh Adisathétgtoaryd it n@,prefembM 2axyndyj @fp(yuggdmﬁna pyﬁgndlnyl 2-

a,py;azw@ I%pﬁqa&%%l?yﬁ'vasz%&ymgqt{e%gﬂzwyl g‘f’ﬁé’?ryl xmﬁﬂet%ré | | groups
Sléﬁh BE ﬂ-rsg@t lmylomiwwhgsqr a, ifh, B- Qmapmrqt htbephethigzolyl or 2-

-mesity s heteroar. ref erably
S BopemigAZobory: h (v Semey gy pbSet I
pyrazinyl, 2-imdazolyl, 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-
benzi m dazol yl group. A few exenplary i soindolines
appear below. 5 8 AUGUST 2006 WD 2016/ 06622n
PCT/ tJS2004/ 040677 cl N--o N

ST 2006



Gl NHcl NH d NNcl 0 NN- - <\, 11
NNHNH A NN---~N O- NDN-( s DI NNN NH(%\W”OO6
W0\|2005/06d”§25\| SD N7QL 6 8 AUGUST 2006 WD 2016/ OBGLB82004/040677

PCT/ t JS2004/ 040677 Suitable bis(imne) |igands include
those taught by U Sy=Pat, No. 5,866,663. Suitdble
Pe;g{zi

bi s(i m ne) |igand
structure: .

are each i y hydrocarbyl or
hydr ocar by R3 are each ind

hydr ogen, h».rOCarby , substltute&'hyd ooaﬁb [ N R 2
and R3 taken toget e hydrocar byl en® or N\x&fj>

— — A

and R 4

/ NH
- o
0 XD
e
S o
7/<\le 7 N\ J
NH NH



i 0 substituted hydrocarbylene to forma ring. Suigt
bi s(i mne) ligands include those having the gene %PAL%T 2006

wekgosotazee: R8 (CR7 2)n R6 R9- Cl=N N=C-R 15p@HUSH04/040677
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hydrocar byl or substituted hydrocarbyl, and R6 is

hydr ogen, hydrocarb or substit ed d ar , Qr

R6 ancﬁ%ﬂ%k@ﬁ@'@@it'@@ﬂ $0'PFHJQer P%‘ gcb W Bt No,
by d @%3%‘@“%' thaaedn&ang Sthe general

hggrégggg u%é%aﬂég%ééwﬁ?dpocar byl or hydrocar bd);/l o?

RStreatgreRa t aken together forma ring. Each R7 is

i ndependent |y hydrogen, substituted hydrocarbyl or

hydrocarbyl, or two of R7 20 taken toget her forma

ring; nISZOI‘ 3. SU|tabIe°<3b|s(|m | i gands i ncl ude

2, 6- pyri di necar boxal dehydebl\s\ nes) and

2, 6-di acyl pyri di nebi s(i m nes h are taught, e.g.,

by U S. Pat. No. 5,955, 555 25 Sur\abl e bis(imne)

li gands al so include acé‘ha'th hene bNs—R!N - (2, 6-

di i sopropyl phenyl )i m nes, which are taught, e.g., by

U S Pat. No. 6,127,497. Suitable activators include

alyerianr’ aadd aRky bed uea'dhunmdﬁmpdelmtdfs hyEiranaphye s obf substituted
?w tag‘lﬂe al umgxan; ég) ound él ude gﬁ); rwx)dr&l SATOX RS carbyl,
P@J&tﬂtﬁ%@%c@é&ﬁzﬂ WW@fd (R3Mé(ibr6 Rd@&her etdrylydrocarbylene or

al unoxane, diisaobuty ?I unmoxane, and the |ike.
Eﬁdh%ﬂt%dédefbMﬂr@ tQI'¥M &r0fi num conpounds i ncl ude
triethylalumnum diethyl alum num chloride,

t ri met Byitadie Bisitiime)tlighhdoipgluyé traisema%ng]thergenertaesﬂrmcbtere
Sui t abl e al unbxane conpounds al so i nclude those that

are nodified. Methods 5 for the m)dlflcatlon of

al unoxanes are known. For ingtRhge, U S. Pat. No.

4,990, 640 teaches the g\lg'g)/ca on kb al unbxanes with
ni

active hydrogen- @n.dé Igg:h as et hyl ene
glycol. U'S. Pat. 771 eathes nodi fyi ng MAO

with sugar to nmake "svveet " MAO Also, U.S. Pat. No.

ké%ﬁ%hgérrp&tp@ gagglr&nsglf c{ b}ﬁ% car ﬁ@%{% i%{/é‘rogen, hydrocarbyl or
substituted hydrocarbyl, or R® and R® taken together form a ring. R® is
hydrocarbyl or substituted hydrocarbyl, and R® is hydrogen, substituted
hydrocarbyl or hydrocarbyl, or R® and R® taken together form a ring. Each R is
'independently hydrogen, substituted hydrocarbyl or hydrocarbyl, or two of R’

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.

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),



10 Suitable activators also include acid salts t a&

cont ai n non-nucl eophilic anions. These corrpoundtsé UGUST 2006
wa@ensned2by consi st of bulky Iigands attached techosmn4/040677

or alum num Exanples include lithi um

t k fl
t Bobaeria NAOHEMAGH DB Slyhsxacey Hiseth Hiifbrans and the lie.
t g&%ﬁ\{ot ssép%ﬂﬁt&ffle | dlkRallihune Bomdeandatiecluead  tthethilakeninum,

e activators further include or anobor anes

whliegy! ah@'ﬂwﬁﬁé\mw@ trmetbﬂakymlr&ﬁa tHisebuly! AyrEnuia/d the like.

a@(xltal%, &Lelﬁél i'g%l%@ tﬁéééaﬂﬁgpﬁfearﬁ@&ﬂed Methods
stltuted an unsu stituted trial kyl and

