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[ 0002] Thi s invention reké&es oS PSRt E
pol yneri zati on and or oligoneri zatl on of unsaturat ed nononers, such as
ol efins. BACKGROUND OF THE | NVENTI ON 15[0003] As is well knovvn vari ous
processes JPVERTARSs (Gartd)R. Siesbrseht; Geegpryrfb solapriehrisiopherdnDayies

copol yneri zation of olefins. New polynerization catal ysts are of interest
in the industry because they offer many new opportunities for providing new
processes ﬂﬁﬂﬂ% the markets in a cheaper and nore efficient

Tventi on o0t Ge: i 50 il FRTRG e A E S Bl Bs0ha% G SR B1BRYSE o

2003/ 054038081841y tei2 1 #nfiled il o008, 20bi2) applicatiom ejso 1eiths PBOGYy Codridetbe i on

of Czechosl i 9

Transtt 1 on AR ST 301052 01 Rl BBt 0 2007 oftbihen Ry Rt of
2005/ 02094 0SSN $ D452k, ﬁwdiJmu&rﬁi)aDOSZ}whﬁ:h dorimd theS®enddit of Andopriotity tor @SNt i on
25 rreta 0 I ni utral, nono- or di-anionic tridentate
nltrogen/ ox@gﬁg%g @Mﬁﬁdﬁ%‘@ﬁd Goup 4, 5 6, 7, 8 9, 10 or 11
transiti on FIEL® OB INﬁENtmO ai ni ng neutral, bidentate nitrogen/oxygen

based |iga hat_.are usef ul r| ze oI fi ,, however .the activities
ool eoafos), o trid b ionciststed B st Ffpoundy b, R REYGeritahan 380 ot

therefore, JllgamaeamlaobmmmtimOm@mae}Lweﬁr@at alysts and 30 products
produced ther efromthat are based on new transition netal catalyst
conpounds tRACKEROUNBQE IHEINKENIIONhi gher nol ecul ar wei ghts at hi gher
act i vi tjses.[000dP 2009/ QS%QﬁPQMSZ%%&ssa@&séwmv EalyTE VERT! Ghe
[0007] Group 4 catal yst. conpounds cont ai ni -anionic tr| dent ate
ni tr ogen/ oXygepclpageatipn gakerelypesization, ol lnSTh@e‘ﬁaXOWat@@rﬁ%ﬂBﬁéfsafaﬂé
useful , Wi tify.QL: W iHROKEAS! btaiR! ey loffeP Hah§Bieh? SpRIrhiias for Blobldfigl A Y
a- ol efl ns, ore ot her unsgﬁr ate rm%}(’)rre?s ﬁenspggrﬁ , pr%cggsegdélto
ol i gomeri z@r@nﬁbmndpqummﬁlenml@twn agheapenand anane eﬁﬁe@nmmmer s ol efins
using the G YSRAARAHIY RSl Hlilreebll B! HOMEBLS QR AATEISS
produced t erefromare a gpr oVl the purposes thi sTdfscl osur e,
'a- ol efaons'20061t42482s myzmmzo@mosyahéoeyomsys,t W@Tpm:’odﬁml&; Pelymer

represente thef uct ch. X i ent.l y..

v de, o naaeti. ' S00N SFFE Tl a0c RER gty SEPBDVC Yichiea by
or a subst iQouinamhidadbzc@pE8)) 63(9), |331-277, and TraIBﬁibh NRttal Gemifts;, (Landon?41988)
independentzl% gogh%]gr ogen, a hydrocarbyl, a substituted hydrocarbyl, a

hal ocar byl S stituted hal ocarbyl, preferably, a ClL to C30

hydr ocar byl[g0e3] 15 USCE005m208420sdibddses Wirashs rordapaas byl 7, & 9510108 1€3Ehnsition
hal ocarbyl, or a Cl1 to C30 substi tut ed hal gcar byl ,. nore pref erably a C1 to

C10 hyd¥ oc & (compoyngs conteinime NGBS MARQsPTHi-aRigRig tHgentate niEpeenioxygen based

hal ocar byl JighHds an&:t,rs@ ﬁlﬁ 65?'b§t9' 19141 Rah@SH Akl cotpdahRABRaindty Rukegixi de,
a sul fide, an am de, |de a silyl or another "anionic

het er oat ombtsisw@f&umﬁrwn@mpp bamd ligradphabieatussful eeplymarize olsgias.howery ther m a
C4 to C62 MRJn'/iéé afld ml B;&kMQﬁ/&&gﬁs 51‘oBchﬁtaf]e%Eﬂ%€« 10 WO .

2009/ 082556PCT/ US2008/ 083128 each R5, R6, and R7 is, independently, a
hydr ogen, #008¢Hr a"b@rr:btyla ngeds utbereforast forl ﬂe;y/dp@lmpmlon dedhablogar tﬁ}dlyst&)rama

substi tyte r |

substi t Et egmﬁﬁ@@%dl? o th&éﬁ@?@?k@@&ﬁ % o%%rtgﬁ?mg%g{e%? %&tﬁﬂt 0@883811&% | t ut ed
hal ocar byl panmekrablyqfredmb higher ribledudar @k{hksyad hrgha‘rameesa Cl to Cl0
substituted hydrocarbyl, a 5 G to Cmhalocarbyl, or a G to C 10
substituted hal ocarbyl, a hal ogen, an al koxide, a sulfide, an am de, a
phosphide, a silyl or another anionic heteroatomcontaining group; or

i ndependently, may join together to forma C4 to C62 cyclic or polycyclic
ring structure; each R8 and R9, is, |ndependently, a hydrogen, a
hydrocar byl , a substituted hydrocarbyl, a hal ocarbyl, or a substituted

hal ocarbyl, preferably, a ClL to C30 hydrocarbyl, a 10 Cl to C30 substituted
hydrocarbyl, a Cl to C30 halocarbyl, or a C1l to C30 substituted

hal ocarbyl, nore preferably a G to G o hydrocarbyl, a C to Cl0
substituted hydrocarbyl, a C to Cl0 halocarbyl, or a Cl to Cl10 substituted




25Mis a group 4 netal, preferably H, Zr or Ti; and mis 0, 1 or 2 and
ﬁ¢& 9@ 3t5§ absence or presence of L In a preferred enbodinent, Rl is

rogen, preferably Rl is phenyl or substituted phenyl. In a preferred
enbodlnent R8 is phenyl or substituted phenyl. In a preferred enbodi nent,
R is phenyWOcn009ﬂ182ﬁ§6itut ed phenyl and R8 is phenyl or BCKE$20e8083d8 phenyl ,
and preferably Mis 30Zr. BRI EF DESCRI PTI ON OF DRAW NGS [0009] Figure 1
depicts an X-ray crystal structure of 6-(5 -methyl-2'-hydroxyphenyl)-2- ( 1
-(2,6-diis KGR ridine. WD 2009/ 082556PCT/ US2008/ 083128
[ 0010] Fi gur§8 # fiép@l\ﬁkﬁfl(&)éstaI structure of 14c-2ZrBz2, or

[ 6- (2" - hydr 8807]3' - Gmnpntybaﬁlystt esrhpdnndsy b@hanmg)dléhn(oﬁic- tridefiatdi mﬂo)gmtmhygen
ilid - b di TICNS
Sroo1 111 n v BN PRSENRD Y B FAstmatn % hret ey isoe v ahG: he

clains, a sgilymerize rtﬂeﬁnsplpamtn&a-l;aabﬂmﬁ:s o Gthain usyatuested ﬁfdn@ﬁéres Syk&instdv@ bond
may be dati ve. used herej t he new notatjon the Peri odic

Tabl e Gt oupv;%eéleag%é‘ ?eaé%M%@aiwam %REOT%REE“ER?@ S USBE(5),

27 (1985). tileeaka}rmump@indj AsORINCHS tlaerelgdmasraaavoagolyrheapfbﬁu&aaaﬁera&&n aRWlsoal ,
W th respect tq char 10 mh roal |y reng@sd from he metal in their
cl osed shelTro¥fed tHop eé’“’s?f’%&s l!\fe‘ﬁfcrl‘?fmel’ (’:‘E‘PH’tdS??f HEnS east one | one

pair of el e@gbhag)ns, TR caRBRECORD o EBn BOR rebdh®dd BB follBRRL 8kl Nding to the

transition nmetal. Neutral Ilgands may al so be pol ydentate when nore than
one Neutral ligand is connected via a bond or a hydrocarbyl, substituted
hydrocarbyl or a functional group tBther. R Neutral ligand may be a

substituent of another netal conple ei ther the sanme or 15 different, such
that multiple conpl exes are bound t [ 0014] Ani onic ligands are
defined as ligands that are anigqic pect to charge, when formally
removed fromthe netal in their £l 1 electronic state. Anionic

| i gands i ncl ude hydride, hali qg; pearbyl , substituted hydrocarbyl or
functional group. Non- limti anioni c |ligands include
hydride, fluoride, chloride, brpme i odi &%\AZO a{ yI , aryl, alkenyl,

al kynyl, allyl, benzyl, acyl i meNyl silyl nigen ligands may al so be

hydr ocar byl , substituted hydroar byl/ or a fu (Xglboup tether. An

ani oni c Iigand may be a substi t &P of anot er rret al npl ex, either the
sane or different, such that | ti p\e co exes are bound together. A
nono-anionic |i gand is defineR'to Nnhionic ligand that has a -1
25charge. A di-anionic Ilgand i's d\to be an ani oni c Iigand that has a
-2 charge. [0015] The terns "hydr R&di cal ," "hydrocarbyl" and

hydr ocar byl group" are used i nter haneably throughout thi s docunent.

Li kewi se the ternms "group” and "substi £uent" are al SO used |nterchangeabl y
in this docunent. For purposes of this disclosure, "hydrocarbyl radical" is

definediot 0 be Clackl®0ig, alelu@@h@ntly hat hytiide,Pe hdlSiRAI a ByEDGRASA, a OfubSiithled C
(aromatic qor 30 non-aromm nd i ncl ude substituted hydrocar byl

radi cal s, WX#’@E%YPY)‘WIW%W&I%E‘S‘&’ﬁﬂ‘“?&t?élloﬁrb!( ed hal ocarbyl radicals,
sinIcarbyI radiyGgbs, and gernyl carbyl radicals as these terns are defined
bel ow. WD 2009/ 082556PCT/ US2008/ 083128 [ 0016] Subst i tuted hydrocar byl
radical s are ra@daRsRi-RwAdR" i indspendenshve aHiydrasgnre bidseearbal apubstituted

Tore | pre 2 HERIE g A5t <R CEHOGRIBEEICR IR it

li ke orlSwhéhetoa€sl e&stttufed]élyquarhyldraoSaﬂbcﬁno drabertdyl, @rou§1 htasChesbstitutsér t ed

within the I ' : :
SR, B, "Rk st BERERY C.OB N Aichalt % ¢ 8 O Rbolifiay tocatih

i ndependent; yo é:lofi;atbcmdmk by k Coto Ga,lsohaimbgd haimdrhyala ha[@@ﬂ,?ah/hll@utdslé Sl gl
phenyl is a ph grou ere.one or re h s .has been repl aced by a
v scar by GPE0Y, 2aPRHBH: b STy QPSR oy droao P ae BN Star by
group or aimiepaideitlyt dy joit REethéytd famap, to 19, dy@ﬁ&&ﬂﬂd@o@ﬁl&rrmglstm&dﬂegzal s are
radi cals in which one or nore hydrocarbyl hydrogen atons have been
substituted with at | east one halogen (e.g. F, d, Br, 1) or

hal ogen-contai ning group (e.g. CF3). [0019] Substituted hal ocarbyl radicals
are radicals in which at | east one hal ocarbyl hydrogen or hal ogen at om has
been substituted with at |east one functional group such as 15 NR*2, OR*,
SeR*, TeR*, PR*2, A5R*2, SbR*2, SR*, BR*2, SIiR*3, GeR*3, 5nR*3, PbR*3 and
the like or where at | east one non-carbon atom or group has been inserted
wi thin the hal ocarbyl radical such as 0, S, Se, Te, NR*, PR*, AsR*, SbR*,
BR*, SiR*2, GeR*2, SnR*2, PbR*2 and the |like where R* is independently a
hydr ocar byl or hal ocarbyl radical provided that at |east one hal ogen atom



20[ 0020] Silyl carbyl radicals (also called silylcarbyls) are groups in which
PAI/8808/8318ctional ity is bonded directly to the indicated atom or atons.
Exanpl es incI ude Si H3, Si H2R*, SiHR*2, SiR*3, SiH2(OR*), SiH(OR*)2,

Si (OR*) 3, NR* H(NR*2)2 S|(NR*2)3 and the |i is
|ndependen él“gf?y% %car byl or hal ocarbyl radical as d W&QE’B 2 and two
or nore R* may join together to forma substituted or unsubstituted
25saturated, partially unsaturated or aromatic cyclic or polycyclic ring

structure. | 002}:}1@ RAYRGamdyR isadhdepériefthy, S0 hgdrbdend a dexirockibgt, by bubtitated

i h f t I i ded. di tly to.th
i cat ed ADOROBPYaASHEREcfiG: BOHER e R eapbRe T (o Lre D dhositl
GeH2( OR") , (C;etd( R btaastlﬁ%q&*d}&arb%tie@}l%&):go ﬁfdzi(afﬂﬁff 20r2a @e(oN@ﬂhﬁsttﬁt&d t he
| i ke where cgrg |ndepen9en hydrﬁ rbyl —or hal gcarb

dical as 30
defi ned abd®ocaiyl M B Peartybet fete sv%?meﬁydmrbyluﬁed or
unsubst it ut@do 8} MiIdefi, o@@rdlltaldlymgt&afw hﬁb&%ﬂ a l?dl&%%’ﬁtdncalﬁiﬂde' & s@fide,

a

polycyclic ring structure. [0022]Pol ar radicals or r groups are groups
in which tHe h@td@r @amb%ph@ﬁctau &ihA| or oothery anigrig hﬁt?fefé?msﬁo’t"‘émt%e 8rovai 4t ed
atomor atq I £l FHPIE,, R CIERUP S Yol H’J Mucture

et uszo‘fj il §Q 1 QICHEUPS: dotvch ol ring ¥eucture

2009/ 082556 the periodic table either alone or connected
to other el enente%Chbﬁ?\ c@m‘alRe,ntiS dﬁdmh@tly,n?eh@mgeen§ bydspeaghyli ansubstityigd der
Waal s force; y 0 f de
car boxylic dmggrbgé g&ﬁ&{?b)g &dic%rg ?@L%Zttygrpréfg%?%og&ﬂt oc@”é?a ﬁmgu'ggl&l)xyl iC
anhydri e, Gl welydsubatitdtet] Hgidrocetial, caog?ertO(@oduﬂDcanb)'l amaa &gutes&oadiubﬁﬁmﬂed and
henol , et o 9% 5 X i hydr azi de
B i1 i de, igsgrByt: B8R PGPS, s TIOEH KB oL FE,CE
and i m ne, tafa, haﬂncarbgl oot i@z rto ﬂnotsubthectbatqmrhydisa,hamgeﬁwnadmixdE a sdfidnianm
acids, thiols i fOXI f sphi nes. phosphat es,
ot her phos 63‘64%%1’ H%gﬁﬁ(féyl gapgt «gsahlogl(g[hg%&a%nbg?xgqlgggg%ﬂ “Bnes, al um nat es.
Functional group$ may iBidfgehea hakietarbylpaddupstitired g titedabgl galiul@caﬂ@'l yéres

supports or jinorganic s eri um and silica
Pr ef er rlad é‘kté? egishﬁlf)"%%ﬁa e(f?rgﬁﬁs 3 b|tgd§30,\,é@«§oca{§_’(!l 5@ {’;I]?él?\ﬁ“lbs tEped
AsR*2, Sb R’h?droecﬂyl BB % c§m&*o8arbﬁb5¥§catwqo Rebstituft M&aﬁbFR‘mdre preferably a

|ndependent y a hydrocarbyl, substijtuted %drocarb ocarb

subst i t ut e@ faCodirmerrdylhaiCsdp Casubritytedbydiorgthyl. 2 o fuo kalogaehy a]%?@l to
toget her t e f QbMtfted Httéta}rtﬂtaeﬁtt&g@n URSINRS {de! 416u8EeS & sthb,SChhoRiHidd ettgx

unsaturated or aromatic cyclic or pol ycycllc ring structure. 15 [0023]1n
some errboduan@m@moméwmmmma,mmgamuem i s independently selected from
met hyl ,,,et hyl, y. grggg f propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyI dech]?Q i?\%ﬂ@ f, e‘?:gt tri decyl tetradecyl , pent adecyl ,
hex adecyl hept hd&aa: y¢qtrabbgaaadé>oyded tnM&démyy }ncmdc owldculeh suchias batyrot lihitedsy| |
tricosyl, tetr yI ac X pt ct

nonacosyl , P”g@lg?it y‘ietogﬁlfl%péigei b %ﬁ% ?gﬁﬁydﬁ%fnlgghy 8@%&%‘#@ tﬁﬁé’ﬁ%’/ta

oct enyl , nmtmt;yimnd,enma&\bdphwpﬂme,etnyhenytﬁhd@hma ylithlunlrahttemmlhylerteepmgﬂame nyI
pent adecen%lt hextadecen ﬁ'@ decenyl, octadecenyl, nonadecenyl,

ei cosenyl , OWEN PEE L YIHC-#BA BEdIG1 | t1i cosenyl, tetracosenyl, pentacosenyl,
hexacosszlenylb hemla@@mpwmclrt&lq?]ra&mm‘m Zraﬂnaﬁmsenyl tlri acont enlyl ¥ I
propynyl, butyn pent ny, exy ynyl, nonynyl, decynyl,
undecynyl , dode%'ﬁ@/’l ory qndéw h g’déﬁ{e Ce"gﬁnt adecynyl , hexadecynyl ,
hept adecyny 5 préRerR8 bﬁd@&meml R! ﬁ%aﬂlﬁwgwl preefa@@sy‘ny hhenb?&%hB@&)téWﬂohenyl
docosynyl , tt| cosynyl, tetracqsy pent acosa/ %lf@ﬁ exacosyng

hept acosyn¥it 2 PEEIELSHPR ‘Imenh&qd%:ég‘?}‘biwr substiuteq phsaght W prefemed smbedimgated ar e
i somers of gs Rlgaemh %F'sub@@tﬁfeﬂ%h&%rl BB 14 b BdS HorBst RO e, Qﬂ@ﬂrbféra%Ier% ures
wherein the radi cal may additionally be subjected to the types of
substi 80ti éhs descri bed above. Exanpl es include phenyl, nethyl phenyl,
benzyl, neg tﬁ%rlmmgﬁt@ylm{mh@gexyl 30 cycl ohexenyl ,

met hyl cycI Aot e H ke 0Tt s di scl osure, when a radical is
listed, it [ﬂoﬂﬂm caFggret hdepictadi dataytoyystal atrectark lof (6t(ﬁemeth19leﬂ datioxyphendi2when

t hat rad| c l t he substitutions defined above. Al kyl,

al kenyl Q‘i@“ﬁ?’t’%ﬁ’é{ ghgg)s?&&l) gmlgncl ude all isoners including where
appropri ate cyclic isonmers, for exanpleg.butyl includes n-butyl, 2- WO
2009/ 082556PCT/ US2008/ 083128 met hyl propyl, 1-methyl propyl, tert-butyl, and
cycl obutyl (and anal ogous substituted cycl opropyls); pentyl includes
n-pentyl, cyclopentyl, 1-nethylbutyl, 2-nethylbutyl, 3- nethyl butyl,

1- et hyl propyl, and neopentyl (and anal ogous substituted cycl obutyls and
cycl opropyl s); butenyl includes E and Z forns of 1-butenyl, 2-butenyl,
3-butenyl, 1-nethyl- 5 1-propenyl, 1-nethyl-2-propenyl,




20 di net hyl am nooct-|-ene, or conbinations thereof. The use of functional
wsgg@gg'ﬁg\i ng a-ol efins where the functional group is closer to the
oubl'e bond 1s also within the scope of enbodi nents of the invention when
such ol efins may be incorporated in the same nanner as are their a-olefin
anal ogs. Se¥0 2009882585d ocene Cat al ysts and Bor ane ReagentPCTVUS2008/083Bt80ck/ G af t
Reacti ons of Pol yol efns”, T.C. Chung, et al, Polym WMater. Sc!. Eng., v.
73, p. 25 463 (1995), and the masked a-ol efin nonomers of US 5,153, 282.
Such nono er g atl f bl | L ptai ni ng
copol yrer s ] Fifyed 28pRGERERTkY OOnel Ol o tRE AR 1R SR I

macr oner s ihemt-Stveyt-tueyiptesyl)-a<1'dR Gfdiisepmobyb bitido)(3pe pol yneri c segnents. All
docunent s 01!«;[ §d ereiln aig]iipcggglo(ﬁg)td%d by reference for purposes of all
juri sdict i RO RER gl éef‘@ae' d. Copol ynerization can al so

i ncor por at DEFINATIONST i ni ¢ macronononers of up to 2000 mer units. [0025] For

pur poses of is disclosure, .the rmoligamer refers C 0si ti.0ns

vl ng 3. CHRLY iR destvied Fdhisboi RS Shsp Efestngng SOl pieid s  ng
76 or rm][eimcate_uraiwoﬁd,aﬁdaﬁlalrﬁaﬁﬂlo@ﬁzﬂﬁﬁtﬁwédds?@wl 428328 mérdi S del;] ined as
aunit o i goer Qqr. pqolyner that origin corr onded to the
rmnorrer(s)at{’]‘yg&i i % H@go*rqrf‘g’em@?i% pefaios T o%r%wglatf%ﬁﬁ HPP | 18 riised-@5
exanpl e, t hiesciBEd RICHRMARANY FNGENEARIIGINEMS, 63() e ®85) 0026] The ter ms

"catal yst" and "catal yst conpound” are defined to nean a conpound 5 capabl e

| yst .
of initiatilflY3tat digpepistieandeaieefised avhigradnthatage ptaketthoipspack b ehargs,
initiaty CahhYshRllPfenttRYd BEMUBE FhelalinCtREPLIBAII SR8 ¥edtnRItAS L N¥AaPligdnds
initiate catalysis.” When the catal yst conpound is conbined with an
acti vat or tentpinjaf leastone loma pyis pEclegtfoas, pirband en sigmbradibpt iare eepalidgoikinding ed t o
as a pre-c | . I r T Y -
defi ned to@nglgﬁf:%kﬁl?&naﬁ%g?ﬁ e?/&sr? lg%g%u@%$l$a%ﬁ?q alté fg{?tegg[fe?!r%zngé%éﬁé;&ugaﬁ
cat al yst cdispulinconsagedyie a bpndi@r & hyidrocarbynepbstitntst hxdrocambyl leoa fungtionabgrovmat or .
Wien "cata il ' j f t | on,
it neans t h%ﬁéﬁ'nz%ﬁ&\?fggtl ggaﬁlggﬁ %e}s%)s%gét(e&&g%? é‘ﬁéy{fsf‘lf})“q‘itggéé’{’ﬁ%?’ év%n{ht%ﬂa%r?h’é%ﬁ vat or
and, optsi od#Ferant, sachctbatamtliipla tamplexds ere tiound wgetbad t o descri be such a pair
after acti PN, Jt F s the tivated catalyst and the activatqgr ar
other char SR s Arlori et § REbYR Sl B S r il i A5 R 8l -
as i n a presheafamyly rearoved frarh alkeyattalsiyi shiciolovod sl alezgromic istagp. mia@dd ligaatior , or

may be a charge ci.es,Wi.,th a counter, i on i n_activated cat st
oystem 1 003t yaRER HEhas dhmu Byt Sy 2o oyl b Bl oy Rt

i nt fer ch?ngﬁai@dmgl HQfPles . of AnRRRVEBRHES liﬂcﬁlda_tgaﬁm Ydridd) ahlokide,! ptomiR| lodidded
to tacilitate ollgonmerizati ogn or polynerization, cavenging rnpurifies.
sone sy eti¥h EbereRys _slia%sta aé@f,&&w_iaﬁeﬂr sy lb nAJioBle IFesRd akalisbns _
co- acti vat gplgdenfats Whae oA thas ond BRibnit Jightf isoffRWANGLR bohi®Yr #lh§@robfbylsed in
conjunction with an activator_in order to forman active catalyst. In sone

embodi ment §ubstitted Awdrogarbylior @ dunchangd geaupitstaer. im aiqniteligand may de asubgisisAd t o
form an al kyLajes &aal%&gﬁexg SRR YR san SIOAIRERT, s5ch hfat ARt BddtbR% ek

i nvention conpound. [0029] Noncoordi nating anion (NCA) is defined to nean an
ani on ei t hbeundrggetiRse sA menopioaisolighingd 4s defingdtthbecan anigni¢ ligendathatchasi ool or

t hat dges i Ngt.e: : ' . onl : NCA

coordi (r%gt eg&%egﬁgl'ag‘h‘;é‘%g@tﬁ ?1 gfdegheﬁig g:ok gIP ‘@uf_lgl\,tli\,iE g g‘%‘&ﬁ%&?ﬁc c%?@%n

ol efi ni cal (0918 adbe terms | ydtdcgrbyhradicals"athgdrosarbydimend bydroddibyb grup” ke uBedom t he
catal yst c . id. or, " nat i.bl e weakly
coordi nati ﬁlg&%tﬁ%ﬁi%g%’ tﬂé&&kg?@gse’%%%%ngbg ae?'?l%éﬁ e?tgné%gp& i nglgdg'r%gl Srtllgicﬁ%ﬁreani on.
Sui t abl e nels@lsedi inietohelgeatidyitin ériedovnmeht. nFdrguirBBest of, thisl distlosure "lydtadarbgind

pl ati num Suitabl |1 ol.ds includ but .are not limted to, boron
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and the clains thereto, in describing a ligand, a 5 termnal nitrogen atom
is anitrogen atomthat is indirectly bonded to only one other nitrogen
atom A central nitrogen atomis a nitrggen atomthat is indirectly bonded
to at | east one other nitrogen atom and at | east one oxygen atom A

term nal oxygen atomis an oxygen atomthat is indirectly bonded to only
the central nitrogen atom An exanple is illustrated below. 10 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0032] This invention relates to Group 4

di al kyl conpounds supported by a phenoxy- pyridyl -am do ("PPA")
tridentate ligand. Such conpounds exhibit high activities for the
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Propy halocarbyl radical such as O, S, Se, Te, NR*, PR*, AsR*, SbR*, BR*, SiR*,, GeR*,, SnR*,,
PbR*, and the like where R* is independently a hydrocarbyl or halocarbyl radical provided

that at least one halogen atom remains on the original halocarbyl radical.

