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CATALYST COVPOUNDS AND USE THEREOF | NVENTORS: Garth R

G esbrecht, Gregory A Solan, Christopher J . Davies
WERI0OBSFY% CLAI M [ 0001] This application clai nsPQF/US2008/¢83128

to European Patent Application nunber EP 0815461

1.1-1214, filed April 16, 2008. This application also

clains priority to and the benefit of USSN 11/962, 822

filed Decemig(TALYSI00B0MPOUNDS AND USE THEREOF

continuation-in-part of USSN 11/042,21/, tiled January

25, 2005, which clains the benefit of and priority to

NV REIRER 605 e EhCsRlhl s Caeopnet Dy

conmpounds useful for polynerization and or

oligonerizati on of unsaturated nmononers, such as
w IR CLAMMGROUND OF THE | NVENTI ON [0003] As is wel |
[Odr?‘iPm'TH{ﬁLa!lp?Héatﬁhoaﬁﬁx%e rigflq@ CAtRLYRhE Bbit AF)PI"icatﬁBﬁ number EP

onopol y zation or copol ynerization of olefins. New
08 pt6y ik i244s ffibed Aatibllgsf808&r dhof appliceni@s tlsbnclgihs priority to and the

[ ust.r e h fer . m 0] rtunities f.or.
e 4 A oEtd DeRiront ot 2. PR & s Ehelipfyin-part of
USENe hﬁ/@ﬂ)ﬁ,mﬁﬂﬂe&%ﬁaﬁfﬁ, Qb@ﬁtwﬂmﬂaﬁfms tﬂl@@)@ﬂdﬁt%@faﬁa PHBAE to USSN
of general ‘interest related to the instant invention

60458888 Q1ledUSlapgobl, 200497; WO 2000/ 020427; WO
FI § % / 054038; Pol yner International,
; 1-1303; Collection of Czechosl ovak

[0002¢M CEHis Govontion Galhieons dala®38)con®3(Rds, ustfull- B¢ folydidization and or

Transition Metal Chem stry (London) (1988) 23 (5),
oliggyerzagon pHowsiurais! poosmeBogrwbes gledi®boses vari ous
BAERURJUND Of THE IRVENTIGNCT 11 transition metal

|, nono- or di-anionic

[06:03] denaat és niwteiloglemvax y ganobas @tbdessgandad andtasoiipedist for the

5, 6, 7,.8, 9, 10 ?r 11 t.rangi iﬁl on tal conpounds
hoRgRRIXMSTIARY Rt FORO YT RN PE Otfifts o ferY 1784Q1: gatalysts are of
intbre@@Rd$hd Rafus@y BdSRE Uhed lcbffb‘i’l YRS & BhSIrtunfies hﬁ%bot ﬁiding new

the activities and nol ecul ar wei ghts produced are
prdcewses fI@DEO{lucTh ey tbe nBirketneedshetre red oroeg effiorenhmanner.

y ization technol o catal ysts,,and product . .
OB EhRort arHar ey Bgel BntRo BPCRERh ey, include: U
20061 #1490t S t2000mR0417ds What 26N W8es.er ald Y 2009050188,  Polymer

hi gher nol ecul ar wei ghts at hi gher activities. SUMARY '

Intgmatipgrl,] NZEOEDI N (12), 1301-1303; Collection of Czechoslovak Chemical
Communications (1988), 63(3), 371-377; and Transition Metal Chemistry (London) (1988)
23 (5), 609-613.

[0005] US 2005/0209420 discloses various Group 4, 5, 6, 7, 8, 9, 10 or 11 transition
metal compounds containing neutral, mono- or di-anionic tridentate nitrogen/oxygen based
ligands and Group 4, 5, 6, 7, 8,9, 10 or 11 transition metal compounds containing neutral,
bidentate nitrogen/oxygen based ligands that are useful to polymerize olefins, however the
activities and molecular weights produced are both low.

[0006] There is a need, therefore, for new polymerization technology, catalysts and

products produced therefrom that are based on new transition metal catalyst compounds that

can preferably produce higher molecular weights at higher activities.



PCT/US08/83128

10

15

[0007] G oup 4 catal yst conpounds cont ai ni ng
di-anionic tridentate nitrogen/ oxygen based |igands
wW@e@o08135¢ ded. The catal yst conpounds are usefRCT/USZ00$1083128
or without activators, to polynerize ol efins,
particularly a-ol efns, or other unsaturated nonomners.
stens and processes to oligonerize and/or polynerize
SUNMMARY QU JTHE, nononers ol efins using the
al y, o) r
O e O BoRng (AP o e RO SO nipgon/owyeen
ba@dﬂtgamropro:vh’desl di hscclata‘gwt eqmpcamdls efermsful,veitludiesithout activators, to

polSRPEE AT BEHEY of PSS SPUE g Gdo poRopgrs. - Systems and

prdc@&%@ﬁﬁ&@é&ﬁeﬂze @nd%fjgdﬂ?&erl@e b3 §988se s QCAbRthers Blefins using
substi tuted T“gldr ocar a hal ocarbyl, or a

th@s@tﬁél’ﬁt rompauisakowall by rhe ali gomeps; andéps tpokymerRprodrasd thergfrom are also
prov1%e L I’Ftoa fhd ?Pou%oggsn éfl tﬁgyf sctl1 g%{legl'(gglef%s'h%d%@es etgylene
[0008pst i THet @dﬂm b@;ﬁpdsmdh caPbefeptabhtyd b tHd fotlowgGtructure:

hydr ocar byl , to C30 substituted hydrocarbyl, a C

to C30 hal ocarbyl or a g to C30 substituted

hal ocar byl , nore preferdﬁ?y a QR2to Cio hydrocarbyl, a

C to G o substituted hyd ocaryl, a G todo
hal ocarbyl, or a G to tituted hal ocarbyl, a

hal ogen, an al koxi de \ aHam' de, a
phosphi de, a silyl oR ghi o

het er oat om cont ai ni ng gr o\p: i ndependently, may
j 0oi n together to f &R t_C yclic or polycyclic

ring structure; each , and &/ is, independently,
a hydrogen, a hydrogarb a substy tutg%(h;)grocarbyl
a hal ocarbyl, a1, a uted hal o pref erably,
a G to C30 hycﬁ%c stituted
hydrocarbyl, a G C30 /hal ocar byV, or a Q)Wto C30
i rablyaCl to Cl10
hydrocarbyl, a C uted hydrocarbyl, a G
to G o hal ocarbyl, d Cr—+toNC10 substituted
hal ocar byl , a hal ogen, (&4 ide, a sulfide, an
am de, a phosphide, a § Rifot her ani onic
het er oat om cont ai ni ng group, or independently, may
join together to forma cteécC cyclic or polycyclic
ring structure; each R8 and R9, is, independently, a
hydr.oge l, uhst | t hyd '
hal o%glr g{ |1§‘ W(%g&g%%g%{l tau?‘é%al %e@?@%ﬁ X 'hg?er a%#’l Subsmuted
hy@iocirbylC3 tha]bydbplc ar Hylbstiautdd hdl@af30, subst i t ut ed
hydrocarbyl, a G to C30 halocarbyl, or a G to C30
sub&ﬁsgéjt ed hal ocarbyl, nore preferably a G to Cl10
hyd b2 ra 0] u
o %&gla%aly%caRr be)%d Ro rlscgﬁ)doeigﬁc‘f‘ehérl E%Sgltbfégﬁ ?g%@ﬁlsarbﬁ & substituted
hycﬂmba:rbglr byhalocarblyhloo gesubstanted lhkloxardhgl, pacfeuablyi de&: tarCso hydrocarbyl, a

Clhtgt g?ﬂoé%ﬁ?@?ﬁﬁ?éﬂ&ﬁ?ﬁ?{gygr% r Ca n% Pocarb? Ioolrmaccl to Cso substituted

halocarbyl, more preferably a C; to Cyo hydrocarbyl, a C; to Cyo substituted hydrocarbyl, a

C; to Cy halocarbyl, or a C, to Cyy substituted halocarbyl, a halogen, an alkoxide, a sulfide,
an amide, a phosphide, a silyl or another anionic heteroatom-containing group; or

independently, may join together to form a C4 to Cs; cyclic or polycyclic ring structure;
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O is a hydrogen, a hydrocarbyl, a substituted
hydr ocar byl , a hal ocarbyl, or a substituted

whadooosasby | , preferably, a G to C30 hydrocar bp¢T/US20@8/083128
to C30 substituted hydrocarbyl, a G to C30
hal ocarbyl, or a G to C30 substituted halocarbyl

nor e reger@bl -G to, Co drocarbyl, a Ci
sub&tdh Bt o ’h%q' &a%yrdep%ndepﬁ 04 d:Wérqgapoaal}Wcarhyﬂ g substituted

hy&jo&érg loaqlaﬁ)légl% 1%9%%@%’[%@8@15&\551% g gpé'?"% a @ho CgP hydrocarbyl a

a suffide, an am de, a sil
ClaﬂooCEheBut&ntmd dnythl&)talb@hta)lﬁlcm’](ai rhuakmga@ybm axCi $0 ]Cso substltuted

or 4 ref rably, [ ;Lo ne ral a
halgila modt pRERAED ey o Budinebih s Ben SR Regrocarbyl a
C, b @, ¢ E‘/ﬂoéa‘?bﬁ)’éﬂ ANe C%Cﬁﬂbﬁ’tﬂhfeﬁ'Haﬁ)caﬂiy?tam/allog%hhﬁ{ alkoxide, a sulfide,
tetrahydrofuran, dinethylaniline, trlnethylan1ne

ant amisigt v aosrhida r & netyhyoip hostbaf naénomcr |mngtbmh@wmlng group; or
1n(igp§/nrcfgrr1]{£y %]e}yg]roirﬂtgg?tﬁ rr% enes ércoog% cazc Preé'lotl?pyechc TIng sg"udture

pr ebgghal®®y ahll , RZr isp rlna'ép.en@éiﬁllym d Sydsogln,Of By@dGarbyl, a substituted
i ndi cates the absence or presence of L. In a preferred
Y@fﬁﬁ'@é}’hérha ocmrbyl, 91 gotubstifuted éléwcarbvbﬂ)&f%bv 1itg Cao hydrocarbyl a
e L r
G 2!.13 gy/ sﬂstlﬁfﬂ%gth&&%tcﬁ%xphaeo@rl tsou S8 ?1ta]8)t %9% h(grna (€ C to C3() substituted
halpba?(bjéll; mede ﬁmfmablyrﬁrﬁl,to Rlo h}&irochflml] a Qx tcsﬂﬁshbfttmﬁtedi hydrocarbyl aC

NN (G R L R i A
amﬂéc?%? g%ll%gh%r a’?sﬂyl%? Bh&the: a%ibrﬁ% ﬁélé’ro&tro}&%o’ﬂtalﬁﬁ@é%&ﬂ e °f

- 2"~ hydr oxyphen
( 1 R(?2 1£adhyckomwlhadmobarbgb, eet isylbs)lupyd ihydroeafb@0 10 ]halocarbyl, or a
structure of

%%%f é]%lo%glg)ryft Sre?eﬁra‘giﬁr ayg,ﬁy Caglo hydrocarbyl,” a” C; to Cjy substituted

hycﬂ%@ﬁ)zﬂﬂrl' 2’ Clttﬁ 55 RiloYdrBYie By h)C‘l?co (@55 bubshrudd BAPPY| more preferably a
ani | - i sopropy benzy ) pyri dine]zirconi um

C (t<p (Z)cdh wgﬂpyl D@FFCNCTOI oRgithed iyfirocatbyhe 6t foden lhlﬂl@@arbyl oraC, to
! 1tu§:((ji hlaEOrecg:“fJ% ot&%hsangﬁﬁ%lﬁ' cal Ilfo ({]eaf%? %r\}vﬁ Ihnd IpC stp'ﬁsde a silyl or
andth@taniditc b&éldamycdlﬂaldﬁhglgv@p,[ 0012] /—\S used herein,

t he nem1notat|on for the Perlodlc Table Goups is used

as dastrl.Bed 4 prefgueiy.cals IAND ENGI NEERI NG NEWS, 63(5)

27 @13 %@e tr&lqgaﬁli Sy I thzg inffule ﬁixfofléc%ﬁég s@ch as ut not limited

neutral, wth respect to ar ge,

to fpyrlm:'ﬂel yicetenmwlepl diatioyh éther rtetraﬂydmfutalnEIdlmeﬂhyhﬁdmsh eﬂlﬂnethylarnme,

el ectroni utr ands. . . .
trlbutylarngne tr%metﬁ?lpﬁosp e, trl%lhenyl ospl?me, lithium chloride, ethylene, propylene,

cloase

butene, octene, styrene, and the like;

M is a group 4 metal, preferably Hf, Zr or Ti; and

m is 0, 1 or 2 and indicates the absence or presence of L.
In a preferred embodiment, R' is not hydrogen, preferably R' is phenyl or substituted phenyl.
In a preferred embodiment, R® is phenyl or substituted phenyl. In a preferred embodiment,
R' is phenyl or substituted phenyl and R® is phenyl or substituted phenyl, and preferably M is
Zr.
BRIEF DESCRIPTION OF DRAWINGS

[0009] Figure 1 depicts an X-ray crystal structure of 6-(5'-methyl-2’-hydroxyphenyl)-2-
(1'-(2,6-diisopropylanilido)ethyl)-pyridine.
-3-
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contain at |east one lone pair of electrons, pi-bond
or sigma bond that are capable of binding to the

wao ea@pssasson netal . Neutral |igands may al so bePCT/US2008/083128
pol ydent at e when nore than one Neutral ligand is
connected via a bond or a hydrocarhbyl, substituted

dr ocar byl fupctional group ther A Neuyt
[0936 Yand 1H¥G Zugepact%%&w Gl %@C&H@pﬁéﬁtc-@@ Ordér{5| E&droxy 3’
h&lyiReferthiRy HRIE RS- Hich Uidoypd. mul tiple
P &igqn'g eexelgﬁ}é?%@o%& t(o%g({lﬁg oP 001bjoljim oni ¢ |igands
1soar0@yﬂ3@hl3dhxyndmeﬂzugamdm (tlﬁad:tb@uzgl anionic, with respect
Eﬁ, R , When formally renoved fromthe netal in

. ed shell electronic state. Anionic |igands

[0017¢! udg thy Shict@es Baittel@ thrBYEhoRE B PWecifidbbirsit driduh@€laims, a solid line

hydrocar byl or functional group. Nonlimting exanpl es
indpdatesri lmdcandu ayeaehsv indedated éhat ylmqué may| heotatige.,
oride, m de, ..i.odi de, y
062 Ty 5 ] G s DR ooty B Wil Pl e i wsed s

dedck@é@dﬁCHﬁMC@L&&D@Jdﬁ@Eﬁd&ﬂN@Wg 638N 2MPraEsy.han one
ani oni ¢ Igﬂ(lgand is connected via a bond or a

[OHgtir oReustpl licandsstrer dpfingd w_ydrg@e@ﬁ Byt agy neptralinwith gagect to charge,

Whgtfi RIS BRbved oA th efal lih B 5981 BleSHBNL Lttt VWeutral ligands
of another netal conmplex, et r e sane or

comi'athfa&: et onesloadpiinaf elmﬂr(tﬂspblebcmdlmls@mbm&thbmm @apable of binding

th ef d b
to ifigHmgon P&é?ﬂo Nl Faame?3he rtgrpggvdei&gfﬁ wih gretian one Neutral
hg!lﬂcgl@ anﬁe%te‘aexflé Qﬁgn& & Pﬁycﬁ@ca@t@l %’b&lthtee Pgrotcmgll SasfuRctional group
-2 charge. [0015] The terns ™hydrocarbyl radi cal
tethehryd% Mtrbly]hgandrmlayhlyeda culbatitydnt gf angpheranetauigeplex, 'cither the same or
hout this doc ment. Likew se the

th
it O PEEAplt COBRRE e b GREHER 0o usea

[0013] er chaBgRaARladd Brct fdffcd QRUITRAYS tHa®ard iiBRiE &I refftcBto charge,
di scl osure, ;;qudr ocarbyl radical"” is defined to be

when _f(@lt@(l)lyrrg@p &omtthgme‘p@éyn ﬁ]@lnqlq’q;é@ﬁhelb@lgqﬁmgdstatgr Anionic ligands

1nc‘f1¥(%sf€¥c%r&@é§nﬁ&e % ggorcggqyl g> Jf Cd) h}hﬂ'ﬁcdarﬁ rf%ruﬁl%c nal l%roup Non-

linfiivel Skdinpled of %dldﬁa?l ﬁgﬁfdbyihclﬁ&éj Ih§>di1h($c fEJdn‘yle&ﬂbtydie brormde iodide,
radical s, and gernyl carbyl radicals as_ these terns

ar e
alkybarye kel otk ynda 8]yl ey eexlelimsfiyloibdr ByHonig digangdssmay also be
po@ﬁgntﬁt@%l?& I?lofen%l\ﬁﬁ'o?lﬁ a‘ﬁton]ltce ﬂé&ndoﬂec Pﬂgcrtéw%ﬁ bom Qla§ hydrocarbyl,

een substitute east one unctlon group
sulsuuhe(hhydﬂﬁé‘aZbyl@’a fuﬁiﬁti@nal grety) tet]EER" 2An ASKTI2 hg%hd'\’ﬁﬁy be a substituent
f BI'-\’*Z,l Si R* | %ﬁ SnR*3, ,PbR*3 ang he I f? )
0 \ﬂ/ﬂ%ttl%r getal cqup eé‘nélt It ySGF‘Gc%fr eI GHC ?jr@ﬂlﬁlp g §OMPpICXEs are
bo@rﬁ? fbg‘efh%{ar te %dleﬁ%&a{h'lcfhlé r['l%allfty oy Q@Eﬁ{egyﬂoBE@Qﬂl GftlonicS H%agtdaﬁtat has a -1
ch@l@*a dlﬁbﬂ’nzs lagaldd um@eﬂnletieo b@\dtteatmOIRé ligand theltalp@ radé igharge.a

ohe e i i P S Rindiay S Gosub by e e wed

1nt§%ﬂ£r@@ﬂﬂ§ tlh@ﬁgﬁlﬁl@ thig§ eduaeRet Dike@idatns REAL bgfrbugr AP suBstituent” are
substi tuted hydrocarbyl group, a hal ogen, hal ocar byl
also used interchangeably in this document. 'For purposes of thls disclosure, "hydrocarbyl

radical" is defined to be C;-Cg radicals, that may be linear, branched, or cyclic (aromatic or
non-aromatic); and include substituted hydrocarbyl radicals, halocarbyl radicals, and
substituted halocarbyl radicals, silylcarbyl radicals, and germylcarbyl radicals as these terms

are defined below.
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group or a substituted hal ocarbyl group. [0018]

Hal ocarbyl radicals are radicals in which one or nore
whyapogashyl hydrogen atons have been substit up@dusion$ioss312s

at | east one halogen (e.g. F, d, Br, 1) or

hal ogen- containing group (e.g. CF3) . [0019]

Substi t ted ocarhyl radicals are radic in whic
(0461 eait S%W&edﬂmd&%mﬂ, raciGady %f@éﬁc? IGHS HaP8l grﬁt éftaémrr?a%ydrogen atom

ha§39§6ﬁ1 %@ﬁﬁﬂetd%ﬁg anéalgt Bhe hﬁﬁﬁBn&ﬁgoﬁﬂJ Qg %ﬂﬁxhz*%*et{l@ SeR*, TeR*,

PRsB*ASR?)R"%R"SL SR?B B@R’Sﬁﬂ,{ sSORR3Y;, SARRE, PhRTd and éhel likeeorovhere at least
r.bon. at

ond R FeEhesiPEhiaT T Bedrsy e v G Rr S viahdical such as

0, Sese, TR, NI, PRRRASR ASEPR* B SilBR” Gel$“‘ﬂng*%R32 and the like, where
SnR*2, PbR*2 and the |ike where R is |ndependently a

R*Hy independeytly @)hyclrawbﬂrqwllalqcmm:@ﬂwpk ow ded t hat at

st pne n.atomr ns. on t.h
04137 o PGP PR B PN IO By PR b5 SPL B g has been
repladel &5 @h?rd’ﬂocﬁrb?b/%ﬁ»)lp 24 sulgtiaugs hydirowfibﬂh 1ol Shhlghen, a halocarbyl
functiona |t% onded directly to the in i cated at om
groyip o HBstiteeG ppesbylipiie Si H3, Si H2R*, Si HR*Z

O, ST 1T, 1D LR Aot e

atolrm;dfape bdﬁ&rﬁdbytltatehwdﬂnﬁdedsybnd)haldiﬁln(&xgr By(Cl, Badi) oahalagen-containing
deflne 5bove and two or nore R* may join together to
2 FealEulbst i t uted or unsubstituted saturat ed,

[0ADf L %dwtlﬁ%ahMBé‘Jrﬁ PJdlc%[so AR bl GYChid Gvifieh %@'1&!&’ @k Chalocarbyl
ring structure. Gernyl carbyl radicals (also

hydrakéredr delogy e@nbilassbeearselbgntut@psvmm at/\/tﬂasthonehﬁlngfecmaj/ lgroup such as

N R R B Aoh b P BB RIR oIS - YR POR"s and

the3 1ikERIAACKIRE ) at l%'t"(c%k noh- c%&m&rﬁyorcﬁbﬁﬁ WS ageen inserted within the
NR* 2) NR*2) 3, and the |ike where 'S

halpn%ré]defndﬂénltﬂuyh &s By & dedrp R PRﬁaAé%"érShR* B&:Tl, &t *2ag¢eR*;, SnR*,
Pbg Lnﬂfe &ilqu( l%eq‘? %*t M9 e n]igenﬁy { ul%yqi? l%r Eng%%rlgﬁ raifal provided

Tia su or Uk ura
thapaﬂbmbhe/haw@@t eumatre@lams oﬁrtlwmtgmlchybbmynradmll ycycl ic
i ng structure. [0022] Polar radicals or polar g

[0%013 graberbyl wdicek 1(4%@9 r?é%l%d SHY AT IR cRIF oBRIPY yn ‘gﬁlch the silyl
fu&ﬁaﬁeﬁ\gy q% Fbgﬁ&édydﬁr&tgl e qh&l@&t?&i gotnq)r@rqa':[oﬁ O ngb%ymclude SiHs,
I NCl ude (e}

et er oat ons gr oups fthe perio
SiH A, eSiélR"‘ae r&B.f*‘gnSl}bz(ORé))nSdﬁ(é)R"t)g St(ﬁ)&*)ﬁl Birb(NR* Py SiH(NR*,),,

siCRREL Pl B B ok GBS PRl g AR radicl o
defﬁﬁ‘é@lcéﬂo%‘ ahd %6’ '69 $ndrOR-USy i3k B dr Go 8Sihifla sﬁ‘lS‘s'thlted or unsubstituted
al i de, carboxylic ester,” carboxylic salt, carboxylic

satamtqddpardelly ahsdbhytde onmrdmiate cyclichaipobyse i Grosipicisy.

[0(&'1?' og(%’emiyl%'r‘tg: acl)(licaq galyohc% ce)d germ yrfcarbylg)ea{rg)éroups in gvhlch the germyl
functionality is bonded directly to the indicated atom or atoms. Examples include GeHs,
GeH,R*, GeHR*,, GeR’;, GeH,(OR*), GeH(OR*),, Ge(OR*);, GeH,(NR*,), GeH(NR*,),,
Ge(NR*;)3, and the like where R* is independently a hydrocarbyl or halocarbyl radical as
defined above and two or more R* may join together to form a substituted or unsubstituted
saturated, partially unsaturated or aromatic cyclic or polycyclic ring structure.

[0022] Polar radicals or polar groups are groups in which the heteroatom functionality is

bonded directly to the indicated atom or atoms. They include heteroatoms of groups 1-17 of

-5-
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hydr oper oxi de, carboxylic am de, hydrazi de and i m de,

am di ne and ot her nitrogen anal ogues of am des,
WRGP08256 ami ne and i m ne, azo, nitro, other nPCT/UNDNS/ 083128

compounds, sul fur acids, seleniumacids, thiols,

sul fi des, sul foxides, sulfones, phosphines,

ph t th h h d I

th@dt?%g 12321 e%s}t]éqrégne%rg%g@%{e |St(e| %‘%ﬁr‘rgglggleﬁt#@;ép? g‘%or other interactions
sudlf %uﬁﬁlcn%fn ALSVAR fofkesNo n}?}?&’% Bhdirzc! EgﬁnﬁFQ@ﬁf ct10nal groups

pol ymer’ supports or | norga upport material suc
inchldendanzoxybindcisli héid dalidRy, ehshoxghic estarrphl@sxyifc P, aarboxyhc anhydride,

o R e ey 1 pisRlaiuha el Gy Shps. poroxide and

hydi®pérodRie e&‘i{&fktylhy afhidyy ﬂ?&ﬁﬁﬂ@k{hd irfidb; S&tﬂliﬁﬁfeel(ﬁd other nitrogen analogues
hydrocarb hal ocar byl or substi t ut ed hal ocar byl

of @adde,salmta , detinpeddaibtne aged niti Rhcairogen r@omg@nds»ersulfur acids,

d or .unsubstjtuted s
selbfper a1 SN LUEE o KRR WD s BRUPRBSEY epermnaces. other
phésphgrus compburds, sﬂaﬁ@sZBbrah& Soricseaibehl Matisatest MRinctional groups may
ﬁ%)grocarbyl radical is |ndependently sel ected from
als ﬁ@hen bs¢ y to @pﬁéﬁyrgaa}@d)q WBHEUEDPYES ?frlg%gamc [supPRArt material such
\ | I de
as gl%{:%ﬂa{ and] glifl?é%elg%?&trétﬁeetexraa ieécéyoif Bﬁ?%kougg ?&%ﬁ!ldehlgga d?éﬁ* SeR*, TeR*,

PRﬁgp&ﬂﬁBcﬁbR*pcﬂl@dwz, SmR)’I'gaﬂbR% ancéthbo]slyd wheenkt G:@ﬁydlependently a
hy ggé) Bxlogg,t;sgllwggf Mg%rbylagﬁg{%wr)oernsb Cosy {gca glofcédlcal as defined
abWeOaQBQWB RAOMES Wlll to (?8%1; &Nkm ahs%ﬁﬁﬁﬁ(ﬂed op ﬁﬂ§L1%§thlllted saturated, partially
octenyl, nonenyl ecenyl, undecenyl, dodecenyl,
un&de@denwmnwmgmyddsmqmwwaw@@nngdeummyI hexadecenyl,

[O(ﬁgﬁt aglﬁ % gg%ade enl¥e P}[@ ggagr ﬁl; ¥ctagt1 S&gl%lpﬂy selected from

meﬂ%mélﬁﬂs@tﬁé’ﬂyl aﬁ@i‘s’éﬁﬁ?&e@ﬁ/ﬂmpﬁe@ﬁt@p %ﬁs}y |hex3€10ﬁ<§£€§2156¢‘iy1| nonyl, decyl,
nonacosenyl, triacontenyl, propynyl,

unggsiit, yﬁydecyhe)‘@yqlgy‘yl p@rgﬂwgq peg‘@gim| heﬁ@i%mg” heptadecyl, octadecyl,
nor? ed;%é{};% L%lg%@?e%ﬂg {:C)sg e’c %@y:f | trlséégflectgtﬂyco% bt penk acols%l hexacosyl,

ra pen ’hexa

hegtadoadie oyfaydsyl,nonacsoy ﬁh}idtconfyll clﬁsww,, bdﬁ@fyﬂil EDENRY |hexenyl heptenyl,
docosynyl , trlcosynyl tetracosynyl pentacosynyl,
octiBYladBEGH dotraph ausganyl, desieeabs yriflprcnyho friigdespry}, | pentadecenyl,
I
ho 00| GANAN L, PRI, WIRSLRAE, SR, Byl docosens
trlcsmnyttttatras)swt}é r;mntacbhaayt éﬂxmlsenylh)he@dadosemyh ablayoskeeyl nonacosenyl

sub ected to types of substi ons escri
trigggp ay B e R R Lt AR PRV ertegynyl decynyl,
unﬁ@}r l@l@ﬁ'@cxrlnyl "iﬁ@&tyhyﬂ ’tet%‘ééﬁﬁfﬁxiﬁ_ ntadé&’ﬁ{y‘i’ hﬁé&%ﬂé’éynyl heptadecynyl,
[ cycl ohexyl, and I’k or this disclosure,
ocwlu@rynal rzgidertynyls ¢1CQ§1V3Y31; eneucvﬁjmht @@osYra’d tmml tetracosynyl,
d cal s
pe R0 b s hlE heh AR SRLE sty AE bR LR Efionunyt. Alo

incAldell larc BbIKERYY s@ifhtc, kyrfiylly tadhgaks ahd sloaftit Bedliederudlukes wherein
i somers |nclud|qg wher e appropriate cyclic isoners,

ther gadicak amay addisenally boenbigeisd o Bhe yypes 0fmibsiiugpppylescribed above.
Exétngﬁg h;,ﬁlCerdgp e%nlyi,ﬁgﬁeegg}flg%nyl, af)lglzgxChl%ﬁl%‘tyenmgl?qgaphthyl, cyclohexyl,

ogous su
cyclohexenyl, methylcyclohexyl, and the like. For this disclosure, when a radical is listed, it

indicates that radical type and all other radicals formed when that radical type is subjected to
the substitutions defined above. Alkyl, alkenyl and alkynyl radicals listed include all isomers

including where appropriate cyclic isomers, for example, butyl includes n-butyl, 2-
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cycl opropyl s); pentyl includes n-pentyl, cyclopentyl,
1- et hyl butyl, 2-nethyl butyl, 3- nethyl butyl,
wda2@blgdspé opyl , and neopentyl (and anal ogous PCT/US2008/083128
substituted cycl obutyls and cycl opropyl s); butenyl
includes E and Z forns of 1- butenyl, 2- but enyl
tenyl 1- met hyl - 2- propenl

| - hyl
me@hy PRV - n&ertlaéglm;yl af?ﬂP 1(1)‘[%:? %94 ¥/C Mnﬁ ndy a@\qaloggus substituted
cyﬂb!@oﬁéa éﬂt | ) Ch gg@%‘% ﬁaenq@’ cil. fn%th?ﬂfﬁ%ﬁurﬁdmethylbutyl 3-

Stltutlons | I soner
meﬁ)géﬂvmyle 1 -aiyhpydpthe apd Emnlpblmtyl riehdichmalogous substituted cyclobutyls and

B N T

1- ;@op‘é&h‘?’l 'thllﬂ}éﬂhph@f))‘épen b, 4‘2 rﬁetﬁ?lt ‘#dﬂe‘ﬁﬂy land 2-methyl-2-propenyl (and
di net hyl phenyl, 2, phenyl me

cy@olzptm}ﬁm yigh)@ﬁgpenylg}q ng:lg-commgnqh mxpn@ ﬁ;}qstltutlp@@mpde all isomer
for\rl\ng Qre % o g)heefxrtn %TX &the% wo Clg lpge or&mtﬁgth% I;%Eeny Ie’gfgl-rnethylphenyl

e wuon

andaxqmcd acttyepat yrmmealgtph@mylofw@ﬁl@pyinenﬁemmdnﬂaémgnp@enyl 2,4-
| ene. olLynerization of ethy

I
iy anas i J BT PO ety MG Rde) B s gy Ghenyl, and 3,5-

(that some of the catalysts of this invention
dnﬁaﬁ@éﬁ%9’ nerize ethylene or propylene to

[002dh- t rladh¢ canett of plok ydehhyd:mn‘élonmpdlyhmilzyl}imﬂ pydudh @i‘oduce a polymer
structures, respectivel kemn "copol ynme ation”
magg o Gpe RIS RB FS e FhoTH ROV Rt AORE %ﬁﬁé?ne would produce

hoﬁ% ypt%ﬁglleﬁe( aﬁ@hﬁpo@hﬁiﬁ&@c% &%lé’rﬁ@ulh %ﬁldﬂl@@ hornopolyethylene It
oly

hers”of ethylené wth a- olefins, cyclic olefihs
shcaﬂl@l b@l wited, nisywarienythar sera¢ iof tbé ehiahsfs af dllefmvnn@on homopolymerize

ubstitute efi and/ o s
et e Sore R Rits et iifians® S bBARRGRE, aypmgylene” structures,
res &amelyes Lil{ew@seo"'@(ﬁpdﬁﬁnerﬂié'tlﬂﬁl’ew@ﬁfépiﬁoﬁﬁ@e pal}fhmsemh more than one
- pentene, 1-hexene, 1-heptene, 1-octene nonene,

mohouhet ¢y, Eome@emémeethyldmj e@mﬁygnem mq:lud{@(pehl@}ers of ethylene with o-

-tetrade adec dece J1-. )
ol Ert%’&@% 8&? ns in%élpffg]é‘é’e‘ﬂ’éy afj?“ﬁ‘&ﬁé? @én%-o?e%néq digiefing substituted a-
ol ngeﬁﬁf/&oéc%ﬁﬁenléal OfRafkifed hon%ﬁﬁ?@swﬁlllmltlng examples of a-olefins

t'etracose ent acosene exacosene
inclzdegpbpdose nehutdnen @ tpaaaenbhedencndhagtose Neoctene, 1-nonene, 1-decene,

1 I%Id%(gq? gﬁé({o%ggqut hﬁrlgqe%ﬁéﬁgt%d%geene 3_l penta(yiecene I-hexadecene, 1-
he@agbcéné r i Rtk ere: PEXERRIecMNY | %%BL&%eXﬁBSnm&ﬁQne 1-docosene, 1-