5 t forathgl lh)\odmnets)rsotrallaﬁoxanes Arpdon ubPb e ddpakat. No.
tsa:,@g)eé%l g?%ﬁ%@ id 'mgdlﬁ’{att%hbi?f %ofé&% st Qgp! gkﬁve hydrogen-

anoborane activators are descri be u.
P@bntahdmg cﬁrrip@and§7s,ucﬁoass etiodne0glycaind %).84Pag2blo. 6340 771

orachos st o e vl Sleds VR RUEPLIPRG] DARKES:S. Pat. No.
C @NauBBSteatites MbgdNodp aluaixanacils ketﬁbbsbolacahd\ﬁadlbei@nes
are described in U'S.” Pat. Nos. 6, 414, 180 and

10 >, 648, éUB bl%?aecﬂ{{)? rs %Iréc.ggﬁ%lh&é) [Ee£5}§5&1%%bﬁ?é1n ggﬁ-ﬁtugleophilic

activa rona orte
amniohel Jgidise coaipotinds gengratly corpmstty:f@rulkydquom attached to boron

Sui tapl e suppo inclu si.lica, '

siqi BEIUIYH na Xa%'&ﬁegcg' t i“{hé‘ﬂﬁalfe@@k%t)}%?ﬂaz@gmqhéagyl)borate’

?p]ltﬁuﬁ\ﬂl 'y i kert]etﬂ'él@ lﬁalidammmtardg&epyl)ef er abdlymimagat ed  anilinium
rmal ly, chenically, ot ior to use to reduce

tﬁ@trw%wﬁﬂwpehew%gtﬁg? tH?ﬁ%%xyl groups. Ther mal

treatnment consists of heating (or "calcining") the

15 fuppor tStuitélblé auwef\tatsmgﬁtnbemeluae oedanaoexhe30which are compounds
enperature, prefera reater than about 100" C
o @omrbqilgq ng; or moaﬁqalll&b%@ﬁ qﬁaikyltqgog%so U%w%ﬁ% &rga%%goranes
Prih@lidd OsubsBiuted Vaid Qinsupétitdielif etz @ﬂiwnma@llboranes such as
treatnments can be used, .incl ud| n react|

ortg@(ngnt@flg@ﬁognﬁﬁ\yl)bﬁmstpmﬁny berapea s an@ne\/@nd the like.
Zoéxﬁ(a%ﬁ% 83%@%%’&%(0%%7 Ges&ibedciany. DrPatb !e@n 5,153,157,

compounds. exa , the techni gues descri bed
20 . n’S 198,801, Rand 5141, @521§ungapie aviNatoTR\AITR NshiCerBGRaposonates,

ehSS E/ rﬁo'ﬁé%‘éﬁér%' enyrm{)r/Ft ﬁﬁhﬁﬁm% tdRghpounds and

nonomner roup
comgars?dbdn@nofamdmyl Tdneeaaaq:ttystors are described m 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,



5 vinyl ethers, vinyl esters, vinyl halides, the ||
and m xtures thereof. Surprisingly, we found t hatt AJ(G%ST%OG

wo bms@cozenyl nononers, which are traditional | ypcT/US2004/040677
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pol yneri zed by free radical polynerization can be

readily polynerized by the LTMC WI ut  the
ofSllmga of diolon COMBAUTAS: . SSai LAIETpI 3“3 FRises described in

r]gac{ts,égréaﬁe{gmy have a - CR =CH2 group io
conne to an aromatic group. R is hydrogen or a C,

to Co al kyl grou Exanpl es of t abl
o orai Tie o Ciiees Spete, fonp AR INLS i ib Prasence of the

i p?dusat Yih {\ﬁy?cﬁ’mér Bty titne it gﬁbhh?ocfdh@%tlhg lof siryr @ftgnatics,

or o styrene, ethoxym et

aamybwmhwrwlyegﬁ@, wigyihdylidesy r dife, Irkg n@}chdggrxnges thereof.
r| e\wg fo%'n?e{r{érl c Fé( NRRR: moRbRERSt WhACare traditionally

yrene OFO yrene,

gﬁblyar@'mhed th%rwllcqumlzeh@@,tmhe reagtilyrpdyryerézeg, by the
ﬁ—ﬁlmﬁ%@t@%ﬂreesgg&z&yé ef"{ t:étﬁ{i uor om(itn ﬁyl styrene,

4 fluoro-3-t~ifluoromethyl styrene, 9-vinylanthracene,
- Vi n@urtwqjsht\matl earematmemq)nqmersapr@qubdy Jrave gh&PeD@Hg group

f
oo de Ao dtun P B RLhEoqethoPd CER Sy alyl group.
arE&anmest mfrﬁﬁtablleenmfarorﬁxmmloeemefs angi styehe, thnﬁ;thylstyrene p-

lnp%{a let&gf{ef ar ﬁw %W%Q‘FVI gril rol?r]ieltt?\astyreﬂ{e rrfltﬂb%elthylstyrene
Vlet%x ﬁfeﬂﬁﬁlstyr@héw é@w*ymethytytyreaEhemethlmdysrtgrqret hyll-methoxy -3-

vi nyl “ether, ethgxyeth vi nyl et hl or oet

vingihyIsiansy C?W@ﬁh’ﬁ P | rf@f%%%rep%‘py[ \Igj?{ Arhy(?rostyrene

ettrr@'ﬂorogty %' b%tbﬁch}drcﬁé’t%/reﬂéher perﬁécthdaetmyﬁ; hy lbreinogtyrene,
her, di net hyl am noeth Vi n

d.c@hramoatweﬁ@et h'9P|°5tinﬁ9P é'tJH@S‘fyfmﬂ yI E‘HF%’@WH?}P i fipromo-4-
etthﬁ{oror?@fhﬂéltyre\!héWh f%?@B’trrﬂlﬁrérﬁBWEer@rﬁé‘ UQWrnwambrﬂacene 2-

. m xt ures thereof. Exanp rc%
s virnydisipbthaleng, a\eynrk@t @@ﬂs mixpeesy it I',r%reo Wre%e h'ér pa icularly

Vi Y 8Iy| et her, vinyl chlorophenyl ether

pﬁ |err% 4- di chl orophenyl et her, vinyl napht hyI et her,

Vi nyI anthranyl ether, the like, and 30 m x e

t her eofSuitgbls Yinxbusiiero i iudaovipyh glkye 69 1sFs: Viny1"aryT ethers, and