20  [0020] Silylcarbyl radicals (also called silylcarbyls) are groups in which the silyl
functionality is bonded directly to the indicated atom or atoms. Examples include SiHj,
SiH,R*, SiHR*,, SiR*;, SiH,(OR*), SiH(OR*);, Si(OR*);, SiH(NR*;), SiH(NR*;),,
Si(NR*;);, 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

25  saturated, partially unsaturated or aromatic cyclic or polycyclic ring structure.

[0021]  Germylcarbyl radicals (also called germylcarbyls) are groups in which 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*;)s, and the like where R* is independently a hydrocarbyl or halocarbyl radical as

30 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
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octyl octyl hexyl thioisochromane nonyl nonyl
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the periodic table either alone or connected to other elements by covalent or other interactions
such as ionic, van der Waals forces, or hydrogen bonding. Examples of functional groups
include carboxylic acid, acid halide, carboxylic ester, carboxylic salt, carboxylic anhydride,
aldehyde and their chalcogen (Group 14) analogues, alcohol and phenol, ether, peroxide and
5  hydroperoxide, carboxylic amide, hydrazide and imide, amidine and other nitrogen analogues
of amides, nitrile, amine and imine, azo, nitro, other nitrogen compounds, sulfur acids,
selenium acids, thiols, sulfides, sulfoxides, sulfones, phosphines, phosphates, other
phosphorus compounds, silanes, boranes, borates, alanes, aluminates. Functional groups may
also be taken broadly to include organic polymer supports or inorganic support material such

10  as alumina, and silica. Preferred examples of polar groups include NR*,, OR*, SeR*, TeR*,
PR*;, AsR*;, SbR*;, SR*, BR*,, SnR*;, PbR*; and the like where R* is independently a
hydrocarbyl, substituted hydrocarbyl, halocarbyl or substituted halocarbyl radical as defined
above and two R* may join together to form a substituted or unsubstituted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring structure.

15 [0023] In some embodiments, the hydrocarbyl radical is independently selected from
methyl, ethyl, ethenyl and isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,
heptacosyl, octacosyl, nonacosyl, triacontyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,

20  octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl,
hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyl,
tricosenyl, tetracosenyl, pentacosenyl, hexacosenyl, heptacosenyl, octacosenyl, nonacosenyl,
triacontenyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl,
undecynyl, dodecynyl, tridecynyl, tetradecynyl, pentadecynyl, hexadecynyl, heptadecynyl,

25  octadecynyl, nonadecynyl, eicosynyl, heneicosynyl, docosynyl, tricosynyl, tetracosynyl,
pentacosynyl, hexacosynyl, heptacosynyl, octacosynyl, nonacosynyl, and triacontynyl. Also
included are isomers of saturated, partially unsaturated and aromatic cyclic structures wherein
the radical may additionally be subjected to the types of substitutions described above.
Examples include phenyl, methylphenyl, benzyl, methylbenzyl, naphthyl, cyclohexyl,

30  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 r-butyl, 2-
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nonyl nonyl heptyl quinuclidine decyl decyl decyl_ decyll octylfi
PeMEOR08483 128CT/ US08/ 83128 WD 2009/ 082556PCT/ US2008/ 083128 undecy!l undecyl
undecyl undecyl nonyl chronmene dodecyl dodecyl dodecyl dodecyl decyl
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tetradecyl YOPPREEY tetradecyl tetradecyl dodecyl CT/US2008/083128

methylpropyl, 1-methylpropyl, terz-butyl, and cyclobutyl (and analogous substituted
cyclopropyls); pentyl includes n-pentyl, cyclopentyl, 1-methylbutyl, 2-methylbutyl, 3-
methylbutyl, 1-ethylpropyl, and neopentyl (and analogous substituted cyclobutyls and
cyclopropyls); butenyl includes E and Z forms of 1-butenyl, 2-butenyl, 3-butenyl, 1-methyl-
5 I-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl and 2-methyl-2-propenyl (and
cyclobutenyls and cyclopropenyls). Cyclic compound having substitutions include all isomer
forms, for example, methylphenyl would include ortho-methylphenyl, meta-methylphenyl
and para-methylphenyl; dimethylphenyl would include 2,3-dimethylphenyl, 24-
dimethylphenyl, 2,5-dimethylphenyl, 2,6-diphenylmethyl, 3,4-dimethylphenyl, and 3,5-
10  dimethylphenyl.
[0024]  In the context of this document, "homopolymerization" would produce a polymer
made from one monomer. For example, homopolymerization of propylene would produce
homopolypropylene. Homopolymerization of ethylene would produce homopolyethylene. It
should be noted, however, that some of the catalysts of this invention homopolymerize
15  ethylene or propylene to non-traditional “polyethylene” and “polypropylene” structures,
respectively. Likewise, "copolymerization” would produce polymers with more than one
monomer type. For example, ethylene copolymers include polymers of ethylene with o-
olefins, cyclic olefins and diolefins, vinylaromatic olefins, a-olefinic diolefins, substituted o.-
olefins, and/or acetylenically unsaturated monomers. Non-limiting examples of a-olefins
20  include propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,
l-undecene 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene, 1-
heptadecene, 1-octadecene, 1-nonadecene, 1-cicosene, 1-heneicosene, 1-docosene, 1-
tricosene, 1-tetracosene, 1-pentacosene, 1-hexacosene, 1-heptacosene, 1l-octacosene, 1-
nonacosene, 1-triacontene, 4-methyl-1-pentene, 3-methyl-1-pentene, 5-methyl-1-nonene,
25 3,5,5-trimethyl-1-hexene, vinylcyclohexane, and vinylnorbornane. Non-limiting examples of
cyclic olefins and diolefins include cyclobutene, cyclopentene, cyclohexene, cycloheptene,
cyclooctene, cyclononene, cyclodecene, norbornene, 4-methylnorbornene, 2-
methylcyclopentene, 4-methylcyclopentene, vinylcyclohexane, norbornadiene,
dicyclopentadiene, 5-ethylidene-2-norbornene, vinylcyclohexene, 5-vinyl-2-norbornene, 1,3-
30  divinylcyclopentane, 1,2-divinylcyclohexane, 1,3-divinylcyclohexane, 1,4-
divinylcyclohexane, 1,5-divinylcyclooctane, l-allyl-4-vinylcyclohexane, 1,4-

diallylcyclohexane, 1-allyl-5-vinylcyclooctane, and 1,5-diallylcyclooctane. Non-limiting
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oxazol e octacosyl octacosyl octacosyl octacosyl tridecyl phenanthridine

PRBGY acosyl nonacosyl nonacosyl tetradecyl PYran triacontyl
tri acoﬁg})%}ﬂ?gr]i acontyl triacontyl pentadecyl pyridine cyclohexyl cyclohexyl

cycl ohexyl cycl ohexyl hexadecyl quinoline cyclopentyl cyclopentyl
cycl opent yIwoyenonsessi yl hept adecyl sel enophene cycl ohdiSmuS2e$/083a2sept vl
cycl oheptyl cycl oheptyl octadecyl tbiophene
examples of vinylaromatic olefins include styrene, para-methylstyrene, para-t-butylstyrene,
vinylnaphthylene, vinyltoluene, and divinylbenzene. Non-limiting examples of a-olefinic
dienes include 1,4-hexadiene, 1,5-hexadiene, 1,5-heptadiene, 1,6-heptadiene, 6-methyl-1,6-
heptadiene, 1,7-octadiene, 7-methyl-1,7-octadiene, 1,9-decadiene, 1,11-dodecene, 1,13-
5 tetradecene and 9-methyl-1,9-decadiene. Substituted a-olefins (also called functional group
containing a-olefins) include those containing at least one non-carbon Group 13 to 17 atom
bound to a carbon atom of the substituted a-olefin where such substitution if silicon may be
adjacent to the double bond or terminal to the double bond, or anywhere in between, and
where inclusion of non-carbon and —silicon atoms such as for example B, O, S, Se, Te, N, P,
10  Ge, Sn, Pb, As, F, Cl, Br, or I, are contemplated, where such non-carbon or —silicon moieties
are sufficiently far removed from the double bond so as not to interfere with the coordination
polymerization reaction with the catalyst and so to retain the generally hydrocarbyl
characteristic. By being sufficiently far removed from the double bond we intend that the
number of carbon atoms, or the number of carbon and silicon atoms, separating the double
15 bond and the non-carbon or —silicon moiety may be 6 or greater, ¢.g. 7, or 8, or 9, or 10, or
11, or 12, or 13, or 14 or more. The number of such carbon atoms, or carbon and silicon
atoms, is counted from immediately adjacent to the double bond to immediately adjacent to
the non-carbon or —silicon moicty. Examples include allyltrimethylsilane, divinylsilane,
8,8,8-trifluoro-1-octene, 8-methoxyoct-1-ene, 8-methylsulfanyloct-1-ene, 8-
20  dimethylaminooct-1-ene, or combinations thereof. The use of functional group-containing o.-
olefins where the functional group is closer to the double bond is also within the scope of
embodiments of the invention when such olefins may be incorporated in the same manner as
are their o-olefin analogs. See, “Metallocene Catalysts and Borane Reagents in The
Block/Graft Reactions of Polyolefins”, T.C. Chung, et al, Polym. Mater. Sci. Eng., v. 73, p.
25 463 (1995), and the masked a-olefin monomers of US 5,153,282. Such monomers permit the
preparation of both functional-group containing copolymers capable of subsequent
derivatization, and of functional macromers which may be used as graft and block type
polymeric segments. All documents cited herein are incorporated by reference for purposes
of all jurisdictions where such practice is allowed. Copolymerization can also incorporate o.-
30  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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phenyl phen‘ypzﬂ)‘ﬁg’ phenyl tricosyl trinethyl phosphi W%P%W"sftl tol yl
tolyl tetracosyl triphenyl
mer is defined as a unit of an oligomer or polymer that originally corresponded to the
monomer(s) used in the oligomerization or polymerization reaction. For example, the mer of
polyethylene would be ethylene.
[0026]  The terms "catalyst" and "catalyst compound" are defined to mean a compound
5 capable of initiating catalysis. A catalyst compound may be used by itself to initiate catalysis
or may be used in combination with an activator to initiate catalysis. When the catalyst
compound is combined with an activator to initiate catalysis, the catalyst compound is often
referred to as a pre-catalyst or catalyst precursor. The term "catalyst system" is defined to
mean: 1) a catalyst precursor/activator pair, and or 2) a catalyst compound capable of
10  initiating catalysis without an activator. When "catalyst system" is used to describe such a
pair before activation, it means the unactivated catalyst (pre-catalyst) together with an
activator and, optionally, a co-activator. When it is used to describe such a pair after
activation, it means the activated catalyst and the activator or other charge-balancing moiety.
[0027] The catalyst compound may be neutral as in a pre-catalyst or a catalyst system not
15 requiring an activator, or may be a charged species with a counter ion as in an activated
catalyst system.
[0028]  The terms "activator" and "cocatalyst" are used interchangeably herein. A
scavenger is a compound that is typically added to facilitate oligomerization or
polymerization by scavenging impurities. Some scavengers may also act as activators and
20  may be referred to as co-activators. A co-activator, that is not a scavenger, may also be used
in conjunction with an activator in order to form an active catalyst. In some embodiments a
co-activator can be pre-mixed with the catalyst compound to form an alkylated catalyst
compound, also referred to as an alkylated invention compound.
[0029]  Noncoordinating anion (NCA) is defined to mean an anion either that does not
25  coordinate to the catalyst metal cation or that does coordinate to the metal cation, but only
weakly. An NCA coordinates weakly enough that a necutral Lewis 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

30  to, aluminum, gold, and platinum. Suitable metalloids include, but are not limited to, boron,

aluminum, phosphorus, and silicon.
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[0030] A stoichiometric activator can be ecither neutral or ionic. The terms ionic

activator, and stoichiometric ionic activator can be used interchangeably. Likewise, the terms

neutral stoichiometric activator, and Lewis acid activator can be used interchangeably.

[0031]  For purposes of this invention and the claims thereto, in describing a ligand, a
5  terminal nitrogen atom, is a nitrogen atom that is indirectly bonded to only one other nitrogen

atom. A central nitrogen atom is a nitrogen atom that is indirectly bonded to at least one

other nitrogen atom and at least one oxygen atom. A terminal oxygen atom is an oxygen

atom that is indirectly bonded to only the central nitrogen atom. An example is illustrated

below:

10
DETAILED DESCRIPTION OF THE INVENTION

[0032]  This invention relates to Group 4 dialkyl compounds supported by a phenoxy-
pyridyl-amido ("PPA") tridentate ligand. Such compounds exhibit high activities for the
polymerization of high molecular weight polyethylene. The catalyst compound can be

15  represented by the following structure:
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R3 R2

each X 1is, independently, a hydride, a halogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl (alternately X may be independently
selected from halogen, alkoxide, aryloxide, amide, phosphide, or other anionic ligand when
5 Lewis-acid activators (such as methylalumoxane, aluminum alkyls, alkylaluminum
alkoxides) or alkylaluminum halides (capable of donating a hydride, hydrocarbyl, substituted
hydrocarbyl, halocarbyl or substituted halocarbyl X ligand to the transition metal component)
are used, or when an ionic activator is capable of extracting X, provided that the resulting
activated catalyst contains at least one M-H or M-C bond into which an olefin can insert),
10 wis2;
each R, 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
Ci to C; substituted hydrocarbyl, a C; to Cj¢ halocarbyl, or a C; to C;; substituted
halocarbyl, more preferably a C; to Cyo hydrocarbyl, a C; to Cjo substituted hydrocarbyl, a
15 Cj 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 Cs, cyclic or polycyclic ring structure;
each R’, RS, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl, preferably, a C; to Cs hydrocarbyl, a
20 C; to Cso substituted hydrocarbyl, a C; to Cs halocarbyl, or a C; to Cs¢ substituted
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fluoride quoride fluoride fluoride ethoxy trimethylphenyl
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halocarbyl, more preferably a C,; to Cy¢ hydrocarbyl, a C; to Cyo substituted hydrocarbyl, a
Ci to Cyp 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 Cs; cyclic or polycyclic ring structure;
5 each R® and R’, is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl, preferably, a C; to Cs¢ hydrocarbyl, a
C: to Csp substituted hydrocarbyl, a C, to Cs¢ halocarbyl, or a C; to Csp substituted
halocarbyl, more preferably a C,; to Cyo hydrocarbyl, a C; to C,o substituted hydrocarbyl, a
C: to Cyp halocarbyl, or a C; to Cyo substituted halocarbyl, a halogen, an alkoxide, a sulfide,
10  an 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, preferably, a C; to Cip hydrocarbyl, a C; to Cs;¢ substituted
hydrocarbyl, a C; to Csg halocarbyl, or a C; to Cs substituted halocarbyl, more preferably a
C: to Cyo hydrocarbyl, a C; to Cjo substituted hydrocarbyl, a C; to Cio halocarbyl, or a C, to
15 Cyo substituted halocarbyl, a halogen, an alkoxide, a sulfide, an amide, a phosphide, a silyl or
another anionic heteroatom-containing group;
xis 1,2, 3 or 4, preferably, x is 1;
L is a neutral ligand bonded to M that may include molecules such as but not limited
to pyridine, acetonitrile, diethyl ether, tetrahydrofuran, dimethylaniline, trimethylamine,
20  tributylamine, trimethylphosphine, triphenylphosphine, lithium chloride, ethylene, propylene,
butene, octene, styrene, and the like;
M is a group 4 metal, preferably Ti, Zr or Hf, and
mis 0, 1 or 2 and indicates the absence or presence of L.
[0033] Specific embodiments of the catalyst compound can include any combination of
25  the ligands listed in Table 1 below.

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 hafnium 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
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propyl phenyl propyl phenyl propyl phenyl propyl phenyl phenoxy
POI/opessRees/| di propyl phenyl di propyl phenyl di propyl phenyl benzoxy
di i sopropyl diisopropyl diisopropyl diisopropyl allyl phenyl phenyl
phenyl phenyl tripropyl phenyl tripropyl phenyl trlprqp | phen
i RPOOEBISHLL nyl s - Rl
tripropyl ph t hyl silyl nmethyl I sopropyl phenyl enyl
| sopropyl phenyl isopropyl phenyl bis(trinmethyl silyl)nethyl
undecyl undecyl undecyl undecyl nonyl chromene
dodecyl dodecyl dodecyl dodecyl decyl isobenzofuran
tridecyl tridecyl tridecyl tridecyl undecyl isoquinoline
tetradecyl tetradecyl tetradecyl tetradecyl dodecyl oxazole
octacosyl octacosyl octacosyl octacosyl tridecyl phenanthridine
nonacosyl nonacosyl nonacosyl nonacosyl tetradecy! pyran
triacontyl triacontyl triacontyl triacontyl pentadecyl pyridine
cyclohexyl cyclohexyl cyclohexyl cyclohexyl hexadecyl quinoline
cyclopentyl cyclopentyl cyclopentyl cyclopentyl heptadecyl selenophene
cycloheptyl cycloheptyl cycloheptyl cycloheptyl octadecyl thiophene
cyclooctyl cyclooctyl cyclooctyl cyclooctyl nonadecyl trimethylamine
cyclodecyl cyclodecyl cyclodecyl cyclodecyl eicosyl triethylamine
cyclododecyl | cyclododecyl || cyclododecyl cyclododecyl heneicosyl tributylamine
naphthyl naphthyl naphthyl naphthyl docosyl dimethylaniline
phenyl phenyl phenyl phenyl tricosyl trimethyl
phosphine
tolyl tolyl tolyl tolyl tetracosyl triphenyl
phosphine
benzyl benzyl benzyl benzyl pentacosyl ethylene
phenethyl phenethyl phenethyl phenethyl hexacosyl propylene
dimethylphenyl | dimethylphenyl|l dimethylphenyl § dimethylphenyl heptacosyl butene
diethylphenyl || diethylphenyl || diethylphenyl f diethylphenyl octacosyl hexene
anthracenyl anthracenyl anthracenyl anthracenyl nonacosyl octene
adamantyl adamantyl adamantyl adamantyl triacontyl cyclohexene
norbornyl norbornyl norborayl norbornyl hydride vinyleyelo
hexene
CF, CF, CF, CF, phenyl benzene
NO, NO, NO, NO, benzyl styrene
t-butyl t-butyl t-butyl t-butyl phenethyl methylstyrene
i-propyl i-propyl i-propyl i-propyl tolyl
naphthyl naphthyl naphthyl naphthyl methoxy
fluoride fluoride fluoride fluoride ethoxy
trimethylphenyl [ftrimethylphenyljl trimethylphenyl } trimethylphenyl PIopoxy
methylphenyl || methylphenyl || methylphenyl § methylphenyl butoxy
ethylphenyl ethylphenyl ethylphenyl ethylphenyl | dimethylamido
diethylphenyl || diethylphenyl || diethylphenyl § diethylphenyl | diethylamido
triethylphenyl || triethylphenyl || triethylphenyl § triethylphenyl methylethyl
amido
propylphenyl | propylphenyl §| propylphenyl propylphenyl phenoxy
dipropylphenyl || dipropylphenyl || dipropylpheny! § dipropylphenyl benzoxy
diisopropyl diisopropyl diisopropyl diisopropyl allyl
phenyl phenyl phenyl phenyl
tripropylphenyl | tripropylphenyl | tripropylphenyl { tripropylphenyl trimethyl
silylmethyl
isopropylphenyl flisopropylphenyllf isopropylphenyl § isopropylphenyl || bis(trimethyl
silyl)methyl
methylethyl methylethyl methylethyl methylethyl
phenyl phenyl phenyl phenyl
dibutylphenyl | dibutylphenyl j| dibutylphenyl § dibutylphenyl
butylphenyl butylphenyl butylphenyl butylphenyl

[0034]

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. Preferred substituents for the substituted phenyl are C; to Cy
hydrocarbyl groups (including linear, branched and cyclic hydrocarbyl groups) including

-13-



met hyl et hyl nethyl et hyl net hyl et hyl net hyl et hyl phenyl phenyl phenyl
E@gﬂpﬁ ‘@3?2%utylphenyl di but yl phenyl di butyl phenyl di butyl phenyl

uty Reny utylphenyll but yl phenyl _ butyl phenyl [ 003411 n a preferred
enbodi nment , is not hydrogen, preferably Rl is phenyl or substituted
phenyl . In‘WOQWENSEﬂEd enbodi ment, R8 is phenyl or subddr{iseesdogsmzsnyl. In a
preferred enbodinent, Rl is phenyl or substituted phenyl and R8 is phenyl

or substituted 5 phenyl, and preferably Mis Zr. Preferred substituents for

E)Pgniﬁgzt :attnlﬁét@ f{m’nﬁ] roca b%/) “ler ougpgl‘g*’l ﬁ{ﬁ@ﬁ%&r’ @\%Pe%ylg bﬂ&bt‘ﬂ{dﬁ%dﬁgear 1

2009/ 082556MdﬂJ82008/ 083128 net hyI et hyl, propyl, butyl, pentyl, hexyl
octyl, nonyﬁ%ﬁgecyﬂl an(q %ren%{f]g Qrglfr]&{iun C{hé %e%iet gtprg %fheril ?135%| nct%%)t her

preferred I ment, sys ‘em use | Vi of at
| east 1000 ofatienst woammmoph b&repm&lr@bbaﬁt 1¢as 5400 :gAﬁhﬁolgd hmmreﬂarablazra,t lqast@foem ably

o o 75l 2B AR B et SRR b
bar, pr ef erpaéihyrblgztat lsaasaooﬂgﬁﬂng/ Hvber] prefebibly; atfleast m(mbg/mnﬁl hhﬁf;:p&ef&x@bl@&@
O P LG SLARh i ol 1 AT B I e L0036T I @ bref et red
descri bed heo3sin has ﬁ%fel‘r@diéﬁlb&:ﬁﬂe&fthé Relyétallemnpridgudet QRRit LSy the catalyst
compounds described herein has at least one of the following properties:
10 a) a weight average molecular weight (as measured by GPC) of 500,000 g/mol or
more, preferably 600,000 g/mol or more, preferably 700,000 g/mol or more, preferably
800,000 g/mol or more, preferably 900,000 g/mol or more, preferably 1,000,000 g/mol or
more, preferably 1,250,000 g/mol or more, preferably 1,500,000 g/mol or more, preferably
1,75,000 g/mol or more, preferably 2,000,000 g/mol or more; and or
15 b) a melting point (Tm) of 125 °C or more, preferably 130 °C or more, preferably
135 °C or more, preferably 140 °C or more (as measured by DSC); and or
c) Mw/Mn of less than 5, preferably from greater than 1 to 4.5, preferably from 1.2
to 4.0.
[0037] Molecular weight and molecular weight distribution (Mw/Mn) were characterized
20 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 contained in an oven maintained at 145 °C. Polymer
25  solutions were prepared by dissolving the desired amount of dry polymer in the appropriate
volume of 1,2,4-trichlorobenzene to yield concentrations ranging from 0.25 to 1.5 mg/mL.
The sample mixtures were heated at 160 °C with continuous agitation for ~2 hours. The
solution was filtered through a 2 micron stainless steel filter (Polymer Labs) into scintillation
vials using a Polymer Labs SP260 Sample Prep Station. The separation efficiency of the
30  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.
-14-