I nyl nor bornane. Non-Timting exanples of cyclic
trlcunlsefe, nh—temdoxénql dfpengacosenb udehaxycdsoit érheptacosene, 1-octacosene, 1-

no gilieglﬁg @Cbl&tﬁ% cl -h e%ﬁ@-e’-ﬁ%ﬁ%{ﬁoﬂg-ﬁltée?ﬁﬁ 1- é{‘l%elnoeoc enﬁlyl 1-nonene,

3,5%5- Hﬁhaﬁ%lnp-h@)%e eﬂﬁylc?cloﬁ@hﬂé/ lagy GloRRMbRASe. Non-limiting examples of
net hyl cycl opent ene, vi nyl cycl ohéxane, nor bor nadi ene,

cy@mcgieﬁ@qoemd émlfé“mé inglude yélpliere, Zyclnmrﬁ@m éﬁ@ohexene cycloheptene,

Cycgl Vi nyf cy @E@&egﬁg V@%}?dg?}e\}lﬁg;lbgg@ﬁ exane4 -methylnorbornene, ~ 2-
methydey@dlopenitehey cl ohexangcyclopéntene, vinylcyclohexane, norbornadiene,
dicyclopentadiene, 5-ethylidene-2-norbornene, vinylcyclohexene, 5-vinyl-2-norbornene, 1,3-
divinylcyclopentane, 1,2-divinylcyclohexane, 1,3-divinylcyclohexane, 1,4-
divinylcyclohexane, 1,5-divinylcyclooctane, 1-allyl-4-vinylcyclohexane, 1,4-

diallylcyclohexane, 1-allyl-5-vinylcyclooctane, and 1,5-diallylcyclooctane. Non-limiting
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di vi nyl cycl ohexane, 1, 5-divinyl cycl ooct ane,
| -allyl-4-vinyl cycl ohexane, 1,4- diallylcyclohexane,

wo 2@blogdss6- vi nyl cycl ooct ane, and PCT/US2008/083128
1,5-diallylcycl ooctane. Non-limtingexanples of
vinylaronatic ol efins include styrene, /

hyl styrene, /[ ara-t-butylsty rene
eXWﬂW ﬂé\ f@ﬁé’ O@ﬁmmc&dséﬁ@eneaﬁa%w latyene diqga-t-butylstyrene,

Vlnwphfhg'ablé ggléﬁﬁ@qgﬁ Za)r(lggclhgln g/hb%g}gin%h gfot%ggrﬁltf gc&&ﬂﬁ)les of a-olefinic

dlefheﬁnﬁdmieadﬂékﬁﬁadlﬁre['rﬂtﬁhlyéx-aﬁxeﬁe he-mbplddﬁﬁﬁ 1,6-heptadiene, 6-methyl-1,6-
oct adi ene, 7-meth 7- oqéadlene Wg-decadie e
£

hepihdiont odercbiioncs  Eow by HOUEUAE and-t5s Wyl 1-11-dodécene, 1,13-
tet dgce‘ﬂg%ﬁ&i 9etﬂ§thﬁlsygstfebédf&%d ﬁbgiltl%téfﬁs %?éfﬁlg (?1% L8 d functlonal group

unct1ronal” group ’contal ni ng a- I'nclude t
coﬁl@ﬂiﬁr%l dHoNind} inlcRAIS tthé¥d & oNRMi €2 kIR Ast Ghe tidn Larbod GrBuﬁtIQbe 17 atom
bou to a carbon atom of the substituted a-ol efm
bow@ioea earbén stotysefi the sulphititéd grdlefbowhmysuble selgfingiontif sifcon may be

S ASTE fandopaad ot Sifitarte PGS SRR ot e inpgpween, and

wh@fedmcﬁslbh@@ﬁoﬁicmn SHE hsﬂi@orf A6mEX%adMALioBexdmplSB, 88 S, Se, Te, N, P,
Ge, Sn, Pb, As, F, d, Br, or |, are

Gec Sﬁ,t lﬂinzﬂsafe@i Bm@fr]e agg:u.‘@ﬁteﬁmiatg@ erl@ﬂﬁe @FCh-Tﬂnl-qaﬂlﬂiil or —silicon moieties
tl I
are{;[s%ﬁgélétgtﬁla@r’ ﬁeo ol‘{{eg ﬁlcoln glr f%}l{e)%\rlaog]ﬁ 'J%E g%tfo t8 ?ﬁ@eh@&% \91%916%001‘(11113,‘[1011

polyalcyit®tidnz atdction r ekt thoncathlyst the soat@lyain ahe @ﬁeﬂany hydrocarbyl
retain the generally h drocarbyl characteristic.
Ch%éthgstw@y P@ﬁtquﬁﬁql%m Yr Bresraer oy Bomithe HWBIb@n%dY?dH\Wéld that the

fﬂgq{unﬁfer 6RENB0n 3he rH:}l’coﬁ’ 2 uﬂ?ﬁmﬁfg the double

nuﬁlpé g

carb on an con atons, separating th e

boid aatl élemomkmrhmerﬂrlmon rmletysnziy boh ongraatyr, apy7.be & oo, or 10, or
gre or 8,.or 9, or 10, or 11, or 12, or -

11 3P fory 13 57 giramormnd bR BT BF el Firbalt BisfisapiDop and silcon

atob@! ROSHLARE Birh MR dAtQYBdjabnt 60 Ui &hbld BdRd mgﬁél‘i‘ieﬁé%f adjacent to
adj acent to the doubl e bond to i medi ately adj acent

thet hen- n@rhm@awrbcﬂtilc@n mgiety. c dixampilast inclugg satylteimethyddilade divinylsilane,

LT s plstlane, oo e,

dirBetARhMod¥i- i-@ﬂé’ |0‘19 ¢bmbn@A&ns tBeredf. ML MFNRAGAA %‘r&ﬂ)econtalmng o-
or conbi nati ons thereof. The use of functiona

ole@m@mﬁ%@t@ﬂt@aﬁunctr@ahgrocupa wseihter the tdesble uwotliipakb witloughe scope of

's.cloer 0.t he.dou sals W t hi
oGS RSt BT RBe T B RS R elfe Whiofhics Fr1BE Rt manner as
arebﬁlelunaocslsﬁﬁ %@ﬁggn Sbe SaBRIIFRNBECatdys@ fd MRkdne Reagents in The
a-ol ef m anal ogs.” See, "Metallocene Catal ysts and

Bl®ér@né Reagen of Ralydthénsg| ddk/Cratt eRdalelvondladér. Sci. Eng., v. 73, p.

46%@9 \%H% m&'kg'gfgso gg@ gg))%tomgrlf.?cp Fiﬁig %%,&/g%e ﬁc@lsrﬁé@ﬂmers permit the
rdPRFAB0R" 8f oﬁothjsﬁﬁlcgigg’al-?gggu %ﬁlﬁﬁ@oeﬁg& REEMchpdbll® of subsequent

preparation of h functi onal -group cont ai ni ng
delcmuatwm ra@dcdp&mmo@ll ngaghsrecry enhicll emdyy be iuzed asrgrafandd block type

f.uncti ona omer e used raft a
pofiuse BN ST BN Pere TR Taes Trvelsd e R ed T purposes
of B RisRicBbRs WRELHRA Alafcy all&h & €06 1§ BEri RMOR Q&L 8150 incorporate o-
olefinic macromonomers of up to 2000 mer units.

[0025] For purposes of this disclosure, the term oligomer refers to compositions having 2-

75 mer units and the term polymer refers to compositions having 76 or more mer units. A
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of all jurisdictions where such practice is allowed.

Copol yneri zation can al so incorporate a- olefmc
wor@possssoners of up to 2000 ner units. [0025]PEDDS2008/083128

pur poses of this disclosure, the termoligonmer refers

to conpositions having 2- 75 mer units and the term

efers to corrp03|t|ons haV|n or, re nmer

meirp tcﬁn%{r@? 4 Wnifof j aepliging mpelyeer glhatocrrr r ogfesponded to the

8 Bt 1RrdIgbRR LR HRRRRLS o Ralitfh, TRAWELHR) th £
muslé%frlg);lut e ol |g%rrer| za%ol oﬁpor pol yrroerl %at?tlﬁlon fj ©mero
polyethgtenomoukbbe ghdomd.e, t he ner of pol yet hyl ene woul d

ene. . The ter "catal yst" t al yst
0B ot s "G T a0 bR cotfsmndohg Eliaed fEht Y compound
capa'l}let dfahitinfn€ adtaly¥igi A cathlFRLEMPSIndGARPBIRRdBYitsEE to!ffGhte catalysis
by itself to initiate catalysis or may be used in

or geybbh asddoin mmmn@trpnamthv@t @ﬂﬂvat@rutmltmha‘ﬁecaé%lym ysWhen the catalyst

comg?und;hgcpglt%bne:dﬁ?% 1% a %Vgpog Ito 1n191ate Cﬁ{E]leg g}!\% e ca al%st ﬁ%mBOI&ld is often

refeiFedid &a ped-Edtilgst drecatdysd pﬁé’cﬁrsﬁﬁt dhy $érmo rcaeaamlsyﬁém" is defined to
precursor. The term"catalyst systenl is defined to

megpan) 21§ataysaPIEPYser/ stieiar o/ abd i%athop qalyst eempoypd capable of

1n1’a3tn%oﬁaﬁlgglél Vith5Q R \?@?p%&l o({ata!l sgst eﬂ?s ?s%ﬁf}é éﬂgécﬁbe such a

activator. cata
pait dbedi@s cadtivetiaycih mcgmali nhe bﬁfaOﬁlmtai:tcambm @pre-datalyvgarggether with an

t he unacti vat catal (pr catalyst) toget her with :
aCté‘ﬁ‘toéc‘l“} é’lPBPnajg’d a gpf tb‘ﬁiaqu y Whencis. i3 diskd e dﬁ’ser&ﬁewcﬁ‘ta pair after

activtiH8 80mkohd8s Qéti@%d%‘dfé‘ﬂys@atﬂ?%h& aBliVo88r AGHIeY @hdr@Qbalhhcing moiety.
means the activated catadl yst and the activator or

[0027her Htwalageéydfo abmpcmndgnmpb@nwtra{l 890174 preretatyst at y satalyst system not

b tral
re B YLeoRare it RGY Pl RO T Deh phon g ohy fpen activated

catdlysh3k@ed species with a counter ion as in an
activated catal yst system [0028] The terns
[002§l:t | vBcotermanchctivgent and seocatlystugedl used dniciraegeablyy herein. A

scaV }éél ny %f aCI%?{ ? tha R %@@a‘ﬁj %dh&f‘ t toI %F&Mﬁ'tec abl{%%merlzatlon or

|go tlon or neri za

polyynesl@avcen@y BErvehgits hﬁlptasmsSosmMs SAVemngey ﬁlamysoaics @s acfivators and
as activators and may be referred to as co-activators.
max begetsaied oo a«ftwafom sArfOrackvalen jha deRrot anggvenesh Ny also be used

in Yschd:iBn SAM M{‘?étfvg{&r\f\ﬁ bRIAD R ogl c%e etk deih dofhel HiBdiments a

an“active catalyst. In sone e ments a“co-activator
co-Qetmvabe punebmpxednmd: Withhthe catady sy stormponpd v dotno ahoalkylated catalyst

| at ed st co und, also referred to as an
codpRieE 8 RN i SRRy S BB2SFIRERCoor di nat | ng
[00201 ON N dKeBbrdifatidgfdnRBA(NOANRARBRJABI RS BEibn s that does not
does not coordinate to the catalyst netal cation or

coqridmiatedioethc cahydi matad catoont piethakteds watdingts tdthe watal cation, but only
we\é\ggr lr %n Wag&cﬁﬁa{tg% nawge{%ﬁgrs\é\@ﬁfglhyth%p %uggutltrali] a]fev%s base, such as an
olefinically or acetylenically unsaturated monomer can displace it from the catalyst center.
Any metal or metalloid that can form a compatible, weakly coordinating complex may be
used or contained in the noncoordinating anion. Suitable metals include, but are not limited
to, aluminum, gold, and platinum. Suitable metalloids include, but are not limited to, boron,

aluminum, phosphorus, and silicon.
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olefinically or acetylenically unsaturated nonomer can
displace it fromthe catal yst center. Any netal or
woredoalsassel t hat can form a conpati bl e, weakly PCT/US2008/083128
coordi nati ng conplex may be used or contained in the
noncoordinating anion. Suitable netals include, but

are not ted to, alum num gold, and pl atinum
[0030] ¢ ab‘PeSt nklgme%%éwﬁ%?fua@ bgusithst exise! of rpriEd tlye terms ionic

actRRERNan A0k iBHG i PBRR RRGY ASp caﬁ'?)g 11§éc]hin9éi’5h g@gb?ﬂ o@kevvlse, the terms

stolchionetric activator can be eit neu
neutorh isichidmacttie petsvataynarel laotis weitl @DT,IVEHKDTdJanOO jusdd immd:ha'ngeably.

ic.activator n be u ed |nt abI . Li. ke .
(033" ¥ o @ner af B SetiShand 1 ERAROERE it RARE o tigand. «
terAadl nAfdobN alodt, i€ RRitREck 8@ch hat 8 ﬁl@(ﬁé@ﬂ? Bbhded tB @RBdnefoMer nitrogen

pur poses of this invention and the clains therefo, in

atogies &y i:emtrralg nérqu@ At imatneregenaitomithatog andizgacdnbondedato at least one
othgl{ tﬁ{tro t ?0(% é‘ﬂa a? ® n,§t o&enodxlﬁl{gee(:tfljtoxlll ??%ger%m}é oxylggn aporn 1S an oxygen
atofd tHa® %fﬂldﬁb@m bdiied ité ohlydihe @ehtryl MiLoERchtd@. ahn lef@fple is illustrated

one ot her nitrogen atom and at | east one oxygen atom
belawt er mi nal oxygen atomis an oxygen atomthat is

indirectly bonded to only the central nitrogen atom

An exanple is illustrated bel oy DETAILED DESCRI PTI ON

OF THE | NVENTI ON [ 003 Thi s "nvention relates to

Group 4 dial kyl conpounds supported by a

phenoxypyridyl - am do (//PPAY) tridentate |igand. Such

conpounds exhi bit gig ACIiVI eRlfor the

pol yneri zati on of Dl ecyl ar wei ght pol yet hyl ene.

The cat al yst conﬁgund Coa=he represented by the

foll ow ng structlye: eagh X i s\_i ndepepndently, a

hydri de, a hal ogen ydr ocar@ﬁ essrinalit ed

hydrocar byl , a hajfocarRyl, or a substituted hal ocar byl

(alternately g i igependenthyysg! ected from

hal ogen, al koxi deé Xxi de, am de, phosphi de, or

ot her anionic |igapd Aﬁgn Lew s-acid activators (such

as net hyl al unoxang, m num al kyl s, al kyl al um num

al koxi des) or algsyl al g&halldes (72§ﬁﬁb§|°f
YT, subst

donating a hydride, hygfio
tltuted hal ocar byl X

hydr ocar byl , hal ocar
ioﬁ% tﬁg conmponent) are used, or

ligand to the trans

when an ionic activat\or i/ capable of extracting X
provi ded that the resulting activated catal yst
contains at |east one MH or MC bond into which an

DETATILED OHESCREETION OF THE2INCENTIBN R2, R3, and R4

i ependent |y, a hydrogen dr ocar by
lﬂﬁs’ébst .ﬂu% SRR SdaiEh P Grgind @e%w%wmp@rndé supported by a phenoxy-
yﬁ@hsatrﬂlﬁd"t(%ﬁzl t?l@l@ﬁtgﬂé Cs%arﬂﬂef %ﬁb&&np nt e&fﬁbm%h actn&tles for the

hydr ocar b substituted hydrocar by
polyme@G3atidnabb dlmlbyﬂolequtar aw@ightt pol@8ykubst Thaitcadlyst compound can be

represented by the following structure:

-10-



PCT/US08/83128

10

15

20

hal ocarbyl, nore preferably a G to Cl0 hydrocarbyl, a
C to Cl0 substituted hydrocarbyl, a G to Co
whadooosasby |l , or a G to Cl0 substituted hal ocar@lis2088/083128
hal ogen, an al koxi de, a sulfide, an am de, a
phosphi de, a silyl or another anionic
het er oat om cont ai ni ng group; or independently, may
join together to forma Cto C cgclic or polycyclic
ring structure; each R5, , R7 is, independently,
a hydrogen, a hydrocarbyl\ a s bstltuted hydr ocar byl ,
a hal ocarbyl, or a substi} hal ocar byl , preferably,
a G to C3o hydrocaro I 3 substituted
hydrocarbyl, a G rbyl; or a G to C3o
subst it ut edhal ocarb [ -ferably aC to Cl10
hydrocarbyl, a C uted hydrocarbyl, a G
to G o hal ocarbyl, i to ClO substltuted
hal ocar byl , a hal ogg i syt fLi)de, an
am de, a phosphi ani oni c
het er oat om cont ; or in ently, may
join together to foNma ¢ to Ccyckic or ﬂ%ycyclic
ring structure; eac : , independently, a
hydr ogen, a hydroc%fbyl ituted hydrocarbyl, a
hal ocar byl , or a sdbstift uged-INal ocarbyl, preferably, a
C to C30 hydrocarbyl, di |t o\ C30 subst i t ut ed
hydrocarbyl, a G to R oc®Byl, or a G to C30
substi tuted hal ocar byl ,\ norg preferably ad todoO
hydrocarbyl, a G to O 0 substituted hydrocarbyl, a C
to Go halocarbyl or a G to Cl0 substituted
hal ocar byl , a halogen, an al koxi de, a sulfide, an
am dech X pih,oérpdﬁ:pd@en‘éy,s ial yydrigde, andtalmgenani dpiocarbyl, a substituted

ete t i nin . X 0 h dr n, a, .
RS Byl P BB Pt i e RIR Jnaf g independently
sel@étecaf@ﬁbﬁeubgeﬁt @Ik_oﬁﬁi'eogfdﬂde., afli @S h@tyhyd ar Gihet @m@ﬁ@ ligand when

hydrocar byl , a 0 substltuted hydrocar

a G
Lewis-@3d h%ﬂV@tOéiﬁ* b{puch ops amethytaduramgngy b@umt%daliyls alkylaluminum

al%ﬂd%@%é 1] ysl’et} ﬁxtngp% éﬁ%@% g‘%lg ro?}c/iﬁlﬁg@&oh){%{a%q@%?@cﬂbyl,aSubstltuted

hydratabgl; bylbcarbyl aa sGbstingte ChalosdibeltX tighmtitoltad aadditiyn metal component)
hal an al koxi de, a sulflde an amde, a . ,
arep‘i‘ﬁ?&p?f‘i a'gen an é(ptpg:l lCtEyater 8 ogRab %ﬁf GRiracting X, provided that the resulting

actﬂ%&e%lréaﬁdtl GRRhE htnl'egg oflE REBS oriviL G"bc]nd #to whidh aﬂ olefin call\l/l insert);

preferably, x Is 1; Is a neutral |1gand bonded to
thaMmﬂﬁy i ncl ude nnlecules such as but not limted to

Yt PR B o o Rt i HOACRATIHE S iyt BiRgarbyL, @ substituted
hyi%bé}gw haRldegebyt, for raeshbytit@tla@mwc% 1 tpEéfBrB@IWhl@% 1}, R€drocarbyl, a

ithium chloride, ethylene, propy ene but ene, octene,
Clstpngneubsamged thgdﬂopkr@yl M |C3 (Dlhlplozpanbﬁk, adr, a C; to Czy substituted

hal%gﬁa&{) [n%z%é{ pheéérgég éh Ccé t8 lb?ggrgﬁ%r vl fal ('Tl_l to C10 sfalbs%tuted hydrocarbyl, a

C; to Cyo halocarbyl, or a C; to Cyo substituted halocarbyl, a halogen, an alkoxide, a sulfide,

an amide, a phosphide, a silyl or another anionic heteroatom-containing group; or
independently, may join together to form a C, to Cg; cyclic or polycyclic ring structure;

each R’, R®, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl, preferably, a C, to Cso hydrocarbyl, a
C; to Cso substituted hydrocarbyl, a C; to Cso halocarbyl, or a C; to Csy substituted

-11 -



PCT/US08/83128

10

15

20

25

[ 0033] Specific enbodi nents of the catal yst conpound

can include any conbination of the ligands listed in
waaiwbesbsbel ow. Table 1: Specific |igand PCT/US2008/083128

conbi nations[0034] In a preferred enbodinent, Rl is

not hydrogen preferably Rl is phenyl or substitut ed
In a preferred enb d| mené}jl R8 |s

pheny
hal@%ﬂf# merearsheablyia GifoLp @ﬁdreﬁ% é-r%ot& %/Snmteql hydrocarbyl, a
b
O e e SHET e AT R PO %r%% kprge, o sufide
an subslej tau ephlbsplﬁdfr & helys u@stanonhtechnMyhetaoaoﬂ-cdntauﬁﬁ@ group; or
br an che

1nc@§ cf Eﬁl{crb ydgr ougethérlt l Uda %g&q E&?%B%PW YOy& 1ﬁ{/1|ng structure;

propydh R¥ULNA . RDERt Mhdeﬂ%ﬁéféﬂt oct )Hydrdg@ﬁ‘,y Q, h{l@e¥drbyl, a substituted
dodecyl, phenyl "and isonmers g hereof. [0035] I n anof her

hygoedrbyls e dhalaendul, e atsubstietcd Antacydy!, W@@@MYuQ@d thdpe hydrocarbyl, a

C, hta:Féor sqfs%ll[u\{ecf %gg opar %XE ﬁ flo ?,Oon %6@%%% e?rer a%ll (%30 substituted

halbeﬁb‘yl %Q)@@ peferably h (hab,C phedeeablly aat, tb(aﬁ tsu%%ed hydrocarbyl, a
h bar, preferably at |east 5000 h bar,
Clg@ @ﬁehaelwybxdt o1 g5 {0 600DAtHIeE | hajpcphyl, ag*raéq&eﬂam glkgxide, a sulfide,

o R SORRTTBN 1 U R AR RE,
[oo&é‘] idn hyctrbgénerar agldmnhbyll rmmﬁbdtﬂnﬁecpdiyydﬂichmblylsnze halocarbyl or a
t he catal yst, co ounds scrib

rooduced here n u e
sutgis, Halosetty | BEedirohie %o 1t e Gol IGRH P apgn e Lo “ubstituted
hy%é&sq’bglfe 'aéﬁagto %g 'h@lg@argﬂl %Ph”@rto \@b stif ﬁ@@&%dﬁ A B preferably a

, g/ nol nore, preferably 600
Ci¢9 fid hyﬂrombﬁ, a Pl éd €|10asbllbytltﬂ®ﬁ l@'ﬁ@)cg]/hybla ©r torfon dalocarbyl, or a C; to

Cl(g?“ﬁ’ﬁ‘iltu gl%yg lﬁg} go/rgggil %}10?3_11(%[65 60%1 £ eﬁ%l‘? Q dergrgﬁ))ggspglde a silyl or

an®h&f Bl Netdrod@th-8Qfai8id o, nore, preferably

1, 500, 000 g/ nol or nore, preferably 1, 75,000 g/ ol or

mor &S bﬂeﬁéﬁé‘bpgﬁ@a’fﬁﬁa@i@m g/nol or nore; and or b) a

mel ti. t 2 e ably, 13
1'L 09 R0 {r{ﬂ 11%1 pdt ag{iedltfg\gqgaé may MDEfide R ¢S SB%!h

0C or nore, e pre 1953 aslgl&nothrmted

to Q@n@fneﬂ&b@toﬁ@ﬁleﬁﬂ?&m eekhb:y Ok Byidr@fathnO rdithiahVine Oftrlrnethylarmne
l ess than 5, prefe abI%/ romgreater than 1 to 4.
trl%ﬁ@%@btfyn?thﬂﬁhqspl}mteo riphenylplyptrpe Nghwaushipridge |eéwlene propylene,
JRLEC tiadi stribution (M Vn) were
bm%ﬁgr act grél@%g ﬁgdli%%léllgf—ll gh Tenperature Size Excl usion
Chr orMtiogpmph 4(iétie peefekhbly dficer @GO nequi pped with a
differ ?)n&i al rgf. cti \é\ﬁ i ndex detector (DRI). Three
Pol Vhe bora grdieesphe absCaesRhESeRet B leol urms wer e
[0043¢d. SEJé%lﬂ%OéHl%hméﬁtQWf i @dtéﬂgs"‘t chbrfpolld B incARE dnS&ombination of
nom nal i njection volunme was uL. The vari ous
thetlrgands ksted innkadle tbtlowns and differenti al

Table 1: Specific ligand combinations

R, R, R, R R, R°, R’ R®, R’ R” X M L
hydrogen hydrogen hydrogen hydrogen chloride titanium acetonitrile
methyl methyl methyl methyl bromide hafhium diethyl ether
ethyl ethyl ethyl ethyl iodide zirconium tetrahydrofuran
propyl propyl propyl propyl methyl furan
butyl butyl butyl butyl ethyl thiofuran
pentyl pentyl pentyl pentyl propyl chromane
hexyl hexyl hexyl hexyl butyl isochromane
heptyl heptyl heptyl heptyl pentyl thiochromane
octyl octyl octyl octyl hexyl thioisochromane
nonyl nonyl nonyl nonyl heptyl quinuclidine
decyl decyl decyl decyl octyl benzofuran

-12-
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refractoneter

(the DRI

oven mai ntained at 145 O0C. Pol yner solutions were
wpe@pasxse by di ssol ving the desired anpunt of PETUS2008/083128

pol ymer

in the appropriate vol une of

detector) were contained in an

1,2,4-trichl orobenzene to yield concentrations ranging

fraom N 25 tn 1 §

nn/ T

a¥a) canr'nl o M vtiirec worop

alpRBx a

thlRfen

tri&l&lhyﬁ)h@ﬁ
n@Ofphvidt ()

eiohdnd o oisfhh?hpyil’l

t et ¥1?hfﬁ§b @?ﬁé 1N

p&bﬂﬂmma earo@@m@m
diprgpylairemyd ||| flipyerviplreing
@’é‘ﬁ’@?yél f FW{?PYé

m%r@ﬁ\é% Hid mprg’f Bﬁy
conpound.

lsdpmﬂ&ap@ﬂ i
met h D
VLG H et %ln

| PRE
T ) |d%utylﬁ§nyi

[a¥aly am{ thy@ |

=raathfa@h3he
- s adaintylCa
i AEM™e
iCtId/FatOI‘
TOXanes s
h| uptowBne
b | PR

& %%er

t uorid

N énctohilied 1h
b othaliplesnyl ¢

31} 1
g"let%tll;éz%l
2 RlopyUE&@f1U
&repmiplaeri]

@&i_slolpaopyb)
trpropytphe
el gener al
.Lébprﬁﬁfi)heash

5 dlﬁﬁ}lgﬁéﬁl}rl

L9 | pal

akdpmntyAc
orttiPaTel

5. Agt,i val
ich s net

et-hyl a
bW ‘P88 d

tﬂMmy@ﬁEQyﬂ

i m@mﬂ
trleﬁg lﬂfe

pebPyléhyla
donpohemd
ndHSW‘i’P% h

hegy
bl unoxane | f

—_

ent )

anm‘?ﬂPi{g

Wi t Frigh

| JgPBihepy!

/ Inamyiphedal Im tedxy aki

(1§dpr015yapdsinﬂ #l his(fiadthyle

Ct @0hrachui | hg nbh@syhedt i ng
i véreingh [|0039] Thg cyelohexene

e Qr nore
or gptpat jcan be
hy Ibenath umxane,
umbxeae, o- butyl
actt¥at offs i ncl ud

%ﬁso n,

hepr I onic

s
tetrakis
trakis
40] The
ypically
ed by th
iC

a linear
Rx is
anpl e,

i
i

t | phafo@r
r epresen

is @leycl

V\ﬂh&&yf s
Ay M,

(

| silylregdyphe
from 1-3%0. Most

i Iagutyl]g\:enyf

alylpREY al) EbugHEENID

i tulyBiEnTE

haulylpRoga M) xanes  ar

at | eas
nost

4. Net hy

¢

®

s thereof,

chromene
isobenzofuran
isoquinoline
oxazole

phenanthridine

pyran
pyridine
quinoline
selenophene
thiophene

trimethylamine

tributylamine

dimethylaniline

trimethyl
phosphine
triphenyl

S phosphine
r ethylene

propylene
butene
hexene
octene

hg%gz\%d At L1 0C V\Agﬂg‘gcy on @eﬁ a |td(‘1f1‘fybn flor ~2
hQiEs. Thewsdlut | ongds f Itg rogidgii,a 2 nicron
Sdradedd] €§s teﬁﬁcﬁ@i I hetr@lEcyl( Ppl yd‘fFEiEcyLa S) ddddat10
seheidl | | atob@Bsyvi Bl Scridsiing| a oR@byimel Labsy1SPE60 Sanpl
R6PsySt §t n@BosyThE  s@RaKAL | oRotddyl Cff engya.gf fhe colu
3®tonm)as calfacdowiat pd ruehtlg o S@redngls Of paadesdow( MAD
y I e pElolstyhAn agydgxybPo Wélphe{yéb ré%ciewés , whi ch
%?”3’} THERpbeTei | ety [oagples o he
W51 4N oflit S| Ofyebdigr cp §@M& eqn
Eyaiddewsi d alcyclp@l:yys y&enecyst fi ﬂsﬁ angitad@ frlom Mp - 5§QCriethylamine
cydpddigryi0 q‘ Oy BOQccyne reloded @ywwlm e heshiesstalli brat i on
cHI. | O’o’%ﬂh;h i f [ er'@fity'al | SCaRH'n Cafﬁd‘?Serre ry (DSC)
asur efrent's "werp p€rtfornmpd 8n°a B mir Pyris 4
i nsir umgnt i@ def er nipe the nelit | nE pakdtyl off t he
pol ynerg4. Sanpl e were heated to 200 OC for |10 m nut
ahgﬁzyilhe cb‘t_fﬁyéd bezze g at b@&ZYF at ¢ ofee®lCimn. Aft
diI@ﬁ%l‘r E@n)ﬂ g he (ﬁme }%%%{5 a‘éngi;t ]ty}%rl 1 E Figt S, they
MY ey 11 il p%@é yOF aBhyithehy B € Bleod0 @/ mi n.

vinylcyclo
hexene
benzene
styrene
methylstyrene

[0034]
substituted phenyl.

In a preferred embodiment, R® is phenyl or substituted phenyl.