PG Lﬁész%%%&“ogﬂm@@é to@@br%b oWl eﬁﬁ}l %’Eh?eré BFd Héenyy vinyl ether,

acet vrny I Sob
ethyl vinyl ether hexyl vrnyI ether octyl vinyl ether decyl vinyl ether, ethylhexy!

vinyl ether, methoxyethyl vinyl ether, 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-
dichlorophenyl ether, vinyl naphthyl ether, vinyl anthranyl ether, the like, and

mixtures thereof.



vinyl tri nethyl acetate, vinyl diethylacetate, éin UST 2006
val erate, vinyl caproate, vinyl chloroacetate, vi

walk@mbheneacet at e, vinyl methoxyacetate, vinyl PCT/US2004/040677
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but oxyacetate, Vi nyI phenyl acet ate, vinyl

acet oacetate, vinyl |actate, nyl -

vi nyl %wtﬂbwaxheéﬁ%wd&\@w' @P%%te ugﬁgﬁ%ﬂ{r@? wilsobutyrate
\z\H{IC’Eﬁ é’été‘t)é' vm9hh%‘irﬁ}i’§ﬂ%¥&ét @ln I\/{/éléﬂate vmyl caproate vinyl

enzoate and Vln Ft oate the lik
addorqmcg’latt& adnyl ieishiaseacetaiet a@vbm@ yagesatequisyh h%tpﬁwetate

PR FGE P, AP, o

ciahgir otaycfohanﬂ@rbowlaée hyl\éme, beezdatke, vyl nealiculates  vinyl
The

b ithroTRS, LMRLRPRMENASS, OIS, et

f rputdiangeofip consi sting of vinyl ethers, vinyl
esters, vinyl halides, the like, and m xtures

t hereof,.. Suit e S, Vi r

e b B Bk RIS o LSS LEIRGRIEL  cthyenes
i Eﬁbmﬁﬁsaaﬁd eifi/inshloxdes | vyl fiicobef Nmslemdcmommr@ﬁorotnfluoro
t her efins are pr eferred. Ethyl ene,

pPEp r@ngnczl!ﬁebachwg(turps&q{ggne | - hexene, |-octene,

and rnixtures thereof are particularly preferred.
Et hyl eTire amenpio [rydiefes aarpeoaasstfoppet&merleldg anhelefin and a vinyl

i nvention in R.PLACES r
nRAERERTDREN DeoraoubR g SR pRE Byt esers viny
Cﬂaﬁdlést it liRé, él’}tﬂl‘rm(ulalskthére@tr duithble, viny2 eetihgrdr mmyladssktyts and
met hacr I at e, lic, al cohol | at.e | ]
aNtwhbplides; At s;ﬁ L‘ﬁ\@re u't I’? ”%Nﬂg‘ﬂ& o ‘%{{?ﬁns cyclic
a%f@ﬂn§t Qna" niddurk Kiteradty| m&hlaa@méﬁaseare Biféradd. e Ethylene,
hydr oxyal kyl acryl ates and mnet hacrgl at es

L ud
PRI HypUSR) | PRTENan AR T UFtans. 2k BiEs: hptper are
a%%ytlc@ﬁﬁlg ereFFSH hagydri snhd &BFyleﬁé’ dreompbusretermer yl at e

l'ate. Suitable allyhc al cohols and
al koxyl ated 25 allylic al cohol s include. all

I
met hal Tpe lﬁV%‘ﬁBllndB@?ﬁ)ﬁyFPrQP%?f faqf|Rf{W8?r&Za?ﬂ)¥* a8 fhetional
%@1&%}1@1 ?E?éd“%drﬁ ' tr@ l% c@{sqmmyloat ﬁﬁHr@Wa\Myl acrylates
al coho

r opox ate Iyl al cohol
Y %ols and

alHyylroxualkﬂr metimxla e@IY%cﬁlfﬁFﬁﬂ‘ﬁac@WP)&‘ﬂ%@ |@'M"’E|0%C
SR er S L PN AT LAY LAER Sy By CRet RN fate.

es and acrylates, "the and mxtures
thereof Exanpl es are n-buty acryl ate n- but
met hac Syitable, hmwlkyhﬁﬁwb?&%@a@ dnethagiylajgs e Rydroxyethy

|
cﬂg%rzlagpemét ﬁ&xylmé%%wl 4Gy Iateb%ﬂn?(ethacrylate and

cyclo acryl ate h [
mhydcm«ybutyhmrglete and methacrylate. Sultable aIIyllc 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
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The invention includes a process for polynerizin AYGUST 2008

wo koaghearomati ¢ and a hydroxy-functi onal NnDNOPET/US2004/040677
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sel ected fromthe group consisting of hydroxyal kyl
acryl ates, hydroxyal kyl mnet hacrgl at es,

al cohol ke InyEREN Instudas a1 RroFess fo pekxmmgmg%w% pLiatic and a
t Hﬁr‘cﬁ%{ fon%HbﬁQkHw ndhIEH é@fé’c@éd‘%bmaﬁé c_{(ré&@%oﬁélgh cl)f r|1ydroxyalkyl

ates |cacoos | at ed
atacnymbess rardcoxvalhyu ragtbaeliates. aHséICdu%%h§§edaHf@6WQted allylic

Thf% LENLLEN rAlffed NLHIES aSWt SI%SSh PxyaRk V”Eérylété?sg and
A8I'&Fi n e R

a viny aTOITHtIC roxy- unctlona
nnmmaa]rylamlseatly-:lnt dloanmls, m@wbtqd aHMﬁglaittQh@@S apfl vinyl aromatics

al k cryl ates, hydroxyal kyl nethacryl at es,
a% 1?'?% g(ﬂ%’l % lo alkoxylated allylic al cohols, and

m xt ures thereof. Suitable ol efins, hydroxyal kyl
acryl aTes imwention Elsacingludes s, pratesg| foe palymstiging, an olefin, a vinyl

| k | at
L kAL ol so N LIS Bt
I 3>f pmﬂﬁfx@blkyl can:rgllatﬂsed hadroayalk;drrp“ee’@agrrylatw t mlith h@lcohols
2 h
SN A R
ﬂ&@@JatE@ran@xaﬁme&rylmk,l altylibyetcatiold, allanylaten mégicnalcalnols, and
styrene-al |yl al cohol gggol YyMers requires a

rél"tﬂ’f‘r\?@?%ﬁ'cﬁla{ﬁd'ﬁéﬁg Y@ (from about 800C to about
150" C is preferred). H gh polynerization tenperatures