10a) a wei ght average nol ecul ar weight (as neasured by GPC) of 500, 000
POWUS08/ss0ee, preferably 600,000 g/ nol or nore, preferably 700,000 g/ nol
or nore, preferably 800,000 g/nmol or nore, preferably 900,000 g/ nol or
nore, preferabl 1 000, 000 g/ nol or nore, preferably 1, 250 000 /nDI or
more, pref eW9BPYO25800° 000 g/ nol or nore, preferably 1. EBE¢H

nore, preferably 2 000, 000 g/ nmol or nore; and or 15b) a neltlng p0|nt (Tn)
of 125 C or nore, preferably 130 C or nore, preferably 135 C or nore,

preferably [9d58]C qmﬂafbhﬁal(mmmgml&ﬁndw @30), madadrememﬁ)wéwv/p%foﬁiedl &sa t han
5, preferably fr reater than 1 to 4.5, preferably from1.2

[ 0037] Mol edifFidR SntStrERDE i sfftelmf‘gw@ Al PaRf Gt ahe PWW) S;a'exp&es

charact er i zgg, g@atéélstb P80 8C FrdD nfRPEIA i osted B BHCLUSh Plle GHOPEBHLAYT AR
(Waters Alliance 2000) equipped with a differential refractive i ndex

det ect or ( DRing heldrat ¢hés Roipyratire foahd manwesi they Regpaherlivated b 2@°BateohterofidOver e
used. The nal flow rate was. 1 i/ and the, nom nal injection

vol ume %%Nelq;}gepo\;%}vgrﬁgolgchﬁsdpgpg}hpHgagmg@g?%ns and di fferenti al
refract orretﬂtwﬁtdaeamaﬁgtgeg&mra}mﬂere contained in an oven nui ntai ned at
145 C. Pol yﬁ@: 25 solutions were pr epsr ed by d| ssol ving the desired anount
of dry pol yB&PT n Theecatalytt sompaynd ¢ inpd Wikl {90 ) BPESHETSHMESE 9Ty el d
concent r at iaQivatdraN G didatbFsOfiOcahdbd Asel- écmé AlumoXfiRs SAEPhE nBRI WhRSoxWRY, €
heated at 160 C with continuous aql tation for -2 hours. The solution was
filtered tARsiifipd metbylpiumorans ethyhtlumexape Jer-buty] shumoxape pydrihe likeilgwis Agid

sci nti | joat 'a@t’i‘va‘(dr@ln%luﬁ@’rrﬂ)g%rﬁfl by r@&p&ﬁt?éro 9&%%%@0@%@}1 'aﬁf?mmme

separation efficienc col utm set was cali brated using seri es of
nar r ow MADapé|the M@»e lcs%%lN@Falfsd@d@%Id}m@hyli’mb@P@t tstralds ))erﬂmmhenyéfopm s the

expect ed e nd i lel m et.
Sevent eenlvrﬁllnﬁc]é Hﬁadu {1% | sttjg/t?é(ﬁse %Igﬁ(ggé}génylsr gﬁr& hg dlﬁetﬁilﬂiﬁﬁg té%'k@
10, 000, 000,peliﬂ@p@ph@eftlaltlmmg@nmdahehkehe cal i bratl on curve. -14-

2009/ 08255GfaH U305, 083328 . 9038L P {6F £ 2 cSRanpndn 3L g gegtonpé 1 DO

measur enent's re pertorne
det er mije twluenimeh tcompoyonli represéntddhby pid gereral . foSauip | (BS-AME)g Widal éd at ¢ycRO0 C

for 10 m nutes and t xCQ0 rate o 0 After bein
ol d ot 't notE e Cot RER AR il s Hinedl St b e A e av
a rate of IfinG RFis. 1nd@bﬁdeﬂlgy POI-Thsal ke ialical |fé1&§:hﬂ§1eﬂMémﬂgeth§l§plbpﬁI butgl,

period. Acti ors a t al yst Acti vation | 0039 Th atal yst caonpaynd can
be conbi neBeWa]t Kopfis t thelikeq tng 9‘1;st‘%a‘b teger frQra c?% ‘%PTC\%% é&‘ﬁat
can be useehetuyc baten ak mmaemamm@ﬁoxaﬁé nd m@&ﬂ@@ﬁ@ﬂ@l alﬁﬁdkatn'eﬁglrermashyl

al unoxane, ethyl alunpxane, iso-b al unbpxane and t Lewis acid 10

acti vat?br sPTeﬁ%TeGdeF?rr f“HH%an?SCIHB}OBﬁ Se@c’ BB 0 &Pt ?%rﬁ?pﬂe?%l 2]b?(a)rF(.})’nO 561 476,

tris-perfl mwhﬁwlanalvsnpwm@m 663208] KRY4, bwmmvatg%m ru:g
dimethylaniliniumtetrak uor ophenyl boraté, friphenyl carboni um

tetrakis péops, &%%o’b‘??én%gl“ 5(953&@592 %lwmyﬁdﬁ'? I137miﬁﬁ4rpdét9r él@ioé 12)%r5 238 phenyl
al um nat e, 5%8’86 3595592 5[39?4}93 -EH&’SQ g ane conponent useful as an
activator typ |ca’ yi'sTa gneric 1 al um num conpound represented by

t he gener a[0014blr rrul\’éhe(l Ru- dh_l_m@)am or windifiedi slumoxape |i$ wsadp thpoeatadyst-precisor-to-

For mul 2 rrvar ml i oo bBER WM telehidey 9RFLE 0. R AHERERTE,

et hyl , pr opyDQ0 toullyl; altpmatively, 1:590n@ds; thenaively BB tohlel;| dltemativatyl 12200 td s an

LB oA AR B A Lt PRt o T DR o

further deagivatpt is&ﬂ&hﬁx&ﬁanﬁﬂxdﬂﬁ‘&ﬂ%r oo dified)Osonfddenmbbdiments selebtGhie thdimum
W94110180 and US Pat. é 6?? %gg 4, 874,734, 4,908, 463, 4,924, 018,
4. 952, 540, “HOGES sasvvaf%f %m S800rtold; mpddr exsess eyer e gafalystepregipsoy {per metal -
5, 204, 44.9, c@lﬁ%t%&%e%r&&%e&&ﬁm&n 2R lo-cdral Pt Prdddor @i R 1: 1796lar A6

5,416, 229. b0041 en an al unoxane or, nodjfied unoxane i s used, the

cat al yst - pi0883)r s ofonfeetivasors Lt timea psgd ipgprpinatign; ‘61“} & C-AGHRIgPINRY Be Wed M t o
10: 1; al t empabiaetbd s ofl: RROOniAtidd): 1, PRISIINAdidBdY TondO0Rl R0k sheh as
alternatlvely, 1:500 to 1:1; alternatlvely 1: 300 to 1:1; alternatively
1:200 to 1:1; alternatively 1:100 to 1:1; alternatively 1:50 to 1:1;
alternatively 1:10 to 1:1. Wen the actjgator is an al unoxane (nodified or
unnodi fied), sonme enbodi ments sel ect the maxi nrum anmount of activator at a
5000-fol d nol ar excess over the catal yst precursor (per netal 30catalytic
site). The preferred m ni num activator-to-catal yst-precursor ratiois 1:1
nolar ratio. [0042]lonic activators (at tines used in conbination with a
co-activator) may be used in the practice of this invention.Preferably,
dlscrete |on|c actlvators such as WO 2009/ 082556PCT/ US2008/ 083128
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15 m xtures thereof, preferred are al kenyl groups having 1 to 20 carbon
%’(ﬁ’fVﬁJSOSI}SIS){bsgrOUpS having 1 to 20 carbon atons, al koxy groups having 1 to
carbon atons and aryl groups having 3 to 20 carbon atons (including
substituted aryls). Mre preferably, the three groups are alkyls having 1

to 4 car bonwW@r20w®8255pohenyl , napht hyl or m xtures ther edfCT/ES2008/080128%
preferably, the three groups are hal ogenated, preferably fluorinated, aryl
groups. Mst 20 preferably, the neutral stoichionettic actlvator is

trisperflu O tr napht

st oi chi orre?[:wé act1 Q?ﬁ?"] &%ﬁgﬁ#&é@‘%ﬁt ain %A Iél@\{f’[fl@ﬂ((cg &PSSZ)jéljrre
ot her cati dR-hAEH(THb-Sch- Wth))4]b[ﬂrtH4ﬂ{B(Cdbb)a] o betie deidio acmratcxmh;chlasﬁé@dﬁj)g
coor di nat ed n na | izin Jnd Su C unds
and the i ke %ﬁgzecs?ér%l Bée %fége Sfaga‘éag(ﬁs pusti'cat | S%Is%m ”@“g@?

EP- A-0 520 ﬂﬁﬂoxaﬁ@-rﬁbdﬁied%rﬁ)ﬁneslﬁﬁ’elﬁak Bobfiél] Mdillyl dhPaokafle, ﬂﬁd’ aﬁlﬁﬁmﬁm alkidP- A- O
277 004,_and _U. S...Pat ent. Nos 53 5,198, 401, 5, 066, 741, 5, 206, 197,
5, 241, 025, %¢ %@%Q@ugﬂﬁu?%ﬁlz I?L%‘E‘H?E{HY% PBIUE. ¢ ont ' Appl i cation Serial No.
08/ 285, 380,[0043] ed Andersiing or k¥fchionadtlic attivaturCheudaE oh @6rié, Nsulchl| ds Ytri(n-butyl)

O i SRS oleh e o 2 R cloign o
upon react l;ﬁébui/hbf&eith ehﬂ’lﬂﬁ(ﬁia ﬂfl'lﬁrdnlrﬂ@ﬂﬂn(( preduré, ﬁo%a%@érﬁte)ﬂ&feteﬁdwmﬂémd

forns an ani on, such & P) ich stabilizes the cationic
transiti on AHPR(W Qp%g.{ {gé?ﬁ’é‘l‘é idd l§z/ pieRt I?J‘éase?‘}zd‘rw) heerebipatiop hegeaf gan pe |
and pr efoer aoYbetisd. mxaﬁgrese@f n¥pra? QRN RBLARO Rlhbiz280840 B8R &ARtitMel boron,

acti vat or corrponent s which are ionic corrpounds or CO OSI tions. Hovvever
prepar at i ortlustingp gallmypard indium oF mixtyres therof. c She Huerosbptifuent SEpups Ateetpeh at ed

by this i n‘iﬁ‘&béﬂ@nﬂ &e@&fbg]frog? ngﬁeﬂ;'r?seilklb AS s@gtltﬁg 'a‘ﬂ%tlso QB&%%
the preparation of ‘the ionic catalyst system; inclu cat| on I C

pr ef er abl y alkoRy @wéh@luieac Prefasiinithe thyge grones 4Tﬁgn®p®dp¢tbt @ﬂﬁctedrfmnah@lowat i bI e
non- coor di a e of
stabilizing tlocrakg aﬁgltﬂlh e c ft“gn‘y@g h@%&‘i‘:@é@%\l\zg% ‘So?%%‘km%){a’ O‘I‘htap%)é1
conpounds amistures thirenddpafecred araalkeriybgronps hatieg éutb fZK)cnaE]wnIa}omsataiHyé grampbe

di spl aced f i e rated,substrates
or ot her nlglx 19%% thevm S légeoglhsgﬂgﬁxfgg e‘?%@aﬁv}sg mt Fit %g&g%tg&? ané I"n_yll<§r UBho

cl asses of hednpato 20 earbrrateoofintilnttg sustined aylshavierdpreferablys diecthleel grdanPA 10
277,003 and _E 7,.004 bl i,shed 198 i ¢ _coordi.nati.o | exes
conpri si ng % %ﬁd? g?‘h?%/lé?% ROBRTYRS: &%V 3?1321 }lyg\%lf"é’fﬂ’ﬁe? heES i fo and
shi el di ng @recfamﬁly,aihe cthiee o adré Mglogeiatdd, ﬁi‘eféfﬂilﬁﬂﬂgﬁhdated}rﬁyl Qﬂldll)SZ) wgi ons
corrpr|5| ng a oron.atons such as carborapes, .netall acarboranes
and borgnegref%)@tg 71 é‘e‘ﬁFagf STOIHEPEE APTHYAICT % TSP TpPRIIFRY Y | ROT:t PYat or s
i ncl ude a @@bbﬂno@ﬂ hﬁmﬂ&o@m on conponent, and may be represented by the

followngfor . (L**-H)yd+ (Ad,) wherein L** is an neutral Lew s base; H
i s hydroget? (‘1_** I‘Fb‘QPStP@h‘amB’i”G%'tl\?@ra‘@F’éo‘?ﬁiAdnay qoata) H3tire BT AF FABE ani on
havi ng t heo&@ﬁ&ﬁﬁmdassd&dt&i @1th,| Bt &8 codriRiicd tB Oor3ontl A0kl T rfimdtd LD, the
conmponent, (L**-H) ¥1 i ncl ude Bronsted acids such as protons or

pr ot onat ed 'IRAHIIRS Eﬂils‘?efst @ ronizipg cprppang o \fush sempendy gab the i %ﬂ: Slessniked iy or
abstragki " Supl o‘%ﬁ’“ aRHE RPaR0 0 sty kP03 M'7321_§P® - 95 7S, BREAY 5o af ter

al kylation activating cation ronst ed

acid, capabfe Eﬁ-Adb%ﬁ DWg apd [EPo‘tﬁn27t700Q4h_@nf&ILk§l Batend NQSalﬁéﬁﬂ,llﬁ)"h 5ER8AO1,

cat al ytic %8&‘7'515%06 ??P '55'45‘@25 "y 3%4&5?@1?& L 565‘12'1%58% §%{eﬂp ;ﬂﬁ%ﬁo%fdée%ﬁl
ammoni uns, ~oxani 3sp m Xt ures

pr ef er abl yNanQﬁéEESLBrSQ ﬁiéd nglhw dﬁQ‘h@ﬂ oﬁwihichrafp hechlmﬁnllyyrlcarpomcdhyrefemnbam ne,

N net hyl a ne, am e, tri hlamne |eth

NNt hOIOAeH | I GERESL BE prshirk TP AR Lttt FEmBg R acivaor,

N, N- di pet hwchmstB(meE6)3pmd11rﬁpoN ﬂhhdﬂioﬁ’ﬁztflﬁyﬂﬂmyldrd]lﬁﬂblp htgapmqm)wfahé fcatalyst

tri et hyl phosphin tri phen 0S hen |ne .oxoni.uns from
et hers sucff B?FFE{IW ’élpi{reﬁﬁ’)‘hh ﬁ@b@ﬁ)gﬁkﬁ%? %&l%@ﬁ@@? & PHANIS TSy ane,
sul f oni unsmétaDgpetibs paictueddshy el eéhctisn. dTRS SiydlysthéaeN@idSprafehbly are, prepared

t et r ahydr ot hi ophene, and m xtures -17- WO 2009/ 082556PCT/ US2008/ 083128
thereof. The activating cation (L**-Hd+ may al so be a npiety such as
silver, tropylium carbeniuns, ferrocenjunms and m xtures, preferably

car bon| uns and ferroceni uns; nost preferably triphenyl carbonium [0050] The
ani on conponent Ad include those having the formula [JI k+@n]d" wherein k is
5 an integer froml1l to 3; nis an integer from2-6; n- k =d; Mis an

el enent selected from Goup 13 of the Periodic Table of the El enents,
preferably boron or alum num and Qis independently a hydride, bridged or
unbr| dged d| akaI am do haI | de aI kOXI de aryl OXI de hydr ocar byI

o, v a o o S

. o o o



20 tetraphenyl borate, tetraphenyl borate, trinmethyl anmoni um

PORUSYRABMPNI unt et r aphenyl borate, tri(n-butyl)anmmoni um tetraphenyl borate,
N, N- di met hyl ani | | n| unt et r aphenyl bor at e,

N, N- di et hyl - % trimethylanilinium tetrakls(pentafluorogﬂ Qborate,
ttipropyl antff P‘Hﬁ‘f’qs?q (tert-butypamoni um N, N-di et hyl aniBGTA/S3p8/08312

t etraphenyl borate, triethylamoni um tetrakis(pentafluorophenyl)borate,
tripropyl anmoni um t etraki s(pent af | uor ophenyl ) bor at e,

tri(n-butylyanaeivaitt ebh 'eﬁtﬁ PRART drbl Olofizh esfdndAlR, EdmposRiend Ut HBABRENI UM
25 tetrakis(pentafl uorop ).borate, N, N-dinethylanilinium

t et r aki s( peHEnsFatign P%‘tﬂ%ﬁ?‘ls )uékwag geutta] gQipPRLds¥3 al#el qontemupkated by this invention.
tetrakis(pq noza;gl uQr ey adelialsen Mibad: @%Ment( o ﬂreﬁpreﬁd’rétmﬁt $B’ih@rlbxlubn' umy
t et raki s(pent afl uorophenyl ) borate, trinethyl amonium tetrakis- 2

t et r af | uor cptebit/syptems inplude atqafien, mlmmfgﬁbly a Bronsted acid capable o donatmg a
tetraki s ( 4, 6t r

totr aki o (37508 €% ERodql ARGIMAEE Shn HLPAARY i RIRRLH Three k),

tetrakis-( zapable o Sttzénlrzafgl the Ia@tp/hemyﬂmgbmcles whichs foyin¢d whcn mttyvb)cammdam

tetrakis- t I

t et rak: S- g % %cojnbgned 3*31% ng%&%or ag; Bb%%%%tc?&/w&gﬁélgl diSiefinic
tetrakis-(2n8 ,ade,t)ﬂemelilyaxhkaﬁmatoqb lsldm‘grdltysbm‘r(&h@ nel&ﬂrdﬂldwrsﬂtakﬁ,slsuoélﬂaséhtl&rs nitriles
tri met hyl antd i um 4 el Lokl oz 2. 4005 oLE B UL ORARINLL BOL A Gadohd oY amm
t et r aki ®( pe7?,00®amhBRA 2RY,00bpubdikled 198E:cl) Imioafnmnidﬁxmtion complexes comprising a

t et r aki fl t.hyl t i . g
Lot raki o g O BT I BRS pSatehfy RRSRIREHR e rabisiging a central charge-
t et r aki s( peedringancslap htei:‘lﬂlbiid%feahﬁﬂ 2} dnlidnk @6rhpdiNifgyPplifaliost Bokdn atoms such as

tetrakis( pertsjl uoronapH borat N, N- di net hyl ani | i ni um
t et raki s( p&MPPEBFoMEBNIR 5*’(5‘6%‘3‘61 T3EN- di et hyl ani | i nium 5

tetraki s(pgega7yor qmarﬁaéfayéd) it ont M dstBic AR M- dcBvettor® dIdRRE EYibARAd kA UM

tetraki s(perfluoronaphthyl)borate, trinethyl anmmoni um

t et r aki 1§( p@RiPR GEPRASERh By LRsTaRTesented by theyfplUawine faumpla:

t et raki s(perfl uorobi phenyl) borat e, gLr,a*qu nmoni um

t etraki s(perfl uorobi phenyl)borate, tri(n- butyI ) amoni um

t et r aki s( per f | uwheingRansan nsutrallewishasgt er t - but ypant noni um

tetraki s(perfl ugrg%; %"e pyl ) borate, N, N-di methyl anilinium 10

t et raki s(perfl uorobi pie nyl )borate, N, N-di ethylanilinium

t et raki s(perf I udf“dﬁi)pts@rﬁabt)mirmde

N, N- di net hyl - 6tr| n iU t |s per fl uor obi phenyl ) bor at e,
trinmet @I ammnl un% nrozrilkcgglt %Eg%%nsléntnéalvﬁgl}%er%% I%(/I ) phenyl ) borate, triethyl anm
oni um bi s(trifdisandmegdn fomphtery | )borat e,

oi o cri 11 ubiBHE: i BAER elPidh T oPEN Hﬂ?fl' BRI ARETHY borafasor
Plr |SE :E ;Ir I | gg{oﬂﬁﬁfebyﬂe)xﬁh 2 bb@écﬁbtble LéWlB (aﬁrdb Whiydb)eaofMpiotonating or abstractlng a

¥ anmoni um I\itN-dl | ani I nh fl ethylanilinium
N, N- di et hipoletsh suchgs ap plicy ‘H)?Fyé @Fﬁ'c ¥t a %Ylaﬁg}’ ati9lmpni um sal ts such
t et r akixs ( 3[g849]t et TR la@t(vau&g ca{ti@h I(Ek* H?ﬁ nRry B B@Jﬁisﬁ:ﬁ?acﬁr cipableadfl dading-a

tetrakis(3,5- as: di-(is ) anmoni unt et r aki s( pent af | uor ophenyl )

bor at e, andaliowlcwoqhéﬁywéﬂ%ﬁmm%ém@k?a&lﬁ@nmﬁfq% ePiENgyIn) H Fpagition weEl ot her
sal ts suchcgagn! fn'cﬁlglntgoelxﬁﬂﬁrﬁm RIXGfliutg) %hosphomums sﬂyhums and mlxtures thereof,
tetraki s(pentaf| uor ophenyl Yborate, tri tF\y enyl ) phosphoni um

t et r aki s ( pRisfeabiioropaRHyS ) Bbr @p@ykamm | piling, dlmethylamme, diethylamine, N-

t etraphenyl b ri :
tetr apheny*nb&?%%@n% ri Hﬁﬁﬂfﬁ %ﬂ%éphom ur?ftl gtu?%i htenr?tqygg}né%’e lt\IIl\lI glt S |nI11§/rIei um 25
t et r apBenymbidykliphenydenine metidinazp-hiomy) Néi—dm;ﬂﬁeniﬁmlbmr a-tnérO-Nﬁ\bpmeIthydﬁmiline,

tetrakis(p OP. yl%l
tetrakis( pﬁl{b%éﬁn ﬁlgr? op‘?(grplnyl %Rjr[lg]%()%p h1{1“ p %ﬁl;@ﬁﬁl nlnd diphenylphosphinc,
t et r aki s( pexvhaiisufvero Ettensy buch as atimethylr ethetrh;iie&hyl yihen) m:trahydrofuran and dioxane,

t 2% ,r- :t: :E Be ngnE g&%ﬁﬁ&%ﬁegsg%{c ta%dle&yg dl a%i(%erlralljlnarothlophene and mixtures

tetrakis-(2,3,4,6-tetrafl uorophenyl )bo_rp;t_e, t ri phenyl car beni um
tetrakis-(2,3,4,6- 30 tetrafluorophenyl)borate, triphenyl phosphoni um
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, triethylsilylium
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, benzene(di azoni um
tetrakis(2,3,4,6-tetrafl uorophenyl)borate, tropillium

tetraki s(perfl uoronapht hyl)borat e,




tri phenyl car beni unt et r aki s( perfl uoronapht hyl ) borate, tri phenyl phosphoni um
PET/USHE33969/ 082556 PCT/ US2008/ 083128

tet ra[% s?per | uor onapht hyl )borate,triethylsilyliunetrakis(perfluoronaphthy
| ) borate, benzene(di azoniunmtetrakis(perfluoronaphthyl)borate,tropillium
t et r aki s( peWwoORMSOASFPOhenyl ) borate, triphenyl carbeni um PCT/US2008/083128

t et raki s( perfl uorobi phenyl) bor at e,

tri phenyl phosphoni unt et r aki s( perfl uor obi phenyl )borate,triethylsilylium5
tetrakis(p r-ahi . ,**_q%pz i i . .
tetrakis( pgﬁ%r}:dtfgr@%i %ﬂg{%‘ gﬁ%& @“ tr (‘_’)pﬁg?i(a%?nao%oanhﬁ{gy such as silver, tropylium,

t et raki s( 3,d@rbonigs,r fefooawnse tid/ In)iptuesy piciwatdy earboniuml eany| feaotaanimsmn most
:g“gt: zgg §fengal§r(t1liﬂﬂeﬂ3lrl%grrb8%ﬁ1hyl ) phenyl ) borat e, triphenyl phosphoni um

bi s(trifl udpesept hylhephiengbhpareat 4 includé tiybshavig thrfoetnla k&' (B 5wherein k is

bi s(trifluaoranet hyl)phenyl)borate, andbenzene(di_azopi.umtetraki VD"