In a preferred embodiment, R' is not hydrogen, preferably R' is phenyl or

In a

preferred embodiment, R' is phenyl or substituted phenyl and R® is phenyl or substituted

phenyl, and preferably M is Zr. Preferred substituents for the substituted phenyl are C; to Cyg

hydrocarbyl groups (including linear, branched and cyclic hydrocarbyl groups) including
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preferred. For further descriptions see, EP 0 279 586,

EP 0 594 218, EP 0 561 476, W(94/10180 and US Pat.
WO®9/0825665, 208, 4, 874, 734, 4,908, 463, 4, 924, ORGI/US2008/083128

4,952, 540, 4,968, 827, 5,041,584, 5,091, 352, 5,103, 031,

5,157,137, 5,204, 419, 5,206, 199, 5,235,081, 5, 248, 801,

5,329, 032, 5, 391, 793, 229. [0041 n . an )
me&winﬁhﬂn arogyl, 3?&&1% P! apﬁﬁiféé‘ﬁ( M08y s @Jﬁéecy? phenyl and isomers
the‘fig ral yst - precursor-toactivator nolar rat| ois from

0

ut 1:3000 to 10:1; alternatively, 1:2000 to 10:1;
[00351 er Natanethey pﬂe:fdrﬁﬁbembncﬂmmt theel ¢a®dyﬁatsys;tainw,sed h&@M hay an activity

of ey F00GE REboit bepy sbing: it 1480 ARG} Uiy oY apteast 2000
g/thioflh bar, @kéf&faﬂﬁtdt\l&.'sb’ 430019 ndnso1 X Har, 1%%&@2131? 8t R&{t15080 @/mmol h bar,

i s an al unobxané (nodi fied or unnodi %, sone

prederpblyi argenst 66¥) gormelHe baraprareradlarsd deast 890G gmmelt o parpreferably at
000-f 0ol d c taI t precursor
lea?t ﬁ)((I.H?)r’r\ﬁ/ Oégﬁ)g reefx ?ytat?easﬁ']né pr% er r%l m ni mum

[0086] | VaAhQ! picPerec ahy@dlm@ﬁtemrmyetnﬁbm@pﬂoaudedlhmhaasmg the catalyst
ratio. [0042] lonic activators (at tinmes used in

corgposids Aescaedhensinghas gt l@é%tuovapétfhﬁ fedg™ v PrRRSEtiGSh t he

0 204165 LA o a6 B 0 o
mdrEhREFr8( C6T080)00D, o/idk 2PhiNblle], B¢ fErabH3- 7(3() BO{ GHBORd) 4dqre, preferably

AT SRS B AT iSSR0 st

mo?@rbr%rd%ﬁe 42567080 @&Sﬁoﬁﬁo?&tpﬁréf@ttagfysl 5@6‘6(‘51) g/%?(q ordhére, preferably

al’'unoxanes such as net hyl al unoxane,
1,721 090pxanks mmchpra&rmbyjﬁﬂ)ﬂé,@%fgﬁWIormwmdm and

? lr iumé)sum l'kél g&% o S%ﬁ%} ¥$W§r%hT§qgmoca&dmore, preferably

135tQio€ hio@érq)tréfbﬁb@cmwm Smore @il madsuRid UyaDSC); agdieh as
tri(n-butyl) amonium

tetr &k M phfcssy thep Ph erylﬂmfmr@ gregter than 1 to 4.5, preferably from 1.2
blsperfluorophenyl boron netall oid precursor or a
trlsperfluoronaphthyl boron netal | oi d precursor,
[0030| y hallogenlat ﬁ/dlglheﬁlﬁf ﬂlbmcﬁllﬁEwafghO astr(bdGod Smaﬁﬁﬁ)mere characterlzed
boric acid (U S Patent No. 5, 459% or conb
usipg @riigh Jaeampeaqt%r@ fuée E§%185101E>Q§1ﬁ?ﬂﬂ@§gf@? vﬁ‘é’@f%ﬁlhance 2000) cquipped

w1@ ao%l%feﬂpgltﬂ'eﬁgct%t Ri&tdr ﬁlﬁjj eTltﬂreé P3 'Ltagéﬁ%nes PLgel 10mm

oron m num gal ['i um an di umor M xtur
Mik &b Beodlumith everd usel. st[lhstnomueadt ﬂ(gw aa';eswasr é Oeaﬂhmin and the nominal
. ndepe den tI rom al hal o
injeDEt PR TR P k10 e y TR VaPOIDAEE (T SRy differentia

ref?a% aﬂepen d(g% ﬁf{? rd@tk%l:%r) \;/&% ctoﬁfaﬁfédgﬁ QHRRefmfaintained at 145 °C. Polymer

ntly select'ed from hal ogen, nono or
solmiditsi wyrel frepagéchby didboigingahe dednstliamauaddf diyypetymer iyths appropriate

e
TSGR HAYA 90 S e PR B MBIPRY - b T
soluo? Oag &itbed tiabogs a Qimictanditaiglesudisd] ifiltat Eblyangt ISgbs) Mncr gcintillation
via sr 161511%2 ?1blléi}’lmterhfagshél%%ogéaomugl% Prep Station. The separation efficiency of the
column set was calibrated using a series of narrow MWD polystyrene standards (Polymer
Laboratories), which reflects the expected MW range for samples and the exclusion limits of
the column set. Seventeen individual polystyrene standards, ranging from Mp ~580 to
10,000,000, were used to generate the calibration curve.
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are alkyls having 1 to 4 carbon groups, phenyl,
napht hyl or m xtures thereof. Even nore preferably,

W b@onspsee groups are hal ogenat ed, preferably PCT/US2008/083128
fluorinated, aryl groups. Mst preferably, the neutra
stoichionetric activator is trisperfluorophenyl boron
or tris Iuoronaphth | boron. é0044 lonic

[0038} crpgﬁe?& ik, SgaANRE (GHOTHRTHo (RS MRSrswsmeRisnveig performed on a

Peﬂ(‘f'ﬁ EYRePPRIOD ind®u 9{7?0 Qétgﬁﬁmf d Rl'%lt Wta&fetﬂe yoy?ners Samples

but not coordi nate or on | oose oordin
Wetef)heatdﬂieto rReMaCron 40 mmutes‘ artdhteen muled 10020 60podngte oBWERC/min. After
onpounds and the |ike are described in European

belﬁ% theldca thig reimpEratpredos 70 nogygtes, ey Ay e sban Iregted teB0R O at a rate of 10

o EP-.B] - O 50 7 003 and EP-A-O
533, ifinfoiRts e B quine @l BORE" 95701
Activ@®s 46d CaPal?@t dRatioR, 241, 025, 5, 384, 299 and

5,502,124 and U. S. Patent Application Serial No.
[0038] 285 B8 atakyst eampeends carg bel guybingdl | wigh apki eth mare co-catalysts or

actﬂ%%o%% A&Nayork QEﬁr&%r @é %g cg}/ncﬁl?({ee%lﬁ&%%neg Ql ]aslﬁgtll&l alumoxane,
ca y rea yst

an be ctirng a Rat 8
mddﬂﬁﬁmauatﬂyv\alhﬂloﬁﬁheaeﬂlwvwhﬁfoxaﬁd,lm asyB(lG6609n3, andhhe like; Lewis acid
upon reactian mﬁgh t he hydrol yzable |igand (X))

actpRforp ud@&*ﬁlg‘@ﬁ bqr@pﬁls@ﬁrfgquﬁhengl}@ﬁo%gls-perﬂuor%];)heny? aluminum
an(( [{B{ GRESIGHi&K a)cllvz)torsvﬁcﬁllae sfiafi gﬂ&lﬁﬁbﬁrﬂeﬁﬁgﬁlk ?E;rﬁ%or{ophenyl borate,

transition netal species gener ere
triphieeylc atadbysium cactrdies, aadluprahenylbl boratee pmethgtandwiorh  tetrakis

tivator onent s ch are ionic conmpounds or
§P@ﬂ8ﬁ@5gﬁ6WE@épmﬁk%parat|on of activators
[Oﬂ-ﬂ)] |'T 271G 2 Righexh A c%@l@@ﬂéiﬁdt%eﬂﬁ Al 89 LA AELAE BY an oligomeric
this invention. [0046] Conpounds useful as an

aluaunmma@@npocundp@n@mntq: by hiéie pgaspeat doimowla oR™ tAieO)nomlnch is a cyclic

cat al SY Sk xude cation r
CO%p%%néiy 3t &R ?*gsoéa%] BN FS R AP, Coénfb%?o%g tg éeréeral alumoxane
fore i) R pridc£BOL d}ll@s hIRGI @BicaN) fovuxampa) ifhyil Scthyl, propyl, butyl,
relatlvel arge (bul ky), ca able of stabilizing the
ek ispEncEntIaTopS and Sl 1168, i 0 it 2 MSERBEOMHeR.t NBst pisferably. R is

me@ﬁﬁﬁ?%’ Pgﬁ tlﬁa{/thgsb i'IP' M?ﬂygﬁqgﬁ) r%ac e dl\f\%b gl%elk?ﬁld c:a’lurnoxanes are most

praderaddef moe fanhieraat@bmbtgmsc@bl ,‘EPﬁms}ﬂQuﬁm eleP ubs4 rzlaB;eEPog 561 476,
L itri

Wb e nditis dfilsSes Bhtsahbat Fit Ehondusdiin haETagh om2.54.

4 9%@'89'7‘55*0@\!%8@69'09‘1‘“3%' 9%@@' o3 ERA7 277, 9984 ansl £P% 199, 5235081,

277,004 published 1 1)" ani oni ¢ coor’di nati’on
5 Zééﬂﬁﬂ,égw Qiilmﬁra%ﬁﬁg emdpﬂ 411r6a22i9ty of lipophilic
coor di to and shi

10dddft £ VP 4 GuuBaH R P S ap KT o dotr B “Hsgprecursor-to-

actBRk@Bol GORRD i frBsh ol HBEd0 toy103f; MRFRAVAYOTBOGHGN (A, alternatively
car boranes, netal | acarboranes and boranes. [0047] In a

1:19P8fterl Pdd abpmpatdvaiank: S04 el 4t alierhatieist Fi300 4etilvaltemstively 1:200 to
and an anio e nd, My,be .

re%?‘éggV%%%ga]@bq? hleﬂ f ﬁefng\%venl& rlf%(f {ﬁ‘{ﬂ frf, arl]lttemaa%lvelynPXO Qo 1:1. When the

activator is an alumoxane (modified or unmodified), some embodiments select the maximum

amount of activator at a 5000-fold molar excess over the catalyst precursor (per metal

catalytic site). The preferred minimum activator-to-catalyst-precursor ratio is 1:1 molar ratio.

[0042] Ionic activators (at times used in combination with a co-activator) may be used in

the practice of this invention. Preferably, discrete ionic activators such as
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(L**-Hd + (Ad ) wherein L is an neutral Lew s base; H
is hydrogen; (L**-H)+ is a Bronsted acid Ad ~is a
wmewogasseli nati ng ani on having the charge dd i BCHIS2008/083128
integer from1l to 3. [0048] The cation conponent,
(L**-Hd + may i nclude Bronsted acids such as protons

[Megaiﬁﬁié’&i%%ﬂ@? onat IHGCIP Cstiant | ng e RaVEIBGRer S-CF L.
[Plﬁlég([%agct%ﬁé%’s' 5- F% Ogjzfﬁ 1[#2{ g@(é:gﬁf BTo? 1G5 ahofdi agﬁl{zaﬁgrgfu%ha as B(CeFs)s

ctlva I'ng cation
or B(aCéHsBr@néleedecthI@fermdm@mwvatbrsdwham usg, arcpihon@vantosuch as methyl

t he al k tranS|t|o rretal [ recur .
ol R ol iR R D i e o fg atominum aiky's
sucEERAL SRty QKA h RS anAPRARIN BiutTBumsi | I i ums, and

m xt ures thereof, pref erabl'y amoni uns of net hyl am ne,

[0(14131 | i rsn 1@I1i11ﬁ?é1gh911 aﬁ@iqheom@rletmmm, rﬂ@ut%@r Hghigniskghnas tri(n-butyl)
ﬁ-luceig?/r{e%%n lﬁlS fﬁel}t, h eorop:}%{lﬁlﬁo&at ,nteglyﬁgs er uor%ge;hen&l goron metalloid

prd@uﬂbﬂ@@a ﬁisbbtﬂlluﬁﬁﬁlblpﬂtﬁtﬁl Hord¥Emetalloid precursor, polyhalogenated heteroborane
thyl aniline phosphonluns fro

anlpp:f, éW@Pgﬁégéﬁ)i h@rlc a¢id &H&ﬁaﬁ%% Sn%l 459y or cornblnatlon thereof can
h
o RO PEGRAILSy y B TP LIS DRyt oron

aluthioxan galhsml dndnindimsn br mmfusdhdsrheff sThs thrbe asbsdivehhytoups are each
. thioethers and tetr dr ot oph ~and . :
indepsadspiys SHErE ffromrﬂ@yg% ?ﬂf;%xl? nfga stifuted. glkys. grylp. arylhalides,

alk@k? QnBaRddt0! BleYersHE NthashSE | (%Y&Ips dr& ?rmébéﬁ{{@htly selected from halogen,
car beni uns, ferrocer” uns an m Xt ur es, pr efera

momardmmulnmclmw tIn¢leding detisubgitutadisary(or @fkeftsa lahg allcnpheorygpounds and

.car bo The,, ani,on co ude, t hos
mifGRoiert moPRet ol SR HoTRePRRTE Y O 20 AEho G iy groups
hatih@M th 100catbori atoPns@ BIKORY @8&Ips fHaQMe2t & 20 carblén Ztéths Mhd &ryl groups

an el enent selected fromGoup 13 of the Periodic

havitag Beo af) cerenprametingudipg srlstisied atyby.oMase pedferablyuthe three groups
are ﬁﬁylg IaV1m|g3fg Wi %9%‘11 & p&yﬁﬂgﬁe‘ﬂe p&’t@g i%ggl,l&{urgg]ﬁlre{e%ge%ven more

prdfMdbl@p aidyree %lvdnqisl drut ledodeyiate @.C proliyehbly haaatddy laryl groups. Most
substltuted hal ocar byl., and hal osubst it utedhydrocar byl
Preferablyal $e safwra ﬁmlﬁgmatﬁl% ROPYIERT Bon tatPsTuoRRhgNYlH eboron  or

ot nore than one occurrence is Qa
)

era each Qis a fluorinated
[0GddIr odaniaysltmglnlonnptrlc activator compounds may contain an active proton, or some

other cation associated with, but not coordinated to, or only loosely coordinated to, the
remaining ion of the ionizing compound. Such compounds and the like are described in
European publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0 495 375, EP-B1-0 500
944, EP-A-0 277 003 and EP-A-0 277 004, and U.S. Patent Nos. 5,153,157, 5,198,401,
5,066,741, 5,206,197, 5,241,025, 5,384,299 and 5,502,124 and U.S. Patent Application Serial
No. 08/285,380, filed August 3, 1994, all of which are herein fully incorporated by reference.
[0045] Ionic catalysts can be prepared by reacting a catalyst compound with an activator,
such as B(C¢Fs)s, which upon reaction with the hydrolyzable ligand (X’) of the catalyst
compound forms an anion, such as ([B(CsFs)3(X’)]), which stabilizes the cationic transition

metal species generated by the reaction. The catalysts can be, and preferably are, prepared
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having 1 to 20 carbon atons, nore preferably each Qis
a fluorinated aryl group, and nost preferably each Q
w0 2009/08256¢ af | uoryl aryl group. Exanpl es of suiPEhiUS20081083128
al so include di boron conpounds as disclosed in U S.
Pat. No. 5,447, 895, vvhi ch is fully incorporated herein
@y ref erence. [0051 lustrative, but not limting
WIEY ARPYRY SPMPBRGYS c"éli‘%ﬁ uH8s 1AM &?H}PQ}}H% As é‘b‘n%%“%‘ﬂls However
pre?ﬁlta'tlﬁﬁuof Q&l\%&?@ﬁtﬂkﬂ né@ra?éﬁ%&ﬁh# R éoﬁteﬁg)lated by this invention.
o-activator i1n the preparation of the I nprove
[00461 al ySerspainds hissful rmgemmt hdvator ecantponsutbst theupeegaration of the ionic
such as: .tri

' | t t hyl ' _ ‘
co o sieE R f 6300k REH, DT EapT s asig cble of donating a
proté, PIrAPY |c§ﬂi§mﬁ'lblé| rﬁoh%bﬁﬁﬁ@ﬂ%' HR6Rkich anion is relatively large (bulky),

trl(nb anmoniumtetr enyl borate, tri(ter
capa?glg ﬂ 9tdan-ﬁ@ng dilg g@tvpap@t@ésﬁ;y pmp@t\@hlch is formed when the two compounds
arel\folq}bd enate%n%lysé‘i‘h(? 1}1'911? Il\jvlilm s MLt & trflgﬁ R Stbe displaced by olefinic, diolefinic

andﬂaé\étﬁbﬂﬁeill}yhnséﬁlrﬁe& sﬁHstrH“B%E By bﬁﬂét héu’ﬂtalll Mewis bases such as ethers, nitriles
t et raphenyl borate, trinethylammoni um

and gheyl Aﬂ@r Swpehssm Al seBpably IpBwpaidinating paiony haverdkssn disclosed in EPA
b t

27%’ gﬁ)fr 2 %pentﬁq 4ﬂﬁ{b§gﬁ% 8;8 ? Qﬁlgmc &b%ﬁ%h%mmxg&ompnsmg a

plurality/ &f— bpﬂmhl)cammmilﬂj m’ovalently coordlnated to and shielding a central charge-

t trak ent fl uorophenyl ) borate,
beqrfqg(rggtle ﬁ y gﬁﬁ? ¥a%10ns comprising a plurality of boron atoms such as

cath@lh_ﬁ@é( h?e@ﬂfa%%llaﬁ&r aRNsRMLbor at e,

di met hyl ani I'i ni um
[0(1461 r akInnsa( p@fﬁl‘@ﬁl QMJqdphenyth)emmlalulemetrlc activators include a cation and an
N-di et
aniph PP b R BpsesHyA ihg fllowing formula:
N, N-di met hyl - (2, 4, 6- trigethy)anigh ni um
t et r aki s(gent af | uor ophenyl ) borate, trinethyl anmoni um

t et PRI LD* B, W@Htfﬁlelt%ﬁ b#si ophenyl ) borate,
tri iu
t et fﬁalgl 8\1(2;%813 4, 6-tetrafl uorophenyl ) borat e,

tr| pmmﬂbaﬁmbmmde&ﬁd akis-(2,3
6-tetrafl uorophenyl)borate, tri(/?-butyl)amonium
t et Aakis 8 nelzcgor@r@t%@man hawgps direrigTeeisbr at e,
di t moni um tetrakis-(2, 3,4, 6-
te?‘ragﬁ(ltg{rt 5 gﬁml %/Lozjfat e, N, N-d| met hyl ani | i ni um
[00481 r aKTTs- c(aﬁpﬁ cpth,pﬁnetmt (lléfﬁ‘ﬁﬂl)ar ophemgtiddbBrased acids such as protons or

N, N- dj n|I|n|u t raki.s
protgfnaée(i[ E e@ﬁ 85 HE Fl)?% &reéﬁl% aglﬁ's N_am%pﬁﬁrotegatm%gr abstracting a

moﬁét& NRERYY @rphlkylrﬁr%@l f‘r@fnrtﬁgbl% dafalyit after alkylation.

-tetraf| uorophenyl ) borate,
[0(14191 metTinI @nmnnng patenr (érﬁl*é@aemalyulm oiapitdry hoidoeapeble of donating a

t et r aki uor on ht hyl ).bor.at e
Pt 3 FIRTG Ft T iR Ryt BRI NH RBOR o ansidon meta
catidnl, Gﬂcl@d—ihg |a}1ﬂﬁ@iﬁﬁlﬂnbl Mbxoniums, phosphoniums, sﬂyhurns and mixtures thereof,
t et r aki s(perfl uoronapht hyl ) borate, tri(fe

prefgsably| Yaammeminmm ©ét mahdapeer | ashon aph@htmaab%t glicthylamine, N-
meulémé gfkﬁree t hglPﬁ%JéérI@ﬁlgg]h tt]hI)I/lFS larm{leé triecthylamine, =~ N,N-dimethylaniline,

1 S(pe ora
meleﬂquhﬁtyﬂPyﬂnﬁéLI pyrrailmer,‘np brorno N,N-dimethylaniline, p-nitro-N,N-dimethylaniline,
raki s(perfluor borate , ,
ph(Np @pﬁlét( ¥ rn( Zrlg&gﬁ{%pﬁ qqy|tgﬁlpqqymh9mhme and diphenylphosphine,
oxdfifn@ Kt %ﬁ{efr Hl%hogkaﬁf?ﬁéﬂi[)l) %ﬁ’ératif‘ethﬁ reif {%Ytla R4 Mhnd dioxane,

tetraki s(pertluorobi phenyl)borate, "triethyla nium
sulfeturak frefrpthrdetheoy, obihpdsediythy bibratlers and fetrelgydrathmophenerand mixtures
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et raki s(perfl uorobi phenyl ) bor at e,
tri(/?-butyl)amoni um

W edopagissq per f | uor obi phenyl ) borate, tri(ter PCT/US2008/083128
- but yl ) amoni um t et r aki s(perfl uor obi phenyl ) bor at e,
N, N-di met hyl ani | i ni um

tetrak fl obi ph | ) bor at
therf\f:eq{{ 3Tg$§}evéw; i%igﬁlqplﬁf enIyI)d) n(l)aryaalgo be a moiety such as silver, tropylium,

Callbgﬁl{lﬁlgl SARREALHRT A eyl %éi%ia%ly carboniums and ferroceniums; most
N-di et hyl - (2, 4, 6-trimethylanili’nium
pretf@ablaknpl(qm@tédrbmnmbl phenyl ) bor at e, tr| met hyl anmoni um

[0({5$’ et ms M?% H"gdk ?@E@%ﬁg%lﬁaemg l Okl)’glru a ﬁ/lk Q,]* wherein k is
an ivte@drsfedrh i 1f iouyrﬁ)[ﬁ&hﬁi@%h%ﬂ bbpnAat .= d; M is an element selected from

tripropyl anmoniumtetra
Groyips (8 rqffthcy Sevedic Mipblepdietg| lbmplats,epreferably boron or aluminum, and Q is

1nq%:P%rEd{gr iy O%(ﬁ‘lggoﬁ ﬁgeqﬁlet . a§%%é ét glalkty antlfioe,r halide, alkoxide, aryloxide,

hydrobiryl ) a;mmmtwml;tca@daaﬁxyl Sl(a'fodirbyl substituted halocarbyl, and halosubstituted-
bi s(trifl uoronethyl)phenyl)borate,
hyqlqugrgy],@giwﬂsaﬁ'lci Ay gt o84 ge{rgorgatoms with the proviso that in not more
h en t
thaﬁI di g?tgth‘;{i%g% :I%EPnzly h%%?(%et pr{llaeﬁé?%lg @a;ogh Q is a fluorinated hydrocarbyl group
hatihg (It toi X0l ceobametbhng) mpffeplytfe)rddﬂy ateh Q is a fluorinated aryl group, and most

, dimethyl -(2,4,.6-trinethylanjlin te ki.s(3,.5- .
pr ?@Elma?h %FG&EW@P‘?WL%&EB?B& %%mpkﬁ @t sk '%44 S include diboron
cor PO U Bl dsed SHENSaPat. @10 (5'4@1@%8@9]0% chBTRIN Ylorporated herein by

t et raki s(pent af I uor ophenyl ) bora
refdicoge| ohexyl ammm um

[O@EL lel % l uo fﬁ]ﬂ 85%?% [lj%to% bo?o%dco%tlpho%{ldss alhlc% may be used as

an h@ﬁ\faﬁh% §6<Eh$aﬂ§§f11|1 @&ﬁ@l@ﬁt%ﬁ/{)v)tb QredLRtivator in the preparation of the improved
tri di met hyl phenyl ) phosphoni um

catﬂbfﬁﬁs i thl(saemtﬁlpnwée érms@bﬂyuﬂ)t%b pEMONIYM Gpity pychms: trimethylammonium
| bor he yIc

tet{ %éngﬂ#i%é,l bortrg%tﬁyld m eIHnyI oho Sglgéélﬁ/mg}rﬁlte, tripropylammonium

tettaphérpiiioiny) bﬁf(ﬂﬂﬁtyl)afﬂrﬁdtﬁtiﬁlSI feythpHeny tbetata phensi{rbobaty®lammonium

benzene(di azonj u%ﬁ“et raphenyl borate, tropillium

tetgaphenaibasiteent M Nuome ﬁl@ﬁwn}%r attétraﬁhﬁpﬂh%ﬁ%ﬂ carmbhdigiylanilinium
ent af | I

tet%a?l n@?tghosphoﬁqﬂ %HH@[H}’I (bflf,’(ﬁ ﬂ{lﬁethylamhmum) tetraphenylborate,

trirhethy]ah‘mﬂ(rmﬁnt af | uort@phles(pbﬁtbﬂummenm)bmtwl SI | yI ittiethylammonium

tetltaE{Srp}E'@% G BBFGEnePr AR Gt o FERER i ToorophenyDborate,
trl@ b‘dn%n&t%ul% 4, 6- t@ﬁﬁﬁﬁé&ﬁt@&]ﬁi@ﬂ&%@?ﬁt@t €, tri(sec-butyl)ammonium

en | car ben| um tetrakis-(2
tetmaétS(mhtatﬁl@pm@hetrW)b))tﬁm,dﬂ &- dtrmqtl@riemymphomlabls(mmaﬂuorOphenyl)borate
N%QI cfl%tﬁ%plg 3, 4, 6- t[e%raklsfpen%ﬂugropﬂgn))lﬁ)ora ¢, N,N-dimethyl-(2,4,6-

|um

trithethyRkKilinndn) %tﬁkl@@%ﬁ&ﬂﬂékﬁ@é@@h@ﬁ% HEOERE RBimmonium tetrakis-(2,3,4,6-
benzene(di azoniunm) tetrakis- (2

tetraflugropBenyax | bgfa@ﬂghetﬁlmhymrg@@umt r t%qal[qu(aﬁﬁ 6-tetrafluorophenyl)borate,
fl I
tr1 rg@?@é%@%g@ﬁ £l ﬂgﬁrglﬁgg%? (i ge%gfllgérgPhéngli)Bgr%{y Ca{rRﬁ-%hWammomum

tetﬁak1sp{l2ﬁsm¢|346pft@|5hbmphaml)ﬁ£rea&| sj(mfnleﬂhﬁzl(mmlmﬂ@lﬁh?ﬂnghmbo rtatrekis-(2,3,4,6-
triet silyliumtet i s(perfluoronaphthy or at e,
tetg o ORBe I DRLBS: uRy Nt F@wfagﬁbl&m E?Hﬁg‘ﬁéﬁﬁt"h Fﬁ)t@%@@henyl)borate

N, RRR hhitMnet  akirSG0es § hieofabi ey B08@He®  N.N-dimethyl-(2,4,6-

trcﬁp %nyl | car beni ur% tle?; aki seperﬁqﬁﬂy %I enyl ) bor at léne yH

trirnethplaemmpiypnos p h detralims-(2,3,4,6- tetraﬂuorophenyl)borate trimethylammonium
t et raki s(perfl uorobi phenyl) bolrgat e, triethylsilylium
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et raki s(perfl uorobi phenyl ) borate, benzene(di azoni um
tetraki s(perfl uorobi phenyl)borate, tropillium
W@ edopakissq 3, 5- bi s(trifl uoromethyl)phenyl ) bor at BCT/US2008/083128
tri phenyl carbeni um tetrakis(3, 5-
bi s(trifluoronethyl)phenyl)borate,
tri phepyl phosphoni um tetrakis(3,5- )
tetﬁ#§fﬁ€?' wqrawgﬁérfmta}epheﬁwtgblsmawél}um ri &triseparflpqrapaphthylborate,
6 IhGRim 5 bi Sékdidid hURLATRL I IRRBRY] ) bor aj gy, i
mlgg }?ene( (%Ilir?hglzoni un)étt et{(gfi g%gﬁﬁ })% ¢ fen bﬁ%ammomum
tethaks(erflddrocaphtiet bytay s -pbiyhamenonjiod s2iak st fluoronaphthyl)borate,

N &E@@nﬁinélkge) | f’gt'eﬁ]alﬁgq%h@[ﬂng”nghhﬁnf}gﬁ{f VAL OT | Nl-dicthylanilinium
tetta®ls(RIMSIRIphtPbeRReny! ) borat e, N N-@int¥et 1Y 0.3 WH-trintithiThnilinium)

tetraki s(perfl uoronaphthyl)borate, ' '
tetnqk (dicrearpaphtiyiDibaratgn  trimethylammonium  tetrakis(perfluorobiphenyl)borate,
tetr aki er f |1 uor obj phenyly) bor at.e . .
t“‘i@f\lﬁ%fnlr?é ) aniul i ntle{l,l@nﬂ?@%/rr Iroébtlglehyl)borate, tripropylammonium

tetraRisiesflligrbbibb@iyOyeiany | Jrifhdnt Jdaehétiem tetrakis(perfluorobiphenyl)borate,
_triphenyl carbeniumtetrakis(perfluoronaphthyl)borate, o
trl(fqrr-gwémmaamb@w um teEkiyRedluprobimhgayldirgreny | Nolrdimgthylanilinium

e AP GARRERB e | NNlighylon]linjum, stskis(perfluctobipheny)borate,
N, Nediphthgi-(Laohemethylandimiagper f | uor ophenydt)ako(@truorobiphenyl)borate,
.[0053] Invention catalyst ecursors can_al so be . .
iy N b EGRER 4%@@@%1&9@1&?&%&5?%1)3%@ corfjfihglgmmonium
tetﬁﬁﬂff?—%‘[s@lﬂrl _ de?&tl%ﬂ)ﬁh@ﬁylﬁl’_dﬁg{u@) ni ng tﬁiﬁ’oﬁ&lh&hﬁﬁdn% eS tetrakis(3,5-

cycl opent adi eni de i ons. se are described in '
bisPaifleatonttipil ipbeanylhorf2602/ 00587 68(nAbutpbidrhinehimeh on 16 Matgtrakis(3,5-

. 2002, and for t i nstant i nventign equi r.e the :
blsﬁt&gliu?lio %M)pile@gﬁ)%#?’vat or tom?tﬁretgb&@(lgﬂ PRI cur s ortetrakis(3,5-
bisttﬁ@lﬁéﬂomﬂﬂﬁynp@e?l)mqme,coor di nalN NgliABhoRNilhNEA) NMeans tetrakis(3,5-

~an _anion that does not coordinate to the catalyst .
bistraflaprogetlidlphenylibestte.does coorNiMdicthyanikitismnet al tetrakis(3,5-

. catd QN0 ly. . i.nat es I .
GRS D AT FE' Y oy 0GR, OO PLORIAHL)  comiss.
bisokigihoiopadthy)phendieiatt, e niial Hikyihs aimatied nanemsucicans:  di-(iso-
di splace. it fromthe catal yst center. "Conpati.ble" .
PrapyhARBON BT at i hgRkaH Peatlugrephenporalsi ch aade rdigyclohexylammonium

ne en Lt y f.orned :
e RANAEH b RAREA BT HICPohftE Ml SchY, ] EFSlolyphosphonium
tettaks(heifluaropaenydybocatsubst i t uent or f rE@@reeditnethyltheeyl)phosphonium
cation so as.to . cause it to forma neutral catalys )
et B R IR S R LGt LB eT R orffiphenylcarbenium

tetMBRe AR NAt | NGpRGHyHISspRBIMh | N RGGPRABISRa th thibylsilylium
invention are those'that are conpatible, "stabilize the”
tettaphenyiltaran, met al  copphesneclazoonm)tiepleny osae,of tropillium

bal anci 1ts ionic cha at. +1, .yet t ai
g firgle PR fefo BERRRYcdbelEe eliErB-fyngfuorophenyborate,
trigichylpRoNpBahiush Or acettyirfi(pethuodbisiRhiiedred, MO NONertricthylsilylium

duri ng polynerization. These ) )
tetrakis(pentafluorophenyl)borate, benzene(diazonium) tetrakis(pentafluorophenyl)borate,
tropillium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
triethylsilylium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, benzene(diazonium) tetrakis-

(2,3,4,6-tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
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types of cocatal ysts soneti mes use scavengers such as

but not limted to tri- o-butylalumnum tri-n-octyl
wW@bwoiospsng tri-n-hexyl alum num triethyl al um PCIUS2008/083128

trimethyl al um num [0055] Cocatal yst conpounds or

activator conmpounds that are initially neut raI Lew s

ut for cationic taJ conpl ex and
tetﬁgﬁa&bﬁ‘&rﬂ%‘t H{ﬁ)aﬂxa&h ortrigf Félwliflt“é‘h oni Q?rawﬁ&ﬂr%wawﬁthyl)borate
beﬂz%ﬁ&‘iﬁa‘%@m‘ﬁh h the al kyt'e@&lﬁgp&@ltu@wﬁ%% tﬁﬁ%ﬂ?h‘t@ds can tropillium

al'so be used. The al kylated I nvention conpound is
tetxfakrs([@dﬂlﬁorolvnphdml)beam [ ompdnfsnylhzarbc:(aulal y sdtrafrsepecfiuaobiphenyl)borate,

.and t t t . o .
it BEwESH R or opheny TP B C NG it 1o trcthylsilylium

tetRRKIFedllorabipEyPbarey | ‘tLe'nQ&{wdlﬁﬂ)nYdrﬁj d t@pkis(yeMidrdBiphenyl)borate,
cationic transition metal onpl ex and st abili zi ng

tropidlirn o agiakeat 3, ﬁ@lSéWﬂ@nrony‘é@lEﬁlewlhbwm Ggphm@a@ranmmo tetrakis(3,5-
isptubemeRbriiiihle “Aso, UBTRBRREE 2y s

blsctﬁﬂn@tdﬂi&h}@)‘phﬁﬂrlfhorﬁe 495 375. Fofrictotsmtivan of tetrakis(3,5-
zwitteri on| c co | exes usi ng anal ogous Group .
bisgipify oo hbgratpat ent $16, 624, Brgendiagsliggd; andtetrakis(3,s-

bls@nﬁagm%%lydggggng ditional neutral Lew s-acids are

art” and are suitable for abstracting
[00F5at maIMastl pmferalblygalnﬂsonlseamchlop&m(t cgtiaatot mE*Tém e(vfl ) is N,N-

dmﬁ%m;'@ lawnt:at al yzée&rag Erfqr ‘?qgﬁl-’rliﬁﬁ‘ﬁlr){;&%kfon f{f ﬁefi/ i*ylamhmum

tetﬁ%fs&%é?%%diﬁ%@%%@%?ﬁ lg,gs d@léﬂ%ﬂﬁrﬂﬁﬁlgﬁp %_é‘%t%fds{% 66%1(1)0)r9b1phenyl)borate,

N I[\Ieﬁaeqhymdmlmrhe teteakisoh 8- b@ﬂ‘(trtfbnamfrthlylmﬁienyﬂgbtumﬁeo ntriphenylcarbenium

ors a on ted ch as protons )
e P BaE o BRI UE: o R BHr QiarebigheyDborate
trlﬂlﬁmll%a@@ﬂudﬁl S@akids, sttﬁgq‘% &ﬁ}bme“ﬂh?l) ﬁénlymsbraﬁ‘eat bPNGiph&iylcarbenium

alkali or alkaline earth netal catl ons such as those

tetggf posBeraphenirlberétsi um or 1t hi um the
[06;524 ialo?/lﬁ%%% Cc%%a éﬁrec}u?s%hsl YA ko 1vat P%Xatglgstgw activators

I na escr |
tha@ Qjmqmiﬁd&ldﬁ&}()oﬁhﬁ&ldgeamisw cﬁmﬁlnaig Imeaztlldi)dlfre[: M&beﬁ@ﬁmde ions.
oni ¢ or neutral stoi iometric activator i

Thﬁf‘rﬁ’é‘f% dessriped indy §cB@t§1a)tr%hc%tm %P;Q?/&PS Hrif1oapl ’rpélﬂ?ilﬂlqdé)n 16 May 2002,
o KGRSO 40 B Ort e oo 1 U e cror