Ieafl tbquhé?WoWﬁieﬂQalﬂlcﬁT ofetrghtinvessionsiswipreferae conducted at a

sui tabl e for S V

C SermasRecU Hisiangh OF ABOWT Y T POR' M itzation

p%ranér"ﬁ‘?&’re' Varkdl Hepeiling bﬁrtheS;chrhyrs o banmadéheFor example

sul tabl e fornms, depending on the q o be nmmd

F@ﬁammﬁst@ﬁwy' BRI 30T PF ateear-plN APeiohGeoeuTy feuires @
?HF\%?Y hggmbﬁek@e%haéwﬁbhzﬁd@eo?cs tpaeSerBett lsbfﬁéﬁ#&el High

merizes slowy and the excess all \3,
alp@MMrlmunntmmp@rata@Sale%lt@elﬁw plecyar Weighh gesins which are

ﬁ%&é%é'f&?ﬁ R3olj 30\{9&)@?@ Wiafle 8aKlci @nigRehg) tsatiAgs.

roma hydr ox crylate and al kyl acryi ate,

the pol ynerization is referably perforped in
sol uti llilevﬂ@é%ﬁ’@‘?l’ﬁ-aﬂlﬁ@C%'%)B@@ﬁffo"”ée‘ﬁ%‘éﬂmé§°5‘t'8ﬂa?|wry’ or any other

'ARShE" QinlgOWe el P8y RBIYITBSe FRIJBC UEGH in¥Bhed twh
glﬂ? lgcfgﬁ peﬁ i 8°c‘(}?n€r;|5k§3é Rersyigie n when a
styrene-allyl a|coho| 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



rate. The polynerization can be perforned in a b tq\P__h
sem -batch, or 30 continuous process dependi ng %ﬁo‘ %STzOOS

worpsn®23s used and the pol yners nade. For i nse@nus2008040677
sem -batch process is preferred when a styrene-allyl
al cohol 8 AUGUST 2006 WD 2016/ 06622n L
PCPPOlySEOds MpWes 71 the seMjRaich osrage allyl Rlgahe! is initially charged

S%ﬁféo- p%te ?Qaaapcgﬁns st@'lehé’hs ahraahaly ¥y Ilmbt tyh%l |ré’adf<5l‘3‘69ﬁﬁ’g the

reacto rene 1 s gradual
t rpealmczlacon diThergradirm adpjktiply e slyrend empurghan @fveal @@I’mbutlon of

£ e G fRteT B BRBITRE BRNFRAENER, Do chai ne s The

i nvention includes the pol ymers nade by the process of
5 the i AheniniventiorPadneluded dhé ypalynersesnadey Qyoltiamdracess of the

I hy,
DB R bt S ite nyBRBS! Kicrsaine (.
aaroyobbytms mompmisbyrhydmxylaimyhonwtrtmmrmrat e&wl aharyl acrylates or

g% :% Hof 'ﬁ%% %égt 8?! IylaFo(fnatC?sb oleﬁn acrylic

ard@iﬁﬁ@tyhibrgl Ioldflhamayl cadterl copolgmps! wrefmnyﬂaeorpetlgnmb,ms alcohol
made t he nven on differ fromt ol,) r.s d

0 DR Ee TERRENTESI DA Yl PR at o 1o e polymers
PahYIR LY ted frebeadibagitlyrastizadon frothat that polymeesefdbialinvention do
free radical initiators or frs ments fromt

i miati geRin dedidvrlo8rei GHicabdMaers Gha @gh@ﬁn% fgm the initiator
r 8&%&% poRRioH TEPbEAfer O Maieehy eenmbllcdl poghrmza@dr me fHermally,

phot o- chem cally instabl e because of the residu aa
i hemiealy. o awtpehemicely instaljfebraausenfsthe; freidual initiator or

15 p%ﬁ’lgﬁfr%r h‘er i ' WEE‘tth@g)oﬂf nfersoP fid %‘Jehﬁbrﬁé’ﬁéeexpected to have

I npr oved em c and phot 0- chem cal
r egipsovedberrilechamieak pahpaoteeheRitaliReistanes. cl es made
fromthe poI ynmers of the invention. Exanples of the

usef ul gyt 'lrﬁ)eﬁﬁoﬂwéllﬁ" |me§eaﬁﬁfe§ a0 6@ Rl YBERRrs of the

of the invention include filns, sheets, containers,
pi ipesntioni Haesplevet tha ysefubertisleh adichecan féer megs fignythe polymers

se | k v
e e, i By e, BOhAREL, pEDE, s, ostnes.
20 t h@dhdsh/esf elaetorrmlts ,csdalantd, yamd ithe akea)nOhﬁ add@lﬁﬂg@pf theginvention

t he er.ti I
O gl VI RE GG G2 Bl PRSP fRaL Bmenzaton i
I n@drﬁtmmg tHee p_loWrT\éerpwplestleer $urcht |asnderamty, pnoecyder weight, and
g?lrglgoﬁcm?( ?\&é{ghtl-rﬁ@ rl utloS W II-'or %%{arn%‘év the ?_W)I(? rpoYV?necH}tatlon 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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25 narrow nol ecul ar wei ght distribution results in

| ower VOC or higher solids coatings. The foll ovm8h°§JGUST 2006
wexmspéass nerely illustrate the invention. ThoB@r/us2004/040677

skilled in the art will recognize many vari ations

that are wthin the spirit of I nvention and scope

of the claims. 30 12 8 Au@féi"'élggé WO 2016/ 06622n
PMUS2004/ 040677 EXAMPLELl Copol yneri zati on of