Tob1 (¢ % £ (HGPERBLIR ) ghand 15 BoFSHEEr SPBBS N S i Lris A IS

st oi chi onetGroap &8 fof Wt Reriofit2'abld) sF+thé Atkmentss pidfdrkbly boron or aluminum, and Q is

di met hyl ani.l i ni unt et r gki,s( perfl uorophenyl)RQorat e, N, i, et hyl ani | i ni.um
et aky S pdRdPRdFuRaMHIS Bttt REANr g it i Aok arylonide

t et r aki s( peklilouabAPduphanud hiresaksl, HiobheyIMaibbithRa hhlo&irbyN) and halosubstituted-
tetraki s(3,5-bi sét rié‘{i‘lfﬂ?hlor anet hyl ) phenyl ) borate, triphenyl carbeni um 15
tetraki s( pe¥FEEPY AR hiHH 6 bitvais vprtp _§H éﬁ‘?PP’é &oBeyithre proviso that in not more

t et r aki ®( Pehdnl gher eRuRBRRYS PP hAIR, HréfeRBBNYcEaD ReNihinated hydrocarbyl group
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, or triphenyl carbenium
tetra(per f I"aGrSAHRAY (cy DR ators. PotTasirRilrerbR e adhoysitehrateioyprand eagst al so
be activat egbrahiti SRS s pedtaftudlyl AFL ¥R Frdmblebs SR 1SS RRIERUiBHAAL | NY
ani ons containing netalloid-freé cyclopentadienide ions. 20 These are
descri bed icamppugds pydiselescpun |U-%-aE4toN0-z§WA89©5m5 infullypinesirperated howginl by May
2002, and fgt.hlrae instant invention, require the addition of a co-activator
to the catalyst pre-cursor. [0054] The term "non-coordinating anion" (NCA)
means ad ab@thi] t hdllusttetes, bustnotlimitidiz wadneplesooftboronoampbyrsts whithahaycle usedaor

t hat does i al . - 0N . AR NC

coor di nat e(s‘ig\%getg)l%1 %ﬁ%@&%ﬁ? ﬁ%ﬁﬁlg&ﬁgﬁdrhaﬁ co[%\t{mgaégﬁgﬁlgyﬁ%%%mgé’ ?glﬁ ?@gmved

ol ef i ni cal kytalysts a€ étiy inzentoal dry trissdatituted taethambmo sas soeinaditsipbthglemirtonfunom t he
catal yst center. . Conppatible" non-coordinating,anions are_.those which are
notdegr adSrPSHBORIG | (THRRTORER i (TEPRYPBRId conp BRPHEREHSLS.
Further, t lpgraplienglbotatel | trhi{@ibutyl)amsdodiunaNtetBptRiylboratepst i fkitrertbubil)ambgiant to
the cation so as to cause it to fory.a neutral catalyst ound and a
neut r al® byfﬁﬁrtam?flﬁmfa?eom -dipthylaniighme o Jritg %ﬁyﬂ??éat ni oﬁ%%’g‘f' fgnilippym
accor dance tgiapenyiBbite30 | NVIRIN-tigRtt31-€2 4, 005Bethylatilisit®) CONpadetrbbiRnylbérate] | 1 ze

the transition netal conplex cation in the sense of balancing its ionic
charge at Wimethdymmeniymn suf £ jteffakpeniefiporpphenydbosae.ni ¢ di dpetHrlamERpivgy an

et hyl eni cakdimkiQipeefloYdphBiyEblale, UnGsbpiatuRonhi i N 0BBkidpintatbofRBhonyBbdrs@L | ON.
These types of cocatal ysts sonetines use scavengers such as but "not limted

to tti-isotftbytyDsmponium WO yekisEspEsterheudibonss: 083 17Eseaibuiammonium
tr HE n- t . I - | -1 e ter i . i
! 96t Y le ki Iﬂkfm(s)rotsnglfn(%bggﬁ I, R LR Rt 1ﬁbQE%ﬁ?é/éﬁ{9ﬂﬂUféh%lngﬁate

trinmethylal umnum [ 00 atal yst conpounds or activator c nds 't hat
are initiaNN-dsthylandiniunewi s atstrekis(bentaffugrophenybbetetsni ¢ meld A-disthyl-64.6nd a

Kyt ot ed Surfu il Bl G SRR Dot MR RS LAIEHIA0 A 8. | e
conpound i strafiwarehefylp mbotate, r éaathylanmoriumh etetraitia( 34,6 petedloonoplbmyBbatatthe

co-activator. For exanple,, tristpe fl yorophenyl ) .borop..or al.um num act to
abstract ag'r?f/od’ly %%%‘?FPI i J% %ﬂsfé%y‘{j%'l%gagﬁor?ﬁ%ﬂﬁ%a “cat F’(‘S’ﬁ'i%gtyb‘r”é 1M on
nmet al sonpteaukis(@)3, 4, 6akttdfluaiopliznyhberae) dimethyl(rgrrdbatyd)ammedamERetfakik-@3(4,697 and

EP-A-0 520, 732 for illustrations gf 1Q. anal ogqus -4 netal |l ocene
conmpounds. te%f”i rophenyljb ﬂ@g“’t’rea]t&h\g' g‘é’“’ﬁﬁ'&”ﬁﬁ‘ﬁ% uﬁ?@@“ﬁzgégg'iﬁmﬂ%m .yﬁ}?—‘lf?te’
formati on NiN-disthyla@ilinfiiti C CARRISSE 8, 64®iralLordHRLOIDLRAST OUDNAdifRIPPIUS- See
U S. Patents 5, ?Zﬁ 878; 5,486,632: and 5, 527 92%. [ 0056] Addi ti onal neutral
Lewi s- aci dSimehylaeigm)i n t kEakis(2-4Aa-tetraluerophepgDhorpts, o HipetbylsmgoRigmm
anionic ligands. See in particular the 8e_vi ew article by E. Y.-X Chen and
15T.J. Marks, "Cocatal ysts for Metal-Catal yzed A efin Polynerization:
Activators, Activation Processes, and Structure-Activity Rel ationships",
Chem Rev., 100, 1391-1434 (2000). [0057]Wen the cations of

noncoor di nati ng ani on precursors are Bronsted acids such as protons or
protonated Lewi s bases (excluding water), or reducible Lewis acids such as
ferroceniumor silver cations, or alkali or alkaline earth netal cations

o " o Y ~ o

—
9




WD 2009/ 082556PCT/ US2008/ 083128 mi xtures of ttimethyl alum numwth
PoTretkys/R31%8 ni um t et r aki s(pent af | uor ophenyl ) borate or

tris(pentafl uorophenyl)boron. [0060]1n sone enbodi nents, scavengi ng
conmpounds are used with stoichionettic activators. Typical alum num or
boron al kylWe3MBE8EM s useful as scavengers are 5 repr SRS 12he
general fornula 1VJZ2 where J is alum numor boron, |e is a hydrocar byl
group (such as a C1 to C20 alkyl), and each Z is independently Rx or a
di fferent Li&kék?sk&ﬂﬁuoﬁ/(fbﬂgﬁmgﬁ)ﬁohg@}nd tr%ﬂl?}}l'arﬁﬁoﬁ]ﬁ’th()g‘?é’ira_(cﬁplert?oronhﬂhthﬁjﬂé%,de

(OR) and the like. M referred al um num al kyl s incl ude )
tri et hyl al driPlepylpmepprivpy | al unfeitkis(edsilenronaphthylphorate,o- hut Vritt-Rutyhammmonium

tri-n-octyl i A Y] i ] | ke.
Preferred bt%#d(i)&n%w%%m é’f‘ﬁ{?? ‘é‘@ﬁr@f%g’l“l’% et g?ﬁ‘%‘g&?ﬂgﬁﬁ %ggg%gngl nggnmﬁﬁ'éﬁé’ may
al so be al UWwdixdimethylanidinivodi f i etetrakis(rerfuerenaphtiyDbetaieg et MyN-dicthydsvdindurand

nmodi fie ted Catal yst | at:
conpoun g( rsn)% 5@3‘%@?@@@8@%@%&?& non- support elg’.}f@%%% ]e_E%%g %ﬁ%%@%%lgl&g%o rted
cat al yst s, tethabisGmtfhloymipldhylibatadd, y Stimpthgleomonunpr ¢ftekiatpesfludiabipbenydborate, t he
chosen 15 solvent. The term "unpif.ormysupported catal yst” ans. that .t he

cat al yst, (%)rrlet%{ﬁ%mélgxt"gﬁnyst pr e%ﬁ?lgs eq?iﬁcgg@ﬁ%en qr@tg,t or, andPor y%"ﬁ%“"é‘é‘%“ﬂ vat ed
cat al yst apgrakiz(erfiuordbiphenyd)betatd, btri(z-butyDgomotitne  satjakisfpet fRiombiphssil fbomte,
surface area, ipcluding.the interior pore.surfaces of S Su rts. Sone
ebodi ment S EURBERTRIE ot a1 e berioLbiREY oS oo P D i

ot her emwboditrRi{perfilbfbiphenyd)bofatd)r f desianildBurh O &dcdkik(pedubiodiphenidboratee d

catal yst s e y.be prepared. by any nethod effectjve to.s rt other
coor di nat i ﬁ&i‘g%ﬁ@é@"‘ Y _E%’,Eang’f“_? _)ti ve neani ngt?ﬁg’f{pf’ﬁ]é‘o _leg_g‘g"glbo@ff’
prepared CaiméByleREniuf  OletrBIASB5Lbid(8lubonRAly))PRink Bbdtete O efriethylathndonium
het er ogeneous_ process. The catal yst precursor, activator, co-activator if
needed, suit§tRkIES-Shis(aoromgthy ihpybberateay be tARTEBHANMOBHY or deletralis(3,5-

si mul t aneoys|iflucemPAGFIHRYyIRetaet hod, g, el hamhelinumdi SSOI vedyhins@i-
appropriate solvent such as toluene nmay be stirred with the support

mat eri db f disCtuiflperametbyhrhenyDiomte.s. The frifteatbubd)amaniinyol ume nigyralb¥34r eat er
than th : t. butygC Lents |ini ot al
R S e A L S AW IR e e

sol ution vol une éd to forma gel“or s 0% t o
400% pr ef bisétiflyoramethyDpbeaytoess, of t he pbiNe-dietlylandiniunThe mi xt utetrakis(3,5-

optional ly - 3 114 gLl al .pRecur sor
may be addgg&ﬁg&gﬂ'ifﬂétﬂgl}p%g@ﬁgggse’ aog]y?f&&g}yﬁ @di’g t&‘il“{i{g‘%Y%ﬁg‘é‘ﬁg‘ént%%k‘g?fg| oyed
i n the prebisGtiflusbdmphylipheag)bara®| whd orliallki  antnemiat | salksy, suchi ssimi dit(pe can
be filtered d the resulting solid mxed with a catalyst precursor

ool uti o, - BontPitphudie e atiroRle S it or pih Mo ERR

cat a} yst ptmkxijs@eﬁtaf&m}rdjﬂlbﬁgﬂ)bofﬁm ra|ﬁ¢$U|otHeﬂg salts2 Zuch ED tri(o-tolyl)phofsphonium
2009/ 082556P S2008/ 0831 catal yst m xture _js then stirr r 1 mnute
£0.20 hoor EURbEOT RO ERRorae. ot ner 111 t or BULSTBRIERECDehasRiondt
vacuum dr i egraRis(pemaRicihe@belag)e HSpHHRS t ReraphehyBorate, [ ORfhbAYIdecRRId Vel Y,
the catal yst precursor and activator may be conbined in solvent to forma
sol uti on. ‘eHaphepplBostsppor tiripkenyiphesphoiwd ¢ hetetpphicgylBonat, st i rtrighylstylium

m nute,§o ﬂe@ra&eﬁ Yordte, The t Ot aberOhdddibRARinYDlcHIFheARBorAR, O €at er thaNuhie
pore vol unme of the support, but sone enbodinents 1imt the total 'solution

vol une bel tttakip@entafliomphcnydbewgionm driphenylesrbeniym ytetrakivpantailyogopbenybborpte,

preferably i - % of t he RREkGeM 1&6@: Bke SUI T T NGenbRBVfST dual
sol vent i s%%@%ﬁ%ﬁﬁ@& vacuurn?e ty%@ga?ﬂly at eré b?)er_let’ t enper ate u%gﬂ)érlll over
10- 16 hour tstralgg(penjafbmraphenyl)bbrates e benzentdiazoniim)e ngles ugrophgnybborbiee.

10[ 0065] Th | | t , yat or;
oL Chat coBaf (SRS M iR S R AGBRRAD bl FELANS" O
pol ynese z atetrafiuopopherd)bomitd, | qrishenyiptwsghonfior etrakip(23,4,4-tetoiflubiophenyhbaateal yst

i mate o Tomt i e isd R SRR o BRI Bps RSO TRk ¢ om

t he sol uti @B,464tdAuedpheagdidoratacuum topilliunapor at fetrakis(paflgororaphthgBbérhie,
solvent. The total 15 catal yst-precyrsor-solution vol ung, e greater
t han the s'iﬁ'BBﬁ‘ryi‘Ja ‘BYfe vol u‘i"?ﬂ?‘gﬁﬁ? E‘Hﬁ’éﬂpgﬁlﬂ%?rﬁt@m s |i Pﬂpgg%’ll@‘of gjum

sol ution vol une bel ow that needed to fojgna gel or slurry (about 90%to
400% preferably about 100-200% of the pore volune). [0066] Additionally,
two or nore different catal yst precursors may be placed on the sane

support using any of the support nethods disclosed above. Likew se, two or
nore activators 20 or an activator and co-activator may be placed on the
sanme support. [0067] Suitable solid particle supports are typically
conprised of polyneric or refractory oxide materials, each being preferably

o - o o o e N o o o o o o - o,

-
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[0071] I nvention catal ysts are generally deposited on the support at a
b@ﬂﬁbﬁ?&@?Y?ﬁ of 10- 100 m cronol es of catal yst precursor per gramof solid
support; altfernately 20-80 m cronol es of catal yst precursor per gram of
solid support; or 40-60 mcronol es of catal yst precursor per gram of
support. BuWOQ@e08/a828%6 or | esser val ues may be used proviP€EUS2I98/083138e t ot al
anmount of 20 solid catal yst precursor does not exceed the support's pore
vol une. [00721l nvention catal ysts can be supported for gas-phase, bulk, or

slurry pol i i i se . N ds are
nown’  or TRt R Bl AipRte" SR IRSHEY. MRS URRG i RbAR

al unoxane- deticuetimdonhatal yst s; altbtrakisépesillioraiaplhylihordtd)i s i nvent itropillum

br oadest practice. . Se for.example.. U S .Patents 5 057,475, and 2217, 440.
An’ 55 exanireusireSE el e oparyEpeelfea ReARRE R RS Rs

Pat ent 5, 64dpiR4ylphosghddnd 6/ 0431 Sétradtagerfltveotdpheaytoeatd, ar | y ef tiethylsitdiuaet hod.

A bulk ar slurr ocess using . thi,s invention's ort ed t al exes
activat dd Wrarlelsrbmbendivone. SbuerdiuamymE  ERbspsune i Dboke.
descri bed iﬁ@pmn&rl] BﬁhﬁﬂB,S-tﬁs(ﬁ)ﬁlitorzﬁﬁth?r)ﬂxeiywatéﬂ&ip%ﬂﬁbdrbffhﬂﬁlh I tjétraliiag@,se
processes suit. this inyention' s catal yst syst .. Bath polyners an

i nor gani ¢ H@@mﬁﬁ§mﬁé@§PW@“%§@supports?mggwﬁggﬁﬁﬁﬂﬂmin the aFfekida-y s
Patents 5, 4%2i8dSromethdBpheBPiborde, 498, 582 andicthyhiifliid9, and i ntgragédgnal
publications WD 93/11172 and WO 94/07928. WO 2009/,082556PCT/ US2008/ 083128
Mononer s [ GofaflyeremsthybphpayDhosmsounds®an be beeere(digropmyner i Zgtrgis(3,5-
oIigonqmiz%m@ﬁnuaﬁ§@&yngkﬁggﬁgmgner or nononers. Preferred nononers include
C2 to C100 olefins, preferably C2 to C60 olefins, preferably

to C40
ol efins pr é0&Rhb| PMasp nreferebly. dheefionia stopphiqrenteig jagtivasort @*éf@dm(é%i s N¥- | n
some enbodigihihiadiifing! edcznpétagﬁf@ Srfhubo tﬁgl_@g})ar%,ar, br ?@,ﬁhﬁﬁe@l&%ﬁ%@% 0

al pha-ol efins, preferably 00 al olefns, preferably

al pha- ol ef iteteekisgpedfueroapphyhybporate, G4Y-dinpthplanilivinn tetrpkigpenfluprohiptzmybborez0
al pha- ol ef \nS.4: . 2. al. - i er i n.
monomer s mg SLAEEIAR, Sk Aol AR R e By R | B Bl
hexene,15hepitekis(pediubmnephtindbents, depEmglicartiedanenttrakis(peflngiopiph¢nyhborate,
3- et hyl pent ene- 3.5, 5-.10 i,et ne- -eth -
[0074] | n" aRurRGTCEu ErtthGe B o R, B AR T o
one or nor étla{peefhuoraphedyl)aorateed C3 to C30 prochiral al pha-olefins or C5 to
C30 ring cont.gj ni olLefin r conbi nations thereqf .capable of bein

pol yrer i zed0g o FREPICY LSS BEETPITE Cah Hon B e cptipeacre D on pdigty

P][ ochiral, tias cUﬁlﬁﬂsegﬁétﬁéd%rc_ﬁﬁ@fnglreﬁlidn@ dvﬁﬁﬁﬁﬂ@,r iinetama{d-ff?VWc_ldeﬁadi&ﬁﬂ@ﬁmI! ]9 n
of isotacti¢c or syndjotactic_po [ whe rized using stereospecific
cat al yf (s)hese@ et g*rv-édf’ﬁ%%ﬂ@rcet%@m%&g%ﬁéleualévtfwﬁe% on 16 May 2003,
aromat i C- gaRiHdr feMstinhinRehtisRNegRFeIh IR B B go-dftivhRdr BhE SdtiIpR pRLQIor. _
Sui t abl e aronatlc-group-contalnlng nononer s _conpri se at | east one aromatic

structure, [(08F er B¢ yierm gapRAROTdiBating: AHON ENEADr BFES o) Wign pthahylpes pot
i ndenyl, T boRARAY ko tlcaRBRNBHI cdBh B Yhat IR B6AITAIA 64 U ERBIBGIAY

mononer further conprises at |east one pol ynerizable bl e bond such that
after pol ywethly-at AniNCAheoogdinatest weakds cpevetir baize| neulsel beswid difse. f sushn as han

ol ymer,. ba > | £ 1.NLNG: e
ubat ot ooy ok MeeBIeATEAY Rt GORM 1nh dispREP I Horl T (UBATEmA”, oy
to G to ClOompathle" gowopudingtihgi anicns atel thosevwhielt prgawh tegraded ttd nentiabinswhd may
be j oi ned for i re r 16~ t.at ni ng
roriomer o oA A orel dpplek deliencs, SHHHEE P LAGE Wi Bl BHRRG W' it
pol yr ner i zalbsgtuaitef fragmenbioethy catidarst actolcandeyt tp ferfres nettalaratibyt campoondanet s

i ncl ude st | - et hyl st. L kyl st i nyltol :
ey oo PR RRRG Bt S RAUAR bt bR Pl 1SS
par a- msb hy inventionrgs thésgthenytt cdmpatibés) stabilige theltyahsii@naene comflef 0Aioa |l

aromatic cyclic oup containing nononers .are.als .eferred, .These

mononer o CHs SRR S Ferestheri g Wi it SSeea POl EOR Paro TR | ¢
group cont By Ah ReéhylARAIRE bS afiémEadly| vhsdtddRd ahoroBRS duMHE pHIOMHRkibE. 2 Mihese
olefinic group that is either pendant on the cyclic structgre or. is part of

the cycl i ctyBes Qk cpsagalysts, gorpsrianes cusg tsepengie el as byb ngk lipited e trizispbutyl  \zp
2009/ 082556PCT/ US2008/ 083128 substi tut eq, by one or nore hydrocarbyl groups
such as, but not limted to, CI to G o alkyl groups. Preferred non-aromatic
cyclic group containing nononers include vinyl cycl ohexane,

vi nyl cycl ohexene, cycl opent adi ene, cycl opentene, 4-nethyl cycl opentene,

cycl ohexene, 4-nethyl cycl ohexene, cycl obutene, vinyl adamant ane, norbornene,
5- 5 net hyl nor bor nene, 5-ethyl norbornene, 5-propyl norbornene,

5- butyl yl nor bor nene, 5- pentyl norbornene, 5-hexyl norbornene,

= -




[0078] Non-1imting exanples of preferred polar unsaturated nononmers useful
PCT/UISe8/183¥2%t i on, particularly with group 4 and 6 netal conpounds, include
nitro substituted nononers including 6-nitro-1-hexene; am ne substituted
nmononers includi ng N- nethylallylamne, N-allylcyclope m ne, and

N-al |yl - hexvpazﬁqs’f‘?gz“‘?(et one substituted 30 nononers i ncl‘i%V‘ﬁsd WBOBHA Vi nyl
ket one, ethyl vinyl ketone, and 5-hexen-2-one; al dehyde substituted
nmononers i ncluding acrolein, 2,2-dinethyl-4-pentenal, undecyl enic al dehyde,
and 2, 4- di n@ihivdm?, &nbﬁwtﬁdl @l’tﬂhnunﬁ’,' Cefalhegylbs Taluhtiﬁtﬁﬁi MRARREIEminagl Udrngd
allyl alcohol, 7- octen-l-ol, 7-octene-1,2-diol, 10- undecen- 1- ol ,

10- undecendlPCBYRIBNIUD. npt hy1-3-but en- 1-01; -26- WO

2009/ 08255656551 Usma%@éo’f&)o%ﬁ&t 8! actRRPXic@pAids Mat Qd ﬁﬁuafttybl%utrtuumdls
nmononer s |nclud|n hex-5-enyl-2, 2-di neth Ifl 3] di oxol ane, "2, 2

di met hy1- 4-aqisks bt gww g Ctﬂg]l@mi@élcam GXa?@ficﬁ BOGORIBtRG PGl QT3 ZWILPHEE ene
monoxi dey  leoBpRROYNN TrelGiof I the? AEPARY SRE SofEporhads ¢ (ARG Be RSN Ehe 2-

met hy1l- 2- vi nyl oxi rane, egC| et her’, 2, rof uran,

2- cycl opentadylated iowentien qumm LS foemed fromthm%mwﬁ ﬂtﬁe@taiysén@-cumd and the

8- met hoxyo r I de;
acid and eg%e% gﬁgstfﬁj%&gm %%ﬂ?ﬁﬂﬁﬂﬂgﬁ §£§?%¥%§h§gwgzkgﬁh P%%%{?c

aci d, 4- perhydrcirbyldigand t@ y@ldjammvwmnmapemc enammonamﬁd ] c@nplepanh stablhamgd
trans- 2, 4- dj Ci eJ Ch ethyI
acryl at e, tngtg -Ubt"a%ﬁg a%m g E%g "h?gt al(7:r q'?agp% dﬁtzt(t)acr |rcﬁ%0| %%%E o hy

met hacr ¥l ataeglogduls ﬂroupe4 imatahqdeads eqm;toands— b’um/ beelhe methh@canﬁ Icannpounds bﬁEB/-lA-

nethacryla r ate ace i C_aci

nong- enti ¢ s it Priten S Eliebie, Biiye BG4 o idephs i, £ rthounds,
dodec- 11- emwvsawenmtmysmsst% 6310@21&5;501792%& d undec- 10- enyI ester
dodec-11-e aci d et hyl est and henoxypol yet her,0 acr

si | oxy cont@}sﬁi ng ‘HSHEREr geyt EIW‘%@“ r|a gﬁ g t% Bhy x?%s?“llté &, l;oénd
trinethyl urad@ﬁcd&;ieﬂﬁdlqmmlﬂgm se@lnq;antduraetﬁeqeﬁkw ZRRIW DOV e Eheh and
mononers includi ng 5-norbornene-2-carbonitrjl

5- nor bddnerel Maky BEacaast fge Metal- Catahget st %olea?ryam iActiyplpi, Activation
Ci s- 5- nor berRRaes, eﬁuigm?enﬁe stcﬁ%bt@ewddnsmﬁ@l@lhenﬁfeeprh@rmelaaz zoétmet hanol ,
ci s- 5- nor bor nene- endo- 2, 3-di carboxylic anhydri d 5- norbornene - endo- 3-
endo- di net He5d] | Mrtbeemmow@ﬁmdlsateg@nwpmqq@ﬁtﬂare Bronsted acids such as
5-nor bor ne t n Y,