[00B4P t ol'R: lcrmil:"Bom-co@dimatifig 2artion"s5 (WCA)D: ﬁlehms Bn2adipn 1thdt does not

coé?ggl‘]égeit]ééth% Gatftys&%leg:al QgﬁﬂQ}l t%rotigt %oeé (ioarc%nai[e tq 1156 1{118ta£5 ceiuon but only

wedkld., t AnLNEA. cobfinfied A 4RE~ BRAGHU! A -af Ao ACdviy %a@é such as an
mofar ratio is from1:100to 100:1; 1:75 to 75:1; 1

olefipicaly br ametzEntcellszan_atumteﬂﬁno@nl@ Cﬂn dlSpia&etlb frpon the c_a.tﬁyst center.
"Cé]?l@&?tib} %01} 800fd1%1at}11g ?1[1?5101?5 arfqtl_nlose W]_nllﬁh a{)e _nLot (?ég%ddg& tt% %eltlt?ality when
thelindtialld: Brhed boplek: d@ofnPosis 1. Further, the anion will not transfer an anionic
substituent or fragment to the cation so as to cause it to form a neutral catalyst compound and
a neutral by-product from the anion. Non-coordinating anions useful in accordance with this
invention are those that are compatible, stabilize the transition metal complex cation in the
sense of balancing its ionic charge at +1, yet retain sufficient lability to permit displacement
by an ecthylenically or acetylenically unsaturated monomer during polymerization. These

types of cocatalysts sometimes use scavengers such as but not limited to tri-iso-butyl
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[0059] Preferred activators and activator/co-activator

conbi nations i nclude nethyl al unoxane, nodified
woreiobpsabanmoxane, m xtures of met hyl al unoxane RET/0S2008/083128

di met hyl ani I i ni um tetraki s(pentafl uorophenyl)borate or

tris(pentafl uorophenyl)boron, andm xtures of trinethyl

al.um numw th flnethylanlllnlu ) )
alumdpymgy i St(lpfé AELF | U%}me )tﬂd"rggfxé(l or luminum,  tricthylaluminum  or

Unh&h§kggﬁhégluorophenyl)boron [0060] In sone
nmbodi nents, scavengi ng conpounds are used with
[O%bl c rﬁmmeaﬂysn ccoambulwrtst olr SCtIV-EWI gahpoahdsrithmt raroinibelly meutral Lewis

conpon nts use en ers agre.represented
w@_%/ I%Lé OlFt et 1Ion’rco éoﬁk 8r nﬁo‘?@mﬁ”ﬂﬁnaﬁ’é’m gF @ zwitterionic
co@?FeQ NypdRX rdadtich RMEN afcahiRyl ategir @M@lyﬁts Ushp&ide &h 4160 ®ROused. The
, and each Z is independently Rx or a different
alkwtﬂtQﬂam@mtloarﬂomognqi igtenecd fiom te rheatioged tiapatalpst pre-pursor and the
referre
co-gf:tk\§/31¥s. i n%ﬁlje“g%mp o ertlﬁlhﬁnt?flfuur%rorpﬁnyla pt)otr%n °% lagumlnblrrrnl B&Mo abstract a
hy&lababyldRgandr fo- yiekdbatt Hvahtivh Batmmd frhnsihdiﬁh&ta@cdﬂ‘i{p[ﬁ;t%nd stabilizing
tri-n-hexylal um nu trimethyl al um num and the
nopsogfERHEE BYPBn Sel IBP-4-0 Hel uely ©pd dEfryN-Botadh 732 for illustrations of

anar?g%l\ﬁs %%4919&8%@9@0 lﬂhsc‘ 0ARS %lyl XAMeEs Ao énpounds of EP-A-

| unbxanes 1 n I Ng net unoxane an
0 495751 elfbrnfetrhatical effmxiamgoniSepmplekeduag ahalsgais[@O64 Y compounds,

S“ﬂé% &%%%g¥§éﬁfg%50%&g§§& %3%55%4 58Lgsge8rcatalysts

[OGS’B? Cak @lidShal O’} aldwik-aBlue CHE SREovH &h efh%bhbf and are suitable for
di Ssolves 1 n the chosen solvent. The term "uni form

abgixappog foa,fnhabatlamy digindsedivs in hatictlaethcatakbystticlo bytfhéf -X. Chen and

T At o RREE A I8 MR B AT Db Bty 8P raBioe! Bftivuegy Activation

Prdd3gscs, WRR Shituc@rAACE SIS Rél@tl&mfp@c EIRNERev.| NG, 430 NY43HE000).
i nterior pore surfaces of porous supports Sone

[005Thodi Yen ghegfatigupploranseordanating §tll§nﬂ>ff®l‘~lé30f&ﬁﬁefﬂfphﬁted acids such as
pro%&?spg{ i)?oqoﬁ:a%%(gg%y]t\ Pas%ts rt?,xclu g (ﬁ.l\él i Lsel\‘)lv%] acids such as

refer nce. nventi on S por

ferﬁqcsmams offBijtvdrecqtioapase alkbly oitnalkﬂ’ﬁiehéai}thefrfefacbtdaﬂend Such as those of
support other coordination catalyst systens, effective
sodiganHgneTEr ArHEhea dhy sptabyst- B‘ieéﬁbré%@ achiNatge mpdagragigrmay be any

ratf), | QGRAFIS9f Bfe cfé%rmr tﬁa@& Qhfplolifdd Hafalso be used for activation.

eterogeneous process. e catal yst precursor,
[06581 | vaWben an gemac bi wadtoal sto‘lch]emehmd acguitbabl wed,othe eatalyst-precursor-

and suppqrt may be.a I or
-Gtk BB s POES) TEm dnd T P0G 10hd O s Palogh 1 1510 to 3:1
1:19 t%SS?iV?Q thn AN ﬁ@%%rll qt@t&@'lvqrﬁtow@h@%tﬁhUP@% 1.2:1; 13 to
may be stirred wth the support material for 1 mnute
IOIIQIﬁOOIQohrlsS toThé b:atab:Isbisupilon Iviolouldel;neytoos I gh:e4e éyl; 1:5to 5:1;
e RO Y IR BE 1 A SRR tho a0 Tom 1:100 1o 100:1; 1:75
to 75.1, 1:50 to 50:1; 1:25 to 25:1; 1:15 to 15:1; 1:10 to 10:1; 1:5 to 5:1, 1:2 to 2:1; 1:100 to
1:1; 1:75t0 1:1; 1:50 to 1:1; 1:25 to 1:1; 1:15to 1:1; 1:10to 1:1; 1:5to 1:1; 1:2 to 1:1; 1:10
to 2:1.
[0059] Preferred activators and  activator/co-activator ~ combinations  include

methylalumoxane, modified methylalumoxane, mixtures of methylalumoxane with

dimethylanilinium tetrakis(pentafluorophenyl)borate or tris(pentafluorophenyl)boron, and
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solution volune below that needed to forma gel or

slurry (about 90%to 400% preferably about 100-200%
w@booblgspor e vol ume). The mi xture is optional | pCTEs10081083128

from 30-200 OC during this tinme. The catal yst

precursor may be added to this mxture as a solid, if

a suitahle solvent is t he previous, step
migfuresof éﬂ%thaf plgpinysy V‘éﬁ‘tn‘gflﬁ YS%Pélplyumttﬁ%lﬂ?%%ﬁl@f%%mnyl)boraw or
trlskégenftéﬂuto% fidn IZJB%ﬂ.he resulting solid mxed with a

tal yst prec rsor solution. Simlarly, the mxture

[0068) benv Smnlﬂzl mndmdader&mdscmvm@ing/vi dompaundst atey sised With stoichiometric

tf) gq{ur so[r ion. The éesul t% ﬁcat al st m X i s
ACHENS st ir PbCG f YPUH e 80108 36V hSAFe° %Pr‘i%l 15K ' sCavengers arc
repe@eled By th é&i&fﬂ%ﬁﬁﬁlh Rey2dviidr® Mid 18m$RInkbi BéYoANR™ is a hydrocarbyl

vacuum dri ed or evaporation al one renoves the sol vent .
grqlmdswqh A 2 &rlratGaepl gyl),t el whaﬂ wsmdme@d@n’fboR g different univalent

r y conb je selv fo a.
o5 A R BRI TR D TRRYER M BT o et
alulnﬁnt&hlaﬂ{y@lnﬁmﬂe ﬂrldih}‘lwlhﬁuﬁlﬁn ](ﬁethjbllahﬁrlmﬂithIo@idaJ tri-iso-butylaluminum,
sol ution volume may bhe greater than the pore vol une

of
trippetdupperum. tHut-heohduamysyitrasthylalpminum e hedike. Preforred boron

RO KEHOGR; 8 b0l RPEPEALR ZRTLE Bho pypnd moditid

aluafoxbines mdudamg ohatingdd lumbk drer andtradifiedmethaluresiatoal
sol vent sl removed under vacuum typically at anbi ent
Suppoied £aiAl¥Stnd over 10-16 hours. But greater or

[0d6§f serTid By 0omp&SIHRIEY) %taﬁ' bé %ﬁ{oﬁe@ 8584 L@poh@c@ 6’153) prp&re uniform

al yst precursor nay al so be supported absent th £
supgpottcd atulysts, rthe ratalysa e, catahsst geeduvsat qnei(embby dissolves in the chosen

co-actjvator .f. needed ,to a y ri
SOlﬁ?IB[C etsré erm qﬂlil ortgi rcag{fg Inbeansa tHE csé?yg% or the catalyst
preeatset Misd thRrRE WSO ranaray tHeeackiX6d civakBt @)pid)ﬁéﬁ%lform distribution upon
material for a perlod of about 1 mnute to 10 hours.

theTyppeies apachible prefaesatrat.yiseluding the éltqfw peEe furfagces efgporous supports.
SoInr og}n%h 1me% Ut Ifoyu nge(ij réa? q%sltg] 33% ven H{ﬁqe (gltq%ﬁoriied catalysts; other

evaporati on alone ennves

em@ﬁdla{ey@tshpwerbwuskﬂpres?&bwel on vol ume may be greater than
t he support's pore volunme, but sone enbodi nents |im

[0Q63% ¢ &?ﬂt@BISHPPQgF?d\F@F% SYEITBWIRHRE DEIBERSDI 91 lafsﬁlm effective to
4
suffts Bop il SO AR PRARRA A ADQMIyst so prepared

caroibenee fdi foligomntizicgtoal gosljzmpmzang; rodefrs inrayhdi@opdreoed porwess. The
Catare sane support u3|

e,s t et hods
P BeB ARy o} e atr fpeedranPBOleciolab il gppport may be

ad@é@hﬁ%&&ﬁie%rﬁﬂﬂlt&&oﬁﬂ&' vator may be placed on the
same support. [0067] Suitable solid particle supports

[0G63¢ t yiBy ond hytlmdnﬁnew@ewatglf, dpeblyad i a:n appropfigtaseluent such as toluene

oxi d teri each bein refer or ous. )
e e SFRRE W B SporRCRa @R RAGhREAR 1 ABRIC! Hiep Pl sotution volume
ma@TtRageiitct AR A pbid Velumbliof akd guppeft, Bsesdnit EMbs&diments limit the total
i nvention. Various enmbodi nents sel ect a Borous sup

sollfHerap NS il (48 MeeAcdelRANTM & £ql aF SlurEbgUrs s Ha, preforably
aboutoer%%OgA) of the pore volume). The mixture is optionally heated from 30-200 °C

during this time. The catalyst precursor may be added to this mixture as a solid, if a suitable
solvent is employed in the previous step, or as a solution. Or alternatively, this mixture can be
filtered, and the resulting solid mixed with a catalyst precursor solution. Similarly, the
mixture may be vacuum dried and mixed with a catalyst precursor solution. The resulting
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chlorides, for exanple magnesium chloride and resinous
support materials such as pol ystyrene pol yol efm or
w@ioyngass€ conpounds or any ot her organi c SuppRCT/US2008/083128
material and the |ike. Sonme enbodi ments sel ect
i norgani c oxide naterials as the support materi a
| udi ng .G oup , O 14 met al
Catﬁ@tsfdmx(sws ipthey é%rrecb@ﬁé r@ﬁb@d&) rlfQ ﬁpgrss@}dretb@ C%tﬁléfsfdéﬁgh%iltered from
the%%ﬁﬂf%htan?%&{u'n@hﬁe& & évﬁ§ 36 Sbhd f‘eﬁmv@ T sPRrent.
't ca-alum na, and their m xtures. er 1 norganic
[0054i desAmaryatS@tw eh@ca:taigm ratomwrand |ant1mbmm1na1)abe opmbinet in solvent to
or SI|I na. These.a

Fofaialat TR SoiePeiseiode S FramuEe 1 CageCror 1 minute to 10

ho@G! Ot (BB QbluabS ve el r’ﬁﬁy 'B@"gréﬁfﬁéﬂ thh® e ﬁor@ %lLﬁhébe ﬁ{e support, but
clays may al so serve as Port In this case,

sosggpbedinears loptt |tl@mta)|t413ﬁomlﬁgb Iveluare bqi@wémtmadqdrto forrn a gel or slurry

(ab(ljoo{(:;rggdfl S@EQO@Jth%Vgperab I 9 Oalit ]?)@t20§6}1 thna orB ? §t eéftBr stirring, the

resediyl SalvdRls efmdvel rmdér vadcQime¥ialle at hﬁ@fe@ﬂfﬁn@e@)ﬁm@%d over 10-16
may be cal cined, chenmically treated w th

hO‘éFéh%!F gegicher Iserenlpre andigBmCELursY YRIPALYRIE! kyl s and t he

0def s oBle iy iR o SRR Bbnd MTRE D e i tht case, the

activawar{hnden-agseatol off needalyps eddedao deslymapizatiorsprotes¥Oliquid phase. For
95/1581 andjp S.. Patent 5, 427 991. The net hods

exgnRle) H3 Htl%9 alﬁgéﬁewstqu rEA %Q{?ﬁdy’%lfh eamo@x@gtenal for a period

of @68t Mahfuse &Y 16 Rb@ALY Sﬁhesf¥§tflt%f§5pl%fcﬁﬂs? n'l&‘ﬁﬁ?@hia?rbet fAtered from the
adsorb or absorb them on the pol ymeric supports,

solpae iapdl mddyunder meegeump oofemer@uml plimlel cheses dhe walyeite The total

en ca nd t hrough function ou ound
co RSP Bna HEE Trscrror ot FuDie P BRpERPER YoTuRE but some
em@@dﬁﬂe@fsshrﬁiﬁllheht@’té@ s&uﬁé‘ﬁ @@@ﬁleatfeﬁﬂv Hat hEABY 1OfofR0) §8/o8 slurry (about
pore vol une of 0.1-4. cc/ghand an average particle

0% t@ém@%, poefaay phoutdORe 08¢ frepicyolENdct a surface
f
[0(%;6? ZV gé%(g g orgaa {nch %{‘ réllgrzegcﬁ ggreégéag%gst ecua%};]s méy Bg BeePdn the same
suppobadingentysofsid egipost ridthddacdiscdsed abdvel AlikdOBe Biodhr rAore activators
pore volunme of 0.8- 3.0 cc/g, and an average particle
or a1 3cdivator 3pd qOBCtRRHOT PRy 916‘%? deogrthe gmac Wﬁplgm ly have a
f | a
[Omggt f‘%uﬁ%bf% soillg glxﬁ%g: %ﬁgg@% %‘%sﬁypl%éf;%d%ﬁfﬁnség r?Y Péﬁ/négg or refractory

oxrclatradttylsals, a@ck tgerpep@fdryblg qmmst ednpnupuet mpqmrat thaathas an average
| oadi.ng | evel of 10- .100. onol es af .cata
P B S SE e Ui SRR BRGRBIR s GRHSR ogriots ggbodiments

sclBatCH %Lﬁ Ssu%&oﬁ ahabyat sﬁ’él‘? QyIfeo rexﬁﬁﬁle,g FAM Bbredflcl Bxides, inorganic
support ; 60 m cronol es of catal yst precursor per

ch]grldm, fors gpmmpl@ mBgnesgmethé(vrl@r ahésm@moual Wgomralylat@elals such as

i d
ol R S efrg iRyt PRl e BBl GG Meria and the
liké.08érke dniBoRithéms sladtahyighisic G cDBateH IR Ak tRHsfpPbrt material including

gas- hase bul k, or slurry polynerization,
Group -2, -3, -4, -5, -13, or -14 metal ‘or metalloid oxides. Some embodiments sclect the

catalyst support materials to include silica, alumina, silica-alumina, and their mixtures. Other
inorganic oxides may serve cither alone or in combination with the silica, alumina, or silica-
alumina. These are magnesia, titania, zirconia, and the like. Lewis acidic materials such as
montmorillonite and similar clays may also serve as a support. In this case, the support can

optionally double as the activator component. But additional activator may also be used.
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r otherwi se as needed. Nunerous support nethods are
known for catalysts in the olefin polynerization art,
w@anviogasb@r | y al unoxane-activated catal ysts; aPCT/HSM08/083128
suitable for this invention's broadest practice. See,
for exanple, U S. Patents 5,057,475 and 5,227, 440. An
exanpl e of supportgﬂ ionic catalysts appears_in

[0092] 0305, Suppe! Mplgriahmag b prctesated %&WWG&@@%& For example,
1n0qga§1ré 6L bRRe@nRy id &Hélﬁéd ych@ﬂlfc%ﬁgr ¥eGteTB P dehyiir d r:%{ %ﬁents such as

ry process using this invention's support
Muuunwheﬂﬁsuadnhwhk@dmhpﬁm al unoxane can be used for

e ene r bber as .descr | n U.S. .Patents )
IO@Q)B Rosak] bﬁV%ZR? YWHEIC SHFS; Bilaf FQ/ §ot ISH@%@G it ecollidge with the
inv@Hiidn, tsBé forlcAMBPIe tROdSchphisYiR tWOYBY BY%E 5 aR@UNS PRtHIBI427,991. The

and i norganic oxides may serve as supports, as is

maohpgadisiclpsedhmay be us@pwitlytls, cardy € wpspExag ac@prors or catalyst systems of

i SRl o B e s Su A w69 el A mace wp of
pm[o@@?)Qﬂtlcﬂs,eoﬁﬁlhwwscﬂleﬁwﬁny Ubﬂdﬁd aabudtefunseshall @roups bound to or in the

ol ynerize or oligonerize any unsaturated nononer or
gﬁﬁ%ﬁ%@%s Preferred nononers include Cto G oo

[Odgggf ! rﬁ eftlofi &t ot ggﬁetsgﬂlg?%a%gfs e SN ?LXO S0 trﬁ’z/g, a pore

{7hs pre i s preferably
Vol@ﬁletc!f (K] 2. Ocﬂc@ amisan awer@e mart&ﬂﬂmzh dslﬁsm SO(bnmf @on&adembodlments select

oners e Jinear, branch or_cycl
Sar Bffadieh of ﬁ1§ %Srr%(% e Vi rteoof?jq 8o %P{/ﬁaoro%%age particle size of
2012'0@ 1@ aBker EAbb@infen RlehasRERE AFoa 71180 Qm@l?lllzy% %oﬁr@volurne of 0.8-

alpha ol efms preferably C2 to C2o0 al pha-o0
3. Opcrcg endlhyv@age parGelz saztepifaBOelQﬁ)f we. IPraatien ceulicol teplcnlly have a pore

sz a0 RRaE A BHATER S Bl : Phan Agestoms

[o0ae enangﬁﬂ)ﬁ(‘cﬁfaﬁlstﬁarggéﬂ&algﬁd‘ép@@l@aﬂ on the support at a loading level of 10-
3- net hyl pent ene- | , - trlnenwélhexene- , and

108 maeragios 9é gatalyst prpwmr]per araghoft s9dd sepitsidiaermately0-80 micromoles
of ﬁalﬁﬁeﬂre&r 09§ gra%e ' Pd rtC apP Q(Iﬁ%p%ﬁlc%lfmoﬁ aeofocatarg%{ grrecursor per

ar’ or prochi ole

grém Bf Lupp6a0 But RGcaC@Itr d¢REMG I Wsahdyne @sedQﬂmadéthhlaOﬂﬁ total amount of
t her eof capable of being Eolynerlzed by either
solidt et B PEGUFOE dehscnofh w@ heospRit's perevatumey st s.

f aggh' %nt#oﬁscataﬁfsgs Jaﬁrb%'s %;%Jrﬁefd%ﬁ%ésop%@ QR Br Elﬁﬁ'&l polymerization,

or mat’i on of actic or syndiotacti
or ptieywBse apimeedqol M[mllercmed;uplmm gleﬁtoelsemfskmlﬁ ifar catalysts in the olefin

catal st(s . [ 007 ferred nnn S
Dol R s b A B s ARG o OB anes Apiiple for this
inRti&0s BRagak PRRtiAL ORBe, fQUELARIE U.S. Patents 5,057,475 and 5,227,440. An
aromati c- gr oup- contalnlng nononer s conprlse at | east

exanele af onppdrtsdsipnigotatalysts gmshsriabvy $4/65038neUtSo Patene §,643,847 and
WETRRR PARBRaY RAS b et RES g st SR BER Y Thomgssp vsine tis
invlelfiéth e Eupported metal complexes activated with alumoxane can be used for ethylene-
propylene rubber as described in U.S. Patents 5,001,205 and 5,229,478. Additionally, those
processes suit this invention's catalyst systems. Both polymers and inorganic oxides may
serve as supports, as is known in the art. See U.S. Patents 5,422,325, 5,427,991, 5,498,582
and 5,466,649, and international publications WO 93/11172 and WO 94/07928.

-4 -



PCT/US08/83128

10

15

20

25

30

conprises at |east one pol ynerizabl e doubl e bond such
that after polynerization, the aromatic structure w ||
wheoopesassct from t he pol yner backbone. The PCT/US2008/083128
aromati c-group contai ning nononer may further be
substituted with one or nore hydrocarbyl groups
|nclud|ng but not limted to G to Cl10 al kyl groups.
‘ﬂHHP?FonaIIy two adj acent substitutions nmay be joined
[067@] f Ormeaca'fdlw C E&ﬁ{dg Ic&n bELEKEE ﬁog@merlze or oh%ornerlze any unsaturated
aromat i c- group- cont al ni ng nononers “cont ai n
mMOopNBCAPOMRNOICIST ﬂ’mfbmcbnmppmmdedcludf @ Mmmbﬁna@@ferably C, to Ceo

o S R i S L EEA SRR oy o o ltin

In B@ha by dinknyy SRRSred thEWIn @t URNRR, hﬁélamﬂrﬂfmm Bﬁb?dli%, alpha-olefins,
al lyl benzene, and i ndene, especially styrene,

projereblyrfet toyCsi 9lpé@r@lefw5ppr@fmhly Gpatlen élmﬁwl@ﬁmypreferably C, to Cyo
alp%a r?%e%ﬂlrs é)rifo rablg] Cézol\B 28 faf) ;ﬁ? 9 Ge%l Y gferalljf'g%g %nat aha 5198hns. Preferred

olefi@nNidhdmend oy IR e bO Mt WTBethPuhd, qhbpyleﬁm aﬁ@ﬁaqybﬁtene hexene,
cyclic group containing nonomers preferably have
heptengstocine. pensperrecanl dodseatenimgihylsnicaen! . ﬁsm%thylﬁémene 1, 3,5,5-
wiBERORABterRN LAEsQURhiGRLuCt Ure of [ part of the
Cc iC structure. e cyclic structure may al so be
[O(TMIt helnsanbgiter teutbedinynt ahe polynton rpeoduedd dnemnbyd a gopelgser of one or
s h as,  but. no ted to C10
ot B RBATHOHEE ol w@resfe] glp elcb% BlsnsanCa %ngmg {otitaining olcfins
or @Qﬂl%ﬂﬁfﬁﬁ ﬂfelré&eca‘ﬁhﬁl){lcﬁyﬁél@%ﬁ%rlz&i r}x,l et ARG XS&REeific and non-
cycl opent adi ene, cycl opent ene, "4-net hyl'cycl opent ene,
stepypspaskex entalysts- nﬂ’trmhmaycasoheedeﬂlerelmymlf@babemenomers that favor the
vVin or nene, r bor nene,. :
forglag.%?]y(?tﬁ E)a(g?ﬁe?fe sy@ %tlagtbcylpﬁgz%ear Wilﬁ% po? merized using stercospecific
catdtybtgd)y! yl nor bor nene, 5- pentyl norbornene,
5- hexyl nor bor nene, 5-heptyl norbor nene,
[00F5bct ylfrﬁfyr@ér MeARMETS- m@@nyhsqa, omblyd egrematic-group-containing  monomers
COI%&I%?I}% (}J’]gor negnl‘ggI? H‘EO%D g%éﬁg%‘rg rg?ﬁ 1edup contalnlng monomers COl’IlpI'lSG

at 5aa§t dne’ratdinydtiaogthmmre nprefdialﬁy oﬁcbﬂtqdenmr tmsm an@catdfctdby a phenyl,
l'ike. [0077] Preferred diol ef mnononers useful inthis
indepyle ftuosmyl i %@d)élt%ynwdr od&f HEPMAliGgroppreantaining monomer further

co ‘gﬁ%gr b MstCo %ﬁmemmengo@le lﬂ%‘ﬁat L&ﬂothﬁp Sd?t%lu tp@éﬁjgerlzatlon the

ereln ast one typlca
aropmgiat Stfl&itl&d wdhds perelantedichink ythe rdeJyrpcrr hacEkxﬂ)onent oThe aromatic-group

COIﬁ%]H}/ g}gl@%]afeyr f@'ﬂfﬁtéﬁ%ﬂe ]?S?l@l)tg(i vtfiﬁ{ gfal? St Fepe hydrocarbyl groups
1noMcﬁ1f1§ Bﬁter%t tlf?l%edt e dot § fa[ﬁy‘?%ﬁﬁfﬁ@ r %cﬁlﬁloﬁl‘ﬁ 19 6 Adfab QM substitutions

al pha- omega- di ene mononers “(i_.e. di-vinyl Tononers).
maMblvfeJcpn@f &r by 2 tile stthghest mPradernede pronzatic- groutremntalnmg monomers

NONEr s, eferab hose onta
coftpignraly a5t 308 CaP BisHC iRl P aRlel 10 8 Bo SR Ru: Slefinic moiety.
PafliceRely pREde dpothad eﬁ@honmmlaama@ sty adiphB@ncthylstyrene, para-
hept adi ene, octadi ene, nonadi ene, decadi ene,

alkyhoaensdi ‘élﬁgltolg@t@écggy]@ﬁ@thqlpmed @Hg]dlpe@ﬁ@le and indene, especially styrene,
| t decadi ene,

pal,fgll-e p tgglgfé/gegxl s n-ghergﬁ-q -ﬁg&lceaa%dedﬂ% bé?l%éf?e

[0076] Non aromatic cyclic group containing monomers are also preferred. These

monomers can contain up to 30 carbon atoms. Suitable non-aromatic cyclic group containing

monomers preferably have at least one polymerizable olefinic group that is either pendant on

the cyclic structure or is part of the cyclic structure. The cyclic structure may also be further

-25.-



PCT/US08/83128

10

15

20

25

30

oct adecadi ene, nonadecadi ene, icosadi ene,
henei cosadi ene, docosadi ene, tricosadi ene,
wao edovagss@di ene, pentacosadi ene, hexacosadi enePCT/US2008/083128
hept acosadi ene, octacosadi ene, nonacosadi ene,
tri acont adi ene, particularly preferred di enes i ncl ude
adi ene, - oct adi ene, - nonadi ene,

1, 6- t
Subftlglt?ﬂsg Bane Qs morem dipardy L 8roNRS SuCil as, Pupipeftelimied fre C1 to Cio alkyl
gro}llg t[’fé%@r?é%fj' %Bﬁ-'aro"rna]tlc?’ E%lfcadgfmg' Cléntai g | BWnomers  include

ecul ar wei ght pol ybut adi enes | ess than 1000
Vmg,lcryolojnexdﬁreeﬁmyrcedlohWne,ccmWe@dlenc,l gatpentene, 4-methylcyclopentene,

cyé¥ ¢l OF% 2:1 glpﬁ%yrcxpéﬁ !cnneglr \k;‘ic})lfr:‘lygg gﬂ%ggxrél?lgfagaman an€, norbornene, 5-
me@iﬁﬂ&b&ﬁ@ﬁg ads @ﬂl@hﬁ)'rbd}h%er 3- bl‘@)@y&i@fﬂo@ﬁdﬂbng Sdbtﬁi'l?fﬂ@iﬁbomene 5-

with or without Substituents at various ring
perpm@ptb%m@e [ 0D ety lnerhoineng, t i rﬁghe@%ém;rbe@e@er,_ predagylperpornene, 5
nmgyg ?r%gnllgrze?l lt ur (?GCYE.IO& roglgegl%Z,SaRg HJI}‘?EJP I t h ﬁﬁ{na/ né)nborneﬂe cthylidene

noirbl@ﬁdelﬁé & @dtmélhﬁlubﬂ)bhtelﬂb exgl6moy‘rﬁcrxeorneﬁé el thg like.
nitro-|-hexene; am ne substituted nmononers i ncluding

W‘Nﬁbt hyliraferigh iplelin menamsys eyefub e hiy | 1aYAnHen iggfgde any hydrocarbon
StI"Lll\t]J-t@IIe ﬁllefé}%ﬁngt(ﬁ%r@m,nwr%gﬁ l%éjsk? %\tvb %ﬂ%ﬁ&a’?@&ﬂ&bﬁﬁﬁﬁ S‘Whelreln a least one,

i ncl udi ng tone, ethyl vinyl t’one,
typbeahlgxen; af dreeunsaiudz&bty ﬁendsudrstréatchﬂyedcorpmamdrmtd mcpblmhem dy ecither a

Ste‘iq%é'g%ﬂe}lbfg or énéogétggarl%@rfﬁ'yf 592@3(3& Adli Eﬁ%f prafegigh ghat the diolefin
modbBREd b8kt IPRBARSIBhd- Bﬁlle%éj Hidde ?IlrdnY)hle?é Gehal -Vln}l' monomers). More

octen-1-ol, 7-octene-| 10- undecen-1 - ol
pref@ablyd elnﬁe rde}wﬁtﬂ nhnoimers are lhhyar- d-voyle nmombrsacmsal preferably those

cori OXI d 8 ;O;Eag ﬁg}? t F%ggﬁﬁ%géqgfﬁgeé 21?621%9 1nrgude butadiene,

peﬂadrreﬁdwylheéadierb 81Rpibicht, 3dAAD&R], aMBnad&dc)! @efhdiene, undecadiene,
di met hyl acet al, but adi ene nonoxi de,

doqiecgdlé@@ﬁyﬂmad@gn@traieczd@pgxgml@d@m@ hexadecadiene, heptadecadiene,
octaggcagrgg%(y é{%ﬁgc?@ég(glg%e dllc,hoqgci %eﬁlélgoy 5(?16413’ ans osglille%{é tricosadiene,

ur an

tetﬁbmﬂ%ﬁe kepaltacodddiemy, hoﬂmuﬁhﬂﬁﬁdlbnef;ne he@t’adosadlene octacosadlene
8- met hoxyoct -1 -ene; sul fur containing nonone
nongeepadinneg teqopfadifingy paitigalarly cprgfosisd dishesr Iscutsi@t i Ochegtpdiene, 1,7-

ocﬁ&%ﬁ@erlsz% nBfididing 3£y 'abh%n C'ldlo YhAhBERL T O, PChSkccadicne, 1,12-
& 37

pent efdoi ¢ aci pentenoi ¢ acid
trlcﬁ:chrhmee Aol kte&adezbadlbn@raslepw-mpbnmlaﬂmrght tpokyrbu‘ddlenes (Mw less than

10@% g{rllgﬁt adi E{:&‘? rfﬁjita Séy%gg rmteg)él% 1 Iitﬁeta %%c]&@e@t?rlgj?%e vinylnorbornene,

nofBRiharhy! 'eﬁlyﬁgéﬂé n&%ﬁﬂﬁéhe BRI A&l dl@}IcMentadlene or higher ring
met hacryl até, tert-butyl nethacrylate -

conteintrgcdiglcfinewithpd W@thymrsapgﬂtumr stivatieys la@pcpsetlmr d

-7-€en est er est e
0E3L; S e s SR ol a8 & PolE TR ea SR dmg yeful in ehis
inveBtioY, | peE&ERErly BIiEPIgBRIC 4a8id 6URRES - cbRnRNMYs, EBtRbe nitro substituted
dodec-1 1-enoic acid et hyl ester, and

mqn@rwrSp hiaglgingol raitteet-byenser §HCe; subﬁtrtésr:si BP0 ngncludmg N-

N L S

mdi’u@ﬁi@ﬁ;r mehding methyl vinyl ketone, ethyl vinyl ketone, and 5-hexen-2-one; aldehyde

substituted monomers including acrolein, 2,2-dimethyl-4-pentenal, undecylenic aldehyde,

and 2,4-dimethyl-2,6-heptadienal; alcohol substituted monomers including allyl alcohol, 7-

octen-1-ol, 7-octene-1,2-diol, 10-undecen-1-ol, 10-undecene-1,2-diol, 2-methyl-3-buten-1-ol;
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nmononer s i ncl udi ng 5-norbornene -2-carbonitrile,
5- nor bor nene- 2- car boxal dehyde, 5-
W 00bosasehe- 2- car boxyl i ¢ aci d, PCT/US2008/083128
ci s- 5- nor bor nene- endo- 2, 3-di car boxylic acid,
5- nor bor nene- 2, 2, -di net hano

ci s-5- norbornene endo |carboxyl| nhydri de,
aceeéaln GPREHRhend o R éu@sﬂﬂéﬁg doNmSH é‘PFgF(?m% Ybevsingns2-dimethyl-

[1, 3 it 63 8X0- %ﬁrﬂ@thgla@ 19bn-89eyR p?fdf@(%ﬁmg n%rgl%fho' dln"r:é'thyl acetal,

nor bor nehe-2- ol orbornené -2-yl acetate,
bufadicge ( Bronoxibar riehep@;-yy’}’ -petengy | ]1-23@:15),ny9 -@gced,, 13- epbxy -5-hexene, 2-