Et tyheRerizaffor of Etﬁyaéryré at-ButypAcryAitd, ndMilybRibaesopbatiste with

wi th Iron(I]) 1, 3- 1 m nQ i.ndol i ne
Conpl ex and Mao Q&) 1%%'4}/5‘3)'@%"5“?9 2‘% N&x
Preparation A 100- nLcomipnscdHef M1asalctigskr equi pped with
a nitrogen inlet and an internal fritted-glass filter

is charged with phthalimde (2.94 g, 20.0 nmol) and
5 et%ﬂéﬂ@@@ﬁ@-@gﬁ@a——’? 4,6-Trimethylaniline (5.41 g,
40.0 mmol, 2.0 eq.) and iron(ll) chloride (2.54 g,
20. 0 mmlipoane radde¢dottomt faskl kasikpednaitit Paenmriolgbnlrlaleit sand an

l o stlrred nder |tro en f h.
THeEy RporaiRen e & RERS W PHEATIGE (396& 2 Mol and

h, etB)| hdetaté NEG nflh)i YQQLOB ahmtemmrﬁlm@qer@tg:rm 6 @fm3i2 210 ed\) and
br own pr eci |tate forns eacti on

corReuih phiewde /54 o B W@%@re “adreckione ke aid thgmurture is
0@ dsglrrr‘g@atmd% nftdo g ?Fbon%n%é#bt@ﬁé%r 164.helke 9@%\/\!"@1)&@6 is heated

he m xture is Stirred to
vvdsHeﬂwe(WeQ d@fe10hhéngll%§l’$ﬁn15tlrfﬁd gleroany temperakEg fornmd2 h. A

t W& olvhJthd é’t@sfg mINTRB rbSctioRSRpEGETY 86n ntrra%%ﬁ‘gtnppmg out
pliR B pFEY onct

pressure I nter nal e sol
drtheobthyidmetatacmdarfa)stream efonifiogen.a C@d dﬂAﬁ’fhWoe\ﬂj‘(@f (30 mL) is

t if
by e RO B0 5 PR TR0 90 gl
15 Wﬂliestﬂmmﬁsemmebmuﬂrrgmawh@bmﬁmwa:gnnesed airredylcedﬂbressure
erpa\éﬁdtlhéﬁn%giarﬁllt gJPhe ROIR sséjr%edrle%%ﬁc%r vtangLﬁﬁ 1§25 IPl to give a

brown powder.

Polymerization

The polymerization 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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tenperature, pressure, stirring, and injection
controls. The Endeavor is placed in a glove box BACUST 2006

worznsaée2r@ni pul ati ons and an inert atnosphere pET/US2004/040677
nitrogen. A pre-progranmed conputer nonitors and

col l ects data on t h I .
CIRSIRHES i PRSEABHORENLE0RN HESSIE® A oreRgE | Bh B He h with
r e&ﬁﬁlh@&§ FdBRtingof %ﬂﬁl‘éﬁe t tfh@ éthﬁeﬁé)coh%rﬁ?ﬁ{rg%damﬁtho .02 g.

butyl acrylate (2 mQ allyl nbnopropox
t rﬁ\fiermnwza&pa wﬁfe@@teﬁ fREnonpers fmerremaﬁed waa@%ﬁ)yleldmg

aﬁ@ ofBoifFher. fré d\ﬂlﬁrﬁé%ﬁl\nﬁzobéﬁd <MH 3226daﬁohﬁ|w/w|n 1.75.

st conpl ex t ol uene
ssolutlon) The reactor tube |s then seal ed. The
reactor is 30 pressured\MéihmpP ¥l-ene to 400 psig and
heated to 1000C. The polynerization 13 8 AUGUST 2006
WO 2016/ 06622n PMJS2004/ 040677 continues at these
t enper aQopelyamiizpiasefiztayleeedi-Byl! Aeiyiadd@mnd Hydroxetl

conti nuous f AaJopHal | € )

consunpt | on LS PR gAY, SBR( MR Giie iR dqine

t he unreact ed nononeComplex arhilaed\diyateacuum vyi el di ng
0.4 g of poI ymer. The polymer has Mwv 5650; M. 3220;

1o 2nd Mv/-yo éwbg Wé&%@pk@amﬁy@llé’mﬂ&vééﬂA%‘ac%r tube (10 mL)

Et hyl ene, droxyet h rylate
Wi ifs Fehiarasel With) nahugy! Bpsfqeze (2 smlt) yhydrpn@)thsé@pw ¢i(henl), tri-isobutyl

COR"S 95, PES L Sand O R GRECHRUM e

Chﬁl@m watd the ballaylbt amnplleat(@ 2(err|1)O migyrdlr iuesersdlution). The

r t tri but
TS Suf by S 23R P SR ffend 10 pei
15 SOdlarhﬂ h@eﬁt)adltaﬂﬂof(he Thé @bWﬁterﬂaﬂm eot;nt(nOeQ atrthesé .t@mperatdre and
t ol uene so tlon act.or eis t en S
THR/SPEME BradIngS ?Oésal’&%d P conPians” 5 9e ﬁeﬁy‘j% The
an&h?l@ﬁée@ohﬁjrﬂﬁ’cﬂﬂcls TasouRODYITRY. i Z Aftedn p@@ﬁierllzm atinreacted
these tenperature and pressure readi nﬁs for about 1 h

wi MRNEBIRES AHEJETONER AY NECWIM.ofi9lding fe? 9 PhRC! Y&Fhyl ene
consunption is about 0.2 g. After polynerization,
unreacted nononers are renoved by vacuum vyi el di ng
202.2 g of polyrner. EXAMPLE
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.
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20 EXAMPLE 3 Copol yneri zation of n-Butyl Acrylat