T4 (5. nor gorttﬁte@_ ; yplétte?ﬁl ! 35%%7'@ ﬁlf%%o\llvatgé QP%&Q&BI% Eavois Yalid@ GRLIR LS
hept acycl oyﬁemcympemra%lyen oftong . or. ailalioor] Btkaline darth1®¢tak cations srenes those of
2- benzayl- 5-

et hox;c/ﬁrxre t c%?ré_ n(%?%gllmr?e%- lgtfi%ny %ﬁ%cﬂﬁﬁﬁgt&ﬁﬂgﬁm alcﬁ%ﬂor dmglar ratio may be any
nor bor nen- iatrpl @ombtnatwmtdﬁyhesiekm’oed activatopamipoahdsymdy alorbenatdidr agivetier. S

i ncl udi ng | u hexene etrafl uoraget hyl ether
S 55 P BB o o TTE Rt sl R PGt O WL U lysEbriSirsor.
1,1,2,2-teuﬁamwMﬁfﬂmarﬁ&whs%m&mneﬁmatlmmnptmpliaﬂem&npxyOﬂezhaneeulBonyl

fluoride, ylic

255 2 5.3, Ki%e 58: %07 3113 10 pdnt Ade ek 1Pot bk 1R SHleA A2, B3 2 et ra
fluor092- (6:11:3te2: 3, B3 tb 31,068 &F 3: LA DodE 1% BNYHYT)to el1ha3as Bl 1 0BYb 5. 1;
fluoride. g0079]ln an enbodi ment herein, the process descri bed herejn

used to prodded-lah 5hs ertAhEt-PEsCULSRRtose- aeﬁetqtmwerﬁgo 1 fgqra 4 - 198 8¢ 400: brle?%rred

ol i goners iy Hdesabisgqiens obs: @nm% 591,420 t910f1 1S, tosrletqrtal@llyl%ot& Cl2
al pha-ol efins, ‘nost preferabl ﬁf goners comprising 30 eth g ene, &{Iene
Bt tor I ﬂb

and or but édelds & bﬂebé‘? tegl:1; brlelp 11°éebslt Ko l1"br1 % toel: bl - gy tonks i on
process isithe al pha-ol efin, ethylene. But other alpha-olefins, including
but not limted to propylene and 1-butene, nmay al so be used alone or

conmbi nédl wW00R9let hPtebamsd Pedtivetorsed aaﬂphacttyla@f/bmctivmor udeomalrigatiops t oinclade

al pha- ol ef} 7

006 oa2cs BRI UELSEE et %‘%%‘9 2ol 4 "fx“"ésn 5 Jhethylelpgroxme BhaVill ef i n,
pr ef er abl ydietethylaniliajunp rtctpgtdxsépmtaﬂamdplmnyk)bmatenmsttnqﬁpwtaé‘luazbbyewt)hgrbm,n end

Di enes may be used in the processes described herein, preferably

al pha- onega- di enes are used alone or in conbination wth nono-al pha
olefins. [0080]1n a preferred enbodi mem; £ he process described herein may
be used to produce 5 honopol yners or copolynmers. For the purposes of this
invention and the clains thereto a copolyner may conprise two, three, four
or nore different nononer units. Preferred pol yners produced herein include
honopol ymers or copol yners of any of the above nononers. In a preferred
enbodi ment the polynmer is a honopol yner of any C2 to Cl12 al pha-ol efin.
Preferably the polyner |s a honDponner of ethylene or a honDponner of 10

oy




to 95 nole% preferably 50 to 90 nole% preferably 60 to 80 nole% and a
mgﬂg/83@%§sent at from5 to 60 nole% preferably 10 to 40 nole% nore
referably to 40 nole% and a ternononer present at fromO to 10 nol e%
nore preferably fromO0.5 to 5 nole% 5 nore preferably 1 to 3 nole%

[ 0086] I n a WPewmB2seh enbodi nent the first nononer conpriRGIAES2¢0808328 nor e of
any C3 to C8 linear branched or cyclic al pha-olefins, including propyl ene,
butene, (and all isoners thereof), pentene (and all isoners thereof),
hexene (an TR ) nd
oct ene (ancdim&Hre&l sorre%ts ﬂﬂ{n‘é%}l Wlthﬁﬂ%ﬁpﬁnﬁ %ﬂ%ﬁ%l}lééﬁl %‘Q‘ﬁéﬂeﬁ‘%@%@efgne
1- but ene, Mrik(pseafbiorapheyd)boren. cycl opent ene, cycl ohexene, cycl ooct ene,

hexadi ene, ohexadi en e like..[00 ref nt the
conononer c@/ﬁ*l sglfég %’nee gm%‘%gmgrﬁs ch‘r’ﬁ}lg&% Fo ﬁls algea}lse b‘?’g&c 13 1f’)rpg%alycl ic
al pha- ol ef iaaeve(tqtrs oV iTgpidale tlingnlireine ,or i orgm %le,;rht qommnmseaﬁml ak d&amga% A€

oct ene, 15 THORBES Padecitaere R Be Rz s cn St G bR

geé adi gn e, gﬂ@.ﬂi @adhese, CpenCael ik, andclactt 26 endepundeadiy eRieor algieraghentvalent
odecadi ene, . styren , D, b-tri xene: 1, pent ene-1,
4- et hyl pe r?fllé’ﬁl? égangfﬂab%ﬁ‘tl gigji'hgraﬁ @Wf%h@%% én‘ptltﬁo@?j | Most prefered ¢ ed

embodi ment  alliginkg ﬁ@ﬁm&d&ﬁ&ﬁﬂhlﬁﬁiﬁmﬁﬂ@1eﬂfylall’ﬂ?ﬁ1ﬁulﬁfchl%ﬂﬁe G isobuballinHRAY, ,
branched or .cyclic al| pha- oI |ns rOV|ded eth | ene, if present,

is
present at t@-nzcybﬂﬂv@w&r gheyyla P’ﬁ@Pﬁ‘dFﬁ’@et YRR anﬁﬁ'&fp%ee rfactersed baren

pent eney h%n@ueincm&%emzmbofmd SQQJeﬁ%lﬁ &gﬁﬁﬂﬂﬁs mdyessase aMRIRER End HEdigiEENe,
hexadecene, but adi ene exadi ene ept adi ene, pentadi ene, octadi ene,

nonadi ene, AHEROXARSS RS udﬂtﬁd@@hﬂ?@wexa@@w@ﬁ@ﬁeqb,msthslalwqm%yl hexene- 1,

3- met hyl perfyppéreda camifBishy! pentene-1, cycl opentadi ene, and cycl ohexene.
[0089]In a &eferred enbodi nent the poI ynmers descri bed above further

conpri se o0&} 25 hawetalysticempeund(s) o hegup@ricd oymmguppertsde Taiprgparetunfo®000 1
to 1.0 wei b} % r.ef 0. 003
to 0.2 wei ohpipepeRafie ik culrl Spiya, WEhAR o @ER BRGRGPITA] st o
enbodi ngnt sol500. pPie tsrm| ‘@siforof sufiperted c&alasidelmbansatltahdlepcdtglym,r o1z e ozata,lyst
preferably ess n.Qther

Erbod mont &1 aRPEadThe e BEHTER ARl AR PRRAN uBRmTIshRBReon, 100
ppm or nor ¢he snppdtﬁd)acpqzsmbbrsurfweeareaB ﬁthdiqgrthas inzaxior pore Rnrfmes sEporp@pportse

catal yst c oun £an be .use nerlz and/or oli rize one_ or nore
nononer s ugf’ @tsb r°fr'r'8’rp8°rieg]1 ﬁ?t ﬁts @F%Fr {OBESS-“BH%% , Cﬁﬁﬁm other

hi gh- pr essumeocﬁmbmmd“zﬁsuem pRfdarsses. The cat aI yst corrpound and opti onal
co- cat al ysﬁé s% WO 2009/ 082556P /USZOQE/ 08312 elivered as a
sol uti o of 0%y r %V%MWP%&&P@&Y@% Systergs may 08 preppred Ry enx ae ffeqﬁméo, ust
prior to asifpefioter codrdRh@ACIatalRt SFbteRAd c MAUEPE the@dfin@ fhab el HAlyROsSHepdréON OF
slurry to a reactor. Polynerizations can be carried out in either single
react or op&¥aPs ased farpligamenizing, ab RelMerzng MisHsy 1 a heterogeneous process. The

cat al yst/ agithly@t REAusRr, %h{réf&t Qb-actARidr P AkedS € ANRNLE solvali daP bl ppBid Imdyosl T 1 ers
are 5 added continuously to a single reactor or in series reactor

oper at i ons 2dded inryctider wesigmbansowstiiponent s are added to each of two or nore
react ong C?ﬂl@ﬂct e@ e %Eﬂoﬂsth a?vaﬁ)?t s§fkd SOHP ﬁ&hﬁte%@ﬂfﬂ%u@p g the
first reactor in the series. ecaayst conpo my a e

bot h r eact o1y be wirdd wittethe svpportanateriabfond midutedo 19 héurs. sTherfeatmlutmnawdilmot her
conponent t I ed tal yst
s Bot vat S it g ARLRE Bore IR o Wb bbb B3 e AL U
conposi ti osmutmnvdhenmb@lmiv ithratl ineedeld &t foymor gert an sley i@boet! 9% ttdn 4m%,epreferubiyn

pol yneri zat.i o oySts to ar |l ends r.an a

sel ection A9 g\;\é@%@d)’ r?é?hebpg B’I"?Sar Efe?pt‘é’Bﬂl\i/'bgq gpg@h gy
those 46 N@uringdhi iieealThe @&tallqu&@cursepinyﬁsé sddeavd e ﬂlﬂﬁ&@@ﬁa?ﬂ)hm/i@afs@&able
i nproved processing, and, ot her traditional 15 benefits avail abl e from

pol ymer s n&&\éﬁnwswp}ﬁ%@ theprayigus stepy ot s Ao igian.(Qrpdterpativel ﬂw@amfemlm One
Or nbre SCANGEYI Md HOTRAMAL SRR MIRA WHRS: c4HRYE pridigol REINNGE a‘Sﬁﬂﬂﬂr the
conpound neans a conpound that renpves polar”inpurities fromthe reaction
envi r onnenfixtorpaay benawym deied antlmixed Withat patelystaagcarsgs solution; iheyresuliing
stability. Typically, purifying steps agze usual | y used before introducing
reaction conponents to a reaction vess€ But such steps will 20 rarely

al | ow pol ynerization w thout using sonme scavengi ng conpounds. Nornmally, the
pol yneri zation process will still use at |east small anmounts of scavengi ng
conpounds. [0093] Typically, the scavengi ng conmpound will be an
organonetal i ¢ conpound such as the G oup-13 organonetal |l i c conpounds of
U S. Patents 5, 153 157 5 241,025 and WO A91/ 09882 V\DA— 94/ 03506

VALN A s A A AN VASN A~ /AN~ A p— o N




WO 2009/ 082556PCT/ US2008/ 083128 scavengi ng quantities with other
FQT/VENLIS312&. 9., net hyl al unoxane, [ Me2HNPh] [ B( pf p) 4l or B(pfp)3
(perfluorophenyl = pfp = C6F5). [0094]In terns of polynmer density, the

pol ymers capabl e of production in accordance the invention, can range from
about 0.85 \%8281‘13(967155 95, preferably from0.87 to 0.93  PGRAISOWIOBH or ap| y
0.89 to 0.920. Pol ynmer nol ecul ar wei ghts can range from about 50,000 M to
about 2,000,000 Wn or greater. Mol ecular weight distributions can range

from about clatalyst xR0 With&Ostiered Yrtl Aniiite &£ W0 Rours)/BhdRE cathl§ithd &ibet Aiged fre 1. 2
to about 5.0 being nore typical. Pignments, antioxi dants and ot her

addi ti ves, ta%sqhstwreﬁa@maquwntdﬁsd o qvapqratipnalong deraeyes thespl¥eol yrer . 10 Gas
phase pol yngpé4at I&%&&Q&?J {8 0RaRkt! precutsBr and dculAlbz@8ly BASorAdhABRER: thOr
produci ng pol yners, %aseous stfeam contai ni ng. one 'or nore nononers is
conti nuouslfyrrwcsp@érom hdBerythe Suppogs igiadded, Bad) thermixise by dised dar bmigute 4¢ apyst
under react

8actyy ﬁaﬁlﬁféqb{al %gn&é‘)&nﬁ@ﬁl‘ ngygrr? ﬁ&%fe?ﬁﬁhQQ@pd}g kuhledafacn@fg;rp T yner

fluidized be recycle react or.” Si nul t aneous
product 15 sema epbodimentd diminthe tasghselition eelume belawdhdt meeded e Fumes g6l or sludrd t o

R o0 RELHOBIL A BARIBLy apoi D00 B0 AT Fork’yBruntcH, Hfter Mting, the
ottt it
u%aerorless tlm te qtue e %Séﬁ

gas phase process Pa) 20 to about 500 psig
(3448 kfea) [0Qﬂ5¢3f erlalblcytalfystcpnmtsouma)lé)l@o brsstqppéxw(hbkdaa)hetaotnahmum tlieﬂ)@aqasﬂhg

3448 kP bl th I 200
Coaat 400 aeRisiShRGotelifeidntEnd:A0H friied o3 ol iiaqR B RaS hpiahasit or 52,
psi g (1724 ckiaple,tDsohbiontof sty Preutsddidy bbajixed Wit ];@pertrnewiaofortaqrmed ature

in the gasOPh e process y var fro abou 0 Cto 25 &Fh 1%%

pr ef er abl y °f 2Bt dHBiHtedD 1 fifesy @g@re' vt GRS Iy ereh domthge of
f rom about sr?lQn&r tafd H#ed Gndanahcﬁaﬁt o &@dpBFatibh YaldnB dehBvdsaihg esoBfent. i @kout 70
C to about 95 C. In another enbodi rrent when hi %{1 density pol yethyl ene is
desi r edSt h&r2lBepTPEOF-8plutiquyolymg Ak by greathihan theysuppariielase yolumebith samg C.

[0098] The RpBEMAlchY ikt tﬁé tokd] eolﬁe&@araﬁe Blow a{aahaea&d §M§¥rﬁ’ H‘gbl%r%hﬂ@s(a‘tFHﬁ@S e
systemis 30 influence partial pressure of the main nonorer.

preferred d8edo ﬂ@@%mwfe@bétaheutrrﬁpﬁo%@éﬁ@rporeérohym%ne or propyl ene,

pr ef er abl y | e t oner
parti al ss ure :A? d}dr? ﬁ%lh[eg’!r;gaﬁqgé%fd %ferr%n(r?ncé ggﬁ?kffgl%&{g %gdgtbg q;ra@%{m%m&
2009/ 08255@R®$ﬂw$29©83f oBe 2®p511 Tekifeds diselesedraboney Lakaytise, B9 okReretaotivibmst
2009 K58 \BoFLGOLS LuRb SR RN b B3] 5 Ac g% ARAse pol yrer | zati on

process I'n sone esénce 0 offer can increase
producti vi 1[(;067[ 009391]tdbﬂ1e mhprpeftxekersadpmtamjﬁymeaﬂy cantpeisedeafciobymanticiar wezfmdtonyl t he

pr esent |nvet|on| roduci nq_nore than 5Q0, |
e hour (599 efifaral. BER R PrafiroBLBOE | R Bl e st s ShiBRaK
pr ef er abl y pgtielatsize gi“éia:!ﬁ tHA 00 b3y hﬁtalﬁlé&"&' Usg /it tﬂls 1nlva{tie)np F\eift'leﬁﬁ&hbfo@h&ﬂi er

t han 10, 000 | bs/ hr 64540 Ka/ hr), ﬁ g{g reater t han 25, 000
Do hr (1159850 AT SunPoT Pt YR crocR BT olice FArSARE 951060 OaEER
(15, 90Qs Kgehibridess tfor lexaMslp MBgRsiME CROAN Yand! RGNS shigpartS thattdls! Bsohhbs
(22, 700 Kg/hr) and preferabl Eﬁﬂgreater than 65,000 10 | bs/hr (29, 000 Kg/ hr)
to great er PRIHHreRQRPlYRIEHn QPplymerig sompryndyPrany otheroreanie sunpprt matenis] spdgbher
100, 000 | bgkdr s&mélén’é&@mégé Eaéa u{o%hmodx& Ilﬂ%mg@@s &Q%ﬁﬁpo&rtﬁ%ﬁaﬁeﬁclumng
contenpl at ed by grocess of the invention include those described in
U.S. Pat enﬁrers-2 53 6875243, o6-1da8etgl1a mgtalloid eyiles3 780me aabedimee seect the
publicatio I

b ch ar e PaE sibpofl mathisfldnchlle tnich fiang pRicBRaied, thu (il el OWEY

pref er sed wotgsdicesides map sgue eithes elogy et lervpmbmahon wily iﬂd Silmamlma; ar sﬂlca-

i ntroduced t t i i.cl For
it or mat 1 oty SO0 pBORSE, AR, Aoy Sl B8 LA hifl B SAN GG 0
bed poly rremnntatmﬂmutermd samifparctays hnay Ialsa BerZOAL] srmpeas dn thiecdsls the GPorf 2ah

which is |n ref.erence her n . hase i zation
00102) A SRR Bublasthez5e i Hireatet itsiior e hafaa BReERh 11 o
about 50 atnosphere pressure range (15.ppig to 735 psig, 103 kPa to 5068
kPa) or even greater and tenperatures in the range of 0 C to about 120 C
In a slurry polynerization, a suspension of solid, particulate polyner is
formed in a liquid polynerization diluent nmediumto which 25 nononer and
conononers along with catal yst are added. The suspensi on including dil uent
is intermttently or continuously renoved fromthe reactor where the
volatrle conponents are separated fronrthe polyner and recycled optionally

Y T b .




25 capabl e of and the process of the invention is producing greater than
M?be / % ol ymer per hour (907 Kg/hr), nore preferably greater than 5000
bs/ hr ?5 % Kg/ hr), and nost preferably greater than 10,000 | bs/hr (4540
Kg/ hr). In another enbodinment the slurry reactor used in the process of the
i nventi on 1WOpRpYH8RSPINg greater than 15,000 | bs of pol ymReT/yseesngsus (6804
Kg/ hr), preferably greater than 25,6000 | bs/hr (11,340 Kg,/hr) to about

100, 000 | bs/ hr (45,500 30 Kg/hr). [00106] In another enbodinment in the

slurry pro of j i r {Sd range
of 1 om 400 0 o  HSubiBRhAR sy B ol Red REGH AR SHERods” Pl
2009/ 082556REEA1USERI0SY DB b 8alpinedy ch3hda Ik Perted: witln ldehytdrox§Rtips ngen(sdB2H ak Pa) ,
nore prefer A Si 48 kPa) to about 650 psig (4482 kPa), nost
pref er abl y "?‘?}(‘)‘rxn“‘g%g‘ﬁﬁagg?(e%?’g°r?%‘§20 kPa) to 625 psig (4309 kPa). [00107]

I n yet anot[fe§9] e mroadstaredibbdve, pdigmaicucatyerp milt elss bofuitdbl: inra¢evsttianoe withethe

concentrati.on of predom nant noner in e or liguid i is, in the
range of fr%Yﬁng%lﬁ‘fe PP tgga%ﬁc%fonfﬁg‘r %Q)n?g/ E’%ﬁé?’é‘} Qtﬁq yatﬁ?tg?r’r&gt)b%t %Ee to
about 7 weirghibods agsclesﬁgl, mary]gfealsat wite trlvhlykt @mmphdieds) hctﬁlaE)rSI & cahabidt sybtediiof h}
percent, nost .prefera romapout 3 to out. 6 wei ght percent. [00108
Anot her pr 6@% epffon; R 2dSork, & AbSQIR thez o F@ggﬂ’é“bf‘%’%’é% Parﬁ‘F‘élf‘rEX glﬁ‘i‘%i & urry
or gas phagRrdik PefiSRs,io¥ nyHeadheflichlly b\ daRSaEIE Amnblondl gB§SiSituhdtd ¥r furthe Of
any scavenge[s, such as triethylalum num trimethylal um num
tri-iso-buty Ya}eﬁﬁliaﬂfﬁm and tri-n-hexylal um num and 10 diethyl alum num
chloride, dqo@ely! EiciforfalydRatricksanay v aufe&Ssred 8f A&RA0L10GnYg) aRfele
publication WD 96/ 08520 and  U.S. Patent No. 5,712,6352, which are herein
fully i ncopbimeteéQ: In0 pefe andancayerage patialosipe ol a3l rer Semperabariments sedect
Process is ol drbh SCRVRRIRYS rgw@b&%e BEBUSIEYS, dr %'a%l%%é bartiBL ?,&% of

and of "alu r nodified 15

alum num fri-iso-butyl alumhu an excess yoxan

al unoxane. 2038 genther embatliments selottatspdeceirasd 1pdHYvm/eapdreroljne o 0B- The
catal ysts . i | nt . |

sol ution p?g)z%/éggéaﬁééﬁgﬁgpﬁaf Elﬁg B?%%W%@ 60 gﬁ%{?%%%%r?%%lgﬁ}gg%%@fenuous
r eact or1si n sizhp£H-1008 Asgbtyores; alternatively 30500 hagsitomrst onil§-IfOogstronsnd cat al yst
material s ie g it at t 0 .reduc VoI opcent r ati

or adi ent o. 1] 5o freflidh AR FEaef? dbRElLordhe QRO ACORERE [0 R0

pol ymer s atl0himidromoelessficatalyst freamnsot pérerad 60sobid surpdf; S2raGly MR&) midramolld ch

t he nononer .act.s. as diluent or .in.solutjon merization using a solvent.
[ 00111 TeRpaTalE PRe@smmiEbfremofeRli Pifirk 3F +F80 YFamfiEuo f bl B Bee
heat of polgarest suppdrdNBititeatdr toh Ids@aChIQEs MHObd Wgd Pyovidea elad the) taaKhSunO6f
coolin% coi Ils to cool the 25 conte tﬁ of the reactor, auto refrigeration,
pr e- chi?P| e PHSEHYSt RFSHEIoF dogsinghexseed the,tHPROThLRATE MOIERIE! uent, nononers or

sol vent) ofoozenbi MadehtshScalysalchn boEpPortAidtorRAphese! Bk R kRirpbliniFigaioh | | ed
feeds may al so be used. The reactor tenperature depends on the catal yst
used. | n g@hethgmvise dencedede t pmerans eipaet methode prsr knowp for atalysty ipthevpdedin about

0 C and abgstymdBLtibn dmr;ﬁn&hﬁhgr a&hxxaﬁlésam@&ausat%pst%nélp aftd Qiitabikd GorGnind

nost preferably from about 40 to 30 about 120 series operation, the

second r eadtvertions hpeadest prastices neefos ﬁ&%ﬁg}eaﬂﬂ@h@tefﬁ%éﬁ%ﬁ@ 4nidr55327r4d8.c thar
tenper 35 ur gxanpie W@h&@d iBEECthQfI'ystQ Qgée?&s' fAwot éli?()3t()§&pﬁ%tliﬁe%§5,%a3,§£7ea&d\’m
ent. The p f out 1 mm t

reactors are I ndepe . pressure can vary froma o 2500
bar (25, 00¥0 9304199/ i3e2iHs @ pamicusrly of¢iss trthoNPA) bullperdleraproyess nsing tisl bar

to 1600 ba - 18, f | v. fr [

(10- 5000 Npg’)v;g‘;l"["ég fﬁ‘g‘]q’”g%t%Fg‘?ﬁ%g{%e“ﬁﬁa?%s@ﬁs aﬁg}ﬁ}%"t%s%g 6’2 q‘@%ﬁf%ye‘é‘a lene:

si ngl e r eaptopylenquaiblxrlag desoribalanileS. Pagantst $001¢203fang 512290 4% s Additiendlliy thb st
processes cor‘ré)ri s&;Gpatact i.n oltel\fi n no r@ with the 5 above descri bed
Catal yot  syoranesoi 4 dentiolth STyt yotRpS: o B Oy iort 408 TSt SIeS Minomer s
to react fservesassuppors] snk khowein the prtoSuUE .S, Pateit $,42232H.,4276993, 5,488)582car bon

solvents are i taghle,.both. ali ti.c r i C such as
hexane, pemdai‘géﬁ’q%gtfﬁgmtgﬁ%t}on ﬁfg’%gwﬁ%a%aﬁépg?éﬁﬂwd&ﬁ%ggm] The process
can be carried out in a continuous stirred tank reactor, batch reactor, 10
or plug flow reactor, or nore than one reactor operated in series or

paral lel. These reactors nmay have or nay not have internal cooling and the
mononer feed may or may not be refrigergted. See the general disclosure of
U. S. patent 5,001,205 for general process conditions. See also,

i nternational application WO 96/33227 and WD 97/ 22639. Medi um and Hi gh
Pressure Pol ynerizations 15[00114] In the high pressure process for the

pol ynmeri zati on of ethylene alone or in conmbination with C3 to C10

al pha-ol efins and optionally other copolynerizable olefins, the tenperature
of the mediumw thin which the polynerization reaction occurs is at |east