S ORE R B0 5B o Borben- o it

ketd Etll’lne'ihd}@/ﬁlﬁ@écnﬁ@ﬁ‘e n@Y8methoxyoct-1-ene; sulfur containing monomers
net hox ynmet hyl - - nor bor nen- 2-one, 5- nor bor nen- 2-ol, and

1nC$1d11iig)r41)1(Y|f rﬁéﬁﬂ@d% oty - and; ﬁ@@lhyill@&tlltlgﬁ@ mamﬂ!nﬁrrarmplamng acrylic acid,
Vlné/:la}ce 1C ac‘i ,eﬁfj BC Qn%?c?%csl’%f% 8%6"[?}%- -pe %I{Olilco 184, 6- hepef‘enmc acid, trans-2,4-

I o€
peﬁacﬁe&la atsla; 2 afﬁemm:nmrhc&t emethg1 a@JyriteetehM a@§1a@d, rert-butyl acrylate,
, 2, 2- tetrafluoro 2-(1,1,2,2-tetrafl uoro-oct-7-e

l o
n- t;y@ é(frﬁ S@pﬂ]@ﬁ[ﬂ&f b r mg:éhyl a@@ghppr(y ati gthyl rnethacryl)a{te tert-butyl
me‘i?ha%g;fatg 4bﬁ]tpri51n§g1g§r§rtiaée 0 gﬁ oxgpr%pgle&trﬁgt%cﬁfeltw Qe 0%9t7ye|nyl ester, non-

est

8-cnbid acd 2ethyBederd aotticalcidmrdec-d@eengt estgrl dodek- lelt—émm:ewdi h@thyl ester,
nyl .fluoride. [0Q79 n an enbo nt herein,

proml%%ssa%%scw} éc}orfJ@wL. 51 ué’@ge ng 1 5p¢jaucacidn et%yl ester, and

noY 1hRATRY p et BERYx P horly e @B%Bﬁta ldigd %n@&@%éemcludlng 651(r)nethyloct -7-

referred ol i gorers”i nc¢l ude” ol i gorers of any Ct
engdbeyf i smlgne, pawt drimsthyl@dto 1 Giegylakphalaot.epolsy ﬁmsttonahzed norbornene

mhfely Bt Spaopraiarenca iRt ran PeRRS PR Rglcyde. 5

notbdencb20QRIxyAAtdcR) 8- Q%stsom&letdmoazl pb@aﬁuog I acid, 5-norbornene-
et hyl ene. But ot her al pha-ol efns, includ h@g ut not

2 2,1dm1¢tb@10t1,001§n5dwyb@ﬁ@eaﬁndﬁlirdtceﬂ@xylmwnlm ebengdegnene-2-endo-3-
en(?q 8@%&9 noforgoh&%gm%é E e%&@él %%eddﬂ]ﬁ{h%{m?lr r %g}or ornene-2-rnethanol 5-

nms I nc e an

noﬂ;bﬁfeﬁéabtblyS&hﬁdaoﬁ?ean QZ&eadt@ ha[QL(efndﬂborﬂér&'f-Z’Abeﬂhyl]éBl’,ﬁl,79 11,13,15-
to Cl2 al pha-olefin yl ene, propyl e

hepfpey chpeaty en‘??ﬁlé‘%lo[ﬁrseif ir a]()sﬁ‘{/a;eqlt3 %y‘qag}@(a g e%—@gnmySB@rbomene 2-
acégfl‘-sﬂ-nbl%oﬁﬁﬁe pr7% ﬁsﬁlgﬁlogﬁ%gtg)bpﬁglo%t?én% o, n%q{oﬁmrﬁfen -2-ol, and 5-

a- onega- di es are one or in conbination
norhotﬂenFﬁmkoX&Itlpﬂnathglsﬁlﬁmm and [)ﬁﬁSl])}]’ flhorizat@l @beomed including nonafluoro-

enbodi nent e pracess des erein may be used to
R0 Mbhopot JHER OB OL S e & o Rn b oG agtd ehyl aster,
1,10 2-tt$1fa§lubfb\l§-|@1,'l o aRdalhe-dct @L%l&pﬁétﬁﬁ&sﬁlfGM@dﬁ%E acrylic acid
onprise two, three, four of nbre differeéen

2,21;&3316@ 5,016, 1, 3,8, 85%- péléadegeiﬂlpnby)n'e’ﬂ S pﬁrstmiucedndler el h,2,2-tetrafluoro-2-

of the above
(1 Rt LSRRI 3. RSP Rl BBYaP L1, 2P0
[0079MOPOh Y4 emBbdigityt Gerei) the DrédeRd @@éceﬁbb@ hefiefiehsdd ¥ produce an
the polyner is a hono olgner of ethylene or a

ohmﬁmﬂawef ﬂ@fm@tr%wﬁ ipted aboyveartefverd ehigrarreduderpdigomers of any
0]

CLBBKTEEs, ASEARRLUTSE oS 408, LB S0 AR B8,BE comprin

eth@ldﬂ@,dlpf@j},tleﬂeh angoby RitencS ak  prepared. A preferred feedstock for the

oligomerization process is the alpha-olefin, ethylene. But other alpha-olefins, including but

not limited to propylene and 1-butene, may also be used alone or combined with ethylene.

Preferred alpha-olefins include any C, to C4 alpha-olefin, preferably and C, to Cy alpha-
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copol ymer conprising propylene and one or nore of any

of the nononers |isted above. In another preferred
wepdvonsasent t he honopol ymers or copol ynmers deseeT/bDsmh)s/083128

additionally conprise one or nore diolefin conononers,

preferably one or nore C to C40 diolefins [0081] In

not her referred enbodi ment _t he roduced
r &rslerplyaaiyofse |ty fer ag% aé{frfyr enrefp eé‘F Riopglepg and butene,
motgﬁ}érggér?aﬂ n% RERenc P HRBEREHPHe GY& 1'n°ch@ﬁﬂ)39§%5§ des@ﬁﬁé@ﬁé’l@l{n}’ preferably

re'C3 to G2 li'near, bran or cycl
alphh-jolegeldeicnsrc uBcdilenadt y cbtnénrpmby weth rpomﬂmlphajolhﬁnel n

[ﬂdgﬁbpy ODO]!n)é reg%&nb%bgﬁ%rgﬁﬁe %ﬂ%ﬁ%@ﬂ SC téegﬂbeﬁgn may l%ehrésed to produce

hoﬁ@ﬁ&?ﬁlersdﬁcﬁﬂ)ﬁlyn%me@@f‘ the E‘)b'f@lﬁ@tlmnbn and the claims thereto a
hyl pent ene- | , 5, 5- trimethyl hexene-1,
com}ﬁm@rpem/emnprzsemmyth@yclf@pe@n awec difforehaeeprer ands. Preferred

ol RaEeE AR ik B RE L ForR SR oy the above

po

maabmFs0 I Iaemefeﬁéw e b&difient e @olsthed s Morh@pdbAed dMARAIT, to C;; alpha-
branched or cyclic nononmers, preferably one or nore C2

olefin. cPrefsrabiyy thy mehrmerpisan crwernalyresic pf ctalgaoniaehpmgpolymer of
prdg)?f‘efn@r %Xotﬁ&eenﬁﬂdytﬁgﬂt tﬁ’éng&gﬁl%?lsme%o? grnhect B ﬁQ@?%ﬂﬁﬁeme and one

propyl ene and one or
or rmmt efieny dxba eponbeptehacd tabdsxene Innovoédree enﬂ;edmm,t the polymer is a

qdecene 4- et hyl p ntep 3- neﬂp %g¥ene |, an
copplEMEL S RF Y PREVERD aNC Ol[lfoers@ﬂorq %Wpr S ragine fisted above. In
an&H&ogfe@?r%d ehBEdiRRLY TR hBFRBHNIGRRNBF RbPolyfheRs described, additionally

honopol yner of norbornene of a copol ymer “of nor bornéene
cormpdsceorsuy snare dicdefimammonene prafﬂabludmn gr poraft to Cy diolefins.

100815 o i e tERBr AR GRERE iy Db R aFois S B s sqpotymer of

cthlyRAS tan® G0k e%r@fQ ao fa,} SihedfOPRANETcdaRtydRc hdnohefD Eﬁ%rably one or
of other nononers. g0085] I n anot her enbodi nent,

mQge |CyrferC1e éﬁaﬁrn deanched pr syclivoripheplcfnes Brafcrablyf the mokb@ner produced
f
heIIePn Bt # erpgfe étﬁyl%ge chlls gné o) r%lesen %‘ %/(%py? ! orngl‘g%{?é gﬁ%ne hexene,

cononomer

heprﬂlef;%ctdhé efl@lﬁ@bj ;aedeaet d)odé@eﬁ'ﬁﬂ%ﬁfr:th!mfeﬁteﬁé-ef arrakthylp@ftene-1, 3,5,5-
to 40 nole% and a ternononer present at fromO to 10

trigfhydsxensrle progflepasens: f r drmethrlcyeopenigicey cvigolexene,  and  4-
meﬁ?ﬁ%@[&@&&nel to 3 nole% [0086] In a preferred
e

I ment the first nononer conprises one or nore of
[008@]/ C3ntamotBet preéaredbarrabmimedntcthe pybyncr paddoieed bbrefn sy copolymer of
in udln e, tene, ..(and all isoner
PIORGREGR] S P ah kG Co S 1 K o SR W opHsaB O i mpapgers. preferably
oné @f‘glo?é ¢, blsem‘cf 8, lihRLe ‘Bfre)n’ch&?@rt §REc Qﬁiﬂg ofl’éﬂns' FRE®FaBly the polymer

hereof), and octene gand all isomers thereof).
prqdmeqfdehqfr@m igpreoelyser @ |pmpe'lene and one or more of ethylene, butene, pentene,

hexene, heptene, octene, nonene, decene, dodecene, 4-methylpentene-1, 3-methylpentene-1,
and 3,5,5-trimethylhexene-1.

[0083] In a preferred embodiment, the polymer produced herein is a homopolymer of
norbornene or a copolymer of norbornene and a substituted norbornene, including polar
functionalized norbornenes.

[0084] In a preferred embodiment the copolymers described herein comprise at least 50

mole% of a first monomer and up to 50 mole% of other monomers.

-28 -



PCT/US08/83128

10

15

20

25

30

propyl ene, 1-butene, 1-hexene, 1l-octene, cycl opentene,

cycl ohexene, cycl ooctene, hexadi ene, cycl ohexadi ene
w@eaonsesséd i ke. [0087] In a preferred enbodi meneCT/l82008/083128

cononomner conprises one or nore of any Cto C40

l'inear, branched or cyclic al pha-olefins (provided

et hylene i f present, is present at 5 ng@e@bor | ess)

(0085 | U&Pﬁﬁo@PhW@fgme‘btr gm r Cﬁaﬁ)gﬁ%ﬂ h{n@ﬂ%mer present at from 40

to b? )Qﬁ‘cfl@%, IIS S@W 99 %@1@% é)'t] 6@ &R0 %01%%9 G688 eecomonomer
dodecene, exa ecene, but adi ene, xadi ene,

prdsaptaad]oen@to @bmom%,qneferabty h(Mtoeéif{bmotaﬁhadmremmeferably 20 to 40 mole%,

an(gecadlene dodecadi

aéelgnqqom%tmwﬂt %eﬁ (0 %%){@rﬁﬁ%( pm%ﬁgef?rably from 0.5 to 5 mole%,

nmﬁeg@mgmMpqnggnﬁbkggcyclopentadlene and cycl ohexene.
In a preferred enbodi nent the ternononer

hpr |1Qe!ﬂspf©f¢éfeé empodienast tl@rfyrstmp@or@rocqnmﬁéa& on%@ram@m any Cs to
Cg {nealy ﬁ){anchea(i ghagaiceglgﬁ gle(f%F g}\%c . gt}ggtgm%yfé li)utean g(and all isomers

the@édf)/ Ipefiene hdRYI iSdiBers hbr&TR  heR&H @AE all dxRAEthelOPY, BBRene (and all
and octene, nonene, decene, undecene, dodecene,

150%?%6@?% byl 1 QFERNG n@ndhéU( aeeragre, thﬁ@ﬁﬁadl Péﬁ%“ed monomers  include
progyggitn@di Hline, qcjadhe rleocé%ng)ddl@ﬂ%ﬁtenge UhE0Ge cyclooctene, hexadiene,

cadi ene,” styrerne, hexene-1,
cyQelmehbiighpent thodke., 4- net hyl pent ene- I cyclopentadlene

nd cycl ohexene 0089 referred erbodi nent t he
W@é’fy P BIEERFd; %‘r‘é tP% FP%@POTBEMR@%@G% RBc §F mags &f any Cz to
C4(§3l hﬁ@a@sbﬁhcﬁbg S0 cykQic W M‘&léﬁn@(&gﬁﬁ@@eﬁlyﬁne 1@&@%“1@ present at 5
.0 weight% preferably 0. to 0.5 wei ght even

hor pasel, m@u;iuyg @th@me,tmo@d@lw\bwgm %entbasé@xcrmo heptbiee, and octene,
O%e%taa:o%ﬁ% et 4FEHERT o hiiesripo TTSTE. OIS heptadiene,

peiR@di¥hE ro'cﬁt@leln@ MorRARHET @BAdett) QoA Rhe,| BFEne, BLES-Bi@bhylhexene-1,
or 300 ppmor less. I'n other enbodinents at |east 50

3-pghyloentencehet-msthyinsatened. eyronsolaginne andtayelehcxsne100
0
3D, 21 T80 R PRT S IO Bug L MTBFAER Ry g oo

Cmﬁheﬁﬁpbﬂaﬁehean@ﬂ @rcllelallggpeaéﬁxzse (peided difpeEncOMPREdS, is present at 5
ing any one or nore solution, slurry, gas-phase, and

mqlﬁ“@ 19T pise)s énfledling FunHiSPE. PEPRIdFNSH PBISRS éa@gtenerﬁ@xw aﬁgi@%e and octene,
nofréidP O&é@?nea n gn&%ﬁeo NAbdLeiE ahﬁlaﬁéée@é ) bu?%{ﬂerﬁe dl?e'x'aéﬁ%ﬁ@ d heptadiene,

as a solution or Slurry, er separ at
pentedichoctadehe viatnadieha-decabenal) slbdqmadmne tstyreng, éa&;ﬁ-dmmetﬂ’lylhexene 1,

reactivated an ed as n activated sol uti on or
- BrEpor £ 4 BB RGy Rl e G DEREIPR oc
[00%9f | Nnei ﬁt@%eé'eﬂg)'oalrﬁ&@@ﬁe%ol Sfsaeb @R d abBveMr®Br comprise one or
monomer, conononers, catalyst7activator/co-activator,

mom@theomat stcfavléhgelght‘yarmef@mbdsomfa@ 0®ﬁﬂiu tbj leQ Weaheﬁan@é@ably 0.002 to
to a i es

0GR GHEN ok RO B0 GBI oo hPEl Pl BGTEH pient of he
coﬁp@shn&f lﬁlvyan@renmzfdanérﬁﬁg(omp@n@@ mg of 8idné 0 &Ed BSthe PaBmerization,
precfearta‘t?lgly400 ppm or less, preferably or 300 ppm or less. In other embodiments at least 50
ppm of diene is added to the polymerization, or 100 ppm or more, or 150 ppm or more.
Polymerization Processes
[0090] The catalyst compounds can be used to polymerize and/or oligomerize one or
more monomers using any one or more solution, slurry, gas-phase, and high-pressure

polymerization processes. The catalyst compound and optional co-catalyst(s), can be
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conmponents can be added to the first reactor in the

series. The catal yst conponent nmay al so be added to
wWhoiob/08xEsct ors, Wi th one conponent bei ng addedP€DUS100%083128

reacti on and anot her conponent to other reactors. In

one preferred embodi nent, the pre-catalyst is

actlvated in the react in th resence of ol efi
delﬂ sduteon 9f) ss}lgfy @gﬁgo@p@ra ocaaﬁag@r @g‘%ﬁated 1n-11ne Jjust prior to a

reacﬂﬁj' Yﬁr dﬁi@édt%aﬁ%ﬂ 530 Rk tp@li X£d ééﬁv%ﬁe;fol&ﬂﬁl‘m&r slurry to a reactor.

pol ymeri zation catalysts to prepare polymer bl ends.
Polyomoretioranandat edryisd oselnecithicosingld mwstop@k)ynmondollm rechich monomer,

epar at i der conditions anal ogous to thqgse usi
ORI St ESHAETALOTLCO-sstf e SPURADH S F1HEH g PGy Modificrs are
addeQr cdn@iﬁﬁ&)’s‘?}d tdP b QIS rQQtoRN 1ﬁt§aﬁés Irefaé\@k tob@tﬁﬁbnsb@ﬁ‘ &FHitIS the above
avai |l abl e from polynmers made with m xed catal yst

CO@y@te@tﬁBar@ aqqidp@ e cheh at hvewednorp (jgzg:g}rs (gqgnqgtednm' gerics. The catalyst

scavengi.n %1
corélg%l%/eélp Gaﬁlg eC ﬁgc? %Io C 11% gac%or 1n%g% &erll‘l s T F catahg{/ %osrnponent may also

be pAti@t td BPr ichttess, Witnbddeorhpaht 66ing ertiécD meTERdt. reddidBeand another
i mpuriti es adver sel y affect_ catal yst activity and

comgpensinf fq gtherryagpiors. | yin opemreigires cmbedigcal dhupigataralysideactivated in
thetl%lflé%rem t%u]gtggéﬁgﬁggol%ﬁﬁwt i on conmponents to a reaction
suc

vessel steps will rarely all ow
[009a] yrréFhezattalwt avintplositibngl sam ge smtbnﬁimmmhlg'l ¢rgcan be mixed with other
nds. Nor nmal Ig{g t he tion_process w |

conp I
kngwn IppfJ ggeélz%[tlloq cataly H;apqep%ﬁd)@ r%er engds 4 R and catalyst selection
allmmfaw?ﬁ‘é bIERP PR patatBnCatdeY  cohBfiofi€ %\ﬁ%gbﬁbgtoc MIROURthe individual

Bbe an organonetal |1 ¢ conmpound such as
cat@rystmp Ec@yroerg dnumgt iatichssd MNYIB Und smpro v Brocwt@wmd other traditional

be‘?ﬁgf lltl B‘éé@éﬁ p%lﬂﬂ%\%gg?%v\i’@ﬁn%ﬁ%&a%iﬁ SBfes gL hieved.

[0092¢ 1P| @y o@@i&@@eﬂ&ngﬂgld&@oﬁﬁdﬁbmm ajlsed 'HHH: the term scavenging
triethyl borane, tri- o-butyl alum num neth

compeursianes accmpopnd Ahai FeRayes, poksdmppitis ﬁs@myt e reaction environment.

o T ARS8 SEPUSIALR FATROHPSR IR 9Bl e s

usuﬁﬁ@aisecbbefhﬁtlﬁirb@loﬂlglﬁlétﬁm dosipdhlnts ﬂj Dtoatizeh V@l Bat such steps will
interaction with the actlve cataly Exanpl es i ncl ude
rarglyi @%qwmaimﬁrﬁamn Btithonb ueingr oy a%wynglwcreylpewouﬁ@glnaﬂy, the

po 9t§ont15r cesQw}?LlletYl ud k”éalgygﬂl it 5&1&nt§’%1f)s%?{ter1ﬁ% nr%rEOH{memds

ong-chain I'inear a stitute
[Owéhpouquallsumb sesvehging mem@wﬂd willbdé muorgabemetaliocbyipound such as

theCGERP AL Prangri i Sogys ke Sbey it heraBd o WO-A-

91088 aty QA Wi /ob 5L aweNaeod/ MPuni tdn@s AN raddh toHeR41.  Exemplary
scavengi ng conpounds may be unnecessary. Al unbxanes

compemndsainchde atdyl i dsvinvengireghydubereig, | esiseitutylotlbgyinum, methyl

alu%fotxgl\é%%z% gut%rg 8]??7}0681? p%]g ﬁlg}fjnngx%lf gl’urn[l H%o%%%qj&fnglﬁg ]cornpounds

hatif WaIkST orPO}-¥ Elindde R§do¥arb 1hﬁ1b@@tluyﬁf§ lcenEcRRANbEhOmetal or metalloid
production_ i n_accordance t

center usually minimize adverse 1nteract10n with the active catalyst. Examples include

triethylaluminum, but more preferably, bulky compounds such as tri-iso-butyl aluminum, tri-

iso-propyl aluminum, and long-chain linear alkyl-substituted aluminum compounds, such as

tri-n-hexyl aluminum, tri-n-octyl aluminum, or tri-n-dodecyl aluminum. When alumoxane is

used as the activator, any excess over that needed for activation will scavenge impurities and

additional scavenging compounds may be unnecessary. Alumoxanes also may be added in
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I nvention, can range from about 0.85 to about O0.95,

preferably fromO0.87 to 0.93, nore preferably 0.89 to
w@2®20825801 yner nol ecul ar wei ghts can range frpon/akmos/083128

50, 000 Wn to about 2,000,000 Wn or greater. Mol ecul ar

wei ght distributions can range fromabout 1.1 to about

50.0, with nolecular weight distributions from1l.2 to .
scaypRgipe guntisie W@t%r%l?eé aﬁtﬂﬂ%%féi e.g pMgHRIYmoRie; BBk [B(pfp)a] or

B Aty ﬁﬁ@h VB8, —asphS known in the art, may be
(Q%%e?eto%r e pgl yﬁﬁ’r. éa% phase pol ynmeri zation [0095]
[008dher ahnltgrmsiaf palynhariddnsied thggelects pamdeess praduction in accordance the

imRaT oo fRE bmf RS iAol M Subefudy el £8F 180.93, more
prérdbgi #89l td 020N RIMEmE RSROGIRr HleightLadmtangd fieRf86out 50,000 Mn to
reactive conditions. The gaseous stream can be

abayit 20000 ¥nemereaderf IMplgrylatwhight disibudieysceandrapge from about 1.1 to
I nt he..react or.. Si.nul t.aneousl y, I r. pr.odyct . can .
bRy AL TRl P, SERBRH e o RLETE Rl Seufore pica.
Pigataed dnfioxidphtaeadtdiBerpaldytives] €t RBAGITel thd S@Enfa@rbe added to the
exanple U. S. Patent Nos. 4,543, 399, 4,588, 790,
polynpg, 670, 5,317,036, 5,352,749, 5,405,922, 5,436, 304,
, 999, 5,616,661 and 5, 668, 228 all of
Ga\%ﬁi‘g% é(?lémfeﬁﬁz#@&? ncor porated herein by reference.)
[0498D96] Gdifeealtye an teo flufatizsls pase bedh peocgsss fphpeduging gedEneraya gascous
vary from about 10 psi 69 kPa). to about 0 psig,. ... .
streagn 4@ RIS OIET‘Efr@P@bTP9§9r$?5ﬁwlsa g ﬁ?é,‘?lf@‘? %s@lcg%kaoél}udlzed bed in
thel Fe@RObf 2QQtaRRt ndB344RKERYndiREERS eT DLy REM BRAR withdrawn
of from about 200 psig (1379 kPa) to about 400 psig
fropth§ Fluidiadd berbaral eredled bastkyinfonthe eactcan gemoltarfepusty agmdyrmer product

250 [ 1724 kPa 0 a t, 350 psi 414 kPa) . .
carf BooR s FaR it et otk oot ds hEdingkRhee the polymerized
moRbARESScldyr ¥aplé 108 Paemt Ned 4533t moakgsk 79805 088,670, 5,317,036,

preferably from about 60 OC to about 115 0C, nore .
5,3é2€ﬁ8;%ﬁ@i;922n 51436.,30AnY @5 1t 7 I, Seto &88u1.6 Fp o 0Icands5,aH2 25l of which

are?{glﬂ%g%é%pogég%%r H%Jepetr%%grg)r ange of from about 70 0OC

n-’ano enbodi ment when hi gh
[0096NSi tPhapehytet frigdstreini sSgadghuscestot d3e malyhary amtabout 10 psig (69 kPa)

tenperature is typically between 70 0C and 105 0OC. .
to payd S0 1ste Brdd l!%@ APrgfgragly e abaphl Y& psig (624 kBiyterabout 500 psig
S j t [P :
B B b R T R o R g ghout 400 pie
(2’101 kPapenare ptefahblyhe thraangaweinfoore mbowt239 Ipsigg 1624 kPa) to about 350 psig
r ene, preferably ethylene, is fromabout 25 to 90
(2%ﬁ@%Ler cent and the conononer partial pressure is in

T8 oo aBout BT K o Sbbur S0RD ke "W Chargu 30 C o
abdwt AR0&IC, prfictably disn abowd GYFE to about 115 °C, more preferably in the range of
from about 70 °C to 110 °C, and most preferably in the range of from about 70 °C to about 95
°C. In another embodiment when high density polyethylene is desired then the reactor
temperature is typically between 70 °C and 105 °C.

[0098] The productivity of the catalyst or catalyst system in a gas phase system is
influenced by the partial pressure of the main monomer. The preferred mole percent of the

main monomer, ethylene or propylene, preferably ethylene, is from about 25 to 90 mole

percent and the comonomer partial pressure is in the range of from about 138 kPa to about
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phase pol ynmerization process. Also in sone systens the
presence of conononer can increase productivity.

wQ 009932551 a preferred enbodi nent, the react orPai/Ubi0p%e83128
in the present invention is capable of producing nore
than 500 | bs of polynmer per hour (227 Kg/hr) to about

Q, 000_1 bs/ 0 Kg/ hr)_ or higher, prefer Y. . .
516&8&&5&6{6?@» Q}r%élri@ﬁrﬁ? aé%ﬁ@%&kﬁﬁ)w hych age }ypgaagrs%rtﬂﬂgpns in a gas
r.e I h r €
R LR sl fﬁifg%%a% gpjonomer can
1m$@mtpnwmﬁenpreferably greater t han 35, OOO Ibs/hr

0582, °%8 53k oYl B BB b aBARlemion i capai
of ?r&@&? Oﬁqg%gthlﬁlg ,5/©gqb§( gg{olgrgn{eZ%eQQQumw rlslg/hlg B &3LEL00,000 1bs/hr
han s/ hr
(90905 Keds) gr biger, pogiermbly grb@ﬁlh&a(l 1980 Eﬂéﬂﬁhﬂ@ﬁﬁ r1§g/hr) more preferably
greIap ]tga(gr] 1 B | sgﬁr IZ{ 'Y Br)oceesnsrenso conl&! e ¥hanhf5 000 lbs/hr
process h% d% nel Uu€ fhbse™d gb% %

(1338 KBairg n;lhllN@Sre ﬁeﬁiibl?ngeaté& tﬁ@fi 38m0a6dh15(5579"003K§/hr) still even
and European publication 200, EP-A- 802
mope preigablpmreicrahan ﬂb(iooalbrs/hé{2m%lﬁg@lr)eanﬁé¥eﬁerabbugnegﬂer than 65,000

lbs/lﬂc(?ée o0 eg‘gﬂgn%%r%eeﬁ%rteﬂlt@ﬁ ¢60 Oé(pﬁ)%@l}k45l fb(f"i?rg}hg)e bnd ﬁoat Lﬁr(ejferably over

pre e Catalyst syste
106,000 bashd (4S,500Kedduced into the gas phase reactor into
resin particle | ean zone. %ltrnformatron o

ow to, .
lﬂ‘ﬁr‘r{’} oddBEr g2y PhySS @recsessr yertemptcdnby HicoPracess & &Fez Hyyention include

thd3€ HeRAUBEAER B, 'I%eﬂt”NQs & §BI 34| L6d LA 008,6791388S8nd European
see US 5,693, 727, whi i'S incorporated by reference

pulbimaeDm EBlA#G ¥9% RO eEHaAI— PR 208t andnER-80 02 142A adll afrwhyich are herein

RO nerr g:ron rocess generally operates between 1 to
u ngae S%%PS pressure range (15 psig to 735

(091D, ThOHKRR frefehB8 EnkfBAImat BY Qatalfse b &EmaRdin liquid form and is
tenperatures in the range of 0 OC to about 120 0C. In

intgpdygpagh in{o thelepsrehase dedckm intg as@élpmﬂgrcfbmleém zgis). j ipr information on how
to Hl%{oﬁugeull g%udpc% %et%rn 18t8 ﬁu]‘tdlzea bl ﬁ)% qnerlzatlon 1n(§0 a particle lean

meri z |on o whi'c

zo1&) PlRag®e TS ,69%) 73, twhiclaiks ahqosoratce b@ddéﬂancérh‘fﬁem
suspension including diluent is intermttently or
Shygy, phasfRAIYRerigdiMed fromthe reactor where the

OUSEEL A GEPRIEALS A8, BORSL ol ST AENTET 1908 shout 0

atniasabro rpres‘ﬁlle thngpug1d p:kllg tefls pspl b@/}ekiPa to 508 kPa) or even greater and

pol yneri . zation mediumis typlcally an al kane havi ng
(erpRREHIESS i (7 @B R at éeboprigPefablny? YUY RAkHEEZation, a suspension

of %l‘ﬁ??ﬁm 1D g %msefgﬂlnga & aslglgrgJ ?ol ﬁwhkaﬂ ddlfﬂl@g@ﬁle&lhﬁl to which

conditions o ynmeri zation ative y I nert
modbherr andcaparendredionmvwith cs@gsttaneadded. The suspension 1nclud1ng diluent

is intermittently or continuously removed from the reactor where the volatile components are
separated from the polymer and recycled, optionally after a distillation, to the reactor. The
liquid diluent employed in the polymerization medium is typically an alkane having from 3 to
7 carbon atoms, preferably a branched alkane. The medium employed should be liquid under
the conditions of polymerization and relatively inert. When a propane medium is used the
process should be operated above the reaction diluent critical temperature and pressure.

Preferably, a hexane or an isobutane medium is employed.
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process shoul d be operated above the reaction dil uent
critical tenperature and pressure. Preferably, a
wheooang2s66 an i sobut ane nmedi um i s enpl oyed. [ OOROB{S1008/083128
one enbodi nent, a preferred polynerization technique
of the i nvention is referred to as a particle form
ner|zat|on slurry process, where g

[0 1@ erl8t e eméoqiaaﬁpt e PERIETSE PPmsEization &chpiaypiofnthe Havention is
u gggﬂn [ I

refglg%(%/}m e :ésng gtldéép'f&n?ﬁéalygfggga}t}ogegpl o bfﬂﬁg%savzlééfei@ ti.le temperature 1s

ke}ﬁa’aem thdemﬁmzaﬁe W@'hwhlthfhpmlgmbu Ebas intecmtypmnatSedh techmque is well

h b f t t
kng§Sh i Qe Mo R ARUEERE 1 SORTSHITE Ci P e ot Bich s fully
indBfpdre@herdin ﬂy’-@ef@t@nceﬂ’\@h@b&ff&fdde@n@@ﬂaﬁff@ fih &R h@ficle form process is

nmet hods for the slurry process are those enploying a
withgothe remgst di rabamtd%i_t Hogeahout 111G Gg Tavopirafeaded pyly@ferlzatlon methods for

irred reactqrs in series aralle or caombi nat i :
the SN BRRCERGHE oo PPRTSEiahipeBaciorani e SR gBEdau iy of sired
rea'cfﬂ)@i Yl eseFie)t pAAHIRYS ot QRRhMatRhs th&dof aMKoRIiRESSS @Ramples of slurry

Al'so, other exanp1es of slurry processes are described
pracasses Slclwatcmtmms laorea3stis, tapk pestecssss. héﬂf@l, athenekamples of slurry

proec%gél e q%e% Lﬁgebsgﬁtﬁgg [eég’gil’?ﬂé“ aV}frhl? I8 her%m fully incorporated by

rd@@ﬁ&inuously in a loop reactor. The catal yst, as a
urry in isobutane or as a dry free flow ng powder,
[0(11§4] nj lacanether sgppdrmapt.tBe shisr: pieessrs capisd aukiceRtiugusly in a loop
el .f r l.ur
roakleh. o' ol % YA O MR L e SRGM R hqwder, i injected
reg‘ﬂ[tni’tb'rte rtharedctoo tnmppwhrch 1k-|yt§h’lﬁﬁﬂ6d witptcironlatihgy slurgyof lgmwmg polymer

ed. as nDIecula ght control. The reactor is
Palﬁlﬁ At & ﬁe lygnt pf phe ‘étalilf‘e CBPta%% RPWNG AHFOPBROREy  Hydrogen,

op%nfﬁgt ﬁﬂ@%@aﬁ&ﬁéﬁ dsha meéu@ﬂg\?elgﬁt BhRI. Gﬂleol(éaétgr abRMintained at a

C depending on the desired polyner nelting

prashﬁe at 8620 kP4 643 (Reldtt indnat hietampemture the datder afldlout 6@ °C to about
p. wal ]l since nmuch of the reactor is in the faorm of

1% @&@B?@Jﬁl%%m( élteééfsw%eolymén@ltmgrgbar%teallsn@me%e%%Jaﬁ%t is removed

thrh{ég} tglg q’z?c{‘jo%al%m&ee&%lﬂsg {Shl'%trgefec\écgg ¢ FS bf‘y 8&?{!@/ ha&ﬁet@d pipe. The

W pressure rotary dr er
slumiyt s o Rwved Ubgexitc dieUfEBctbﬂ as e@glnmgﬁtei'@is e mbmaiuoﬁﬁlyttbea heated low

i sobyt ane dlluent unr eact ed nononer. and
DRSS E ARy SR h P Hy F/ERESR RRERSCO B i asspeg for removal of

thet hﬁ?)uﬁdﬂ@@l%%?daﬁdo lallUreh&ed AmbRMEARRYN | EhdRARrs. Trl]lg resulting

05] I'n anot her enbodinent, the reactor used in t
hyédouarrbyn fropesderos thich eomptvmrdedtﬁmr uss 1T apabils @pplicagings. t he

[0%8& € SJ%sa%g?hteB g@%%{]ebt %ﬂfﬁ Bel?F glgel}lf t%ﬁ g;u%ymn]gr;)getsg %IF the invention is
capibef Grakltie ﬁtro@@sts QF thi@aler90s iiﬁ)‘élﬁﬁh g (RRB tIKGY T00D, 1b@&Tpolymer per
nost ;{eferabl greater than 10, 000 I'bs/ hr (4540

hOlKg(Pﬂ? g/hry rmrgﬂohfefﬁrabmgj@ﬁtwéh@n 5009 155/hr (3268 Edrdrand geast preferably
greta L bl h%é%dg)@el]g%/hr {#El gg{/hr ) paélr%[lﬁg grglg?(ggﬁﬁ{ {e Sglr §3L&tor used in the
process of the invention is producing greater than 15,000 lbs of polymer per hour (6804
Kg/hr), preferably greater than 25,000 1bs/hr (11,340 Kg/hr) to about 100,000 1bs/hr (45,500
Kg/hr).