Al'l'y[ Monopropoxylate with Iron(ll) 1,3- %A%ST 2006
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 | is

foll owed. A reactor tube ( m_LB is charged with

n-butyl acrylate (2 niL), %&W ﬁ’fopropoxyl ate (2 nQ

tri-Ilsobutyl 25 alumnum (0.1 nm., 1.0 M hexane

solodpbRerizbién ¢h-BBtynAcrylatd aid Hgtim?@thylddnwét@nmth awe(ll) 1,3-
the catal yst co

sol ution).B |$%Mn?|y§mqulsp@ggl|r;eSCgmg%x§@g| i Fiheator

reactor contents are heated to 1 000C. The
pol ynermeagemalomotedwesf &Exatnipies1 ﬁ@fmewaﬁ uAeeaufzadnubg 10 mL)

5 nORGRBRECLIEN bl GBS AT PRI gonTaRe 2 TG, risobuty

POAMARIum 18, ﬁnAU%TMZ%@neV@laﬁbl@/ 220,08 mL, 1.0 M toluene
PCT/ US2004/ 040677 EXAMPLE4 yneri zation

of
n- wiwtian) agng the eatalyat WHPIQX;@@WL A& Wémletowepﬁ solution). The
%a&iolr)tuée & thBh %(egleNESTHeY}éamdF%h%?\'té“Q@ hé%(mb@c The

Act 1 vat or he genera proce ure of
i spcflwmleﬂwé@n mrrt@a%o'ft thisoderpnerairy regding fﬂﬁa?tg%@l Wit h After

pr@}ssoﬁtw FeSurrdaciid %)RW ngsxxr;et#gmvg% \abSGurhZyiding 3.4 g

al um num
sobfyralpmgr, MAO (0.08 nL, 10 Mtol uene sol uti on), and
the catalyst conplex (0.2 niL, 1.0 ng/m toluene
solution). The reactor tube is then seal ed. The
reactor contents are heat &XAMPLE® C. The
pol ymeri zation continues at this tenperature reading

for%ﬁ@gﬁﬁ%gﬂzeﬂ?g?%&e n% ggjruum né%l'ypl{)lﬁrd&%f%&gflaqgg\’itﬂqron(ll)

15 pol yner. 1E3<BMPLE&SItmmob)}Gm1dobae Compiéx &ichylaerfetivator
Styrene, and Al lyl Mnopropoxylate with Iron(ll) 15

1, 3-Bi sfyer %ﬂrélﬁrb&qﬁ% P Ek%qp,eei gfs @g@n%cféAﬁB?gyP fibe (10 mL)

Acti vat of neral proce
fontsl ohaded ANrtreaB:tyrenet(Qme();L(aIIyﬂ monopmpokdeige @ wnth tri-isobutyl

%ﬁrﬁ@@gﬁz@"i‘-m af byl RRARR" S8 ANEAG 208 mL. 1.0 M toluene
solution), and the catalyst 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



alum num (0.1 nL, 1.0 M hexane solution), MAO (0.0

m., 1.0 Mtoluene solution), and the catal yst cg ST 2006

wd 9008066225 1. 0 nglnml tol uene solution). The 20 PEBRTS™N4/040677

15

20

25

30

tube Is then seal ed. The reactor is pressured with

oA D1 o o (MR8 SR ¢ MR 8, B0 M toluene

pr&?étiﬁn? mﬁmeﬂaétafy@r gr@tzomt Irohm@rrrhrhtomrm@ SWI@H). The reactor
feedi ng of ethyl ene, yl ene consunption js

ablvbe 8. thengsedigd. erT%Ir?ﬁﬁtPf f&ﬂt%\tﬁ arpaprbde  19°C. The
%ﬁéﬁz@%ﬁ écﬁm;\MSéj d?yth}éa‘féH%HéraﬁJrglr@'aarﬂ]gofoz%tﬂ)u@ﬁ h. After

Copol yneri zation o rene and
AI mqrymmasq@nof;b@mrea@drmnomemq@ner nempyed Byyeguum yielding 0.1 g
e3a>} gi no)isoindoline Conplex and Mao Activator The
gen procedure of Exanple | is followed. A reactor
tube (10 nL) 30 is charged with styrene (2 nL), allyl
nmonopr opoxyl ate (2 mL), tri-isobutyl 1-5 8 AUGUST
2006 WD 2016/ 06622n PNU?/%@%Q%%@W al um num (0.1 i,
1.0 M hexane sol ution) nmL 1 O Mtol uene
solution), and the catal $O 2 i, t ol uene

sol ution). Gerelyegsizatien 0%/ Bihwlane, iRyl %w'eia anwrélyl
o Feactor gaRhLERLSxA4E vrtﬂﬁﬁr&ﬂll): ﬁ?i@%@% rdffnino)isoindoline

poI yneri zation continu erature readi ng
for about 1 h. AfterComptaxanst MA& Adivatarhe unreact ed
nmononers are renoved by vacuum vyielding 0.1 g of

po%gtfégrst P%@bﬁ 7 Copol yneri zation of Ethyl ene,
and Allyl 10 Monopropoxyl ate VVI t h
lron(lI 3-Bi s(2-pyridylinmno)isoindoline
and MA Ammbt OUNEROHPRAS flagk éﬂﬂrpﬁﬁﬂo‘ﬁ'ﬂh al@ﬁt%?” rnlet and an

r O.Hﬂéaing%rtegb[ésesfr&eeréua:rpensgd WrtthhprﬁhéllntuHQQE‘. @4. gﬂ :ﬁi 0 #dol) and

I nterna t ed- gl ass lter is ch arg ed

phethsl aasitate (PO ndl. @-Arzmooyrrﬂme \3.4hd. 499 r@rrww b@at)aﬁnél ron(il)
(5 1B5de é.ﬁ”g?%@)ﬂ iidiafedaddedto He AsRhd tife hiffrd is stirred

I'ron
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.
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chloride (2.54 g, 20.0 mmol ) are added to the fl
and the mxture is stirred under nitrogen at

%A&JGUST 2006

wo enwpesaature for | h. The mixture is stirred ach/Usm)4/040677

10

15

20

tenperature for 120 h, yielding a white precipitate.