A PNIN o~ Y T T B I A AN o v AN~



15 each X is, independently, a hydride, a hal ogen, a hydrocarbyl, a
ROGBUS0GI3d2Bydr ocar byl , a hal ocarbyl, or a substituted hal ocarbyl; wis 2;
each RI, R2, R3, and R4 is, independently, a hydrogen, a hydrocarbyl, a
substi tut ed 20 draocarbyl, a halocarbyl, a substituted hal ocarb a

hal ogen, ‘b% #5 a sulfide, an WD 2009/ OBZSSGPCT/W?"G‘Q%‘%@B am de,
a phosphi de a silyl or another anionic heteroatom containing group, or

i ndependently, may join together to forma C4 to C62 cyclic or polycyclic
ring structmogomedch R5, R6, and R7 is, independently, a hydrogen, a
hydrocar byl , a substituted hydrocarbyl, a hal ocarbyl, a substituted

hal ocar byl , (08735 olfisrratalyst canipgundscan e Usgrq %m%eeralrs%meawﬁm

silyl or anl%xttﬁarer@nhraﬁuxﬁerttemef&ea RHOnERES %c'ﬂid@@z% @UPolcfifis, pRAGRAFESTS LY, rray
join together to forma C4 to C62 cyclic or poly ﬂ%rgsdlc ring structure

each R8 ancPleins, psferablycepierceplefiys praferaplyrGufe 2o @letmpeprstasthy C; toxCr olsding.t ut ed
hydrocarpyl i @mdahdeatiitls préférr&l IﬁHllRﬁﬁér& HicRide Nfdap) O&'&rﬁ%&d o@cﬂﬂl: Aphilolefills,

al koxi de, a sulfide, an am de, phi de, a sil or anact her “ani oni C

het er oat omIII@ﬁQIaQIYrﬂm@ @m%lpha-qlﬁfi@ P@feaawby@z sy€n, alﬁlaMMCmely €2 to Cao
substitute

hal ogen, agalgfé %gwégabsl IC??Adgzo zﬁr% am é,p?eafé%ﬁgtsdﬁwg d.uﬂ?ﬁ girefeé%gt her
ani oni ¢ het(érfuammmcmtlmynbmgng oo upwre f  ethylene 2 proylome, 4rutene,| penacnaehdmeaé

| i gand bondg, 5 t ni r f 1 or
2. 2.The congtgh% eate(r:I%oJr}{l ge eEe% H&Hece%e ﬁ%ﬁh eg[eefl%ﬁlxgrngnﬂsyeﬁ?e é‘g"%’ ? 1’50m t he
gr oup ctms|tsmlethglheXen‘é-Iluurd|5dethyln¢ﬁeoe:-ilde brom de i odi de, nethyl, ethyl,

2rORYL DU P R WL 50 b e S e o

oct adecyl nma adenyst bmmteas,yko Cnmhmwpha-cméﬂmsy Cs d a:go Ging YbntainfglodeBs Y |

pent acosyl hex S aco oct ac nac, tri a ntyl,

Py e pifEATHOTERNES Bk EpRbIAT Seig STz gITEL FipTeqsReRye, and fon-

bi s(tri met hydrsspactficedtilydts. NBbEHMRY aseﬁsttaxwerelﬂr X Mo rRbHomeYs ﬂciat NNvdRythan do,
di et hyl am do, net hy] et hyl am do, phenoxy benzoxy, and allyl, preferahbly X
i s benzlyl . Tomnat °1Th%f @Btﬁfftfu AY smerﬁr%golmerparfha@rwﬁn@zsr using, pfeieasnsciigc h
R, R2, R3,caffst and R7 is, independently, a hydrogen, a Cl to C30
hydr ocar byl é:l to C30 substituted hydr ocarbyl, a Cl to C30 hal ocarbyl, a
Cl to C30 sl(!ﬁ?ﬁu t Jreferrothmspamps| may sl dedude aleMAtigcgroprsoNtaining| mogemers n
am de, i n t E!@rpﬁglfbm roup;
or i ndepenggﬁttg1 %gq’ﬁaﬁ 3550‘%%?0?%%3? hcesruntgtrg)le or m a%réilﬁ cgﬁt%g Ce?é()@n%sQ

pol ycycl i c at ileagt @Bsapmetiasieucture, Threferabiyp famdorec toothdien goro pmﬁgrawff apaheaglr aphs

1to 3, V\:h I

hyd?ogen %%&ﬁ ﬁ%a%ﬁh% rﬁig)pél zti I?(Pé& @1 ]amﬁ&% 8@ érﬁ%mlgg %%’Pn%? '}urﬂ}ér
2009/ 082SSGWﬂwsmdedw&ﬁia&lymdnddardwae baon@lsucb tidtOafita| pdpmdridatiorn B¢ t o
a bstitute I b Kk de,
phosphi de. it JRRERL RAD e pdel o, BRFRUNRS PEunhs’ g Gpmafc- B0 °

I ndependentbntainiigymponter t agje tineier the  §ubstitutad GXhtlt on€o? ragrel hyardmrbpt) leyesiips| i C

ring structu conpo nd cc rdin n) hs 1.to 4,

wherei n eal "%31 Stﬁgno hlrlfﬂlt‘fglnp RS A‘Ql%%dyoé@n f“?%‘“é@@s

hydr ocag by imayabeGoired t630rms Wbgid Etbﬁdﬁdre hyB}éi@fr@d Bﬁb&natt&g@%FIc@nﬁﬁﬁlghﬁhb@&ﬂéer

or a C to C3Q substituted hal ocarbyl, a hal O%S an al koxi de, a sul fide,
8u

an ani de, SOHHBsHhicas, ong, argmatie ysfructins’ appeaded, prlymerizablai elgfinip mpigtyof

par agr aphs Partl_hﬁlal‘ﬂy Fr&d rhr&ﬁeﬁfé %noxﬁ@rs AR stﬁfr@neloalji)ﬁhdﬁé’tﬁ LY pafd-
hydr ogen, a_ C ] O hydrocarb a to C10 substituted ydrocar byl, a
Cl to Gio B ]é’aféﬁﬂﬁix |V1nyt$ralu§pee1wtsdn@tltha@%eﬂlvt pemaenehaidgadansyaspeciallyshmesn,  an
al koxi de, ?mglirllleftﬂ et 4L -rl-b%toﬂ@%&’ﬂﬁﬁenz%e asilyl. 7. The conpound
according to any of  paragraphs erein L is selected fromthe group
consi sB ng[®f6lpy r Nen n@om@ttﬂetcmhpt grove confiigingymorarigss are elsp apryfdrred. ur Hiese

di met hyl anj | I I b o)

triphenyl p og |r?1é§] (fOL EF&JJ%X 3&%@%%&& §£]¥gﬁeerg oﬂgarr%rﬁz{t %S{E&y%&gbe%’g&llﬁg ene
and styre nmonorﬁcrs iite&raizbyrbwradlm«me dolygwhmb&rqleﬁxﬁc gaulagraaqs leigher pendarit on
wherein x 9., The.co ordr n wherejn, Rl .is
phenyl ; eaJE:hﬁ c?ﬁ’ﬁw SfghetuseOr i QP%H ghi/'%r%'@@‘hs o gla{/gis?p%g[rgﬂer or
methyl; RO is nmethyl, phenyl, 2- |sopropy§phenyl or 20 benzyl; Rl is

2, 6-di i sopr opyl phenyl; each X is benzyl; x is 1, 2 or 3and mis 0. 10.
The conpound of paragraph 1 wherein, wis 2 and each X is benzyl; each R,
R2, and R4 is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocar byl , a hal ocarbyl, a substituted hal ocarbyl, a hal ogen, an

al koxi de, a sulfide, an am de, a phosphide, a silyl or another anionic

het er oat om cont ar n| ng group, or i ndependently, may join together to forma

~r™ o ~A a1 P,



11. The corrpound according to paragraph 1 wherein wis 2 and each X is
PRPEYIS0823GH and R4 is a hydrogen or independently, may join
together to ?orma C4 to C62 cyclic or polycyclic ring structure; R3 is

met hyl or tert-butyl; each R5, R6, and R7 is, independently, a hydrogen, a
hydr ocar byl\,VOe?ﬂWﬁtut ed hydrocarbyl, a haI ocar byl , PEUER0G808x128

hal ocarbyl, or 5 independently, may join together to forma C4 to C62
cyclic or polycyclic ring structure; R8 is hydrogen; RO is nethyl, phenyl,
2-i sopropyl ; ut raI
| i gand bond@g&@c{}k?ﬂ/})yhﬁlggptﬁﬁe&ﬁﬁhﬁh&gp?‘% ﬁs %’%1 %?H{%l?ﬁ %LJI 1%1‘?&13@0 % id éé ém

0, 1 or 2. gra@s. ThePrefanedunebneareroatedi ngyclio pmmmgraqmalmpw mqr@meosr mludherm n
Mis titani e . C

wherei n 1 AGRRRERe SRR R R AR, PRIAIAARS eBeiopelleng
11 wherein dypiohemhe,cmhnﬁwlcydl&lexmepr cgdsiauténey pmbfyldanammb; onorborme, 5|5ng

contacting et e _and gone or unsatur t oners wth
the cata ysrf1 tﬂ%l ?fﬁ%fleof aﬁ@ry L%ﬁ?ne?gr grﬂ{gp%o?% A %%H% B?rB%SS\gA
claim 15 V\/rmn@immahms, a Spieepyibrbomese) bsmhbptpladrbpﬁewl S%Mﬂbaiena'he 5-
foll owi ng abbreviati ons_are, used through thi ecification

bh | e phenpRYinbomgiG: froy sy hien ResBoR B <y Bisppmens petnd il ai
propyl, Bu ﬂoﬂ)dﬁbﬁnb’:i 6-higutuy&ormlé>d6 dfbﬂyln_?_ﬂ)of@ﬁé hrﬁlrtﬂebltrft.lw X p tBu l Z
para-terti utyl,. nBy js normal but i,s trinethy]si is
triisobut yﬁaﬁ nipfe @E%Iflmﬂnaqr H%/?ﬁélrféwﬁﬁ wavqngorbél%cgldﬁeqnmydw of 5
2, 6-di |ﬁ)0prsﬁ'ﬁbﬂn% NE HeferdBly C§ tob@;azydvmgTdﬁlfealstSthoaIﬂsa&mé%aqfouaﬁR\ﬁheﬂ%ﬁ 4t9edsPOB,

t enperature, S i s n-bronmosuccini mde, DM is dinethylformam de, and

tol is tol dﬂﬁ‘@ lymmtts ungidrated bands aroreadili mgorapiaied datp @npoéﬁnerdy qithiet her
descri bed ‘Metré?)s;%éncffﬁ;r §NE Goh QteléeBﬁ)eEl@iUdaiMﬂQs)”OH it Iniktlek DM ethe diblLfid €€N
illustrative catal yst conmpounds (A th h M, each according to one or
nmor e enboditemsrsdesielectsd dronyalpla- grpmarfb@iezxé@noams (18 e@i- iyl pesinpmers). z dops
ethyl ene mpgggpy, Ale! df)f%:gﬁ er.ovggwesl% Gt 1480in Bloﬂ&%c Ecu%xlefehngf fokL 0gen

at nospher e “usi ng stan ar hi gh vacuum or I‘ques,
unl ess 16t hepntrismgnidera dh tOA'BQ carbomy efoms. USrathpios rof pegfhryet cblames ldeludfxw@dlateed and

pur 11 09 298AALAC SO HNRNN 1BLABSALT SBgfhd, SLALALIO FRLACIAI SpdLf. R L her

pur chased from and Ired use or par ed accords ng to
procedur es dbdnmnheneo tm&m&berskteltrhémtadlmet Inentadetadi3O, Iie;mtidfvaélcme, drkpt@memnchmds A,

B, and C heses of,. conpounds can be ..

o prosent cQPRCRRER o ST T g kRt Mancose or BFGishEn diggsadione,
2009/ 08255 tdPéaddsalfiza) 8/ Q;Sﬂ&éb&ac&mt he a&xmcadadiphiee nMmhgptacadydiat®] No octacgIhdidRs V.

Br pd(PPh3)4 c-44:- OH t ol uene, 90C et her 40 C 2. H20 R =
vh: i 202, hoposdiaps tiacotiAliche DRy prsferigh-pfes  iaciie BiihePRdiEnEy Lie o
solid, 55%Radicid); 1)¥-ronkliiedcdb1jgtBediere, O OB, 165—%@3@3.&1816— Va)-

yel | ow sol i d 55% 6b brow oil, 95% Synt hesi s

6- br onp- 2- (ridecagicng; &»lé eélﬁd@ac)hm B899 iy meleculns We'[gbbnoézl]u%@sq (Mpdgssghan

2- tyl-6 di 4 51.9
ol ) nd bl BonRsul f & ey 0 853 m‘mg E e Jeyg“’ﬁé“m.‘kﬁ‘ghé“#?g%ég?%?& )

was 5 heat aerbppadigne, (ethyhidene ﬁ@bmnszne» rlivgn e aquyclamsléqdeﬁnesor higkernging ur e
was ook ed cbaihia0 MdicHIR Hith MOk @lub%%eﬂga&aﬁsﬂsqﬂ@@da oR2COH 1 ntroduced. The

aqueous phase waS extracte benzene the conbi ned organic
extracts wi¥A8d wNoh-limiting a@nmsofl\lademdz pnlanumsamqtecbmnmcre rus¢fpl jo thd0 ) .

Fol | OW' ng g, ﬁtm ?)fclrﬁc?lgrl rvgf’hngﬁ) mgh@%ﬁd 66rrm oun ) 1nclu|d‘30 nitro . srlbsu%t edl q:

(1, dIOXO an-2' s i'solated W Oi
8. 80 (gomnomﬁsy molheig1§ @hitro-1-hexene; amine substltuted monomers including N-

6- trlbutylst 1' 3 d| xola v1).pyi i . 0123
at nospher e oﬁ]ypaﬁ lra %r Néu)f)l tyl(Q’TmeS n?éil %qx%lij : ﬂe’?& S py p OIEF o bskj E‘?e 4. 00
g, 17. 40 moilohomas 1mh1uxmg Met!ﬂyll Wnﬁrﬁeyﬂe oatbyldiiet kytongtaners l(eétéh—ﬁ-‘bﬁe aﬂldi:hgzdbol ed

to -85 C. nBuli 10. n tion, s, added
ir ot 6. ofibFtist pdionirs Setlink: sorafeins pa i BHl-Ebpditiet o biaien vas
war ned to afib2,Cdanethytd,6-h@tadicnnl; hlcbholEthnl'uted Mbhomers including allyl alcohol, 7-

2009/ 082556PCT/ U 2008/ 0831 | u ion re-cool e 85 C before
addi tion ofct§trLoh(/petfingl rzr‘f@d?‘?:%#f 194‘“9"?3?&1 gf’i"i@ 53%"Fﬁ’é‘ 1y uti on
was stirred for 1 h at -85 C and aIIo to warmto roomtenperature wth

further stirring overnight. The resultifig cl oudy yel |l ow nixture was
filtered through Celite and concentrated under reduced pressure to give a
brown/ bl ack oil. Normally 5 the residue is suitable for subsequent
transformations but if necessary (based on 1H NMR spectroscopy), the
resulting oil can be distilled (Kugelrohr, 210 ¢/ 0.1 mMg) to afford 6-
tr| butyI stannyl 2-(1', 3 d| oon an- 2'-yl)pyridine (2) as a clear brown oil.



15 (40 niL). After cooling to roomtenperature, the yellow solution was
FPOT/RS08/83028 | arge beaker. The Schlenk flask was further rinsed with small
portions of 6M HCl1 to renove/ di ssolve naterial on the sides of the flask.

Approx. 100 m. water was added to the beaker and the contents v%ﬁor ously
stirred. SoVOF'RABEB was slowy added until the sol utiZhT/{R2L08{8H4 a | zed

During this time, yellow solid cane out of solution until at pH 7, a 20
| arge anount of yellow precipitate was present. The solid was collected by

filtration seel, CBpSﬁQJ: \a8dl or Netled Qubdtingéd PoabMERN indibdifg \Waltext NEyl-20tdimeth¢d W t h
ine, dried qver MySO4 andfllteredtoglvea

2 x 100 m. wa nL ea)d
yel | ow sol uti 33)4610"01‘??@ % esimethyl4manndrayl- Bﬁ]%lo’fo&nﬁf yaERlsig o rdimethyk cpcghe
waxy yel | ovpulidng, nm»ﬁ&b 1H2W&;ﬁh@u@& tpzlesogyb@déc@ﬁeen@@%peﬁpémeiené and

Bu3Sti Br. The solid was wash portions of hexane to renove

25 the tin Pebyldgenylgxigmg, lgl glys@ylaetb%ﬂ Pévdﬂpy@wf@rﬁn Arrysiqpentgnjepng ety

Synt hesig qzetal ll-methoxyundec- -ene and 8-methoxyoct-1-ene; sulfur containing monomers
6- (5' -met hyl - 2" - hydr oxypheny1)-2-(N- (2, 6- ||sopropyl nhenyni m no) I ne La

[00125] To laclgdjngjta:llash dislfigey 8cid ngndhgster2 subssteiied xyprasweys jinchudieg ply Epyﬁrcldsh ne
(4) (640 ) ﬁ%ﬂf&

equi val ent s c?? acg 4 R P@g%gfg%mzpa h&% %%81%0 4 %?%8 en&?%lag\% S % t he
addi ti on ofpeatadlewwj mqbs2 Ghepftashienots agil; dnethﬁ@csftﬂtmtetlwhamwlstestertfhugd agvélrcw ght .
The cl oudy o] ct t er t f nd the
solid washe%ﬁl\k# ! \Fglr&reféhar}rllo %&S y‘é‘?nﬁ?a‘ yf Prgﬁq}\ac}yiatt?%&g 1 Fh&l%g@a% ‘lﬁéf)b %'1
2009/ 08155 GRETctyBRE) G b JdcBucrylate, hydroxypropyl acrylate, acetic acid oct-7-enyl ester, non-

hydr oxyphe lréy n)oh? aﬁg\lﬁx&ﬁgﬁ %Ir Iasgéﬁ ec- el)yl ester 021(?% l(i] Ieno1c(a 21 n(:f‘e%hy{i1 ethrl, ow

solid. Yie
6- (5' - net h;ﬂro;ﬂomMychMXymhmym}eng} ( Jeste(,Z &déulmmmpyioﬁml | dtield) edskyr) ) pud i di ne

011 5 [00126 In the vebox und 5 (3

Qi ssol vod mahpRenbroREEgRE ery e B raRTTE BERYPoT 3t MR HRFRORda ¢ o
-40 C. MeLiengldxy3Qilsde, Qid atnineﬂlyMnaéﬂ L-érBMoxiy N sihbE polarl fltiohdized WotbobdeaM ¥
added V|a syringe, formng _a dark brown solution. After_stirring for 30

mi nut ests npwSTst | iBFlUdiag  JorRomsac Byratraitilgyi T nerRomenscaboaldefiyde,  5-

generat i ng n@fboﬁfeﬁ@%a&@iﬁkl Y, JNenEBbieh QIR -GichrBokyR¥ SlcidVbStStbétRche-
filtered, and the 1() solvent renoved under vacuumto yield a yellow solid.

Yield: 170 r?g'd(f%l%lo Als-Saarbgmeneyeader, 3s¢l¢a£hquh<earéw g, S-noshapenad-ado3hown

in Figure lngol, ﬁlﬁl&ﬁ'-ﬂ&% 2§d % - ~2- 1, 5-
-hydroxyphenyl 5 1 )/ (2, gﬁllgg%pfoo(' JTEB% ehz 8(p)rb?|m P%e 6 0 vvesls

synt hesi ze@orrbnmanfsilm ISarorbmmeﬂ-)ﬂragmtg, hfﬂal(ﬂmborn@yﬂtﬁmyé] -55,7,9,11,13,15-
6-(5 39 1515 17,13

Ehy((jr oxyphgné/al‘%‘:lfp?niylpﬁa%d%ﬁSslolpr (%E)yll;n} tacsilo(ﬁ ?ﬁﬁylz)%eﬁllz (c)iyl ITqrbor?qune, 2-

zi r coni un( kaérd+Semmbgrhene Af7:syn [ @EbExAmathyiSmosboment beren Sanmtxsrpéteii-el, andy ét | ow

THF sol ut 0 dded el

ol utton ( JoREFgMe eyl RS ot Rindtone ibtufnd S,

Af t er sti r lihegenafallybo,mn2ixmpefladrocthylfetier,® 2)3 3tdmafla@brneni8-enak aciirathye estérp gi ve

a brown sti | i d. rooduc d dri.ed upder
Tacuum t o 30 el A2 B EGH o o Gy Hihabe B Bt et Beo
(B) ands6b2/3BgL4,68)6, mve,mp@tadec@usﬂomcbar fagRi Onarddr omi g PeHItien$a- and
6b, and hatnjum_tetrab respectively. SyngHeS|s of conpounds D through

M [00128{LF 3%?‘H%t§€‘é°r%'fie‘b%ﬁ%w&§t@?sH]rf u§idan be represented as
follows:  RGFHUSOH 8@%@@0&@6@@9@9&98%5&5’&'& B@%ﬁ@&’ Q&@i&%@ u%/d‘wﬁﬁidﬁcea&n

t ho- phenyl phenoxv pyri dyl am no conpl exes i My, THF, ref )
B(011303, okgypmer ofiany\afthegppnomers lw%abovm Pr%lff%@%lg@metf mfég%ohgomerﬁ ofBEYM = Ti

14a-Ti Bz2 0 5%
e (1aa2te B oR e, pidtckibly DD &, ook b Phiokerily B1ighiic SEipbfbind >3 M
z ? ; |n de 3§giystlwlme2r pronyiencz st 2 butees aamg@rqurqdc%l 960/(meet'reldf feedstockHf@z zr}e!)/ " =
20 (ic. Zrﬂggf{“%ﬁf& ﬁggcgsss‘% f‘.f’?lp‘%”*ﬁffﬂ &&ﬂ%ﬁf 1 B Gher) gt 1§&ghﬁ51% bZ§, 85%

not limited to propylene and 1-butene, may also be used alone or combined w1th ethylene.