[00106] In another embodiment in the slurry process of the invention the total reactor

pressure is in the range of from 400 psig (2758 kPa) to 800 psig (5516 kPa), preferably 450
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Kg/ hr), preferably greater than 25,6000 | bs/hr ( 11,340
Kg/ hr) to about 100, 000 | bs/ hr (45,500 Kg/hr). [00106]

wo poognstsber enbodi ment in the slurry process oPCT/Ig2008/083128
invention the total reactor pressure is in the range
of from 400 psig (2758 kPa) to 800 psig (5516 kPa),

referably 450ps 3103 _k to abo t 700 482
me 4} 03 lﬁ%))élo Bp Qgpgrp(pg% 0%/ f?)gmemrg Ry P pggdé{*“@s‘%ﬁ) to about
P I
b PR RS S PARY IR T Pk 309 ke
[0HG3} hen yetmlmﬂhmmbodnnenhm thiewsturyy poogse 9§ thefinvdngion the concentration

of pRSRikEl gompaL st LR HRIRE RAR A GRS phipm sbout 1 to 10
We?é}l@ Wercknt, QrdiSrabBi &8 PRIuE Mo, atuet ek alhty Fér&&m ﬁfé@é»'bre?erably from

about wei ght percent, nore preferably from about
abcth Yo ahbwit welzhepgypant, Jeost @rﬂferahlwéifonp pledus Bdp labot bosgight percent.
[O(ﬁ:ﬂgﬂtesénogﬁeraﬁg’gg%s% \69£ m& %%éntp 3 i Cgr erei {lllgop]fgcs% % é)reftera%iy a slurry or gas
phmqfrs&sabhy oferdlctlih ¥h®ab@ase phas esehedBsfct of apelsedv@lgers, such as
in the absence of or essentially free of any
trlegi]@d@l@ﬁ)g@%rg, trigpethylakiminyrag Hypsgr%lﬁ]@mlnum and” tri-n-hexylaluminum and
b [ n
dleItIHI ['%lgla]‘élil(lﬂ'{ Ullq%?n&ﬂér?u%t)ﬁa [z H{%iy{h% m ﬁ‘li}ins] cess lé described in PCT
publidatiby W@ |96£08&21@i atidhe.9. IPIaE:nt Nbl 5712,85% S\dncthsard asm[n ﬁrblgi incorporated
i n. PCT publication WO 96/ 08520 and U.S. Patent No.
by 5etoreBCea5> - which are herein fully incorporated by
[00199F" ERCH0tHP BB hinldht @[@ﬁl’%@éssqm WBNcal digeR! OPﬁﬁéal scavengers
I's run with scavengers. Typical scavengers include
indludertgtietiyl alunmwmontri-isebutyd-abmighmaind rin ey pesaofl abimoxane or modified
L SXeess of al unoxane or nodified al unoxane.
AUR8%%neous, bul k or solution phase pol ynerization

a[tﬁ%bin@&usTBﬁll&ﬂts%iMﬁhﬁ KR8 pbiyaRdidagioni N can be used

advant a eously in honngeneous sol uti on processes.

[002d Aler aThey cathlystsi drpelibass har@uy ﬁ‘éIF |b@at1$%1n advangage@isly Ay diggnogeneous
solLG&T h@ ceAses V\'E“rl ﬁ& ltl ?1 V%[T%g 0 II{E? ahgon%lacg sI {%g%tor in which
nonofrer and p teriafg su |ed are ag DY

thel golyracudemed arai/thle dtaenCenhédtd o cgtaayht ﬁihltéhals?sﬂpbﬁéli @re agitated to
ocesses oper at e above the mel ting point of the
redgw ohayad &PHW%U% gedighiss Suftablgmprogesses @eerat?a%bove the melting point
h d
or (RO BuRR0 MRl oL Sy OB DSAPOYARE, which i
mohempeaas ey élwommnlso]unon pelymeaicstam ussngobicdvaned by

t he heat nmeri zat.i on and [ eact or
0y ot Bs conr el ki BReEag | MR | B iHagle the heat of
poB/H{%n‘iQt'IHne Qﬁ@ vﬂfh thetor 6 liRg ’byafgaé’tof ‘j‘ﬁcrldeﬂie&akb&ﬁlg coils to cool the
pre-chil feeds, vaporization of I'iquid ned um

corfteith wé rﬁlue, reﬁgtmrmtcs rgrigerotion r11r9 -chilled dedﬁsnmpoolnstlamf ofaliquid medium

(dliuen mon%(rjllle%sb %1tr Isoclvene[ %{r %gr%bma 1on.sp oF & li”tlllrleee d Adiabatic reactors with pre-

chilled feeds may also be used. The reactor temperature depends on the catalyst used. In
general, the reactor temperature preferably can vary between about 0 °C and about 160 °C,
more preferably from about 10 °C to about 140 °C, and most preferably from about 40 °C to
about 120 °C. In series operation, the second reactor temperature is preferably higher than
the first reactor temperature. In parallel reactor operation, the temperatures of the two

reactors are independent. The pressure can vary from about 1 mm Hg to 2500 bar (25,000
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eeds may al so be used. The reactor tenperature
depends on the catal yst used. In general, the reactor
wao eqopesatar e preferably can vary between aboutPOI/0S20a81683128
about 160 OC, nore preferably fromabout 10 0OC to
about 140 0C, and nost preferably from about 40 OC to
about |1 C. |In series operatiaon, the second reactor
MRty GOm0 a8 S0 R Gl 00D RARS Foot Pietly from 1.0 to 500
balr(ﬁg_c_:,togm\/ltpgyper ature. In parallel reactor operation,
the tenperatures of the two reactors are independent.
[00MA2] priesbunf ¢hasapracassgs hragmlsblou¢mploped Hpingle 2H0®r bzarallel or series

reap B ERT BRG] g PEERED PP GRS 06 ORG agomers with the
abdvkUtRERNRAaly st FRtdR]in EAGHRaUE dLIES 81 PE10&R S8 211FRIhgafPmonomers

be enployed i'n single reactor, parallel or series
to reagt farra swificiogt tisnei ongrodmuvethei dasiredl pelyssss e$lydmeprbiosesolvents are

cont act,d ng ,ol.efin monopers, wth the abpve descri bed
suf U Wy B ot TRRRT: A ISR B Sl Bl hgrentane, and
octahd,ayd mefes@idd mononers to react for a sufficient tinme

roduce the desired polynmers. Hydrocarbon sol vents

to [
lﬂ%léf)s ufhealiPesss gt e arrisA vt & aRentavepatitecd tapk grsetor. batch reactor,
n - yole r

or BHEIEAP (R 0GB HiBne ORPBpATR IRACATENCR Those reactors

magolntvicnaronay Stoit rhaed ititamkl rcealéigoand st afonomac fard, may or may not be
| ug flaow reactor, or. re than one reactaor erated

reffigerdierl 3560 °pafardl eflisclonie &0 Dt BHETrayOn2Y8 G Hetyral process

coﬁ%ﬁo&@‘%e b 3b EhR&latioRA a!gBEceﬁ%ﬁ WOSNoTRLd We§d 7By 39T

y not be refrigerate See the general disclosure of
Mddion puk High BresQae Polymenizagwner al process condi ti ons.

also, international application WD.96/ 33227  and :

10637 5dome\Baf eaHE Aoghopree B BB rIR, 5 CoREne Mone or in

comBRidd] whth ¢he bl GpRi-68EHY EnP bPEQRSY foicrtddBolymerizable olefins, the
pol yneri zati on of ethyl ene alone or in conbination

tengperduicdiitee wedival wikinoyidelhthepetyregstzabemrdagtian oasprs is at least 120 °C

0 rizabl lefin t he t enpefrat yr.e, of .the di,um ..
o HBRPHERER A 61 SR moatirss Post L on bBLLtPs ME pBmposition
terhR@Shre180 sfid At RereheHAk] gylﬁ& Verrdf RC-@nd IMyoE an@i@ferably, the

to 350 OC, but ‘bel ow t he deconposition tenperature of
polyaictizpadny isetongrigddiat a temypératird withimothe3hogO 6l 1 80 3€50@30 °C. The
Preferably, the polynerization is ¢ leted at a
PolygiFF&r RNy rse_C%lPlﬁféﬁ i Fresaie Brva 5600k GO pcandrggenaly at o
pr3Qlr¥ WBikHi# ahd PhhoeSofcosmPba&t FS@ RiPaf tH1R886 Wal (8P WEPABO00Preferably, the
bar (20 MPa), and generally at a pressure wthin'the
polyargeatafn S00ntphated 8t0a PRajurt ovitih0 hebangd 866 $§Mabar (80 MPa) to 2500

P ly, the polynerization is conpleted at a
barp(fzgéﬁﬁag wi thin the range from 800 bar (80 MPa) to

[00438P beyr thedi®mMit@dsure process, the temperature within which the polymerization
reaction occurs is at least 80 °C and ranges from 80 °C to 250 °C, preferably from 100 °C to
220 °C, and should for a given polymer in the reactor, be above the melting point of said
polymer so as to maintain the fluidity of the polymer-rich phase. The pressure can be varied
between 100 and 1000 bar for ethylene homopolymers and from 30 bar (3 MPa) to 1000 bar
(100 MPa), especially 50 bar (5 MPa) to 500 bar (50 MPa) for processes producing cthylene

copolymers containing Cs to Cy olefins and optionally other copolymerizable olefins.
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[00115] For nedi um pressure process, the tenperature
wi thin which the polynerization reaction occurs is at
wo ea@s8B 0C and ranges from 80 0C to 250 0C, PCT/US2008/083128
preferably from 100 0OC to 220 0C, and should for a
gi ven polyner in the reactor, be above the nelting
Qint of said polyner so.as to maintain the fluidity
[0 6} hMpts gﬁ%ﬁltfyp inobymgiEzation papdidpnss Ky gl Rrespwre\ad; @gtemperature

PRSI 100RAG 1005 g G AL MR i
C160lchas arffdopdemplly oths0 OofxdymérbibMRaAPfifisohaverbece sepested. See US patent

B R OAE I FBRPRIATS: J0ER BTl P, fa’ Bociber 5, 2002; and

60l ek nsilb@8dpkbhvdroe20@cent |y, pol ymeri zati on
condi tions for high pressure and or tenperature

[0 7Y e fterapalonerizagop rap deastipntigryelethe chighysh dhoypalymenprgduct can be
SRR NS SRR el 3o Rl gt o o
the pHIOfcEdnd SBE pofniat edined pkirdidi @RS wolldrdahll, dfiSintd beltkts or other
Decenber 5, 2002; 60/431,077, filed Decenber 5, 2002; .
suifable egnuiiteshishapes. | Ear suorad ipeses gondiaeys, s¢the geperal disclosure of
f I hzayj [ [ - - -
U P o 3030, hich e iRbk b herein by
refkmovd) in the art. Any excess reactants may be fl ashed
off fromthe po r and the pol yner obtained extruded
[09T8L g el e BB Pe{od Efis {Hor sui tabl e
1. COMA A bnSHARGS IR LolFARALRIGEEESy MOGhLanS, see
the general disclosure of U S. patents 5,084,534,
5,408,017, 6,127,497, 6,255,410, which are
i ncorporated herein by rR¥erengg2 [00118] In anot her
enbodi nent, this inventign relgtes to: 1. A transition
net al catal yst conmpound represented by the structure:
each X is, independently, ide1 a hal ogen, a
hydr ocar byl , a subst Rfot® caf%yl, a hal ocar byl ,
or a substituted hal ocarbyl; w/is 2; each Rl, R2, RS,
and R4 is, indepengéntly, yodr ogen, a hydrocarbyl, a

@rbyl, a substituted
hal ocar byl , a halog7' \ alkoxioé\b? su @Dge,

anam de, a phosphi ¢, a Iyl or andth anionic

het er oat om cont \ng gr ol —or e dently, may
join together to foxma ¢'to C cycifc g?\ﬁgg%cyclic
ring structure; eachR5« R6, and R7 is, i endent |y,
a hydrogen, a hydrogar by stituted hydrocarbyl,
a hal ocarbyl, a suBSti t/ut & | ocar byl , a hal ogen, an
al koxi de, a sulfide, ang .\ & phosphide, a silyl or
anot her ani oni ¢ het er og . oni ng group, or

i ndependently, may joinR together to forma Cto C
cyclic or polycyclic rihg st ucture;

cach X is, independently, a hydride, a halogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl;

wis 2;

cach R', R?, R?, and R* is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
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ach R8 and R9, is, independently, a hydrogen, a
hydr ocar byl , a substituted hydrocarbyl, a hal ocarbyl,
w@e009/0825b6t i t ut ed hal ocarbyl, a hal ogen, an al ROKUS®)8/683128
sul fide, an am de, a phosphide, a silyl or another
anionic heteroaton}containing group; R10 is a

dro rocarb a supstituted hydrocarby
8¢ ?%’}l!dae Bl 3& 0% B ?rta&]tl%lc E%{F@&@wamalamﬁaﬂr@@’e A m%ﬁpendenﬂy’

mé Agl‘ﬂ)%bgeﬁher@o fthd 4 é to @/} c?&ﬂcd(?r bl?@ﬁ#% deuctdesi 1yl or

ani oni ¢ he er oat O co tal Ing group; x is 1,
2, Badr RA; RE, wsd R’ nisuindeperidegdy,da tiryxict@dn,t @ Wyidrddailsyl, a substituted
|rco ium

haf
N S R oﬁoﬁuﬁaltw%d[}&f e Telogety i g, & sulfide, an

am$@ @'foh@é%hfdeoﬁrhﬂﬁ%r AhOUE SN Bt G0 - cctﬂtériﬁfn'g%%up, or independently,
chl oride, bromde, iodide, nethyl, ethyl, propyl

matvuolyltqu@l@mittq fomheerto Ch @mlyq or pedyoyFlic nwwuctlde,cyl

undec st tr| t et radec Re dec .
xSt HMER s TSI o A Gty PVAGERYkL 2 subsiiuted
hy&t@ﬁﬁb?l@%ydalocdﬂgf@&)ﬂ a substitieslyhalodagyl a8 @shben, marulla&@@agla, sulfide, an

hexacosyl , hept acosyl octacosyl nonacosyl ,
amiqa, 3 EbARYIde, Wéwluoa anotherayyanic b ?f@%om-fﬁﬂénémaﬂroun, ol yl,

tr| h l.s I [
§/ h{(%)h(g& h%/(l)lzox g%%{ﬂ%&%ﬁ%ﬁﬁ %ﬁh@{[ﬂg%n%g a halocarbyl, or a

sub:ktleitdfty haim:aibyl ﬁﬂtalqgeﬁ,t iy bikokido, a phi€idoxyn ammédez axphospgltide, a silyl or

ahl |, preferabl i.s. benzyl. 3. The conpound
angf @y&annﬁ@h?tﬁma@ﬂg@%ﬂmg g2, wherein each Rl, R2,

,XR§1;R§(m36, and R7 is, independently, a hydrogen,
a to C30 hydrocarbyl, a G to C30 substituted
hydlosamblytlra,l llgaﬁlbdmied:&m\hal ocarbyl, a C to C30

sub in%ted halocarb%l %a hal ogen, an al koxi de, a
sul Pt Bdtenim, girepRiun OSphfai 389 3" si 1yl or anot her

anlgnh@ het er oat om cont ai ni ng group; or independently,
oin together to forma C4 to C 2 cyclic or
2. pol f@ymomonnnglcgqrdm«gt igr paragraplThle lowplsuNdisatsbestad frigm the group

y I agh ere ch R1
corﬁhstm&é)fq&g?a l(ﬁ?{] brorxlnﬁ%elrb)glﬁwg,emﬂhyl yhypcﬁog}j R%utyllze%ntyl hexyl,
heptol, @coylhyiohiyac aeé:wl undec@, dodedilOtridecyl, tetradecyl, pentadecyl, hexadecyl,

substjtutedhydrocarbyl, a G to Cl0 halocarbyl a G
heptadecyl  9gt3dedut ut@@aqimbcgroew Beneigoyendocesylal Rf&@ﬁﬁde tetracosyl,

peﬂaéoléklf ind aco %Etgc%sylaoag&%gp 'ngﬁacog'ylS'tr a¥lhn gf hgﬁﬁ&@ %{henyl benzyl,

ani o aton}cohtalnl gr oup
phereyhyjl, Oﬁotyll ngmstthﬂml}tlmeﬂxyt rbm{trﬁntthyl@ly‘,lymbtihyl (mnethoxy, ethoxy, propoxy,

but%g)(ly,y Y hc arrnll 0, 1tetr uft l'{(rio methylethylamido, phenoxy, benzoxy, and allyl,
preferably X is benzyl.

3. The compound according to paragraph 1 or 2, wherein each R', R% R, RY, R, RC, and
R’ is, independently, a hydrogen, a C; to Cio hydrocarbyl, a C; to Ciy substituted
hydrocarbyl, a C, to Cjy halocarbyl, a C; to C; substituted halocarbyl, a halogen, an
alkoxide, a sulfide, an amide, a phosphide, a silyl or another anionic heteroatom-containing
group; or independently, may join together to form a Cs to Cs; cyclic or polycyclic ring

structure.

4. The compound according to any of paragraphs 1 to 3, wherein each R', R*, R, R*, R’,
R®, and R’ is, independently, a hydrogen, a C, to Cyo hydrocarbyl, a C; to Co substituted
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The conpound according to any of paragraphs 1 to 4,
wherein each R8, R9, and R10 is independently, a
whyapogpssg a C to C30 hydrocarbyl, a G to C3PCT/US2008/083128
substituted hydrocarbyl, a G to C30 hal ocar byI or a
G to C30 substituted hal ocarbyl, a hal ogen,
I koxi de, a sul fide, am de, a_phosphi de,
hy<§ Fypyl @ Crre Gt@nb%ia??agsdceo?mtﬂgcnoos pfutSH %ﬁ?fé@@yapﬁshalogen an
alk%xfd@ g‘ Sulwﬁgrafﬂ ﬂnﬁl@cy %sp : a Mo‘t&r aﬁ%ﬁ&eﬁ@&eﬁﬂoﬂr—contammg
a hydrogen, to 810 hydr ocar byl , to C10
grespb ot |1mdsﬁpem:tieln§lyi,r wegnrjbipl togeth@i tot fordi @ Gmaﬂooﬁardwllc oorpodycyclic ring
" .t to Cl0 substituted hal ocarbyl, a hal ogen, an
Sr%ﬁﬁr(?m de, a sulfide, an anide, a phosphide, or a
si | 7. The, conmpound accardi ng to any of paragraghs i
5.3t s coppeyih geeprding ey Of SeroERoh 1 o 4gwhgrgin each K, R”, and R' is
i, 1K fr rj i fhyiid € ot R 1
T PP ot & TP PRI € P B R drocarbyt o
to ng lizdbopltanti ores, Ct Getdapbtphiod phlonebyt, ri lplc@a;d phdkphidae, sulfide, an
tth gl}d&o“ de, ethylene, propylene, butene, octene,
ML 2 SPYP ot Stk conpound accordi ng to any of
paragraphs 1 to 7, wherein x is he conpound 0 -
6. accadPgrCAgPeEdAcpding tomgroémragmhq% é t«pﬂewwremeeaelhRRzR and R™ s
a
1nc§?end|§5rh¥/ :%%ylgglfg%en ér]rgt E@Flosh g(ﬂ:; %??%p?loo Sgﬁr‘uh tpdlfuydrocarbyl aC
to Danteydcartiyl Oori sCR16C g Subﬂnm@mhhkmhmbyl, ;a ledoglen YXan $1kox1de a sulfide, an

nzy or 3 and mis 0. 10. The conpound of
a“’b%ﬂ%@L%ﬁﬂqldf Q\We?él n, wis 2 and each X is benzyl; each

, and R4 is, depend , ydr ogen, .a_ .
7 hydr k PBYPINCAKR AP Eytp o, WRigit L pgjpcted from the
grd%lpsé’cgﬁ{shﬁéltoq dp};i‘ﬁfl&c aarc@t)()hrtnﬁ @?étl%ge&he@@et?dh§%fﬁﬁn 8imethylaniline,
an ari de, a phosphide, "a silyl or another

trlraﬁhmllannﬁd; etridutAoime c cbnmatlhmlprhg spdwi ptripbenyilphoeplande hithiym  chloride,
j Oi ther to for to C6 cyclic or
ethgﬁ%ﬁclwwl e'I%l% tﬁn%’torc% ES%'@l s methyl or tert-butyl;

R5 dent d ,
8. ﬁ? Gt a?@y?undaa%‘a@&}%w%ag Ry GRY L&yﬂ 7. 3910 8?%f-by?,
tituted hal h 12854 55 156 17
9. 2} R GomBh i e E%%‘%‘;S‘Fn LSRRl oF pRemS I AsER g TR R R R,
andlh lRS 9p hydﬂag&fe TEOGH QER S0 B MG IROWOmeRiyL| ARRALDSHrbyipheny, or
%)In Oet er to orma CyC | C Or
berp?ml Wy es 2, @dnsqmomlplmwh icech Rgs b@zmydx tsdea or Rand gn is 0.

05 e SRRSO | SR § Rl oS trmgngisd R R, and

R“ ti§ iviep¥hdéntllyl b aRidtiBen Zd ho@dLABYOR UBktutedT hydrdcarbl, aaﬁdocarbyl a
mis 1 or 2.11. The conpound according to paragraph
substifiied balacarbyls azhalpsan eait Rlksxids, Henligle; ae ampicRe, IRPSPhidky 2 silyl or
I | t
anﬁﬂetjf %l@nllgyl%r @%@ ggntkﬂﬂ%pgjdg[%% é%/{cclzefp:gfgd'erngﬂ Hla% ?&ﬁ tggerther to form a
C,RBCisscywtit biybOIWydhe ringlBtruytue; aémnm],yl BGtﬁrtamttbrlR?achR R®, and R’ is,

1n({epgne egtrl];?,egt ydrogen a hydrocarbyl, a substituted hydrocarbyl, a halocarbyl, a
substituted halocarbyl, a halogen, an alkoxide, a sulfide, an amide, a phosphide, a silyl or
another anionic heteroatom-containing group, or independently, may join together to form a
C4 to Cs; cyclic or polycyclic ring structure; R® is hydrogen; R’ is methyl, phenyl, 2-
isopropylphenyl, or benzyl; R' is a 2,6-diisopropylphenyl; L is a neutral ligand bonded to M

M is titanium, zirconium or hafnium; xis 1; and mis 0, 1 or 2.
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hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a
hal ocarbyl, a substituted hal ocarbyl, or
w0 pabepgassent |y, may join together to form a C POI/US2008/083128
cyclic or polycyclic ring structure; R8 is hydrogen;
R9 'S nethyl phenyl, 2- isopropylphenyl or benzyl;
I S dii sopro phenyl IS a neutr an
11bonér@e C?@pmmw@gﬂf g EPnP%I%TaEIi‘ rlcvasfrﬁrﬂﬁqws haP .e?ﬁh %gnzyl' cach
R!IR2, SRPRMs!aSh Yr irfdepdifdenin gn@CeAbHh AL ttQC I
par agr aphS 1, }Qimg]en 1o ep11 e\I/\llhgr e&}ﬁﬁﬁ’[ﬂ?é&g t [ t ani um 3. % cyeteor
pomhﬁﬂmamppunmuagdbrmnnghﬂannamégnapﬁwhIi9R.k@ﬂlbrwimdqmndmuW3

hY%‘@gr b Qawf%aﬂ@/ e PogREp B Ao B0 o glocarbyL o

md%F £€9 smd bu{)@kwﬁ@ﬁ foZdth QTGO by%h@%r? ?ﬁld 14k structure; R® is
ylege and optional |y one or nore unsatyrate

hydrogomdt ss methyl,tnhény:laiasogompyérdwpﬂu nldbfmfzylaﬂ%y tsfa 2,6-diisopropylphenyl;
cess _of cl

L 1V\ﬁrnI% ﬁré?]}ﬁ ondeééltg rl}/)}/’laM tng értl Izter{)m&rn o hafrflumf dblf 119I'1nd mis 0, 1

or IThe fO||OMAng abbreV|at|ons are used through this
speC|f|cat|on Me is nethyl, Ph is phenyl, Et is

126t hyfhe cmmp@@dp%cswmg tp peragEphde Br Bhpr 11 whprein M wéitapigm.
propyl Bu is butyl, iBu is isobutyl, tBu is tertiary

13put yihe cpmp@mdl ascraimg-to @etageaph 1bbt 10, or hBwhierimb wdikfnium.
butyl, TMS is trimethylsilyl, TIBAis

141 r i iThobotmyd@ldarcondng tM@@raigslpheh; Byl(louirbxdrein MMs zirsonium.
para-nmethyl, Ar* is 2,6-diisopropylaryl, Bz is benzyl,

15THFA prob&stsrfahpdry@{dmrzaﬂibn Rifnlblssmigaomm@ﬁargeaftaylumeand\lal&dxﬁlly one or
n- br onosucci ni m de, i s di methy Ifornan1de and tol

morg UR3faRe moexmwwéﬁl thesaiabyst qqx%pquaﬁléé anngt paraaRhsi 1o 14.

16 can T{Hgmp];dé%srtﬁ{cllﬁsl%rdvlpe@gn‘wt gﬁé@g Spﬁﬁ)sﬁﬁtetdqﬁlen¥lat Ve

ollo non-l1mting exanple Irteen 11l ust
[O(Hdﬂlal yEl’(e foowogradbrayautivhs encghedhroeghcthisapeafiditiog: the is methyl, Ph

. ane or. nore enbodi nents. descri bed, were synt hes

is By DL S By B PR e s S R BY B e ol PrTeL s iyl iBu i

isobRIE BRI Il @BFtid g§4tbuﬂﬂ dgftBé iP lf)rafaf fefthr| 'b‘iﬁﬂgﬁﬁu ak %ﬁﬁﬁ‘l%&yl TMS is
usi ng st andar | ove vacuum or Sch

trlmetbhlmhqlu @&Aumtresﬁ)umlﬁenw@e Méﬁéts.med&hylalsumom@mﬂ, $Mesie gpara-methyl,

A RO RY By B PR, TR fe Rb b BERR 00 tomperacure,

NBS s herofmokedias@iic! DOMF Al dlink®l fanthndide dnidedl ipEdi@net O

use or Frepared accordlng to procedures known to those
in the art. Synthesis of Conpounds A, B, and

[04120 00h 14 SYNRES S RarPhe RRARPHALSHEY Wﬁh%]i%regcg Wthe following
t
e represen n e 1ollowng reacti on
nos-tinetirg %(ElﬁthS.I S Tafrteph eilioxtyativy r catylyantoneporadpl(Ax @sough M), each
according to one or more embodiments described, were synthesized and used to polymerize
cthylene monomer. All reactions were carried out under a purified nitrogen atmosphere using
standard glovebox, high vacuum or Schlenk techniques, unless otherwise noted. All solvents
used were anhydrous, de-oxygenated and purified according to known procedures. All
starting materials were either purchased from Aldrich and purified prior to use or prepared

according to procedures known to those skilled in the art.

Synthesis of Compounds A, B, and C:

[00121] The syntheses of compounds A, B and C can be represented in the following

reaction scheme:

-39 .



PCT/US08/83128

10

1, yellowoil, 90% 2, brown oil, 80%-Br Pd(PPh3)4 CH
toluene, 90 0C, 72h 5, yellow solid, 95% 1 2 RLi,
weriwens2ss¢l0 0C 2 RO R = Me, M = Zr (6a-Zr Bz2) PET/US2008/083128
orange solid , 70% M = Hf (6a-HfBz2) B, orange solid ,
55% R =Ph , M= H (6l]j-H Bz2) C orange solid, 65%
Synthesis of 6-brono-2-(r, 3" -di oxol an-2'-yl)pyridine
(1): [OOlZﬁM@&iﬂW&MW@& ne
(8.04 g, 43.2 mol ), 1,2-ethanediol (2.89 niL, 51.9
mml ) and p-tol uenesul foni ¢ aci d (0.822 g, 4.32 mvol)
inb ne (2@6y|end_<jyodwas heat for #48uh under r X
in A * : xR coal H
roomte per aﬁd#éef'ﬁ‘ﬁ‘lﬂ“&soo rrL 0. Uqatecmas%l\lam LY
i ntroduced. The aqueous pha extract ed
benzene (200 L) and the Ed#%lﬁgé/organlc ex?%%?”
washed with 0.5M aqueous NaCH (2 x 100 niL) a PQPPhs),
(2 x 100 nL). Followi ng drying of the organic gaene, 90 °C, 72h
6- brono-2- ( 1',3' -dioxolan-2'-yl)pyridine was
isolated as a pale yellowoil. Yield: 8.80 g (909
Synt h§s g‘j " B
' nnyl #Rafr, N- 2' sy hdi pyri By e’
3] Ao aboosphe i t rOgew, 12n o %_;
6- br ono- 2 4 3' - dMeXol an- 2' - yI)pyrldlne (1) (4.00 g,
17. 4 moll)> was di ssol ved4diovgafyelr ous di et hyl 3epthegted
( 4Dyerle yoli@veeh, cool ed to -85 OC. nBuLi (10.9 nL of a 1.6
M hexanes solution, 17.4 mvol) was added dropw se over
15 mnf After stirring the mxture for 1 h, the
sol uti rﬁ%@%mhé9ﬁbd to -65 OC and stirred for 1 h.
Thesol [it?0n was re-cool ed to -85 0OC before addition of
freshl¥ distilled O Sn(nBu) 3 (4 72 rnL, 17.4 mol).

tH|on was stlrredf at -85 0C and al | owed
s#°room t enpe further stirring
ANV he M&§U| ti C|¥3 el g Owe; mri=xt (BH-ZBBANRSorange solid, 70%

Tte ang co nt r at el =& BrEtpanggsolid, 55%
Oi | .R NG RelHk (gb-kBE,) C. orange solid, 65%
residue is suitable for ~@ ent transformati ons but

o (R Tk prousele, “Vbased on 1H spectroscopy), t he
resulting oil can be distilled eIrohr 210 ¢/ 0.1
0 poyef1'gd- dloxolan 2'-yvDpyri 1ne

tylg :
[odlﬁhfgazlr( 1&@%%5 Izl%cé -8 a&h@ﬁgﬁ?kﬁ% (%800 % @g JnﬁiL i 1(22-%419&(1101 (2.89
mlg-51% k) imd p-?c')lucmeslmlﬁ)mqa hady0 )322 gf éBﬁ)dlmpl)) rin themeen¢ 4300 mL) was

heated for 48 h under reflux in a Dean-Stark apparatus. The mixture was cooled to room

oil, 80%

temperature and 300 mL 0.5M aqueous NaOH introduced. The aqueous phase was extracted
with benzene (200 mL) and the combined organic extracts washed with 0.5M aqueous NaOH
(2 x 100 mL) and water (2 x 100 mL). Following drying of the organic phase, 6-bromo-2-
(1°,3’-dioxolan-2’-yl)pyridine was isolated as a pale yellow oil. Yield: 8.80 g (90%).
Synthesis of 6-tributylstannyl-2-(1',3'-dioxolan-2'-yl)pyridine (2):

[00123] Under an atmosphere of nitrogen, 6-bromo-2-(1',3'-dioxolan-2'-yl)pyridine (1)
(4.00 g, 17.4 mmol) was dissolved in anhydrous diethyl ether (40 mL) and cooled to -85 °C.
nBuLi (10.9 mL of a 1.6 M hexanes solution, 17.4 mmol) was added dropwise over 15 min.