After washing with cold leth ther (3 X 20 nL),

the white solids are dri egméLEgacuumfor 1 h. 20

Pol yneri zati on The pol ynmeri zati on procedure of Exanple

I Ic,°o| BWMéPmtﬂond@ﬂEthylbﬁe ﬂ’ﬂB\/j@/I Apryené rad Ayt Hlloyigpr(c))poxylate with
conplex is us The et ne consupption is 1 g,

and 0. 15 g i'fonﬂB|%@'“¥%89@P|eéc?réﬂp"%m@@t°r16 8

AUGUST 2006 WO 2016/ 06622n PMJS2004/ 040677 EXAMPLES
CopsapeePicpatdtien of Ethyl ene, n-Butyl Acrylate, and

ATyl Monopropoxylate with Ilron(ll) Bis(imne)

Corm! o Rl R b AL RE 1 of v

ExpapNe. 6,560, 993S.A 16&RnL HNOnd@oﬁﬁrﬁ fRIER .cqdiph8Owith a nitrogen inlet

round bottomflas nj t n' Iet

L Pih 2By Rl Tikealegs 488" 13 Frabed oty Sggaeapiiaing (200 o
2, & di AaRl yémre*trwl nafée(a%e QBoanL). 12, 26mrmleth@adiins iyls2 g, 26.0
acetate -Trlnethylanlllne(s 52 g, 26.0

nmipmol, 2. e@é{ laamdéaa@%wr&ﬁqu rred solution. 10
Iron(ll) chloride (1.55 g, 12.2 mmol) is added to the

flask, lﬂi?r(éll)tdworm@qﬂtﬁseg 1252 &inhdly Rchadedes tiy faskgeand die mixture
roomtenperature for 42 h. The reacti

on .mi
cdﬁ@é‘ﬁﬁﬁ'd{f‘@&r Birosen a5 5oy EPSEIRT 42 hddie Eaglivsmixure i
%?%Bﬁﬁate@%)d sEHpBinay but 8610&¥ts (lﬁ@eﬁtréduc%daﬁn@éguﬁeo adie diethyl

he mxture is stirred to was

r e%thaué30 The iglagdded ftp (the residus, rmnsk thedmixire He stirgditg wash the
?E@%@Uﬁmhé lidss fﬁ’[gle &5’ |n1ﬁ|e4Fqufoeﬂ'Va%%dwﬁfcﬁ91§ Wieh removed

e |nterna lex solids are
drate[eduaﬂ@le]fewwmlﬂmﬂ@h me hntemﬂl \f/rﬁerr i gt FoRplex 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
0.17 g of polymer is collected. The polymer has Mw: 6000; and Mn: 2170; and
Mw/Mn: 2.76.
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The pol ynerization procedure of Exanple 1 is follo

but the above prepared catalyst conplex is used8 ST 2006

we@tdwghenes consunption is 0.01 g and 20 0. 17 g BET/US2004/040677

15

20

25

30

pol ymer is collected, The polyner has Mv 6000; and

2170; and Mw M1 2.76. 17 8 AUGUST 2006 WO

§/CE22n PCT/ t JS2004/ 040677 We claim 1 . A
process conprising polymerizing, in the presence of a
Gpup & pocesetammizing palymedziag, acthesatesencernd afGriobp 8-10

nononer oups hr.ou

SeMeRy certp B e astueig’ Conci Hia fghaftel pips (8RB (o
aronat igs, Wi vmyl ﬂtdmmar yel&&tbd efdrar the @mfhp\/lcbplblstmg of vinyl
hal i des t hereof; cg a vin nomar sel ec (£e (% F
group consi 3EqRficst Vil her t §Ster§/|aﬁ M LF@} S g%{&O

vi nyl 39} ' d%ﬁnny@ﬂ%n@he'r§é‘l§&te@rfﬁ>nﬂr@‘dt;n’6up Q:@b\s@tmg of vinyl ethers,
hydroxy-functional nonomer selected Tromthe %rou

consi sting Vioy! esfersoxydviryihadides, |aad & leasy ape R panky |
met hacry at %%&d%iyyfhg&lontarnﬁ%%?lsélec@adfrc?rh l‘{F’?e‘é3\(;|r<§@\hoeéon515’ung

aIIyllc al coh east one al kyl
acryl ate or ofit hydsaxyallyhe agiylayes, o hyeioyyalipt WF‘W%'@@S allylic

10 (d) a hydr O)ék’coBHIQCEI;:@ﬁ@(lgxmgl'@gﬁlcsglkgﬁ l§darfcf 2Meb€one alkyl or

group consi S acryl at es,
hydr oxyal kylaryirecwyl;xte gt attleast ankelaiyil or aryl m@thﬂcsylatand

al koxy ﬁ‘ﬁ‘%‘l’)@&u %t?q%laptrl%ho%ter s?%ﬁ edol‘%arnath%)@]row consisting

aryl
met hacryl at ef hydiorfalkytasatrytates, cbllyérqumalky(le)methacrylates allylic

0y Une L Qg RSl SEAE GO NG Aot or ar

met hacryl at egrylaaé loy bt Rastbihiaisor avldnaﬂwlamywt@teedi at least one
allylic alcohals, and at |east one vinyl 20 aromatic
monomer ; or 9 ')‘ a hydroxy-functional nononer sel ected

from t r(@? gr QU PSESfuRERdHal nﬁfnohﬁé@' fs@Pé)éfédkfy‘d)m&ﬁé)dr@lifﬁonsmtmg
hydr oxyal kyl net hacryl ates, allylic alcoh

al koxyl at ed Al hycﬂrpesyae\m&oﬁéwtesat hydrexyalsyle rvf?thwylates 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



aromati ¢ nonomer, and at | east one olefin. 25 2. Th
process of claim1 wherein the conplex has the gghoéﬁaa ST 2006

wetmsotare: LM X)n wherein Mis a Goup B-10paEUsdon4/640677

10

15

20

25

is a polynerization-stable |ligand selected from

I soindolines or bis(imnes); Xis a labile |ligand; and
nis greater than or equal to 1. 30 3. The process of
claim2 wherein L is an isoeirdol |l ne |igand having the
general structure: 18 8 AUBAJIST 2006 WD 2016/ 06622n
PCT/ t JS2004/ 040677 N-A" wherein A and A" are
the sane or differemt 2 3 het eroaryl groups. 4.
The process of claim¥ whekhein A and A" are identical
aryl groups. 5. The processi-efa claim 3 wherein A and
A wherein AlandiAC are thetsamsaendiffefeotipyl orhederodng gpmupsess

of claim2 wherein the Mis Fe and L is a 1, 3-bis(2-
negityl [ .