Preferred alpha-olefins include any C, to C4 alpha-olefin, preferably and C, to Cy alpha-
-27-



R =Bz;M= Zr (14d-ZrBz2) M orange solid, 50% Synthesis of
%dqr/gggg/gﬂ%t butyl - 6- phenyl phenol (7): [001291 A 20 nL DWF sol ution of
N- br omosucci nimde (4.07 g, 22.9 nmol) was slowy 5 added to a DVF sol ution
(100 m.) of 2-phenyl-4-tert-butyl-phenol (4.93 g, 21.8 mml ), formng a
dark green WOI2000/082356 After stirring in the dark for 48 RET/USA8/H%3428 t ant
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delivered as a solution or slurry, either separately to a reactor, activated in-line just prior to a
reactor, or preactivated and pumped as an activated solution or slurry to a reactor.
Polymerizations can be carried out in either single reactor operations, in which monomer,
comonomers, catalyst/activator/co-activator, optional scavenger, and optional modifiers are
5 added continuously to a single reactor or in series reactor operations, in which the above
components are added to each of two or more reactors connected in series. The catalyst
components can be added to the first reactor in the series. The catalyst component may also
be added to both reactors, with one component being added to first reaction and another
component to other reactors. In one preferred embodiment, the pre-catalyst is activated in
10  the reactor in the presence of olefin.
[0091]  The catalyst compositions can be used individually or can be mixed with other
known polymerization catalysts to prepare polymer blends. Monomer and catalyst selection
allows polymer blend preparation under conditions analogous to those using individual
catalysts. Polymers having increased MWD for improved processing and other traditional
15  benefits available from polymers made with mixed catalyst systems can thus be achieved.
[0092] One or more scavenging compounds can be used. Here, the term scavenging
compound means a compound that removes polar impurities from the reaction environment.
These impurities adversely affect catalyst activity and stability. Typically, purifying steps are
usually used before introducing reaction components to a reaction vessel. But such steps will
20 rarely allow polymerization without using some scavenging compounds. Normally, the
polymerization process will still use at least small amounts of scavenging compounds.
[0093] Typically, the scavenging compound will be an organometallic compound such as
the Group-13 organometallic compounds of U.S. Patents 5,153,157, 5,241,025 and WO-A-
91/09882, WO-A-94/03506, WO-A-93/14132, and that of WO 95/07941. Exemplary
25  compounds include triethyl aluminum, triethyl borane, tri-iso-butyl aluminum, methyl
alumoxane, iso-butyl alumoxane, and tri-n-octyl aluminum. Those scavenging compounds
having bulky or C¢-Cy linear hydrocarbyl substituents connected to the metal or metalloid
center usually minimize adverse interaction with the active catalyst. Examples include
tricthylaluminum, but more preferably, bulky compounds such as tri-iso-butyl aluminum, tri-
30  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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scavenging quantities with other activators, e.g., methylalumoxane, [Me;HNPh]'[B(pfp)s] or
B(pfp)s (perfluorophenyl = pfp = CeFs).
[0094]  Interms of polymer density, the polymers capable of production in accordance the
invention, can range from about 0.85 to about 0.95, preferably from 0.87 to 0.93, more
5  preferably 0.89 to 0.920. Polymer molecular weights can range from about 50,000 Mn to
about 2,000,000 Mn or greater. Molecular weight distributions can range from about 1.1 to
about 50.0, with molecular weight distributions from 1.2 to about 5.0 being more typical.
Pigments, antioxidants and other additives, as is known in the art, may be added to the
polymer.
10  Gas phase polymerization
[0095] Generally, in a fluidized gas bed process for producing polymers, a gaseous
stream containing one or more monomers is continuously cycled through a fluidized bed in
the presence of a catalyst under reactive conditions. The gaseous stream can be withdrawn
from the fluidized bed and recycled back into the reactor. Simultaneously, polymer product
15  can be withdrawn from the reactor and fresh monomer is added to replace the polymerized
monomer. (See for example U.S. Patent Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036,
5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228 all of which
are fully incorporated herein by reference.)
[0096] The reactor pressure in a gas phase process may vary from about 10 psig (69 kPa)
20 to about 500 psig (3448 kPa), preferably from about 100 psig (690 kPa) to about 500 psig
(3448 kPa), preferably in the range of from about 200 psig (1379 kPa) to about 400 psig
(2759 kPa), more preferably in the range of from about 250 psig (1724 kPa) to about 350 psig
(2414 kPa).
[0097] The reactor temperature in the gas phase process may vary from about 30 °C to
25 about 120 °C, preferably from about 60 °C 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
30  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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517 kPa, preferably about 517 kPa to about 2069 kPa, which are typical conditions in a gas
phase polymerization process. Also in some systems the presence of comonomer can
increase productivity.
[0099] In a preferred embodiment, the reactor utilized in the present invention is capable
5  of producing more than 500 lbs of polymer per hour (227 Kg/hr) to about 200,000 lbs/hr
(90,900 Kg/hr) or higher, preferably greater than 1000 Ibs/hr (455 Kg/hr), more preferably
greater than 10,000 lbs/hr (4540 Kg/hr), even more preferably greater than 25,000 Ibs/hr
(11,300 Kg/hr), still more preferably greater than 35,000 lbs/hr (15,900 Kg/hr), still even
more preferably greater than 50,000 1bs/hr (22,700 Kg/hr) and preferably greater than 65,000
10 lbs/hr (29,000 Kg/hr) to greater than 100,000 Ibs/hr (45,500 Kg/hr), and most preferably over
100,000 Ibs/hr ( 45,500 Kg/hr).
[00100] Other gas phase processes contemplated by the process of the invention include
those described in U.S. Patent Nos. 5,627,242, 5,665,818 and 5,677,375, and European
publications EP-A- 0 794 200, EP-A- 0 802 202 and EP-B- 634 421 all of which are herein
15 fully incorporated by reference.
[00101] In another preferred embodiment the catalyst system is in liquid form and is
introduced into the gas phase reactor into a resin particle lean zone. For information on how
to introduce a liquid catalyst system into a fluidized bed polymerization into a particle lean
zone, please see US 5,693,727, which is incorporated by reference herein.
20  Slurry phase polymerization
[00102] A slurry polymerization process generally operates between 1 to about 50
atmosphere pressure range (15 psig to 735 psig, 103 kPa to 5068 kPa) or even greater and
temperatures in the range of 0 °C to about 120 °C. In a slurry polymerization, a suspension
of solid, particulate polymer is formed in a liquid polymerization diluent medium to which
25 monomer and comonomers along with catalyst are added. The suspension including 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
30  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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[00103] In one embodiment, a preferred polymerization technique of the invention is
referred to as a particle form polymerization, or a slurry process where the temperature is
kept below the temperature at which the polymer goes into solution. Such technique is well
known in the art, and described in for instance U.S. Patent No. 3,248,179 which is fully
5 incorporated herein by reference. The preferred temperature in the particle form process is
within the range of about 85 °C to about 110 °C. Two preferred polymerization methods for
the slurry process are those employing a loop reactor and those utilizing a plurality of stirred
reactors in series, parallel, or combinations thereof. Non-limiting examples of slurry
processes include continuous loop or stirred tank processes. Also, other examples of slurry
10  processes are described in U.S. Patent No. 4,613,484, which is herein fully incorporated by
reference.
[00104] In another embodiment, the slurry process is carried out continuously in a loop
reactor. The catalyst, as a slurry in isobutane or as a dry free flowing powder, is injected
regularly to the reactor loop, which is itself filled with circulating slurry of growing polymer
15 particles in a diluent of isobutane containing monomer and comonomer. Hydrogen,
optionally, may be added as a molecular weight control. The reactor is maintained at a
pressure of 3620 kPa to 4309 kPa and at a temperature in the range of about 60 °C to about
104 °C depending on the desired polymer melting characteristics. Reaction heat is removed
through the loop wall since much of the reactor is in the form of a double-jacketed pipe. The
20  slurry is allowed to exit the reactor at regular intervals or continuously to a heated low
pressure flash vessel, rotary dryer and a nitrogen purge column in sequence for removal of
the isobutane diluent and all unreacted monomer and comonomers. The resulting
hydrocarbon free powder is then compounded for use in various applications.
[00105] In another embodiment, the reactor used in the slurry process of the invention is
25  capable of and the process of the invention is producing greater than 2000 1bs of polymer per
hour (907 Kg/hr), more preferably greater than 5000 1bs/hr (2268 Kg/hr), and most preferably
greater than 10,000 [bs/hr (4540 Kg/hr). In another embodiment the slurry reactor used in the
process of the invention is producing greater than 15,000 Ibs of polymer per hour (6804
Kg/hr), preferably greater than 25,000 Ibs/hr (11,340 Kg/hr) to about 100,000 1bs/hr (45,500
30 Kghr).
[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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psig (3103 kPa) to about 700 psig (4827 kPa), more preferably 500 psig (3448 kPa) to about
650 psig (4482 kPa), most preferably from about 525 psig (3620 kPa) to 625 psig (4309 kPa).
[00107] In yet another embodiment in the slurry process of the invention the concentration
of predominant monomer in the reactor liquid medium is in the range of from about 1 to 10
5  weight percent, preferably from about 2 to about 7 weight percent, more preferably from
about 2.5 to about 6 weight percent, most preferably from about 3 to about 6 weight percent.
[00108] Another process of the invention is where the process, preferably a slurry or gas
phase process is operated in the absence of or essentially free of any scavengers, such as
triethylaluminum, trimethylaluminum, tri-iso-butylaluminum and tri-r-hexylaluminum and
10  diethyl aluminum chloride, dibutyl zinc and the like. This process is described in PCT
publication WO 96/08520 and U.S. Patent No. 5,712,352, which are herein fully incorporated
by reference.
[00109] In another embodiment the process is run with scavengers. Typical scavengers
include trimethyl aluminum, tri-iso-butyl aluminum and an excess of alumoxane or modified
15  alumoxane.
Homogeneous, bulk or solution phase polymerization
[00110] The catalysts described herein can be used advantageously in homogeneous
solution processes. Generally this involves polymerization in a continuous reactor in which
the polymer formed and the starting monomer and catalyst materials supplied, are agitated to
20  reduce or avoid concentration gradients. Suitable processes operate above the melting point
of the polymers at high pressures, from 1 to 3000 bar (10-30,000 MPa), in which the
monomer acts as diluent or in solution polymerization using a solvent.
[00111] Temperature control in the reactor is obtained by balancing the heat of
polymerization and with reactor cooling by reactor jackets or cooling coils to cool the
25  contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization of liquid medium
(diluent, monomers or solvent) or combinations of all three. 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
30  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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MPa), preferably from 0.1 bar to 1600 bar (1-16,000 MPa), most preferably from 1.0 to 500
bar (10-5000MPa).
[00112] Each of these processes may also be employed in single reactor, parallel or series
reactor configurations. The liquid processes comprise contacting olefin monomers with the
5  above described catalyst system in a suitable diluent or solvent and allowing said monomers

to react for a sufficient time to produce the desired polymers. Hydrocarbon solvents are
suitable, both aliphatic and aromatic. Alkanes, such as hexane, pentane, isopentane, and
octane, are preferred.
[00113] The process can be carried out in a continuous stirred tank reactor, batch reactor,

10 or plug flow reactor, or more than one reactor operated in series or parallel. These reactors
may have or may not have internal cooling and the monomer feed may or may not be
refrigerated. See the general disclosure of U.S. patent 5,001,205 for general process
conditions. See also, international application WO 96/33227 and WO 97/22639.
Medium and High Pressure Polymerizations

15 [00114] In the high pressure process for the polymerization of ethylene alone or in
combination with C; to Cio alpha-olefins and optionally other copolymerizable olefins, the
temperature of the medium within which the polymerization reaction occurs is at least 120 °C
and preferably above 140 °C and may range to 350 °C, but below the decomposition
temperature of said polymer product, typically from 310 °C to 325 °C. Preferably, the

20 polymerization is completed at a temperature within the range of 130 °C to 230 °C. The
polymerization is completed at a pressure above 200 bar (20 MPa), and generally at a
pressure within the range of 500 bar (50 MPa) to 3500 bar (350 MPa). Preferably, the
polymerization is completed at a pressure within the range from 800 bar (80 MPa) to 2500
bar (250 MPa).

25 [00115] For medium pressure 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

30 (100 MPa), especially 50 bar (5 MPa) to 500 bar (50 MPa) for processes producing ethylene

copolymers containing C; to Cyg olefins and optionally other copolymerizable olefins.
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[00116] More recently, polymerization conditions for high pressure and or temperature
polymerizations to prepare propylene homopolymers and copolymers of propylene with Cs to
Cio olefins and optionally other copolymerizable olefins have been reported. See US patent
applications 60/431,185 filed December 5, 2002; 60/431,077, filed December 5, 2002; and
5 60/412,541, filed September 20, 2002.
[00117] After polymerization and deactivation of the catalyst, the polymer product can be
recovered by processes well known in the art. Any excess reactants may be flashed off from
the polymer and the polymer obtained extruded into water and cut into pellets or other
suitable comminuted shapes. For general process conditions, see the general disclosure of
10  U.S. patents 5,084,534, 5,408,017, 6,127,497, 6,255,410, which are incorporated herein by
reference.
[00118] In another embodiment, this invention relates to:

1. A transition metal catalyst compound represented by the structure:

15
each X is, independently, a hydride, a halogen, a hydrocarbyl, a substituted

hydrocarbyl, a halocarbyl, or a substituted halocarbyl;
wis 2;
each R!, R%, R®, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
20 hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
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amide, a phosphide, a silyl or another anionic heteroatom-containing group, or independently,
may join together to form a C4 to Cs2 cyclic or polycyclic ring structure;
cach R°, RS, and R’ is, independently, a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, a substituted halocarbyl, a halogen, an alkoxide, a sulfide, an
5  amide, a phosphide, a silyl or another anionic heteroatom-containing group, or independently,
may join together to form a Cy4 to Cs; 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;

10 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;

xis1,2,30r4,
L is a neutral ligand bonded to M;
15 M is titanium, zirconium or hafnium; and
mis 0, 1 or2.
2. The compound according to paragraph 1, wherein X is selected from the group
consisting of fluoride, chloride, bromide, iodide, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

20  heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl,
pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl, hydride, phenyl, benzyl,
phenethyl, tolyl, trimethylsilylmethyl, bis(trimethylsilyl)methyl, methoxy, ethoxy, propoxy,
butoxy, dimethylamido, diethylamido, methylethylamido, phenoxy, benzoxy, and allyl,
preferably X is benzyl.

25 3. The compound according to paragraph 1 or 2, wherein each RY, R% R R R, RS, and
R’ is, independently, a hydrogen, a C; to Cso hydrocarbyl, a C, to Cso substituted
hydrocarbyl, a C; to Csp halocarbyl, a C; to Cj¢ 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

30 structure.

4, The compound according to any of paragraphs 1 to 3, wherein each R', R*, R>, R*, R’,
RS, and R’ is, independently, a hydrogen, a C; to Cio hydrocarbyl, a C; to Cyo substituted
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hydrocarbyl, a C; to Cyo halocarbyl, a C; to Cjo 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.

5 5. The compound according to any of paragraphs 1 to 4, wherein each R®, R®, and R’ is
independently, a hydrogen, a C; to Cso hydrocarbyl, a C; to Cs substituted hydrocarbyl, a C;
to Cs halocarbyl, or a C; to Cso substituted halocarbyl, a halogen, an alkoxide, a sulfide, an

amide, a phosphide, or a silyl.

6. The compound according to any of paragraphs 1 to 4, wherein each R®, R®, and R" is
10 independently, a hydrogen, a C; to Cy¢ hydrocarbyl, a C; to Cyo substituted hydrocarbyl, a C;

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

amide, a phosphide, or a silyl.

7. The compound according to any of paragraphs 1 to 6, wherein L is selected from the

group consisting of pyridine, acetonitrile, diethyl ether, tetrahydrofuran, dimethylaniline,
15 trimethylamine, tributylamine, trimethylphosphine, triphenylphosphine, lithium chloride,

ethylene, propylene, butene, octene, and styrene.
8. The compound according to any of paragraphs 1 to 7, wherein x is 1.

9. The compound according to claim 1, wherein: R' is phenyl; each R%, R*, R®, R®, R,
and R® is hydrogen; R? is tert-butyl or methyl; R’ is methyl, phenyl, 2-isopropylphenyl, or
20 benzyl; R" is 2,6-diisopropylphenyl; each X is benzyl; x is 1,2 or 3 and m is 0.
10.  The compound of paragraph 1 wherein, w is 2 and each X is benzyl; 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
25  C4to Cg, cyclic or polycyclic ring structure; R*is methyl or tert-butyl; each R’ RS, 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 Cs; cyclic or polycyclic ring structure; R® is hydrogen; R’ is methyl, phenyl, 2-
30  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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11.  The compound according to paragraph 1 wherein w is 2 and each X is benzyl; each
R',R? and R* is a hydrogen or independently, may join together to form a C4 to Cs; cyclic or
polycyclic ring structure; R? is methyl or tert-butyl; cach R®, R®, and R is, independently, a
hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a halocarbyl, a substituted halocarbyl, or
5  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
or2.
12.  The compound according to paragraph 1, 9, 10, or 11 wherein M is titanium.

10 13.  The compound according to paragraph 1, 9, 10, or 11 wherein M is hafnium.
14.  The compound according to paragraph 1, 9, 10, or 11 wherein M is zirconium.

15. A process for polymerization comprising contacting ethylene and optionally one or
more unsaturated monomers with the catalyst compound of any of paragraphs 1 to 14.
16.  The process of claim 15 wherein R' is a phenyl or substituted phenyl.

15 [00119] The following abbreviations are used through this specification: Me is methyl, Ph
is phenyl, Et is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu is
isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, nBu is normal butyl, TMS is
trimethylsilyl, TIBA is triisobutylaluminum, MAO is methylalumoxane, pMe is para-methyl,
Ar* is 2,6-diisopropylaryl, Bz is benzyl, THF is tetrahydrofuran, RT is room temperature,

20  NBS is n-bromosuccinimide, DMF is dimethylformamide, and tol is toluene.

EXAMPLES

[06120] The foregoing discussion can be further described with reference to the following
non-limiting examples. Thirteen illustrative catalyst compounds (A through M), each
according to one or more embodiments described, were synthesized and used to polymerize

25  ethylene 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.

30  Synthesis of Compounds A, B. and C:

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

reaction scheme:
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Synthesis of phenoxy-pyridylamino complexes

= ethylene glycol |
| 4 cat. ptoluenesuifonic acid H 2 CiSnBus
B N Ho, reflxfor 4gh
o CeHs, reflux for U

1, yellow oil, 90%

1. Buli

JO
BusSn® N
P

2, brown oil, 80%

Et20, -85 °C

\CE Pd(PPhs)y
o | toluene, 80 °C, 72h

- ol

3, notisolated

B6M HCI

cat. forrruc acid 60°C, 12h

N
E HzNAr N

4, yeliow solid, 35%

5, yellow solid, 95%

1. 2 RLi, ether, 40 °C
2. Hx0

MBZ4 R = Me; M Zr (6a-ZrBz,) A, orange solid, 70%
= Hf (6a-HfBz,) B, orange solid, 55%

0
THF, RT

Tz
I
767\:"[:

R =Ph; M = Hf (6b-HfB2,) C, orange solid, 65%

.

6a §R = Me), yellow solid, 55%
6b (R = Ph), brown oil, 95%

Synthesis of 6-bromo-2-(1'.3"-dioxolan-2'"-yl)pyridine (1):
[00122] A solution of 2-acetyl-6-bromopyridine (8.04 g, 43.2 mmol), 1,2-ethanediol (2.89
mL, 51.9 mmol) and p-toluenesulfonic acid (0.822 g, 4.32 mmol) in benzene (200 mL) was

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

10 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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solution was re-cooled to -85 °C before addition of freshly distilled CISn(nBu); (4.72 mL,
17.4 mmol). The solution was stirred for 1 h at -85 °C and allowed to warm to room
temperature with further stirring overnight. The resulting cloudy yellow mixture was filtered
through Celite and concentrated under reduced pressure to give a brown/black oil. Normally
5  the residue is suitable for subsequent transformations but if necessary (based on 'H NMR
spectroscopy), the resulting oil can be distilled (Kugelrohr, 210 °C/0.1 mmHg) to afford 6-
tributylstannyl-2-(1',3"-dioxolan-2'-yl)pyridine (2) as a clear brown oil. Yield: 6.12 g (80%).
Synthesis of 6-(5’-methyl-2’-hydroxyphenyl)-2-formyl-pyridine (4):
[00124] (i) 2-Bromo-4-methylphenol (1.94 g, 10.3 mmol), 6-(tributylstannyl)-2-(1',3'-
10  dioxolan-2'-yl)pyridine (2) (5.00 g, 11.4 mmol) and tetrakis(triphenylphosphine)palladium(0)
(0.783 g, 0.684 mmol) were loaded in a Schlenk tube under N, and stirred in dry toluene (100

mL) for 72 h at 90 °C. The reaction mixture was then concentrated under reduced pressure to
give an oily residue containing 3 (see reaction scheme above). No further purification of 3
was carried out. (ii) Compound 3 (prepared above) was stirred overnight at 60 °C in 6M HCI
15 (40 mL). After cooling to room temperature, the yellow solution was poured into a large
beaker. The Schlenk flask was further rinsed with small portions of 6M HCI to
remove/dissolve material on the sides of the flask. Approx. 100 mL water was added to the
beaker and the contents vigorously stirred. Solid NaHCO; was slowly added until the
solution was neutralized. During this time, yellow solid came out of solution until at pH 7, a
20  large amount of yellow precipitate was present. The solid was collected by filtration and
dissolved in 100 mL chloroform. This was then extracted with 2 x 100 mL water, 2 x 100
mL brine, dried over MgSQ, and filtered to give a yellow solution. The solvent was removed
on a rotary evaporator to give a waxy yellow solid, which "H NMR showed to be the intended
product 4 and Bu;SnBr. The solid was washed with multiple portions of hexane to remove

25  the tin residue, yielding 4 as a yellow powder. Yield: 2.20 g (35%).

Synthesis of 6-
(R1X
[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-

30  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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hydroxyphenyl)-2-(N-(2,6-diisopropylphenyl)imino)pyridine (5) as a yellow solid. Yield:
1.06 g (95%).

5 [00126] In the glovebox, compound 5 (300 mg, 0.805 mmol) was dissolved in a 1:1
mixture of THF and diethyl ether (20 mL) and cooled to -40 °C. MeLi (1.30 mL ofa 1.4 M
solution in ether, 1.82 mmol) was slowly added via syringe, forming a dark brown solution.
After stirring for 30 minutes, the reaction was quenched by the addition of water (1 mL),
generating an orange solution. The solution was dried over MgSQ, and filtered, and the

10 solvent removed under vacuum to yield a yellow solid. Yield: 170 mg (55%). An X-ray
crystal structure of this compound is shown in Figure 1. The phenyl analogue, 6-(5'-methyl-
2’-hydroxyphenyl)-2-(1'-(2,6-diisopropylanilido)benzyl)pyridine (6b), was synthesized in a
similar manner from 5 and PhLi.

Svnthesis of [6-(5'-methyl-2’-hydroxypheny])-2-(1'-(2.6-diisopropylanilido)ethyDpyridine]-
15 zirconium(IV)dibenzyl (A):

[00127] Under a nitrogen atmosphere, a yellow THF solution (20 mL) of 6a (75 mg, 193
mmol) was added to a yellow THF solution (20 mL) of ZrBz, (88 mg, 193 mmol), forming

an orange solution. After stirring at room temperature for 8 h, the solvent was removed to

give a brown sticky solid. The product was washed with pentane and dried under vacuum to
20 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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Svnthesis of ortho-phenyl phenoxy-pyridvlamino complexes

Br
oH __NBS oH __KN@SiMeslz
DMF, RT tol RT THF RT

7, red oil, 95% 8, white solid, 75% 9, yellow oil, 90%

1. Mg, THF, reflux
2.B(O'Pr)3, -80°C

' H B(OH),
N BBrs N
OH (o] B OMe O
CH2Cl2, -80°C Pd(PPha)s
{ol, MeOH, H20, 80 °c

12, yellow solid, 100% 11, yellow oil, 90% 10, yellow sold, 65%

HoNAr | cat. formic acid
MeOH

H
N 1. 2 RLi, ether, RT
oH N 2. H0 g

14a (R = Me), yellow oil, 100%
14b (R = Ph), yellow oil, 70%
14¢ (R = 2-Pr-Ph), yellow oil, 95%
14d (R = Bz), yellow oil, 95%

13, yellow solid, 65%
MBz4 ] THF, RT

R = Me; M =Ti (14a-TiBz;) D, orange solid, 90%
M = Zr (14a-ZrBz,) E, orange solid, 85%
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 (14¢-TiBz,) J, orange solid, 75%
M = Zr (14e-ZrBz,) K, orange solid, 80%
M = Hf (14¢-HfBz;) L, orange solid, 85%

R =Bz; M = Zr (14d-ZrBz,) M, orange solid, 50%

Synthesis of 2-bromo-4-tert-butyl-6-phenyliphenol (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

-43 -



ND 55 J 80 50 75 1172 30 223 4645 1.3 137 56 J 80 50 200 452 30 216 4775
%gﬁgagéglig 80 50 350 280 35 232 4741 1.3 137 58 J 80 80 75 703 37 461

WO 2009/082556 PCT/US2008/083128

with 95:5 hexane/toluene (3 x 200 mL), dried over MgSQy, filtered and the solvent removed

to give 7 as a thick red oil. Yield: 6.32 g (95%).

Synthesis of potassium [2-bromo-4-tert-butyl-6-phenylphenoxide] (8):

[00130] In the glovebox, compound 7 (9.11 g, 29.8 mmol) was dissolved in 200 mL
5 toluene and a toluene solution (40 mL) of KN(SiMes), (5.95 g, 29.8 mmol) was added

dropwise. A large amount of precipitate formed by the end of the addition. After stirring for

1 h, the thick white slurry was filtered, washed with toluene and dried under vacuum to give a

white solid. Yield: 7.20 g (75%).

Synthesis of (2-methoxy-3-phenyl-5-tert-butyl)phenylbromide (9):

10 [00131] Under a nitrogen atmosphere, a THF solution (10 mL) of iodomethane (2.93 g,
20.7 mmol) was added to a THF solution (100 mL) of potassium[2-bromo-4-tert-butyl-6-
phenylphenoxide] (8) (7.10 g, 20.7 mmol). After 3 h, a large amount of white precipitate had
formed (KI). The reaction mixture was stirred overnight, and was then filtered through a frit
lined with Celite to remove insoluble K1, yielding a yellow solution. The THF was removed

15  under vacuum to give (2-methoxy-3-phenyl-5-tert-butyl) phenylbromide (9) as a yellow oil.
Yield: 5.93 g (90%).

Synthesis of (2-methoxy-3-phenyl-3-tert-butyl)phenylboronic acid (10):
[00132] Under an atmosphere of nitrogen, magnesium turnings (500 mg, 20.5 mmol) in
THF (100 mL) were activated by the addition of a few drops of 1,2-dibromoethane and

20  stirred for 1 h. A THF solution (20 mL) of (2-methoxy-3-phenyl-5-tert-butyl)phenylbromide
%) (5.93 g, 18.6 mmol) was added dropwise and the contents of the flask were heated to
reflux and stirred overnight. The cloudy yellow slurry was cooled to room temperature and
filtered through a frit lined with Celite to give a yellow solution of the Grignard (2-methoxy-
3-phenyl-5-tert-butyl)phenylmagnesiumbromide. The Grignard solution was cooled to -30

25  °C and added to a THF solution (100 mL) of triisopropylborate (7.00 g, 37.2 mmol)
maintained at -80 °C. After stirring for 30 min, the reaction mixture was left to warm to
room temperature and stir overnight. The cloudy yellow mixture was then removed from the
inert atmosphere and 100 mL 10% HCl/water added. This was then partitioned with diethyl
ether (100 mL) and the water layer washed with diethyl ether (2 x 100 mL). The organic

30  fractions were then combined, washed with water (2 x 100 mL) and dried over MgSQ,. 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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[00133] In the glovebox, 2-acetyl-6-bromopyridine (2.51 g, 13.5 mmol) and tetrakis-
(triphenylphosphine)palladium(0) (156 mg, 0.135 mmol) were dissolved in 50 mL toluene
and taken up in a large syringe. (2-methoxy-3-phenyl-5-tert-butyl)phenylboronic acid (10)
5 (4.08 g, 14.3 mmol) and Na,CO; (3.58 g, 33.8 mmol) were weighed into a 250 mL round-
bottomed flask and charged with 30 mL dry degassed methanol. The flask was taken out of
the glovebox and under a nitrogen purge, 60 mL degassed water was added, forming a white
bubbly paste. The bromopyridine/Pd mixture was then added via syringe and the yellow
biphasic mixture was fitted with a reflux condenser and heated to 80 °C overnight. The
10 heating was then removed and 100 mL diethyl ether was added to the reaction mixture. The
contents of the flask were then transferred to a separatory funnel where the water layer was
washed with dichloromethane (100 mL). The organic fractions were combined and washed
with water (2 x 100 mL), dried over MgSOQy, filtered and the solvent removed to give 11 as a
yellow oil. The product may be further purified by column chromatography if necessary
15  (silica, hexanes/cthyl acetate eluent). Yield: 4.43 g (90%).