After stirring the mixture for 1 h, the solution was warmed to -65 °C and stirred for 1 h. The
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[00124] (i) 2-Brono-4-nethyl phenol (1.94 g, 10.3
mol ), 6-(tributylstannyl)-2-(1",3"-

walcerosase 2' -yl )pyridine (2) (5.00 g, 11.4 mmoPQT/HSZH08/083128
tetraki s(triphenyl phosphi ne)pal I adi un(0) (0.783 g,
0.684 mml) were |oaded in a Schlenk tube under N and

stirred in dr% t ol uene 100 ni) far. 72 h _at 90 OC
SOlP‘@%WaéﬁeﬁP&l? @ -§9asC tbe e@éﬁl@emf a&eé@lnmﬁé}edr‘éléae@y)s (4.72 mL,

GRS 8 SR P BR8P o o o

ternfyRPatGRY Wit ehir@iet stirting )ov@(ﬁfgh@uﬂfﬁe Ees{lmhg REJUAY yahew @)ixies was filtered
stirred overnight at 60 OCin 6MHC (40 niL). After

threvef] Celge ead eornentretap andarupdiced Recsysr (@S 6l hiewp/ihlagkil. Normally

thepr%lgltdﬁg rlé r@&lgab?e k&r gﬁseglﬁghe[ﬁélsg ?ﬁgﬁcgrm lftﬂéﬁ}]%%%bc}r}yﬁﬁased on 'H NMR

spdcaﬁmo@&ﬂltﬁeswsmng&mewnaie Gistill die(ksigdreh9R 10 he/(f 1 aﬁKHg) to afford 6-
prox. 100 nL water was added to the beaker and th

tfﬂ?}kﬁﬂﬁtém}é 2\76 138 rdjwsqlgn %tylbméldm%é) pop Nardooviasils Yaeldy 612 g (80%).
; Puring this
s VE OW U | at pH 7,
[0(H2:4}ir Q(e) aFEchbﬁto @heﬁl@éﬂ;t&\ﬁb?(t@ﬂ pgt &lO ednﬁlﬁolpr le&&g)htyls'l?hlﬁlyl) -2-(1,3'-
solid t ed by tration and. dissolved in
digyplagrd -%ay% e (fbr{éé)o»@aélﬁﬂéwo >@pfié@faéeﬁ(wpfﬂﬁnﬁphpsn@eemﬂadlum(o)
(O.W grO 64 %nfb?)qxz@e 1&1’ defI$h a dERIEEL 91‘6? LndlSe Atk h{sﬁl‘g%luene (100
to give a yellow so Gtion. The solvent was rempved
mlg fooTahyt @V ApoiTkdt maction @ixveeavasaixon q,oabdamwtesiolnddl; redhé¢adpressure to

1H N showed to. be e i ntende r 4
give gy OLlyriraldug CPRfaifge %@ﬁéaa%omdmﬁm Vs> @?)tﬁeﬁ%f Ryyrification of 3
wal @X@38 oh (1§D ohﬂ&SY%ﬂ%g&r%é 'agdrk%g Wk @hﬂlwsvé!m@ﬁt & 60 °C in 6M HCI
yel | ow powder. Yie . Synt hesi s “of

(4(BH(IB trhgaoling -twmroﬂylpn@ﬁwe) -tlze (yNquz semdpn mrquomto a large

oo ) T RURER HeDE 0 bR T Qi O el (o oM mat 10

rerﬁ&éﬂhﬁ'@lve%n&@rlm theisfilet BEtHE fldsRUM >4JFIBO QﬁL Wetdranladded to the
was added 1.5 equivalents of 2,6- dii sogr opyl ani | i ne

begkgg @ngyhe @Oswnwgyrouwt giradhe Saldi NaldnOprwas slewlydpddsd until the
SO@LOI{ Qzlrayhéltpa‘fllz?c} b’ﬂﬁn R{ ﬂﬂng gvr s%thd %‘3 glﬁ Sfft &ih?tmn 1(1:}1t11 atpH 7, a

1 on
largh amoght & fre‘llotw pan@ltafeewssabuedenmshedsmtdnamltemdlb3( Bltration and

disgorte Rl BomfimoPhineryi emexrictes wit?ios 4 by 1pier 2 x 100

mLeB‘HIILe) 'dﬁ'bdﬂ 9%%%1\%% P@nd( Mher@PtofeiVeh LONGw 8blufon. TR Siveht B8s removed

on ﬁ-r()iﬁi'y- fmaphlyttorzo gh/y: dr\mwgh:ﬁnwl spH@-vlrielf 2H &¥\Ri showed)'pwbqihe intended

pradyp i 50 T 6880k whbed N SGhPURIT R Besgoa o remove

thefintcbid e qﬁeléﬁh 43R4 ﬂll% hdet.hefeld: 2@.20%@5%}1. cooled to
-40 0C. MeLi 1.30 of al.4 M
Synthesis  of 6-(5'-methyl-2’- hvdroxvphenvl)-2-(N -(2.6-diisopropylphenyl)imino)pyridine

(BN
[00125] To a solution of 6-(5’-methyl-2’-hydroxyphenyl)-2-formyl-pyridine (4) (640 mg,

3.00 mmol) in the minimum volume of methanol was added 1.5 equivalents of 2,6-
diisopropylaniline (780 mg, 4.50 mmol). After the addition of a few drops of formic acid, the
solution was stirred overnight. The cloudy yellow reaction mixture was then filtered through

a frit, and the solid washed with methanol (3 x 5 mL), giving 6-(5-methyl-2’-
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20

solution in ether, 1.82 mmvl) was slowy added via

syringe, formng a dark brown solution. After stirring
w0 2009882586 NUt es, the reacti on was quenched by PEEUS2008/083128

addition of water ( 1 nmL), generating an orange

sol ution. The solution was dried over MgSO and

filtered, and the, solvent ved under yvacuumt i i
hy@péyﬂlegyl;)-grm @gpﬁqpropﬁqg} o)(pgrlg ag Xelfl)ocw solid. Yield:
1.0% a)y structure of this conpound i's shovvn in Figure

gy@%e)phenyl anal ogue, 6 (5 rret hyI
p¢thyl22’ Bhetiyil

S ﬁt!hesh POE 1 . O Dyt dolk
(prgrl d| ne (6b), was synt heS| zed in a simlar manner
om5 and PhLi. Synthesis of
[0(11@6&5 Mk ytbvebox h¥éhh hengb0 s, P805 mmol) was dissolved in a 1:1
6- d||sopropylan| |do)ethyl)pyr|d|ne]-
mlzﬂurerztaﬁ]TIdﬁ(ahW)dehﬂné ether (Z000L) pod toatpd tmd@r°Ca Miet.r Og&hmL of a 1.4 M

o BhIPTRIRAE B B B O PR e B souion
Apr)stlgnngoBZ}O(lﬁﬁmf&; thbI3adToRl Was GRNThEDLAMMOLANEE of water (1 mL),
solution. After stirring at roomtenperature for 8 h,

gendetingody erangovse!utieno v sqiutgm/@/aa dbpd)mersMgﬂQA ang| fildered, and the

solveéngtuum%?eg& tn ers a\é\l@sr m 1o aéelci OWY? an‘gggn{ ng%( 3{55%). An X-ray
crysanpewies of ahlk"E&Z@OL(Iﬂ) is @H@Wﬁlﬁr FgBze?1 .( Che peés1 a6z 6&5'-methyl-

simlar fashion from conpounds 6a and 6b and haf ni um

2 ﬁé@rpéﬂémylo -2-( e@peeiisapsrrylandidrbegy Bpyidieo fumas sputhesized in a
SnﬁIE{r%gE J\I\ﬁrorhg%%la%]hLlThe synt heses of conpounds D

roug can be represented as foll ows: Synt hesi s of
Synthtsi§ taf- ph-EFiyrhet eXidwrdyphahyla®A 1162 6alfib@wpglarilido echyl)pyridine]-
zir€@dium@5%diBenmhiAe solid, 75% 9 |, yeI | OW oil, 90% 1 M,

THE f B(OLPr)3, -80 0 id, 100%
100427] y[eﬁ?miﬁwad}limg@o@él)fﬁ) %@n&ﬁo Y@%ls il o (75 me, 193
rnrﬁ&? WV%Q gla é’djtfol\% 5 Zo%vkgléﬁbéo%utﬁﬁl@b mﬁ?roftketﬁzg@t%%m:gb)l% rnrnol) forming

an @rinlge soRuidPr -AHhey stiprglg @wooinl tem@Easuse cﬂot( RKRh= tths)lee;Aeramwmoved to
glvelal Brox?vlslo/ 1glg’y sof %l lﬂvg pslrg(liuc(fI ’Wag %\%"Shed with pentane and dried under vacuum to
give an orange solid. Yield: 86 mg (70%). Compounds 6a-HfBz, (B) and 6b-HfBz, (C)
were made in a similar fashion from compounds 6a and 6b, and hafnium tetrabenzyl,
respectively.

Synthesis of compounds D through M:

[00128] The syntheses of compounds D through M can be represented as follows:
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R=M, M=Ti (Ua-TiBz 2) D, orange solid, 90% M = Zr
(14a-ZrBz2) E, orange solid, 85% M= H (Ua-H Bz 2) F

wor@pggssol i d, 65% R = Ph, M= Ti (Ub-Ti Bz 2) ET/US2N$e83128

solid, 65% M= Zr (Ub-ZrBz 2) H, orange solid, 90% M
= H (Ub-HfBz 2) | , orange solid, 45% R = 2-1Pr-Ph, M
=Ti (Uc-TiBz 2) J , orange solid , 75% M= Zr (1
402r§ﬁﬁﬂ$ﬁ eniro-phenyl phenexy-pyridytaming complexes,
orange solid, 85% R =Bz, M= Zr (U-ZrBz 2) M,

ordnge solid, 50%|Synthesis of Br B
2 bonp- 4- t er t - but -phenylpheno . [00129]
mL DNF &bl ut¥og. of MmN ehm def (axkaz ¥ 22. 9 OMe

to aoBVMF sol u n (106 R1M) of
' - phenol (4.93 g,¥21.8 mol ),
form ng a dark greeduissol ution. Af Beiesdid red Ng i N b kBowoil, 90%
dark for 48 h, the resultant dark red solution was
poured into 500 nL of water, formng a cloud
solution. This was extractedwith 95:5 hexanezgﬁgwéﬁké
(3 x 200 nL), dried over MgSO, filtered and the™
sol vent renoved to give 7 as a thick red oil. Yield:

g,
nd a toluené”@BMutlon g}
) KN(Si Me ) (5 95 g, -8 ol ) Rel¥Cadeed c
dr opweBRsoichob:ar ge amount af (fl.eebd@i t ate formed by 10.hdowsoid 65%
end of the addition. After stirring for 1 h, the thick
white slurry was filtered, washed with t ol uene and
dri ed=Ndngreriopasdum t o give a white solid. Yield: 7.20
g (75% ., Synt hesis of
(2- met hoky- 3- phenyl -5-tert-butyl)phenyl brom de (9):
[ 00131} Under a nitrogen atnnspher< a THF sol ution

| Dl ) was added
thﬁﬂ(%B@RhL) of[‘i
FOTGA—tert>b

14a (R = Me) yellow oil, 100%

N 14b (R llow ¢, 70%
utyl @ pheg \@g oil, 95%

nmol ). After 3

: a | aKgé aITDIH[H Eﬁfyellow oil, 95%
e precipitate had forned .1 The reaction
m 1% tyaasvesold@ss St i rred overni ght, and was then filtered
through a frit lined with Celitggd@nf girove insol uble
KI, yielding a yellow solution. The THF was renoved
under vacuumto give (2-nethoxy-3-Yhenyl-5-tert-butyl)

!
PHReTIy b T e S e oy o1 |-

M = Hf (14a-HfBz,) F, orange solid, 65%

R = Ph; M= Ti (14b-TiBz,) G, orange solid, 65%
M =Zr (14b-ZrBz,) H, orange solid, 90%
M = Hf (14b-HfBz,) I, orange solid, 45%

R = 2-Pr-Ph; M = Ti (14c-TiBz,) J, orange solid, 75%
M = Zr (14c-2rBz,) K, orange solid, 80%
M = Hf (14c-HfBz,) L, orange solid, 85%

R =Bz; M = Zr (14d-ZrBz,) M, orange solid, 50%

Synthesis of 2-bromo-4-tert-butyl-6-phenylphenol (7):
[00129] A 20 mL DMF solution of N-bromosuccinimide (4.07 g, 22.9 mmol) was slowly
5 added to a DMF solution (100 mL) of 2-phenyl-4-tert-butyl-phenol (4.93 g, 21.8 mmol),

forming a dark green solution. After stirring in the dark for 48 h, the resultant dark red

solution was poured into 500 mL of water, forming a cloudy solution. This was extracted
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eld: 5.93 g (90% . Synthesis of
(2 nmet hoxy- 3- phenyl -5-tert-butyl)phenyl boronic acid
W@ 1@p081580132] Under an at nosphere of nitrogenPCT/US2008/083128
magnesi um turnings (500 ng, 20.5 mmol) in THF (100 ni)
were activated by the addition of a few drops of

2-di bronmpet hane apnd stirred for 1 h. A THF sol uti
with5:5h gxaggﬁoluene (3 x 200 rnLS drleed over MgSOy, ﬁltered an((i) the so(l)vent removed

to %1%6 %EQ%¥R§6(RHFW elcf5 é.8% g@ﬁ:f | ) phenyl bromi de (9)

mmol ) was a dropwi se and the

yntbnﬁlenf @tm‘sumh Q-bﬂoamk4-\mft butﬁbéimdnglmemekﬂda K &ign d

ht Th | |1 | | ed
BN, R S0 B Lo SR B SRR 00
tolt(i‘ézﬂeharfaﬁh IthRich® s8luMEn F4Y hiL PYF KN (giN1e), @5.98 e 268 GRAIY was added
- met hoxy-

drapagirony lrEe e@pusfpyto e prad e haseldidone Afer siring for

a t 1.on a
1 h%_l?ﬁgcﬂlc hltg & Wo‘ﬁa%\ffl)%er%? v¥arslg?(£ Vglpﬂrl gogl)}?tbe gc(ihrle@I J,lngea Vacuurn to give a
whité s&hdﬂm{eld nBROLa7seyl at -80 OC. After stirring for 30

mn, the reaction mxture was left to warmto room
Slp_t@aq;@a%ﬁ .—m@‘c_gmedqhﬁnvlrﬁr‘@mbmﬁlﬂnhemwbromﬂg,ggl yel | ow

58] 355, KR SR L PRI LD SPRG e 2.5

20\ timodh ethytdeet imea THIOGolatipn &haD tiig wﬁapceassiua;{@mrmshetﬂrt butyl-6-

phig] @1 h eﬁ%?ﬁ 2‘%@1&%@9&% %A)gf 821@%%%3%& ?f%té Bisgipitate had
foﬂeﬂ?ﬁlpvﬂ[e Ilggocf@n m&'ﬂiré v&%@%tlﬁ@@ Bvdrhi %%? R4 WAk Qhénht?ltered through a frit

sol vent renoved to give a yellow ol Upon st andi ng,
lingcdhivethtQeliheet rembwe ansyleiblediul, wastging el yictow Fhbitivol |Tdtte\ﬂJéE was removed

un<¥3l e\iaauun\ém té%lx%e(?grgg o;tggﬁ-}f):l?glg -j—‘thl‘tl)ugﬂ pKeI}gl?brlor%%ep & as 2 "yellow oil.

Yi&ld{( 3.93nE 9b9>9fy - phenyl -5' -tert - butyl phenyl)-2-fornyl -
mXﬂ“ di ne [ 00133 I n the gl ovebox,
Sypthagise i 2.-meuhemramhﬁnﬂr tﬁrt(-mtmhohenvlbgrammm §103nd

G882y S ARRSENLPRPORBLAE) BB AT et 38 i mmon i

THID(I(]O) al) arge aSﬁthétQ@y the addition of a few drops of 1,2-dibromoethane and
- ret hoxy- S-Pp -5-tert-butyl)phenyl boronic acid
stn(fq_cb§or (141 0% ”Ja{ Q_Q!uéOIh«{%QH)I Lyelg(2rige ég)hggy -tegtgblgyl)phenylbromlde

OTFE AT LS AT o OB L s

reffuxasid stiaed toxkmngho.utThofcldudg ygllowestoxy wasd capicdto mom temperature and

F5H gAY EedotIBh FST TSR e g bt Syt i Figerd (2-methoxy-

3-ﬂHeﬁ%lU5 ?erM@ﬁyl%)ﬂf‘eﬂyﬁ@%ﬁgsﬂﬂlﬁmﬂﬂé n%ee@q%ﬂalﬂ@ s¥alib®Was cooled to -30
bi phasic m Xture was fitted wwth a reflTux condenser

°Camﬂ hddtdetb hoTHO letmze(m()gmL) dhérikeabpylgorags (T.0@&rg, 37.2 mmol)
rem)v(?d and 100 di et hyl et her Ylvas added to the
mHaiReq gh-48 Xtu erwﬁﬁ@fl% reifh Qunyithe Feactipn aNxiNg; wap fefh to warm to

roqtnqa ?ﬁe\?\%@%\?\%@%&gog’&qﬁh 6 E clgﬁtﬁgfilomzﬁﬁ%hﬁf\)’fﬁér%gloved from the

ane
incotr gaosghefe act 1 @hs Lwee Hidmptered dachd Thiashascthen partitioned with diethyl

ether (100 mL) and the water layer washed with diethyl ether (2 x 100 mL). The organic

fractions were then combined, washed with water (2 x 100 mL) and dried over MgSQ,4. This
was then filtered and the solvent removed to give a yellow oil. Upon standing, this turned
into a yellow waxy solid. The solid was washed with pentane to yield a slightly yellow
powder. Yield: 3.43 g (65%).
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with water (2 x 100 mL), dried over MySO, filtered

and the solvent renoved to give 11 as a yellow oil.
wabh@psssauct may be further purified by col umPCT/US2008/083128

chromat ography if necessary (silica, hexanes/ethyl

acet ate el uent) . Y| eld: 4.43 g (90% . Synthesis of

6t-h(2 -h d,rox -3 h I 5_ » '
gl Qx ' Y s ;
[061@9] L7 %E??logé%&% Z_ g&]tct}glc@%roﬁ}o HHEIQ ndgﬁzrl % 13? rnrnol) and tetrakis

(tnpﬁetﬁllptmpl)mmsllaﬂum@l) Vésb img, 151 %mmot)wWeneahﬁstohwdelnaiﬁij toluene

@@ D a3 Ve ST SR VL dded O EEberRle acid (10)
(408, 305UhinGD MANAT: (5885 133 PmdHPwOE §EiEhdi 1YG 250 ml. round-

After warmng to roomtenperature, t he orange sol ution

bomed ﬁk%inmdut arged vhieh 3f) o edroxdegnwedimedianal. pLhgBasstwas taken out of

the. a%gve X & Pd an né?(r Itu?rog r%rge"qv@sm{% (%‘gaSée(P a eIF : Wgta%(lie% 90rrn1ng a white

bush 19 Wayte adiad bron@ply Sidd/PaymaQuilw ey thdh claked afesyirane aaﬂdhe yellow
~another 10 nL portion of water. This was stirred for
bipbesiginpiitues was diftadawith edraffuk rpomimﬂar @B hegted th éowé& eyernight.  The

heelftlr%e\%ass 2k %ﬁoev%gf [ @W tnﬁ g \67% (Fﬁegq etlhea%tlon mixture. The

coittbits @F gaflaskl vare ﬁﬁerﬁ@mfdﬂ&d taraOkepaa{myal fiminkhwhedcehe (ater layer was
100 nL dri ed over filtered and dried to give
waghfdps i dichioramethaye(10 vm%bl The oxgagiccfrachiops wgre( qqm»)@ed and washed
(
WRATRE L PSP RITR: DR st Bearl SBRBRyFpRese 11 o
yeNd®w oilm by pyordudi may (bk3jurthpOPpli3hdd By calusal diirooratogiaphy if necessary

6-(2" -hyd -3'" -ph | -
(Slhcal(’ E?%ans%t@%y&@% @)15%1?%&?{%' Hitefi%e)-(12) (3.17 g,
sVl%hégis SR -iyarde3’ %I{éhVUSnt&‘P Ibu{wp@hvmt 1!3%91' pWREnAdded

- diisopropylanitine (1. mol ). After the
[O(liéd] t i lonthofglavdbew Gf(bpmetbrbwdr-mh@lyétéi -tbrt- lmttxelsbmytl) Diformyl-pyridine

(e ThasmirBs drohed e fsngticfarphEgad fpled 0 50 °C. A
2051191 'cﬁ%h‘lﬁ%ﬁl‘%ﬁlaﬁé §BuBh B?%I‘g @3 6% &5 181s) mnﬂ)'l)v'&vQQ SIBRIPRURY dropwise

as a yellow solid. Yield: Synt hesi s
and)fhe&o(tﬁoh%d@f@t@/stﬁ at -80ptiefoyll- Hi)ur After warrmng to room ternperature the

‘-tert-butyl (2, 6-diisopropyl anjl i
OTaRER YRR W?%§k€ﬂ %t)ofzt'[l%slmﬁwu mdirdery Beh agnltreg%odﬁaL of water

wad 3dd 3K Qaﬁ@nr%_Q 12@% %Bhﬂt d‘l’esﬁloqile St§ ®orhe dA' ﬁrt%@r 5“111Ld bEWAE was slowly

et her’ MeLi ng, 5. nmmol ) was
addfldoﬁdIMdebchO thb Dlﬁdwglwombthamwatyieinbdwr $@>hﬂ1 pation Af weter. This was

ing for 30 tlon was nched
stiie s A pirblesope i ged Bieh 1M SR 0h P A5 ok TR SGpurdled from the
or%iﬁlc%y&n ThEhQatePlayti RBs Wasactdl Wih oven s MIS@cBRfFomethane, the organic
|tered, and the sol vent renpved under vacuumto

layyrseqml‘tanqdeaqdms{lqui with water: (238000rmL()1daed over MgSOs, filtered and dried
to give compound 12 as a yellow solid. Yield: 4.25 g (100%).

Synthesis  of  6-(2’-hydroxy-3’-phenyl-5'-tert-butylphenyl)-2-(N-(2.6-diisopropvlphenyl)-

imino)pyridine (13):

[00135] To a solution of 6-(2’-hydroxy-3’-phenyl-5'-tert-butylphenyl)-2-formyl-pyridine
(12) (3.17 g, 9.17 mmol) in the minimum volume of methanol was added 2,6-

diisopropylaniline (1.79 g, 10.1 mmol). After the addition of a few drops of formic acid, the
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The phenyl, 2-isopropyl phenyl and benzyl anal ogues,

14b-d were synthesized in a simlar manner from 13 and
wWO-2009/082§66 v. PhLi, (2-1Pr-Ph)Li and BzMgd , PCT/US2008/083128

respectively. Synthesis of

[6 (2' - hydroxy-3' -phenyl -5"-tert-butyl phenyl) - 2 (r-(2,

- di i sopropyl aniljdqg)- ethyl ridine]titaniun
Solvslm péh gtwg %)emlg"[ﬂoo’f)teﬁ 1\9%@)@%‘3 rﬁtth]a@@ﬁtua? H3e Bnerfétered through
a fft ﬁﬁé 'tlf%"!o]tfﬁza%f?éd"&dtf? Hteﬁl%go ‘;nL])A'%tr\{{r%% un@ fEPS _:!It;ls g %Iellow solid.

miol ) was added solutl
Y1¢1@7Z)927g(6£%)1 mml) form ng a dark red/br ovvn

sopropylanilido)-

mh$hﬁyﬂ&ﬁgpp%)mas mashed mnth pentane and drled under
vacuumto give an orange solid. Yield: 440 ng (90% .

[0(8%1 helsi the aflovebapoenrerourdt B 6Gi2§hms 0660188} @@nﬁtsmiﬁ@i in 20 mL
dleltEhaI nﬁcl)lgrh gﬂ) %ge$oelldiﬁlgﬁl {11356l > IS?odrrPrenseggnnerogwléa?ded, Ife;mlng a cloudy

yelﬂ(ﬁif cElReszYy A fRf Sfiing GbS30 Afinuted, alye RaMidnalvasudnchdd B Of addition of

gﬁound Kis shown in Figure 2. Polynerization
Wamr e®d). OISR 4 RAngR eplutiopct e selaien yrasrdricdt PysisMeSOs and

ﬁlt}éferdeatﬁiat%% getlﬁz&&b% g %cluﬁét B'VyZét@g é)@lé@g%ﬁt ‘%Zglg\"gﬂs(?&g (100%).

I's descri tent
Thanﬂe@l489$olﬁ(&ibflpﬁéﬁ)yDﬁlid)9é‘&51 amdiogudy pﬁﬁyd eteralsynthiesizefinin a similar

Che 0 125, 4306; f _which
mapRergF §@e§ Egreélt”ﬁ{ Bt}%g?f ﬁ’i&"el C%hig%reéﬁe&f%mss
svﬂﬂh’e‘éls | ngerh-@angdydbrasahli1-sticiildp Rt £ Wes 8-diisbhBHylanilido)-

to eacn reactlon vesser of the reactor, which contains
cthyBpymdiing 3 ssel s. The reactor was then

l“@é?fté’% ?O'Qg%ﬁ %ﬁptl%'%iae't B plion % 58681 Faago me. 651

mri61 SRl raua&pltot@re@ PHE-sOREBH RO &t )Rfes By €270fm$t65y1| ®AR1), forming a
q § general ly between 75 and 350 psi). 100 uL o oct ene
a

F/braven §olvta§1 i Mftactiadng ﬁtreoeet@rnmré@& fos 8§ by dsselvent was removed

to élfVF %l’hggwg éli ’hdf %Ihe% (ﬁ.lCF %a? O? E} ?%a%% nd]Cfr)%d u%ier vacuum

TAY0E 1°UT nUmPso Hexane

u)gﬂehﬁomﬂ@ehﬁﬁﬂ‘ﬁﬁﬂﬁdﬁmﬁn@QMﬁaﬁ a cocatal yst/

scavenoer The contents of the vessel were then
alcomponn HPURNRVact i vator sol ution (usually

g@%&%ﬁ? tthﬁ' HM ﬁ)v rs gtade In a similar manner fr%rn Af8mpounds 14a to

ent afl uor phe ate in toluene,

[0d‘1!8

tet ak|
14dnaod Al cor‘reilspﬁqimng/ LrovgsI¥ hfﬁrabemqyé predrsorst 0Aherayeagystabstructure of
vessel ggglmﬁih 500 uL hexane, followed by a toluene
Kk evedp

COUBPYG; IS¢ 2(A - M 0.40 nmmol /L, 20 - 120

PoRARLa@iidpaRQkher aliquot of hexane (500 uL). In a
typical run, reaction conditions were varied such that

[0G148)] t eEtbeluem/ liostene t tnpelynparizgBurse s cemdafizdr oetatimalay purallel pressure
reac O?C\% 1c[1at Id%scrlbw&aril(le Ijgvﬁgtterlltgﬁt eq 3&4 %52{ %nZFSS 316 and 6,489,1681; WO
00/09255; and Murphy et al., J. Am. Chem. Soc., 2003, 125, 4306-4317, each of which is

incorporated herein by reference. A pre-weighed glass vial insert and disposable stirring
paddle were fitted to each reaction vessel of the reactor, which contains 48 individual
reaction vessels. The reactor was then closed and each vessel was individually heated to a set
temperature (usually between 50 °C and 100 °C) and pressurized to a pre-determined
pressure of ethylene (generally between 75 and 350 psi). 100 uL of 1-octene (637 umol) was
injected into each reaction vessel through a valve, followed by 500 uL of hexane. 100 uL of
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were performed in duplicate. The reaction was then

al lowed to proceed until a set tinme limt (usually 30
worewp/ogassant il a set anmount of ethyl ene had beker/Us10081083128

up by the reaction (ethylene pressure was naintai ned

in each reaction vessel at the pre-set |evel by

ter .control). At this paint, the reaction S
tri a[%ﬁﬂﬁl@amwn sQlytey ¥ mal@fh in heppis 11 HBOI) oy a?@f:‘ii ghact as a co-
catﬁ?@t‘éstcg Phoet h?h .83 n¥ilthd Qés%élt ?r%nth@ﬁ Eﬂu@&i LhgoP rﬂ( m?in activator

Znd S0 vent was renmoved fromt ressur
solan@h (lvaliln &, N'-dinmoispéelisugl t@t/reblsépeatlaﬂumbphmyll)btmateeln toluene 0.40
wer e I enove u5|n a_Gepevac

t - 12 .
Qe BuvhRaS dstomieted e G el Teo e upat avth 500 uL hexane,

fol RISy Dbl @dne BbRYioh ®d chieRRerAt W, 9. ANFm@dY20d 120 nmol) and another
pressure. The vial was then melghed to determne the

ah(yuoéIOé‘ h@ﬁatter(éo%cqwm agyperlatn, rehioneeonitigns W@tﬁ yariad such that two

temn%e]ratgre ar rewep %uresban%l:g f ﬁgt(a ggt c%ncler\{\%\ia)tlong Wdeé? 1nvrﬁs{3 %ate(F All runs

weEOpERRRY ih ﬂﬁ}ﬂl’d@w theQﬁactﬁ)ﬁdwt@Mh&Sﬁldv&ﬁleto Bedw) uhbl a set time limit
deternmine nelting point. [00140] H gh tenperature siz

(usgldy & Pom) TG hi e gAY oY prst aghtiven taksn Hp bathe reaction (cthylene

SO S R, T A SIS R

thi6 pdid6,tRORactoord @6s GB&hché&d by EXIékﬁiﬁre 10, AB4A Bdr7the poRGrdAiion reaction,
and 4, 388 each. of whi h IS incor ated herein by
the, glegy mf dDSOFth PRNTARNg, BE O ROTHEE arogg?t bl Ve e sy from the

pre’ésuze %elmhéi 'tﬁkefﬁ%rt GhydRere 886dho% ARl 3O 5 RLGBpohthtl Mere removed
C system was cal i brated using polystyrene

usmg arfaaredgc I*HHQR ngltlflﬁlgmaﬁs (Genesa,cB@G}O@lD yAemIm ciEperator operating at
SVYS mvvas perat ow,rate
el R R Rt e el FEC il R R il o determine the yield
ofufel M@ép@@ﬂ@&nerh\éaésﬂtaﬁdp(ﬂ§m%ma§ hﬁtﬁﬂied bWRaf@ IO (see below) to
anpl es were dissolved in 1, - trichl orobenzene at a

def@ﬁw@éntheatm@lﬂaém ovaight, obyg Frﬁilﬁi (seg5helow)ofto adgernyine r comonomer
T
R VP EOLP GRS TR P R BT v

[O(IIEID] t and tlﬁsmp’&:gatﬁﬂ& SM@D@X@MSlMB dht@hito@t@pﬂiﬁ G»K/asflg)erformed using an
| ecul ar wei ghts obtained are rel ati

autpalarqdngléépléoﬁ% yWaiRE 8p adﬁamé i 034 Ppt- Do e dhih 81&6 6,491,823,
6, 45@%@&“ @%of%‘ Prd MRLIP 6 HB6k I TEATH L6 L H54WRFE¢) @86 39*7 TR 6,294,388

O Tnstrument’ to detérm’'ne’'the melti
eacchfoftvwﬁclpcsl ioeperate8drpie by weeenpr. et lan agzdrads héls a’Zs‘&@leﬁ)@f three 30 cm

S SR ETE 1 8t v
caldABed Gsﬁg S@gs%ftrﬁle%ftanh%s GhdPifk A& 3908, SRPORg /Aol @ The system was

rate of mn. Melting points were coIIected duri ng
optraed et ati algpnp élomorchte {)f)@l)élmyrﬂihleandaa:n ovarf tefnpoctieneftlés °C. 1,2,4-

b ens, L ReoTROraled. L1 e golyers (el ML 90 1885, cd in 124,
tridRItb B ROt o g&ﬂc@ntfﬁlohed?tdpn O.@D&ig/mL. 250 uL of a polymer solution were
injected into the system. The concentration of the polymer in the eluent was monitored using
an evaporative light scattering detector. The molecular weights obtained are relative to linear
polystyrene standards.

[00141] Differential Scanning Calorimetry (DSC) measurements were performed on a TA-
Q100 instrument to determine the melting point of the polymers. Samples were pre-annealed
at 220 °C for 15 minutes and then allowed to cool to room temperature overnight. The
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10

Sanpl es were prepared in a thin filmformat by

evaporative deposition techniques. Wight % 1-octene
wom9nkxssé ned fromthe rati o of peak hei ghts apCI/BFB08/083128

and 4322 cm 1 . This nethod was calibrated using a set

of ethylene/ 1-octene copolynmers with a range of known

w. % 1- octene content. [00143] Polynerization data

sargplgwvy crentheabeaed 19 329 He @hadaterad 198 “Cepieduhihgh coeledpt a rate of 50

ol he t.al vii.c, behavior. of  conpounds A - .M and not

Clrafo PRI DR N R A RPN g i, g

[00Raby MeTHeZAtib T Re&bhd fo EXAIFRE endoabcrhirs tin ﬂﬁ@F@ltymEﬁamNeight %) was
Pressure Tinme Yield Activity Mv Tm (nmol ) (0C '

detepsingd by aepid( R (sgesirpsrony eme)Brukeakayivg A 1 )refleghion mode.