T o) S Bgee it Shndierfa ana o are dppical anl grous,
claiml_wherein the activator is sel ec_ted‘fromthe
group TdwPsessRf HiMa3 wherel) Hmpd£hase idgnfisal Setarpaiyrgroups.
conmpounds, al um noboronates, organoboranes, ionic

bog at espheapebde8i & kil mw@emlmeSM fs Rl ¥ARrL made hybis(2
t he process of claim 1. article conprising the

poMgrisfimino)iseidaiinge ona 1, 3@'5@@6@&'%%?9”&%% ses
pol ynmeri zing, in the presence of a G oup 8- 10 netal

coppl exrriNprodBsA6t EMmh Ar whérelty theOxativaten i s18etkd TRIMIRY group
sel ected from the group consisting of hydroxyal ky

I
acegsigtiag , of g @@g@x@nesn@mgwwp%e%om%gqn}dﬁ glum;noboronates
al 6 Qﬁi@crraﬁ‘é‘sd GHik BBk, 8d Wi hiumipkieohol s, at | east

one "a or aryl acrylate or at east one al kyl or
aryl rret hacr yl at e, tional vin aromatic
nofroner? Pakyaier HﬁdiechthPVr%e@g o?glagq [ efin.

9. An article comprising the polymer of claim 8.

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



11. The process of claim10 wherein the

hydr oxy-functional nononmer is selected fromthe 8&“&}§T2006
wa@onsioseng of hydroxyet hyl acryl ate, hydroxypropyk2002@10677

aM at e, hydroxyet hyl nethacryl ate, hydroxypropyl

et hﬂy %F& age #%ﬁ%%%%?t%‘: {1 L?FVI&Y tgﬁ%a ¥thacrylate iso-

pr Dlmwydcﬁjﬂaké sbHytyl aheatihedrylatendisetboony | at@/datal layld  iso-bornyl
al colg_;)l éz The process of claim 10 wherein at | east
on@etRcY¥eal kyl or aryl acrylate, or the alkyl or

aryl nethacrylate, is selected fromthe group

coms.i stThgp@icess bfitiim 125wty thd dydmxphindtional monomer is allyl

3 g%ﬁg&g Ipat étez'rgf %Pél e yI %}élra az%ﬂ%{eg%%glgﬁll acrylate or n-
PORLASACHACAMIS 77 net hyl acr yl ate, nethyl

rrethacryl ate t-butyl acrylate, t-butyl nethacryl ate,
acr

net h e, .
| snor A PER & Baims I e SRR e ronsreer i elected
Thﬁorwtﬁé %fﬁ@urpf:orfdlﬁin@o*@tm %—Meiﬂ?ﬁs@b&x@oﬁhéthg@tyr@ﬁé| and p-

monomer is allyl 5 nonopropoxylate and the al
acHoutgkdy'epenet hacryl ate is n-butyl acrylate or n-
butyl methacrylate. 14. The process of claim 10

10 Whes ei TR BrockeBy lof @Faﬂﬁﬁffol \ﬁhémmlmera bréf.ﬁeé @élb@tféd ffdr@Ahe group
the group consisting of rene, u, - yl yrene,

p7ARTSHNg Hf )‘?F"Mﬁi‘e QFRiPyk?net ‘QHWP %‘WF‘@H‘@ 11h§X§'5€ apHgl-octene.
process of claim 10 wherein the a-olefin is selected

frosn t hener @&ssc@ﬂsueﬁml ng wrﬁeretrhmeern@te ﬁé@mcbrenﬁetal complex
1- but ene, pent ene, exene - OCt ene.

or BRBRESES S aiafi1 R o S AU SPIBABIS o 1t ok 3-bis(2-

Cogﬁo‘%mlrﬁ)‘?l%lhb@ﬁ\% Iian@NghPwherein the activator is an alkyl alumoxane.
bi*s(2-resi tyli m™no) )i soindoline or a 1, 3-bis(2-

ridylimno)isoindoljne |i and wherein the
15 acﬁvat%Po‘yﬁ"'eérﬁnaﬂekRMt 5%?&?%3@&0'6"&51 017. A pol ymer
made by the process of claim10. 18. An article

conpr i shmertickRecdrapisiy thefpolinddrof ERim%9. A process
whi ch conpri ses polyner|2|ng, in the presence of a

8- 10 ne ex an
ondSi oy PRSIt SaPT SR pO BB a0 e e B of & Group -
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



20 20. The process of claim 19 wherein the vinyl e
is vinyl acetate and the a- olefin is ethyl ene. ffi}(%jSTzoos

w@ologna2srade by the process of claim19. 22, p@NUS2004/040677
article conprising the polyner of claim?21. 23. A

process. which ri,ses. pql rizin in the presence

of A0, a1 cp a8t Al sledifly. o et ok I AaTiaie ignomer,
hyahicaptidriaig tit leasd oroboperolsil.ect ed from the group

consi sting of hydroxyal kyl acryl ates, hydroxyal kyl

met hacryl ates, al Lyl 2 AUGUST 2006 WO .
Dotk ocksbtRest BESEl 28 atheTe M ol & ol monomer is styrene
al &ax yHeahgdroay-fyrdtionall moharher, isaseléetas tfrapmehey ighylp consisting of
aromati c none and opti gnal t ast oneC2-10

5 o ShEraiRonda ahair BEetd! ARGy Abbriattl de Goniated
Vi mgthayiai®dHot. mononmer is styrene and the
hydr oxy-functi onal nmononmer is selected fromthe group

consistjng of 5 all al cohol , nethal Iyl al cohol,
al xyIAaPa'éI“'er %V)étbmr ocegs gt 8\'?%231 ated rmethal |yl
al cohol. 25. A polyner made by the process of claim

2326. 26An anickr dangprisingdthp pblymey of bleipabyner of claim
25. 21
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