[00134] In the glovebox, 6-(2’-methoxy-3’-phenyl-5'-tert-butylphenyl)-2-formyl-pyridine
(11) (4.43 g, 12.3 mmol) was dissolved in 75 mL dichloromethane and cooled to -80 °C. A
20 mL dichloromethane solution of BBr; (4.62 g, 18.5 mmol) was slowly added dropwise

20  and the solution was left to stir at -80 °C for 1 hour. After warming to room temperature, the
orange solution was taken out of the glovebox and under a purge of nitrogen, ~1 mL of water
was added, causing a large amount of smoke to form. A further 5 mL of water was slowly
added, followed by 30 mL of dichloromethane and another 10 mL portion of water. This was
stirred for 30 minutes, neutralized with 1M Na,CO; and the water layer separated from the

25  organic layer. The water layer was extracted with 2 x 75 mL dichloromethane, the organic
layers combined and washed with water (2 x 100 mL), dried over MgSQ,, 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-diisopropylphenyl)-
imino)pyridine (13):

30  [00135] To a solution of 6-(2’-hydroxy-3’-phenyl-5'-tert-butylpheny!)-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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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 compound 13 as a yellow solid.

Yield: 2.92 g (65%).

Synthesis _of _ 6-(2’-hydroxy-3’-phenyl-5'-tert-butylphenyl)-2-(1'-(2.6-diisopropylanilido)-
5  ethyl)pyridine (14a):

[00136] In the glovebox, compound 13 (320 mg, 0.65 mmol) was dissolved in 20 mL

diethyl ether (20 mL). Solid MeLi (115 mg, 5.20 mmol) was slowly added, forming a cloudy

yellow solution. After stirring for 30 minutes, the reaction was quenched by the addition of

water (1 mL), generating an orange solution. The solution was dried over MgSO,4 and

10 filtered, and the solvent removed under vacuum to yield a yellow oil. Yield: 330 mg (100%).

The phenyl, 2-isopropylphenyl and benzyl analogues, 14b-d were synthesized in a similar
manner from 13 and ~2.5 equiv. PhLi, (2-"Pr-Ph)Li and BzMgCl, respectively.
Synthesis of [6-(2’-hydroxy-3’-phenyl-5'-tert-butylphenyl)-2-(1'-(2.6-diisopropylanilido)-

ethyl)pyridine]titanium(IV)dibenzyl (D):
15 [00137] Under a nitrogen atmosphere, a yellow THF solution (20 mL) of 14a (330 mg, 651
mmol) was added to a red THF solution (20 mL) of TiBzs (270 mg, 651 mmol), forming a

dark red/brown solution. After stirring at room temperature for 8 h, the solvent was removed

to give a brown sticky solid. The product was washed with pentane and dried under vacuum
to give an orange solid. Yield: 440 mg (90%).

20  Synthesis of compounds E through M:

[00138] Compounds E through M were made in a similar manner from compounds 14a to
14d and the corresponding Group IV tetrabenzyl precursors. An X-ray crystal structure of
compound K is shown in Figure 2.

Polymerization Process:

25 [00139] Ethylene/1-octene copolymerizations were carried out in a parallel pressure
reactor, which is described in U.S. Patent Nos. 6,306,658, 6,455,316 and 6,489,168]; WO
00/09255; and Murphy et al., J. Am. Chem. Soc., 2003, 125, 4306-4317, cach 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

30 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

-46-



4007 3993 1.7 135 67 K 20 90 75 405 66 5690 773 1.8 136 68 K 20 100 75 456
PZ3/0508/88728 1. 8 134 69 K 20 110 75 373 57 5348 610 1.6 134 - 49 -

WO 2009/082556 PCT/US2008/083128

tri-n-octylaluminum solution (10 mmol/L in hexane, 1 umol) was then added to act as a co-
catalyst/scavenger. The contents of the vessel were then stirred at 800 rpm. An activator
solution (usually N,N'-dimethylanilinium tetrakis(pentafluorophenyl)borate in toluene, 0.40
mmol/L, ~1 equiv) was then injected into the reaction vessel along with 500 uL hexane,
5 followed by a toluene solution of catalyst (A - M, 0.40 mmol/L, 20 - 120 nmol) and another
aliquot of hexane (500 uL). In a typical run, reaction conditions were varied such that two
temperatures, three pressures and four catalyst concentrations were investigated. All runs
were performed in duplicate. The reaction was then allowed to proceed until a set time limit
(usually 30 min) or until a set amount of ethylene had been taken up by the reaction (ethylene
10  pressure was maintained in each reaction vessel at the pre-set level by computer control). At
this point, the reaction was quenched by exposure to air. After the polymerization reaction,
the glass vial insert containing the polymer product and solvent was removed from the
pressure cell and the inert atmosphere glovebox and the volatile components were removed
using a Genevac HT-12 centrifuge and Genevac VC3000D vacuum evaporator operating at
15  elevated temperature and reduced pressure. The vial was then weighed to determine the yield
of the polymer product. The resultant polymer was analyzed by Rapid GPC (see below) to
determine the molecular weight, by FT-IR (see below) to determine comonomer
incorporation, and by DSC (see below) to determine melting point.
[00140] High temperature size exclusion chromatography was performed using an
20 automated "Rapid GPC" system as described in U.S. Pat. Nos. 6,491,816, 6,491,823,
6,475,391, 6,461,515, 6,436,292, 6,406,632, 6,175,409, 6,454,947, 6,260,407 and 6,294,388
each of which is incorporated herein by reference. This apparatus has a series of three 30 cm
X 7.5 mm linear columns, each containing PLgel 10 um, Mix B. The GPC system was
calibrated using polystyrene standards ranging from 580 - 3,390,000 g/mol. The system was
25  operated at an eluent flow rate of 2.0 mL/min and an oven temperature of 165 °C. 1,2,4-
trichlorobenzene was used as the eluent. The polymer samples were dissolved in 1,2,4-
trichlorobenzene at a concentration of 0.1 - 0.9 mg/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
30  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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samples were then heated to 220 °C at a rate of 100 °C/min and then cooled at a rate of 50

°C/min. Melting points were collected during the heating period.

[00142] The ratio of 1-octene to ethylene incorporated in the polymers (weight %) was

determined by rapid FT-IR spectroscopy on a Bruker Equinox 55+ IR in reflection mode.
5  Samples were prepared in a thin film format by evaporative deposition techniques. Weight %

1-octene was obtained from the ratio of peak heights at 1378 and 4322 cm™. This method

was calibrated using a set of ethylene/1-octene copolymers with a range of known wt. % 1-

octene content.

[00143] Polymerization data shown in Table 1 is intended to be representative of the

10  catalytic behavior of compounds A - M and not comprehensive.

Table 1. Selected High Throughput Polymerization Results

Example Catalyst Amount Temp Pressure Time Yield Activity Mw MWD Tm
(mmol) (°C) (psi) (sec) (mg) (g/mmolh bar) (kDa) (Mw/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 2.3 134
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 23 134
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 28 132
11 C 125 50 200 3600 24 14 3686 22 134
12 C 125 50 350 3600 33 11 3453 3.5 134
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 &4 490 2975 16 137
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 85 136
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 36 133
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26 F 80 50 75 1117 73 571 905 36 ND
27 F 80 50 200 672 111 539 1220 38 ND
28 F 80 50 350 437 104 444 1312 28 ND
29 F 80 80 75 1801 39 187 264 37 ND
30 F 80 80 200 852 91 348 514 31 ND
31 F 80 80 350 733 175 444 685 29 ND
32 G 20 50 75 1601 27 576 4995 1.2 136
33 G 20 50 200 804 34 553 4693 1.3 137
34 G 20 50 350 413 24 426 4924 1.3 137
35 G 20 80 75 1801 20 390 4631 14 135
36 G 20 80 200 768 37 632 4854 14 137
37 G 20 80 350 750 53 527 4562 1.3 137
38 H 20 50 75 1215 82 2341 3118 438 137
39 H 20 50 200 745 96 1683 4134 2 136
40 H 20 50 350 609 106 1295 4478 14 136
41 H 20 80 75 442 99 7830 762 19 136
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 | 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 64 116 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 19 135
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
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70 K 20 120 75 1802 43 826 551 1.7 134
72 L 80 50 75 1801 10 50 3244 28 137
73 L 80 50 200 1801 22 39 4613 14 ND
74 L 80 50 350 1146 18 30 4404 2 133
75 L 80 80 75 1528 32 182 2060 24 136
76 L 80 80 200 959 40 137 3434 1.6 136
77 L 80 80 350 181 6 59 ND ND ND
78 M 20 50 75 1801 28 533 3179 42 136
79 M 20 50 200 1801 45 323 5156 1.3 134
80 M 20 50 350 1802 73 300 3668 3.2 135
81 M 20 80 75 1728 81 1634 1964 4.5 135
82 M 20 80 200 1020 32 412 3214 43 135
83 M 20 80 350 1802 71 295 3397 2.8 135
84 M 20 90 75 1120 50 1554 867 2.6 136
85 M 20 100 75 1801 36 700 501 22 135
86 M 20 110 75 1802 14 274 320 19 134
87 M 20 120 75 1802 9 168 ND ND ND

ND = not determined
Solution Batch Polymerizations:
[00144] Duec to its high activity in the initial polymerization runs (sece Table 1, examples
64 - 69), catalyst K was selected to polymerize ethylene on a larger scale in a lab reactor.
5  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
10  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
15 °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.

20  The various transfer lines, columns and differential refractometer (the DRI detector) were
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contained in an oven maintained at 145 °C. Polymer solutions were prepared by dissolving
the desired amount of dry polymer in the appropriate volume of 1,2,4-trichlorobenzene to
yield concentrations ranging from 0.25 to 1.5 mg/mL. The sample mixtures were heated at
160 °C with continuous agitation for ~2 hours. The solution was filtered through a 2 micron
5 stainless steel filter (Polymer Labs) into scintillation vials using a Polymer Labs SP260
Sample 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
10  generate the calibration curve.
[00146] Differential Scanning Calorimetry (DSC) measurements were performed on a
Perkin Elmer Pyris 1 instrument to determine the melting point of the polymers. Samples
were heated to 200 °C for 10 minutes and then cooled to -20 °C at a rate of 10 °C/min. After
being held at this temperature for 10 minutes, they were then heated to 200 °C at a rate of 10
15 °C/min. Melting points were collected during the heating period.
Table 2: Selected Solution Batch Polymerization Results for Catalyst K

Example Temp Amount Pressure Time Co- Yield  Activity MW MWD Tm
catalyst
(°C) (mmol) (psi) (min) (g) (g/mmol h bar) (kDa) (Mw/Mn) (°C)

88 80 0.0034 325 30 TIBAL 1.1 40 161 1.69 141

89 80 0.0272 331 10 TnOAL 28.42 275 1365 4.71 138

90 80 0.009 295 12 TnOAL 51.25 1400 711 4.07 133

91 100 0.0062 316 10 TnOAL 26.47 1165 895 4.28 134

92 80 0.0041 316 32 TnOAL 1.32 30 ND ND 134
ND = not determined

Supported Batch Polymerizations:
[00147] Synthesis of SMAO-757: Ineous ES-757 silica gel, 40 g (calcined at 600 °C) was

20  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 K: SMAO-757 (2.0 g) was slurried in 30 mL
toluene. N,N'-dimethylanilinium tetrakis(pentafluorophenyl)borate (22 mg) was added and

25  the mixture stirred for 10 min. Catalyst K (24 mg) was then added and the mixture stirred for
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wer e [00150] All documents described herein are incorporated by reference herein, including

any priority documents and/or testing procedures to the extent they are not inconsistent with
10 this text. As is apparent from the foregoing general description and the specific
embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention.
Accordingly, it is not intended that the invention be limited thereby. Likewise, the term
"comprising" is considered synonymous with the term "including" for purposes of Australian

15 law.
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each X is, independently, a hydride, a halogen, a hydrocarbyl, a substituted
hydrocarbyl, a halocarbyl, or a substituted halocarbyl;

wis 2;

each 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; wherein Rlis 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 amide, a phosphide, a silyl or another anionic heteroatom-containing group, or
independently, may join together to form a Cs to Cg cyclic or polycyclic ring

structure;
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2. The compound according to claim 1, wherein X is selected from the group
consisting of fluoride, chloride, bromide, iodide, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl,
tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl,
hydride, phenyl, benzyl, phenethyl, tolyl, trimethylsilylmethyl,
bis(trimethylsilyl)methyl, methoxy, ethoxy, propoxy, butoxy, dimethylamido,
diethylamido, methylethylamido, phenoxy, benzoxy, and allyl.

3. The compound according to claim 1 or 2, wherein each RI, R2, R3, R4, RS, R6,
and R’ is, independently, a hydrogen, a C; to Cso hydrocarbyl, a C; to Cso substituted
hydrocarbyl, a C; to Csy halocarbyl, a C; to Cj 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 Cg cyclic or

polycyclic ring structure; and wherein R' is not hydrogen.

4. The compound according to any of claims 1 to 3, wherein each R, R% R3, RY,
R, RS, and R’ is, independently, a hydrogen, a C; to Cjo hydrocarbyl, a C; to Cjo
substituted hydrocarbyl, a C; to C;¢ halocarbyl, a C; to Cyo substituted halocarbyl, a

halogen, an alkoxide, a sulfide, an amide, a phosphide, a silyl or another anionic
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45 TIBAL 34.41 1750 2149 7.02 134 94 100 0.0013 250 45 TIBAL 10.26 610 1307
4.87 135 [00150] Al docunents described herein are incorporated by

ref erence herein, including any priority docunents and/or testing
procedures to the extent they are not inconsistent with 10 this text. As is

apparent fromthe foregoing general description and.th eci fJ

mbod ment'SERTT &0 RRFTE SPuPra T inehiea Ry &t FodiFCt bafute

descri bedcyMas dr@osycfoidd fin€ aticains; fnviRgeinwdes Mitthiareeslepar ting fromthe
spirit and scope of the invention. Accordingly, it is not intended that the
invention be limted thereby. Likew se, the term"conprising"” is considered
synonynous with the term"including" for purposes of Australian 15| aw

CLAI M5 What i s ' | 6. i td t.al L V&E dpo
represent gd b¥ @hgb@%@ﬁc é?%ﬁﬁ{h@ (H{C%rélgg ht8>? ?\gl%pe}lryngeﬁe%%y,}{ ‘a

hydri de, anhal bigémiependeytdy,ao@r oyl hadwuldyl, bl aed Chy sibetaudiyiydracattall,ocar byl
or a substitute | ocarbyl; wis 2; . each , , RS, d R4 is,

i ndependeﬁtffl;? o R@a‘f%@énw %Ch%é@c%}PﬁWthé‘a@’ﬁ%’ﬁa @%Rﬁweﬂwﬁg%léw a

hal ocar bylyfige Sbstilil, W B RO SRR RN oPWRALRIENs 2 BYdRLKEXI de, a sul fide, an
am de, a phosphide, a silyl or anothér anionic hetéroatom containing group,
or independently, may join together to forma C4 to C62 cyclic or

pol ycyclic ring structure; wherein R is not hydrogen; each R5, Re,
and R7 is, ind . r , hydr, ryl., .. ans i edo

hydr ocar by1 , a?ﬁng‘g‘g‘tr’% ?C%%‘@é B 6 %‘Ffe“thaﬁg %&é‘?ﬁ%ag"

al koxi de, aad R if irdieperaienayiiade, toaC p hodobardel, ad; 36 Iy} subkti@mndtiydrocartiybni c

het er oat om cont ai ni ng group, or inde endenbjé, nay join together to forma
C4 to 0622&yde a0 BHOGERN I Feta Frgustiiivied dplocarbyl, a'halogeg analkodidéidogen and
RO is a hydracahvlide @ phuliad, Ut 8y &r QEAEIME Lis @ nha rbyl, or a
substitutedlhélocaﬁg?l}ﬁﬁgﬁgﬁégen,rg% a ﬁox?ﬁefsa gupgﬁge, an am de, a
phosphi de, a silyl or another anionic heteroatom containing group; R
is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl, a halocarbyl, or a
substituted ha :@gﬁ , 0xid fide, ide a
phosphi de?’ a si’rﬁgg/?{)ﬁ(}%{ J)Lglrﬁlg%cﬁgllr ﬁo%rﬁgoﬁéé%ﬁgfrgolaﬁo%a‘g%ﬁéléi%?Snsge?%}e?l%&ﬂx is 1,
2, 3 or A4thel graupa coesittirgd dfi garidinepnabethnitaldy diethiys ttht@niatnthyddofiecami um or
hafnium and mis.0,1 or 2. 2 The compaund according .to claim.y1, wherein
X is sel etisaBiiithe gtowsthybmnst i ng t5buy gAY de,  ARIMSHVARPOSHRSH de,

| odi de, BiMYyIpRisPiine, IRARRY thloRYE, khy1BRNbMpy1chE DlltencNSREN, an@ Sty ¥dne NONYI,
decyl, undecyl”, dodecyl, tridecyl, tetradecyr, pent adecyl, hexadecyl,

hept adecyl, octadecyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl,
tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl, nonacosyl,
triacontyg, hy ég@'ﬂ A4k REREND oRPERALIMA 1§07, Wheldih T8¢ D! STl yI met hyl
bis(trinethyls??y Aggﬁy| uﬁet%oégﬁyetﬁ&&f, prdpofyf gﬁtoxy, di et hyl am do,
di et hyl am do, nethyl et hyl am do, phenoxy, benzoxy, and allyl. 3. The
conmpound according to claiml1 or 2, wherein each Rl, R2, R3, R4, R5, Re,
and R7 is9. i ndEendepding, acaotdjtdy ogeaim &, Gheren: G30is phenydr eachyR?, R4 &I, to C30

substit ut ed dracagbyl, . a Cl tp.C30 hal ocarby], Clto 0 ,substj tuted
nal ocar byl: B HoRer iioafcdk e erabdut pr desihidn RS o¥hgT gHESEhi e, o
silyl or i@&ﬁbﬁﬁbhé}m,%'%r&ﬂ% g\'“bi@tz%lﬁﬁwp%ﬁl@%g [ @hdh XAE beRdepandently, may

join together to forma C62 cyclic or ycyclic ring structure; and
wher ei n Rt 3 andmotis By dr ogen.

10. The compound of claim 1 wherein, w is 2 and each X is benzyl; 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 Cg, cyclic or polycyclic ring structure; R' is not
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4. The conpound according to any of clains 1 to 3, wherein each R, R2, R3,
R4, R5, R6, and R7 is, independently, a hydrogen, a Cl to O o hydrocarbyl,
a GG to Go substituted hydrocarbyl, a Cl to C10 hal ocarbyl, a Cl1 to C10
substituted hal ocarbyl, a halogen, an al koxide, a sulfide, an amde, a
phosphide, a silyl ;or another anionic het t om cont ai ni ng gr oup; or

i ndependenrviipgenaR’j isi methgher Her- btuﬁ’lf 6¢h %OR%I @nd:éﬁ dss cinflepegderilyl yecycl i ¢
ring stru and I o] cordi ng
(49" MRy 2O, 5 Ry NS, Fplb oM e

i ndependentalogarbsl, @Jhaldgeﬁ)’arfaﬂddiﬁd@ratmlﬁdeaaxﬁhmtdé @ﬁbﬁahbﬁl& El%ﬂeﬂﬂ ahyleocar byl
a Cl to C30, hal ocar b% or a Cl to C3Q substituted hal ocar byI a hal ogen,
an al koxi d8ioni Beipopigal-copfainmEdlouR 95HBLPRPERIY omay jeii) ppct hesroiRERGA n Rl i s

s hyar ogur Ol SRR %9% AR Qg R Refh eI

G g tsuias% |1$qprlcq1y1phedylocmrltmﬁyll R'Blis tao2 @-?Ji(shpﬂoggzmhhy}ll ll?rs a r@htralohgzmﬂ
substitu a.hal ogen, an al koxi de ul fi n am de, a
phosphi de.? Iia(fatog% is tiggmitprest Pwumor@ﬁauwyae%b&ﬁﬁ 6 T2 conpound

according to any of clains 1 to 6, wherein L is sel ected fromthe group
consisting of pyridine, acetonitrile, diethyl ether, tetrahydrofuran,

di met hyl anjijl i ngyt rchI?BﬁIYd a@mm‘g fordidabt vIVﬁe?eﬁmewtlg b Ry @ydh@b 958&%91‘3 each

tri phenyl phosphi ne i thiumchloride, ethylene, propylene, butene, octene,
and styr ee, R andrRels:@hpdmgdl alcmdﬁphnldgntm nm:mouftogbﬂaﬁn's) forme @4 tanBler ei n x
is 1. onpound accordi n C reln each
Ro, ra, RV RS TR g S ik o e R el pr 5P Bl Ro s
met hyl, phlépgt, an@R| i Qfme@aydeahy:raahydr@genb@ﬂ;&bcarByl hSuBst®uted hp@peapyl phenyl ;
each X is benzyl X is or 3 and mis O 10. The conpound of claim1

wher ei n, # Hakocarbyhc %@éwutcdl halqgari or léé@pﬁnd@nﬂymayam trgethey, to form a

 nenendentl Bt R0 e N AGRIAL we RISHRILIL R RRONELBRERA. 3,

am de, a jHopspllptenyla OEIHeykyIQIRI%lﬁI@TahE,E campmpyzlphatyer baisomneomdlaligindg gr oup,
or independentl|y oin together tgo forma to Ce2 cyclic or

pol ycycl i €o% eﬁdo =er§{]IaélunRIZ"F%mH%‘tor?ﬁ%WBgé‘dsIF@‘I@I%%{’K?‘I or tert-butyl;
each R5, R6, and R7 is, independently, a hydrogen, a hydrocarbyl, a
substituted hydrocarbyl a hal ocarbyl, a substituted hal ocarbyl, a hal ogen,
an al koxi a I ay ;S| 1 ni oni c
het er oat oqr:‘?con'yg?ﬁlr)ngguma&(:%%gg’to ge}gg?gﬂl%?q to 11 V!/H/e!relgtl%algt(:)gn er t% forma
C4 to Co2substtutel ghenplol ycyclic ring structure; R8 is hydrogen; RO is

met hyl , phenyl, 2- isopropyl phenyl, or benzyl; R is a

2,6-diisopropyl phenyl; L is a neutral ligand bonded to M Mis titanium
zirconiumor hafnium x is 1; and mis 0, 1 or 2. 11. The conpound
accordingi30 cirgé Bydp (‘Mlﬁra%lc&d‘%% Ay Id18R6 N X 11 SvIREAAWL iis SRRIURL, orR2, and
R4 is a hydrogen or independently, fay join together to forma C4 to 062
cyclic ortipolwwyclic ring structure; R is not hydrogen; R3 is methyl or
tert-butyl; each R5, R6, and R7 is, independently, a hydrogen, a

hydr ocar byI a substituted hydrocarbyl, a hal ocarbyl, a substi tut ed

hal ocar by or i ndependen ai n. t oget her toforma [ chcllc
or pol ycygl c fi I?f@“%? ‘ch?tf]ﬂéne %%’f‘%nﬁ?} TISEYS ?@tWﬁthc? e‘m

i sopr opy! phendn m&hl &gt lcomBbutdaRodifs Q'dn§?;l?édé9i§ﬁ Riwpyl. L is a neut ral

| i gand bonded to M Mis titanium zirconiumor hafniun x is 1; and mis

O, 1 or 2. 12. The conpound according to any of clains 1 to 11, wherel n R

h I d Th di
B T S L A e Ve

et hyl ene pelegtlr iveatht 6N50R0T bSid Or GRE ACobtaide by WbBRiNMHehcavity angi tion
nmetal catal yst conmpound according to any preceding claim 15. The process

of cl ai mleastiARY singmpldh Y&t hyl ene havi ng a wei ght average nol ecul ar wei ght
of 500,000 g/nol or nore is obtained and wherein the activity is at |east
1000 g/ mmol h bar.
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