Safffle? dshaprpPdeq 3o AU Mg By Hery e po iU Mg, weighr o

1-cktofe 8Onsedbtaibedl 80 Be tatlatOf P&k Reightd 30157/8%R04BR @A, This method
721 36 162 2273 2.2 1%3 6 A 80 80 350 205 13 118 §06 .
wap calibrated psmg poset 96 coyteng/d orstone copalymses with g renge af lmogn wt. % 1-
octale 20Q.7600 15 14 3554 2.1 132 9 C 80 50 350 3600 24
12 3665 2.8 134 10 C 80 80 200 3600 13 12 206 2.8 132
[00043] C Ai2pm&Gzaion BEOGhBun 14 T3BRO 1 2s AnteBdedl B Ge IRfreStative of the

3 600.33 1 1 3453 3. 134 13 C 125 80 200 3600 19 1
Catilfg”gi%el?i%*fffﬁmﬁo‘%gs%' g%a%@% COPPERSISE G, 2 136 15 D

80 50 200 B2 BASASARATH MhrBudidlt BSyR B0tk BRAI394

102 481 3176 1.7 138 17 80 80 75 1801 14 66 2880 1.5
Exdridgle 1&itdy8 A BOu2 O0eniBBRsdife A9m285¥&l@. 1 Adbvitd D BOv SOMWD Tm

350 1802 54 586+ 1. 5 E A o (°
Sooa o e 13%&%1)? 8@)1. @psdPS (AQ)ED) 3@/nfRoli Bdr) 3DHI&Bw/Mn) (°C)

1 A 80 50 75 1345 27 172 3259 53 132
2 A 80 50 200 451 23 166 3924 1.7 134
3 A 80 50 350 285 23 149 4536 23 134
4 A 80 80 75 1802 31 149 801 2.5 130
5 A 80 80 200 721 36 162 2273 22 133
6 A 80 80 350 205 13 118 806 2.3 134
7 B 125 50 200 1800 11 13 2661 3.5 134
8 C 80 50 200 3600 15 14 3554 2.1 132
9 C 80 50 350 3600 24 12 3665 2.8 134
10 C 80 80 200 3600 13 12 206 2.8 132
11 C 125 50 200 3600 24 14 3686 2.2 134
12 C 125 50 350 3600 33 11 3453 35 134
13 C 125 80 200 3600 19 11 211 2 132
14 D 80 50 75 1595 70 382 3154 2 136
15 D 80 50 200 562 84 490 2975 1.6 137
16 D 80 50 350 394 102 481 3176 1.7 138
17 D 80 80 75 1801 14 66 2880 1.5 134
18 D 80 80 200 1802 27 49 2858 2.1 135
19 D 80 80 350 1802 54 56 2586 1.8 135
20 E 40 50 75 1177 80 1186 2973 8.5 136
21 E 40 50 200 1082 112 672 4118 3.6 136
22 E 40 50 350 620 80 480 4148 3.8 136
23 E 40 80 75 390 110 4914 754 2.1 135
24 E 40 80 200 539 205 2482 1332 3.7 135
25 E 40 80 350 442 289 2440 2942 3.6 133
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2 1 E 40 50 200 1082 112 672 4118 3.6 136 22 E 40 50

350 620 80 480 4148 3.8 136 23 E 40 80 75 390 110 4914
WO 2h9A87556.35 24 E 40 80 200 539 205 2482 1332 BCTUIBBS/083128

25 E 40 80 350 442 289 2440 2942 3.6 133F 80 50 75

1117 73 571 905 3.6 N D F 80 50 200 672 111 539 1220

3.8 NDF 80 50 350 437 104 444 1312 2.8 N D F 80 80

26 1801F 39 18P 264503.7 RO D HI8D 883200 85719 1 3285 5143.6 ND

371 N IFF 80880 35 7320075 474 683 2.9 N3D G 201220 753.8 ND

31601 272576 4995 1@ 130G 20350 A0 804 34 553 AG93 -8  ND
3 137.G 20 R0 350 41394 4924 1.3 G 20.80 75

%%01 20F 390 4831 1°% 13%3 éégéo %%o 768H§% 632 %§g4 37 ND

304 137 G 2080 358 753093 587 458b 1.3 B34% H 205kb 753.1 ND

115 82F 234189118 80 8 18D H 218 5017300 7451496 168685413429 ND

32136 1,20 500350 £09 106 12394478 1 4 136 H 20688 755 136

fi2'ss Joso o1 om0 ) 300 18 Tusagere s

844 78 G085 698 2.0 135359 204400 #% 397 138 12134792650 13 137
25134 HG20 1D0 75 871 5754228047420. 8 13899 20 1403175 1.4 135

1801 3%632 391 1.90 1332do 80750 7571800 16780 NRsN D 14 137

%01 4 é‘ag ﬁ'so \ és%o 1%0?’ 1?39 N D5'2780 50 5%50 13 137

H 82 2341 3118 4.8 137

H 0 50 200 745 96 1683 4134 2 136
40 H 20 50 350 609 106 1295 4478 1.4 136
41 H 20 80 75 442 99 7830 762 1.9 136
42 H 20 80 200 304 166 7144 2472 24 137
43 H 20 80 350 217 141 4850 3585 2 138
44 H 20 90 75 534 78 5085 628 2.1 135
45 H 20 100 75 397 138 12137 650 2 134
46 H 20 110 75 471 57 4228 474 1.8 134
47 H 20 120 75 1801 33 632 391 1.7 133
49 I 80 50 75 1800 16 80 ND ND ND
50 I 80 50 200 1801 33 60 1213 129 ND
51 I 80 50 350 1801 41 42 ND ND ND
52 I 80 80 75 1801 23 110 ND ND ND
53 I 80 80 200 1801 o4 116 1128 3.1 ND
54 I 80 80 350 1528 117 142 1381 3.1 ND
55 J 80 50 75 1172 30 223 4645 1.3 137
56 J 80 50 200 452 30 216 4775 1.3 137
57 J 80 50 350 280 35 232 4741 1.3 137
58 J 80 80 75 703 37 461 4353 1.3 135
59 J 80 80 200 367 56 498 4696 1.3 137
60 J 80 80 350 109 33 556 4005 1.3 136
61 K 40 50 75 621 55 1527 3517 2.8 136
62 K 40 50 200 492 77 1021 4558 1.7 137
63 K 40 50 350 344 56 602 4933 1.7 137
64 K 40 80 75 246 72 5102 1340 1.9 135
65 K 40 80 200 212 154 4725 2806 1.7 135
66 K 40 80 350 118 127 4007 3993 1.7 135
67 K 20 90 75 405 66 5690 773 1.8 136
68 K 20 100 75 456 125 9505 671 1.8 134
69 K 20 110 75 373 57 5348 610 1.6 134

-49 .



PCT/US08/83128

10

15

20

| 80 80 75 1801 23 110 NDNDND | 80 80 200 1801 64
116 1128 3.1 N DI 80 80 350 1528 117 142 1381 3.1 N D
wWd 2@0/0835¢5 1172 30 223 4645 1.3 137 J 80 50 2P0T/USD08B3128
216 4775 1.3 137 J 80 50 350 280 35 232 4741 1.3 137 J
80 80 75 703 37 461 4353 1.3 135 J 80 80 200 367 56
498 4696 1.3 137 J 80 80 350 109 33 556 4005 1.3 136 K
40 50 A6 621295 1520 357F 2.1802364K 40 52600 49257 1.7 134
1021 4558 1.30137:«)40 39 35@0344166 602 8®33 1.304437 2.8 137

K340 80, 75 24% 72 5102 4340 (ko9 K 40 8§ 200 243 14 ND
4 4725 2806 1. 7 35 K 40 18 1274007 3

%27 13é§K 20 8o 405%§é 5%86 77é 1.8 1380k 20‘%@3 752 133

456 12@49505&971 B%B 1345 K 202810375 373 182 53480890 24 136

166 1340 K 20 1208075 13102 4958264651 1. 13134 723413480 16 136
9 75 1]§01 1@(50 B 1378173 lg 80 50 290 1804 ND

5

461 D 74 0 1146 18 3 404
? 80 7?01528“§2 %g 23281 §§136 7 éﬂ%é 136
@%9 40 M37 3204 1.% 1362097 L188b 865350 1831336 59 NP N 13 134
RON D 28 M 2@050 78 18®K028 1583 3179 4.2 3086 79 M630 32 135

BP 200 4801 4% 323%H15674. 3 (534 89 M 20 56850 1802 7345 135
0 3668 3.2 M 20 8 8 8 1 1634 1964 4.5
§35 82 Y 20 §O 20%“%026%®2 %P§83271 4.3 4 2 Wat 23 13

M 3397 2.8 135
&4 M 20 1120 50 1554 867 2.6 136
&5 M 20 100 75 1801 36 700 501 2.2 135
86 M 20 110 75 1802 14 274 320 1.9 134
87 M 20 120 75 1802 9 168 ND ND ND

ND = not determined

Solution Batch Polymerizations:

[00144] Due to its high activity in the initial polymerization runs (see Table 1, examples
64 - 69), catalyst K was selected to polymerize ethylene on a larger scale in a lab reactor.
Polymerizations were performed in a 1 L stainless steel autoclave manufactured by Autoclave
Engineers. Triisobutylaluminum (TIBAL, 0.4M pentane solution) or tri-n-octylaluminum
(TnOAL, 25 wt. % in toluene) was charged into the reactor followed by isohexane (400 - 500
mL) under an atmosphere of dinitrogen. The reactor contents were then heated to 80 or 100
°C and agitation was set to 850 rpm. Ethylene was introduced (~300 psi) and the pressure
maintained throughout the polymerization. Equimolar amounts of K and activator (N,N'-
dimethylanilinium tetrakis(pentafluorophenyl)borate) were dissolved in toluene. An aliquot
of the catalyst/activator solution was flushed into the reactor with high pressure nitrogen.
The reaction was allowed to proceed for ~10 - 30 min and then the autoclave was cooled and
depressurized. The polymer was transferred into a glass vessel and dried under vacuum at 70
°C for 4 hours.

[00145] Molecular weight distribution was characterized using a High Temperature Size
Exclusion Chromatograph (Waters Alliance 2000) equipped with a differential refractive
index detector (DRI). Three Polymer Laboratories PLgel 10mm Mixed-B columns were
used. The nominal flow rate was 1.0 mL/min, and the nominal injection volume was 300 uL.

The various transfer lines, columns and differential refractometer (the DRI detector) were
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83 M 20 80 350 1802 7 1 295 3397 2.8 135 84 M 20 90 75

1120 50 1554 867 2.6 136 85 M 20 100 75 1801 36 700
wGRWmIAsBE5A35 86 M 20 110 75 1802 14 274 320 1.PCT/B&208%083128

M 20 120 75 1802 9 168 ND ND N D N D = not

determ ned Sol ution Batch Pol ynerizations: [00144] Due

to its high activity in the initial polynerization
coptained g (s @ oq"%(bmélnj_aln@xgn%56§ Gﬂolyn@gyolug%sawgrgtprway\%isby dissolving

el I

theI &Lﬁ‘r&é g,g} LRt thmhﬁgg ons ?oﬁﬁteav{plglp%e df fﬁa-t?lfh@ro%enzene to

yle$d abﬂdeﬁtsastlcms ealgigy fronl @S tmﬁﬁmhg@ﬁlur @tle BympPletrochavewere heated at
i neers. Triisobutylal um num (TIBAL, 0.4M pentane

16@,0 otifhoppntigHosy a2 RLQIE fof 1-2) hawrsn S sPhem, Wazssﬁmred threygh a 2 micron
e 0 d
stalngéo e%ege% eﬁﬁ%ﬁ dg@@ﬁ%ggdakgi 816(:;;] gglrrﬁlggt%a %glis kglggea Fgl)flmer Labs SP260
Sadliplti Picp Saftionlh&@he eap‘drﬁ:t[onceﬂﬁfc&ﬂtys ofielice célhﬂllﬁ sl%a\taed:ahbrated using a
80 or 100 OC and g@l tation set to 850

sergsHyl BHEP e W htoodticers §ta@% pEF9ly By L@'Pfgatﬁrlé%)s gyhdch reflects the
t u 0

o P Gt R, AR R R ) B eplTRElet. Seventeen

mdmtluaikp(slwtmnafdtamlan#shemgn)g)droam YlpweFs® ¢t SO0 rwere used to
t ol us}ne g\n all ot of the catal yst/activator solution

ge%é%te 2l Iéi‘”io’ﬂtc Fhe reactor with high pressure

[omts]éoquer&;ﬂaﬁl SRARThO T NBRIn@ vSd) tn@ea@ﬁr‘éﬁl%ﬁt@ \fvare pekformed on a
- 30 mn and then the autocl ave was cool ed and

Peldkerp EéseuPyrzedl instvencpb oy Aeermming the mekiingrroset @frth@) palymers. Samples

weflfided"D 0B0.461 R BLTH R S gh ot bt PB i DA rger T0 “Clmin. After
be%g ARG BRik %&%péf'@thfégfoﬁ 100 @RutdE \%I‘é rtf?ensﬁe%?edl:tﬁ ‘Qbﬁ' $ Cod@ a rate of 10

romat ograph (Waters Alliance equi pped wit
°Chhihf ed&titig p(bmfseﬁerrae@lllet&dl dm@h@g tl@belﬁ@ahg) peridRl ) . Th r ee
Pol yrrer Laboratories gel 10mm M xed- B col umms

used. TARE Fiopaleripd $<P15Wr Bptgh \Rabmler@afm Resylts &rdiqtﬁést K
Exa ?an 'AFHn&ﬁ{t' 151@55\{194 i Waéo SOOYﬂéi'd Ttﬁ% W"f# ' OURfW MWD Tm
trans a re

I nes, col ums an ferenti ract onet er

(the e to wer e ntal hed i aj
ot AR oSl T one. er dEr EapeEfagf 'Rb8) A o)
dISSO|VIn8 the desired_ampunt of dry polyner in the

pr o% 8034 uﬁ85of 302, ﬂBtAJr chPdr oben?@ne tolff el dl-69 141
8bncet r 0087 r 3Agi ng10r FMAANR2YE 1. 5 W/ L. 471 138
Yhanpl 80 i XtAPes wEPe héat QAL 1IHRDC wil#h0 cont i7hlioust.07 133
Agi t alttoon0.0062 ~2 3h6ur s 10 THBKGAL W6.4h wad1631ter@ds  4.28 134
9hr ouglh a0.804 cr gnost adnl 3OSt eeB32fi 1t ed0( Pol yiD ND 134

ND-2hg) ddteinging&ri ntillation vials using a Polymer Labs
SP260

Supported Batch Polymerizations:
[00147] Synthesis of SMAO-757: Inecous ES-757 silica gel, 40 g (calcined at 600 °C) was

slurried in 125 mL toluene and reacted with 47 g MAO (Albemarle, 30 wt%) at room

temperature for 2 hrs. The SMAO was then filtered through a glass frit and washed with
hexane. Drying under vacuum for 1 to 2 hrs yielded 54 g of dry free-flowing SMAO.

[00148] Synthesis of supported catalyst Ki: SMAOQO-757 (2.0 g) was slurried in 30 mL
toluene. N,N'-dimethylanilinium tetrakis(pentafluorophenyl)borate (22 mg) was added and

the mixture stirred for 10 min. Catalyst K (24 mg) was then added and the mixture stirred for
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10

15

nple Prep Station. The separation efficiency of the
columm set was calibrated using a series of narrow MAD

w@ioyssapsene st andards (Pol ymer Laboratori es), Paufiug1vos/083128
reflects the expected MW range for sanples and the
exclusion limts of t he columm set. Seventeen

i ndi vi dual . pol y ne t , ran rom Np -580
2 kg g %@@h%o‘@s el eeed g @e%@f ‘Igdhg“i‘LFI} Br BifTPagn atmosphere
ov&H{ ye. [00146] Differential Scanning Calorinmetry (DSC)

surements were perforned on a Perkin Elnmer Pyris 1
[001491 r uTi@nprcIcchdetfer mume usihg suppdriadgcgpalystt wefe theesame as described
oo Ba e aa B s 2610 SrecRlhE o SUORe AR PO me) was
ad Rt h@h&oRds o i u%ﬁi%ﬁ%ﬁ%é%ﬁnﬁl@ﬁre@@n@hﬁ‘é@@&a “they

were then heated to at arate of 10

Mel t i hgplpdi Aelscigd SeppurtdddiatetPelmiengptiondk dyelst fon @atalyst K
Sel.ect ed~ Sol

B A B P IOCR V8 Rl o oy Mo T
Ao Ti
e GRS e Aol a1y tgﬁ}rﬁépmmk@%(Mme (C)

%kDa) ( MA Vh) (o 88 80 0.0034 325 30 TIBAL 1.51 40

81 1.899 949189 0. 85701BAL 38.4TnOALI DY 42 22609365.02 134
9471 168 9008d 02809 295 TIBATn®ALR651. 2%10400 71307 4. GB7 135
133 9 1 100 0.0062 316 10 TnOAL 26.47 1165 895 4. 28

[00436] 92A BQioLuHOR 13dLindd hgﬁ@ﬁlarelltrrégqy%paté\épb?@ef%%cNﬁerem including
not determ ned Supported Batch Pol ynerizations

any QOQMW] dogymthie s ODtesmmma’iureﬂ toctba SXES thEY ars rllqt deconsistent with

caIC|n was slurried i
0if SetnorSntt” PREETar B 10 Al ol bRl ad "l specinc
em®bdifR@ams, teiRefoindref the rlnzedmroﬁ hathebcaMAumaised BEA described, various
filtered through a glass frit and washed with hexane.

mogfyqafigns Ae be verdguiithart deppising fiong the spigi ingascgpopf dlsy invention.

e te

AcelRE U S WS 4 e BpleaghAel ikovise. the tom
"cdnoprivemnpg.is doriNidetkidBimbyyramid with tha term "including" for purposes of Australian

t et raki s( pent af | uorophenyl )borate (22 ng) was added
lavand the m xture stirred for 10 min. Catalyst K (24 mg)

was then added and the m xture stirred for2 hrs. The

solid was filtered, washed with hexane and dried in a

ni trogen at nosphere overni ght.
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[00149] The procedure for runs using supported

catal yst were the sane as described previously for the
W@ 009082366 runs, Wi th the exception that the suppDUSm®A8/083128

catal yst (-100 ng) was added to the reactor as a solid

using a purge of high pressure nitrogen. Table 3 :

Sel ected Supported Batch Pol yneri zati on Results for

yst K Exanple Tenp Anmount Pressure Tine Co- Yield

Wbt M AWV MAD Tm cat al yst (0C) (nmol) (psi) (mn)

g) (g/mol h bar) (kDa) (M~ M) (0C) 93 80 0.0015 250
1. 45 N BAtesS4o ddlyhésee &hvlonec@@prista:94 100 0. 0013 250 45

! (RIS 4 e AL DB Pt A By B SRGEP R PR sructure:

including any priority docunents and/or testing
procedures to the extentpt hey gLe not inconsistent
with this text. As is appRarent ,RAromthe foregoing
general description and the specific enbodi nents,
while fornms of the inventf/on hgve been illustrated and
descri bed, various npdifiCati onsg—¢ be nmade w t hout
departing fromthe spirit\and gcope of the invention.

Accordingly, it isgsot inysmdeq that the invention be
l[imted thereby. L I S¢, rm"conprising” is
consi dered synonynol h the t'¥¥xm "i ncl ydi ng" for

pur poses of Austral X\ . CLAI M5 Wqat g5\ thai nmed i s:
1. A process t ek neri zg\ethyers- paoprisi ng: 1)
contacting ethylene\and a/transiti me at al yst
conpound represent ed\hy—} ea&%&K IS,
i ndependent |y, a hydri en, a hydrocarbyl, a
substituted hydrocgr byl carbyl, or a
substi tuted hal ocar byl ; $ 4, each Rl, R2, R3, and
R4 is, independently, ogeny a hydrocarbyl, a
[ al 6car byl , a substituted
hal ocar byl , a hal ogen, xkoxi de, a sulfide, an
am de, a phosphide, a silyl or another anionic
het er oat om cont ai ni ng group, or independently, may
join together to forma Cto C cyclic or polycyclic
ri ngadt puds,uieiepeatchtliR5 2 Redridench Raldgsn, iandedendbnt, | o, substituted
hydrogen, a hydrocarhbyl, a substituted hydrocarbyl,
hy%”ﬁ%%&%ESB@F?bXH8&%@?%9%?%%P@ﬁﬂ%¥? rbyl, a hal ogen, an

al kqxisde, a sulfide, an

cach R', R% R?, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
amide, a phosphide, a silyl or another anionic heteroatom-containing group, or independently,
may join together to form a C4 to Ce; cyclic or polycyclic ring structure;

each R’, R®, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
amide, a phosphide, a silyl or another anionic heteroatom-containing group, or independently,
may join together to form a Cy4 to Ce; cyclic or polycyclic ring structure;

each R® and R’, is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an

amide, a phosphide, a silyl or another anionic heteroatom-containing group;
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am de, a phosphide, a silyl or another anionic
het er oat om cont ai ni ng group, or independently, may
wQ 2ion/0836et her to forma Cto C cyclic or pol ypgoiUsamo8/083128
ring structure; each R8 and R9, is, independently, a
hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a
hal ggar byl r a substituted hal ocarbyl, a hal opgen, an
al k&%“iaa%e,a hwgag% de, ygrﬁC%rﬁ?vHe% Sabwg%mye@w&yg i 4 %al%ﬁrbyh or a
Walal 0 t Al i i j :
S BB ROt G RE R o SR Ao, sity or
andth¢romany hgterontom-sarbahinggred; hal ocar byl , a hal ogen, an
alkoxi? a %ulfide, an am de, a phosphide, a silyl or
anof‘H& E%ﬁ

iWAt c heteroatom containing group; x is 1,
2, 3 i9k nfutrdt lighn@b&RME k@M;| i gand bonded to M Mis
titanium zirconiumor hafnium and mis 0, 1 or 2;
and M)s toenininnzingpnaump ot hafniwm.ené havi ng a wei ght

aver age, ?Dkgcykpr wei ght of 500, 000 g/ nol or nore,
wheren” t e aé%lvity Is at |least 1000 g/ mol h bar. 2.

The 2pr g ginthgas poKedihgknt hatingi dvtightvBedr@dimdldctlar weight of 500,000
sel ected fromthe group consisting of fluoride,
gmedl|smade, broni de, iodide, methyl, ethyl, propyl,

but Whefe?r?g%glctiviﬁfa%%% }e&ﬁel%bbflg/mﬁgfybar. nonyl, decyl,

undecy ecy ecyl, “tetradecyl, pentadecyl,
2. hexdte pydcesshapbaiitectyl claioct adecyih X owebdedyrom ehc@oyp consisting of

noRRELSERL VR ity SRRBA BTSSP b, o
noyl! Qfé%ﬂt Yindedy dﬁb&j&yl, p@ﬁl@%’}h; ,t&%@’s}l; p@ﬂﬁ?@éyﬂ%%}lexah%}ﬂ,l heptadecyl,

tTimethyl silTyl'met hyl' ) bis(trimethylsilyl) net

ocna_é&tdyﬁxrlpna@ghb giycpsyrhb;lltﬁpgbﬁy?yl,@xcgm,, t;id@%ttbﬁyacaﬂjldpﬁntacosﬁ, hexacosyl,
| et a 0,, et e am ao, nox enzoxy, n
nefipfp STGRY. dRomeedt Sbefrur by RBE Rt GEREY, PRk, toly
trith By BIPInRASM, R@is(tﬁ&eﬂﬁ%ﬂy%et@i, Rethoapd Bhok$, propoxy, butoxy,
_independently, a hydrogen, a G to C30 hydrocarbyl, a
dingjthylam@ig disthydarnidas methiletvvdaraidpyphenexyobenzoxgamd allyl.
hal r.byl o) Q. s i tut h caybyb,pBAps po 7.
> hal QUERTOCEs el SHnCHRES MR ) B RIR R nd R s

indepesiehilyle, hyalredehyd Coto @ndiydescatbiil,anCCto Cs substituted hydrocarbyl, a C;
het er oat om cont ai ni ng. group;. or i ndependently, my

to (o halpesgylnarCit @ %rwbﬁlt@eg&la@cesb&,iacheiﬁg%@pca}laqxa@, a sulfide, an

fdd19 pROPHETYA Sitylbr adMiernRHES fet E%fh %&‘ tl
e 0B MR by O DRGSR CEG L A ol Bl e,
magnoinRFgatlser to fdtepe@dentd, vyclee dnpbhyegelis risg SructwoeC 0
hydrocarbyl, a C to C O substituted hydrocarbyl, a G
4.t 0 @he phedeacarchiding & &y 6OclGin® bS] wherededeal ¢ &by, R*, R, R®,
a hal ogen, an
and Rh7 18, gigndependently, a hydrogen, a C; to Cyy hydrocarbyl, a C; to Cj, substituted
hydrocarbyl, a C; to Cjo halocarbyl, a C; to Cyo substituted halocarbyl, a halogen, an
alkoxide, a sulfide, an amide, a phosphide, a silyl or another anionic heteroatom-containing
group; or independently, may join together to form a Cs to Cs; cyclic or polycyclic ring

structure.

5. The process according to any of claims 1 to 4, wherein each R®, R®, and R" is
independently, a hydrogen, a C; to Cs¢ hydrocarbyl, a C; to Cso substituted hydrocarbyl, a C;
to Cso halocarbyl, or a C; to Cs¢ substituted halocarbyl, a halogen, an alkoxide, a sulfide, an

amide, a phosphide, or a silyl.
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al koxi de, a sulfide, an am de, a phosphide, a silyl or
anot her ani oni ¢ het eroat om cont ai ni ng group; or

w0 pabepgassent |y, may join together to form a C POI/US2008/083128
cyclic or polycyclic ring structure. 5. The process
according to any of clainms 1 to 4, wherein each R8

R9, and R10 i s independent a hydrogen, )
6. hydrTgEeHIB%ﬂss aeaing Jocay Subairy b &tf@d‘hhva?raelaﬁfm R Rigjand R is

1ncfﬁg?1fa%9ﬂ% 1%91@641%\4[ OC(?'EO @ﬁ-ﬂydh% athy 139 SEpRict, ;éh%‘{iltuted hydrocarbyl, a C;

ocar gen, e, a sul
to G mbéocadoy}b,rmsqoﬁl dneclomubaltsuedyﬂaloearbyhe lptapeesa alkoxide, a sulfide, an
accor 0 an f clains 1 to 4, wherein each R8,
aQ @m ?%?¥hﬁependently, a hydrogen a d to Cl0

g%[rﬁ e&%ﬁcBalngt ?ﬂ,%o %’%’}sldl@ § % Car bYectedaﬁom the group

coﬂk@dtﬁ’l@arokfy lp rlameal K4hitrifd) @ke!ﬂ%?l' @ﬁlera t%ﬁ‘!lﬁ})dg(ﬁ“uraﬁn dimethylaniline,
m de, a phosphide, or a silyl. The process

trlra@tbyj]ramlmﬁg urxbuaqhaymmf:, ¢111mp‘rrlmlp110§phu&:,, mbmg}[lphq_phuge lithium chloride,
ect ed fro t he up S|st|ng of pyridine,
ethgﬁe@f PRy t&P%ﬂ%{ STy ahydr of ur an,

hﬁlanlllne i met hyl.am n
tH

BB i o ARy SRR bt h R kA e,

hi d t hyl , { d 5 56 p7
0. orydenares® sy seleRL SoRr RGRE B IR oFRdt By e B R R, and
R E%yﬁrog@hel{éisp{e%—bhﬁrl br m%thyﬁ‘[e) 1@&&@1@&%1&%}(]10 Q%d’}‘ﬂo y‘Pphenyl or benzyl;

claim1, wherein: i s phenyl; each

3:@ 2, (aidSoRy¢phieyyl 9@@@( ISFkgtnml xp tl- hot %/ancbm 1ﬁ§t hyl 'R9

|s th y enzy 0
> I g DU TPREER R K £ BTN e ROg i,
1ndéperﬁieﬁﬂlﬂ @ hydrBgen] Oa hwmc@ﬂiwodn@t@ﬁtutﬁdahmirbc%?r €i Malocarbyl, a
and each X is benzyl; each R1,R2, and R4 is,
subSﬁaléiﬁeh@e?ﬁW aalegpogel Oéldﬁy%hskb]@élﬁb% amjde, a phosphide, a silyl or

an(ﬁtﬂ%"g s arTﬁE Flgte%ﬂcfnl‘? CEEBin ! &qg{icq%hden ; ngzt]é)lhqggfgher to form a

ogen, n OoXI
Cy angizeqychc phpalptytie ring sﬂubtylfe & ismothiykor trtibmnilceach R, R, and R’ is,

om containin rou or independ ly, y
mcféa? efl@‘geﬁ hBYdrogen o dydrasaftvh ey %asérowbﬁy%maéocarbyl a

suHs'tlﬂﬂedS EélH&erle a Bded, APhIRYkider a ts@l‘ﬁde byt Xﬂmdee a%hoPhide, a silyl or

I's, independently, a hydrogen,
ancbt;l@i‘ramfanbjabteroatqmrbsmtamutgegtomy,ohmudmhydiqntla hnaly gaiartbgdther to form a

S bsti.uted a ocar b hal ogen,, an al k |de
C: dart ety i TR Se T e T 6 pjfodn Robrplyl phenyl 2
1so§fup9rph@nﬁeérecre@aylomoc1@ A -BiidPrapyQPhRnyIOL ik E]@l@d&ﬁdﬂ tieaid Yonded to M
may join together to forma Cto C 2 cyclic or

M rsdltgfmy@m Figconiyvg ogh¢funltrrur>els IRend & KiyPdl ©gén; RI is
Qy phenyl, 2- isopropyl phenyl, or benzyl R10 is
lla 216e @mog%mpgdnpmmw@lmm L Whereinveis 2 and Ieac@la}ids berréceach R, R,

anc?n %IL 5&&%%&8%61}28{] 1ﬁJ(fTbellzdenﬁ(),nrlrlg§n 3815 trolgétﬂlcru{g fo)l(‘rnI 3 C]Z; toae@ cyclic or
polycyclic ring structure; R? is methyl or tert-butyl; each R, R®, and R’ is, independently, a
hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a halocarbyl, a substituted halocarbyl, or
independently, may join together to form a Cy4 to Cg; cyclic or polycyclic ring structure; R® is
hydrogen; R’ is methyl, phenyl, 2-isopropylphenyl, or benzyl; R'® is a 2,6-diisopropylphenyl;
L is a neutral ligand bonded to M; M is titanium, zirconium or hafnium; x is 1; and mis 0, 1

or 2.
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The process according to claim1l wherein wis 2

and each X is benzyl; each Rl, R2, and R4 is a
whyapogpsse or | ndependently, may join together PoI/i/82008/683128

C4 to Ccyclic or polycyclic ring structure; R3 is

met hyl or tert-butyl; each R5, R6, and R7 is,
i ndependently, a_hydrogen, a hydrocarbyl,. a, . )
12sub§5P PIRGSE FRFAFLRE I, OlCcliamoE 4 hix WK%YG@L%ISISiHhG{lﬂoOT substituted
ph jocar byl , or independently, may join together to

rma C4 to Ccyclic or polycyclic ring structure; R8

IS r X j: APS Vi 11260 e
1357 BERETE P Foh A BB W | SRR AP PABIBP2000 immol h
bameutral |igand bonded to M Mis titanium zirconium

or hafnium x is 1; and mis 0, 1 or 2.12. The process
14accandpR@essucadiingfto @hpofBlaing Diolll, wiéieialns Hicongum.

phenyl or substituted phenyl. 13. The process
15accql dinGiibR ARl OfongpndB fok t@ykhe haYyRGridNiACpteddied by the

of 2000 g/mml h bar.” 14. The process according to any
strgfturet aims 1 to 11 wherein Mis zirconium 15. A

transition netal conpound for ethyl ene polynerization

represented by the structure: each X is,

i ndependently, a hydrid a halldgen, a hydrocarbyl, a

substi tuted hydrocarbyl, \a hal fpcarbyl, or a

substituted hal ocar byl ; each Rl, R2, R3, and

R4 is, independently 1thydr ocar byl , a

substituted hydrocar a hal gcarbyl, a substituted
hal ocarbyl, a halo en, koki de, a sulfide, an

am de, a phosphi de! anot her ani oni ¢

het er oat om cont ai ni ng or Ogdependent!ly, may

Ilgroﬂ)molycyclic
ring structure, hydr ogen; each
R5, R6, and R7'I's, ogen, a
hydrocarbyl, a subst\tutgd hydrocarbyl, a (X ocarbyl,
a hal ggen, an al koxi de, a

sul fi de, anam de, g7phosp\i.de, silyl or another

ani oni ¢ het er oat onrcontfai ATWoNgr oup, or i ndependent|y,

may join together to f alCtYo C cyclic or

pol ycyclic ring structyreR¥acR'®8 and R9, is,

i ndependently, a hydrogen, & hydrocarbyl, a

substituted hydrocarbyl, a hal ocarbyl, or a

substituted hal ocarbyl, a hal ogen, an al koxi de, a

sul fide, an am de, a phosphide, a silyl or another

ani @iupC )@%,eri&ﬁb%eﬁﬂ{z‘,t Al BRI PURIoRAO ol By&ocarbyl, a substituted

hydrogen, a hydrocarbyl, a substituted hydrocarbyr, a
hy¢ratobgl bhhlocabylaor a substituted halocarbyl;

wis 2;

cach R!, R? R®, and R* s, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
amide, a phosphide, a silyl or another anionic heteroatom-containing group, or independently,
may join together to form a C, to Cq, cyclic or polycyclic ring structure, provided that R' is
not hydrogen;

each R’, R®, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
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substituted hal ocarbyl, a hal ogen, an al koxi de, a

sul fide, an am de, a phosphide, a silyl or another
w@nioonsasshiet er oat om cont ai ni ng group; X is 1, PCT/BSIN8/083128

4, L is a neutral ligand bonded to M Mis titanium

zirconiumor hafnium and mis 0, 1 or 2; and wherein
an%clj']q?rﬁ% g I %l&iltg)r/a_l (s)iflyltolg gngt%grae{nkl/osntic ﬁg[%gtuorr]rgcolnstaigitngl g?oalfpt, 01:!' gl%gpendently,
may join together to form a C4 to Cs; cyclic or polycyclic ring structure;

cach R® and R’, is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an

5 amide, a phosphide, a silyl or another anionic heteroatom-containing group;

R' is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a halocarbyl, or a
substituted halocarbyl, a halogen, an alkoxide, a sulfide, an amide, a phosphide, a silyl or
another anionic heteroatom-containing group;

xisl,2,3o0r4;

10 L is a neutral ligand bonded to M;
M is titanium, zirconium or hafnium; and

mis 0, 1 or2; and

wherein the activity of the catalyst compound is at least 1000 g/mmol h bar.
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